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NMPOAOIoz

H avoooBepancia Tou kapkivou eixe npotabei kal €QapuooTei wC PEBODOG
aQvTIMETWNIONG TNG vVOOoou, MOAU Mnpiv undap&ouv €peuvnTikEG evOEIEEIC yia TNV AVOOIAKN
anavrtnon €vavTl TwvV OYKWV N, yia TNV akpiBeia, noAU npiv akoun Kai anod Tn GToIXEIndn
neplypagr Twv NpOTWV dUUVTIKOV UNXAVIOU®V TOU opyaviopou nou avakaAugpenkav. H
EMITUXNG QVTIHETWNION HIAG O€Ipag Oykwv, and Tov apepikavo xeipoupyd WB Coley, To
1893, he TN Xpnon evopOaApiouwv opolU acBevwv HPE gpuainelag, oualiacTikd dnAadn
opoU nAouoiou o TNF, BswpeiTal 10Topikd N NpwTn Npoondbsia avooobepansiag Tou

kapkivou [1].

MeTa and Ta YECA TOU MEPACHEVOU AIWVA, OUYKEVTPWONKAV NEIOTIKEG EPEUVNTIKEG
evdei€elIc OTI O Opyaviouog KivnTonolsi €va nARBoC avooiak®wyv HPNXaviouwyv Mnou
OTPEPOVTAlI €VAVTI TWV KAPKIVIKOV KUTTapwv. O1 evdeifeic auTéC anoTéEAEoav IKavn
EMNIOTNMOVIKN BACN yid PIa Npoondlesld avTIMETWNIONG ToUu Kapkivou, Bacilopevn oTnv
Tpornonoinon auT®Vv TwV HPAXAvIoHwV, O BaBud nou va karactoUVv KAIVIKA
AanoTEAECUATIKOI YIa TNV KATANOAEUNON TWV OYKWV. 3TIC MEXP! OANEPA NPOondABeleg
avoooBepansiac Tou Kapkivou €Xouv XpnoigonoinBei KUPIOAEKTIKG OAOI Ol NApAYOVTEG
Kal Ol Jnxaviouoi Tou avoolakoU CUGCTAHATOG, Yid TOUC OMoioug UNApxel €0Tw Kal n
Napauikpn neipapartikn €vOeiEn OTI eunAéKovTdl OTNV €vavTl TwV OYKWV avoaolakn
anavtnon. Mapd Tauta, n KAIVIK] GMNOTEAEOUATIKOTNTA QUTWV TWV MNPOCEYYIOEWV
napapevel eEAIPETIKA MIKPH £WG ANoyonTeUTIKNA, ¢BAavovTag NOAIG oTo 10—15% [2]. To
yeyovoc autd unodnAwvel ageoa OTi 0 dpOUOG Yid TV KATAvVONon TNG EvavTl TWV OYKWV

avooIlakng anavTnong €ival akoun pakpug.

O1 dpaocTikoi PnNxaviouoi Tou avooliakoU OUCTAHATOG, O pnxavigpoi dnAadn Tng
TEAIKNG PAONG TNG avoolakng andavrtnong, nou pecoAaBouv kar €xel OeixBei OTI in
vitro eniTuyxavouv Tn AUON TV KAPKIVIKOV KUTTAPWYV, £XOUV NPOooeAKUCEl TO 101AITEPO
evOIaQEPOV TwV €peuvnTWV. EIDIkOTEpA, doov a®opd Tnv napouoa PEAETN, £xel deixXO«i
OTI n avoooBepaneia Pe TN Xprnon nNenTidiwv avTiyovwyv TwV OYKwWV €nayel Tn dnuioupyia
€10IkwV CD8* KUTTAPOAUTIK®WV T-KUTTAPWV, IKAVWV vad NPokaAouv in vitro Auon Twv
KApKIVIK®OV KUTTapwVv. O1 AOyol, yia TouG onoioug auTr n 101K KUTTAPOAUTIKR andvTnon
dev ouvodeUetal and avdaloyn KAIVIKR) anoTeAEOUATIKOTNTA, AMNOTEAEI AVTIKEIPMEVO

onuavTikoU npoBAnUaTiopgoU Kail JEAETNG.

O KUpIOG OYKOG TNG €Peuvag OXETIKA ME TNV E€vavTl Twv Oykwv CD8* T-
KUTTAPOAUTIKR andavTnon €xel Yivel oTo NAQiolo EAEYXOU TNG AMOTEAECOUATIKOTNTAC TNG
avoooBepansiac. SUYKEKPIYEVA, OTOXOC TNG avoooBepanesiag €ival va npoKaAE€osl Tov
noAAaNAQcoIaopuo Twv £vavTl TwV OYKwV CD8* T-KUTTAPOAUTIK®OV KA®VWYV, Ot £Minedo
Mou va e€ival IKavoi va NPOKAAECOUV in vivo KaTtaoTpodr Twv Oykwv. ‘ETol, ol

nepPICOOTEPEG anod TIG WEAETEG TNG BIBAIoypagiac anookonouv va Jsi&ouv TNV enaywyn
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auTtng akpiBwg TnG av&nong Tng CD8* T-KUTTAPOAUTIKNAG andvrnong nou MNPOKAAei n

XPHoN TWV avTIyoOvwV TV OYK®V.

Méxpl npoTivog, BERAIA, N MEAETN TwV avTIYOVOEIDIKWY T-KUTTAPWY, YEVIKWG KAl
I010iTEPA  €KEIVWOV MOU anavtwvTdl o€ MoAU XaunA&G ouxvoTnTeC, ONWC auTd nou
OTPEPOVTAl £vavTl MNENTIDIWV TWV avTIYOVWV TWV OYKWV, avTIMET®OM{E onuavTika
peBodoAoYIKG npoBARuaTa. H TexvoAoyia Twv HLA-MOAUPEP®WV, MOU MEPIYPAPNKE TO
1996 [3], €nETpeYse via NpWTN (POopda TOV AWECO MPOCdIOPIOHO TWV KUKAOPOPOUVTWYV
avTIyovoEIDIKWV T-KUTTApWYV. AUTO €IXE WG AMOTEAECHA TN AENTOMEPN MEAETN TOOO TNG
T-KUTTApIKAC anavtnong &vavTl TwV ACINWEEWY, 000 Kal TnG dpadTIKAC diapoponoinong
(effective differentiation) Twv T-kuTTapwv [4]. Me Tn Xprion Tng idlag TexvoAoyiag kal
oTn BAon Twv anoTEAsOPATWV MOU Npogkuwav anod Tn MEAETN Twv ACINWEEWV,
emTelXONKE N NANPECTEPN KATAVONON TWV KUTTAPOAUTIKWV T-KUTTAPIK®WV ANAvVTHOEWV
EVavTl KApKIVIKOV avTiyovwv [5], oto BaBud nou kateéotrn nAEov €QIKTOC, TOGO O
NOCOTIKOG MNPOCdIOPIONOC TWV OXETIKWV T-KUTTAPIK®WV UNonAnBuopwy, 000 Kdl Kal n

anopdvwon Kai n digepelivnon TwV avTioTOIXWV KAOVWV.

‘ExovTag unown Ta napandvw, n napouoa £peUvVNTIKI NPoondbeia oXedIAOTNKE HE
okond TOV MNoooTIKO NPOCdIOPIoUO Kal Tn AEITOUPYIKR MEAETN TwvV, €I0IKWV EvavTi
nenTidiwv OUO OUYKEKPIUEVWYV, EUPEWG eKPPAlOMEVWV avTIiyOVWV TWV OYKWV, TNG
oapBiBivng (kai Tou unoTunou TnG 2B) kal Tng hTERT, CD8* T-KUTTAPOAUTIKWV KAOVWV,
nou KUKAo@opoUV 0TO dipga npwTodIiayVwoUEVWY aoBevwV HE KAapKivo Tou nvelyova n
avixvelovTtal oTo nePIBAANOV Twv avTioTolxwv Oykwv. lNa npwtn ¢opd ortn diebvn
BIBAloypapia, n OXeTIKN MEAETN &yive, oc TOOO MeydAo Osiypa, HE Tn XPNon Hiag
NPONYMEVNG €kOOXNAC TNG TeXVoAoyiac Twv HLA-NoAupepwyv, Kabwg kal AAAwv To id10
AenTopepwv peBodoAoyiwv, O aoBeveic YeE KaApKivo Tou nvevupovd. MNa npwTtn @opd,
€niong, Ta ANOTEAEOWATA TOU MOCOTIKOU KAl MOIOTIKOU XAPAKTNPIOHOU TWV EvavTi
neNTIOiWV avTIyOVwV TV OYKwV CD8* T-KUTTAPOAUTIK®WV KA®VWY nou gvTonifovTal aTnv
KUKAOQOpia Twv Kapkivonabwy, ouykpivovTal PE eKeiva TNG id1ag akpIBwC MEAETNG TwV
aVvTIOTOIXWV KUTTAPOAUTIKWV KAMVWVY MOU avixvelovTal OTO aigad Uyl®v aTodwyv. TEAOC,
OTOXOC TNG MEAETNG NATav n diepelvnon TN €nidpaocnc nou eVOEXOMEVWC E£XEl, NAVW
OTOUG avTlyovoeidikoUc CD8* T-kuTTapoAuTikoUC KA®VOUC, n Bepancsia Tng vooou
(xnueloBepaneia, akTivoBepaneia). Me autd Tov TPOMO, TA ANOTEAEOHATA TNG MEAETNG
NAapEXoOUV NANPOPOPIEC GNUAVTIKEG, OXI MOVO O OXEON HUE TNV ANOTEAEOWATIKOTNTA TNG
evdexopevng avoooBepaneiac aAAd, noAU nepiocOTEPO, avapopika UE TA XAPAKTNPIOTIKA
TWV €vavTl NenTIdiov avTiyovwyv TwV OyKwv CD8* T-KUTTAPOAUTIK®OV KA®VWV Mou
npoUndpxouv OTOV Opyavioud TWV UYIOV dTOPWV Kal gival €nipopTIoNéva PE TNV

avoooenitnpnon (immunosurveillance) TwV OYKwWV.
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EuxapioTieg

H peAétn autn ulonoinBnke €€ oAokAnpou oTo Epyaotrpio AvoooAoyiac-
IoTooupuBaToTnTac Tou TuApaTtog IaTpikng Tou MavenioTnuiou OesooaAiag, oTo nAdicio
TOU gUupwndikoU €peuvnTIKOU npoypdpuatoc IRTALUNG, kal o UAIKO acBsvwv nou
napaxwpnbnke ano Tnv MveupgovoAoyikn KAIVIKA Tou idlou TPAPATOG, Ol yiaTpoi TNG
onoiag eixav Tnv €uBUVN TNG CUAAOYNG TOU KAl PAG napaxwpnoav, eniong, OAEC TIG

KAIVIKEG NANPOPOPIEC NoU Xpnaoidonoindnkav yia Tnv agioAdynon Twv anoTEAECUATWY.

>TO Onueio auTo, BEAW va ekPPACW TIC BEPPEG EUXAPIOTIEG YOU OTOV EnIBAENOvVTa
TNG 31daKkTopIKNG diaTpIBnC pou KadnynTn k. Avaotdoio E. M'epuevr), KaBWG Kal oTta aAAa
MEAN TNC TpigeAoUc EniTponnc, Touc Kadnynteg k. K.I. MoupyouAiavn kai K. . NTaA€ko.

Id1aiTepec suxapioTieG opeiAw oTov K. Bdaio Kapavika, EU Marie Curie Fellow oTo
Epyaotrpio AvoooAoyiac-IotooupBatdTnTag, o onoiog pe dida&e kar pe kabodnynoe
akoUpaoTa os OAa Ta BAPATA AUTNG TNC EPEUVATIKAG Jou npoondbeiac. Xwpic Tn Bondeia

Tou, N oAokAfpwaon TnG diaTpIBnC KJou Ba rTav aduvarn.

H €peuva auTh, €€aiTiag TNg NoAunNAokOTNTAC TWV NelpaudTwy, dev Ba nTav duvaTto
va oAoOKANPwOEl Xwpic TN onNUavTIKn TEXVIKA unooThnpIiEn noAAwv avlBpwnwyv. >Tn yiatpo
TnG MveupovoAoyikAg KAIVIKAG K. ©. Kepevidn ekppalw, €niong, BepuEC EUXApPIOTIEC Yia
TNV anoTEAECUATIKN Kal euXApioTn OUVEPYAOia Mou €iXape aTn GUAAOYN Tou UAIKOU Kdl
TWV KAIVIKOV NAnpogopi®Vv TwvV acgbevwyv. Oa rbsAa va suxapiotow Tov D. Colau ano
To idpupa Ludwig Institute for Cancer Research, Brussels, Belgium kai 131aiTepa Tov
Prof. P. Coulie yia Tnv €uyevlly npoo®opd Twv HLA-NOAUMEPWV Kal TIG MOAUTIUEG
unodei&elig Tou KaTta TIG €MNIOKEWEIG Tou oTo Epyaotnpiou AvoooAoyiag kai
IoTooupBatéTnTag. Euxapiotw Tnv AleubuvTpia Tou ApakonoUAsiou KévTpou Alpodoaiag
ka EAgvn MoAuxpovdkn kal Tnv ka Pw&avn ZuplonoUAou yia TNV Napoxn TwV aoKwV
nAdopatoG. To npoownikd Tou THNAUATog Mupnvikng IaTtpikng Tou MMavenioTnuiakou
Noookopegiou Adpioag kal 1diaiTepa Tov uneubuvo Tou THAMATOG K. MavayiwTn
FewpyoUAla yia TNV adela Xpnong Tou PETPNTH AKTiVwv-y Kal Tnv dpioTn ouvepyaaia.
Euxapiotw eniong Tov AleuBuvTth Tou Epyaotnpiou IaTtpikng duaikng, Kab. Kwv/vo
Kanna, Tnv Enik. Kab. ka. Kupiakn ©godwpou, Tov AékTopa K. Imavvn TooUyko Kal To
Aoind npoownikd Tou egpydoTnpiou yia Tn OuvartotTnTd XPHONG TOU HaAyvNTIKOU

EMITAXUVTH.

OcAw va suxapioThow 101aiTepa TNV Mapia Zapavdakou, oTnv onoid Kal apIEpOV®
TNV napouaoa d1aTpIPn, Yia TIC ATEAEIWTEC WPEC CUVEPYATIAG Pag Kal TNV evBappuvon Tng

TOOO O€ €NIOTAPOVIKO 000 Kadl O NPOoownIkO €MNinedo.

Euxaplotw, Tn ®avr KaAaAd nou poipdoTnke TIC YVWOOEIC TNG OTNV KUTTAPOUETPIa

pong, TNV AyyeAikn Mnapda, Tov ZTé@avo Todxa, Tov ledewv AouAE, Tov KwoTa
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MnouUka, Tnv AvTiyovn Maudpa, Tnv ®dwTeivi)y Mnapdaka, Tnv Nikn Apyévtou, Tnv AiToa
KapapolTn, Tov KwoTta TooAn, kabw¢ kai Tnv undloinn opdda Tng Movadag
Avoooloyiac Kapkivou, TouCc nponTuxiakoUg, METANTUXIAKOUC Kdl OI3AKTOPIKOUC
(POITNTEC YE TOUG oMnoiouc nepdacape padi Tooa Xpovia KaAnG ocuvepyaaoiac Kal EuxapioTng

aTHOOG@AIPaAg Kal Toug eUxoudl kaAn aradiodpopia otn wr Touc.

e Mia npdgn suyvwpoouvng, 6a nBela va €uxapioTnow TOUG YOVEIC Jou Baaiin
Souko kdl Maipn ZoUkou yia TNV CUMBOAR TOUG O auTrn Tnv npoonddsia aAAd kai yida

TNV OIKOVOWIKN Kadl N8Ik oTrpi&€n nou Pou napeixav otnv {wr You.

Qc npd&n o¢iAiag, Ba nBeha va euxapioTnow Tov Oodwpr] AAPNAvn yia TIG
NOAUTINEC OUPBOUAEG TOU Ot €UXAPIOTEG Kal dUCAPECTEG OTIVHEG, Tov DWTN Euayy£Aou
yla TIC €nolkodounTIKEG oulnTAOEIC Nou €kava padli Tou kal Tov ®avn Zadé yia Tnv
unocoTnpIEn Tou. Eniong ogeidw va euxapioTnow Tnv Ka. Baow BaioUAn yia Tnv

UMOGCTNAPIEN Kal TNV UNOMOVH TNG KaB’oAn Tnv dIapKela TNG MEAETNC HOU.

AloBavopal 101aiTEpa UNOXPEWHEVN NPog TNV Ka EAévn KAEToou kal Ta unoAoina
MEAN Tou EpyaoTtnpiou AvoooAoyiac-IoToouuBaTtdéTnTag, yia Tn BonBeia, peyaAuTtepn N
MIKpOTEPN aAAd nAvTa Xpnoiun, nou o kabgvag nou npooPepe OAA auTa Ta Xpovia, WOTE

N NpPoonabeld Jou va PpTACEl Je eniTuxia oTo TEAOC TNG.

14

Institutional Repository - Library & Information Centre - University of Thessaly
26/05/2024 05:54:35 EEST - 18.225.54.200



ZYNTOMOTIPA®DIEZ

Ag (antigen)
ADC (adenocarcinoma)

ADCC (antibody-dependent cellular cytotoxicity)

APC (allophycocyanin)

APCs (antigen presenting cells)

CTLs (cytolytic T Lymphocytes)

DC (dendritic cell)

DMBA (7,12-dimethylbenzanthracene)
DMSO (dimethylsulphoxide)

EBV (Esptein-Barr virus)

EBV-B (EBV-transformed B cells)

FITC (fluorescein isothiocyanate)
HEV (high endothelial venules)
HLA (human leukocyte antigen)

HS (human serum)

hTERT (human telomerase reverse transciptase)

IL (interleukin)
IFN (interferon)
KIR (Kkiller cell Ig-like receptor)

mADb (monoclonal antibody)
MCA (methylchloranthrene)
MFI (mean fluorescence intensity)

MHC (major histocompatibility complex)
MLPC (mixed lymphocyte-peptide culture)
NK-kUOTTapa (natural killer cells)

NKT-kUTTapa (NK T cells)
NSCLC

pCTLs (precursor cytolytic T Lymphocytes)
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avTiyovo

adevoKkapKivwpa Tou nveupova
eEapTwHevn and avTiocwpara
KUTTApIKN KUTTApoTogIkOTNTA
aAAopukokuavivn
avTiyovonapouaiacTikd KUTTapa
KUTTapoAuTika T-kUTTapa
OevdpITIKO KUTTAPO
7,12-81ueBUABeVTavOpPaKeVIo
O14EBUAO-OOUAPOEEIDIO

10G Eptein-Barr

B-kUTTapa nou €xouv unoBAnOei
o€ kakonn eEaAAayn PETA ano
diapoAuvon pe EBV
I000¢g1avikn GAoUOpPETKivN
PAeBidIa uwnAoU evdobBnAiou
avepwnivo avTiyovo Twv
AEUKOKUTTApWV

avepwnivog opog

avBpwnivn avaoTpopn
MeTaypapdaon TnG TEAOPEPAONC
IVTEPAEUKIVN

IVTEPQEPOVN

avaAoyog TwV avoooo@aipiviv
uUnodox£ag TwV KUTTAPOKTOVWV
KUTTapwv

HOVOKAWVIKO avTiowua
HEBUAXAwpPavBEévio

MEoN évTaon @BopiouoU

peiov oupnAsypa
IoTOCUMBATOTNTAG

MIKTA KaAAIEpyela
AEH@OKUTTAPWV-NENTIdIWV
(QUOIKA KUTTApoKTOVa KUTTApa

(QUOIKA KUTTApoKTOvVa T-kUTTApa

(non small cell lung carcinoma) pn

MIKPOKUTTAPIKO KAPKiVWUA TOU
nveluova
npodpopa KUTTApOAUTIKG T-

KUTTapa
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PE (phycoerythrin)

PBMC (peripheral blood mononuclear cells)

PCR (polymerase chain reaction)

PCR-SSO (PCR-Sequence Specific Oligonucleotides)

PCR-SSP (PCR-Sequence Specific Primers)

RAG (recombination activating gene)

SCC (squamous cell carcinoma)

SCLC (small cell lung cancer)

STAT (signal transducer and activator of transcription)

Tewm (central memory T cells)
Terr (effector T cells)
Tem (effector memory T cells)

Temra (terminally differentiated effector T cells)

Ta (telomerase activity)

TAA (tumor-associated antigen)
TcR (T cell receptor)

TERC (telomerase RNA component)
TILs (tumor infiltrating cells)

TILN (tumor infiltrated lymph node)

TNF (tumor necrosis factor)

TPA (12-O-tetradecanoylphorbol-13-acetate)

Tregs (regulatory T cells)
WT (wild-type)
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puKoegpuUBpivn

dovonupnva kUTTapa nepipepikoU
aipartog

aAuoidwTn avTidpaon
noAupEpPAoNG

PCR pe g101koU¢
OAIlYOVOUKAEOTIOIKOUG AVIXVEUTEG
PCR ME& €KKIVNTEC €I0IKNG
aAAnhouxiag yia kabe
aAAnAopop®o

yoVvidlo evepyonoinong Twv
avaouvduaou®Vv

NAGKWOEC KAPKivwHa Tou
nvelyova

MIKPOKUTTAPIKO KAPKIVWHA Tou
nvelyova

€MNAYWYEAG TWV ONUATWV Kdal
EVEPYOMOINTAG TNG HETAYPAPNG
KEVTPIKA Jvnuovika T-kUTTapa
dpaocTika T-kUTTapa

dpacTIka pvnuovika T-kUTTapa
TEAIKWG diapoponoinuéva
dpaoTika T-kUTTApa

EVEPYOTNTA TEAOHEPAONG
OUVOEOHEVO PE TOV OYKO avTiyovo
unodox&ag Tou T-KUTTApPOU

RNA unopovada Tng TeAopepdong
KUTTapa nou dinBolv Tov OYKO
Aep@adevag dinbnuévog ano
KUTTapa Tou OyKou

napayovTag VEKPWONG TV OYKWYV
12-O-teTpadekavoUAPOpPPBOA-13-
0&IkO

T pubpIoTIKG KUTTApPa

(ualkou TUnou
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EIZAINQrH
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1.1 AvOoOoOEenITAPNON KAl avocodiaHopPpwar TOU KapKivou

1.1.1 ANOZOEMITHPHZH

O kapkivoG BewpeiTal wWC anoTEAECHA TNG CUCCWPEUONC €K YEVETNG I EMIKTNTWV,
VEVETIK@WV Kal E€MNIYEVETIKWV BAaBwv, n abpoloTikn enidpacn Twv onoiwv navw o€
BaoikoUC pnXaviopgouc TwV KUTTApwV €ival TETold, WOTE vad odnynoesl oTnv Kakonen
eEallayn Toug (malignant transformation). H mBavoTnTa cguvabpoiong TéToiwv BAABwv
gival TepaoTia, dedopevou OTI KABe yovidio, Kata Tn Oldpkeia TNG (WG Tou opyaviopou,
unoAoyileTal nwg €xel Jia mBavoTnTa ava wpa va UMOOoTEl kKanola PJETAAAAEN, uno Tnv
enidpaon dIa@OpwWV MNEPIBAAAOVTIKOV Napayoviwv. Ta kKUTTapd, OdwG, diaBsTouv Hia
o£Ipa PNXaviouwv, dId TWV onoiwv anopeUYETAl KAl JEIOVETAI ONUAVTIKA TO EVOEXOMEVO
TNG KakonBouc eEaAAayng Touc. OI (QUAOYEVETIKAG apxdaloTepol Kal niéavwg nio
anoTeAEOoNATIKOI and auToUG Toug MWNXaviopoucg eival ekeivol, nou Eac@aAifouv Tnv
emdiopbwon Twv BAaBwv Tou DNA (DNA repair). O1 ekTponég, €& dAAAou, Tng
EVEPYONOINONG TWV oyKoyovidiwv nupodoToUv, (UGCIOAOYIKG, TOV MPOYPAHHUATIOUEVO
KUTTApIKO BdavaTto, €70l WOTE va ano@eUyeTal n dnuioupyia kakondwc gEaAAayuévwv
KUTTApwVv. TEAoG, aBpolldNeVeC NelpaPaTikeG vOEeiEelc unoaTnpifouVv OTI N EMIYEVETIKN
pUBUION TNG €Kk@pPaong dIaPOpwWY YoVvIdiwv anoTeAEl €évav €Ei0OU oNUAVTIKO UNXAVIOUO

ano@uynG TNG Kakondoug eEaAAayng TwV KUTTApwV ToUu opyaviouou [6].

EvTouToIg kal napd Tnv Unap&n kar Tn AsiIToupyia TWV PINXavIoH®V nou diaBETouv
Ta KUTTApa yia Tnv ano@uyn TngG kakondouc eEaAAayng Toug, KAnolo NogoaTO YEVETIKWV
Kal €ENIYEVETIKWV BAABWV KATOopBWVEl, TEAIKA, va TOUC NAPAKAUWEI, UE ANOTEAEONA, OTN
didpkela TnG (wng kdabe opyaviouou, va OnUIOUPYEITAI OUVEX®WG KAMolog apiOuoc
KAPKIVIKOV KUTTApwv. AKOUn OpwG kal autd yeyovog Oev eival ndavroTe I1kavd va
odnynoel otn dnuioupyia Oykwv Kal oTnv gu@avion Kapkivou, €neidr Ta KUTTApA auTtd

(aiveral OTI KATAOTPEPOVTAl PE TN MECOAABNON AVOCIAK®WY PNXAVIOH®V.

H 1kavdéTnTa TOU avoolakoU OUCTAHPATOC va NMPpooTaTeUsl Tov opyavioud and Tov
Kapkivo, avayvwpilovrac kal KaTaoTpEPovTac Ta OldpkKWC Mnapayodevd, Kakonewc
e€ah\aypéva  kUTTApa, QEPETAl WG AVOOOEMITNPNONn Tou Kdpkivou  (cancer
immunosurveillance) [7, 8]. H apxikrl GUAANWN TNG AvoOOENITAPNONG TOU KAPKIVOU €ixe
yiver and Tov Paul Ehrlich [9] OTIC apX€C Tou NEPACHEVOU AI®VA, aAAd n dIaTUNWoN TNG
WG OAOKANpwHEVN Bewpia €ylive oTa HEoa TnNG OekaeTiag Tou 1950 and Toug Sir
Macfarlane Burnet kal Lewis Thomas, 0Toug onoioug avnkel kai To ovoua Tng [10, 11].
AkoAoUBnoav nNoAudpIBPEG KAl EVTATIKEG EPEUVNTIKEC Npoondabelec yia TNV anoddeiEn TNg
Bewpiag, PJe TN XPNon Kupiwg PHovTéEAwv neipapatolwwy HE avoooavendapkeld. MeEviKwe,
TA ANOTEAEOWATA EKEIVWV TWV HEAETWV MTAV AVTIKPOUOWEVA Kal Oev €nETpsnav Tn
ouvaywyrn neioTIKOV oupdnepacuatwy. 'ETol, n Bewpia TNG avooosniTApNoNnNG Tou

Kapkivou nepiénsece oradiakd oTnv agaveia, o€ onueio nou To 1978 va nioTeUETAl OTI
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eival opioTikd dkupn [7]. H avoooAoyia Tou Kapkivou €ixe fdn apxiosl va oTpE@PETaAl Kal
KaTakAI{oTav MA€ov ekeivn Tnv nepiodo anod Tnv npoondbeia popiakoU npoodiopiguou
TWV avTIyovwV TWV OYKWV Kal TNG XPAong TNG &vavTl auTwv avooidkng andvtnong wg

HETO Bepaneiac Tng vooou.

H avanTtu&n tng BloTexvoAoyiac Twv neipapatolwwy, Kata Ta TeAsuTaia Xpovia TnG
dekasTiac Tou 1970 Kkal UETENEITA, ANOTEAECE TN PACIKN APOPUN Yid €naAveEETaon TnG
BswpiaCc TNG aAvoooeENITAPNONG TOU Kapkivou. 'ETol, aveEdpTnTeC €£PEUVNTIKEC OMPADEC,
XPNOILMOMNOIOVTAG KUPIWC MOVTIKIA HE anocI®NNON OUYKEKPIHEVWYV aVOCOYoVISiwV
(knock-out mice), €dsi&av Baciya TNV EyKUPOTNTA TNG Bewpiag, TouAdxioTov Ocov
apopd Ta neipapatolwa (Mivakag 1). Avaloyn €peuva sival npopavwe adlvaTto va
gpappoaTei oTov avBpwno. Mia osipd dedopevwy, evToUTOoIC, guvnyopei OTI avaioyn
dpacon, 6gov agopd TNV NpoaTacia anod Tov KAapkivo, napoucialel To avooiako ouoTnua
Kal gTov avBpwno. Tnv 1oxupoTepn €VvOEIEN anoTeAEl N auEnuEvn €NiNTWON PN I0YEVOV
OYKWV OE PETAUOOXEUPEVA ATOlMA nMou BpiokovTal und (pApPAKEUTIKI] avoooKaTAoTOAN,
oe oUyKpIon ME Ta availoync nAikiag avooosnapkn artoua [12, 13, 14]. ZuvnyopnTikn
gival, eniong, n npoioloa avu&non TNG ENINTWONG TOU KAPKIVOU O ouvdApTNONn ME TNV
nAikia, n onoia Baivel napdAAnAa pe TNV anodedelyUeEVn EKNTWON TWV AUUVTIK®OV
MNXaVIOPNWV KATa To ynpac. Mapouoiwg, 1oxupr unooTnpIKTIKN €vOEIEN anoTeAei n BeTIKN
OUOYXETION Nou naparnpeital JeTa&u Tou apiBuou Twv TILs kal Tng enifioong Twv
acBevov Pe kapkivo [15, 16, 17, 18]. TeéAog, undpxel NAéov WeydAn oeipd €ykKupwv
neipapaTikwv evOeiEewy, nou deixvouv OTI N Napoudia Twv OYKWV OTOV 0pyaviouo TwvV
kapkivonabwv enayel €va nARBoC auTOMATWVY QUOIKWV Kal €I0IKWV  avooIaKwV

anavthoswv [7].

MINAKAZ 1: EundBeia neipapatol@wV HE AVOCOAVEMNAPKEIQ OTO OXNMATIOMO EMNAYOHEVWV I
auTopaTtwyv Oykwv [7].

daivoTunog /

EEaAenpn Avocoavendapkeia 'Oykol

RAG-2/- T, B kai NKT-kUTTapa MCA-gnayopeva oapkouaTa
AUTOHATEG VEONAACIEC TOU EVTEPOU

RAG-2-/-x STAT1/~ T, B kal NKT-kUTTapa MCA-enayoueva oapkwpaTa

(RkSk) Anoucia anavtnong oTiG IFN-y  AUTOMATEG VEONAQTIEG TOU EVTEPOU Kal

kal IFN-a/B TOU JaoTou

BALB/c SCID T, B kai NKT-kUTTapa MCA-gnayoueva capkwuarta

Meppopivn=- Anougcia neppopivng MCA-gnayopeva oapKkmuaTa
AuTONATO JIAXUTO AEpPWa

TCR Ja281~/~ YrnonAnBuopoi Twv NKT- MCA-enayoueva capkwuara

KUTTApwV

MINAKAZ 1: (ouvéxeia)
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daivoTunog /

EEaAenpn Avoocoavenapkeia ‘'Oykol
AvTi-agiaho-GM1 NK-kUTTapa kai evepyonoinuéva MCA-gnayOueva oapkwpaTa
avTiowua Makpogpdya
AvTI-NK1.1 avTiowpa NK kai NKT-kUTTapa MCA-enayoueva oapkowpaTa
AvTI-Thyl avTiowua T-kUTTApa MCA-enayoueva capkwuarta
aBT kUTTapa™- aBT-kUTTapa MCA-gnayoueva oapkwuaTa
yOT kUTTapa™- yOT-kUTTApa MCA-gnayopeva oapkwuaTa

DMBA/TPA-gnayONevol OYKOI TOU
d£puaTog
STAT1 - Anougia anavrtnong MCA-enayoueva oapKkwpaTa
oTIg IFN-y kal IFN-a/f
IFNGR1~~ Anouaia anavtnong MCA-£nayoueva oapKowpaTa
otnv IFN-y
IFN-y—/~ Anougia IFN-y MCA-gnayoueva capkwuarta

C57BL/6: AuTopaTa diaxuTa
AEpQOuaTa
BALB/c: AuTouaTo adevokapkKivwua Tou
nvelyova

Meppopivn~-<IFN-y~- Anouocia neppopivng kai IFN-y  MCA-gnayopeva oapk®para

AuTopaTta diaxuTa AeppupuaTa

IL-12-/~ Anouacia IL-12 MCA-enayoueva oapkwpaTa
WT + IL-12 EEwyevAcg IL-12 MikpoTepn €ninTwon MCA-€NAyOUEVWV
OapKWUATOV

1.1.2 ANOZOAIAMOP®QZH

H Oswpia TNC avoOoenITAPNONG TOU KAPKIVOU Kal Ol MEIOTIKEG €eVOEIEEIC nou
unooTtnpilouv  Tnv eykupoTNTG Tng, OnNwc¢ avanTtuxénkav napanavw, da@rnvouv
avandvtnTo £€va onuavTikd epwTnua: «A@oU To avooiako cuaTnua €xel Tn duvaToTnTa
va KaTaoTpEPel Ta kakonbwc eEaAAacoopeva kUTTApa nou avanTtuooovTal Kartd Tn
didpkela TNG {wnG, NWG kanoia atopa nou dev napoucialouv eAA€ipPATa TNG avooiakng
AgIToupyiag Toug, avanTuooouVv Kapkivo;». Q¢ anavrnon oTo epwTnua autd, ol GP Dunn
kal RD Schreiber, and TIC apx&C auTng TnG OEKAETIAC, NPOTEIVOUV TN GUUMNANPWHATIKN
npo¢ Tn Bswpia TNG avoooeniTAPNONG, Bewpia TNG avooodiauopPwonG Twv OyKwv [7,
19, 20, 21]. ZUpewva pe TN Bewpia Twv Dunn kai Schreiber, n aAAnAenidpacn Twv
KAPKIVIK®OV KUTTAPpWV HE TO AVOCIAKO GUOTNMA, and Tn OTiydn Tng dnuioupyiac Twv
KakonBw¢ eEAANAYHEVWY KUTTAPWV HEXP! TNV KAIVIKE EKONAWON TWV OYKWV, €EeAiooeTal
OTIC akOAouBeg Tpelg @acelg (the three Es of cancer immunoediting: Elimination,

Equilibrium, Escape) (Eikova 1):
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a. EAgyxoc kai nepiopiouoc Twv kakonbwc eEaAiayuevwv kutTdpwy (elimination).
H ¢don auth avTioToixei kal KaAUMTeEl Tn OX€on Tou avoolakoU OUOTHPATOC WE ToV
Kapkivo, Onwc auTn nepiypdgpeTal anod tn Bswpia TnC avooosniThpnong. Ev ouvTtopia, Ta
(pualoloyika KUTTapa ToUu opyaviopoU, nou Jdéxovtal Tnv enidpacn dlapopwv
OYKOYEVETIKOV MNAPAYOVTWV KAl UNOKEIVTAl Ot Kakonen eEaAiayn, ekepalouv
XAPaKTNPIOTIKOUC O€iKTEC KAl (pAeypovwdn Kupiwg onuata kivouvou, Ta onoia &ivai
avayvwpioiga ano To avoolakd cuotnua. H avayvwpion auTrn €nayel hia ogipd QpuUoIK®V
Kal €10IKWV avoolakwy anavthoswy, O ouvdudopog Twv onoiwv kaBopileTal Kal
€€apTaTal €KACTOTE aAMO TNV KUTTAPIKN MPOEAEUCN TOou OyKou, Tn diadikacia TNng
eEaAAayng, TNV avaTtopikn €vTomnion, TNV avTidpacn ToUu OTPWHATOG, TIG NMAPAYOUEVEG
KUTTAPOKIVEC Kal TNV EYYEVI AVOOOYOVIKOTNTA. >€ KABE NepinTwan, Ol anavTroeiC aUuTEG

gival IKaveg va avTINETWNIooOUV KapKIVIKG KUTTapa.

EIKONA 1: ZxnuaTikn aneikovion Tng Bswpiag avooodiapoppwaong Twv oYKWV [7]. Mg ykpi Xxpwua
@aivovTal Ta KUTTApd TOU OTPWHATOC KAl Ta pn €EaAAayuéva kUTTapa, Pe PNAE Ta €EaAlAaypéva
KUTTapa, ME KOKKIVO Kal MOPTOKAAI Ta KapkIvika KUTTapa nou £Xouv UNoaTei avooodiapuoppwaon.

B. Z1aBspornTa (equilibrium). & nepinTwon nou Ta ONUIOUPYOUHEVA KAPKIVIKA
kUTTapa avanTtu&ouv duvaToTNTEC NAPAKANWNG TNG NANPOUC KATACOTPOPNC TOUC Ano TO
avoolako ouoTnua, KUTTapa Tou OYKoU EMIBIMVOUV Kdl UNApXouVv NAEOV OTOV opyaviouo,
XWpPIic BERala va €ival evronioida Kal Xwpic puoika va ekdnNA®VETAl Kapkivog. Ti €ival,
OMWG, EKEIVO NMOU KAvVel, KANolia OTIYMR, Ta KAPKIVIKA KUTTapa Ikava va unepfaivouv Tn
MEXPI NPOTIVOC IKAVOTNTA TOU avooliakoU CUCTANATOG va Ta KATAoTpePel; H andvrnon
OTO EpWTNUA aAUTO anoTeAel KOUPIKO OToIXEio TNG Bewpiag. Ta Kapkivika KUTTapa
xapakTtnpidovtal, onwc¢ e€ival KaAd yvwoTo, anod ekatovTadeG PeTaAAGEeic [22] kal
O0laBETOUV MIa TEPAOTIWV dIAOTACEWY NAACTIKOTNTA TOU YEVWHUATOG TOUG, NMOU MPOEPXETAI
ano Tn dIa@oOpwV €IOWV YEVETIKN TOUC aoTddsia (UIKPOdOPUPOPIKN, XPWHOOWHATIKA
aoTabela K.a.) [23]. AuTn n oTaBspr YEVWUIKA HETANOPPWAON TWV KAPKIVIK®OV KUTTAPpWV
gival duvartod, kanoia oTiyur, va odnynosl ge aAAayn Tou @aivoTunol Toug, KATa Tpono

nou va napoucialouv NAEov HEIWPEVN avTiyovikdTNTd. To TeAeuTaio, oUU@WvA HE TN
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Bewpia, avTinpoowneUel YEV PIA OTOXAOTIKR mBavoTnTa, aAAd Tautoxpova dev nauvel va
€€aptdTal and TouG «avooodIaHOPPWTEG» MOU UMApXouv oTo nepIBaAlov. Me daAAa
AOyia, O KApKIVIKOG (aivoTtunog nou 6a katopbwoel va enikpadthoel oTn BAaon Tng
YEVWUIKNAC METANOPPWOINOTNTAC, €ival auToG nMou pnopei Tautdoxpova va diapuyel Kal
ano Tn dpdon Tou avoolakoU CUCTAPATOC TOU OUYKEKPIYMEVOU aTopou. Kat auth Tnv
€vvola, To avooiakd ouoTnua ¢aiveral va e€ival unevtBuvo yia Tn OlaudpPpwon Tou

avTiyovikoU (paivoTunou TWV KAPKIVIKOV KUTTAPWV.

H petddoon kapkivou and Toug OOTEC OTOUG AAMNTEC WETA ANO Tn METANOOXEUON
oUMNAy®V opyavwy, anoTeAel iow¢ Tn onUavTtikoTeEPn, MEXPI OTIYMAG, £vOeIEn OTI
npayuaTl ugioTaTtal pia TETola gAacn Kata Tnv €EEAIEN TNG AAANAENIdPACGNC KAPKIVIKOV
KUTTapwv—avoaiakoU cuoTANAToC. >Tn BIBAloypagia, dnAadn, avagEpovTal apKETEG
NEPINTWOEIC AVANTUENG KapKivou o€ Opyava Twv AnNnTwv dIaQopeTikG and eKkeiva nou
HMETAPOOXEUONKAV, EVW Ol avTioTolxol JOTEC €iTe Oev €iXav 10TOPIKO KAPKIVOU &iTE gixav
KapKivo oc pakpoxpovia Ugpeon. To yeyovog autd unodnAwvel OTI N avoooKaTaoToOAH,
otnv onoia unoBAABNKav ol METAPNOOXEUMEVOI aoBeveic, OIEUKOAUVE TNV avanTtuén
AavBavovTwyv OYyKwvV MNou, OTOV O0pyaviouo Twv O0Twv, BpioKkovTav OE KATAOTAON
e\eyXOMevng oTaBepdTnTac [24, 25, 26, 27]. Zeipd neipdddTwv MoU €XOUV Yivel HE
oTOX0 TNV €niBefaiwon Twv napandvw KAIVIKOV NapaTnphoswv Kal JE Tn XPNnon
MOVTIKWV HE Anooiwnnon OUYKEKPINEVWY avoooyovidiwv (knock-out mice), €xouv de€i&el
npayuaTi OTI ol 0yKol nou avanTuooovTal o€ nepIBAAAov avoooavendapkelag eggavifouv
au&nuévn avTiyovikoTnTa g oUyKpIon WUE €KEIVOUC NMou avanTuooovTal 0 avoooikavoug
EevioTEG, KaABWG kal OTI, OTAV Ol MNPpWTOl HETAMOOXeUOVTAl OTOUG TeAEUTdIoUC,

anoppinTovTal NoAU eukoAdTepa [28, 29, 30, 31, 32].

H ¢daon autriy avTinpoowneUsl TNV Mo UNOBETIKN Kal, KaTd naca nméavornta, Tnv
no pakpoxpovn ¢daon TnG Bewpiac. Tautoxpova, OPWC, €ival Kal n ¢aon TnNG PUOIKNAG
I0TOpiaG Tou Kapkivou, oTnv onoia €oTidleTal MAEOV TO €vOIAPEPOV TWV EPEUVNTOV,
apou HIKpNAC ePBEAEIOC evioxuon TNG dAVOOIAKAC anAvTnonG KaTtd Tn OUYKEKPIYEVN

nepiodo avapeveral 0TI Ba pnopoloe sUKOAA va npoAdpel TRV ekdNAWON TOU KapKivou.

y. Aiapuyn (escape). EEgAIooOUEVNG TNG avooodIAUOPPWONG TWV KAPKIVIKDV
KUTTAGpwV, N loopponia mou EenITuyXaverar otnv nponyoUUevn gdaon ivalr duvaTto va
KAgivel unEp TnNG dlaPuyng Toug and TNV 1KavoTnTa neplopiogoU nou diaBETouv ol
avooIaKoi PJNXaviopoi, Ye anoTéAeopa TNV aveEEAeykTn au&nor) Toug, Tn dnuioupyia Kai

TNV KAIVIKA €kdNAwaon Twv Oykwv [33].

H napoucdia Tou OYKOU KIVNTOMNOIEI OAOKANPO TO (PACHA TWV PUOIKWV Kal EI0IKWV
avooliakwyv HNXaviopwv Tou opyavioyoU (EiIkOVeEG 2—3), aAAd kdbe TUMNo¢ Kapkivou,
ONwWG Kal kabe BEon evTomiong Tou, (aiveral OTI endyel d1aPopeTIKoUG ouvduaopoug
avoolakwv anavtnoswv [34, 35]. H avanoteAeopaTtikOTNTa OAWV auTV TwV

anavtnoswv va eAéyEouv Tnv €EEANIEN Tng vOoou, €ival OUVENEId TNG 1IKAVOTNTAC TwWV
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OYKWV va avanTUuooouVv Hid JeyYaAn osipd ynxaviopwy, d1d TwV onoiwv NITuyXavouv Tn
dlaguyry Toug ano autoug [36, 37, 38, 39]. OI unxaviohoi auToi karTatacoovTal,
YEVIKWG, OTIC aKOAOUBEG ouAdEG:

MeTaBoAEC TNG Ekppaonc TwV TA&ng I HLA-avTiyovwy Kal Twv TAAS.

AlaTapaxeg TN EKPPaAcnc ouvodwy Hopiwv Kal Jopiwv NpookOAANONg, TOGO anod Tov

id10 Tov Oyko, 600 Kal ano Ta APCs.

y. 'Ekkpion 31aAUTWV avoOOKATACTAATIKWV PHECOAABNTWY €iTe and TA KAPKIVIKA KUTTAPA
€iTe ano Ta TILs.

3. Enaywyn avepyiag n eEAAsiyng TwV avooodpacTIK®V T-KUTTAPWV.

€. Enaywyn KataoTaATIK®V KUTTAPWV.

oT. AlaTapaxéc Tng petaBiBaong Twv onudtwv ota T-kUTTApa.

(. KatavdAwon ano Toug OYKOUG MpoiovTwv nou napdyovral ano Ta OinyepueEva

AEP@OKUTTAPA.

EIKONA 2. H Bon@nTikn T-KUTTApIKMA Kdl N ¢payokuTTapIKR anavrnon &vavT Twv oykwv [34].
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EIKONA 3: NK KuTTapikn anavrnon Twv oykwv [34]

EIKONA 4. ZuyKpITIKf aneikovnaon Tng avanTugng kal Tng eEEANIENG TNG T-KUTTAPIKAG HVAMNG OTNV
nepinTwon ofeiag loyevolg Aoipwéng (A) kal ot ekeivn Tou kapkivou (B) (Tpononoinuévo ano
r421.
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1.2 H pvnpovikig CD8 T-kuTTapoAuTIK] andavrnon &vavrti Twv

OYKWV

H pvnun anoteAei Baocikd yvwpioga TNG €10IKNG avoolidkng andavrnong. Ol
JlEpYaaniec TNG B-KUTTAPIKAG PVAKNG €ival dpKeTd KAAAG JIEUKPIVIOUEVEG, WC ANOTEAETHA
TNG OXETIKA €UKOANG Kal ano pakpoU MEAETNC TNG deuTepoyevoUC avTIOWUATIKAC
andvtnonc. AvTiBeta, n diepelivnon TNG T-KUTTAPIKAG MVAKMNG apXIos NoAU npoogpaTta Kal
ouvexilel va 0OUvVAVTA OPKETEC OUOKOAIEG, NPOEPYXOMEVEC KUPIWC anod Td TeEXVIKA
npoBARUATa TnG in vitro PHEAETNG Twv T-kuTTApwv. O1 NEPICadTEPEG Ano TIC OIABECIYEG
TEXVIKEC MPOoUNOBETOUV ex vivo JIEYEPON TwV ONAviwVv avTlyoVOEIDIK®OV T-KUTTAPIK®OV
KAOVWV N KAnolou aAAou gidouc gunAokn Tou TcR (n.X. oUvdeon Me HLA-noAupepn),
napePBacsic dnAadrny nNou OUVENAYovTdl KPIOIUEG, MNOAAEG QOPEG, HETABOAEG Twv
XAPAKTNPIOTIKWV TWV T-KUTTAPIK®WV UnonAnBuouwy, Kata Tn JdIdpKela TNG NEIPAPATIKAG
d1adikaciag. I’ autoUc Toug Adyoug, Oev eKNANOCEl TO YEYOVOC OTI n TeEPAaTIa Npoodog
nou undpxel oTo XWPO, GUVODEUETAl and APKETEC ACAMEIEC I AKOWN KAl and olyxuon

OpwWV Kal evvolwv [40, 41].

OI nepioadTEPEC and TIC MEAETEC TNG MVNHOVIKAC T-KUTTAPIKAC andvTnong apopouv
TNV avooia €vavti naboyovwv Kal Kupiwg &vavTl TwV IOV, VW HEYAAO HEPOC TWV
YVOOEWV MOU UNApXOoUv NpoEPXOovTal ano HeEAETEG otc neipapaTtdélwa. EidikoTepa,
TEPAOTIA EPEUVNTIKN npoondabeia €xel enevduBei otn digpeuvnon Tng CD8 T-
KUTTAPOAUTIKAG andvtnong, oTo nAdiclo Tng npoondbeiag yia Tnv avanTtuén
anoTEAECUATIKWV EUPROAIWV EvavTl TV €vOOKUTTAPIWV Naboyovwyv. ZTo NAdiolo auTo, n
Mvnuovikn T-KuTTapikn andvtnon nou ouvodeUel TIC OEeieg Ioyeveic AoINWEEIC €ival,
OonUEPA NAEOV, APKETA OIEUKPIVIOUEVN. € avTiBeon, NoAAd KouBIKNAG onuaciag onueia
NapaPévouv OKOTEIVA, OXETIKA MeE Tn Olagopornoinon Twv pvnuovikwv CTLs und Tnv
enidpaon ouvexoucg OJIEyepaong ano 1IkA avTiyova (XpOvIeC AOINWEEIC), auToavTiyova n
TAA (Eikova 4, oelida 27).

1.2.1 H ANANTY=H KAI TA XAPAKTHPIZTIKA THZ T-KYTTAPIKHZ ANOZIAKHE MNHMHZ

Ta TcRa/B* kKuTTapoAuTika CD8* T-kUTTApa (6nwc kai Ta TcRa/B* BondnTika CD4*
T-kUTTAPA) MOuU KUKAOQPOPOUV OTO diga Kdal AVeEUPIoOKOVTAl OTA OEUTEPOYEV AEUQPIKA
opyava r oToug PN Ash@IkoUc 10ToUC ToU opyaviopoU, nNpogpxovTtdl and To Buuo adéva,
onou wpiyalouv, eknaidsvovtal Kal diagoponoloUvTdl ol MUEAIKAC MNPOEAEUONG
Aep@oBAdaocTtec. Ta CD8* T-kUTTapa €E€pyovtal anod To BUPO WG WPIYA, IKAava va
avayvwpioouv avTiyovikd nenTidla nou napouacialovral anod Ta&ng I HLA-popia, aAAa
napBéva (naive) kUTTApd, KUTTapa dnAadr nou akodun dev €xouv €ABel o enagn Pe TO

avTiyovo (inexperienced).
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Tunika, n enaen Twv napbévwv CTLs Pe To avTiyovo akoAouBeitar and pia
Tpipaaoikr anavrnon [42]. H npwTtn ¢don Tng apxIikng €vepyonoinong xapakrnpileral
and AoyapiBuikn €KNTUEN* TwV avTIYOVOEIOIKWV KAWVWV, Ta KUTTApd TwV Onoiwv
JeTaTpénovTal, napdAAnAa, oe dpacTika (effector) kUTTApPA, ANOKTWVTAG IKAVOTNTEG
gykatdotaong (homing) OTOUGC MePIPEPIKOUC  10TOUG, NApAywync OpacTIKwV
KUTTAPOKIVWV Kal KUTTapoAuonG. =& uia dsUTEpN (PAcon, €nEPXETAl TAXEId OUPPIKVWON
TOU apiBPoU TWV avTIyoVvosIdIKwV dpacTIK®wV KUTTapwv, Aoyw anontwong. TéEAog, kaTd
TN JIGpKeIa HIaG TPITNG PpAaonc dnMIoupyeiTal o oTaBepdC NANBUCNOC TWV PVAMOVIK®OV
kutTapwv (Eikova 4A, oeAida 27), Ta Tpia napakdtw Bacika XapakTnpIoTIKG Tou onoiou

ouviaToUV To Oplopa TnNG T-KUTTApPIKAG avoaiaknG JVRAKNG:

a. auénuévn, ot oUyKpIOn HWE Tov NANBUOWO Twv NapBévwyv KUTTAPWV, OUXVOTNTA
nNpodPOoOUWV+ KUTTAPWV,

B. TNV IkavoTNTa va autoavavewveral (3—4 QopEg TaxuTepa anod Ta napbéva kUTTapa),
MEOWw opolooTaTikoU noAAanAaciacyoU pegoAdafoupevou and TI¢ IL-7, IL-15 Kkai
nibavwg IL-21, aAAa@ aveEdpTnTa and Tnv napouacia avTiyovou [43, 44, 45], kal

y. Taxeia anavrnon ora enavaAaufavopeva avTiyovikd epebioparta, e noAAaniaciacuo
TWV avTIYOVOEIDIK®WV KAWVWY, 0l onoiol avantuooouv, napdAAnAd, Tnv IKavoTnTd

eKONAWONG OPACTIKWV AEITOUPYIWV.

1.2.2 OI YNONAHOYZMOI TQN MNHMONIKQN CTLsS

Ta pvnuovika CTLs avTinpoowneUouv €vav avouOoIOYEVH KUTTAPIKO NANBuUouod, Ta
oToixeia Tou onoiou napoucialouv ONUAvTIKEG JlaQopeC, avaloya HE TOUG
(PAIVOTUNIKOUC TOUG JEiKTEC, TIC OPACTIKEC AEITOUPYIEC TOUC KAl TNV IKAvVOTNTA TOUC VId
gykardoraon oToug IoTtoUug (Eikéva 5). H npwTtn di1dkpion Twv unonAnbuouwv Twv
Mvnuovikwv CTLs npoTdbnke anod Tnv opdda Tou Lanzavecchia [46, 47]. To HOVTEAO Nou
MPOTEIVOUV Ol OUYKEKPIMEVOI EPEUVNTEG KAl TO oOnoio, ora PBacikd Tou TOUAAxIoTov
onueia, qaiveral va enaAnBeveTal and PETENEITA PEAETEG, unooTnpilel TNV unapén duo
(aivoTunika JIakpITwV unonAnbuopwv Pvnuovikwv CTLs, Twv Tem Kal Tem, O1 onoiol

egunnpeTolv, avTioToixad, dUo EEXWPIOTEC UVNHOVIKEG AEITOUPYIEC.

Ta Tem €EuUnnpeTOUV TN QeEPOUEVN WG avTidpaoTikn uvnun (reactive memory). Ta
kUTTApa autd diatnpouv Tn oTaBepn HeEUBPavIKh £k@paon Twv unodoxeéwv CD62L (L-

ogAeKkTivn) Kal CCR7 (unodox£ag Twv XnNMUeIoKIVwv CCL19 and CCL21), nou xapakTtnpilel

* YnoAoyiletar OTI and kABe npodpopo KUTTAPO TOU aVTIYOVOEIDIKOU KAWVOU MpoKUNTouvV
nepioooTEPa ano 10.000 BuyaTtpika kKUTTApa (=13 KUTTApIKEG SlAIpETEIG) evTOG dlaoTANATOG 5-8
NUEPWV.

+ O o0poc npodpoua (precursor) kUTTApad Oev NEPIYPAPEl OUYKEKPIUEVO AEUPOKUTTAPIKO
unonAnBuopd, aAAd unodnAwVel YEVIKWG AEUMOKUTTAPIKEG HOPPEG Mou OIaBETouV JUVAMIKO
noAAanAaciacpou.
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Ta napBéva CTLs, anod Ta onoia npogpyovral. Me TNV €KPPAcn AUTWV TWV Hopiwv,
EMITUYXAveTal n €€ayyeiwor) Toug Héow Twv HEV Kal N HETAVACTEUCT TOUC OTIG NAOUTIEG
oc T-kKUTTAPA NEPIOXEC TWV OEUTEPOYEVWV AEUPIKWV opyavwyv. Ta Tem poidlouv, eniong,
ME Ta napBeéva CTLs katd To OTI dev JIaBETOUV N €xOouv MNOAU HIKpR I1KAvoTnTa
eKONAWONG OpaCTIKWV AEITOUPYIWV. & avTiBeon OPWwG WE Ta napBsva CTLs,
napouaialouv PeyaAUTepn sualodnoia kal anavroUv gUKoAa OTO avTiyovikd epeBioua,
noAAanAacialopeva kal diagoponoloUpeva os dpaoTika KUTTapd. Mo ouykKekpiuéva,
e€apTwvTal AlyoTepo and Thn OUVOIEYEPON KAl £XOUV au&nuevn €kgpacn CD4O0L,
XAPAKTNPIOTIKA MOU TOUG EMITPENOUV VA AMNOKPIVOVTAl AMOTEAECUATIKOTEPA OTNV €NAPH
Je Ta DCs kal Ta B-kUTTapa. Meta ano tn diéyepon Tou TcR, eKKpivouv IL-2 Kal, HETA TN
dlapoponoinan Toug o€ Terr, NAPAYOUV PEYAAEG NOoOTNTEG IFN-y kai IL-4. O1 1316TNTEG
auTéG, KkabloToUv Ta Tem KATAAANAG yia Tnv npooTacia Tou opyaviouou &vavTl Twv

OUCTNMATIKWV aQVTIYOVIK®OV EPEBIOUATWV.

MoAAanAaciacuog

AnAvTnon OTIC OUOIOCTATIKEG KUTTAPOKIVEG

MNapaywyn 1L-2

MapBévo Tewm Tem TerF ESavTAnpévo

ApacTIKEG AEITOUPYIEG >
KuTTapoTto&ikoTnTa

cDe2L+*+* CDe2L** cbhe2L~ CDs62L~ cbhe2L~
CCR7+++ CCR7++ CCR7- CCR7- CCR7-
CD27+++ cha7++ cha27++ cDa27- cbh27-
CDasg*++ CDhast+ CcDhzs- CDas~ CD28~
CD45RA*++ CD45RA~ CD45RA- CD45RA~+ CD45RA—*
CD45R0O~ CD45RO**+ CD45RO*++ CD45RO*+ CD45RO*+
KLRG-1~ KLRG-1~ KLRG-1++ KLRG-1+++ KLRG-1+++
CD57- CD57- CD57- CD57++ CD57+++
TelomeretONG TelomerelONG/INTERMEDIATE  TglomereNTERMEDIATE TelomereSHORTINTERMEDIATE  TelomereSHORT

EIKONA 5. OI (aIvOTUNIKEG KAl AEITOUPYIKEG WETABOAEG Twv CTLs nou endyovTal ano Tn Xpovia
avTiyovikn digyepaon [42].

Ta Tem €EunnpeToUV TN QEPOUEVN WG MPOOTATEUTIKI) vnun (protective memory).
Xapaktnpiovralr and anwAegid Tng oTabepnc ékppaocnc Tou CCR7, anod €TEPOYEVN
€K(ppaon Tou CD62L Kadl ano TNV €Kppacn evoc ouvouaopoU UunodoXEwV XNUEIOKIVOV Kdal
MHopiwv npookOAAnong, O1d Twv onoiwv ENITUYXAveralr n MHETAVACTEUOH TOUG OTd
nepIPepPIKA Opyava, Onwc To nNaAp Kal ol NveUPOVEG, KABWG Kal OTouG (PAEYHAIVOVTEG

1I0TOUG. ZUYKPIVOUEVA ME TA Tem, OIABETOUV TNV IKAVOTNTA APEONC EKONAWONG dPACTIKWV
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AEITOUPYIWV Kal, HEOa O AIlYEC WPEC and Tov avTiyovikd €peBIONO, EKKPIVOUV HEYAAEG
noooTNTeC neppopivng, IFN-y, IL-4 kai IL-5. O1 1010TNTEC AUTEC TwV Tem TA KABIOTOUV
KaTaAAnAa via Tnv dPeEOn npooTacia TOU opyaviopgoUu €vavTl TwWV  NEPIPEPIKWV
avTIYOVIKQV €PEBIOPATWY. MepikA Tem enavek@palouv Tov I0OTUMO TWV NaApBEvwvV
KUTTapwv CD45RA (Temra) KaI €ival IKAVA va anokpivovTal oTo avTiyoviko €peBiopa e

Taxeia napaywyn IFN-y, evw d1aBgTouv eninAéov peydAn nocodTnTa NEPPOPIVNC.

O1 nAnBuopoi Twv Tewm kal Tem CTLs dev €ival gaivoTunikd opoloyeveic. AvTiBeTa,
nepiAauBavouv  kUTTapa nou ekppdalouv dIaPoOpPEeTIKOUC OUVOUAOHOUC UMNOJOXEWV
KUTTAPOKIV®V, HOPiwV NPooKOAANONG Kal ouvdleyepTIKWV Hopiwv (ElkOva 6), yeyovog
Nou EVOEXOUEVWG AVTINPOOWNEUEl KAl JIApOPETIKA AEITOUPYIKA XAPAKTNPIOTIKA. 3TO
onueio auto, BERaia, npénel va TovioTei OTI MoAAoi and auToug TouG OEIKTEG
napouaialouv Taxeieg kal NapodIKEG YETABOAEG KATA TNV €VEPYOMNoOINON TWV KUTTAPWV.
MNa napadeiypa, Ta Tem, META and Tnv avTiyovikn diEyepon, napoucialouv napodikn
au&non TNG €k@paong Twv CCR7 kal CXCR5 kal eAdtTtwon Tou CCR5 [48]. AvTiBeTa, To
CCR7 eEapavileTal ypryopa anod Tn PeuBpavn Twv Tewm, KABw¢ autd diagoponololvTal
npog Terr. ENiong, To CD62L eEagavileTal and Tnv eMpAveld TWV KUTTAPWY ANECWG KETA
ano Tn diéyepon Tou TcR i META anod Tn PNETAVAOTEUOT TOUG OTOUG Agppadévec [49, 50].
'ETO1, 0 (aIvOTUNIKOG XapakTnpIoPoG Twv Tem Kal Tem 10XUEl JOVO €POCOV Ta KUTTAPA

BpiokovTal og KATAoTAON npepiac (resting cells).

ZnuavTikeg dlapopeg napouaialouv, €niong Ta Tem Kal Tem WG NPOg To dUVAMIKO
EKNTUENG (expansion potential). 'Onw¢ avagépbnke ndn, Ta dvnuovika KUTTapd
ey@avifouv xaunAd oudod evepyonoinang kai evrovo noAAlanAaciacpo. MapoTi, OPWE, TA

Tem Kal Tem O1dBETOUV UWNAN anavTnTIKOTNTA OTNV avTiyovikn Jléyepon, To JUVAMIKO

|
TCM TEM TEMHA

CCR7 [

CD45R0 [ I
CD45RA I
coe2L [T o
cbr NN EEE e
cpzs T N .
cxcrs | 1 _ |
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EIKONA 6. H @aIvoTunikr €TEPOYEVEIA TwWV WVNHOVIKwV CTLs [46].
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EKNTUENG TwV Tem €ival PIKPOTEPO €KEIVOU TWV Tcm, VW MOAU MHIKPOTEPO OUVAMIKO
EKNTUENG ano OAad €xouv Td Temra. AUTA N HEI®ON TNC 1KAVOTNTAC noAAanAaciacuou
OUOXETICETAl PE EAATTWON TOU WNAKOUG TWV TEAOMEPWV Kal PE augnon TnG TAOoNG yia
anonTwaon. =& onuavTikd Baduo, ol HeTABOAEG auTeg avTioTaduilovral ano Tnv av&non
TN¢ Ta Kkal ano Tnv avu&non TnNG €KPPAcnC TWV avTIanonTWTIK®V Hopiwv nou endayovTal

ano Tn ouvdigyepon [51, 52, 53].

Fevikwg, Td neipapdTtika dedopeva unooTtnpilouv OTI Ta Tecm CUMMEPIPEPOVTAl WG
npodpoua Pvnuovika kutTapa (memory stem cells), 1kavd va autoavavewvovTdl, va
dlapoponoloUvTal og dpacTIKG KUTTAPA Kal va TpoPodoTouv dlapkwe Tn dsauevi Twv
Tem [54]. MoAU acageoTepeg €ival ol evOEIEEIG ava®opika PE TNV avTioTpo®n oxeon.
MeAéTec o€ neipapatolwa €xouv dei€el OTI N PETATPONN TwV Tem O Tem €ival €QIKTN,
XWPIC OJWG MOTE Ta KUTTAPA auTa va avakTouv To duvapikd noAAanAaciacpoU nou
xapakTnpiel Ta Tem. O1 HEAETEG AQUTECG OUYKAivouv oTnv anown 6T 0 NANBUGUOG TwV Tem
gival aoTabng, eneidn €ite YeTaninTel o€ Tem €iTE 0dnyeiTal eUkoAa oTto BavaTo [55, 56].
AvTiBeTa, PEAETEG oToV avBpwno €0&1Eav 0TI Ta Tem avixvelovTal yid NoAAG Xpovia PETA
ano Tnv avTiyovikn diéyepon [57]. Evdexopévwe, Ta Tem OTOV AvBpwno €iTe va eivai
evOoyevwe oTabepd eiTe n deEAPEVN TOUG va GUVTNPEITAl and pia diapkr], enayouevn anod
KUTTapokiveg dlapoponoinon Twv Tem. M’ dAAa Adyia, ol oX€0eIG Tem > Terr KAl Tem > Terr
(aiveTal OTI €ival ApKETA KAAA TEKUNPIWHEVEG, aAAd Oegv €ival akdun anoocapnVviohévo

KaTa ndoo 1oxUouV ol akoAouBieg Tem > Tem > Terr Kal Tem > Tem D Terr.

1.2.3 MONTEAA AIA®OPONOIHZHE TQN CTLsS

MeAETWVTAC TN OXETIKN BIBAIoypagia, eUkoAa Ba pnopouce va unooTnpi&el Kaveic
OTI Ta €PWTAMATA NOU €xel avadeifel, HPEXPI OTIYMNG, N €peuva TnG T-KUTTAPIKAG
avoolakng MVAKNG gival noAU NepIcCOTEPA ano Ta onueia, oTa onoia £xel OWOElI OPIOTIKEG
anavtioeig [40]. AkoOun, yia napdadelyya, napagevel avanavinTo To €pwThua, av
OopIoHEVOI and TOUG (paivoTumnika avayvwpiogigoug unonAnbuopolc TwV PVNHOVIK®WV T-
KUTTGpwV avTioToixoUV Of Aol TNG dlagoponoinong Toug 1 av €ival anAwg
«napanpoiovTa» auTtng Tng diepyaciac. H @uUon Twv €EWTEPIKWV NAPAYOVTWV Kdl O
TpoONog, YE Tov onoio auToi kaBopifouv TNV TUXN TWV EvEpPYONoloUUEVWY (primed) CD8*
T-kuTTapwyV, KaBwg kari o BabBuog katd Tov onoio n Ouykekpipgevn dladikaoia
avTINPooWneUel NPOYPAUMATIOPEVO ano  €vOOKUTTAPIOUG  MNXaviopoUg  yeyovoc,
BpiokovTal oTtn Bdon TwV E£PWTNUATWV MNOU €KKPEPoUvV. To evdiapepov, NAVTWG,
ouveyileTal apsiwTo, oTo BaBUO NMou n BEPANEUTIKI OTOXEUON OUYKEKPIMEVWV ONUEIWV
TNG d1a®oponoinong n Kal n Xpnon CUYKEKPIMEVWY UNONANBUOH®V HvVNUOVIKWY CTLs
avapéveral va enAUoEl NOAAG and Ta npoPBARuaATa Twv €PROAIAOHV EvavTl TwWV

evOoKUTTApIWV Nnaboyovwy, KaBwG Kal TnG avoooBepansiag Tou kapkivou [42, 58].

H enagr pe To avTiyovo anoTeAsi npopavwc npolnoBeon yia TV enaywyn Tng

dlagoponoinong Twv CD8* T-kuTTdpwv. [MoAAd Opwg and Ta enakoAouBa TNnG
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avTiyovikng dIEyepong, ONWG N EKNTUEN TwV KAWVWYV, EXEl MAEOV KAAA TEKUNPIWOEN OTI
avTINPOOWNEUOUV NMPOYPAUHATIOHEVEG diEpyaaies, aveEApTNTEC ano Tn CUYKEVTPWON Tou
avTiyovou [59, 60, 61] (Eikova 7). AvTiBeta, n 10xXUC KAl noldtnTa TWV onUATwV Mnou
peTaBiBalovrar and Tov TcR (BAéne napakdtw), n ouvdiéyepon, Ol JIAPOPEG
OMOIOOTATIKEG KUTTAPOKIVEG Kal N pAEypovh ouvioToUV €Ei00U ONUAVTIKEG NAPAPETPOUC
Tng dlagoponoinong Twv CD8* T-kuttapwv. 'Oco 10XUPOTEPN €ival n  abpoioTIKn
eNidpacn autTwv TWV NApPANETPWV NAavw oTo diagopornoloupevo CD8* T-kUTTApo, TOCO
MEYAAUTEPO €ival To OUVAMIKO TMOU dnoKTd, wWOoTE va e€EeAixBei ot anoTeAeouaTika
dpaoTikO KUTTApo. AvTiBeTa, To duvapiko O1apoponoinong ToUu O PVAMOVIKO KUTTApO
npoUnoBETel pia evOIAPEDN €vTacn onuaTwy, Navw ano Tnv onoia apyilel kar naAl va

ehaTToveral (Eikova 8) [62].

EIKONA 7. H npoypapuaTiogévn diagoponoinon Twv dpacTIK®V Kal TwV JVNHOVIKOV CD8+ T
KUTTApWV.

A O noAAanAaciacpog Toug eEaptdTal and Tnv enavalappavopevn enagn Pe To avtiyovo. Kabe kUTTapo nou
dieyeipeTal and To avTiyovo, diaipeital kal diapoponolsiTal NPpoodeuTIKA O dpacTIKO Kal, 0T OUVEXEId, OF
MVNMOVIKO KUTTapo. SUNQWva PE auTd To POVTEAO, N avTiyovikn Jiéyepon kabe BuyaTtpikoU KUTTApou eival
0UCIAoTIKAG onuaciag, a@ou n anopdakpuvon Tou avTiydvou pnopei va orapartnoel Tn diagoponoinon. B Ta
CD8* T-kUTTapa cival €EeAIKTIKG NpoypappaTioyéva va unooTouv 7-10 diaip£osig Kal va diagoponoinfouv og
dpaoTika kai pakpofia, AeIToupyikd pvnpovikd kUTTapd. To apxiké avTiyovikd epebiopa nupodoTei autod To
€EeNIKTIKO npdypaupa, €101 WOTe 0 noAAanAaciacpdg kal n diagpoponoinon Twv CTLs va danoTtehouv
deopeuTIkEG dlepyaoniec. H ouvéXIon TNG aAvToyoVviKnG JIEYEPONG TWV BUYATPIK®V KUTTAPWV eVOEXETAl va
au&avel Tov apiBpd Twv dlAIpECEWY TWV gvepyonoinuévwv CTLs, aAlAd dev eival anapaitnto va odnyei o€
OAOKANPWON TOU NPOYPAUNATOC 31aPoponoinonc.

EIKONA 8. Ta diagopa
onugaTta nou kaBopifouv TN
dlagoponoinon Twv CD8+ T-
KUTTApwV Kal o Tpono¢ nou
enidpouv oTn dpAcCTIKN Kal Tn
MVNHOVIKA dlapoponoinor
Toug [62].
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MNa Tnv neplypagn Tng diagoponoinong Twv CD8* T-kuTTdpwv €xouv dIaTunwOEi
OUo Baoikd povTeAa (Eikova 9) [63]. ZUu@wva JE TO NPWTO Anod auTd, ToO PEPOPEVO WG
ypauuiko €EeAIkTIkO povTeAo (linear progression model), PMETA and Tnv avTIyovikn
digyepon, Ta napBeva kUTTapa diagoponoloUvTtdl o dpaoTika kUTTapa. H nAsiovoTnTa
TWV EKNTUXOEVTWV aVvTIYOVOEIDIKWYV KUTTApwV auToU Tou JpacTikoUu nAnduouou
UMOKEITAl OE anonTwon, ev® £vad NoocooTd Tou enIBI®VElI KAl €EENIOOETAl OE PVNMOVIKA
kUTTapa. Kata Tto PovTéAo auTo, dnAadr, Ta pvnuovikd KUTTApA AnoTeAOUV ANECOUG

anoyovoug TwV dpacTIKWV.

To delTepO, YVWOTO WC HovTeEAo anokAiong (branched or divergent differentiation
model), sionyeiTal o011 Ta dpacTikd Kal pvnuovika kUTTapa anoTelouv dUo diakpiToug
nAnBuopolc nou, PETA ano Tn dIEyepon TwV NApOEVWV KUTTApwWV, NpokUNTouv and Tov
KOIVO NMPOdPOUO WC AVEEAPTNTEG KUTTAPIKEG YPAUMEC. AgéxeTal, dnAadn, OTI Ta napBeva
kKUTTapa pnopouv va €EeAixbouv kat eubsiav O Yvnuovika, NapakaynTovTag To oTdadio
Tou OpacTIkoU KUTTApou. Metrd Tnv kdBapon Tou avTiyovou o dpacTikOC nNANBUONOC

nedaivel, Ve 0 HVNUOVIKOC NAPAUEVEL.

>To BaBuod nou Ta napandavw HOvTEAa Oev KAAUMTOUV TNV MNoAunAokOTNTA TNG
dlepyaaciag, ol Lanzavecchia kal Sallusto [54] npoTeivav npdopata &€va VEo LOVTEAO
IoxU0¢ Tou onuaro¢ (strength of signal model). H 1oxU¢ Tou oruaToc nou petaBiBaleral
ano Tov TcR, dev €€apTaTtal Jovo anod To avTiyovo Kal Ta CUVDIEYEPTIKA HOpIa, aAAd Kal
ano Tn didpkela TNG aAAnAenidpaong Twv T-kuTTdpwv PeE Ta APCs, n onoia Pnopei va
NoIkiAAEl and pepikd AenTd £€wC NOAANEC wpPeC. YNApXOuv I0XUPEC evOeiEeic nou
unooTtnpilouv OTI n 10XUG Tou TcR-onuaToc ennpedlel kabopioTika Tn diagoponoinon Twv
T-kuTTapwyv. CD8* T-kUTTApa nou unoBdAAovTal o acBevn n Taxeia digyepon, apxidouv
va diagoponoioUvTal, aAAd aduvatouv va enifiwoouv (unfitted or neglected), eneidr
d0ev anokToUV Ta BACIKA XAPAKTNPIOTIKA TWV PVNHOVIKOV KUTTApwv, dnAadn £k@paon
avTI-anonTwWTIK®WV Hopiwv Kal  anavtnTikdTNTa OTIC OMOIOOTATIKEG KUTTAPOKIVEC.
Aug&avopévng TnG 1I0XU0C TOU avTiyovikoU Onuartog enepxetal n T-kutrapikn euveéia (T-cell
fitness), Ta Oleyeipdpeva kUTTapa dnAadrn kabBioTavral Ikava va enifiovouv anouacia
avTiyovou Kdl va anavtouv He noAAanAaciaopd ova epebiopaTta TwV OPOIOCTATIKWV
KUTTAPOKIVOV [64]. ZUhpwvad, AoINOV, HJE TO PHOVTEAO TNG 10XUOC TOU ONMATtog, n 1oXUg
TWV ONUATWY TOU TCR KAl TWV UNOJDOXEWV TWV KUTTAPOKIVWYV odnyei Ta T-kUTTapa o< Jia
dladoxn lepapxnUévwy oudwv dlagoponoinong, ME anoTéEAEoUd TNV  MNPOOodEUTIKA
gy@avion T-KUTTapikAG cuegiac, noAAanAaciacpou, dpacTIKWV AEITOUPYI®V Kal, KATA
nepintwon, 6avatou [65]. Ensidfi n Ol€yepon Tou TcR KAl TWV UMNOJOXEWV TWV
KUTTAPOKIVWV €ival OTOXAOTIKA yeyovoTa, OAa Ta noAAanAacialopeva T-kUTTapa Oegv
déxovTal Tnv idla 1oxU onuartoc. 'ETal, 0Aa Ta T-kUTTapa nou déxOnkav To avTiyoviko
ep€Biopa dev Ba kaTtaAn&ouv aTo idio aTadio diapoponoinong. AvTiBera, 6a gTacoUV Ot

MIa noikiAia oTtadiwv diagoponoinong, and To oTadio Tou OpacTIKOU KUTTAPOU E€WG
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kUTTapa, Twv onoiwv n dlagoponoinon €xel avaoTaAei os dilagopa €vdidPeoa eninedd.
Autd Ta evdidueoa kUTTapa diaTnpouUv TNV €KPPAcn TWV UMNOJOXEWV EYKATAOTAONG
OTOUC Agu@adéveg, nou e€ixav ¢ napBseva kutTapa, e&vw apyxilouv dAAd dev
oAoOKANPwWVoUV TIC digpyaaciec avadiauopPpwaons TwV YovISiwVv Toug Nou EPNAEKOVTAl OTIG
OpacTIKEC AsIToupyiec. AUTO TOo (QACHa Twv evDIGUECWV KUTTApwv, HETAG and Tnv
kGBapon Tou avTiyovou, eEshioosTal oToug diakpIToUc unonAnBuouoUg TwV Tewm Kal Tem.
H €EaipeTik@ peydAn 1oxUG onpartocg, Onwc n.X. €Keivi TOU NApATETAPEVOU AVTIYOVIKOU
epebiopaTtoc Twv Xpoviwv AoIHWEEWYV, NpokaAsi £knTuén kal diagoponoinon Twv T-
KUTTApwV O€ Temra, Ta onoia dev diaBéTouv Tnv T-KUTTAPIKN €Uekia NMou anaiTeital, WoTe

vVa KaTtaoTouv AEIToupyika pvnuovika kuttapa (Eikova 10, oelida 36).

EIKONA 9. Ta dUo Baoikd povTtéAa diagoponoinong Twv CD8* T-KUTTApwV.
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'Eva avdloyo pe TO napandvw HOVTEAO TNC 10XUOC TOU ONMUATOG, TO HOVTEAO
Golgilocks, €xel npoTeivel n opada Tou Ahmed [66, 67, 68]. NMapaAAayn, €niong, Tou
idlou PJovTEAOU anoTeAel kal ekeivo nou npoTeiveTal and Toug Pearce kal Shen [62]. Ol
TEAEUTAIOI, MPAKTIKG, CUMNEPIAQUBAVOUV OTO MOVTEAO TNnG I0XUOC TOU GOANATOG, TNV
€nidpaon nou (aiveral va ackei navw orn diagoponoinon Twv T-KUTTapwyv, N GAEYHoVH.
Baoilouevol og dIka TouG gpeuvnTika dedopéva, unooTnpilouv OTI n diapoponoinon Twv
T-kUTTApwVv ennpealeral onuavTika ano €Ewyevrh onuarta, Ta onoia PeTaBaAlouv Tov
EMNIYEVETIKO NPOYPAUHATIONO TWV EVEPYOMNOIOUPEVWY CD8* T-KUTTApWV. TO HOVTEAO auTod
Oivel 101aiTeEPN €ugacn oTov KaboplioTiko poAo nou diadpapaTifouv oTnv €EEAIEN TNG T-
KUTTAPIKAG MVNAMNG, Ol OUVBNKEC Nou gnikpatoUV Tn oTIyUR nou apxilel n diEyepon Twv

NapBEvwV KUTTAPWV.

EIKONA 10. To povTého 1o0xU0G TOU ONUATOG.

1.2.4 T-KYTTAPIKH MNHMH KAI XPONIA ANTIFONIKH AIEFEPZH

H poviyn napouacia Tou avTiyovikoU €peBiouaToG OTOV Opyaviopo, Onwc cuupaivel
OTIC XPOVIEG AOINWEEIC KAl OTOV KAPKIVO, UNOXPEWVEI O ouveX Onuioupyia Terr, MOAAEG
QopEC kaBoAn Tng didpkela TnG {wng. O Fearon [69] unooTtnpilel OTI n 1KavoOTNTA TWV
MVNHOVIK®V CD8* T-KUTTAPIK®WV KA®VWV va ouvTnpoUV Tn ouvexn napaywyn Ters, KATd
Tn Oi1dpkeld nepiddwV POVIPUNG avTiyoviKnG OIEyepong, akoAouBei €va npoypaupa
KAWVIKNAC €KNTUENC nou eEeAicosTal oc dUo diadoxIKEC paceic. H npwTn ¢pacn Aaupavel
XWPA KUPIWG oTa OeUTEPOYEVH AEPPIKA Opyava kal PeocoAaBeital and Tn ouvdeon Tou
TcR kal Tou CD27, evw n deUTepn €€aptatal and Tnv IL-2 kal AauBavel Xwpa Kupiwg
OTOUG MEPIPEPIKOUC MN AEPPIKOUG 10TOUC. Ano Tnv TCR/CD27-£EapTWHEVN (PACN
onuioupyeiTal pia deEapevn Pn O1a@OPONOIOUHEVWY, AAAG auTOoavaveOQUHEVWY, KAWVIKA
EKNTUCOOMEVWY KUTTApwv. Katd Tnv IL-2-eEapTwuevn @ACN, N KAWVIKA £KNTUEN
ouvodeveTal and Tn Onuioupyia Terr. H acUppeTpn didipeon Tou unoAnBuouol Twv

autoavaveoUPEVWY KUTTApwV €ival n diepyacia nou diatnpei Tnv €nikoivwvia Twv dUo
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OeEapevwy. e oTABEPEG KATACTAOEIG, ANO KABE KUTTAPIKO OINAaciacud nou cuppBaivel
otnv TCR/CD27-e€apTtwpevn Oe€apevr, npokunTel €va Ouyatpikd KUTTAPO Mou
napapével adlagoponoinTo Kal €éva aAAo nou degpeleTal NPOC TNV KATeUBuvon TNG IL-2-
€EapTWHEVNG TEAIKNG diagoponoinonc. To oxApa auTto ocuvodeUstal and aAlayr Tng
CD8* T-kuTTapIkNG andavrnong nNpog Tnv kaTteubuvon apevog TnG napaywyng IFN Tunou
I ka1 II kAl aQeTEPOU TOU WETAYPAPIKOU EAEYXOU TNG ynpavong and noAAanAaciacuo
(replicative senescence): He Tn BonBeia Twv Bmi-1, Blimp-1 kai BCL6/BCL6b. 'ETol,
napd Tn ynpavon Twv KUTTapwv, eEac@alileTal n eniBimwon TwV avTiyovoeIdIKWV KAWVWYV

kaBoAn Tn dIApKeIa TNG XPOVIAC avTIyoVvIKAC JIEYEPONG.

Eival npogavéc 6T To napandvw oxnua diagoponoinong pnopei va 1oxUel o€
KaTaoTaoel ouveXoUC WEV, aAAd eAEYXOUEVNG AvTIYOVIKNG diEyepaong (n.X. Aaveavouoeg
loyeveic AolgwEelc). H Tuxn kalr n akohouBia Twv OlEpyaci®wV, O MNEPINTWOEIC MOU N
avoolakn andvtnon 0ev €NITUYXAVEl ToV EAEYXO TNG BAABNG, ONWG OTIC XPOVIEG IOYEVEIC
AOINWEEIC Kal OTOV KApKivo, €ival nmoAU JdUokoAo va npoBAepOei and onoiodnnoTe
MOVTEAO. Mia PeyAAn ocipd, NeEPICOOTEPO 1 AlYOTEPO AUECWV EPEUVNTIKWV OEOOHUEVWV
unodeikvUel OTI, OE AUTEG TIG TEAEUTAIEG KATAOTACEIG OTOV KAPKivo, maparnpouvTal
O1dpopec O1aTapaxes («aAAoIWOEIC») TNG T-KUTTAPIKAG MVAMNG, MNOU agopouv Tn
duvaToTnTa TWV Pvnuovikwv CTLs va avantuooouv AsiToupylkoTnTa, To BABud auTnig
TNG A&IToupyikOTNTAG, TNV 1KAvVOTNTA TOUG Yia avegaptnto and To avTiyovo Kai
HEoOAABOUMEVO and KUTTAPOKIVEC OMOIOOTATIKO MOAAANAAcIaopd TOUg, TNV IKAvOTnTd
noAAanAaciacuyoU kai, TeAkd, Tn OuvartdTNTA TOUug va €&unnpeTouv Tnv dAuuvd Tou

opyaviopou.

O MEYAAUTEPOC OYKOGC TWV OXETIKWV EPEUVNTIKWV OedONEVWV MPOEPXETAl aAnod
HMEAETEC OE IOYEVEIC AOIMWEEIC, EVW Ol EYKUPOTEPEC AMO TIC MANPOPOPIEC, NOU APOPOUV
TOV KAPKiVOo, €ival €UUECEG KAl €XOUV OXEON HME TNV £niTuXia J1aPoOpwV MPWTOKOAAWV
naénTikng avoooBepanciag (adoptive immunotherapy). [0 OUYKEKpPIYEVA, EXEI
napatnpendei OTI N KAIVIKI dMNOTEAECHATIKOTNTA TNG NadnTIKAC avoooBepansiag
ouoxeTileTal BeTIKA PE TO PNKOG TWV TEAOPEPWV [70] kal he To BaBuo TnG 1kavoTnTag in
vivo noAAanAaciacpoU Twv Xopnyoupevwy CTLs [71, 72]. Eniong, ol Gattinoni et al [73]
gxouv Oci&sl OTI n enavaAauBavopevn in vitro digyepon Twv CD8+ T-KUTTAPWY ME
nenTidla Tou TAA gpl00 ocuvodeleTal anod MNPOOdEUTIKA MEIWON TNG AEITOUPYIKOTNTAG
TOUC Kal TN¢ 1KavoTnTag Toug va noAAaniacialovral. ‘Ocov agopd Tnv andavrtnon ora
TAA, n ynpavon Twv Pvnuovikwv CTLs and noAAanAaciacud [74, 75] Kal Ol OUVENEIEG
TOU QaIVOUEVOU TNG avoooenikpdtnong (immunodominance) €XOUV aANAGXOANOEl

1010ITEPA TOUG EPEUVNTEG, XWPIC OPWG va £xel dlauopPwBei akoun Kanoia oapnc anoyn.

1 Q¢ ynpavon and noAAanAaciacuo (replicative senescence) GEpeTAl N aduvapia TwV KUTTAPWY va

diaipolivtal, JETA ano €vav oOpICUEVO ApIBUO KUTTAPIKWY JIAIPECEWV.
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1.3 H capBiBivn WG avrtiyovo TWV OYK®OV

To yovidlo Tng capBiBivng €xel peyebog 14,7 kb kal evronileTal oTnv neploxn g25
TOU XPWHOOWMATOG 17. AnoTeAeiTar and 3 egowvia kal 7 €€ovia (4 kavovika kal 3
KpUNTIKA), evw avodikd Tou e€oviou 1 evrtonileTal n puBuUICTIKA MNEPIOXH Tou yovidiou,
nou nepiAappavel To oroixeio TATA kal pia aAAnAouxia 200 nt nAoucia oe GC [76].
Mexpl onuepa €xel Bpebei OTI PEOW evaAAAKTIKOU paTiogatoc OnuioupyouvTal 4
dlapopeTikoi undTUNol TNG aapPiBivng nEpav Tou TunikoU: n oapPiBivn-2B (165 aa), n
oapBiBivn-AEx3 (137 aa), n oapBiBivn-3B (120 aa) kal n aapPiBivn-2a (74 aa).

H npwTeivn oapBifivn nou anoTeA&i TV TUMIK Hop@n £Kppacng Tou yovidiou,
ouvTiBeTal anod Ta €€ovia 1, 2, 3 kail 4, €xel héyebog 16,5 kD kal anoTeAeiTal ano 142 aa.
'Exel BpeBei kpuaTaAloypagika OTI dpa Pe Tn Hop@pr ohodigepolc oudnAokou [77, 78]
(Eikova 11). H évwon Tou opodihepolC viveTal MHECW OEOUWY UDPOYOVOU mMou
avantuooovTal JETAEU dUo avTinapdAAnAwv B-pUAAwvV, Ta onoia oxnuarifovral ano Ta
apivo&Ea 94—99 [77]. AVNKEl O€ MIA OIKOYEVEId MPWTEIVOV, N A&IToupyia TV onoiwv
ouvioTaTal oTnv avacToAn Tng andénTwong Kal TNV npowlnon TN KUTTAPIKAG avanTuéng
kal ovopalovTail 1APs (inhibitor of apoptosis proteins) [79]. O1 1APs xapakTnpilovTal ano

Hia 1 NEPICOOTEPEC EMAVAANWEIC HIAGC OUYKEKPIMEVNG MPWTEIVIKAC MNEPIOXAC, MNOU

EIKONA 11. H dopn Tng oapBiBivng, oc opodipepr) pop@ry, and dUo JIapOPETIKEG OMTIKEC
ywviec. AlakpivovTal ol dU0 ONUAvTIKOTEPEG OOMIKEG KAl AEITOUPYIKEG MEPIOXEG TNG, N MNEPIOXN
BIR kal To ekTeTauévo C-TeAIKO oneipaua [771.
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ovopadletar BIR (baculoviral IAP repeat). H ocapBiBivn @épel Yyovo pia TETold NEPIOXA,
nou e€ivalr unevBuvn yia TNV avTianontwTik dpdon TngG, Mia nepioxn OECPEUONC
weudapyupou (zinc finger domain), kabw¢ Kai Pia eKTETAMEVN a-EAIKA OTO C-TEAIKO
TUAMA Tou popiou TRG. H nepioxn BIR £xel Bpebei 0TI ynopei va avaoTeilel Tn dpaon TwvV
kaonacwv [79, 80], uopia Ta onoia diadpapaTifouv KeVTPIKO pOAO oTOo povondTi Tng
anonTwaong oto KUTTapo. SToxo TN oapPifivng anoteAolVv KUPIiwWG oI Kaonaoeg 3 kal 7
[81, 82], evw undapxouv kai evOEIiEEIC yia avaoToAr TnG kaonaonc 9 [83], ol onoisg,

OMWG, dev €xouv enifeBaiwBei akodua.

Népa dpwe and TNV aAAnAenidpacn TnNS oapPifivng PE TIC KAONATEC, YEYOVOG Nou
€€nyei Tov KUTTAPOMAAQOMATIKO EVTOMNIOMO TNG, €Xel Bpebei nwg pia noogdTnTad TNG
gevTonideTal evrog Tou nupnva. H avaAoyia, PAAIOTA, KUTTAPONAAQOUATIKNG:NUPNVIKAC
npwTEeivng €ival TNg Ta&ewg Tou 6:1 [84]. Eival, eniong, yvwoTd nwc n capfiBivn pnopei
va Onuioupyei oUPNAOKA HE TaA KEVTPOMEPIOID TWV XPWHOOWHATWV 1 HE TNV
KUKAIVOeEapTwUEVN Kivaon Cdk4 [85, 86], yeyovog mnou unodelkvUEl €PNAOKNR TNG
oapBiBivnc otn pUBUION Tou KUTTApikoU KUKAou. EninAéov, €xel deixBei OTI pnopei va
npoodebei OTOUG HIKPOGWANVIOKOUG TNG MITWTIKNAG aTPpAKTOU [87] KAl TOUG KIVNTOXWPOUG
TOV XPWHOOWHATWV [88], KUPIWG MECW TOU EKTETAMEVOU ONEIPANATOC TNG C-TEAIKNAC
neploxng TnG [77]. H ouox£Tion auTr Tng oapBIBivng PE TN MITWTIKR ATPAKTO BswpeiTal
OTI OTABEPONOIEl TO MITWTIKO MNXaviopud kai Bondd ortnv opaAn oAoKARpwaon TNng
KUTTapIknG diaipeonc [89]. Aoyw, Aoinov, auTtng Tng dINARG aAAnAenidpaong (avacoToAn
TNG anonTwong Kai otabgponoinon Tou PITWTIKOU Pnxaviopou), eNikpATnos n anoyn ol
n oapBiBivn suvodwvel o pubuIOTIKO £ninedo Tn ouvdeon MeTAEU andnTwong Kal

pUBHIONG TOU KUTTapikoU KUKAou [90].

YNo QuUOIOAOYIKEC OUVONAKEC To yovidio Tng oapPiBivng ekppadletal o€ noAAoucg
€EUBpPUIkOUC 10TOUG, KABWC Kal Ot 1I0TOUC €VAAIKOU ATOHOU MOU napoucidalouv €VTOVo
noAAaniaciacuo (Onwg OuUpog adevag, OpXeIG, evdoBnAio k.An.) [91, 92], evw oTnv
nAsioyneia Twv eviAIkwv 10Twv Ogv undpxel avixvelolun Ekepacrn Tou [76].
Eninp6oBsTa, neipdpata PE novTikia nou oTtepouvTav To Yyovidlo TnG oapPiivng,

anedei€av OTI €ival anoAUTWG anapaiTnTn Kata TNV npwiyn euPpuikn avanTtuén [93].

H Tunikf 1cogop®n TNnG oapPiBivng unspekppaletal o didgopouc TUMOUC
veonAaoiov (AEUP®PATA, KAPKivog Tou pacToU, Tou 0loo(pAayou, TOU EYKEPAAOU, TNG
MATPAG, oapKwuaTtd, YeEAavwpaTa K.d.) [91]. € auTEC TIC NEPINTWOEIC, N UMEPEKPPATN
TG oapBiBivnc au€avel Tn BIWOIKOTNTA TWV KUTTAPWV Kdl €MINAEOV &eVIOXUEl TNV
avTioTaorn Toug &vavTl TwV XNUEIOBEPaneuTIKWV napayovtwy [90]. Z€ noAAEg, paliora,
NEPINTWOEIC, TA €NiNEda £KPPACNCG TNG OXETICOVTAl ME TNV €MIBETIKOTNTA TOU OYKOU [94,
95, 96]. Evdiagépov napoucialel n napartnpnon, oOe HeEAETEG Odeiyudtwv and
0pBONPWKTIKEG VEONAATIEC, OTI N €kppaacn TnG oapBiBivng au&averal ye Tn yerapaon anod

adevopata xaunAng duonAaciac oe  KapKivwparta uwnAng duonAaciag  [97].
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MINAKAZ 2. EniTonol TnG oapBiBivng nou avayvwpifovral ano ta T-AgppokuTTapa [99].

HLA MenTidio AAAnAouyia
HLA-A1 Sur 93T2* FTELTLGEF
Sur 92 — 101 QFEELTLGEF
Sur 47Y10* PTENEPDLAQ
Sur 38Y9* MAEAGFIHY
HLA-A2 Sur 18 — 28 RISTFKNWPFL
Sur 86 — 96 FLSVKKQFEEL
Sur 95 — 104 (Sur 9) ELTLGEFLKL
Sur 96 — 104 (Sur 1) LTLGEFLKL
Sur 1M2* LLGEFLKL
Sur 95 — 104 (Sur 9) ELTLGEFLKL
Sur 96 — 104 (Sur 1) LTLGEFLKL
Sur 95 — 104 ELTLGEFLKL
Sur5-14 TLPPAWQPFL
Sur 61 — 69 FKELEGWEP
Sur 104 — 113 LDRERAKNKI
Sur 104 L2 19* FLELEGWEI
HLA-A3 Sur 112 — 120 KIAKETNNK
Sur 112 — 121 KIAKETNNKK
Sur 5K9* TLPPAWQPK
Sur 54L.2* LLQCFFFK
Sur 18K10 RISTFKNWPK
HLA-A11 Sur 53 — 62 DLAQCFFCFK
Sur 54 — 62 LAQCFFCFK
Sur 112 — 120 KIAKETNNK
HLA-A24 Sur 2B 80 — 88 AYACNTSTL
HLA-B35 Sur 46 — 54 CPTENEPDL
Sur 51 — 59 EPDLAQCFF
Sur 46Y9* CPTENEPDY
Sur 51Y9* EPDLAQCFY

* Tpononoinuéva NenTidla PJE avTIKATAoTAoN adIVOEEWV

QG avTiyovo Twv OYKwV, n oapPifivn €xel npooeAkUCEl To &evOIAPEPOV TWV
avoooBepaneuTIKWV npoonadeiwv €vavTl ToUu Kapkivou. EKTOC and TNV UneEPEKPPAcH
NG, 0 BIoAoyikdC poAoc TNG (avacoToAn TnG andnTwong kal pUBJiIon Tou KuTTapikou
KUKAOU) Tnv kaBioTd anapaitntn vyia Tnv eniBiwon Tou KapkKIvVIKoU KUTTApoU, WE
anoTEAEONa n £€KePAcn TNG va PNV avaoTEAAETAl KATA Tnv nopeia Tng vooou. 31O

nAaioio autd, n T-KUTTAPIKA anavrtnon €vavTl nenTidiwv TnG oapBifivng €Xel EKTETAPEVA

MeAETNBEI [98, 99].
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AvoaOiakr KUTTApIKR anavtnon &vavTl TnNG oapBiBivng €XEl aVIXVEUTEI o aoBeVEiG pe
Kapkivo aAAd OxI ot uyleic [100]. Z& APKETEG €PEUVNTIKEC NPOONABEIEC EvTONIOTNKAV
HLA-A2 1 -A24-neplopioUEVEG auTopaTteg CD8 T anavrtnoeslg €vavTl nenTidiwv Tng
oapBiIBivne kal Tng oapPiBivnc-2B kaTda TIC onoieg €101ka CD8 T KUTTAPOAUTIKG KUTTApPA
ATav IKava va OKOTWOOUV KapkKIvika kuUTTapa (Ta TeAesutaia €€€ppalav ocapBiBivn kal
oapBiIBivn-2B) dIkAloAOYwVTAG £TCI TNV TPEXOUOA XPNON TOUC OE AVTIKAPKIVIKG gUBOAIQ.
Ev ToUTOIC, undpxouv eAaXIOTEC NANPOPOPIEC yia TNV cuxvoTnTa Twv CTLs, €IdIKwV yia
Ta napandvw nenTidia, o PIOAOYIKOG POAOC TwV Onoiwv Oev €XeEl HWEXP!I OTIVUACG
nepIypagei AENTOPEPWG, NAPA TO YEYOVOG OTI N MApoucia Toug £xel ouvduaoTel PeE TNV

anoTEAEONATIKOTNTA TNG avoooBepansiag [101].

O1 Bepaneiec Pe oapPiBivn, avapeveTal va aoknoouv MeEPIOPICUEVN TOEIKOTNTA Yia
TOUG (QuUOIoAoOYIKOUGC 10TOUG, OJecdopEVOU OTI ek@paleTal OE MIKPEG MNOCOTNTEG OF
(uaoloAoyikG kUTTapa, Kal va €ival anoTeAEOPaATIK oTnV €EAAEIYN TwV PNXAVIOH®V
BIwoINOTATAC TWV KUTTAPWV MOU €ival AVTIKEIMEVO EKPETAAAEUONG ano Ta KAPKIVIKA
[102]. H ocapBiBivn napayeTal KAvovikKa O TETOIEC MIKPEG MOCOTNTEG Kal ano 1oéoa Aiya
kUTTapa wOTE va unv €ival avayvwpicigya and To avooonoinTiko oUoTnHd, Kal w¢ €K

ToUTOU va npokaAeital avoxn [103].

>ZTov nivaka 2 ¢aivovTtal Ta nenTidla (QuUOIka kal Tpononoinuéva) Tng oapPipivng
nou £xel PEXp! Twpa dianioTwBei OTI avayvwpilovtal and Ta T-kUTTApA Kal €ndyouv
KUTTApoAuTIkn anavtnon (Eikdéva 12), Kupiwg oe agBeveic pe peAdvwpa [104, 105] Kal

Xpovia Aey@okuTTapikn Aguxaipia [106, 107].

EIKONA 12. Enegepyaoia kal napouaiaon Tng aapPiBivng atov TcR Tou CD8* kuTTapoAuTiKoU T-
KUTTapou [98].

41

Institutional Repository - Library & Information Centre - University of Thessaly
26/05/2024 05:54:35 EEST - 18.225.54.200



1.4 H TeEAOHEPACN WG AVTIYOVO TOV OYKWV

H Telopepdon e€ival €va pIBOoVOUKAEONPWTEIVIKO CUPNAOKO anapaitnTo yia Tn
oUleUEn TwV VOUKAEOTIOIKWV aAAnAouxiov TTAGGG, and noAAAnAéC snavaAnWeic Twv
onoiwv anoTteAouvTal Ta Tehopepr. KaT auTto Tov Tpono diadpapaTilel kaboploTikd poAo
oTn dIaTAPNON TOU WRAKOUG TwV TEAOUEPWV Kdal, KATA OUVENEId, oTn OTafepdTNTa TWV
KUTTApwV. To cUPNAOKO auTd anoTeAsiTal ano TI¢ akdAouBec unoouadeg: (a) Tnv TERC,
€va MOpio RNA anoteAolpevo and 451 voukAeoTidia [108], (B) Tnv hTERT, uia
NPWTEIVIKN unopovada e KaTaAuTikn Opdon [109], kai (y) Ol1aQopeC NPpWTEIVEC Mou
oxeTidovral PE TNV TeAoudepdon [110, 111]. H TeAopepdon eival pia eEeIBIKEUMEVN
avTioTpopn MeTAypapdacn nou, YE MPATPA TNV daAAnAouxia Tou popiou RNA, OuvBETel
enavaAapBavopeva TuApata DNA, oTo 3’ AGKPO TOU UNAPXOVTOC TEAOUEPIKOU DNA
(Eikova 13). lpakTika, dnuioupyesi avTiypaga Tou nAaigiou TwV 6 VOUKAEOTIdIWV
TTAGGG.

TeAopepdon

MnTpa RNA

NoukAegoTidia

EIKONA 13: ZxnuaTikn angikdvion TngG AEIToupyiag Tng TEAOHEPACNG.

To yovidio TnGg TERC evTtoniletal otn B€on 3g26.3, £€xel €kTaon nepinou 4 kb kai
BpiokeTal og &va povo avTiypago [112], evw To yovidlo Tng hTERT evrtonileTal atnv
nepioxn p15.33 Tou XpWHOOWWMATOG 5 Kal €xel ekTaon 37,2 kb [113]. To yovidio Tng
hTERT anoTteA&iTal ano 15 vTpovia kal 16 €Eovia, To PéyeBoc Twv onoiwv MoIkiAAEl ano
62 HEXpl 1354 bp, kal KwdIKOMOIE Wi NpwTEiv HopiakoU Bdpouc 127 kD, nou
anoteAeital and 1132 apivo&éa. MeléTeg oe poplako eninedo avedei€av pia noikiAia
NpoiovVTWY evaAAakTikoU paTiopyatog Tou yovidiou TNG hTERT, 1600 0t puoioAoyikd, 0G0

Kal o€ KApKIvika kUTTapa [114].
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H puBuion TNG TEAOPEPAONC EMITUYXAVETAl JEOW HIAac noAUunAokng diadikaoiac kai
nepiAapBaver Tnv  ékppacn Tou Yyovidiou TNG TEAOPEPAONG, META-UETAPPACTIKEG
NPWTEIVIKEG aAANAeNIOPACEIC KAl PWOPOPUAIWON TwV NPWTEIVRV [115]. MoAAd npwTo-
oykoyovidia Kal oykokaTaoTaATIKA yovidia, onwg Ta c-Myc, Bcel-2, p21WAFL, Rb, p53, PKC
kal Akt/PKB, OUUMETEXOUV AUEDA N EUPEDA, OTO PNXaviopd puBuiong TnG Ta [116]. 'Exel
BpeBei BeTIKI OUOXETION METAEU TNG MOCOTIKNG €KPPaAcnc Tou MRNA Tou yovidiou Tng
hTERT kal Tng Ta, nou unodnAwvel OTI N Ta pubuileTal kal os €ninedo PeTaypagpnc Tou
yovidiou TNG hTERT [117]. O XapakTnpIlopgog Tou unokivnTr (promoter) Tou yovidiou TNG
hTERT Bonénoes otnv avayvwpion dia@opwyv HETAYPAPIKWV Napayovtwy HE BeTIKNA N
apvnTikn puBuioTikn dpaon [118]. Evioxuon Tou yovidiou (gene amplification) TNG
hTERT (aU&non Twv avTiypadpwyv, aveunAosidia, NnoAAanAaciacpoc TNG XPWHOOWHIAKNAG
neploxng 5p) napaTtnpeiTal Nepinou oTo €va TPITO TWV OYKWV Kal €xel Bpebei OTI odnyei

og av&non TG Ta [119].

H Ta dev avixveUeTal OTOUG PUGCIoOAOYIKOUG 10ToUC, NEpa anod Ta NpwTa oTadia Tng
€UBPUIKAG avantuéng. 3Ta OwuaTika otelexiaia  kUOTTApa, N TeAouepdon Oev
avanAnpwvel Tn @Bopd Twv TeAoPepwv and TIC dlAIpETEIG, NApd MOVO OE aAuoTnpd
kabopliopévn eAon au&énong Twv NPOYOVIKWV KUTTAPWV KAl oTapaTd PE TNV TEAIKN TOUG
dlapoponoinon. AuTO ogeiAeTal ge dIAQOPOUC TPOMOUG anevepyonoinong Tng hTERT,
OnwG e€ival n MEIWPEVN HETAYPA@Pn TnNG, N &vaAAakTikn ouvdeor Tng K.d. EEaipeon
anoTteAoUv ol &vrtova noAAanAacialouevol 10Toi, ONWG Ta apxeyova daigonoinTika
kUTTapa, Ta YAueTIKaG KUTTApA, Ta gvepyonoinuéva Asg@okUTTapa, ol IVOBAAOTEC Kal Ta

KUTTapa TWV KPUNTWV ToU evTEpou [120].

>Ta OWMATIKA KUTTApd, TO HAKOC TWV TEAOUEPWV, META and &vav apiBuod
JlaIpEcEWY, HEIWVETAl JEXP! £va KPIOINO ONUEIO, NoU €XEl WG ANOTEAEOKA va odnynbouv
0€ KUTTApIKO Bdavarto. Ta KapkIvikd OPWG KUTTApd, Me Tn Bonbeia Tng TeAopepdong,
grnopoUv va diatnprioouv oTaBepd TEAOUEPN, AMOKTWVTAG TNV IKAVOTNTA OUVEXOUC
noAAanAaciacuou (Eikova 14), cupBdAlovTag Pe auTto Tov TPONo otnv abavaronoinon
TWV KUTTApwv [121]. YndpxXouv €napkrn OToIXEia nou degixvouv OTI Ta Bpaxéa TEAOUEPN
odnyoUv Ta KUTTApA O avdoToAn Tou noAAanAaciaopou Touc (M1 oTadio). e
MPOKAPKIVIKEG KATAOTACEIC, OUMPBAIVOUV YEVETIKEG HMETABOAEG, ONwWC HETAAANGEEIC
OXeTICOUEVEG ME TNV anwAeia Tou eAEyXxou avanTtuéng n Tng oTabepoTnTac Tou
yovIOI®UATOG, Ol OMOIEC EMITPEMOUV TNV ano@uyr Tou otadiou M1. To HWAKOG TwV
TEAOUEPWV OUVEXWC MEIWVETAl, AMoucia €AEyXOU TOU KUTTAPIKOU KUKAOU OTO OnuEio
MeTaywyng (checkpoints), KupiwG HEOw Tou p53 Kal Tou pRB, odnywvTag Ta KUTTApA,
META ano 20-30 dinAaciacuoug, oe kpion (M2 oTadio). e kanoid onavia kuTrapa, n
€MNavevepyonoinon f N UNEPEKPPAcn TnNG TEAOPEPADNC, TOUC Npoadidel TNV 1IKavoTnTa va
dlapuyouv Tnv Kpion, va diatnpoUv oTaBepd TeAopepny Kal va pnopolv  va

noAAaniacialovral atéppova [122]. H nAsiowneia Twv KuTTdpwv (85-90%) nou
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dlapeuyouv Tn M2 kpion, €ival BeTIka yia TeEAoyepAon Kal anokToUv TNV IKAvoTnTa vd
EKPPACOUV NANPWG TO KAPKIVIKO OJuvapikd TOugG, Yia MeEPAITEPW avantuén kal
HMETAOTACEIC, EVW MAPAUEVEI £vad MIKPO MOCOOTO KUTTAPpWV XWwpic Ta, d1aTnpwvTac To
MAKOGC TWV TEAOUEP®V TOUG MECW MNXAVIOM®V EVAAAGKTIKNG EMNINAKUVONG TwV

TEAOUEPWYV, ME ONUAVTIKEG ONWC ASITOUPYIKEG dlapopeG [123].

TeAopepn
(enavaAapBavopeveg aAAnAouxieg)

KuTTapikog 8avarog

AGavaTonoinpéva KapkIvika KUTTapa

EIKONA 14. PUBUION TOU WNAKOUG TWV TEAOUEPWV OTA OWHATIKA (A) Kal KAPKIVIKA KUTTapa (B)

H ékppaon Tng hTERT, 1600 npiv To M1 oTdadio, 600 Kal PETA&U M1 kar M2
otadiou, kaBIOTWVTAG TA KAPKIVIKG KUTTapa abdavara, avadeikvUel Tn onuacia Twv
TEAOUEPWYV Kal aTa dUo oTadia TnG avanapaywylkng ynpavong (replicative senescence).
Mpoo@aTeC PEAETEG, avadelkvuouv Kal AAAOUC onuavTikoUg pOAoUC TNG €K@PAoNG TNG
hTERT oTnv oykoyéveon, népa and Tn didTrpnon ToU HUAKOUG TwV TeAopepwv. daiveTal
va ennpeadlel kal noAAaG dAAa yovidia, Nou CUMMETEXOUV OTn pUBUION TOU KUTTApPIKOU
KUKAOU, OTn HETAYWYn ONUATOC Kal OTO METABOAIOHO Twv KUTTApwV, CUMBAAAovTag
NEPAITEPW OTNV KaApkIvoyeveon [124, 125, 126]. MapdAAnAa, @aiveral OTI n €kppaon
TNG hTERT, €A&yXETal ano Pnxaviouo naAivdpoung avatpo@odoTnong [127].
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H TERC avixveUeTal oTnv NAsioyn®ia TwV KUTTAPpWV TwV ONAJOTIKOV, €V® N
hTERT neplopileTal oTa kUTTApa ONou avixveUeTal n Ta, YEYOvOC nou unodeikvUel OTI N
kataAuTtikn Opdon Tng hTERT, e€ival n anapaitntn npoUnoBeon, NPOKEIMEVOU N

TeAopepdon va diadpapaTiosl To ASITOUPYIKO TNG POAO OTOV Kapkivo [128].

MINAKAZ 3. Enitonol Tng hTERT nou avayvwpifovtal ano ta T-AegpokuTTapa [134].

HZEE%TO AAAnAouyia HLA T-kUTTAPA
p540 ILAKFLHWL HLA-A2 cD8*
p572 RLFFYRKSV HLA-A2 CcD8*
p865 RLVDDFLLV HLA-A2 cD8*
p988 DLQVNSLQTV HLA-A2 cD8*
p324 VYAETKHFL HLA-A24 CcD8*
p461 VYHFVRACL HLA-A24 cD8*
p973 KLFGVLRLK HLA-A3 cD8*
p672 RPGLLGASVLGLDDI HLA-DR1,-7,-15 CD4+
p766 LTDLQPYMRQFVAHL HLA-DR4,-11,-15 CD4+

H hTERT anoTeA&i éva supéwg ek@paldpevo TAA [129] nou napouaialel 101aiTEPO
evdlaQEpov, Kabwg ekppaleTal oTo 85-90% TwV KApKivwv Kal diadpauaTilel onuavTiko
pOAO OTnVv oykoyéveoan. MenTidia Tou ens€epyaopevou avTiyovou TnG hTERT,
napouciadovtal oTnv €NIPAVEId TWV KAPKIVIKOV KUTTApwV, ouvdedpeva pe Tagng I/11
MHC-pOpla kal pnopoUv va €nAyouv avoOOAOYIKEG AMOKpIioelC JegoAaBoupevec and T-
KUTTapa Kal Kupiwg Tnv evepyonoinon e€10Ikwv CTLs, nou npokdAoUv Auon Twv
avTioTOIXWV  KAPKIVIKWV  KUTTApwv. H avixveuon nenmidiov Tng hTERT, nou
napouaialovral and diapopa HLA aAAnAdpoppa, anoTeAei nedio evTaTikKAG €peuvac,
kabw¢ Ta nenTidla auta pnopoUv va a&lonoinBoUv oTnv napaywyr €UBoAiwv kata Tou
kapkivou [130].

27N MEAETN Twv Vonderheide et al, To p540 (ILAKFLHWL), ATav To NnpwTo NenTidIo
Tng hTERT nou avayvwpioTnke in vitro, neplopioyevo Pe HLA-A2, 1kavo va enayel €191ka
CTLs Me 10XUpn KUTTAPOAUTIKR Opdon, &vavTl evOoG €UpEOC (PACHATOC KAPKIVIKWV
KUTTApIk@V oelpwVv [131]. Ta anoTeAéopaTta autd eniBeBaiwbnkav Kal o€ JETAYEVEOTEPN
MEAETN o€ diayovidiakda novTikia [132]. ZnUavTIKO €ival To YEYOVOG OTI OTIC HEAETEG Ogv
napoucIaoTNKav OTOoIXEid auToavoaoiag, kKabwc¢ Ta hTERT-sidikG CTLs, dev (pAvVNKE vda
AUouv in vitro Ta @uolioAoylkG KUTTapa nou ekppdalouv TeAopepdon (aigonoinTika

kUTTapa, evepyonoinueva T AspgokuTtTapa) [131, 132, 133].

Méxpl onuepa, €xouv TauTonoin®si apkeTd avoooyovika nenTidia Tng hTERT
(NMivakag 3) [134]. O1 diapopeTikoi €niTonol Tou yovidiou TN hTERT ouvdéovTtal e

dlapopeTikG HLA aAAnAdpoppa, endyovrtag €1dIKEG CD8* aAAd kal CD4* KUTTAPIKEG
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anavTtnoeig. Alagaiveralr oTi ol did@opol Oykol pnopoUv va enegepyalovral kal vda
napoualalouv ouyKekpigeva nenTidia Tng hTERT o€ oUvOEON PE OUYKEKPIKMEVA HLA popia
[135]. Z€ KANOIEC MEAETEC OE KUTTAPIKEG OEIPEC, PAVNKE OPWC OTI Ta €101ka CTLs &vavrTi
Tou nenTidiou p540 TNG hTERT dev pndpecav va avayvwpioouv Ta Kapkivika kUTTapa
nou eEéppalav hTERT [136]. Evoxonoinénkav Jdidgopol Pnxavioyoi, nou HMopei va
OUMBAAoOUV OTNV avikavoTnTa Twv €IdIK®WV CTLs va npokaA&éoouv AUON TWV KAPKIVIKOV
KUTTApwV, £vac anod Toug onoiouc NTAv To NpwTeoowua [137]. Zuvenwdg, n eniAoyr Twv
nenTidiwv nou JnopoUV va XpnoipgonoinBoUv yia TNV napackeun €uPoAiwv, Xpnlel
1I010iTEPNC NMPOCOXNG Kal iow¢ ival NpoTIHOTEPN N XPAon noAAanAwv nenTidiov Tng
hTERT.

Ta DCs €Xouv eKTETANEvVa XpnaoigonoinBei wg «oxnuaTa» oTnv avocoBepansgia Tou
Kapkivou, yid TNV E€vioxuon TwV dvoolaK®WV anokpioewv. IdiaiTepo evdiapEpov
napouaialel n PMeAETN Twv Nair et al [138], onou xpnoigonoinénkav DCs dIaoAUCHEVa
pMe hTERT-RNA, via Tn di€yepon hTERT-g1dikwv CTLs, Ta onoia ATav Ikava va oKoOTWCOoUV
KUTTapa Kapkivou Tou VeEpPoOU Kdl ToUu npooTdaTtn, TOOO in vitro, 000 Kdl in vivo, Ot

MOVTIKOUG.

Ta evBappuvTIKG anoTEAEONATA TWV NPOKAIVIKOV HEAETWV wBNoaAv oTo oxedlaouo
KAIVIKQOV HEAET@V @aong I, yia Tnv a§loAdynon Tng hTERT wg TAA. ZTnV NpwTn HEAETN
nou dnuooleUTNKE, avixveuTnkav €101ka CTLs evavTi dia@opwv TAAs (META&U TwVv onoiwv
kal TNG hTERT), oToug 6 ano Toug 10 aoBeveig Je NETAOTATIKO KAPKIVO VEQPOU, HETA TOV
€UBoAlaopd TOouG pe DCs diapoAucuéva pe RNA [139]. ‘Ocov a@opd TnVv KAIVIKN
avTanokplion, ava@eperal 0Tl ol 7 acBeveig {ouoav, PETA and napakohouBnon 19,8
Mnvov. AvaAoya anoTeAéoudTa avakolvwlnkav Kal O dia akOun MEAETN, oOnou
avixveutnkav €1dIkeG CD8* kal CD4* T-KUTTAPIKEG AMAVTNOEIG, 05 OAOUG TOUC AOBEVEIG
ME KAPKiVO TOU NPOOTATN. Z€ MIad AAAN PEAETN, O gUBOAIAOUOG Me To NenTidio p540 TNG
hTERT evepyonoinos e€idikfy CTL-anokpion, oOTOoUu¢ 4 ano TouGg 7 dacbeveic e
NPOXWPNHUEVO Kapkivo paoTtoU 1 nNpooTdTn Kdl odfynoe O HEPIKR Unmoxwpnon Tou
oykou, og €vav aoBevr) [140].

>Tn MEAETN TwV Brunsvig et al xopnynénke oc 24 aoBeveiG YE PN MIKPOKUTTAPIKO
Kapkivo Tou nveUpova, €PBOAIO nou nepiAduBave cuvduaopd nenTidiwv TG hTERT
(GV1001:p611-626 kai HR2822:p540-548) [141]. Eidikr} avoolakr anavtnon &vavri
Tou GV1001, avayvwpioTnke OUVOAIKG oc 13 acBeveic kal €vavTtl Tou HR2822 ot 2
aoBeveic. ZTIC 12 €BOOMAdEC TNG MEAETNG, OTO 72% TwV adBevwv naparnpnénke
npdodog vooou kal oTo 28% oTabepr) vooog. ‘Evag aocbevig napouciace nARpn
avTanokpion, evw n dlageon €niBiwon ATav 8,5 PNvec. € pia akoun npoo@artn PEAETN,
0 €UBOAIQOUOG 21 aoBevwV HE PN MIKPOKUTTAPIKO KAPKivo Tou nveUpova avedelfe Tnv

IKavOTNTa Tou nenTidiou p572 Tng hTERT, va evepyonolsi €idiké¢ CD8* avooIakeG
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anokpigeic oTnv NAslown®ia Twv acbevwyv (OTo 76,2% WPeTA To deUTEPO EUPOAIACHO Kal

070 90,9% HETA TOV €KTO EUBOAIACHO) [142].

MapdAAnAa, n napoucdia KUKAOQOPOUVTWV AVTICWHATWY €vavTl TG hTERT, oTov
0pO A0BEVWV PE NNATOKUTTAPIKO KAPKIVO KAl N OUOXETION TOUC ME TO 0TAdIO TNG vVOOouU,
avadeikvuel TRV hTERT, w¢ niBavo oToxo, OXI HOVO TNG KUTTAPIKAG, AAAG Kal TNG XUMIKNG

€MiKTNTNG avoOIakng anokpiong [143].
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2.1 AoOeveic ka1 Yyigig AOTEG

To UAIKO TnC MEAETNG anoTéAecav 20 aoBeveic pe npwTonadrn Kapkivo Tou
nveupova (17 avdpeg, 3 yuvaikeg) Tng Mveupovoloyikng KAivikng Tou MavenioTnuiou
©cooaAiac (MavenioTnuiakd Noookopeio Adploag) kai 5 uyieic d6Tec 1diac nAikiag
(NMivakag 4 kal 5). e 6Aa Ta dToua Nou CUMMETEIXAV OTn WEAETN Npaypartonoinénke
HLA Tunonoinon We PCR-SSP, kal PCR-SSO kal d1anioTwenkKe n napouadia TOUAAxXIoTov
evOoC ano Ta aAAnAla Twv popiwv 1oTooupBaTtoéTnTac HLA-A2 )/ kar HLA-A24. H
avixveuon CD8 T-KUTTAPOAUTIKOV KA®VWV, ONWC nePIypAPETAl OTNV OUVEXEI,
npayudaTonoineénke os OAOUG ToUG aoBeveic kata Tnv didyvwaon TnG vOoou, evw O 5 ano
TOUC 9 aoBeveic Pe MIKPOKUTTAPIKO KApkivo Tou nveupova (ap. 12, 14, 17, 19, 20)
€navanpoaodiopioTNKE n ouxvoTnTa avixveuon¢ pCTLs, 3 €BOouddec peTd and 3-6
KUKAouc¢ Bepaneiac Baoiopévn o nAaTiva. Eniong, o 0coug acBeveic unoBAnGnkav os
XEIPOUPYIKA €NéPBacn €yive cuAAoyn KapkIvikoU 10ToU, O0Tav auTo fTav duvaTo. € OAEG
TIC NEPINTWOEIC NMou nNepiAayBavovTal otn HEAETN, €yive and yiaTpo TNG MVEUROVOAOYIKAG
KAIVIKAG OXETIKN €vnUEPWON Twv acBevwv, 01 onoiol ouykaTebeoav evunoypapwg,

OUNPWVA PE TN ZuvOnKn Tou EAgivki.

MINAKAZ 4. XapakTnpioTiKd TWV UYIOV HapTUpwV.

Ap1Ouog

AéTH dUAo HLA HAikia (éTn)
N#1 Avdpac A2 55
N#2 Avdpag A2 54
N#3 Avdpag A24 54
N#4 Avdpag A2/24 60
N#5 Avopag A2 57
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MINAKAZ 5. Ta xapakTnploTiKd TWV aoBevwv TNG JEAETNG.

anouS ouo WA e doolonds oy, o Ieoe
1 Avdpag A2/24 74 ADC T2N2MO 1A
2 Avdpag A2 75 NSCLC T4NOMO 1B
3 Avdpag A24 73 SCC T4AN2MO 1B
4 Avdpag A24 45 ADC T2N2MO 1A
5 Avdpag A2 81 ADC T2N1MO 11B
6 Avdpag A2 69 SCC T2NOMO 1B
7 luvaika A24 59 ADC T2N2MO 1A
8 luvaika A2 47 ADC T1NOMO 1A
9 Avdpag A2 67 SCC T1INOMO 1A
10 Avdpag A2 70 SCC T2NOMO 1B
11 Avdpag A2 80 SCC T2NOMO 1B
12 Avdpag A2/A24 59 SCLC T2N1MO 11B
13 Avdpag A2 56 SCLC T4AN2M1 v
14 Avdpag A24 71 SCLC T4N2M1 v
15 Avdpag A24 74 SCLC T3NOMO 11B
16 luvaika A2 54 SCLC T1IN3MO 1B
17 Avdpag A24 74 SCLC TAN2MO 1B
18 Avdpag A2 70 SCLC T2N2MO 1A
19 Avdpag A2 63 SCLC T2N3MO 11B
20 Avdpag A2 71 SCLC T4AN3MO 1B

2.2 NenTidia kai HLA-NoAupEpR

Xpnoigonoinenkav 9uepn nenTidia, YVWOTAC IKAVOTNTAG cUvdeong Ue Ta -A2, N -
A24, nou NapackeudaoTnkav Pe Tn PeBodoAoyia F-moc ge Auo@ilonoinuevn pop@n Kal
og kabapoTnTa >90% (Abgent, San Diego, USA). Ta nenTidia diaAUovtav o DMSO ot
OUYKEVTPWON 10 mg/mL kar diatnpouvTtav oToug —20°C MEXPI TN XPAON Touc. ¢
nenTidla eAéyxou xpnaoigonomnenkav Ta nenTidia agapBiivng (Surv.A2), capBipivnc-2B
(Surv.A24), kal Tehopepdong (hTERT.A2 kal hTERT.A24) kal wg NenTidla-UApTUPEG Ta
EBV-nenTidia (BMLF1.A2 kai EBNA3C.A24). 'OAa Ta nenTidia nou xpnoigonoinénkav,
gival duvnTika npoiovTa eneepyaaciac and To puaIoAoYIKO NpwTeoocwua (Mivakag 6) kai
eNINExONoav pe Baon Tnv BiBAloypadika eniBeBaiwpévn  1kavodTNTa va endyouv

auTONATEG avoaolakeg anavTnoelg [144].

HLA-noAupepn xpnoigonomnénkav yia Tnv avixveuon avTiyovoeidikwv CD8-T
KUTTAPWV OE MIKTOUG AEPPOKUTTAPIKOUG NANBUCKOUG Kal TNV aneikovion Tng €101kOTNTAG
Twv CTLs. MpokeiTal yia TexvnTta HLA popia nou anotehoUvTal and TECOEpaA 1

nepioocoTeEPA navopoidoTuna HLA popla Taéng I, kabéva and Ta onoia napouacialel To
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nenTidlo €vdlaPEPOVTOG, Ta onoia ouvdéovtal PEow PioTivng o popio apidivng. ZTo

ouhnAeyha npoodéveTal pBopIdXpwua cuvdedePEVo Ye aTpenTafidivn.

Ta HLA noAupepn €xouv MeydAn I0IKOTNTA KAl €uadiobnoia kal KaTta noAu
pHeyaAUTepn cuvagela Pe Tov avTioTolxo TcR and To da6poiopa TnG OUYYEVEIQG TwV
HOVOUEPWY Mou To anoTeAolV. Q¢ anoTeEAeoua, n KN €131k oUvVdEon €ival MOAU XapnAn
Kal To Oplo avixveuoncg Kupaiveral ano 0,01% &wg 0,04% Twv CD8 T KUTTAPWV YIid TO
nepIPePIKO aipa [145]. MNa Toug Adyoug autolg CD8 T kUTTApa Ta onoia cuvdEovTal UE
Ta noAupepr] BewpsiTal OTI avTioToIXOUV Me avTiyovoeldikouc T nAnBuopolc nou
avixveuovTtal GUECA ME KUTTAPOUETPIa pornG. HLA-MOAUMEPH NAPACKEUACTNKAV YId
kaBeéva and Ta napandvw nenTidla (OUVOAIKA 6), MpoTUNWBNKAV YIad KUTTAPOMETPIKN
Xpnon, onwc¢ neplypa®eral ano Toug Karanikas et al [146], and To Ludwig Institute for
Cancer Research (Brussels, Belgium) kal npoo@£pOnkav guyevw¢ ano Tov Prof. P.
Coulie. Ta HLA-noAupepn Twv NeNTIOIWV EAEYXOU NTAV OUVIEDEPEVA PE TO POBOPIOXPWHA
pukoepuBpivn (PE), evw Ta HLA-noAupepn Twv NenTIdiWV-PapTUpwWV NTAV ouvOedEUEVa

HEe Boploxpwua aAlogukokuavivn (Mivakag 6).

MINAKAZ 6. MenTidia kal HLA-MOAUPEPN Mou Xpnaoidonoindnkav otnv JEAETN.

AvTiyovo MenTidio HLA-noAupEpEg
SapPiBivn LTLGEFLKL HLA-A2-PE
>appiBivn-2p AYACNTSTL HLA-A24-PE
hTERT ILAKFLHWL HLA-A2-PE
hTERT VYAETKHFL HLA-A24-PE
BMLF1 GLCTLVAML HLA-A2-APC
EBNA3C RYSIFFDYM HLA-A24-APC

2.3 KapKIVIKEG YPAHHEG Kal EBV peTaoxnuaTiopéva B kUTTApa

QG avTiyovonapouaoiaoTikd kKUTTapa kai KUTTapa Tpogoi oTIG KaAAIEPYEIEC Twv CTLs
XPNOIMonoINenkav KAapkIvIKEG YPApueEG kal EBV  petaocyxnuaTiogéva B kUTTapa,
KaTaAAnAou HLA, nou eixav ouAAexBei ano Tov Av.KaB. Bdio Kapavika oto Austin
Research Institute (Melbourne, Australia). H kaAAi€pyela kal n avantuén Twv
KapKIVIK®OV KUTTApwV Kal Twv EBV peTacXnuaTiogevwv B kuttapwv (EBV B-kUTTapa)

neplypageral otnv napdypago 3.7, KAl TA XApakTnpIoTIKA TOug oTov nivaka 7.
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MINAKAZ 7. Kapkivikég ypappeég kal EBV B kUTTapa.

Fpapun MpoéAeuon HLA-aAARAla  Tponog Avantu§ng Xpovog Alaipeong
GERL MeAadvwua Al/ A2 MpookoAANUEva 40-45 WpEeG
SKLU Kapkivog Mvelupova A24/24 MpookoAANpéva 50 wpeg

DAJU 2.7 MeAdvwpua A1/ A2 MpookoAANuEva 40-45 WpEeG

DAJU EBV EBV B kUTTapa Al/ A2 S evaiwpnua 40-45 wpeg
ROSI EBV EBV B kUTTapa A24/ A24 2e evaiwpnua 60-70 wpeg
2.4 0pogG

Ma TIC KAAAIEPYEIEC TWV KAWVWV XPpNOINONoINBnKe opog avlpwnivng NPogAEUONG

(HS), o onoiog napaokeudoTnke oTo gpyactnpio (BAéne napaypago 3.1), evw yia TNV

KAAANIEPYEIQ TWV KAPKIVIKOV KUTTApWV Kdl Twv EBV B KUTTApwv XPnoidonoinenke

BodIivog opog (FBS). O1 naptideg Tou HS napackeudoTnkav anod nAdouarta nou

OUAAEXBNKav oTo ApakonouUAegio KEvTpo.

2.5 AvaAwoipa uAika

Na Ttnv Jdleknaipwaon

neIPapaTwy,

xpnoigonoinénkav

avTidpaaornpia,

HOVOKAWVIKA avTIOWHATA KAl UAIKA Nou NeEPIypAPOVTaAl OTOUG Nivakeg 8- 12.
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Mivakag 8: XapakTnpIioTIKA TwV KUTTAPOKIVWV NoU Xpnaigonoindnkav aTic KaAANEPYEIEC KAWVWV

KuTtTtapokivn

‘Ovopd npoiovTog

Ap.KataAdyou

MpoéAeuon

IL-2
IL-4
IL-7

Recombinant Human IL-2
Recombinant Human IL-4
Recombinant Human IL-4

202-I1L
204-I1L
207-1L

R&D Sustems

R&D Sustems
R&D Sustems

Mivakag 9: XapakTnpIoTIKA TWV aVTICWOPATWV TNG EVOOKUTTAPIAG XPWONC KUTTAPOKIVOV

AvTiyovo DOopIOXpOHA Ap.KataAoyou TpoéAsuon

IL-2 FITC 340448 BD Biosciences, Eu
IL4 PE 559333 BD Biosciences
IL10 PE 559337 BD Biosciences
IFNg FITC 340449 BD Biosciences

Mivakag 10: XapakTnpIoTIKA TwV EMPAVEIAK®OV aVvTIYOVWV Nou PEAETHONKAvV

AvTiyovo dOopIOXpwHA Ap.KaraAoyou TpoéAeuon

CD3 ECD IM2705U BD Biosciences, USA
CD4 PE AO07751 BD Biosciences

CcDs8 FITC AO07758 BD Biosciences

CD28 FITC 1236 immunotech

CD45 ECD AO07714 Beckman Coulter, USA
CD45RA FITC AO7786 Beckman Coulter, USA
CD45R0O ECD IM2712U Beckman Coulter, USA
CD57 FITC IM0466U Beckman Coulter, USA
CCR7 APC FAB197A R&D Systems, USA
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Mivakag 11: AvTidOpaoTnpid Nou Xpnoigonoiénkav otn JEAETN KAl XapaKTNPIOTIKA TOUG.

AvTidpaoTnpio

‘'Ovopd NpoiovTog

Ap.KataAdoyou

MpoéA&guon

1-pgéBulo-TpunTOPAvn
2-MepKANTEBAvoOAn

BFA

DMSO

DNaon

EDTA

Kit Luminex

Kit aAAnAouxiong

Kit avaiuong TCR

Kit ekxUAIonGg RNA

Kit eEaywync uAikoU and yEAn
Kit kaBapiopoU npoiovTog PCR
Kit payvnTikoU diaxwpliouou CD8
Kit payvnTikoU diaxwpliopou PE
Kit HLA Tunonoinong (PCR-SSP)
Kit HLA Tunonoinong (PCR-SSO)
SYBR Green

Ayapddn

AiBavoAn 100%

AvaoToAéac RNaowv
AvTioTpopn MeTaypagaon
ANoppunavTiko TritonX

Bodivog 0pog

BpwpioUxo aibidio

AlaAupa CacClz

AlaAupa HBSS

AldAupa TBE

1-Methyl-DL-tryptophan 97%
2ME, 50mM

Fast Immune Brefeldin A solution
Dimethylsulfoxide

Deoxyribonuclease | from bovine pancreas, 100 mg/mL

UltraPure EDTA, 0,5M

Fidis Human Extracellular Protein

BigDye Terminator v3.1 Cycle Sequencing kit
I0Test Beta Mark

Rnase Free Dnase Set

QIlAquick Gel Extraction Kit

PCR Purification Kit

CD8 positive selection kit, EasySep

Positive Selection Human PE Selection Kit, EasySep
Protrans SSP kits, Protrans, HLA-A alleles
Tepnel, Lifecodes kit, HLA-A alleles
platinum SYBR Green gPCR, Supermix-UDG
Agarose

Absolute Ethanol

RNAasin Rnase Inhibitor, 2,500 U/mL
M-MLV reverse transcriptase

TritonX

Heat inactivated FBS, Gibco

Ethidium Bromide, 10 mg/mL

Calcium Chloride 10%

HBSS

TBE 10x buffer,

860646
31350-010
347688
D5879
DN25
15575-038
MXHBOOO1
4336917
IM3497
79254
28706
28106
18053
18051
200070
628410-50
11733-046
16500-500
E/0650DF/C17
27632304
28025-013
X-100
12319018
161-0433
14175-053
15581-028

Sigma-Aldrich, Germany
Gibco, USA

BD Biosciences, USA
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Gibco, USA

Diagnostic Solutions, Australia
Applied Biosystems
Beckman Coulter, USA
Qiagen, Eu

Qiagen, Eu

Qiagen, Eu

Stem Cell Techn, Canada
Stem Cell Techn, Canada
Protrans, Germany
Gen-Probe, USA
Invitrogen, Eu
Invitrogen, Eu

Fischer Scientific, Eu
Promega, Eu

Invitrogen, Eu
Sigma-Aldrich, Germany
Invitrogen, Eu

BioRad, USA

DEMO S.A, Greece
Gibco, USA

Invitrogen, Eu
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Mivakag 11: (ouvexeia)

AvTiIdpacTnpio ‘Ovopa npoiovrog Ap.KataAdyou TMpoéAsuon

AigAupa TRI TRI Reagent Solution AM9738 Ambion, USA

AlGdAupa PBS 10x PBS 70013-065 Gibco, USA

AlGAUPa apIvoEEwv MEM aminoacids 11140-035 Gibco, USA

AlGAUpa avTIBIOTIKOV PSG 10378-016 Gibco, USA

AldAupa dianepaToTnTag Fixation/permeabilization solution 00-5521 eBioscience, USA
AldAupa diaxwplopou Robosep Buffer, EasySep 20104 Stem Cell Techn, Canada
AidAupa npooTaciag and RNAoeg Rnase ZAP AM9780 Ambion, USA

AlGAupa Tpuwivng Trypsin, 0.25% (1x) with EDTA 4Na, liquid 25200-056 Invitrogen, Eu
EkKIVNTAG BupIdivng Oligo dt 15 primer C110A Promega, Eu

Hnapivn Heparin Leo - LEO Pharma, Denmark
OpenTIKO WECO Iscoves (IMDM) 21980-065 Gibco, USA
IconponavoAn Isopropanol ALO323 Scharlau, Spain
MdapTupag DNA 100bp DNA Ladder 15622805 Invitrogen, Eu

Nepo eAelBepo RNnacwyv Ultra Pure Water 10977-015 Gibco, USA
OAIyovouKkAegoTIdIa 100mM dNTP set 10297-018 Invitrogen, Eu
MoAupepdon Taq Taqg DNA polymerase 18038-042 Invitrogen, Eu
TpuBAia pe ayap Gelose Count Tact 43501 bioMérieux, France
Tuxaiol EKKIVNTEG Primer Random p(dN) ROCHE 14292421 Roche, Eu

DIKOAN Ficoll Histopaque 1077-1 Sigma-Aldrich, Germany
XAwpopopuio Acid phenol Chloroform 9720 Ambion, USA

Xpwuio 51 Naz51CrO4 NEZ03002MC Perkin Elmer, Greece
XpwaTiKn Trypan Blue 15250-061 Gibco, USA
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Mivakag 12: AvaAwaoiua UAIKG nou Xpnaoigonoineénkav oTn MEAETN Kal XapaKTnpPIoTIKA TOUG

AvaAooipa

‘'Ovola NpoiovTog

Ap.KataAdyou

MpoéAsuon

MNAdka pérpnong Neubauer
BaBuovopnuévn mnéra 10 mL
BaBuovounuévn mnéra 2 mL
BaBuovopnuévn minéra 25 mL
BaBuovounuévn mnéra 5 mL
BapBakopOpoc OTUAEDG
FudAiveg minéTeg Pasteur
KUBETEC PWTOPETPOU
MnoukdAl 1000 mL

MnoukdaAl 125 mL

MnoukdaAl 250 mL

MnoukdAl 500 mL

ZUoTpo

MaTo Petri

Maro Petri

Marto kaAAiEpyeiag F96

Marto kaAAigpyeiag M24

MmarTo kaAAiépyeiag M48

MaTo kaAAiEpyeiag M6

MaTo kaAAiépyelag U96

Marto kaAAigpyeiag Vo6
Mnéra pera@opdc 3 mL
PUyxn Robosep

PUyxn minérag 10 pL

PUyxn mnéracg 100 YL, YE QIATpO
PUyxn mnérag 1000 pL

Puyxn minérag 200 pL

Counting chamber Neubauer

10 mL pipette, sterile

2 mL pipette, sterile

25 mL pipette, sterile

5 mL pipette, sterile

Sterile cotton swabs, Portagerm

Pasteur glass pipette

Uvette 220-1600 nm

1L Storage bottles

Sterile squared Media Bottle 125 mL

250 mL Storage bottles

500 mL Storage bottles

Cell scraper

Cell Culture Dish, 100 mm x20 mm

Cell Culture Dish,60mmx15mm,

96 well Cell Culture Cluster, flat bottom plates,
24 well Cell Culture Cluster, flat bottom plates
48well Cell Culture Cluster, flat bottom

6 well Cell Culture Cluster

96well Cell Culture Cluster, round bottom
96well Cell Culture Cluster, V- bottom

3 mL transfer pipet, Polyethylene, Individually packaged,sterile

Robosep tip racks

10 pL sterilised long tips
100 pL sterilised filter tips
1000 pL sterilised filter tips
200 pL sterilised tips

3390054
161010
160210
162510
160510
41999
3411020
9520010051
430518
2019-0125
430281
430282
3010
430167
430196
3596
3524
3548
3516
3799
3894
357575
3520105
DL10ST
DF100ST
DF1000ST
D200ST

Fischer Scientific, Eu

Bioline, Israel
Bioline, Israel
Bioline, Israel
Bioline, Israel
Copan, Italy

Hirschmann, USA

Eppendorf, Eu
Corning, USA

Nalgene, Denmark

Corning, USA
Corning, USA
Costar, Eu
Corning, USA
Corning, USA
Corning, USA
Corning, USA
Corning, USA
Corning, USA
Corning, USA
Corning, USA
BD Falcon, USA

Stem Cell Techn, Canada

Gilson Inc, USA
Gilson Inc, USA
Gilson Inc, USA
Gilson Inc, USA
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Nivakag 12: (ouvexeia)

AvaAooipa

‘Ovopd npoiovTog

Ap.KataAdyou

MpoéAeuon

PUyxn minérag 200 pL, Pe PIATPO
PUyxn minérag 30 UL, PE QIATPO
>UoTnua QIATpapiopatog 250 mL
SUoTnua QIATpapiogatog 500 mL
SwAnvapia noAucTupeviou 5 mL
®1aAidio PCR

®iaAidio puyokevTpnong 1,5 mL
d1aAidio puyokévTpnong 15 mL
®1aAidio uyokévTpnong 50 mL
diaAidio Xpwong

®iaAidio Yugng 2 mL

®iATpo 100 pm

®AAoKeG akTIvoBoOAnaong
dAAoKeG KAANIEPYEIAG

dAAoKeG KAANIEPYEIAG

dAAokeg KAANIEPYEIAG

200 pL sterilised filter tips

30 WL sterilised filter tips

250 mL Filter System

500 mL Filter System

FACS tube, EasySep

PCR tubes, Flat cap, sterile

Rnase- Dnase free, 1,5 mL microfuge tubes
15 mL centrifuge tubes- sterile,

50 mL centrifuge tubes- sterile

Titertube, microtubes bulk

2 mL self-standing Cryogenic Vials, round bottom, sterile
Cell strainer, 100 pm

Irradiation flasks, 25 cm? Tissue culture flask
175 cm? flask

75 cm? cell culture flask

25 cm? cell culture flask

DF200ST
DF30ST
430767
430769
3520105
6571
AM12400
430791
430291
223-9391
431386
352360
831810
431080
430641
430639

Gilson Inc, USA
Gilson Inc, USA
Corning, USA
Corning, USA

Stem Cell Techn, Canada

Corning, USA
Ambion, USA
Corning, USA
Corning, USA
BioRad, USA

Corning, USA
BD Falcon, Eu
Corning, USA
Corning, USA
Corning, USA
Corning, USA
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2Tn MEAETN xpnoigonoinenke UAIkO and 20 acBeveic kal 5 papTupeg. And TOug
aoBeveic anopovwbnkav PBMCs kaTtd Tn didyvwon Kal éva Xpovo HPeTd Tn Bepaneia, kai
TILs 0t O000UC UNOBANBNKAv O XEIPOUPYIKN aApaipeon Tou Oykou. And Toug HAPTUPEC
anopovwOnkav PBMCs and nepipepikd aiga (BAEne napdypago 3.2). e 0Aa Ta dsiyuadra
aoBsvwyv Kdl PapTUpWV UMOAOYIOTNKE N OUXVOTNTA TWV avTlyovoeldikwv CTLs £vavri
nenTidiwv Twv NPpWTEIVOV TNG oapBiBivng, Tng oapBiBivne-2B kal TnNG TEAOPEPAONG, KABWC
Kal TwvV nenTIdiwv eAéyXxou HWe Tn WEBOdO Tou MLPC (BA£ne napdaypago 3.9.1). Ano Tn
diadikacia Tou MLPC anopovwBnkav CD8 ypauueG Kal XapakTnpioTnkav (QaivoTunika e
Baon €EwkuTTApIoUC deikTeC Nou kaBopifouv To oTadlo diagoponoinong. =TIC CD8 ypauMES
aoBevwv kal papTupwv npayupatonoindnkav npoondbeiec anouovwong KAWvwv (BAEne
napaypa@o 3.11) kal oI KA®VOl Mou NPoEKUWav XapakTnpioTnkav @aivoTunika Kal

Aeiroupyika (Eikova 15).

O xapakTnpiohoc nepieAduBave Tnv NAApn aAAnAouxia T™NG B aAucidac Tou TCR
(BAEne napaypa@o 3.13), Kal TNV KUTTAPOUETPIKN avaAluon via eEWKUTTApPIoUC DEIKTEG Nou
kaBopifouv TO 0oTAdIo Jdiagoponoinons (BAEne napaypago 3.14). O A&ITOUpYIKOG
XApakTNPIoUOC agopoloe TNV IkavoTnTa Twv CTL va napdyouv KUTTAPOKIVEG €neira and
€101kn JIEYEPON KAl VA OKOTWVOUV KUTTApA GTOXOUC Ta onoia napouaialouv To NenTidIo Nou
avayvwpifouv. O €AeyXoG Napaywyng KUTTApOKIVWV MpaypaTonoinénke pe evOokuTTapia
XpWon Kal HIKpoo@aipidlakn KuTTapopeTpia (BAéne napdaypago 3.15.1-2). H AuTIKn
IKavoTnTa TwV CTL eAéxBnke pe Tn dokiyacia TnG aneAeudépwonc 51Cr (BAéne napaypa@o
3.15.3). Me Tnv id1a nEBODO UNoAoyioTNKE Kal n guyyEvela Tou TCR Twv CTL agbevwv Kal

HapTUpwv (BAéne napaypa®o 3.15.4).

SUPNANPWHATIKG OTIC YeEBOOOUC auTéC Ba Neplypa@oUVv OTn CUVEXEId TEXVIKEG Mou
agopoUlV TnVv NAPACKEUN Kal NPOETOIYAcia UAIK@WV Mou NTAv anapaitnta otn HEAETN, O

XEIPIOPOC TWV onoiwv npaypartonoindnke oto epyacTtnplo. O1 TEXVIKEC AUTEG apopouaav
e TNV NAPACKEUN TOU opoU Mou XPNnOoIJonoIindnke og OAEC TIC OOKIPATIEC
e Tn YeBodoAoyia anopdvVwoNG YPAUP®V KAPKIVIKOV KUTTAPWV
e TNV KAAAIEPYEIQ TWV KUTTAPWV OTOXWV

e TNV akTIVOBOANCN TWV KUTTAPWV Nou Xpnaoigonoineénkav o OAEC TIC doKiuaoieg oav

KUTTapa GToxol I TPoPoi
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EIKONA 15: MAdvo pebBodoloyiag nou akoAouBnBnke yia Tnv MNpoCEyYIon TNG EPEUVNTIKNG
unoBeong
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3.1 MNMapaokeun opoU anod NnAacua

O1 napTidec Tou opoU napackeudoTnkav and nAdopa nou nponABe and KEvTpa
aigodoaoiag kar anoBnkeuBbnke oToug -20 °C. To nAdoua eixe eAeyxBei yia HBV, HCV, HIV,
HTLVI, HTLVII kal cUQIAN Kal ATAav YVWoTn¢ opadac aigatoc. Apxikd napackeudlovTav dia
nogoTNTa opouU yia kKABe opdada aipyatog xwpliota (PS), and TouldxioTtov dUoO aokoucg TNng
kaOe opdadac (A, B, O kai AB).

O1 aokoi agédnkav oe Beppokpacia 4 °C yia 24 wpec kal TNV endPevn nuEpa
TonoBeTrBnkav Ot enwaoTiko Bdaiapo (37 °C, —30 Aentd) yia va E&enaywoouv. XTn
OUVEXEIAQ, TO MNePIEXOUEVO TOU KABe aokoU TonoBeTnBnke o€ PnoukdAla 250 mL kai
npooTednke YAwpiouxo aoBeoTio (Calcium Chloride 10%) oe avaAoyia 1/27. AkoAouBnoe
gnwaan (37 °C, 1-2 wpeg) PEXP! va napatnpnBei nAEn Tou uAikoU. Me Tn Xpnon &EoTtpou
and BauBdki npaypartonoindnke o diaxwpiopydg Tou opoU anod To Ivwdoyovo, TO OMoio
METATPENETAl O IVWOEC Kal oxnuaTidel To nnypa. O opoc nou anocndaocTnke Ye Tn diadikaacia
auTrn OUYKEVTPWONKE o gIaAidia 50 mL, apoU nEpacs and QiATpo 100 um. AkoAouBnos
puyokévTpnon (1800 rpm; 10 AenTd) , CUYKEVTPWON TOoU 0poU Ot PNoukdaAl 1000 mL kal
gnwaon og udaTtoloutpo (56 °C; 30 AenTd) HE Ouxvhl avadeuon. 3TN COUVEXEID
TONoOEeTHBNKE GUETA O NAYWHEVO vEPO KAl anoBnkelUBnNKe oTouG 4 °C PEXP! va dianioTwoei

n oTelpoTNTa TNG d1adikaaiag.

MNa Tov €AeyX0 TNC OTEIPOTNTAG ANPONoav ano kabe PS ApOnkav dUo dsiypata Twv
500 L. Mia orayova TonoBsTABnKe yia KaAAlEpyeia o KatdAAnAo BpenTikd undéoTpwua
(Gelose Count Tact), evw Ociypata Twv 200 mL avapixdnkav pe 1,8 mL SF-IDc Kal
TonoBeTnBnNKav ot NAAKa kaAAlépyeiac M24. Ta Ociyyata TonoBeTnbnkav o€ €NwWAOCTIKO
Baiapo (37 °C) yia 48 wpeg kal eEAéxOnoav yia Tnv napouacia enipoAuvons. Eqpdoov OAa Ta
deiypaTa nTav apvnTika akoAouBoUas N Napackeun Tou opou. Na TNV Napackeur Tng Kade
napTidacg Tou opoU Mou XPnoidonoinénke oTn MEAETN avapixbnkav g€ pnoukdAr 1000 mL,
500 mL opoU opdadacg A, 300 mL opoU opddag AB, 100 mL opou opadac O kal 100 mL opoU
opdadag A. 100 mL Tng noodTNTAG AUTNC diapoipdoTnkav o€ 10 pnoukdAla Twv 125 mL. To
UAIKO auTO TOonoBeThABNKE OTOUC 4 °C yia 24 WPEG KAl OTn oUuveExeld Angdnoav dinAd
Ociypata Twv 500 PL anod To kabéva yia EAeyXo oTeIpOTNTAC. TEAOC, TA UNOUKAAID TwV 125
mL anoBnkelBnkav oToug -20 °C PEXP! TN Xpnon Touc. Ma Tnv anoyuén nooodTNTAC 0pou,
TO MMOUKAAI Twv 125 mL TonoBeToUvrav otouc 4 °C vyia 24 wpec. H noootnta
HeTapépovTav og giaAidia 50 mL kal akoAouBoloe puyokévTpnon (3500 rpm, 15 AenTa, 4
°C). AgaipouvTav nocoTtnTa Ainouc and Tnv enipdaveia TV owANVApinv, TO UMNEPKEIUEVO
HETAQepOTAV 0t vEd oOwAnvdapia kal enavalayfdvovrav n @UYOKEVTPNON OTIG IDIEC

ouvenkec. O opbdC HETAPEPOTAV O VEO owAnvapia 50 mL kal ano®nkevovTav oToug 4 °C.
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3.2 Anopgovwon MovonUpnvwyv KUTTapwv Tou MepipepikoU AiHaTog

Ma Tnv aigoAnyia xpnoipgonoin®nke nnapivioyévn oupilyya, 2-5 U nnapivng ava mL
aipartog, kai yivoTtav aigoAnyia 60-120 mL @AeBikoU aipatog and acBeveic ge KapKivo Tou
nveupova aAAd kal and uyleic d0TeC. Ev ouvexeia, To OAIKO dipya HPETAPEPOVTAV HE ApyN
g€yxuon navw and Tnv oTifdda TnG eikoAng, o avaloyia 30 mL aigatog ava 20 mL
@ikOANG. H anopdvwon Twv KUTTApWV EYIVE PE PUYOKEVTPNON O1aBABUICHEVNG NUKVOTNTAC
kal d1adoxikeG nAvoelg (Eikova 16A). To oAIKO dida €QUYOKEVTPEITO aToug 20 °C yia 30
AenTta ora 400 g. Merd TNV nNpwWTN QUYOKEVTPION, N OTIRAda Twv povonupnvwy
OUAAEyOVTAV Kal PETAPEPOVTAV OE VEO daAnooTelpwpévo owAnvapio (Eikova 16B). H
oTIBAda Twv PBMC £@UYOKEVTPEITO 3 (POPEC AKOUN XpnoigonoiwvTac diaAupa 1xPBS pe 1
mM EDTA kal 1%HS yia 8 Aentd oTtouGg 4 °C pe oTtadiakn MPeiwon Tng TaxuTnTag
nepioTpopng (370 g, 300 g kal 210 g avTioToixa) Ye okond Tov KaBapiopo Tou OegiypaTog
and aigonetdAia kal QUKOAN. TNV oOuvéxeld, Ta KUTTApPa EPETPOUVTO HE TR XpPHon
AaVTIKEIHEVOPOPOU NAdkac Neubauer kal XpwoTIKAG Trypan Blue, kal akoAoUBnoe n

TeAeuTaia puyokevTpnon (300 g, 8 AenTd, 4 °C).

3.3 WuEn kuttapmv

Ma Tn eUAA&En Twv PBMCs expnoigonolsito didAupa 80% BpenTikoU UAIKOU Iscove s,
(IDc), 10% Bepuika adpavonoinuévo avlpwnivo opo (HS) kal 10% DMSO. H svaiwpnon
TWV AMOMOVWHEVWY KUTTAPWV OTO WUKTIKO JIaAupa yivotav pe Bacn Tov apiBud Twv
KUTTAapwV, ouvhABwg 15-20 x10% PBMCs/ @iaAidio (Eikova 16I) >Tn ocuvexela, Ta kKUTTapa
TonoBeToUvTav Ot €10IKO OOXeio PE I00MPONAvVOAn Kal PETAPEPOVTAV Ot Wuyeio -80 °C,
OMou Kal napéPevav yla TouAdxioTov 24 wpeS. Tnv enopevn nuépa anobnkelovTav, yid

MeyaAa xpovika diaoTruaTta, oToug -196 °C oe doxeio uypou alwtou (LN2).

N AnoBfiKeuon kuTTapwy
OE EVOILEAKA

EIKONA 16: Anopovwon kai Yugn PBMCs
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3.4 WiEn KuTTadpwv wg ifnua

MNa Tn QUAAEn Twv PBMCs o pop®n 1Inuatog 1a kUTTapa HeTagepovTav o €I10IKO
owAnvapio kai akoAouBouoav dU0 NAUCEIC Pe diIdAupa 1xPBS pe 1 mM EDTA kal 1%HS (4
AenTa oe 2000 g), WOTE va anopakpuvBei To BpenTikd UAIKO. 'EneiTa, agaipouvrav To

UMEPKEINEVO KAl JETAPEPOVTAV TO i{nuUa o€ Wuyeio -80 °C.

3.5 Anowu&n Kuttapwv

MNa Tnv anowu&n, Ta PBMCs TonoBeToUvTav KAt apxnv o udatoAouTtpo 37 °C yia 2
AENTA, apeows akoAouBbolaoe puyokevTpnon (400 g, 6 AenTd, 21 °C) kal enavadidAuon Twv
KUTTApwv o (eoTO0 (37 °C) BpenTikd WETO 10% FBS-IDc. Ta kUTTApa nApEPeEvVaAv oOTO
NANPEC BpenTIKO PYETO 10-15 AenTd o Bepuokpacia dwPATiou wWOTE va avakagyouv Kai va

dlaxuBei To unoAseindépevo DMSO ano TIG HEUBPAVEG TOUG.

3.6 TILS

e 2 deiypaTta aoBevwv nou unoBARBNkav Og OAIKR N MEPIKN AOBEKTOMN TOU &VOC
nvelyova, xpnoigonoinénkav og WIKTH KAAAIEpysia @woTe va dianmioTwbei n dpacTikoTNTa
TwV TEAeUTAIWV 0TO NEPIBAAAOV TOU OYKOU. And To UAIKO TOU XEIpOUpYEioUu ANPBNKE TUNKaA
KApKIVIKOU 10ToU o€ @IaAidio 50 mL nou nepieixe TouAdyioTtov 30 mL diaAupaTog HBSS kal
TonoBeTrONKe 0 nAyo. Ynd dAoNNTEC OUVONKEG MeETAPEPONKE o0t TpuBAio Petri kal
€JBanTioyEvo pEoa oTo HBSS JlaAuBnke o€  MIKpOTEPA TUAMATA ME TN Xpnon
anooTelpwHEVNG AaBidag kalr vuoTepioU. Ta THAMATa opoyevonoifénkav nePETAipw
xpnoigonoiwvTac ouplyya 21G. AkoAoUBnos dINBnNoN Tou EvaIWPNUATOC ME TN XPNAOoN
@iATpou 100 uym navw and giaAidio 50 mL, npooBrkn nocoTnTac SF-1Dc kal nAuon (1300
rom, 6 AenTd). To UNEPKEIMEVO ANOMPAKPUVONKE Kal €navaAnednke n nAuon oTig idIeg
ouvlnkec. Ta kUTTapa snavadiaAuBnkav oe SF-1Dc, kaTaueTprndnkav os nAdka Neubauer,

naywdnkav oe WUKTIKO dldAupa (15-20 x10°% TILs/pIaAidio) kal anobnkelBnkav o LN2
MEXPI TN XPHAON TOUG.

3.7 KaAAI€pyEla KAPKIVIK®OV YPAHH®V Kal EBV B KUTTapwv

Ol KAPKIVIKEG YPAUMEC Kal Ta EBV PETAOXNUATIOPEVA KUTTAPA XPNOIMONOIoUVTaV G
avTiyovonapouoiaoTika KUTTapa yia Tnv evepyonoinon &€1dikwv CD8* T KUTTAPIK®OV
NANBUCPWV Kal w¢ KUTTapa oToxol. ApXIKa, yivoTav anoywuén Twv KuTTdpwv (2-4 x10°
KUTTapa/@iaAidio) Ta onoia ATav anodnkeupéva oTo uypod alwTo Kal evaiwpnaor TOuG OF
KaTaAANAn noooTnTa BpenTikoU PECOU EUMAOUTIONEVOU HE 1% FBS, woTe va OlaAuBei To
ToEIkO yIa auTa DMSO TouAdyxioTov 0.5% v/v. 3Tn OUVEXEID YIVOTAV PETPNON Tou apiBuou
Tov {WVTAVOV Kal VEKPWV KUTTApWV OTnV nAAdka Neubauer kal UMoOAOYIOHOG TNG

BiwoinoTnTag Tou deiypaTog. AkoAouBoUoe NAUON TwV KUTTAPWV KAl TOMOBETNON TOUG O€
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dUo QIAAec kKaAAiEpyelag, e 1/3 kal 2/3 TwV avakTNUEVWY KUTTApwV avTioToixd. O1 PIAAeC

TonoBeTouvTav og BaAapo enwaong (37 °C, 8% CO2).

Avaloya pe TOo Xpovo OIaipecnC TouG ol KaAAIEpyelec napaTtnpouvTav kair oTav
KaAuntav To 80% TNG snipaveiac Tnc QIAAnG, YIVOTAv GCUAAOYN TwV KUTTApWV Yia
nepPaITEPW XPron kar enavakaAAiépyeia. Eav Ta kUTTapa avantuooovtav og didAupa, onwg
Ta EBV peraoxnuartiohgéva B kUTTapa, yivotav ouAAoyrn Tou BpenTikoU pEoou and Tnv
PI1aAn, NAUON TNG @IAANG pe CeoTo (37 °C) PBS Kal (pPUYOKEVTPNON TwV KUTTApwv (400 g, 6
Aentd). Ta kUTTapa enavadiaAlovrav o 10% FBS-IDc kal WeTPIOTAV O ApIOPOG TwV
{wVTavwV Kal VEKpWV KUTTapwv. Edv Ta kKUTTapa avantuooovTav PNECWw MPOOKOAANGNG OTO
NAQoTIKO TNG PIAANG akoAouBoUaoe diapopeTikr diadikacia oUAAOYNG. ApXIKA CUAAgyoTav
TO UNEPKEiNEVO BPeNTIKO YETO Kal TonoBeTouvTav oe ¢iaAidio 50 mL. AkoAouBoUos nAuan
NG @IGANG Pe 10 mL PBS kal npocBrkn diaAupatog 2 mM EDTA-PBS. Ta kUTTapa
enwadovTal yia 5 Aenta otoug 37 °C, woTe va nNpokAnBei anokoAAnon and Tnv NAAOTIKN
empaveia. MNvoTav avakivnon TG @IGAng e xTuUnnua ano To nAdl kal Ta KUTTapa
OUAAgyOTav 0To id10 PIaAidio Twv 50 mL. € KANOoIEC NEPINTWOEIG NTAV ANApaiTnTn N XPHon
0.25% Trypsin-Versene oTto JidAupga EDTA-PBS via va emiteuxBei n anokdOAAnon Twv
KUTTApwv. AkoAouBolUoe nAUon pe (eoToO PBS KAl QUYOKEVTPNON TWV KUTTApwv (400 g, 6
AenTtd). Ta kUTTapa enavadiaAUovtav o 10% FBS-IDc kal PeTpldTav o apibuoc Twv
{wVTavwV Kal VEKPWV KUTTApwV. KataAAnAog apiBudg kutTapwyv cuAAeydTav yia xpnon, 2-
4 x10% kUTTapa/eiaAidio naywvovTav kKal diaQopeTiKoi aplOpoi KuTTdpwyv (2 x10°8, 1 x10°6
kal 0.5 x10°) TonoBeToUvVTaV OE VEEG PIAAEG yia avakaAAiEépyeia. H kaAAlépyeia ouvexi{oTav
HEXPIGC OTOU ONUEI®VOVTAV HEIWON TOU XPOvou OIaipeonc TwV KUTTApwv kKatd 10%. >Tnv

nepinTwon auTth n KaAAiEpyela diakdNTovVTAV Kal EgnaywvovTav veo (plaAidio.

3.8 AkTivoBoAnon Kapkivikov NpapH®v kai EBV B Kuttapwv

O okond¢ TNG akTivoBOANONG NTAv O KATAKEPHUATIONOC Tou DNA, €Tol WOTE Ta
akTivoBoAnuéva kUTTapa va xpnoigonoliolvTav wg avtlyovonapouoiaoTika kuTTapa (APC).
Meta Tnv npwTtn Odidipeon, Ta dakTivoBoAnuéva KUTTApa anoninTouv Kdl €10l dev
avanTtuooovTal €I BAPOC TWV KUTTApWV KaAAIEpyelac. Ta kUTTapa nou unoBAnGnkav oes
akTIvOBOANGN fTav ol KApKIVIKEG YPAWHEG Kal Ta EBV B kUTTAGpa nou Xpnoidonoiouvtav wg
avTiyovonapouoiaoTika KUTTapd, Kabwc kalr eTepoAoyd PBMCs mou XpnoigonoiouvTtav g
KUTTapa Tpooi (feeders). Apxikd yivoTav ouAloyn Twv KUTTApwvV, HETpoUvVTav 0 apiOuog
TV {WVTavwVv Kal VEKPpWV KUTTAPWV Kal akoAouBouoe nAuon (400 g, 6 AenTd). MeTa Tnv
(puyokévTpnon Ta kUTTapa enavadiaAvovTtal o 62 mL 1% FBS-IDc kal TonoBsTolvTal o<
€101kl PIGAN akTivoBoAnong. H akTivoBOAnOn Twv KUTTApWV npayuartonoloUvrav o€
HayvnTIKO emiTaxuvth ota 100 Gray via 15 Aentd. Me TOo nmEpac Tng akTivoBoAnong, Ta
kUTTapa ouAAEyovTtav and Tn QIAAn kal JeTpouvTav pe Tn nAdka Neubauer. 'Evac pikpog

apIBuoc KUTTapwv (6 d1adoxXIKEC apalwoslG EekivwvTag and 1 x108/ppeaTio) TonoBeToUVTAV
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oc @pedTia NAdkag M6 kal xpnaoigonoloUvrav oav Ogiypda eA&yxou Tng OvnoiudTnrac Twv
AKTIVOBOANUEVWVY KUTTAPWV KAl TNG OTelpoTnTag Tng diadikacgiac. Ta unoAoina kUTTApa
(PuUYoKevTpouvTav (400 g, 6 AenTd) Kal NAywvovTav o€ WUKTIKO didAupa pe 10% FBS o€
OUYKEVTPWON 5 x108%/piaAidio yia kUTTapa nou npoopilovTav yiad avTiyovornapouasiaoTiKd

kal 10 x10%/@iaAidio yia Ta kuTTapa Tpogpoug (Eikova 17).

AvakahAiEpyeia
OE VEQ (PIAAN

ZuAhoyr) kal nAlan
(400g, 6min, 20°C)

AkTIVOBGANGN KUTTApwWY
100 Gray yia 15min

EIKONA 17: AkTIVOBOANON KUTTApWV

3.9 MpoodiopICHOG AVTIYOVOEISIK®OV T-KUTTApWV

MeAETec oe aobeveic pe kapkivo €xouv Ocifel, he dlapopec peBodoAoyieg, OTI O
apIBuoOC TwV KUKAOPOpPOoUVTWY CTLS nou ival 101ka €vavTl opIocPEVWV ano Ta nNenTidia nou
xpnoigonoioUvTal oTnv napoloa PeAETN, avépXeTal o —4 X107 Twv NepIPepIKwV CD8* T-
KUTTApwv. H ouxvoTnTa auTr dev Pynopei va npoadlopiaTei napd Yovo av nponynOsi in vitro
JIEYEPON TWV CUYKEKPIHEVWYV KAWVWV [147], OnNwg £yIve Kal aTn JIKM HAC MEAETN. ZTnV
nepPiNTWon Mag, OJWG, Ol MEIPAPATIKEC OUVONKeC Tpononolnénkav €Tol, WOTE, HE TNV
napePBoAn evog otadiou TAUTOXPOVOU Mpoadiopiohol Twv CTLS nou OTpE@ovTal €vavTi
noAAanAwv nenTidiwv, va eNITUYXAveTal, Je Tnv idia akpiBeia, onuavTikr OIKOVOWia XpOvou

Kadl UAIKOV.

EidikOTEPA, apiBUOG nepipepikwv PBMCs Twv unod HEAETN aTOPwy, OTOV 0noio
avaAoyoloav 2-5 x10% CD8* T-kUTTapa, diaxwpifovrav kal unoBaAAovrav o€ TQUTOXPOVEC
MLPCs. O apiOudéc Twv MLPCs ATav TEToloG (TouAdxiotov 200), woTe, WE Baon Tnv
napandvw ava@epoUeVn GUXVOTNTA TWV AVTIOTOIXWV KAOVWYV 0TOUC aoBeVeic he HeEAdvwua
(=4 x107 Twv NepIPepIKWV CD8* T-KUTTAPWYV), va UNApXel N mBavoTnTa Yid TOUAAXIOTOV
and auTec va esivalr BeTikr), dnAadn ot pia TOUAAXIOTOV anod auTeéG va avantuxBei €vac

€101kd6¢ CTL-kAwvoG. H avaliTnon BGeTikwv MLPCs yivoTav PeE Tn Xprnon KUTTAPOMETPIAG
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pong kalr Twv avTioToixwv HLA-noAupepwv. Enionuaiverar 6T To {nToUMeEvo anod Tnv
KUTTAPOMETPIKA avdaAuon eival n dIdkpion Twv apvnTIKOV ano TIG BeTikeEG MLPCs kal o
npoadIopIoUOC Tou apiBuoU TwV TEAEUTAIWV, aveEdpThTWC Tou apiBuoU Twv CTLs nou
avantuooovTal os KaBes BeTikn MLPC. Kal ToUTO, €N€Id N NpayuaTikn ouxvoTnTa Twv CTL-
KAOVWV unoAoyi{0Tav, OTn OUVEXEId, ME BAON TNV KATAVOMWN TWV ONAViWV (PAIVOUEVWV
KaTa Poisson [148]. H avaAuTikh nepiypa®n TnG HEBOJOAOYIKNG NPOCEYYIONG Mou

akoAouBnenke, £xel WG akoAoUBwC.

3.9.1 MIKTH AEM®OKYTTAPIKH KAAAIEPTEIA (MLPCs)

PBMCs og ouykévTpwon 107 kuttapa/mL o€ 8penTikd UAIKO IDc, EUNAOUTIOUEVO WE
1% HS, unoBdAovTav oc XwpIoTEC dleyEpaelc (60 AenTa oe Bepuokpacia dwuaTiou) Pe 20
Mg/mL kaBevog anod Ta nenTidia eAfyxou, KaBwg We Tnv idla MogoTNTA TOU avTiOTOIXOU
nenTidiou-yaptupa. MNa kABe ATOUO TNG MEAETNG, XpnoigonoloUvrav povo Ta nenTidia
(eAéyxou kal papTupa) nou avTigTolxouoav oTo HLA-avTiyovo nou g&€ppale. AkoAouBouase
nAUon kar avapiEn Twv Jleyepuevwy e Ta EexwploTa nenTidla eAéyxou PBMCs. To
KUTTAPIKO MiyHa KaTavéPovTav oc QPedTia NAAKaAc HIKpokaAAlepyeiwv 96 @peaTtiov (ava
PpeaTio: 2 x10° kUTTapa og 0,2 mL Iscove’s ye 10% HS, 20 U/mL IL-2, 10 ng/mL IL-4 kal
10 ng/mL IL-7). Z€ 3IQQOPETIKA PPEATIA KAl PE Tov idlo TpoNo yivoTav ol MLPCs, yia Tn
dléyepon Twv onoiwv XpnoigonoloUvTav Ta nenTidla-pgapTupec. Tnv 7n HEépa yivoTav
eNavadIEyePOn TWV UIKPOKAAANIEPYEI®V PE TN XPRON avTlyovonapouciaoTikoU GUOTAUATOG,
To onoio anoTeA&iTo and EBV B-kUTTapa nou eE€ppadlav To avTioToixo HLA-avTiydovo kal Ta
onoia sixav npoenwaaoTei EEXxwpIoTA Pe KaBEva ano Ta NenTidia nou XpnoigonoloUvTav KaTtd
TNV apxikn dieyepon Twv PBMCs. lMa Tn diEyepon auTth Twv €EalAaypévwv B-kuTTdpwv
XpnoigonoiouvTtav ol idlEG ONWG KAl nNapanavw ouvenkeg dléyepong Twv PBMCs. Tn 14n
MEPA Twv MLPC yivoTav avixveuon Twv €1dikwv CTLS nou nepiexovTav o KABe QpedTio
HETA ano orpavon Ye Ta avTioToiXa HLA-NoAUUEPN Kal Ye Tn Bonbsia KUTTAPONETPIAG porC
0€ KUTTApOMETPNTr FC500 Beckman-Coulter, o onoiog 31€0eTe dUO nnyec Laser (488 kal
633 nm). H onuavon yivoTav Pe Tautoxpovn npoagBrkn (30 Aentd, 37 °C) ot kaBe ppedTio
OAWV TwV HLA-NoAupepwv (EAEyXoU Kal JapTUpwV) Nou avTioTolxouoav ota HLA-avTiyova
KGBe aTopou, Ot TEAIKN OUYKEVTpwON 5 nM Bapiov aAucidwv and To kabeva. ZTIC
NEPINTWOEIC TWV ATOMWV nou e€eppalav ouvduaououc HLA-avTIyOvVwV, TO MNEPIEXOUEVO
kGBe @peaTiou OlAIpEiTO O avaAoyd MEpPN Kal yivoTav XwpioTa n npoodnkn Twv
avTioToixwVv HLA-noAupepwv. AkoAouBolos npocBAkn avTi-CD8 FITC-avTiowpaToc,

enwaaon (30 AenTd, 37 °C), NAUonN Kal Jovigonoinan Pe 0,5% @opuaAdsidn (Eikova 18).

72

Institutional Repository - Library & Information Centre - University of Thessaly
26/05/2024 05:54:35 EEST - 18.225.54.200



EIKONA 18: Ixnuariki napacracn Tng pebodoAoyiag nou akoAouBnBnke yia Tov npoadiopiopd Tng
ouxvoTNTag TWV €101IKwV pCTLs.
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3.9.2 KYTTAPOMETPIKH ANAAYZH

H kuTTapopeTpikn avaAuon akoAouBoUos Ta nNapakaTw PrpaTta. Kart apxnv, HE TN
xpnon Tou okedaoTikoU napdbupou, avayvwpifovrav Ta {wvta AgPQoOKUTTApPA, OTNV
neploxr (gate) Twv onoiwv yivoTav n napanépa avaiuon (Eikova 19A). Mpokeiyévou va
a&lohoynBolv 0Ol NPOTEIVOUEVEG PBEATIWOEIC €Ni TOU KAAOIKOU  KUTTAPOMETPIKOU
npoodiopiopol TwV €IdIK®WV T-KUTTApwVv, apxika yivoTav avixveuon Twv BeTIKWV yia Ta PE-
HLA-noAupepny PeTa&U Tou cuvolou Twv CD8* kuttapwv (Eikdva 19B). Me auth Tnv
npooeyylion, OMWG, avdueoa oTa €8Ik evavrl Twv nenTidiov  eAéyxou CTLs,
ouvunoAoyifovTtal onuata auTtopBopiopol, kabwc kai aAAa CD8* kUTTapa, Pe Ta onoia
Mnopouv va ouvdéovTal Ta HLA-NoAUPEpPH, 0nwg n.X. Ta NK-kUTTapa nou oguvdgovTadl JE Ta
HLA-noAupepny pMéow Twv unodoxéwv KIR. Ta Tov anokAEiopd Twv onuaTwv
auto@BopiopyoU and TIC METPAOEIC, TA GCUVOAIKG CD8* onuata Tou nponyoUUEVOoU
npoadiopioyolU avaAuovTav ¢ NpPoc TO OnuUa EKMOMMAG Tou PE, pe To onoio eival
onuaocpéva Ta HLA-NOAUMEPN, KAl TO ONMA €KMNOMMNG €vOG AAAOU (PBOPIOXPWHATOC MOoU
gival 1o 010 oxedOV Ue ekeivo Tou PE, oTav dieyeipeTal ano tnv idia nnyr Laser, aAAd UE TO
ornoio ora neipduaTtd pag Ogv yivoTav kKapid onuavon (adeio kavdaAl). ZTIC METPROEIC HAG
XPNOILOMOIEITO TO ONHUA €KNOMNNG Tou PE (—620 nm), Nou CUAAEYETAl anod To KavaAl FL3
TOU OUYKEKPINEVOU opydvou. MoOvo Ta apvnTika yia To adeio KavaAl onuarta BswpouvTtav
CD8* kuttapa (Eikdova 196). ZTn OUvexeld, Yyid TOV dAMOKAEIOUHO Twv N €dika
ouvOeoUeEVWY HE Ta HLA-noAupepry KuTTdpwv, autd Ta TeAeutaia CD8* kUTTApa
avaAuovTav €vavTl Tou HiyhaTog Twv PE-HLA-NoAUpEpwV Kal evOoG APC-HLA-NMOAUPEPOUG-
papTupa, Tou idlou HLA-popiou (Eikova 19A). Ta onuarta, nou CUVENINTAV JE TN diaywvio

TOU aVTIOTOIXOU OTIKTOYPAUMATOG, AnOKAEIOTIKAV wC apvnTIKA.

STIC NEPINTWOEIC NouU, YE TNV napanavw diadikaoia, o Wia ) nNeEpPIcoOTEPEG MLPCs
avixvevovrtav €10k CD8* T-kUTTapd, OeTIKG yia TO Hiyda Twv PE-HLA-NOAUMEP®WV, N
KUTTApOMETPIKA avaAuon enavaiauBavoTtav, yia Kabeyid and auTeg, YUE Th Xpron Kabe PE-
HLA-NoAuPEPOUG XWPIOTA, WOTE vad NpoadlopioTouv ol MLPCs nou nTav BeTIKEC yia KAOeg
OUYKEKPIMEVO NENTIDI0. I OAEC TIC NEPINTWOEIC, unoAoyiloTav n PeEon €vraon (gOopiouoU

(MFI) Twv BeTIK®V YIa To HLA-NOAUMEPEC €10IKwWV CD8* T-KUTTAPWV.
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EIKONA 19. KUTTapOUETPIKOC NPOCdIOPIoHOC TwV EIBIKWV EvavTl Twv und éAeyxo nenTidiwv CTLs pe Tn xpnon HLA-noAupepwv

Ta diaypdppaTta avagEpovTal oTnV KUTTAPOUETPIKN avdAuon nou npaypaTonoinénke o€ TECOEPIG dIAPOPETIKEG MLPCs (1-4). A. Mpoadiopiopog TNG NEPIOXNG
(gate) Twv {OVTWV AEJQOKUTTApwV. B. Mpoadiopiopog CD8*/HLA-noAupepect nAnBuopol. Me auTd Tov TpoOMo, yia napddesiyya otnv MLPC 1, o nAnBuouog
TWV HLA-NOAUHEPECT KUTTAPWV NpoadiopileTal 0To 2,9% TOU GUVOAOU TwV CD8* kuTTapwv. . AnokA&iondg auto®Bopiopol. A. MpoadiopiGHOC KUTTAPWY Mou

dev ouvOEoVTal PE TO N EIBIKO NOAUMEPEG. 7S



Mo ouykekpihgéva, Ta HLA noAupepn nTav oxediaoueva va avixvelouv Povo €1dikouc,
gvavTl nenTidiwv TnG aapPiBivng kai TnG TeAopepaoncg, CD8 T-kuTTapikoUG NANBUoPoUg nou
evOEXOMEVWG VA UMAPXAv OTIG uno e€€taon MLPCs. O nAnBuopoi autoi onuavenkav €1dika
ME To avTioToixo HLA noAupepec ((Eikova 20B kal 20E) kal Oxl JE PN €101KO MOAUMEPEC
Tou 10iou PBwploxpwHATog (d1aPopeTIKO NenTidio, 00 POBwpIdXpwua) (Eikdva 206 kai
202). >uvenwc, o MLPCs nou dev evronioTnkav BeTikoi mAnBuouoi dev napartnpndnke
onuavaon Pe Ta avrioToixa noAupepn (apvnTikeG MLPCs) (Eikova 20A kail 20A).

ApvnTikr MLPC, GeTiki MLPC, @eTikn MLPC,
Xpwon pe e1d1ko yia To xpwon pe 181ko yia To XpWwon He pn-181ko yia To
- nenTidlo NOAUPEPEC PE nenTidio noAupepég PE nenTidlo noAupepec PE
A B i

EIKONA 20. KUTTapouETPIKOG NpoadiopIopog TV EIDIKWV EvavT TwV und €Aeyxo nenTidiwv CTLs.

Ta oTikToypdupata A—Z avagépovTal o€ MLPCs €neita ano onuavon e Surv.A2-PE, hTERT.A2-PE, MAGE3.A2
Kal gevog APC-HLA-noAupepoUc-uaptupa (EBV nentidio). A: ApvnTikn MLPC yia To noAupepEg Tng oapBipivng
(Surv.A2-PE). B: OgTikn MLPC WG npog To Surv.A2-PE NoAUpepEG (0 OETIKOG MANBUCUOG €VTOMIOTNKE OE HN-
OXETICOMEVO WE TNV nAikia uyi 80Tn, o onoiog dev CUUNEPIAAPONKE oTnVv opdda Twv WapTUpwV auTtng TNng
MEAETNG). T: ZTnv idia BeTikA MLPC Tou OTIKTOYPAUMATOG B, npocB£dnke un-€1dikd noAupepes (MAGE3.A2-PE).
A: ApvnTikry MLPC yia To noAupepég Tng Tehopepaong (hTERT.A2-PE). E: OeTikOG NANBUOHOG wG Mpog TO
hTERT.A2-PE noAUMEPEG. Z: ZTov BeTIKO NANBUCHO TOU OTIKTOYPAUUaTog E, npooBébnke pn-e1dikd MOAUMEPEG
(MAGE3.A2-PE).
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3.9.3 MPOZAIOPIZMOZ THZ NMPArMATIKHZ SYXNOTHTAZ EIAIKQN KYTTAPOAYTIKQN KAQNQN
Me Bdon Tov apiBuod Twv MLPCs, nou aveupiokovtav OeTIKEC yia €10IkaG CTLs,
unoAoyiZdéTav o NpaypaTikog apiBuoc Twv €vavTl KABe nenTidiou KUKAOPOPOUVTWV EIOIKMV

CTLs, oUu@wva Pe TNV Katavoun Poisson [147], w¢ akoAoUBwC:
P(x; m) = (™ (m®) / x!

onou e eival n BAaon TwvV QUOIKOV Aoyapibuwv (nepinou 2,71828), m &ival 0 HECSOC
napaTtnpoupevoc apiBuoc CTLs (OnAadn, OeTikwv MLPCs), X €ival 0 avauevOodevog
(NpayuaTikoG) apiduoc BeTikwv MLPCs kal P(x; m) e€ival n akpiBi¢ mbavortnta va

unapyouv x CTLs, 0Tav o napatnpoUpevog aplBuoc BeTikwv MLPCs sival m.

3.10 KaAAigpyeila kai avantugn CD8 T ypapH®V

Qc CD8 T ypauun ava@epeTal €vac JIKTOG NANBUONOG KUTTApWVY nou nepiAappBavel Ta
€101kd yia To nenTidio KUTTApPA, Padi ge dAAoug nAnbucopoug, 6nwg CD4* T kUTTApa, CD8* T
KUTTapa aiAng €idikotntag, NK kuUTtTapa, k.d. (Eikova 21A). Zkondg Tng KaAAlEpyelag
auTAc ATav n diaTrpnon Kal o noAAanAaciacpog Tou €1dikoU CD8 T kuTTapikoU nAnBucpou
MOvo. a ToO OKOMO auTO Ol KUTTAPIKEC YPAWMEG Mou npoékunTav ano Tnv diadikaoia Tou
MLPC enavadieyeipovrav He To €I0IKO NenTiIOI0O nNapoucdia OAWV TwV Napayovtwv nou

guvooUvV TNV avanTtu&én Twv CD8 T KUTTAPWV.

985% B

CD8-FITC
CDS8-FITC

MoAupepéc-PE MoAupepeg-PE

EIKONA 21: Aneikdévnon €i13IkA¢ CD8 T ypauung kai €1d1koU CD8 T kKAwvou

A. CD8 T ypapun sivar évag pIKTOG nNANBuopdg KUTTApwv nou nepiAapBavel Tov €181KO yia To MeNTiOI0
nAnBuopod, padi pe dAAoug nAnBuopolg 6nwg CD4*, NK, devdpiTikd KUTTAPA K.d., B. CD8 T kA®VvOG €ival povo
0 €101kOG yia To NeNTISI0 KUTTAPIKOC NANBUCKOG, OV UNAPXOUV AAAOI KUTTApIKoi MANBUGCOI.

Mo avaAuTikd, ol YPauPEG XpnalgonoloUvTav €iTe anguBeiag and Tnv KaAAIEpyEla Tou
MLPC, Tnv nuépa 14, eite &&naywvovtav and To uypd alwTto pe Tn diadikacia nou
neplypa®nKe napandvw. Ta kKUTTapa PETpoUvVTaAv KAl TonoBeTolvTav o€ PPeATia avaioya
ME Tov apiBuo Toug (4-6 x10° kUTTapa/M24 @pedaTio ) 1.5-3 x10° kUTTapa/ M48 QPpPEedATio).

3TN ouveéxela anowuxovTav Ta akTIvoBoAnuéva KUTTApa nou xpnoigonoioUvrav wg APC.
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3TIC KAAAIEPYEIEC QUTEC XpnaoldonoloUvTtav dUO CUCTNAHATA avTiyovonapouaiaong, evaAAag
o€ kGBe KUKAO evepyonoinong: akTivoBoAnuéva Kapkivika KUTTapa rp akTivoBoAnuéva EBV
B MeTaoxnuaTiogéva kUTTapa kataAAnAou HLA. Ta kUTTapa OJIEyEPTEC METpoUvVTAV KAl
TonoBeToUvTav ot @IaAidla 15 mL otg 1% HS-IDc e MEYIOTN OUYKEVTPWON 6x10°
kUTTapa/mL. AkoAouBouoe n npooBnikn Tou €1dIkoU NENTIOIOU PE OUYKEVTPpWON 20 pg/mL
Kal enwaocn yia 60 AenTta oc Bepuokpacia dwpaTiou (22 °C). Ta kUTTapa avadsvovTav Kade
15 AenTd. Me TO NEPAC TNG enwaong Ta KUTTapa JIeyEPTEC EavapeTpoUvTav Kal EMAEYOTAV
0 KATAAANAOC apIBuOG KUTTAPWY Yia TNV KaAAiEpyeia (10-20 x10* kUTTapa/M24 @pPedTIio N
0.5-1 x10* kUTTapa/M48). AkoAouBouoe nAuon (400 g, 6 AenTd, 21°C), enavadidAucon o€
BpenTikO pNECO 10%HS-1Dc Kal Npoodnkn KUTTapokivwv (40 U/mL IL-2, 20 ng/mL IL-4, 20
ng/mL IL-7 kal 200 yM 1MW). TéAog, Ta KUTTapa OIEYEPTEG NPOCOBETOVTAV OTNV KUTTAPIKN

YPAUMNA Kal Ta maTa TonoBsTouvTtav o BaAapo enwaong (37 °C, 8% CO2) (Eikova 22A).

Tnv 3" kal 5" nuEpa PETA TN JIEyEPON YIVOTAV avTikataoracn Tou 50% Tou BpenTikoU
MEoOUu pE VvEO (10% HS-IDc pe 20 U/mL IL-2 kal 100 pM 1MW) 1 kai digipeon Twv
MIKpOKAAAIEPYEIWV avaAoya PE TNV avanTtuén Twv kKutTapwv (Eikova 22B). Tnv 7" nuépa
OUAAEyovVTaV Hia PIKPR MogoTNTa KUTTAPWVY KAl NpayuaTonolouvTav Xpwaon Ke To €101kO Kal
ME MN €101kd MHC-NoAUNEPEC via va dianioTwBei To NocooTo Tou £10IKoU NMANBuUopoU oTnv
KaAAIEPYEIQ. TN OUVEXEID Ol KUTTAPIKEC YPAMMEG OUAAEyovTav, MEeTpoUVTAV Kal EiTE
nayovovrtav (2-6 x108 kuTTapa/@iaAidio) iTe xpnaoigonoloUvTav yia NePeTAipw avaAuoslg,
OnwG 0 QAivoTuMIKOG XapakTNpIoHOC Kal n anopovwaon Twv CD8 T KUTTAPIKWV KAOVWV
(Eikova 22I).

Hpépa 14 Huépa 14
Hpépa 14
Xpwan pe noAupepécg PE
NANANANN B + KUTTGPOKIVEG

—— Bk noiupepéc PE

Hpépeg 17 & 19

Hpépec 17 & 19
B AhAayn 50% ©penTikoU uAikou
n/ kai digipean KUTTApwv
+ KUTTApPOKIVEG
Hupépa 21 Hpépa 21
Hpépa 21
- Xpwan pe noAupepécg PE
r 5]
YN YN t Xapaktnpiopog

EIKONA 22: >xnuaTikrh aneikdovnon TnG KaAAIEPYEIAG PIAG KUTTAPIKNG YPAHUMNG, KAl KUTTAPOMUETPIKN
avaiuon Tou €181koU yia To NoAUHEPEG CD8 nAnBucouoU TIG NUEPES 14 Kal 21 TNG AEUPOKUTTAPIKNAG
KaAAIEpyEIQG.
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3.11 Anopgovwon CD8 KAWvVwvV

O1 €101koi CTL KA@VOI anopovwvovTav ano To YEVIKOTEPO NANBUONO TNG KAAAIEPYEIAG
(Eikova 21A) pe payvnTiko diaxwpIoPOo Kal oTn OUVEXEId KAAAIEpyouvTav und ouvenkeg
(pBivouoac OUYKEVTPpWONG. Me Tov payvnTikd diaXwpiopyo eniTuyXaverar auénon TNng
kaBapdTNTag Tou NANBUCHOU eMIAEYOVTAG AVTIOWHUATA £vavTi €I0IKWV, YIAd TOV GUYKEKPINEVO
NANBUOPO, empavelakwy Hopiwv. Ta enMIAEyUEva avTiowuaTa BpiokovTrdl ouvdedeuéva HeE
MayvnTIka PIKpoowpaTidla kal JeE auTod Tov Tpdno pnopolv va diaxwpioouv Ta KUTTApA o€
OUo nAnBuopouc: oTtov BeTIkKO NANBUOPO yia To O&ikTn MOU OUVOEETAl OTOUC HAYVNATEC
(BeTIkO KAGOPA) Kal oTov apvnTIKO NANBUGHO nou dev oUVOEETAl OTOUG HayvnTEG (apvnTiko
kAaopa). MNa Tnv anopovwon Twv CD8 T KUTTAPIK®V KA®VWY TO MO £10IKO €NIPAVEIAKO
HOplo gival o TCR Kdl KAT €MEKTACN TO KATAAANAOTEPO avTiowpa yia va ouvdeBei e Toug
MayvnTeg gival To avTioToixo HLA-noAupepec (Eikova 23 kal 24).

Apxikd, ol CD8 T KUTTApPIKEC YPANKEG anoyuxovTay, €iTe UAAEYovTav ansudeiag ano
TNV KaAAIEpyela. AkoAouBoUoe KAAAIEPYEID TWV KUTTAPIKOV YPAUU®V Yia Wia gBdopada,
woTe va auénbei o apiBudg Touc NR/Kal To nNocooTd Tou OeTikoU nAnBuouol oTnv
kKaAAliEpyela. Tnv 7" nuépa yivoTav Xpwon Pe HLA-noAupepéC kal oTav eniBefaiwvoTav n
napouadia Tou BOeTikoU NAnBuopoU akoAouBolUoe payvnTikoG dlaXwpIopoG. Ta kUTTapa
OUAEyovTav 0O OwAnvapio 15 mL kal  @uyokevTpouvtav (400 g, 6 AenTa).
EnavadiaAUovTav og 0.2 mL diaAUpaTog xpwong (didAupa PBS pe 1% avBpwnivo opd) Kdal
akohouBoUae xpwaon Pe To HLA-NoAupEPEC yia 20 AenTd oToug 37 °C Kal OTn CUVEXEIA WE
avTiowpa avTi-CD32 ge avahoyia 1/10 yia 15 AenTtd oe Beppokpacia dwuaTtiou. MeTa Tnv
enwaaon, Ta KUTTapa @uyokevTpoUuvTav (400 g, 6 Aentd) o OdidAupa Xpwongc,
enavadightovrav o 1 mL OlgAUpaTog diaXwpIoPoU Kal METAPEPOVTAV O OWANvApida
noAuagTupeviou 5 mL. Ta owAnvapia PYETAPEPOVTAV OTN CUOKEUN dlaxwplohou ROBOSEP™
Kal npayuartonololvTav o JlaXwpIoPoc akoAouBwvTag TIC odnyiec Tou KATAOKEUAOTH. Mg

TNV oAoKANpwon Tou OdlaxwplogoU npooBeTovrav pia noodtnta (—1-2 mL) nARpoucg

MayvnTIKO
MikpoowpuaTidlo

avTi-PE

EIKONA 23: MayvnTikO WIKpoowHaTidlo ouvdedepévo e avTiowpa avTi-PE, nou Ba evwBei pe To
avTioToIXo POWPIOXPWHA TOU NOAUHEPOUG, KAl KAT' EMEKTACN HUE TO £101k6 CD8 KUTTApPO.
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BpenTikoU pEOOU, APOU MPWTA KATAypd@ovTav ol Oykol Tou BeTikoU Kkal apvnTikou
KAGONATOG, Kal npayuaronoiouvTav PETPNON TwV KUTTAPWV Ot KABe kAdopa. 'Eva pikpo
NnogooTo TwV KUTTapwv (20,000-100,000 kUTTApA) ano kabe kAadoua xpnoigonololvTav yia
TNV EKTINNON TNG KaBapoTNTAg Tou dsiyyaTog Ye Xpwaon HUe HLA-noAupepr (Eikova 24). To
apvnTikd KAGOpa naywvovtav, &V To BeTIKO KAAopa xpnolgonoloUvTav yid Tnv

KaAAIEpyela uno ouvBnRKeC PBivouoag OCUYKEVTPWONG.

ApX1kOG NMANOUOHOG

—————— (D8

—— Ei81k0 noAupepég PE

MayvnTikog
dlaxwpiopog

OceTik0 KAdopa ApvnTiko KAaopa

4% 91% 17.6% | 59%

—> (D8
—> (D8

——— E101kd noAupepeg PE ——— E101kO noAupepeg PE

EIKONA 24: AVTINPOOWMEUTIKA €IKOvVa KUTTAPOUETPIKAG avaAuong Tou BeTikoU Kal apvnTikou
KAGONATOC, €NEITA ANO PayvnTIKO dIaXwWPIoKO HE TNV Xpron Tou €1dikoU NoAupepoUG.
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O 0OeTikd eniAeypévog nANBuopOg @uyokevTpolUvTav (400 g, 6 AenTd) Kal
enavadiaAvovTav o kaTtdAAnAo oyko 10 %HS-IDc woTe va Bpebei oe ouykEvTpwon 1 x10°8
kUTTapa/mL (Eikova 25A). AkohouBouaoav 01adoXIKEG apdlWoEIC Kal ol apaiwoelg 10-0.1
KUTTapa/PppeaTio TONoBeTOUVTAV O MAAGKEG MIKPOKAAAIEPYEIAC 96 PPEATIWV. ZTIC MAAKEC
auTeg npooBeTovTav 20 x10° EBV kUTTapa/ppedtio wg APC PETG and enwacn PE To €101KO
nenTidlo kal 1 x10%° PBMCs/@ppedTio w¢ KUTTApa Tpogpoi o€ BpenTikd péco 10% HS-IDc pe
100 U/mL IL-2, 10 ng/mL IL-4, 10 ng/mL IL-7 kal 100uM 1MW (Eikova 25B). O1 nAdkeg
TonoBeToUvTav yia pia €Bdopada oe Bailapo enwaonc (37 °C, 8% CO2). Ta kUTTapa
enavadieyeipovray TNV 7" nUEPA HE TIC I0IEG AVAAOYIEC KUTTAPWV KAl KUTTAPOKIVWOV
(Eikova 25IN). Ano Tnv 9" YExpl Kal TNV 14" nuépa eAéyxovTav Kadnuepiva To Xpwua Tou
BpenTikoU PEOOU Kal To HEYEBOG Tou ICNUATOC OTIC NAGKEC MIKPOKAAAIEpyelag. 'OTav
napatnpouTav avanTtu&n KUTTapwv Ta KUTTapa JETAPEPOVTAV O MEyaAUTepa gpeaTia (M48
well, Corning) pe 100 U/mL IL-2 kal 100 yM 1MW. AkoAouBouaoe Xpwaon Pe HLA-NOAUMEPN
Kal €QOOoV avixveuovtav BeTIKOC yia To HLA-noAupepec nAnBuoudc >90% Ta KUTTApPA
enavadieyeipovTav yia pia €Bdopada, XpnolgonoliwvTac auTn Tn ¢opd Kapkivika KUTTapa
oav APC kal EBV kuUTTapa cav kUTTapa Tpopoug pe 100 U/mL IL-2, 10 ng/mL IL-4, 10
ng/mL IL-7 kai 100 uyM 1MW (Eikova 25A). Tnv 37 péxpl kAl Tnv 57 nuépa WETA TN
dléyepon npayuartonoioUvTav aAAayr Tou BpenTikoU péoou n/kal d1aipeon TwV KUTTAPWY O€
véa @pedTia. Tnv 7" nuépa enavaiaufavorav n Xpwon Pe MHC-noAupepr kai pogov
enaAnBsudTtav n Unap&n kabapou nAnBuopol Ta kUTTApa naywvoviav w¢ CD8 T
KUTTApPOAUTIKOG KAwvog (2-6 x10% kuUTTapa/@iaAidio) n enavadieysipovrav yia va

xpnoipgonoin®ouUv yia NEPAITEPW AVAAUOT.

3.12 KaAAiépyeia CD8 T KAwvwv

Qc CD8 T KUTTAPOAUTIKOC KAWVOG ava@éperal o nANBUOPOC KUTTAPWV MNouU EXEl
npogABel anod éva apxikd CD8 T €10IkO KUTTAPO, WG €K TOUTOU QEPEI TA idla HOPPOAOYIKA
Kal QaivoTunika XapakTnpioTikd. ZKonog TnG KAAAIEPYEIAG auTng ATav n diaTnpnon kai o

noAAanAaciaocpog Twv CTLs, woTE va Xpnoigonoinbouyv yia nepairepw QApPoyEG.

MNa Tnv kaAAiEpyela Twv KAWvwv Ta KUTTApa HETpouvTav Kal TonoBsTtouvrav o€
PppeaTia avaioya e Tov apiOuo Toug (—0.6 x10% kUTTapa/M24 @pedTio). ZTN OUVEXEIA
anoyuxovTav Ta akTivoBoAnuéva kUTTapa nou XpnoigonoloUvTav w¢ APC kal kUTTapa
TPOPOI. ZTIC KAAAIEPYEIEG AUTEC XpnolgonoloUvTav dUO CUCTRAPATA avTiyovo-napouaiaong,
evaAAdg oe kABe kKUKAO evepyonoinong: akTIVOBOANMEVA KAPKIVIKA KUTTApa KATAAAnAou
HLA (APC) ot ouvduaouo pe EBV B kUTTapa doxetou HLA ocav kUTTapa Tpogoi n
akTivoBoAnuéva EBV B kUTTapa kataAAnAou HLA os ouvduaouo Pe akTivoBoAnuéva PBMCs
aoxeTou HLA oav kUTTapa Tpogoi. Ta KUTTapa dieyEPTeC peTpolvTav Kal TonoBeToUvTayv o€

@I1aAidia 15 mL og 1%HS-1Dc Ye PEYIOTN OUYKEVTPWON 6 x10% kUTTapa/mL. AkoAouBouoe n
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: Huépa 0

Mayvnmikog Alaxwpiopdg - AladoXIKEG apaiDOEIg _ ' Aigyepon pe nenTidio: kaAMigpyeia o€ nAdkeg kaAhiépyeiag 96 gppeaTtiov

| \

» EiBikd noAupepég PE 150p 1.5ml 1.5ml 1.5ml 1.5mi

r ;A
i Hpépa 9-14 Hpépa 15

Huepa 7 i
i 2 Emdoyi KA@vwv T MeTa@opd of peyaAUTepa @peamia - Xp@on pe To £13ikd noAupepis

Enavadigyepon

0000606000000

EIKONA 25: Brjpata anopovwong KUTTAPOAUTIKOV KAOV®V.

A. Tnv nuépa 0 npayuaTtonoloUvTal d1adoXIKEG apalwaelC Tou BeTIKOU kKAdopaTog (apaiwaosig and 10000 kutTapa/ml péxpl 1 kutTapo/ml B. O1 apaiwaosig 100
kUTTapa/ml pgxpr 1 kUTTapo/ml TonoBeToUvTav o NAAKEG KAAAIEpyelag 96 gpeaTinv (NAAkeg 3-5). Tnv idia pépa akoAouBnoe JIEyepon TWV KUTTAPWY HE TO
€101k6 nenTidlo napoucdia avTiyovonapoudiaoTIK®V KUTTAPWY Kal KUTTAPWV TPOPWV, Kal KuTTapokivwv F. Ta KUTTapa enwdoTtnkav yia pia gRdoupdada kal
enavadieyépOnkav Tnv nuépa 7 und TIG idlec ouvonkes. A KUTTapa e uwnAo noAAanAaciacpd, PeTa@EépBnkav os PeyaAUTepa @pedTia kal €EeTA0TNKAV WG
npog Tnv Unapgn €i16ikou nAnBuopol. Ta eniheypéva kUTTApa nTav CD8*/noAupepégt (1), HikToi NAnBuopoi Twv kuTTapwv (11), f CD8*/noAupepeg (111), kai
CD8/noAupepeg nAnBuaopoi (1V). Movo ol CD8*/noAupspect nAnBuaopoi (1) emAgyovTal yia enavadieyepon Kal avaiuon.



npooBnkn Tou €10IkoU NenTIdiou PE OUYKEVTpWON 20 ug/mL kal enwacn yia 60 Aentd ot
Bepuokpacia dwuaTiou. Ta kUTTapa avadelovtav kKabe 15 AenTtd. Mg To NéPAg TNG ENWACNG
Ta KUTTApa OIEYEPTEC EaVANETpOUVTAV Kal EMIAEYOTAV O KATAAANAOC apIBudC KUTTAPpWYV Yid
TNV KaAAigpyela (10-20 x10* APC/M24 @pedtio kai 0.5-1 x108 kutTapa Tpo@goi/M24
@ppedTio). AkoAouBouaoe nAuon (400 g, 6 AenTd, 21 °C), snavadidAuon ot BpenTIKO PETO
10% HS-IDc kal npooBnikn KUTTAPOKIVWV. TEAOG, Ta KUTTApA JIEYEPTEG NPOCBETOVTAV OTA

(ppeaATIa Kal Ta niarta TonoBeTouvTav o BaAapo enwaong (37 °C, 5% CO2).

Tnv 3" kal 5" nuépa PETA Tn JIEyEPON YIVOTAV avTIKATAOTAON ToU 50% Tou BpenTikoU
HEOOU ME vEo (10% HS-IDc pe 50 U/mL IL-2 kar 100 gM 1MW) 1 kar didipeon Twv
KUTTApWV OE VEA PPEeATIa avaloya PE TNV avanTtu€n Touc. Tnv 7" nuUEpa ouAAeyoTav pia
MIKPr NoooTNTa KUTTAPWV Kal NpayhartonolouvTav Xpwon ME To €18IkO Kal PE pn €101KO
MHC-noAupepEG yia va enaAnBeubei n napouadia Tou kAwvou (EIkOva 26). >Tn CUVEXEID Ta
KUTTapa GUAAEyovTav, PETpoUVTAV Kal €iTE naywvovTtav (2-6 x10° kUTTapa/piaAidio) &iTe

XPNOILOMNOoIoUVTAV YIa TO AEITOUPYIKO KAl (pAIvOTUMNIKO XapakTnpIoHo.

Hpépa 0 Hpépa O

Hugpa 0
4-6 x 10° kUTTapa/M24 @pedTio
Migyepon pe akmivoPBoAnuéva
avTIyovonapouoiaoTika &

. k KUTTapa Tpo@oug
20 pg/ml nenTidio, 60'
10% HS-IDc, IL-2 (100 U/ml)

3 989% IL-4 (20 ng/ml), IL-7 (20 ng/ml)

1MW (200 mM)

nohupepés ehéyxou

—_— Elﬁn(é NoAULEPEG Hpgpa 3 & 5
Hpépa 3 & 5

Huépa 7 AAAayr) 50% BpenTikol pécou

IL-2 (50 U/ml), 1MW (100mM)
1 dinipeon

EIKONA 26: KaAAiépyela Twv CTL Kal KUTTAPOMETPIKR avAAuon META ano xpwon HE &€IdIKO

NOAUUEPEG KAl MOAUPEPEG EAEYXOU.

Huyépa 7

Kpwon Ue nohupepn

MeTpnon

989% 1 x 10° kOTTapa wc itnpa
AEITOUPYIKOC XAPAKTNPIOUSE
DavoTUMIKOG XUpakTnpIopog
Naywpa T KUTTApIKLY KADVOY

nohupepéq eAéyyou

————» adikd nohupepég
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3.13 AvdaAuon Tou £101koU unodoxéa Twv CD8 T KAWVwWV

H avaAuon Tou TCR Twv CD8 T KUTTAPIKOV KA®OVWV MNPAYyUATONOINONKE ME

KUTTAPOMETPIa pon¢ kai Je PCR.

3.13.1  EKXYAIZH RNA KAI ZYNOEzZH CDNA

H ekxUAlon RNA yivoTav he Tn Xpnon TRI, Adyw Tou HIKpoU apiBuoU Twv KUTTApwWV
nou nATav diabeaiya. Ta deiypata anoBnkeltovTtav oTtoug -80 °C ge pop®n ILAKNATOG. MOAIG
anoyuxovtav TonoBeTtouvrtav aneubeiagc oe TRl (5-10 x 108 «kUTTapa/mL) Kai
opoyevonoloUvVTav HE I0XUPH avakivnon Tou owAnvapiou yia 20 OeUTEPOAENTA Kal
g€l0aywyrn Tou OJeiynatoCc 5 (PopEC MEoa ano ouplyya 21G. To UAIkO enwaldtav os
Bepuokpacia dwuaTiou yia 5 AenTa kal akoAouBouoe puyokevTpnon (12000 g, 10 AenTd, 4
°C). To UnNEPKEIYEVO PETAPEPOTAV O VEO OWANVAPIO KAl akoAouBoUoe npoodnkn 100 pL
xAwpogoppiou. Ta dsiyuaTa avakivouvTav PJe avaoTpoPrn Tou owAnvapiou, enwalovrav o€
RT vyia 8 AenTd kal uyokevTpoUvTav (12000 g, 10 Aentd, 4 °C). H uddaTivn ¢aon
METAQePOTAV HME MPOOOXN O VEa owAnvdapid Kdl npocBétovrav 500 pL 10onponavoAn.
AkoAouBoUoe avakivnon Tou owAnvapiou yia 107, enwacn o RT yia 5 AenTtd Kai
puyokévTpnon (12000 g, 8 AenTd, 20 °C). To UNEPKEINEVO anopakpuvoTav kadl To inua
enavadiaAuoTav o 1 mL aiBavoin 75% (Scharlau) pe avaoTpo@r Twv cwAnvapiwv. TEAOC,
Ta deiypaTta guyokevTpoUvTav (7600 g, 5 AenTd, 4 °C), TO UNEPKEINEVO ANoONaKpuvoTav Kal
Ta owAnvapia napEPevav avoikTa os RT yia YIKPO XPOVIKO O1A0TNHUa, WOTE va €EATUIOTEI N
gvanopévouaa aiBavoAin. TMpoaBetovrav 30 UL vepOd eAelBepo RNaowv kal Ta deiyuaTa
TonoBeToUvTav ansuBeiag o€ nayo.

Mia pikprp noodtnta RNA (2 uL) xpnoigonoioUvTav yia MOCOTIKOMNOINGN ME
QPWTOMETPNON. =av TUPAO Octiyua Xxpnoihonolindnke vepod eAeUBepo RNAOWV 0 KUPETEC
UVette. XTnv idla kuBéta TonoBetoUvTav To dyvwoTto Octiyya oc apaiwon 1/50 kal
unoAoyiZ6Tav n GUYKEVTPWON Tou Ot ng/PL. EnaAnBsuon Tng CUYKEVTPWONG Kal EAEYXOC
TNG noldTNTAC Tou O€iyuaTog yia TNV napouadia yevodikou DNA yivoTav PE NAEKTpoOQOpPNaON
o€ nnkTR ayapolng 1.5% pe BpwuioUxo aiBidlo. EQOCOV N OUYKEVTPWON TOU JEiydaToq
unepePaive Ta 100ng/uL yivoTav npooappoyn TNG CUYKEVTPWONG ME vepO RNase-free kal Ta
dciypata anobnkelovTav oToug -80 °C.

MpoKeIgévou va WETATPANOUV Ta MHOpla MRNA o€ CUPNANPWHATIKG HOpla DNA
(cDNA), anaiteital n avTidpaon avTioTpopng HeTaypapnc. lMa To okonod auTo
Xpnoigonoindnke To NakéTo TnG Qiagen nou nepieAdpBave: 10xRT buffer, didAupa dNTPs,
Omniscript RT kal H2O eAeuBepo DNAcwv kai RNAcwv. EninAgov xpnoigonoimnénkav

€EaueEP WC TUXAIOI EKKIVNTEC KAl avaoToAEaC TwV RNACWV.

Ta deiypata RNA kal Ta avTidpaoTrpla anoyuyovTav kKal diatnpolvtav o€ nNayo HEXPI
va xpnoigonoinBouv. Apxika npoeToigadlovrav To Meiyha avTidpaoTnpiov onwc ¢paiveral

oTov nivaka 13.
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MINAKAZ 13. AvTidpaoThipla yia Tnv ouvBeon cDNA.

AvTiSpaocThpio 'Oykog ava deiypa (ML)
10xRT buffer 2.5
dNTP mix 2.5
RNAsin 0.31
Omniscript RT 1.25
RNase-free H20 4.44

>Tn ouvéxela o owAnvapia PCR TonoBeToUvTayv 3.5 YL vepo Pe 4 YL Tuxaia eEapepn
kal 6.5 gL RNA. Ta owAnvdapia Tono®sTolUvTav oTouc 72 °C yia 2 AENTA KAl OTnN OUVEXEIQ
npooeTovrav 11 pL peiypatog avridpaotnpinv. Ta dsiyyata enwalovrav oToug 42°C yia
60 AenTd kal oTn ouvexela yia 10 AenTd oToucg 65 °C, woTe va €neABesl adpavonoinon Twv
ev(Uuwv. Me TO nEpag TnG avTidpaong npoortebnkav 25 pL H20 kal T1a Odeiypara

anoBbnkeuBnkav os Beppokpaaia -20 °C PEXPI va Xpnoigonoinbouv.

3.13.2 ANAAYzZH TOY TCR ME PCR

H avdAuon Tng aAucidag Tou TcR pe PCR npayuartonoin®nke o duo orddia. XTo
npwTo oTdadio €yive n TauTonoinon Tng VB neploxng Tou TcR kdl oTo OgUTEPO OTADIO
npayuyatonoinénke aAAnAouxion oAdkAnpng TNG B aAucidac. H TauTtonoinon Tng VB
neploxng npayuparonoinbnke oe eninedo mRNA 0t Ociyyata KAOVWV ano acBeveic Me
KapKivo Tou nveupova Kkdl uyieic d0Tec idlac nAIKIakA¢ opdadag, Onou auTo KaTeaoTn
duvaTov. SuyKekpipéva, ouAAéyovTay 0.5-1 x108 KUTTapa Tou KAWVOU Kal naywvovTav o€
Hop®n 1I{NUATOG, ONWCG NEPIYPAPNKE napandavw. And Ta dsiyyata autda anopovwBnke RNA
Kal ouvTéBNKe cDNA, To onoio xpnaoigonoifdnke o multiplex PCR woTe va OIEUKPIVIOTEI N
VB nepioxn Tou TcR (Eikova 27A) pe Baon enideypevoug ekkivnTteg (Mivakag 14). Ol
ouvOnNKeg TNG avTidpaong ATav 94 °C yia 5 Aentd, akoAouBoupevol and 35 kKUKAouG o€ 94
°C via 45 deuTepoAenTa, 70 °C yia 60 deuTepOAenTa, 72 °C yia 90 JeUTEPOAENTA KAl TEAIKN
€nigAKuvan 72 °C yia 10 AenTa.

Ta npoiovta Tng avTidpaong PCR TonoBeTnOnkav o€ NnKTr ayapolnc PE MUKVOTNTA
2% nou nepieixe BpwuioUxo aifidio (Eikova 27B). Me Bdon To PEyedog TnNG {wvng Kal TNV
opada ornv onoia avixvelBnke nNpoidv eMIAEYOVTAV OTN OUVEXEIQ OUYKEKPIUEVO! EKKIVNTEC
kal enavaAauBavovrav n PCR aTig idieg ouvOnkec (Eikova 276N). Kabwg Ta kUTTapa Tou
KAWVOU £xouv npoeABel ano £€va apyxikd KUTTApo Kal @gEpouv Tov idlo TcR oTnv
NAEKTPOPOPNCN NMoU akoAouBouoe avixveluBbnke €va povadikd npoidv yia KAbe KAwvVo Kal

TauTonoIindnke n VB nepioxr) Tou TcR.

>T0 OegUTEpO OTAdI0O TNG avaAuong Tou TcR npaypartonoin®nke aAAnAouxion
oAOKANPNG TNG B aAucidacg ora deiypara onou €ixe anokaAugBei n VB nepioxn Tou TcR.

Apxikd, evioxuotav To THAMA VB-CB pe PCR OTIC OUVBAKEC nou avagepbnkav Kal
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akoAouBoUae nAekTpopoOpnaon os NnNKTH ayapdldng 2%. To npoiov e€aydTav and Tnv nNnNKTN
kal kaBapifoTav pe Tn xprion Tou QlAquick Gel Extraction Kit Tng Qiagen, oUu@wva e TIG
odnyiec Tou kartaokeuaoTr. AkoAouBoUce avTidpaon Sanger Pe T Xpron Tou BigDye
Terminator v3.1 Cycle Sequencing Kit, kaBapiopog pe BigDye X-Terminator Purification Kit
kal aAAnAouxion Tou npoiovTo¢ ot ocuokeunp ABI 310. H aAAnAouxia nou RpoEKUNTE
OUYKPIVOTAV ME TIC YVWOTEG aAAnAouxiec Twv neploXwv V-D-J-C Tng B aAloou nou eival
KaTaxwpnueveg otn Baon dedopévwv ImMunoGeneTics (www.imgt.org) kal 01anioTwvoTav

£T01 N NARPNC ocuoTaon TnG B aAuacidag Tou TCR.

EIKONA 27: Tautonoinon TnG VB nepioxng Tou TCR.

A. Multiplex PCR peg PeiypaTa eKKIVATOV Aou KaAunTouv TIG VB aAuaideg Tou TcR. B. Aneikovion TwV NpoiovTwyv
TnG Multiplex PCR o€ nnkTr ayapoddng (A-F ol opddeg Twv ekKIVNT®OV). E@doov kabe kAwvog pepel pia ahuoida VB
avapéveral éva povadikd npoiov (Ouada E, deiypata 5 kar 6). I. PCR yia Tnv opada ornv onoia o KAWVOG
Bp€Bnke BeTIKOC HE KaBéva (elyoG EKKIVNTWV XWPIOTA. Avauéveral €va povadikd npoiov nou 6a anokaAUwel Tn
VB aAucida Tou TCR TOU GUYKEKPINEVOU KAWVOU.
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MNINAKAZ 14: EKKIVNTEG YIa TNV avixveuon Tng VP neploxng Tou TcR

Opada ‘Ovopa AAAnAouyia Mé&ye0og (bp)
A VB3 CCT-GGA-GCT-TGG-TGA-CTC-TGC 300
A VB4 ACC-TGA-ATG-CCC-CAA-CAG-CTC 350
A VB30 CCT-CCA-GCT-GCT-CTT-CTA-CTC 410
A VB6 (eKTOC 6-4) GGT-ATC-GAC-AAG-ACC-CAG-GCA 450
A VB2 AAG-TGA-TCT-TGC-GCT-GTG-TCC-CCA 500
B VB7(1 & 9) TGC-AGA-GAG-GCC-TAA-GGG-ATC 350
B VB11 GAT-CGA-TTT-TCT-GCA-GAG-AGG-CTC 350
B VB20 CAC-ATA-CGA-GCA-AGG-CGT-CGA 380
B VB7(2 & 3) GTG-TGA-TCC-AAT-TTC-AGG-TCA-TAC-TG 480
B VB 15 CAG-TTT-GGA-AAG-CCA-GTG-ACC-C 500
C VB14 CTG-CAG-AAC-TGG-AGG-ATT-CTG-G 310
C VB23 CTC-AAT-GCC-CCA-AGA-ACG-CAC 350
C VB10(1 & 2) GGT-ATC-GAC-AAG-ACC-TGG-GAC-AT 440
C VB5(1 & 3) TGC-TCC-CCT-ATC-TCT-GGG-CA 470
C V(328 GGA-GAG-AAA-GTT-TTT-CTG-GAA-TGT-GTC 500
D 5(4,5,6,7 & 8) AGC-TCT-GAG-CTG-AAT-GTG-AAC-GCC 320
D VB24 CTC-TCG-ACA-GGC-ACA-GGC-TAA-AT 350
D VB 6-4 GTG-TCT-CCA-GAG-CAA-ACA-CAG-ATG-A 360
D VB13 CTA-TCC-CTA-GAC-ACG-ACA-CTG-TC 470
D VB7(4,6,7 & 8) GGT-GTG-ATC-CAA-TTT-CGG-GTC-ATG 480
E VB25 CAG-GCC-CTC-ACA-TAC-CTC-TCA 310
E VB12 GAT-CCA-GCC-CTC-AGA-ACC-CAG 320
E VB29 TTC-CCA-TCA-GCC-GCC-CAA-ACC-TAA 350
E VB10(3) CTC-TGA-GAT-GTC-ACC-AGA-CTG-AG 480
E VB17 GCG-ATC-CAT-CTT-CTG-GTC-ACA-TG 480
F VB19 CTC-ACT-GTG-ACA-TCG-GCC-CAA-AA 320
F VB9 GCA-CAA-CAG-TTC-CCT-GAC-TTG-C 340
F VB16 GAA-AGA-TTT-TCA-GCT-AAG-TGC-CTC-CC 360
F VB27 CAA-AGT-CTC-TCG-AAA-AGA-GAA-GAG-GAA-T 360
F V318 CAG-CCC-AAT-GAA-AGG-ACA-CAG-TC 480
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>TIC NEPINTWOEIC O6nou and To idlo deiyya aipatoc aoBsvolUc r uyloug 6OTn sixav
NPoKUWEl MNEPICOOTEPEG TNG Hiag T YPAMMEG €K Twv oOMoiwv Hia TOUAAxXIOTov E€ixe
Tautonoin®ei Ye Tnv napanavw diadikacia akoAouBouoe ouykpion TNS VB aAucidag Tou TcR
avapeoa OTIC YPAUMEC auTeEC, woTe va dianioTwOei €av agopoUv Tov 010 1 dIaPOPETIKO
KUTTApIKO NMANBuopo. Ol YpauUEG AUTECG KaAAiepynBnkav, €va PEPOG TOUC Naywlnke g
ilnua, anopovwBnke RNA, éyive ouvBeon cDNA kal PCR pe ekkIvNTEC €101koUC yia Tn CDR3
neploxy TNC VB aAlucidac. Mapouaia €1dikoU npoidvtog unodniwve idlo TcR kal kat'
€nEKTAOn 010 KUTTAPIKO nANBuUopd, evw anoucia JdiapopseTikO NAnBuoud CTL, idiag

£10IKOTNTAG.

3.13.3 ANAAYzH TOY TCR ME KYTTAPOMETPIA POHZ

Me Tn Xxpnon Tou TeoT IOTest Beta Mark (Beckman Coulter) dianioTwOnke n
aAAnAouxia Tng VB aAucidac Tou TcR yia Tn nAsiowyneia Twv deiypdtwyv. To npoidv auto
anoTeAgital and 8 @IaAidia nou nepIiEXoUV OuvdUAONOoUC avTIOWPATwV €vavTl 24
€10IKOTATWYV TNG aAuadidag B Tou TcR, nou kaAunTtel To 70% Twv TcR Tou avBpwrnou. Ta
KUTTapa ouAAéyovTav ano Tnv kaAAiépyeia (0.5-1 x108 kUTTapa) kair anopakpuvovTav To
BpenTikO MECO ME MAUON Pe PBS. 3TN OUVEXEIQ TO UMEPKEIPYEVO anopakpuvovTav, Td
KUTTapa enavaduaAvovTtav o€ 1 mL PBS kal xwpiovrav oe 10 ¢iaAidia oTa onoia eixav
npooTedei Ta avTIOWNATA TOU TECT 0 guvdUAoPO PE avTi-CD8-PC5 avTiowua. AkoAouBouoe
XPWon oToug 22 °C yia 20 AenTd oto okoTdadl, nAUon Pe PBS kal povigonoinon o€ diaAupa
0.5% FA-PBS. H avaAuaon yivoTtav pye Baon Tov nAnBuopo Twv {wvtavwv CD8* KuTTapwv
Kal BewpouvTav anodekTo €va TEOT OTAV TO OUVOAO Twv CD8* KUuTTapwv NTav BeTIKO Yyia
£€vav PJOovo ano Toug 24 cuvduacopoUG avTIOWHATWY Nou avTIoToIXEl o€ Jia VB aAucida Tou
TcR.

3.14 ®daivoTunikog XapaktnpioHog CD8 T KutTtapwv

O @aivoTunikdG XapakTnplopnog Twv CTLs nepiAapfdavel Tnv €kppacn OEIKTWV
enipaveiag nou xapakrtnpifouv TOo 0TAdI0 dlagoponoinong Toug (Mivakag 15) kai

nPAyuaTonoineénke Je KUTTAPOMETPIA PONG.

3.14.1 ZXEAIAZMO: MPQTOKOAAOY KYTTAPOMETPIAZ POHZ

Ta NpwWTOKOAAQD YIO TNV KUTTAPOMPETPIKN avaAuon OAwV Twv delyNaTwy oxedidoTnkav
andé Tnv apxn, woTte va spappolovrdl KABe (opd OTOUC OUYKEKPIMEVOUC KUTTAPIKOUG
TUMNOUG KAl guvduaouoUg avTICWHATWY, WOTE VA ArnokAEIoToUV Weudwc BeTIKA Kal apvnTika
anoTteAéopaTda. To NpwTo Briia apopd Tov KAaBopIouod TWV NAPAUETPWYV YId TO CUYKEKPIHUEVO
KUTTapIkO TUMO, dnAadn Tng Taong (voltage) Kkal TnG NAEKTPOVIKAC anooBeong
(compensation). Na va kaBopioToUv oI NAPAUETPOI Xpnoigonoindnkav Ta ekaoToTe KUTTApPA
Kal avTiowpaTa ouvdedeueva PeE Ta POopIoXpWUATA NMou BEAAPE va XPNOIUOMOINGOUNE

(FITC, PE, ECD, PC5, PC7) kal uag €divav €ite BeTiko (avTi-CD45) €iTe apvnTikd ¢pBopIioud
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(avTi-1gG1). Apxikd, guAAeyoTav IkavonoinTikdg apiBuog kuttapwy (—5 x108 kuTTapa) Kkai
akoAouBoUage nAuon pe 1% HS-PBS (1600 rpm, 5 AenTd). Ta kUTTapa xwpilovrav og 10
@laAidla xpwong kal n nAuon enavaiauBavovrav oTn HIKPOPUYOKeVTpo (4000 rpm, 4
AenTd). To unepkeiyevo anopakplvovTav Kal oe KaBe piaAidio npooBETOVTAY AVTIOWHATA

onwc napouaialovTal oTov nivaka 16.

Ta deiypata snwdalovrav yia 20 AenTtd oTouGg 4 °C OTO OKOTAdIl. 3TN OUVEXEIQ
npogBeTovrav OldAUPa Xpwong kal akoAouBouoe nAuon (4000 rpm, 4 Aentd). To
unepkeigevo anopakpuvovTav Kai 1o inua enavadiaAlovrav o diaAupa 0.5% FA-PBS kal
avaAlovTav OTO KUTTAPOMETPO. Me Bdaon Toug I100TUMNIKOUG MAPTUPEG (pIaAidia 1-4)
kaBopifovrav n Tdon yia kabe kavahl (FL1-FL4 avTioToixa), woTe o ¢OopIoudC va sival
<2%. O ouvduaopoc (@laAlidio 5) xpnoigonoloUvTav via va eniBeBaliwosl Tn owoTh
AgIToupyia Tou nNpwTokOAAoOU. Me Bdon Ta @laAidia 6-9 kaBopilovrav n NAEKTPOVIKN
andoBeon yia kabe kavaAdl (FL1-FL4 avTioToixd) Kal o ouvduaouog TwV avTIoCwPAaTwyv
(p1aAidio 10) xpnoiponoloUvTav yid va Yivouv HIKPEG TPOMOMOINTEIG OTIG TINEG AUTEG, WOTE
ol nAnBuopoi nou ouvek@palouv OUO aAVTIOWMNATA va €XOUV TN OWOTH KUTTAPOMETPIKN
glkova. e €va deUTepo oTadio dokiyalovrav €av To NPWTOKOAAO Mou gixe dnuioupynOei
unopouade va xpnoigonoin®ei yia Ta und €E€€Taon €nipaveiaka avTiyova Pe Tn Xpron Twv
EUNOPIKA JIABECTINWY HOVOKAWVIKOV AVTIOWHATWV. MNa To gkono autd, Xpnoigonolouvrav
oTa idla kUTTApa Ta uno MHEAETN avTIOWPATA CECNUACUEVA HE Ta @BoploXpwupaTd, TO
kabéva EexwploTd kal oToug ouvduaouoUg nou BEAaPe va Ta Xpnoidonoinooude. Me Baon
Ta @IaAidia auTd nNpayuaTtonoloUvTav WIKPEG TPOMOMOINCEIG OTNV NAEKTPOVIKR anooBeon,
woTe OAol ol nAnBuopoi va @aivovralr kdBetol ) napdAAnAol pe Toug afoveg oTav

aneikovifovtal o€ oTikTOYypapua (Eikova 28).

. u_,’_“ o - u_l>_-_
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EIKONA 28: PUBUION NApANETPWV KUTTAPOPETPIKNAG avaAuong.

A. PUBuION TNG TAONG WOTE Ol apvnTiKoi NANBUGCWoi 0o KABe KavaAl va €xouv QBopPIoHO <2% oc OTIKTOYpauua B.
O ouvdiaopog yia deikTn nou dev PEpouv Ta KUTTapa npénel va divel apvnTikd NANBUoPO o€ OAa Ta kavaAia. T.
PUBuion Tng andoBeong woTe o1 BeTikoi NANBUCHOI 0g kABe kKavaAl va €xouv GOOPICHO >98% O€ OTIKTOYPAUHA.
A. O cuvdiaopog yia dgikTn nou gpEpouv Ta KUTTapa npenel va divel dINAG BeTikd nAnBuoud o 6Aa Ta kavaAia. E-
2T. PUBuION napapeTpwv o nNANBuopd BeTikO yia To FLx kal apvnTiko yia To Fly. Xwpic pubuion Tng
nAekTpovikng anooBeong (E), we pubuion (ZT). Z-H. SwoTr aneikovion Twv NANBUCHWY €neiTa anod pubuion Twv
napauerpwv. OAol oI NAnBuopoi va @aivovtal kdBetol 1 napdAAnAol pe Toug afoveg OTav aneikovifovTal o€
OTIKTOYpAUua.

89

Institutional Repository - Library & Information Centre - University of Thessaly
26/05/2024 05:54:35 EEST - 18.225.54.200



00¢'¥S'9¢¢’'8T - LS33 S€:%5:G0 ¥7202/S0/9¢

Aressayl 1o Alslaniun - anua) uonewlou| % Areiqi - Alousoday jeuonniisul

MINAKAZ 15. BioAoyIkOG pOAOG KAl KUTTAPIK KATAVOUN TWV ENIPAVEIAKOV aVTIYOVWV Nou HEAETHONKAV.

BioAoyikOG pOAOG KuTTapikn karavoun BiBAloypagia
SUVUNOBOXEAC TwV TAENC | MHC popiwv T KUTTAPOAUTIKA, unonAnBuoud Twv NK-KUTTapwv, 149, 150
BuuokUTTapPa
Evepyonoinon nap®évwyv T-KUTTAPWV, CUVOEETAl UE Td YnonAnBuopoi T-kuTTdpwyv (CD3+, CD4+), 151 152
CD80 (B7-1) kai CD86 (B7-2) Evepyonoinuéva B-kUTTapa
Euodwvel Tn peTaBifacn Tou pnvupaTog Tou BeR Kal Tou AEUKOKUTTAPA 153, 154
TcR
1G6TUNOC Tou CDA5 YnonAnBuopoi T-kuTTdpwyv (napBéva) kai B-kuttdpwv, 154,
HovoKUTTapa — pJakpogaya 155Error!
106TUNOC Tou CDA5 YnonAnBuaopoi T-KUTTapwv (MvNnuovikd) kal B-kuttapwv, 154. 155
HovokuTTapa
OAIyooakxapitng, BpiokeTal o€ NANBWPA €NIPAVEIAK®V NK kUTTapa, unonAnduopoi T kuTTadpwv, B kUTTapa Kkai 155
YAUKOMNPWTEIVOV HovokUTTapa
YNodox£aG XUHOKIVMV YIa HETAKIVNON OTOUC AEPUPAdEVEC YnonAnBucuoi T-KUTTApwV KAl B-KUTTAPWY, SEVOPITIKA 156, 157
KUTTapa
MNINAKAZ 16: AVTIOOMATA nou Xpnoigonoineénkav yia Tov oxediaocuo NpwToKOAAOU
a/a AvTioopa AiaAupa xpaong a/a AvTioopa AigAupa xpaong
1 10ul 1gG1 —FITC 8opl 6 10ul CD45 -FITC soul
2 10ul 1IgG1 —PE 80ul 7 10ul CD45 -PE 80ul
3 10pl 1IgG1 —ECD sopl 8 10ul CD45 -ECD soul
4 10ul 1gG1 -PC5 sopl 9 10ul CD45 -PC5 8opl
5 ouvOouaouog 1-4 50ul 10 ouvOuaouog 6-9 50ul
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TéNoc, dokiyaoTnkav d1adoxIKEC apdIWOEIG TwV Uno diepelivnon JEIKTWV, WOTE vd
anokAgioTel n dn €101k ouvdeon Kdl va KaBopIoTEl N OCUYKEVTPWON OTnv onoia
XpnoigonoiouvTtav To Kabe avricwua. O1 NnapdPeTpol Nou npogkunTav ano Tn diadikaacia
autn anoBnkelovTav OTOV avaAuTh kal pnopoucav va xpnoigonoin®olv yia To

OUYKEKPIMEVO KUTTAPIKO TUMO.

3.14.2 CD8 T KAeNo1

H @aivoTunikr avaAuon Twv KAOVwV AduBave xwpa TNV 7" gépa TnG KAaAAIEpyeiag
TOUu KAWvou. Mikpoc apibuog kuttapwv (—300,000 kUTTapa) ouAAeyotav and Tnv
kaAAIEpyela kal XwpilovTav os Tpia ¢piaAidia xpwong. AkoAouBouoav dUo NAUCEIC O 1%
HS-PBS (4000rpm, 4 Aentd) woTe va anopakpuvBei To BpenTikd PECO. 3TO MPWTO
PI1aAidlo yIvOTav Xpwaon HE TETPAPEPEG WOTE va enaAnBeuBei n napoucia Tou KAwvVouU

oTnVv KaAAlgpyeia.

>T0 OeUTEPO PlaAidio npoabETovTav Ta avTiowpaTa avTi-CD45RA-FITC, CD45R0O-
ECD (Beckman Coulter), CCR7-PE (RD systems), kal CD8-PC5 (Beckman Coulter) kail
oTo TpiTO QIaAidio Ta avTiowpaTa avTi-CD28-PE, CD57-FITC kal CD8-PC5 (Beckman
Coulter). 'OAa Ta avTiowpaTa npocBertovrav o€ apaiwon 1/20, ekTOC and To CD45R0O-
ECD T0 onoio npooBéTovrav o apaiwon 1/10. Ta kUTTapa enwalovrav otouc 4 °C yia
30 AenTd kal akoAouBoucoe nAUoN pe 1% HS-PBS kal poviponoinon oe diaAupa 0.5%
FA-PBS. H avaAuon yivoTav pe Baon To CD8* nANBuopo kal HEAETOUVTAV N OUVEK(PPAON
TWV Popiwv CD45R0O kal CCR7 fj CD45RA kal CCR7 oTo €va @IaAidlo Kal n Ekppaocn Twv
Hopiwv CD28 kal CD57 oTo deUTEpO.

Mivakag 17. O1 cuvduaopoi Twv MmAb nou xpnaoigonoinénkav yia To ¢gaivoTuniko XapakTnpiouo

TV CD8 T KUTTAPIKOV KADVWV

FITC PE ECD PC5
CcDS8 NOAUUEPEG

CD45RA CD45R0O CCR7 CD8
CD57 CD28 CD8

3.14.3 CDS8 T rpAMME:

O @aivoTunikdG XapakTnpIoHOC TWV YPAUHWV MEPIEAAUBAVE TNV £KPPACN TWV
idlwv delkTwV enipaveiag (CD45RO, CCR7, CD57 kal CD28) €nIKEVTPWVOVTAG OTOV
BeTIKO YIa To MHC-NoAUpNEPEG NANBUOPO. H gaivoTunikh avaAuon Twv ypaupwv Aaupave
XWPa TNV NUEPA Nou EenaywvovTav Ta KUTTApa kal enavaiagpfavorav Tnv 7n nUEPA Tng
KaAAIEpyEIag. MikpoOg aplBpog kutTapwyv (—300,000 kUTTapa/@pialidio) cuAieydTav and

TNV KaAAigpyela kal xwpifovtav o€ dUo @laAidia xpwong. AkoAouBouoav dUo NAUCEIG O€
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1% HS-PBS (4000rpm, 4 AenTd) wOTE va aAnNouakpuvBei To BpenTikd HECO. ApXIKa
yIvOTav Xpwaon HE TETPAUEPEG Yia 20 AenTd aToug 37 °C. ZTo €va PiaAidlo npooBETovTaV
Ta avTiowpaTta avTi-CCR7-APC (1/10, RD systems), CD45RO-ECD (1/10), CD8-PC7
(1/50, Beckman Coulter) kai CD28-FITC (1/20, Immunotech) kal oTo deUTEPO PlaAidio
Ta avTiomuaTa avTi-CCR7-APC (1/10), CD45RO-ECD (1/10), CD8-PC7 (1/50) kai CD57-
FITC (1/20, Immunotech). Ta kUTTapa snwalovrav oTtoug 37 °C yia aAAa 30 AenTd Kal
akolouBolUoe nAUon He 1% HS-PBS kal povigonoinon oe diaAupa 0.5% FA-PBS. H
avaiuon yivotav Pe Baon To CD8* mMANBuUoPO Kal YEAETOUVTAV N €KPPACH TWV HOpPiwV
CD45R0, CCR7, CD28 kal CD57 aTov B€TIKO yId TO NMOAUMEPEG NANBUCHO.

Mivakag 18. O1 cuvdudopoi Twv MAb nou Xpnoigonoindnkav yia To ¢aivoTunikd XapakTnpiouo

TwV CD8 T KUTTAPIKWV KAOVWV

FITC PE ECD APC PC7
CD28 NOAUUEPEG CD45RO CCR7 CDS8
CD57 NOAUHEPEC CD45RO CCR7 CD8

3.15 Asitoupyikn avaAuon CD8 T KAwvwv

O1 CD8 KUTTapoAUTIKOI KAWVOI HeAETABNKav AsiToupylika Ocov a@opda Tnv
IKAVOTNTA TOUG va AUouv KUTTApa OTOXOUC Kal va Napayouv KUTTAPOKIVEC €neiTa ano
€101k dléyepon. H AUTIKR 1KAvOTNTa WEAETAONKE WE Tn Xpnon 5Cr, evw n 1KAvoTnTd
napaywyng KuTTApoOKIVWV MPOCEYYIOTNKE ME KUTTAPOMETPIa pong kabwe kal WE

MIKpOOoQaIpIdIaKr KUTTAPOUETpIa.

3.15.1 MPozAIOPIZMO: KYTTAPOKINGN — ENAOKYTTAPIA XPQEH

H péBodoc autn oTtnpileTal oTn Xpnon METABOAIKWV ouciwv nou gunodifouv Tnv
METAMOPA TwV MPWTEIVOV MNou napdyovral €€w anod To kKUTTapo. Ol KUTTAPOKIVEG
OUYKEVTPWVOVTAIl HE QUTOV TOV TPOMO OTO £vOONAAONATIKO Kal KuaoTIdliakd OikTuo PEOA
oTo KUTTApOo. Av OTn OUVEXEIQ TA KUTTAPA HovigonoinBouv kal katactoUv dianepatd e
TN XPNon NNWwyV anoppunavTik®wyv, Td avTiIowPadTa JrnopolUv va danokThoouv npocfacn os
QUTEG TIG BECEIC KAl va avixveloouv Tnv KuTtapokivn. Ta T kUTTapa pnopoUv va
onuaveolv TauToxpova Kdl HE dAAAOUC Oc€iKTEC Kal HE aAuTOV Tov TpoOMo vd

XapakTNPIOTOUV MEPAITEPW.

H diadikacia Eekivouoe dUO - TPEIC NUEPEC WETA Tn TEAEUTAid €vepyonoinon Tou
KAwWvou. Ta kutTapa (—1 x10® kUTTapa) OdiaTnpouvTav Of KATAOTACON npeiag He
otadiakn peimon Tng IL-2 oTtnv KaAAlépyeia. Ta kUTTapa GuAAéyovTav Kai akoAouBouaoe
nAUon, enavadidAuon oc 10% HS-IDc kal KaTaueTpnon Twv {WVTavov Kdl VEKPWV

KUTTApwV. 2T ouvexela Xwpilovtav os dUo M48 ¢ppeaTia, £€va yia Tnv €IdIKN Kal €va yia
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TN WN €101k evepyonoinon kal TonoBsToUvTav oToug 37 °C £€wg OTOU €TOINACTOUV Ta

KUTTApa OIEYEPTEC.

Ta kapkivikd kUTTapa GUAAEyovTav ano Tnv kaAAiépyeia (2 x10° kUTTapa) kai
xwpifovrav o€ dUo @iaAidia Twv 15 mL og 1% HS-IDc. AkoAouBoUos n nNpoaobnkn Tou
€101koU Kal Tou Jn €131koU nenTIdiou avTioTolXa Kal eEnwaocn yia 60 AenTa o€ Bepuokpaaia
dwuaTiou. Me To népac TnC enwacnG Ta KUTTapa OleyEPTeC EavapsTpouvTav Kal
eMAeYOTAvV 0 KATAAANAOC apIBUOG KUTTAPWY Yia TNV evepyonoinon Twv CTL (avaloyia
10 CTL:1 kapkiviko). AkohouBolae nAuon (400 g, 6 AenTd, 21 °C), snavadidAuon o€
OpenTikd PECO 10% HS-IDc kar nmpooBnkn 10 U/mL IL-2. Ta kapkivika KUTTapa
npocBeTtovrav ota CTL kal enwalovrav yia 60 min artoug 37 °C, 8% CO.. KUTTapa
dley€pTec TOMOBETOUVTAV €MionNG Ot EEXWPIOTA PPEATIA YId vad Xpnoigonoinbouv wg
apvnTiKoi YApTUpPEC. MeTa TNV €nwacn NpocBETovTav n ouadia PnNpepeAvTivn (BFA, BD)

og apaiwon 1/500 kal Ta kKUTTapa napéuevav oto Balapo enwacng yia aAAeg 18 wpec.

Tnv enopevn PEpa Ta KUTTApa oUAAEyovTav o QIaAidia Xpwong kal akoAouBouoe
(puUYOKEvTpnon (4000 rpm, 4 AenTd) WOTE va aAnouakpuvBei To BpenTikd pEco. Ta
KUTTapa enavadiaAudTav ge didAupa Xpwong Kal n nAvuon enavaiappavortav oTic idIEG
ouvOnkec. To UMeEpKeEiyevVO anopakpuvoTav kal To ilnua enavadiaAudtav oe €1d1ko
d1dAupa nou npokaAoUoe OMEG OTNV MEWBPAVN TWV KUTTApWV Kal TonoBsTouvTtav yia 20
AENTA OTOUG 4 °C. 3TNV ouvéxela npocBETovTav To didAupa NAUONG kal akohouBouaose
(PUYOKEvVTpnon (4000 rpm, 4 AenTtd). Ta kuTTapa diaAlovtav oe didAupa nAUong Kai
xwpilovrav og dUo @IaAidia yia Tn Xpwon HE TIG dIAPOPETIKEG KUTTAPOKIVEG. H nmAuon
enavaAapBavovTav oTic idIEC oUVONKEC Kal oTo JIA0TNKA AUuTO MposToIgadovTav yia Tn
Xxpwon dUo ocuvOUaouoi XpWHATWV: 0 NPWTOG NeEpIEAGUBAVE Ta avTiowPaTa avTi-CD69-
PC5 (1/10), CD8-PC7 (1/10), CD45-ECD (1/10), IFN-g-FITC (1/5, BD), IL-4-PE (1/5, 10
Test) kal 0 deUTEPOG Ta avTiowpata avTi-CD69-PC5 (1/10), CD8-PC7 (1/10), CD45-ECD
(1/10), IL-2-FITC (1/40), IL-10-PE (1/5). AkoAouBouoe enavadidAuon Twv KUTTApwWV
OTO MiYNA TWV aVvTIOWPATWV Kal enwaon yia 30 AenTd oToug 4 °C. TéAog, Ta KUTTApa
nAévovtav pe didAupa nAuong (4000 rpm, 4 AenTd), enavadigAvuovTtav o€ OldAupa

XPWOoNG Kal avaAlovTav OTo KUTTApOMETPO.

H avaAluon npayuartonoloUvTtav otov CD8* CD45* CD69* nAnBuUouo Kal eAeyxoTav
N €EKQPACN TWV KUTTAPOKIVWV anod Ta KUTTAPA TOU KAWVOU MOU evepyonoineénkav €1dika

o ox€on Me TNV un €1dikn digyepon (Eikova 29).

3.15.2 MNMpPozAIOPI=MOZ KYTTAPOKINQN - MIKPOZ®AIPIAIAKH KYTTAPOMETPIA
H 1kavoTnTa TwV KAOVWV va napdyouv KUTTAPOKIVEC enaAnBelBnke kKal NETPRONKE
NOCOTIKA HWE MIKPOOPAIPIdIaKN KUTTapoueTpia. Xpnoigonoinbnke yia Tn HEBodo auTr To

kit Human Extracellular Protein Buffer Reagent Kit (FIDIS) kai avaAuTr¢ Luminex100.
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H Jiadikacia npoeToigaciac Twv KUTTApwvV nATAv Opola WE TN HEBOdO TNnG
€vOOKUTTAPIAC Xpwong, He Tn dlagopd nwc Ta CTLs enwdalovTav yia 18 wpeg hYe Ta APC
kUTTapa anoucia BFA. Mg Tov TpOMNO AuTO Ol KUTTAPOKIVEG Nou napdyovTav ekkpivovTav
OoTO OpenTIKO YETO. TNV endpevn nUEpa Ta KUTTApa GUAAEyovTav og @iaAidia 15 mL kal
akoAouBoloe QuyokevTpnon (1600 rpm, 5 AenTd). To BpenTikd PECO CUAAeyOTAV Kal
anoBnkeudTav oToug -80 °C o€ KAGoPaATa Twv 500 WL, evw Ta KUTTAPA UETAPEPOTAV OE
@IaAidia eppendorf kal naywvoTtav oav i{nua o€ LN2. MNa Tnv avaAuon Tov delyudTwy JE
MIKpoOoQaipIdIaKn KUTTApPOUETpia Ta dsiyuaTa anowuyxovTtav kai 50 yL xpnoigonoiouvrav

oav dINAOTUNG YIa TOV €AEYXO NAPAYWYNG KUTTAPOKIVWYV, CUPPWVA HE TIG 0dNYIEC Tou

KATAoKEUAOTN.

iii. iv.
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EIKONA 29: KUTTapoMPeTpikn avdaiuon TnG evOoKUTTApIdG XpWONG yia TNV napaywyn
KUTTAPOKIV®V.

A. Mn 1dikn digyepon, B. EIdikn di€yepan. ApXIKA €mIAeyoTav o nANBUONOC Twv JwvTavev KutTapwv (i).
MvoTav opioBETion oTov NAnBuoud Twv CD8™ T kutTdpwv (ii) Kal eAeyxdTav n evepyonoinor Toug (iii) kai n
IKavOTNTA TOUG va Napayouv KUTTApokKiveg (iv).

3.15.3 AYTIKH IKANOTHTA

Ta evepyornoinuéva CD8 T kUTTApa AUouv onoiodnnoTe KUTTApo napoucidlel oTnv
enIPaveia Tou 1o €181kO NeNTIOI0O NOU avayvwpilouv, ouvdedsuévo aTo cUUNAoko MHC.
Suvenwc n AsiToupylkOTNTa Twv CTLs pnopsi va kaBoploTel PETPWVTAG Tn BavaTtwaon
KUTTApwV OTOXWV and Td KUTTAPOAUTIKG T kUTTapa. lMa Tov UMOAOYIOWO auTo
xpnoigonolgiTal n dokigacia Tng aneAeuBepwonc >1Cr. 'OAa Ta {wvTava KUTTapa Pnopouv
va EVOWPATWOOUV, XWPIC va aneleuBepwvouv auTtopaTa, HEOw TNG avTAiac K-Na,
padlevepyd OEONUACHEVO XPWMIKO daAag Tou vatpiou (Naz2®'CrOs). 'Otav autda Tda

osonuacpéva kUTTapa Bavatwbolv and Ta CTLs PeTA anod aAAnAenidpacr Toug, To
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padIEVEPYO XPWHIKO AAAC ANEAEUBEPWVETAl OTO UNEPKEIPUEVO KAl PMOPEI va PeTpnBEei he

TN XPAON HETPNTWV AKTIVWV Y.

Me auTr TNV TEXVIKN KATAUETPNONKE n AUTIKA 1KAvoTnTa Twv CTLs nou
anopovweOnkav. Apxika, Ta kUTTapa ortoxol (—2 x108/avaAucn) cUuAAEyovTav ano Tnv
KaAAiépyela og @laAidia 15 mL kalr akohouBouoe nAUon pe 10% HS-IDc (1600 rpm, 6
AenTa). A@aipolvrav 000 JuvaTOV MEPICOOTEPO  UNEPKEIMEVO Kal To  ilnua
enavadiaghlovTav O avTioToIXo OYKO BpenTikoU HECOU 50% HS-IDc pe aQuTtov Mou
avTioTtoixoloe o 2 mCi 5'Cr pe Bdon Tov XpOvo nNUIZWAC TOU. 3Tn OUVEXEId
npooBerovrav 10 Xpwpio (P*Cr, Perkin Elmer) kai Ta kuUTTapa snwalovrav yia 1 wpa
OTOUG 37 °C, £TOI WOTE AUTO va £I0EABEI OTO E0WTEPIKO TOUC MECW TNG avTAiag Na-Ka. Ta
kUTTapa KaAunTovrav MeE QUAAG HOAUBdoOU kal avadevovrav kabe 15 AenTd.
AkoAouBoUoav d1adoXIKEC PUYOKEVTPNOEIC O TEAIKO Oyko 10 mL woTe va anopakpuvoei
n nepiocsia Cr nou dev anoppo®ndnke ano Ta KUTTApd. >Tn OUveExeld Ta KUTTapa
pMeTpoUvTav ot nAdka Neubauer kal xwpifovrav oe dUo @IaAidla PE OUYKEVTPWON 5
x10%/mL. 3To npwTo NPocBETovTayVv To £10IKO NENTIOIO OE CUYKEVTPWON 5 Ng/mL evw OTO
deuTepo dev npooBeTtovrav nenTidio. Ta kUTTapa otoxol enwdalovrav Pe To NeNTIOI0 YId
15 AenTa o Beppokpaacia dwuatiou. =To didoTnua autd npoetoipdlovrav Ta CTLs. XTnv
npwTn Ocipd nAdkag 96 @peaTiov oxnuatog V (Corning), TonoBetouvrav 60 x10°
KUTTAPOAUTIKA/PPeATIO Kal akoAouBolUoav nevTe d1adoxIKEC apaiwoelc 3/1. Mg To népag
TNG enwaong npocOsTovTav Ta KUTTApa oToxol o€ avaAloyieg 30:1, 10:1, 3:1, 1:1, 0.3:1
kal 0.1:1. O1 nAdkec @uyokevTpouvTav (800rpm, 6 AenTd), kal akoAouBoloe enwaon (4
wpEeG, 37 °C, 8% CO2). Ze XwpIOTA QpedTia TonoBeToUVTAV €MionG KUTTApA OTOXO! Td
onoia BavaTtwvovTal NANPWG HE Tn Xpnon anoppunavTtikoU 1% TritonX-1Dc (X-100,
Sigma) (MeyloTn AUon) kar kUTTapa oToxol ora onoia dsv npaypartonoloUvTav Kapia
enguBaon (eAaxiorn Auon). Ta dsiyparta auTd anokdAunTav TIG TIMEG TNG MEYIOTNG Kal

eAaxIoTNG aneAeuBEpwaNG XpwHiou.

Me TO népac TnNG 4wpnc ENwWAoNG OUAAeyoTav HE npoooxn To 50% Tou

UnepkeIgeEvou and kabe @pedTio kal unoAoyiloTav n Auon cUu@wva Pe Tov TUNO:

NEIPANATIKN TIMNA- EAAXIOTN TIKA AUONG
%0 €10IKI AUON = === mm oo x100
MEYIOTN TIMN AUONG - EAAXIOTN TIMA AUONG

OeTikd BewpouvTav £va TEAT OTAV N TIMA TNG €1I0IKNG AUong ATav >10% Kdal unnpxe
dlaopd TouAdxioTov 1SD avaueoa ota KUTTapa oToXoug Nou enwdaoTnkav Pe To €10IKO
nenTidlo O oxX&on ME auTd mou dev enwdoTnkav e nenTidlo. Enmiong, yia va BswpnOei
£YKUPO TO anoTEAECNa anapaitnTn npoundBeon nTav Ta KUTTapa ortdxol va napouaialav

auTopaTn aneAeuBépwon 51Cr <15%.
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3.15.4 ZYITENEIA TOY TCR

H ouyyéveia Tou TcR yia To €101KO NenTiOI0 YEAETHBNKE 0 KAWVOUC aoBsvwv Kal
Uylov aTopwv HE Tn Xpnon padievepyou °Cr. H diadikacia fATav Opold YE aAuTr nou
neplypd®nke napandvw Me TN dlagopd nwc Jdiatnpouvrav oradepry n avaloyia

CTL:kUTTapa oTOX0UG Kal HETABAAAOTAV N CUYKEVTPWON Tou €131koU nenTIdiou.

Mo OouykekpigEva, Ta KUTTApa OTOXOI CUAAEyovTav ano Tnv KaAAIEpyeEia Kal
onuaivovtav pe SICr Onwc neplypa®nke ortnv nponyoUuevn napaypago. Kata Tn
OIdpKEId TNG ENwaong PeE To 51Cr nposToigalovTav ol apaiwoelG Tou 1d1koU nenTidiou. &
(ppeaTia nAdkag V96 TonoBbeTouvTav o€ dINAA avTiypaga OpenTiko UAIKO 1% HS-1Dc nou
nepieixe 60000 ng/ml Tou nenTidiou Nou avayvwpilel o €101kOC T KUTTAPIKOC KAWVOC.
AkoAouBoUoav 11 diadoxikéC apaiwoelis 1 npo¢ 3 aAAadovrac Ta puyxn KABe TpeIg
O1adoXIKEC apalwoelC. TNV dwdekaTn B€on TonoBeToUvTav BPenTIKO UAIKO Xwpic Tnv
npooBnkn nenTidiou. Me TNV OAOKARAPWON TNG onuavong Pe To 3'Cr, og OAa Ta PpedaTia
ME TIC apalwoelG Tou nenTidiou npooBétovrav Ta kUTTapa oToxol ot avaAloyia 5000
KUTTapa/@peaTio kai enwadovrav yia 30 Aenta oToug 37 °C. AkoAouBouoe nAUoN PE 1%
HS-IDc (1800 rpm, 5 AenTd), aQaipeon TOU UMNEPKEIMEVOU Kal enavadidAuon Twv
KUTTApwVv 0g 10% HS-I1Dc. Téhog npooBETovTav Ta CTL oe avaAloyia 10:1 w¢ npog Ta

KUTTapa oToxXoug Kal TonoBeTolvTav aToug 37 °C, 8% CO2 yia 4 WPEG.

Me To Népac Tng enNwaong cUAAeyOTav PE Npoooxr To 50% ToU UNEPKEINEVOU ano

KGOe @peaTio kai unoAoyiZoTav n AUon cUPQWVA PE ToV TUMNO:

NeIPapaTikn TIUA- €AAXIOTN TIMA AUONG
%6 EI0IKN AUGT) =mmmmmmmm e e x100
MEYIOTN TIMNA AUONC - €AAxIOTN TIMA AUONG

3.16 ZTaTioTikn avaAuon

Ta anoTeAéopaTta ekPppdoTNKav WG PECOC OPOC =+ TUMIKN anokAlon (x =+ s) Kal
avaAubnkav pPe To oTaTIioTIKO NAkETo SPSS 11.5 yia Windows (SPSS Inc, Chicago, IL).
Student's t test kal availuon X? xpnoigonoinénkav yia va anokadAUWouv OTATIOTIKEG
O0lapopéc avapeoa oc OIAPOPETIKEG OWADOEC. ZTATIOTIKA ONUAVTIKO anoTeEAEoHa
BewpnOnke P<0,05.
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ANOTEAEZMATA
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4.1 Tuxvornta CD8 T-kutTdpwv e€I0IKWV Yia nenTidia TNnGg
oapBipivng kal TNG TEAOHEPAONG

H ouxvotnTa avixveuong kukAo@opoUvTwv CTLs, €10IKwV yia Ta nenTidla Tng
oapBIBivng kal TnG TEAOMEPAONC, UMOAOYIOTNKE O OAOUG TOUG acBeveic XwploTd, Kal
OUYKPIBNKE WYE TNV aVTIOTOIXN OUXVOTNTA TWV UYI®V. SToV nivaka 19 napouaialeral, yia
KaBe aoBevr), o apiBudC Twv CD8 KUTTAPWV KAl 0 aplOPog Twv MLPCs nou eEsTaarnkav,
0 apiBuoc Twv OeTikwv MLPCs nou evTonioTnkav, Kal n UMoAOYIOHEVN OUXVOTNTA
avixveuong Twv €10IK®WV yia Ta nenTidia pCTLs. O1 guxvoTnTeG nou cupBoAilovTal e
«MIKPOTEPO aAno» (<) avageépovTtal oTIG eAAXIOTEG OUXVOTNTEC WEXP! TIC onoieg ATav
TEXVIKA EQIKTOC O NMPocodIoPIOUOC EI0IKWV KUTTAPOAUTIKOV KAMVWYV, Kal KAaTtd TIC OMNOIEC
Oev evronioTnke €101kO CD8 T kUTTApO OTNV nepipepela. Eidika pCLTs yia Ta nenTidia Tng
oapBiBivng kai Tng oapBiBivng-2B dev evronioTnkav g€ 10 and Toug 13 aoBeveic nou
e&€ppalav HLA-A2 kal o 7 ano Touc 8 aobeveic nou eEeppalav HLA-A24, evw Ot
Kaveva uyin paptupa dev avixvelTnke CD8 T-kuTTapikn andvrtnon &vavTl TV nenTidiny
Tn¢ oapPIBivng kal Tou unoTtunou TnG. Ev TouToIG, €101KA YIa Ta NenTidId TNC TEAOUEPATNC
pCTLs evTonioTnkav o€ 7 and Touc 13 HLA-A2-aoBeveic kal o 2 and Touc 8 HLA-A24-
aoBeveic (Mivakag 19, aobeveic P#5, 10, 11, 13, 19, 20 kal acBeveic P#4, 15
avTioTolxa). Tnv opdda Twv uylwv doTwyv, svronioTnkav €1dika pCTLs yia To nenTidio
hTERT.A2 oc 2 and TougG 4 0OTEG Kal yia To nenTidlo hTERT.A24 og 1 and Toug 2 HLA-
A24-30Tec (Mivakag 20, Ociyya N#1, N#3 kal deiyya N#5 avrioToixa). Télog, o
EVTONIONOC €1dIkwv PCTL dev napoucdiacge cuoxeTion (p=>0.05) Pe TNV £€Kepacn Twv
avTIyoOvwV OTOV KAPKIVIKO 10TO TwV idlwv acfevwv (Mivakag 21), onwg nNpoékuywe anod

avTioTolxn MEAETN Tou epyacTnpiou [158].

'Onwg avapepdnKe Napanavw, os TPEIC aoBeveic avixveuTnkav €101ka CTLs €vavTi
Twv nenTidiwv Tng gapPiBivng oe ocuxvotnta 1.5, 15 kalr 15 ava 107 CD8 kUTTapa
(Mivakag 19, P#1, P#13 kal P#20 avTioToixa), evw Ot &vav acgBevr] npoodiopioTnke
CD8 T kuTTapikn anavrnon yia 1o nentidio Tng oapPiBivng-2B oe ouxvoTnTa 1.4 €101ka
CTLs ava 107 CD8 kUTTapa Tou nepipepikoU aipatog (Mivakag 19, deiyua P#13). H
ouxvoTnTa Twv €I8IKWV CTL €vavTl OUYKEKPINEVWY NenTIdiwv €EETAOTNKE Kal o€ TILs
NSCLC acBevwv. ZTa deiypata TILs and 2 aoBeveig nou e&eTdoTnkav dev avixveubnkav
€10Ika pCTLs nou va avayvwpifouv kanoio ano Ta und digpelvnon nenTidia (Mivakag
22)
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MINAKAZ 19. OI guxXvOTNTEG TWV KUKAOPOPOUVTWYV €I0IKWV Yia Ta nenTidia Tng capPipivng, Tng capPipivng-2B kal Tng hTERT pCTLs nou npoadiopicTnkav
OTOUG aoBeveic e Kapkivo Tou nvelpova.

' Ap1BpdC CDS- Ap18poC hTERT.A2 hTERT.A24 SURV.A2 SURV.A24
qe,':gy:ch KUTTAapwVv nou MLPCs nou OETIKEG OeTIKEG " OeTIKEG " OstTIKEG "
egeraoTnkav (x10°)  egeTaoTnkav  \ pcs fa MLPCs f MLPCs f MLPCs f

P#1 1,5 76 0 <7.4 0 <7.4 3(?) 15,0 0 <5

P#2 6.5 192 0 <3,6 0 <2.,6

P#3 10,0 171 0 <1 0 <1

P#4 2,8 93 1 3,6 0 <3.,6

P#5 3,8 272 3 7.8 0 <2,6

P#6 6,6 184 0 <1,5 0 <1,5

P#7 2,3 127 0 <4,2 0 <4,2

P#8 3,5 160 1 2,6 0 <2,8

P#9 1,6 88 0 <6,3 0 <6,3

P#10 2,8 106 12 42,0 0 <3,5

P#11 1,6 88 1 6.3 0 <6,3

P#12 1,4 72 0 <7.3 0 <7.3

P#13 0.8 78 1 13,0 3(?) 1,5

P#14 7.3 260 0 <1,4 1(?) 1,4

P#15 3,4 156 1 2,9 0 <2,9

P#16 3,8 192 0 <2,6 0 <2.,6

P#17 2,9 160 0 <3,4 0 <3,4

P#18 2,0 91 0 <5,2 0 <5,2

P#19 3,6 152 2 6,9 0 <3,4

P#20 2,0 168 2 9,9 3(?) 15,0

4 f: H ouxvoTnTa Twv €1I8IK®V YIa TO OUYKEKPIYEVO NenTidlo pCTLs (ava 107 CD8-kUTTapa nepipepikol aipaTog). Aev UNApXoUV TIHEG, Onou o HLA-A @aivoTunog dev enéTpene Tov
npoodIopIouo. BA. Keipevo yia Tnv enegriynon Twv “?” kai “<”.

100



00¢'¥S'9¢¢’'8T - LS33 S€:%5:G0 ¥7202/S0/9¢

Aressayl 1o Alslaniun - anua) uonewlou| % Areiqi - Alousoday jeuonniisul

MINAKAZ 20. SuxvoTnTa TwV KUKAoQopoUVTwY £I8IKwV yia Ta nenTidia Tn¢ oapPiBivng, Tng capBiBivng-2B kal Tng hTERT pCTLs nou npoadiopioTnkav oTtd

uylin aToua.
Ap1OpOGg ApIBp6C hTERT.A2 hTERT.A24 SURV.A2 SURV.A24
ApIOpOG CDS":_I“"“"""’ MLPCs
301N nou nou OETIKEG f OETIKEG £ OETIKEG £ OETIKEG £
558{:1’;2)"“" gEetaornkav  MLPCs MLPCs MLPCs MLPCs
N#1 8,4 192 1 1,0 0 <1
N#2 24,0 379 0 <0,4 0 <0,4
N#3 5,0 208 1 2,0 0 <2
N#4 2,5 176 0 <2,3 0 <2,3 0 <2,3 0 <2,3
N#5 6,4 248 1 1,6 0 <1,6
MINAKAZ 21. SUoXETION aviXVeuong avTiyovoeldik®wyv CTLs PE TNV £KGPAcn TWV avTIyOVwV OTOV KApKIVIKO 10TO TwV agBevav.
ApIBHOG LA CTL anavrTnon Exk¢ppaon
acBevoug Survivin Survivin-2B hTERT Survivin Survivin-2B hTERT
P#7 A24 - - - + + +
P#8 A2 - - - + + +
P#9 A2 - - - + - +
P#10 A2 - - + + + +
P#11 A2 - - + + + +
(+): evroniopog CTL anavtnong f BeTIkAG ékppaong, (-): un avixveuon CTL andvtnong n apvnTIKAG EKPPAcng
MINAKAZ 22. SuxvoTnTa Twv €IdIk®V pCTLs evavTi Twv nenTidiwv og TILs aobevwv pe NSCLC.
Ap1OpOGg . hTERT.A2 hTERT.A24 SURV.A2 SURV.A24
CDS8-KuTTapmv Ap1Buog
Ap1OpOG o P MLPCs
367N nou nou OETIKEC f OETIKEG . OETIKEG . OETIKEG .
EEETAOTNKAV  r o doTnKAY MLPCs MLPCs MLPCs MLPCs
(x10%)
P#7 0.7 48 0 <12 0 <12
P#8 0.5 25 0 <21 0 <21
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>& auTtoug TouG aobBeveic woToco, n OeTikOTNTA Twv MPLCs BacioTnke oTov
eVTONIoONO €10IKoU NANBuopoU XapnAng evraonc ¢Bopiopol kal xaunAoU nooooToU Twv
CD8* NoAUMEPEGT KUTTAPWYV OTIG MIKpokaAAiEpyeleg (Eikova 30A). MNapda To yeyovog OTi
Ta OUYKekpIgéva CTLs enavadieyepbnkav yia AaAAn pia €Bdopdada napoucia €1dIkoU
nenTidiou TNC oapPiBivng (BAEne napaypago 3.10), oI kKAwvol dev avanTtuxénkav, Kal
£TO1 Ol GUYKEKPIMEVEC MLPCs Bswpnbnkav apvnTikeG (Eikova 30B). Na auto 1o Adyo, o
apIiBuoC TWV OUYKEKPIMEVWY BeTiIkwv MLPCs nou napoucidlovral otov nivaka 19,
OUVOOEUETAl ANO «EPWTNHATIKO» (?). Ev ToUuTOoIC, auTo dev OUVERN 0 MLPCs JleyepUEVEC
ME To hTERT.A2 nenTidlo, oI OMNoieC akOun Kal oTav nepisixav €1dikd CD8* noAupepect
nAnBuopod, xaunAoU nooooToUu Kal XapnAng €vraong ¢BopiopoU, noAAanAaciacTnkav
eneira and pia eBdopada sidikng dieyepong (Eikova 30T kail 30A).

MLPC xpwon Tnv Huépa 14 MLPC ypwon Tnv Huépa 21
HE €1D1kO noAupEepEg PE HE €101KO NoAupepeg PE

A B

Q
% A
wr
W
Q
w
=
2
-<
=]
T
5 1.2% 11.6%
I
E r4

HLA-noAupepég PE

Eikova 30: KUTTapopETPIKOG NPOCdIoPIoHOC TWV EIDIKWV EvavTl TWV unod £Aeyxo nenTidiwv CTLs.

Ta oTikToypaupata A—Z ava@epovTtal o MLPCs éneita and onuavon e Surv.A2-PE, hTERT.A2-PE kal evog APC-
HLA-noAupepoUG-pdpTtupa (EBV nenTidio). A, B: Znuavon pe Surv.A2-PE. Ta OTIKTOYPAUUATA ava@EpovTal o€ €va
meavo BeTikd NnAnBuopd TNV nuépa 14 Tng kaAAigpyeiag (A) kal YeTa anod pia eBdopada enavadiéyepong (B). Ta
KUTTapa dev noAAanAaciacTnkav kal auTr n MLPCs Bswpeito apvnTikn. I, A: SAuavon JYe Surv.A2-PE. Z€ auTh TNV
nepinTwon, Ta KUTTApa evioxubnkav ai noAAanAacidornkav €neira anod dieyepon, nuEpa 21 Tng kaAAigpyeiag (A).
E, Z: PBMCs and pn oXeTiloPevo e Tnv nAikia d0Tn, evronioTnke dI1akpITOC avTi-Surv.A2 NAnNBUGuOC ThV nuépa 14
(E), o onoiog evioxuBnke (x3) perd and digyepon (2).
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Agv napatnpnlnke diagopd oTnv ouxvoTnTa avixveuong avTiyovoeldikwv pCTLs
avapeoa os aoBeveic pe NSCLC kal SCLC (p> 0.05). ZToug agbeveic evTonioTnkav £181ka
CTLs é€vavmi Tou nenTidiou hTERT.A2 oeg 7 ano Toug 13 (53.8%) kai &vavTl Tou
hTERT.A24 oc 2 and Touc 8 acgBeveic (25%) evw evTonioTnkav £1dikoi nAnBuaopoi yia To
nenTidio Surv.A2 os 3 and Toug 13 (23%) kal Tou nenTidiou Surv.A24 ge 1 and Toug 8
aoBeveic (12.5%), O0TOUG OMoIOUG OPWC OV NTAV EPIKTA N avanTu&n Kal KaT’enekTaon n
a€iohoynon Twv €IdIKWV KAWVWV. AvaAoywg, OTOUC Uyisic OO0TEC napatnpnénke
anavtnon Jovo €vavTl nenTidiov TnG TeAopepaong, dnAadn evtonioTnkav €10ika CTLs
€vavTi Tou nenTidiou hTERT.A2 o€ 2 ano Touc 4 uyieic (50%), kal evavTl Tou hTERT.A24
o€ 1 ano Toug 2 uyieic 00Tec (50%), TEAOC O€ Kavéva dOTn dev evronioTnkav €101ka CTLs
yla To nenTidio Surv.A2 kal Surv.A24 (Eikova 31). Aev napatnprdnke d1apopa we Npog
Ta N000O0TA avixveuong Twv NenTIdiwv TNG TeEAopepaong (p=> 0.05) avapeoa og aoOeveic

Kal UYIEiG, oUTE avapeoa oTIC opades Twv acBevwy (NSCLC- SCLC) (Eikova 32).

H aBpoiaTikr ouxvoTnTa avTiyovoeldikwyv pCTLs aToug aoBeveic (10.2+13.1 x1077
CD8 T-kUTTapa TOU MNEePIPEPIKOU aiyaTog, opla diakupavong: 2.6-9.9 x1077) Oev
napatnpendnke uwnAOTEPN aAno TNV avTioToixn ouxvoTnTa Twv uyiwv doTwv (1.5+0.5
X107 CD8 T-kUTTapa TOU MePIPEPIKOU aipgaTog, opla diakupavong: 1.6-2 x107) (Eikova
33A). H ouxvotnTa avixveuong €IdIK®V yid Ta MenTidla TNG TEAOUEPAONG KAWVWV
@Aavnke va €ival augnuévn otoug acBeveic, n dlaopd auTrn OPWC Oev NTAV OTATIOTIKA
onuavTikn (Eikéva 33B). H cuxvoTnTa avixveuong avTi-hTERT CD8 T-kuTTApwv ATAv n
idla YE TNV aBPOICTIKA oUXVOTNTA Mou nNePlypa®obnke napanavw (10.2+13.1 x107 CD8
T-kUTTAPA TOU MEPIPEPIKOU aipaToc) kair autd €neidn, Ta pCTLs nou evTonioTnkav nTav
€101kd povo yia Ta nenTidla TNG TEAOMEpAONC, evw Oev evrtonioTnkav €1dika CD8 T-
KUTTapa yia Ta nenTidia TnG oapPifivng oTtoug aoBeveic HE KApKivo KAl OTOUG

QuaoloAoyikoUg 00Teg (Eikova 33IN).

O npoodiopiohdC TNG OuxXVOTNTAG aViXVEUONG TwV KUKAOQOPoUvVTwv pCTLs
OTNPIXTNKE OTA KUTTAPOMETPIKA XAPAKTNPIOTIKA TwV BeTIKWV MLPCs, npogpxOueva anod
TNV KUTTAPOMETPIKA avaAuon (BAeEne napdaypago 3.9.2, sikéva 19). To Yyéoo NoocooTo
TWV BETIKWV YIa Ta NoAUpepr CD8 T-kuTTdpwVv (MOAUPEPEGTCDS8*) nou avantuxBnkav og
MLPCs uyiov doTwv (1.6+0.7%, 6pia diakupavong: 1.2-2.4%) @avnke va pn diaQepel
anod TO avTioToIXo MooooTd TwV MOAUNEPECTCDS8* T-KUTTApwWV MNou avanTtuxénkav os
MLPCs aoBevwv (1.3+1.9%, oOpia diakUupavong: 0.1-9.1%) (Eikova 34A). Ouoiwg, n
pEon €vTaon ¢Bopiopol Twv HLA-NOAUPEPWY TwV UyIoV (13.7+13.9, O0pia diakuuavong:
2-29) kal Twv agfevwv (5.2+6.5, opia diakupavong: 0.2-27) @Avnke va KUPAiveTal oTIG

i01€G TIEC (EikOva 34B).
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EIKONA 31: MooooTd acBevmv Kal UYIMV GTOUG 0Mnoioug avixvelTnke CD8 T-KUTTAPIKA anavrnon evavTi nenTidiwv Tng oapPiBivng kail Tng
hTERT.

EIKONA 32: H cuyxvoTnTa avixveuonc (%) avTivovoeldikwv pCTLs os aoBeveic ue NSCLC kal SCLC.
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EIKONA 33: SuxvOoTnTa avixveuong avtiyovoeldikwv pCTLs og aoBeVEiG UE KApKivo TOU NveUpova Kal Og UYIEIG DOTEG.

A. ABpOICTIKNA ouXVOTNTa TwV PCTLs (x1077 CD8 kUTTapa Tou NePIPePIKOU aipaTog) €ISIK®V yia Ta NenTidla TwV avTIiyovwV TWV OYKWV Nnou eEETA0TNKAV o€ Uyieig d0TeG (m), o€
aoBeveic ye NSCLC (@) kal og agBeveig ye SCLC (A). B. ZuxvotnTa avixveuong avti-hTERT KAWVwWV O UyIei¢ kal acBeveig, I. guxvOTNTa avTi-survivin KAOVWV Kata Tnv onoia
dev avixveuTnke €10IkdG CD8 kAwvog. OI guxvoTNTEG HEXP! TIG onoieg dev evTonioTnkav pCTLs gupBoAifovTal pe (O) oToug uyieig, pe (O) kar (A) oTtoug NSCLC kal SCLC
aoBeveic avTioToixa.
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EIKONA 34: KUTTapopETPIKA XAPAKTNPIOTIKA TWV KUKAOPOPOUVTWV avTyovoeldikwv pCTLs

A: NooooTO TWV BETIKWV YIa TO NOAUPEPEG CD8 T-KUTTAPIK®V NANBUCH®V MOU gvTonioTnkav og Kabe BeTik MLPC oToug UyIgiG O0TeC (M) Kal oToug acBeveic (o). B: H
péon evraon @Bopiopol (mean fluorescence intensity: MFI) Twv HLA-noAupepwv kaBe BeTIkG MLPC nou Bpebnke o€ uyleic (M) kal oe acBeveig pe kapkivo Tou
nveupova (e). H dIaKeKOoPPEVN YPAUUR ava@EPETAl OTOV NECO OPO TIH®V TNG KABe opadac.
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4.2 TuxvornTta 10Ik®wV CD8 T-KUTTAP®WV £vavTl IIK®OV NENTISiWV

TauToxpova e Tn MEAETN TNG andvTnong oTa KApKIVIKa avTiyova HEAETAONKE Kal n
napouagia pCTLs €1dIkwv &vavTl Hkwv NenTIdiwv yia va eniBeBaiwagel TNV 1kavoTnTa TNG
TEXVIKNAG TOU MLPC va avixveUsl Tn ouxvoTnTa Twv avTiyovoeldikwv CTL oTnv nepipepeia.
'ONwC NpoEKUWYE, ol aogBeveic epgaviagav oxedov 1ooduvapn €idikn avTi-EBV CTL andavrtnon
oe oUyKpion PeE TNV opada eAéyxou. O apiBuoc Twv BeTikwv MLPCs kal n ouxvotnTd Tng
andvtnong yia Ta nentidia BMLF1.A2, kal EBNA.A24 napouoidlovTal gTov nivaka 23. AUo
aoBeveic (P#8 kal P#12) (nocootd 10%) gu@avioav anavrnon &vavTl evog €K TwV KWV
nenTIdiWV Mou €EETACTNKAV O oUXVOTNTa 19-45 x107 CD8 T kUTTapa. AvTioToixa oc 1 ano
TouG 5 uyieic (NocoaTd 20%) aviXVeUTNKE andavTnon £vavTl £VOC €K TWV IIKWOV MNENTIOiwV
nou €EETACTNKAV OE OUXVOTNTA 27 X107 CD8 T kUTTApad. Asv napatnphdnke diagopd oTnv
ouxvoTnTa TNG andvtnong META&U uylwv Kal acbevwv, oUTE GUOXETION TNG andvTnong o€

1IKG NenTidla PJE TNV anavTtnon os nenTidia £&vavTl Tou OyKou.

>1a deiyuaTta TILs e€€eTdoTnNKE N anavtnon €vavT KOV NenTIdiwv Kal avixveludnke
CD8 T kuTTapikn anavrnon €vavTti Tou BMLF1.A2 nenTidiou oTov agbevr) P#8 g ouxvoTnTa

2.1 x107 Twv CD8 kuTtTapwv (Mivakag 24).

MINAKAZ 23: ZuxvoTnTa TV €idikwv CTLs &vavTl KoV nenTidimwv oc aobeveic kata Tnv didyvwaon

Kdl O€ UYIEiG OOTEC

. Ap1Bp6G CD8- ApIBPOC MLPCs BMLF1.A2 EBNA.A24
Apl9|.|0'§ KUTTapWV nou nou : :
aoBevolg eEeTrdoTnkav eEcTAoTNKAY OTIKEG 4 OETIKEG 4
(x10%) MLPCs MLPCs

P#1 0.1 8 0 <70 0 <70

P#4 0.7 24 0 <14

P#5 0.1 9 0 <80 0 <80

P#6 0.2 7 0 <40

P#7 0.2 10 0 <55

P#8 0.5 22 22 45

P#9 0.1 8 0 <70

P#10 0.4 14 0 <27

P#11 0.1 6 (0] <83

P#12 0.3 12 5 19

P#14 0.5 17 0 <21

P#17 0.3 17 0 <32

P#19 0.3 10 0 <41

P#20 0.5 20 0 <21

STOUC aoBeveic #2, #3, #13, #15, #16, #18 dev e€eTaoTnkKe CD8 andvtnaon &vavTi TV IIKQOV avTiyovov.
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MINAKAZ 23 ouvéyela.

AoiBus ApI18p6C CDS- ApIOuOC BMLF1.A2 EBNA.A24

%61_'" S KUTTApWV nou MLPCs nou OETIKECG OETIKEG
n e§eTraoTnkav (x10%) e€&eraornkav MLPCs L MLPCs 4

N#1 1 24 24 27
N#2 0.5 7 0 <22
N#3 0.5 19 0 <20
N#4 0.07 5 0 <14.2 0 <14.2
N#5 0.4 15 0 <25

MNINAKAZ 24 SuxvotnTa Twv €I8IK®V CTLs evavTl kv nenTidiwv o€ TILs aogbevav

ApIBPOG Ap10p6G CD8- Ap18pdg BMLF1.A2 EBNA.A24
36t KUTTApWV nou MLPCs nou @eTIKEC f4 OeTikic .
egeraoTnkav (x10°%) e&eraornkav MLPCs MLPCs
P#H7 0.7 5 0 P

P#8 0.5 25 10 21

4.3 Enidpaon TnG Oepaneiag oTrnv ouxXvOoTNTA AVIXVEUONG EISIKWV
pPCTLs

e 4 aoBeveic PE MIKPOKUTTAPIKO KAPKIVO TOU MVeUpova Kdl o€ 7 aoBeveic Pe un
MIKPOKUTTAPIKO KapKivo, MPoodIopioTNKE n ouxvoTnTa avixveuong €idikwv CTLs kaTtd Tnv
diayvwon Tng vooou, kal enavanpoodiopioTnke éneita and Bepancia. MapaTtnprnénkav
MIKPEC METABOAEC oTnVv ouxvoTnTa avixveuong eidikwv pCTLs, xwpic va napoucialouv
KAMNoIO OUYKEKPIMEVO NPOTUMNO, evw Oev @aiveTal va undapxel dilagopd G npog Tnv
OuxVvOTNTd, avageoa oTouG acBeveic Ye NSCLC kal SCLC npiv kal PETG Tnv Bepaneia.
QoT000, a&loonueEiwTn ATAv N NEPINTWON Tou aoBevolg P#19 pe SCLC 6nou n ouxvoTnTd

avixveuong avTi-hTERT pCTLs peTa and Bepancia au&nbnke kata 3 popeg. (Eikova 35).

4.4 ®AIVOTUNIKOG XAPAKTNPIOHOG TwV CD8 T- ypapH®V

And To OUVOAO TWV MIKPOKAAAIEPYEIWV MOU eAéxOnoav, 7 ano Toug 13 aoBeveic
gpgavioav €101ka pCTLs &vavTi Tou nenTidiou hTERT.A2, kal 2 and Toug 8 £vavTi NenTIdiou
hTERT.A24. Ano autoUc¢ anopovwdnkav 15 CD8 ypauueg, ol onoiec kKaAAlepyndnkav
nepeTaipw yia tnv npoondbeia anopdvwong T KUTTAPIK®OV KA®WVwV. ‘Ocov agopd Toug
uylgic, 3 CD8 T ypaupéc anopovwdnkav otnv diadikacia Tou MLPC, OTIC OMoIieg €yIve

enavakaAAiEpyela kal npoondbeia anopdvwong KAwvou.
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EIKONA 35: SuxvoTnTa avixveuong avTtiyovoeldikwv pCTLs o€ acgBeveig pe kapkivo Tou nvelpova
npiv Kal YeTa TNV Bepaneia

A: H ouxvotnta Twv pCTLs (x107 CD8 KUTTapa Tou nePIPEPIKOU ainatog) eiBIK@WV yid Ta nenTidia Tng
Tehopepdong (m) kal B: €dikwv pCTLs yia Ta nenTidia Tng capPiBivng (@) nou eEeTdoTnkav Ot aoBeveig pe
Kapkivo Tou nveldova npiv Kal WeTa Tnv Oepaneia. O1 ouxvoTnTeG KaTd TIG onoieg¢ dev evTomioTnKav
avTiyovoeidikoi pCTLs oupBoAifovTal pe (O) kai (O). NSCLC aobeveig: 1, 4 kai 7 — 11, SCLC aoBeveig: 14, 17, 19
kar 20. 8-11: unoBAnenkav ot xelpoupyeio, 14, 17, 20: €haBav xnueloBepaneia, 1 kar 19: £AaBav
XNHeloBepaneia kar akTivoBepaneia, 4 kal 7: aobeveig pe NSCLC, unofAndnkav oe xelpoupyeio kal €AaBav
XNHeloBepaneia kar akTivobepaneia.
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O1 ypauueéc eniAéxBnkav Me Bdon To NooooTO TOUu OeTIKOU Yid TO MOAUMEPEC
nANBuopoU oTnv KAAAIEPYEIQ KAl TNV IKAVOTNTA TWV KUTTApwv va noAAaniacialovral
gneira  ano €10k Oleyepon. O1  ypauupéc and Toucg UYIEIC KAl TouG aoBeveic
enavakaAAiepyndnkav yia TouAdxiotov Hia €Bdouada  Kal  XapakTnpioTnkav e
KUTTAPOMETPIa porfc wC MNpoC TNV £Kppacn deIKTWV EMPAveiac nou xapaktnpidouv To
oTadio diagoponoinong Touc. Or CD8 T ypaAUPEG XApaAKTNPIioTNKAV WG NPOG TNV €Kppacn
Twv deIKT®WV enipaveiac CD45R0O, CCR7, CD57 kal CD28. 'Eneita ano €1dikn digyspon, 14
and TIG 15 CD8 T- KUTTAPIKEC YPAUMEC TWV AGBEVWV XapakTnpioTnkav w¢ CD8* CD45RO*
CCR7- CD28* CD57-, (aivoTunoc nou avTinpoownevel Ta dpdoTIKA PJvnuovika KUTTapd, eV
OAEC ol CD8 YypauPEG TWV UYIOV €ixav @QaivoTuno KEVTPIKWV KUTTApwv WvAung (CD8*
CD45R0O* CCR7- CD28- CD57- kuTTapa) (Mivakag 25).

MINAKAZ 25: ®daivoTunikd xapakTnploTikd CD8 ypaupwmv

CDS8 T-KUTTAPIKEG

Aciypa ypappic MenTidio CD45RO CCR7 CcD28 CD57
P#5 020A031 hTERT.A2 + - + -
P#5 020A106 hTERT.A2 + - + -
P#8 032B067 hTERT.A2 + - + -
P#10 033A006 hTERT.A2 + - + -
P#10 033A023 hTERT.A2 + - + -
P#10 033A057 hTERT.A2 + - + -
P#10 033A068 hTERT.A2 + - + -
P#10 033A073 hTERT.A2 + - + -
P#10 033A080 hTERT.A2 + - + -
P#10 033A084 hTERT.A2 + - + -
P#10 033A085 hTERT.A2 + - + -
P#10 033A096 hTERT.A2 + - + -
P#10 033A109 hTERT.A2 + - + -
P#19 027B261 hTERT.A2 + - - -
P#19 027B263 hTERT.A2 + - + -

N#1 008A134 hTERT.A2 + - - -

N#3 028B160 hTERT.A2 + - - -

N#5 030A325 hTERT.A24 + - - -

Id1a xapakTnpioTika Pe auTd nou napaTtnpnénkav oTic CD8 T- KUTTAPIKEG YPAUHEG TWV
UYIOV EQePe N CD8 ypapun evog povo acBevoug P#19 (P#19 027B261), otnv onoia dev
napatnpndnke ekppacn Tou CD28 €neiTa ano evepyonoinon We To €101kO nenTidio (Eikova
36).
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EIKONA 36: ®aivoTunikog XapakTnpIoPOG e KUTTAPOMETPIa pong piag CD8 ypauung uyloug do0tn (N#1 008134) kal 2 CD8 ypauu®v Tou acBsvolc P#19
(027B261 kal 027B263), WG NPOC TN XpWON HE TO €10IKO NOAUMEPEG KAl TNV EKPPACT JEIKTWV EMIPAVEIAG
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4.5 ®AIvoTunIiKOG XapaKTNPIOHOG TV CD8 KAWV®WV

Na TOov @AIVOTUMIKO XapakTnpiopgo, ol CD8 kAwvol anopovwdnkav — Kal
enavadieyEpbnkayv Pe To €101kO NenTidlo. QoTdoo, dev ATAV EPIKTO va €EeTA0TOUV 01 OEIKTEC
EMNIPAVEIAC 05 OAOUC TOUGC KAWVOUG AOYW TOU XAWNnAoU puBpouU noAAanAaciacopou €neira
and ouvexopevouc KUKAOUG evepyonoinonc. Ano TIC NoAAANAEG npoondbeieg KAAAIEPYEIAC
nou é&yivav yia kabe kAwvo napatnphbnke oOTI d1A@OPOI NAPAYOVTEC €nnpéacav Tnv
avanTtuén Twv CTLs in vitro. ZTov nivaka 26 ava@épovTal eNIAEKTIKA kdnola napadeiyuara
KaAAIEPYEIQG KAWVWY aoBevwv Kal uyeiwv doTwv. MNa kabe CTL avagépovtal To cUOTnua
KaAAlEpyelag (tu: kapkivikG kUTTapa, EBV: EBV peracyxnuaTtiopéva B kutTtapa, P: PBMC
aoxetou HLA) kal o puBuog noAAanAaciaopol (x). KAwvol nou nponABav ano tnv idia
MIKpOKaAAIEpYEIa, M.X. P#5 020A084/1 kal /13, napouciacav OlaPopeTIKA duvauikn
avantuéng otnv KaAAlEpyela, OnwG ansikovileTal and To puBuod noAAanAaciacpol Touc.
Alaniotwlnke nwg, otnv NAEIovOTNTA TWV NEPINTWOEWV, N enavakaiAiépysia Twv CTL
unoBaduilel TNV NoIOTNTA TWV KUTTAPWY KABWC N CUVEXOUEVN €MAPn TOUC UE TO AVTIYOVO
gixe oav anoTéAeopa xaunAo noAAanAaciacpd aAAd kai, Onwc pAvnKe KUTTAPOUETPIKA, Kal
MIKpOTEPN €vTacn @OopIicPoU WETA ano Ypwon Me To €0IkO noAupepEc. Eniong
napatnpndnkKe NwG N NpogAsucn Tou opoU €ixe 101aiTEPN oONUaAcia yia TNV avantuén Twv
KUTTApwV, KabBwc aAAayrl Tou opoU €ixe o€ KAMNOIEC NEPINTWOEIC KATACTPOPIKA
anoTeA&éopata aTtov noAAanAaciacpd Twv CTLs. Ynnpxav, BERaia, KAwvol Nou aveEapTnTwGg
OuUOTHAPATOC KAAAIEPYEIAC Kal opoU avanTlooovTayv Og IKavonoinTiko Baduo, onwg ol KAwVol
P#19 027B263/20, /81, /82 kai /83. EKTOC anod TIG ouvOnKec KAAAMEPYEIAG BIOAOYIKOI
napAayovTeG YMNOPEI va ennpéacav Tnv IkavotnTa Twv CTL va noAAanAaciadovTal, onwg Ta
Qaivopeva Tng ynpavong AOyw avTiypd®@ng kali Tng avoooynpavong. ZUVOAIKA,
xpnoigonoinonkav 11 CD8 ypaupéc agbevwv kal 1 ypauur uyiolc d0Tn yia TNV anouovwaon
KAOVWV. Anopovwdnkav 3 kKAwvol and acBeveic Je Kapkivo Tou Nveupova Kal 2 KAwvol ano
uylgic OOTeC, Ol onoiol avanTuooovTav ENApKwG Kal CUHNEPIARPONOav o NEPAITEPW

avaAuoelg, onwg neplypdgeral napakatw (Mivakag 26).

MINAKAZ 26: [oAAanAdoiaopyoc sidIkwv yia To nenTidlo TNG TeAouepdong
(nTERT.A2) CD8 T-KAWVWV PETA and e0IKEC DIEYEPTEIC

€ 4 1" EBSdopada Evepyonoinong 2" EBdopada Evepyonoinong
)
c 3 2 ] Y
> g 3 Z0oTnHa PuBpuog ZuoTnua PuBpuog
] Q < AvTiyovo-
cg > x AvTiyOoVvO- noAAanAaoia- napougiac noAAanAaoia-
< ODO ODO napouciaong GHOU (X p(APC/ ne oHOU (X
@) O (APC/ Tpopoi) (POPEG) TpoQoi) (POPEG)
P# 5 020A084 /1 tu/EBV 6.4 tu/EBV 0.0
P# 19 027B261 /13 EBV/P 9.0 tu/EBV 0.7
P# 19 027B261 /35 tu/EBV 1.9 tu/EBV 0.7
P# 19 027B261 /61 EBV/P 1.6 tu/EBV 0.0
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MINAKAZ 26: (ouvexeia)

- E 4 1" EBSdopada Evepyonoinong 2" EBSdopada Evepyonoinong
g § E Z0oTnHa PuBpuog Z0oTnHa PuBpuog
(] > X AvTiyOVO- noAAanAaoia- AvTiyOoVvO- noAAanAiaocia-
2 °D° ODO napouciuong opou napouciuont'; oupou
o @) (APC/ Tpo@oi) (X POPEG) (APC/ Tpopoi) (X pOpPEG)

P# 19 027B263 /26 EBV/P 2.0 tu/EBV 2.7

P# 19 027B263 /32 EBV/P 1.1 tu/EBV 1.3

N# 1 008A134 /80 tu/EBV 3.2 EBV/P 0.5

N# 1 008A134 /81 tu/EBV 2.9 tu/EBV 1.0

N# 1 008A134 /82 tu/EBV 3.0 tu/EBV 0.0

N# 1 008A134 /83 tu/EBV 3.4 tu/EBV 0.0

N# 1 008A134 /84 EBV/P 0.2 tu/EBV 0.0

N# 1 008A134 /87 tu/EBV 0.5 tu/EBV 0.0

N# 1 008A134 /89 tu/EBV 0.5 tu/EBV 0.0

N# 1 008A134 /90 EBV/P 0.8 tu/EBV 0.0

la Tov QaivoTuNIKO XApakTnpPIoHo Twv CD8 T-KUTTApIKWV KA®VWY anairnénkav 600,000 kuTTapa. Ev TouToIG,
napa TIG CUVEXOUEVEG DIEYEPTEIG e DIAPOPETIKA CUCTAPATA avTiyovonapouciaong (tu: kapkivika kUTTapa, idiou
HLA, w¢ avTiyovonapouaiacTika, EBV: EBV petaoxnuaTiopéva kUTTapa n P: PBMC doxetou HLA, w¢ kUTTapa
Tpo®oi) dev kaTapepav OAol ol KAWvol va avantuxouv.

4.5.1 DAINOTYNIKOZ XAPAKTHPIZMOZ CD8 T KAQNQN

H @aivoTunikry avaAuon w¢ npoc Touc OEiKTEC enmipaveiac Twv CD8 T-KUTTAPIKWV
KAOVWV npaypaTtonoindnke oe 3 KAwvoug acBevwyv Kal o 2 KA®WVOUG uylwv. ‘OAol ol
KAQVOI TV UYIOV Kal 2 and Toug TPEIG KAWVOUC TWV agBsevwv xapakTnpioTnkav wg CD8*
CD45R0O* CCR7- CD28* CD57- (0padTika PVNMOVIKA KUTTAPA), EVW €vac KAWVOC agbevoucg
(P#5) @épel TOV (aivoTuno (CD8* CD45RO* CCR7* CD28* CD57) (TeAikd
diapoponoinuéva dpaaoTikd kuTTapa) (Mivakag 27).

MINAKAZ 27: ®aivoTunika XapakTnpIoTIKa KAOVWV

Agiypa CDS8 kAwvoir MenTidio CD45R0O CCR7 CD28 CD57
P#5 020A084 hTERT.A2 + + + -
P#19 027B263/35 hTERT.A2 + - + -
P#19 027B261/32 hTERT.A2 + - + -
N#1 008A134/80 hTERT.A2 + - + -
N#1 008A134/81 hTERT.A2 + - + -
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4.5.2 ANAAYZH TCR

H avdAuon Tng aAAnAouxiac Tou TcR unodoxéa Twv CTLs npaypartonoinénke, apxikda,
ME KUTTAPOMETPIa pong Me Tn Xxpnon Tou I0Test Beta Mark Tng Beckman Coulter (Eikova
37). H avdaAuon auTth npayuatonoinénke yia dUo KA®WVOUG Tou acBevoug P#19 (P#19
027B261 kal 027B263) kal 1 kKA®Wvo uyeiolc d0Tn (N#21 008A134). STOV KAWVO TOU
uyloug d0Tn dev ATav duvaTtn n €Eaywyrn CUPNEPACNATOC, KABWC N TEXVIKN AuTh KAAUNTEl
To 70% TOU penepTopiou TwV aAucidwv VB Tou TcR (BAEne napdypago 3.13.3) (Mivakag
28). MapoAa Ta HEIOVEKTAMATA TNG MEBODOU, N TEXVIKN GUTA ANOKAAUWE ONPAVTIKEG
nAnpoopisc yia Ta CTLs nou npogpxovTal anod Ta idia adropa. ‘'Onwc gpaiveral oTov nivaka
28 Ta CTLs Tou aocBevr P#19 av kal €xouv Tnv idia €10IKOTNTA, PEPOUV dIAPOPETIKN VB
aAucida Tou TCR, ocuvenwc dev €xouv MNpoéABel and To idlo apxXIko KUTTApPO, MPOKEITAl

dnAadn yia d1apopeTIKOUC KAWVOUC.

MINAKAZ 28: MNpoadioplonog TNG VB aAuaidag Tou TcR he Tn xpnon Tou IOTest Beta Mark ota CTL

nou anopovwdnkav anod acBeveic

CTL EiS1kOoTnTA VB>
P#19 027B261/61 hTERT.A2 VB 12
P#19 027B263/23 hTERT.A2 VB 6

Ta anoTeAéopata Nou Mpogékuwav and TNV KUTTAPOUETPIa pongG enaAnBeudnkav We
PCR, HE TN XPNON E€NIAEYMEVWV EKKIVATOV MNOU KAAUNTouv To 100% TOU PEMNEPTOPIOU TWV
TcR (Mivakag 29).

MINAKAZ 29: Mpoaodiopiondg TG VB aAuoidag Tou TcR pe PCR.

CTL EidikoTnTa TCR VB JB CB
P#19 027B261/61 VB12 VB12.3 fj VBR12.4 JBL.1 CB1
hTERT.A2 VB6 VB6-5 JB2.2 CP2

P#19 027B263/23
VB19 VB19-1 JB2-5

MeTa TNV nARpn aAAnAouxion Tou TcR Twv dUo KAWVwV Tou acBevihy P#19 (Eikova
38, 0eAida 118) nNpoEKUWE NWC NPOKEITAl yia OUo dIaPOPETIKOUC KAWVOTUMNOUG, 0 €vag €K
Twv onoiwv egugavilel duo peTdypaga nou KwdikonoloUv yia Tn B aAucida Tou TcR
(Mivakag 29). MeTd and ouykpion He BACEIG OEOONEVWV NMPOEKUYE NWC TO HETAYPAPO HE
VB19-1 kaBioTaTal un Asiroupyikd nepiAapBavovTag pia aAAnAouxia TEAoug nou orapaTda Tn
HETAPpacr Tou otn CDR3 nepIoxn, ENOMEVWC 0 KAWVOC P#19 027B263/23 sugavilel TcR
ME VB6-5, JB2.2 kal CB2 aAAnAouyia.
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VB 5.5 VB 4.1-4.3
VB 28
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VB 3.1 VB 19
VB 14

FITC
VB 13 VB9
VB 11.2

FITC

PE
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VB 18 VB 5.1
. : VB 30
FITC
VB 25.1 VB 2
VB 27
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PE
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97 | 0
FITC
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VB 12.3
VB 12.5
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VB 6.2 VB 29.1
VB 4.3
FITC

EIKONA 37: 'EAgyXog TnG VB aAuacidag Tou TCR pe Tn xpnon Tou 10Test Beta Mark Tng Beckman Coulter yia Tov P#19.

STa dU0 nMp®TA OTIKTOYPAupaTa @aiveral n smiAoyn Twv {OVTWV Kal TV CD8* KUTTApwV. AMOKAEIOTNKE 0 N €10IKOG POOPICUOG TWV KUTTAPWY Kal n pn €1dikn
oUVOEON TWV aVTIOWHATWV (3° Kal 4° oTIKkTOypappa). O kKAwvog P#027B261 anokaAUpOnke nwg £xel TNV VP 6 aluaida, kabwg fTav BeTikdg poévo atov D ouvdiacpo

kal ¢BopIls oTo FITC
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POFIG 027B261/61

A
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CB1

POFIG 027AB63/23
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Y L C A
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AGA CCT CGA ... AGG GAG ATC
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Jp2-2

AAG AGA ... ATG GGA
K R.. M G

CB2

(G)AG GAC CTG AAA AAC GTG...
E D L K N V..

CB2

EIKONA 38: O1 aAAnAouxiec Twv V-D-J-C neplioXxwv TnG B aAuoou Tou TCR Twv CTL acBevwv. TNV
npwTn o€ipd avaypdgeral n aAAnAouxia Twv Bacswv DNA, akoAouBei n apivo€ikr aAAnAouyia Tng
Kabe nepIoxng.

4.6 AEITOUPYIKOG XAPAKTNPIOHOG TWV CD8 KAWVWV

>Ta nAdiold Tou AEITOUPYIKOU XapakTnpiopgou OJlepeuvnOnke edv or CD8 T-
KUTTApPIKOi KAWVOI Twv acBevwv O1aQePOUV and TouG KAWVOUC TwV UYIOV O0TWV W

NPOC TNV AUTIKNA TOUC IKavOTNTA Napaywyng KUTTApoKIVDV.

4.6.1 MPOZAIOPIZMOZ KYTTAPOKINQN

MNa Tnv PeAETN TNG 1KAvOoTNTAg Twv CTLs va napdyouv KUTTAPOKIVEG €MNEITa ano
€101kn dIEyepon, Xpnoigonoinbnke evOOKUTTAPIA XpWON YIa KUTTAPOKIVEC Kal avaAuon e
kutTapopeTpia ponc (Eikova 39, oeAida 118). NMpoondbsia xapakTnpioPoU enixXeIpronke
og OAOUC TOUC KAWVOUC, woTOO00 £vOOKUTTAPIA XPWON NPayudTonoinénke oe €vav PJOvo
KA®WVO acBevoug, o onoiog NOAAANAAGIA0OTNKE O€ IKAVOMoINTIKO Babuo in vitro, woTe va
anokTtnBei enapknc apiBPoc KUTTAPWYV YIa Tn XPNon Toucg os AEITOUupyIkEC dokipaaieg. O
eV AOYW KAWVOG EEETAOTNKE WC NPOC TNV 1IKAvOTNTa €KKpiong IL-2, IL-4, IFN-y kai IL-10

META ano €101kA Kal Yn €101kn digyepon Pe EBV B kKUTTApWV /KAl KAPKIVIKA KUTTAPA.

'Onwg npokUNTel and Ta anoTeAéouarta, napartnprndnke dlag@opd Tou MnoocooToU
EKKPIONG KUTTAPOKIVWV META ano €101k kal un €idIkr dIEyepon, ONwWG @aiverar aTnv

gikova 39. O KAwvog nTav Ikavog va napayel IL-2 kar IL-4 petd and €1dikn dieyepon.
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AvTiBeTa, n napaywyrn IFN-y O0ev fATav ndvw anodé Ta opia avixveuong Tng HeBoOdou
(nooooTd 0.8 -1.8%) evw Ot kapia nepinTwon dsv napatnpnénke napaywyn IL-10. To
ocuoTnua avTiyovonapouaoiaong dev @AvnKe va ennpedlel TNV napaywyn KUTTApOKIVV
anod 1o CTL, kaBwc avixveudnke To idIo NpdTUMNO NAPAYWYNC KUTTAPOKIVWV aVeEAPTATWG

TUNou APC.

Evw Ta anoteAéopaTa TnG evOOKUTTAPIAC XPWONG anedei€av TNV €KKPICN 1 KN TNG
KGBe KUTTAPOKIVNG, N MIKPOOQAIpIOIAKN KUTTAPOMETpPIa €ivar duvaTtov va anokaAuyel
NOCOTIKEC OlaPopeC avapeoa ota CTLs aoBevwv Kal uyiov doTwv. AIEpeuvABNKE n
€kkpion IL-2, IL-4, IL-5, IL-10, IFN-y kal TNF-a JeTa ano €i1dikn diEyepon e 1 KAWVO
uyiouc (N#21) kal o 2 KAWvVouc aagBevoug (P#19). 'OAol ol KAwvol NTaAv Ikavoi va
EKKPIVOUV ONUAVTIKEC MoooTnNTeG IL-2, IL-4 kal IL-5, Xwpic¢ OJwe va napaTtnpnbouv
onUavTikES dlapopéc avapeoa ota CTL Twv dUo opddwyv. O1 KUTTapokives IFN-y, TNF-a
kal IL-10 avixvelBnkav O£ GUYKEVTPWOEIC TNG TAENC Twv 4-7 pg/mL, evw €kkpion IL-10
napatnpndnke oc 0Aa Ta deiypa oc 1I31aiTEPA XAWNAN CUYKEVTPWON NOU KUUAIVOTav ano
2 — 8 pg/ml. Ta CTs Ta onoia snwdaocTnkav We EBV B kUTTApa Xwpic TNV napouaia

nenTidiou dev eppavioav €kkpion kutTapokivav (Eikova 40, oglida 118).

4.6.2 AYTIKH IKANOTHTA

H AuTikn 1kavotnTta Twv CTLs nou anopovwBnkav a&oAoynbnke pe Baon Tnv
IKAVOTNTA TOUG VA OKOTWVOUV KUTTApa OTOXOUGC nou napoucialav To nenTidlo nou
avayvwpifouv. 'Evag CD8 T-KuTTapikoG KAWVOG Uyloug 00Tn kal duo CD8 KAwvol
aoBevouc eEeTdoTNKAV WG NPOC TNV AUTIKN TOUG IKavoTnTd. ‘'OAol oI KAWVOI NTav 1Kavoi
va avayvwpioouv kal va AUogouv KUTTapa oTtoxoug KataAAnAou HLA (kapkivika kKUTTapa
kal EBV B kuTtTapa) Ta onoia napoucialav nentidia NG hTERT énerra and eidikn
dieyepon (Eikova 41A, oeghida 119). QoTo600, 01 KAwvol nou nponABav and acBeveig
EUQPAVIoaV ONUAVTIKA HEIWMEVN AUTIKI IKAVOTNTA OUYKPIVOUEVOI HE TOV KAWVO TOU
uyioucg 60Tn (p=0.06) (Eikova 41B, geAida 119). Tdéoo ol KAwvol Twv aogBevwyv Kal Twv
uysiwv doTwv OgV NTAV IKAVOI va avayvwpioouv Kal va oKOTWOOUV KAPKIVIKA KUTTapa Ta

onoia ek@padlouv TNV nNpwTeivn hTERT xwpic TNV npoodbnkn eEwyevouc nenTidiou.

4.6.3 ZYITENEIA TOY TCR

H ouyyeveia Tou TCR vyia To €101kd nenTidlo kabopioTnke oToug OUO KAWVOUC MOoU
neplypapnkav nio nadvw. H ouykevTpwon Tou nenTidiou nou anaiTolvrav yia va
enITeuxBei To 50% TNCG MEYIOTNG AUONC ATAV Mapopola Kdl yia TouG 2 KA®VOUC Kal
KupaivovTav PJeTa&l 3 kal 10 nM. 'Onwc npockuye, Ta CTLs nou eEsTaoTnkav £xouv TCR

ME napopola cuyyevela yia 1o €101k6 nenTidio (Eikova 41T, oeAida 119).
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EIKONA 39: 'EKKpPION KUTTAPOKIV®WV anod drnoPovwHEVO KAWVO agBevoug P#19, €neira ano €I1dIKN
kal un €101kn digyepon Pe EBV kUTTapa Kal KapKIVIKA.

10000

1000

10
) & ® e

ZUYKEVTPWOT KUTTApoKivv (pg/mL)

YIFN IL-2 IL-4 IL-5 TNFa IL-10

EIKONA 40: MNapaywyn KUTTAapoKIvev anod avTiyovoeldika CTLs nou anopovwdnkav ano uyin d0tn
(m) kal aoBeveic pe kapkivo Tou nveupova (o) éneira and 1dikr digyepaon. Ol JIAKEKKOUEVEG YPAMMEG
avTinpoowneUouV TN YECN TIMN TNG OUYKEVTPWONG Yid kKABe oudda (pg/mL).
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EIKONA 41: AUTIKNA IKQVOTNTA TWOV KAOVWOV

A. Alaypapparta €18IkAG AUong o €vav KA®Vo uyloUg 30Tn (N#21) kal o€ €vav d0Tn acbevouc (P#19), xpnoidonoi®wvtag EBV B petaoxnuaTiogéva KUTTapa wg kKUTTapa
oTOX0UG (NAvw OeIpd) Kal KapKIvika KuTTapa (Katw oeipd). Ta Asuka oxnparta (O kar O) avrinpoownelouv Ta NogooTa AUoNG Xwpig TNV Npoodnkn nenTidiou oTov acBevn
Kal oTov UYIf, ev® Ta paupa oxnuata (@ kar M ) Ta nocooTd AUoNnG WeTd amd npooBnkn MenTidiou Ot OUYKEVTPpWON 10ng/ml B. AUTIKR IkavoTnTta Twv CTL nou
anopovwBnkav anod d6tn (m) kal acBevr Pe Kapkivo Tou nvelupova (e). AnesikovilovTal Ta nNocooTd AUONG ME Tn XpAon EBV B-KUTTAPWV Kal KAPKIVIKOV KUTTAPWV 0av
KUTTapa oTOXouG. Me Agukd (OvTO aneikovifovTal Ta nocooTa AUoNG Xwpig Tnv npoaBnkn eEwyevolug nenTidiou, evw HE PMaUpo QOVTO WETA and npooBnkn nenTidiou ot
ouykévTpwan 10ng/ml. I. Zuyyévela Tou TCR yia To €1dikd nenTidlo og dU0 KA®VOUG Uyeiwv (m) Kal evog acBevoug (o). AneikovifovTal Ta NocooTa AUong We Tn Xpnon EBV
B-kuTTdpwyv oav KUTTapa oTOXOUG 119
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5.1 ZuxvoTnTa avTiyovoEidikwv CTLs

H napoloa epeuvnTIK npoondbeia e€knNovhnBnke HE OTOXO TOV MOCOTIKO KAal
NnoloTIKO NMpoadiopIgHO €I0IKwV CD8* T-KUTTAPOAUTIKWV KA®VWYV, NMOU KUKAOPOpPOoUV GTO
aiya aoBevwyv Pe Kapkivo Tou nvelupova r avixveuovtal oTto NePIBAANOV TwV avTioTOIXWV
OYyKwV, €vavTl nenTidiov dU0 OUYKEKPIYEVWYV, EUPEWG EKPPAlOMEVWV aVTIYOVWV TwWV
oykwv, Tng oapPiBivng (kai Tou unotunou TnG 2B) kai TnG hTERT. KaBwg n ouxvoTnTa
avixveuong TWV KUTTApwWV auTwv Bewpeito 101aiTepa xaunAn [146], xpnoigonoindnke pia
TEXVIKI MIBAvoAoyYIKNG Npooeyyiong, N onoia oTnpiXTnke o< in vitro kaAAiépyeieg (MLPC),
o€ ouvduaouo pe TNV Xpnon HLA noAupepwv w¢ peBodo avixveuonc. Ta anoTeAeéouaTa
TOU MOOOTIKOU Kdl AgIToupylkoU XapakTnpiogyoU Twv avTiyovoeldikwy pCTLs nou
gvTONioTNKAV OTOUC a0BeveiG Ue KapKivo Tou nvelpovad, OuykpiBnkav Pe Ta avTioToixa
CTLs nou avixveuTnkav oTo aija TV UYIOV aTopwV idlag nAikiakhg opadag. EmnAcov,
avTi-lIka nenTidla YapTUpeC Xpnoigonoinénkav, napdAAnAa pe 1a uno €Aeyxo nenTidia,
a@’ evog yia va €EakpIBwOei OTI Ye TNV HEBODO AUTH EMITUYXAVETAI O EVTOMIOUOG EI0IKWV
CD8 KUTTApwyv, €@OCOV N oUuXvOTNTA aviXVeuonc Twv TeAeUuTaiwv eival uywnAn, ag’
€TEPOU Yia va digpeuvnBei €dv TO AVTIYOVIKO (POPTIO TOU OYKOU €nnpeddlel TNV IKAvVOTNTA
anavtnong Twv pCTLs &vavTl aAAwV PN KapKIVIK®OV €peBIONATWV, dnAadn €vavTl KV
nenTidiov [159]. TéAog, diepeuvhAbnke n enidpaocn Tng Oepansiag TNG vooou aOTnNV
ouxvoTNnTa avixveuong pCTLs, kabw¢ n TeAeutaia PeAETABNKeE kata Tn Oi1Ayvwon TNngG

vOOOU Kal éneiTa anod Bepancia.
Zuxvornta avrti-survivin pCTLs O€ aoO&eVEiG pye kapkivo

H npwTeivn oapBiBivn ouykaTtaAéyeral eTa&l Twv yovidiwv nou oxeTidovTal He TNV
gggavion Oykwv oto avlpwnivo yovidiwpa kal Bswpeital EQIpeTIKNG onuaaciag yia n
Bepaneia Tou kapkivou [94]. Mapopoiwg, n ocapPiBivn-2B, n povn 100PoPPR nou
NapayeTal Kata TNV OYKOYEVEDN Kal n onoia PEAETABNKE enioTapéva, €niong ekppadleral
€UpUTATA OE OYKOUG. MEXPI OTIYMNG, EXOUV YIVEI APKETEG AvaPpopEC anodeikvuovTag OTI N
oapBiIBivn, nou ekppdleTal oe KAPKIVIKOUC I0TOUG, NMPOKaAei €101k avooiakn anavrnon
og aoBeveic ye kapkivo, evw napaiAnAa, avricwparta oapBiBivng avixveuTnkav g€ opoug
acBevwyv PE KapKivo Tou nNvelova Kal ToUu naxeog evrepou [160, 161]. EminAgov, £xouv
neplypagei HLA-A2 nepiopiohévec €idikég CTL anavThoel €vavTl nenTidiou Tng
gapBiBivng os acBeveic e PeEAAVWHA KAl Xpovia AEP@oKUTTAPIKR Aguxaidia [100, 162].
MeTa Tnv dianiotwon TnG dpdong €10ikwv CTLs &vavTl TwV TpononoinueEvwy aAAd Kal
PUOIK®OV NeNTIOIWV TV NPWTEIVOV auTwv nou napoucialouv AuTIkh Opdon KATa TwvV
KApKIVIK®OV KUTTAapwv [100, 101, 106], ol NpWTEIVEC AUTEC E€UNAEKOVTAlI OF APKETA
NPWTOKOAAG gpBoAiaopol. QcC Twpd, o gPBOAIACUOC Twv Kapkivonabwv dieEayoTav WE
HLA-A2 neplopiopeva nenTidia TnG oapBiBivng (survivines-104, LTLGEFLKL, To id10 NenTidIo

nou €&ETAOTNKE KAl OTNV napoucd MEAETN), KAl TO TPOMOMOINUEVO MNEMTIOI0 TNG
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oapBiBivng (survivinegs-104, LKLGEFLKL) [163], kaBw¢ eniong 1o HLA-A24 NEPIOPICUEVO
nenTidlo Tng oapPiBivng-2B (survivin2Bso-ss, AYACNTSTL, nou xpnoigonoinénke eniong
O£ auTh TNV €pyacia) [100]. Me Tnv €&aipeon, woTOCO, TwWV AvVTI- Melan-A anavtThoswy,
n ouxvoTnTa avTiyovoeldikwv CTL €ival apkeTa XapnAn kar dev avixveuTal PE eX Vivo
onMavon TV AEJPOKUTTAPWY HE Ta €10IKA HLA-NOAUMEPN, BETOVTAG £TCI TO XAUNAOTEPO
oplo avixveuonc ora —3 x10* CD8 T-kUTTapa nepipepikoU aipgatoc [164]. An’ 600
YVWpIiloule, N HEBODOG aUTH €XEl WG TWPA £PAPUOOTEI PHOVO YIa Tn HETPNON EIOIKWV
pCTL &vavTl Twv nenTidiov MAGE [165, 166] kal YOvo Ot pia NepinTwon £vavTl Tou
nenTidiou o©apPiBivnc-2Bso-ss [101]. Q¢ €k ToUTOU, N aViXVEUON TOUG MMopei va
EMITEUXOEI YOVO HE in Vitro TEXVIKEC. € £€va N0000TO AGOEVWV UE KApKivo, aviXVeEUTNKE
anavrtnon os ouxvoTnTa 123 x10“ kal 1.5 x102 CD8 T kuUTTApa yia Tnv aapPiBivn kai
Tnv oapBiBivn-2B avrioToixa [103, 103]. Ev ToUTOIC, TA ANOTEAECUATA PE TNV TEXVIKN
ELISPOT ano Tov Andersen Kal TOUG OUVEPYATEG Tou, dev Ba pnopouoav va ouykpiBouv
ME Ta anoTeAéopaTa auTng TNG epyaaiag, d10TI n YeBodoAoyia nou xpnaoigonoinénke ATav
dlapopeTikn. EninAgov, oTnv PEAETN TNG ouadag Tou ldenoue Onou avixvelTnkav avTi-
Surv.A24 anavTnoelg, dev npayupatonoindnke kaAAiEpyeia und ouvOnkeg @Bivouaoag
OUYKEVTPWONG, €va YEYOVOC Mou UNOopei va odnynoel O UNEPEKTIUNON TNG ouxvoTnTac,
AOYW TWV WeUdwg BeTIKWV NANBUOoNWV €EaiTiag Tng pn €1dIkng oUvdeong [167]. QoTdoo0,
OTIC AlYEC NEPINTWOEIC NOU MEAETABNKE n ouxvoTnTa avixveuong Tng oapPiBivng os
Kapkivo Tou nveupova, onwg n opada Tou Ichiki, napartnpr®nke CD8 andvtnon &vavri
TOU nenTIdiou Surv.A24 oTOUG Agu@adévec acBevwv HE Kapkivo Tou nveUpova o€

ouxvoTtnTa 0.5-2 x1077 CD8 kuTTapa [101].

Mapd TIC 6NoIEC OXOAAOTIKEG NMPOONABEIEC PAG, NPOEKUWAV adIAOEIOTEC anodei&elg
avagopika WE TNV anoucia TwV KUKAOPopoUVTwv €IdIkwv CTLs €vavti Twv Ouo
nenTidiwv TNG oapfiBivng T6oo 600V aPopda Toug aogBeVEIC HE KApKivo Tou nveUpova 0600
Kal Ta uyIn ATohd Mou CUPMETEIXAV OTn CUYKEKPIYEVN MEAETN. AEilel va TovioTel OTI o€
TEOOEPIC MNEPINTWOEIC, N AVIKAVOTNTA TWV UMNOTIOEPEVWY BeTIKWV MNANBUOUWY va
noAAanAaciacTouv He nepaiTepw OlEyepon, odnynoe orto va BewpnBouv apvnTikoi,
KaBwg ol TeAeuTaiol xapakTnpidovrav KUTTAPOMPETPIKA, anod XaunAn €vracn @Bopiouou.
AUTN N napatnpnon evOEXOUEVWG va anuaivel 0TI 8a npénel va diveral 1I31aiTepn NPoooxXn
KaTd TNV KUTTAPOUETPIKN EPMNVEIa EVOC TETOIOU NANBUCHOU, €10IKA OTNV MNEPINTWON Nou
dev AapBaverar undéywn n un-e1dikf oUvdeon [100, 167]. H ouxvoTnTa avixveuong
€101kwv CTLs &vavTi TNG Surv.A2 kal Surv.A24 oTouc aoBeveic Je KApKivo Tou nvevupova
unoAoyioTnke MIKpOTEPN and —3 x107 CD8 kUTTapa Tou MEPIPEPIKOU aipgaToC Kdal
EVOEXONEVWC, Ol KAWVOI auToi va avixveuovTal o€ XaunAOTEPN GuxvoTNTd. SUPNPWVA UE
Ta anoTeAéopaTa pag, n anoucia €1dikwv CTLs yia Ta nenTidia TnG aapPiBivng kal Tng
oapBiIBivnc-2B, dev ogeileTal oTnv EAAEIWN €Kppacng TnG oapPiBivng, 0edoPEVoU OTI N
gapBiBivn kai n oapBiBivn-2B ek@paleTal og 95.5% TwV delyNaTwyv oykou (Mivakag 21)
[159]. EminAgov, n XaunAn ouxvoTnTa avixveuong Tng €10Ikn¢ CTL andvTnong &vavTi Tng
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oapBiBivng, dev unopei va anodoBei anokKAEIOTIKA oTnV gyyevr) duokoAia Tng oapBiBivng,
WG auToavTiyovo, vd NPOKAAECEl avooiakn andvrtnon, OIOTI eVTOMIOTNKE avTi-Surv.A2
CD8 nAnBuopodg oe deiypua guaioAoyikou d0Tn, HIKpOTEPNG NAlkiag (Eikova 30E-30Z).
TNV TeAeuTaia nepinTwon, To oUCTNUA KAAAIEPYEIAC MoU Xpnaolponolinenke fTav To idio
IKavo va evioxUoel CTLs, Onw¢ NepIYpAPETAl Kal anod AAAEC €PEUVNTIKEG ouadeg [147],
kal éneira and pia €Bdopada Oleyepong, o €I0IKOC avTi-Surv.A2 nAnBuopog
noAAanAacolaoTnKe Kal HEAETABONKE NepaITEPpw, anodeikvuovTag £Tal TNV UnNapén onaviwv
CD8 T KUTTApPWV COTNV NEPIPEPEIA UYIOV aTOPwV (Ta dsdopéva autd Osv eAngBdnoav
unown, €@OCOV TO (PUOIOAOYIKO Ociyua dev avnKel NAIKIOKG OTnV ouada Twv UyIov
doTwvV) [168].

Ta eupnuaTa autd, evOEXONEVWCE va BEToUV €va ooBapod €pWTNUA OXETIKA UE TOV
OTOXO TNG avoooBepaneiag kalr TNV €niIAoyr KATAAANAOTEPWV AVTIYOVWV TOU KapKivou
Tou nveupova. Mapd 1o yeyovocg oTl dIaPOopPEG DNUOCIEUNEVEG HEAETEC avayvwplioav OTI O
€UBOAIQOPOC ME TaA napandavw nentidla npokadAeoe CTL anavTtnoelG Ol  OMOIEG
dlanioTwdnkav MPEOW TEXVIKWV ELISPOT, dev napdTnphbnkKe oOnNUAvTikn KAIVIKNA
anoTeEAEONUATIKOTNTA. AUTO &€vOEXOMEVWC o@eiAeTal oTnv €AAsiwn autdpaTtwv CTL
anavtnoswyv €vavTl Twv NenTIdinV auTwyv, ONwWc naparnpnénke ornv napolod HEAETN.
duoika, Bdosl Twv npoavagepduevwyv Oev UMOPEI va danokAEIOTEl n xXpnon Tng
oapBiBivng kar oapBiBivng-2B anod Tnv avocoBepaneia Tou kapkivou, and Tn OTIYHR nou
Kal aAAa HLA Ta&ng I kai II nepiopiogéva nenTidla autwv TwV NPWTEIVOV HRopouv
€niong va npokaA€égouv anavThoei T-KUTTApwV &vavTl Twv Oykwv [105]. Me Bdaon Ta
anoTteAéopaTtd pag, woTtdoo, N EKTIUNON TNG AMNOTEAEOUATIKOTNTAC TOUuG Oa npenel va
nepiAduBavelr  evdehexn HETPNON Kal a&ioAdynon TwV AUTOUATWV AVOCGOAOYIKWV

anavTroswy.
Suxvornta avti-hTERT pCTLs o€ aoBeveic ue kapkivo

MapoAo nou n capBiBivn kal n TeAouepdaon eival «idia» avtiyova (autoavTiyova) Ta
onoia unepek@padlovral and Kapkivikd KUTTapda, naparnpnenke 81agpopd HETAEU TOUG WG
Mpoc TNV IKAvoTNTAd TOUG va NMPokKaA€oouv avixveuoiun CD8 andavtnon. Ta anoTeAéopaTta
pag deixvouv OTI To NoocooTO avixveuonc avTi-hTERT pCTLs os aoBeveic JE KAPKivo Tou
nvelpova cival nepinou 50% Twv OsIyHATWY, €MiNedo NApPOMOIO HE EKEIVO TWV UYIOV
atopwv. H ouxvotnTa avixveuong €1dikwv CTLs €vavTi Twv nenTidiov hTERT.A2 Kal
hTERT.A24 oTouC acBeveic pe Kapkivo Tou nveupova unoloyioTnke ota —9 x1077 CD8
kUTTAapa kal —4 x10~7 CD8 kUTTapa nepipepikoU aigaTog avTioToixa. Aueon oUykpion TNG
ouUXVOTNTAG TWV aVTIYOVOEIDIKWV aUT®WV KUTTAPWV PE TA AMOTEAECHATA MOU UNdpxXouv
otnv BiBAloypapia dev pnopei va yivel eUkoAa, 10T ol HEBODOAOYIKEC NPOCEYYIOEIG ival
OIAPOPETIKEC. ZTIC AlYEC MEPINTWOEIG WOTOCO, ONOU XPNOIMOMNOINBNKE NAPOUOId TEXVIKN
[169], evTonioTnkav, Ot MIKPOTEPO apIiBUd acBevwv, €10IKA yia hTERT.A2 CTLs ot

XaunAnf ouxvotnTa [170]. AlagaiveTal OTI o1 diagopol Oykol ynopouv va enegepyalovTal
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kal va napouoidlouv OUYKeKpIEva nenTidla TG hTERT ot oUvOeon HE CUYKEKPIPEVA
HLA popla. Qotdoo, 08 KANOIEC MEAETEG KUTTAPIKWV CEIpWY, PAvnKe OTI Ta €10ika CTLs
evavtl Tou nenTidiou hTERT.AZ2iakriiwe OEV WMNOPECAV VA aAvaAyvWpPIOOUV TA KAPKIVIKA
kUTTapa nou e&&ppalav hTERT [135]. Aidgpopol napdyovTeg Ynopei va suduvovTal yia
TNV avikavotTnTa Twv €1dIkwV CTLs va npokaAéoouv AUCN TWV KAPKIVIKOV KUTTAPWV,
£€vac and Toug onoioug €ival To NpwTedoowla [136]. Mia miBavnh €Enynon Aoinov, sivai n
avanoTeAeouaTikn eneEepyacia kal napouciacn Tou hTERT.A2 nenTidiou HECW TOU
NPWTEACWUATOC 1 TOU avooonpwTEaoWHATOC, 1 akoun nbavr JuoAsiToupyia TNnG
npwTeivng TAP (transporter in antigen processing). MpdyuarTi, N OUYKEKPIYEVN UNOBEDN
€xel anodeixBei, oe dlapopeTikd avTiyovo, Ot Hid e€pyacia Tng Valmori kal Twv
OUVEPYATWV TNC, N onoia €J0&1& OTI n avanoTeAeouaTikn diaonacn Tou nenTidiou MAGE-
3271-279, NMOU napouaialeral and HLA-A2, odnynoe O€ HEIWHEVN Avayvwpion KUTTapwv
oToxwv (HLA-A2) and Ta €1dika CTLs [171]. AvaAoya GuunepacuaTa nepliEéypaye os
gepyacia Tn¢ n ondada Tng Morel, oTnv onoia d&v NAPOUCIACTNKE TO AVTIYOVIKO MENTIOIO
Melan-Azes-35 oTa avtioToixa CTLs Adyw Olapoponoinuévng didonaong apivo&Ewy ano To
avooonpwTedowua [172]. ZuAAéyovTag napopold danoTeAEONATa, Onwc¢ autd Twv
npoava@epBEVTWV £pyaciov, PNopei va €Enynbei ev pépel, n UNAp&n avTIKPOUOUEVWV

OedOUEVWY OXETIKA YE TN Xpnon Twv hTERT nenTidiwv 0 NpwWTOKOAAG avocoBepaneiac.

SuxvoTnTa avrti-survivin kair avri-nTERT pCTLs o€ uoloAoyika aroua

EAGxioTEG NANpogopiec yia avTiyovoeldikec CD8 anavThoei o ATopa Xwpig
Kapkivo undapxouv otnv BiBAloypagia, kabwc ol napatnpnoeiC TwV UYIoV PapTupwyv
anoteAoUv OToIXEi0 CUYKPIONG YId TIC AvTIiOTOIXeG CD8 T anavThosiC TwV aoBevwv HE
kapkivo. NMoAAEC epyacieg [105] nepiypdgouv un avixveuoiun CD8 andvrtnon &vavTi Tou
nenTidiou Surv.A2 oOg UYIEIG PAPTUPEG, eV AiyeEG €ival AQUTEG Mou NEPIYPAPOUV avTI-
Surv.A24 andavrtnon o€ QuaoloAoyikoUg 00TeG [100, 102, 103], wWOTOCO, OTIC MEAETEG

QUTEC N ouxXvOTNTA EKTIMNONKE PE OIAPOPETIKA HeBodoAoyia.

'Eva akdpn eUpnua Tng napouoac WEAETNG, To onoio 6a pnopoucs va anodeixOei
€EQIPETIKAC onpaciac avagopika Ye Tn onoudaldTnTa TWV auTopaTwyv CTL anavrnoswyv
oTnv avogoBepaneia Tou Kapkivou, €ival 0TI ONw¢ Kal oTouC aoBeveic Pe KapKivo Tou
nveugova, £T0l KAl 0TOUC UYIEiC OOTEC NApoucIaoTnKe N idla duokoAia avagopika PE TNV
avixveuon CTL anavTtioswv €vavTl nenTidiwv Tng oapPifivng, svw e€ival yvwatd OTI
pgnopouv va snaxBolv TETOIEC AnNAVTACEIC EvavTl NOAADV GAAWV avTIYOVWV TWV OYKWV
[5, 166 173]. AvTiBeTa, OTOUC UYIEIC HAPTUPEC avixveuTnkav CTLs €vavTl Twv NenTISiwv
Tng hTERT.A2 kal hTERT.A24 oTo 50% TwV JdelYNATWV, anodeikvuovTag OTl €101Ka €vavTi
TWV OYKwV CTLS KUKAOQOpoUV OTO MEPIPEPIKO aiga aToOpwV Xwpic kapkivo. Mo
OUYKEKPINEVA, OTOUC UYIEIG N ouxvoTnTa avixveuong e1dikwv CTLs €vavTl Tou Surv.A2
unoAoyioTnkKe MIKpOTEPN ano —1.4 x107 kal €vavTl Tou NenTidiou Surv.A24 HIKPOTEPN

ano —2 x107 CD8 kUTTapa Tou nepipepikoU aigaToc. TEAOG, N ouXvOTNTA aAVviXVeuaong
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Twv avTI-hTERT.A2 kal avTI-hTERT.A24 CTLs oToug QuaIoAoYIKoUG OOTEC unoAoyioTnke
og —1.5 x107 CD8 kuUTTapa kair 1.6 x107 CD8 kUTTapa Tou NEPIPEPIKOU aiPaTog

avTigToixa.

Ta dikd Twv Oykwv pCTLs nou avixveudnkav OTO didd TwV (QUOIOAOYIK®OV
aTopwv, 6a pnopoloav va avTinpoowneUoUV auTodpaacTiKoUG KAWVOUC Ol OMoiol £XouvV
dlapuyel and Tnv eniAoyr oTov BUPo Kkal ol onoiol evioXUovTal OTOUGC AOBEVEIG ME
Kapkivo AOyw TNG napoucia¢ Tou Oykou. H napoucia auTwv TwV KA®VWV dnUIoUpyYEi
noAANG epwTruaTa: yiati Ta CTLs €xouv dia@uUyel TNG apvNTIKAC €MIAOYNG oTov BUO;
MNati dev napartnpeital autoavooia oTnv nepipépeia; 'Enemra and owpeia PeEAETWV,
nioteleTal OTI Ta OevdpITIKG KUTTApd, nBavwe AsU@PIKAC MNpoEAEuonG, MMOPEI va
gubuvovTal yia TNV napouciacn TwvV autoavTiydvwyv oTta BupokUTTapa Kata Tnv
eknaideuon Tou BUpou [174, 175]. TéAog, unooTtnpiletar OTI £€vag unonAnBuouoc
BUHIKWV OEVIPITIKWV KUTTAPWV £XEI KUPIWG avOoONpWTEACWHA KAl CUVEN®C €I1d1Koi CTLs

dlapeUyouV TNC ApvNTIKNG €NIAOYNG [176].
21adio Aiapoponoinong 1dikwv CTLs

'Eva aAAo ZATnpa nou NpokUNTEl €ival av auToi ol KAWVOI NpogpxovTal anod &vav
nANBuUond napBévwv KUTTAPWY N KUTTAPWV MVAMNG. AV UNoBECOUHPE OTI Ogv
napouaialovral avriyova TwV OYKWV oTd (puUaIoAoyikd dTtopd, Ta €10IKa Twv OyKwv pCTLs
8a upnopolcav va BswpnBolv WG napBeva kUTTapa. QoToco, aveEdpTnTa and Tnv
NpoEAeUCon TougG, Ta CTLs €xouv Tn duvartoTnTa va avTidpdaocouv oTn JIEyEpOn nou
npokaAoUvV Ta avTiyova KAapKIVIKOV KUTTApwV Kal N Napouadia Twv avTiyovwV TwV OYKWV
avAPEVETAl vad MPOKAAEcel Ola@Ooponoinon TWV OUYKEKPIHEVWV KA®WVWV Ot KUTTApA
MVAHNG. AdYyw TNG XapnAng ouxvoTnTag oTnv onoia anavrwTal Ta KUTTapd autd OTo
NEPIPEPIKO aipa kal and Tn OTiyun nou n povn a&ioniotn peEBodoC yia ThV avixveuon
autwVv Twv onaviwv pCTLs €ival pe in vitro gvioxuon, ornv napouca PeAETn dev nATav
€QIKTO va OleEayxBei apeon ekTipnon (N.xX. ex vivo xpwon CD45 kai CCR7), NPOKEIPEVOU
va kabopioTei To oTadio diapoponoinong Kdl N NPOoEAEUCH TOUG. SUVEMN®G, AV Kal OAEC ol
CD8 ypauuEG Kal Ol KAWVOI PEPOUV (PAIVOTUNO TwV OPACTIKWV HVNHOVIKWOV Kal TwV
TeAIKaG diapoponoinuevwy (Mapaypagog 4.3 kal 4.4) dev €ival yvwoTo €av 0 ¢aivoTunog
auToOG avTINPOooWNeUEl TNV NpoUndpXouod KATAOTAONn TwV KUTTAPWYV, N N Kataortaon
TOUG €Xel NpokANBel ano To oguoTnua KaAAlEpyelag. NMapouoleC Npoondabelec KAaTEANEaV
oTta idla oupnepdopaTta, ONwWC oTnV €pyacia Twv Pittet Kal TwvV CUVEPYATWV TOU, KATA
TNV onoia 1o 95% Twv avTi-Melan-A/MART-1 CTLs acBevwv Pe peAAvwua, €neira ano in
vitro Jléyepon HE TO €v AOYw nNEeNTIOIO, (PEPOUV (PAIVOTUMNO OPACTIKWV MVNHOVIKDV

KUTTapwv, ocUU@wva Pe Toug Sallusto — Lanzavecchia [176, 177].
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Ao6eveic pue avEnuévn pCTL ouxvornra

And Tnv avaAuon TnG ouxvOoTNTAC OTOUGC aoBeveic Ot OXEON ME TOUG UYIEIG
MAPTUPEC MPOEKUWE NG KAnolol acBeveic diagoponoioUvTtal and Toug unoAoINoug g
NPOC TNV OUXVOTNTA aViXVEUONC €I0IKWOV KAWVWV Kadl W NPOoC Td XAPAKTNPIOTIKG TOUG.
MNa 10 AOyo auTo €yIve Hia Peyain npoondbeia O1EE0DIKAC MEAETNC TNG CTL andavrtnong
OTOUGC OUYKEKPIUEVOUG aoBeveic, 000 ATAV TEXVIKA E€QIKTO. 3TNV MEPINTWON Tou
aoBevoUcg P#10, napatnpndnke OTI €ixe 4-21 POpPeC UPNnAOTEPN ouxvoTNTA ANAVTNONG
€vavTl Tou hTERT.A2 nenTidiou oUyKpITIKG PE Ta unoloina deiypaTta. TETolou PeyEBOUG
anavTtnosig evromdovTtal o acBeveic €neira ano suBoAlacud kal dev £XOUV NEPIYPAPEI
NPONYOUUEVWG OE AQUTOUATEG AMNAVTNOEIG O aoBeveic Ne KapKivo ) UyIEic, 0gov apopd
Ta OUyKekpigéva nenTidia [178]. =Ttov acBevr) P#10 ano Tn diadikacia Tou MLPC
anopovwOnkav kaTtd Tn didyvwon 12 KUTTApIKEG YPAUMEC Nou avayvwpilav To hTERT-A2
nenTidlo o ouxvoTnTa 42 x1077, Kal NETA Tn Oepaneia 4 KUTTAPIKEG YPAUMEC TG id1ag
€10IKOTNTAG O£ OuxvoTnTa 34 x107 CD8 T KkUTTapa Tou NEPIPEPIKOU aipaToC. € pid
akoun nepinTwon otov acBevr) P#19 avixveldnke peyaAlTepn ouxvoTnTa HWeETa and
Bepaneia, n onoia ATav 6.2 x107 Twv CD8 T KUTTAPWYV, EV®W KATA Tn didyvwaon n
ouxvoTnTa ATav <2 x10~7 Twv CD8 T KUTTAPWV NEPIPEPIKOU aipaToc. AEloonuEiwTo €ival
OTI oI 2 CD8 ypauuec mMou npoEkuwav and Tov adbevr) P#19 WeTA ano in vitro
EVEPYONOINOEIC napoucgiacav dIaPOpPETIKO (aivoTtuno. H pia CD8 ypauun £@epe Tov
PaivoTuno dpacTIKWV HVNHOVIKOV KUTTAPWYV, OHOIO HE EKEIVO TWV UNOAOINWYV aoBevwV
(CD45R0O* CCR7- CD28* CD57°), ev®w n GAAn CD8 ypauur £€pepe Tov id10 PpaivoTuno We
EKEIVO TwV uylwv (CD45RO* CCR7- CD28 CD57°) (Mivakag 25). EminA¢ov, and Tn
MEAETN TNG KAWvVIKOTATAG Tou TCR npoékuwe OTI Ol 2 KAWVOlI TOU P#19 é€xouv
dlapopeTikoUG TcR nou avayvwpifouv To hTERT.A2 nenTidio (Mivakag 28) [179],
npokeiTal dnAadn yia S1aPopeTIKOUG KAWVOTUNOUG o1 onoiol Opwg avayvwpifouv To id10
nenTidIkO avTiyovo. Eival, Aoindv, mBavo o ¢aivotunog Twv CTLs Twv acBevwv va
eEapTaTal ano To €4v oTNV NoOpEia TNG KAPKIVOYEVEDONG n/kal TnG €EEAIENG TNG aogBevelag,
nebav os enagn Je Ta avTiyova nou avayvwpilouv. Mnopei €niong va unoBei 0TI aToug
aoBeveic Ta CTLs 8a pnopoucav va napoucialouv dIapOpPETIKI MPOEAEUCH avaloya ME
TNV €KPpaocn TwWV avTlyovwv nou avayvwpilouv OTov KAPKIVIKO [0TO Kal To
HIKponepIBAAAOV OTNV MeEPIOXN Tou OykKou. QoToco, WE Baon Tn OIKA Macg avaAuon,
MMopoUHE va unooTnpiEoupe OTI OTOUC AOBEVEIG NMou HEAETABNKAv, TA AVTIYOVOEIDIKA

CTL €ixav Tnv 1kavoTnTa va diagpoponoindolyv o KUTTApa PVRAHNG.
Enidpaon tng xnueioBepancsiag orn ouxvornta pCTL

H akTivoBepaneia kalr n xnuelioBepanegia pnopolv va du€fjoouv TIC €IDIKEG
aVOOOAOYIKEG aMaAvTtnoelG avoiyovrac €1ol To OpOMO  yia oUuvOUAOTIKEC XNUEIO-
avoooBepAneUTIKEG €papuoyEeC. [180]. H oionAarivn e€ival yvwoTd OTI NpoKaAei

KUTTApIkO BdavaTto péow andonTwong N vekpwaong [181] kal, eKTOG and TNV KabuaoTEpnon
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N TAV avaoToAn TnG avanTtuénc Tou Oykou, n Xpnon TnG Bswpndnke OTI dnuIOUpYEI
avoooyoVvikoUg Oykouc. 'ETal, n xprion TnG o€ NEIpauaTika JOVTEAd, UE TOV OUVOJEUTIKO
€UBoAIaoOpO TOU OYKOU PE avTiyova, evOEXETAl va odnynoel o€ BEATIWON TWV ANAVTACEWY
avTI-KapKIVIKov CD8* T-kutTapwv [182]. QoTtdoo, de JIEAXON akpIBrc PETPNON TNG
enidpaoncg auTng os avBpwnouc. Mpo¢ auTn TNV KaTeubuvaon, dlEpeUvVONKE KATd NMoco n
akTIvoBepaneia kal n xnuelioBspaneia e olonAaTivn €iXe kAnola €ninTwon oTa €nineda
Twv pPCTL nou avixveudnkav. QoToco, dev napartnpnénkav PeTABOAEC oTn ouxvOoTNTA
Twv pCTL ot €vreka aoBeveic PE KaApKivo Tou nveUpova, ol onoiol gA£yxdnkav

TOUAAxIoTOV €va XpOvo PETA TNV 0AOKANpwon Twv KUKAwV Bepanciag Toug (Eikova 35).

Ta suprjyata autd nposidonoloUyV yia ToV KivOUVOo NApEpUNVEIag and Tnv €NEKTAaN
Twv OcdoNéVWV Ta onoia npogkuwav and PeAETec o (wa e kapkivo [183], apou Ta
dedopyéva auta Oev unopoUv nAvVTA va avanapdyouv He akpiBeia To niBavo
avoooKaTAaoTAATIKO HIKponepIBAAAOVY Tou avBpwnivou Kkapkivou. Ta OTOoIXEid nou
npokUNTOUV ano TIC napandvw e@ApuUoyeEc Oa pnopoUcav va avTiNnpoowneUouv €vav

kaBopIoTIKO NapayovTa yia Tnv nopeia TnG avoooBepaneiag oTov Kapkivo Tou nvelpova.

Zuxvornta avri-hTERT.A2 pCTL o€ TILs

e kapia nepintwon, oto oUvoAo Twv OUo aocBevwv (P#7 kal P#8), pera and
Oléyepon OUo gRdopaAdwv degv avixvelTnkav €1dika CTLs nou va avayvwpiouv kKanoio
ano Ta uno €Aeyxo nenTidla. BERala, o€ €vav anod Toug 2 acBeveig, evronioTnkav avTi-
EBV CTLs o uwnAn ouxvotnta (Mivakag 24). H anoucdia andvtnong ota TILs pnopei va
opeiAeTal gg dIAPOpPOUC NapdayovTeg, ONWC MEIWHPEVN 1 anoudia €Kppacng avTiyovwv
TWV OyKwv and Ta Kapkivikd kutTapa, aduvapia Twv CTLs va dinbrijoouv CGUunayeic
OYKOUG, ONWC 0 KAPKivog Tou MveUpovd, XapnAn ouxvotnTta Twv CTLs kadTw and Ta épia
avixveuong Tng ex vivo availuong kai aduvayia Twv CTLs nou evOEXONEVWC EXOUV BpeBEi
ora TILs va noAAanAaciaoTouv in vitro €€aITia¢ TWV avoooKATACTAATIK@WV Napayoviwv
OTO MIKponepIBAAAOV TOU OYKOU MOU Ta €XOUV KATAOTNOEl AVePYIKA. € NAPOMOIEC
MEAETEC, 0 MeyaAUTEpo dapiBPUO aocBevwv WPE KAPKIVO TOU MVeUPovd, avixveuTnke
avTiyovoeldikny andavrtnon o€ XaunAd nocooTo Twv Odeiypdtwv. 'Onwe avagpeperal
BIBAIoypapikd, n aduvapia noAAanAaciaopou Twv CTLs orta TILs, ynopei va opeiAeTal og
avwuaAiec popiwv onuatodoTnong nou esnnpealouv TNV €niBiworn Toug, evw AAAd
dedoueva unooTnpifouv NwC PNopei va Oo@EIAeTal oTnv avikavoTnTa TwV KUTTapwv
autWV va noAAanAaciaoTtoUv in vitro. EvToUTOIC, APKETEC €ival Ol €pyacieg, nou
avagEpovTal gc UWPNAR OUXVOTNTA aviXveuong €IBIKwV TWV OYKWV avTiyovwv oTav

onuaivovTal ye HLA-NOAUMEPH ex vivo Kupiwg og aoBeveic ue peAavwpa [184, 185].
SuxvoTnTa Evavri IIKWV NeNTISiov

H napoloa HeAETN napéxel aueoec evdeieic OTI ol agbeveic nou naoxouv ano

Kapkivo Tou nveUpova napouaialouv €101k CTL anavtnon €vavTi Tou 10U EBV 1godUvapn
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ME EKEiVN TwV UYIOV aTOMWV TNG idlag nAikiag. EmnAgéov, odavnke 0TI n anavrnon &idIKwv
CTL &vavTi nenTidiwv EBV nou nponABe and Aatopa auTtng TnG nAIKIGKNG opdadac, eite
€naoyav ano kapkivo &ite o1, NTav unodinAdacia ano ekeivn nou nponABe ano veoTepa
uyIn atopa [186]. 'Ocov agopd Ta uyir ATohd, Ta ANoTEAECUATA TN Napouaoac £pEuvag
gival oUP@Wva Pe ekeiva nou avagepdBnkav npooparta and Toug Colonna-Romano Kai
TOUC OUVEPYATEC TougG [187] kai Ta onoia katadeikvUouv TNV avTioTpoPpws avaioyn
oxeon MeTa&U Tnc nAIKIaG Kal Tou nocooToU TWV KUKAOQPOPOUVTWV E€IDIK®WV avTi-EBV
CTLs. Katd ndoa nibavoTnTa, auTeG ol napaTtnpnoslc unopouyv va €EnynBouv aTo nAaiocio
TNC noAunAokng diadikaciag TG avoooynpavong Twv T-kuTTdpwv [188, 189]. 'Ocov
agopd Toug acBeveic Pe Kapkivo, To evdlagépov eival OTI napouadialouv Tnv idid
anavrtnon €idiIkwv CTLs Tou EBV PE TOUG UYIEIC OUPPETEXOVTEC, KAl n onoia oXeTileTal Ye
TNV nAikia. AnAadry oUTE To avTIYOVIKO (OPTIO TOU OYKOU OUTE Kaveévac GAAOC
napayovrac nou oOxeTileTal Pe Tov Kapkivo dev ennpéace Tnv 1KavoTnTd TOUG va

napexouv CTL andvtnon €vavTi Tou Iou.

Tooo oI KAWVOI TwWV aoBev®V 0G0 Kal 0l KAWVOI TwV UYI®V, Nou oXeTilovTal JE TNV
nAIKia, egeavioav PEiwPEVN 1IkavoTnTa noAAanAaciacpou Twv €18Ikwv pCTL €vavTl Tou
10U. To mBavoTepo €ival auTeég ol dlaPopeg unopolv va €Enynbouv and Tnv KUTTApPIKA
ynpavon, oUu@wva pe Tnv onoia Ta €10lkd CTLs o€ aoBeveic Pe Kapkivo €xouv
noAAanAaclaoTel apKeTEG PopPEG KaTd Tn didpkeia {WAC TOUG KAl Napoucialouv PEIWPEVN
IKAVOTNTA NEPAITEPW avTidpaong oTo €p€Biopa kamoiou avTiyovou. Ta napanavw
oupnepaopaTta unodnAwvouv OTI ol agbeveig pe kapkivo dev xapaktnpifovTal ano pia
aduvapia TNG avooiakng andvrnong, dAAa and e€EavtAnon N avepyia TwV
avTIYOVOEIDIKWV KUTTAPWV Mou OXeTiCeTal Pe TNV nAikia [190]. ZTo nAdicio auTo,
dlanioTwBlnke npodéopaTa, o napdaAAnAn e€pydcia Tou epydoTnpiou, OTI acBeveic MEe
Kapkivo Tou nveUpova napoucidlouv dekanAdoia au&non Tou dapibuol  TwvV
avTIkapkivikov CTL 0g 0Oxéon ME TOUC OUVOMAAIKOUG uyleic 00Teg [191]. Ta
anoTeAECPATA AuTa KaTadelkvUoUV OTI 0E GUYKEKPIKMEVOUG AGBEVEIG N avanoTEAEOUATIKN
avTIKAPKIVIKA anavtnon anoTeAsi, kata ndoa niBavotnta, avravakAaon Twv aAlaywv
nou cupBaivouv oTa atopa Aoyw nAikiag [192] kal nou snnpealouv TNV IKAVOTNTA TOUG
va avrtanokpiBoUv anoTeAeopaTika &vavrl Twv Oykwv. Me Baon Ta oToixeia nou
napouaialovtal oTnv napouca MeAETN, a&ilel va dlepeuvnBei kaTd noco veapd aTtopa
€KONA®VOUV HIa MIO I0XUPH avTIKAPKIVIKR andavtnon, onw¢ cupBaivel ye TNV anavrnon

€vavTi Tou 10U EBV.

5.2 AITOUPYIKOTNTA TWV AVTIYOVOEISIK®OV KUTTAPWV

>TNV napouod HEAETN €MXEIPNONKE n anopdévwon OAWV TwV aAVTIYOVOEIDIKWV
nANBUOPWV anod Toug UYIEIC UAPTUPEC Kal Ot O00sC T KUTTAPIKEC YPAUMEC aoBevwv

UNNPXE enapkela uAikoU. Mapda TiIG noAAanAEC NpoondaBeleg KAAAIEPYEIAC KAl ANOPOVWONG
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KAQVWYV, XapakTnpioTnkav AEITOUpPYIKA £vag KA®VOG uyloUug d0Tn kai duo KAwvol
acBevwyv, ol onoiol nmoAAanAacidoTnkav o< IkavonoinTikd Babud in vitro, woTe va
anokTtnOei enapknc apiBudC KUTTAPpWV yia Tn XPHon TOuG O MNEPAITEPW aVAAUOEIC.
MaAioTa, Ta deiyuaTa auTtd eu@avioav napopola IKavoTnTd napaywync KUTTApoKIVOV
(IL-2, IL-4, IL-5, IFN-y kal TNF-a) kal anougcia €kkpiong IL-10.

O1 Aoyol aduvapiaC Twv KAWVWV va noAAanAaciactoUv gival  dyvwarol,
EVOEXOMEVWC OJWC va oxeTidovTal JE TNV avoogoynpavon Twv CTLs KAl TNV avTiypa@ikn
€€avTAnon Twv CD8 KUTTApWV MouU NPOKANBNKE and CUVEXEIG in vitro evepyonoinoeig. H
avoooyrnpavon nepiAauBavel pia osipd aAAaywv nou ennpedlel Tn QUOIKA KAl Tnv
€NikTNTN avooia. Me Tnv ynpavon, n Asitoupyia Tou BUPou adéva €EacBevei kal odnyei
otnv diatapaxn Tng loopponiag Twv T nAnBuouwyv €€aitiag TNG peiwong Twv napbévwv
KUTTApwV, OTN MEIwWoN TNG MOIKIAOTNTAG Twv T KUTTAPWV KAl OTN OUCCWPEUCN TWV
hvnuovikwv T anavtioswv [193] €vavTl Xpoviwv AOIHWEEWY onw¢ o CMV [194]. H
avTiypaQIkn ynpeavon, ano Tnv AaAAn nAEupd, anoTeAel €va KUuTTapikd npoypapgpa To
onoio nepiopiCel Tov noAAanAaciapgd Twv QUOIOAOYIKWV KUTTAPWV, MPOKAAWVTAG HN
avacoTpEWPIUN avacToAn Tng avanTtuéng Twv KUTTAPWV KAl KPIGIUEG YEVETIKEG Kal
(PaIvoTUNIKEG aAAayEG. EkTeTapéveg épeuveg oe CD4 kal CD8 kUTTapa €xouv Oci&el OTI n
avTiypaQIkn yApavaon €ival XapakTnpeIioTIKO TV QUCIOAOYIK®V KUTTAPpWY TOU avBpwnou.
'Onwc¢ nepiypa@eral and Toug Globerson kal Effros, Ta ynpaouéva CD8 kUTTapa piag
KaAAlEpyelag, OlaTnpouv akoOun KAanoleg AsiToupyieg, napd Tnv aduvapia Toug va
noAAaniacialovral [195], Oonw¢G yia napddsiyyd, n uUnegpékppacn Tou CD25 aTtnv

emeaveia ynpaopévwyv CD8 T KUTTApWV €NeITA ano in vitro dieyepan We nenTidio [196].

Yno autd TO npioya, Ta CD8 kUTTapa e€vOEXOUEVWCG va BpiokovTal OTo TEAIKO
oTadio TnG 51aPoponoinong Toug, KAl KAt €nekTacn dev UNopouv va XapakTnpioTouv WG
naboAoyika kKUTTapa. H diadikaoia auTr) €Xel NEPIYPAPE] KAl O XPOVIEC IKEC AOIHWEEIC OE
NAIKIOPEVA aTopa, n onoia xapaktnpiletar and Peiwpévn 1kavoTnTa noAAanAaciacuou
kal dpaoTikOTNTAC HWETA and CUVeEXN enaAgr ME TO aAvTIyOvVo. APKETEC £PYdOiIeC £XOUV
avagepBei oTnv CUOXETION TG CMV kal EBV Aoipw&ng He TNV napoudia uynAwv

nocooT®wV CD8* CD28™ NAIKIWMEVWY aTOPWV [197].

And Tnv AAAn nAeupd, Ta puBuioTika T kutTapa (Tregs) nou eugavidovralr o€
HeYaAUTEPN OUYKEVTPWON Ot A0BEVEIG UE KApKivo, iowc va euBuvovTal yia TV avacToAn
Tou noAAanAaciacpoU Kal TNV €NEKTACN TWV KAWVIK®OV T KUTTapwv [198, 199]. QoToco,
To TeAeuTaio Bewpeital paAlov aniBavo, dedopEvou OTI O €vav MNEPIOPICUEVO aApPIBPO
delyNaTwV nou gAgyxbnkav (n = 4, 2 ano Tnv ondda Twv kapkivonabwv kal 2 and Td
uyIf atopa), o apibuoc Twv CD4* CD25* Foxp3* KUTTapwv, dev JIEPEPE PETAEU TwV
MLPC TwVv QUOIOAOYIKWV CUHMETEXOVTWV N TwV acBevwv HE Kapkivo, kalr Ogv

gevTonioTnKe kapia oxéon META&U TNG napoucia¢ Foxp3™ KuTTdpwv Kal Tnv Unapén
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€1I0IKWV €vavTl Tou Oykou pCTL ora deiyparta auta (ta dedouéva Oev napouaialovral)
[191].

Av Kdl 0 XaunAOG apiBuog Twv uylov O0oTwv OV ENITPENEl OTATIOTIKEG AVAAUOEIC,
e€eTalovrag Tn AsITOUpYIKN 1KAvoTNTa TwV avTi-hTERT pCTL uyiwv papTUpwv Kal
aoBevwyv, NMPOEKUYE NG €ixav napopola 1kavoTnTa noAAanAaciacpou Kal idia €vraon
PpBopIoUoU PETG ano xpwon We Ta HLA-noAupepn (Eikova 34B). MpayuaTi, HEAETOVTAC
TNV ouyyévelia Tou TcR, emBeRaiwdnke 0TI 01 KAWVOI TwV AGOEVWV KAl TWV PUCIOAOYIKOV
aTopwVv nou eferaoTtnkav diEBstav TcRs Me napoOpola GUYYEvEId Yyia To NEeNTIdIo
hTERT.A2 (EikOva 41I). H ouykevipwon Tou nenTidiou nou anairouvTav yid vda
emTeuxBei To 50% TnGg MEyIOTNG AUONC nTav napopold yia OAa Ta Ociypata Kal
KupaivoTav JeTa&lu 3 kal 12 nM. Ta dedopéva Pac, napd Tov HIKPO apiBuo KAWVWV nou
xpnoigonoindnke, KaTadelkvUouv HEIWHPEVN 1KavoTnTa Twv CTL KA®VWV —ol ornoiol
anopovwOnkav and acBeveic YE KAPKiIVO— va OKOTWOOUV TA KUTTAPA nou ek@palouv To
OXETIKO NENTIOIO avTIyovou, napd Tnv ¢aivouevika napdpoia ikavoTnTa va avayvwpilouv
To nenTidlo ota KUTTapa-oToxouc. To TeAeuTaio evdExeTal va onuaivel oTi Ta CD8 T-
KUTTapa ennpedalovral OIApK®WG anod To HIKPONePIBAAAOV Tou OyKou, OIaUOPPWVOVTAG
€TOI TNV 1KAvOTNTA TOUG va avtanokpiBouv oTo avTiyovikd epebioua [200]. ‘ETol, ol
aoBeveig pnopei va OIaBETOUV  KUKAOQPOPOUVTEG KAWVOUG PpCTL He OIAPOPETIKEG
ouyyévelec TCR, 0t xaunAr ouxvoTnTad, €MIQEPOVTAC KAT aUTOV TOV TPOMo Hid
anoTEAECUATIKA AVTIKAPKIVIKA avoOoAOYIKR andvtnon. AVa@pePOUEVOI OTN GUYYEVEIQ TWV
KAQVWV NpENel va €Xoupe undwn nwg apevog ol UYPNARG ouyyévelag TCR UNOKEIVTAl O€
apvnTIKf eniAoyn oTto BUWO, APETEPOU OTOUG KAPKIVOMNABEIC n OUVEXNG €nA@r ME TO
avTiyovo Olapoppwvel To €id0G Kal To €UpoC Twv T KUTTAPpWV OTNV NepiPepela [201]
KaB1oTWVTAC avevepyd Ta UWNANC ouyyevelag CTL, kal emTpEnovTac Tn diatnpnon Twv
XAUNAOTEPNC ouyyevelag CTL. EmnAgov, undpxouv dedopéva nNou AanoKaAUNTOUV MG N
ouvagela Tou oupnAdkou MHC-nenTidl0-TCR oxeTileTal dueoa Ye Tn dpacTIKOTNTA EvVAVTI
Tou Oykou, KaBw¢ POvo Ta uywnAoTepnG ouyyévelag CTLs nrav oe B€on va AUoouv
IKavonoInTiIka KapkIvika kKutTapa [202]. Eival Aoindv OXETIKG aVAPEVOMEVO OTOUG
KapkivonaBsic va napapevouv oTnv KukAogopia XapnAfg OUYYEVEIQC AVTIYOVOEIDIKOI

KAWVOI Mou gU@avifouv NEPIOPICUEVN AEITOUPYIKN IKAVOTNTA.

5.3 Zupgnépacua

SUYKEVTPWTIKA, Nn napolod MPeAETN anokAAUWe onuavTikG oToixeia yia Tnv
noodTnTa aAAd kal noiotnTa TnG CTL andavrnong £vavTl TwvV avTiyovwv Tng oapBipivng
Kal TNG TEAOPEPAONC OTOV KAPKivo Tou nveUupova. Ta anoTeAéopdtd pac anodeikvUouv
nwc¢ CTL anavTnosig €vavTl TN aapPifivng kalr Tou unotunou Tng dsv avixvelovTdl o€
aoBeveic Ye KApKivo TOU NVEUPOVA KAl O£ UYIEIC TNG id1ac NAIKIGKNG ouadag. SUvenwe, N

anopovwaon Kai n KAaAAIEPYEId avTi-Surv.A2 Kadl avTi-Surv.A24 KAwvwv dev NTav €QIKTNA,
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Kal KAT’ €EMEKTACN O XAPAKTNPIOWOG TNG avTi-oapRiBivng CTL andvrnonc nepiAapBavel
MOVO Tn ouxvoTnTa avixveuong €1dikwv CTLs. AvTifeta, avTi-hTERT CTLs evTonioTnkav
TOO0O Ot ATOMA XWPIC KApKivo 000 Kkal o€ aobeveic WYeE KaApKivo Tou nvevupovd, Kai
avixveuTnkav nepinou ortnv idla ouxvotntd. To yeyovog auTod, iowG va oPeileTal Ot
NapayovTeC Mou OXETI(OVTAl MEPICOOTEPO UE TNV AVOOOYOVIKOTNTA Tou avTiyovou napd
ME TNV 1KAVOTNTA TwV ACBEVWV HE KAPKIVO va anavthoouv O auTo. Avau@ioBniTnTa
OMWG, NPOKEITAl yia €va {ATnNa nou anaiTei nepaitepw diepelvnon. Ta supnuaTta pagc,
WOTO0O0, dNAWVOUV OTI, KATA TNV €€€Taon TnG duvaToTNTAG £PAPHOYNAC TWV NEMTIdIWV
oTnv avoooBepansia Tou Kapkivou Tou nveupova, Ba npenel va AngBesi unown n
IKAVOTNTA TOUC va NpokaAoUv auTouaTteg CTL anavTnoei¢ —YevikOoTepa Kal Oxl HOvo
OTOUG aoBeveic YE KapKivo— Kabwg kal To PEyeBoc Touc. To HEYEBOC TwWV AUTOPATWV
anavtnoswv Twv CTLs anoTeAei onuavTikoTaTn NapaPeTpo, Oxl JOVO avagopika PE TNV
EKTIMNON TWV avoooanavThioewyv HWETA Tnv Bepancsia aAAd, Kupiwcg, AOyw Tng miBavng

OXE0NG TOU YE TNV ANOTEAECNATIKOTNTA TNG avoooBepansiac.

H napoloa epeuvnTik NpoondaBeld npayudTtonoindnke oTo nAdiclo €AAEIWNG
EMNEPIOTATWHEVWY  OTOIXEIWV  OXETIKA MHe  Tnv  a&oAdynon kar  Tnv  €nioyn
KaTaAANAOTEPWV avTIiyOvVwV yia Tnv avoooBepaneia Tou Kapkivou Tou nveupova. Ta
anoTeA&éopaTa TNG MEAETNG NAPEXOUV ONUAVTIKEC NAnpogopieg, OxI HOVO yia Tnv
anoTEAECUATIKOTNTA TNG €VOEXOMEVNG avoooBepansiac aAAd, noAU nepioodTEpO, yia Ta
(PaIivoTunika Kal AEITOUPYIKA XAPAKTNPIOTIKA Twv CD8* T-KUTTAPOAUTIKOV KAWVWV
€vavTl nenTIdiwv avTiyovwv Twv OyKwV nou npolndpxouv GTOV Opyaviopd Twv UYIOV
aToMWV Kal Twv aoBevwv WE Kapkivo Tou nveUpova. EminA€ov, Ta anoTeAEopata Tng
€PEUVAC HAC, OXETIKA WE TNV €nidpacn TNG AKTIVOXNHEIOBEPANEiag aTn ouxvoTNTA TWV
€Idikwv pCTLs nenmidiwv, OETOUV EPWTAMATA OXETIKA WE TNV  AVAMUEVOHEVN
anoTeAEoNATIKOTNTA TNG ouvOUAOTIKNAG XNMEIO-avoooBepansiag. 'ETol, Ta €upnuaTd pag
8a pnopoloav va Oi1adpapaTioouv onPAvTtikdO poAo OTov OXedIAOHO BeEATIOHEVWV

HEBOdWV avoooBepaneiag yia Tov KapKivo Tou nveupova.

EnmnAgov, n peAETN auth anodeikvUel OTI oI AaoBeveic Pe Kapkivo Tou nAveupova
napouaialouv avTi-EBV andavtnon 100d0vaun HPE €KEiV TWV UYIOV CUPPETEXOVTWV TNG
idlaGc nAikiag, kal unooTnpilel OTI mBava n apvnTikn £€KkBacn TwWV avTIKAPKIVIKOV
avoooBepaneuTIKWV PEBODWY OTOV KAPKIVO TOU MVEUPOVA €VOEXETAl VA OPEIAETAI OTIC
UMOKEIMEVEC EMINTWOEIC MOU £XEl N Yynpavon oTo avoolakd ouoTnua kar Oxl oTnv

avanoTeAEOUATIKN AVTIKAPKIVIKE anavrnan.

TeéAog, qaiveTal OTI ol aoBeVEiC YE KAPKIVO anavTnoav anoTeAECUATIKA &vavTl eVog
nenTIdiou TNG TEAOMEPAONG &V TAUTOXPOvVA €ixav ageAnTéa andvtnon €vavTl Twv
nenTidiov TnG oapPiBivng, avegaptnTa and Ta €nineda TwV aAVTIOTOIXWV KAPKIVIK®OV

avTiyovwyv, Ta onoia Ki ek@palovTal oToUG EKACTOTE OYKOUG. 'ETOl, aoBeveic e Kapkivo
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Tou nveUpova €ival duvaTo va enideifouv diapopeTika enineda avoxng &vavTi d1apopwV
nenTidiwv avTiyovwv TwV OYKW®V, unooTnpifovrac KaT auTtov Tov TpoOMno Tn Xpnon
avTIKApKIVIK®OV €UBOAiov  noAAanAwv enmonwyv. EminAéov, napdAo nou didgopa
avTiyova TwV OYKWV eVOEXOMEVWEG GUXVA va ekppdalovTal 0 KApKivo Tou nveupova, n
avixveuon TwV €I0IKWV KUTTAPOAUTIKWV CTLs &€vavTl €mTONWV TWV OUYKEKPIHEVWV

avTIyovwv anoTeAei JGAAov onavio yeyovoc.
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NEPIANHWH

>KOMOZX Ta CD8* kuTTapoAuTika T-kUTTApa anoteAolv &vav and TouG ONUavTIKOTEPOUG
dpaaTikoUC PNXaviopoug TNG €10IKAG EvavTl TWV OYKWV avooiakAG anavtnong. H YeAETN
Toug, ME TN BorBeia Twv cUYXPOVWY TEXVIKOV EAEYXOU TNG KUTTAPIKAC avoaiag, dnoTeAEI
Bepud avTikeigyevo £peuvag, TOGO OTO nMAadiolo kartavonong TnNG anortuxiag Tng
avoooEMITAPNONG va e€A£y&el TNV avantuén Twv Oykwv, 000 Kal und To Qpw¢ TwV
npoonabsiwv eNAywync Toug Pe oTOXO TNV avoooBepansia Tou Kapkivou. ZKonog Tng
napouoac WEAETNG ATav n avalnTnon KUTTapoAuTIK®V CD8* T KAWVwWV €vavTl ENITONWY
TwV npwTeivwv oapPiBivn, capPiBivn-2B kal hTERT oTo NepPIPePIKO aipa kal o€ TILs
aoBevwVv PE KApKivo Tou nNveUpova Kabwg Kal 0 MOCOTIKOG Kal MOIOTIKOG XApaKTNPIoHOG
TOUGC Ot OUYKPION ME aVTIOTOIXOUC KAWVOUC, Mou eVOEXOMEVWCG avixvelovTal O Uyin

aTtoua, PE TN XPHoN TEXVIKWV PEYAANg euaiobnaoiac.

YAIKO ZSUAAEXONKE NePIPePIKO aiga and 20 acBeveic pe npwTonadr] Kapkivo Tou
nvelupyova (kata Tnv didyvwan Tng vooou) (17 avdpec kal 3 yuvaikeg, MEONG nAikiag
56+2.3 €Twv) Kal 5 uyieig 00Teg (5 avdpeg, MEONG nAikiag 67.1+9.9 €Twv). 2 5 anod
TOUG 9 aoBeveiC PE MIKPOKUTTAPIKO KAPKIVO TOU NMVEUHOVA MNEPIPEPIKO aAida GUAAEXBNKE
enionc 3 eBdouadec ueTd and 3-6 kUKAouG Bepancsiac pe nAativa. Emiong, og 60oug
acBeveic unoBANBNKav o XEIPOUpPYIKN e€nNEPPaAcn €yive oUAAOYI KApKIVIKOU 10ToU Kal

anopdvwon TILs.

MEO©OAOI KuTtTtapoAuTikd CD8* T kuUTTapa €10Ikd €vavTl MNenTIdiwv Twv avTiyovwyv
oapBiBivng, oapPiBivnc-2B  kar TeAopepAONC avixveudnkav E€neira anod in  vitro
EVEPYOMOINON NEPICOOTEPWY TWV dIAKOTIWV MIKPOKAAAIEPYEIDV UNO OUVONKEC PpBivouoag
OUYKEVTPpWONG. H avixveuon TnNC napouciac aut@Vv TwV KUTTAPWV EYIVE LE
KUTTApOMETPIa pong Xpnoidonoiwvtac (Boplopyéva HLA-noAupepry. H ouxvoTnTa Twv
avTiyovoeldikwy CD8* T KuTTApwv UMoAoyioTnKE e BAocn Tnv Kartavoun Poisson
dlopBwpuevN yia ondavia ¢aivogeva kata Bernoulli. AnogovwOnkav CD8 ypauueC Kal
XapakTnpioTnkav gaivotunika pe Baon eEwkuTTapioug deikTeC Nou kaBopilouv To oTAdIo
diapoponoinong. And TIG CD8 ypauuec aoBevwv Kal JapTUpwyV anogovwonkav KA®VOl
ME MayvnTIKO OlaXwPIoPO MOU XAapaKTnpioTnkav (@aivoTunika Kal AEITOUpYIKG WG NpogG

TNV AUTIKRA TOUG IkavoTNTa, Napaywyn KUTTapoKIvwV Kal TNV ouyyEvelia Tou TCR.

AMOTEAEZMATA (a) ZTo nepi@pepikd aipa acbevwyv PeE KapKivo Tou AVeUPova KAtd Tnv
didyvwon Kal uyiov atopwv dev avixveubnkav CTLs €idikd €vavrl Twv nenTidiwv
Surv.A2 kai Surv.A24 gvw (B) kai oTig dUo opadeg avixveudnkav CTLs €10IKd EvavTl TwV
nenTIdiwv TNG TeEAopepaong, hTERT.A2 kal hTERT.A24 aAAd oToug aoBeveic n ouxvoTnTa
auTtn, napouociale peyaAuTepn diakuuavon. (y) H ouxvoTnTa Twv avTiyoVvoEeISIKwV
nANBUopwV OTouG aocBeveic ¢davnke OTI dev ennpedoTnke and Tn padio- Kal

xnueloBepaneia. (8) =& ox€on WE Ta pualoAoyika dTtoua, avTiyovoeldika CD8+ T kUTTapa
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acBevwyv, €u@avioav napopoia AsIToupylkd xapakTtnploTikd. (€) AoBeveic Pe kapkivo
gixav avTi-EBV CD8* T kUTTapa ota idla €nineda PE auTd TWV (PUCIOAOYIKWV ATOMWV.
(oT) ZTa TILs acBevwv, dev avixveubnke CD8* T andvTnon &vavTl Kavevog nenTidiou

avTiyovwV TWV OYK®WV Napd YOvVo vavTl IKWV NENTIOiwV.

SYMMEPAZMATA H un avixveuon CD8 T anavTrioswyv £vavTl nenTidiwv Tng oapBiBivng os
avTiBeon pe TNV napoucia pCTLs evavTi nenmidiov Tng hTERT, O£Tel onuavTika
EPWTAMATA WG MPOC TNV AVOOOYOVIKOTNTA TNG oapfIBivng kar Tnv Xprion Tng otnv
avoooBepansia Tou KapKivou YEVIKOTEPA Kdl OXl WOVO TOU Kapkivou Tou nveupova. H
dlakuphavon aTnVv ouxXvoTnTa aviXxveuong €10IKWV KAWVWV Kal Ta MoIoTIKA XapakTnpIoTIKa
Twv pCTLs Twv aoBevwv Kal pUOIOAOYIK®V aTOPwV, 6a pnopoloav va avTinpooswnelouV
kaBopIoTIkoUG NapAyovTeC yid TNV KATAvonaon TnG avoaoiakng anavinong Twv PEXP! Twpa

KAIVIKOV HEAETWV KAl 0TO OXEJIA0HO BEATIWHPEVWY aVOOOBEPANEUTIKWV NMPWTOKOAAWV.
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ABSTRACT

OBJECTIVE Cytolytic CD8* T cells are one of the major effector mechanisms against
tumor specific immune response. Their study, using modern techniques of cellular
immunity, is a subject of interest regarding the understanding of failure of
immunosurveillance to control tumor growth, and their involvement in cancer
immunotherapy. The purpose of this study was to detect CTL clones against epitopes of
survivin, survivin-2B and hTERT in peripheral blood and TILs in patients with lung
cancer, and to quantitatively and qualitatively characterize these clones in comparison
with the corresponding clones, which may be detected in healthy subjects by using
highly sensitive techniques.

MATERIAL Peripheral blood was collected from 20 patients with primary lung cancer (at
diagnosis) (17 men and 3 women, mean age 56 + 2.3 years) and 5 healthy donors (5
men, mean age 67.1 + 9.9 years). In 5 out of 9 patients with lung cancer, peripheral
blood also collected 3 weeks after 3-6 cycles of platinum. Also, tumor tissue was
collected and TILs were isolated from patients who underwent surgery.

METHODS Cytolytic CD8* T cells against specific peptide of survivin, survivin-2B and
telomerase were detected after in vitro amplification of several hundred microcultures
under limiting dilution conditions. The detection of these cells was achieved by HLA-
multimer flow cytometric technology. The frequency of antigen specific CD8 T cells was
estimated by the use of Poisson distribution analysis for rare events, corrected by
Bernoulli. CD8 lines were isolated and characterized phenotypically on the basis of
extracellular markers that define the differentiation stage. CD8 clones from patients
and normal individuals were isolated by magnetic sorting, and characterized
phenotypically and functionally regarding their lytic capacity, cytokine production and
affinity of their TCR.

RESULTS (@) in peripheral blood, anti-survivin or anti-survivin-2B specific CTL clones
were not detected in patients, and in none of the healthy individuals, while (B) in both
groups specific CTLs against peptides of telomerase, hTERT.A2 and hTERT.A24, were
detected, however, the CTL frequency in patients showed higher variation. (c) The
frequency of circulating peptide-specific pCTLs appeared to be unaffected by radio- and
chemotherapy. (d) Compared to CTLs of healthy individuals, specific CTL clones of
cancer patients showed similar qualitative and quantitative characteristics. (e) Anti-EBV
CD8 T cells were detected in cancer patients at similar levels to those of healthy
individuals. (f) In TILs, specific CD8 T cell response against tumor antigens was
undetectable, however, specific CTL clones against viral peptides were identified.
CONCLUSION The absence of detectable CD8 T cell responses against peptides of
surviving, opposed to the presence pCTLs against peptides of hTERT, raises important

questions regarding the immunogenicity of survivin and the use of its peptides in
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cancer immunotherapy, including lung cancer. The variation in frequency of detectable
specific cytolytic clones and the pCTL functional differences between patients and
normal subjects could represent key factors in understanding the immune response in

clinical trials and the design of improved cancer immunotherapy.
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KEYWORDS Abstract  Survivin and its variant survivin-2B have been considered as potential candidates for
HLA-multimers; cancer immunotherapy. The magnitude however of spontaneously occurring CD8" T cells circulating
Spontaneously occurring precursor CTLs (pCTL), has never been evaluated. We set out to measure in 20 patients with lung
CD8" T-cell responses; carcinomas and 5 aged matched healthy male individuals (expressing HLA-A2 and/or -A24), the
Peptide-specific CD8" frequency of pCTLs specific for two naturally processed and presented peptides of survivin
Tcells; (LTLGEFLKL presented by HLA-A2) and survivin-2B (AYACNTSTL presented by HLA-A24) since these
Survivin; peptides are the only ones used in immunotherapeutic trials. The frequency of peptide-specific pCTLs
Survivin-2B was estimated using a sensitive method that combines HLA-multimer flow cytometric technology

with a previous step of in vitro amplification under limiting dilution conditions. Anti-survivin or anti-
survivin-2B specific CTL clones were not detected in 17 out of the 21 tested patients, and in none of
the healthy individuals. In a number of peripheral blood mononuclear cell microcultures of the
remaining 4 patients, diffuse clusters stained weakly by the HLA-multimers were observed which
were not amplified after further stimulation and, therefore, they were finally considered as negative.
The significance of the levels of spontaneously occurring CTL-responses against survivin and survivin-
2B peptides, in cancer patients and cancer-free subjects, remains to be elucidated and it would be
interesting to be considered in relation to the clinical efficacy of anti-cancer vaccination protocols.
© 2008 Elsevier Inc. All rights reserved.

Introduction
* Corresponding author: Fax: +302410 682580. Survivin is a member of the inhibitor of apoptosis family
E-mail address: vkaran@med.uth.gr (V. Karanikas). implicated also in regulating mitotic progression. Although

1521-6616/$ — see front matter © 2008 Elsevier Inc. All rights reserved.
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Table 1  Characteristics of the lung cancer patients involved in the study, and the survivin and survivin-2B mRNA expression levels
(adjusted to the expression in a testis sample) in tumor samples of the NSCLC patients
Patient no Gender Age (years) Histology TNM status Stage Survivin Survivin-2B
1 M 74 NSCLC T2N2MO 1A 25.5 17.6
2 M 75 NSCLC T4NOMO 11IB 75.3 82.4
3 M 73 NSCLC T4N2MO 1B 45.2 13.6
4 M 45 NSCLC T2N2MO 1A 21.3 28.4
5 M 81 NSCLC T2N1MO 11B 11.2 7.3
6 M 69 NSCLC T2NOMO IB 9.6 6.7
7 [ 59 NSCLC T2N2MO 1A 5.5 2.3
8 F 47 NSCLC T1NOMO IA 5.1 1.8
9 M 67 NSCLC T1NOMO 1A 37.6 4.1
10 M 70 NSCLC T2NOMO IB 0 0
11 M 80 NSCLC T2NOMO IB 18.2 11.7
12 M 69 SCLC T2N1MO 11B
13 M 56 SCLC T4N2M1 v
14 M 71 SCLC T4N2M1 \%
15 M 74 SCLC T3NOMO 1B
16 F 54 SCLC T1N3MO 11IB
17 M 74 SCLC T4N2MO 1B
18 M 70 SCLC T2N2MO 1A
19 M 63 SCLC T2N3MO 1B
20 M 71 SCLC T4N3MO 1B

rarely expressed in terminally differentiated adult tissues, it

is highly upregulated in most cancers [1,2]. The survivin gene

undergoes during oncogenesis alternative splicing resulting

in the appearance of four as yet identified variants [2].

Amongst them, survivin-2B resulting from an in-frame

insertion of a 23 amino acid sequence derived from intron

2, seems to exhibit a pro-apoptotic function acting thus as a

natural antagonist against survivin [3,4]. Tumors of different

origin appear to be able to process and present survivin and

survivin-2B epitopes [5], a fact that subsequently led to the

application of immunotherapeutic protocols including single

survivin or survivn-2B peptides [6—8], or combinations of

them with peptides from other tumor-associated antigens

(TAAs) [9].

In an attempt to determine whether co-expression TAA

patterns exist in lung cancer that could dictate the

formulation of polyvalent vaccines for lung cancer, we

have recently found that survivin and survivin-2B were co-

expressed in 95.5% of tumor samples [10]. As a matter of

fact, in several elegantly performed studies [11-14], HLA-

A2 or -A24-restricted appropriate spontaneous cytolytic

CD8* T-cell (CTL) immune responses capable of lysing

tumor cells expressing both survivin and survivn-2B have

been detected, justifying their current use in anti-cancer

vaccines. Most intriguingly, however, existing evidence

indicates that the success of immunotherapy might not

only depend on the existence of these cells but also on the

size of the spontaneously occurring responses that vacci-

nation intents' to boost [15,16]. To our surprise, there is

only scarce information regarding the frequency of pre-

cursor CTLs (pCTLs) specific for survivin and survivin-2B Figure 1  Outline of the procedure undertaken to measure the

peptides [13,17] and their magnitude, has never been
thoroughly evaluated, despite the fact that the presence
of low level CTL has being implicated in the effectiveness
of immunotherapy.

frequency of peptide-specific pCTLs amongst peripheral CD8" T
cells in lung cancer patients and cancer-free individuals. Details
involved in each step are described in the relevant Materials and
methods sections.
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Table 2  Primers and conditions of PCR
Genes Primers from Temperature and duration of Cycle no Acquisition  Product
5" to 3’ temperature size (bp)
Denaturation Annealing Extension
RT-PCR
B-actin f: GGCATCGTGATGGACTCCG 94 °C 68 °C 72 °C 21 - 621
r: GCTGGAAGGTGGACAGCGA 1 min 1 min 1 min
Survivin-std f: CAGATTTGAATCGCGGGACCCGTT 94 °C 60 °C 72 °C 30 - 524
r: CCTGGAAGTGGTGCAGCCACTCTG 1 min 1 min 1 min
gRT-PCR
p2-microglobulin  SuperArray (Cat PPHO1094A) 95 °C 55 °C 72 °C 40 72 °C 150
30s 30s 30s
Survivin-2B f: TTCTCAAGGACCACCGCATC 95 °C 62 °C 72 °C 45 85°C 262
r: TGTTCCTCTCTCGTGATCCG 10s 10s 30s

The latter prompted us to measure in the peripheral blood
of patients with lung carcinomas expressing survivin and
survivin-2B transcripts, the frequency of specific pCTLs
against two naturally processed and presented peptides of
these proteins which are the only ones used as yet in peptide
vaccination studies. Frequency measurements were per-
formed using a very sensitive methodology, which involved
concomitant peptide stimulation of blood lymphocyte cul-
tures under limiting dilution conditions, followed by HLA-
multimer analysis.

Materials and methods
Patients and normal donors

Twenty patients with primary lung cancer (mean age
67.1+10.1 years) and 5 apparently healthy male individuals
with no history of malignancy or autoimmune disease (mean
age 56.0+2.6 years) were studied (Table 1). Only HLA-A2 and/
or -A24 subjects were included in the study, their typing
performed by PCR-SSP (Protrans SSP kits, Protrans, Germany)
[18]. Twelve of the patients were HLA-A2, 7 HLA-A24 and one
HLA-A2/A24. Accordingly, 3 of the healthy individuals were
HLA-A2, one HLA-A24 and one HLA-A2/A24. Measurement of
specific pCTLs, as detailed below, was performed in all patients
at diagnosis, whilst in 5 out of the 9 patients with small cell lung
carcinoma (SCLC) (no 12, 14, 17, 19, 20), this measurement
was repeated 3 weeks after 3—6 cycles of platinum-based plus
etoposide chemotherapy. In the 11 patients with non-small cell
lung carcinoma (NSCLC) (no 1-11), tumor material was
obtained and examined for mRNA expression, as detailed
below.

The study conforms to the provisions of the Declaration of
Helsinki, it was reviewed and approved by the University of
Thessaly Ethics Committee, and all participants provided
informed consent.

Measurement of peptide-specific pCTLs

Taking into account the fact that for normal individuals, the
anti-MAGE3.A1 pCTL-frequency detected in the peripheral
blood is at the order of ~4x10~7 of peripheral CD8* T cells

[19], a sensitive methodological approach was employed so
that survivin-specific pCTLs could be detected in vitro
[20,21]. This approach considers that low frequency pCTLs
cannot be detected directly ex vivo but only if they are
previously stimulated for a brief period of time under limiting
dilution conditions. Thereafter, their presence is determined
with the use of class | HLA-multimers. In particular, a sufficient
number of mixed lymphocyte-peptide culture (MLPCs)
(approximately 150) containing a total of approximately
5x10° CD8* T cells (depending on the number of CD8* cells
obtained), is employed, so as to allow the detection of at
least one positive MLPC. The proportion of MLPCs containing
CD8* cells specifically stained with the given class | HLA-
multimer is used to calculate, by the use of Poisson distri-
bution analysis for rare events, the frequency of peptide-
specific pCTLs amongst peripheral CD8" T cells. Fig. 1
presents an outline of the overall procedure undertaken
and described in detail below. In essence, this approach aims
towards the identification of a number of positive cultures
rather than ascertaining the percent positive events in each
positive microculture.

Peptides and class | HLA-multimers

Survivin peptides binding to HLA-A2 (LTLGEFLKL; SRV.A2)
and HLA-A24 (AYACNTSTL; SRV.A24) were used as test
peptides. Two Epstein—Barr virus (EBV) peptides (GLCTLVAML;
BMLF1.A2 and RYSIFFDYM; EBNA3C.A24) were used as con-
trols. As a further control, peptides from another well
validated TAA, namely human telomerase reverse transcrip-
tase (hTERT) (ILAKFLHWL; hTERT.A2 and VYAETKHFL; hTERT.
A24), were used on the basis of their ability to induce
spontaneous CTL-responses in cancer patients [22,23]. Pep-
tides were used according to the HLA-A phenotype of the
patients and the healthy individuals. Peptides synthesized on
solid phase using F-moc for transient NH,-terminal protection,
were purchased as lyophilised at >90% purity ascertained by
mass spectrometry (Abgent, San Diego, USA), dissolved in
DMSO at 10 mg/mL and stored at —20 °C before use.

Class | HLA-multimers for each of the above peptides were
kindly donated by Prof P Coulie (Christian De Duve Institute
of Cellular Pathology, Universite Catholique de Louvain,
Brussels, Belgium) and used as described [21]. The multimers
containing survivin and hTERT peptides were labelled with
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Table 3
healthy individuals

Frequencies of circulating pCTLs specific for survivin, survivin-2B and hTERT peptides detected in cancer patients and

Subject no CD8 tested (x10°) MLPCs tested +ve MLPCs f +ve MLPCs f
hTERT.A2 SURV.A2
Patients
1 1.5 76 0 <7.4 3(?) 15.0
2 6.5 192 0 <3.6 0 <2.6
5 3.8 272 3 7.8 0 <2.6
6 6.6 184 0 <1.5 0 <1.5
8 3.5 160 1 2.6 0 <2.8
9 1.6 88 0 <6.3 0 <6.3
10 2.8 106 12 42.0 0 <3.5
11 1.6 88 1 6.3 0 <6.3
13 0.8 78 1 13.0 3(2) 1.5
16 3.8 192 0 <2.6 0 <2.6
18 2.0 91 0 <5.2 0 <5.2
19 3.6 152 2 6.9 0 <3.4
20 2.0 168 2 9.9 3(2) 15.0
Healthy subjects
21 8.4 192 1 1.0 0 <1
22 24.0 379 0 <0.4 0 <0.4
23 5.0 208 1 2.0 0 <2
24 2.5 176 0 <2.3 0 <2.3
Subject no CD8 tested (x10°) MLPCs tested +ve MLPCs f +ve MLPCs f
hTERT.A24 SURV.A24
Patients
1 1.5 76 0 <7.4 0 <5
3 10.0 171 0 <1 0 <1
4 2.8 93 1 3.6 0 <3.6
7 2.3 127 0 <4.2 0 <4.2
12 1.4 72 0 <7.3 0 <7.3
14 7.3 260 0 <1.4 1(2) 1.4
15 3.4 156 1 2.9 0 <2.9
17 2.9 160 0 <3.4 0 <3.4
Healthy subjects
24 2.5 176 0 <2.3 0 <2.3
25 6.4 248 1 1.6 0 <1.6

f: frequency of pCTLs specific for the given peptide per 10’ peripheral blood CD8 (not determined and remained blank when subjects did
not express the corresponding HLA-A molecule);+ve: positive; see text for the explanation of “?”, the “<” designation of frequencies and

the abbreviations of the peptides.

phycoerythrin (PE) and multimers containing EBV peptides
were labelled with allophycocyanin (APC). The multimer
containing the MAGE3.A2 peptide (FLWGPRALV) was used to
control for non-specific PE binding.

Mixed lymphocyte-peptide cultures

Peripheral blood mononuclear cells (PBMCs), isolated by
Lymphoprep (Nycomed, Oslo, Norway) density-gradient
centrifugation, were cryopreserved in Iscove's medium
containing 116 mg/L L-arginine, 36 mg/L L-asparagine and
216 g/L L-glutamine (complete medium), and supplemented
with 10% human pooled serum and 10% DMSO. After thawing,
PBMC were resuspended at a concentration of 107 cells/mL in
complete medium supplemented with 1% human pooled

serum, divided into groups and pulsed separately (60 min,
room temperature) with 20 ug/mL of each test and control
peptide (according to the HLA molecules expressed for each
sample). After washing-off excess peptide, PBMC aliquots
were mixed (populations pulsed with survivin and hTERT
peptides were pooled) and distributed in round bottom 96
microwell plates at 2 x 103 cells in 0.2 mL of 10% human pooled
serum-complete medium containing 20 U/mL IL-2, 10 ng/mL
IL-4 and 10 ng/mL IL-7. On day 7 of culture, MLPCs were
restimulated for a further 7 days, by exchanging 50% of the
medium with irradiated EBV-transformed B cells (EBV-B)
pulsed separately with the same peptides used initially in the
same cytokine mixture. During the second week of stimula-
tion, the cultures were divided according to proliferation, in
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medium containing IL-2 alone. On day 14, HLA-multimer
labelling was performed (Fig. 1).

Detection of HLA-multimer positive cells

Antigen specific pCTLs contained in each microwell were
detected after staining with relevant HLA-multimers and
read on a FC500 Beckman-Coulter flow cytometer, equipped
with 2 Lasers (488 ko 633 nm). In brief, MLPCs were washed,
resuspended in PBS with 1% human pooled serum, and
incubated for 30 min at 37 °C with all multimers at a final
concentration of 5 nM of heavy chains. All multimers were
validated for specific staining by testing them against CD8*
T-cell populations containing CTL specific for the corresponding
SURV.A2 and hTERT.A2 peptides (Fig. 2). The multimer
combination reflected the peptides used during the stimula-
tion period and the HLA-A molecules of each subject.
Multimers of different HLA-A heavy chain specificities were
never combined. Anti-CD8 antibodies coupled to fluorescein
isothiocyanate (FITC) (Immunotech, Beckman-Coulter) were
added for a further 30 min incubation at 37 °C and the cells
were washed, fixed with 0.5% formaldehyde, and analyzed by
flow cytometry. In order to avoid false positive results due to
autofluorescence and/or non-specific HLA-binding, the flow
cytometric analysis procedure was performed as previously
described [20,21]. In brief, any positive event detected by the
use of an empty FL3 channel was regarded as autofluores-
cence and was excluded from further analysis. Moreover, any
positive event stained by both PE and APC multimers of the

Figure 2

same HLA-A heavy chain was regarded as non-specific binding
(e.g. KIR) and was also excluded. Low percentage of multimer
positive events especially when combined with low fluores-
cence intensity, was considered as equivocal and the
particular MLPC was stimulated for one or two more weeks,
and re-analysed. Positivity of MLPCs was ascertained only
when multimer positive events appeared as a tight cluster
(irrespective of the intensity) in the PE-APC dot plot.

If one or more MLPCs stained positive for the HLA-
multimer combination used, then the staining was repeated
separately for each multimer, to identify the peptide
specificity of the reactive lymphocytes.

mRNA expression

Survivin and survivin-2B mRNA expression was detected as
described previously [10]. Total RNA was isolated using the
RNeasy Mini Kit (Qiagen) and RNase-Free DNase Set (Qiagen),
following the manufacturer's recommendations. 650 ng of
total RNA was reverse transcribed to complementary DNA
(cDNA) using the Omniscript RT Kit (Qiagen) and random
hexamers (Roche Diagnostics, Basel, Switzerland) at 42 °C for
60 min, as per the manufacturer's instructions.

Survivin gene mRNA expression was detected by reverse-
transcription polymerase chain reaction (RT-PCR). To this
purpose, 20 pM of a specific primer set was used in a total
reaction volume of 25 plL. Thermocycling conditions (PTC-
200, MJ Research, Watertown-Mass., USA), PCR cycles and

Flow cytometric detection of peptide-specific CD8" T cells. Plots show representative MLPC stained with the SURV.A2, the

hTERT.A2 or the MAGE3.A2-PE-multimers, against the APC-HLA-multimer containing the corresponding EBV-peptide, i.e. the last step
of flow cytometric analysis procedure undertaken to exclude non-specific events. (A) Negative MLPC stained with a SURV.A2 multimer.
(B) Positive MLPC stained with a SURV.A2 multimer (this positive population was generated from a non-aged matched individual not
included amongst the controls of this study). (C) Staining of the MLPC contained in B, with the irrelevant MAGE3.A2 PE multimer. (D)
Negative MLPC stained with a hTERT.A2 multimer. (E) Positive MLPC stained with a hTERT.A2 multimer. (F) Staining of the MLPC

contained in E, with the irrelevant MAGE3.A2 PE multimer.
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Figure 3

Flow cytometric detection of peptide-positive MLPCs. Plots show CD8" T cells stained with the appropriate PE-HLA-

multimer against the APC-HLA-multimer containing the corresponding EBV-peptide. (A, B) SURV.A2 multimer staining. Plots refer to
one of the doubtful MLPCs at day 14 of culture (A) and after a further one-week stimulation (B). No significant amplification is observed
justifying their consideration as negative. (C, D) hTERT.A2 multimer staining of the same MLPC. Contrary to the SURV.A2 multimer
stained MLPCs, at day 14 of culture, a definitive cluster of events is observed (C) that is amplified x3 after a further one-week
stimulation (D). (E, F) Similarly, when PBMC from a non-aged matched healthy individual are used, at day 14 of culture, a definitive
cluster of SURV.A2 positive events is observed (E) that is amplified x3 after a further one-week stimulation (F).

the resulting product size are presented in Table 2. The final
PCR product was electrophoresed on 2% agarose gels con-
taining ethidium bromide and visualized by UV illumination.
A semiquantitative measurement for the level of expres-
sion in a given sample was normalised to that of the
expression of p-actin gene in the same sample, by calcu-
lating the intensity quotient for the survivin and p-actin
genes [24].

Quantitative real-time PCR (gRT-PCR) was performed to
measure survivin-2B mRNA expression, using the automated
thermocycler RotorGene 6000 (Corbett Life Science, Sydney,
Australia). The SYBR Supermix kit (Invitrogen, Paisley UK) and
the primer set for survivin-2B were used, and the specific

conditions are presented in Table 2. B,-microglobulin was
used as the normalisation reference gene (RT? PCR Primer Set,
SuperArray) since it is moderately abundant and expressed in
most tissue types [25-28]. The relative expression of each
gene was analyzed using the Rotor Gene software (Ver. 6) to
obtain relative gene expression. PCR products were examined
for the presence of by-products using the melting curve
analysis provided by the software. The expression of survivin-
2B in tumor samples was calculated as a multiple of the gene
expression in lung tissue material obtained from two patients
submitted to surgery for the resection of a hamartoma (male,
age 62 years old) and lung bullae (male, age 28 years old),
which served as calibrator.
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Expression levels obtained by the two techniques were
normalised to allow further comparisons. To adjust the
expression values of the two genes, a commercially available
sample of normal testis (Clontech, USA) was used. The
results for each gene are expressed as a percentage of
expression levels by this testis sample.

Results

Prior to assessing for the presence of peptide-specific CTL in
the microcultures, the multimers used, were validated for
their specificity and sensitivity. Multimers could detect only
peptide-specific populations in MLPCs containing CTL specific
for the corresponding SURV.A2 and hTERT.A2 peptides. These
populations were stained specifically only by the correspond-
ing multimers (Figs. 2B and E) and not by control ones labelled
with the same fluorochrome (Figs. 2C and F). Most impor-
tantly, when no peptide-specific population was present in
the MLPC, no staining was observed (Figs. 2A and D).

To estimate the frequency of peptide-specific pCTLs,
MLPCs were performed on all twenty patients and five
healthy individuals included in the study. Table 3 presents,
for each of them the number of CD8" cells tested, the
number of MLPCs performed, the number of MLPCs contain-
ing a multimer positive population and the estimated
frequency of peptide-specific pCTLs. Frequencies designated
as “less than” (<) are the minimum frequencies determined
on the basis of the maximum number of CD8" cells obtained
from the patients, and amongst which, one specific pCTL
could not be found. This designation was used to declare that
the presence of specific pCTLs at lower frequencies cannot
be excluded. As it is shown, pCTLs against the corresponding
survivin or survivin-2B peptides were not detected in 10 out
of the 13 tested patients expressing HLA-A2, in 7 out of the 8
patients expressing HLA-A24, and in none of the healthy
individuals expressing either or both HLA-A antigens.

In four MLPCs, the survivin multimers identified a weakly
stained CD8* T-cell population. In three patients, anti-SURV.
A2 pCTLs were detected at frequencies of 1.5, 15 and 15 per
107 peripheral CD8" cells respectively, whilst in another one
an anti-SURV.A24 pCTL was detected at a frequency of 1.4 per
107 peripheral CD8* cells. In these four patients, however, the
positivity of MLPCs was based on the detection of a very low
percentage of multimer positive events of low intensity (Fig.
3A). Although the corresponding MLPCs were restimulated at
least once more, the presumed CTL clones did not expand
further, to allow these MLPCs to be unequivocally considered
as positive (Fig. 3B) (hence the number of these MLPCs
presented in Table 3, is followed by “?”). Nonetheless, this
was not the case with the MLPCs stimulated with the control
hTERT peptides which, even when they contained multimer
positive cells of low percentage but in definitive clusters, they
could be amplified further (Figs. 3C and D).

To understand whether not detecting survivin-specific
CTL was due to the culture conditions employed, since under
the same conditions, hTERT specific T cells could be
amplified, we resorted to performing similar experiments
using PBMC from a non-aged matched normal individual not
included in the controls of this study. MLPC from this subject
were stimulated with the SURV.A2 peptide and CTL could be
amplified. This CTL population could recognise the multimer

containing the same peptide and its specificity was verified
by stimulating further for one more week (Fig. 3E and F).

Since preclinical studies indicate that the use of che-
motherapy with agents inducing apoptosis of cancer cells, like
cisplatin [29] and etoposide [30] used in our patients,
stimulates the anti-tumor immune response [31,32], the
measurement of the frequency of specific pCTLs was repeated
post-chemotherapy in 5 patients with SCLC. No alteration in
the frequency of pCTLs specific for peptides of survivin,
survivin-2B and hTERT was observed (data not shown).

In considering whether the absence of detectable specific
pCTLs related to the presence of transcripts of the correspond-
ing genes, tumor samples from 11 NSCLC patients were assessed
for survivin and survivin-2B mRNA expression. All of them were
found expressing both genes at various levels (Table 1).

Discussion

Survivin is ranked amongst the top five most tumor-specific
genes in the human genome and is therefore considered as a
hot target for cancer therapy [33,34]. Similarly, survivin-2B,
the only well studied variant generated during oncogenesis,
is also widely expressed by tumors [4]. Survivin- and survivin-
2B-based tumor vaccines have been exploited following the
identification of CTLs specific against predicted as well as
naturally processed peptides of these proteins exhibiting
lytic activity against tumor cells [13,14,17,35-37]. Up to
now, vaccination of cancer patients has been performed
using two such peptides. These are the HLA-A2 restricted
survivings_so4 peptide [9] (which includes the corresponding
9mer used in this study) and its modified 9mer survivingg_104
[7,8] as well as the HLA-A24 restricted survivin-2Bgg gs
peptide [6] (used also in this study). Post-immunotherapy
amplification of pre-existing specific CTL-responses has been
demonstrated in a number of patients included in the
aforementioned trials. However, the level of this amplifica-
tion is not entirely clear since the approaches used in
determining the pre-existing CTL-responses could not accu-
rately measure them.

Great efforts have been made in the literature, predomi-
nantly for melanoma, to elucidate whether spontaneous
antitumoral CTL-responses exist and to what extent, as well
as whether they are beneficial to the patients by influencing
the state of the tumor and its sensitivity to immunotherapy
[extensively reviewed in 15,38]. With the advent of HLA-
multimers, it was concluded that most patients develop
spontaneous CTL-responses specific for tumor antigens. With
the exception, however, of anti-Melan-A CTL-responses, their
frequency is profoundly low and not detectable by direct ex
vivo labelling of peripheral blood lymphocytes with multi-
mers exhibiting a lower detection limit of ~3x10"* of the
CD8" cells. Therefore, it is well accepted that their detection
can only be achieved indirectly by the use of in vitro
expansion techniques. Despite inconsistencies of the up to
now used strategies [39,40], when performed under limiting
dilution, expansion techniques can decrease the detection
limit of anti-MAGE.A3 pCTLs to 4x 107 of CD8" Tcells [19].

To the best of our knowledge, attempts to measure
naturally occurring CTL-responses specific for peptides of
survivin [13,41] and survivin-2B [42] in the peripheral blood,
have detected frequencies ranging from undetectable (in all
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cancer-free subjects and in the majority of cancer patients
studied) to 123x10~* of lymphocytes for anti-survivin, and
1.5%x102 of CD8* T cells, for anti-survivin-2B. However, the
ELISPOT assay for IFN-y secretion used by Andersen et al.
[13,41] has been shown to be quite heterogeneous [39] and,
thus, does not allow their results to be compared with ours.
Moreover, an inherent problem of this approach is the
uncertainty as to whether the IFN-vy secreting cells are only
the peptide-specific ones. On the other hand, in the study of
Idenoue et al. [42], the HLA-multimer method was not
performed under limiting dilution conditions, a fact that can
overestimate the frequency, whilst false positive events due
to non-specific binding were not taken into account.

In our study, a recently presented probabilistic approach,
using a limiting dilution restimulation followed by a multimer
assay [20,21], was employed to precisely measure the
spontaneously induced naturally occurring CTL-responses
against the above mentioned peptides of survivin and
survivin-2B. The performance of the above approach was
thoroughly and stepwise controlled to confront its sensitivity
and specificity. Regarding the sensitivity, control peptides of
hTERT were used to ascertain that our method can detect
infrequent T-cell responses, whereas EBV control peptides
giving strong responses were each time included in the
measurements to assure the success of amplification. Finally,
the specificity was verified by the use of a control sample
with known anti-survivin CTL-positivity.

Ichiki et al. [17] applied a similar to our approach to
measure pre-existing CTL-responses against the survivin-
2Bgo gg peptide in regional lymph nodes. They used an
ELISPOT assay for IFN-vy secretion combined with repeated in
vitro amplification under limiting dilution conditions. In all
the 4 lung cancer patients examined, they found pCTLs
ranging from 0.5 to 2x10~7 of lymph node lymphocytes.
Exactly the same to our approach for the measurement of
pre-existing CTL-responses against peptides of other TAA, in
the peripheral blood of a comparable number of patients,
has been performed only in melanoma. Hanagiri et al. [43]
found a frequency of anti-MAGE-3.A1 pCTLs to be in the
vicinity of 5x10°7 of the CD8* cells for 42 patients and 5
cancer-free individuals. Trakatelli et al. [44], after examin-
ing 8 patients, found in 5 of them an anti-NA17.A2 pCTLs to
range from 4 to 45x107 of the CD8" cells. Finally, So et al.
[45] found a frequency of anti-MAGE-3.A24 specific pCTLs to
be 2x10~8 of CD8 cells in non-cancerous individuals.

Despite our meticulous efforts, strong evidence for the
presence of spontaneously induced circulating specific pCTLs
against both peptides of survivin was not obtained regarding
either the cancer patients or the healthy subjects of this
study, although pCTLs were sought to a frequency of one per
24 million CD8"* T cells. It is noteworthy that, in four cases,
the inability of the presumed positive events to be multiplied
following further stimulation, lead us to consider as negative
for CTL clones, any MLPC giving diffuse (not clustered)
cytometric scattergrams comprised of events with low
fluorescence intensity. To our opinion, this observation
dictates that special attention has to be given when
interpreting such flow cytometric profiles, especially if
non-specific binding is not taken into account [6,12,42,46].

Our results, related to the expression of survivin and
survivin-2B by the examined tumors, signify that the absence
of specific pCTLs against their peptides cannot be attributed

to lack of expression, since we have recently found (also
shown in Table 1) that survivin and survivin-2B were co-
expressed in 95.5% of tumor samples and subsequently all
other TAA co-expression patterns included this combination
[10]. Whether the expression of TAAs alone by the tumors can
prime specific pCTLs as well as whether these primed pCTLs
are mostly confined within the tumoral area more than in the
periphery, are questions of immense importance that
remain, however, essentially unanswered. To this end, it
must be noted that Ichiki et al. [17] found that the frequency
of anti-survivin-2Bgo_gg pCTLs in regional lymph nodes of lung
cancer patients expressing the antigen was three times
higher than that in non-expressing ones. To our opinion this
difference cannot be considered as biologically significant
and, therefore, we assume that it is in support of our
conclusion that the absence of spontaneously occurring
specific CTL-responses is unrelated to the expression of the
antigen by the tumors.

Bearing in mind that both survivin and hTERT, which was
used as control, are self antigens overexpressed by tumors,
we have to underline the difference observed between them
regarding their ability to elicit detectable CTL-responses.
This finding indicates that the absence of detectable
spontaneously induced specific CTL-response cannot be
solely attributed to a presumed inherent difficulty of survivin
as a self antigen to induce them. Although our experience
and that of others [20,21], indicates that the culture system
employed in this study is quite capable of amplifying pCTL,
the protocol of stimulation could be a key factor. One
alternative approach that could ameliorate any possible
growth inability of spontaneously occurring anti-survivin-
specific CTL due to the presence of regulatory T cells (Tregs)
within the MLPC would have been to stimulate these cells
with an enriched mature dendritic cell population as
previously described [35]. This of course was not the case
with the MLPCs described in Figs. 3E and F, which after three
stimulations resulted in the amplification of a significant
SURV.A2 positive population and were subsequently cloned
and studied further indicating that rare T cells can be
amplified (data not considered since this individual was non-
age matched with our cancer patients).

Augmentation of peptide-specific CTL-responses has been
detected following chemotherapy in both preclinical mouse
models [47] and in one instance in cancer patients [48]. Our
findings did not confirm these observations, suggesting that
the examined peptides do not contribute in the expected
stimulation of the anti-tumor immune response. Although
factors related to the maturation of dendritic cells may be
responsible [49], problems regarding processing and presen-
tation of these antigens, coupled by a low affinity of the
corresponding TcRs, cannot be excluded. To this end, although
recent attempts have considered the use of a modified version
of the SURV.A2 peptide to vaccinate patients, it is our feeling
that since the aim of the study was to seek the presence of
spontaneously induced naturally occurring CTL, this modified
peptide would not exist naturally. Hence, no such pre-existing
CTL would be amplified, but rather recruited T cells would
have lower tumor reactivity than those from the endogenous
response to the tumor [50].

Another finding of this study that could prove to be of
importance regarding the significance of spontaneously
occurring CTL-responses in cancer immunotherapy, is that,
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similar to the cancer patients, healthy individuals exhibited
a very low frequency of detectable anti-survivin CTL-
responses, whilst it is well known that they can generate
such responses against numerous other TAAs [15,38]. This
fact, together with the reasons outlined above, implies that
factors related more to the immunogenicity of the antigen
rather than to the ability of the cancer patients to respond to
it, might be responsible. Indeed, published studies provide
evidence that vaccination with the above peptides elicited
CTL-responses detected by ELISPOT [6—9] whilst other class |
and class Il HLA restricted peptides of these proteins can also
give rise to anti-tumor T-cell responses [37,51-55] indicating
that the use of survivin and survivin-2B cannot be excluded
from cancer immunotherapy.

Whether spontaneous CTL-responses and their magni-
tude would represent a factor related to the poor clinical
efficacy of peptide-specific anti-cancer vaccines, generally
and not only those of survivin, remains a matter requiring
further evaluation. Under the light of the evidence
provided by Marzo et al. [56] of a T-cell memory lineage
commitment related to precursor frequency, this might
prove to be a parameter of immense significance. Possibly,
the inclusion of a thorough measurement of the pre-existing
CTL immune responses in the protocols of the corresponding
clinical trials could add important information towards this
direction.
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Naturally occurring tumor-specific CD8* T-cell
precursors in individuals with and without cancer

Vaios Karanikas!, Maria Zamanakou!, Faye Soukou!, Theodora Kerenidi2, Konstantinos I Gourgoulianis2
and Anastasios E Germenis!

Boosting pre-existing, naturally occurring cytolytic CD8* T-cell (CTLs) responses directed against class-1 MHC-restricted peptides
of tumor antigens, represents a primary goal of cancer immunotherapy. The number of pre-existing antitumor CTLs and their
impaired function has been incriminated as the most likely candidates for the reduced clinical efficacy of these trials. This study
was scheduled to determine possible differences in the frequency and the function of naturally occurring CTL precursors (pCTLs)
against multiple peptides derived from the cancer-testis antigens MAGE-A1 and MAGE-A3, and the overexpressed antigen
hTERT, in newly diagnosed lung cancer patients as compared with aged-matched healthy individuals. The cumulative frequency
of circulating peptide-specific pCTLs was found significantly higher in the cancer patients, varied widely and was not affected by
radiotherapy and chemotherapy. Furthermore, this frequency was greatly different between the various tumor-antigen peptides.
Under the light of recent evidence provided from animal models, these results indicate that the peptide-specific pCTL frequency
might represent an important determinant for the fate of cancer immunotherapy. In addition, our results show that tumor-
specific pCTLs of cancer patients can present functional differences regarding their proliferative capacity, intensity of multimer

staining and lytic capacity, when compared with those of healthy individuals. Hence, our findings could have an important role
for the design of improved immunotherapeutic approaches for lung cancer.
Immunology and Cell Biology (2010) 0, 000-000. doi:10.1038/icb.2010.8

Keywords: HLA-multimers; peptide-specific CD8* T-cells; tumor antigens; precursor frequency

Boosting pre-existing, naturally occurring cytolytic CD8" T-cell (CTL)
responses directed against class-I major histocompatibility complex
(MHC)-restricted peptides of tumor antigens, represents a primary
goal of cancer immunotherapy. These CTLs, recognizing several
tumor antigens, show in vitro a clear ability to lyse tumor cells
expressing such molecules. However, the clinical effectiveness of active
immunotherapy approaches using these antigens remains rather low,
with tumor regressions appearing rarely and sporadically.! The under-
lying reasons of this ineffectiveness continue to be obscure, despite the
great progress made over the last decade in understanding several
aspects of the antitumor cytolytic T-cell response. The number of pre-
existing antitumor CTLs has been incriminated as one of the most
likely candidates, although evidence toward this supposition was not
convincing. Very recently, however, Rizzuto et al? showed quite
elegantly that the frequency of pre-existing tumor-antigen-specific
CTL precursors (pCTL) in mice represents a critical determinant of
the quality of the antitumor immune response, in accordance with the
already recognized role that initial T-cell numbers have in the response
against pathogens.>*

The detection of pre-existing antitumor specific CTL responses in
cancer patients is currently used in the context of evaluating tumor
antigens as potential candidates for vaccination.>” The magnitude of
these responses is also measured in an attempt to exclude patients with
undetectable pre-existing responses from immunotherapy trials,3-1°
or, in the majority of cases, to ascertain comparatively their post-
vaccination increase.!!12 Surprisingly, however, no studies have
attempted to correlate the initial antitumor pCTL number with the
outcome of vaccination. Furthermore and despite the significant
volume of information provided, the data of all these studies regarding
the exact frequency of naturally occurring antitumor pCTLs in cancer
patients, are not comparable. The main reason for this, is the lack
of standardized measurement techniques, although precise analysis
has been performed in a limited number of cases.'b!316 As a
result, informative data about the frequency of pre-existing, naturally
occurring antitumor specific CTLs in cancer patients, are prac-
tically lacking from the literature. Therefore, it remains questionable
whether the distribution of the initial antitumor pCTLs frequency
levels varies widely enough to justify the design of studies aiming to
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evaluate whether this frequency can affect the outcome of anti-cancer
vaccination. In the same context and under the light of the simulta-
neous use of multiple tumor-antigen peptides in several vaccination
trials, it remains completely unknown whether, in a given patient, pre-
existing CTL responses of similar strength could be elicited against
all peptides.

Therefore, this study was performed in an attempt to detect conco-
mitantly, in the peripheral blood of a large cohort of newly diagnosed
lung cancer patients, the distribution of the number of pre-existing
CTLs specific for peptides of the cancer-testis antigens MAGE-Al
and MAGE-A3, and the overexpressed antigen human telomerase
reverse transcriptase (hTERT), which are amongst the most widely
used for vaccination of such patients.!”"! Where possible, these
measurements were also performed in tumor-infiltrating lymphocytes
(TILs) of the same patients. To this aim, a sensitive approach
combining human leukocyte antigen (HLA)-multimer flow cyto-
metric technology with a previous step of in vitro amplification with
multiple peptides under limiting dilution conditions was used.!®
Bearing in mind that antitumor pCTLs do exist in non-cancerous
individuals, although their precise measurement has been rarely
attempted,”!>1>2021 an additional aim of the study was to compare
the number of initial pCTL levels against the above peptides detected
in cancer patients, with those of normal healthy individuals of
the same age.

Accumulating evidence during the last years indicates that radio-
therapy and some chemotherapeutic agents can augment specific
immune responses, offering the rationale for combined chemo-
immunotherapy.?>~2* Therefore, the pCTL frequency was determined
in a subset of our patients after they had been submitted to conven-
tional radiotherapy and/or chemotherapy. Finally, to uncover
possible differences existing between pCTLs from cancer patients
and healthy individuals, specific CTL clones were isolated and their
functional characteristics and clonotypic variation were determined
(Table 1).

Table 1 Characteristics of patients? and normal controls included in
the study

NSCLC (n=15) SCLC (n=10) Controls (n=17)

Age

Range 43-81 54-74 51-73

Mean+1 s.d. 65.2+£9.9 65.8+7.9 61.3+£5.0
Sex (male/female) 11/4 9/1 12/5
Stage

| 6 0

I 3 3

1l 5 4

\% 1 3
Performance®

0 12 7

1 3 2

2 0 1
Loss of weight

<5% 13 5

>5% 2 5
Overall median

Survival (days) 921 389

Range 651-1162 66-1021

Abbreviations: NSCLC, non-small cell lung carcinoma; SCLC, small cell lung carcinoma.
aPatients were grouped according to the histotype.
PECOG performance status.
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RESULTS

Frequency of peptide-specific pCTLs in lung cancer patients

and healthy subjects

Tables 2 and 3 present the frequency of pCTLs specific against peptides
of MAGE-A1, MAGE-A3 and hTERT estimated in lung cancer patients
and healthy subjects, respectively, along with the number of CD8" cells
tested, the number of mixed lymphocyte-peptide cultures (MLPCs)
performed and the number of MLPCs containing a multimer-positive
population. Only MLPC for which specificity was ascertained as
described under section Methods and a clear multimer-positive
population could be detected (Figure 1), were included. In both
tables, frequencies presented as ‘less than’ (<) the indicated value,
are shown only to indicate that those individuals did not dispose
pCTLs in higher frequencies. As this limit was dependent on the CD8"
T-cell number obtained from each individual and varied among
pCTLs specific for individual peptides, it was not considered as the
threshold of the method. Consequently, such corresponding frequen-
cies were not included in any additional statistical analysis.

Among the three hTERT, two MAGE-Al and four MAGE-A3
peptides used, CD8" T-cell responses were detected upon diagnosis
in various proportions of patients, only against the hTERT-ILA.A2,
MAGE-A3.A2, MAGE-A3.A24, hTERT.A24 and MAGE-A3.B35 pep-
tides, that is, in 6/14 (43%), 5/14 (36%), 4/9 (44%), 2/10 (20%) and
1/6 (17%) patients, respectively, in widely varying frequencies
(Figure 2). Accordingly, normal subjects presented with CD8* T-cell
responses only against three of the peptides recognized by patients,
namely hTERT-ILA.A2, MAGE-A3.A2 and hTERT.A24, and in addi-
tion against MAGE-A3.A1. The proportions of healthy subjects
recognizing these peptides were 4/9 (44%), 5/8 (63%), 1/6 (17%)
and 1/6 (17%), respectively (Figure 2). There was no statistically signi-
ficant difference between the proportion of patients and normal indi-
viduals recognizing each one of the commonly recognized peptides.

Interestingly, however, the cumulative peptide-specific pCTL fre-
quencies observed in lung cancer patients (17.2+21.7x10~7 periph-
eral CD8" T-cells, range 1.4-80.0x 10~7) were statistically significantly
higher (P=0.028) than those detected in healthy age-matched controls
(22+1.3%x1077 peripheral CD8" T-cells, range 1.0—-4.6x 1077), as
shown in Figure 3a. No significant difference was observed in the
pCTL frequency between patients with non-small cell lung carcinoma
(NSCLC) and those with small cell lung carcinoma (SCLC) (P> 0.05).
It must be noted that, in patients where responses against peptides of
multiple tumor-antigens (MAGE-A3 and hTERT) were concomitantly
examined, the pCTL frequencies against each one of them appeared
quite different than the other (for example, patient no. 11 presented
with a pCTL frequency against hTERT-ILA.A2 of 42x 10~ peripheral
CD8* T-cells, but with a pCTL frequency against MAGE-A3.A2 of
<3.3x1077 peripheral CD8* T-cells).

No pCTL was detected in the TILs against any of the tumor peptides
of six patients with NSCLC (patient nos. 7-9 and 13-15) (data not
shown) despite the tumor expressing either one or more of the
antigens tested. Furthermore patient nos. 9 and 13 contained pCTL
specific for BMLF1.A2 at very high frequencies. Among all six patients,
however, only one (patient no. 9) presented with anti-hTERT-ILA.A2
and anti-MAGE-A3.A2 pCTLs detected in peripheral blood.

Despite the limited number of samples, the frequency of pCTLs
appeared to be unrelated to the mRNA expression of the correspond-
ing antigens in the tumor tissues of 50% of NSCLC patients (Table 2).

In the process of determining the pCTL frequencies in the periph-
eral blood, we collected and evaluated flow cytometric data obtained
from the analysis of each individual MLPCs. Interestingly, the mean
percentage of multimer-positive CD8% T-cells inside the positive
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Table 2 Frequencies of circulating pCTLs specific for peptides of hTERT and MAGE3 detected in cancer patients (1-15 NSCLC, 16-25 SCLC)

upon diagnosis and antigen expression in resected tumor material

Patient HLA CD8* MLPCs  hTERT-ILA.A2 hTERT.A24 MAGE-A3.A2 MAGE-A3.A24  MAGE-A3.B35 Expression®

tested

+ve MLPCs ¢ +ve MLPCs f +ve MLPCs  f +ve MLPCs  f +ve MLPCs  f hTERT MAGE-A1 MAGE-A3

1 A02,24,B35 14 76 0 <74 0 <74 0 <74 1 7.4
2 A02 6.5 192 0 <36 0 <26
3 A24,B35 10.3 171 0 <10 0 <10
4 A24, 24 28 93 1 36 0 <36
5 A02 3.8 272 3 7.8 0 <26
6 AO2 6.6 184 0 <15 0 <15
7 A24,B35 23 127 0 <4.2 0 <42 215 <1 <1
8 AO1,B35 81 208 0 <12 178 <1 65.2
9 A02 35 160 1 2.6 2 5.8 20.1 <1 <1
10 A02,B35 16 88 0 <6.3 0 <6.3 0 <63 <1 <1 85.6
11 A02,B35 2.8 106 12 42.0 0 <35 0 <35
12 A02 15 77 1 6.3 11 70.0 213  108.2 74.7
13 A02, 24 2.7 104 0 <37 0 <37 0 <37 0 <37 150 <1 <1
14 A24 05 23 0 <18 0 <18 338 777 1220
15 AO1,B35 3.4 89 0 <30 150 <1 <1
16 A24, 24 17 76 0 <6.0 1 6.0
17 AO2, 02 1.6 98 1 6.4 1 6.4
18 A24 7.3 260 0 <14 1 14
19 A24,B35 3.4 156 1 2.9 2 5.6
20 A02 38 192 0 <26 0 <26
21 A24 2.9 160 0 <34 0 <34
22 A02 20 91 0 <5.2 0 <5.2
23 AO1, 02 49 204 0 <2 7 14.0
24 B35 1.5 192 1 6.0
25 A02 2.0 168 2 9.9 3 15.0

Abbreviations: HLA, human leukocyte antigen; hTERT, human telomerase reverse transcriptase; MLPC, mixed lymphocyte-peptide culture.
aMillion CD8 tested.
PThe expression levels for hTERT, MAGE-A1 and MAGE-A3 were determined as described previously>! and expressed as a percentage of expression levels by a testis sample; see text for the
explanation of ‘<’ and the abbreviations of the peptides.
°f. Frequency of pCTLs specific for the given peptide per 107 peripheral blood CD8 (not determined and remained blank when subjects did not express the corresponding HLA-A, HLA-B molecule).

Table 3 Frequencies of circulating pCTLs specific for hTERT and MAGE-A3 peptides detected in normal individuals

HLA

cbse

MLPCs tested

Subject hTERT-ILA.A2 hTERT.A24 MAGE-A3.A1 MAGE-A3.A2
+ve MLPCs o +ve MLPCs f +ve MLPCs f +ve MLPCs f
1 A24, B35 43 255 0 <23
2 AO2 3.8 188 1 2.6
3 AO1 8.6 240 1 1.0
4 AO1, 02 24.3 379 0 <0.4 0 <0.4 0 <0.4
5 AO2 5.0 208 1 2.0 1 2.0
6 AO2 8.4 192 1 1.0 2 3.6
7 AO1 5.5 231 0 <2.0
8 AO1, 24 6.4 248 1 1.6 0 <16
9 AO2 8.7 243 0 <1.2 1 1.2
10 A2, A24, B35 2.5 176 0 <23 0 <23 0 <23
11 AO1, A24 3.7 232 0 <27 0 <27
12 AO1 5.0 179 0 <20
13 A02, B35 7.2 240 1 1.4 0 <14
14 AO2 20.2 253 0 <05 4 2.0
15 A24, B35 1.0 91 0 <28
16 A24, B35 46 246 0 <22
17 AO2 9.3 232 0 <1.0 1 1.0

Abbreviations: HLA, human leukocyte antigen; hTERT, human telomerase reverse transcriptase; MLPC, mixed lymphocyte-peptide culture.
aMillion CD8 tested.
bThe frequency of pCTLs specific for the given peptide per 107 peripheral blood CD8* T-cells (not determined and remained blank when subjects did not express the corresponding HLA-A, HLA-B

molecule); see text for the explanation of ‘<’ and the abbreviations of the peptides.
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Figure 1 Representative multimer-positive plots.

MLPC were stained as described under section Methods with control

multimers labeled with

allophycocyanin and multimers containing the peptide of interest labeled with PE, following exclusion of irrelevant binding events.!® The plots represent live

CD8* cells. MLPC, mixed lymphocyte-peptide culture; PE, phycoerythrin.

Figure 2 Proportion of patients upon diagnosis (white bars) and normal
subjects (black bars) with a detectable peptide-specific CTL response.
Peptides are described under section Methods. CTL, cytolytic CD8* T-cell.

MLPCs was found to be significantly higher (P=0.030) in healthy
subjects (6.5 7.9%, range 0.2-30.0%) than in lung cancer patients
(1.5+2.1%, range 0.1-9.1%) (Figure 3b), indicating a decreased
proliferation rate of the peptide-specific pCTLs in the later. Similarly,
the mean fluorescence intensity of the HLA-multimers was signifi-
cantly higher (P=0.023) in healthy subjects (10.6 + 8.2, range 2-29)
than in patients (4.8+3.8, range 2-27) (Figure 3c), suggesting a

Immunology and Cell Biology

difference in the kinetics of interaction between T-cell receptor (TcR)
and multimer complexes.?> A correlation of marginal significance was
observed between the percentage of multimer*CD8" and the multi-
mer mean fluorescence intensity within the patient group (r=0.280,
P=0.046) but not in normal subjects (r=0.075, P=0.790).

Effect of treatment on pCTL frequency

Various anticancer treatment modalities affect the tumor-antigenic
load; surgery alone removes a tremendous amount of tumor antigens
whereas, on the contrary, radio- and chemotherapy-induced apoptosis
of cancer cells results in enhanced antigenic load. To investigate
whether such expected changes affect the cytolytic antitumor
response, the post-treatment frequencies of antitumor pCTLs was
examined in 16 out of 25 lung cancer patients for whom the
corresponding frequencies had been detected at diagnosis. Alterations
in the peptide-specific circulating pCTL frequencies were detected in
12 out of 16 patients (Table 4). However, among these alterations, only
those detected in SCLC patient nos. 23 and 25 can be considered
interesting as at least threefold but contrasted changes were observed.
It is noteworthy that the changes presented by the first of these
patients regarding the responses against two different peptides, were
also contrasted, that is, elevation of the anti-hTERT-ILA.A2 pCTL
frequency paralleled by a concomitant reduction in the anti-MAGE-
A3.A2 pCTL frequency. NSCLC patients who underwent surgery only
(patient nos. 9-12) presented with no significant alterations in the
pCTL frequencies detected 6 months after surgery. For the NSCLC
patients for whom a tumor sample could be obtained (patient nos. 9,
10, 12), antigen expression appeared unrelated to the strength of CTL
response. Finally, no association was observed between any clinico-
pathological parameter and presence of pCTL (data not shown).

Characterization of anti-tumor specific CD8+ T-cell clones

Twenty-seven positive MLPCs were used for obtaining peptide-spe-
cific CD8" T-cell clones. Variation in the proliferation rate and the
cloning efficiency of the individual clones necessitated several attempts
for each MLPC. Finally, we were successful in obtaining five clones
from normal individuals and five from lung cancer patients, capable of
being expanded to sufficient numbers for additional analysis.
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Figure 3 The frequencies and flow cytometric characteristics of circulating antitumor specific pCTL of patients with lung cancer and normal healthy
individuals. (a) Cumulative frequencies of pCTLs (x10~7 peripheral CD8* T-cells) directed against all the tumor-antigen peptides in normal healthy
individuals (M) and patients with NSCLC (®) and SCLC (A). (b) Percentage of multimer-positive CD8* T-cells inside each positive MLPC detected in
normal individuals (M) and patients with lung cancer (®). (c) The mean fluorescence intensity of HLA-multimers in normal individuals () and patients with
lung cancer (®) inside the positive MLPCs. The dotted line represents mean value for each group. MLPC, mixed lymphocyte-peptide culture; pCTL,

CTL precursor.

Table 4 Previous and post-therapy frequencies of circulating pCTLs
specific for \TERT and MAGE peptides detected in patients with lung
cancer (patients for whom no CTL responses have been detected, are
not presented)

Patients Peptide pCTL frequencies?
Pre-treatment Post-treatment
1 MAGE-A3.A24 7.4 <3
4 hTERT.A24 3.6 <2.9
8 MAGE-A3.A1 <1.2 1.6
8 MAGE-A3.B35 <1.2 1.6
9 hTERT-ILA.A2 2.6 4.4
9 MAGE-A3.A2 5.8 4.4
10 MAGE-A1.B35 <6.3 1.7
11 hTERT-ILA.A2 42.0 37.0
12 hTERT-ILA.A2 6.3 <5.0
12 MAGE-A3.A2 70.0 75.0
16 MAGE-A3.A24 6.0 <7.3
18 MAGE-A3.A24 1.4 <3.3
23 hTERT-ILA.A2 <2.0 6.9
23 MAGE-A3.A2 14.0 34
24 MAGE-A3.B35 6.0 <35
25 hTERT-ILA.A2 9.9 <3.0
25 MAGE-A3.A2 15.0 <3.0

Abbreviations: hTERT, human telomerase reverse transcriptase; pCTL, CTL precursor.

1, 4 and 8: NSCLC patients submitted to surgery and who received radio- and chemotherapy
as well. 9-12: NSCLC patients underwent only surgery. 16 and 23: SCLC patients who
received radio- and chemotherapy. 18, 24 and 25: SCLC patients who received only
chemotherapy.

aThe frequency of pCTLs specific for the given peptide per 107 peripheral blood CD8*
T-cells (not determined and remained blank when subjects did not express the corresponding
HLA-A, HLA-B molecule); see text for the explanation of ‘<’ and the abbreviations of the
peptides.

First, the lytic capacity of each one of the isolated clones was
assessed. The clones were capable of recognizing and killing tumor
cells expressing MAGE-A3 and hTERT to various levels, albeit this
recognition was enhanced when the relevant peptides were added on
the targets (Figures 4a—c, upper panels). Lysis by MAGE-A3.A2 clones
was weaker but yet considerable (Figure 4b, clone A102, 27% lysis at
E:T=30:1). Conversely, hTERT-ILA.A2-specific clones hardly recog-
nized non-pulsed tumor cells but did so when peptide was added. All
clones could recognize and kill strongly, Epstein—Barr virus (EBV)-B
targets pulsed only with the relevant peptides and not control ones
(Figures 4a—c, lower panels).

The lytic values of all clones were compared at an effector:target
ratio of 10:1 that is normally used to compare cytolytic clones with
regard to their lytic capacity. Interestingly, clones derived from healthy
individuals appeared to lyse targets significantly stronger than the
clones of patients (P=0.01) (Figure 4d). This difference did not appear
to be related to the peptide recognized by either clone. Although the
number of clones tested was limited for each group (5 per group), the
lytic values were consistently similar every time each clone was tested
(n=3). The avidities of the T-cell clones were determined by incubat-
ing EBV-transformed B (EBV-B)-cells with increasing amounts of the
relevant peptides (Figure 4e). The concentrations of peptide required
to obtain 50% maximal lysis were similar for patients and healthy
individuals, ranging between 0.5 and 20nm. We concluded that
patients and healthy individuals contained pCTL with similar avidity.

In exploring further whether clones derived from patients or
normal individuals differed, we examined if they could secrete inter-
leukin (IL)-2, IL-4, IL-5, IL-10, IL-15, IL-17, interferon-y and tumor
necrosis factor-o. under peptide-specific stimulation (Figure 5a). Upon
incubation with EBV-B cells pulsed with the relevant peptide (and in
some instances tumor cells), all clones could secrete significant levels

)
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Figure 4 Characterization of the lytic capability of antitumor specific CTL clones. Percent specific lysis of representative clones: anti-MAGE-A3.A1 CTL clone
AO075 isolated from normal individual no. 3 (a); anti-MAGE-A3.A2 CTL clone AO12 isolated from patient no. 12 (b) and anti-hTERT-ILA.A2 CTL clone
A134 isolated from normal individual no. 6 (c). All clones in panels a-c recognized ®!Cr-labeled cells loaded with (®) (2.5 pgml~!ml) or without (O) the
relevant peptide (upper panel: tumor cells EB81; lower panel: EBV-B cells). (d) Overall specific lysis for all clones isolated from normal individuals
(squares) of clones obtained from patients with lung cancer (circles) at an effector:target cell ratio of 10:1 against EBV-B cells loaded with 2.5 ugmi~?
relevant peptide (filled symbol) or not (open symbol). The relevant HLA/peptides is indicated for the target loaded with peptide. Each experiment was
repeated three times. (e) Representative peptide titration curves of anti-MAGE-A3.A2 CTL clones from patients (H) and normal subjects (®) indicating
functional avidity against the MAGE-A3.A2 peptide by measuring specific maximal lysis against EBV-B cells loaded with indicated concentrations of peptide.
The CTL to target ratio was 10:1. The dotted lines represent peptide concentrations required to obtain 50% maximal lysis of the target cells. Each
experiment was repeated twice. CTL, cytolytic CD8* T-cell; EBV-B, EBV-transformed B- cell; hTERT, human telomerase reverse transcriptase; HLA, human
leukocyte antigen.

of IL-2, IL-4 and IL-5, but their levels did not have any difference  clone. To ascertain further the ability of the clones to respond to
between clones derived from patients and normal individuals. Non-  antigenic stimulus, cytokines were also detected following an intra-
pulsed EBV-B cells or EBV-B cells pulsed with a control peptide cellular cytokine assay (Figure 5b). All clones were capable of secreting
(BMLF1.A2 or PB1.Al), as well as cells pulsed with a peptide interferon-y, IL-2 and IL-4 but not IL-10, upon stimulation with the
presented by an irrelevant HLA, were not recognized by either relevant peptides, ensuring the specificity of the cytokine secretion.
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Figure 5 Functional characterization of antitumor specific CTL clones. (a) Production of cytokines by isolated CTL clones from normal subjects (H) and
cancer patients (®) following peptide-specific stimulation. The results are mean from two independent experiments for each CTL clone. The lines represent
the mean cytokine concentration. (b) Representative cytokine secretion profiles (repeated twice) of isolated CTL clones from a normal subject or a patient,
following stimulation with EBV cells loaded with 2.5 pgmI=Iml of MAGE-A3.A2 peptide or an irrelevant peptide. The indicated percentages refer to cytokine-

positive CD8™ cells. CTL, cytolytic CD8* T-cell.

Finally, all clones expressed CD45RO but not CD28, CD57 and CCR7
(data not shown).

The VB TcR repertoire of the isolated clones was analyzed using a
panel of Vf oligonucleotides covering virtually 100% of the TcR
repertoire. Clones displayed a large VP repertoire in line with studies
reporting the heterogeneity of antitumor peptide-specific T-cell clones
(data not shown). Both patients and healthy individuals were found to
rearrange many distinct VP gene segments and no evident constraints
on CDR3p size or sequence, nor on Jf3 usage, were apparent. All cancer
patients and healthy subjects examined presented with an oligoclonal
T-cell response (data not shown). For instance, in one patient (no. 23
in Table 2), of the seven MLPCs identified against MAGE-A3.A2 upon
diagnosis, clones with three different TcR sequences were found
appearing thrice on two occasions and once in another. After treat-
ment, only one TcR sequence could be identified. In another patient
(no. 12 in Table 2), upon diagnosis a similar oligoclonal profile was
identified against MAGE-A3.A2, giving rise to two TcR clonotypes
appearing nine times for one type and two for the other.

DISCUSSION

This study was undertaken in the light of the scarcity of definitive
and consistent findings regarding the precise number of pre-existing,
naturally occurring antitumor pCTLs and the emerging significance
of the role that their frequency might have in the quality of the
antitumor immune response.> Therefore, the frequency of circulating
pCTLs specific for multiple MHC class-I-restricted peptides of
hTERT, MAGE-Al and MAGE-A3 was concomitantly measured in
patients with NSCLC and SCLC and in age-matched healthy
subjects. Clear evidence is provided, indicating that the proportion
of cancer patients presenting with pre-existing cytolytic responses
against the examined tumor-antigen peptides (regardless of their
frequency) is as high as about 50%, similar to that of healthy subjects.
This proportion of positive individuals could only be detected
following the application of a sensitive detection method enabling
the measurement of what appears as rather rare tumor-specific
pCTLs, at frequencies about 100 times lesser than those previously
reported.?®
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Direct comparison of the frequencies of pCTLs against the tumor
peptides used in this study with those reported in the literature cannot
be easily performed as our methodological approach is not broadly
used. In the few cases, however, where such an approach has been
used, comparable results have been obtained against anti-MAGE-
A3.A2 and anti-MAGE-A3.A24-specific pCTL responses,'#1® but
rather lower than those reported against other tumor antigens, like
Melan-A or tyrosinase.'””” With respect to the MAGE-A3.B35,
MAGE-A1.B35 and hTERT-RLEA2 peptides, this is the first time
that estimation of CTL responses against them have been measured.
Our data suggest that these responses are very rare and weak in both
cancer patients and healthy subjects, questioning their utility in cancer
vaccination.

Regarding the CTL responses against various peptides, it appears
that cancer patients could respond strongly against one peptide and at
the same time have a negligible response against another presented by
the same HLA molecule irrespectively of the level of the corresponding
tumor antigens expressed by the tumors. Hence, cancer patients might
have different levels of tolerance against various tumor-antigen pep-
tides, thus supporting the use of multi-epitope peptide-based antic-
ancer vaccines.?® In addition, although various tumor antigens can be
frequently expressed by lung cancers,” detection of CTL against
epitopes of these antigens represents a rare event.

Interestingly, the cumulative frequency of peptide-specific pCTLs in
the cancer patients group was significantly higher but more widely
varying than that in healthy controls. Tumor-specific pCTLs detected
in the blood of normal individuals might represent autoreactive clones
that have escaped thymic selection, and these become amplified in the
cancer patients by the presence of tumors. The question that arises is
whether these clones were equally derived from a naive or memory
subpopulation in both groups of individuals. Assuming the absence of
tumor antigens in normal individuals, tumor-specific pCTLs might be
considered as naive cells that have homeostatically proliferated.
Irrespective of their origin however, tumor-specific CTL clones have
the potential to become reactive upon antigenic stimulus provided by
emerging cancer cells and the presentation of antigens by tumors
is expected to differentiate these clones into memory cells. As the only
reliable method to detect these rare pCTLs is by amplifying them first
in vitro, it was not feasible in our study to perform any direct
assessment (for example, stain for CD45 and CCR7) to establish
their memory status and determine their origin.>*-3?

It is rather intriguing that the difference in the cumulative frequency
of peptide-specific pCTLs between cancer patients and healthy con-
trols results from responses against peptides that are either poorly
processed or not processed by tumor cells, that is, the hTERT-ILA.A2,
MAGE-A3.A2 and MAGE-A3.A24 peptides.!®21:33-35 A possible expla-
nation could be that these peptides are cross-presented to T-cells
following uptake and processing by the dendritic cell immunoprotea-
somes or conversely, the inflammatory tumor microenvironment
could cause tumor cells to express immunoproteasomes and thus
explain in part why with respect to these peptides there are conflicting
data as to their capacity or not to be presented by tumor cells. Finally,
the question that remains is that if these peptides do not become
presented by the tumor cell, then what triggers the increase in the
pCTL frequency seen in the patients as opposed to that of the normal
healthy donors and what are the factors that have maintained these
pCTL in the T-cell repertoire of the aged normal healthy donors?

Beyond differences observed in the specific pCTL frequency
between cancer patients and healthy controls, pCTL clones derived
from cancer patients appeared with a decreased proliferative capa-
city, intensity of multimer staining and lytic capacity. The reduced
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proliferative capacity, as evidenced by the decreased percentage of
multimer-positive cells within patients’ MLPCs, could be explained by
replicative senescence.’!3® Conversely, regulatory T-cells present in
higher number in cancer patients, could play a detrimental role in
inhibiting clonal T-cell proliferation and expansion.’” However, we
find the latter very unlikely as in a limited number of samples tested
(n=4; 2 from patients and 2 from normal individuals), the number of
CD4*CD25"Foxp3™ cells did not differ between MLPCs from normal
individuals or patients, and no relation was identified between the
presence of Foxp3™ cells and the existence of tumor-specific pCTL
in these samples (data not shown).

Regarding the higher intensity of multimer staining within each
MLPC of normal individuals against those of patients, this might
reflect a difference in the interaction kinetics between TcR and
multimer complexes based on the sum of multiple TcR binding as
well as the avidity of TcR-peptide MHC multimer taking place at
biologically related temperatures.?>3$#! Moreover, the strength
of post-thymic CD8 TcR/peptide MHC avidity is crucial for a T-cell
clone to compete in vivo for homeostatic growth.*> Thus, as T-cell
clones detected in both normal individuals and in cancer patients are
directed against self-antigens, it is likely that with respect to the
patients, antigenic encounter in the periphery could modulate
the type and size of the T-cell pool,*>** allowing and/or limiting the
window of effective signal transduction, giving rise to the dynamic
propagation of clones with a low TcR avidity. Our data, albeit using a
low number of clones, show decreased ability of CTL clones isolated
from patients with cancer, to kill cells expressing the relevant antigen
peptide despite an apparent similar capacity to recognize peptide on
target cells. The latter might indicate that CD8 T-cells are continuously
affected by the tumor microenvironment, thus modulating their
ability to respond to antigenic stimulus.** Hence, patients might
contain circulating pCTL clones with TcR affinities, in the low
range, imposing in this way an effective antitumor immune response.
To this end, the large repertoire of V3 in patients and to a lesser extent
in healthy individuals supports the heterogeneity of antitumor pep-
tide-specific T-cell clones selected on the basis of poor tumor
destruction.®>

Radiotherapy and some chemotherapeutic agents can augment
specific immune responses, opening up the way for combined
chemo-immunotherapeutic applications.?>?34¢ Cisplatin is known
to induce cell death through apoptosis or necrosis,*” and apart from
the delay or inhibition of tumor growth, its use was considered to
generate immunogenic tumors. Hence, its use in experimental models
followed by tumor antigen vaccination can lead to improved anti-
tumor CD8* T-cell responses.* However, a precise measurement of
this effect has not been undertaken in a human setting. Toward this,
we examined whether radiotherapy and/or chemotherapy with cis-
platin affected the levels of pCTL detected, but no alterations were
observed in the pCTL frequency and in the number of peptides
recognized in 16 of our patients tested at least 3 months after the
completion of their treatment schedules. These findings place a caveat
in extrapolating data from animal tumor model studies, as these
cannot always accurately replicate the potentially immunosuppressive
human tumor microenvironment.

In conclusion, our study uncovered that cancer patients present
with a wide variation in the frequency of peptide-specific pCTLs and
this frequency differs greatly between tumor-antigen peptides. In the
light of recent evidence provided by animal models,? this result might
represent an important determinant of the fate of cancer immuno-
therapy. Furthermore, our results show that tumor-specific pCTLs of
cancer patients can have functional differences when compared with
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those of healthy individuals. In addition, our findings regarding the
effect of radiochemotherapy on the frequency of peptide-specific
pCTLs, question the expected effectiveness of combined chemo-
immunotherapy. Hence, our findings could have an important role
for the design of improved immunotherapeutic approaches for lung
cancer.

METHODS

Patients

Twenty-five HLA-A1l, HLA-A2, HLA-A24 and/or HLA-B35 patients with
primary lung cancer were involved in the study. Fifteen of them were diagnosed
with NSCLC (mean age 65.2 = 9.9 years; 4 females, 11 males) and the remaining
10 with SCLC (mean age 65.8%7.9 years; 1 female, 9 males) (Table 1).
Peripheral blood was obtained on diagnosis of the disease from all patients
and in 16 of them (10 with NSCLC and 6 with SCLC) after their treatment. Of
those 16 patients, five with NSCLC underwent surgery as the only treatment
and their post-treatment blood sample was collected 6 months later. From the
remaining 5 NSCLC and the 6 SCLC patients, blood samples were obtained
3 months after the completion of various treatment regimens consisting of
platinum-based chemotherapy and radiotherapy, as well as surgery in the case
of NSCLC. In only eight NSCLC patients, resected tumor material was also
obtained and tested for expression of hTERT, MAGE-A1 and MAGE-A3 as
described previously, using a testis sample as reference material.*® Peripheral
blood was also obtained from 17 HLA-A1, HLA-A2, HLA-A24 and/or HLA-
B35 healthy individuals (mean age 61.3 + 5.0 years; 5 females, 12 males). The
study conforms to the provisions of the Declaration of Helsinki and was
reviewed and approved by the University of Thessaly Ethics Committee; all
participants provided informed consent.

Peptides and HLA-multimers

Peptides of MAGE-A1, MAGE-A3 and hTERT were used on the basis of their
ability to induce spontaneous CTL responses in cancer patients or normal
individuals (http://www.cancerimmunity.org/peptidedatabase/Tcellepitopes.htm).
The peptides used according to the HLA phenotype of the patient, were as
follows: EADPTGHSY (MAGE-A1.Al presented by HLA-A1l), EADPTGHSY
(MAGE-A1.B35 presented by HLA-B35), EVDPIGHLY (MAGE-A3.A1 presented
by HLA-A1), FLWGPRALV (MAGE-A3.A2 presented by HLA-A2), TFPDLESEF
(MAGE-A3.A24 presented by HLA-A24), EVDPIGHLY (MAGE-A3.B35 pre-
sented by HLA-B35), ILAKFLHWL (hTERT-ILA.A2 presented by HLA-A2),
RLFFYRKSV (hTERT-RLEA2 presented by HLA-A2) and VYAETKHFL (hTER-
T.A24 presented by HLA-A24). Two EBV peptides, GLCTLVAML (BMLF1.A2
presented by HLA-A2) and RYSIFFDYM (EBNA3C.A24 presented by HLA-A24),
and the influenza virus peptide VSDGGPNLY (PB1.A1 binding to HLA-A1) were
used as controls. All peptides were synthesized on solid phase using F-moc for
transient NH,-terminal protection, purchased as lyophilized at >90% purity
ascertained by mass spectrometry (Abgent, San Diego, CA, USA), dissolved in
dimethylsulfoxide at 10mgml~! and stored at —20 °C before use.

Class-I HLA-multimers containing the MAGE-A1, MAGE-A3 and hTERT
peptides and labeled with phycoerythrin (PE), as well as control multimers
containing the EBV and influenza peptides and labeled with allophycocyanin,
were prepared as described.! 1

Frequency of peptide-specific pCTLs
Peptide-specific pCTLs were detected in peripheral blood and TILs (TILs
obtained as described)* using a sensitive methodological approach combining
HLA-multimer flow cytometric technology with a previous step of in vitro
amplification with multiple peptides under limiting dilution conditions. On the
basis of the number of pCTLs detected in each sample, their frequencies in the
peripheral blood and TILs were estimated by the use of Poisson distribution
analysis for rare events. A detailed description of this methodology has been
recently presented in our previous publication.!®

In brief, isolated peripheral blood mononuclear cells were pulsed separately
with 20 pgml~! of each test and control peptide (according to the HLA
molecules expressed for each sample). After washing off excess peptide,
peripheral blood mononuclear cell aliquots were mixed (populations pulsed
with test peptides were pooled) and 2x10° cells were added in each well of a
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microwell plate, in 10% human pooled serum-complete Iscove’s medium
containing IL-2, IL-4 and IL-7. Approximately 150 microcultures were per-
formed for each sample. On day 7 of culture, MLPCs were restimulated for an
additional 7 days with irradiated EBV-B pulsed separately with the same
peptides used initially. On day 14, antigen-specific pCTLs contained in each
microwell of the MLPCs were detected after staining with all relevant HLA-
multimers and analyzed by flow cytometry. MLPCs found positive for this pool
of HLA-multimers were additionally stained with individual multimers to
identify the exact specificity of the stained population (Figure 1). If any MLPC
contained a doubtful HLA-multimer-positive population, the corresponding
well underwent one or two additional stimulations with the relevant peptide
but of a different batch and multimer staining was repeated, ensuring in this
way the specificity of the multimer-positive population. Such MLPCs were
included in the frequency estimation only if staining with the specific HLA-
multimer resulted in a distinct cell cluster that did not stain with control HLA-
multimers of different specificity.

The proportion of MLPCs containing CD8" cells specifically stained with
HLA-multimers was used to calculate, by the use of Poisson distribution
analysis, the frequency of peptide-specific pCTLs among peripheral CD8*
T-cells. The cumulative frequencies of pCTLs directed against all the tumor
peptides examined for each subject, were calculated on the basis of the number
of MLPCs found positive after staining with the pool of relevant HLA-
multimers. Accordingly, the frequencies of peptide-specific pCTLs were calcu-
lated on the basis of the number of MLPCs found positive after staining with
the specific HLA-multimers.

Obviously, the lower limit of the analytical sensitivity of our methodology is
depended upon the maximum number of CD8" cells obtained from each
individual that was widely varying among subjects examined. The presence,
however, of specific pCTLs at frequencies lower than the sensitivity level
achievable in each individual, cannot be excluded. To present this valuable
information, the frequencies in such cases were designated as ‘less than’ (<)
the minimum ones determined on the basis of the maximum number of CD8*
cells obtained, and among which, one specific pCTL could not be found. When
the cumulative frequency of anti-TAA pCTL is represented, this refers only to
the sum of the detected frequencies.

Finally, the percentage of CD8" cells stained with a given HLA-multimer
inside each MLPC at day 14 of culture as well as the corresponding mean
fluorescence intensity were also examined.

T-cell cloning

HLA-multimer-positive populations contained in MLPCs were sorted using an
automated magnetic cell sorter, anti-PE-labeled magnetic beads (Stemcell
Technologies, Vancouver, BC, Canada) and PE-labeled multimers, according
to manufacturer’s instructions. Having been tested for their purity, isolated
lymphocytes were cloned by limiting dilution, seeding 0.1, 1 and 10 cells
per microwell, and stimulated by the addition of irradiated EBV-B cells
(2x10%well) pulsed with the relevant peptide and 100 Uml~! IL-2, 10ngml~!
IL-4, 10 ngml~! IL-7 and 100 um methyl-tryptophan. Microwells were stimu-
lated twice more at 7-day intervals with the same mixture of cells and cytokines.
Seven days after the last stimulation, they were transferred into 2-ml wells
and maintained by weekly restimulations with allogenic EBV-B cells and
peptide-pulsed tumor cells restricted for the HLA recognized by the respective
T-cells.

Characterization of CTL clones

Isolated CTL clones were submitted to TcR and functional analysis by
measuring their lytic activity, cytokine secretion in culture supernatants and
immunophenotyping. All analyses were performed on clones collected 7 days
after restimulation with peptide-loaded antigen-presenting cells, feeders and
growth factors.

VB TcR analysis was attempted on CTL clones isolated only from indivi-
duals that had more than one MLPC containing a multimer-positive popula-
tion, and it was performed exactly as described previously.!! PCR products
were purified and sequenced to obtain a complete identification of the CDR3
region. To confirm that all MLPCs of the same patient contained a multi-
mer-positive population with the same VP TcR sequence, primers spanning the

-
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relevant CDR3 region were synthesized and MLPCs were subjected to a
clonotypic PCR analysis as described previously.'!

Lytic activity was measured with a conventional 4-h >'Cr-release assay using
5000 target cells per well. The target cells were EBV-B cells expressing HLA-A1
or HLA-A2, and the melanoma tumor cell EB81 (expressing HLA-Al or
HLA-A2)'! loaded with relevant or irrelevant peptides for 30 min, at room
temperature. The EB81 tumor cell expressed MAGE-Al, MAGE-A3 and
telomerase as reported previously.*’ To determine TcR avidity, the lytic activity
of CTL clones was examined against EBV-B cells loaded with titrated concen-
trations of relevant peptides.

The ability of each clone to secrete IL-2, IL-4, IL-5, IL-10, IL-15, IL-17,
interferon-y and tumor necrosis factor-o was assessed after a 20-h stimulation
of 2x10° CTL clones with a 10 times lesser number of peptide-loaded antigen-
presenting cells. The culture supernatant was collected and used to measure
the concentrations of cytokines produced by the CTL clones using Multiplex
Bead-based Luminex Technology (Biosource, USA).

The ability of each clone to secrete IL-2, IL-4, IL-10, and interferon-y was
further assessed using an intracellular cytokine assay, as described previously
with some modifications.’! In brief, 2x10° CTL clones were stimulated with a
10 times lesser number of EBV cells loaded with 2.5pugml~! relevant or
irrelevant peptide. Protein secretion was stopped after 90 min with brefeldin-
A and cytokine synthesis was measured after an additional 20-h stimulation.
Cells were analyzed by flow cytometry.

Immunophenotyping

CTL clones and MLPC populations containing multimer-positive cells were
analyzed by flow cytometry using the following monoclonal antibodies con-
jugated to either fluorescein isothiocyanate, PE, allophycocyanin, ECD or
PC7: SFCI21Thy2D3 (anti-CD8; PC7; Beckman Coulter, CA, USA), CD28.2
(anti-CD28; fluorescein isothiocyanate; Immunotech, France), UCHLI (anti-
CD45R0O; ECD; Beckman Coulter), NC1 (anti-CD57; fluorescein isothio-
cyanate; Immunotech) and 150503 (anti-CCR?7; allophycocyanin; R&D systems,
USA). Cells were washed, stained for 30 min with antibodies at 4 °C before being
washed and fixed with formaldehyde. Isotype-matched antibodies were used to
verify the staining specificity, and as a guide for setting the markers to delineate
positive and negative populations.

Statistical analysis

Results are expressed as mean * s.d. and were analyzed by Student’s two-tailed
t-test. P<0.05 was regarded as significant. Correlation coefficients were
calculated by Pearson’s product moment to identify the significance of various
indices compared.
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Abstract

be attributed to senescence.

peptides followed by HLA-multimer staining.

Background: This study aimed to examine whether EBV seropositive patients with lung cancer have an altered virus-
specific CTL response, as compared to age-matched healthy controls and whether any variation in this response could

Methods: Peripheral blood mononuclear cells from lung cancer patients, age-matched and younger healthy
individuals were used to measure EBV-specific CTLs after in vitro amplification with the GLCTLVAML and RYSIFFDYM

Results: Lung cancer patients and aged-matched controls had significantly lesser EBV-specific CTL than younger
healthy individuals. Multimer positive populations from either group did not differ with respect to the percentage of
multimer positive CTLs and the intensity of multimer binding.

Conclusions: This study provides evidence that patients with lung cancer exhibit an EBV-specific CTL response
equivalent to that of age-matched healthy counterparts. These data warrant the examination of whether young
individuals have a more robust anti-tumor response, as is the case with the anti-EBV response.

Introduction

Evidence suggests that cancer patients present with a
compromised immune response of multifactorial origin,
including the tumor itself. It seems that the early stages of
tumor growth appear not to elicit systemic immune defi-
ciency and are sometimes associated with antigen-spe-
cific tolerance, while generalized immunodeficiency can
arise during the late stages of tumor development [1].
Related data are mainly derived either from in vitro
experiments or from DTH measurements in the context
of cancer immunotherapy [2]. Therefore, the existing evi-
dence remains inconclusive, while the significance of the
described immune alterations in relation to the ability of
cancer patients to mount effective responses against
pathogens has not been clarified. Finally, there is existing
controversy regarding the efficacy of influenza vaccina-
tion in patients with cancer [3,4].
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This study was scheduled in order to examine whether,
at diagnosis, EBV seropositive patients with lung cancer,
have a compromised virus-specific CTL response, as
compared to age-matched healthy controls. A group of
younger healthy individuals was also examined to ascer-
tain whether a possible reduction in the anti-EBV CTL
responses of the above patients and age-matched controls
could be attributed to senescence. Lung cancer was
selected because although such cancers express several
tumour antigens [5] and T cells infiltrating these tumours
have been identified [6], the outcomes of specific immu-
notherapy for patients with lung cancer is rather poor [7].

Subjects and methods

Patients and controls

PBMC were isolated from whole blood collected at diag-
nosis from 19 patients with primary lung cancer. Thirteen
of them were diagnosed with NSCLC (mean age 66.8 +
11.8 years; 3 females, 10 males) and the remaining 6 with
SCLC (mean age 67.0 + 7.4 years; 1 female, 5 males).
PBMC were also collected from 14 age-matched healthy
individuals (mean age 58.2 + 5.8 years; 4 females, 10

©2010 Karanikas et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
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males) as well as from 7 healthy younger individuals
(mean age 26.7 + 1.0 years; 4 females, 3 males). All PBMC
were kept frozen till required. Subjects expressed HLA-
A2 and/or -A24 (patients: 11 HLA-A2, 6 HLA-A24, 2
HLA-A2/-A24; age-matched healthy individuals: 8 HLA-
A2, 5 HLA-A24, 1 HLA-A2/-A24; young healthy individ-
uals: 5 HLA-A2, 2 HLA-A2/-A24) and there were positive
for IgG antibodies against the EBV nuclear antigen 3C
(EBNA3C). The study conforms to the provisions of the
Declaration of Helsinki, it was reviewed and approved by
the University of Thessaly Ethics Committee, and all par-
ticipants provided informed consent.

Detection of EBV-specific CTLs

Peptide-specific CTLs were detected using HLA-multi-
mer flow cytometry after a previous step of in vitro
amplification of MLPCs with peptides under limiting
dilution conditions, exactly as described in detail previ-
ously [8]. Two EBV peptides, GLCTLVAML (BMLF1.A2
presented by HLA-A2) and RYSIFFDYM (EBNA3C.A24
presented by HLA-A24) were used. These were synthe-
sized on solid phase using F-moc for transient NH2-ter-
minal protection, purchased as lyophilised at > 90%
purity ascertained by mass spectrometry (Abgent, San
Diego, USA), dissolved in DMSO at 10 mg/mL, and
stored at -20 °C before use. Specific multimers labelled
with APC and control multimers with PE were used to
stain MLPC. Each MLPC was considered to contain a
multimer positive population, only if staining with the
specific HLA-multimer resulted in a distinct cell cluster
that did not stain with control HLA-multimers of differ-
ent specificity.

Statistical analysis

Results are expressed as mean + SD and were analyzed
using two tailed chi-square analysis without Yate's correc-
tion. The level of significance was 0.05 (two-sided). The
commercially available statistical software (SPSS for Win-
dows, release 14.0; SPSS Inc., Chicago, IL.) was used.

Results

EBV-specific CTL responses were detected in the periph-
eral blood of 8/19 lung cancer patients (42%) and 5/14
(36%) aged-matched controls (p = 0.713). Both of these
proportions were statistically significantly different than

Table 1: Anti-CMV serological response amongst each group

Page 2 of 5

Figure 1 Proportion of individuals (young healthy, aged healthy
and patients) containing an EBV peptide specific tet+ CD8 + T cell
amongst peripheral blood CD8 T cells.

86% (6/7) of younger healthy individuals (p = 0.048 and p
= 0.031, respectively) that presented with an EBV-specific
CTL response (Figure 1). When we examined whether
corresponding alterations could be observed against
other viruses such as CMV, our findings indicated that
the anti-CMV response was similar to that described in
the literature [9]. Hence, although all subjects had prior
exposure to CMV as determined by serology, younger
individuals appeared to have a lesser response as com-
pared to aged individuals (p = 0.046) and aged individuals
had a higher response than that observed with patients (p
= 0.025) (Table 1).

Despite the above, the frequency of EBV specific CTL
amongst peripheral CD8 T cells was almost the same in
the subjects of all groups (Table 2). In all groups, the
response against the BMLF1.A2 peptide was more fre-
quent than that against the EBNA3C.A24 peptide (7
patients out of the possible 13, 3 aged-matched controls
out of the possible 9 and 6 younger healthy individuals
out of the possible 7).

In the process of determining the pCTL frequencies in
the peripheral blood, we collected and evaluated flow
cytometric data obtained from the analysis of each indi-
vidual MLPCs. Interestingly, although MLPC containing

Subject group Mean + Standard deviation? Range? p
Young healthy individuals 267 +183 8-486 Young vs Aged: 0.049
Aged healthy individuals 377 £83 411-612 Young vs Patients: 0.466
Patients with lung cancer 341+199 22-831 Aged vs Patients: 0.024

aValues represent U/mL of anti-CMV IgG antibodies
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Table 2: Number of EBV specific CTL amongst each group
Subject group Mean + Standard deviation? Range?
Young healthy individuals 243+17.9 3.1-54.8
Aged healthy individuals 252+17.2 104 -53.9
Patients with lung cancer 21.8+18.7 1.9-60.2

aValues represent number of EBV specific CTL amongst one million peripheral CD8 T cells.

a multimer positive population, amongst all three groups
appeared to have similar multimer positive populations
(Figure 2), interesting findings were observed when these
were analysed in detail. In particular, the mean percent-
age of multimertCD8* T cells inside the positive MLPCs
was found significantly higher (p < 0.0001) in age-
matched healthy subjects (26.6 + 26.4%, range 0.4--
80.7%) than in lung cancer patients (2.7 + 3.3%, range 0.1-
19.0%) and younger healthy individuals (2.4 + 1.7%, range
0.2-7.0%) (Figure 3A). This reflects an increased prolifer-
ative capacity against the antigenic stimulus of the pep-
tide-specific pCTLs in the older healthy subjects. On the
other hand, no statistically significant difference was
observed among the three groups with respect to the
intensity of multimer binding by each multimer positive
population (patients; MFI 6.9 + 12.3, range 2-115, older
healthy subjects; MFI 6.0 + 4.1, range 2-23, younger
healthy subjects; MFI 5.1 + 3.7, range 2-19) (Figure 3B).
This indicates that all antiviral T cells had TCR with a

Figure 2 EBV multimer positive populations from patients, age-
matched healthy individuals and healthy younger individuals.
MLPC, were stained with test multimers folded with BMLF1.A2 or
EBNA3C.A24 labelled with APC (y axis) and control multimers folded
with irrelevant HLA-A2 or -A24 peptides labelled with PE (x axis). Each
plot represents live CD8 lymphocytes with the multimer positive pop-
ulation indicated in each gate.

similar avidity towards the peptide/MHC complex and no
difference in the kinetics of interaction between TcR and
multimer complexes could be observed [10]. Regarding
the above, a significant correlation was observed between
the percentage of multimer+CD8+ and the multimer MFI
within the patient (r = 0.15, p < 0.0001) and the aged-
matched healthy individual group (r = 0.504, p < 0.0001)
but not within the young healthy individual group (r =
0.016, p = 0.435).

Finally, we examined whether the presence of an anti-
EBV CTL response lung cancer patients correlated with
any clinicopathological parameter (age, sex, performance
status, loss of weight, stage of disease etc). No significant
correlations were uncovered with either group (Table 3).

Discussion

This study provides direct evidence that lung cancer
patients dispose an EBV-specific CTL response equiva-
lent to that of age-matched healthy counterparts. More-
over, it was demonstrated that the EBV-specific CTL
response mounted by subjects of this age group, either
with cancer or not, was twice as less than that elicited by
younger healthy individuals. Regarding the healthy indi-
viduals, our results are in accordance to those reported
recently by Colonna-Romano et al [11] demonstrating an
inverse correlation between age and the percentage of
circulating EBV-specific CTLs. Most likely, these obser-
vations can be explained in the context of the complex
process of T cell immunosenescence [9,12].

With respect to cancer patients, it is interesting that
they present with the same age-related alteration of EBV-
specific CTL response as their healthy counterparts. In
other words, neither the antigenic burden of the tumor
nor any other cancer-related factor affected their ability
to mount a CTL response against the virus. Assuming
that the CTL response of cancer patients against other
pathogens follows a similar pattern of alterations, no spe-
cial vaccination strategy [4] is required other than that
followed for elderly people in general, except when they
are under the influence of immunosuppressive therapies.
To this end, it must be noted that considering the low fre-
quencies detected in our study population (3-60/million
CD8), one has no other alternative but to attempt to
amplify these cells first in order to understand their reac-
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Figure 3 Flow cytometric characteristics of circulating anti-EBV
specific pCTL from patients, age-matched healthy individuals
and healthy younger individuals. (A)Percentage of multimertCD8+T
cells inside each positive MLPCs (significance is indicate for compari-
sons between each group). (BIMean Fluorescence Index (MFI) of HLA-
multimers inside the positive MLPCs for each group.

tivity. This is not unusual since other we and others have
confirmed that in most cases CTL responses detected
after in vitro stimulation reflect the true number of these
cells circulating in vivo [13,14].

Beyond differences observed in the specific pCTL fre-
quency related to age, cancer patients also appeared with
a decreased proliferative capacity of virus specific pCTL.
Most likely these differences could be explained by repli-
cative senescence [15,16], whereby viral specific CTL in
patients have multiplied several times over their lifetime
and present with a reduced ability to further respond to
an antigenic stimulus. This does not exclude their pres-

Page 4 of 5

Table 3: Correlations of anti-EBV T cell response upon diagnosis
with clinicopathological parameters

Anti-EBV T cell response?

Yes No p-valueb
Agec <65 4 2 0.294
(54;48-63) (43;43-59)
> 65 4 9 0.515
(74; 69-79) (71;66-81)

Histiotype NSCLC 5 8 0.837

SCLC 3 3 0.734

Sex M 5 10 0.601

F 3 1 0.231

Performance 0 6 10 0.782
Statusd

1 2 1 0.427

Loss of weight <5% 6 8 0.966

>5% 2 3 0.932

Stage -1l 5 5 0.684

-1v 3 6 0.657

Survival status Alive 5 6 0.657

Dead 3 5 0.824

Survival Days 843.88 £ 757.89 0.512

235.59 292.30

aPatients were grouped according to whether they had a detectable
anti-EBV T cell response; ? p values were obtained after comparing for
each group every parameter; <In parentheses, the median and range
is indicated (years); 4dECOG Performance status

ence but rather supports the fact that T cell clonal
exhaustion results in the accumulation of oligoclonal dys-
functional cells followed by repertoire shrinkage due to
clonal deletion, maintaining however, the actual number
of dysfunctional cells [17], as has recently being demon-
strated in patients with renal cell cancer [18].

Many investigators relate the immune dysfunction of
cancer patients with both the inefficient anti-tumor
response and a reduced efficacy of immunotherapy
[19,20]. To this end, we have recently identified that
patients with lung cancer present with a tenfold higher
number of anti-tumor CTL as compared to the age-
matched controls [13]. These results suggest that such
patients do not have an immunocompromised CD8 T cell
response but the ineffective anti-tumor response, is most
likely a reflection of the age-associated changes that take
place in individuals [21] impacting on their capacity to
respond effectively against the tumor. Under the light of
the data presented herein, it is worth examining whether
young individuals have a more robust anti-tumor
response, as is the case with the anti-EBV response.

Institutional Repository - Library & Information Centre - University of Thessaly
26/05/2024 05:54:35 EEST - 18.225.54.200



Karanikas et al. Journal of Experimental & Clinical Cancer Research 2010, 29:64

http://www.jeccr.com/content/29/1/64

Conclusions

In conclusion, this study provides evidence that lung can-
cer patients dispose an EBV-specific CTL response
equivalent to that of age-matched healthy counterparts.
Our study suggests that possibly the poor outcome of
cancer immunotherapeutic approaches in lung cancer
can be a result of the underlying effects of senescence on
the immune system rather than an inefficient anti-tumor
response. These data warrant the examination of whether
young individuals have a more robust anti-tumor
response, as is the case with the anti-EBV response.
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