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MPOAOIOz-EYXAPIZTIEZ

H mnapovoa O6baktopikny Siatplfry ekmovibnke oto Kévipo Avoooloyiag Kal
AvoooBeparneiag tou Kapkivou, IA.O.NA. «o Aylog 2appag». Dtavovtag otn cuyypodn
™¢ SatpBAg autig awoBdvopal thv avaykn va guxaplotiow LSlaitepa KATOLOUG
avBpwrmoug mou pou £dwaoav Tn duvatotnta va TV ekwvrow, He otnpléav Kata Tn
Sldpkela ekmovnong tng kat Le Borndnoav va tn dEpw €L mEpag. Apxikd, Ba nBeia va
euxaplotnow tnv Avaminpwipia  Kabnyntpia tou Epyaotnpiou lotoloyiag-
EuBpuoloyiag, tou MopdoAettoupyikol Topéa tnG latpikng 2xoAng tou EBvikou Kal
Kamobiotplakou Mavemnotnuiov ABnvwy, k. Yriatia Aovon-AvayvwoTtomoUAou Ttou RTav
n emPBAEnovoa TG SLatplBrc autng. TV euxaploTw LSLAlTEPA YL TO XPOVO TOU LOU
aplEpwOE, TIC TTOAUTLUEG CUMPBOUAEG TNG yla OAa T B€pata Tou TPOEKUTITAV AAAQ KoL
ToV TaLdaywyLlkd poAo Tou eixe og OAn TNV dLapkela autoL tou Talldlol. Euxaplotw tov
KaBnyntn kat AteuBuvtr tou MopdoAettoupykot Topéa K. BaoiAelo FopyoUAn yla Tig
KalpLEG TTOPATNPNOELS TOU KOL TO XpOVo Tou pou S1EBeoe. Euxaplotw tov Emikoupo
KaBnynti k. ABavaolo Kotoilva yla T cUUBOUAEG Kal EUOTOXEC EPWTAOELS TOU, TIOU
amoteAovoav ylwa péva tpodr yla oKEPn, WOTE va CouvVeXiow va pabaivw kol va
BeATlwvw ToV TPOMo afloAoynong Twv omoTeAeopatwyv pou. Emiong, Ba nbsAa va
euxaplotiow to Ap. Kwvotavtivo Mnagefavn, AteuBuvtr tou Kévtpou Avocoloyiag kat
AvoooBeparneioag Tou Kapkivou. AoTéAeos apwyo yLa TNV TIPAYHOTONOINCN QUTAC TG
HEAETNG, HE OTAPLEE NOLKA KAl OUCLOOTIKA. TOV EUXAPLOTW LOLaLTEPA YLOL TN OWOTH KO
Snuoupytkn kaBodriynon katd tn dtapKela Tng SI60KTOPLKAG Hou StatplBng, Kabwc Kot
yla TG wpeg Tou Tavia Tmpobupa pou adlEpwoe CUUPBOUAEVOVIAG HE OTL
TipokUTIToUoeG SUOKOALEC. To peyaAUTeEpPO guxoplotw Tto odpeilw otn Ap. Zovia Mepél,
Zuvtoviotpla tou Emotnpovikou Epyou tou Kévtpou Avoooloyiag kat AvoooBepareiag
tou Kapkivou, n omoia pe Bondnoe va «dnuoupynow». Euxaplotw blaltepa yla tnv
gukalpia mou pou €dwoe va cuvepyaotw pall Tng, pe KaBodnynoes OTav XPELAOTNKE
OAAQ kal pe oupBoUlAee. Opwg, mMAvw am’ OAQ TNV €UXAPLOTW YLOTL HECA QMO TLG
OTEAEIWTEG EMIOTNUOVIKEC OUINTIOELG HOC UE €KOVE Vo aAAAEw OTAON OMEVAVTL OTa
TPAYHOTA, VA SLEUPUVW TOUG OPIOVTEG LOU KAl va €XW Lol AAAN omTikA. TNV EUXAPLOTW

yla oAa!



OAa ta péAn tou Kévipou Avoooloyiag kat AvoocoBeparmeiag tou Kapkivou cuvéBaiav
otnv oAokApwaon TNG mapoloag LEAETNG Kal Toug odeilw moAAd. Euxaplotw WSiaitepa
™ Ap. Nouila Mayaipa, mou pe kaBodrynoe ota melpapoto poplaknc BloAoyiag kot
Atav mavta npobupn va Bonbrioet. OL eLOTOXEG MAPATNPHOELG TNG OE CUVOUACUO UE TIG
16éec Kal tnv eunelpia g, pe Bondnoav va efedixbw. Euxaplotw Kat to Ap. lwavvn
Boutod yla TNV oppoviki pog ocuvlmapén kat ywa T Bornbswa tou oe Sadopa
EPELVNTIKA Tpoypdaupata. Me tnv Ap. EAeuBepia AvaotaocomoUAou umnipape
«ouvodoumopol» KoOWG TPAYUATOTMOLOUCAUE TOUTOXpova TIG SLaTpLPEC pag Kal n
BonBela tng NTav mMoAUTIUN o€ OAa ta otadla ekmovnong tng SIkAg pou dtatpPng. Tnv
EUXAPLOTW Yyla OAa, aAAd Kupiwg ylati pe Tpa pe tn eplia tne. Euxaplotw mMoAU To
Xplotodpopo Bafefdvn yw TNV O0UCLAOTIKA Ouvepyacio HOG OtV avaAuon
OTTOTEAECUATWY KOL OTLC TIELPAUATIKEG TEXVIKEC, TOV latpo Kal urtoPndlo didaktopa K.
ZaBpa Ztokidn kat tTn Mapiva KwvotavtéAlou (mpomtuxlakn poltitpla) ya tnv ajoyn
OUVEPYOOLa Hag Kol ylaTl €ékavov KOAUTEPN TNV KABNUEPLVOTNTA LOU OTO EPYACTHPLO.
Télog, euxaplotw OAa Tta umolouta MEAN Tou Kévtpou Avoooloyiag Kkal
AvoooBepaneiag tou Kapkivou (Xplotodopo Xapito, EAévn HAwomouAou, Niko
Avaotacomnoulo, Edn Nammou, Mavaywtn Tlwvn, MNavvn PéAAla, OAya Koatodpa,
lwdvva KahoyepormouAou kat KakouAAou Nikn) yla tnv appovikni kot adoyn cuvepyacia
poc. Eva peyaAo tunua tng SouAeldg mou mopouoialetal otn dtatplBn autn £ywve os
ouvepyaoia pe to MaboAoyoavatoukd Epyaoctipo tou MA.O.N.A. «o Aylog ZaBpoag»
Kal Ba nBeha va suyaplotiow tn AteuBuvtpla k. Nikn Apvoylavvakn, tov latpd Kal
uvroyndo diddktopa k. MixdAn Zodomoulo kat tn Ap. Nektapia Zwtnplddou yla tnv
OUCLOOTIKI Hag cuvepyaoia. Eva peyalo suxaplotw oto AleuBuvtr tng A’ MaboAoyLkig
KAwwkng tou M.A.O.N.A. «o Aylog ZapBacg» k. AAéEavopo ApdaBavn yla tn cuvepyaoia
HOG OTA EPEVVNTIKA TIPOYPAULATO KOL TNV EVTOEN ACOEVWV 0T EPEVVNTIKA TIPWTOKOAAQ
TIOU ATaV MOAU onpavtiki yla tn Ste€aywyr) autng tng LEAETNC.

H &ibaktopik auth Statpn ntav éva navepopdo taidt yia péva petadopikd oaAAd
KOl KUPLOAEKTLKA KaBw¢ elya TNV gukatpia Kot TNV tuxn va Bpebw yia €€L pnveg oto
gepyaotnplo kat otnv opdada tou Dr. George Pavlakis oto Vaccine Branch, Center for
Cancer Research, National Cancer Institute, National Institutes of Health, Fredrick MD,
USA. Oa nBeha va mw OTL Mol EVYVWHWY Yla TN HOVadIK auth gukoLpia TOU Hou

€woe va dw mwg Soulelel £va epyoaotrplo 61eBvolC Ppriung KoL TOoOo HEYAAOU

Xi



BeAnvekoug. Euxaplotw WSlaitepa tnv Dr. Barbara Felber, tov Dr. Antonio Valentin, tov
Dr. Konstantinos Dimas, tov Dr. Dimitrios Stellas, tnv Dr. Cristina Bergamaschi, tnv Dr.
Margherita Rosati, tnv Dr. Santhi Devsundaram tnv umoynoia Sidaktopa Vasiliki
Stravokefalou, tnv Dr. Sevasti Karaliota kat 0Aa ta umolouta péAn Tou €pyaoctnpiou
(Xintao Hu, Zhongyan Lu, Terry Jones, Jenifer Bear, Bhabadeb Chowdhury, Frances
Dayton, Valerie Ficca) yla tnv apéPLOTN CUUMOPAOTOON TOUG, OE ETLOTNUOVIKA KOl N
BEpata Katd tn SLAPKELA TNG TTOPAUOVHG LoU oTnV ApepLkn. OL eumeLpieg Tou cuveAe€a
QmOTEAECQV yla HéEva TIOAUTIHA £$OdLa, TTou Ba «kouBaidw» mavta poll pou.

Eniong Ba nBeha va euvxapwotiow Ttov  KaBnynty Ttou Mopdoloyikou-
KAwikoepyoaotnplakol Topéa tng latpikng 2xoAng tou Mavemwotnuiov lwavvivwy K.
Kwvotavtivo Evayyéhou, tov Epeuvnti A’ tou IvotitoUtou Bloemotnpwy Kal
Edappoywv, EKEQE «Anuokpttog» k. Anuntplo KAétoa, tnv Avaminpwtpla Kabnyntpla
K. Mupoivn KouAoUkouoa kaBwg kat tTnv Emikoupn KaBnyntpla k. Zodia Xapfdakn tou
MopdoAettoupykoU Topéa, tnG latpikng 2xoAng, tou EBvikou kat Kamodiotplakou
MNavemotnuiov ABnvwv TOu HOU €Kavav TN TWA va €ival PEAN TNG emMTapeAoOUG
€EETOOTIKNG EMLTPOTIAG TNG Ttapovoag SLatpLBng.

To 1o peyAAo euXapLOTW TOo 0PEIAW OTNV UTIEPOXN OLKOYEVELA LOU, OTOUC £EQLPETLIKOUG
yoveig pou (Mavaywtn kat Mapia) kot oto Oavpdoo kat Bavpaoctd adeAdo pou
(Mavvn), yla tTnv moAUTIUN NOWKI KAl OUCLOOTIKY) CUMAPAcToch, Ta £podla mou oA
QUTA Ta Xpovia pou e§aodaAioav Kot TNV apeplotn Bornbeia kab’ 0An tn SLApKELX AUTAG
¢ mopeilac. Xwplc Tnv olkoyévela pou dev Ba siya katadEpel va kavw Timota ar’ éca
elya ovelpeutel otav Eekwvovoa auto to tagibl. Ae Ba pmopovoa va mapoAeiPpw TNV
Kwvotavrtiva kat to Xproto, ta SUo pou (§)adéAdla mou ntav Kat ivat mavra SimAa pou
Kall VIwBw TOAU TUXEPOG TTOU TOUG EXw!

TéNog, suxaplotw moAu OAOYZ toug ¢iloug pou mou Atav Kot gival SimAa pou otig
SUOKOAEC OTIYHEC KOl OTIG OTIYHEG aduvapiag. O kabévag pe To §IKO Tou TPOMo mavta
He evBdppuvay, pe otiiplav Kat pe otnpilovv o kaBe pou Brpa... EYXAPIZTQ!
Euxaplotw moAU 6Aoug Toug mpoavadepBEVTeg avBpwmoug ou gixa T TUXN Kal TNV
XOPA va TouG cuvavtAow Kat va «dtactaupwBouv» ot dpodpol pag. O kabBévag cuveRale
HE TOV TPOMO TOUu OoTnV oAokAnpwon autng t¢ SatplPrng kal otnv mpayuatonoinon

€vOG 61koU pou oveipou!
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«H emioTNUN KAl N TEXVN QVNKOLY O€ OAO TOV KOOUO,
Kal uTToooTa Toug e€agavilovTal OAQ Ta cLVOPaN

I'raite

2THV aoeApn 1ov,
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NEPINHWH

IKomoG TNG moapoucag StatpPig ATav n peAEtn tou Babupol Stnbnong kal tng
XWPOTAELKAC KATAVOUNG 0lVOCOKUTTAPLKWY UTIOTTANBUGUWY 0TOV OYKO KOl KOTA TTOCO
oxetilovtal pe T KAWIKOTIOOOAOYIKA XOPOKTNPLOTIKA Kal TNV KAWLKA Topeia
ooBevwyv He mopoyevh, SNONTIKO, M UETOOTOTIKO Kapkivo tou paotou. Evag
ETUMAEOV OTOXOC TNG MEAETNG aUTAG NTav n mbavr) cuoXETon KUKAodopoUvVTwy
TIAPAYOVIWY TIPOEYXELPLTIKA PE TNV €KOVA S1NONCNG Tou OyKou amd avoookUTTapa
Kal TpoomaBela dnuioupyilac ocuvOUAOTIKC TPOYVWOTIKAG urmoypadrg mou Ba
EVOWMATWVEL OAaL i} LEPOG TWV OTOLXELWV TIOU TIPOEKU AV ATIO TNV LEAETN.

H peAétn xwpiletal oe tpila tuApata. To mMPwTo TUAMO adopd o0To cUVOAO TwvV
aoBevwy pe Kapkivo Tou paotou (BCa) mou peletioape, to SeUTEPO 0 AVASPOULKO
TUAMO TNG MEAETNG OTMOU T EUPHMOTA HOG CUCXETIOTNKAV HE OTOlela amd tnv
KAWVIKN) TtapakoAolBnon twv acBevwy, mou eiyope otn Stabeon pag kal to Tpito
TUAUO 0lpOpPA OE EVO TIPOOTITIKO TUAMO TNG UEAETNG, OTIOU £YLVE EMUMALOV alpoAnia
HLOL NUEPQ TIPLV TO XELPOUPYELD aloBeVWV.

Ooov adopd oto oUVOAO Twv 0oBevwy, €EETAOTNKE N TTOPOUGCLA AVOCOKUTTOPLIKWY
urtonAnBuopwv eite oto KEVTPO Tou Oykou (Tumor Center, TC), eite oto &inBNTKO
uétwmno (Invasive Margin, IM), n/kat ota &Vo kat peAetnBnke o poAog NG
XWPOTOELKNC-OPXITEKTOVLKAC KOTOVOUNG TWV KUTTAPWY OQUTWV OE LOTOAOYLKA
mapookevaopata. e pio opada 162 acbevwy, ol mAnpodopieg mou e€nxbnoav anod
™ Sadopikr dBnon twv dykwv and CD8+ Aspdokutrapa kot CD163+ pakpoddya
OUCXETIOTNKAV HE TO EYKABLOpUPEVA KALVIKOTIABOAOYIKA XaPaKTNPLOTIKA oTov BCa,
Omwg eivat to otadlo (TNM stage), o BabBuog dtadopormnoinong (Grade), n mapouoia
oppoVIKWV umodoxéwv (Hormone Receptors), n unep-ékppacn tou HER2/neu, o
Seiktng kuTTapkou moAAamAactacpou Kie7% kat n nAkia twv aoBevwy, Ue oTtoxXo tTn
Slepelvnon MBavVWV CUCYXETIOEWV. ATIO TO QMOTEAECUATA HOG, TIPOTELVETAL yLa
mpwIn dopd OTL N cUVOVAOTIKN A§LOAOYNCN TWV TTUKVOTATWY TWV AVOCOKUTTAPWVY
CD8+ n/kat CD163+ oto Kévipo tou Oykou (TC) kat to &NBNTKO pETwmo (IM)
ETUTPEMEL KAAUTEPN KATnyoplomoinon Twv acBevwy Kot BEATLWVEL TNV TIPOYVWOTLKN

aéla Tng eykaBdpupévng otadlomoinong kata TNM otov Kopkivo Tou pactol.
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To avadpoutkd TR TG HEAETNG adopouoe 97 acBeVe(C yla TOUC OTOLOUG ELXaUE
SlaBéopa otolxela amod tnv KAWLKN mapakoAouOnon. Ta debopéva pag umédeléav
OTL N ouvduaOoTIK afloAOynon TwV TIUKVOTATWY TwV Kuttapwv CD8+ kat CD163+
arnod kool oto TC kat oto IM pmopouv va BeAtiwoouyv TNV akpifeta tng mpoPAedng
yla tnv eAevBepn vooou emBiwon (DFS) kat tn ouvoAkn emiBiwon (OS).
Juykekplpéva dnutoupyndnkav dvo «umoypadEcy, n euvoikn- Favorable Combined
Immune Signatures-FCIS, mou xapaktnpiletat and vPpnAd CD8+ oto TC kal xapnAd
oto IM kat/n xapunAa CD163+ oto TC kat uPnAa oto IM kot n ducpevr¢-Unfevorable
Combined Immune Signatures-UCIS, mou xapaktnpiletat and yapnAd CD8+ oto TC
kat udnAd oto IM, i upnAa CD163+ oto TC kat xapnAd oto IM (xwpig va eivat CD8+
HL ) CD163+ LH). OL 800 autég umoypadég kaAumtouv to 50% mepimou Twv acBevwy
LE UN UETAOTATIKO TTOPOYEVH SINONTIKO Kapkivo Tou paotol. Ot urtoAouneg acBeveic
Tapapévouv o pia «ykpila Lwvn» (REST).

2TO TIPOOTTIKO TUAUA TNG UEAETNC HEAETHONKav Ta emineda £€L miIRNAs otov opd 50
aoBevwv kat ota Peripheral Blood Mononuclear Cells-PBMCs toug. Emiong,
HeAeTnBOnkav kot to  emineda  €kdpaong KUKAOPOPOUVIWV  KUTTOPOKWWV/
XNUELOKWVWV. AteuBelag ocuoyxetioelg, OeTIKEC | apvNTIKEG, amokaAUdONKav peTaw
kukAodopouvtwv miRNAs kat 5tBnong Tou Oykou amo avoookUTTapa, AAAd Kot UE
To €MimMedo OPLOUEVWVY KUTTAPOKWVWV/XNHUEOKIVWY, &vw &gv  mapatnpnonke
ouoxéton pe ta MiRNAs twv PBMCs. Me t BonBeia aAyopibuou, emitpannke n
Snuoupyla tpwv Slakpltwv cuvotadwv/clusters aocBevwv PBacsl Twv emMUMESWV
€kppaong twv miRNAs amnod tov opd touc. Mpoékue Aowmov pia katnyoplomoinon
000evwv pe SladopeTikd KALVIKOTIAOOAOYIKA XapaKTNPLOTIKA, SladopeTika emineda
KUKAOPOPOUVTWV  KUTTAPOKIVWV/ XNUElOKWWY, Sladopetiky 6pbBnon  amno
avoookuttapa kot Stadopetikd HLA yovotumo. AapBdavovtag mavta unoPn toug
TIEPLOPLOMOUG TIOU TiBevtal otn HeALTN pag O0cov adopd OTo UIKPO pEyeBog
Oelypartog, UmopoUpe va umootnploupe MwG €XOUME MLl «UTtoypadn» Tou yla
npwtn ¢opd, eVKoAa Kal ehdxlota TapepPatika Staxwpilel toug aobeveic pe
SINONTIKO, N METOOTATIKO KOPKIVO TOU HOOTOU o€ TPEL SLadOPETIKEG CUOTASEG UE
SloKPLTA XOPOAKTNPLOTIKA. EmumAéov Kkamoleg¢ amod Tl ouotadec/ opadeg mou
dnuoupynOnkav daivetal va €xouv kat SLayvwoTikd polo. OL «uToypadEG» QUTES

pével va emiBeBatwbolv oe peyalutepo delypa acBevwv kat pe tnv mapodo Tou
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XPOvou, otav Ba €XoulE TNV KALVIKN TtapakoAouBnon twv acbevwv autwy, WOoTE va
UTTOPOUME VA EAEYEOUME KATA TIOCO N ELKOVO» TIOU €XOUME ATO TO TEPLPEPLKO
olpo, HE TOUG TTOPAYOVTEC TIOU TIPOTEIVOUUE ylol LEAETN, €lTE A HOVOL TOUG 1 OE
ouvOUOOUO e TO HkpoTtepBAAAov Tou Oykou, Ba prmopoucav va XpnoLEVCOUV WG
«uypn BloPio» A/kal wW¢ CUVOUOOTIKEG «UTIOYPOPECH HE TNV QVOOOKUTTOPLKN
61nOnon tou oykou, divovtac Katd TNV apxLki SLayvwaon Kol TpoyvwoTikn aflo otnv

«urmoypadni» Lag.






SUMMARY

The purpose of this thesis was to study the infiltration level and the spatial
distribution of the immune cell subpopulations within the tumor, as well as the level
of their correlation with clinicoopathological characteristics and the clinical outcome
of patients with invasive, non-metastatic, ductal breast cancer (BCa). Furthermore,
we studied the possible correlations between circulating factors at the preoperative
stage and tumor infiltration status by immune cells, in order to create a
combinational signature of prognostic significance.

The study is divided in three parts. The first part includes the total number of
patients with breast cancer (BCa). The second part includes patients with available
follow-up that were analyzed retrospectively. Finally, the third part is a prospective
cohort of patients, with an additional blood sample collected one day before
operation.

In the total number of patients, tests were carried out in tissue specimens to
evaluate the presence, as well as the spatial-architectural distribution of immune cell
subpopulations in the tumor center (TC) or in the invasive margin (IM), or/and in
both. The results from differential tumor infiltration by CD8+ lymphocytes and
CD163+ macrophages in a group of 162 patients were correlated with established
BCa clinicopathological features, such as TNM stage, Grade, Hormone Receptors
status, HER2/neu over-expression, proliferation marker Ki67% and patient age. From
our results, it was demonstrated for the first time that the combined evaluation of
CD8+ or/and CD163+ cell densities in TC and IM improves patients’ categorization
and increases the prognostic value of the established TNM staging in BCa.

In the retrospective part of the study, 97 patients with available clinical follow-up
were analyzed. Our data indicated that the combined assessment of the CD8+ and
CD163+ cell densities in TC and IM could enhance the prognostic accuracy of disease-
free survival-DFS and overall survival-OS. More specifically, two “signatures” were
created, a favorable one -FCIS (Favorable Combined Immune Signatures)

characterized by high CD8+ in TC and low in IM and/or low CD163+ in TC and high in



IM and an unfavorable one -UCIS (Unfavorable Combined Immune Signatures)
characterized by low CD8+ in TC and high in IM or high CD163+ in TC and low in IM
(without being CD8+ HL or CD163+ LH). These two signatures cover approximately
50% of the patients with invasive, non-metastatic ductal BCa. The other patients
remain at a “gray area” (REST).

At the prospective part of the study, six miRNAs levels, from serum and Peripheral
Blood Mononuclear Cells-PBMCs, of 50 patients were evaluated. Furthermore, the
expression levels of circulating cytokines/ chemokines were measured. Direct
correlations, positive and negative, were revealed between circulating miRNAs and
tumor infiltrated immune cell subpopulations, as well as with some
cytokines/chemokines level. No correlation was observed between serum miRNAs of
PBMCs miRNAs.

Using an algorithm, three distinguishable clusters of patients were created based on
their serum-derived miRNA expression levels. There was a classification of patients
with different clinicopathological characteristics, different levels of circulating
cytokines/chemokines, different immune cell infiltration and a different HLA
genotype.

Taking into account the limitations set in our study regarding the small sample size,
we could argue that we have identified for the first time a "signature" that easily and
with a minimally invasive method segregates patients with invasive, non-metastatic
BCa into three different clusters with distinctive features. In addition, some of the
clusters/groups, that have been created, seem to have a diagnostic role as well.
These "signatures" remain to be confirmed in a larger sample of patients. Beside this,
clinical follow-up over a period of time is essential to verify whether the factors
measured in the peripheral blood, alone or in combination with the tumor
microenvironment, could serve as a "liquid biopsy" and/or as a "signature" with the
immune cell infiltration of the tumor giving at the time of the initial diagnosis an

additional prognostic value to our "signature".
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1 EIZArQrH

11 [XTOPIKH ANAAPOMH ANOZOMNOIHTIKO 2Y2THMA KAI KAPKINOZ

H oxéon tTou avooomolNTIKoU CUCTIUATOG UE TOV KOPKIVO ApXLoE va yiveTal yvwoTtn
Kall va. Slepeuvatal ota TEAN Tou 190U awwva, otav o Xelpoupyog oykoAoyog William
Coley xopnynoe adpavomownuéva Paktipta Tou  €ldoug  Streptococcus
pyogenes Kal Serratia marcescens, ou ovopdotnke apyotepa Toivn tou Coley, ot
o0Beveig yla tn Bepameia Oykwv. O OYKOG UTTECTN EKTETOUEVN VEKPWON KAl 0 0.0BEVC
TIAPEUELVE ATMOAAQYLEVOG IO TNV A0BEVELA yLa OKTW XPOvia. AUuTh UTHpEE N mPwTn
nopdn avoooBeparmeiac. H avoooBepaneia eival pla Bepareio Tou XPNOLUOTOLEL TO
QVOOOTIONTIKO cUOoTNUA Tou acBevoug yla va BonBrioel otnv KATAMOAEUNON TOU
KOPKIVOU KOl WG K TOUTOU €XEL APKETA TTAEOVEKTALOTO O OXEoNn HE AAAEC Bepareieg
OMwG N xnuewoBepaneia  n aktwvobeparneia. Otav o Paul Ehrlich mapouciaoe tig
HUEAETEG TOU yLla Ta KopKvwpata to 1908, Atav €vac and Toug MPWTOUC EMLOTHOVEG
TIOU TIPOCEYYLOAV TNV O OTL TO AVOCOTIOLNTIKO CUOTNUA E(VaL LKAVO VO KATAOTEAAEL
TNV KOPKWVOYEVEDHN, MElWvVOVTAC TNV avamtuén oykwv [1]. Andé to 1957
enmavefeTAOTNKE N UMOBEON yla TNV AVOCOPBLOAOYLKN ETUTAPNON TOU KOPKIVOU OO
ToAAoUG emotripoveg. O Frank Macfarlane Burnet mpotelve OTL oL Kapkivol €XOUV VEEG
OVTLYOVIKEG LOLOTNTEC TIOU WITOPOUV VO TIPOKOAECGOUV OVTIKAPKLVIKN avooia [2]. O
Lewis Thomas eéédpace tnv amodn OTL 0 POKPOBLOUG OpyavVIoUOUG N amoppldn
oA\opooXeUHATOC OdelleTal HAANOV OtV A€lToupyld TOU  OVOCOTIOLNTIKOU
CUOTNUATOG, EVW N KUpLa Asttoupyia tou Ba pmopoloe va gival n mpootacia Tou
geviotn amod kuttapa mou £€xouv umootel BAaBec kat kakondn kuttapa [3]. Tnv dla
nepiodo, ou Richmond T. Prehn kat J.M. Main meptéypadav tnv avooia ota
COPKWHOTA TIOU TipoKaAouvtal amod HeBUAOXOAAVOPEVIO KoL Hla HEAETN TOU
ekmovnOnke amno tov George Klein koL Toug ocuvepydTteg Tou Katedele avtiotaon os
outd to €ibog oOykwv otoug aocbBeveic [4, 5]. To 1968, o Ingegerd Hellstrom
Tmapouciaoe otolyeia OTL TA CUCTATIKA TOOO TNG KUTTOPLKAG AAAA KOL TNG XUMLKAG
avooiag €XOUV aVTIKAPKIVIKEG dpAoelg o aobeveig. Katd T mapatnprioelg autég,
OTOUC TEPLOOOTEPOUG aoBevel N vooog e€eAlOCOTAV TOPA TIG OVTLKAPKLVIKEC

OMOKpPLOEL; TIOU QvEMTUOOoAV, £va €UPNUO TIOU OVOUAOTNKE «mapddofo Tou
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Hellstrom» [6]. Ta emopeva xpovia, T0oo o Burnet 600 kat o Thomas unéBeoav OTL Ta
Aepdokutrapa mailouv onuaviikd poAo otnv Emnutipnon Tou Kapkivou [7].
Baolotnkav otn ox€on oUTA TOU OVOOOTIOLNTIKOU CUOTAMOTOC HE TO KOPKIVO Kol
Satunwoav T Bewpla NG avocoemtipnon¢ (Immunosurveillance theory),
oUUPWVA PE TNV OTIOLO TO AVOCOTIOLNTLKO CUCTNO UTTOPEL va avayvwpilel l8ka Ta
KOPKLVIKA KUTTOpa Kol va ta e€aleidel. QOTO00, oL ASTITOUEPELEC TNG TOPOUCLOONG
QVTLYOVOU Kal n avayvwplon toug ano ta T AepdokUTTapa MapEUEVAV AYVWOTES TNV
ETOXN €KELVN KOl TEPLypAdNKaV HEPLKA Xpovia apyotepa amo toug Rolf Zinkernagel
kal Peter Doherty 1o 1974, étav dnuocieuoayv TNV MPWTOTOPLOKH EPYACLA TOUG YLa TN
Aettoupyla tou peilovog cupmAgypatog wotoocuppatotntag (MHC) [8, 9]. Auto ntav
ML OUCLOOTIK avokdAuyn ywa va anokaAludBel o poAog TG TMPOCOPUOOTLKNAG
KUTTOPLKAG avooiag amévavil oe maboyova Kal kakondn kuttapa. Ta emOpeva
opoonua otnv avocoBeparmeia Npbav ota péoa tng dekaetiag tou '80 Kal autd
nepleAapfavav a) tn KUTTapkr Bepameia, wg popdr mabntikng avoocobepansiag,
nou Baoiletal otn xopriynon AEUoKUTIAPWY TIOU €XOUV OQMOMOVWOEL amod Oykoug
TOUuG omoiloug €xouv ONOAoEL Kol €XOUV OTN OCUVEXELX evepyomolnBel in vitro
nmapoucia auvéntikwy mapayoviwy, B) Tn xoprnynon avacuvOUACHEVWY KUTTOPOKLVWV
Omwg rlL-2, y) tn Tautomoinon Tou MPWTOU OYKO-OXETWOUEVOU avIlyovou Kal §) tnv
ovantuén elKwyV evovtiov TwV OYKWV HOVOKAWVIKWY OAVIIOWUATWY, EVW
akoAouBnoav epBoAia devdpitikwy kuttapwyv (DCs) aAd kat TMenTdIKA KabBwe Kal
aMa epPoia. Tig teheutaieg Sekaetieg €xel onuelwdel tepaoTia MPOodog Ooov
adopd otnv katavonon twv cUVOeETwV OAANAETILOPACEWY METAEU OYKWV KAl TOU
0VOOOTIOLNTIKOU CUOTHUATOG KOl OTNV QVATITUEN KALWVOTOUWY TPOTwV avénong tng

0VOOOQVTATIOKPLONG KATA TOU OYKOU.

-10-



Timeline | The history of cancer immunotherapy

First report of
allogensic bane
martie
trarsplantation'

(1991,1994)

Characterization
Diescription Disceveryaf MHC 1 of human

af immune | »d CDB* tuama ated | | Redi vof | | Non-myeloablative
infittratesin | | Hypathesis af cancer | | 7eell recognition antigens by the requlatary chematherapies and Wy

wmowrs by || Immunasureilance” || by Zinkernagel Firstseudy | | Rosenberg and Teell by acogeive T celltransfer | | vaccination
Virchow by Burnes™ and Dioharty™* with IL-2%" | | Boan®sst Sakaguchi'™ i " inVING

| [

| |

Treatmens of Discaveryaf | | Discoveryof First study with First ssudy of 11996, 1997, 2000)
cancerwith the dendritic | | crasspresentation | | adeptive cell isalated limb Discavery f the
bacterial products | | cell by by Bevan™ transferincancer'™ | | perfusianwith immunalogical
by Coley? Steinman™ I | THF inmelanoma | | function of

First study with = Tall-like
BCGin bladder receptars
cancer™

Imiquimod | [ FOW approval of
usedto siputeicel-Tin
treat prostate cancer®
VINS and ipflimumab
inmelancma

First study with
IFMw in melanoma™*

jeal diseaveries and key clinical trials are shown, BCG, bacille CalmetteGuérin IFNa, interferan-a; IL-2, intereukin-2;
MHC majie hl:.rn:nlllpahhll.lynolnplzx THE, turnaur recrosis fattar; VIN, vubvar intraepithelial necplasia.

Ewéva 1-1: Opoonpua otnv €€€AEn tng avooobeparneiag (Lesterhuis et al., 2011).

H oxéon Tou avooomoLNTIKOU CUCTHUATOC HE TOV KapKivo emiBefatwvetal Kal anod
EUPAMOTO HEAETWV OE avOooOKATOOTOAUEVOUC aoBevelc mou eixav AdPel
HUETAUOOXEUON KoL gixav peyalutepo kivbuvo eudaviong kapkivou [10], aAAG Kal o€
YEVETIKA TPOTIOTIOLNUEVA TIOVTIKLA TIoU €macyav amnd coPapéC AVOOOAVETAPKELEG
omou mapatnpendnke avénon twv oykwv [11], onmwg n €éAAswpn tou yovidiou Rag2,
armapaitntou ywa TNV avamtuén Aeltoupykwv T AepdoKUTIAPWY, HECW TOU
ovaouvuaopol Twv aAuoidwv tTwv avoocoodalpvwy [12]. Baolkd KAWLIKO oTolxeio
TIoU €MBEPALWVEL TNV AVOCOETILTAPNON TWV OYKWV €ivat n umapén T AepudoKuTIApWY
uéoa otov oyko (Tumor Infiltrating Lymphocytes TILs) kat n BTIKr) CUOYXETLON TOUG UE
TN ouvoAlkn emBiwon, oe dtddopoug TUTIOUG Kapkivou [13-15]. XpeldotnKav apKeTA
Xpovia PEXPLC O0Tou va e€axBoUv MOAUTIHA CUUTTEPACHATO OO HOVTEAQ TIOVTIKWY,
mou emPBeBaiwoav TNV OMapén avoooloyLkn ¢ emtpnong [16, 17]. Ektog amo tnv IFN-
Y, Ta Aepdokitrapa eniong ¢pavnke va mailouv mpwTaywvLoTkO poOAo oTnV avamtuén
MPWTOTABWV OYKWV 0 HEAETEC Ao TtV opdda tou Shankaran kal o€ melpapaTa IOV
TipaypotomnoliOnkav o€ povteAa movtikwy pe EAeldn tou Rag2 [18]. Auth n HeAETn
obnynoe emniong oe pa BeAtiwpévn ekdoxn kat eEEALEN TS Bewplag TNG avOCOAOYLKNAG
gmutipnong, otn Bswpla TNG avocodlapdpdwong tou kapkivou. OL ocuyypoadeig
€6elav otL Ta AgpdokutTapa OXL HOVO KOTOOTEAAOUV TNV avamtuén Tou KapKivou,
oAAG Kal OTL 0 Kapkivog Sev elval pla otyptaia dtadikaoia aAAd xpeldletol xpovog
KOL OTO XPOVIKO OLAOTNUO TIOU OTTOULTELTOL HEXPL TNV €udAVION TOU, O KOPKIVOG

«SlapoppwveTay HECW HLOC oUVEXOUG aAANAsmidpaocnG HUE TO OVOOOTIOLNTIKO
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ovotnua. EKTOTE, TO YEVIKO evOLAdEPOV yla TV OVOCOAOYLO TOU KOPKIVOU E€XEL
enavepudavioTel Kal Evag au§avouevog aplOpog LOVTEAWY TIOVIIKWY EXEL KaBlepwOEl
yla tn Slepelvnon UNXOVIOUWY KATAOTOANG Oykwv [19]. H Umoapén avoooAoyikng
ETULTAPNONG TOU Kapkivou elval MAEov yevikd amodektr kat n avocoAoyikn diaduyn
TOU OYKOU Bewpeitol XOpaKINPLOTIKO YVWPLOUA TOU Kapkivou, KaBwe Ta KapKLVIKA
KOTTOPA XAVOUV TNV QVILYOVIKOTNTO KOL TNV OVOOOYOVIKOTNTO TOUG, AOYyW TNG
«Tieoncy mou d€xovtal amo TO AVOCOTOLNTIKO CUOTNUA O VA AVATTTUCCOUEVO KOl
VEVETIKA aoTaB£g meplBaAlov. O KapKivog XPNOLUOTIOLEL TPELG BACLKOUG UNXOVIOUOUG
avooodiaduyng: (o) mpwtoyevr avtiotaocn- primary resistance (kuplw¢ pEow
oykoyovidiwv), (B) emiktntn avtiotaon- acquired resistance (pe tnv cuvexn oAlayn
TWV KUTTOPLKWY TOU OLOTATWV- aAlayr ¢avoTUTou- Kol ThV mapaywyn mapayoviwyv
TIOU €VIOXUOUV, QUECA 1 EUUECO, TOUG OVOOOKOTOOTOATIKOUC UNXaVIopHoUc) Kat (y)
TIPOCAPUOCTIKA avtiotacn- adaptive immune resistance [20].

H €peuva otov topéa tn¢ Avoooloyiag Tou Kapkivou £xel Sel€el OTL Ta KAPKIVIKA
KOTTAPA UTTOPOUV VO OVTLUETWIILOTOUV QTOTEAECUOTIKA QO TOUG QUUVTLKOUG
HUNXOVLOUOUG Tou opyaviopoU. H aApatwdng mpdodog otoug Topels TnG Bloxnueiag,
™¢ Moplokng kot Kuttaptkng Bloloyiag kat tng levetikng, mapéxel mMAEoV T
KatdAAnAa epyaleia yla TNV KAAALEPYELQ, TNV AVATTTUEN Kal TN MEAETN avOpwmvwy
KUTTOPWV ex Vivo, TV Tapaywyr ovo.oUVSUOOUEVWY OVOCOTPOTIOTOLNTIKWY Hopilwv
(Ttx. KUTTAPOKLVWV) O€ LEYAAEG TOCOTNTEG KAl o€ KaBapr popdn kat tn xprion {wikwv
TELPAUOTIKWY HOVIEAWV YloL TOV in Vvivo €AeyXOo TNG QTMOTEAECUATIKOTNTAG TWV
oxedblalopevwy mPwTokOAMwv avocoBeparmeiag. Etol, n  avocoBepameia TOU
Kapkivou Bewpeital mMAéov pia ToAANG uTtooxopevn HEB0SOG (LETA TN XELPOUPYLKN, TN
XnUeoBeparneia, tnv aktwvoBepameia Kol Tn oToxeUpEVN Beparmeia PHEOW ULIKPWV
popiwv) avtwveomlaopatikng aywyng [21, 22], kabwg ouvdudlel tnv uPnAn
OTTOTEAECUOTIKOTNTA UE HEWWHEVN TOEKOTNTA, oToxevoviag otn Oavatwon Twv
KAPKLWVIKWYV KUTTOPWVY PE EAAXLOTEG TIPEVEPYELEG. ZUVETWG, N avocoBeparmeia tou
Kapkivou amoteAel £va TOAUTIHO Kol TIOAA UTIOOXOUEVO €£pyaAeio yla thv
OVTLUETWTILON VEOTAOCLWY KOl TIPOOEAKUEL TO €VOLAPEPOV TNG EMLOTNOVIKAG
KOWOTNTaC WOlaitepa Ta TEAsUTOLO XPOVIA UETA TNV aVOKAAUPN TWV OVOCTOAEWV

OVOOOTIOLNTIKWYV onueiwv eAéyxou (Immune checkpoint inhibitors)[23-26].
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Ytnv Ewkéva 1-2 cuvoyilovtal ol oTpatnYIKEG avoooBeparelag yio Tov KopKivo, TTou
€xouv avarmntuxBel ta teAevutaia xpovia. Neotepa Sdedopéva, avadépouv tn mbavn
OUVEPYLOTIKN dpacon TnG avoooBepameiag Ue OoTOXEUUEVEG Bepameieg evavtiov Tou
oykou (Targeted therapies). Onwg unootnpiletal, ol cuvduaoTIKEG Bepameieg pumopetl
va oupBaMouv otnv auvénon tou aplBpol Twv acBevwv TIOU HIoOpPoUV va
enmwdpeAnBolv amd £va  OUYKEKPLUEVO avoooBepameuTikdo oxAua. MoAAEC
OTOXEUMEVEG Bepareieg evaviiov TwV KAPKWVIKWY KUTTAPWY cupBAAAOUV €miong otn
Slopopdwaon Kol TTPOETOLUACIA TOU 0lVOCOTIONTIKOU GUOTHUATOC, CUVIEAWVTOG OTNV

ETIAYWYN HLOG AVTIKAPKLVLIKAG AVOCOAOYLKAG amokplong [27].

Immunogenic cell
death inducers j,h
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Ewkdva 1-2:AVTIKOPKLVIKEG aivoooBepareieg mou €xouv avarttuxBel ta tedeutaia xpovia. MepthapuBAavouv LOVOKAWVLKA
avtlowpata (mAbs) mou puBuilouv To avocomowntikd cuotnua (immunomodulatory) kal aviloWUATA Evavtiov Tou
oykou (tumor-targeting), guBoiia pe Sevdputikd kuttapa (DC), memtdikd kot DNA guBoAla, oykoAutikoUG LoUG,
QY WVLOTEG YLOL TIPWTEIVIKOUG UTIOS0XELG avayvwpLong mpoTunwy pattern recognition receptor (PRR), avocopuUBULOTIKES
KUTTOPOKIVEG, EMAYWYELG OVOOOYOVIKOU BavATou, aVAOTOAEL; OVOCOKATOOTAATIKOU HETABOALOMOU KOl KUTTAPLKA
Bepaneia. IMT, 1-methyltryptophan; APC, antigen-presenting cell; IDO, indoleamine 2,3-dioxigenase; IFN, interferon;

IL, interleukin; IMiD, immunomodulatory drug; NLR, NOD-like receptor; TLR, Toll-like receptor (Galuzzi et al., 2014).
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1.1.1 H OEQPIA THX ANOZOAIAMOP®QIHX TOY KAPKINOY (CANCER
IMMUNOEDITING)

H kAwvomoinon ToUu TMPWTOU KOPKWIKOU ovtlyovou MAGE, mou avhkel otnv
KaTnyopia Twv avilyovwyv oyko-euPpulkol TUMou, amd tnv opdda tou Thierry Boon
[28] onpave TNV apxn NG €moxng Katd tnv Slapkela tng omoiag avakaAudpOnke pa
TMANBwpa amd KopKWIKA avtiyova Sladopwv tUmwv e Tn PonRbesla yeVETIKWY,
BLOXNUIKWV KOl LOPLAKWY TIPOoEYYioswy [29]. H Tautomoinon autwyv Twv Kowwy, ylo
Sladopeg veomhaoieg, avtlyovwy €Becav t Bdon yla tnv avilyovo-eldikn Bepaneia
TOu Kopkivou. H €vvola tng QVTLMETWILONG TOU Kapkivou He tn Ponbela tng
oavoooBepareiag, mou otnpiletal otn Snuoupyia aVOoOAOYIKNG AAVTNGCNG EVAVTLA
0€ KAPKWIKA avtlyova, Paciotnke otn Slamiotwon OTL To KOPKWIKA KUTTapQ
mapouctlalouv TIOLOTIKEG Kol TIOOOTIKEC OSladopeg otnv €kdpaon yovidiwv n/kat
HoplokéC SladopomolioeLg o oxEon e Ta avtiotoya duololoyka kuttapa [30, 31].
O KOpKlvoC, OUVETIWG, €lval Kal avIlyovikog (antigenic) Kal avoooOyoviKOG
(immunogenic), uropet dnAadn va avayvwpLloTeL amod To AVOCOoTOoLNTIKO cUOTN A Kal
Val TIPOKAAECEL OVOOOAOYLKI QAVTNON KOl EMOUEVWE UTIOKELTOL OE QVOOETILTHPNON
(immunesurveillance). Aut n Wwotnta tou kapkivou amoteAel t Pdon 1ING
oavoooBeparmeiag, tng xpnong 6nAadn Tou 0VOOOAOYWKOU GCUCTAHOTOC Yyl TNV
g€akewpny tou. O Kapkivog, Opwg, avamtuoosl TPomouc OSladuyng amo Tnv
oavooosmtipnon Katd tnv €€EALEN Tou. OL TILO ONUOVTIKEG €lval ) N HEWWHEVN N
KaBoAou €kdpaon Stadopwv MHC aAAnAopdpdwy (Kuplwg Tatnc |, evw ekeiva g
taéng Il ouvnBwg bev exdpalovtal), B) N Un €kdpacn KOPKWIKWY TEMTLdiwY, €ToL
WOTE va. unv avayvwpilovtol and ta Kuttapotofika T-kUTtapa (mpdypa mou eniong
oupBaivel kat pe Tn xaunAn A kaboAou éxkdpaon Twv MHC taéng | popiwv) kat y) n
EVEPYN KATAOTOAN TIOU EKSNAWVETAL HECW TNG EKKPLONG KATAOTAATIKWY EVIUUWV OO
Ta la T KOPKWIKA KOTtapa aAAG KoL ME TNV EVEPYOTOINON KOTOOTAATLKWV
KUTTOPLKWV TANOUOUWY oo Ta KAPKLVIKA KUTTAPQ.

H Bewpla tn¢ avoooloyLKn g emLtpnong mou eixe mpotabei 50 xpovia mpLv amod Toug
Burnet kat Thomas mpoéBAeme OTL TO QAVOCOTOLNTIKO OUOTNUO AELTOUPYEL WG
«dpoupOC» oTNV avayvwplon Kal eEaAlewn HETOOXNUATIOUEVWY KUTTAPWV. EKTEVE(Q

€PEUVEG TIOU apxLoav TPV 15 xpovia amokdAudav OTL N ev AOyw OVOCOEMITAPNON
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OO TO AVOCOTIOLNTIKO cUCTNUA AMOTEAEL TO TPWTO otadlo TG aAAnAemiSpaong Tou
0VOOOTIOLNTIKOU CUOTAHOTOC LE TA KOPKLWVIKA KUTTapa. MeTd To otddlo Aowndv tng
oavooosmtipnong akoAouBel to 20 otddlo TMou ovopaleTal oTAdl0 «LCOPPOTILACH
Katd TN OldpKeld Tou omolou, TA Evamopeivavia amd 1o oTtddlo  TNG
OVOOOETITAPNONG, KAPKIVIKA KUTTApO BplokovTial O€ pLo TETOLO KATAoTAoN TIou Sev
EVEPYOTOLOUV TO OlVOCGOTIOLNTIKO CUCTNUA, WOTE AUTO VA T KATAOTPEPEL, aAd Kol
Ta (bla dev €xouv OUOOWPEVOEL ETLYEVETIKEC MUETAANALEL WOTE va au&davovtal
ave€eAeykta. Mpokettal Aoumov ya pa dpacn duvaptkng adpavelac. To otadlo auto
amoteAeital amd TMOAAA €MPEPOUG OTASL, VW HME TNV Tdpodo tou xpoévou Ta
KOPKLVLKA KUTTOPO QVOITTUOOO0UV, TIPAYUATL, ETILYEVETIKEG LETOANGEELG WOTE, adEVOC
Hev va moAlamAaoctdalovtol HE TOXELC puBpoug kol adetépou va TOPAyouv
KOTOOTOATIKOUC Ttapayovtes. Etol Aoutdv, otadlakd UTIELCEPXETOL TO OTASLO TNG
anodpaong TwWV KAPKLVLKWY KUTTAPWY, TO Omolo €ival Kol To otddlo ekeivo amod ta
Tplo Mou eival KAWLIKA avixvelolpo. Katd to otadlo autd, T KOPKLWVLIKA KUTTapo
0poU EVTOC TOU ULKPOTIEPLBAAAOVTOC TOU OYKOU, £XOUV KATACTEIAEL TNV OVTIKAPKLVIKN
O0VOOOAOVYIKI QmaAvtnon, Tautoxpova e tn dnuloupyla ayyeLoyEvEDNG, KUPLWE LEOW
twv Myeloid-derived suppressor cells- MDSCs kot twv T-regulatory-Tregs (T-
PUBOULOTIKWY KUTTAPWV) KAl ME TNV EKKPLon METAAOMpwTEAcwWY, dnuloupyouv
HUETOOTAOEL UE COPBAPEC EMUTTWOELC Yla TNV ULyeia Tou acBevoulg. H peAétn twv
otadiwv ¢ avooodlapdpdwong Twv Oykwv €xel BonBrioel ta péylota OxL Hévo yla
TNV OoveUPEON VEWV OaVOCOOEPATEVUTIKWY TPWTIOKOAMWY aAd KoL yla  Tov
TipoobLloplopd Blodoyikwy dektwy mpdyvwong Kot mpoPAedPng mou eival oAU
ONUAVTLIKOL TIOPAYOVTEC Yl TOV OWOTO OXeSLAOUO TPWTOKOMwY Begpameiag Tou
opkivou pe ocuvduaotikeg Bepamneieg. Ztnv Ewkova 1-3 amnewovilovtal ta 3 otddia tng

avooodlapopdwong Twv oykwv [32-34].

Elimination phase Equilibriwm
MK cell K, E .@
h a
=4

Macrophage

Ewova 1-3: Ta tpia otddla tng avocodiapopdwong (e€dhewn-tooppormia-Siaduyn tou dykou) (Kansara et al., 2014).



1.1.1.1 >TAAIO EZAAEIWHZ TON KAPKINIKQN KYTTAPQN

H e€dAewdn amnotelel éva otadlo tng avooodlapdpdwaong Tou Kapkivou, 0o TOco
T0 €udUTO 000 KAl TO TPOCAPHOOTIKO OKEAOG TOU OVOOCOTIOLNTIKOU CUOTHMOTOG
OVLXVEUOUV KOl KOTOOTPEPOUV TIPWLHO TA KAPKIWVIKA KUTTapo. Ta ¢ucloAoyLKd
KOTTAPQ, LETAOXNMATI{OVTOL O€ KOPKLVLKA UTIO TNV ETUSPAON KAPKLVOYyOVWY aAAd Kal
AOyw amotuyiag §pAonc TwV EYYEVWVY OYKOKATAOTAATIKWY HNXOVIOUWY TOUC (TT.X.
p53, ATM). Autd ta KapKwiKd kUttapa ekppdlouv avtiyova péow twv MHC |
poplwv n/kat cuvdetwv NKG2D mou avayvwpilovtal amo CD8+ kat NK kuttopa,
avtiotolya. AevopLTIKA KUTTAPO UIMOPOUV EMioNng va TipocAdBouv avilyova Kot va Ta
mapouctlacouv ota T-kUTtapa, cupmneplappavopuévwy Kat twv NK T-kuttapwv.
Autd ta evepyomolnpeva KUTtopa TeAeoTeG amedeuBepwvouv IFN-y Tou avaoTteAAEL
TOV TOAAQTAQOLOOUO TWV KOPKWVIKWY KUTTAPWY KAl TNV ayyeloyeveon. EmutAéoy,
CD8+ T-kUTTQpPO UMOPOUV VO EMAYOUV TNV AMOMTWON TWV KAPKIVIKWYV KUTTAPWY,
oAAnAerudpwvtag e toug umodoxeig Fas kat TRAIL otnv emudpavela Twv KUTTAPWV
TOU OYKOU N HEOW €KKPLONG Ttepdopivng Kot cuVEVIUUWV.

Apaotikd T-kuttopa ekppdlouv cuvdleyepTikd popla onwg CD28, CD137, GITR, OX-
40 mou evioxUouv Tov TMIOAAATTAACLOOMO Kal TNV emiBiwon toug. Ta y6- T-kUTTapa
UImopoUV va avoyvwpiloouv Kol va OKOTWOoOUV Toug Oykoug mou ekdpdlouv NKG2D
npoodéteg (MICA/B o avBpwrmoug). Kittapa Ttou £pdutou OkEAOUG TOU
ovooormolnTikol cuothpatog [pakpodaya (M1), kokklokuttapa] ackolv, emiong,
OVTIKapPKLWVIK Opaon, ekkpivovtag TNF-a, IL-1, IL-12 kat ROS. Ito otddlo tng
e€alewng, n Loopporia YEPVEL UTIEP TOU AVOCOTIOLNTLKOU CUOTHUOTOG KAl KOTA TOU
OyKoU, Yeyovog mou odeldetal otnv avénon tg EKPpaong KOPKVIKWY OVTLYOVWY,
MHC popiwv taénc |, umodoxéwv Fas kat TRAIL og kUTTapa Tou Oykou, KaBwg Kot
otnv ékkpwon Tmepdopivng, ouvevlupwv, IFN-a/B/y, IL-1, IL-12, TNF-a oto

HkporeplBaAlov Tou oykou (Ewkova 1-4).
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Ewdéva 1-4: To otddlo tng €€dlelng Twv KOPKWIKWY KUTTAPWY oG TO OVOOOTIOLNTIKO
ouotnua (Mittal et al., 2014).

1.1.1.2 TAAIO THZ 1ZOPPOIMIAZ METAZY KAPKINIKQN KYTTAPQN KAI KYTTAPQN
TOY ANOZOMNOIHTIKOY 2Y2THMATOZ

Ito otadlo NG Lwoppormiag otnv avooodlaudpdwon TOU KapKivou, TO
QVOOOTIOLNTIKO GUOTNO KPATA TOV OYKO OE JLOL KATAOTOON AELTOUPYLIKAG dPAVELAG.
Oplopéva KaPKLVIKA KUTTAapo UPLOTAVTOL YEVETIKEG KOL ETILYEVETIKEG QAAAYEG Kal
AOyw TNG ouvexoug Tiieong mou &€xovial amd TO QVOOOTOLNTIKO oUOoTNUa,
ETUAEYOVTAL KATOLA KOPKLVIKA KUTTAPA TIOU OVTLOTEKOVTOL OTNV QvVayvWELon omo
oUTO (elte AOyw aMWAELAC TWV QVILYOVWV TOUG, €ite AOyw TNG EAATTWUATIKAG

TIAPOUCLOONG TOUG) KAl EMAYOUV QAVOOOKOTAOTOAN. To otddlo TnG Looppomiog

OVTUTPOOWTEVEL UL LOOPPOTIO HUETALU KUTTAPOKWVWY TIOU €XOUV KOTOOTOATIKN
6pdaon €vavil Twv KapKWIKWV Kuttapwv (IL-12, IFN-y) Kol KUTTOPOKWVWV ToU

mipodyouv tov oyko (IL-10, IL-23) (Ewkova 1-5).
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Ewova 1-5: To otddlo tnG ooppomiaGg METAEU KAPKIVIKWY KUTTAPWYV KAl KUTTAPWV TOU
avogoornotntikol cuotruartog (Mittal et al., 2014).
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1.1.1.3 XTAAIO THX ANOAPAZHZ/AIADYIHZ TON KAPKINIKQN KYTTAPQN

Kata to otddio tng Siaduyng, TO aVOOOMOLNTIKO OCUCTNUO OTOTUYXAVEL v
Tieploploel TNV QVATITUEN TWV KAPKLWVIKWY KUTTAPWV Kol epdaviletal n vooog. e
0UTO TO 0TASLo, TA KUTTAPO TOU OYKOoU Sladhelyouv TG aVOOOAOYIKNG avayvwpLongG.
Ekdppalouv popla emiBiwong (BCL-2), avoookataoctaAtika poépia (IDO, TDO, PD-L1,
galectin-1/3/9, CD39, CD73, umodoxeig adevooivng) Kal EKKPIVOUV KUTTAPOKIVEC
onwg VEGF, TGF-B, IL-6, M-CSF, oL omoieg mpodyouv tnv ayysloyEveon. EmutAéoy, ta
MDSCs, ta M2 pakpodaya kat ta DCs ekdppalouv avoooppUBOULOTIKA HOPLO OTIWC
apywadon, iNOS kat IDO kal €KKPIVOUV TIG AVOOOKATAOTAATIKEG KUTTAPOKiveG IL-10
kat TGF-B, oL onoieg avaotéA\ouv tov CD8+ KUTTaptkd TOANQIAQCLOOMO 1) EMAYOUV
Vv anomntwon. Ta MDSCs kat ta DCs ekdppdalouv IDO mou mpokalel tnv mapaywyn
Twv pubuotikwy T-kuttdpwv. H IDO, n apywaon, to CD39 kat to CD73 eival kupLa
0VOoOopPPUBULOTIKA £VIUpa. 2TO 0TASLO TN anmddpacnc, N LOOPPOTILA YEPVEL UTIEP TNG
€€EANLENC TOU OyKou, e€altiag TNG MAPOUCLOG AVOCOKATACTAATIKWY KUTTAPOKLVWVY KOl

popilwv onwc IL-10, TGF-B, VEGF, IDO, PD-L1 (Ewkova 1-6).
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Ewkova 1-6: To 0Tdd1o TNG amoSpopng Twy KAPKIVIKWY KuTtdpwy (Mittal et al., 2014).
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1.1.2 ANOZOAOTIKH ANOKPIXH ENANTION TOY KAPKINIKOY OrkKoy

H Snuwoupyia avoooAOyLKAG OMOKPLONG EVAVTLO OTOV KapKivo eival pla diepyaoia
mou umopel va eival Slaitepa  Suvapikr, o0dnywvtag O CUOCWPEUOCN
0VOOOSLEYEPTIKWY TIAPAYOVTWY Tou Ba TPEMEL KOT' apXnV vo €VIOXUOOUV Kal va
Sleupuvouy TIG amokpioelg Twv T-kuttdpwy. Yrapxel pia aAAnAouyia yeyovotwy mou
XAPOKTNPIEL TNV QVOOOAOYLKI OTOKPLON EVOVTIOV TOU KOPKLVIKOU OYKOU KOl
amoteAel €vav KUKAO aAAnAemidpaong KAPKWVIKWY KUTTAPWY ME KUTTAPA TOU
0lVOOOTIOLNTIKOU CUOTIHATOG. AUTOC 0 KUKAOG UMOPEL VO XWPLOTEL O EMTA GNUOVTIKA
otadla, EEKVWVTAG HE TNV aeAeUBEpWOnN avVTLYOVWVY Ao TO KAPKLVIKO KUTTOPO Kall
TEAELWVOVTOG UE TN BavATwon TwV KAPKWVIKWY KUTTApwv. O KUKAOG xapaktnpiletatl
EMIONG QMO OVOOTOATIKOUG TOPAYOVIEC TOU 0dnyouv O  HUNXAVIOHOUC
avatpododotnong tnNg avoooAoyLKnG puBULONG, OL OTIOLOL UMOPOUV VOl CTAUATHCOUV
TNV avamntuén f va neplopioouv tnv avoooloyikn amokplon [35].

Mo JLo AOTEAECUATLKA ATOKPLON EVOVTL TWV KAPKLVIKWY KUTTAPWVY Ttou odnyel o€
Bavatwon Twv KUTTOPWV aUTWV, TPETEL vo EeKWVAOEL Hla Oslpd SLadoxIKwV
ocupBavtwv mou Ba emtpéPel va AdBel xwpa Kal vo emektabel n avocoloyikn
amokplon. Xto MPwTto otadlo, Ta veoavrtlyova Tou Snuloupyolvial amod Tnv
oykoyéveon ameheuBepwvovtat kat cuAappavovtat ano ta devdpltikd kuttapa-DCs
yla enefepyaoia (otadio 1). Itn ouvéxela, ta DCs mapouoialouv ta cuAAndBEvTa
avtyova ota popta MHC-I kat MHC-Il tTwv T-kuttapwv (otadlo 2), He amoTteAsopA
TV ekkivnon kal tnv evepyomoinon T-KUTTAPWV TEAECTWV EVAVIL TWV ELSKWV
aVTLYOVWV Tou Kapkivou (otadlo 3). H dpuon tng avoooamnokplong mpoodlopiletal os
QUTO TO OTASLO, PE ML KPLOLN LOOPPOTILA TIOU AVTIUTPOCWTEVEL TNV avaAoyia Twv T-
KUTTOPWV TEAECTWV EVAVTL TWV T-pUBLOTIKWV KUTTAPWV (Tregs) mou eival Baoikr ylo
TO TeEAKO amotéAeopa. TEAOG, n KukAodopila Twv EVEPYOTIONUEVWY T-KUTTAPWV
teheotwv (otadlo 4) obnyel oe bileiobuor toug otov oOyko (otadlo 5), omou
avayvwpilouv e181KA Ta KOPKLVLKA KUTTOpA PECW TNEG aAAnAenidpaong Tou umtodoxea
T-kuttdpwv (TCR) KOl TOU OUYYEVIKOU QVTlYOVOU OTO KOPKLWIKO KUTTOPO,
ouvdedepévou pe MHC-I (otadlo 6) kal oe BavAatwon Tou KAPKLWIKOU KUTTAPOU-
otoxo (otadlo 7). H Bavdtwon Tou KAPKWIKOU KUTTAPOU areAeuBepwvel

ETUMPOCOETA avTlyova mou oxetilovtal UE TOV OYKO, WOoTe emavalappavetol to
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otadlo 1, pe amotéAeopa va aUEAVETAL N AVOCOAOYLKN) QATIOKPLON HUE HEAAOVTIKEC
emavaAnPelg Tou kUKAou. Ze aoBeveig pe kapkivo, o kUkAog Kapkivou-Avoxng dev
Aewtoupyel aplota. Ta avtlyova Twv OYKwV UIopet va pnv aviyveuBouv, ta DCs kot ta
T-kOTTapa pmopel va avilpeTwrilouv Ta avilyova wg €autd Kal Oxt wg &Eva,
Snuoupyolv Kuplwg amokpioelg amo Tregs Kol OxL amd KUTTAPO TEAEOTEG, Ta T-
KOTTOpaA WTOPEl va pnv eival kava va SlelcdVoouv OToV OYKO Kol MUTTOPEl n
MapeUnodion va odelletal o MOPAYOVIEG TOU MLKPOTEPLBAAAOVTOC TOU OYyKOU
(Ewkova 1-7) [35].

Ta T-kUTtapa eknatdevovtal otov Bupo adéva yla va dlakpivouv Ta €auTd amo ta
Un eouta memntidia/mpwteiveg Héow TOU HEIlOVOC CUUMAEYHLOTOC LOTOCUBOTOTNTOG
(MHC). Ta T-kUttapa rou €xouv TCR pe oAU xaunAn f oAl udnAn cuyyEvela yla To
MHC e€aAsidpovtal kata tn Stdpkela TNG BETIKNAC KAl apvnTIKNAE emAoyrn¢ oto Bupo,
avtiotolya. Exovtag mepdoel autr tn Stadikacia, ta T-kuttapa kukAodopolv ot
Sdeutepoyevn AspudLKA Opyava WOTE VA EVEPYOTIONBOUV Ao VTLYOVOTIOPOUCLOTIKA
kOttapa (APC). Zto mAaiolo tou Kapkivou, autd umopel va AAPeL xwpa OTOUG
napakeipevoug Aepdadéveg (Tumor draining Lymph Nodes) pe DCs mou
mapouctalouVv KapKLVIKOUC ETILTOTIOUG.

Trafficking of
T cells to tumors

@ (CTLs)
"®

R0
N

Priming and activation

(APCs & T cells) @

blood

Infiltration of T cells
vessel

into tumors
(CTLs, endothelial cells)

\

lymph node

Cancer antigen
presentation @
(dendritic cells/ APCs) @
Recognition of
cancer cells by T cells
(CTLs, cancer cells)

Release of @ | @

cancer cell antigens Killing of cancer cells
(cancer cell death) (Immune and cancer cells)

Ewova 1-7: EEEAMEN TNG aVOCOAOYLKNG aItOKPLONG EvavTiov Tou kapkivikou oykou (Chen and Mellman, 2013).



F. Tumor microenvirenment evolution

- up-regulation of pro-inflammatory andfor

inhibitory machanisms, callular recruitmeant, angioganasis,
development of tertiary lymphold structuras eic.

E. Tumor recognition
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Ewova 1-8: Emokdnnon twv Bnpdtwy Kat Twv HeTaBANTWY ou odnyouv otn 8t 0non kot t dpdon Twv
T-kuTtdpwv o©ToUG OyKouG. (A) Mponyoluevn avoooloyilkfy eumelpio- pvApn Tou 0oBevolg Kot
METOAAGEELG KUTTAPpwWY Tou Oykou). (B) H mpwwun €udutn avooomointik evepyornoinon DCs mou
napdyouv IFN tumou | elval kpiolun ylo Ty MPOoEAKUON Kal apxLkn evepyomoinon (priming) twv T-
KUTTapwV otoug mapakeipevoug Aepdadéveg (TALNs) (C). Ta T-kUttapa mou evepyonotovvrat ota TdLNs
TIPETEL VA KATELBUVOVTAL XNUELOTOKTLKA OTOV OYKO Kol Topakapntovag Stddopa epnddia, tekd va
tov 8nBouv (D). Ta T-kUTTOpa OTOV OYKO TIPEMEL va eival Asttoupykd (E). H ékkplon tg IFN-y amo
evepyomotnuéva T-kUTTapa Ba MPOKAAESEL Lo OELPA YEYOVOTWY OTOV OYKO, CUMTEPINAUPBAVOUEVNG TNG
auénuévng ékdpaong tou PD-L1, evw n avamtuén tpttotaywy Aepdikwyv dopwv (TLS) otov Oyko umopet
va BonBnoeL otnv mpowBnaon tng TOMKNAG MPOCAPUOoTIKrG avoaoiag (F). Eunodia og moAd and autd ta
BAuata prmopolv Suvntikd va Katapyroouv tv SOnon f/katl Spaotikotnta tTwv T-KUTTAPpWY oTo
uikporepLBallov tou oykou (Lanitis et al., 2017).
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1.1.3 AIHOHXZH TOY OIKOY AMNO ANOZOKYTTAPIKOYZ YINOMNAHOYZMOYZ

H éinbnon T-kuttdpwv otov Oyko, T0co oto kévtpo (TC) 6oo kal oto SnOntikod
HETwWTOo (IM) Tou GyKOoU, €XOUV GNUOVTLKH TIPOYVWOTLKN afia. Ol TPWTEG LEAETEC TTOU
npayuatonolionkav oe aoBevel¢ pe Kapkivo Tou Tax€og eviépou, £6elfav OTL O
oplOpog twv T Agpdokuttapwy mou SinBouv tov oyko (TIL) kaBw¢ Kal n xwpoTaKn
TOUC KaTtavopr, oxetilovtal pe tn ouvoAlkn f eAevBepnc vooou emiBiwon [14, 36].
ErtumAéov, udnAa enimeda TILs otn Stdyvwon, daivetal va oxetilovtal pPe HELWUEVO
TTOOOOTO UTIOTPOTIHG OE OL0DEVEIG PUE TIPWLILOU OTASI0U TPUTAG apvNnTIKO KApPKivo Tou
nootou (TNBC) [37]. Etol, €ekivnoe va xpnolpomoleital o Opo¢ immunoscore
«OVOOOOKOP», WC €vo TPOYVWOTIKO E£PYAAEl0 TIOU XPNOLUOTIOLE(TAL ylOL TNV
noootkomnoinon &inBolviwv avocokuttdpwy, Ta omoila d¢aivovtal, O€ KATOLEG
TIEPUTTWOELC, va £Xouv UPNASTEPN TPOYVWOTIKN afla amo TNV KAaoLkn otadlomoinon
katd TNM. O 6pog elonxdn npwtn ¢dopad to 2006 amnd tov Jerome Galon, o omoiog kat
oploe to immunoscore Ttovilovtog TwG onupooia otn 8uénon twv Oykwv omo
0VOOOKUTTAPO £XEL TOGO N TOOOTNTO OCO KAl N TIOLOTNTO TWV KUTTAPWVY QUTWV

(Ewcova 1-9) [14].
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Ewdva 1-9: To avocookdp (immunoscore) 6mwg mpotddnke amd tov Galon to 2006 Kal KAUTTUAESG
enBiwong aoBevwv mou amodelkvUOUV TOV TPOYVWAOTIKO POAO TWV OVOCOKUTTAPWY Tou 8tnBouv toug
OYKOUG.
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‘Eva xpovo apyotepa, to 2007, o Galon gumAoutilovtag Kol CUUTANPWVOVTOG TNV
€vola TOU immunoscore KAavel AOyo yla immune contexture/ avoocoAoylko
TIEPLEXOUEVO Kol TEPAAUPBAVEL TOV TUTIO, TNV TIUKVOTNTA, TN AELTOUPYLKOTNTA KOL TNV
XWPOTAELKN KATOVOLN TWV 0VOCOKUTTAPWY €VTOG Tou Oykou [38]. To 2013 kat mAAL n
opada tou Galon og pla mpoonadela Snuloupyiag «avoooAOYLIKWY UTIOYpadwV» yla
NV Mpoyvwon Kot poPAedn acBevwv Ue Kapkivo, ocuvdlacav XapakTtnpLoTKA Tou
immunoscore aAAQ Kal Tou immune contexture. Ot TPOPAETTIKEG, TIPOYVWOTIKEG Kall
HUNXOAVLIOTIKEG OVOOOAOYLKEG UTIOYPADEG AAANAETILKOAUTITOVTOL KOL CUVOEOVTAL HE JLa
oAnAouxiaa  avoooAoylKwv  aVTIOPACEWV  HUE  OUYKEKPLUEVO  AELTOUPYLKO

TIPOCOVATOALOMO, OTwG paivetal otnv kova [39].

Immune contexture

Adaptive immunity, cytotoxicity, memory T cells
Quantification (cells /mm?) Immunoscore
N

Functional

orientation

Tumor center, margin, tertiary lymphoid islets

PNy GZMA CXCL9

iL2 GZMB CXCL10 Immunologic
TBX21 GZMH ccLs Constant of

IRF1 PRF1 CX3ClLl Rejeciion
STAT1 GNLY ccL2

3 3 3 3

Ewova 1-10: SuvSuaopog TOU OVOOOOKOP LE TIOPAYOVTEG TOU OVOOOTIOLNTIKOU GUGOTAUOTOC TIEPLypAdouV To
immune contecxture (Mpooapupoopévo amnod Galon et al., 2013).

3

MoA\EG €pPeUVNTIKEG OMASEG TAYKOOUIWG Apxloav va ooXoAouvtolL WE TO
immunoscore og S1ddpopoug TUTIOUG KapKivou. TauToxpova, APXLOE Lo TIPOCTIABEL
va cuvdualovtal KL AAAO OTOLXELO KOl XOpAKTNPLOTIKA Tou oykou. To 2013, o Ascierto
Kal n opada tou €lo@youv tov 0po immunoprofiling 6rmou mAéov xpnolponoleital n
urtoypadn (N mpodid) Tou aAvVOCOMOLNTIKOU OCUOCTHUATOG €VOC ATOMOU ylol TNV
npOPAedn TNG AVTATOKPLONG TOU CUYKEKPLUEVOU aoBevoug otnv Bepameia, pe TN
SUVALKH TIOU UTIAPXEL LECW TNG AAANAETISPOONG TWV KOPKLVIKWY KUTTAPWV KAl TWV

KUTTAPWV TOU aVOoOoToLNTIKoU cuotruatog [40].
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Mivakag 1-1: Atadopég pHeTagy «ovoo0oKOP» KOL «AVOCGOAOYLKOU TIPOodiA»

To ukpomepBAAAOV TOU OYKOU €ival €va XWPLKA opyavwHEVo «Tomio» pe dtbnon
and T Aepdokitrapa kal pakpodaya mou Bpiokovtal TO00 OTO KEVTPO OGO KOl OTO
SINONTIKO péTwTo Tou OyKou. ANAEC CUVIOTWOEC TOU OVOOOTIOLNTIKOU CUOTAUATOC,
onw¢ ta kuttapa ¢uowkol doveig (NK), ta HUEALKNG TPOEAELONG KOTOOTAATLKA
kOTtapa (MDSCs), ta pactokUTtopa Kal Ta oudetepddla evromilovral Katd KUpLo
AOyo oto dinBNTIKG pETWTo Tou Oykou [14, 41]. MpooBetolL KuTTapLKoL TUTOL, OTWG
ta B Aepdokutrapa kat ta wptpa DCs, KATaAyouv KAtd mPoTipnon o€ Yeltvialouoeg
tputotayelc Aeudikég Sdopég (TLSs) [42]. H Béon autwv Twv KUTTAPWV OTO

HkpormeplBaAAov kaBodnyeital amd 1o KUKAOPOPIKO Kol Aepudlkd cuoTtnua, Kabwg

Differences between Immunoscore and Immunoprofiling

Number of immune markers
Immunoscore markers

Immunoscore-like markers

Possible application

Immunoscore

Prognostic/Predictive(?)

2-4

CD3/CD8

CD3/CD8/CD20/FoxP3
CD3/CD8/CD45R0
CD3/CD8/CD68

Immunoprofiling
Prognostic/Predictive(?)

1-several

CD3/CD8/CD20, CD3/GZMB

CD8/FoxP3
CD8/IL-17
(others)

Staging in colorectal cancer
(already tested)

Staging in Melanoma, Breast
Cancer, Ovarian Cancer,

NSCLC, Prostate Cancer,
Pancreatic Cancer,
Head and Neck Cancer (to be

defined)

Kol ard Ta KUTTaPa TOU OTPWHOTOG.

r
* Granulocyte
+ Eosinophil
* NK cell
* Platelet

Her

* Mastcell =B cell

microenvironment

* Pericyte T
Mesenchymal origin | | Fibroblast

* Macrophage

*Trg *Dendriticcell »MDSC

- Y
>
%) j\fascular
/ endathelium

1

Cancer cell @ a\
e

Suppressive mechanisms
MDSC cell @
« Secretion of NO, arginase and ROS

« Defective antigen presentation

* Secretion of suppressive
cytokines (TGF-, IL-10)

® Sink for IL-2, IL-7, IL-12, and IL-15
= Impaired activation of CTLs

Macrophage )

* M2 differantiation/cytokine profile.
* Defective antigen presentation

* Lack of costimulation for T cells:
* Impaired tumorocidal activity

T

g CEI

i

Dendritic cell W

* IDO expression; induction of Tregs.
* Impairad maturation

* Defective antigen presentation

« Lack of costimulation for T cells

2012).

* Loss of MHC class | and antigen
processing machinery

 Antigen loss variants

* Secretion of VEGF, GM-CSF,
G-CSF and gangliosides

Immune gene signatures
Multiplex assays
CD137, Galectinl, LAG-3, 0X40, PD-1

Prognostic assay

Predictive assay
Personalized immune-treatment

Ewova 1-11: To pikpormeptBaiiov
Tou oykou (Kerkar and Restifo,



Mo
danger
signals

1.1.3.1 KATHITOPIEZ TOY OIFKOY ANO  ANOZOKYTTAPIKOY2

YMOMNAHOYZMOYZ

AIHOHZHZ

H &i1Bnon tou Oykou pmopel va xwplotel oe Tpeig katnyopieg: 1) «€pnuoc» amo

0VOOOKUTTaPO OyKOG, 2) OYKOC OTOKAELOUEVOC Qmo OvoooKUTTapa kot 3)
dAeypuovwdne oykog. KaBe pla oxetiletal HE OUYKEKPLUEVOUG UTIOKELMEVOUC
BLOAOYIKOUC HNXOVIOMOUG KOl UMOPEl va €UTOSIOEL TNV AVOCOAOYLKN OTOKPLON
evavtiov tou Oykou. Evag Oykog mou xapoaktnpiletal «Epnuog» Umopel va eival to
OTIOTEAECHO.  OVOOOAOYIKNG dAyvolag, TNG Emaywyng ovoxng n tnc &Mewpng
T-kuttdpwv 1 Spaoctkotntag oautwv. Ot

KATAAANANG  evalocbntomoinong

O0VOOOAOYIKWC OTTOKAELOUEVOL OYKOL HUIOPEL VA OVTAVOKAOUV HLOL CUYKEKPLUEVN
KOTAOTOON TOU EMNPEAlETAl AmMO TNV TOPOUCIO XNUELOKWVWY, TNV Tapoucia
OUVKEKPLUEVWV QOYYELOKWY TIAPAYOVIWV 1 GPOYUWV 1 EIKWV TOPAYOVIWV TOU
oTpwHATOg TOU gumobilouv TNV avamtuén  avoooloylkig amokpiong. Ot
dAeypovwdelg Oykol pmopouv va dinBouvtal omd UMOTUTMOUC OVOCOKUTTAPWY,
ouvunephapPBavouévwy Tregs, MDSCs, B KATAOTOATIKWY KUTTAPWV Kal VoPBAACTWV
Tou oXetilovtal pe Tov Oyko. Emiong, Aepdokutrapa mou SinBolv Toug OYKoug Kal
ekppalouv CD8 pmopouv emiong va eival pn Asttoupylkd. Evw oe dAeypovwdeLg
OYKOUGC Ta KUTTOPO TOU OYKOU Mmopel emiong va ekdpalouv KOTOOTOATIKOUG

TOPAYOVTEG, HELWHEVN
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Ewdéva 1-12: Katnyopieg &uibnong tou
OyKoU anod 0VOCOKUTTPLKOUG
unontAnBuopoug (Chen & Mellman, 2017).



H oxéon Kopkivou KoL QVOOCOTOLNTIKOU OCUOTAUATOC €lval TIOAUTIOPOYOVTLKA KOl
EUMAEKOVTAL TTAPA TIOAAQ OTOLXELOL QTGO TNV OTLYUN TIOU €val KOPKLVIKO avilyovo Ba
aneAevBepwOel kal Ba avayvwpLoTel amod KUTTAPA TOU 0VOCOTIOLNTIKOU CUCTHLATOG,
HEXPL TN OTLYUA Tou avtlyovo-el8ikd T-kuTttapa Ba Sinbrijcouv tov Oyko, UE TEALKO
otoxo va séadeiouv ta KApKWIKA KUTTapa. Xtnv Ewkova 1-13, mapouaoialovial ot
TPELG Katnyopleg dBNONG twv OYyKwV Kal TOPAYOVIEG TOU €EMNPEAlOUV TNV

0VOOOAOYLKI QIOKPLON EVAVTIOV TOU KapKivou.

Trafficking of
T cells to tumours

Infiltration of T cells
into tumours

CAFs/collagen

Traditional
1
\ Chemokines
| |

/ Ve =
Chinese TCR
medicine ,c"“ﬂro,; HLA type
Exercise- esb"—'ns:n TNE- \
induced IL-6 Il §E£,;TF | \
I:\flammasnmepa 2 l An[ijggn expression
OH),03 I
125(‘ wF S L MHC class | expression
T
pNGOR B LTAP-1
{rnIDOTS GG JAK-STAT MEK?
ROS
: \ UB2M
L.

associated
antigens

Immune-desert
tumour

Recognition of
cancer cells by
T cells

B Negative effect
@ Positive effect

Killing of cancer cells A MNegative or positive effect

Ewova 1-13: Mapdyovteg mou ennpedlouv TNV OTEVH OXECN QVOOOTOLNTIKOU Kal kapkivou (Chen & Mellman
2017).

-27 -



ATo TN oTyun mou avoookUttapa SinBouv Toug OyKoug, PEMEL auth n Stnbnon va
elval mépa amd TOOOTIKN KOL TOLOTIKA, KAl va oupmepllapBavel mépa amo
AELTOUPYLKOUG OVOOOKUTTAPLKOUCG UTIOMANBUCUOUG KoL MOPLO TIOU EUTIAEKOVTOL OF
HOVOTIATIO. TIOU €UVOOUV TNV QOVOOCOAOYLKN OTOKPLON EVAVTIOV TWV OYyKWV. TNV
Ewova 1-14 ¢aivetal o KOUPLIKOG pOAOG TOU ULKPOTIEPLBAAAOVTOG TOU OYKOU Kal Ol

«ppayuol» Tou PUmopoUlV VoL UITOUV KoL VAL EUMOSIo0OUV TNV AvVOCOAOYLKN QTOKpLoN

€VOLVTL TOU OYKOU.

. Hostile Environment
Immunosuppressive Immune Infiltrate - hypanic, acidic, nutrient depleted,

and Tumor Cells toxic metabolites
-Tregs, MDSCs, TAMs, TANs aic.

Suppressive Molecules
= IL-10, TGF[, adenosine,

PGE,, efc. Suppressive Receptors

= PD-L1/LZ, VISTA, eic.

Inhibitory Enzymes
- Arginase 1, IDO-1, =ic.
Lack of Co-Stimulation
=T cell intrinsic dysfunction,
PD-1, LAG-3, Tim-3, sic. upregulation .
and suppressive signaling PM Hl':: Downregulation
- genetic or epigensatic

Aberrant Tumor Vasculature

- adhesion molecule down-regulation, Mismatd.f:hed Chemokine Networks
FasL upregulation, inhibitory receptors - chemokines produced that attract
and secreted molecules immunosuppressive infiltrate and notT cells

. Dystunctional CO8* T cell . Tumar Associated U. Mizmalzhed Chemokines

1

1

X Heutrophil i

X Tumor Associated * immature Dendritic cell :

Macrophage

! Myeloid Derived [

'I . T regulatory cell Suppresser cell m PDL-1* Tumor cells I
i

Ewova 1-14: «Dpaypoi» otnv evepyornoinon T-kuttdpwv otov oyko (Lanitis et al., 2017).
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1.1.3.2 AIHOOYNTA T-KYTTAPA

M Ttukvn

diNbnon  Aepdokuttdpwy,

n omola umopel va avixveuBel

XPNOLLOTIOWWVTAC TN Xpwon atatofulivng kot nwoivng (H & E), sival éva kowo

A
HOTTUMOR-TIL Presence &

B
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c D
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\ [ Chemokines
¥ (]
'

i o
'

* Macrophage . Tregulatory cell  pg
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‘ peptide-MHC
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Ewova 1-15: «Oeppoi kat Puxpoi» oykol (Lanitis et al., 2017).

XOPAKTNPLOTIKO TwV OYKWwV ToU

£€XOUV guVOiKn Tpoyvwon [44-46]. OL
OyKoL Tou Yopaktnpilovtal amo
vPnAn &wbnon kat and T-kotTOpa
xapoktnpilovtal w¢g «Bepuoil» oykot
(hot tumors), evw OykolL Tou eival
anpooméAaotol ylo ta  T-kOTtTOopa
OyKol

KoL

ovopalovtat  «uxpoi»

amoteAoUV Eval OITOUOVWHEVO
MEePBAAOV yla TO QVOCOTIOLNTLKO

ocvotnua [47].

ITOX0C TTOAWYV QVTIKAPKIWIKWY UBOAlwV €lval n petatpomn «Ppuxpwv» OYKWV O

«Bepuougy, n evioxuon dnhadn ¢ dtnbnong anod T-kuttapa [48].
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© 2017 Amencan Azcocistion for Cancer Research
CCR Focus AACGR

Ewova 1-16: 2t0xo¢ epPoAiwv elval n petatpomn «puxpwv» Oykwv ot «Beppolon

(Vonderheide et al, 2017).
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AcBeveic pe kapkivo mayxéog eviépou (CRC) pe pikpodopudoplky aotabela
(Microsatellite  instability- MSI), mou mapoucialouv upnAa  emnineda
oavoooyovikotntag kot upnAn Sinbnon and Aspdokuttapa, spdavilouv PUKPOTEPN
mbavotnta petaoctaong [49]. EmumAéov, uPnAog BabBuodg dibnong tou Oykou amod
CD3+ T-kuttapa ouoxeTiletal pe guvoikn, xwplc embeivwon, smBiwon (PFS) kot
ouvoAlkn emBiwon (OS) oe aoBeveic pe kapkivo Twv wobnkwv [50]. Opolwg, os
aoBeveig pe CRC, n vdnAn dBnon and T-kuTtapa UvAUNG (Wlautépwg and CD8+ T
dpoaotika KUTTOpa) ouoxetiletal pe  xapnAn Tmubavotnta  PETACTOONG Kol
napatetapévn PFS kot ouvoAkng Sudpkelag emiPiwon [14]. Exteveiq peAéteg o€
a0Beveic pe CRC otn dwayvwon £€xouv amokaAUPet 6tL o uPnAog Babuog dinbnong
TOU OYKOU amo T-KUTTAPO UVAUNG HE TipooavatoAlopo Tyl (mou mapadyouv IFN-y) kat
Kuttopotoflkd CD8+ T-kuttapa (mou mapdyouv mepdopivn Kal cuveviupa) €xouv
guvoikOTEpPN Mpoyvwon [51].

MANBwpa avoooiCTOXNUIKWY MEAETWV £XEL tpaypatomolnbel kal €xel avadeifel tn
onUavtikoTNTa tNg O6NONoNg KUTTAPWV TOU OVOCOTIONTIKOU OCUCTAMOTOC Kol
OUYKEKPLUEVO €XOUV EOTLAOEL OTN Slapeplopatonoinon tng dinbnong oto kévtpo (TC)
Kol oTto 81nONnTkd pétwmo (IM) tou oykou. Onwc avadEépBnKe MPONYOUUEVWG, EXEL
Beomiotel TO0 «OVOOOOKOP», WG TPoomabela mpoyvwong Héow afloAdynong Ttou
BaBuoL 81Onong kat tng mukvotntog amo CD3 + kat CD8+ T-KUTTAPWV OTO KEVTPO
Kal oto 8nBnTkd pEtwmo Tou Oykou aocBevwv pe CRC, oe ula maykoopa
ouvepyooia mou meplhapBavel mepimouv 4.000 acBeveic [49]. To «0vOCOOKOP»
daivetal va givat akpBéoctepo and tnv cupPatikn wotoloyia, A akdUn Kat and Tov
TMPOOdLOPLOUO TNC Katdotaong MHIKpoSopudoplkng aotdbeslog, otnv mpoyvwaon
aoBevwv pe CRC mpwipou otadiov [52]. Ol mpwIPEG TAPATNPACELS TWV EUVOIKWY
KAVIKWV ETUMTWOEWV TNG mopoucioag CD8+ T-kuttdpwv o€ aocBevel¢ pe kapkivo
woBnkwv kat CRC £xouv emiBePfatwbdel kat emektabel kot og TOAOUG AAAOUC TUTTOUC
KapKivou, OMw¢ UEAQVWUATOG, HAOTOU, NTTATOKUTTOPLIKOU, KEPOAANG Kol TPpaxnAou,
oupodOXou KUOTEWG, TIVEUMOVO, TIAYKPEATIKOU Kal yootpikoUu (Mivakag 1-2).
Mepaltépw UETPAOEL CUVOLVOUV TIWE oL TtUKVOTNTEG CD8+ T-KUTTAPWYV TOGo oto TC
000 Kol oTo IM Twv Oykwv daivetal va evicxUOUV TNV TTPOYVWOTIKI EYKUPOTNTA TOU
OVOOOOKOpP, OV Kal N oUVOALKA Ttukvotnta Twv CD8+ T-kuTtdpwy, amo Uovn TNG wg

TIAPAETPOG EXEL ONUOVTLIKA KAWLKN onpaocia [14]. Noapadowg, £xel mapatnenOet pa
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duopevnc cuoxétion petafl uPnAng mukvotntag dtnong CD8+ T-KUTTApwWV OTO
SNONTIKO pETwmo TOU Oykou (cupmepllapfavopeévou ToU  SLOLUYOKUTTOPLKOU
KOPKIVWHOTOC Tou vedpoU [53, 54], Tou kapkivou Tou mpootatn [55], tou Stayxutou
Aepdwpatog anod peyala B-Aepdokuttapa [56] kat tou Aepdwpatog Hodgkin [57])
HE ULKpOTEPO PFS Kat pikpotepn OS. H cuoxétion auth Xxapoaktnpiletal and avénuéva
enineda ayysloyéveong mou emnpedalouv T &Bnon amd AVOOOKUTTOPLKOUC
urtonAnBbuopoug, oe ouvbuaopd pe XopnAn Tukvotnta TLS, uynAd aplBuo
ovwpluwv DCs mou otpatoloyolv Tregs, CD8+ T-kUTTOpA WE TIEPLOPLOUEVN
KUTTAPOTOELKA LkavoTnTa Ttou, TBavwg, 6ev avayvwpilouv KapKLWVIKA avilyova mou
oxetilovtal pe tov oyko (TAA)- éva anotéleopa mou cuvdualetal pe upnAa enineda
ékdppaong PD-L1 [53]. Qotdoo, o pa umooudda acBevwv pe ccRCC pe vdPnAn
mukvotnTa 81nbnong amod Asttoupylkd CD8+ T-kUTTapo TOU TtapAyouv Tepdopivn
napatnpeital euvoikn mpoyvwon [58]. YIdpxeL €Vl ONUAVIIKO EPWTNO OXETLKA HE
TNV MPOEAEUON TWV ELSIKWV T-KUTTAPWV YLO TOL OYKOOXETL{OMEVA OVTLYOVA, LECOA OTOV
OyKko. XounAng kuttapotoflkotntag kukAodopouvia Spaotikd T-kUTTAPA UVAUNG
UIopoUV va eLl0EABoUV pHEow PAEPBLOLWV Kal 0T CUVEXELX VO TTOAAQTTAQCLO.OTOUV Kal
va StadopomnoinBolv evtog Twv TLS evw PBplokovtal os enadn pe wptpo DCs.
EvaA\aktikd, ta T-kOttapa umopel va €0éABouv ameuBelag o OyKOUG HEOW

dAeyuovn g evbobnAiou, akoAouBoupevn amnod tomkn dtadopomnoinon [59].
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Colorectal cancer

Breast cancer

Head and neck cancer

Owarian cancer

Hepatocellular cancer

Biliary tract cancer

Merkel cell carcinoma

NSCLC

Bladder cancer

Colorectal cancer liver metastasis
Gastric cancer

Pancreatic cancer

Colorectal cancer lung metastasis
Melanoma brain metastasis
Thyroid cancer

Melanoma

Prostate cancer
Oesophageal cancer

Renal cell carcinoma lung metastasis
Clioma

Malignant peripheral sheath tumour

Renal cell carcinoma _
! T !
1] 2

Ewova 1-17: H cuoxétion petafl tng mukvotntog twv CD8+ T-KuTtdpwv Kot TNG oUVOAKAG emBiwong petadl
Twv 000svwV PE TPWTOMABOEIG 1 UETAOTATIKOUG GUMTOYEiC Oykoug. To ypadnua cuvoilel tov aplBud twv
apBpwv mou TmepLExouv MANPodopieg OXETIKA WUE TNV emibpacn tou CD8+ T-KUTTAPWV, OTWG EKTLUAONKE
XPNOLLOTIOLWVTAG AVOCOLOTOXNUELR, OXETLKA HE TNV TIPOYVWON TWV 0.0DEVWY PE KAPKivo. To XpWHO TwWV 0TNAWY
urtoSeLkvUEL pa kaAn mpdyvwon mou oxetiletal pe ta CD8+ T kUttapa (mpdowo) r Kakn npdyvwaon (KOKKo)

(Fridman et al., 2017).

[ Positive prognosis
[ No effect on prognaosis
[ MNegative prognosis

.
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1.1.3.3 AIHOOYNTA MAKPO®ATA

Ta pakpodaya anoteAoUV ONUOVTLKO CUCTATIKO TOU UKPOTIEPLBAAAOVTOG TOU OYKOU,
Kol evtomi{ovtal TO00 OTO KEVTPO TOU OYKOU 000 Kal 0TO StNBNTIKO HETWTTO, AAAA KoL
ota TLS. YTouc MEPLOCOTEPOUC OYKOUG, Ta pakpodaya eival Kupiwg M2 ¢patvotumou,
EUVOWVTAC YEVIKA TNV avamtuén kat tv eEEAEn evog emiBetikou ¢dawvotumou. H
TIUKVOTNTA TETOLWV HAKPOPAYWY OUOYXETI{ETOL UE KOKN TPOYVWOn HETAEL Twv
aoBevwy pe Kapkivo paotol, oupodoxou KUOTEWC, wobnkwv, mpootdtn, RCC kal
HEAQVWHATOG. AVTLOTPOOWC, N HeyaAn mukvotnta M1 pakpoddywv cuoyetiletal e
euvoikn mpoyvwon petafl twv acBevwv pe NSCLC, HCC, kapkivo wobnkwv N
YaoTplko kapkivo (Mivakag 1-2 [60]). & pePLKOUC KapKivoug, woTtooo, N MPoyvwaon
efaptatal amo TNV XWPOTAELIK KATOVOUN TwV UHakpoddywv oto HikpomeplBailov
TOU OyKou, Kot iBavov odeiletal o po Suvaptkn petapaon and tov M1 otov M2
dawoétumno, mou pmnopet va oupPet tomika [61]. Ta MDSCs pmopouv eniong va ival
mapovta  kal v oUPBAAAOUV otV avamrtuén  €vOG  OlVOOOKOTAOTAATIKOU

HLKpoTtEPLBAAAOVTOG.

[a]
=)
®

Colorectal cancer

Prostate cancer
QOesophageal cancer
O o

Glioma

Renal cell carcinoma

T cells TLS T_' cell M M1 Mz . Negative prognosis
et . . O . . O Mastly negative prognosis
O Mo effect on prognosis
Pancm::l:::: 8 : 9 : : O Mostly positive prognosis
e O . . O‘ . O . Positive prognosis
Hepatocsllular cancer . . O O . O ® (-100 patients
Ovarian cancer . O O . . . 100-1000 patients
Head and Neck . L4 O . . 1000-10000 patients
Bladder cancer . [ ] . .
Gastric cancer @] . O . .
@000 o
O o @
O O ®
@) ®
@ @

Ewova 1-18: Emdpdoelg tng dtnbnong umomAnBuopwy avooOKUTTAPWY OTNV TPOyvwon aoBevwv HE Kapkivo.
Mapouoialovtal dedopéva and 200 peAétes OMWE apouotalovtal avaluTikd otov MNivaka mou akoAouBsi (Mivakag 1-
2), otig onoieg ouppeTeixav mepimou 25.000 aoBeveig kot avallOnkav ta CD8+ T-kUTTapa, TpLtotayeic AeudLkéG SouE
(TLS), puBuiotika T-kUTTapa (Tregs), CD68+ pakpodaya (M) Kal o cuyKekpLUEvVa, pakpoddya urotunou M1 R M2 wg
TPOG TNV OUVOAlkN emuBiwon aocBevwv. Ta éviova xpwuata Oelxvouv Betikn (mpdowvn) 1 apvntikn (KOKKLN)
TPOYVWOTIKA afio META amo avaAucn OAWV TwV OXETIKWV HeEAETWY. Ta avolytd xpwuata Seixvouv Betikr (avolyto
MPACLWVO) | apvnTIKA (MOPTOKAAL) TPOYVWOTLKI) CUCXETLON OTNV TAELOVOTNTA TWV UEAETWVY ToU avaAuBnkav. Agukol
KUKAOL &gV SeilXVOUV OTATLOTIKA ONUOVTLKI) CUCXETION N OTL mapatnpendnke apdiBoAn mMPoyvwoTikr CUCXETION O€
Tapopuolo aplOpd peletwv. To péyeBog Twv KUKAWY UTIOSEIKVUEL TOV aplOUd Twv 00BEVWY TIOU CUMMETELXAV OTLG
peAétec. Mikpol kUkAoL: 0-100 acBeveic, kUKAoL peoaiou pey£Boug: 100-1000 acBeveic kat peydAot kukAot: 1.000-

10.000 acBeveig (Fridman et al., 2017).



Nivakag 1-2: EniSpoon tng muKvOTNTOG TWV SLadOPETIKWY TUTIWV AVOCOKUTTAPWY Tou §tnBouv Tov OyKo athv mpoyvwaon acBevwv pe Kapkivo (Fridman et al., 2017).

Cancer type

Breast cancer

Pancreatic
cancer

Gastric cancer

Melanoma

Colorectal

cancer

Lung

carcinoma

Head and neck
cancers

Impact of
CD8+ T cells
References

Good
[85, 86]
None
[87]

Good
[103]

Good

[138-140]
None
[141, 142]

Patient

No.
CD8

Good
N=252
None

N=81

Good
N=152

Good

N=355
None

N=233

Impact of
TLSs

References

Good
[88]

Good
[104, 105]

Good
[138, 143
144]

Patient

No.
TLS

Good
N=534

Good
N=103

Good

N=558

Impact of
Tregs
References

Poor
[89]

None
[106,107]
Poor
[108,109]

Poor

[145-149]

Patient

No.

Tregs

Poor
N=138

None
N=155
Poor

N=166

Poor

N=719
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Impact of
macroph.
References

Poor
[90]

Poor
[110]

Good
[139, 150
151]
Poor

[152]

Patient
No.
Macro

Poor
N=141

Poor
N=227

Good

N=414
Poor

N=170

Impact of
M1
References

Good

[153-155]

Patient
No.
M1

Good

N=140

Patient
Impact of No.
M2 (M2)
References
Poor Poor
[91-94] N=401
Poor Poor
[110] N=227
None None
[153, 156] N=435
Poor Poor
[152, 155,
157] N=378



Hepatocellular
carcinoma

Ovarian Cancer

Prostate Cancer

Bladder cancer

Oesophageal
cancer

Glioma

Renal cell
cancer

Biliary Tract
cancer

Merkel cell
carcinoma

Thyroid Cancer

Malignant
peripheric nerve
sheath tumor

Good
[176-179]

Good
[201]
Poor
[202]

Good
[213]
None
[214]
Poor
[215]

Poor
58, 227

Good
[234-236]

None
[238]

Good
N=669

Good
N=325
Poor

N=535

Good
N=70
None

N=122
Poor
N=103

Poor
N=356

Good
N=234

None
N=141

Poor
[180]

Poor
N=148

None
[181]
Poor
[179, 182-185]

Poor
228

None
N=141
Poor

N=438

Poor
N=100

Good
[186, 187]
None

[188]
Poor
189-191

Good
[203]

Good
[61]
Poor
[61, 216-
218]

Poor
229

Good
N=597
None
N=253
Poor
N=364

Good
N=81

Good
N=210
Poor

N=396

Poor
N=185

Good
[188]

Good
N=253

None
[187]
Poor

[188]

Poor
[203]
[204]

Poor
[219]

Poor

229,230

None
N=295
Poor

N=253

Poor
N=305

Poor
N=70

Poor
N=239

Lung cancer
Brain metastasis
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Melanoma

brain
metastases
Colorectal
cancer liver
metastasis

Colorectal
cancer lung
metastasis

Renal cell

cancer lung
metastasis

Good
[240]

Good
[124]

Good
N=40

Good
N=140
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1.1.4 TNPQTOTENHZ, MPOZAPMOZTIKH KAI EMNIKTHTH  ANTIZTAXH  ZTHN
ANOZOOEPAIEIA

Onwg avadepbnke Kol TPONYOUUEVWG, O KapKivog Xpnolpomolel Tpelg Pactkoug
unxaviopoug dtagpuyng. OL pnxaviopol autol MPOCOPUOCHEVOL OTNV AVILoTOoN 0TV
avoooBeparneia moapouoialovtal mopakdtw. tnv Ewova 1-19 mapoucidlovral ta
KALVIKQL GEVAPLO TTOU UTTOPEL va 08nyouv og avtiotacn otnv avoooBepaneia. (A) O 6ykog
Tou aoBevolg elval avOekTIKOG otV avoooBeparmeia XwpPLg TO AVOCOTOLNTIKO TOU
oUOTNUA VA EIVOL ATTOTEAECUATIKO KOIL CUVETIWGE VO NV UTTAPXEL AVOGOAOYLKN OITOKPLON.
(B) O 6ykog tou aoBevoug eival avBekTikog otnv avoooBeparmeia. To AvooomolnTiko
ocuoTnUa eivol evepyod evavtiov Tou Oykou, aAAQ QTTEVEPYOTIOLELTAL ATTO ONnUELa EAEYXOU
N AAAOUC HNXAVIOMOUG TPOCOPHOOTIKNG avtiotaons. (C) O aocBevng €xeL apxlkn
anokplon otnv avoooBepameia, oAAG apyotepa AOYW TNG ETEPOYEVELAC TWV KUTTAPWV

TIOU amapTi{ouv ToV OYKO, €YLVE ETUAOYN TWV AVOEKTIKWY KAWVWVY TIOU UTIRPXOV TIPLV

Eekwvnoet n  Oepameia. (D) O
000eVAG €XEL APXLKN) OVTOTOKPLON
otnv avocoBepaneia oG

oapyotepa UTIOXWPEL, UE

QMOTEAECHA TNV avTiotaon otnv
avoooBepareia [20].
Ztnv Ewova 1-20 mou akoAouBetl

mm .m daivovtal eyyeveig pnxaviopot mou

I@Sensmvsto immunotherapy (@ Resistant to smmunotherapyl EVOXOT[OLOl'JVTal yla thv av‘[[o"[ao'r]

Ewoéva 1-19: KAhwikd oevdple ya v avtiotaon omv - gTnVv avoo‘oespangia, (A) EVVEVE'LQ
avocoBeparneia (Sharma et al., 2017).

TIAPAYOVTEG TIOU 08NyoUV OE TPWTOYEVH 1 TIPOCAPUOOTLKA avtiotaon meplAapBavouv
™V EAAeWPn avtlyovikwy UeToAAGEewy, anwAela ékbpaong avtlyovwy mou oxeTilovtal
HE TOV OyKo, amwAsila €kdpaonc HLA, petaBoAéc otov pnxoviopd emnefepyaciog
avTLYOvVWwY, HeTaBoléc oe Stadopa onuatodotika povomatia (MAPK, PI3K, WNT, IPN)
kat ékdpaon tou PD-L1. (B) Eyyeveig mapdyovteg mou oxetilovial PE TNV ETIKTNTN

avtiotaon otnv avoooBepaneia, mepAapBdavouv TNV AMWAELD TOU QVILYOVO-OTOXO,
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anwAela HLA, aAAayég otnv onpatoddotnon tng wtepdepdvng, KaBwe Kal anwAeLld TNG

AELTOUPYLKOTNTAC TWV T KUTTAPWV.

A Primary or adaptive resistance

Alteration of
signaling pathways:

+ MAFK

Lack of antigenic
mutations

De-differentiation
with loss of tumor
antigen expression

Alterations in
antigen p i

Acquired resistance

Escape mutations
in IFM signaling

Loss of target
antigen n,
ag., ACT

Proteosome
TAP 1) *
7 0: =

machinary

Constitutive PD-L1
exprassion

Loss of HLA
exprassion

B2M mutations
leading to loss
of HL.

Ewkdva 1-20: N'vwotol evSoyeveig unxaviopol avtiotaong otnv avocoBepareia (Sharma et al., 2017).

Ytnv Ewova 1-21 mou akoAouBel ¢aivovral efwyeveic pnxaviopol mou mailouv poAo
otnv avtiotaon otnv avoocoBepaneia. Ol unxaviopol auvtol mepthapBavouv to CTLA-4,
o PD-1 kat aA\a avoooAoylkd onpeia eAéyyou, e€aviAnon T KUTTApwV Kol aAlayn
dawotumou, KUTTOpIKOUG TANnBuopoug (Tregs,

O0VOOOKATOOTAATLKOUG MDSCs,

Makpodaya TtUmou IlI) kal ameAsuBépwon KUTTAPOKIVWY Kal HETABOAITWV OTO

pikporepLBaAAov Tou oykou (CSF-1, petaoliteg tpuntodavng, TGF-B, adevoaivn) [20].

T
Lymph node | Tumor microenvironment
I SFm
| &
TIM3 | ) » KIR
LAG3 3 :
| L\; ; Y
cosos A8 : 9 ' Jpn J '}‘pl"‘.
CD86 : -L1 B
=D =@ Tumor |
P e —— | Tcell — | Adenosine
MHC TCR TCR MHC ! @ -
| IDO / i g8
h 4 ®°e
> - B . -8
I ’\ csm: [
4-1BB | [ ] °
0X40 | - . Ml °
L MDSC CSF-1R 9,0
ICOS | s
TGFp
| Treg FAE
i PD-L1 ©
| "
|
| CCR4
1

Ewdva 1-21: N'vwotol e€wyeveic unxaviouol avtiotaong otnv avocoBeparneia

(Sharma et al., 2017).
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1.2  MIKPA RNAs (microRNAs)

Mo Sekaetieg 1o Kevtpko ddypa tng Blroloyiag umootrplle mMwG n pon TNG YEVETIKAG
nmAnpodopiac péoa oto KUTTOPOo £XEL TNV €€NG KateVBuvon: amod to DNA nepva oto RNA
Kal and ekel otig mpwteiveg. Me dAAa AdyLa, ta yovidia ta omoia eival Tuipata DNA,
TIEPLEXOUV TNV MAnpodopla yla tn dnuloupyila Twv MPWTIEVWY TNV onola petaBiBalouvv
Héow tou RNA (mRNA). H apyxwk Statumwon tou S0yuHaTog, TO OO0 OXNUOTLKA
ouvoyiletat wg DNA>RNA2>mpwteivn [243], uméotn pLOL apxKr Tpormomoinon otav
avakaAudOnkav ot RNA-lol. To yEVETIKO UALKO TwV WV autwv Sev eival to DNA, omwg
OUMBALVEL PE TNV TTAELOVOTNTA TWV Oopyaviopwy, aAAd to RNA. Apyotepa, n mapamavw
opxXN UTIEOTEL Kol GAAN TpoTomoinon, ULd TTou SLamoTwONKe OTL HETAEY TWV KOUUATLWV
tou DNA ta omoia peAétnoav oL peuvnteg KaTA tnVv TeAeutaio Sekaetia moAAd Sev
Kwdkomolouv mpwteivec, aAa RNA. H mAnpodopia dnAadn n omola spmeplExeTal o
auta ta tuRpoata DNA Sev xpnolpomnoleital pévo yia tn dnpoupyia mpwiteivwy, oAAd
yla T énuwoupyia popiwv RNA, ta omoia ovopdotnkov pikpd RNA (microRNAs 1)
miRNAs).

Ta miRNAs eival evdoyevi pikpad pn kwdikd (nc)RNAs, pe HOALG 22 VOUKAEOTIOLO UARKOG,
KT HECO Opo, TOU €lval Kplowa ylo tn pubuion yovidiwv oe pla supeia oKL
EUKAPUWTIKWV eldwv amo ¢utd pexpt {wa [244]. Ta miRNAs lin-4 kat let-7 Atav ta
MPWTO TIOU ovaKaAUdOnkav kat Bp€Onkav vo evepyomololVv £€vav KATappPaKTH
yoviblakng Ekdppaong MECW apvnTtlkAG pubuong ota avamtuflokd otdadla otov
Caenorabditis elegans [245, 246]. Apxlkad uTtootnpixtnke otL Stadpapatilouv pUBULOTIKO
POAO HOVO OTO OKWANKA, Opwg to 2001 n onuacio toug €ywve yvwotn Otav
oavayvwpilotnkav Kat kAwvormowndnkav popta MiRNA amd apkeTtoUC OPYaAVIOUOUC,
QVAUEDO OE AUTOUG Kol 0 AvBpwrog. Bpebnke OTL oL voukAeoTLSIKEG TOuG aAAnAouyieg
ATav cuvtnpnUéveg [247-252]. H avadAuon Tou yovISLwHATOC TwV BNAaoTikwy £6el€e OTL
ta miRNAs avtumpoownevouv pia and T mo dpboveg opddeg puBULOTIKWY Hopiwy
[253]. Ztov avBpwro neplocotepa amnod Suo xIAadec miRNAs £xouv EVTOTILOTEL £WG TWPA
KOl UTTAPXOUV Katayeypappéva otn Bacn dedopévwv miRBase [254]. Ta miRNAs aokoUv

™ &pdon Toug pEow aAAnAemidpaong pe toug MRNA otd)X0UG TOUG.
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1.2.1 BIOTENEZH KAl APAXH miRNAs

Mua kavovikrp 080¢ Bloyéveong miRNA Eekwva pe t petaypadn twv yovidiwv twv
mMiRNAs amd tqv RNA moAupepaon Il. H mAsloPndia twv miRNAs otov avBpwro
ekppaleTal amod €0WVLA, TIOU OUYKATAAEYOvVTal OTIC HN KWOIKEC TEPLOXEG TOU
yovidlwpatog. Eva ecwvio pe pnkog mepimou 400 vOUKAEOTIOIO QITOKOMTETAL QMO TO
TIPWTOYEVEG peTdypado Kat yivetal to mpodpopuo miRNA (primary miRNA, pri-miRNA). H
RNaon Drosha (n omoia yia va §paoel anattei tnv napouvcia tou DGCR8 otov avBpwrto)
néntel To pri-miRNA kat kataAnyetl otn popdn Bpoxou poupkETag pe UAKog mepimou 70
voukAeotibla, oxnuatifovtag to pre-miRNA. Autd otn ocuvexela efdyetal amo tov
TIUPAVOL OTO KUTTOPOTAQOUO OO Ml TIPWTEIVN TNG TUPNVIKAG HEUBpAvNG, Tnv
efnoptivn 5 (exportin-5) kat amokomntetal anod 1o €viupo Dicer, To omoio cuvdéetal pe
Vv npwteivn TRBP. Ot mpwrteiveg Exp-5 kat RAN-GTP &nutloupyolv GUUITAOKO E TO pre-
miRNA to omoilo cuvdedUEVO E VOUKAEO-TIOPIVEG TEPVA PECA OO TOUG TIUPNVLKOUG
TOPOUC OTO KuttapomAaopa. H ameleuBépwon twv pre-miRNAs oto KUTTapOMAQoUa
ouvdéetal pe tnv uSpoAuaon tou cuvdedepévou otn RAN GTP oe GDP amoé tnv RAN-GAP.
H RAN-GDP kat n Exp-5 otn ouvéxela petadEpovtal miow otov upnva kot n RAN-GDP
avayevvatat and tnv RCC1 (mapdyovtag aviarlayng voukAeotidiou tng RAN). Movov o
évag amo toug SUo KAwvoug Ttou MIRNA, mou ovopaletal wpluog kKAwvog (A

Nucleus | Cytoplasm kaBodnyntng RNA), evowpoatwvetol oTo

microRNA gene or intron

g S l"a"sc”p""” oUurloko RISC, mou amoteAeital kKupiwg

- pri-microRNA 3 oo TI§ Mpwteiveg Argonaute, evw 0 AAAOG

DGCRB) lCIeavage

KAwvoG, Tou ovopdletal emiBatng RNA,

Swaomatat.  Adol  petadepbel  oto
KUTTAPOTMAQCHA n RNaon Dicer
i Cl ’ ' '
@ l e oAokAnpwvel Tnv enefepyacia Tou popiou,
"
e I
3° . 5'4':3 5 y ' ’ ’ .
microRNA duplex lDegradmn €10l WOoTe va TPokUPEeL To wpLluo MiRNA
(Ege_@- l RISC formation ’
wiuit [255, 256] (Ewova 1-22).
Mature microRNA -

s 1N

mRANA target cleavage  Translational repression  mRNA deadenylation

Ewova 1-22: H «ypapplki» Kavoviky 080¢ Tng
eneepyaciog twv miRNAs (Winter et al., 2009).
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To ouumAoko RLC (amoteAoupevo amo tnv Dicer, tnv TRBP kat tnv Ago2) deopevetal oto
pre-miRNA kot mpokaAel tn Sldomaor tou, Tov SLoXwPLopo Twv dU0 KAWVWVY Kal Tov
OXNUATIOUO TOou oupmAOKkou MIRISC. To SeUtepo MOVTEAO E€TUIKAAE(TAL, TPWTIA TNV
Sl1aomaon ToU GUUMANPWHOTIKOU KAWVOU oo TNV Ago2, EMITPEMOVTIAC TO OXNUATIOMNO
pag petapatikic miRNA popdng mou ovoudletal Ac-pre-miRNA (Ago2-cleaved mpo-
miRNA) kat akoAoUBw¢ tn dtdomacn amd tnv Dicer. & autd TO HOVTEAO, O KAWVOG

emPBatng anowodopeital otn cuvéxela [257] (Ewkova 1-23).

TRBP T
pra- mlRNA

HISC Ioadmg complex

(ALC)
1 (> Protein factor |
| @D Active RNase |
\ | Frrren MIRNA QFDCUFSOI'E
cmgwme ! e Mature miRNA J:
ocpposite hairpin arm
¥ z
ac-pre-miRNA
Cleavage Cleavage DX(TRER)
5 5 (Aged
1 JIIIIIIER® Duplex unwinding 3’ IO S
3 miRNA duplex RISC formation miRNA duplex

/ Y\ !..|_|.|.|.u_|.L..|.|.|u.|.a_|.|.|.r5. I ,tu
rjr—.v—v.—.vT\. Sl.u.l.l.:..l.u.u.l.u.l.u.l..l.u _""-'li‘-”l s
; c o} A

VA R T Pazszen ,f.)- =trand d : UI t-..u
active RISC assenger strand degradation

Ewova 1-23: To Ago2 Snuioupyei éva emutAéov evdildpeoo, to ac-pre-miRNA (Winter et al., 2009).

Ano tnv avakdaluyPn twv miRNAs ¢dvnke OTL autd €UMAEKOVTAL OTA TIEPLOCOTEPQ
Bloxnuika Kot avomtuélakd HOVOTATIA Kal Toug €Xel amodoBel onuavtikog poloc. Ta
miRNA eAéyxouv 1n petadpaocn opopévwv MRNA péow mpocdeong Toug o€
OUVYKeKpLUEveg BEaelg otnv 3’ UTR. MNapatnpndnke otL meploxeg otnv 3'UTR oplopévwv
yovibiwv otnv Apocodlla mapoucialav peplkry opoloyia pe kdamowa miRNA [258].
JUYKEKPLUEVA, Ta £€L TpwTo VOUKAeoTidla otn 5° meploxny opwopévwv miRNA nAtav
TANPWG CUUTANPWHATIKA ME yvwotd potifa ta omola evtomilovtat otnv 3° UTR

oplopévwv MRNA, kol eumAékovtov oOTnv MeTadppacn Toug. EKTOG amd ta 5-6
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voukAeotibla tnv 5 meploxng twv mIiRNA, ta umolouta mMPoodEévovial ME MEPLKN
CUMMANPWHOTIKOTNTA. AUTH Nn mopatipnon amnocadnvios tnv Asttoupyia Twv miRNAs
kaBwg daivetal otL ta miRNAs eAéyxouv tnv petdadpacn evog mRNA péow mpoodeong
touc otnv 3’ UTR. H mpdodeon autr ylvetal pe UEPLKH CUUTTANPWUATIKOTNTO OF
OUYKEKPLUEVEG aAAnAou)ieg mapeumodilovtag tnv petadpaon toud. H toxuprn mpocdeon
Tou MiRNA oto otoxo tou o0dnyel otnv amowkodounon tou RNA onwg yivetal kat otnv
nieptmtwon Twv siRNAs. To cupnépaaopa OtL EAEyXouV TNV peTadpacn TPOKUTITEL amnd To
YEYOVOG OTL evw Tta enimeda ¢ mMpwteivng Mewwvovtal, n moodtnta tou mRNA
napopével otabepr) [259]. Eva peyaAo HEPOC TNC EPEUVAC YLO TNV AstToupyia Twv miRNA
ETUKEVTPWVETAL oTtnV avixveuon yovidiwv mou eAéyxovtat amoé miRNA, kabwg pia
OUVKEKPLUEVN aMAnAouxia-otoxog evoc mMIRNA  umopel va  umdpxel oe  TOAAQ
Sladopetikd yovidla. Amo tnv AAAn uepLd, €va yovidlo pmopel va givat otdxog moAAwv
Stapopetikwv miRNAs [260].

MoAAEG peAéteg €xouv avadeifel tov onuavtikd podo twv mMiRNAs otnv eufpulkn
avamtuén, TNV KUTTaplkn Sladopormoincn, TV OHOoLOoTAcn Kal QAAAEC KUTTOPLKEC
Aewtoupylec Kot MOOOAOYIKEG KATAOTAOELS (KOpKivog/auTtoavooia). ZNUAVIIKO KOUMATL
™m¢ &pdong toug adopd otn pUBULON TOU AVOCOTMOLNTIKOU cuoTthuatog [261].
JUYKEKPLUEVD, £xel  OewxBel OtL egumAékovtal otnv  avamtuén, wplpavon Kol
Aettoupykotnta OAwV oxedOV TwV UTOMANOUCUWY TWV KUTTAPWY TOU AVOCOTIOLNTLKOU
ocuotnuatog [262, 263]. Exouv Sie€oxOel MOAEG UEAETEC yla TOV TIPOOSLOPLOUO TwV
oMaywv Twv emmédwv mMiRNAs TG00 OTO KAPKWVIKO KUTTOPO O OXEON WE TO
duololoyko [264], puBuilovtag TTOAAEC TTAPAUETPOUG TTIOU OXETI(OVTAL HE TNV OVATTTUEN
TOU OYKOU, TN UETAOTAON, Kal TNV XNUELo-avtoxn [260, 265], 600 kal ocTov 0po aoBevwy
HE KopKivo. EldikoTEpa, HEAETEC TTOU 0.POPOUV OTOV KOPKIVO TOU HaoTOU £XOUV WG OTOXO
va ouoxetioouv KukAodopouvta, otov opd, MiRNAs pe tv KAWLIKA €kBacn tng vooou
oAAd kot pe tn Sadopiky aviibpaon twv acBevwv oe BePATEUTIKA OXAUATA TIOU
akoAouBnBnkav [266-268]. Mepwka mapadeiypata miRNAs mou peAetwvtol gival ta
miR-21, miR-146a k.a. Tautoxpova opwg ta MiRNAs embpolv TOLKIAOTPOTIWG KoL OTa
KOTTOpA TOU QVOOOTIOLNTIKOU OCUOTNHATOG, odnywvtog &eite ot evioyxuon, eite o€

KaTaoTtoAn TnG 6pdong umonAnBuouwy Kuttdpwy [269, 270].
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1.2.2 miRNAs KAI KAPKINOXZ TOY MAXTOY

1.2.2.1 HNAGO®YZIOAOTIIA TOY MAXTOY

O kapkivog amotelel pia cuvBeTn aocBévela Kal xapaktnpiletal and pn ¢ucloAoyLKN
QVATTUEN TWV KUTTAPWY, ELGBOANR TOUC O0TOUG YUPW LOTOUG KABWE KAl HETACTACH TOUG
og Ao Opyava. O KopKIvog TOU HaoToU £lval O TILO GUXVOC KapKivog Kol omoTeAEL Tov
TILO OUXVO TUTIO KApKivou Ttou obnyel og BAvato Tig yuvaikeg maykoouiwg [271].

OL o ouxVvEG avwpalieg ou evtomilovtal 0To HAoTO €ival oTnv TAELOVOTNTA TOUG
kahonBelc. Ol avwpalie¢ auteg Sdwakpivovtal oe 3 BaolkéG opadeg, pe Stadopetiki
mbavotnta epdaviong Kapkivou oto péANov [272]: 1) BAdaBeg xwplc Kuttoplkd
oA AMAQOLOUO, OMWG KUOTEC KOl LWVWOEL;, Ol omoieg O6ev £xouv oxedov Kapia
emkwvbuvotnta yia va odnynoouv oe Kapkivo, 2) BAABeg ot omoieg umapyel
KUTTOPLKOG TTOANQTTAQGLAOUOG, XWPLE ATUTILEG, OTIWC TO WVWASEVWHO LAOTOU, OTLC OTIOLEG
UTapxeL To auénuevn TBavotnta avamtuéng kapkivou 3) BAAPeg ot omoieg
evrtori{ovtal KUTTapa e EVTOVO MOAAOTMAQCLOOUO, TToU epdavilouv atuTieg, OMwWE oTNV
OTUTILKA uTtepmAaocia o yoAaktodopous adévec/aywyols. Ze autr TNV MePLTTwon
avéavetal oe peydlo Babuod n mbavotnta ylo peténelta acbévela [273, 274].

Mapd tnv UMapEén MOAAWV TUTWV KAAONOEWWV OTO HAOTO, TO UEYAAUTEPO KOUUATL TNG
€peuVvaG €0TLALEL OTOUG KAKONBELC OYKOUG. Z€ UTOUG AVAKOUV TO 1N &tnBNnTko AoBLako
KOpKIVWUO, TO N dNBnTikd TOPOYEVEC KopKivwua, Tto 8inBntikd Aoflakd Kal To
6nOntikd Topoyeveg Kapkivwpa. Ta 2 mpwta Bewpouvtal AlyOTEPO ETUOETIKEC
TIEPUTTWOELC KOPKIVOU, Vv KOlL LITOPOUV HEPLKEG POPEG va Swoouv petaotaocsls [275]. To
SINONTIKO TTOPOYEVEG KOPKIVWHA Elval 0 TILO CUXVOG TUTOG KapKivou, EEKlvwvTag amo
TOUC YaAaktodpOpoug aywyous TOU HOOTOU, TIOU TIEPVAEL TO TOLXWHO TOU oywyoU Kol
efamlwvetal péoa oto Aumwdn LoTO Tou. e auTo To emimedo umopel va Swoel
HUETAOTAOEL 0 AAAQ ONUELD TOU CWHOTOC, HECW TOU KUKAOPOPLKOU Kal Tou AEUPLKOU
ouoTtNUatoG. To &iNBNTKO Aoflakd Kapkivwpa EeKVAEL oMo TOUG YOAOKTOPOPOUC
adéveg kal avtiotoa UE TO ONONTIKO TOPOYEVEG, MMOpel va SWOEL UETAOTACEL.
Mepimou 5-15% Twv KapKivwv Tou paotol sival StnBNTika AoBLaKA KOPKLVWHATA Ko

eudavifouv peyalltepn duokoAia evtomiopol peow eE€taong, paotoypadiag aAAd Kal
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yevikotepng maboloykig afloAoynong [276]. O kapkivog €dw kal TOAU Kalpo
xapoaktnpiletal wg yevetikr acbévela. Kabwg opwc pabaivoupe meplocoTteEpa MPAYHOTO
yla TN poplakn BloAoyia Tou KopKivou Tou paotoU, yivetal Katavonto OtL §ev HAAUE
yla pia acBévela, alAd yla €va cUvolo acBevelwv pe SladopeTikn MpoOyvwaon, avaloya
HE TO YEVETIKO UTIORBOpO [277, 278]. ZUYKEKPLEVA N €KDPOON OPLOVIKWY UTIOSOXEWV
(owotpoydvwy Kal mpoyeotepovng) kabwg Kal n €kppacn tou HER2/neu emnpedlouv
KaBoploTIKA TOOO TNV TPOYVWorn, 000 Kal tn Beparmeia, avefaptitwe and to otadlo
TNM, mou Paociletal oto péyebog kat to PBabog tou dykou (T), otnv e€amiwon o€
Aepdadéveg (N) kat tnv vmapén f oxL petaoctaong (M) [279]. To Ki-67 xpnotuormnoleital
ETONG WG TIPOYVWOTIKOC SeIKTNG 0TNV KAWLKA TtpakTikn [280], kabwg eival eVOELKTIKOC
TOU KUTTaplkoU ToAAamAaclaopol, pe upnAdtepa mooootd esudaviong (>15%) va
ouvOEovTal e XELPOTEPO KALVIKO QTOTEAEGAL.

Xapn otnv avamtuén tTng HopLlakng BloAoyiag Kal tn Xprion HKPOCUGTOLYELWY, UMOPOULE
Vo XWPLoOOUUE TOV KapKivo TOUu paotol o€ 4 KOBOPLOTIKEG OouAdeC avaloya HE TO
Hoplako mpodiA [277, 278, 281-283]. H ékdpacn olotpoyovikwy (Estrogen Receptors,
ERs) kat/n} mpoyeotepovikwyv umtodoxéwv (Progesteron Receptors, PRs) kat tou HER2
(Human Epidermal Growth Factor Receptor 2- HER2) eival autd mou kaBopilouv oe mold
opada katnyoplomoleital o KaBe kapkivoc. Ta poplokd mpodih eival: 1) Luminal A-
AuAkoU TtUmou A (ER+, HER2-), 2) Luminal B-AuAikoU tumou B (ER+, HER2+/ HER2-), 3)
HER2-gvioxupévo kat 4) Tputhd apvnTikog Kopkivog tou paotou (ER-, PgR-, HER2-). OL
Luminal A dykol xapaktnpilovtal and KaAUTEPN MPOYVWON O OXEON HUE TOUG AAAOUG
poplakoU¢ TUmMoug. Ot Luminal B xapaktnpilovtat oamd uPnAd  Kuttaplko
noAamAactacpd (vPnAd mocooto Ki-67), unopouv va eival Betikol yia HER2 kat €xouv
VEVLKOTEPQ XELPOTEPN TIPOYVWON amo tou Luminal A. Ta entimeda tou HER2 B£Bata otoug
Luminal B oOykoug, eivatl xapunAotepa amd ta enineda mou PAEnmoupe otouc HER2-
€VIOYUMEVoUG. Ou HER2-evioxupévol OykolL ouvdéovtal HE HETOOTAOEL; OTOUG
Aepdadéveg [284]. Ou TputAd opvnTIKOL OYKoL Xopaktnpilovtal amo Xelpotepn

mpoyvwon.
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Breast cancer pathogenesis and histologic vs. molecular subtypes

Cross-section view of Breast stem cal population
mammary duct in gives rise 1o both basal and
terminal duct = = luminal cells.
lobular unit -
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Breast are similar in phenotype to the normal basal and luminal cells of the ductal structure.
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—Nipple:
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Stroma \‘umin:\ duct labular units. 5
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molce i Cancer cell
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cancer in situ (DCIS) in situ (LCIS) 15-20% 10-15% 20% 40%
% o cancers

25% 80% 20%
Cells limited to May spread through ducts  Does not distort duct
basement membrane and distort duct architecture i

architecture Same genetic abnormality as Receptqr HER2 =il

1% progress to invasive ILC — E-cahderin loss expression

cancer per year 1% progress per year

Usually unilateral Can be bilateral

- , , HSt e High (grade IIl) —

Invasive Invasive ductal Invasive lobular LE il ]
cancer carcinoma (IDC)  carcinoma (ILC) OO TR
75% 79% 10% B
Extension beyond the Usually from DCIS precursor  Usually from LCIS precursor . s
basement membrane  Cause fibrous response, Minimal fibrous response, Prognosis Poor .

producing a palpable mass presents less often with Corelates to histologic grade

on examination palpable mass
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Almost always ER+ medical therapy Trastuzumah u

7 Sep:8(9):516-25. Triple negative tumours respond best to Luminal A tumours respond best to endocrine
chemotherapy, similar to other aggressive cancers. therapy, e g antiestrogen or aromatase inhibitor

Ewova 1-24: Yriétumol kapkivou paotou (http://www.pathophys.org/breast-cancer/).

1.2.2.2 KAPKINIKOI BIOAEIKTEZ

OL Blodeikteg elval otoeia (Mopla f/kal KUTTOPA) OV UmopoUlV va evtoroBolv ot

Slapopetikd Plodoylkad UAWKA (L0TO, KUTTapo, PBloAoylkd uypd) KoL omoteAoUv

HEeTproluoug Seikteg puololoykwy, maboAoykwv Blodoylkwy Slepyactwy, 1 amokpLong

oe Bepareia [285]). Ot kapkivikol Blodeikteg xwpilovtal o 3 Katnyopleg, avaloya Ue T

xpnon toug: 1) Bodeikteg, evdewktikol tng mBavotntag epdaviong plag acbevelag, 2)

Stayvwotikol Plodeikteg kal 3) mpoyvwotikoi, mpoPAentikol Brodeikteg. Eldikol Tou

TopEa uyelog PBplokovtal mMAéov oe pla ouvexn dadikaoia avadelEng Kal aveUpeong

aflomotwyv Podeiktwy mou Ba Tapéxouv XPAOLWEG TIANPodopieg yla TV owoTh

Slayvwaon, emhoyn Beparmeiog N akopa Kot TV mbavotnta Kwwduvou evog acBevolg va

voonoel. H eupeon Bodektwv vPnAig eldikdtTnTag KOt aglomiotiog Ba pnopoloe HECW

TOU €yKOLPOU EVTIOMIOMOU TNG aoBfvelag, vo HELWOOUV ONUOVIIKA TO TOCOOTA

Bvnowotntag os acOeveic Pe KapKivo.
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Me tnv kaBLEpwon tng otadlonoinong TNM to 1985 [286], oL yLatpol anmektnoav Eva
ONUAvVTIKO egpyoAeio opadomoinong Twv acBevwv ylo TV MO CWOTH MPOYVWOoN Tou
KALVIKOU QmOTEAECUATOC Kal TNV €mAoyn tng Bepameiag, dnuloupywvtag TautoXpova
£€va Koo cuotnua avadopas. 2to Bactkd auto cUOTNHO OPLOUEVEG HOpPEC TpooTiBeTal
0 BaBuog dtadopomoinong Twv KUTTAPWY, O LOTOAOYLIKOG UTIOTUTIOC KOl N NALKiaL Tou
aoBevoug, Sedopévng NG XPNOWOTNTAC TOUuG otnv TMPOPAsdn. ZAuepa, oAoéva Kol
TiepLooOTEPOL BLobeikTeg MpootiBevtal otn S1a0eon KAWVIKWVY YLATPWY O OAO TOV KOGHO.
EKTOG amo TG YeVETIKEG aAAayEG, TTOAU onuaviikd poAo otn Snuloupyia Tou Kapkivou
nailouv Kol UETA-PETAYPOPLKEG, HETA-UETAPPAOTIKEC Kal HETABOAKEC aAlayEg [287,
288]. Me tnVv KoAUTEPN KATAVONON TWV APKETA TIOAUTTAOKWY UNXAVIOUWY TOU KaPKivou,
KalvoUplol Blodeikteg kavouv TNV gpdavion toug. Mapola autd, av KoL n XpnoLuotTnta
Toug dalivetal va mpounvuel éva eAmbodopo péAAov, akopa, dev eival duvatov va
avtikataotabolv ot kAaolkol Plodeikteg, Oomw¢ n TNM otadlomoinon kot n

avoooioTtoxNn ULk a§loAoynon.

1.2.2.3 H AEITOYPTIA TQN miRNAs 2TON KAPKINO

H mpwtn avakdAuvyn tng eunmAokng twv miRNAs otov kapkivo mapatnpriOnke otn xpovia
Aepdokuttapiky Asvxaipia B kuttapwv (CLL) pe tnv eUpeon KOTOOTOAEWV OTO
Xpwuoowpa 13q14, to onoio ocuviBwg Staypadetatl oe aobeveig pue CLL [289]. Ze auth
TN UEALTN, oL epeuvnTEG Slamiotwoav OtL To MiR-15a kat to miR-16-1 Bpiokovtal otnv
TepLoOXN autr. Asdopévou OTL N AMWAELX OLUTOU TOU XPWHOCWHATOG ATAV GUXVH OTnV
CLL, kot ouvenwg n anwAela kot autwv Twv MiRNA, t€0nke 10 epwtnua av ta miRNAs
gUMAEKovTal oTnV TaBoyEveon Tou Kopkivou. Apyotepa, n iSta opdda ovayvwplos
Stadopa miRNAs mou Bpilokovtal o€ cuxva SLOYPAUUEVEG | EVIOXUMEVEG TIEPLOXEG TOU
yovibuwpatog oe Stadopoug oykoug [290]. H mpwtn miRNA-umoypadr] otov KapKivou
TOU pooToU Tou emixeipnoe va Slakpivel Toug Oykoug amo toug GucLoAoYLIKOUG LOTOUG
neplypadnke to 2005 [48]. OUL peTayeVEOTEPEG MEAETEC £€Xouv amooadnvicel T
ouppetoxn mMAnBwpag MiRNAs oTov Kapkivo Tou paotoU Kal evtomiotnkav Sladopég ota

enineda €ékppaong miRNA mou oxetiletal pe tnv emBilwon, Tn HETAOTOON, TO OTASLO,
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TOV TIOAAOTMAQCLOOMO, TOV HOPLOKO UTOTUTO, UeTaAAd&el oto TP53, oppovikoug
uTtoSoXELG KaL TNV avtanokplon otn Bepameia [291-293]. Ot peAéteg anokaluav OtL ot
uetaPoAég ota mpodiA ékppaong MiRNA pmopolv va XpnoLEVCOUV WG POLVOTUTILKEG
uTrtoypadEC CUYKEKPLUEVWY TUTIWV Kapkivou. MapekkAivouoa £kppoacn miRNAs mou
oXeTilovTal PE TNV OYKOyEveon Umopel va elval amotéleopa SLapopwy UNXAVIOUWV.
ApPKETEC HeA€TeC umoypappilouv T petaypadlky amoppuBulon, Tov  aplOuo
avtlypadwy, TIC HETAANAEEL, TIGC ETUYEVETIKEC QAAAYEG KOL EAQATTWHATA OTOUC
Unxaviopoug Bloyéveong twv miRNAs wg ouviotwoeg TG anopplBulong twv miRNAs
otov Kapkivo [54]. Oplopéva miRNAs ocuvSéovtal QUECA HUE TNV OYKOYEVEDN, HE
TPOMOMOiNoN OyKOKATACTAATIKWY yovibiwv 1 oykoyovibiwv. la mapddsiypa, n
urtepékdpacn twv MiRNAs pmopel va avooTEAAEL OYKOKATAOTAATIKA yovidla og éva
HovomaTtL onpatodotnong. Avtiotpoda, pelwpévn ékppaon MiRNA péow petaAAdewy
onmwAelac Aettoupyiac Ba  pmopovoes va  TPokoA£osl auvénon otnv  €kdpaon
oykoyovidiwv, cupBailovtag otnv avamtuén kat €€EALEN Tou Kapkivou [294, 295]

(Ewkova 1-25).

! TTTTT N
TTTTTT —l Al J}b{ ,-"q-u-'h'-.x
AN
Oncogenic miBNA Tumor-suppressor gene N > .
g
b
N Cancer
N NV =
Y / _,“J\,.W\"bﬂ._
f/ \\ —l -"'A'\xﬂu'q\;'ﬁ"-jp\
r . \U,.(\U.-"-,\j_./‘-.l v’ﬂ\
Tumor-suppressor miRMNA Oncogene

Ewkéva 1-25: Ta miRNAs pmopel va €X0UV OyKOyoOvO I OyKOKATOOTOATIKA &pdon otov
Kapkivo. Auénuévn €kdpaon Twv oykoyovwyv miRNAs obnyel o auénuévn KAtaoToAn Twv
OYKOKQTOOTOATIKWY  yoviSiwv  -otoxwv. AvtiBeta, n  pewpévn €kdppaocn TOU
OYKOKQATOOTAATIKWY MiRNAS £X0UvV 0aV amOTEAECHA UELWHEVN KATAOTOAN Kal £T0L QUENUEVN
ékdpaon oykoyovidiwv otdoxwv. Kat ta duo autd oevdpla Umopel va odnynoouv otnv
avantuén kat e§€ALEN Tou kapkivou (Tahiri et al., 2018).
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a Mormal tissues b MicroRNA functioning as a € MicroRMNA funetioning as an oncogene
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Ewkova 1-26: Ta MicroRNAs umopoUv va AELTOUPYHOOUV WG OYKO-KOTAOTAATIKG yovidia kal oykoyovidia. a) 3e
duaotoloyikolg Lotoug, to kKatdAnAo miRNA, n enefepyaocia kaL n SE0UEVON 0 CUUMANPWHATIKEG AAANAOUXLES
010 MRNA-0TOX0U €XEL WG ATIOTEAECUO TNV KATAOTOAN TNG €Kdpacng Tou yovidiou-otoxou HECW AVAOTOANG TNG
TPWTEIVLKAG HETADPaONG 1 TNG LeTaBoAnG otn otabepotnta tou mMRNA. To amotéAecpa eival kavovikoi puBuol
KUTTOPLKAG avamntuéng, moAamhaactacuou, Stadopormoinong kat Kuttapikol Bavdtou. b) H peiwon ) daypadn
€vOog MIiRNA mou €xeL OyKOKATAOTOATIKY) Spdon odnyel o€ oxnUATIONO Oykou. Melwon 1 €§dAelPn TwV WPLUWY
emunédwv MIiRNA pmopel va odeidetal oe BAaPeg oe omoodnimote otadio tng Ployéveong miRNA (mou
UTIOSELKVUETAL OO EPWTNMATIKA) Kot TEAKA odnyel otn UeTafoAn Tng €kPpaong TnG OyKOMPWIEIVNG oTdXOU
mMiRNA  (MwB Ttetpdywva). To oOUVOAIKO amotéleopa Mropsl va  ouvenmdyetal avénon oto pubud
moA\amAacLacpol, SLELCOUTLKOTNTA 1) AyYELOYEVEDH, HELWUEVA ETIMESA amoOmTwong 1 un Stadopomolnpévo n
arno-5LapopomoLnpEVO LoTO, 0dNYWVTOG TEAKA OE OXNUATLONO OyKou. ¢) H evioxuon 1 untepékdpacn evog miRNA
TIOU €XEL EVOV OYKOYOvo polo Ba elxe emiong wg amMOTEAECUA TOV OXNHUATIOUO OYKOU. Z€ QUTH TV MepimTwon,
avénuéveg moootnte¢ miRNA, mou Ba pmopoloav va moapoxBolv ce akATGAANAN XPOVIKA OTyun 1 o€
AavBacouévoucg Lotolg, Ba e€dAeldav tnv Ekdpacn evog oykokataoTaltikou yovidiou atdxou miRNA (pol) kat Ba
odnyoucav o€ MPoodo tou kapkivou. Auénuéva enineda wpLtou MiRNA pmopet va opeilovtaloe evioxuon tou
yoviSiou tou miRNA, o€ €vav EVEPYOTIOLNUEVO EKKLVNTH, QUENMEVN OTIOTEAECUATIKOTNTA OTNV EMegepyaocia
miRNA 1 avénuévn otabepdtnta tou miRNA (umodetkvietal pe epwtnuatikad). ORF, avolkto mAaiolo avayvwong
(Esquela-Kerscher and Slack, 2006).
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1.2.2.4 miRNAS Q3 BIOAEIKTEX XTON KAPKINO

Addopeg peAéteg amodelkvouv OtL T MiRNAs pmopoUv va xpnotpomnotnfolv wg
Blodeiktec [296-299]. Amoppubuiwopevn £kppaocn twv TPoPpid twv mMIRNAs £xel
avakoAupBel oe pa peydAn molkdio avBpwrmivwv Kopkivwy, cupmeplapBavouévou
TOU KOpPKivOU TOU HaOTOU, TOU KaPKIVOU TOU TOXEOC EVIEPOU, TOU YAOLWUATOG, TOU
Aepdwpatog kal Tou kapkivou tou mpootatn [300-302].

H mpoyvwon kat n emPBiwon evog aobevoug e€aptwvtal o peyalo Babuo amno to otadlo
TOU OYKOU Tn OTLyR NG avixveuong. Ooco vwpitepa aviyveuBel €vag Oykog, 1600
KaAUTEPN €lval N mpoyvwaon. EToL, pia onuavtikn KAVIKI TIpOKANGN oTov Kapkivo gival n
Tautomoinon Twv BLOSEKTWY TOU UIMOPOUV VAl AVLXVEUGOUV TOV KOPKIVO OE TIPWLUO
otadto. Ta miRNAs pmopouv va amopovwBouv Kol va avixveuBolv amod LoToucg Tou
€xouv SlatnpnBel oe PBabeld kataPuén, aAAd KoL AmoO HOVNUOTIOLUEVOUC LOTOUC,
oKNVWUEVOUG o€ Tapadivn. Autd emumAéov, KukKAodopoUv eAeUBepa oto aipa n pEow
efwowpATtwy Kal o Sladopa CWHATIKA uypad OTwE olpPa, oaAlo, Kat mtuela [299, 303].
To yeyovog otL ta miRNAs eival otaBepd ota CWHOTIKA LYPA, Kal OTL €ival €UKOAQ
QVIXVEUOLUO HEOW HNn emepPotikwy Stadikaowwy, Kavel ta MiRNAs €AKUOTIKOUC
uvrioPndloug PBodeiktes. MNa mapadeypa, ot miRNA umoypadéc oto mAAopa eiyov
Loxupn SLayvwoTLKh Kal TpoyvwaoTtiki afia otov Kapkivo Tou mveupova 1-2 xpovia mpLv
ano tnv évapén tng vooou [304]. Mia dAAn pdéodatn peAétn amo toug Cava et al. [305]
£€6¢elfe OTL 0 YapaktnPELopog MiRNA BeAtiwoe tnv Taglvopnon Tou Kapkivou Tou paotol
Kal pmopoloe va Slaxwpioel Toug acBevelg oe autoug mou Atav Mo Tbavo va
avtanokplBouv otnv Bepameia kal oe autoug ou HdAAov dev Ba avtamokpivovtav, pe
ehmbodopa amoteAéopata. H cwotr Taflvopunon Tou KapKivou TOU HaoToU armoteAel
Baowkd mapayovta ywo tnv €mAoyn TNG KATAANAng Bepameiog kal eival mAgov
npodavég o6tL ta miRNA €xouv tn Suvatotnta Slayvwonc, mpoyvwaong Kot tpoBAedng.
OL pnxaviopol dtaduyng twv oykwv mephappavouv petafolég 1) otn Snuoupyia,
enefepyacia Kol mopouciaon Twv T-KUTTAPWV TIOU TIPOEPXOVTIOL OO OVTLyOva TIOU
oxetilovrat pe HLA taéng | n/kat ta€ng Il, 2) oe povomartia HeTOywynG onuatog, 3) otnv

£€KPPOON OUV-SLEYEPTLKWV KOl CUV-KATAOTAATIKWY Hopiwyv, 4) otnv ékdpaon popiwyv mou
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oxetilovtal PE TNV AMOMTWON KoL 5) TNV €KKPLON QVOCOKOTOOTAATIKWY HECOAABNTWY
KaOwg Kol TOAU e€elSIKEVPEVWY KUOTLOLWY, TwV e€WowHATWY, Ta omola Stadpapatil{ouvv
kplolpo poAo oto ToTmiko pikpormepLBAaAAov kal tn Stakuttapikn emkowwvia [306, 307].
H ouxvotnta autwv Twv HNXOVIWOUWV Sladuyng TOKIAEL HETAlU TwV SLadOpPETIKWY
TUTWV KapKivOou Kol CUOXETI(OVTAL CUXVA HE XELPOTEPN MpPOyvwon Kal BpoxUtepn
ermBiwon Twv acBevwv. H ouxvotnta Kot n AELTOUPYLKOTNTA TWV KUTTAPWY TEAECTWV Kall
TWV EMAYYEAUOTIWV QVTLYOVOTIOPOUCLOOTIKWY Kuttdpwv (APC), omwc ta Sevdplika
kUttapa (DCs), ta B kUTTapa Kot T pakpoddya CUXVA LELWVOVTAL OTO TEPLPEPLKO alpa
a0Bevwy, eV 0 aplBUOC TWV KOTOOTOATIKWY KUTTAPpWV Omwc ta MDSCs, twv NK
kOTTapa, Ta Tregs Kal Ta OYKOOXETWLOMEVWY pakpoddywv (TAM) auvédavovtal [308, 309].
To pwkporeptBailov tou oykou armaptiletal amo T kat B Aepdokutrapa, TAMs, Tregs,
MDSC, DCs, oTpwHOTIKA KUTTAPA, OTwE WWOPBAAOTEG TIOU OXeTLlovTaL ME TOV KOPKivo
(CAFs) «kat evbéoBnAoka kuttapa, pall pe Swddopoug SLAUTOUC TOPAYOVIEG,
Snuloupywvtag €va avoookaTaoTaATko mepBallov. H efwkuttdpla pATPA TOU
HULKPOTIEPLBAANOVTOC TIEPLEXEL OVOOOKATOOTAATIKEG KUTTOPOKIVEG, ylOo TOPASELYO
tvtepAeukivn 10 (IL-10) kot Tov mapdyovta avamntuéng petacyxnuatiopov (TGF-B), mpo-
OYYELOYOVOUG TIAPAYOVTEG, XNUELOKIVEG, TpwTtedoeg, UeToPoAlteg, apywacn Kal
npootayAavdiveg, Onuioupywvtag €va  mepBalov  Tou  Spa  apvNTIKA  OTIC
OVOOOQTOKPLoELG Evavtl Tou Oykou [310-312]. DAeypovn mou odeiletal otov Kapkivo
(cancer driven inflammation) pecoAaBeitat kupiwg and TAMs tumou M2 mou podyouv
TNV ayyeloyeveon, tnv oavamtuén, Tn METAOTAON KAl TNV avocokatootoAn [313].
ErtutAéov, ta MDSCs pmopoUv va mpowBnoouv TNV avAamtuén Tou OYKOoU LE EVIOXUGN TNG
OYYELOYEVEDNG I LECW KATAOTOANG TOU €UPUTOU KAl TOU TIPOCAPHOCTIKOU OKEAOUC TOU
0VOOOTIOWNTIKOU OCUOTAHOTOC, MEOW TNG Melwong tng Kuttapotoflkotntog twv NK
KUTTOPWV, HElwoNG TNE SpaoTIKOTNTAC TWV WPLHWV DCs Kol KOTOOTOAN TWV QTTOKPLOEWV
Twv T-KUTTApWV, E€mMAyovtag TNV amontwon, €&KKplvovtag avoooppuBuLoTIKOUG
TIAPAYOVTEG, TPOTIOTIOLWVTOG TOV HUETABOALOUO apvoéEwy, Tteplopilovtag tn dtbnon T-
KUTTApwV kot auv&dvovtag ta Tregs [314, 315]. Ta CD4+ CD25+ FoxP3+ Tregs
KOTOLOTEAAOUV TIC AELTOUPYLEC TOU OVOCOTIONTIKOU GUOTAMOTOC, SLOTNpwvTOg £TOL TNV

OVOOOAOYLKN ] QVOXH OTO OUTOOVTLYOVQ, €VW METAVOOTEUOUV QTOTEAECUATIKA OTOUG
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Oykou¢ [316]. AlaAuTol mopdyovteg, Onw¢ HeTaBoAiteg, aAAd kot n umoia Kot To XaunAo
pH, Ba pmopoloav va 08nynoouv o€ HELWON TNG AVIWVEOMAAOMATIKAG dpAonG HEOW

e€aoBbévnong tng Asttoupyiag Twv avoooKUTTAPWV.
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JAK2 '~ i
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Ewova 1-27: Mnyaviopol avocoloytkng Staduynig oykwv. H gkova mapouctdlel unxaviopoug mou
Baoilovtal oe (A) anmwAela TG avilyovikng £kdpacng tou dykou. (B) aAlolwaon tng mopaywyng Kat
eneepyacioc Twv emronwy. (C) elwcaywyn memtidiou oto evSomAaopatikd Siktuo. (D) pelwpévn
ékdppaon G PBapldg alucidog peilovog ocupmiéypotog otooupBatdtntag tagng | ko B2-
pikpoodatpivng, (E) aneleuBépwon avti-dAeypovodwv kuttapokvwy. (F) pewwpévn ékbpaon, e§dheubn
1) Tpomornolnuévn dwodopuliwon Hopiwv oNUOTOSOTIKWY povoratiwy, (G) un ductoloyikr ékdpacn
0VOOOQVOOTOATIKWY Hoplwv (m.X. mpocadétng PD, MHC-I), (H) mpootacio amd amomtwon Tmou
nipokaAeital and T-kuttapa Kal (1) €KKpLon OVOCOKATOOTAATIKWY MECOAABNTWY Kal e€wowudTwy. H
ouppetoxy twv miRNAs oe SLadOpeTlkd ONUEL TwV TAPATAVW HOVOTATIWY KATASEKVUOUV TNV
onuavtkdtnta toug (Eichmuller et al., 2017).
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1.2.2.5 XAPAKTHPIZTIKA TQON miRNAS 2TOYZ OlKOYz2

Onwg avadépdnke mapanavw, ta MiRNAs sivatl pikpd pn Kwdika puButotika RNA pe
unkoc mepimouv 20 voukAeoTSlwy, Ta omola kKwdlkomolouvtal and 1o yovidiwpa. Exouv
avadelBel w¢g Paoikol mapdyovieg oto MeTA-PETAYPADIKO EAEYXO TNG YOVLOLOKAG
€kppaong péow Séopeuong otnv 3’ apetadpaotn mepoxn (UTR) twv mRNA popiwv
otoxwyv, ennpealovtog £tol tn otabepotnta r/kat tn petadppocn tou mMRNA. Me Baon
TIC avaAUOELG BLOMANPOPOPLKAG TOU IPOYVWOTLKOU TpodiA S€opeuong Toug, T miRNAs
EUMAEKOVTAL ApECA OTnV €kdpacn TouAdxlotov oto 50% OAwv Twv yovidiwv mou
KwdLkomolouv mpwrteiveg ota OnAaotika [317, 318]. Eva povo miRNA Ba pnopouos va
otoxeVoel moAudplBua mMmRNAs, evw éva mRNA pmopel va puBulotel and Siadopa
miRNAs [319]. Ta teleutaia XpOVIO, OPKETEC HUEAETEC eoTiacav OtTn oUyKPLOn Twv
TPOTUTIWV €Kkdpaong MiRNAs HETAEU TwV OYKWV KOL TWV OVTIOTOL{WV UYLEWVWV LOTWYV,
erudelkvoovtag petaforég ota mpodil ékdpaong miRNAs oe Siddopeg kakonBeled.
Eival evladpEpov otL ta yovidia miRNA evtomiotnkav cuxva o eUBpavoteg OEoELG TOU
YOVISLWUATOG KOL KOVTA OE€ XPWUOOWLKEG TIEPLOXEG TIOU OXeT{OVTAL UE TOV KApKivo
[320]. Kavovtag pia cuvon oowv Ste€odika avamtuxOnkav mopandavw, HeETaBoAn Katd
Vv Bloyéveon ota enineda twv MiRNAs emibpad otnv évapén kot eEEALEN TwV OYKWV, OTO
OXNUATIOUO UETOOTACEWV KOL OTNV QVIIOTAON O OgpameUTIKr) aywyr, YEYOVOC TOU
urtodnAwveLl tnv UMapEén oykoyovwv Kol OyKo-kataoToATikwv MiRNAs [321-324]. Ta
mMiRNAs ocuv8éouv tn PpAeypovr) pe Tov Kapkivo [325] kot gpdavilovial wg Kpioluot
SLopopPwWTEG TNG AVOOOTOLNTIKAG OMOLOOTACNG KOL TNG avooiag Twv T-KUTTApwWV
eAéyxovtag tnv evepyormoinon, Stadopomnoinon katl tn Asttoupyia avtwv [326], kabBwg
Kal Tnv mapoucioon péow twv DCs [327]. Ta Stadopetika emineda €kdpacnc Twv
miRNAs  é€xouv emiong peAetnBel kol HEMOVWHEVA OE  OVOOOKUTTAPLKOUG
urtonAnBuopoug, yla mapadetypa os T-kuttapa, NK kottapa, TAMs, CAFs kat MDSCs, ta
omoia  puBuilouv  TO  TMPOKAPKWIKO  SUVAMUIKO KAl  OUMMETEXOUV  OTOV

EMAVATIPOYPAUUATIONO TWV KUTTAPLKWY CUCTATIKWY TOU HikpormeplBaliovtog [328].
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1.2.2.6 miRNAs MNOY TPOMOMOIOYN TON ANOZO[MOIHTIKO 2YZTHMA

Onwg avadépbnke, ta MiRNAs &gv €xouv HOVO OYKOYOVO I OYKO-KOTOOTAATLKA
Aettoupyla, aAAG UTTOPEL EMIONC VA EMNPEACOUV TNV OVOOOYOVIKOTNTO TWV OYKWV r/Kal
TI QvVOOoOQmOKpioel evaviiov Ttwv Oykwv [329] Kol EMOMEVWS OVOUAOTNKAV
avooodtapopdwtikd mMiRNAs (im-miRNAs). Evw Tta oyko-kataoTtaAtikd im-miRNAs
BeATLWVOUV TNV OVOOOYOVLKOTNTO KOL EVIOXUOUV TLG OVOOOAOYLIKEG OUTOKPLOELS,
MPOoWOWVTAC YE TOV TPOTO AUTO TNV AVOCOETILTHPNON, T oyKoyovika im-miRNAs éxouv
OVOOOKATAOTAATIKO pOAO Kal gpmAékovtatl otnv avoooloyiky Siaduyn [330]. Ta im-
mMiRNAs mou ennpealouv tnv avoooAoylkny Staduyr) Tou OyKou Kal Tnv ékdpacn Twv

avtiotolywv yovidiwv-otoxwv napatiBevrat otov Mivaka 1-3 [331].
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Target miRNA miRNA Host cells Reference

b2-microglobulin miR-9 NPC Gao et al. 2013 [332]

TAP-1 miR-9 NPC Gao et al. 2013 [332]
miR-346 HAEC Bartoszewski et al. [333]

PSMB8 miR-9 NPC Gao et al. 2013 [332]
miR-451 LC Yin etal. 2015 [334]

PSMB10 miR-9 NPC Gao et al. 2013 [332]

HLA-A miR-181a HBV-infected cells Liu et al. 2009 [335]

HLA-B miR-9 NPC Gao et al. 2013 [332]

HLA-C miR-9 NPC Gao et al. 2013 [332]
miR-148a PBLs Kulkarni et al. 2013 [336]

HLA-F miR-9 NPC Gao et al. 2013 [332]

HLA-G miR-152 NSCLC Cheng et al. 2014 [337]
miR-133 RCC Jasinski-Bergner et al. 2015 [338]
miR-148a RCC Jasinski-Bergner et al. 2015 [338]
miR-548 RCC Jasinski-Bergner et al. 2016 [339]
miR-628-5p RCC Jasinski-Bergner et al. 2016 [339]

HLA-H miR-9 Nasopharyngeal cancer Gao et al. 2013 [332]

HLA class | miR-US4-11  HCMV-infected HFF cells Kim et al. 2011 [340]

ERAP1 miR-US4-11  HCMV-infected HFF cells Kim et al. 2011 [340]

MICA miR-25 HCC Kishikawa et al. 2013 [341]
miR-93 HCC Kishikawa et al. 2013 [341]
miR-106b HCC Kishikawa et al. 2013 [341]

MICB miR-376 Melanoma Paschen et al. 2014 [342]
miR-433 Melanoma Paschen et al. 2014 [342]
miR-10b Various Paschen et al. 2014 [342]

MICA/MICB miR-20a BCSC, OC Wang et al. 2014; Xie et al. 2014 [343, 344]

ULBP2 miR-34alc Melanoma Paschen et al. 2014 [342]
miR-140-5p Hela, Jurkat Himmelreich et al. 2011 [345]
miR-302¢ Kasumi-1 Min et al. 2013 [346]
miR-409-3p Hela, Jurkat Himmelreich et al. 2011 [345]
miR-433-p Hela, Jurkat Himmelreich et al. 2011 [345]
miR-520c Kasumi-1 Min et al. 2013 [346]

B7/CD28 miR-21-3p CRC Wu et al. 2015 [347]
miR-186-5p CRC Wu et al. 2015 [347]
miR-323b-5p CRC Wu et al. 2015 [347]
miR-1207-5p CRC Wu et al. 2015 [347]
miR-1279 CRC Wu et al. 2015 [347]
miR-2117 CRC Wu et al. 2015 [347]
miR-3692-3p CRC Wu et al. 2015 [347]

PD-L1 miR-513 Cholangiocytes Gong et al. 2009 [348]
miR-570 Gastric cancer Wang et al. 2013 [349]
miR-34a AML Wang et al. 2015 [350]
miR-200 NSCLC Chen et al. 2014 [351]
miR-138-5p CRC Zhao et al. 2016 [352]
miR-424 Ovarian cancer Xu et al. 2016 [353]

B7-H2 miR-24 Gastric cancer Yang et al. 2013 [354]

B7-H3 miR-29a Neuroblastoma Cheung et al. 2014 [355]
miR-29¢ BC Nygren et al. 2014[356]
miR-187 RCC Zhao et al. 2013 [357]

ISOCS3, IRF2 miR-221 Prostate cancer Kneitz et al. 2014[358]

IFNc miR-155 NK cells Trotta et al. 2012 [359]

IFNcR miR-155 T cells Benerjee et al. 2010 [360]

JAK2 miR-375 Gastric cancer Ding et al. 2010 [361]
miR-135a Gastric cancer Wau et al. 2012 [362]
miR-216a Pancreatic cancer Wang et al. 2014 [363]
miR-101 Breast cancer Wang et al. 2014 [364]

STAT1 miR-145 CRC Gregersen et al. 2010 [365]
miR-150 Transformed T cells Moles et al. 2015 [366]
miR-223 Transformed T cells Moles et al. 2015 [366]

STAT3 miR-124-3p NPC Xu et al. 2016 [367]

IRF-1 miR-29b Colorectal cancer Yuan et al. 2015 [368]

IRF-4 miR-125b Macrophages Chaudhuri et al. 2011[369]

PTEN miR-494 MDSC Liu et al. 2012 [370]

CYLD miR-181-1b Breast cancer lliopoulos et al. 2010 [371]
miR-362-5p NK cells Ni et al. 2015 [372]

Nivakag 1-3: Ta im-miRNAs 1ou ennpedlouv tnv avocoloytkn Sladuyn Tou OyKou Kal TNV £kdpach TWV avTioTowV yovidiwv-

otoxwv (Eichmuller et al., 2017).
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MNpoodata, ta MiRNAs €xouv avadelxbel wg kplolpol pubuLOTEG oXeSOV OAWV TwV
TUTIWV avoooKuTtdpwy [263, 373, 374], kot oplopéva miRNAs, yia tapdadetypa, ta miR-
24, miR-30b kat miR-142-3p, éxel anodelyBei 6Tl mailouvv poAo toooc oto £uduto 600
KOl 0TO TIPOCOPHOOTLIKO OKEAOG TNG avooiag [375]. Evw pepikd miRNAs ekppalovtal o€
XapnAa enineda oe AEUKOKUTTOPLKOUE UTIOTUTIOUG, OMwG Ta B kuttapa [376], ta T-
kOttopa [377], ta pakpodaya [373], ta DCs [376] kal o mMAnBUoHOUG TtpoyoVIKWV/
apXEyovwyv KuTtdpwv Tmailoviag poAlo otnv emaywyn MOG  OmOTEAEOUATIKAG
avoooamnokplong, aAa miRNAs nou ekdpalovral and TAMs, MDSCs, kUttapa NK kat
T-kOttapa pubuilouv to MPOKAPKWIKO (protumoregenic) SuvaULKO TwV KUTTAPWV
autwv. AANayEg ota potifa ékdppaong twv MiRNA vTtOg TwV KUTTAPWY TOU OYKOU 1) Kal
OTPWHOATIKWY  KUTTAPWVY UIMOpouv  va  Slopopdwoouv TO  OVOOOKATAOTAATIKO
HULKPOTIEPIBAAAOV  KOL VO EMNPEACOUV TNV  OTPATOAOYNON  OVOOOKUTTAPWYV,

TepLopilovtag £TOL TIC AVTIKAPKIVLKEG amokpioelg [328, 378, 379].

1.2.2.6.1 T-KYTTAPA

Ta miRNAs €xouv anodelxBel 0tL emnpedlouv tn Aettoupyia 1600 TwWV AepudoKuTTAPWY
Tou Bpiokovtatl otnv KukAodopia 600 Kat ekelvwv mou Stnbolv tov oyko. To mpodih
ékdppaong twv MiRNAs ota T-kUTtopa Unopel va Stapopdwvetal amo To KAPKLVLKA
KUTTOPA, aviloTaduilovtag £T0L TIC AMOKPLOELG T-KUTTAPWV MOV KATeuBUvVOoVTaL EVAVTLL
otov Oyko. Katd tn Stdpkela tnG avoooAoyikng Staduyng Twv OyKwv, T KAPKLVLKA
kKOttapa peTaBaAlouv tnv ékdpaocn Twv mMIRNAsS yla TNV KOTOOTOAN TOU
ovoooToNTIKoU cuotnuatog. H peiwon t¢ ékdpaonc tou miR-124-3p auvfavel tnv
6Bnon amd Tregs KAl PELWWVEL TNV TAPOAYWYH KUTTAPOKWVWYV HEOw Tou STAT3, 1O
omolo amoteAel otoxo tou miR-124-3p [367]. AvtiBtwc, To MiR-214 mou mpoEpyeTaL
and Tov OyKOo, Kol HETADEPETAL HECW WiIKpoayyeiwv oe CD4+ T-kuttapa, €xel SeyOel
OTL otoxelel to PTEN kat odnyei oe moAlamAaoclwoopo twv Tregs [380]. Ta Tregs
oTpatoAoyouvtal €miong oto UKpomePLBAAAlov HBV+ NMATOKUTTOPLIKOU KAPKLVWHOTOG
pnéow tou CCL2 mou ekkpivetal and ta CD4+ T-kUTTtapa O£ OMOKPLON TG KATAOTOAAC

HEow MiR-34 pe tn pecoAdaBnon tou TGF-B. BpEBnke OTL oL OyKOL e EKTOTIN EKPpaoN
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miR-34 mepleiyav Ayotepa SinBouvta Tregs kol eudAVIOAV UELWUEVEC UETOOTAOELG
[381]. Ito avBpwrivo pedavwpa, n avénon tou miR-30b/-30d cuoyetiletal pe to
oTAS10 TOU OYKOU, TO UETOOTATIKO SUVAULKO, ToV BpaxUTEPO XPOVO £WG TNV UTIOTPOTN
KOl TN HEWwMEVN ouvoAlkn emiBiwon. H avénuévn ékdpaon tou miR-30d o avooo-
OVETIOLPKI) TIOVTLKLOL TTUPOSOTNOE TIC AVOOOKATOOTOATIKEG LOLOTNTEC E TIC LETAOTAOELG
OTOUG TIVEUOVEG va Xopaktnpilovtal anod avénuévn dtbnon anod Tregs [382]. Etay, ta
Tregs mapouoctalouv éva SladopeTikd mpotumo Ekbpacnc MiRNA, To omoio avtavakAd
TIC OVOOOKOTOOTOATIKEC TOUC Opdaoelg. MeéxptL otyung, Alya eival yvwota yla tnv
€kppaon kot puBuLlon twv MiRNAs oe CTLs. Exel anodewyBel 6tL n emayopevn anod TGF-
B kataotoArn tng Spacng mpokaAeital amo pa auvénuévn ékdppacn tou miR-23a [383],
ennpealovtag €tol TNV ékppaon twv BLIMP-1 kat Bcl-xL, avtiotoiya. Mapopoiwg, n
au€nuévn ekdpaon tou MiR-491 mou enayetal ano thv TGF-B kataotéAAel tn dpaon
Twv CTL péow otoxevong tTwv CDK4 kat TCF1 [384]. Exel anodelxBel mepattépw OTL N
ovaotoAnl Tou miR-23 ota CTL avtlotpeédel TNV AVOOOKATAOTOAN, eplopilovtag £€tol

NV eMUBOETIKOTNTA TOU OyKou [383].

Plasma T Memory
iR-29% cell ' Beell
iR-272*
" | NK cells (miR-153) Mature
miR-155,
me 17-92 ¥ Q Beell
o miR- ISD ¥

A THI
B (= 7N (miR-1557)
(miR-150 mR99a ¥\ V)
| mir181 pro-B —> (pre-8 mlR {miR-150 miR-155 -
| miR-210"| 2 CD4+ \ i
e @iR-1 792) iR 142 \iB:326.4" 1 celf -
miR-214
~0-0-0%@ . O
mIR-TS0) Co8+ oy
ImR 181a) —
Neutrophil oC 4 -
O
miR-223 =) — = (s
Ty \miR- 1462
& R

Monocyte /,,' 57

miR-21*

(o) | QH ‘ b — IR | miisee

mMIR-17-92 miR-155
miR-106a-92 Maci rop hage
GMP) |MiR-155 Activated
R Macrophage
b MiR-155
mik221222 @ &

miR-223

b— | CMP
miR-451 Red blcod cells

—T Ty ™ MEP (miR-150

gz, O
LL Platelets
Granulocytes

Ewkéva 1-28: Sxnuatiky avamoapdotaon tng pubuong otnv avamtuén kat §paotnplotnta avoookuTtdpwy artd miRNAs. Ta
mMiRNA €xouv amodelyBel 0TL AettoupyolV WG GNUOVTIKOL pUBULOTEG TOOO TNG €UdUTNG OGO KAl TNG POCOPUOOTLKNAG avoaoiag,
cupuneptAappavouévng tng dtadopomnoinong Katl Twv AettoupyLwyv StadopeTikwy avoookuttapwy (Paladini et al., 2016).
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1.2.2.6.2 MAKPOOATA 2XETIZOMENA ME TON OlKO

Onwg mnpoavadépape, ta pakpoddya mou oxetilovtal Ue Tov Oyko (TAM)
xapoktnpilovtal amd Mot AELTOUPYLKH TIAQOTIKOTNTA, ETUTPEMOVIAG TOUC Vva
armoktrjoouv avooodieyeptik (M1) i avoocokataotaAtikn (M2) dpaon, kabBwg Kal Eva
€UPOG AELTOUPYIKWVY PaLvOoTUMIWY Twv SU0 autwv Kataotdcswv [385]. Ta TAMs mou
Bpilokovtal oToug OyKoug mapouctalouv o peydlo Babuod tov dawotumo M2 kot
VEVIKA €XOUV OUOXETIOTEL e Kakn mpoyvwon [386], ue Alyeg e€alpéoelg otnv
BBAloypadia mou daivetal va €xouv KaAn mpoyvwaon [134]. Eival evéladépov OTL €xel
BpeBel ot ta mMIRNAs eumAékovtal otnv evepyomoinon kot &ladopomoinon
Hokpodaywv, cuuneplappavopévwy twv TAM [387].

To miR-511-3p Atav to mpwto MiRNA rmou Bpédnke va ekdpdletal emAektikd o TAMs
Tumou M2. H umepékdpaon autol Tou MiRNA €xel WG AMOTEAECUO TNV TIEPLOPLOUEVN
EkPpaon Twv oXeTWOUEVWY UE TO M2 yoviSLakwy TIPoloVIWY Kol HELWVEL TNV AVATITUEN
Oykou o€ ToVTlkoUG. To miR-511-3p otoxevel tnv ROCK2, eumodilovtag €toL tn
dwodpopuliwon péow ROCK2 tou petaypadikol mapayovrta IRF4 mou emayel tov M2
¢dawotumno. Etot, 1o miR-511-3p pmopel va pdoel wg évag euaiocOntog pubULOTAG TNG
£kppaong ou mpoayel ta M2 pakpodaya [388].

Ta miR-146 kat miR-222 BpéBnkav va eival ta mo pewwpéva miRNAs oe TAM mou
armopovwOnkav amo povtéAo 4T1 Kapkivou TOU HOOTOU TIOVTIKOU, EVW N MELWHEVN
ekdpaon toug emPeBalwbdnke o avBpwriva Selypata Kapkivou Tou HaoToU, TaXEOG
EVTEPOU Kall YAOTPLKO Kapkivo [389]. Mapad tnv kowvn xapunAn toug ékdppacn ota TAMs,
ta miR146a kat miR-222 €6e§av ampoodoknta ta aviibeta amoteAéopata otnv
ékdpaon yovidiwv M1/M2 kat Tov €Aeyxo avamtuéng oykwv otav umepekppalovtal o€
nokpodaya. Makpodaya mou unepekdppalouv miR-146a o 4T1 povtélo mporyayov
TNV avantuén Oykwv o€ ouyyevikd BALB/c movtikia, evw n unepékdpacn tou miR-222
OVEOCTEINE TNV UETOVAOTEUCN TWV HOKPOPAYWV KOl KATECTEIWAE TNV AVATTUEN TOU
oykou. EtoL Aoutdv, o Asttoupylkog dawvotumog twv TAMs daivetal va eéaptdral,
TOUAQXLOTOV €V UEPEL, OO TI OVTIKPOUOUEVEG SpAoel Twv miR-146a kot miR-222

[331].
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H ékppoon tou mIiR-155 £xelL OCUOYETIOTEL €UPEWC HE XELPOTEPN TPOYVWON Kol
Suouevég KAWLIKO amotélecpa oe Sladopec popdéc kapkivou [390, 391]. H
QIOCLWTTNGCN ToU MiR-155 evtog Twv HUEAOELOWY KUTTAPWY EXEL WC OMOTEAECHO TNV
avamtuén tou oykou, Selyvovtag OtL To miR-155 mou ekdpadaletal amd pokpodaya
TUTou M1 pmopel va £xel SUVAULIKO KOTOOTOANG OYKwV. Etat, To miR-155 sudaviletal
TLOAUAELTOUPYLKO, LKAVO VO EMAYEL OVOOOSLEYEPTIKA KOBWE KOl OYKOYOVIKA CHUOTA,
avaloya e To otadlo Sladopomoinong Tou KUTTAPLKoU TUTou. Q¢ €K TOUTOU, E€XEL
nipotaBel 6TL To MiR-155 Ba mpémel va ovopaletal "avooomonTiko" Kat oxt "oncomiR"

[392].

iR-1 5
i iR 150 iy miR-155, miR-145a,
and i mif-196k n.Q-E_Eb..:..-.-!:q.
mif-451 mik-10a and T";‘_:']-H' -0 and
mif-21 at-le
Er_\-'.'hr:--:}'t: Megakaryooyte ﬁraﬂu:n yie Mecrophage

Ewkéva 1-29: miRNAs mou puBuifouv thv avarmrtuén kat Asttoupyia KUTTAPWY Tou €udutou okéAoug Tou
0VOOOTOLNTLKOU CUCTHKATOG. MLa oXNUATLKN Tieplypadr oplopévwy Bactkwv MiRNAs mou eumAEkovTaL
OTLC AVATTUELOKEG SLEPYAOIEG KUTTAPWY TOU €udutou okéloug (Mehtaand Baltimore, 2016).
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2 zKonoz

O KUPLOG OKOTIOC TNC mapoloog UEAETNG eival va SlepeuvnBel To Katd moco o Babuog
S1NOnong Kkal n XWpPOTAEIKN KATOVOWUN avVOOOKUTTApwv Tou 6&tnBolv Tov OYyKO
oxetilovtal pe ta KAWVIKOTIOOOAOYIKA XOPOKTNPLOTIKA KOl TNV KAWLIKA Ttopeia aoBevwy
pe StNBNTIKO, U HETACTATIKO, TTOPOYEVH KOPKIVO TOU pootou. Evag emumAéov oTtoX0C
™G HEAETNG elval n TBavr) cuoXETLon KUKAOGOPOUVTWY MAPAYOVTWY TIPOEYXELPLTIKA UE
TV ewKova 81Nbnong tou Oykou amo avoooKUTTapa Kol n mpoomdBesia dnuioupyiag
ouvOUOOTIKAG TIPOYVWOTIKNAG UTtoypadn¢ mou Ba eVOWHATWVEL OA 1 HEPOC TWV
otolxeiwv mou Ba amokaAudpBOolV amo tn PeAETn.

H peAétn xwpiletal oe tpla tuApata. To mpwto TuApa adopd 0To GUVOAO TwV acBevwy
HE KOpKivo tou paoctol (BCa), to 6eUtepo O0TO OVASPOUIKO TUAMO TNG UEAETNG OMOU
g€xoupe StaBaotun TV KAWVIKN TtapakoAouBOnon Twv acBsvwv Kal To TPLTo TURua adopd
O€ €VOL TIPOOTITIKO TUAMO TNG LEAETNG OTIOU €XOUUE ETWLTAEOV apoAndia pa nuepa mpLy

TO XELPOUpPYELO aoBeVWV.

2.1 ZKOMOXZ O2ON ADOOPA 2TO ZYNOAO TQN AZOENQN

O TmpwTtog OTOX0oC TNG Tapouoag HEAETNG elval o €Aeyxo¢ NG Tmapouciag
O0VOOOKUTTAPLKWY UTIOMANBUCUWVY €ite 0To KEVTPO Tou Oykou (Tumor Center, TC) eite
oto &iNBnTko pétwrmo (Invasive Margin, IM), n/kat ota 800 KAl 0 POAOG TNG
XWPOTAELKAG-APXITEKTOVIKAG  KATAVOUNG TwV KUTTAPWV OUTWV OE  LOTOAOYLKA
napookevaocpata. Ol mAnpodopieg mou Ba eaxBouv amd tn dtadopiky dBnon Twv
OyKwv amo CD8+ Asgudokittapa kat CD163+ pakpoddya Oa CUCXETIOTOUV HE TO
eykaBldpupéva KAWVIKOTIABOAOYIKA XOPAKTNPLOTIKA OTOV Kapkivo tou paoctoul (BCa),
onwg eival to otadlo (TNM stage), o Babuog diadopomnoinong (Grade), n mapouoia
oppovikwv urntodoxéwv (Hormone Receptors), n uniepékdpacn tou HER2/neu, o Seiktng
KuTttoplkol moAAamAaociaopol Kie7% kot n nAkkia pe otoxo tn Siepelvnon mbavwv

ouoxeTioswv.

-61-



2.2 2KOMNOz ANAAPOMIKOY TMHMATOZ THX MEAETHZ

KOttopa Tou ovooomolnTikoU GUOTHMATOC TIou 8tnBouv Tov OyKo €ival GNUOVTIKA yla
v €€EAEN Tou Kapkivou, evw oe Sladopou¢ TUTOUG Kapkivou €xouv Bpebel va
ouMmAnpwvouv n/kat va umokaBlotouv tn otadlomoinon katd TNM. Ta CD8+ kal
CD163+ kUTTapPA £XOUV TIPOYVWOTLKO POAO OTOV KOPKiVO TOU paotoU, aAAd n xwpotagiki
Toug katavopr 6ev €xel SlepeuvnOel ektevwe. Itnv mapoloa gpyoaocia, Ba s€etaotel n
Tiapoucia Kol 0 cuvSUACUOG AUTWY WG TILBAVWY TIPOYVWOTIKWY BLOSEKTWY OTO KEVTPO
Tou oykou (TC) kat to diNBNnTkd petwmo (IM). Zkomdg Tou avadpopLkol TUAKATOG TG
HeAETNG eival n mbav Snuwoupyla eUVOIKWVY N M, TPOYVWOTIKWY «0VOCOAOYLIKWV
urnoypadwv» mou Ba xapaktnpilouv opadeg acbevwv wg mpog TNV KAWLKA €§EALEN

(eAeVBepn vooou kal cuvoAkn emBiwaon).

2.3 2KONOz NMPOOMNTIKOY TMHMATOZ TH2 MEAETHZ

Ektog tng 61nbnong tou Oykou amod avVOOOKUTTAPLWKOUC umomAnBuopolg mou Ba
HeAeTnOel oTic 0oBeveiG TOU MPOOMTIKOU TUAUATOG, KO MEPA TIPLV TO XElpoupyeio Ba
npayuatonotnBst alpoAnPia otig idleg aobeveis kot akoAoUBbwe amopdévwon PBMCs kat
opoU. Oa peAetnBolv mapdayovteg otnv KukAodopia mou mailouv MoAU GNUOVTIKO pOAO
TOOO OTOV KOPKIvO OAAQ KOl OTO QVOOOTIOLNTIKO cUCTNHO KAl TIG AELToupyieg tou. Ta
Tedevtalo Xpovia, To €peuvnTKO evdladépov eTIKEVIpwVETAL otn Slepelivnon TNg
Stadopkng €kppaong miRNAs petaly dpucololoylkol Kal KApKWVIKOU LoTtou. EmumAéov,
£€VToVOo evllapEPOV TAPOUCLALEL TO YeYovog OTL MiRNAs avixvelovtol OXETIKA UKOA
oto TepLdPePKO aipa. Kat otig duo meputtwoelg, to potifo ekdppaong moAAwv miRNAs
€Xel ouoyxetwoBel pe TNV £€kBaon NG vooou. OAeg¢ ol mapamavw TANPodoplieg
ouvnyopouVv oto OTL Ta MiRNAs amoteAoUv pia TOAAQ UTTOCXOMEVN TAEN Hoplwv Tou
UIopOoUV va xpnotuornotnBouv ya tnv éykatpn Stayvwaon n/kat tnv mpoyvwon eEEAENC
TOU Kapkivou. Xto mAaiolo tng mapouacag Sidaktopiknc datplpric Ba diepeuvnBel to
potifo éxkppaong kamowv mMiRNAs 010 TepLPEPIKO QA KAl CUYKEKPLUEVA OTOV OpO
oM@ kal o povomupnva Kuttapa mepldepkol aipatoc [PBMCs, Peripheral Blood

Mononuclear Cells] aoBevwv pe kapkivo Tou pootol, KBwG Kol OTOV KOPKLWVIKO LOTO
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ano FFPEs [Formalin-Fixed, Paraffin-Embedded (tissue)]. @a peAetnBolv MiRNAs mou
€xeL Bpebel oTL mailouv onUavTikd POAO TOCO OTOV KapPKivo 000 Kol 0Tn AElToupyia Tou
0VOOOTIOLNTIKOU ocuoThpatoc. Oa emixelpnBel va yivouv CUCKETIOELC TwWV ETUMESWY
€kdpaong Toug He AAANeg e€€éxouoag onuooiag TAPOUETPOUC TNG TEPLPEPELAC
(kuttapokiveg/xnuelokiveg) oAA@ kot pe Tt SBnon MO  AVOCOKUTTAPLKOUC
UTtoANBuCoPOUC. ATWTEPOC OTOXOG €lval va £€eTtaotel av 0 cuvdUAOUOG AUECO Kal
EUKOAOL PETPAOLUWY TIOPOAUETPWY OTO TEPLHEPLIKO aipa Uropel va xpnoldomnolnOel wg
L0 «UOPLOKN-OVOOOAOYLKH uTtoypadr» Tou Ba HmopoUoe vol OVTIKOTOTTPIlEL TO
HLKpOTIEPLBAAAOV TOU OyKoUu, OMwW¢ OUTO oklaypadeital amd tn dwnon Tou amo
0VOOOKUTTAPLKOUC  UTOTANBUopOUC oANG KoL omoe  Tto  KAwiKomaBoAoyika

XOPOKTNPLOTIKA TIOU TOV TtEPLYPADOUV.

2.4 TEAIKOZ 2KOIMO2

IKkomog elval va gleyxBouv ta amoteAéopata TO00 Tou avadpouLlKoU OCO Kal TOU
TIPOOTTIKOU OKEAOUC Kal TiBavég ocuoxetioel mou Ba emutpéPouv tn Snuoupyla
QVOCOAOYLKWV H/Kal HOpLOKWY «uToypadwv» Tou Ba cupPdAouv otnv mpdyvwon
aoBsvwv pe kopkivo tou pootol (BCa). Ou «umoypadéc» autég Ba pmopovoav va
QMOTEAECOUV VEQ «OTAQ» 0T dOPETPA MG KoL vo odnynoouv oe eykailpn Bepamneia
HETA TN Sldyvwon Kal oe amoduyr tou datvopévou g umepBeparmeiag, kKabwg o
«XOPAKTNPLONOG» Twv aocBevwv Ba  emutpémel tnv  €mAoyn TG  KAAUTEPNG

OVTIUETWTILONG.
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YAIKA KAl MEOOAOI
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3 YAIKA KAl MEGOAOI

Y10 KedaAalo autd meplypadovral ol pEBodol/ TeXVIKEC TTou akoAouBnonkav, Kabwg
Kal Ta avaAwolpa/ opyova mou xpnotponotndnkav otnv Kabe nelpapatikn dtadikaoia.
O epyaotnplakog e€omAlopdg mou eival amapaitntog ywa tn Siefaywyn 0OAwv oxedov

TWV MEPAPATIKWY Stadlkaolwy mepAaBAVEL TA TAPAKATW.

3.1 EZONAIZMOZ KAl ANANQZIMA

3.1.1 ANAAQZIMA

o Mutétteg petafAntou oykou Pipetman 2, 20, 200 kat 1000 L (Gilson Inc, USA)

° PUyxn muettwy 10, 200 kot 1000 pl (Greiner, Bio-one, Germany)

o PUyxn muettwy pe ¢idtpo 10, 200 kat 1000 pL (Greiner, Bio-one, Germany)

o MAaoTIKEG TUMETTEG piag xpnong 1, 2, 5, 10 kat 25 mL (Greiner, Bio-one, Germany)
° JwAnvapla duyokévrpnong tumou falcon 15 kat 50 mL (Greiner, Bio-one, Germany)
o Kpuodvtoxa ¢raAidia anobrikeuong twv 2mL (Greiner, Bio-one, Germany)

o ALLOKUTTOPOUETPLKI aVTIKELLEVOPOpOC TAGKa TUTou Neubauer (Sigma-Aldrich)

o JwAnvapia tumou Eppendorf 0,5 & 1,5 mL (SARSTEDT AG & Co, Germany )

° PCR tubes (0,2mL) (Greiner, Bio-one, Germany)

° RT-PCR tubes (0,2mL) flat cap (Greiner, Bio-one, Germany)

° BD Vacutainer® CPT™ Cell Preparation Tubes

° rSSO-Luminex (LIFECODES_HLA SSO Typing— RAPID, Immucor Transplant Diagnostics,

INC, Stamford, CT, USA)

° Qiagen miRNeasy Serum / Plasma kit (Qiagen, Hilden, Germany)

° Qiagen miRNeasy Mini kit (Qiagen, Hilden, Germany)

° RecoverAll™ Total Nucleic Acid Isolation (Thermo Fisher Scientific, USA)
o miScript Il RT Kit (Qiagen, Hilden, Germany)

o miScript SYBR Green PCR Kit (Qiagen, Hilden, Germany)
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3.1.2 OPrANA

o Oalapol vnuatikng pong (Laminar Flow) (MSC-Advantage™ Class Il Biological
Safety Cabinet Thermo Scientific, USA)

. Enwaotwkol kAiBavol 37°C kat 5% CO2 (Thermo Scientific, USA)

° Oeppo kukhomolntng, iCycler Thermal Cycler (Bio-Rad, California, U.S.A.)

° Mnxavnua Real-Time PCR, Rotor-Gene 3000 (Corbett Research, Sydney,
Australia)

° YSatoloutpo (Memmert, Germany)

° Meplotpedopevoc avadeutrpog (vortex mixer) VX100 (Labnet International Inc,
USA)

o ontika pikpookoma (OLYMPUS & Nikon) kol QVECTPOUUEVO HLKPOOKOTILO

(Euromex, Holland & Wilovert, Germany)

o HAektpokivntog emavadoptilopevog eAeyktig Tunmettag (pipette controller)
FastPette (0,5-100 mL) (Labnet International Inc, NJ, USA)

o Quyodkevipog pubuLlopevng Beppokpaciag pe anoonwueveg kepalég (Beckman

Coulter Inc., USA & Thermo Scientific, USA)

° Mikpoduyokevtpog (Eppendorf, USA)

o Wuyeio (LIEBHERR, Germany)

o KataUkteg -20°C (LIEBHERR, Germany & BOSCH, Germany)
° Katapuktng -80°C (Thermo Scientific, USA)

° Mayounxavn (Fiocchetti, Italy)

° Autokauoto (Tuttnauer Europe B.V., Netherlands)
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3.1.3 AIAAYMATA

o KaAAtepyntiko uAkd RPMI-1640 (Sigma Chemical Co, USA)
o Opoc¢ veoyvol pooyou (Fetal bovine serum, FBS) (Biochrom AG, Germany)
o AvtiBlotiko-avtipuknTiako (Antibiotic-Antimycotic) (Life Technologies, USA)

o MAnpeg Openmtikd UAKO RPMI-1640 (kaAAlepyntikd péco RPMI-1640

geumAouTiopévo pe 10% FBS kat 1% Antibiotic/Antimycotic) yla tnv KaAAEpyeLla

TWV KUTTAPWVY

o Alatouxo ¢pwodoplkd pubulotikd Swahvpa (Phosphate buffer saline, PBS)

(Lonza, Belgium)

o AwpeBulooouddoleiblo (Dimethyl sulfoxide, DMSO) (Applichem, Darmstadt,
Germany)
o AldAuvpa Sloaxwplopou Aepdokuttapwy Biocoll Separating Solution (Biochrom

AG, Germany)

3.2 AZOENEIZ: ANAAPOMIKO KAI MPOOMTIKO TMHMA THX MEAETHZ

JTNV mapouoa HEAETN, OUMMETEIXAV YUVAIKEG HE LOTOAOYLKA EemiBePfalwpévo
Ttopoyevn, dNBNTIKO PN HETAOTATIKO KAPKivo Tou paotou. Ot acBeveig dev eixav
AaBel véo-emikouplkny Beparmeia. AmMokAsiotnkav omo tnv HeAETn aocBeveilc pe
HETAOTOTIKA N opdimAgupn vooo tn otypn tng Slayvwong. AmokAsiotnkav
emiong, acBevel¢ pe OTOPIKO omoloudAmote AAAOU TUTIOU KAPKIVOU 1 TOTUKA
UTTOTPOTIN KOTA TN SLapkela TNG KAWVIKNC tapakoAouBnonc (follow-up) kabwg kat
oool avemtuéav Seutepo Mpwtonabn Koapkivo. To meplexOpevo NG Slatplpng
KaTaTEONKe Kol gykpiBnke amd tnv Emwtpomnn BwonBikng tou Noookopeiou «o
Aylog ZaBBagy.

H mapouoa peA£tn anoteAeital amo U0 OKEAN, TO TIPOOTTIKO KAl TO AVASPOULKO.
Ta CD8+, CD4+, CD163+ & FoxP3+ kUTtopa TOCOTIKOTORONKAV UE

0VOoOo(oTOXNUELD OTO KEVTPO Tou Oykou (Tumor Center-TC) kat oto StnONTIKO
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HéETwrmo (Invasive Margin-IM) oto ocuvolo twv aoBevwv (n=162) 1000 TOU
avadpopLKol 000 KoL TOU TPOOTTIKOU TUAMATOC. a To cUvoAo twv acBevwv
eiyape Stabéowa ta KAVIKOTOAOOAOYIKA XapPaKTNPLOTIKA Toug. Ocov adopd to
ovaSpOUIKO TUAMQ, €lXE MpayuaTOTONOEL O EVIOMIOUOG TWV TIEPLOTATIKWY TIOU
TAnpoucav Ta KpLtrpla Evtaéng otn HEAETN, TO0O amo amoPn KAWVIKWY KpLtnplwv
000 KoL TNG UMAPENG TOU apxelakoU UALKOU. AlepeuvnBnkav mepLocoTEPOL Ao
2000 dakelol, T mpolnobéoelg mAnpovoav 138, yia 112 unpxav dabéoua
LOTOAOYLKA Ttapookevaopata (UmAok mapadivng), amd Ttoug omoloug TEAWKA
npoékuav oL cuVoAka 97 acBevelg mou eixav xeypoupynBet (uetaty 2000-2010)
OTNV KAWVIKN KOl yla TOuC ormoioug OlaBEtape otolyela emapkoug KALVIKNAG
napakoAouBOnong (Stapecog 6.9 xpovia, gVpog: 0,11-10 xpdvia). AcBeveig tou
ovaSpoUIKOU OKEAOUG TNG HEAETNG, TOU eudavioTnKkav OTO VOOOKOMEI(O yla va
dwoouv aipa yla pia GAAn peAétn (ta dedopéva dev meplhapPBavovtal edw),
UTEEypaav EVTUTIO CUYKATABEONC Lo Xpron TwV KAWVIKWVY Toug dedopévwy. OAeg
oL umoAouneg acBeveig tou avadpoulkol okEAOUG (oL omoiol evnuepwOnKav
nAedwvikd f oL amoBavouoe¢ acBeveic) elonxBnoav otnv HEAETN avwvUUa-
KwSLKoToLNHéEVA amod Toug Bepamovieg oykoAdyoug Kal aBoAdyoug LatpouUg Kot
oL KAWIKEG TAnpodopieg toug Kataypadnkav ce Pacn OSedopévwv amd Tov
UTtELBUVO LATPO TNG LEAETNG.

ITO TIPOOTITIKO TMAMA TNG MEAETNG QUTAG oUppeTeixav 50 aoBevelq petd amo
gyypadn ocuykatabeon Toug. ITIC AoBEVEIG QUTEC, EMUITAEOV TNC TTOCOTIKOTOINONG
TWV OVOOOKUTOPPLKWY UTOMANBUCUWY, TPAyUATOTOIONKE Ul LEPQ TPV TO
XElpoupysio atpoAndia kat amopovwOnkav povomupnva KUttapa mepldpepLkov
aipatog [PBMCs (Peripheral Blood Mononuclear Cells)] kot 0opdg yla peAAovtikni
xprnon. O opog amoBbnkeutnke otoug -80°C kat ta PBMCs og uypo alwTto. Itnv
Ewkova 3-1 nmapouotalovral dtaypappatika ot peBodoloyieg mou avamtuxOnkav

otnv mapoloa PEAETN.
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97 aoPeveic pe follow-up: 6.9 xpovia

Ewova 3-1: Avamnopdotach twv peBodoloylwyv mou avamtuxbnkayv otnv mapoloa HeAET.
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3.3 KOMH, ANOMAPA®INQXH KAI XPQXH TOMQN

H komn twv pmAok mapadivng (FFPE), n amomapadivwon Kat xpwon Twv ovtioTolwyv
Topwv Tpaypatomnolndnke oto MaboAoyoavatoulkd Epyaotripto tou MA.O.N.A. «o
Ayloc 2aBBoac». NapatiBetal cuvontika n Stadikacia. Ano ta emieypéva FFPE komnkav
TOUEG 4-5 um, Padtnkav pe awgatofuAivn-nwoivn (H-E) kai €ywve avedaptntn
TIAPOTAPNON OF OMTIKO HIKPOOKOTIO amd dUo efeldikeupévoug moOoAoyoavatOpous
TIPOKELUEVOU VA ETMIAEYOUV T OVTUTPOOWTEUTIKOTEPA TAAKISIA KABe OyKou. ITIG
ETUAEYUEVEG TOUEG EYLVE LEUOVWUEVA XPWON KE OVTIOWHOTO EVAVTL TWV avTlyovwyv CD8
(SP16, 1:80, Thermo Scientific, USA), CD163 (10D6, 1: 400, Biocare, USA), CD4 (4B12,
1:40; Biogenex, USA) kat FoxP3 (236A/E7, 1:100; Abcam, UK). Ot BEATLOTEG APOLWOELG
TWV OVTIOWHATWVY TIPoodloploTnKav HETA Ao XPWON TOUWV LAPTUPA KOL CUYKEKPLUEVA
TOUWV UTEPMAQOTIKWY OpUySaAwv otepa anod apuydalektour). H xpwon de€nxdn oe
QUTOMATO pnxavnuo avooolotoxnueiag Bond Il (Leica Biosystems, Germany) pe TO
avtiotolo kit avixveuong (Bond Polymer Refine detection kit, Leica Biosystems). To
TIPWTOKOAAO TIEPLEAQUPBAVE QVAKTNON QVILYOVIKWVY ETITOMWY HE UPNAO pH yla thv
nepimtwon twv CD4, CD163 kat FoxP3 kat xapunAo pH yla tnv nepintwon tou CD8 yia 30
Aemtd Kot (6lo xpOvo emMwaonG UE TA TPWTOYEVH OVTIOWHOTO. H omtikomoinon tng

Xpwong €ywve pe xpnon dtapwvoBevidivng (DAB).

34 ANIXNEYZH AIHOOYNTQN ANOZOKYTTAPIKQN YMOMAHOYZMQN

ZTIC TOMEC Ao TO TAPATAVW UALKO avaAuBnke avoooiotoxnuikd n umapén dinBouvtwy
O0VOOOKUTTAPLKWY UTIOTANBUOUWVY. JUYKEKPLUEVA XPNOLUOTIOLOnKav Lo TV avixveuon
T Aepdokuttdpwy o deiktng CD4 kat o deiktng CD8 (xwpig va pmopel va amokAeloBel n
avixveuon Kot evoc pikpol umonAnBuopol NK puoikwv povéwv AepudoKuTTApWY TTOU
ekdppalel Tov teAeutaio deiktn), yla tov mpoodloplopd pakpoddaywv o deiktng CD163
(mpotunBnke amo Tov eUpEwC xpnotpomnololpevo deiktn CD68 wg mo aflomoTog yla

TOV XAPOKTNPLoHO M2 pakpoddaywv mou €xouv Bpebel va oyxetilovtal pe tov Kapkivo
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[393, 394]) kat o beiktng FOXP3 yia tov mpoodloplopo (mbavwy) KataoTaAtikwy T

Aepdokuttapwy.

3.4.1 TOzOTIKOMNOIHZH AIHOOYNTQN ANOZOKYTTAPIKQN YNOMNAHOYZMQN

OL 6wnBolvteg avoookuttaplkoi umomAnBuopol oe Swadopouc TUTIOUG KOPKIVOU
HEAETWVTOL ATIO TTOANEG EPEUVNTIKEC OUASEC TTAYKOOUIWG OTOU ELSIKA UNXOVAUOTO HE
€€elOIKEVUEVAL AOYLOULKA TIPOYPAMUATA ETUTPETIOUV TNV TIOOOTIKOTOLNON TOUG UE

peyaAn akpifela [38]. Qotd00 MOAAEC EPEUVNTIKEG OUASEC £XOUV aVATITUEEL SLKEG TOUC,

¢

a€LOTILOTEG neboédoug avixveuong Kail
TTOOOTIKOTOINONG TWV UMOMANBUCUWY QUTWV UE
EUPEWG XPNOLUOTIOLOUHEVAL AOyLoUIKA
— npoypappoata [395]. H Stk pag pehétn Baciotnke
' EV MEPEL OTIG emionpeg obnylec-mpotdoelg tou
«International TILs Working Group 2014» oxeTika
HE TNV €TAOYA TWV TEPLOXWV TOU OyKou [396].
Ewéva 3-2: Ouwrtoypadia tou oykou, dmou ITn OIKA HOG HEAETN, Yyl TOV UTIOAOYLOMO TOU
daiveTal To kEVTpo Tou yKkou-TC KaL To SNBNTKO
pétwro-IM apBpol  twv  dinBouviwv  KUTTAPWV  oTa
OVOOOIOTOXNULIKA TIOPOOKEUAOUATO META TNV Xpwon, é&ywe d¢wrtoypadion 3-7
OVTUTPOOWTIEUTIKWY TEPLOXWV Tou TC Kal Tou IM tou 6ykou cUpdwva e TI UTIOSEEELS
latpol maboAoyoavatopou tng opadag pag. Mo tnv availuon Twv pwrtoypadlwyv Kal
TmoooTikomoinon Twv  8iNBoluviwv KUTTApwY, Xpnowlomowtnkav Ta AOYLOUKA
AdobePhotoshop CS6 kat Imagel (http://imagej.nih.gov/ij/). Me to mpwto kaBopilotnke
0 aKPLBNC XPWHATIOMNOC TWV OeTIKWY yla KABe SelKTn KUTTAPWY KAl N UETATPOTH TNG

€lKOVAG 0€ LoUpn-AoTpn, KE pavpa ta BeTIkA KUTTAPA.
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Tumor Center Invasive Margin
(x100)

{

Ewkova 3-3: EVOeIKTIKEG dwTOoYPAPLEG LETA TNV XPWON KAL OTN CUVEXELQ LE TNV ETUAOYH LOVO TWV «BAUUEVWVYY TIEPLOXWV.

OL 0OTIPOUAUPEG ELKOVEG avaAUBNKav HE TO AOYLOULKO Image) w¢ pog TO TOCOCTO TNG
emuPAvVELAG TIOU KAAUTITETAL amo Ta  e€0kA Poppéva  KUTtopa. e OEKa
OVTUTPOOWTEUTIKA Selypata acBevwv yla kaBe Oeiktn €ywve amd Svo aveéaptnToug
EPELVNTEC TNG OMASAG LOG, OMTIKA KATOUETPNON TwV dNBolvVIwy BETIKWY KUTTAPWY
OTa OUYKEKPLUEVA Tapackevaopota (pwtoypadieg) kol €ywve avtiotoixnon 1ng
emupavelakng KAAuyng mou MPokUTITEL and To Image) pe Tov aplBud KUTTAPWV Tou
outh aviutpoowrneVel. Me Bdacn Tov PECO Opo Mo Ta SLopOPETIKA MOPACKEUATUATA
npoodlopiotnke n oxéon emipavelag/aptOpol KUTTAPWY KAl PE AUTOV TOV aplOUNTIKO
TIAPAYOVTIA EYLVE N avOywyr TNG KOAUTITOUEVNG emidAvelag o€ aplOpd kuttapwy. To
TEMKO QMOTEAECUO TWV KUTTAPWV avd mm? éywve epooov Addnke ur’ oYw n
nuey€Buvon 100x ywa to TC, 200x yia to IM tou Oykou Kal To €uBadov Tou OmTikou

niebilou, To omolo untoAoyioBnke amnod bk Babuovounuévn avikelpevodpopo mAaka. H
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pey€éBuvon 100x emAéxBnke yla to TC kabwg BéAape va €xoupe 600 TOo Suvatov
peyaAltepn kaluyn epPadol. Ma to IM n peyébuvon 200x emhéxBnke kabwg n
TIEPLOXN QUTH TOU OYKOU €lval apKETA TEPLOPLOUEVN KAl N HEYAAUTEPN HeyEBuvON pag
BonBael wote va amodeuvyxbel oto va cupnmepAndBolv oTNV KOTAUETPNON HAG KO
KUTTapa Ta omola anoteAolv pépog tou TC kat oxL tou IM (Ewova 3-3). Ztnv Ewova 3-4

daivovtal Slaypappatikd OAa Ta oTAadla TNG eNeEepyaoiag EIKOVWY TWV LOTOAOYIKWY

TIOPOACKEUACUATWV.

8. | & Bl B |
Area  Mean  StdDev  Min Max

1593accds LTIGA0 2MTM 10

2 o 50
) 2 3WQECOdn 117YGAEU 254995 0912 [ 255
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| 6 50345ccdy 11796450 254831 5040 0 255 0.069
5.8 7 59348004 11796480 2534599 590 0 55 0.1

=R & 59345004y 11796480 254645 7.503 a 755 0140

Rk 5 59348004x LITIGAE0 254825 5838 L 235 0.068
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12 11 593%0cdin 11796480 253.991  18.048 0 ass0303
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151 14 5934000y 11706480 249612 35677 0 25 2109
16 15 SYS0EcdEx 11796480  I58.802 19939 ° 255 0.650
17} 16 5934%ccls 11796480 251967 31855 ] 255 0.797

18 : 17 59348cd8y 11796480 254369 12315 0 255 0.248
15 18 59348cdBs 11796480 254760 7579 a 255 0.094

21!_ 155934500 1€ 11796450 247743 3R.7ES 0 255 2796
o 20 59348¢d1E 11796480 254286 11996 Q 235 0.2192
-3 1 59343ed1€ 11TI64B0 54729 7547 a 255 0.106

] 22 59340001€ 11796480 252426 28733 0w a3
. 13 59348¢d10 11790480 5348 I61EE L F=-] 223

24 893801 11796480 240.078  38.890 o s 2302
n

EiE

9 GARAATE 11T AT RIS ¥ 9 P46 nRsa

Ewoéva 3-4: 3TASL0 enefepyaoiag elkOVwY.
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3.5 MOZOTIKOMOIHZH TQN KYTTAPOKINQN/ XHMEIOKINQN OPOY

Ot opol Twv acBevwv cuA\éxBnkav, omwe avadeépbnke, pla YéEpa MpLV TO XELPOUpPYELO
Kol kKatapuxbnkav. Otav cuykevipwBnke to olUVoAo twv Selypdtwy, amoPuxdnkov
otoug 37°C kat otn ouvexela avapixdnkav kaAd. H pétpnon twv IL-1Ra, IL-9, IL-8 IL-10
TIPAYLLATOTIO|ONKE TAUTOXPOVA, UE TNV TEXVOAoyla Tou Luminex xpnollomolwviag To
(kit) moAamAwv mpoavapelxBévtwy avalutwy (R&D systems) cUudwva pe TG odnyleg
Tou Kataokeuaoth. Ou moootikomotoelg Twv RANTES kat TGF-B Sie€nxbnoav pe tnv
texvoloyia tou Luminex (R&D systems) pe Eexwplotd eumopikd SltabEopa cuoThpaTa
(kit). O mMARPNG MivaKaG TWV KUTTAPOKIVWY/ XNUELOKWVWYV TIou SlepeuvnBnkav emutAéov
niepteAapPave IL-1beta, IL-2, IL-4, IL-5, IL-12 p70, IL-15, IL-17A, TNFa, IFNy kat GM- CSF,
oAAG Ta eTiMESA QUTWV TWV KUTTAPOKWVWY SV ATAV AVIXVEUGCLUA OTIC TIEPLOCOTEPEG
aoBeveic. H etatpia mou SiéBete to kit avédpepe mwg To cuvoAlo to 15 KutTAPOKIVWY/
xnuewokwwv (IL-1B, IL-2, IL-4, IL-5, IL-12 p70, IL-15, IL-17A, TNFa, IFNy, GM- CSF, IL-1Ra,
IL-9, IL-8, IL-10 & RANTES ) umopouoe va peTpnBel TautOXpova, oUTO OUWE SEV KATEDTN
Suvatd kabwe ta enimeda kAMOWWV mapayoviwy ntav moAl vPnAd (rm.x RANTES) svw
OAwWV TOAU XaunAd Kol 0€ TIOAAEG TEPUTTWOELG KATW QMO TO SLOKPLTKO Oplo TNG
pneBodou. MNa va BeAtiotonowjocoupe tnv anodoon tnhe puebodou kat va avérooupe TNV
LkavotnTa avixveuong Twv xapunAwv emmedwyv €kdpacng KUTTAPOKIVWY, AUENCAE TOV
XPOVO EMWaoNg amd 2 WPEC O OAOVUKTIO EMWOON TWV OPWV HE TO HIyHA Twv
ukpoodatpldiwv. Ocov adopd to RANTES mou ta enimeda tou Atav Wblaitepa vPnAad,
€YLVE 1 aviXVeUON) Tou o€ EeXwpPLoTo kit mpaypatomolwvtag tThv KATAAANAN apaiwaon ota

Selypata tou opod.
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3.6 ANOMONQ2H MONONYPHNQN KYTTAPQN MEPIDEPIKOY AIMATO2

Ta povomupnva kuttapa (AepudpokUTTapa Kal LovoKUTTOpa) UopolV va amopovwoouy
oo OAKO TEPLPEPLKO aipa péow duyokevpnong StaBaduiong mukvotnTag. H Texvikn
Baoiletal otn SladopeTikn €L6IKA TTUKVOTNTO TWV KUTTOPLKWY CUCTOTIKWY TOU OLLMOTOC
oe oxéon e to pEco Staxwplopol (Ficoll: éva udatikd Slalupo TTOAUUEPOUC HE
niukvotnta 1,077g/mL). O Stoxwplopdc Baciletal oto OTL Ta povomupnva AeukokUTTapa
€XOUV  MIKPOTEPN TUKVOTNTA amd Ta  epuBpokuttapa (mou  dnuloupyolv
CUCOWMOTWHATA OTO OUYKEKPLUEVO UALKO) Kol Ta KOKKlokUTtapa. H Stadopikn
HETAKIVNON TWV KUTTOPLKWY UTIOTIANBUCUWVY KATA TN SLapKeLa TNG puyokEvTpnong, Adyw
TwV OladOPETIKWY XOPOKTNPLOTIKWY TOUG, £XEL WC OQTOTEAECUA TO OXNUOTIOHO
otolBadwy, kabepia amd Tg omoieg meplhapPavel dladopeTikolg UTOTMANBUCUOUG
KUTTOPWV. XTOV TMUOUEVA TOU CWANRVO CUYKEVTIPWVOVTAL Ta £puUBpoKUTTAP, Ta Omola
ouykoAAoUvTal apouasia Tou MoOAUCOKXAPLTN, KOl T KOKKLOKUTTAPQ, TO Omoio AOyw TG
vPnNANg TMUKVOTNTOG TOUG dlamepvouy To StaAupoa. Aoyw TG XAUNAOTEPNG TTUKVOTNTAC
TOUG, Ta povorupnva evtonilovtal otnv emidpaveLla Tou SLAAUUATOCG TOU TOAUCAK)apitn,

podl YE TO aLUOTIETAALQL.

After Centrifuge
Plasma Layer (55%) :

1. Thrombocytes(Platelets) Diameter: ya o

— 2 to 4 microns »

Density of p— 2. Cytokines

cells and 3. Hormones

components | 4. Electrolytes

in this portion: Lymphocytes Diameter: (5 to 10

<1.077g/ml| microns) ar "medium” types (10

to 18 microns) lymphocytes ’

4

L ( o MicmOnuclegr Monocytes diameter: 16 to

cells 25 microns

Filter DiSC s we - - 7 Lymphoprep solution %

Density = 1.077g/ml
Eosinophils Diamerter:

10— 14 microns

Polymorphonuclear T
Density of [ )
cells [8os. 4

&

cellsin this
portion

— Neutrophils Diameter:
>1.077g/ml

10~ 14 microns
Erythrocytes Diameter:
6.8-8.2 microns

®

hitpf/texthookt I lical-scientist.blogspot.sg/

Ewkéva 3-5: ElkOva Tou cwAnvapiou mpLy Kal HETA tn duyokévipnon Seiypatog aiparog emtotolBaypévou og SLtGAvpa
Staywplopol Aspdokuttdpwy. Metd tn duyokévipnon ta povomupnva KUTTOPO ToU aipatog evtomiovtal otn
Seltepn KATA OELPA, UTIOAEUKN oToLBAda MAvVW Ao To SLAAU A SLaXwpLoUoU.
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NpwtokoAAo epyaoiag

1. Yno oteipeg ouvOnkeg, tomoBetoUpe oe ocwAnva 50ml pe Kwviko TMUBpéva
(falcon), 15 mL StaAUpatog dtaxwplopol AeUdOKUTTIAPWY WOTIOU VA ATIOKTOEL
Bepuokpacia dwuatiou.

2. ErmotolBaloupe apyd Kol MPOCEKTIKA OTA Tolywpata Tou cwAnva falcon (xwplg

va avapeiéouvpe) 35 mL aipatog to omoio €xoupe apoawwoel pe PBS (Lonza,

Belgium) 1:1.

3. Quyokevtpoupe to cwAiva ota 1800rpm yla 30 Aemtd, xwpic dpévo otn ddon
¢ emBpaduvonc.

4. Meta tn puyokévipnon, dlakpivoupe téooeplg {wveg-otolfadeg oto cwAnva, Ue

TO. povomupnva va TePLEXovTaL otn Oeltepn (amd emdvw TPOG TA KATW),
UTOAeukn otolBada.

5. Me muumétta pasteur OUAANEYOUME Kal METOPEPOUUE OE KalvoUPLO CWANvVa
duyokévtpou tn otolBada Twv Hovomupnvwy.

6. MpooBetoupe nepiooela Stalupatog PBS kat EemAévoupe pe puyokévipnon ota
1200rpm yia 10 Aemtra.

7. EnavaAapBavoupue to BrApa 6 duo dopéc.

8. Enavawwpolpe to Kuttaplkd lnua os 5-10 mL PBS kat mpoodiopiloupe TN
OUYKEVIpWON KoL TN Puwoldtnta Twv  HOVOTUPNVWY  AEUKOKUTTAPWV

(AepdokUTTOpa KoL povokUTTapa) oto Seiypa pag.

Miaopa
. Quyoxtvipnon
MNepiupepivo alpa _ )
—_—h = MovoTupnva Kuttapa

Aghvpa Suxywplopouw
Audupa Suaywplopou ' NoAuyopdornipnva

EpuBpoxuttaopa

Ewkova 3-6: ALaXWPLOMOG KUTTAPWY TIEPLPEPIKOU QLUATOG META TNV duyoKEvTpnon oe SLaAupa
Slaxwplopou.
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3.6.1 AMNOMONQ2H MONOIMYPHNQN KYTTAPQN TMMEPIOEPIKOY AIMATOX ME TH
XPHZH KATAAAHAQN 2QAHNAPIQN

MA£ov gival epmopika SLoOEoIHa CWANVAPLO TIOU ETILTPEMOUV AUECO TNV OMOUOVWON

HOVOTIUPNVWY KUTTAPWV amo Teplpeplkd aipa. H texvikn Paoiletat maAl otn

Sladopetikn €L6IKA TTUKVOTNTA TWV KUTTAPLKWY CUCTOTIKWY TOU OLLHLOTOG OE OXEON LLE TO

HETO SlaxwpLopov. Itnv napoloa KALWVLKN LEAETN Xpnotpomnotdnkav ta BD Vacutainer®

CPT™ Cell Preparation Tubes. Ta cwAnvapLa AUTA TEPLEXOUV QVTLITNKTLKO (nmapivn) ko

To Stahupa StaxwplopoL ta onola Staxwpilovtal anod eva gel moAuveotépa.

NpwtokoAAo epyaociag

1. Ta cwAnvapla Bplokovtal os Beppokpacio Swuatiov (18-25°C)

2. To aipa cuAAéyetal Kal PeTadEPETAL AUECWE OTa ELOIKA CwWANVApPLO (ULEyLoTn
XxwpntikotnTa 8mL/ cwAnvapto).

3. AkohouBel Ara avadevon twv cwAnvapiwv (8-10 $opEg) KaL oTNV CUVEXELA
duyokévtpnon yla 25 Aenttda ota 1700xg.

4, Metd tnv ¢duyokévtpnon €xouv mpokUPeL ol otiBadeg mou daivovral otnv
elkova. AkolouBel avadeuon twv cwAnvapiwv (8-10 dopég). Etol To mMAdoua Kal
n otBada Twv HoOVOmUPNVWY KUTTAPWY £XOUV

avopLOsi. h‘ “ fane

5. Metadépovtat oe  owAnva  falcon  kat

npootiBetal StdAupa PBS +5%FCS (Biochrom = =

AG, Germany) £¢wc ta 50mL.
6. AkoAouBel pa akoun puyokevtpnon ota 1700

T AvToemad

rom ya 10 Aemrtd.

A , ’ Newirophiles

7. 2Tn OUVEXELD OTMOPPUTTETAL TO UTIEPKEIPEVO I l' IRk
S waonouod

Kall TO {{nua Twv KUTTAPWV enavadlacmeipeTat Do

gurpaedvronan

oe Oyko SloAvpatog PBS +5% FCS kot pe tn

Ewova 3-7: Eikova tou cwAnvapiouv BD Vacutainer® CPT™

Xpr’lcn Trypan Blue V'LVE'EaL npoo&optouéc Cell Preparation Tube mpwv kat petda tn ¢duyokévipnon
Selyparog aipatog. Meta tn duyokévipnon daivovtal ot

BlwopdtnTac Kot aptOpol KUTTApwy. 5LadopeTIkEG OPABES KUTTAPWY.
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3.7 MPOZAIOPIZMOZ THZ BIQZIMOTHTAZ KAI TOY APIOGMOY KYTTAPQN

H ektipnon tou mocootou emPBiwong Twv KUTTAPWV YIVETAL PE TN XPAON TNG XPWOTLKAG
Tou Kuavou Tou tpumaviou (Trypan blue). To Trypan blue diamepvd tThv MAACUATIKA
HEUPBPAVN LOVO TWV VEKPWY KUTTAPWY, UE QTOTEAECHA VA TOUG TIPOOSISEL UTTAE XpwHa
Kol va to KaBlota sudlakplta amd ta {wvtava KUTTapo Tou mopapévouv dwauyr). H
HETPNON TWV KUTTAPWV YiveTal Ot alpokuttapouetpo Neubauer pe tn xprjon omtikol

HULKPOOKOTIOU.

NpwtokoAAo epyaoiag

1. 50-100 plL kuttaplkol evalwpnuatog petadépovral os GPeATIO ULKPOTTAAKAG 96
dpeatiwv Kal avapelyvuovTal HE OPLOMEVN TTOCOTNTA XPWOTLKAG Trypan blue
SloAupévng o PBS, £Tol WOTE N TEAKI) CUYKEVIPWON TNG XPWOTIKAG va £ival
0,2%.

2. Metd tnv TtomoBEtnon KOAUTITPLOOG, METOPEPETOL HIKPN TOCOTNTA TOU
KUTTOPLKOU EValwpRHUATOC oTto BdAapo pétpnong tng mAdkag Neubauer, n omola
LLE TPLXOELSIKA patvopeva amAWVeTaL otn Babuovopunuévn entpavela.

3. O ¢ako¢ eotidletTal otnv MePLOX UETPNONG TIOU ATOTEAELTAL A0 KAOETEG Kall
OPL{OVTLEC YPOAUMUEG KO TIEPLEXEL EVVEQ ETUUEPOUG ULKPOTEPEC TIEPLOXEC, OOV
epuBadou (1 mm?) kat ioou dykou (0,1 mm3).

4, H KaTapéTpnon Twv KUTTAPWV YIVETAL 0T 25 KEVIPLKA TETPpAYWVA TNG SOUNG Tou
OoTAUPOU TOU OULUOKUTTAPOUETPOU. MeTpwvtal Eexwplota ta {wvtava (axpwua)
Kall Tt Vekpad (UmAe) kOTTapa.

5. Yriohoyilovtol n OUYKEVIpWON Kal N PBlwolotNTA TwWV KUTTAPWVY Omo TG

akOAouBEeg oxETELG:

AptBudg kuttapwv/mL StaAvuatog = aptduog {wvrtavwy KUTTAPWY * OUVTEAECTIG
apaiwonc x 10%(yia kade tepaywvo 1,2,3,4 1 5, Etkéva 2-8)

% Buwouotnta = aptduog {wvravwy kuttapwv x 100 / ouvoAikog aptBuds KUTTApwWvV
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Ewkéva 3-8: Avanapdotoon TnG OLUOKUTTAPOUETPLKNAG TAdKkag Neubauer kot tng ewkdvog tou BaAduou pETPRONG Katd thv
TAPATHPNCN OE OMTIKO UIKPOOKOTILO. H KABE TtepLoxf HETPNONG OTO KEVTPO Tou BaAdpou éxel MAeUPEG 1 mm, evw 0 GYKOG TNG
UETA TV ToToBETnon g kaAuTtpidag toovtal pe 0,1 mm3. MmopouUv va petpnBolv ta KUTTtapa ota tetpaywva 1,2,3,4 i 5.

3.8 WY=H KAI ATOWY=H KYTTAPQN

Na tnv Yoén Twv KUTTAPWV XPNOLUOTIOLEITOL N KPUOTIPOOTATEUTLK oucia
SipueBulooouAdoteidlo (Dimethylsulfoxide, DMSO (Applichem, Darmstadt, Germany).
Mpokeltal yla pio opyavoooUAPLVUALKY, AXpwHN Kal Aooun €vwon n omoia €XeL TN
nopdn maxvpeuvotou uypoUl. H mpooBrikn tou DMSO oTo BpemTIKO UALKO TWV KUTTAPWV
mou Tmpoopilovtal yla PuEn OmMOTPEMEL TOV KUTTOPLKO BAvato KOAUTITOVIOC TIG
KUTTOPLKEC HEUPPAVEG KOl TIPOAXUBAVOVTAC TNV KATAOTPOdr TwV KUTTAPWY amo Thv
kKpuotaAwon tou Udatog. Kata t Swadikacia tng amouéng, to DMSO mpémel va
omopakpuUVOel dpeoca amd ta KUTTapa, KaBwe emnpedlel apvnTka T Blwolpotnta
TOUG, VW MMopel va €xel KL AAAn Broloywkn dpaon (m.x. odnyet otn dadopomoinon

KATIOLWV TUTIWV KUTTAPWV).
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3.8.1 WY=H

1.

3.8.2

To KUTTaPLKO evalwpnua puyokevrpeital ota 300xg yla 5 Aemtd os Beppokpaocia
dwuartiou.

ATIOpPIMTETOL TO UTIEPKELUEVO KOl TO nua emavalwpeitatl oe 10 mL mAnpoug
BpemtikoU UALKOU.

YrioAoyietal N CUYKEVTPWON TWV KUTTAPWV Ue TN HEBodo tng mAdkac Neubauer
Kal tou Trypan blue. H Blwolpotnta TwV KUTTAPWY TIOU TIPOKELTAL va TtaywBoluv
Ba nmpénel va Eemepva to 95%.

PuBuiletol n CUYKEVTPWON TWV TIAPATTAVW KUTTAPWV WOTE VA TIEPLEXOVTOL OF
StdAupa RPMI-1640 (Sigma Chemical Co, USA) +40% FCS o 10-20x108/ml kat o€
HULoO Oyko (6lou SaAvpatog mou epmeptéxel 20% DMSO. Meta amo 5 Asmta
npootiBetal iblog dykog amd to StdAlupa mou TeptExel to DMSO kat n teAkA
OUYKEVTpwaon tou DMSO eivat 10%.

Ta kUTTOpa Katavépovtal os cryovials pe telikr ouykévipwon 10-20x10°
kUTTapa/ cryovial kot TomoBetolvtal og XAPTVO KOUTL amoBrRKeuong, TTOU TOUG
emtpénel tnv otadiaky Pugn, otouc -80°C, drou propouv va StatnpnBolv yia
HLKPO XPOVLIKO Slaotnua, Kot TEAKA petadEpovtal oto uypo alwto (-196°C) yia

TOPATETOUEVN KPUOCUVTHPNON.

AMNOWY=H

Ta Seiypata anouyovrat oto udatdloutpo os Bepuokpacia 37°C.

To Bpemtikd UAKO (mpoBepuacpévo otoug 37°C) mpootiBetal otdydnv oto
cryovial, woTe va PNV UTIOOTOUV WOHWTIKO OOK TO KUTTAPOA.

JTnNV ouvéxela Tto KUTtopa petadEpovtal oe owAnva falcon mou mepléxet
BPEMTIKO UALKO.

To KUTTaPLKO evalwpnua ¢uyokevrpeital yla 5 Aemta ota 300xg os Oeppokpaocia
dwuartiou.

ATIOPPIMTETOL TO UTIEPKEIMEVO KOL TO WNHa EMAVALWPELTAL O TIANPEC BpEMTIKO
UALKO.

Mpoodlopiletal n BlwolpuoTnTa TWV KUTTAPWVY UE T HEBodo Tou Trypan blue.
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3.9 TYNOMOIHZH HLA AAAHAOMOP®QON AZOENQN

To DNA amd amopovwpéva PBMCs amopovwBnke pe 1o epmopikd Stabéopo (kit)
Maxwell_16 Blood DNA Purification Kit (Promega, Madison, WI, USA), cOudwva pe TIG
06nyleg TwV KATAoKELAOTWYV. H yovotUTilon tou HLA mpaypatomnol)BnKe xpnoLLOmoLwWVTaC
to kit rSSO-Luminex (LIFECODES_ HLA SSO Typing— RAPID, Immucor Transplant
Diagnostics, INC, Stamford, CT, USA) kat Ta amoteAéopata avaludnkav PE TO AOYLOULKO

MATCH IT! DNA software (Immucor Transplant Diagnostics, INC, Stamford CT).

3.10 AMNOMONQ2H TQN miRNAS AINO OPO, PBMCs KAI FFPE AZOENQN

mMiRNAs amopovwOnkav amnd Tov 0po XPNOLUOTIOLWVTAG TO eUNoplka Sltabéoipo ocuotnua
(kit) Qiagen miRNeasy Serum / Plasma (Qiagen, Hilden, Germany), am6 PBMCs
xpnowuomnowwvtag epnopika dtabéouo ocvotnua (kit) Qiagen miRNeasy Mini kot and FFPEs
HE To epmoptkd Stabéouo ovotnua (kit) RecoverAll™ Total Nucleic Acid Isolation (Thermo

Fisher Scientific, USA) cUudwva He TIC 08NnylEC TWV KATAOKEUAOTWV.

mikNeasy Serum,Plasma Procedure Pt
Serum/plasma
l Cola/fuswe.
it ¥
o
l' Lysis Reagent ﬁ e ond
[—
'
T s oo
|. -l i ﬁ A derchorm ond
shake
ﬂr- Separcie phoses
o Sepore phose
=
| Mdseadn ﬁ
aquecun phaso ]
- oquecun
=
B sindislina
inchuding smell RHAS i
i inclding smoll RNAS
<+ i
=l ]
E Wash
] s ;
P =
’:' e
U
Total RNA ‘%
inchuding smll RNAs -
itk i DA

Ewkdva 3-9: Alaypappatikh anekovion Twy otadiwv anopdvwong twv miRNAs amno A) opo, B) PBMCs kat ) FFPE
ME Ta avtiotowya kits.
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3.11 NPOZAIOPIIMOZ THZ ZYTKENTPQIHZ TQN NOYKAEIKQN OZEQN

H ektiunon tng ouykévipwong Ttou oAwlkoU RNA Tou QmOMOVWVETAL YIveETaL
OWTOUETPLIKA. JUYKEKPLUEVA, HETPATAL N OMTIKA Tukvotnta (optical density, OD) tou
Selypartog ota 260nm kot 280nm. H mpwtn T Sivel tnv amoAutn moocotnta (yla To
DNA: 1 OD = 50ug/mL, evw yta to RNA: 1 OD = 40ug/mL), evw to mnAiko Twv §U0 autwv
TIUWV XPNOLUOTOLEITAL Yl TNV €KTiunon tng kabapdtntag tou &eiypatog. Eav to
TIAPACKEV QOO SEV TEPLEXEL TIPWTEIVIKEC TIPOCUELEELS, TOTE 0 AOYOG OD260/OD2so = 2. Av

UTIAPXOLV, OUWG, TIPOCUEIEELG, 0 AOYOG QUTOG LELWVETOL.

3.12 KATAZKEYH cDNA (COMPLEMENTARY -2YMMNAHPQMATIKO DNA)

Moodtnta oAtkoy RNA ion pe 1 pg xpnolwomoleitat oe aviidpaon avtiotpodng
peTaypadns cUUPwvVaA HE TIG 08NYLEC TOU TUTIOTIOLNUEVOU cuoTthipatog miScript Il RT Kit

(Qiagen, Hilden, Germany).

MNivakag 3-1: AvtiSpaotrpla yla tn Kotaokeur) cDNA.

Avtidpaotiplo MNoocotnta

5x miScript HiSpec Buffer 4 ul

miScript Nucleics Mix 2 ul

miScript Reverse Transcriptase Mix 2 ul
Template RNA 100ng

dH20 eAelBepo amo RNase TeALKOG OYKOG
20pl

AkoAouBouv ol €n¢ ouvBnkeg (Mivakag 3-2), yla Tn mpayHaTonoinon g avtidépaong os
punxavnua iCycler Thermal Cycler (Bio-Rad, California, U.S.A.)
Nivakag 3-2: Oeputkd TPWTOKOMO yLa T KATaoKeur cDNA.
Oepuokpaocia
37°C
95°C
To cDNA mov mpoxbdntel and to mopandve otado apordvetal 1:10 ko amobnkedeTon

o1ovg -20°C péypt v avéivon tov.
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3.13 gRT-PCR (MNOzOTIKH-ZE MPATMATIKO XPONO AAYZIAQTH ANTIAPAZH
MOAYMEPAZHZ)

H Aluvoldwtr avtidbpaon moAupepdong (PCR — polymerase chain reaction) eivat pia
Baolkr TEXVIKA TNG HOPLaKnC PBloAoyiag yla TNV amopovwon Kol TNV evioxuon Mg
aAAnAouyxiog DNA, péow tng eviuULkAg avamapaywyns tou DNA. H PCR sival pia in vitro
HEB0SOG Kal pmopel va mpaypatonolnbel xwpig meploplopouc otn popdr) tou DNA mou
xpnowlormnoleital wg uAtpa. Me tnv PCR, Ula GUYKEKPLUEVN TIEPLOXN TOU YOVIOLWUATOG
uropel va moAAamAaolaotel péEXpL Kal Sloekatoppupla popég, dedopévou OtTL elval
Yvwotn n VOUKA£oTLSIKA tou aAAnAouxia. H aAAnAouxia tou yovidiou () Bpaloupatog
DNA) eival amapaitntn yia 1o oxeSlaopd twv ouvOeTikwv DNA oAlyovoukAeotidiwv
(primers), kaBéva amnd ta omoia €ivol CUUMANPWHATIKO PE pio amd TG aAuoideg Tou
S6ikAwvou DNA. Ta oAtyovoukAeoTidia mou Ba xpnouomnolnBouv weg EKKLVNTEC TIPETEL VOl
oxedlalovtal £T0L WOTE va £lval CUUMANPWHOTIKA PE TA AKPA TNG EMLOUUNTAC TTEPLOXNAG.
‘Evag mAnpng KUKAoG pLag PCR avtidpaong meplhappavel tpia otadia:

e Anodiataén tou DNA (denaturation)

e [pooappoyn Twv ekkivntwv otn DNA pntpa (annealing)

e EmuAkuvon tTwv ekKvntwv (extension)

Evag mAAPNG TETOLOG KUKAOG TeplAapfdvel enmwacn Ttwv OelYHATWY O TPELG
SlopopeTIkEG Bepuokpaoieg, TMOU yIVETAL QUTOHOTO OO ELOLKA UNXOVAMOTO, TOUG
Bepuikoug KukAomonTtég (thermal cyclers). Ze pa turukn avtidpaon, to SikAwvo DNA
anodlataococstal pe B€épuavon otoug 95°C. ITn OUVEXELDL OL EKKLVNTEG OE MeEplooela
uBpLSilovtatl oto DNA oe Beppuokpaocia mou motkiAAel, cuvnBwg, amd 50 — 60°C kat n
omola gival e181kn yla To KABe LeLyog ekkvntwv. AkoAouBel emwaon otoug 72°C yla Tnv
ETLUNKUVON TWV EKKLVNTWV oo pia DNA moAupepdon. 2tnv mpaén, 20 pe 30 KUKAOL TNG
avtidpaong ival apketol yla tnv anoteAeopatikny evioxuon tou DNA otoxou. 2e kaBe
KUKAO n moootnta tou DNA SutAaoialetal.

Ztnv mapouvoa gpyacia xpnotponotOnke n Real Time PCR 6nAadn n PCR mpayuatikol
xpovou (qPCR, moootikny PCR). H Bactkr apxn otnv omola otnpiletal n texvoloyia autn

EUMEPLEXEL TNV apXn Aettoupyiag Tou armAoU PCR pe kUpla Stadopd tnv moootikomnoinon
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TOU TIPOiOVTOC 0To TEAOC KABe KUKAOU TG avtidpaonc, avixvelovtog l86IKO ¢pBoplopo
TIou eKAVETOL aTod To oUVTIOEUEVO Tipoidv. O $BOPLOUOC AUTOC EXEL EvTacon avaAoya Ue
TNV MOoOTNTA TOU MPOLOVTOC Ttou £Xel ouvteBel. AapBavovtag urt’ oV OTL N mocoTnTA
TOU TPoiovTo¢ €lval avaAoyn tou moooU TNG MATPAC TIOU OPXLKA UTIPXE OTO KAOe
Selyua, mpoodlopiletal to eminedo TNG CUYKEKPLUEVNG UNTPAC pEoa oto delypa. Etal,

uTtoAoyi{eTOlL TO TOGO TOU GUVTIOEUEVOU TIPOTOVTOG OTO TEAOG TOU KABOE KUKAOU.

Hoem. Fluoro.

*’7;' r.'/
. 1) ikl
5 5 10 18 2

Ewéva 3-10: padik mapdotacn KApmuAng tng avtibpaong tng moootikig PCR. H opllovtia ypauur Ssixvel to KatwdAL
(threshold) oto omoio o $pBoplondg Twv poiovtwy tng PCR apyilel va Eexwpilel ano to Baowd eninedo (baseline). O kUkAog
otov omnoio cuppaivel auto amodidetal pe tnv T Ct, TOU avtlotolxel otov KUKAO Katd tov omoio o ¢pBoplopndg Eemepva to
katwoAL avixveuong. H tun Ct eival amapaitntn yla tnv moootikonoinon tou deiypoatoc. Asiypata pe moAAd avtiypada tou
YOVLSlou 0TOXOU €XOUV pKpOTEPO Ct amd deiypata pe Ayotepa avtiypada tou yovidiou atdyou.

Eva and ta no Sadedopéva dBoploxpwpata mou xpnolgomnolouvtal eivatl to SYBR

40

Green, QLo XpwWOTLKN TIoU SLabétel Tnv kavotnta va deopevetal oto SikAwvo DNA kal
va eKAUEL $pOopLopO. To PELOVEKTNHA TOU GPOOPLOXPWHATOC OUTOU Elval OTL SeopeVETAL
un €81KA, He cuVEMEeLa va eKAVETAL POOPLOUOG OXL LOVO aTtO TO £L6LKO TPOIOV aAAA Kal
a6 onowadnmote SikAwvn dopr) VOUKAEIVIKOU 0£€0C, OMWC oo Ta SLUEPN EKKLVATWV
TIou ouxva oxnuotifovtat. H pn €bki tou ouvdeon amattel emupdobeta otadia
ovaAluong vy Ttov Tmpoodloplopd Ttou el8lkol onpotoc. M to Adyo autd
T(PAYUATOTIOLELTAL OTO TEAOG KAOE MEPAUATOC N VAAUCN TNEG KAUMUANG TWV onpelwy
™méng (melting curve analysis). Autr} dnuloupyeital otav pe tn otadlaky avénon tng
Bepuokpaoiag to SikhAwvo DNA anodiatdcoetal. O ekAudpevog pBoplopog oxnuatilet

MOl KOUMUAN Tou mapouctaletal w¢ ypadnuo Tou apvnTikou Aoyapibuou Tou
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dBoplopov mpog tn Bepuokpacia (—dF/dT) kat gival €8Ik Kol OVTUTPOCWTIEUTIKA YL

KABe poplo DNA.

Fluorescence

cwova 3-11: AvTupoowneuTikeég KapumuAeg amodiataéng (A) kat kopudEg amodidatagng (B) twv mpoloviwv
evioxuong pe Real-Time. H Unapén povadikng kopudng umoSnAwvel Tnv evioxuon povasdikol poidvtog.

Juykekplpéva, n gPCR mpaypatomolndnke oe pnxavnua Rotor-Gene 3000 (Corbett
Research, Sydney, Australia) xpnowomnowwvtag to miScript SYBR Green PCR Kit (Qiagen,
Hilden, Germany). Ma tnv avixveuon wplpwv MiRNAs XPnGOLUOTIOLNOAUE EKKLVNTEC
(Hs_miR-21_2; Hs_miR-181a_2; Hs_miR-1460_1; Hs_miR-23a_2; Hs_miR-16_2; Hs_miR-
155_2) (Qiagen, Hilden, Germany) kat ot avtidpacelg mpayuatonoltionkav cudpwva pe
TG odnyleg Twv kataokevaotwyv. Q¢ spike in control xpnotpomno)BOnke to miRNeasy
Serum/Plasma Spike-In Control C-39 (Qiagen, Hilden, Germany). Evw n péBodog AACt
xpnowornowtnke yia tnv availuon twv Sedopévwyv Kol n KapmuAn tRéng yla tnv
eLBKOTNTA TWV ETULMESWV €kdpaong Twv MiRNAs.

N OeTIkO control

T
Norm. Fluoro.

Ewova 3-12: Itnv ewkova paivovtat A) Kopudn amodiataéng kat B) kapmUAng tng avtidpaong tng mocotiking PCR amnd ta
MPWTA SOKLMAOTIKA Ttelpapata. Me pol daivetal to Betikd control, evw to Tpog peAétn miRNA ota mpog e€€taon
Selypata ¢aivetal va eival pn aviyvelolpo. Emeta and SOKIUAOTIKA TELPAUOTA OTn CUYKEVIpWON Tou cDNA rmou
xpnotpomnoteital otnv aviiépaon tou RT-PCR kataAn§ape oTLG oUVONKEG TOU avadEPOVTAL EKTEVWEG OTNV CUVEXELA Kall
otnv apaiwon 1:10 ou mpaypatonolitnke yla T deiypato pag
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Nivakag 3-3: Stolelopetpia avtibpaong.

ALY CDNA......coeceeeeree et 1ul
miScript SYBR Green PCR.........ccccccveceeveennene. 10ul
EKKLWVNTIIC ceveveereiierieree et enereeee e essenenes 2ul
Universal EKKWVNTAG.....cciureereerereeereerereereseeanes 2ul

T [ 10 TR <20 pL

Nivakag 3-4: SuvOrkeg avtidpaong RT-PCR.
KukAog

Anoéiatagn

1° 95 15:00

(Hold)
1° 94 00:15
MNoAvpeplopdg
2° 55 00:30
(Cycling) x40
3° 70 00:30
Tnén (Melt) Avénon amd 67°C éw¢ 90°C (0.5°C / kukAo)

Nivakag 3-5: EKKVNTEG yLa TV avixveuon twv miRNAs

miScript Primer Assays
AAAnAouyia (5’-3’)
Hs_miR-21_2 UAGCUUAUCAGACUGAUGUUGA

miRNA

Hs_miR-181a_2 AACAUUCAACGCUGUCGGUGAGU

Hs_miR-146a_1 UGAGAACUGAAUUCCAUGGGUU

Hs_miR-23a_2 AUCACAUUGCCAGGGAUUUCC

Hs_miR-16_2 UAGCAGCACGUAAAUAUUGGCG

Hs_miR-155_2 UUAAUGCUAAUCGUGAUAGGGGU
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3.14 ZTATIZTIKH ANAAY2H

To GraphPad Prism ékéoon 7 (GraphPad Software, Inc) kat to IBM SPSS 24
XpnoLlomotnkayv yla tn oTatloTikn availuon twv dedopévwy. To Mann-Whitney t teot
bue 95% Olaotnua epmnotoouvng (confidence interval) koL oL cuoxeTioelg Spearman
XpnoLwlomowtnkayv yla otatloTtiky ektipnon. MNa tnv aflohoynon tng eAsUBepng vooou
emBiwong (DFS) kat ouvoAikn¢ emBiwong (OS) xpnowuomow)Bnkav ot kapnuAeg Kaplan-
Meier kat log-rank kat Gehan-Breslow-Wilcoxon teot, kat ot TipEC p < 0,05 Bewpnbnkav

OTATLOTIKA ONLOVTLKEG.

3.14.1 NMOAYNAPATONTIKH ANAAYZH EMIBIQZHZ

H moAumapayovtiky avaluon (multivariate analysis) empBiwong Cox Regression,
Tipaypatomnolionke T16oo yla tnv eAeUBOepn vOoOU OC0 Kal TNV oUVOALKH erBiwon, YE Tn
BonBewa tou mpoypdppatog IBM SPSS 24. OAeC OL OVOUOAOTIKEG MG HETABANTEG
HUETATPATINKOV OE APLOUNTIKEG UE OKOTIO TNV EUKOAOTEPN EPLNVELQ TWV ATIOTEAECUATWV.
MNa t énuoupyla Twv TEAKWV HOVIEAWV, UETA amd TNV apykn afloAdoynon Ttwv
HeTaBANTWY pog, xpnotpornowtnke n péBodoc forward likelihood ratio, pe 6plo yia tnv
gloaywyn Twv onuavilikwv petapfAntwv 1o 0.05. OL mivakeg mapouolalouv Tn
onuavtikotnta kabe petaPfAntnig kot hazard ratio pall pe to SLACTNUA EUMLOTOCUVNG

95%.

3.14.2 AHMIOYPTIA AATOPIOMOY MPOBAEWHZ

H opadomnoinon twv acbevwv oe opddeg-ouotadeg (clusters) mpaypatomolidnke pe
hierarchical clustering, xpnowomnowwvtag tn nEBodo Ward's Method tou Aoylopikou
IBM SPSS 24, &ivovtag pag 3 dwakpita clusters pe toug Aoyouc xi/di. H duvatotnta
XapoaktnplopoU Twv clusters pe Baon ta miRNA mpaypatonotndnke pe tn xprjon QUEST
classification trees, pe toug Adyoug xi/6i oto mpoypappa IBM SPSS Modeler 18. Mg
Baon auta ta QUEST classification trees untoAoyiotnke to opaipa mpoBAePnc yia kabe
uetaPAnt. Eva emutAéov QUEST classification tree xpnowwomowiOnke pe OAeG TLG

HETAPBANTEG Yyl TOV UTIOAOYLOMO TNG OnMAvTKOTNTOC KABe petaBAntic (predictor
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importance pi), oL omoleg XpnOlUOMOLOUVTAL YlO TNV KATAOKEUN TOU TEALKOU

aAyopiBpou miRNASCORE mou KatnyopLlomolel TEAKA Toug aoBeveig pLag.

3.14.3 AIATPAMMATA ROC (ROC CURVES)

Ta Staypappata ROC dnuoupyndnkav pe tn BonBela tou mpoypappartoc IBM SPSS 24
Kal Topouclaotnkayv poll pe to eufadod tng mepLoxng KAtw amod to diaypapua (Area
Under Curve, AUC), xopaktnplotiko péyebog ekdpaong tng Suvatotntag mpoBAedng
™G MetaPAnTAC Hag. To otatlotiko peEyeBog Jouden (J), ekdpdlovtag tn MEYLOTN
andotaon tng Slaywviou amod 1o ypadlki oG MapdoTacn UmoAoyiotnkav amo euAg,
HEéow Tou TUTMoU J=(sensitivity+specificity-1). EmumpooBeétwg, tao SlaypAppOTO QUTA

Xpnotpomnowfnkayv yla Tov KabBopLlopo Twv oplwv Petaty Twv opadwv/ocuotadwy pag.
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AlMOTENEZMATA
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4 ANOTEAEZMATA

4.1 KATHIOPIOMOIHZH AZOENQN

ITNV HEAETN QUTH) OUPUeTelxav aocBeveic pe LoToAoyka smBeBALWUEVO TIOPOYEVN,
SNONTIKO HUN  METOOTATIKO KOPKIVO TOU HaoTtoU. 2to TAaiolo avaAuong Twv
OTOTEAEOUATWY Kol O pla TpoomaBesio va SnULOUpPYHOOUUE opadec aoBevwy,
Katnyoplomowjoapue TG oaobeveil pe Pdaon ta eykaBidpupéva  kAwikomaboloyikd
XOPOKTNPLOTLKA TOUC. ETeldr) n LEAETN HaC TIEPLEXEL 0TO OUVOAO NG 162 acBeveic kat e
Ta Sladopa KAWIKOTIABOAOYIKA XOPAKTNPLOTIKA ToU BOfoape apxikd wG Paoclko
mapayovia Katnyoplomoinong n kabe opada aobevwv KaTaKepUOTI(ETOL KAl oL
0a0Beveig og kAOe umo-opada eivat oAU Alyol, amodacicape va OUaSOMOL)COULE TOUG
aoBeveig Grade 1 kat Grade 2 kal toug aoBeveig mou xapaktnpilovtat and Grade 3.
‘Ocov adopa otnv otadlomoinon katd TNM, opadomow)Bnkav ot aoBeveic wg €E€NG:
npwipou otadiou- early stage mou meplappavouv | & lIA kal mpoxwpnuévou otadiou-
advanced stage IIB, IlIA & llIC, evw afilet va onuewwBel mwcg oocbeveic IIB bev
ouumnepleAndOnoav otnv PeAETn KaBw oto otddlo auTO O KOPKIVOG UTtopel va €xeL

eneKTaOel Kal 0To BwpaKLko Tolxwpa n/Kal oto dépua.
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4.2 AIHOHZH AMNO ANOZOZKYTTAPIKOYZ YIMOMAHOYZMOYZ

Ye éva oUVOAO 162 aoBevwy e SINONTIKO U UETAOTATIKO KAPKIVO TOU LOOTOU Mou Sev

YOvoro ac0svav

n=162
Méon nhkia (xpovia) Evpog
54 27-78
Tumor size n
TX 1
T1 70
T2 81
T3 10
LN status n
NO 64
N1 56
N2 32
N3 10
AJCC stage (TNM) n
| 45
A 38
1B 34
A 34
1B X*
lnic 11
Grade
1 4
2 86
3 72
Hormone receptors n
Betwcol 127
apvnrucol 35
HER-2/neu n
BeTucd 41
opVNTIKO 121

NMivakag 4-1: KAwvikomaBoloyikd

XOPOKTNPLOTIKA AoOevwv.

eiyav AaBel véo-emikouplkny Oeparmeia, SiepeuvnBnke n
6inbnon amdé avoookuttapa (CD8, CD163), t6cO OTO
6iNBNTkO pétwmo (Invasive Margin) Tou Oykou 60O Kal OTO
KEVTPO TOU OyKou (Tumor Center). Kpttriplta amokAELOHOU TwV
acBevwyv Atav n petootatiky N apdimAeupn vooog T OTLYUN
™m¢ Slayvwong, LoTopkd omoloudnmote GAAouU  TUToOU
KOLPKIVOU, N TOTILKA UTTOTPOT KATA TN SLAPKELA TNG KAWLIKAG
KaBw¢ kot n avamntuén

napakoAovBnong (follow-up),

bevtepou  mpwtomaBbou¢  oOykou. Xtov  [Mivaka 4-1
napotiBevtal Ta  KAWIKOTIAOOAOYIKA XOPOKTNPLOTIKA TwV
acBevwv.

Apxikd peAeTAONKe n Sladopikr XWPOTAELKN) KATOVOUN TwV
CD8 kat CD163 oto kévtpo tou oykou (TC) kal oto dinOntikd
puétwmo (IM) oto olUvolo Twv acBevwv. Qaivetal nmwg n
énbnon oamdé Ttoug U0 QUTOUGC OVOCOKUTTAPLKOUG
umomAnBucopoUg eival peyaAutepn oto StNBNTKO péTwro ar’

OTL 0TO KEVTPO TOU Oykou (Elkova 4-1).

* AoBeveic otadiov B dev etonydncav oty pedém
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YTn ouvéxela peAetnOnke n dtBnon and avtolg Toug UONMANBUGUOUC TOGO OTO KEVTPO
000 KalL oto ONOnTkO HETWNMO OE OX€on HE eyKaOLOpUUEVA  KALVIKOTIABOAOYLIKA
XOPAKTNPLOTIKA, OTwG 0 Babuoc dtadopomoinong (Grade), n otadlonoinon kata TNM,
To péyeBoc¢ tou oykou (T) kat tn &inBnon Asudadévwv (LN status) (Ewkova 4-2).
Mapatnpnbnkav OTATIOTIKA onuavtikd upnAotepa mocootd CD8+ KUTTAPWV OTO
SNBNTIKO péTwTo tou Oykou (Ewkova 4-2B) kot CD163+ 1000 oto kévipo (Ewkova 4-2I)
000 Kkal oto O&inOntkd peEtwmo (Ewdéva 4-2)) oe aoBeveig pe uvPnAo Pabud
Sladpopomnoinong (Grade 3). Ooov adopda tnv otadlomoinon katd TNM, vnAdtepn
61nOnon mapatnprnbnke yla ta CD163+ KUTTAPO TOGO OTO KEVIPO OCO Kal 0To Sinbntiko
HETWTO TOU OYKou og aoBeveig mpoxwpnuevou otadiou (1B, IIIA, IIC) (Ewova 4-2K-L).
Mapopola KOTtovourn Tmapatnpnbnke kal HE TNV Kotnyoplomoinon ouUpdwva HE TO
Huéyebog tou oykou. YPnAdtepn duOnon mapatnpendnke yia ta CD163+ kutTtapa TG00
OTO KEVTPO 00O KoL OTO dNONTIKO UETWTIO TOU OyKou o€ aoBeveic T2, T3 o oxéon He

Touc acBeveic T1 (Ewova 4-2M-N).

A B p<0.0001 p<0.0001

200004 300004 o
150004 © o0

100004 0 o
an] L. cpdie
2000 ° )

1500 P 028

0004 9,0

Tumor Center Invasive Margin
C (x100) D (x200)

cD8 cD163 cb8 CD163
B )RR :

Low

High

Ewova 4-1: Katavoun twv CD8+ & CD163+ KUTTAPWV OTO KEVTPO TOU OYKOU Kol OTO
SNONTIKO PETWTTO TOU OYKOU.
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Ewdva 4-2: Katavourn twv CD8+ & CD163+ KUTTtApwV 0TO

OyKOU avaloya pe KALVIKOTIOOOAOYLKA XOPOKTNPLOTIKA.
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KEVTPO TOU OYKOU Kal 0TO StnONTIKO UETWTIO TOU
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4.3

ANAAPOMIKO TMHMA THZ MEAETH2

MNa 97 and tg acbeveic otic omoiegc peAetnOnke n SNONoN amd avoooKUTTAPLKOUC

urntontAnBuopoug, Atav dtabéoun n KAWLk mapakoAouBOnon toug (Slduecog 6.9 xpovia

(0.11-10xpovia). Ztnv Ewova 4-3 mapatiBevral ol kapmuAeg emiBiwong (DFS & OS) twv

acBevwyv ocupdpwva pe ta eykaBLdpupéva KALVIKOTIOOOAOYIKA XOpaKTNPLOTIKA (BaBuog

Sladpopormnoinonc-Grade, otadlo T, di6Bnon Aepdpadévwv-LN, kot otadio katd TNM).

All patients
Grade T status LN status TNM stage
1004 1004 1004
LI} Ll
901 904 ) 90
.
L 17 LLL} LLN}
804 804 804
L i i
w70 w704 L 70
60 604 604
Log rank p= 00720 204 L0g rank p= 0.0005 Log rank p= 0.0108 Log rank p=0.0009
501 Gehan Breslow p=0.0181 10 Gehan Breslow p= 0.0008 %01 Gehan Breslow p=00124 504 Gehan Breslow p= 00010
® Hazard ratio 2.067 . Hazard ratio 3.933 " Hazard ratio 2707 Hazard ratio 3691
2 . 5 g 10 2 1 5 8 0 2 H 5 8 10 2 1 s 810
years years years years
100 100 1004 [ 1004
e i aany
90 904 90 904
[—
80 804 80 804
3 70 8 1o 8 3 nd
60 60 60 60
Logrank p=0.0114 Log rank p=0.0003 Log rank p=0.0194 Log rank p=0.0005
1 Gehan Breslow p=0.0075 501 Gehan Breslow p=0.0009 M Gehan Breslow p=0.0145 %1 Gehan Breslow p=0.0005
Hazard ratio 3.042 Hazard ratio 6.868 Hazard ratio 3426 Hazard ratio 6198
40 T T T T 1 40 T T T T 1 4 T T T T 1 40 T T T T J
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
years years years years
— G12(n=58) -~ G3(n=38) i T1(n=39) —— T2,3(n=58) - neg(n=38) —— pos(n=50) - Early (n=50) == Adwanced (n=47)

Ewova 4-3: KapnuAeg emiBiwong Kaplan-Meier twv acBevwyv cUpdwva pe eykabidpupévouc kAvikomaboloykolg Seiktec.
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Y10 ypadnua mou akoAouBel (Ewkova 4-4) mapatiBevral ol KAUmUAEG yla TNV eAelBepn
vooou emiBiwon (A & C) kat cuvoAikn emBiwon (B & D). MeletnBnke n emPiwon twv
aoBevwv avaloya pe to Babuo dindnong oto TC i IM, omou n &tBnon oplotnke wg
vynAl (H) A xapunAn (L) €dv n twn Atav mavw f Katw and tov dtapeco (median),
avtiotola. AcBeveig pe xapnAn duBnon amé CD8+ kuttapa oto SNONTIKO HETWTO
glyav onpavtka kaAUtepn eAelBepn vooou emiBlwon CUYKPLTIKA UE EKELVEC TIOU €lxav
vdnAn (A). Avtioton ewova mopatnpnOnke kat yla tnv cuvoAikn emiPBiwon (B). Ocov
adopa T dBnon twv CD163+ KUTTAPwWY, MapatnpnOnke pia TAON OTNV GUVOALKN
emBiwon 6oov adopad tv dt6non oto TC. KaAUtepn ouvoAikn eniBiwon mapatnpndnke
oe aoBeveig pe vPnAn 61RBnon and CD163+ KUTTAPO OTO KEVTPO TOU OYKOU, O€ avtiBeon

HE eKelveG pe xapunAn Stibnon.

All patients
cD8 CD163
100 -4t 100ty
n (n i
- £ . ': [
! '| B - Y [ 1
90_ " |III L 90_ " [ N\Il
| it L et " Ll
LB 1 i 1 M
i ' - - 80- gt | '
804 i L B ! ey
x\ n“ [ TN B L. 1‘:113'
L | (TS R TE TR T S ——
o 10 . R T ® 70 y
& a
a . [T 60
60 B TR o
504 IMHvs L L, 501
101 Log rank p=0.0312 404
Gehan Breslow p=0.0304
Hazard ratio= 2.315 20
30 T T T T 1 T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10
years years
100ty 1004==
.::": it "IH'.‘.H g
904 ! Q::I“‘ L e 90 - ‘; Sk
1 [ I B T TR R AN BRI b H P s L
= ' [T I [ NTERE LU PERRETRIYE T —|
80 i u“ ‘n e 80 o ul R
L RN 1 eu
704 i
()] [ ) 70
o o]
60 604
504IMHvs L 50{ TCHws L
404 -09 rank p=0.0656 4o L09 rank p=0.1854
Gehan Breslow p=0.0490 Gehan Breslow p=0.0818
Hazard ratio=2.613 Hazard ratio=1.996
30 T T T T 1 30 T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10
years years
i= TC High (n=50) == TC Low (n=47) i= TC High (n=45) == TC Low (n=52)
— |M High (n=45) —+ IM Low (n=52) — |IM High (n=45) — IM Low (n=52)

Ewova 4-4: KaumUAeg enBiwaong Kaplan-Meier yia ta CD8+ & CD163+ KUTTOPQ, AvVAAOYQ E TNV TTUKVOTNTA TWV
umomANBuoWV aTto kKévtpo TC kal aTo StNONTIKG HETwTo IM.
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4.3.1 AHMIOYPTIA «YNOTPAOQN» AMO TH AIAOOPIKH KAI 2YNAIAZTIKH AIHOHZH

ITNn OUVEXEL, ETXELPNONKE Vo CUOXETIOTEL, TaUTOXpova, n dOnon oto KEVTIPO Tou
OYKOU KoL 0TO 81nONTikO péTwTo Tooo anod CD8+ 6co kot twv CD163+ KUTTApPA, UE OKOTIO
TNV avelpeon evog HotiBou mou mBavov va OXETIZETAL E TNV KALWVLKN QVTIATIOKPLON TWV
oaoBevwv. Ita dtaypappata A & B (Elkova 4-5) amelkovilovtal ol KapmUAeg emiBiwong
onwe mpoékuPav amnod cuvduaopolg dnbnong and CD8+ kuttapa kat ota C & D amo
CD163+ kuttapa. To HH avadépetatl os uPnAn tBnon téco oto KEVTIPO OCO KAl OTO
SiNBNTkO pétwmo, to HL avadépetal oe vPnAn StAOnon oto KEVTPO Kal XapnAnR oto
SinOntikd pétwrmo, to LH yapaktnpilet xapunAn dwBnon oto kévtpo kot uPnAn oto
SINONTIKO HéTwTo Kol TEAOG To LL adopd og xapnAn dt1Onon t0c0 oTo KEVIPO TOU OYKOU
000 Kol 0To dNONTKO pé€twmo. Ou kapmuAeg emiBiwong ywa tn 6nbnon amo CD8+
KUTTOPA avadeLlKVUOUV TIwG TO TPOTUTOo HL €xel kKaAuTtepn KAWLIKN €kBaon amod to LH. Evw
yla ta CD163+ kUTTapa TO €UVOIKOTEPO TPOdIA 600V adopd TNV KALWVLKA aVTATTOKPLON
elvat to LH évavti tou HL.

To amoteAéopATA AUTWYV TWV AVOAUCEWV AmOSEIKVUOUV TOV TIPOYVWOTLKO POAO TNG
XWPOTAEIKNC KaTtavounc Twv CD8+ kat CD163+ KUTTAPWYV OTOV KOPKIVO TOU HaoTou. ITn
ouvéxela, ouvbuaoape ta mpodiA mou PBprkape yla ta CD8+ kat CD163+ kUTTapa Kal
Snuoupynoape KAToLeG uTtoypadEC Tou eUnePLEXOUV Tooo Ta CD8+ & CD163+ kuttapa
KAl TNV XWPOTaELK TOUG KOTOVOUN OTO KEVIPO KAl OTo dinOntkd pétwmo. Etol,
nipoékuPe n FCIS (favorable cell immune signature) umoypadr mou xapaktnpiletal anod
CD8+ HL 1 CD163+ LH 1 kat ta 800 Tautdxpova Kal CUOXETIZETAL PE €UVOIKN KALVIKN
avtamnokplon. H aAAn unoypadn xapaktnpiletat ano CD8+ LH i CD163+ HL rj kat ta Suo
Toutoxpova (kat oxt CD8+ HL 1 CD163+ LH) kat ovopdotnke UCIS (unfavorable cell
immune signature), pe xewpotepn KAWL €kBaon. Zta Saypdupata E & F (Eikova 4-5)
napoucotalovtol ol KOUMUAeG emPBiwong yla Tg aocbeveic mou n dunBnon Ttoug
xopaktnpiletal and tig unoypadég UCIS & FCIS. Ou acBevei¢ pe FCIS mapouaoialouv
OnNUAvVTIKA KoAUTEPN eAeUBepn vooou smPBiwon (DFS) kat cuvoAikn emiBiwon (OS) os

oxéon Ue T aoBeveig pe UCIS.
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cDé CD163 Combined CD&/CD163
A 1|]|:|..--.|.---- C E 100
! | R Y
. ]
90 - oy . -
I by u-. 20
L "o [ ]
a0 | . L‘u---l.u--u.l 20 4 1
LI TR —
04 4
g p g "
(=] (=]
m_ 1 L] " L] c Eu_
50qHL vs LH R SAFCIZ w UCIS
Log rank p=0.1808 Log rank p=0.0218
#Gehan Breslowp= 0.1281 40+ 407 Gehan Bresowp= 0.0070
Hazard ratio=2282 Hazard ratio= (.2242
30 T T T T 1 30 T T T T 1 30 T T T T 1
0 2 4 g ] 10 a 2 4 g g 10 0 2 4 & 8 10
years years years
1|]|:|-.th-¥-l. I — iy ' - '1|I|—‘—‘—U—|_"_‘
) DR b i b
504 I—i L,...- u-h o0 |‘ 904 L
' I L) LE NSRS
80+ . . B0 R 807
it —
- m_ 1 [} m- Lﬂi Tu.
w
c L 8 °
50 &0 4 60 L e —]
B0HL vs LH 504HL ve LH 50{FCIS ws UCIS
Log rank p=0.1212 Log rank p=9.1184 Log rank p=0.0041
40 Gehan Breslowp= 0.2122 A5 ehan Breslowp=0.1178 401 Gehan Breslowp=0.0057
Hazard ratio=2.232 Hazard ratio= 2.355 Hazard ratio= 0.1018
30 T T T T 1 20 T T T T 1 30 T T T T 1
0 2 4 B g 10 0 2 a M g 10 0 2 4 B B 10
years years years
mha HH(n=30) == HL (n=20) mim HH (n=34) o Ho(n=11) = FCIS (n=28) == ICIS (n=1T})
= | H(n=15) +'« L (n=32) = H{n=11} st L (n=41) —— HH/HH (n=21} ' Rest (n=31}

Ewkova 4-5: KaumuAeg emBiwong Kaplan-Meier yia tov cuvbuaopd CD8+ & CD163+ KUTTAPWY OVAAOYQ UE TNV MUKVOTNTA TWV UNMOTANBUOUWY (TO MPWTO YpAUUa
avapEPETaL 0To KEVTPO Tou Oykou TC Kat to SeUtePo oto SNBNTKS pétwro IM).
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4.3.2

EYNOIKEZ
XAPAKTHPIZTIKA AZOENQN

KAI

AYZMENEIZ

«YNOTPA®DEZ»

KAI

KAINIKOMNMAG©OAOTIKA

Itn ouvéxela, BeAnoape va SoUUE KOTA TOOO oL umoypadEG Tou SnULOUPYHOOUE

oxetilovtal 1 oxt pe Oiadopa KAWIKOTTAOOAOYIKA XOPOAKTNPLOTIKA. EToL Aoutov

Katnyoplomoloapue Ttou¢ oaobBeveic pe Paon to Pabud Swadopomoinong (Grade)

Aappavovrtag untogn mavta Tig untoypadéc. AcBevelg pe xaunAo Babuo ditadopomnoinong

(Grade 3) mou ¢épouv T FCIS umoypadéc spdavidovtal va mAnolalouv TOAU TN

OTOTLOTIKI) ONUAVIIKOTNTA OUYKPLTIKA pe aoBevelc mou éxouv uynAd Babuo

Sladpopormnoinong (Grade 1,2) (Ewkova 4-6).

80+ I

704

DFS

604

50

40

304

Grade CD8

80+

704

0s

60

504

401

w
=]

0 2 4

years

- G1,2 HH (n=10)
 G12LH(n=7)

= G3HH (n=20)

= (33 LH (n=8)

6 8

G1,2 HL (n=18)
G1,2 LL (n=23)
G3HL (n=2)
G3 LL (n=8)

C

DFS

0s

100

904

804

704

60+

50

401

30

Grade CD163

0

50

40

8 10

30

2 4 6

G1,2HH (n=

G1,2LH (n=7)
G3 HH (n=26)

G3LH (n=4)

years

8)

8 10

G1,2 HL (n=9)
G1,2LL (n=34)
G3HL (n=2)
G3LL (n=6)

DFS

0s

Ewova 4-6: KaumUAeg emPBiwong Kaplan-Meier yia tg acBeveig mou yapaktnpilovtoal amno

Stadopomnoinong.
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Grade 3 patients

100+
904 L
go{ | |
704 |
60 L - -
504 I
404
30 rais wsUCIS
204 Log rank p=0.0891
104 Gehan Breslow p=0.0719
Hazard ratio=0.2095
c T T T T 1
] 2 4 6 8 10
years
100"' 1 [N i
504 | i
so{
I - —
70 |
604
504 '
40+
301 Fols ws UCIS
20 Log rank p=0.0543
104 Gehan Breslow p=0.0589
Hazard ratio=0.1438
c L} L} T T L}
] 2 4 6 8 10
years
= FCIS (n=5) == UCIS (n=6)
*~ HH/HH (n=19) = Rest (n=8)

T FCIS kat UCIS avdloya pe to Babuo
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Mapopola avaluon mpaypatonow)tnke yla TG unoypadeg kat to otadlo (mpwipo A
npoxwpnuévo) (Ewova 4-7). AcBeveic mpoxwpnuévou otadiou mou dépouv tig FCIS
UTIOYPAdEG £XOUV OTATLOTIKA ONUAVTIKOTEPN EAeUBepn vooou (C) kat cuvoAlkn emiBiwaon

OUYKPLTIKA pe acBeveic ou dpépouv Tig UCIS umoypadég (D).

THM stage CD&

HL v LH

Log rank p=0.0702
Gehan Bres bw p=0.0454
Hazsr::llraﬁFDJIE-EEE-

HL ws LH

Log rark p=0.0805
Gehan Breslow p=00849
Hazar dratic=0. 1929

— EatyHH (n=13) -

2 4 L] ] ]
years

AdvHH =17}
Adv LH (n=8)

AdvHL (n=5)
AdvLL (n=15)
EaryHL (n=14)

Early LH (n=6) EaryLL in=17)

DF§

05

THNM stage CD163

Advanced stage patients

100 L l B PP a 00 - . h
m. 1 | m- 1
80 . | 0 u
o : e om n{ = L. .
- i . . ,
. - I
5}_ ] . E s}_ X 1
40 407
30+ ¥ Fois s UCIs
20 21 Logrank p=0.0191
10 404 Gehan Bresbw p=0.0155
0 ] 4 & 8 10 0 H 4 [ B 10
years F years
100 -ttt st — LTV FRVSSETE T BEA— 100 "
1 i 1 . 80 ' 'l [ '
8 80
70 !
M i i |
o0 .
704 —_— 8 504 '
HL s LH W rcisvs LCIS
sod Log rank p=0,2849 201 Leg rank p=0.0208
Gehan Breslow p=0.2722 10 Gehan Breslow p=0.0238
- Hazard ratic= 5109 0 Hazard ratic= (. 1584
0 2 4 & 8 10 0 2 H & 8 10
years years
= AdvHH(n=2) v AdvHL (n=6) e FCIS 1=8) == UCIS (n=11)
s Agv LH (n=3) v AdvLL (n=17) . Camn Rest (n=15)
—— EarlyHH (n=13) -+- EarlyHL (1=5) HHIHH (n=13) est (n=13)
— EarlyLH (n=8} ' Eary LL (n=24)

Ewova 4-7: KaunUAeg emuBiwong Kaplan-Meier yla tig aoBeveic mou xapaktnpilovtat amno tig FCIS kot UCIS avaloya
LE TO 0TASL0 TN VOoOU.

AkoAouBnoe avaluon yla to péyebog tou oykou (Ewkdva 4-8). AcBeveic pe T2, T3
Héyebog oykou Kal FCIS umoypadEg £xouv euVoikOTEPN KAWVIKN €KBoon amo autolg ou

dépouv TIc UCIS umoypad€éG. ZUYKEKPLUEVA, ONUOVTIKA KaAutepn eAeuBepn vooou
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emBiwon (C) kat ocuvoAkn emiBiwon (D) mapatnpeital ot aobeveic pe T2, T3 mou

xapaktnpilovrat ano FCIS oe oxéon Ue ekelvoug mou xapaktnpilovtat and UCIS.

T status CD8

W TZ2HLws T23LH

20 Log rark p=0.1084

10 Gehan Breslow p=0.0808
o Hazard ratic= g, 21965
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g0 GehanBresbw p=0. 2123
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20
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— TUHH (n=11)
 T1LH(n=5) -
= T23HH (n=19) +°
= TZ3LH (=10}

T1LL (=12}

TTHL(n=11}
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T23 HL (n=10)
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T Lo ol d 70 .
B0 = P &0 ! "
" E . L
sn_ T 1 ﬂ 5“- !
4+ A0
] M7 Eois = LIS
2 20- Log rank p= 0.0187
104 10 ] Gehan Breslow p=0.0139
o . Herardratic=0 1924
T T T T 1 w T T T I
0 ¥ 4 [ B 10 o 3 1 M M 0
years F years
100 - e S LR TNE N TR TN 100~
M- m_ 1 |I 1 s s Il-". L
80 ' 80
?D_ II ! II = L] III [ III Tﬂ_
en
- 3
60 604 L : .
304 . 304 FCISw UCIS
Log rank p=0.0359
407 40 enan Breslow p=0.0482 !
an 0 Hezard ratic=0 2015
[ ) H [ 8 10 0 2 H 6 8 10
years years
= T1HH [p=11) o T1HL (n=4) _ _
= T1LH (no6) T g FCIS (n=13) == UCIS (n=12)
s T2, 3HH (n=23) w T2,3HL (n=7) - -
- B o B HHHH (n=14) — Rest (n=18)

Ewova 4-8: KaumuAeg emiBiwong Kaplan-Meier yia tig aoBeveig mou xapaktnpilovtat and tig FCIS kat UCIS avaloya pe to
péyebog Tou OyKou.

TéAog, akoAoUBnoe pwa katnyoplomoinon twv acBevwv pe Pdaon tn Sinbnon twv

Aepdadevwy (LN status) (Etkova 4-9). AcBeveic pe BetikoUg Aspupadévec mou GEPOUV TIG

FCIS umoypad£€g £€XoUV OTATIOTIKA ONUAvTIKOTtepn €AelBepn vooou (C) kol GUVOALKA

eruBiwon (D) ouykpltikd pe acBeveic mou dpepouv tig UCIS unoypadeg.
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Hazard ratio= 01025
£ T T T .
1] 2 4 & 8 ]
YEars
o FCIS (n=13) === UCIS (n=12)
— HHHH (n=16) = Rest (n=18)

Ewdva 4-9: Kapmoieg emPinong Kaplan-Meier y tig acbeveic mov yopaxtmpifovron amd tig FCIS kot UCIS avdroya

pe tn dmbnon tov Aepeadivev

To amoTeA£oUATA TIOU TIOPOUCLACTNKAV AVOAUTIKA TTapamavw, ocov adopd to Babuo

Sladpopormnoinong (Grade), To péyebog Tou oykou (T stage), tn dtBnon twv Asppadévwv

(LN status) kat to otadio katd TNM cuvoilovtat otnv Ewkova 4-10. AlamOTWVOULE OTL

n FCIS umoypadn cuoxetiletal €viova LE HLO EUVOIKN TPOYVWON avefdptnta amo ta

eykaOLSpupEvVa KAWVIKOTIOOOAOYIKA XOPOKTNPLOTIKA TIoU oXET{ovTal Pe Kakr pdyvwon.

Avtiotpodwg, n UCIS umoypoadr] cuoxetiletol MAVIOTE UE MO KOKI) TIPOYVWON OTLG

opnadeg aobevwy pe Tt Xelpotepa KAWikomaBoAoyilkd xapaktnplotikd (Grade 3, T2,3,

LNpos & Advanced Stage). Ta 0TOTIOTIKA TwV OUYKPLOEWV TOGO yla To DFS 600 Kat yla o

OS pe euvoikég kal Ouopevels umoypadég ot opddeg aoBevwv avaloya PeE Ta

KALVIKOTIAOOAOYLKA XAPOKTNPLOTIKA TtapatiBevtal otov Mivaka 4-2.
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years
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—— LN neg UCIS (n=5}

b= LN pos FCIS (n=13)
mtm | N pos UCIS (n=12
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. ALELEEER.

-
=]
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[V}
Y

2 H £ M
years
Eary stage FCIS (n=15}
Eady stage UCIS (n=8)
Adwanced stage FCIS (n=8)
Adwanced stage UCIS (n=11})

Ewkdva 4-10: KapmuAeg emBiwong Kaplan-Meier yia tig aoBeveig mou xapaktnpilovrat amno tg FCIS kat UCIS avdhoya pe to Babuo Siadopomnoinong (grade), péyebog
oykou (T), 6triBnon Aepdadévwy (LN) kat otadlomnoinon katd TNM
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NMivakoag 4-2: uykpioelg DFS kat OS BAoel euvoikwy Katl Sucpevwv uroypadwy os opddeg acbevwy avaioya pe ta
KALVLKOTIABOAOYLKA XAPAKTNPLOTIKA TOUG.

DFS and OF comparisons in stratified groups of patients wath favorable and unfavorable signatures
Groups compared DFS o5
Hazard 95% Cl of ratio Log rank Gehan Breslow Hazard 95% Clof ratio Logrank Gehan Breslow
Ratio P P Ratio P P
Grade 3 FCIS we UCIS 0.2095 0.03457 to 1,270 0.0891 0.0719 01438 0.01995t0 1.036 0.0543 0.0589
FOTS Grade 3 we Grade 1,2 1.604 0.1247 to 20.63 0.717 0.6238 0.2931 0.001887 to 0.6334 0.6336
45.53
I2,3 status FCIS ws UCIS 0.1924 0.04993 to 0.0167 n.o139 0.2015 0.04510 ta 0.0359 0.0462
0.7417 0.9000
FOIE T2,3ws Tl 1.684 0.2194 to 12.92 0.6162 0.3775 0488 0.1837 to 400.0  0.2634 0.2636
L pos FCIR ws UCIS 0.1865 0.04807 to n.o1s2 0.0054 0.1035 0.02045 to 0.0061 0.0070
0.7233 0.5231
FOTS LM pos we LI neg 1.375 0.1876 to 10.08 0.754 0.9229 0.1653 0.003201 to 0.3711 0.3711
5.537
Advamced stage FCIS ws 0.1854 0.04531 to 0.0191 0.0155 0.1584 0.02981 to 0.0306 0.0338
UCIs 0.7587 0.8417
FOTS Adv. stage ve Early 3.369 0.1545 to 73.43 043989 0.2095 i Otod 1 1
stage

Y10 Slaypappa nou mapatiBetal (Ewova 4-11) amelkovilovtal Ta TOCOOTA 0TO GUVOAO
Twv acBevwy avaloya pe ta KAWVIKOTIOOOAOYIKA XapaKTnpLoTika mou ¢épouv FCIS kat
UCIS untoypadéc. AEIZeL var ONUELWOOUUE TIWE UTIAPXEL avTioTpodn OXECN TWV MOCOOTWV
Twv acBevwv mou ¢epouv TG FCIS umoypadeg kat Suopevwv KAIKoTtaBoAoyLkwv

XOPOAKTNPLOTIKWV.
Combined CD8/CD163

*k%k *k* **k%k *%k%k

100
90- @ FCIS
= UCIS
| [ Rest

% Patients
3
[ ]
|
|

C 1 1 1 1 1 1 1 1 1 1 1
\S
?\ é@'\ bqu b@’b & L O @é\:‘bé QQ’ Q’Q’ o
& & & A S
@ O O 9" o
Ewéva 4-11: Mocootd acBevwv mou xapoktnpilovtatr amd twg FCIS kat UCIS avdloya pe
KALVIKOTIOLOOAOYIKA XOPOKTNPLOTIKA.

r 17 1T 7T 7T 1
g NN
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4.3.3 [IOAYITAPAMETPIKH ANAAYXH I'lA TON EAET'XO TQN «YTIOTPA®QON»

TEAOG, TPOYUATOTIO|ONKE TTOAUTIAPOLETPLKI) AVAAUCH YL TOV €AEYX0 TWV UTIOYPOPWV WG
avefAPTNTWV MPOYVWOTIKWV SelkTwV otov BCa o€ cUyKpLon HE KAQAOLKEG TIOPAUETPOUG, OTIWG
n nAwia, o Babuog Siadopomoinong, to T & N otddlo, ol oppovikol UTIOSOXEIG KoL TO
HER2/neu. Acsi€ope OtTL oL umoypadég mailouv onUAvilkd poAo yla thv eAelBepn vooou
emBiwon (p=0.041, HR=2.063) kot ouvoAkn emiBiwon (p=0.014, HR=4.850). Adalpwvtog
oTadLaKA TTAPAYOVTEC TIOU UTIOAOYLOTNKOV OTO OpXLIKO LOVTEAD, SNULOUPYACAUE €va HLOVTEAO
Tou meptAapBavel Tig urmoypadeg, To T oTASLO Kol TOUG OpHOVIKOUC uTtoSoxeig. Auth T dopaq,
napotnpeitat  KaAUTEPn  otatloTtikg ouoxétwon  (DFS:  p=0.027, HR=2.146; OS:
p=0.006,HR=4.273) kot emBeBalwveTal n xpron Twv unoypadwv wc mbavwy TPOoyVWOTIKWY
Selktwyv. ITOo TeAeutalo HOVTEAO UTAPXEL MOVO To eykaBidpupévo TNM stage kal ol
urnoypadeg (DFS: p=0.138,HR=1.560; OS: p=0.091, HR=2.085), 6mou ¢aivetal 6TL 0 QUTO TOV
OXETIKA UKPO aplOpo aoBevwy mou egetaotnkay, to TNM amod povo tou s€akolouBel va £xel
KaAUTEPN TPOYVWOoTIKR Suvatdtnta amd T MEUOVWHUEVEG OCUYKEKPLUEVEG UTIOYPADEG.
Juvormtikd, upnAa CD8+ kUttapa oto TC kal xapnAd oto IM kal To avtiotpodo mpodii
(xaunAa CD163+ kuttapa oto TC kot uPnAd oto IM) Bpébnkav va cuvdéovtal Pe KAAUTEPN
KAWLK €kBaon kot emétpePav  KaAAUTEPn Kotnyoplomoinon Ttwv oocBsvwv omo Ta
EYKABLOPUUEVA PEUOVWHUEVA KALVIKOTIABOAOYIKA XapaKTNPLOTIKA. H ouvluaoTikn afloAdynon
NG Mukvotntog Twv CD8+ kat CD163+ kuttdpwyv oto TC Kal oto IM enétpee tnv Snuoupyla
«umoypadwv» TOU UMoPoUV va amoteAolv, umo TpolToBEoel;, aveédpTNTO MPOYVWOTLKO

Selktn otov BCa.

Nivakag 4-3: Avaloywkr maAwvdpounon kwdlvou Cox (Multivariate Cox proportional hazard analysis) yia DFS kat OS oe

a0Beveig pe SNONTKS, N KETOOTATLKO KOPKIVO TOU HaoToU

Table 3 Muhivariate Cox proportional hazard analysis for DFS and OS of patients with non-metastatic invasive breast cancer

“Age under 50 and over 50 years old
Al categorical covaristes were transformed into numeric codes as follows : T status (T1; 1, T2 2, T3; 3, N stage (NG 0, N1: 1, N2 2 N3; 3), Grade (G1; 1. G2 2, G3;
3), Signatures (FO5; 1, Rest: 2 UCIS: 3) THM stage (1; 1, It 2 W 3)



4.4 AMNOTEAEZMATA MPOONTIKOY TMHMATOZ THZ MEAETH2

4.4.1 AIHOHZH ANO ANOZOKYTTAPIKOYZ YMNOMNAHOYZMOY2

ITNV OUVOALKN HEAETN, OTwG TipoavadEpape, SIEPEVVAOAUE EKTEVWC TNV TTUKVOTNTA KOl

TN XWPOTAELIKN KATAVOUN TWV AVOGOKUTTAPWY TIou StnBoUV ToV OYKO, GUYKEKPLUEVA TWV

CD8+ kat CD163+ kuttdpwyv, o€ 162 acOeVeiC PE LN LETOOTATIKO KAPKIVO TOU paotou, Ta

orola €xoupe Nén dnuootevoel [397] [397]. Na 97 anmd autEg, nTtav SlabEéoipa otolyeia

and TNV KAWIKA TtapakoAouBnon, kablotwvtog

duvaty TtV kaBlépwon  umoypadwv  ToU
SnuoupynBnkav ocuvdualovtag tov TUTO, TNV
XWPOTOELKN KaTavopr Kot Tov Babuo d1nbnong twyv
KUTTOPWY OUTWV OTOV OYKO OE CouvAPTNOn UE TO
KALVIKO OQTTOTEAECHQ, ELOAYOVTOC £TOL ML VEQ
TIPOYVWOTIKI avoooAoylkn uroypadn (ked. 4.3.2).
MNa 48 amd tig 162 acbevei¢ mou avAkouv OTO
TIPOOTTIKO TUAMO TNG MEAETNG, Atav Slabgoipog
0p0G kat PBMCs, mou cuAMEXOnkav pa nuépa mpv

XELPOUPYLKN enéupaon. Ta

ano ™
KALVIKOTLABOAOYIKA  XOPOKTNPLOTIKA OUTWV  TwV

ao00evwv apouatalovral otov MNivaka 4-4.

* AoBeveig otadiou IlIB acBeveig dev elonxBnoav otnv LeAETN

Total Number of Patients

n=48

Median age
(years)

Range

56

27-78

Tumor size

n

T1

20

T2

25

T3

3

LN status

n

NO

19

N1

16

N2

11

N3

2

AJCC stage (TNM)

n

14

IIA

10

11B

11

A

12

111B*

0

11C

1

Grade

n

1

0

2

25

3

23

Hormone receptor

n

positive

40

negative

8

HER-2/neu

n

positive

15

negative

33

Ki67

n

<20%

24

>20%

24

Immune Signature

n

FCIS

13

UCIS

11

Rest

24

Mivakoag 4-4: KAwvikomaOoAoyLlkA XopaKTnPLOTIKA
acBevwv.
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2

TC positive cells/mm

e auTtEG TIg aoBevelg, mEpav tng diBnong amoé CD8+ kat CD163+ avoocokuttopa,

aloloynBnkav eniong ta CD4+ T kUttapa (Ewova 4-12).
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Ewdéva 4-12: A) AuOnon amod chOGOKU/iTapLKOL')c unorAnBuopolg
(CD4,CD8,CD163) oto kévtpo tou dykou (TC), oto SinONTKd pétwro
(IM) kat oto oUvolo (TOTAL). B) Heatmap acBevwv 6cov adopd otn Low
S1Onon amnod avoookutTaplkolg urtontAnbuacpoug oto TC, IM, TOTAL. I—

Based on median values

Agdopévou OTL 0 KUPLOG OTOXOG TNG Tapoloag MEAETNG elval va Slamotwbdel eav 1o
HULKpOTIEPLBAAAOV TOU OyKOU, OMWC aVIUTPOOWTEVETAL amoé 1t 6bnon Ttwv
OVOOOKUTTAPWY, Ba UMopoUoe va QAVTIKATOTTPL{ETOL OTn CUOTNUOTLKA KukAodopia,
EMXElpoapne va Ppoupe mBOavéC ouoyetioel peTtafl TWV  KUKAOPOpOoUVTWV
TopayOvVIwy Tou e€etdoTnKav (Kuttapokiveg/xnuelokiveg, miRNAs opoU kat PBMCs).
TOOO Ao Tov 0pOd 600 Kal o€ anmopovwuéva PBMCs. Ol mopdyovteg mou peAeTnOnkav

otnv kKukhodopia, afloAoyrBnkav kal o€ pia opada vyltwv Sotwv.
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IL-9 (pg'mi)

4000

3000

2000

1000

4.4.2

KYTTAPOKINEZ/ XHMEIOKINEZ 2TO NEPIQEPIKO AIMA

Onwg avadepdnke, petpndnkav Stadopes KUTTOPOKIVES/ XNUELOKIVEG oTov 0pd (Rantes,

IL-8, IL-9, IL-10, IL-1Ra, TGF-B1) otov opd acBevwv kot vyltwv dotwv. Ou IL-8, IL-10 kat

TGF-B1 bev SlEdepav onpavtikd petafy twv aocbevwv BCa kal twv uywwv dotwv. O

Rantes kat IL-1Ra avixvelBnkav os xapunAotepa eninedoa os acbeveic pe BCa. Avtibeta,

oL aoBeveig BCa eixav unAotepa enineda kukhodopouvoag IL-9 (Ewkova 4-13).

IL-9 Rantes
p=0.0006 p=0.0119
109091 o 80000 .
70000
: _ 50000
E 50000
% 40000 *
g 30000
20000 -
10000
NORMAL BCa NORMAL BCa
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IL-1Ra
p=0.0177

38381
2500
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.
ae
1000 +
500

od
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IL8 (pg/mi)

IL8
p=0.1487

1L-10 (pgymi)

IL-10
p=0.2833

-

0
NORMAL BCa

NORMAL BCa

Ewova 4-13: Entineda £kdpacng KUTTAPOKWVWY/ XNUELOKWVWY o€ acBeveig BCa Kot uyLelg SOTEG.

TGHB (ngimi)

TGFp1
p=0.5807

n

ol
NORMAL BCa

Elvar evdladépov OTL UTPXAV ONUOVTIKEG OUOCXETIOELS METAED TWV KUTTAPOKWWV/

XNUELOKWVWV oTou¢ aoBeveic pe BCa (Ewkova 4-14), ol omoleg Sev mapatnpolvial o€

vyleig 80teg (Ewova 4-15). Mwa Loxupn cucxEtion mapatnpnonke petafL Rantes kat IL-9

(Ewkova 4-14D), n omoia avtovakAdtol emion¢ otnv apolBaia cuoxétion kabe

napdayovta pe IL-8 (ZxAuata 4-14A kat E), TGF-f1 (Ewova 4-14B kat F) kat IL -1Ra

(ZxAuata 4-14C kot G), avtiotoya. lNa tig IL-10 kot Rantes unnpée emiong pa tdon

(p=0.0786, 6ebopéva dev mapouoialovtal). H IL-8, mépav twv Rantes kat IL-9, emiong

ouoxeTiletal evtova pe tov TGF-B1 (Zxnua 4-14K) kot Alydtepo €vtova (av Kal OTATLOTIKA

onuavtika) pe IL-1Ra (Ewkova 4-141).
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4.4.3 miRNAs AMNO TON OPO A2OENQN

Oocov adopad ota miRNAs tou opou, pe efaipeon to mIR-155, deifape otaTlOTIKA

ONUOVTIKA XAUNAOTEPN OXETIKN €kdpaon oto oUVoAo Twv acBevwv BCa oUYKPLTIKA UE

™V opdda twv uywwv Sotwv (Ewova 4-16). uykekpluéva, to miR-16 eudavilet

vPnAotepa enineda EkPpacng oTnv opada Twv VyLwV S0TwV O OXEON UE TIG aoBeveig

(p=0.0001), 6mwg kot To mMIiR-21 (p=0.0472), to mMiR-23 (p=0.0391), to mMiR-146

(p=0.0458) kat miR-181 (p=0.0307). Qotdco, MapaTnEAONKAV PEPLKEC aoBEeVELC TOU

g€xouv cadwc uPnAa enineda ékdpaong Twv miRNAs.

miR 16
p=0.0001

@
3
.

500 . P3-4d

Relative Expression
{Arbitrary Units)
Relative Expression

ol
NORMAL BCa

{Arbitrary Units)

miR 21
p=0.0472
800
&00
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ol
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800

600

400
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200

Relative Expression
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Relative Expression
{Arbitrary Units)

miR-146
p=0.0458
2oy
E
400
200

o
NORMAL BCa

miR155
p=0.4121

1200

@
=
=

Relative Expression
{Arbitrary Units)
] 2
3 s

=

Relative Expression
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ol
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Ewkova 4-16: Ixetikd emnineda ékdpaong miRNAs aro opd acBevwv aAAd Kot UYLWV SOTWV.

3000
2000
1500

1000

500

miR-181
p=0.0307

ol
NORMAL BCa

It ouvéxela BeAnoape va SoUUE av UTIAPYXOUV CUOXETIOELS HETAEU Twv MIRNAs mou

avixvelBnkav otov opod. Mapatnpndnkoav LOXUPEC CUCXETIOEL ylo TA TEPLOCOTEPQ

miRNAs, ue e€aipeon to miR-155 mou dev cuoyetiletal pe to miR-181 (Mivakag 4-5).

Nivakag 4-5: Suoxetioslg twv mMiRNAs amo Tov 0po acBvwv He KapKivo Tou paotou.

miR-16

miR-23

miR-146

miR-155

miR-181

miR-16

miR-21

miR-23

miR-146

miR-155

miR-181

Spearman r= 0.4462
P=0.0027

*x

Spearman r= 0.6663
P<0.0001

*xx

Spearman r= 0.7012
P<0.0001

Hx

Spearman r= 0.4444
P=0.0032

*x

Spearman r= 0.3726
P=0.0195

*

Spearman r= 0.4462
P=0.0027
*x

Spearman r= 0.7826
P<0.0001

*xx

Spearman r=0.7793
P<0.0001

H

Spearman r= 0.4894
P=0.0010
o

Spearman r= 0.3841
P=0.0144
*

Spearman r= 0.6663
P<0.0001

o

Spearman r= 0.7826
P<0.0001

*xx

Spearman r= 0.8570
P<0.0001

H

Spearman r= 0.6420
P<0.0001

*xx

Spearman r= 0.3835
P=0.0160
*

Spearman r= 0.7012
P<0.0001

Hx

Spearman r= 0.7793
P<0.0001

*xx

Spearman r= 0.8570
P<0.0001

*xx

Spearman r= 0.4383
P=0.0029
*x

Spearman r= 0.4102
P=0.0086
*x

Spearman r= 0.4444
P=0.0032
*x

Spearman r= 0.4894
P=0.0010
o

Spearman r= 0.6420
P<0.0001

*xx

Spearman r= 0.4383
P=0.0029
*x

Spearman r= 0.1659
P=0.3129
ns

Spearman r= 0.3726
P=0.0195

*

Spearman r= 0.3841
P=0.0144

*

Spearman r= 0.3835
P=0.0160

*

Spearman r= 0.4102
P=0.0086

**

Spearman r= 0.1659
P=0.3129
ns
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Relatiwe Egpression

4.4.4 miRNAs AlNO PBMCS AZOENQN

2T ouVEXelo HeAETNONKav ta emineda ekdppaong twv idStwv miRNAs, autr thv ¢popd
OMwG amopovwOnkav amd ta PBMCs twv acBsvwv. Ztnv Ewova 4-17 daivovtal ta
enineda ékppaong Twv MiRNAS TTOU HEAETWVTAL, CUYKPLTIKA HE TNV OMASA TWV UYELWV
Sotwv. Aev mapatnprnbnKov OTATIOTIKA ONUAVTIKEG Sladopég ota emineda ékdpaong
Twv MiR-21, miR-23 kat miR-155 petaél acBevwv BCa kal uywwv dotwyv, os avtiBeon pe

HLo Loxupn taon yla auvénuéva entimeda miR-16 kat miR-146 kat pio tdon yla to miR181.

miR-1§ miR-21 miR-2} miR-145 mMiR-155 miR-151
pELITE P E25E ST FILISES AT FELIT4T
L -, L | +
15 PO an .
- 3 %’ﬂ —_ . ﬁi T - ﬂl - - S . b
E_ = =_. S rtaom S i
TE . TE L. TEH TH TE
ES s s ES = EZa
Ee 2 S S o o frif=y
2 E F-T] 2 E zm gE am gg _ 2 E =
=2 ., = E == FE Tam =8
=g =3 =g =3 =2 m
& my =3 vl & - E— wmm z
- 2m =
- [ S o [ S — ul ol -
NORMAL BCa NORMAL BCa NORMAL BCa NORMAL BCa NORMAL BCa NORMAL BCa

Ewkdva 4-17: Ixetikd enineda eékdppacng miRNAs arto PBMCs acBeviv aAAd Kat uyLwv Sotwv.

It ouvéxela BeAnoape va SoUUE av UTIAPYXOUV CUOXETIOELG HETAEU Twv MIRNAs mou
aviyveubnkav amd ta PBMCs twv acBsvwv. Itov Mivaka 4-6 mou mnapatiBetal,
napouotalovial oL ocuoxetioelg petaty Ttwv mMIiRNAs. Mapatnpouvial LOXUPES
ouoyetioelg yla to oUvoho Twv MiRNAs petaél touc. Afilel va onpewwBel mweg dev
napatnpnOnkav cuoxetioelg Hetafl Twv emumédwy ekPpaong Twv MiRNAs amod tov opod
Ko artd ta PBMCs.

Nivakag 4-6: Jucyetioslg Twv miRNAs and PBMCs acBvwv pe Kapkivo Tou pactou.

miR-21 miR-23 miR-146 miR-155 miR-181
miR-l 6 - Spearman r= 0.7219 Spearman r=0.7112 Spearman r= 0.8087 Spearman r= 0.5824 Spearman r= 0.7639
P<0.0001 P<0.0001 P<0.0001 P=0.0002 P<0.0001
*xx *xx wxk *xx *xx
miR-21 Spearman r= 0.7219 - Spearman r= 0.8615 Spearman r= 0.8451 Spearman r= 0.6655 Spearman r= 0.6088
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P=0.0001
wxx *xx wxk *xx *xx
miR-23 Spearman r= 0.7112 Spearman r= 0.8615 - Spearman r= 0.8603 Spearman r= 0.8212 Spearman r= 0.3835
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P=0.6101
wxx *xx wxk *xx *xx
miR-146 Spearman r= 0.8087 Spearman r= 0.8451 Spearman r= 0.8603 - Spearman r= 0.8599 Spearman r= 0.7692
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
wxk ek ek ek ek
miR-155 Spearman r= 0.5824 Spearman r= 0.6655 Spearman r= 0.8212 Spearman r= 0.8599 - Spearman r= 0.6339
P=0.0002 P<0.0001 P<0.0001 P<0.0001 P<0.0001
wxk *xx *xx wxk *xx
miR-l 81 Spearman r= 0.7639 Spearman r= 0.6088 Spearman r= 0.6101 Spearman r= 0.7692 Spearman r= 0.6339
P<0.0001 P=0.0001 P=0.0160 P<0.0001 P<0.0001
wxk ek ek wxk ek
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ITOXOC TNG MEAETNG QUTAG €lval va dlepeuvnBel katd moco ta miRNAs T0c0 Tou 0pou

000 Kal amo ta PBMCs, KaBwg Kal Ol KUTTAPOKIVEG/XNUELOKIVEG TNG CUOTNUATLKAG

KukAodoplag pmopouv, eite pepovwpéva eite oe cuvduaouo, oe kamolov Babud va

QVTLKOTOTTPI{OUV TO UIKPOTIEPLBAANOV TOU OYKOU, OTIWG QUTO EXEL «XOPAKTNPLOTEL» aTd

™ &wBnon amd avoookuTtaplkoug umomAnBuaopouc. Etol Aouodv, eAéyxBnkav Ttuxov

OUCXETIOELG PETAEY TWV TAPAYOVIWV TNG KUKAOopoplag HETAEU TOug, aAAd KOl HE TN

S1nOnon avoooKUTTAPKWY UTIOMANBUCUWY OTO KEVIPO TOU OYyKOU aAAd KoL OTO

SNBNTIKO pétwro (Mivkag 4-7).

A) miRNAs 0poU Kal KUTTOPOKIVEG/XNUELOKLVEG

Rantes p=0.0247

r=-0.3345
=5 p=0.0126 r=-0.3691

IL-1Ra p=0.0254

miR-16

IL-8 p=0.0009

Rantes r=-0.4091
IL-9 r=-0.5456
IL-1Ra

IL-8

miR-146

Nivakag 4-7: Iuoxetioelg mapayoviwv tng KukAodopiag
pMeETOEU TOUC OAAG  kat ME TtV &uibnon  amd
avoookuttaplkolg urmomAnBuopouc. A) miRNAs opoU Kot
OUOXETIOELG PE KUTTAOKiveG/Xnpelokiveg, B) miRNAs and
PBMCs Kol OUOCXeTIOELG HME KuTTOpOKiveg/xnuelokiveg, T)
miRNAs  opoU  KaL ouoxetioelgc pe  SnBolvteg
QVOGOKUTTOPLKOUG UTIOTTANBUGHOUG.
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B) miRNAs arté PBMCs kot kuttapokiveg/
XNUELOKIVEG

miR-21 p=0.0030
K] p=0.0240
miR-146  p=0.0012
miR-155  p=0.0102
miR-181  p=0.0276

r=-0.4398
r=-0.5029
r=-0.5305
r=-0.4348
R=-0.3778

r miRNAs opou kKot  8inBoulvteg

avoooKuTTaplkol urtommAnBuaopol

mik-16

p=0.0161
p=0.0041
p=0.0038

CD4 TC
CDE IM

CDE total

CD4 IM
CD4 total
CDE& IM
CD2 total

p=0.0190
p=0.0242

=0.0060

miR-18 CD4 TC

CDETC

p=0.0057
p=0.0003
p=0.0002

=0.0002

CDSIM




4.4.5 AHMIOYPTIA OMAAQN-CLUSTERS

ATO TIC OUCXETIOELG TIOU €AEyXOnKav amo Toug
TIAPAYOVTEC TNE CUCTNUOTIKAG KUKAodoplag, Ta i
miRNAs Tou opoU fTav auTtd Tou apouaciacayV
TIC TIEPLOOOTEPEG CUOYETIOELG UE TOUG AAAOUG
TIAPAYOVTIEG TNC KukAodoplag (kuttapokiveg/ | iAo

XNUELoKiveg kat ta urtdAouta miRNAs amnod opo)

oM@ kot pe 8iNBOUVTEC AVOCOKUTTAPLKOUG

AwnBolvTeg

urtortAnBuopoug (Ewova 4-18). e
Wneucuoi
Etol Aoutdv, €0TIACQUE TNV OVAAUCNH Twv '
Ewova 4-18: IxnuUatikr mapouciaon Twv CUCKETIoEWY

mou mapatnpidnkav petatd twv miRNAs amo tov opod
KalL TTapayovtwy tng KukAodopiag Kot Tou dykou.

anoteAeopATwWY MoG ota mMiRNAs tou opou.

Apxik@, oL aoBeveilc xwplotnkav oe TPELCG
Eexwploteg opadeg- ouotadec (clusters) péow Lepapyknc cvuotadomnoinong (hierarchical
clustering) oto mpoypappa SPSS (Nearest neighbor kat Ward’s method), avdAoya pe ta
enineda ékdppaonc kat Twv 6 MiIRNAs Tou 0poU (KAVOVIKOTIOLINUEVEG TWMEC (Tun (xi) /

Slapeoog (6i)), ywa kaBe miRNA amd 36
Dendrogram using Ward Linkage
H 10 15 n 5

i i i 00Bevelc OV elyOpE TIMEC KOL yla Ta 6

Cased

Capedz 32

- Cluster 11 miRNAs mou peletdvral (Ewdva 4-19). Ttic
o TPEL  OUTEG  opddeg  mapatnpouvral

Cave 31 k]

e SLakpLtég SLapopEC CUYKPLTIKE HE TOUC
Cave 16 ‘;

cavezz 20

Cluster 2|  Vvielg 8oteq (Ewova 4-20), kobwg ko

Caen25 2

Cavezs 24

Capez 2

S10POPETIKEG OUOXEeTLOELG LE

s KALVIKOTIABOAOYIKA  XOPOAKTNPLOTIKA TIOU
Cave30 30

Cape2y I

— ovaAlBnKav otnv CUVEXELQ.

Cape?s 2

Capetd 18

Case?t 2
Capeds 3§

Cavnl 1

- E’ Cluster|3

Cave20 20,

s ‘ Ewova 4-19: AsvSpoypappa dnuloupyiag
o || opadwv Pdaoel emuédwv  €kdpaong
4 miRNAs arté Tov 0p6 acBevav.
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H ouotada 1 (Cluster 1) amoteAeital and acbeveic pe opoldpopda xapnAda emnineda

€kppaong miRNA, evw otn ouotada dvo (Cluster 2), av koL n opolopopdio oxedov

Slatnpeitat, ta miRNAs twv acBevwv mapouctdlouv pétpla enineda ekppaong. TEAOG, n

tpitn ovotada (Cluster 3) meplapPavel Tt aocbeveic pe ta vPpnAotepa emineda

€kppaong miRNA, aAAG OxL e €va opolopopdo npoturo (Ewkova 4-20).

Arbitrary Units

3000
20001
1000
1000
800+

600+

400+

250

2004

50

] NHL NEL

Cluster 1
[ I:Ic\uslerz

I:IC\usterB
:]Normals

Ewdva 4-20: Enineda ékdpaong Twv
miRNAs avd cuotdda, OMwE AUTEC

0 =
LN B B B R | T T
© A > O (D N S
N oV VX N7 & > oV
Q7R 7N MY SRS
DEENENIPARPNRPN AN

npoékupav amd TOo TPOYPAUUQ

F& TSy FTogEs SPSS, oM\d kot otnv opada Ttwv

UYLWV SOTWV.
miR Clusters

AapBavovtag umoyn autéc Tic mpodaveic Slapopec peTafl TwWV OUAdwWV TOU

SnuoupynOnkav, e€eTAOTNKE av TO ABPOLOUA TWV HEUOVWHEVWY TILWV TOU KABe miRNA

(tipéc xi / 6i, Tou kaBe acbevry), Ba pmopouoe va Slakpivel Ti¢ acBevelc petald Twv

2004

50
Al
304
204
15

values

104

Cluster 1

* 1 Cluster 2
-
1 Cluster 2
‘l‘
:l Marma
e L
(1
)

LL]
..

2(xidy)

Ewéva 4-21: ABpoiwopa Adywv
miRNAs kat opla kaBe plog anod
TLG OMASEG OV SnpoupynOnkavy.

opddwyv. Xpnowomowwvtag tnv tafvounon QUEST oto
nipoypappa IBM SPSS Modeler 18.1 yia Tov UTtOAOYLOUO TOU
Suvapikol mpoBAedng Tou abpolopatog, KaABwG KAl Twv
UEMOVWHEVWY avaloywwv Xi/di ylwa kdbe éva amd ta 6
miRNA Stamiotwoape OtL Povo To dBpolopa Twv Aoywv X
(xi/6i) (Ewova 4-21), Ba pmopouce va TpoPAEPeLl TNV
taélvounon kabe acBevolg otn cwaotr) cuotada, av Kal Ta
QVWTEPA KOL KOTWTEPA OpLa LETOEU TwV opddwv Sev Rtav

cadwc dakpita (Elkova 4-22).
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Individual distinctive capability of each parameter by QUEST classification

n
L
o
g8

sumofmed
Adj. P-value=0.000, F=26.848, dfi=2, df2=25

== 10,680 =10.680

Node 1 Node 2
=
sumofmed

Ad). P-value=0.000, F=39.035, dr=1, d2=19

o

miriémed
Adj. P-value=0.038, F=3.736, df=2, df2=25

.

== 1.632 =1.632

Mode 1 Node 2

rir21med

Adj. P-value=0.000, F=34.689, dfi=2, df2=25

)

== 1.582 =2.582

Node 1 Node 2

L 1
=l
mir2imed

Adj. P-value=0.000, F=17.742, df=2, di2=19

————

! w1000 !
| = 2000 |
| = 3.000

mir23med
Adj, P-value=0.001, F=9.142, df1=2, df2=25

» 2433

<= 2433

Mode 2

mir23med
Adj. P-value=0.000, F=17.288, df1=2, df2=21

==0688 =0688

MNode 4 Node §

0| | B

mir 4fimed
Adj. Pvalue=0.000, F=11.038, df1=2, di2=25

= 2532

«= 2,532

mirt 46med
Adj. P-value=0.001, F=9.290, df1=2, df2=20

== 0634 = 0.634

Mode 4 MNode 5

IS

mir155med
Adj. P-value=0.000, F=73.522, df=2, df2=25

==1.704 =1.704
Node 1 MNode 2
o M |
=
mirl 55med
Adj. P-value=0.048,F=4.518, dfi=1, df2=18

I_I_\

= 0.496

<= 0.496

4.244 4.244 = U‘-?QE » U.Im
== 4, =4,
MNode 4 Mode 5

MNode 4 Mode 5 ‘I_‘ I

| i | ====

Vw1000 ! 1.000 1

12000 | 2,000 |

| m3000 3.000

1 ]

mirl81med
Ad). P-value=0.011, Levene's F=6.389, df=2, dr2=25

== 2856 = 2856

miRNAs N:b::s Cldisc. | C2disc. | C3 disc.
Sum 3 100% 100% 100%
miR-16 2 no no no
miR-21 3 100% 100% 86%
miR-23 3 100% 92% 43%
miR-146 3 89% 92% 56%
miR-155 3 78% 58% 100%
miR-181 2 no no no

Ewkova 4-22: YiioAoyLopog tou SuvapikoU npoBAedng tou abpoiopatog, kabwg KoL Twv HepovwHEVWY avahoylwy Xi / 8i yia kaBe éva amnd ta 6 miRNAs.
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To mpoBAnua autd Eemepdotnke pe TN Snuoupyia evog alyopiBuou, TOU OVOUAOTNKE
mMiRSCORE (Ewkéva 4-23A), evowpotwvovtag to Suvapko mpoPAsedng twv 6 miRNAs
Eexwplotd. AutO emutelXOnke peta amo pa Sevtepn tafwvopnon QUEST mou
nepA\@uBave Kal Toug 6 TPOYVWOoTIKOUG Ttapayovieg, amodidovtag oe kaBe miRNA
BaBuo onuavtikotntag otnv mpoPAeyn. Kabs mapayovrac omouvdatotntag (Ewova 4-
23B) moA\amAaclaotnke e TIC avtiotolxeg TweES MIiRNA xi / 6i kal mpootébnke oto
aBpolopa twv avaloylwv yla kdBe aobevn, pe anotéAeopa tnv TeAkn Slapopdwaon Tou
oAyopiBuou miRSCORE, pe cadpws BEATLWUEVO SLAKPLTIKO SUVAULKO UETAEY TWV OUASWV
(Ewkova 4-23C). Auto eival opatd YeTA TNV Tipaypatonoinon kapnuAwv ROC. AuTEQ Hag
Seixvouv mAnpn dwakpion tou Cluster 1 amd ta aAAa dvo (sensitivity=1, specificity=1) kat
nog Olvouv éva oplo (threshold) ywa t™ OSwdkpon C1 amdé to C2 (mirSCORE
threshold®®?=4,71). NMapopoiwe, to Cluster 2 Swakpivetalr amd to C3 (sensitivity=1,

specificity=1) pe mirSCORE threshold“?“3=13,75 (Ewoéva 4-23D).

A | miRg .= [S(x/8)1+ Z[(x/8)p]

Awdkplon C1
B c D A p n
| ]
2001
miR 155 LL] r—
50
’I
40 i -
i | ] l...
miR21 307 n -
" I.
207 uat suE
15
miR23 » Cluster 1 -
) =
2 .n O cuserz 2 Awkplon C2
> @
miR146 104 . [ cClusters %
v
...l... = [ Normal
|
mirR16 uym
5 |
miR181
L L 1
T T T T 0-
0.0 0.2 0.4 0.6 miR o
score -
predictor importance (pi) ;
1-Specificity

Ewova 4-23: (A) miRSCORE aAyoplBpog omwe mpokUmteL amd to aBpolopa Twv AOywv Tou ekdotote miRNA
Kal AapBavovtag unoyn tov napdyovia onoudatotntag (B). ROC kaumUAeg yia tnv Stakplon twv Cluster 1
ko 2 (D).
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‘Eva akopa mAeovekTnpa tou MiRSCORE eival To yeyovog OtL ol acBevelg pe eAAeimovoeg
TWMEG Hmopouv va talvounBolv pe achdAela wg acBeveig C3 edv to MiRSCORE toug
gival vPnAoTepo amo to KATWTEPO Oplo Tou cluster 3. Ot vyteig 60T, EKTOC Ao €vay,
Bpilokovtal otnv ocuotdada 3, TOCO amd TNV apPXLKA LEpApXnon O0CO KoL amd Tn
BaBuoAoynon pe to miRSCORE. Xpnotpomnotjoape ROC kapmuAn yla va SLEpEUVHOOUUE

o ROC Curve Tov MLBavo SLayvwoTiko poAo Tou aAyopibuou

pag. 2tnv Ewova 4-24 noapatiBetal n KopumuAn

ROC yia to ouvolo tou deiypatog Baclopévo

o5 OTLG TIUEG TOU OAyopiBuou yla acBeveig Kot

Sensitivity

UyLleig 60TeC. Me pia mMpwTn potTid gpaivetal va

04+

unapxet dayvwotikn afio (AUC=0.795, 95%

0,2

Cl: 0.704-0.916) oto cUVOAO TwV AoBEVWV.

oo T T T T
00 02 04 06 038 10

1 - Specificity

Ewova 4-24: KaumUAn ROC yia to cUVOAO Twv
SelypaTwy.

Av efetdooupe Eexwplotad tnv Slayvwotikn afia Tng KABe cuoTtddag OMwe MPOoEKUYE
oTto TOV aAYOPLOUO oG TTAPATNPOUE OTL UTTAPXEL ATTOAUTOC SLOXWPLOMOC TWV 0LoBEVWY
tou C1 kot Twv vywwv dotwv (AUC= 1.000, sensitivity=1, specificity=1) kat mdapa moAU
KAAOG Sloxwplopog twv acBevwv tou C2 kot twv uyswv Sotwv (AUC=0.985,
sensitivity=0.944, specificity=1). AvtiBétwg, dev undpxetl kapia Sidkpion petafd C3 kot
vywwv dotwv (AUC=0.462). Na mubav xprion tou aAyopibuou otn Stdyvwaon, sival
anapaitntog o ocadng Sltaxwplopog tou cluster 3 amd ta umdhouta. MNa va
npaypatonolnfel auto, mpémel va xpnotpomnolnBel wg 6plo n TR mou Slaxwpilet
cluster 2 amo cluster 3 (mirSCORE threshold“?©=13.75) kat oxL To 6pLo TOU TPOKUTTTEL
oo TO ONUELO TNG KOUMUANG Ue tnv BEATIOTN €ualobnoio kot €8KOTNTA KOTA TV
OUVOALKN avaAucon tou Tipog e€€taon Seiypatocg (threshold=15.53). H emthoyr autig Tng
TWUAG WG Oplo eivat Adyw tng KaAuTtePNG SLakplong tTwv Selypdtwy petal Twv cluster.
JUYKEKPLUEVA, av Oftape to Oplo oto 15.53 kot Oxt oto 13.75 mou €xel Tebel,
ocupneplhappavetal evag emumAéov aobevng tou cluster 3 pe Ty 15.51, otnv opdda

owoTtn¢ Stayvwong. Mmopel va xavoupe og el8IKOTNTA XPNOLULOTOLWVTAG To O0plo 13.75
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oAAQ amotelel éva o aodalég 0plo dedopévou Tou pikpol aplBuou Selypatog mou

€xoupe otn S1aBeon pag.

C1 vs normals C2 vs normals C3 vs normals
A 10 o

051 05 08 /

05 0,6 06

0.4 0.4 04+ /

Sensitivity

021 02 021

AUC=1.000 ; AUC=0.985 AUC=0.462
“00 02 04 05 08 1000 0z 04 05 08 1w on 02 04 06 08 0
1-Specificity
miRSCORE value for max .
o s . Min 1- Youden
AUC AUC 95%CI sensitivity - min 1- e e -
e sensitivity specificity | Statistic (J)
specificity
c1 1.000 1.000-1.000 9.94 1.000 0.000 1.000
(o) 0.985 0.952-1.000 13.77 0.944 0.000 0.944
ca 0.462 0.263-0.660 29.41 0.611 0.500 0.111

Ewkdva 4-25: KaumnuAeg ROC yia kdBe cuotdda/ cluster. ftov mivaka mapatiBevral ot Tipég evalobnoiag,
g1dkotnTag kat AUC.

4.4.6 AIAQOOPETIKA XAPAKTHPIZTIKA TON OMAAQN-CLUSTERS

MapoTL UTIAPXOUV OTATLOTIKA ONUAVTIKEG Sladopég ota enineda Ekppaons Twv MiR146
(p=0.0031), miR155 (p=0.0031) kot miR181 (p=0.0083) petafl TWV LYLWV SOTWV Kal TWV
aoBevwv oto C3 (Ewova 4-26A), Ta miR autd dev pumopouv va Sloxwploouv AUTEG TLG
6VUo opadec. EmutAéov, umapxouv Oladopéc petafl Twv ouoTAdwv KOl TWV
dUCLOAOYLKWV SOTWV WE TTPOG TAL EMIMESA TWV KUTTAPOKLWVWVY 0ToV 0p0 (Ekova 4-26B kat
4-26C), ue o eudavn ywa tnv IL-9 (p=0.0030), IL-1Ra (p=0.0153) kat IL-8 (p=0.0058).
Qotooo, dev Atav duvato va SNULOUPYHCOUUE KATIOLO XAPAKTNPLOTIKO TpodiA mou Ba

UMmopoUoE va BEATIWOEL TNV UTtApXoUCA TAELVOUNON OTWG IPOKUTITEL ard to miRSCORE.

-121-



>

miR-16 miR-146 miR-153% miR-181
c
O o 800 1200+ o 2500 Q00
mﬂ o o 500 ] 800 f;_ o 400- o0 0O
% > o 400 1
m 0 — — 200 ) "l'_','_ @ [w] N .
mg 5 %0 ‘ i Zgg_ o WP o200{ 0 | o
>'= - N Y g 0o 0
=2 ° 4 o% 100 o o B T 100] e wel 00 8
oy 0. Sl OCgo Yo o o u"}!&' 0 DD':' Oon P ﬁ
2T | ol 2 A . . o0 of | W
C1 C2 C3 N C1 C2 C3 N C1 C2 C3 N N C1 C2 C3 N
—_~ 1000001 © ! 30'01 E: 000 00 60001 ,_\60001 oo” 0o oo 120, o “ sgl 00 -:J}L oo O
T ooy = 257 o 40007 . Frer o :E~100. s b w57
£ J g & o — £ o . ] \.u? - -_— a
S a000] ¢ ® L E gl E a0l % o © 3 800{ O S+ " m E 4
£ 350001 o o 0 . ) = 0 8% e 0g %0 o g 000 20 B o <=
30000 & 215 o0 2 oo T % gl = 6004 3T — %0 0 O g T e 23 o
@ 25000 s 9° o o° ~2000{ 00 @ = o @ 0o & P a o ® ~ o =
£ 20000 > Sy o™ 9 o o oy o %o 6 & R 25 o % B
© - Y o e = 1000/ o ' y 0 © pg o ol 7 &
m 10000 o = 0.5 r_:. ‘C- r‘ % :I 200+ ﬁ = 204 o 14 iJDD o
Y 0 00 O 0.0 00
C1 C2 C3 N C1 C2 C3 N C1 C2 C3 N C1 C2C3 N C1 C2 C3 N C1 C2C3 N
CLUSTER 1 CLUSTER 2 CLUSTER 3 NORMAL
IL-8 IL-& IL-8 I Low (< median)
TGF-R1 TGF-R1 TGF-R1 TGF-R1 B High (=median)
IL-1Ra IL-1Ra IL-1Ra
IL-9 IL-9 IL-9
IL-10 IL-10 IL-10
Rantes Rantes Rantes
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
% PATIENTS % PATIENTS % PATIENTS % DONORS

Ewova 4-26: A) Entineda ékdpaong miRNAs amnod opd, B) Enineda £kdpaong KUTTOPOKLVWV/XNUELOKWVWY avd opdda acBevwy Onwg mpogkudav amnd ta enineda €kdpaong Twv
miRNAs tou opoU. C) Mocootd acBevwv pe uPnAd f xapnAd enineda ékdpaong KUTTAPOKLVWV/XNUELOKVWVY avd opdda acBevwv omwg mpogkuav amnd ta enineda €kbpacng

Twv MiRNAs Tou opou.
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Aebopévou otL ta miRNAS Kal TO avooomoLNTKO cuotnua eival oteva cuvdedepéva,
ta Stakptd mpodid miRNA mou opilouv TI§ TpeLg opddeg mou SnuloupynOnkay,
UMOpOoUV €MIONG VA CUCXETLOTOUV HE TNV 0VOOOAOYIKN 81Onon tou Oykou. Onwg
daivetal otnv Ewkova 4-27, untdpxouv peptkeg Stadopeg otn Sutibnon and CD4+ kat
CD8+ T kUTTOpa HETOEY TWV OUASWY, HUE OTATLOTIKA onpavtiki dtadopa oto TC otnv
61nOnon amo CD4+ kuttapa petafl C1 kat C2 (p=0.0054), kal pe pio oAU woxupen
OTATLOTIKN Ttaon petalu C1 kat C3 (p=0.0547). H du\Bnon tou oykou amd CD163+

kUTTopa Sev Sladépel HeTal TwV OpASwWV.
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Ewova 4-27: Ailbnon amd avoooKUTIapLIKoUG UTIOMANBUGOUE KUTTAPWY avd oudda acBevwv onwg mpogkudav
and ta enineda €ékppaong twv miRNAs tou opou.



ITNV CUVEXELQ, OTLG OUASEG TTou Ttpoékuav UoTepa
and tnv opadomnoinon twv mMiRNAs Tou opou, Ta

omola eite oxetilovtal HE TOV QVOOOTOLNTIKO

cvotnua, ME ToVv Kapkivo n kat pe ta 6o,

oavaAUBnkav oL aoBevelc w¢ TPOg  TO >

KALVIKOTIABOAOYIKA XOpaKTNPLOTIKA Toug (Elkova 4- §

29). Me pla mpwtn MoTid oL opddeg daivetal va f

SladpEpouv 6oov adopd tnv nAkia (Ewkova 4-28), <?

ue tnv ouvotada C3 va mepllapPavel kKupiwg 30 .
ooBeveic mou €xouv Slayvwotel pe Kapkivo tou 20 . . .
HoOTOU Ot pikpdTePn nAion oméd ta C1 kat C2 Cl C2 C3
(Ewkéva 4-28). Elval evbladépov to yeyovog OTL N Eﬂ‘:g’: :;zetvg}\\,ﬁkisc aodeviv avd

mAeoPnoia (>60%) twv acBevwv pe unoypadry miRNA C2 nmapouctdlouv €uVoikOTEPO
TIPOYVWOTIKO TiPpodiA cupdwva pe tn otadlomoinon TNM, tov Babud dwadopomoinong
Tou Oykou kot to Ki67% (Ewova 4-27). EmumAéov, n mAeoynoia (93%) acBevwv tng
ouotadag C2 daivetal va sivat HER2/neu apvntikn. Agv mapatnpribnkav OUCLAOTIKES
SlapopEC Kal otig 3 opadeg oxeTkA pe toucg umodoxeic oppovwyv ER r/kat PgR, mou
ekppalouv oL oykolL twv acBsvwv. Metafd twv opadwv Cl kot C3, umdpxouv
W TIEPLOCOTEPOL aobBeveic LE
L7
emBetikn vooo otnv cuotada C3,
OTWG ATOSEIKVUETAL, EKTOC OO
™V Vveotepn nAwia, amd T
auvénuéva mooootd acBsvwv e
Alyotepo Slapopormoinuévoug
(Grade 3) kot pe udnAo
TIOAATAQOLOLOTIKO SuVaLKO
(Ki67> 20%) Twv KOPKLVLKWV

kuttapwv (MNivakog 4-8).

Ewkova 4-29: KAwikomaBoloylkd XapoKTnpLoTKA acBsvwv avd
opada aoBevwy OMwG Mpogkuav ano ta emnineda ékbppaong Twv
0 miRNAs tou opoU.
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Estrogen Progesterone
% Tumor size Nodal status AJCC stage Grade HER2/neu Receptor Receptor % Ki67
patients
T1 | T2 | T3 | NO | N1 | N2 | >N3 (Iialll_% Az?:/bar::::e)d G1,2 | G3 | negative | positive | positive | negative | positive | negative | <20 | >20
Cluster
1 33 |50 |17 |17 | 42| 43 0 33 67 58 42 67 33 75 25 58 42 67 33
Cluster
2 60 |40 ] 0 | 60 | 27 | 13 0 67 33 67 33 93 7 80 20 60 40 67 33
Cluster
B 35|59 6 [50]19]19] 12 47 53 47 | 53 59 41 87 13 69 31 41 | 59

Mivakog 4-8: KAvikomaBOoAoyLlka xapaKTnpLOoTkd acBevwv avd cuotdda acbevwy omwg mpoékudav amo ta
enineda ékppaong twv miRNAs tou opou.

Bdoel tou ouvbuacopou tng tbnong CD8+ kat CD163+ kuttdpwv oto TC kal oto 1M,
€XOUUE TIPONYOUUEVWCE opioel pla guvoikn umoypadn (FCIS, pe vynAn (H) CD8+
Kuttaptkr 6tndnon oto TC kat xaunAn (L) oto IM (6nAadny CD8+ HL) 1} / ko CD163+
LH), puta Suopevn) (UCIS, CD8+ LH r/kat CD163 HL kat kavéva amo to KoAd mpodil,
CD8+ HL 1) CD163+ LH) kat pa opada 0Awv Twv aAAwv cuvduaouwv (REST). Autég ot
ouvbuaopéveg umnoypadeg oxetilovtav pe TNV KAWLKA €KBacn HLOG avadpouLka
EKTIUNMEVNG opadag 97 aoBevwy (Ewkoveg 4-7 €wg 4-11). Otav cUYKPLVOUE TIC

TIOOOOTLALEG KAaTavouEG KABe umoypadnig dnbnong péoa oe kabe cuotada (Ewkdva
4-30), untnpxov Stadopeg petafd twv ocvotadwv (p=0.0021). Ot opadeg C1 kot C3
ATav Tapopoleg, evw otnv C2 umnpfe aufnuévn ouxvotnta Twv acBevwv UE

urntoypadn FCIS kat xapnAoétepo nocooto acbevwv pe UCIS.

1001
Ml rcis
[ REST
801 M ucis
9
c 60
.g FCIS:
© CD8+ HL and/or CD163+ LH
o 404 UCIS:
X CD8+ LH or CD163+ HL and not
CD8+HL or CD163+ LH
20

C1 Cc2 C3

Ewova 4-30: MNooootd oocBevwv mou ¢Epouv €UVOIKEG 1 Suopeveic
urnoypadec ava opddeg acBevwv Omwe mpoékupav amd ta enimeda
€kdpaong Twv miRNAs tou opou.
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H opada poag €xet mopoucidost dedopéva mou UMOSNAWVOUV OTL OPLOUEVO
oAnAopopda HLA oxetilovtal pe KaAUTepn mpoyvwon f/kat KaAutepn mpoBAedn
NG KAWLKAG QmoOKpLong META amd euPoAlacud (immunization) [398-401]: Ta
oAAnAopopda HLA-A*24, aAAnAoupopda tng umepotkoyevelag HLA-A3 (A*03, A*11,
A*31, A*33, A*68) kat HLA-DRB1*11 €xouv mpoyvwoTIKO TTAEOVEKTNHO O GUYKPLON
pue HLA-A*02+ aAAnAopopda. Me Bacn aUTEG TIC TTPWTEC TTAPOTNPIOELS, CUYKPIVAE
™V Katavoun Twv acBevwv mou ekdppalouv kabBe oAAnAopopdo HeTAlL Twv
Slapopwv opadwv miRNAs mou mpoékuav. H cuotada C3 mepAapBAVEL GNUAVTLIKA
auénuévo aplBud HLA-A*02+ kal To xapunAotepo aplBud acbevwv pe HLA-A*24+ kal
HLA-DRB1*11+, evw OAoL oL aocBeveic C1 ekdpalouv aAAnAopopda NG
urtepotkoyévelag A3. O xaunAotepog aplBuog acbevwy pe HLA-A*02+ mapatnprnbnke
oto C2 (Ewova 4-31).

p=0,0084
* k
p=0,0113 p=0,0004
* x k k -

1004 1004 +
[}
2
c
2
5 507 50
o
X
ot 0
C1 c2 C3 C1 Cc2 C3
HLA-A2 HLA-A3 Superfamily
100 100
2
t=
2
‘c-ﬁ‘ 50 50
o
X
0= 0
C1 Cc2 Cc3 C1 c2 C3
HLA-A24 DRB1*11

Ewkdva 4-31: NMooootd acBevwy mou ekppalouv cuykekpLluéva aAnAopopda
onwc¢ npoékuav anod ta enineda kppacng Twv miRNAs tou opou.

-126 -



4.4.7 miRNAs 2TON Orko

Ta miRNAs €xouv peAetnOel ektevwg, Omwe avadépbnke kal oto kepAAalo NG
Eloaywyng tng mapovoag Statpfng, 1000 otnv KukAodopia aoBevwv HeE KapKivo
OAAQ KOl OTOUG KOPKLVIKOUG LoTOUG. ‘EToL Aowurtdv, BEAovVTAG val €XOULE LA GUVOALKN
Kol OAOKANPWHEVN €lkOva yia Ta MiRNAs, peAetnOnkav ta enineda €kdppacng Toug
OTOUG OYKOUC TwV aoBevwy, QIOMOVWVOVTAG Ta oMo TOREC moapadivng mou ntav
6loBéopeg yw TG aocBeveig poag. Ztnv Ewova 4-32A mou mapatiBetalt,
napovuaotalovrtal Ta enineda ékdppaonc twv MiRNAs mou PEAETWVTOL OTNV Ttapoloa
SlatpPfn Kkal n katavour Toug avaioya Ue ta clusters mou €xouv dnuoupynBel anod
Tov aAyoplBuod pog. Onwg dalvetal, ol acBeveic mou avrkouv otn cuotada C1
€xouv uPnAotepa enineda ekppaong Twv miR-21, miR-23, miR-146, miR-155 & miR-
181 cuyKpLTIKA HE TIC aoBeveig Tou avrkouv otlg aAAeg Suo opadecg (C2 & C 3). To
miR-16 ¢aivetal va kupaivetal ota ibla emimeda petafl Twv acBevwy Kot Twv TPLWV
clusters. 2tnv Ewova 4-32B mapouotalovtal oL TTOCOOTLALEG KATAVOUES TwV a.oBevwv
nou ekppalouv vPnAa enineda (2median) i xapnAd (<median) yla kaBe miRNA ava
cluster. Télog, emuxelpnbnke kL €bw, OmMw¢ amelkoviletal otnv Ewkéva 4-32C,
Slepevvnon mubavwyv CuoXeTioewv HE TIC «umoypadéc» Tou Ppebnkav amod to
oVOSPOULKO TUAMA TNG LEAETNG MOG. M auTd To AOYO OTIC OUASEC TV 0loBEVWY TOU
TIPOOTITIKOU TUNUATOG TNG HEAETNG TToU dEpPoUV TIC Suopeveig «umoypadec» (UCIS)
Kal TLG euVoikéG (FCIS) «umtoypadeg» eAEYEQLLE TIG TTOOOOTLOLEG KATAVOUEG TOUG OO0V
adopa ta enineda ékdppacnc Twv MiRNAs tou 6ykou. Ta TOCooTA Twv acBevwv Sev
OlEdepav oTATIOTIKA onpavTKa 6cov adopd ta emineda ekppaong twv miR-21,
mMiR-23 kat miR-146 petall Twv opadwv acbevwv mou yapaktnpilovtal 1000 ano
duopevelg 000 KoL amd €UVOIKEG «umoypadec». To TOCOOTO TwV AcBEVWV HE
Suopueveic «umoypadég» mou eéEdpalav uPnAotepa enimeda tTwv MiR-16 kot miR-
155 Slédepav OTATIOTIKA CNUOVTIKA O OXEON UE Ta emineda £ékppacnc TouC OTLC
00Bevelc pe TIC euvoikég «umoypadég» (p=0.0155 kat p=0.0009 avtictowa). Ta
enineda €kPppaong tou miR-181 ATav oTATIOTIKA onpoavtika vPpnAotepa (>median)
O0TO UEYAAUTEPO TOCOOTO 0O0OEVWVY HE EUVOIKEG «UTIOYPOECH OE OXEON UE TIG

aoBeveig pe Tig Suopeveig (p=0.0231).
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Ewdva 4-32: A) Entineda ékdppaong miRNAs amd topég mapadivng avd cuotdda acBevwv 0w MPoEKUYPE Ao TV KOTNYopLoTtoinon Toug e tov aAyoplBuo, B) Mocootiaia katavourn acbevwy ava
ocuotada yla ta enineda ékdppaong kaBe miRNA. C) Mocootiaia katavopun acBevwv pe uPnAd (kOkkvo) f xapunAd (urke) enineda ékppaong miRNAs otnv opdada acBevwy mou xapaktnpilovral and
Suopeveig (UCIS) i euvoikég (FCIS) uroypadég.



2YZHTH2H-
2YMIIEPAZMATA



-130 -



5 XYZHTHXH

TNV mopovoa UEAETN SLEPEUVIOAUE KOL TIPOTEIVOUUE OVOOOAOYLKEG KOl LOPLAKEG
«umoypadec» pe duvatotnta MPOoyvwong, TOoo €VIOG Tou OYKou OCO0 Kal otnv
KukAodopla acBevwv pe kapkivo Tou paotou (BCa).

Ocov adopa otn &wbnon tou Oykou mpoteivetal ylwa mpwtn ¢opd, OTL n
ouvduaoTikn afloAdynon Twv MukvotATwy Twv CD8+ 1} CD163+ avoooKUTTAPWY OTO
KEVIpO Tou Oykou (TC) kat to 8nOntikd peEtwmo (IM) emrpémel kKaAUTEPN
Katnyoplomoinon acBevwy kal BEATIWVEL TNV TPOYVWOTLKNA afla TnG eyKabBLOpUUEVNG
otadlonoinong katd TNM otov BCa. Ta dsSopéva poag emniong umodelkviouv OTL n
ouvduaotiky afloAdynon twv MUKvoTATWY twv CD8+ kot CD163+ Kuttdpwv amo
Kowvou oto TC kat oto IM Ba pmopouoe va BeAtiwoel thv akpifela tng mpoBAsdng
yla Vv €AevBepn vooou emiBiwon (DFS) kat tnv ouvoAwkn emiBiwon (0S). Apxika,
eotialovtag otov To ouvnOwouévo mAnBuopd TILs, Ttaa CD8+ «kuTTapa,
napatnpioape peyaAutepn DFS kat OS otav peydAeg mukvotnteg CD8+ KUTTApWV
oto TC ouvdudaotnkav e XopunAEg mukvotnteg oto IM (6nAadn HL, High oto kévtpo
Tou Oykou, Low oto 8inBntikd pétwrmo). AvtiBeta, o avtiotpodog cuvduaopog
(6nAadn LH, Low oto kévtpo tou Ooykou, High oto 8inBNnTikd YETWTIO) CUCXETIOTNKE
HE onuaviika uvPnAotepa MOooOTA €eMAVEUDAVIONG TNG VOOOU KOl HELWUEVN
ouVOAlkr emPBiwon. Autd To eupnua amoteAel mpokAnon, dedopévou OTL N TLO
LOXUPN €UVOIK OVOOOAOYIKN «uToypodr» OTOV KOPKIVO TOU TAXEOC EVIEPOU
ouvbualel uPnAég mukvotnteg CD8+ KuTTApwWVY TOco oe TC 600 Kkat os IM [14, 122].
ITOXO0C MO NTAV EMiONG VO SLEPEUVIICOUHE EAV O EVIOTILOUOG TWV HaKpodpAywv oTovV
npwtoyevr) BCa Ba pumopoloe va €xel KAWIKN onpaocia. To CD163 aviutpoowrnelel
€vav Seiktn mou ekdppaletol Kuplwg amo toug avtipAeypovwdelg (M2) umotumoug
Twv pakpodaywv [402]. Avixveutnkav udnAotepol amoAutol apBuoi CD163+
KUTTapwv and CD8+ kuTttapa Kal ot SU0 TEPLOXEG TOU OYKOU, KAl QUTO €lval o€
ocupdwvia pe tnv BBAloypadia mou avadepel avénuévn dnbnon TAM g Oykoug
Tou paotou [402]. Ta anoteAéopata pag, o€ cupdwvia pe pa mpdodatn HEAETN
[84], £€6elav OtL Ta kUTTtapa CD163+ kuttapa oto TC cuoxetilovtal Oetika pe

KALVIKOTIABOAOYIKA  XOPAKTNPLOTIKA TIoU ouvdéovtal He OUuoHevVh TpOoOyvwon,
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uTtoypappilovtac tn onuacia tTng avaluong Twv TTUKVOTATWY QUTWV TWV KUTTAPWV
TOTIOAOYLKA KOl TOV €V SUVAEL TIPOYVWOTLKO TOUG pOA0. QOoTO00, OTWG avadEpBnke
aro tnv afloAoynon Twv MUKVOTATWV Twv CD8+ KUTTApwWV UTPEE GUOYXETLON HE TO
DFS kat OS, kdtt mou dev SlamotwOdnke otav aflodoynbnkav oL TUKVOTNTEG TwV
CD163+ KUTTAPWV Of MEUOVWHEVEG TEPLOXEC. Map’ OAl AUTA, OL CUVOUQOTLKEC
avaAloeslg €6eléav euvolkn KAWLIKA €kBaon oe aocBeveilc mou £xouv XOUNAEG
Tukvotnteg CD163+ kuttdpwv oto TC cuvduaoueveg pe LPNAEG UKVOTNTEG oTo IM.
Eival evéladépov OTL n Kakr mpoyvwon mapatnprndnke oe acBeveic Twv omoilwv ot
oykoL gudavicav avtiotpodpo mpodih 6RBnong amd CD163+ kuttapa, SnAadn
vPnAng mukvotntag 6nbnon oto TC évavtl xapunAng mukvotntag oto IM. Eml tou
napovtog dev eival cadEG TL Umopel va TPOKOAECEL TETOLEG SLOPOPLKEG KATAVOUES
HETAEL TWV SLAUEPLOUATWY TOU Oykou. Asdopévng tne aAAnAsmidpaong HeTall Twv
TIAPAYOVIWV TIOU XOPAKTNPIloUV TOV OYKO KOl TWV OVOOOAOYLKWV OVILOpACEWVY,
UMOpOULE va urtoBEéooupe OTL avaloya pe ta PAsypovwsdn popla mou ekkpilvovtal
TOTIKA amd TOV OyKo, T KUTTAPA TOU QVOOOTIOLNTLKOU CUGCTHMOTOG WUMOPEL va
ocuoowpeLovVTaLl o€ SLAPOPETIKEG OVATOMULKES TIEPLOXEG TOU ULKPOTIEPLBAAAOVTOG TOU
OykKou. Mia Tétola SLOPEPLOUOTONOLNGCN UMOPEL OTN OUVEXELD va EMNPEACEL TN
AELTOUPYLKA KATAOTAON QUTWV TWV AVOCOKUTTAPWY, OTIWG QUTO EXEL amodelyOel yia
ta DCs mou Bplokovtal 6Tov OyKo, TIou XapoKktnpilovtal amo mpo- Kl OVTIKAPKIVIKEC
dLotnteg [58, 403, 404]. Me avaloyo tpormo, dladopeg XNUELOKIVEG £xeL amodelyOetl
OTL MPOOEAKUOUV EKAEKTIKA CD8+ kUTTapa 0t SLadOopPETIKA SLAUEPIOUATA TOU OYKOU
[46, 230, 405-408], utodnAwvovtag o0tL n B€on twv Sdtaddpwv MAnBuopwv TILs gival
pLot Suvaptkn Sladkaoio Pe TIPOo- 1] AVIKOPKLVIKA amoTeAéopata. H Suvapikn autn
Sladikacia e§aptdral anod tn BloAoyia Tou OYKOU, OVTIKATOTITPI{oVTAG TO OTASLO TG
aoB¢évelag, to omoio cuoxeTileTal e TNV KAWIKN €kBaon o dladopeg KakonBELEG,
ocupunephapBavopévou tou BCa [403, 409, 410]. KUttapa pe avtiBeteg Asttoupyleg
(6nAaény CD8+ kuttapa kat CD163+ kuTtapa) o SLOPOPETIKEG TIEPLOXEC TOU OYKOU
Kol og SLadOPLKEC TIUKVOTNTEG UMOPEL VOl £€XOUV GNUOVTIKO TIPOYVWOTIKO pOAO aAla,
ent Tou mapoviog, Oev €ilval yvwotd av n XWPOTOEIK TOUG KATAVOUR oTa
Slapepiopata tou OyKou oOdelleTal O METAVOOTEUTIKEG Olepyacieg Tou
TIPOKAAOUVTAL ATIO TOTILKA EKKPLVOUEVOUG TIAPAYOVTEG 1 KOPXLTEKTOVIKA» €UTOSLa

TIOU «alyHoAwTi{ouv» auTA Ta KUTTOPA OTA SLOPOPETIKA SlapepiopaTa Tou OyKou

-132 -



[396]. Emiong, Olamiotwoape OTL QUTEC OL €UVOIKEG OLadOPLKEC TIUKVOTNTEC
OVOOOKUTTAPWY CUCXETIOTNKAV HE BEATIWUEVN KAWVLIKN €kBacn o opddeg aobevwv
HE KALVIKOTIAOOAOYLKA XQPOKTNPLOTIKA ouvdedepéva pe SUCUEVH) TPOYVWON
(mpoxwpnuévo otadlo, peyaloug oykoug, uPnAod Grade kat Betikoug Aepudadevec),
Ol OTOLEG NTAV CUYKPIOLUEC pE eKelveC aoBevwy e KA Mpoyvwaon cUpdwva PE
TUTILKA KALVIKOTtBoAoyIKa KpLtipla (mpwipo otadlo, Pkpoug 0ykouc, XaunAo Grade
Kal apvnTkoUG Aepdadéveg). And Bewpntik dmoyn, To OMOTEAECHOTA MOG
urtodelkvUouV OTL amo Tn otwypr] mou o BCa kaBiotatoal KAWLKA ovViXVEUOLUOC,
6nAadn Bploketal oe ¢daon Staduyng TNG AVOCOEMLITHPNONG, TO MPOCAPHOCTIKO
OKEAOC TOU QVOOOTOLNTIKOU cuothpatog e€akoAouBel va eival evepyo mailovrtog
oNUAvTKG polo otnv kabuotépnon NG €€EAENG TNG vooou. AUTO Umopel va pnv
glval cupBato pe tn Bewpla T™Ng avoooeTmitripnong [32], Se8ouévou OTL N EVEPYETIKN
enidpaon Tou MPOCAPHOOCTIKOU OKEAOUG TNG avooiag unopet va udiotatal kad '6An
™ Sapkela €€EALENC TOU OyKou, OmwG Seixvoupe edw yla toug acBeveic pe BCa pe
TIPOXWPNKMEVN VOO0 Tou €xouv mapopola DFS kat OS pe acBeveig mpwipou otadiou,
KOl €(OUV HLO EUVOIKN avoooAoyLKr umoypadr. MmopoUUE va MPOTEIVOUUE OTL N
€UVOIK avoooAOYIKN pac¢ umoypadn emiBpaduvel toug pubuouc avamtuéng tou
oykou, auéavovtag €tol To OS. Ze auTo To onueio Ba mpemel va avadEPouE OTL ULa
TETOlO PO UTIApXoUCa OVOoLol UTTOPEL, o Kamolo Babuo, va katsuBuvetal and ta
veoavtlyova mou ekdppdlovtal and Tov OyKo HECW TG EUPAVIONG HN-CUVWVUUWV
OWHATIKWY HeTalafewv [411]. EvaMlaktika, n FCIS umoypadry upmopel va
OUUBAAAEL OTNV TPOTOMOINCN TOU OTPWHATOG TOU OYKOU KOL TWV KAPKWVIKWV
KUTTOPpWVY, €Mnpealoviag opvnTIKA TNV oyyeloyeveon Kal tnv efayyeiwon, Kal pe
QUTOV TOV TPOTIO VA EMNPEACEL TNV €EEALEN TOU OyKoU. OL LETAPBOAEG OTLG TTUKVOTNTEG
Kal otn Asltoupylo TwV OVOOOKUTTAPWY TOU MMOpPEl va gpdaviotolv Katd Tnv
€€ENLEN tnNC vOooou Ba pmopoloav va uroatnpifouv tn Staduyr Tou OyKou amo tThv
avoooemtipnon. OL UTIOKEIPEVOL HUNXOQVLOMOL ylot TNV OIMOKOAOUMEVN ETUKTNTN
0VOOOAOYLKI amokplon amodidovral Kuplwc oe emiyeveTikéG aAayeg [410, 412] kat
To npdodaTa OTNV AVATIPOCAPUOYH TWV EVOAANAKTIKWY CNUELWY EAEYXOU avooiag
[413] koBwg KAl OTNV OMWAELD HN CUVWVUUWV OCWHOTIKWY HETAAAAEEWV TIOU
odnyouv og XOUNAEC OUYKEVIPWOELG N/Kal os €€AAewpn Twv veoaviyovwy [414].

QotO00, KAl OTNV TIEPUTTWON OUTA N EUEPYETIKA €MiSpaon TNG AVOOGOAOYLKAG
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OTIOKPLONG TIOU UTTOPEL VO UTTAPXEL KaTd TN Stapkela tnG €EEALENCG TNC VOGOU EVTOG
TOU OyKou, e€a00€eVEL TO LETAOTATIKO SUVOHLKO ToU Kal odnyel o€ KAAUTEPA KALVIKA
amoteAéopata. Etol, Tto Sinboluvia avoookUTTOpa MMOpEl OXL pOVO  va
avtkatomntpilouv tnv mpolmndpxouca avooio aAAd Kol TNV 0VOCOAOYLKH amoKpLon
otn Oepamneia. Emopévwg, Oa elval mMOAU onuOVTIKO yla TIC amodACELC TIOU
AapBavovtat Kata TNV KAWLKA mapakoAouBnon twv acBevwy va Aappavetal umoyn
€AV KOL OE TOLO ETUMESO N APXLIKN KOATAOTOON TOU QVOCOTIOLNTLKOU CUOCTAUOTOG
KaBwg kot n «Suvapkn» tou emnpealel Tnv emPiwon twv acbevwy, avefdptnta
and tn Oepaneia. Emeldn o mpwtomabng oykog otnv opdda Twv acbevwv pag
opalpEBNKe HE XELPOUPYLKN ETEUPAON, N TPOYVWOTIKN afla Tng avooOAOYLKAG
QMOKPLONG EVTOG TOU OYKOU UIOPEL va avtovakAd TNV moootnTa Kot TV molotnta
KUTTOPWV TOU QVOOOTOLNTIKOU OCUOCTHUATOG Tou OUpBAaAlouv otn Avon Twv
VEOTIAQOUATIKWY KUTTAPWV 0TO TEPLDEPLIKO ailpa, otoug Aepdilkol LoToug | o€
OAAEC avaTopkeg B€oslc. Elval wotooo, Mpog To mapov, AYVWOTO EAV UTTAPXEL EVAG
OUCXETIOMOG METAEU TOU OVOOOTOLNTIKOU GOLVOTUTIOU TwV  OYKWV KAl TNG
OVTATOKPLONG TWV KUTTAPWV TOU QOVOOCOTIOLNTIKOU CUCTHUOTOC TOU TEPLPEPLKOU
oilpotoc. e plo peAétn amo tnv opada tou Mortarini [415] mapatnpnOnke OTL n
ouxvotnTa Twv T pUBULOTIKWY KUTTAPWVY OTOV OYKO oXeTileTal pHe au§nuéva emnineda
KukAodopiag tou TGF-B KOl HELWWHEVN OMOKPLON TWV T-KUTTAPWVY OTO TIEPLPEPLKO
aipa énetta anod Sieyepon pe IL-2. e CUVEXELD AUTWY, N OpAdA HaG EXEL EVTOTILOEL
opVNTIKA cuoxEtion Hetafl twv emunedwv TGF-B otov opd acBevwv e Kapkivo
TIPOOTATN HE ELOLKEG AVOOOAOYLKEG ATIOKPLOELG T-KUTTAPWVY evavtiov evog uBpLdikol
nientdiov g HER-2/neu mou xpnotpornoleital yia tov epBoAlacpo toug [416]. Auto
UTIOYPOLHLZEL TNV avayKn va eAeyxBOel av UTIAPXEL CUCXETLON METAED TNG KATAOTAONG
EVEPYOTIOINONG TWV OYKWV KL TNG «CUUTMEPLPOPAGH TWV KUKAOPOPOUVTWY KUTTAPWV
Kal va e€etaoBel edv auto obnyel oe ocuotnuiky aAloiwon Tng Asttoupyiag tou
OVOOOTIOLNTIKOU OCUOCTAUATOC TIOU OXETI(ETAL UE TNV KATAOTAON TOU KAPKLVIKOU
doptiou. O evtOMIOUOG ULaG CUOYXETIONG Oa ETETPEME TN AELTOUPYLKN EKTIHNON TWV
OyKWV Kol Katd ouvénela Ba mpoePAeme tnv mpdyvwon efetdloviag Ta
KukAopopouvta KUTTapa. TETOLEC CUVOUAOTIKEG AVOAUCELG UIMOPEL VoL Elval XPrOLUES
yla TNV €KTIINON TOU POAOU TWV MPOCUPHOCTIKWY AVOCOATIOKPIOEWY OTOV OYKO Kal

TO MepLPePLKO atpa, yia tnv eEEALEN TNC vOoOU.
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MNapouaotaloupe emiong €dw, OTL N ouxvotnTa Twv aoBevwv Tou yapaktnpilovral
and tnv FCIS umoypadn NAtov HeEWwpEVN HeTaf Twv opadwv pe Suouevn
KALVIKOTIAOOAOYIKA XOPOAKTNPLOTIKA, YEYOVOC TIOU UTIOONAWVEL OTL OL EUVOIKEC
TIUKVOTNTEG TwV CD8+ kat CD163+ KUTTAPWV CUCXETI{OVTAL APVNTIKA UE TO OTASLO
TNM. MmnopoUUE va TIPOTEIVOUUE OTL N TPOodog TG vOoou CUVOEETAL HE TNV
emdelvwon auth¢ NG OVOOOATOKPLONG KATA TOU OYKOU, HE OTOTEAECHA TN
otadlakn avénon tng avoooAoylkng Staduyng. Onwg culntiOnke mapanavw, KON
Kol 0g aUTO To otddlo, n duvapn tNg avoooanokplong Ba pmopoloE va sival pLa
BaoLKr TIAPAUETPOG VLA TOV OTTOTEAECHATLKO EAEYXO TNG €EEALENG TOU OyKou. Exoupe
Oeifel OTL oL SLadOPLIKEG TIUKVOTNTEG KoL N Xwpotallkn katoavourn twv CD8+ kat
CD163+ kuttdpwy, omwg neplypdadetat ano tnv FCIS «umoypadn», Oa pnopovoav
va evrtonioouv acBeveic pe avénuévo DFS 1 acBeveic mou mBavotata Ba £xouv
KaAUtepn emPBiwon, moapd 1o yeyovog OtL PBplokoviav o€ MPoXwpnuEVo otadlo
vooou oludpwva pe TNV tafvounon TNM. Autd umodelkvUeL OTL oL «UTIoypadECH
FCIS & UCIS, onwc, oplotnkav otnv mapouca UEAETN, amoteAouv véo unmoridlo
beiktn mépav tou TNM mou avapévetal va BeATLWOOUV TNV TIPOYVWON KAWVIKWY
ekBaoewv os acBeveic pe BCa.

H peAétn poag elval n mpwtn mou mpoteivel Ot Sladoplkeg TUKvOTNTEG Tou Loilou
UTOMANBUCUOU TWV AVOCOKUTTAPWY TIou 8tnBouv Tov mpwtonabn oyko oto TC Kal
oto IM umopel va €xouv avtiBeTeg MPOYVWOTIKEG eTUMTWOoELS oto BCa. H euvoikn
avoooloyikny unoypadn (FCIS) onwg opiletal €dw, TPOPALTEL EUVOIKEC KALVLKEG
ekBaoelg (tooo DFS 6oo kal OS) oe etepoyevel OpUAdEG AoDEVWV E TIPOXWPNULEVO
otadlo aobévelag, peyahoug oykoug, StnBnuévoug Aepdadéveg kot oykoug unAou
Grade KOL OCUMMANPWVEL TIG KOOLEPWUEVEG KoL €YKOOLOPUUEVEG TIPOYVWOTIKEG
napapETpoug oto BCa. Etol, cuvdualovtag TIg Katnyoplonolioslg acBevwy e Baon
™ otadlonoinon TNM Kol TIC OUVOUOOUEVEG OVOCOAOYLKEG «UTIOYPADEGY, OTIWC
npoekuPav amo tn StOnon avoooKUTTAPWY OTNV TOPOUCA UEAETN, UMTOPOUUE va
€XOULE LOXUPEG eVOEIEELC YO TOV OPLOUO VEWV UTIOOUAdWY aoBevwy e Eexwplotn
npoyvwon.

Ye ula mpoomnaBela va BpeBouv miBavég cuoxeTioelg KUKAOGOPOUVTWY MOpayOVIWY
HE TO pIKpOTEPLBAAAOV TOU OyKoU peAeTAONKav ta enimeda twv MiRNAs, T0c0 otov

0p0, 000 KoL otaa PBMCs aocBsvwv kobwg Kal ta emimedoa Kuttapokvwv/
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XNUELOKWVWV oTtov opo. Etol, Aowutov, BeAnoape va eAéyéoUupe av UTIAPXEL ULa
«umoypadn» otnv kKukAodopia mou Ba pmopouce ev SUVAUEL Vo OVTOVAKAQ TO
HLKpOTIEPLBAAAOV TOU OYKOU.

ZNUAVTIKO pOAO 0TN AELTOUPYLO TOU AVOGOTIOLNTIKOU cUOTHMATOG Stadpapatifouv ot
KUTTOPOKiveg/ XNUELOKiveg. MpOKeLTal ylo SLOAUTEG TPWTEIVEG, UIKPAG MOPLAKNC
pnalag, ol omoilec pmopel va ekkpivovtal amd moAAoU¢ MANBUOUOUG KUTTAPWY KoL
€XOUV TOCO TapaKpLVr 600 Kat evdokplvr Spaon. H datrpnon tng opoldéotacng Twv
KUTTOPOKLVWV TIOULEL ONUOVTIKO pOAO OTNV OpaAr AELTOUPYLO TOU OPYQVIOHOU Kal N
amoppLOULON TNG ocuoxetiletal Pe VOOOUC CUUTIEPIAQUBOVOUEVWY OUTOAVOCWY
voonuatwyv [417] kot veomAaowwyv [418]. MANRBoc epeuvwy eoTlalel otnV avixveuon
KUTTQPOKLWVWVY oTtov opd acBevwv pe kapkivo kat tnv mubavy cuox€tlon UE TNV
€kBaon tng vooou [419]. MoAAEC peléteg €xouv yivel Kal oe aoBeveic pe BCa [420].
Amo ta SIKA oG QMOTEAECHOTA KOL TNV HETPNON TwV emumedwy twv IL-8, IL-10 kat
TGF-B1 dev mapatnpnOAUE OTATIOTIKA ONUAVTIKEG Sladopeg PeTafl Twv acBevwv
Kal Twv uyewwv dotwv. Auénuéva Atav ta enineda tng IL-9 otoug acBbeveig, evw,
HElwpéva ta emimeda twv IL-1Ra kot Rantes o€ oxéon He toug uyleig 60tec. Ta
gupnuoTa pag, 6oov adopad ota avénuéva emnineda tng IL-9 oe acBeveic pe BCa oe
olykplon He ta emineda Twv vylwv dotwv eival cupdPwva pe MPoohatn LEAETN TwV
You et al. [421]. Auénpéva emineda £€(o0Uv CUOCYXETIOTEL UE UTTOTPOTI TOU OYKOU, KOl
elval yvwotd OtL eumAEKovTOLl OTn METOVAOTEUON Kol StBNnon Twv KAPKWVIKWY
KUTTapwv otov BCa [422]. H SwaBéoun BLBAloypadia oxeTika pe To poAo Tou Rantes
(CCL5) otov BCa 6ev eival cadrng wg mpog Ta cupmnepdcpatd tng. YynAotepa
enineda Rantes oto mMAdopa acBevwy, aAAd KoL 0TOV OYKO, £XOUV CUCYETLOTEL OTOV
BCa kal oTov Kapkivo Tou TpaxnAou TnG LATPAG LE TpOXwPNHEVN vooo [423, 424]. OL
aoBeveig NG SIKAG HaG HEAETNG xapaktnpilovtal wg acBeveic mpwipou otadiov,
omnote mbavotata va pnv Ppiokovpe auvénpéva emimeda AOyw TNG €mAoyng TNG
opadag twv acBevwv. Ocov adopd otnv IL-1Ra, €xel pehetnBel o poAog tng oto
HEAQVWHO KOL OTOV KOPKIVO TTaXE0G EVTEPOU [425]. MEeAETEG O TTPOKALVIKA LOVTEAQ
gxouv Seifel otL n IL-1Ra cuppeTéXeL otnv mapeunodion tng Asettoupyiag tou VEGF,
oavaotéAovtag tn petactaon [426]. Ta supiuota pag umootnpilouv xapunAotepa
enineda IL-1Ra otnv opdda twv acbevwy, o OXEON ME TOUG UYLELG 6OTEG, eUpnUa

mou xpnlel mepattépw Olepelvnong. OL TepLocOTEPEG UEAETEC ouoyetilouv Ta
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emineda KUTTOPOKWVWY/ XNUELOKWVWV HE TNV UMOTpPomr tng vooou [420]. Toéoo
SLoyvVWOoTIKA, 600 KOl TIPOYVWOTLKA, §eV UmopolV va XxpnoLionolnBouv Yepovwéva
To emimeda  KUTTAPOKWVWV/XNUEOKIVWY, OLOTL N TOPoUsiot TWV KUTTOPOKLWVWV/
XNUELOKWVWY OTO TepLPePKO aipa elval €va ToAumapayovtikd ¢alvopevo Kal
mbavotata n mopoucia TNG HLOG KUTTOPOKIVNG emnpedlel AMAeg, €ite aueoa, ite
€UUECA OOKWVTAC Sdpdaon ot KUTTapa TNG MeplPEPELAg TTOU HE TNV OELPA TOUG
TIapAyouv AAAEG KUTTAPOKIVEG } TPOCEAKUOUV AAAEG XNUELOKIVEG. ETLTAEOV, TTPEMEL
va AndBOel unoyn to yeyovog mwe epeic e€staloupe TNV MOPOUCIA KUTTOPOKLWVWV/
XNUELOKWVWV OTO TAQLOLO TOU KOPKivou. Av yla KGO0 AOYyO, CUVUTIAPXEL KAToLa
Aolpwén N dpAeypovn otov aoBevi mou ennpPeAlel TNV OUOLOCTACH TOU OPYAVIOUOU,
HLOG KOl OL LooppoTiieg elvat Wolaitepa eVOpAUOTEG, EUKOAQ UTTOPOUE VO EEAYOUNE
AavOaopéva cupnepaocpota. H taon mAéov, otn SleBvr EMOTNMOVIKY KOwotnta
elval n peAétn ouvduaopoU mapayoviwv kat n dnuloupyia «umoypadwv» [427].
AuTO Tou olyoupa €xeL Olaitepo evdlodpépov kal pevel va afloloynBel oe
pueyoAUltepo Oelypa acBevwv, eival oL LOXUPEG CUOYXETIOELG TOU TtapaATnPOUVTAL
METOEU TWV KUTTOPOKWWY/ XNUELOKWVWV TOU 0poU aoBevwv Kol TIG omoieg Oev
OUVQVTAE OTOUC UYLELG SOTEG.

O poAog Twv MiRNAs otnv €§€ALEN Tou Kapkivou eival e§gxovoag onuaciog, kabwg
pUrmopouv va Spouv puBbuilovtog T000 Ta KOPKLVIKA KUTTOpa, 000 Kol Ta KUTTapa Tou
avooomnotntikou cuotiuatog [331]. Ta miRNAs mou peletnOnkav givat miRNAs pe
TEKUNPLWHEVO SITTO polo. Ta miRNAs Bpiokovtal og OAa ta BloAoylkad vypd Kot n
otaBepotnta toug ta kablotd katdAAnAoug umodndloug Bodeiktes. H aviyveuon
Kal ta enineda eékppaong twv miRNAs otnv kukAodopia aoBevwy pe Kapkivo €xeL
nipotaBel OTL UMopPEL va €X0UV SLAYVWOTLK, TIPOYVWOTIKA /Kot poBAemtikn agia
[428]. Ta miRNAs otnv kukAodopia pmopel va Ppilokovtal wg eAelBepa
KukAopopouvta miRNAs, cuvdedepéva pe pLBOVOUKAEOTIOWKA CUUTTAOKA, OTIWC OL
npwteiveg Argonaute2, uPnAng mukvotntag Autonpwteiveg (HDL) A nucleophosmin
(NPM1)] i oe e€wkuttapla kuotidla (e€wowpata, UIKPOKUOTISIO | QIOMTWTLKA
ocwpatia) [429]. Ta miRNAs rou deopevovtal A elval o€ GUUTTAOKQ N TIEPLEXOVTAL OE
€EWKUTTAPLKA KUOTLSLO, TIPOOTOTEUOVTAL OO TNV AOoLKoSOUNGoN Kal, WG €K TOUTOU,
elval otaBepd ota PBloAoylkd vypd. Ta TLO EKTETOHEVA HEAETNUEVA KuoTidla mou

nieptExouv MiRNA eival ta efwowpata. H mapaywyr Kuotidiwv Tou TePLEXOUV
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mMiRNAs ¢aivetal va eival ekAektikn, KabBwc n meplektikotnta o MiRNAs ota
KOTTOpa Kol ota Kuotibla mou ekkpivouv Sladépel. H ékkplon €EWoWUATWY HE
MiRNAs aufavetal ot HETAOTATIKA KOPKLVIKA KUTTOpa, urtodnAwvovtag OtL £Xouv
€OIKO pOAo otnv €fEAEn tou Oykou. H akplBng Aettoupyla TwV EKKPLVOUEVWY
KuoTWOlwV elval akoun umod oulntnon, oAAd ta amoteAéopata Seixvouv OTL Ta
MiRNAs emitpénouv ota KUTTOPA Va EMIKOWVWVOUV HeE aAka kuttapa [430]. Tnv
televutaia SeKAETIA, CUCCWPEUTNKAV ONUAVTLKA OTOLXELQ OXETIKA UE TN CUUMETOXN
Twv MiRNAs otnVv ayyELOYEVEDN KOL TN HUETAOTAON OToV KapKivo [431]. Ztn Sk pag
HEAETN, eAEXBNKav va peAetnBouv £€L mMiRNAs toco otov opod, 6co kat ota PBMCs
ooBevwyv pe BCa. ISlaitepa onUOVTIKO OTOLXELO OTNV HEAETN MAC ElvaLl n XPOVLKA
oty ouAoyng Twv Setypdtwy. OAa ta Selypata cuAEXOnkav pia pépa mpv To
XEPoUpyeio TwV acBevwv Kol xwplic ol aoBeveic va €xouv AaBel kamola Bepaneia.
Mpokettat ywa €va dlaitepa opoloyeveg Seiypa mou pmopel va aglohoynBel
KataAAnAa. Eival Alyeg ol pelétec otnv BiBAloypadia mou £X0UV TNV OLIOLOYEVEL
Tou 8koU poag delyparog. Zuvnbwg yivetal cuMoyn Selypdtwyv oe SLadopeTIKES
XPOVLIKEG OTLYUEG TNG MEAETNG, N TIPLV KOl LETA TNV Xoprynon Bepaneiag [432, 433].
Kata tnv apxwkr ovykplon Petafl aoBevwv Kol uylwv dotwv BpEOnkav kot ta £€L
miRNAs va eudavilouv vpnAotepa enineda ékdpaong otnv opada Twv UYLWV
dotwv, oe oxéon pe tic acBeveic. Qotdo0, MapatnPnOnKav UEPLIKEC 0loBeVEIG TTOU
elyav oAU vnAa enineda ekppaong oe kamowa MiRNAs, oxL anapaitnta ota dla
HeTaL Twv aoBevwy. Itn BLBAoypadia oL meplocoTeEPeG HEAETEC TTOU adpOPOUV OF
miRNAs avadépovtal oe TOAU auvnuéva N pewpeva emnineda toug [292, 434]. Ta
vPnAa enineda tou miR-21 kat MiR-155 otov opd €xouv PBpebei va afloloyolvral
w¢ Blodeikteg dtayvwong otov BCa [435, 436], OLUWG UTIAPXOUV KoL LEAETEG TIOU T
emnineda Toug elval LELWUEVA CUYKPLTIKA UE Ta emineda Twv vywwv dotwv [437], kATl
Tou elval og cupdwvia Pe Ta SKA pag supnuata. Avuénuéva emnineda Twv miR-146
Kol MmiR-16 o op6 acBevwv pe BCa €xouv cuoxetiotel pe dtBnon Aepdadévwy kat
He Tto MPodiA oppovVIKWY UTIOSOXEWV Tou Oykou [438]. Ocov adopd oto miR-155,
auénuéva emimedd Tou OTOV 0PO £XOUV CUOCXETIOTEL UE UTIOTPOTI TNG VOOOU OTOV
BCa [439], avtox otn xnueloBepaneia [440, 441] kal petaotacn [442]. O polog Tou
miR-181 eival audleyduevog otov BCa [443] yia tnv oykoyovo i pun &paon tou.

Qotooo, otov 0po acBesvwv pe BCa, ta emineda tou Bplokovtal pelwwpéva [444],
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OMwWG Kal otn Okn pog peAETn. TéAog, To MiR-23 otov opd PBploketol Kupiwg
auénuévo [445]. Emiong, peléteg 6oov adopa ota emineda €ékppaong tou miR-21
OTOV OYKO, To cuoxetilouv pe dtBnon Aspdadévwy, pe mpoxwpnuévo otadlo [292],
OAAQ, KoL PE UTIOTPOTH TG VOoou Kabwg Kat pe duopevh mpdyvwon [446]. Ouola
Kal yla To miR-155 otov Oyko, UEAETEC TO ouoyeTilouv pe pikpn emBiwon [442],
OpwG o€ mpoodatn UeAETN [447] Ta xapnAa entimeda EKPPaonG O TPUTAA APVNTLKEG
oaoBeveic pe BCa daivetal va €Xouv MPOOTOATEUTIKO poAo. Ta €E&L miRNAs mou
HeAeTNONKOY, €YoV LOXUPEG OUOXETIOELC LETOED TOUG OTOV TIPOEPXOVIAV OO TOV
0p0 Kal arnod ta PBMCs, opwg dev mapatnpnOnkav cuoxetioelg LETAEL Twv eMUMESWV
Twv MIiRNAs amo Tov 0pO Kol oVIoTowV Twv PBMCs. AMO TIC GUOXETIOEL TTOU
eAEyxOnkav amod Toug MOPAYOVTEG TNG CUOTNUATIKNAG KuKAodopiag, ta miRNAs tou
opoU NTAV QUTA TIOU TOPOUCLOCcOV TI TIEPLOCOTEPEC OUOXETIOEL HE GAAOUG
TP AYOVTEG TNG KUKAOdOpPLag, OMWE TIG KUTTAPOKIVEG/ XNMELOKIVEG Kal Ta uTtdAouta
mMiRNAs Tou opoU, aAA& Kal pe 8tNBoUVTEC avoooKUTTAPLKOUG uTtomAnBuaopoug. Etot
Aouov, n avaiuon pag Baociotnke ota miRNAs Tou 0poU oTnV MPOOCTIABELA paG va
eAéyéoupe TOOVEG CUOKETIOELS TWV EMIMESWVY TOUG HE TO MIKpOTEPLBAAAOV TOU
OyKou. Mo CUYKEKPLUEVA, TIPOXWPNOAUE otn Snuoupyia evog alyopiBuou PBaocstl
ToU omoiou dnuloupynBnkav tpelg cuotadeg/clusters oto cUVOAO TwV ACBEVWV HaG.
A&ileL va ONUELWOOUNE TIWG HEMOVWHEVA To MIRNAs mou €xouv emIAEyel yla TV
napovoa PeAETN eixav MeAetnBel yla Tov poAo toug otov kapkivo, aAlAd OxL o
OUYKEKPLUEVOC OUVOUOOMOC QUTWYV, yla TNV Snuoupyia HLOG XOPOKTNPLOTLKAC
«umoypadnc». Amo tnv opadomnoinon Kat Ti§ cUCTASEG Tou TpoEKuPay, amod ta €§L
mMiRNAs tou opoU ToU WEAETAOOUE, €XOUME TPelG oadeic opadeg aocbevwv. H
ovotada 1 (C1) eival ekeivn pe ta xapnAotepa enimeda ekppaong Twv €L miRNAs.
OL acBeveig mou amoptilouv auUTAV TNV opdda, €xouv TNV MeyaAltepn nAkia
OUVKPLTIKA PE TG AAeg SUo opadeg aoBevwy, evw xapaktnpilovtal amo xopnAn
61nbnon amo CD4+ kat CD8+ kUTTapa, TOCO OTO KEVIPO TOU OYKOU, OCO KOL OTO
8INONTkO pétwmo. Tautoxpova, ol aoBeveig Tng cuotadag auTAC xapaktnpilovrat
and vPnAotepa enimeda KUTTAPOKWVWVY/ XNUeOKWWV (IL-8, IL-9, IL-10, Rantes, TGF-B
kat IL.-1Ra) otnv kukAodopia oe oxéon He TIC GAAeg SUo ocuotadec. H xapnAn
6Onon twv OyKwv Twv acBeEVWVY TNG CUYKEKPLUEVNG OMASAG (0WG avTavakAd OyKo

XQUNANG OVOOOYOVIKOTNTAC, TIOU O ouvOUAOHO HE TNV auénuévn nAkia Twv
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000evwyv mBavov va umootnpilel Eva OXL Kal TOCO EVEPYO OVOCGOTIOLNTIKO cUOTNUO,
HUE TIEPLOPLOMEVO PETIEPTOPLO T-KUTTAPWV HMVAUNG Kol €AAeWPn OYKO-ELOLKWV
KUTTOPWV. 2JUVENMWC, 6Oa MmopoUCAUE va  XOPOAKTNPLOOUPE TOV OYKO QUTO
avoooloyka-ptwxd “poor”. Ouwg n cuotada autr Umopel va xpnolhomolnOet
SlayvwoTika Kabwg onwg eidape, pmopet pe 100 % svatcbnoia kat 100% £181kOTNTA
va Slaxwplosl toug uylelg 80teg amd Ttou¢ oaobBeveic. H ouotada 2 (C2)
xopoktnpiletat amd evlldpeoca enimeda  €ékdpaocng mMIiRNAs, Kuttopokwwv/
XNUELOKWVWV Kol evllapeon 8Bnon amd avoooKUTTapLlKoUG UTOmAnBuopolC.
Télog, o6oov adopd ota KAWIKOTIOOOAOYLKA TNG XOPAKTNPLOTIKA, daivetal va
niephappavel aobeveic pe to KAAUTEPO TIPOPIA TPOYVWONG CUYKPLTIKA HE TIC AAAEG
600 ouotddes, kKaBwg MeplocoOTEPO amo ta SUo Tpita Twv acBevwv ivat MPpwLpou
otadiou (I n lla), xapunAou Grade, xapaktnpilovral and xapnAo Ki67%, sekdpalouv
oppovikoug utodoxeic, evw dev umepekdppalouv tnv oykompwrteivn HER2/neu oe
TOO0OTO TMAvw amo 90%. Itig pépec pag, n €Mewpn te HER2/neu Beswpsitat
HELOVEKTNUA, KoBwg oL aoBeveig dev pmopolv va enwdeAnBolv amo tnv MOAU
anoteAeopatiky Bepamneia pe Herceptin [448]. H cuotada 3 (C3) xapaktnpiletol
a6 ta uPpnAotepa enimeda mMiRNAs kot ta xapnAotepa emimeda KUTTAPOKWVWV/
XNHUELOKWVWV OTOV 0p0O, O OXEoN UE TIG AAeg ouotades. Tautoxpova, ol acBeveig
¢ opadag autng elval HIKPOTEPNG NALKiag kol xopaktnpilovtat amd uvPnAn
6nbnon and CD4+ kot CD8+ T kUTTOpPA, WOTOCO OL OYKOL TOUG Tapouclalouv
Suopevy  KAWLKOTIOOOAOYIKA — XOpaKTNPEOTIKA  (auénuévo mooooto  Kib7,
TEPLOCOTEPECG aoBeveic pe Grade 3 kat aplOuo dinbnuévwv Aepdadévwv N=3). OL
OyKoL auTtol, Ba pmopouoav va XopaKTtnELoToUV avoooAoylka “svepyol” AOyw tng
napouociag Twv dinBolvtwv Aeupdokuttdpwy, kATl Tou BOa umopovoe va
Xxapaktnpioel Toug Oykoug oavoooyovikoUG. Map' OAa autd, n mopoucia Twv
KUTTOPWV SEV CUVETAYETAL KAl TN AELTOUPYLIKOTNTA Toug. Ot acBeveic tng cuotadag
OUTAG, TEPLAAUBAVOUV TIEPLOCOTEPO ATOUO PE TO SUOUEVEC OVOCOAOYLIKO TIpOodiA
61nOnong (UCIS), omwc auto €xel mpokUYPEL Ao TO aAvaSPOULKO TUAUA TNG UEAETNG
pHoG. Aebopévou oOtL ta emimeda mMiRNA tou opoU cuoyetilovtal Oetikd He TN
61nOnon twv CD4 ko CD8 T-kuttdpwv Kot Sv mapatnpnBnKe Kapia cUoXETION UE Ta
miRNAs twv PBMCs, elvat eUAoyo va umotebel otL ta kKukAodopouvta miRNA

OVTOVOKAOUV TNV OVOOOAOYLKI KOTAOTOON Tou HikpomeplBallovtog Tou Oykou. H
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ékdpaon twv MiR-16, miR-21 kot MiR-146 [449] éxeL avadepBei OTL cuoyetiletal
Betika pe T-kUTTOPO MVAUNG Kal auvénuéva emimeda miR-23 kat miR-155 pe tnv
napoucia CD8 T-kuttapwv og dykoug [383, 450]. Zuvenwcg, o cuvbuaoUOG TOUG OTNV
kukAodopia urtootnpilouv otL acBeveig pe urtoypadr C3 miRNA £€xouv MepPLOCOTEPO
0VOOOYOVIKOUC OYKOUC TIOU avTUmpoowrnevovtal omo  uvdnAotepn 6nbnon
0VOOOKUTTAPWV amo acBeveic mou avikouv otnv opada Cl. Evtoutolg, ta uPnia
enineda miR-23 pmnopel va mapeunodioouv To AELTOUPYIKO SUVAULKO TOUC, KaBwg n
vPnAn ékdpacn miR-23 oxetiletal pe tnv e€acBevnuévn Asttoupyia twv CTL [383],
evw ta MiR-21, miR-146a kat miR-155 gAéyxouv OeTikd TN AELTOUPYLKA KAVOTNTA
Twv Tregs [451-453], unootnpilovtag évav UTOKEIUEVO nXaviopd Sladuyng Oykwv
(immunoediting) otoug acBeveig tng cuotddag 3. AcBeveig pe To MPodiA Twv MiRNA
Tou Yapaktnpilet tnv opada C3, Ba pmopoloav v OVIUTPOOWIEUOUV KAAOUG
uroPdloug yla avoooBepameuTIKEG TTPOOEYYIOELS, oL omoleg Ba umopovoav va
EVEPYOTOLNOOULV TIG TPoUTApXouoeg evOoyeveig avoooamnokpioelg toug [454]. Ano
™V AAAN mMAgupaq, n xapnAn ocuvoAlkn €kdpaon twv £EL MiRNAs tng unoypadng C1,
o€ ouvOUOOWO e TNV XaunAn d16non T-KUTTAPWV 0TOUG OYKOUC, UTTOSNAWVEL OTL OL
o0Beveilc autng t™¢ opadag dEpouv «PTWYXoUC» WG TPOG TNV OVOOOYOVIKOTNT
OYKoug, Omwe avadépOnke. EToL, Ol oTpATNYLKEG TTOU OTOXEUOUV OTNV aU&non tng
ovayvwpLong Tou OyKou Kal tTng Stnbnong amod ta KUTTapa TOU QVOCOTIOLNTLIKOU
cuotApatog, Ba umopovoav va PBeATlwoouv TNV KAWLKA E€KBaon autwv Twv
aoBevwv.

Av kal ta enineda Twv MiRNA ané ta PBMCs dgv cuoyetilovtal pe ta miRNAs tou
0poU, OUTE ME Ta €MIMESO KUTTAPOKIVWY / XNUELOKWVWV TIOU KUKAOPOpPOUV (eKTOG
and tnv IL-9), oL umoypadég cuotadbwv nNTav o€ cupdwvia pe ta TPOPIA
KUTTOPOKWVWV/XNUELOKLVWV KUKAodopiag: uPnAd enineda miR-16, miR -21, miR-146
Kot miR-155 €xouv avadepBel mponyoupévwe va cuoyetilovtol apvnTKA HE ThV
TIOPOYWY  KUTTOPOKWWV/XNUELOKWVWY, cupnepliappavopévwy twv IL-8, IL-10,
Rantes [455-457]. To evdexopevo ta KukAopopouvta miRNAs va gumAékovTol otn
Aettoupykotnta twv PBMCs, avefaptnta amd ta evdoyevr emineda miRNAs twv
urtonAnBuopwv touc, dev pmopel va amokAELloTel 0To MAALOLO TNG SLAKUTTAPLKIC

emwowwviag [458].
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Ta HLA popla eival kpiowpa otnv avooia Ttwv T KUTTAPWV KOl OpLOHEVA
oAAnAopopda oxetilovral pe acBéveleg. Itov Kopkivo, To aAAnAopopdo HLA-A2
OUVOEETAL UE XELPOTEPN MPOYVWON OTOV KAPKIVO TwV woBnKwv, TOU TPOoCTATH, TOU
TVeU OV KAl TOU pooTtoU, evw To HLA-A24 pe KOAUTEPA KALVIKA QTTOTEAEOUATA OTOV
Kapkivo tou mpootdtn kat tou paotou [398-400, 459, 460]. EmutAéov, oplopéva
MiRNAs £xetL avadepBel 6Tl Spouv W puBULOTEC SLAdOPETIKWY YEVETIKWY TOTIWV TWV
HLA [331]. H onpavtikd auvénuévn ouxvotnta twv apvntikwyv HLA-A2 kot n auénuévn
ouxvotnta Twv acbevwv mou ekdppalouv HLA-A24 otn cuotada 2, oe clyKpLon HE
v opdada C3 mou eudavilel toug avtiotpodoug yovoTUTOUC, E€lval Eemiong
eVOEIKTIKEC KOAUTEPOU TPOYVWOTIKOU TIPodiA tng ocuotadag 2 os ox€on HE TNV
ouotada 3.

A’ 6oa oulntnBnkav EeKTEVWC TIPONYOUUEVWG, OCUUMEPOIVOUME TO TOOCO
TIOAUTIOPOYOVTLKN €lval n oxéon HeTaEV avooOoToLlNTIKOU CUCTAMATOG KOL KOPKivou
Kall TTOoo. SLAPOPETIKA LOVOTIATIOL KOl TPOTIOL pUBULONG EUTAEKOVTOL. 2T SIKN HOC
HEAETN, av Kal To Selypa Twv acBevwy eival HIKPO, KoL OL KOTNYOPLOTIOLCELG TWV
aoBevwv avd cuotada KAVOUV TIG UTIOOUASEG QPKETA ULKPOTEPEG, TTOPOAQ QUTA TA
6ebopéva pag armoteAolv Loxupn apxtkn EvOelfn mwg Tooo Ta auvénueéva, 660 Kal To
HEWwMEVa emineda Twv WBlwv kukhodopouvtwv MiRNA pmopet va cuoyetilovrtal pe
SL0POPETIKEG TIPOYVWOELG OTOV KAPKIVO TOU paoTtoUl. AuTO €pxetal oe avtiBeon pe
ooa €xouv HEXpL onuepa mpotabeil otn BiBAoypadia. OAeg oL SNUOCLEUEVEG
ovadopEC MAPATEUTOUV 0TO SlayvwoTkO (Kot TToAU AlYyOTEPO OTOV TIPOYVWOTIKO/
TiPOPAENTIKO) pOAO, €lte Twv aAu§NUEVWY, €lTE TWV HEWUEVWY eTUMESWY KABE
mMiRNA, akoun kat av autd cumeplthapBavovtal oe «umoypad£c» pe ala miRNAs
[296, 428]. OL dladopég ota emnineda €kdppaocng tou MiRNA mou kukAodopouv
HeETalL Ttwv  Sadopwv  epeuvnTKwWY  opddwv  amodibovial  Kuplwg  OTLG
nebodoloyikég Stadopec [461]. Qotooco, otnv mapouca HeAETn, oL opol
OUMEXONnkav, umoPAnBnkav oe emnefepyaocia kat avoAlOnkav pOPLOKA UTIO
TIOVOLLOLOTUTIEG OUVONKeG, un uttootnpilovtog £tol Kapia pebodoloyikr) mapéuBacn
ota AndBevta dedopéva.

H aApatwdng mpoodo¢ otov TOHEQ TOU Kapkivou, KABwWC Kol n £loaywyn VEWV
dappakwy ExeL au€NoeL TTOAU TNV eAeUBgpn vOooU Kat cuVOALKN eTBiwon acBevwv.

Ao TNV swoaywyn tne teAeutaiag aoBevol¢ OTO TIPOOTTIKO TUAMO TNG HUEAETNG
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€XOUV TEPAOEL HOVO 3,5 Xpovia, €va Staotnua olaitepa cUVTOUO Yyl VA UMOPECEL
va aflodoynBel n KAk €kBacn. OEtovtag, Aoutdv, WG AnwWIEPO oTOXo TNV Tbavn
MPoyvwoTikn afia twv mMiRNAs 1ou aviyvelBnkav otov 0pO, XPNOLUOTIOLWVTOC
€UKOAN, ypnyopn, un emepPfatikn mpoéofacn oto UAKO, HECW MOVO HLOG OTTANG
awoAnyiog, xpnolpomnotoape £vav alyoplOpo Tou KATnYopLOTOLEL TIG aoBevelg os
TPELC opadec, uPnAng, evdlapeonc kot xaunAng ékppaong emmedwv £€L miRNAs. Ot
OUOTAOEG neplypddouvv  aoBeveic pe  Sladopetikd  KAWIKoTABOAOyIKA
XQPOKTNPLOTIKA, OSladopetikd HLA yovotumo, Kol emimedo  KUTTOPOKWVWV/
XNUEOKWVWY, oA\d  kat  Swadopetiky  Sinbnon  amd  AvVOCOKUTTOPLKOUG
urntontAnBuopouc. OAoL oL TTaPAMAVW TIAPAYOVTEG CUVOEOVTAL LE TNV TIPOYVWON TOU
un petaotatikoU BCa. Ev katakAeidt, mapouolaloue LoXupEG eVOEIEELS OTL OL TPELS
SlapopeTikeg  «umoypadEcy  OmMwce Tpoékuav amd Ta  emimeda  twv  EEL
KukAopopouvtwv mMiRNAs (miR-16, miR-21, miR-23, miR-146a, miR-155 kot miR-
181a), opilouv Kal Tpelc SlopopeTikeG opadec/ouotadeg acbevwv pe SnONTIKO
TIOPOYEVH, HUN HETAOTATIKO BCa, mou xapaktnpilovtat omo SladopeTika
KALVIKOTIABOAOYLKA KOl OVOOOAOYLKA XOPOKTNPLOTIKA, Kal mibavwg Stadopetiki
KAWIK €kBaon. To TmPoyvwoTtikd n/Kal To TIPOPAETTIKO SUVOUIKO QUTWV TwV
urnoypadwv pével va aflodoynBel og peyaAltepn opdda acbevwy BCa kat og fdBog
Xpovou. H katnyoplomoinon twv acBevwv pe Baon ta enineda ekppaong Twv £E€L
autwv MiRNAs, eival miBavo va npoodEpel eUKoAa Kal ypriyopa mAnpodopieg mou
Ba odnynoouv oe €ykalpn Slayvwor, oAAG Kol CUYKEKPLUEVN Beparmeia peTd TNV
Slayvwon. O &g ocuvduaopog TOUG, HE TG OIVOOOAOYLIKEG KUTIOYPOPEGH TWV OYKWV
UMopEel va 06nNynoeL og KAAUTEPN TIPOYVWOTLKN afloAOynon Twv aloBevVWV PE KAPKIivo
paotoU Kal otnv anoduyn Tou patwvopévou tng unepBepaneiag, kabwg o mo cadng
«XOPAKTNPLOROGY Twv acBevwy Ba bivel Tnv duvatotnta opboteEPNG OepamMEUTIKAG

TIPOOEYYLONG yla Tnv KABe aoBevn.
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6 XYMIIEPAXMATA

Toco anmd to avadpopkd, 600 KAl oMo TO TPOOTITIKO TUAMO TNG MEAETNG MOAG
npoékuPav aVOOOANOYLKEC KoL HOPLAKEC «UTIOYPAPECH TIOU Xapaktnpilouv opddeg
ooBevwyv pe BCa. Ao To avadpoplko TUAHA TNG MEAETNG HOC, N TIUKVOTNTO KOl
Xwpotafkn katavoun twv CD8+ kat CD163+ avOOOKUTTAPWY OTO KEVIPO TOU OYKOU
Kol oto SInONTIKO PETWTO, Oploe uTtoopddeg aoBevwy pe SladopeTiky Mpoyvwaon.
Elvatl n mpwtn dopd mou peAetdrat n cuvSUACTIKA KOTOVOUN TWV KUTTAPWY AUTWVY
ota SladopeTikA SlopepiopaTa Tou OYKOU Kol TapouacLlalovtol omoTEAECHUATA VLo
TNV MPoyvwoTtik toug afia. EmumpooBeta, oto oUvolo twv acBevwv, TOCO TOU
ovaSPOULKOU, OGO KOl TOU TIPOOTITLKOU TUNUATOC TNG MEAETNG OL «UTIOYPADEGH TIOU
npoékuPav PBdaosel NG O61NOnoN¢ amd avoooKuTTtaplkoU¢ umonAnBucououg,
nieplEéypapav Kol oploBETnoav OopAdeC aoBEVWY LE CUYKEKPLUEVO TIPOYVWOTLKA
KALVIKOTIABOAOY LKA XOPAKTNPLOTLKA.

21O MPOOTITIKO TUAMA, Ol opadoToLRoEL TTou TtpogkuPav amo ta enineda ékdppaong
Twv €&L MiRNAs amd tov opd acBsvwv Tou HeAETNOnKav, Katnyoplomoinoav
000eveig pe OlapopeTIKA KAWVIKOTIABOAOYIKA XAPAKTNPLOTIKA Kol SladopeTIKO
ovoooloywko umoBabpo. Aappavovtog umoyn MAVIA TOUC TEPLOPLOHOUC TIOU
TiBevtal otn peAETn pag, 6oov adopd oTo UIKPO HEYeDOC SelyaTog, UMOPOUNE va
urnootnpléoupe mMwcg €xoupe pla «utoypadn» mou yla mpwtn $dpopd, eVKOAa Kal
eAdxota mopepPatikd Staxwpilel Toug aoBeveiq pe dinOnTkOd, TOpOyeEvH, HUN
HETAOTOTIKO BCa og TPelg SLadOPETIKEG OUOTASEC HE SLAKPLTA XAPAKTNPLOTIKA. Ot
«uroypadEg» auTtég pevel va emiBeBawbolv og peyalutepo Seiypa acBevwy Kot pe
NV NAapodo Tou Xpovou, OTtav Ba EXOUE TIEPLOCOTEPA OTOLYELO OTIO TNV EKTEVECTEPN
KAWVIKN) TtapakoAouBnon twv aobevwv autwy, Ba PmopoUpe va eAEYEOUUE KATA
OO0 N «EKOVA» TIOU €XOUME QATO TO TEPLPEPLKO aipa, PE TOUG TIOPAYOVTEG TOU
T(POTEIVOUE OTNV TTopoUoa LEAETN QVTIKATOTTPL(EL TO UIKpoTePLBAANOV TOU OYKOU
kat av Ba pmopoloe n «umoypadn» TOU TPOOTITLKOU TUAMOTOG VO XPNOLUEVOEL WG
«uypn Boyio» divovtac Kal mpoyvwoTikn afla otnv «umoypadn» Hac. ZUVSUAOUOC
TWV «umoypadwv» TOCO TOU OVASPOMLKOU, OGO KOL TOU TIPOOTITIKOU UEPOUG TNV
HEAETNG eAmtiloupe OTL Ba amoTteAécouV VEQ OMAQ 0T GaPETPA MG yia Tn Slayvwaon

n/kaL mpoyvwon aocBevwy pe BCa.
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7 MEAAONTIKOI XTOXOI

1. Jto mAaioclo NG Tapovcoag SlatplBrig, OSnULOUPYNOAUE EUVOIKEG Kol
SUOUEVEIG AVOOOAOYLKEG «UTIOYPOPEC» WE TIPOC TNV TPoyvwon acBsvwv pe BCa,
Baoel Tou aplBuou dtBnong Kal TS XWPOoTALIKN ¢ Katavoung twv CD8+ kat CD163+
KUTTAPWV amod 1o avadpouLlkd TUAMA TNG LEAETNG HaG. AUTEG oL uTtoypadEG UEVEL VAL
aflohoynBolv, oe ouvlUAOUO HE TIC HOPLOKEG «UTIOYPADEG» KAl  TIG
KATNYopLOTOLNOEL; aoBevwy Omwg mpoekuPav amd ta miRNAs tou opoU Tou
HEAETAONKOV OTO TPOOMTIKO TUAMO TNG UEAETNG, ot éva HeyoAUtepo Seilypa
aoBevwy adol €XEL TEPATEL EMAPKEG XPOVIKO SLACTNUA WOTE VA EXOUHE TNV KALVIKN
mapoakoAouBOnon kot tnv £kBacn Twv acBevwv.

2. MNépav twv CD8+ kat CD163+ kuttdpwv mou &tnBouv Ttov OYKO, EXOUE
eAéy€el kal TNV napouoia twv CD4+ kot FoxP3+ kuttdpwv. Hén Aoutov efstaloupe
Kal GAAOUG KUTTtOoplkoUG umomAnBuopolg mou mbavotata Ba PBeATiwoouv TIG
«umoypadéc» mou dnuoupynBnkav. Emiong otnv 6ebvy BiBAloypadia yivetal
mAéov AOyoG yla TNV Tmpoyvwotiky ofio kot Adywv Kkuttdpwv my CD4/CDS,
CD8/CD163 kat CD8/FoxP3. DAoL autol oL cuvSuaopol urmopolva Vo EETACTOUV Kot
va aflodoynBoulv cuvduaotika pe ta Sika pag dedopéva TO00 OTO KEVTPO TOU OYKOU
(TC) 600 kat oto 6inBNTIKO péTwo (IM).

3. Ektog amo 1o TC kot o IM, UTIAPXEL €Val QKOO QVOTOULKO XOPOAKTNPLOTIKO
TIOU CUMTANPWVEL TO UKPOTEPLBAAAOV TOU OYKOU, OL TpLtotayeiG AeUPIKEG SOMEG-
Tertiary Lymphoid Structures (TLS). Autéc oL SOPEC €lval QpPXLTEKTOVIKA KoL
Aeltoupyka opoleg pe ta Seutepoyevn Aepdikd opyava. H mapouoia twv TLS €xel
napatnpnOel oe xpovieg PAEYUOVEG, QUTOAVOON VOOHOTO KAl OE KOPKIVOUG Kal
ouoyetiletal pe TNV KAWLIKG €kBaon acBevwv pe BCa aAAd kal pe Stadope AANEG
KakonOeleg. MPOKATOPKTIIKA OmOTEAEOUATA TNG OMAdAg paG uTtooTtnpilouv nMwg n
Umapén aUTWV TwV OOUWV TIOPEXEL CUUMANPWHATIKEC TIAnpodopieg ywo TO
HKporepLBAAAOV Tou Oykou Kot BEATIOTOMOLEL TIG «UTIOYPADEG» LOG, KAVOVTOG TLG

o akpLPeig.
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Abstract

Background: Tumor immune cell infiltrates are essential in hindering cancer progression and may
complement the TNM classification. CD8+ and CD163+ cells have prognostic impact in breast cancer but
heir spatial heterogeneity has not been extensively explored in this type of cancer. Here, their potential as
brognostic biomarkers was evaluated, depending on their combined densities in the tumor center (TC) and
he tumor invasive margin (IM).

Methods: CD8+ and CD163+ cells were quantified by immunohistochemistry of formalin-fixed, paraffin-
embedded (FFPE) tumor tissue samples from a cohort totaling 162 patients with histologically-

confirmed primary invasive non-metastatic ductal breast cancer diagnosed between 2000 and 2015.
Clinical follow-up (median 6.9 years) was available for 97 of these patients.

Results: Differential densities of CD8+ and CD163+ cells in the combined TC and IM compartments (i.e., high(H)/
ow(L), respectively for CD8+ cells and the reverse L/H combination for CD163+ cells) were found to have significant
brognostic value for survival, and allowed better patient stratification than TNM stage, tumor size, lymph node invasion
hnd histological grade. The combined evaluation of CD8+ and CD163+ cell densities jointly in TC and IM further
mproves prediction of clinical outcomes based on disease-free and overall survival. Patients having the favorable
mmune signatures had favorable clinical outcomes despite poor clinicopathological parameters.

Conclusions: Given the important roles of CD8+ and CD163+ cells in regulating opposing immune circuits,
hdding an assessment of their differential densities to the prognostic biomarker armamentarium in breast
cancer would be valuable. Larger validation studies are necessary to confirm these findings.
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Breast cancer (BCa) is the most common malignancy in
women worldwide and is the second leading cause of
female cancer deaths [1]. Although systemic therapies
have increased survival rates for BCa patients, still there
is considerable variation in response rates among pa-tients
with distinct clinicopathological parameters which
encourages the search for novel prognostic factors con-
tributing to the development of novel treatment options
across the different molecular subtypes of BCa. Re-cent
advances in the field of oncoimmunology imply that
patients’ pre-existing tumor-specific immunity in the form
of tumor-infiltrating lymphocytes (TILs) has a substantial
effect on disease progression, thus func-tioning as
potential prognostic biomarkers [2]. Par-ticularly, in
colorectal cancer, the type, density and location of TILs
(i.e., the “immunoscore”) has been proposed as a more
reliable  prognostic biomarker than the standard
AJCC/UICC TNM-classification [3]. Moreover, results
from clinical trials have reported that a robust
“immunoscore” predicts responses to therapies, which
suggests that the adaptive immune  response
intratumorally may also function as a pre-dictive
biomarker [4].

CD8+ T cells comprise an essential component of the
cellular immune system and are indispensable for cell-
mediated antitumor immune responses. The pres-ence of
CD8+ T-cells in the tumor microenvironment of BCa
patients is associated with favorable outcomes in certain
molecular subtypes [5]. CD8 is also expressed on a subset
of NK cells [6] and a small subpopulation of INKT cells
[7], although their pos-sible presence among CD8+ TILs
has not been evalu-ated. CD163 is a scavenger receptor
upregulated by tumor-associated M2 macrophages in an
anti-inflammatory tumor microenvironment. CD163 has
also been detected in some cancer cells; however these
cells are considered as the result of fusion be-tween
macrophages and cancer cells [8, 9]. In human
malignancies [10], also including BCa [11], the pres-ence
of CD163+ M2 macrophages in the tumor stroma
correlated with poor overall survival, while contrasting
data have been reported for colorectal cancer [12]. In a
recent study, localization of CD163+ cells in the tumor
stroma, but not the tumor nest was shown to be of clinical
relevance for patients with BCa [13]. In contrast, there are
studies of BCa patients with different molecular subtypes
showing that both stromal as well as intratumoral TILs
are equally predictive for clinical outcome [14, 15].

Notwithstanding the general consensus that TILs have a
prognostic value in BCa, there remain several issues
which hinder their broad application as biomarkers in the
routine setting. These include the identification of

immune cell populations with the most clinical rele-
vance, their distribution in specific tumor regions and the
mode of their evaluation (separate or combined) [16, 17].
Spatial distribution of immune cells in the tumor
microenvironment is clinically important, as not only their
densities and functions, but also their localization in the
different tumor compartments has been associated with
clinical outcome [18-21]. More-over, tumor infiltration
by immune cells is a dynamic process with TILs
migrating to distinct tumor areas depending on tumor
growth properties and factors re-leased by the tumor and
cells of the tumor stroma. This heterogeneity suggests that
their separate and combined evaluation in well-defined
tumor regions would be valuable [14, 20]. To this end,
Pages et al.

[22] reported that a combined assessment of the memory
(CD45R0O+) and cytotoxic phenotypes in TC and IM
could increase the accuracy of prediction of clinical
outcome for different patient groups in colo-rectal cancer.
However, in evaluations of immune in-filtration in BCa,
to the best our knowledge there have been no reports on
the differential distribution of immune cells in these
tumor compartments and their combined evaluation as
reliable prognostic/pre-dictive biomarkers. Most recently,
Miyan et al. [23]

developed a scoring system based on the differential

densities of CD3" and CD8" in the TC and IM with the
aim of distinguishing between different molecular
subtypes of BCa, but they did not address the clinical
relevance of such an immunoscore.

In the present study, we aimed to evaluate whether as-
sessment of CD8+ and CD163+ cell densities in single or
combined tumor regions (TC and IM) improves the
prognostic value of immunoscoring in BCa and allows
refinement of conventional prognostic parameters.

Methods

Patient selection and characteristics

A total of 162 tissue samples were available from women
with histologically-confirmed invasive BCa, di-agnosed
between 2000 and 2015. Patients with inva-sive ductal
carcinoma were enrolled; patients with tumors directly
extending to the chest wall and/or to the skin (ulceration
or skin nodules), metastatic dis-ease or bilateral BCa at
diagnosis, prior history of any kind of malignant tumor,
treatment with any type of neoadjuvant therapy, were
excluded from the study. The study was approved by the
Institutional Review Board of St. Savas Cancer Hospital
(IRB-1D 6079/448/ 10-6-13).

Assessment of tumor-infiltrating leukocytes
Formalin-fixed paraffin-embedded (FFPE) tissue blocks
were obtained from the archives of the St. Savas
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Pathology Department. Hematoxylin-Eosin (HE)-stained
slides were reviewed by two independent breast patholo-
gists in order to select the most representative slide for
each tumor. Sections (4—5 pm) were stained with either
CD8 (SP16, 1:80; Thermo Scientific, USA), or CD163
(10D6, 1:400; Biocare). Staining by the antibodies was
initially optimized on tonsil tissues (hyperplastic tonsil
from tonsillectomy). Immunostaining was performed
using the Leica Bond Il automation (Leica Biosystems,
Germany) and Leica detection kit (Leica Biosystems,
Newecastle, UK). The protocol included 30-min high-pH
epitope retrieval in the case of CD163 and a low-pH
retrieval in the case of CD8, followed by 30 min incuba-
tion with the primary antibodies. Reactions were devel-
oped with the use of diaminobenzidine (DAB) and
sections were counterstained with HE.

Microphotographs from each slide stained with CD8 and
CD163 were captured at 12 M resolution (3840 x 3072
pixels) with a Nikon DXM-1200 Digital Eclipse Camera
on a Nikon Eclipse E800 microscope with E Plan
Achromat Objectives. The software used was Auto-matic
Camera Tamer (ACT-1) Version 2. White balance was
calibrated before image capture. The images were saved
as JPG at 95% quality without any kind of image
processing. Three photographs were captured from the
central part (TC) of each tumor at x100 magnification and
three to six at higher magnification (x200), from the
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tumor infiltrative margins (IM) (Fig. 1a). Representative
images are presented in Fig. 1b and c).

The analysis of images and quantification of infiltrat-ing
cells was performed using Adobe Photoshop CS6 and
ImageJ  (http://imagej.nih.gov/ij/). ~ Using  Adobe
Photoshop CS6 we picked the exact color(s) of positive
cells for each marker and then converted the image to
black-and-white. The images were analyzed with ImageJ
software as the percentage of the surface covered by the
specifically stained cells. For each infiltrating subpop-
ulation, visual enumeration in ten representative sam-ples
was performed by two independent researchers. Finally,
the surface coverage was converted to abso-lute numbers

of infiltrating cells per mm?. Median values of infiltrating
cells obtained from all TC or IM photos for each patient
were recorded and evaluated in further analyses.

Statistical analysis

Chi-square or Fisher’s exact test and Mann Whitney t test
statistical analyses were performed by GraphPad Prism
v.5.0 software. The same software was used for
cumulative survival probabilities testing by Kaplan-Meier
analysis with 95% confidence intervals (95%-Cls) and
comparison using log rank and Gehan Breslow tests.
Hazard ratios were determined using the Cox propor-
tional hazards model. Forward stepwise selection was

a b
cD8

d p<0.0001

Batients analyzed (n = 162). Horizontal bars, median values

Tumor Center
{x100) Cc

Fig. 1 a Schematic representation of tumor center (TC) and invasive margin (IM). Representative images of low and high CD8+ and
CD163+ cell infiltration densities in TC (b) and IM (c). d CD8+ and CD163+ counts in the tumor center and invasive margin for all

Invasive Margin
{x200)
cD8
WbatAu—
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used in order to exclude less significant covariates,
leading to our final model. Multivariate analysis was per-
formed using IBM SPSS statistics 22 software. P values
<0.05 were considered statistically significant.

Results

Patient characteristics

The clinicopathological characteristics of the 162 patients
are presented in Table 1. Clinical follow-up data were
available for 97 patients (diagnosed from 2000 to 2010),
with a median follow-up period of 6.88 years (range:
0.11-10 years). Patients developing loco-regional
recurrence or a second primary cancer were excluded
from the clinical outcome analyses.

Table 1 Clinicopathological characteristics of

patients Total Number of Patients

n=162

Median age (years) Range
54 27-78
Tumor size n
Tx 1
T1 70
T2 81
T3 10
LN status n
NO 64
N1 56
N2 32
N3 10
AJCC stage (TNM) n

I 45
A 38
1B 34
A 34
B Xa
nc 11
Grade n

1 4

2 86
3 72
Hormone receptor n
positive 127
negative 35
HER-2/neu n
positive 41
negative 121

astage I1IB patients were not eligible
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Density and intratumoral distribution of CD8+ and CD163
+ immune cells in defined tumor regions in BCa patients:
correlations with clinicopathological features and
clinical outcome
Initially, we have counted separately CD8+ and CD163+
cells for both the TC and IM and found significant differ-
ences in their absolute numbers distributed within these
compartments. On average, the IM contained higher
numbers of both cell types than the TC. This was shown
for the total patient population (Fig. 1d) as well as for pa-
tient subgroups stratified by grade (Fig. 2a, b, i, j), T
status (Fig. 2c, d, k, 1), node status (Fig. 2e, f, m, n) and
TNM pathological stage (Fig. 2g, h, o, p). We also
evaluated as-sociations between absolute counts of CD8+
and CD163+ cells in TC and IM regions with the patients’
histological grade, tumor size, lymph node status and
pathological stage. The prevalence of CD8+ TILs was
higher in poorly-differentiated (histological grade 3) vs
gradel,2 tumors both in TC (trend) and IM (highly
significant) (Fig. 2a, b). No correlation was found
between CD8+ infiltration and T, LN status or disease
stage (Fig. 2c-h). Intratumoral CD163+ cell counts in TC
and IM were also higher in patients with grade 3 tumors
(Fig. 2i, j), with T2,3 stage (Fig. 2k, I) or with positive
lymph nodes (Fig. 2m, n) and also in patients with more
advanced disease (stages 1B, Il1) (Fig. 20, p). These data
indicate an association of high absolute numbers of
CD163+ cells with a worse patient prognosis.
Next, we examined the association between CD8 or
CD163 densities, separately in TC or IM, with clinical
outcomes using the median value to delineate low (L)
from high (H) density. Thus, we considered cell densities
as L or H when these were below or above the median
value for the respective subset from all tissues analyzed.
Retrospective analyses in the total patient population with
follow-up (n = 97), revealed that tumors from patients
with longer DFS had significantly lower CD8+ immune
cell densities within IM (CD8+ IM L), than tu-mors from
patients who recurred more frequently (Fig. 3a). This
latter group had high IM CD8+ cell dens-ities (CD8+ IM
H) and significantly reduced DFS (Fig. 3a). In contrast,
no significant differences in DFS were found for patients
with high or low CD8+ cell densities in the TC (Fig. 3a).
There was a strong trend for improved OS in patients with
CD8+ IM L vs CD8+ IM H which reached borderline
significance by Gehan Breslow analysis (Fig. 3b).
CD163+ cell densities in each tumor region (TC or IM)
did not allow the stratification of patients into groups with
statistically different DFS (Fig. 3c) or OS (Fig. 3d). We
also assessed the associ-ation of CD8+ and CD163+ cell
densities with DFS and OS in subgroups of patients
stratified by clinicopatho-logical variables. Kaplan-Meier
curves for both DFS and OS showed strong trends for or
even significantly better
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clinical outcomes among groups of patients with favor-
able vs poor standard clinicopathological parameters
(Additional file 1: Figure S1). However, these differences
in recurrences and survival were based on the standard
TNM staging regardless of the immune cell densities in
the different tumor regions, because neither CD8+ nor
CD163+ cell densities either in TC or IM had a significant
prognostic value when examined separately (Additional
file 1: Figures S2—S5). These data suggest that separate
analyses of either CD8+ or CD163+ cell densities in
single tumor regions are not useful prognos-tic
biomarkers for tumor recurrence and survival in patients
with early or advanced BCa.

Assessment of CD8+ or CD163+ cell densities in

the combined tumor regions

Previous reports [18, 22] showed the usefulness of an
immune score that is based on the evaluation of TILs in
combined tumor regions (TC and IM) for the ac-curate
prediction of tumor recurrence and survival in early stage
patients with colorectal cancer. Based on this concept, we
investigated whether the analysis of CD8+ and CD163+
cell densities combined in TC and IM could improve the
prediction of risk for re-currence or survival also in BCa.
For the CD8 marker, the combined analysis of TC plus
IM regions with high density in TC and low density in IM
(CD8+ HL)
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versus the reverse combination (low density in TC and high
density in IM (CD8+ LH)) allowed a more accurate
discrimination for both DFS and OS for the different patient
groups; patients with CD8+ HL had a better prog-nosis than
CD8+ LH patients (Fig. 4a, b). In contrast, low CD163+ cell
densities in TC combined with high densities in the IM (i.e.,
CD163+ LH) versus the inverse CD163+ HL, were
correlated with strong trends for improved clin-ical outcome
(both DFS and OS; Fig. 4c, d).

Joint assessment of CD8+ and CD163+ cell densities

in the combined tumor regions

The data thus far show that the differential distribution of
each immunologic cell marker (CD8+ or CD163+) in the
combined tumor regions has a potential prognostic value for
both DFS and OS as clinical endpoints. Next, we deter-
mined whether a combined evaluation of spatial distribu-tion
of CD8+ and CD163+ cell densities in TC and IM could
increase the prognostic power for clinical outcome. This type
of analyses compared patients with favorable CD8+ HL or
CD163+ LH cell densities or both (assigned as the group
with the favorable combined immune signa-tures (FCIS))
and patients having tumors with unfavorable CD8+ LH
densities (excluding concomitant CD163+ LH

densities) or unfavorable CD163+ HL densities (excluding
concomitant CD8+ HL densities), or both. This latter group
was assigned as having the unfavorable combined immune
signatures (UCIS). We found a more profound
discrimination which was highly significant for both DFS
and OS among patients having the FCIS versus those who
had the UCIS. The estimated 5-year rates for both DFS and
OS for patients with the FCIS was 96.3% compared to 54.5%
DFS and 67.3% OS rates for those having the UCIS (Fig. 4e,
f). Also in this type of analyses, the homogeneous
distribution in both tumor regions (i.e., combined CD8
+/CD163+ high and/or low cell densities in both TC and IM;
HH/HH, LL/LL, HH/LL and LL/HH), could not sig-
nificantly discriminate for DFS or OS (Fig. 4e, f). In fact, the
LL/LL, HH/LL and LL/HH signatures showed a similar
trend for improved clinical outcomes, albeit inferior to the
FCIS; they were therefore grouped together as the “rest”.

CD8+ and CD163+ intratumoral cell densities and their
correlation with clinical outcome in BCa patients stratified
by clinicopathological characteristics

We focused subsequent analyses on CD8+ and CD163+
cells hypothesizing that this intratumoral immune signa-
ture could improve the prognostic impact of established
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clinicopathological parameters. Assuming that the
differential densities of CD8+ and CD163+ cells in the
combined tumor regions represent different levels of
antitumor immunity, we sought to explore whether the
favorable signatures, identified in the total patient
population, could also have prognostic value for clinical
outcome in subgroups of patients who were at high or low
risk  for  recurrence  according to  standard
clinicopathological parameters. For this, we evaluated the
prognostic effect of the favorable CD8+ HL and CD163+
LH immune signatures after stratifying the patients by
histological grade (Additional file 1: Figure S6A-D), T
(Additional file 1: Figure S7A-D) and lymph-node
(Additional file 1: Figure S8A-D) status and patho-logical
stage (Additional file 1: Figure S9A-D). Similarly to what
was observed for the total patient population, in all
stratified groups patients with CD8 HL and patients with
CD163 LH, indeed, exhibited better DFS and OS.

Because our results showed a strong association between combined
differential densities of CD8+ and CD163+ cells in the tumor
compartments TC and IM (i.e.,, FCIS and UCIS) and clinical
outcome in the total patient population (Fig. 4e, f), we also
evaluated the prognostic significance of this im-mune signatures in
the same patients stratified by clinicopath-ological parameters. We
found that FCIS strongly correlated with a favorable prognosis
regardless of poor standard clinico-pathological parameters (Fig. 5a-
h). Conversely, UCIS always correlated with a poor prognosis in
these groups of patients (Fig. 5a-h and Table 2). Importantly,
clinical outcomes (both DFS and OS) for patients with high risk of
recurrence having the FCIS were almost indistinguishable from
those observed in patients with more favorable clinicopathological
parame-ters (i.e., grade 3 vs 1,2; T2,3 vs T1 status; node positive vs
negative; and advanced vs early stage, respectively).

Further analyses within each group of patients with worse
clinicopathological characteristics revealed that
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the “rest” (i.e.,, LL/LL, LL/HH, HH/LL) and HH/HH
immune signatures did not have a significant prog-nostic
value for clinical outcome (Additional file 1: Figures S6E,
F, STE, F, S8E, F and S9E, F).

Inverse relationship between FCIS and state of disease

To better understand the relationship between the in situ
immune reaction, as represented by the FCIS and UCIS, with
the different histopathologic parameters, we analyzed the
percentages of patients expressing these signatures at each
histopathologic stage. In this analysis, we included all
patients (total n = 162). We observed an inverse correlation

between the number of patients expressing the FCIS and
tumor grade, T and nodal status and TNM stage (Fig. 6).
In addition, there was a gradual decrease in the number of
FCIS-positive patients from low to high grade tumors, T1
to T3, non-infiltrated with moderate-to-high infiltrated
lymph-nodes and early-to-advanced stages (Fig. 6).

Multivariate analysis of patient DFS and OS according to
clinicopathological parameters and combined immune
signatures

Results from the multivariate analysis are presented in
Table 3. We performed this analysis by initially including

Table 2 DFS and OS comparisons in stratified groups of patients with favorable and unfavorable signatures

Groups compared DFS 0os

Hazard Ratio 95% Cl of ratio Logrankp Gehan Hazard 95% Clofratio Logrankp Gehan

Breslow p Ratio Breslow p

Grade 3 FCIS vs UCIS 0.2095 0.03457 to 1.2700.0891 0.0719 0.1438 0.01995t0 1.036 0.0543 0.0589
FCIS Grade 3 vs Grade 1,2 1.604 0.1247 t0 20.63 0.717 0.6238 0.2931  0.001887 to 45.53 0.6336 0.6336
T2,3 status FCIS vs UCIS  0.1924 0.04993 to 0.7417 0.0167 0.0139 0.2015 0.04510to 0.9000 0.0359 0.0462
FCIST2,3vs T1 1.684 0.2194 to 12.92 0.6162 03775 9.488 0.1837 t0 490.0 0.2636 0.2636
LN pos FCIS vs UCIS 0.1865 0.04807 to 0.7233 0.0152 0.0054 0.1035 0.02048 t0 0.5231 0.0061 0.0070
FCIS LN pos vs LN neg 1.375 0.1876 to 10.08 0.754 0.9229 0.1653 0.003201t0 8.537 0.3711 0.3711
Advanced stage FCIS vs UCIS 0.1854 0.04531 to 0.7587 0.0191 0.0155 0.1584  0.02981t0 0.8417 0.0306 0.0336
FCIS Adv. stage vs Early stage 3.369 0.1545to 73.43 0.4399 02995 O Oto0 1 1
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into (i) the current, well-established prognostic bio-
markers used in breast cancer, i.e., age (patients below or
above the 50 year threshold) and pathological param-
eters, including T status (1,2,3), nodal status (0-3), grade
(1,2,3), as well as (ii) HER-2 status (positive or negative),
hormone receptor (Estrogen and/or Progesterone) status
(positive or negative) and (iii) our immune signatures
(FCIS, rest, UCIS, as suggested by the Log-rank survival
analyses). T status and hormone receptors status remained
significantly associated with both DFS and OS, while
grade and HER-2 status were associated only with
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OS. HER-2 status did not associate with DFS. This result
may be explained by the fact that a significant number of
patients were diagnosed between 2000 and mid 2006, at
which time trastuzumab was not yet the standard-of-care
in the adjuvant setting for early stage BCa overex-
pressing HER-2. Interestingly, despite the small size of
samples analyzed, the immune signatures were also
significantly associated with DFS and OS. In order to
decide on a first model, covariates of lower importance
were excluded, using a forward stepwise selection
method. As a result, T status, hormone receptors status
and our immune signatures were deemed of high
importance for DFS and OS.

Discussion

In the present study, we demonstrate that the combined
evaluation of CD8+ or CD163+ immune cell densities in
the tumor center and invasive margin allows better
stratification and improves the prognostic value of TNM
staging in BCa. Our data also suggest that the combined
evaluation of CD8+ and CD163+ cell densities jointly in
TC and IM could improve the accuracy of prediction for
DFS and OS. Initially, focusing on the most common TIL
population, the CD8+ cells, we observed maximum DFS
and OS when high CD8+ densities in the TC were
combined with low densities in the IM (i.e., HL). In con-
trast, the inverse combination (i.e., LH) was associated
with significantly higher recurrence rates and reduced OS.
This finding is challenging given that the most po-tent
favorable immunoscore value in colorectal cancer
combines high CD8+ densities both in TC and IM [18,

Table 3 Multivariate Cox proportional hazard analysis for DFS and OS of patients with non-metastatic invasive breast cancer

DFS oS

Hazard Ratio P 95.0% CI for HR (range) Hazard Ratio P 95.0% Cl for HR (range)
Model before stepwise selection
Agea 1.031 0.948 0.411-2.589 4.391 0.188 0.486-39.703
T status® 2.613 0.010 1.255-5.439 3.679 0.028 1.148-11.793
N stageb 1.222 0.512 0.671-2.225 1.125 0.815 0.420-3.010
GradeP 1.142 0.750 0.504-2.585 4.189 0.027 1.180-14.867
HER-2/neu 0.928 0.884 0.342-2.520 0.066 0.016 0.007-0.606
Hormone Receptors 0.277 0.004 0.277-0.669 0.168 0.007 0.046-0.621
Signatures? 2.063 0.041 1.031-4.126 4.850 0.014 1.374-17.122
Model after stepwise selection
T status® 2.999 0.001 1.602-5.615 3.522 0.005 1.477-8.398
Hormone Receptors 0.269 0.002 0.116-0.621 0.231 0.014 0.072-0.742
Signaturesb 2.146 0.027 1.091-4.219 4.273 0.006 1.521-11.999
TNM stageb 2.180 0.009 1.219-3.898 3.937 0.006 1.494-10.371
Signaturesb 1.560 0.138 0.866-2.810 2.085 0.091 0.889-4.890

aAge under 50 and over 50 years old

DAl categorical covariates were transformed into numeric codes as follows : T status (T1; 1, T2; 2, T3; 3), N stage (NO; 0, N1; 1, N2; 2, N3; 3), Grade (G1;

1, G2; 2, G3; 3), Signatures (FCIS; 1, Rest; 2, UCIS; 3) TNM stage (I; 1, II; 2, Il
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22]. We also aimed to investigate whether the localization
of macrophages in primary BCa could be of clinical
relevance. CD163 represents a marker expressed
primarily by the anti-inflammatory (MZ2) subtypes of
macrophages [24]. We detected higher numbers of
CD163+ than CD8+ cells in both tumor regions, consist-
ent with the increased influx of TAMs in breast tumors
[24].  In agreement with a recent report [13], we found
that CD163+ cells in TC positively correlated with poor
clinicopathological features, emphasizing the importance
of analyzing densities of these cells locally as a prognos-
tic factor. However, in line with our CD8+ cell scoring,
we found that evaluation of CD163+ cell densities in sin-
gle regions did not strongly associate with DFS or OS.
Nonetheless, combined analyses indicated a favorable
clinical outcome in patients having low CD163+ cell
densities in TC combined with high densities in the IM.
Interestingly, the poorest prognostic impact was noticed
among patients whose tumors’ compartments were in-
versely infiltrated by CD163+ cells, namely with high TC
vs low IM densities.

Presently it is not clear what may cause such differen-tial
distributions among tumor compartments. Given the
interrelationship between tumor biology features and
immune reactions we may hypothesize that depending on
locally tumor-secreted inflammatory molecules, im-mune
cells may accumulate at distinct areas within the tumor
microenvironment. Such a compartmentalization may
then influence the functional status of these im-mune cells
as this has been shown for intratumoral DCs with pro- and
anti-tumor properties [25-27]. In an analogous fashion,
various chemokines have been shown to selectively attract
CD8+ cells at different tumor compartments [28-34],
suggesting that the location of the various TIL
populations is a dynamic process with pro- or antitumor
effects, depending on tumor biology reflecting the stage
of disease, which associates with clin-ical outcome in
different malignancies, including BCa [23, 25, 35] In the
same lines, we show herein that cells with opposing
functions (i.e.,CD8+ and CD163+ cells) in distinct tumor
regions and at differential densities have significant
predictive roles; yet, at present it is not known whether
their location in either compartment is due to migratory
processes induced by locally secreted factors or
architectural (contextual) barriers capturing these cells in
the tumor compartments [14].

We also determined that such favorable immune cell
differential densities were correlated with im-proved
clinical outcomes in groups of patients with otherwise
poor clinicopathological variables (i.e., ad-vanced stage,
large tumors, high grade and positive lymph nodes) which
were comparable to those for pa-tients with good
prognosis according to standard clin-icopathological
criteria (i.e., early pathological stage,
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low volume tumors and histologic grade and negative
lymph nodes).

From a theoretical point of view, our results suggest that
by the time human BCa become clinically detect-able
(i.e., the escape phase of immunoediting), the adap-tive
immune response is still active playing a significant role
in delaying tumor progression. This may not be quite
compatible with the immunoediting theory [36], given
that the beneficial effect of adaptive immunity may persist
throughout tumor progression, as we show here for BCa
patients with more advanced disease having similar DFS
and OS with early stage patients provided they have a
favorable immune signature. We may propose that our
favorable immune signature slows down tumor growth
rates, thus increasing OS. At this point we should mention
that such pre-existing immun-ity may, to a certain degree,
be directed towards neoanti-gens expressed by the tumor
through the emergence of nonsynonymous somatic
mutations [37]. Alternatively, the FCIS may contribute to
a modification of tumor stroma and tumor cells in order to
negatively influence angiogenesis and extravasation and
in this way to influ-ence tumor evolution and progression.
Alterations in immune cell densities and function that
may occur while disease is progressing could support
tumor evasion from immunosurveillance. The underlying
mechanisms for the so-called acquired immune resistance
have been mostly attributed to epigenetic changes [35, 38]
and most recently to upregulation of alternate immune
checkpoints [39] as well as to the loss of nonsynon-ymous
somatic mutations which leads to low densities or
elimination of neoantigens [40]. However, also in this
case the beneficial effect of intratumoral antitumor im-
munity may persist during tumor progression, attenuat-ing
the metastatic potential of the tumor and resulting in
better clinical outcomes. Thus, intratumoral immune
infiltrates may not only reflect pre-existing immunity but
also the immune response to therapy. Therefore, it will be
of great importance for decisions making in terms of
patients’ clinical management to know whether and to
what level the patients’ original immune status influences
survival independently of therapy.

Because the primary tumor in our BCa population was
removed by surgery, the prognostic value associated with
the host intratumoral immune response may reflect the
quantity and quality of circulating cytotoxic effectors
recognizing and lysing tumor cells in peripheral blood,
lymphoid tissues or other anatomical sites. It is, how-ever,
at present unknown whether a correlation exists between
the immune phenotype of tumors and the re-sponsiveness
of peripheral immune cells to immune stimulation.
Mortarini et al. [41] observed that the fre-quency of T
regulatory cells at the tumor site, correlated with
increased circulating levels of TGF and decreased
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responsiveness to I1L-2 stimulation by peripheral T cells.
In the same lines, we have demonstrated an in-verse
correlation between serum TGFB levels with im-
munological T cell responses to a HER-2/neu hybrid
peptide used to vaccinate prostate cancer patients

[42].  This points to the need to test whether there is an
interrelation between the status of activation of tu-mors
and the behavior of circulating cells and to compare
whether this drives the systemic alteration of immune
function associated with the cancer bearing status.
Identification of a correlation would allow functional
assessment of tumors which consequently would predict
prognosis by testing circulating cells. Such analyses may
be useful for assessing the role of adaptive immune
responses at the tumor site and the periphery as a
continuum alongside with tumor evolution.

We also show here that the frequency of patients
exhibiting the FCIS was decreased among groups with
poor clinicopathological variables suggesting that favor-
able CD8+ and CD163+ cell densities inversely corre-
lated with the TNM stage. We may propose that disease
progression associates with a worsening of this antitumor
immune response resulting in a gradually in-creasing
immune escape. As also discussed above,, even at this
stage, the strength of the immune response could be an
essential parameter for efficiently control-ling tumor
evolution.

We have shown that the differential densities and spatial
distribution of CD8+ and CD163+ cells as described by
the FCIS could identify patients with in-creased DFS or
patients who lived longer despite the fact that these were
in late tumor stages according to the TNM classification.
This indicates that the FCIS, as defined here, constitutes a
novel candidate-indicator beyond TNM staging to
improve the prediction of clinical outcomes.

Conclusions

Our study is the first to reveal that differential densities of
the same immune cell subpopulation infiltrating the
primary tumor at the TC and IM may have opposing
prognostic impacts in BCa. The FCIS defined herein pre-
dicts favorable clinical outcomes (both DFS and OS)
across heterogeneous groups of patients with advanced
stage disease, large tumors, invaded lymph nodes and
high histological grade tumors, and complements the
established robust standard prognostic parameters in BCa.
Thus, by associating TNM-based classifications and
combined intratumoral immune signatures, as shown here
with the FCIS, we may provide preliminary evidence for
defining new subgroups of patients with distinct
prognosis.
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JAdditional file 1: Figure S1. DFS and OS in patients according to standard
Llinicopathological variables. Figures S2-S5. DFS (A, C) and OS (B, D) for
pbatients stratified by grade (Figure S2), T status (Figure S3), nodal status
Figure S4) and pathological TNM stage (Figure S5) and analyzed according
o the density of CD8+ (A, B) or CD163+ (C, D) cells in TC or IM. Figures S6é-
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pbatients stratified by grade (Figure S6), T status (Figure S7), nodal status
Figure S8) and pathological TNM stage (Figure S9) and analyzed according
o the density of CD8+ (A, B) or CD163+
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Abstract

Purpose Breast cancer is a leading cause of cancer deaths
in women, but despite steady improvements in therapies,
treatment is still suboptimal. Immunotherapy holds pro-
mise as a more effective therapy for breast cancer; sup-
porting this, our prior study showed that patients
possessing HER2-reactive CD8? T cells in blood experi-
ence survival superior to patients without these cells. Here,
we define a composite set of biomarkers that identify
patients with T cell responses to tumour antigens.

Methods We assessed T cell responses following in vitro
stimulation with the HER2, MUC1 and SUR tumour-as-
sociated antigens (TAA) by flow cytometry and intracel-
lular cytokine staining in 50 breast cancer patients. We also
measured HLA type, serum cytokines, tumour-infiltrating
leukocytes and blood leukocyte populations.
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Results We found few correlations between TAA-reactive
T cells and HLA type, serum cytokines and tumour-infil-
trating leukocytes, whereas blood leukocyte phenotypes
broadly correlated with TAA responses. This showed
monocytes, natural killer cells, dendritic cells and T cells
to be inversely associated with both CD4? and CD8? T
cells reactive to tumour antigens. Moreover, combining
multiple parameters improved the accuracy in predicting
patients with TAA-responsive T cells.

Conclusion This study therefore defines composite
immune profiles that identify patients responding to TAAs
which may allow better personalisation of cancer therapies.
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IFNCc Interferon gamma
IL Interleukin

IL-1Ra Interleukin-1 receptor antagonist
mDCs  Myeloid dendritic cells

MDSCs Myeloid-derived suppressor cells
MUC1 Mucin1

N N stage

NK Natural killer

NR Non-responder

PBMCs Peripheral blood mononuclear cells
pDCs Plasmacytoid dendritic cells

PR Progesterone receptor

R Responder

Sl Stimulation index

SUR Survivin

T Tumour stage

TAA Tumour-associated antigens
TGF-b  Transforming growth factor-b
TNF Tumour necrosis factor

Tregs Regulatory T cells

Introduction

Breast cancer is the most common cancer in women (http://
globocan.iarc.fr), but mainstay treatments are still subop-timal
for most patients. To address this, there is a growing interest
in using immunotherapy to treat breast cancer.
Immunotherapy can take many forms including mono-clonal
antibodies targeting tumour antigens expressed on cancer
cells, so-called checkpoint inhibitors, cancer vac-cines or
other treatments that aim to boost the immune system. Of
these, immunomodulatory antibodies that target T cell
suppressor ligands or receptors have shown highly
encouraging results in several types of cancer [1-3]. The
effectiveness of such treatments is presumably based on T cell
immune responses against tumour-associated antigens (TAAS)
expressed by cancer cells, allowing these cells to kill or
otherwise inhibit tumour cells and induce tumour regression.
Similarly, cancer vaccines also aim to prime or boost immune
responses against tumour cells, and it has been shown that
both of these approaches result in stimu-lated T cell responses
and clinical tumour regression or prolonged patient survival
[4-6].

One of the most widely investigated TAAs in breast cancer
is the human epidermal growth factor receptor 2 (HER2).
Our previous study showed that breast cancer patients
whose peripheral blood mononuclear cells (PBMCs)
mounted in vitro CD8? T cell responses to HER2 peptides
experienced prolonged survival relative to patients without
such responses [7]. Consistent with this, HER2 vaccination
has also resulted in clinical therapeutic responses [8, 9] and
tumour regression [10]. These studies

closely link T cells specific for TAAs with improvements
in patient clinical status. As with most types of immune

TESpoNses, TAA-Teaclive T CellS are governed by immune
regulatory factors such as regulatory T cells (Tregs) or
myeloid-derived suppressor cells (MDSCs), which can
dampen anti-tumour immune responses including those
against TAAs [11-19]. Tregs and MDSCs induce immune
suppression through a range of processes including cytol-
ysis via granzyme B and perforin, production of inhibitory
signalling molecules such as IL-10, transforming growth
factor-b (TGF-b) or prostaglandin 2, or induction of T cell
dysfunction through arginine depletion [20, 21]. This may
offer the possibility of targeting these cells to enhance anti-
tumour immunity [22]. Because many of these effector
molecules are soluble, the activity of such regulatory cells
may be reflected by systemic levels of suppressive factors
that they produce. Indeed, serum cytokines have been
associated with patient outcome [23, 24], supporting their
potential as markers reflective of patient immune status.

Considering the emerging role of tumour antigen-reac-tive
T cells and the results of our prior study which
demonstrated a survival advantage for patients possessing
T cells reactive to HER2, we aimed to pinpoint the patient
features associated with T cell responses to tumour anti-
gens in breast cancer. We reasoned that multiple different
factors could potentially influence whether a patient pos-
sesses T cells responsive to tumour antigens and thus
clinical outcome. To increase the predictive utility of such
biomarkers, here, we measured broad features including
immunogenetic factors, soluble signalling molecules in
serum as well as cellular components in the blood and also
within the tumour, with the goal of defining a composite
set of biomarkers predictive of TAA responses which may
better correlate with clinical outcome than tumour antigen
immune responses alone, and which may also allow more
effective personalised application of cancer therapies.
Materials and methods

Patients

Blood samples from 50 patients with invasive carcinoma
were collected at the St. Savas Cancer Hospital in Athens
between February 2014 and May 2015, one day prior to
surgery. The study includes women with an age range of
27-78 (median age 56 years). Peripheral blood mononu-
clear cells were isolated from blood using Ficoll-Hypaque
gradient and stored in liquid nitrogen before being shipped
to the Tu"bingen University Hospital for analysis. Written
informed consent was approved by the Review Board at St.
Savas Cancer Hospital. The patients all had non-metastatic
invasive ductal carcinoma. Patients who had tumours of
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any size but without extension to chest wall were included,
i.e. patients were all of AJCC stages 1, 2A, 2B, 3A, 3C but
not 3B and 4. None of these patients were treated with
neoadjuvant chemotherapy or were enrolled to other
research protocols, nor did they have any history of cancer
or other serious health problems. Tumour expression of
hormone receptors [progesterone (PR) and oestrogen
receptors (ER)], the HER2 oncoprotein and the marker of
cell proliferation Ki67 was available for all patients (Table
1).

Detection of antigen-reactive T cells

T cell responses to HER2, Mucinl (MUC1) and Survivin
(SUR) were measured after 12 days of in vitro culture.
This procedure, including the detection of reactive T cells
with flow cytometry, was performed as in our prior study
[7] (see Online Resource 1 for full list of antibodies

Table 1 Characteristics of the breast cancer patients

Patient clinicopathological parameters (n = 50)

Median age (range in years) 56 (27-78)
AJCC staging
1 15
2A 10
2B 12
3A 12
3C 1
Receptor status
Triple negative 5
ER? 42
PR? 33
HER2? 15
Ki67
\10% 7
10-20% 21
[20% 22
T stage
1 21
2 26
3 3
N stage
0 21
1 17
2 11
3 1
Grade
1 0
2 26
3 24

employed). Cytometer setup and tracking beads (BD Bio-
science) were run before and after each sample measure-
ment to ensure consistency in machine performance. The
inclusion of a positive biological control (stimulation with
influenza peptides) assured consistency in sample quality
and the prevention of false-negative results.

Phenotypic analysis of myeloid cells, T cells
and Natural Killer cells

For characterisation of myeloid cells [including
monocytes, MDSCs, plasmacytoid Dendritic Cells (pDCs)
and myeloid DCs (mDCs)], T cells (including regulatory T
cells) and Natural Killer cells (NK cells), PBMCs were
thawed and stained as previously described [7], using the
antibody panels in Online Resource 1. Antibody panels
were established using fluorescence minus one controls.
Cytometer setup and tracking beads were run before and
after each sample measurement to ensure consistency in
machine performance. The limited nature of patient mate-
rial did not permit multiple testing of the same sample, but
we performed multiple independent measurement of a
healthy control donor (n = 9) in order to ensure consis-
tency in measurement conditions.

Flow cytometry data analysis

Data were analysed with FlowJo software version 10.07
(immunophenotyping) or version 7.2.5 (antigen-reactive T
cells). Flow cytometry data were analysed first by
excluding events not part of the main acquisition popula-
tion using a time-vs-side scatter gate. Cell doublets were
then removed before the exclusion of dead cells (EMA-
positive events) and cell debris with the use of a morpho-
logical gate (Online Resource 2). The assessment of T cell
responses to tumour-associated antigens was performed
using the same method as in our prior study [7]; we
compared control (unstimulated) and peptide-stimulated
cultures as described in the methods section “*Detection of
antigen-reactive T cells’” and assigned a positive response
when the frequency of T cells producing any cytokine in
the stimulated sample was at least twice that of the control
sample (Online Resource 4). Additionally, each response
was visually assessed to ensure the presence of a clearly
distinguishable population of positive events. T cell
responses were considered categorically (present or absent)
in addition to a quantitative assessment of the strength of
response by calculating the ratio of the frequency of pos-
itive events in the stimulated sample by comparison with
the unstimulated sample to give a stimulation index (SI).
This method allows the detection of multiple cytokines
from each patient, but does not directly assess whether
production is from the same or different population of
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cells. Antibody-stained leukocyte populations, including
the assessment of T cell responses to TAAs, were gated
according to the approaches shown in Online Resources 2—
4.

Assessment of tumour-infiltrating leukocytes

Haematoxylin—Eosin-stained tumour slides were reviewed
by two breast pathologists (M.S. and N.A.) to select the
most representative slide of each tumour. Sections (4-5
Im) were stained individually with antibodies to CD4
(4B12, 1:40; Biogenex), CD8 (SP16, 1:80; Thermo
Scientific), CD163 (10D6, 1:400; Biocare) and FoxP3
(236A/E7, 1:100; Abcam). Staining protocols for all
antibodies were opti-mised using sections of tonsil tissues.
Immunostaining was performed using the Leica Bond Il
automation (Leica Biosystems, Melbourne, Australia) and
Leica detection kit (Leica Biosystems, Newcastle, UK).
The staining protocol included a 30-min high pH epitope
retrieval in the case of CD4, CD163 and FoxP3 antibodies,
and a low pH retrieval for CD8, which was followed by a
30-min incubation with the primary antibody. Reactions
were developed with diaminobenzidine, and sections were
counterstained with haematoxylin.

Micrographs (3840 9 3072 pixels) of each slide stained
with CD4, CD8, FoxP3 and CD163 were captured with a
Nikon DXM-1200 Camera on a Nikon Eclipse E800
microscope with E Plan Achromat Objectives using Auto-
matic Camera Tamer (ACT-1) Version 2 software. White
balance was calibrated before image capture. The images
were saved as JPG at 95% quality without image process-
ing. Quantification of infiltrating cells was performed
using Adobe Photoshop CS6 (used to select the exact
colour of positive cells for each marker which was then
converted to a grey scale image) and ImageJ (used to
analyse the per-centage of the surface covered by the
stained cells). The surface coverage of stained cells was
then converted to absolute number of infiltrating cells per

mm?. For each infiltrating subpopulation, we performed
visual enumera-tion in ten representative regions by two
independent researchers.

Patient HLA typing

DNA from peripheral blood cells was extracted using the
automated Maxwell 16 Blood DNA Purification Kit
(Promega, Madison, WI, USA), according to the manu-
facturer’s protocol. HLA genotyping was performed using
rSSO-Luminex (LIFECODES HLA SSO Typing—
RAPID, Immucor Transplant Diagnostics, INC, Stamford,
CT, USA), and the results were analysed with the MATCH
IT! DNA software (Immucor Transplant Diagnostics, INC,
Stamford CT).

Measurement of serum cytokines

Frozen sera from patients were thawed at 37 LC and sub-
sequently mixed well. Measurement of IL-1Ra, IL-9 and
IL-10 was simultaneously performed by Luminex using
the human premixed multi-analyte kit (R&D systems)
according to manufacturer’s instructions. RANTES/CC-
chemokine ligand 5 and TGF-b determinations were per-
formed by separate Luminex-based kits (R&D systems).
The full panel of cytokines investigated additionally
included IL-1beta, IL-2, IL-4, IL-5, IL-8, IL-12 p70, IL-15,
IL-17A, TNF, IFNc and GM-CSF, but levels of these
cytokines could not be detected.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
5 (GraphPad Software Inc., San Diego, CA, USA). Two
independent groups were compared using the Mann-
Whitney U test. Relationships across four grouping vari-
ables were assessed with Fisher’s exact test. Correlations
were assessed using Spearman correlation analysis. A
value of p \ 0.05 was considered statistically significant.
Because this was an exploratory study we aimed to reduce
the chance of obtaining false-negative results. For this
reason, statistical analyses were not corrected using the
Bonferroni method, and the results should be interpreted as
such.

Results

Breast cancer patients frequently show in vitro
responses to HER2, MUC1 and SUR

T cells reactive to the HER2, MUC1 and SUR tumour
antigens were detected in the PBMC of 50 non-metastatic
breast cancer patients using an established 12 day in vitro
expansion protocol. Reactive T cells were found to be
common in patients, with a high frequency of responses to
HER2 (96%), MUC1 (80%) and SUR (72%) (Fig. la).
Examining CD4? and CD8? T cell responses separately
showed that CD4? reactive T cells were more common
(Fig. 1b) and produced a larger number of different
cytokines than CD8? cells (Fig. 1c).

T cell responses to tumour antigens are associated
with clinical parameters in breast cancer

We investigated if T cell responses to HER2, MUC1 and
SUR were associated with patient clinical features. This
analysis showed that patients with a higher tumour grade
had weaker CD4? T cell responses to MUCL1 (p = 0.045)
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Fig. 1 T cell responses to tumour-associated antigens in breast cancer
patients. CD4? and CD8? T cell responses measured by IL-2, IL-5,
IL-10, IL-17, TNF and IFNc production were detected in the PBMC
of 50 breast cancer patients after stimulation with HER2, MUCL1 or
SUR TAAs. CD4? and CD8? T cells were considered responsive to
an antigen if they showed a positive signal for any of the six
measured cytokines. a Across these 50 breast cancer patients, HER2-
reactive T cells were observed to be more common than MUC1- or
SUR-reactive T cells. b Responses to all TAAs were more

(Fig. 2a), but those with oestrogen receptor (ER)-positive
tumours had stronger CD8? T cell responses to HER2 (p =
0.031) (Fig. 2b). No associations with SUR-re-sponding T
cells were found, nor were correlations with other clinical
parameters including T, N or AJCC stage, total lymph
node involvement as well as expression of Ki67, HER2 or
progesterone receptor in the tumour.

Serum cytokines and patient HLA type are
associated with T cell responses to TAAs

Immune features associated with responses to tumour antigens
were sought in the form of serum cytokines and HLA type.
We reasoned that a particular cytokine milieu or due to
immunoediting, T cell responses to tumour antigens might be
favoured or suppressed which might result in high frequencies
of certain HLA types possessing TAA-reactive T cells. To this
end, we measured serum levels of IL-1Ra, IL-9, IL-10, TGF-
bl and RANTES and performed HLA typing. We found that
only in selected cases were these features related to responses
to tumour antigens; a high

commonly seen for CD4? than CD8? T cells. ¢ Differences in the
cytokine production profile were observed for CD4? but not for
CD8? T cells when comparing their responses to HER2, MUCL1 and
SUR. The percentage for each cytokine was calculated only
considering patients who responded to HER2, MUC1 or SUR. NR
non-responder; R Responder; TAA tumour-associated antigen; HER2
human epidermal growth factor receptor 2; MUC1 Mucin 1; SUR
Survivin

proportion of HLA-A*01? patients lacked T cells
responsive to MUCL, whereas HLA-A*02? patients were
more likely to possess T cells reactive to this antigen than
HLA-A*02-negative patients (Fig. 3a). Considering serum
cytokines, we found higher serum IL-10 levels in patients
who had CD8 HER2-(Fig. 3b) and SUR- (p = 0.02, data
not shown) responsive T cells compared to those who did
not have these cells. Aside from these associations no other
relationships between T cell responses and serum
cytokines or HLA type were found.

Relationships between tumour leukocyte infiltration
and in vitro T cell responses to tumour antigens

Based on the notion that TAA-reactive T cells are active
against tumour cells in situ, we investigated if they were
associated with tumour leukocyte infiltration, namely by
CD4?, CD8?, FoxP3? and CD163? cells, which may act as
local regulators of tumour immunity. These analyses
revealed that there was no association between tumour
leukocyte infiltration and in vitro T cell responses to HER2
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Fig. 2 T cell responses to MUC1 and HER2 correlate with tumour
grade and ER receptor expression. T cell responses to the HER2,
MUC1 or SUR TAAs were measured in 50 breast cancer patients
following 12 days of in vitro expansion. The Sl (ratio of cytokine
positive cells between peptide-stimulated and unstimulated T cells) of
responding CD4? or CD8? T cells were correlated with the patient
clinical parameters grade, T, N, AJCC stage, total lymph node
involvement as well as tumour expression of Ki67, HER2, ER and
PR. a Patients with more advanced tumour grade showed weaker
responses to MUC1. b ER-positive patients responded more strongly
to HER2 than ER-negative patients. S| stimulation index; ER
oestrogen receptor; HER2 human epidermal growth factor receptor 2;
MUC1 mucin 1; *p \ 0.05 (Mann-Whitney U test)

(Fig. 4a), but patients whose tumours were more densely
infiltrated by CD163? , CD4? T cells (Fig. 4b) as well as
combined cell counts for both CD4? and CD8? T cells
(data not shown) more commonly possessed CD4? T cells
responding to the MUCL antigen. Conversely, patients
who showed less tumour infiltration by CD8? T cells more
commonly had CD8? T cells responding to SUR (Fig. 4c).
No other associations between TIL and antigen-reactive T
cells were found.

Blood leukocyte populations as surrogate markers for
anti-tumour T cell responses

The immunogenetic, molecular and cellular features investi-
gated so far were only occasionally associated with in vitro T
cell responses to tumour antigens, which led us to pursue
more robust markers of tumour antigen responses in the form
of blood leukocytes. To this end, 30 different myeloid and 23
lymphoid populations comprising T cells, monocytes, den-
dritic cells, natural killer cells, regulatory T cells and mye-
loid-derived suppressor cell phenotypes were tested for
association with T cell responses to the HER2, MUC1 or SUR
antigens (see Online Resource 5 for a complete list of tested
phenotypes). We were particularly interested in exploring
these relationships for leukocytes with suppressor phenotypes,
namely Tregs and MDSCs. Furthermore, to account for
potential location-dependent differences, we also
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Fig. 3 Patient HLA type and serum cytokine levels correlate with T cell
responses to tumour antigens. Patients with or without HER2-, MUC1- or
SUR-reactive T cells were compared in terms of HLA type and serum
cytokines (n = 50). a HLA-A*01 (p = 0.045) and HLA-A*02 (p = 0.0001)
status was associated with MUC1-reactive T cells (Fisher’s exact test).
CD8? T cells were considered responsive to an antigen if they showed a
positive signal for any of the six measured cytokines. b Serum IL-10
levels were higher in patients who had IFNc producing CD8 HER2-
reactive T cells (Mann-Whitney U test) compared to patients without
these cells. R responder; NR non-responder; **p \ 0.01; NS not
significant; HER2 human epidermal growth factor receptor 2; MUC1
mucin 1; SUR survivin

re-tested a number of cell types that were investigated in
tissue. This analysis revealed that many blood leukocyte
populations were associated with T cell responses to HER2
and MUCL1 and SUR. It was surprising that compared with
phenotypically non-suppressive leukocyte populations, we
found relatively few correlations for Tregs (two correlations)
and MDSC phenotypes (nine correlations) (Table 2). Note-
worthy was that patients with higher levels of blood mono-
cytes presented with absent or weaker CD4? and CD8? T cells
responsive to HER2 and MUCL1 than patients with lower
levels of monocytes. Similar inverse relationships were also
observed for NK cells, mDCs and CD4? and CD8? T cells
expressing markers of proliferation (Fig. 5), whereas other
populations were positively associated with antigen-reactive T
cells (Table 2). Interestingly, we observed that within
monocytes, the HLA-DR? fraction positively correlated with
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antigen-reactive T cells; correlations for a particular cell type
in blood were not found when the same cell type was present
in tissue and vice versa (Fig. 4; Table 2), thereby demon-
strating location-dependent differences. Figure 5 shows rep-
resentative relationships between blood leukocyte frequencies
and TAA T cell responses, and Table 2 provides an overview
of all correlations identified. Similar relationships were
obtained whether considering the strength of T cell response
(stimulation index) or categorically comparing patients who
had reactive T cells for each cytokine with those who did not.

Combining immune parameters improves

the accuracy of predicting patients with TAA-
reactive T cells

We sought to improve upon the accuracy of the parameters
found to be associated with TAA-reactive T cells by
analysing multiple immunological features. By combining
different immune parameters, we were able to achieve
superior prediction in the specificity and sensi-tivity in
identifying patients possessing T cells reactive to HER?2,
MUC1 or SUR (Fig. 6a, selected results shown).
Furthermore, these combinations of immune features
allowed us to better stratify patients by the strength and
frequency of T cell responses, i.e. into sub-groups with
stronger and more frequent T cell responses or with weaker
and less frequent responses (Fig. 6b, selected results
shown). For example, the group of patients with below
median levels of monocytes and NK cells only contained
HER2 responders, with an average SI of 14.5. In
comparison, the group with above median levels of these
cells was made up of roughly equal numbers of responding
and non-responding patients and had an average Sl of 2.3

Fig. 4 Tumour-infiltrating leukocytes are associated with peripheral T
cell responses to TAAs. The level of tumour leukocyte infiltration
was compared for patients possessing T cells reactive to the HER2,
MUCL1 or SUR TAAs with those not possessing antigen-reactive T
cells (n = 50). a Patients with HER2-responsive T cells showed no
difference in their level of TILs. b Patients with MUC1-reactive T
cells showed greater tumour infiltration by CD4? T cells and CD163?
cells. ¢ Patients with T cells reactive to the SUR antigen had less
tumour infiltration by CD8? T cells. Groups were divided according
to patients who possessed the indicated T cell response and those
who lacked these cells. NR non-responder; R responder; TIL,
tumour-infiltrating leukocytes; ***p \ 0.001; **p \ 0.004; *p \ 0.04;
NS not significant (Mann—Whitney U test); TAA tumour-associated
antigen; HER2 human epidermal growth factor receptor 2; MUC1
mucin 1; SUR survivin

tumour antigen-reactive T cells, while the HLA-DR- frac-tion
was negatively associated with TAA-reactive T cells,
indicating that the balance between monocyte maturation
states may be relevant for the presence of anti-tumour T cells.
The location of these leukocytes, whether in tissue or in
blood, was also relevant to their relationship with tumour

(Fig. 6b, left panel). We observed that combining different
types of immunolog-ical parameters, for example, tumour-
infiltrating cells and blood leukocyte populations, also
resulted in better prediction of TAA responses. Patients
with high levels of tumour infiltration by T cells and low
levels of CD16? mDCs in peripheral blood were more
likely to have T cells reactive to MUC1 compared with
patients without this profile (Fig. 6b, middle panel).

Discussion

This study was conducted to identify composite immuno-
logical features including tumour-infiltrating leukocytes,
HLA type as well as peripheral immune cell types and
cytokines, with the goal of identifying biomarkers which
can accurately select breast cancer patients with responses
to tumour antigens, predict clinical outcome or facilitate
improved therapeutic customisation to individual patients.
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Table 2 Correlations between

blood leukocytes and T cell T cell response  Leukocyte population p value r value
responses to HER2, MUCland  cpg -2 Monocytes 0.0001 -0.54
SUR NK cells 0.004 -0.42
CD4? Ki67?, CD8? Ki67? 0.04, 0.02 -0.29, -0.33
CD4 IFN Monocytes 0.0005 -0.49
CD14? CD124? 0.024 0.33
CD4 IL-5 Monocytes 0.0002 -0.53
CD14? CD124? 0.007 0.39
mDCs 0.010 -0.37
NK cells 0.026 -0.33
CD4 TNF Monocytes \0.0001 -0.60
CD14? CD124? 0.0009 0.47
mDCs 0.045 -0.30
NK cells 0.024 -0.33
CD8 TNF Monocytes 0.038 -0.30
pDCs 0.016 -0.35
CD4 IFN CD14? HLA-DR- 0.013 -0.36
CD14? CD124? 0.049 0.29
CD4? CD25? FoxP3? Ki67? CD45RA? 0.033 0.33
CD4 IL-2 CD16? mDCs 0.036 -0.31
CDA4 IL-5 Monocytes 0.0005 -0.49
CD14? CD124? 0.006 0.40
mDCs 0.027 -0.32
CD8? Ki67?, CD4? Ki67? 0.002, 0.04 -0.42,-0.29
CD8 IFN CD4? CD25? FoxP3? Ki67? CD45RA? 0.049 -0.31
mDCs 0.028 -0.32
CD4?, CD8? 0.015, 0.017 -0.34,0.34
ratio CD4/CD8 0.0093 -0.36
CD8 IL-2
CD8 IL-2 Lin-CD14? HLA-DR; \0.05, \0.05 -0.29, 0.29
CD8 TNF Monocytes 0.02 -0.34
mDCs, pDCs 0.024, 0.038 -0.33,-0.30
CD4 IL-2 CD8? Ki67? 0.012 -0.35
CD8 IFN Lin-CD14? HLA-DR; 0.022, 0.015 -0.34,0.35
CD8 TNF Lin-CD14? HLA-DR; 0.021, 0.017 -0.34,0.35

Lin, lineage markers CD3 CD19 and CD56. Correlations were assessed using the SI

We assessed T cells responding to HER2, MUC1 or SUR
in 50 breast cancer patients and found certain associations
between T cell responses with HLA type, serum cytokines
and tumour-infiltrating leukocytes. In contrast to these
limited associations, a number of different leukocytes in
blood, including monocytes, natural killer cells, dendritic
cells and T cells broadly correlated with tumour antigen-
reactive T cells. Moreover, accuracy in selecting patients
with tumour antigen-reactive T cells was improved when
considering multiple patient parameters. The cluster of
biomarkers identified here reveal immune profiles corre-
lating with the presence of TAA-reactive T cells that may

allow for the selection of patients with immune systems
most capable of mounting an anti-tumour response, thus
potentially identifying patients who possess a wider
repertoire of TAA-reactive T cells not limited to those
which can be feasibly measured. Ongoing clinical follow-
up of these prospectively recruited patients will reveal
whether the composite set of biomarkers identified here,
including TAA-reactive T cells, will allow superior sur-
vival prediction. Selecting patients using these biomarker
combinations may allow personalised tailoring of patient
treatments, for example, sparing patients with a favourable
prognosis from otherwise unnecessary treatment, or the
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Fig. 5 Correlations between blood leukocytes and TAA-reactive T
cells. Levels of human blood leukocytes correlate with T cells
responding to the HER2, MUC1 or SUR TAAs (n = 50). Fig-ure
shows representative examples for monocytes, natural killer cells,
myeloid dendritic cells and CD8? T cells, which were inversely
associated with TAA-reactive T cells (Spearman correlation). The SI

administration of more aggressive therapies for patients
with a poorer prognosis.

The results from this study may also have implications for
the treatment of breast cancer patients with
immunotherapies. The clinical benefit of immunomodula-
tory antibodies (so-called check point inhibitors) relies on
the presence or emergence of anti-tumour T cells, sug-
gesting that patients with pre-existing tumour immunity in
the form of TAA-reactive T cells may be more likely to
respond to these drugs [25, 26]. As such, the results pre-
sented here may provide a basis for the selection of breast
cancer patients more likely to benefit from treatment with
immunomodulatory antibodies. Furthermore, patients
without TAA-reactive T cells but who show similar
immune profiles to patients with them may also benefit
from treatment with these drugs due to the existence of
conditions more permissible to the presence TAA-reactive
T cells. These results may also extend to the use of cancer
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(ratio of cytokine positive cells between peptide-stimulated and
unstimulated T cells) of responding CD4? or CD8? T cells were
correlated with the frequency of blood leukocytes. TAA tumour-
associated antigen; HER2 human epidermal growth factor receptor 2;
Sl stimulation index

vaccines, whereby patients who have immune profiles
favourably associated with the presence of anti-tumour T
cells may also be more likely to develop an immune
response to the vaccine and to benefit clinically [5, 6, 27—
29]. Furthermore, our results allow the selection of patients
with antigen-reactive T cells producing specific cytokines.
Because our prior study found that not only the general
presence of TAA-reactive T cells but also the production
of certain cytokines by these cells to be relevant for patient
survival [7], the immune profiles identified here therefore
allow a high degree of specificity in identifying those most
likely to respond to immunotherapy or to have a favourable
prognosis.

Despite numerous associations between blood leuko-cytes
and TAA-reactive T cells, it was surprising that few
correlations were found for populations of cells with sup-
pressor phenotypes, namely Tregs and MDSCs. This sug-
gests that cells corresponding to these putatively
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suppressive phenotypes are not suppressive in breast cancer
patients, or if they are suppressive, that they do not exert
suppression against antigen-reactive T cells in blood.
However, the frequencies of a number of cell populations
related to MDSCs and Tregs, namely monocytes and CD4? T
cells, were found to be inversely related to the presence of
TAA-reactive T cells. These observations sug-gest that there
are leukocyte populations in blood which suppress T cell
responses to tumour antigens, but that they remain imperfectly
defined on a phenotypic level. A precise set of phenotypic
markers capable of accurately identifying suppressive cells
may in turn allow more accurate biomarkers for the
identification of patients with tumour antigen-responsive T
cells, but such markers remain elusive [21]. One obstacle to
the identification of such specific markers is highlighted by
the observation in this study that there are differences in the
association with TAA-reactive T cells and |

cell SRIFIAGH feRdfsmPGBther in tibsDe-oarh] aad)-TiRg
suggests that cellular location and phenotype are both
relevant to the function of any given leukocyte population,
and unless location-specific markers are found, may
further limit the identification of marker proteins which
accurately reflect cellular function.

Conclusion

This study identified composite sets of immune features
which predict patients with TAA-reactive T cells. Con-
sidering that T cell responses to tumour antigens correlate
with breast cancer patient survival, the biomarkers identi-
fied here which include HLA type, serum cytokines,
tumour-infiltrating and blood leukocytes in addition to in
vitro TAA-reactive T cells may allow superior predic-tion
of patient survival or more personalised therapeutic
management of breast cancer patients.
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