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AIAAKTOPIKH AIATPIBH k. AHMHTPIOY MEZZHNH

«2UOTNUIKA JovTEAOTTOINON KOl avAAuon HEYGAwY OEBOPEVWY YIa TNV
QTTOKPUTTITOYPAPNON MNXAVIOUWY OE avOPWTTIVEG AOBEVEIECH

O oko1og TNG TTapoucag BISAKTOPIKNAG BIOTPIRAG €ival va ATTOKPUTTITOYPOPNACE! UNXAVIOHOUG
oe¢ avBpwrriveg aoBéveleg, kal ouykekpiyéva otnv OoteoapBpiTida, OTnv HETAQPACH
BroAoyikwv dedopévwy atrd Tov apoupaio oTov AvBpwTro, oTnV ZKAfpuvon Katd TTAGKAG,
OTOV KOPKiVO TOU ATTATOG, OTNV KOPSIOPUOTTABEIR TTOU TTPOKAAEITAI ATTO QAPHUAKA KAl OTNV N
oAKOOAIKA AImTwdn véoo tou Atratog (MAANH). Ta kUpla eupApaTa OXETIKA HE TNV KABE
avepwTTIvn TTABNON KAl Epyaaia TTEPIYPAPOVTOAI TTAPAKATW.

Meow TG épeuvag oTnv ooTeoapOpimda atrodeixbnke OTI Ta LYIN XOVOPOKUTTAPA UTTOPOUV vVa
EXOUV 1OXUPN QAEYHOVWON - KAl OXI TTPOCTATEUTIK - QVTATTOKPION O€ dIdpopa epeBiopaTa.
Me autd Tov TpdTTO, N dnuioupyia evog @Aeypovwdoug TepPIBAAAOVTOS OTnV GpBpwan
dlatnpeital, eTTeIdr) o Xévdpog eival £vag I0TOG XwpIg ayyeia, 0 OTToiog OTEPEITAl GNPAVTIKWY
AVTIQAEYHOVWOWY CUCTATIKWY TOU TTEPIPEPIKOU AiPATOG KAl AUTO WTTOPEI TEAIKA va odnynoeEl
aTNV aTToIKodOUNoN Tou I0ToU. [Ma TTpWTN Qopd EVTOTTIOTNKAV TO CUPBAvVTA anuatoddTnong
ToU 0dnyouv oTnVv alfnon Twv TTPO-PAEYHNOVWAWY anuATwy Katd Tnv diéyepon Tou TLR,
QTTOKOAUTITOVTAG BUO OnNUAVTIKEG QAeypovwdelg odoug: To DEFB1 divel oApa péow Tou
uttodoxéa Tou Tpog RAC1T, ota MAPKs kai teAikd evepyorroiei 1o HSP27. To Flagellin
peTadideTal yéow Tou TLR5 og MYD88 kal aTn guvéxela ouyXwveUETal YE TO pJovoTrdr L1
MEow Twv IRAK, TIFA, TRAF6 kal TeAIKG evepyotrolei Ta ofpata IKB, MAPK14 kai HSP27. H
dIEYEPON TWV XOVOPOKUTTAPWY UE TOUG QAeypovwdoug peagolafntég IL1B kail Flagellin odnyei
ETTIONG O€ UTTEP-EVEPYOTTOINON TWV OXETIKWY ME TNV avamTtugn onudrtwyv CREB kai MAP2K1
Kal oTnV OTreAeuBépwaon  TTPO-QVATITUEIOKWY KUTOKIVWYV, OAEC OUVOeDEUEVEG HE TNV
UTTEPTPOPIa TWV XOVOPOKUTTAPWY Kal Tnv ooTeoyévveon. H ioxupry opoidtnta petagl
pnviokou kal apBpikoU 1I0ToU TTapaTnPEABNKe KOTG TNV SIEYEPTN QUTWY TWV 1I0TWV PE didpopa
gpeBiopara, utrooTnEIfovTag TNV UTTOBECN OTI UTTAPXEI ONUAVTIKI ETTIKOIVWVIO JETAEU AUTWY
Twv dUO JIOUEPICPATWY TOU YOVOTOG KOl Ol avTIQAeyuovwdelig Bepatreieg TTpémel va
AauBdvouv uméywn kal Toug OUO I0TOUG. AlggnxBn peTaBoAiki avaiuon avOpwITivou
ooTe0apBpITIKOU apBpikol uypol Kol evTOTTiOTNKAV WETABOAITEG TTOU CUVDEoVTal E
ooTeoapBpiTida.

Mo 10 OKOTTO TNG €PEUVOG OMOIOTATWY avBpwTTou / apoupaiou, dnuioupyRBnke pia Bdon
OedOoPEVWY  TTOAATTAWY  OTPpWUATWY TTou TTEPIAGUBave dedopéva  phosphoproteomics,
transcriptomics kai cytokine release, Trpogpydueva amd @uoloAoyikd Bpoyxika emTiBnAiakd
KUTTOPQ avOPWITOU KAl apoupaiou Ta oTroia ekTéBNKav TTapdAAnAa o€ TrepioadTepa ammd 50
dIAPOPETIKG epeBiopaTa UTTG TTAVOUOIOTUTTEG GUVBNAKES. ZnUavTikéG odoi anuatoddTnang
dlatnenenkav PETagy eIdWY avBpWTTWY Kal ApoUpdiwy UE ATTOKAIVOVTA JOVO aTTOHOVWUEVT
ouoTaTikG. Mia e§aipean rTav o1 0TOX0I TWV PETAYPOPIKWY TTapaydvTwy, TTou QaiveTav TTio
duokoAo va tpoBAe@bolv. O Trapdyovrag petaypagns CREB1 £3e1ge v o TTapduoia
OUNTTEPIPOPA, OAAG n ouvdeon amd 1o RSK1 Atav mapodoa pévo o1o avBpwmivo diKTuo,
YEYOVOG TTOU PTTOPET VO £§nyNBei atrd To yeyovog 6Ti 01 avBpwTTIVES ICOHOPPEC Tou RSK1 dev
eival Aeitoupyikég (RSK2, RSK3, RSK4 ). AvtiBeta, autd mBavoTara dev oupaivel oToug
apoupaioug. O Zeniou et al. avagépel 611 Ta yovidia RSK1 kal RSK3 Tou apoupaiou pTropei
va pnv gival o€ BEon va avriotabuicouv TTARpwS TNV EAAEIWn AsiToupyiag Tou RSK2.
AnuioupynBnke £va TEPACTIO OUVOAO BeBOPEVWY VIO TN MEAETN TNG ZKAPUVONG KATA TTAGKAC
(MS). Atropwenkav PBMCs atmé 250 86teg (190 MS, 60 Yyieic) kal oTn cuvéxeia ekTéBnkav



oe 20 epeBiopata 1ToU ocupTrepIAGuBavav 4 MS @dppaka kal PETPRONKE n amokpion 17
PWoQoTTPWTEIVWYV (5 'Kal 25') kal 22 eKKPIVOPEVWY KUTOKIVWV (24 WPEeS). AUTA n TTpoaéyyion
ETTETPEYE TOV XAPAKTNPIOKO TwV BIKTUWV CNUATtodoTnong We TPOTTO CUYKEKPIUEVO Yia TOV
KGBe aoBevr) kal TNV TPORAEwn veéwv oTOXWv yia ouvduaoTikh Beparreia yia MS. O
ouvduaopog fingolimod eite pe avactoAéa TAK1 eite pe EGCG emikupwBnke etriong ae éva
CWIKO MOVTENO.

Avaiuon pe xprion 3 kuttapoceipwyv 3 nmatikou kapkivou (HCC) mapouciaoe véeg
MNXAVIOTIKEG QVTIAAWEIS VIO TIG OTOXEUPEVES avTIQAEYHOVWOEIG BPATEIS TPIWV UTTOTYXONEVWV
nutraceuticals, epigallocatechin gallate (EGCG), fisetin (FIS) kai eryodictyol (ERI). To EGCG
ATav O TMIO ATTOTEAECHATIKOG DIGUOPPWTNG TNG EKKPIONG QAEYUOVWDWY KUTOKIVWV (TTOU
akoAouBeital ammd FIS kai ERI) kar ta kOtTapa HEP3B Atav 1a KAAUTEPO AVTATIOKPIVOUEVA.
Mapd TNV TTponyouuevn exTevr BIBAIoypagia, auth ATav n TPWTN MEAETN TTou Oeixvel TNV
ECAIPETIKA IKAVOTNTA QUTAG TNG £VWONG VO HEIWVEl TAUTOXPOVA £va UPU QPACHO KUTOKIVWV
TToU eKKpivouv ol HCC.

Me pia epappoyn aTnv KapdiopuoTTadeIa TTou TTPOKAAEITAI aTTd QApuaKka, atrodeixBnkKe OTI N
KOTOOKEUN OUYKEKPIPEVWY POVOTIATIWY ONUOTOBOTNONG KTTOPEN va CUAAGBEI uTTOAOYIOTIKG
TOV TPOTTO dpAcNng evog QOpuAKou Kal va auffoel Tnv akpiBeia NG TPORAEWnS TG
Kapdiopuotrabelag amd 79% oe 88%, o€ oUykpion PE TN XPrion MoOvo Twy transcriptomic
dedopévwy. Xpnolpotroivtag Elastic Net, evromiotnkav 33 mpwreiveg / yovidia, Tou
TPOPBAETTOUV KOAUTEPO TNV TAgIVOUNON TNG TOEIKOTNTAG OTNV KAPdIA TTpoKaAoUuevng atrd
@dappaka. Ta microRNAs 1Tou pubBuifouv Tnv ék@pacn Twv 6 Kopu@aiwy predictors eival
dIayvwaTIKAG agiag yia Quolkr Kapdlokh averrdpkeia 3 emayouevn amd Doxorubicin
Kapdiopuotrabeia. MeTagl autwy, yia Ta miR193-3p kar miR26b-5p tmou puBuifouv 4 kai 3
predictors avrioToixa, agifel va die§axBolv KAIVIKEG JEAETEC TTPOKEINEVOU va KaBopPIOTEl eAv
autda Ta microRNAS gival xpAoipa wg in vivo BIodeikTeS yia KapdlopuoTrdBeia TTou TTPOKAAEITA
aT1ro QAPHOKA.

MapatnpnBnke 611 n MAANH £xer TToAuTTapayovTIKh @Uon Kal dev UTTAPXE! eviaia Bepartreia
yla 6Aoug TOUG UTTOTUTTOUG TNG, UTTOyPaupidovTag Tnv avdaykn yio CUCTNHATIKYA TTPOCEYyYIon
Kal ECOTOMIKEUNEVEG BEPATTEUTIKEG TTAPEPPRACEIS yia TNV KAAUTEPN KATAVONON Kol BgpaTtreia
™me. Auty ATav n TTPWTR @QOPA TIOU pIa MPEAETN OTOXEUEl OTNV  KOTAVONON TNng
TToAUTTaPAYOVTIKNGS uang TG MAANH o010 eTTiTred0 ONPATOSATNONG HE TN MEAETN 5 HOVTEAWY
emaywyng MAANH oe mpwtoyevly avBpwtriva nmatok0TTapa. Ta  amoTeAéopaTa
empBeBaiwoav  Eva  peyado  e0pog  BIBAIOYPOQIKWY  EUPNUATWY  YId  pnxaviououg
onparodotnong otnv MAANH. EmirAéov, o CHK2 kai EPOR éxouv avadeixOei wg moava
ONUAVTIKG ONfpaTa TTou PTTOPED va gival evdio@Eépov va PeAeTnBolv TTepaiTépw agol ival
ETTIONG ONUAVTIKOI TTApAyoVvTEG OTNV avay£vvnon Tou ATTAToG.

Ta teAevtaia 4 xpovia, o AnuAtpng Meoonvng éxel ouyypdyel 6 dnuooieloeig ot
ETMICTNHOVIKA TTEPIOBIKA Kal 14 TepIAQYEIS - avaKoIvWoelg oE SieBvi) ouvédpia. 'Exel
pia dnpoacicuon wg TPWTOG oUYYpaAPEAS Kal EXEl ETTITUXEI SeikTn h-index 6. Méow Twv
TPOOTTOOEIWY YIO TNV OTTOKPUTITOYPAPNON TWV UNXOVIOHWY SINQOPETIKWYV
avlpwTTIivwy acBevelwy, o uTroWn@log SIBAKTWE €XEI OTTOKTAOEI EUPEIO KATAVONON
oTn ZUOTNHIKA povTeAoTToinon Kal avaAuon peydAwv dedopévwy, avéTTTue TIG BIKEG
TOU TTEIPAPATIKEG KOl UTTOAOYIOTIKEG HEBOBOUG Kal CUVEBOAE OE OPKETA ONMAVTIKA
EUPAMOTA TTOU TTEPIYPAPOVTAI TTapaTTdvw. To £épyo Tou oTnV ZKARPUVON KATA TTAGKOG
TOV £Kave va ETTIAEXOei peTagl 6 amd 110 epyaociwy yia va SwWaoel Hia oUVTOMN oplAia
oTto International Conference on Systems Biology of Human Disease oro Harvard To
2014. To 2016 ouvepydortnke pe 10 U.S. Food and Drug Administration yia tnv
avdrrTugn piag véag utroAoyioTikig HEBGSoU yia TRV TTPORAEYN TNG KAPSIOHUOTTEOEIOG
TTOU TTPOKOAEITOI aTTO PApuaKa e akpifeia 88%, épguva TTou dnpooisldnke oto CPT:
Pharmacometrics & Systems Pharmacology. H gpyacia tou mdvw otn MAANH
aTmOKGAUWE évav TTOAUTTAPAYOVTIKO UNXAVIOHO onpaTtodoTnong Kol Képdioe 1o 10
BpaBeio amdé 56 epyacieg oto ouvédpio Tng Eraipeiog ‘Hmrarog-Maykpéarog-
XoAngoépwyv 1o 2017.



«Systems Biology and Big Data Modeling to decipher mechanisms in
Human Disease».

The purpose of this PhD Thesis is to decipher mechanisms in human disease, more
specifically Osteoarthritis, Human/Rat Translational Research, Multiple Sclerosis,
Hepatocellular Carcinoma, Drug-Induced Cardiomyopathy and Non-Alcoholic Fatty Liver
Disease (NAFLD). Main findings regarding each human condition and project are discussed
below.

Through research in Osteoarthritis it was demonstrated that healthy chondrocytes can have
a strong inflammatory -rather than protective- response to various stimuli. In this manner, the
generation of an inflammatory environment in the joint is sustained, because cartilage is an
avascular tissue, lacking important anti-inflammatory components of peripheral blood and
this can eventually lead to the degradation of the tissue. For the first time, the signaling events
that lead to the up-regulation of pro-inflammatory signals upon stimulation of the TLR were
identified, uncovering two major inflammatory pathways: DEFB1 signals via its receptor to
RAC1, to the MAPKs and ultimately activates HSP27. Flagellin signals through TLRS to
MYD88 and then merges with the IL1 pathway signaling through IRAK, TIFA, TRAF6 and
activates the IKB, MAPK14 and HSP27 signals. Stimulation of chondrocytes with
inflammatory mediators IL1B and Flagellin also leads to over-activation of growth-related
signals CREB and MAP2K1 and the release of pro-growth cytokines, all connected to
facilitating chondrocyte hypertrophy and bone ossification. Strong similarity between
meniscus and cartilage cytokine releases was observed upon stimulation of those tissues
with various stimuli, supporting the hypothesis that significant crosstalk between these two
knee compartments exists and anti-inflammatory therapies should take into consideration
both tissues. Metabolomic analysis of human osteoarthritic synovial fluid was performed and
metabolites connected to Osteoarthritis were identified.

For the purpose of Human/Rat translational research, a multi-layer systems biology dataset
was generated that was comprised of phosphoproteomics, transcriptomics and cytokine data
derived from normal human and rat bronchial epithelial cells exposed in parallel to more than
50 different stimuli under identical conditions. Major signaling pathways were conserved
between human and rat species with only isolated components diverging. An exception was
the targets of transcription factors, which seemed more difficult to predict. Transcription factor
CREB1, showed the best consensus for the edges upstream of it but the connection from
RSK1 was present only in the human consensus network, which might be explained by the
fact that human isoforms of RSK1 have functional redundancy (i.e. RSK2, RSK3, RSK4). In
contrast, this is most likely not the case in rodents; Zeniou et al. reported that the mouse
RSK1 and RSK3 genes may not be able to fully compensate for the lack of RSK2 function.
A huge dataset was created to study Multiple Sclerosis (MS). 250 donors were recruited (190
MS, 60 Healthy) and PBMCs were isolated from them, then treated with 20 stimuli including
4 MS drugs and the response of 17 phosphoproteins (5" and 25’) and 22 secreted cytokines
(24h) was measured. This approach allowed to characterize the signaling networks in a
patient-specific manner and to predict new targets for combination therapy for MS. The
combination of fingolimod with either a TAK1 inhibitor or EGCG was also validated in an
animal model.

Analysis using 3 Hepatocellular Carcinoma (HCC) cell lines presented new mechanistic
insights into the targeted anti-inflammatory actions of three promising nutraceuticals,
epigallocatechin gallate (EGCG), fisetin (FIS), and eriodictyol (ERI). EGCG was the most
effective modulator of inflammatory cytokine secretion (followed by FIS and ERI) and HEP3B
cells were the best responders. Despite previous extensive literature, this was the first study
showing the outstanding capability of this compound to concurrently reduce a wide range of
HCC-secreted cytokines.



With an application on Drug-Induced Cardiomyopathy, it was shown that constructing specific
signaling pathways can computationally capture a drug’s mode of action and increase
cardiomyopathy prediction accuracy from 79% to 88%, compared to just using the
transcriptomic data at hand. Using Elastic Net regularization, 33 protein/gene predictors were
extracted, that best predict the toxicity classification of drug-induced cardiotoxicity. The
microRNAs that reportedly regulate expression of the 6 top predictors are of diagnostic value
for natural heart failure or doxorubicin-induced cardiomyopathy. Among them, miR193-3p
and miR26b-5p reportedly regulated 4 and 3 predictors, respectively, therefore it might be
worthy of clinical studies to determine whether those micro RNAs are useful in vivo
biomarkers for drug-induced cardiomyopathy.

It was observed that Non-Alcoholic Fatty Liver Disease (NAFLD) has a multifactorial nature
and there is no single treatment for all subtypes of NAFLD, highlighting the need for a
systemic approach and personalised therapeutic interventions to better understand and treat
NAFLD. This was the first time that a study aims to understand the multifactorial nature of
NAFLD at the signaling level by studying 5 NAFLD induction models in primary human
hepatocytes. The results confirmed a large body of literature findings for NAFLD signaling
mechanisms. Furthermore, CHK2 and EPOR have emerged as potential NAFLD players that
may be interesting to study further since they are important factors in liver regeneration.
Over the last 4 years, Dimitris Messinis has co-authored 6 peer-reviewed publications
and 14 international conference abstracts. He has one first-author publication and has
attained an h-index of 6. Through the efforts to decipher the mechanisms of different
human conditions, the PhD candidate has gained a broad understanding in Systems
Biology and Big Data Modeling, developed his own experimental and computational
methods and contributed to several important findings described above. His work in
Multiple Sclerosis got him invited among 6 out of 110 abstracts to give a lightning talk
at the International Conference on Systems Biology of Human Disease at Harvard in
2014. In 2016, he worked with the U.S. Food and Drug Administration developing a
novel computational method to predict drug-induced Cardiomyopathy with 88%
accuracy published in CPT: Pharmacometrics & Systems Pharmacology. His Cue-
signal-response analysis in NAFLD revealed a multifactorial signaling mechanism and
won the 1st prize among 56 submissions at the Panhellenic conference of Hepato-
Pancreato-Biliary Association in 2017.



