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Titho: Aiepedvnon Tng peTaBoAikig Acitoupyiag Twv T puBpICTIKWV KUTTApWV O¢
OTEPEOUG OYKOUG

O kapkivog amorteAei pia amd T KUPIOTEPES aQITiES Bvnoipétnrag Taykoopiwg, pe 18,1
EKATOppUPIa VEEG TTEPITTTWOEIG Kal 9,5 exatopplpia Bavatoug 1o 2018 CUPQWVA PE TOV
Maykéopio Opyaviopd Yyeiag (MOY). OepeABEIS ETIOTNHOVIKES avakaAUWeIg g
TeAeuTaiag Bekaetiag £deigav EexkaBapa 6T TO avoooTroInTké GUCTNHG Traifer Jwriké poAo
otV avamrtugn Twv Oykwv, ol omoiol ekpeTaAAeUovTal Ta e€eAlypéva dikTua avoooAOYIKNAg
avoxng TTPOKEINEVOU Va aTroQeuxBei N avayvwpion Kal CUVARa n KataoTpo®n TOUG aTd TO
avooomoinTIkG oUOTNUA. ZUYKEKPIPEVA, Ta KAPKIVIKG KUTTapa BlaBétouv Tnv Hovadikn
IKavoTNTa va oTpatoAoyolv KUTTAPA TOU avooOTIoINTIKOU WE aVOOOKATAOTAATIKES 1BIOTNTEG,
omwg 1a T puBuIoTIKG KUTTapa (TpuB.) ot BECEIG GYKOU, TTPOKEINEVOU VA avaoTeiAouy mv
OpAaon Twv  QVTIKAPKIVIKWY AEUPOKUTTAPWY, ETITPETOVIAC OTA KAPKIVIKG kUTTOpa va

§epuyouv g avoooAoyikrig emTApnong [1],.

H mp6odog otnv karavénon g avoaoiag Tou Gykou 0dAynaE aTnV aAAayr) Tou TPOTTOU PE TOV
oTToi0 aVTIHETWTTICOVTal BEPATTEUTIKG KATTOION OYKOI KAl TNV aQvaTrTugn Tng avoooBepareiag,
OTToU yIa TTPWTN QOPQ YivETal BEPATTEUTIKA OTOXEUGN TWV KUTTAPWY Tou avoooTToInTIKoU
EvVavTl TWV KOPKIVIKWY KUTTdpwv. Mia TPayparikry avakdAuyn oTov  TOopéa NG
avoooBepareiag fpBe pe TN Xpron avacToAéwv avoooTroinTkoU Oneiou eAeyxou (ICI)
(James P. Allison and Tasuku Honjo, BpaBeio NépteA ducioloyiac kai latpikrig 2018),
dnAadn avTaywvIoTIKWVY avTICWHATWY Ta oTToia HTTAOKAPOUV Baoikd avooopuBuIoTIKG popIa
(M6pia onueiou eAEyxou), OTTWG TO KUTTAPOTOEIKG avTiyévo 4 Trou oxerifetar pe 1a T-
AepgokUtrapa (CTL-A4), TNV Tpoypappanopévn TPWTEvn BavaTou KUTTApWY (PD-1) ka1 Tov
mpoodétn Tng PD-L1 1mou umd @uaoioAoyikég ouverkes kataaTéAAel TRV Aeitoupyia Twv T
OpaoTikwyv Kuttdpwy. Ta ICI ameAeubepovouy AgiToupyia Twv T BPACTIKWY KUTTAPWV
EVW TauTOXpOVa TIEPIOPIJOUV TNV KATaoTAATIKA dpdon Twv Tpub.[2). H OTOXEUDN QUTWV TWV
onueiwv eAéyxou ot aoBeveic Tou Jouv E TTPOXWPNMEVES KAKONBEIES £xel odnyRoEl Ot
HOKPOXPOVIEG ATTOKPICEIG OyKou, aAAG OE HIKPO TTOCOOTO ACBeVwY. Emmpdobera, Tapa



TNV amodedelypévn ATTOTEAETHATIKOTATA TOUC, AUTEC O véeg uEBoBoI Bepatreiag fpBav pe éva
k6oT1og. Me Tnv Siatdpagn Tou avoootroINTiKoU OUOTIHHATOG, Ol aVaoTOALiG onutiou
eAéyxou odnynoav oe éva supl @dopa OOBUPWV QUTOAVOOWY EKSNAWOEWV TTOU
TEPIYPAPETAI WG AVETIBUUNTES EVEPYEIES OXETIJOUEVEG HE TO AVOTOTTOINTIKG 0UCTHHA
(irAEs) [3-6].

To yeyovog 6T o1 TTepIoadTEPOI aoBeveic dev avramokpivovral ota ICI, utrodnAwvel 6T
UTTGPXOUV W EKTIUNWEVOI UNXAVIOWOI avTioTaong. Evag Bepehibdng pnxaviopds avriotaong
yla Tnv avoooBepartreia oTov Kapkivo eival kal ) cucowpeuon Twv Tpub. MEoa oTov OyKo [7].
Mapdho Trou €xouv TrpaypartotroinBei onuavrikéC TPOoTdBEiEC via Tov KaBopIoud 1wV

unxaviopwyv trou eme€epyadovral ol dykol via TRV Tpowdnaon Tng difyeponc. Tne AsiToupyiac

kal Tou TToAAaTrAaciacuou Twy Tpub. . Ta poplakd Kai AEITOUPYIKG XOPOKTNPIOTIKG TWV
TpuB. ot aoBeveig pe kapkivo mapauévouv o€ peydAo BaBué dyvwora.

Ta Tpub. , eival amapaitnta yia 1 diatrpnon NG avoooToINTIKAS opoI6oTaoNG Kal NG
avoxns [8-9]. AmoteAolv évav TTOAU TTAQOTIKG Kal ETEPOYEV TTANBUCKOG TTOU XapakTnpileTal
Yevika wg CD4°CD25'CD127 Foxp3® «kUTTapa oTo TEPIPEPIKO avBpwIvo aipga. ZTov
kapkivo, Ta TpuB. augdvovral oTo TEPIPEPIKG aipa Kal KUPIGpXOoUV OTO HIKPOTTEPIBAAAOV TOU
Oykou, amoteAwvTag éva BepeAIIOES ETIODIO yia TNV emTUXia TG avoooBepaTteiag Tou
kapkivou [7, 10-15]. To pikpotrepiBaAAov Tou Gykou OvVTag PTWXO Ot BPETTIKE CUOTATIKA,
UTTOZIKO Kai 6§ivo, kaBioTaral To 1I5aviké TepIBAAAOV yia Tov moAAatrAaciaopd kai Ty dpdon
Twv Tpub. mou PBagilovial oV ogeIBWTIKA PWOPOPUAIWON yiIa TNV QTTOTEAECUATIKA
Aeitoupyia Toug[10]. H TTapouaia Twv TpuB. oTov OYKO £XEI CUCXETIOTEI YE KOKF TTPOYyVWon,
€GENIEN Oykou, dINBNTIKGTNTA KABLS Kal Hetaotaon [7, 13]. Ta ICI rou xpnoigoTrololvTal £we
anuepa oToxeouv etriong 1a Tpub. kadug Ta pdpia onueiou eAéyxou ekppdlovral og PeydAo
Babuo6 otnv em@dveia Toug, eopévwg eival eUAoyo &TI n avamtugn Twv irAEs ptropei va
amodobei omv amootabepotroinon  Twv  Tpusl. N omv TAAOTIKOTNTA TOUG TTPOS
Tpo@Aeypovwdn dpdon. Mpog auth v kartéubuvon: a) Ta TpokarapTika dedopéva pag
aTmokaAuTIToUV 6T N aTooTaBepoTroinuévn PETABOAIK Aeitoupyia Twv TpuB. TpoweEi TNV
avamrugn autoavooiag [16], B) n oudda pac mpoéopata amédeie 6t to avr-CTLA-4
dlatapdooel TNV emikoivwvia petall Foxp3® Tpub. kai Twv avTIyovVOTTapouCIaaTIKWV
KUTTApwY TrpowBwvTag v autoavooia [17] kai TEAOG y) Ta apxikd BSeSopéva pag
Seixvouv évav évrovo yovidiako ETTAVATTPOYPAPHATIONS TwV KukAogopouvTwy CD4*
CD25'CD127° TpuB., oT0 aipa Twv aoBevv HE METAOTATIKO HeAdvwua TrOU
avamToooouyv irAEs petd amé Bspameia pe ICI, TTPOg £vav QaIVOTUTIO TTOU EUVOEI THV
Tpo@Aeypovwdn dpdon Kal cuvodeleTal aTrd HeTaBoAIKEG peTaBOAEC.



Me Baon 6Aa ta Trapamdvw, n Tapouca diatpiBr| ETTIKEVIPWVETAl oTa TPuB. Kal TTPOTEIVE! TN
MEAETN TNG PETABOAIKNG TOUG AEIToupyiag oe oupTrayeic dykoug yia BepatreuTik TapéuBacn.
ZUYKEKPIYEVQ, Ol KUpIOI OTOXOI pag eival a) va SIEPEUVACOUNE TO POAC Tou WETAROAICHOU
Twv TpuB. o€ ouptmayeic Oykoug, PB) va TAUTOTTOIOOUME TOUG HNXAVIOWOUS Trou
UTTayopeUouV TIG WETABOAIKEG METABOAEG TOUG, Kal Y) va TTPOCBIOPICOUNE TOV TPOTTO WE TOV
OoTT0i0 oI TPEXOUOEG avoooBepaTreieg eTTNPeadouv 1o peTaBoAiopd Twv Tpub. atov dyko Kai
va oToxeUooupe Ta PETaBoAIKG onueia eAEyxou Twv Tpub. TTPOKEINEVOU VA HEIWOCOUME TNV
avarmrugn Tou éykou Kai Tnv ekdriAwon Twv irAEs.

Avapéveral O6TI 0 eVBEAEXNG XAPAKTNPIOUOG TWV HNXAVIOHWY QUTWY TWV I0XUPGIV
PUBHIOTIKWY KUTTGPWY 0TO TTAQiCI0 TOu OyKoU Ba TTAPAOXEl ONUAVTIKES TTANPOPOPIES
yla 10 oxediaopd véwv avooobepameiwv yia Tnv afiomoinon TG avTIKAPKIVIKAG
avooiag diatnpwvrag rapdAAnAa Tov éAgyxo TNG auTodvoong aTréKpIonc.
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Cancer is among the leading causes of death worldwide, with 18.1 million new cases
and 9.5 million cancer-related deaths worldwide in 2018 according to World Health
Organization (WHO). Fundamental discoveries made over the last decade have
unequivocally shown that the immune system plays a vital role in tumor development with
tumors exploiting sophisticated immune tolerance networks to avoid immune recognition and
destruction. Specifically, cancer cells have the unique ability to recruit immune cells with
endowed immunosuppressive properties such as regulatory T cells (Tregs) into tumor sites,
to form a highly tolerogenic tumor microenvironment (TME) [1], that inhibits antitumor
lymphocytes, allowing cancer cells to escape immune surveillance.

Advances in our understanding of tumor immunity have prompted a paradigm shift in
oncology, with the emergence of immunotherapy, where therapeutic agents are used to
target immune cells rather than cancer cells. A real breakthrough in the field of
immunotherapy came with the use of immune checkpoint inhibitors (ICl) (James P. Allison
and Tasuku Honjo, Nobel Award in Physiology or Medicine 2018), namely antagonistic
antibodies that block key immune regulatory molecules (checkpoint molecules), such as
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), programmed cell death protein (PD-
1) and its ligand PD-L1, that under physiologic conditions suppress T effector cell function.
ICl mediate their effects by unleashing T effector cell function while simultaneously
restraining Tregs [2]. Targeting these checkpoints in patients living with advanced
malignancies has led to long-lasting tumor responses yet only in a small proportion of
patients. Moreover, despite the proven effectiveness, these new treatment modalities came
with a price. By unbalancing the immune system, checkpoint inhibitors gave rise to a
wide spectrum of severe autoimmune manifestations, described as immune-related
adverse events (irAEs) [3-6].

The fact that most patients remain unresponsive to ICl, suggests that unappreciated
mechanisms of resistance exist. Mounting evidence suggests that intratumoral accumulation
of Tregs, is a fundamental obstacle for the success of cancer immunotherapy [7]. Although
major_efforts have been placed to delineate the mechanisms that tumors elaborate to
promote Treq induction, function and expansion, the molecular and functional characteristics
of Tregs in cancer patients remain largely unknown.

Tregs, are essential for the maintenance of immune homeostasis and self-tolerance
[8-9]. They comprise a highly plastic and heterogenic population characterized generally as
CD4'CD25'CD127 Foxp3™ cells in peripheral human blood. In cancer, Tregs are elevated in
the peripheral blood and dominate the tumor microenvironment (TME), representing a
fundamental impediment for the success of cancer immunotherapy [7, 10-15]. The TME is
unique in that it is nutrient poor, hypoxic, and acidic, making it an ideal environment for
proliferation and function of Tregs that rely on oxidative phosphorylation [10]. Treg presence




in the TME has been often correlated with poor prognosis, tumor progression, invasiveness
as well as metastasis [7, 13]. Currently used ICI can also target Tregs, as checkpoint
molecules are highly expressed on their surface, thus it is plausible that development of
irAEs can be attributed to Treg de-stabilization or plasticity towards a pro-inflammatory
nature. In support: a) our preliminary data reveal that de-stabilized Treg metabolic fithess
dictates development of autoimmunity [16], b) our group recently demonstrated that anti-
CTLAA4 disrupts the crosstalk between Foxp3™ Tregs and antigen-presenting cells to promote
autoimmunity [17] and importantly c) our initial data demonstrate an intense re-
programming of circulating CD4'CD25°CD127 Tregs in blood of advanced melanoma
patients developing irAEs following ICI therapy, towards a pro-inflammatory-favoring
phenotype accompanied by enriched metabolic alterations.

Based on all the above, the present thesis focuses on Tregs and proposes to study
their metabolic function in solid tumors for therapeutic intervention. Specifically, our main
objectives are: a) to explore the role of Treg metabolism in solid tumors, b) to identify the
mechanisms dictating their metabolic alterations, and c¢) to unravel how current
immunotherapies modulate Treg metabolism in the TME and whether targeting Treg
metabolic checkpoints can affect tumor growth and development of irAEs.

It is expected that the thorough characterization of the mechanisms of these
powerful regulatory cells in the context of tumor will provide important insights
towards the design of novel immunotherapies to harness the anti-tumor immunity
while keeping in check the autoimmune response.
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