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EIZATQI'H

H pn-ahkoodik) Maddng vococ Tov AIatog eivatl pia xpovia Tabnen mov TANTIEL éva GNHAVTIKO
TOGOGTO TOL GULVOAIKOV TANOLGHOY muyKoGpiwe (mepl 10 25%), yupuxmpiletal and vréppeTpn
GLGGMOPEVOT) AMTOVE 6TO NIUP ATOVGiU UEIGNUEIWTNG KATAVAAWONS GAKOOA 1| GAANG NratomdBeiug
Kt £ivat GAANAEVOET HE TIC Tayéws eEEMOGONEVES EMONMIES TG TAXVOAPKIUS KAl TOV HETUPOAIKOD
cuvopopov. H ev Adym vooog cuvietd va eacpa Tafo@uoioroyiag T0 0moio KUHAIVETAL ad TNV aAn
KaAoMOn 6TEATOO. £1G KA TOVS MO SVGHEVEIS QUIVOTOTOVS TNG HN-AAKOOAIKNG GTEATONTATITIONS, TNG
KIpPLOoNG Kal TOL NTATOKVTTAPIKOV KUPKIVOHATOS. TXETIKG peE TO nratokuTTapikd kapkivopa (HKK).
SOVATAL Vi TPOKVYEL Y®PIS TV TPOYEVESTEPT EUPAVIGT TNG Kippwong (TANPOS VOIES NTap) Kot
GUYVOTEPU GUVOLETAL HE TNV TTPO LITAPYOVGU PAEYHOV TOL 16T0V. H cuvipmtiky mAsioyngia twv
TPWTOYEVOV NATIKOV Oykov (90%) apopd otov oynpatiopd HKK. eved o nranikdg xapkivog
YEVIKOTEPA amoTeAEl TNV 4y 0 Bvnotyevi attia oe Kapkvonabeic acbeveic, pe eKaToVTASES YIMAOES
BavATOVS VA £T0C. ZVVETMOG, 1) KUTAVONGT TWV UNYUVIGHOV OYKOYEVEGNG KOl KAPKIVIKNG aOENGNE 6TO
HKK anmotehei avaykaic owvict@oa ™S Pacikic £pevvas, o610 mAXIGI0O ™S avaatuéng
AMOTEAEGUATIKOV BEPUTEVTIKOV TPOGEYYIGEMV EVAVTL GUTHS TS HOPPNS KapKivoy. Ot eEeldikevpévol
popuKol pnyavicpoi mov evBvvovtal yie ™y avantull tov nratikod Kupkivou kat tov HKK, ota
TAQICIA 11 GAKOOAIKNC ATMAOUE VOGOV TOU NUTOC OEV £XOVV UMOCUPNVIOTEL EMUPKOS. MOAOVOTL 01
EPEVVNTIKEC TPOGTAOEIEC TS TEALLTAING BEKUETIAG EYOVV UMOKAAVYEL TANODPA YEVETIKOV TAPAYOVTWV
ot omoiot oupfdriovv o maboyéveon kat TV €EEMEN NG UN-OAKOOAIKNG VOGOL TOL NAATOC,
SIUOETOVHE TEPLOPIGHEVI] TANPOYOPIU UVUPOPIKA HE TNV VG TWV YPOVIDV HNYUVIGHDV TOV ETHAYOLV
KUPKIVOYEVEGT GTO WIUp 670 LAOPuBPO TNE Mupumdve VOGOV, EVO 1| HEXPL TOPU EPEVVNTIKEG
npoonabeieg emkevipOvovtay Kuping oty avantuén HKK ota miaioia 10yevov voomv Tov Aratoc.
Eivat yvootd o611 1 16Tk avayévvnon kol emdidopbwon Tov NraTikov Kal GAA@V  16TOV,
EVOPYNOTPOVOVTAL UG GNHATOSOTIKOVG HIXAVIGHOVS ) TUPEKTPOTMI| TWV OMOIWV £XOVV TAPASOCIUKA
GUOYETIOTEL [IE TNV OYKOYEVEGT] KOl TNV KUPKIVIKT ad&non. ¢ eK TOVTOV, AEMTOHEPNS TPOGOIOPIGHOS
KUl 1| YUPTOYPAPION TOV TPOUVUPEPOLEVOV HOVOTUTIOV UMOKTA IOWITEPO EVIIMPEPOV KUl GTIV
naboguotoroyia tov HKK, n onola dvvatar v enéhBer vd 11 GuvONKeS Tou QAEYRAiVOVTOS Kat
OO0V TEPIPAAAOVTOC TNG HN-UAKOOAIKNG VOGou Tov Nratos. O enpatodotikog d&ovag tov Hes3,



AmOTEAET £VaV TTPOCPATOS SWMAEVKUHEVO HNYAVIGHO O ONOI0C AVUYVOPICTIKE S HUN-KUVOVIKO
nupakAiddt TS Notch onpatoddmeng, He TV IKAVOTNTO VI EVEPYOTOIET TO HOVOTATL TV KIVAGOV TP1-
ewopopikvv wocitdiwv (PI3K/Akt/mTOR) kut va endyer Pucikés puwo@opviimoeis e STAT3
apwteivne. Katd autdv tov tpomo, avayvepiotnke 0Tt 1) ékgppacn tov Hes3 emdpd kabopiotikd oty
emfiowon, TOV TOAAUTAUGIOONO KUl TV SQOPOTONoT GNHAVIIKOV KUTTUPIKOV TANOLGUOV.
GUUTEPAUUPAVOUEVOV CGTEAEYIAIWV KUTTAPIKOV TUTWV oL oyeTilovtal pE TV 10TIKN emdiopbwaon
(m.y. vevupika cteieyiaia kOTTApa). A&ilel va onueimBEel OTL 0 GUYKEKPILEVOS TUPAYOVTUS. QUIVETUL VU
elvar avevepydg vrd amovsict GLVENKOV TOL UTUITOVV TNV UTOKATACTAGN 16TIKNG PAGPNS. N o6& un
KOPKIVIKOUG 16T00C. Evrovtolg, n pehétn g froroyiag tov Hes3 oto niaicio tov HKK, 6u propovoe
VoL OONYNOEL 6T TUVTOMOINGT] EVUAAUAKTIKOV HUNYAVIGHOV TOV EAEYYOLV TV KUPKIVIKY aOENCT) KAt THY
oykoyéveon. Tétowor pnyavicpol ewaletar 6Tt mepopilovy SUVNTIKG TNV EMAPKEIL LITAPYOVOOV
BEPUTEVTIKOV EMAOYOV OTWS 01 AVOGOAOYIKOI VUG TOAEIC KU1 Ol AVUGTOAEIC TPOTEIVIKOV KIVAGOV, Ol
OMOIEC GTOYEVOVY HEV KVTTUPIKOVS TANBLGHOUS Bapivovcag onpaciag v Ty e£EMEN TOV KapKivou.
AyvoOVTUS 6& TNV dLENTIKY SPAGTPIOTNTA ETEPOV KAPKIVOYEVETIKOV TAPUHETPOV TOL TPowBhovv ™
v060. O an®TEPOS GKOMOG MG HEAETNG OMWS 1 TEPYPUPOUEVT B NTUV 1) TALTONOINGT] PNYUVIGTIKOV
otoywv peilovog onpaciag, mov Bu  emMTPEMOLY TN INUOVPYIU  KAWOTOH®V  GTPUTNYIKOV
eEUTOIKEVHEVIG WWTPIKNG GTOVG AGOEVEIS HE NTUTOKVTTAPIKO KUPKIVOLL.

IKOIIOX

O1 TpwTUpyIKOl 6TOYOL TNG TPOTEWOUEVIG SIBUKTOPIKNG S1aTp1Pic, cuvoyilovial GTOV TPOGIIoPIGHO
ToL poAov Tov Hes3 onuatodotikov d&ova Kutd v HETdBuon and T I-aAKOOAIKI NTATIKY AN
VOGO / GTEATONTATITION TPOC TO NATUTOKVTTUPIKO KAPKIVO LK, KAOOS KAl TNV EKTIHNGT) TNS GUVEIGQOPAS
tov Hes3 oxetillopevov pngavicpomv oty e&€sn tov HKK. v nupoivcu mpoteivopevn SiSUKTopirng
Swtpff, T Kevipikd mEpdpata Kot 0 pebodoroyikdc oxediaopdc mov Ou akorouvBnbouvv
nepthapPavovy ta e&ng: a) Xapuktnpiopds e £kepacns tov Hes3 kot tov oxetik@v pe avtd
ONUUTOSOTIKMV OTOWYEIWV OE NTUTIKOVS 16TOVS KU /11 Vilro GUGTNHATA KUTTUPOKAAMEPYEIRS, GTO
miaiolo tov HKK mov endyetat and tv pn-aikoorikn voco tov nratoc. ) Xwpota&ikn avaiven mg
KUTTUPIKNG EKkPpucns Tov Hes3 610 pukporeptfaAiov Tov 0YKOL, KUTd TV avanTtuén Kat 1pdodo autov
v) Ipocdopiopds e a&iug Tov petaypa@ikov mapdyovta Hes3 wg Bepaneutikd 61630 670 enaydpevo
and pn-ahkoohikn voco tov Aratog HKK, pécw siRNA cvethpdtov anocidrnone kabohg kat pe
OUPHAKOAOYIKT avaeTOAN TS dpdonc Tov Hes3.

IEIPAMATIKH MEOOAOAOTI'IA

M:£Bodoc 1: IIposopoimen TNe HI-UAKOOAKIG GTEATONAUTITIONS KUl TOU NTUTOKLTTUPIKOV
KAPKIVOHATOS pe gpnon diaitag dutikod Tomov kot teTpeyropavipuke (CCl4) o movrikia
CS57BL6J. Zt0 &v A6yw melpupoatikd (oikd poviéro un-arkoohikng TH. €xer amodeiybel n
tayciaavantoén nratikne ivwone kat HKK péow e mapoyng dicitac dvtikod tdmov. m.y.
vynAdAmapd  +  @PouvkTOln  +  YOANOTEPOAN, o&  cuvdvacio  pe  efdopadiaia  YopnAn
Soontetpuyrwpavipaka (CCI4) evdomepttovaika, Kl 1] ATOTEAECHATIKY TPOGOHOIWGT TV BUcikOV
TaBOPUOIOYVOHIKOV YUPUKTNPIGTIKOV TS avBpomvne pn-aikoorikne XH oe 12efdopadec tou
TPOTOKOAAOL, akorovBovpevn and 1o oynuatiopd HKK oto mépac tov 24eBdopddwv. Ta
nepapatoloa tpokertal va BavatwBodv kat 6TIC V0 ¥POVIKA S1aKPITEC EKOOYEC TOV TPOTOKOALOVL, YU
NV GLAAOYT TOV NAATOS KUl SEYHAT®V 0pov, mov Ba mpoopiloviul yio I6TOLOYIKES, OPOAOYIKES Kl
YOVISIUKOD TOTOV UVUAVGELS. TUYKEKPIHEVA, Taemineda Tov Tpavoativac®v (ALT/AST) 6a avaivBovv
GTOV GUAAEYOHEVO OPO YO TNV EKTIUNGN TOV EMAESOV ™S I6TIKAS PAAPNG, cuvodevopeva and Tig
16TOAOYIKES Ypwoelc Picrosirius Kat deopivig yia Ty a&loAdynon tov emmnédwv ivmons 6To NIap twv
rewpapatolodov. Tavtoypova, Ba mpaypatoromBovv avaiivcelg yovidiakng £kepaone pe qPCR yw



TPO-VeTIKOVS mapdyovtes Kat deikteg (m.y. TGF-B. PDGF. koAhayovo-1. deopivn. a-SMA. Bipevtiv.
Ev téher. o HKK ¢@ioenc dykot O a&ioroynbodv ¢ mpog 1o HaKPOGKOMIKAE YUPAKTNPIGTIKA TOVS
(apBpoc, péyebog) K Ba avaivbody faon Twv NEN TEPIYPUPOHEVHV TEXVIKMV YU TOV YUPAKTNPIGHO
KUPKIVIKOV QUIVOTOTTOV GTO NUP TV OUAS®YV EAEYYOL Kat Tupépfiaons. Emionc. otoug 16T00¢ autoig
Bo  mpaypatomomBel  aflohdynon NG QAEYHOVIC KUl SIEPEUVION]  TOV  UVOGOAOYIKOU
pkponepifairovroc. Tho cvykekpiéva. 0o mpaypatonombouvv a) Novidwkéc avarvoeic QPCR v
KUTTUPOKIVES, YNHEIOKIVES KUl HOPIU KUTTAPIKT) TPOGKOAANGNS Katt fB) avaivon KUTTUPOUETPINS PONG
v Pacikods TANBLVGHOVS UVOGOTOMTIKOV KLTTApwV (0mwe ta M1- kot M2- pokpo@dyd Kal ta
kuttapa Kupffer, ta dieiedvovta povokvttapa, ta CD4+ kot CD8+ hepgorittapa, ta T-pubictika
repgorvttapa, To NK Kkt NKT kdttapa, kat diia).

M£60dog 2: Avaiven TG 6YeTICOHEVIG IE TOV KUPKIVO GNUATOdOTNONS 6E NTATIKOVS I6TOVG, PE
raitepn Epeaon otov pnyoviepdé Tov Hesd. Ttovg nratikoig 16to0¢ mov Bu mpokvyouvy ard v |y
MEBOSO Kt O CLUYKEKPIUEVU GE OIUKPITA THIHUTU GUTOV TOL APOPOVY GE LYIN KUl AcHEVI NTUTIKO
1070 Ou peretnBel pe QPCR 1 Ekgpuon oxetikov pe to HKK tupaydviov Kuttapikic onpatodoétong
[Transforming Growth Factor 3 (TGF-f). Epidermal Growth Factor (EGF). Hepatocyte Growth Factor
(HGF), Vascular Endothelial GrowthFactor (VEGF). Sonic HedgeHog (SHH), mammalian Target Of
Rapamycin (mTOR)]. ka1 Bu cuoyetictovv pe v £kgpacn tov yovidiov Hes3 mov emiong Oa
peremBei. Emiong, Ou mpaypatomombei ywpotaliki perét tov Hes3+ kuttdpov otov 1010 kat Oa
peretnBei n cuvékppaon Prodetktomv tov HKK pe m xpijon in situ RNA vfpidonoinene. [1pog 1o okonod
auto, Bu pedetBouv ot deikteg Ki67, hepatocyte paraffin antigen | (Hep Par 1), carcinoembryonic
antigen (CEA), glypican-3 ywt tov kuBopiopé tov dwwgopetikov otadiov too MAANH-HKK kat v
TaVTOYPOVIN AETTOHEPT] YUpTOYPaPNGN TV poTifwv tov Hes3.

M£60doc 3: Megrétn Tov pérov Tov Hesd oty nrutiki] oykoyéveon pe mapepfaoceic siRNA ko
small molecule inhibitors 6¢ kadhiépyeieg Kan in vivo povréda. Ou yxpnotponomBoldy KUTTUpIKES
cepéc (HepG2, Huh7 and AML-12) ot onoieg eivan diabéoipec 610 epyactipto tou emPBAENTOVTOC ™
Awtpiff, yie ™yv peréty tov porov tov Hes3 kat twv oxenilOpEVOV HNYUVIGHOV KLTTUPIKNG
oNUATOdOTNONG 6TV PIOCIHOTNTA KAl TOV TOAAATAAGIUGHO TV TUPUTAVED NAUTIKOV KLTTUAPIKGV
oelpov, KabOS Kal ™MV avantudn Kol TV Spoponoinen enayOHEVOV NIATIKOV KLTTAPWV amrd
mheodivapa oteheyiain kOTTapa (iIPSCs). o ta tupandve Bu xpncinoromboiy TexVIKES YOVISIUKNS
anociomong pe siRNA kat mpowtékorda Slapopomoinons NIUATOKLTTAPWY oL £X0VV Taywndel
Biphoypagikd. Teyvikée amocidmong tov Hes3 pe siRNA 1 otéyevong towv Hes3+ kvttapov e
GUYKEKPIHEVOVS Y1 AVTOV TO GKOTO QUPHAKOAOYIKOUC mapdyovtes Bu ypnoipomomboiv Kat 610
TPOUVAPEPHEY IN VIVO HOVTIEAD, GVAAOYH HE TA UTOTEAEGHATA TMV N VItro TEPUUATOV.
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INTRODUCTION

Non-Alcoholic Fatty Liver Disease is a chronic condition affecting a significant percentage of the global
population (approx. 25%), is characterized by aberrant fat accumulation in the liver in the absence of
remarkable alcohol consumption or other causes of liver disease and is tightly connected with the
rapidly developing epidemics of obesity and metabolic syndrome. This disease represents a spectrum
of pathophysiology ranging from simple benign steatosis to the more severe phenotypes of non-
alcoholic steatohepatitis, cirrhosis and hepatocellular carcinoma. Hepatocellular carcinoma (HCC) may
occur without the prior occurrence of cirrhosis (fully fibrotic liver) and is most often associated with
pre-existing tissue inflammation. The vast majority of primary liver tumours (90%) involve the
formation of HCC, and liver cancer in general is the 4th most lethal cause in cancer patients, with
hundreds of thousands of deaths per year. Therefore, understanding the mechanisms of tumorigenesis
and cancer growth in HCC is a necessary component of basic research in the context of developing
effective therapeutic approaches against this form of cancer. The specific molecular mechanisms
responsible for the development of liver cancer and HCC in the context of non-alcoholic fatty liver
disease have not been adequately elucidated. Although research over the last decade has revealed a
plethora of genetic factors that contribute to the pathogenesis and progression of non-alcoholic fatty
liver disease, we have limited information regarding the nature of the chronic mechanisms that induce
carcinogenesis in the liver in the background of this disease, and research efforts to date have mainly
focused on the development of HCC in the context of viral liver disease. It is well known that tissue
regeneration and repair of liver and other tissues are orchestrated by signaling mechanisms whose
aberration have traditionally been associated with tumorigenesis and cancer growth. Therefore, detailed
identification and mapping of the aforementioned pathways becomes of particular interest, also in the
pathophysiology of HCC, which may occur under the conditions of the inflamed and fibrous
environment of non-alcoholic fatty liver disease.

The Hes3 signaling axis, is a recently elucidated mechanism identified as a non-canonical offshoot of
Notch signaling, with the ability to activate the tri-phosphate inositide kinase pathway
(PI3K/Akt/mTOR) and induce key phosphorylation of the STAT3 protein. In this way, Hes3 expression



was identified as critical coordinator ofsurvival, proliferation and differentiation of important cell
populations. including stem cell types associated with tissue repair (e.g.. neural stem cells). Notably,
this particular factor appears to be inactive in the absence of conditions representing repair of tissue
damage. or in non-cancerous tissues. However, studying the biology of Hes3 in the context of HCC
could lead to the identification of alternative mechanisms controlling cancer growth and tumorigenesis.
Such mechanisms are thought to potentially limit the adequacy of existing therapeutic options. such as
immunological and protein kinase inhibitors, which target cell populations of major importance for
cancer progression, though ignoring the oncogenic activity of other disease-promoting pathways and
parameters. The ultimate goal of a study as the one described above, would be to identify mechanistic
targets of major importance, allowing the creation of innovative strategies for personalized medicine in
patients with hepatocellular carcinoma.

OBJECTIVE

The primary objectives of the proposed PhD thesis are summarized in the identification of the role of
the Hes3 signaling axis during the transition from non-alcoholic fatty liver disease/steatohepatitis to
hepatocellular carcinoma, and to assess the contribution of Hes3-related mechanisms to the progression
of HCC. In this proposed PhD thesis. the central experiments and methodological design to be followed
include: a) Characterization of Hes3 expression and its related signaling elements in liver tissues and in
vitro cell culture systems in the context of HCC induced by non-alcoholic liver disease. b) Spatial
analysis of Hes3 cellular expression in the hepatic tumor microenvironment during its development and
progression ¢) Determination of the value of the transcription factor Hes3. as a therapeutic target in
non-alcoholic liver disease-induced HCC, through siRNA silencing systems as well as by
pharmacological inhibition of Hes3 activity.

EXPERIMENTAL METHODOLOGY

Method 1: Simulation of non-alcoholic steatohepatitis and hepatocellular carcinoma using a
Western-type diet and carbon tetrachloride (CC14) in C57BL6J mice. In this experimental animal
model of non-alcoholic fatty liver disease, rapid development of liver fibrosis and HCC have been
demonstrated by utilization of a Western-type diet, e.g. high-fat + fructose + cholesterol, combined with
weekly low-dose carbon tetrachloride (CCl4) intraperitoneally, and effective simulation of the key
pathophysiological features of human non-alcoholic steatohepatitis at 12 weeks of the protocol.
followed by the formation of HCC at the completion of 24 weeks. The experimental animals are to be
killed in both time-discrete versions of the protocol. for the collection of liver and serum samples for
histological. serological and genomic analyses. Specifically, transaminase levels (ALT/AST) will be
analyzed in the collected serum to assess levels of tissue damage. accompanied by Picrosirius red and
desmin histological stainings to assess fibrosis levels in the liver of the animals. Simultaneously. gene
expression analyses by qPCR for pro-fibrotic factors and markers (e.g. TGF-f, PDGF. collagen-1,
desmin, a-SMA, vimentin) will be performed. Finally, tumors corresponding to HCC pathology will be
evaluated for their macroscopic characteristics (number, size) and will be analyzed based on the
abovementioned techniques, for characterizing tumor phenotype in the liver of both control and
intervention groups. Also, in these tissues, inflammation will be evaluated and the immunological
microenvironment will be investigated. In particular. a) gPCR analyses for cytokines, chemokines and
cell adhesion molecules and b) Flow Cytometry analysis will be performed, for key immune cell
populations such as M1- and M2- macrophages and Kupffer cells, infiltrating monocytes, CD4+ and
CD8+ lymphocytes, T-regulatory lymphocytes, NK and NKT cells, and others.

Method 2: Analysis of cancer-associated signaling in liver tissues, with particular focus on the
mechanism of Hes3. In the liver tissues obtained from Method 1. and more specifically in discrete



sections of healthy and diseased liver tissue, the expression of HCC-related cell signaling factors
[Transforming Growth Factor B (TGF-f). Epidermal Growth Factor (EGF). Hepatocyte Growth Factor
(HGF). Vascular Endothelial GrowthFactor (VEGF). Sonic HedgeHog (SHH), mammalian Target Of
Rapamycin (mTOR)]. and will be correlated with the expression of the Hes3 gene which will also be
studied. In addition. spatiotemporal study of Hes3+ cells in tissue will be performed and coexpression
of HSC biomarkers will be studied using in sitt RNA hybridization. To this end, the markers Ki67,
hepatocyte paraffin antigen | (Hep Par 1), carcinoembryonic antigen (CEA), glypican-3 will be studied
to define the different stages of NAFLD-related HCC and to simultaneously map Hes3 histological
patterns in detail.

Method 3: Study of the role of Hes3 in liver tumorigenesis by siRNA and small molecule inhibitor
interventions in culture and in vivo models. Cell lines (HepG2, Huh7 and AML-12) available in the
laboratory of the PhD dissertation’s supervisor, will be used to study the role of Hes3 and associated
cell signaling mechanisms in the viability and proliferation of the above liver cell lines, as well as the
growth and differentiation of induced liver cells from pluripotent stem cells (iPSCs). For the above,
gene silencing techniques with siRNA and hepatocyte differentiation protocols that have been
consolidated in the literature will be used. Hes3 silencing techniques with siRNA or targeting of Hes3+
cells with pharmacological agents specific for this purpose will also be used in the aforementioned in
vivo model, depending on the results of the in vitro experiments.



