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NMPOAOIOz-EYXAPIZTIEZ

H mapouoa peAétn mpayuatonolOnke oto Epyaotiplo Moplaknig kat Kuttapikng
Mpavong kot oto Epyaotriplto MetafoAikng Xnueiag kat BlomAnpodoptkig, audotepa
Tou Ivotitoutou Blohoyiag, @appakeutikng Xnueiag kat Blotexvoloyiag tou EBvikoU
I6pUpatog Epeuvwy pe umevBuvoug toug Epeuvntég B’ Ap. Nikn XovSpoylavvn kat Ap.
AplototéAn Xatlnuwavvou, avtiotolya.

Oa nbela va suxaplotnow Bepud TOug KABNYNTEG LOU OTO METATITUXLOKO, TIOU
QIMOTEAOUV TAUTOXpOVAL KoL MEAN TNG TPLUEAOUG EEETOOTIKNAG EMITPOTNG TNG
SUMAWMATLKAG HoU gpyaciag, tnv kKupla Owkovouidou kal Tov KUplo Bopyld, yla Tig
ONUOVTLKEG YVWOELG TTOU HOU TIpOodepaV KATA T Stdpkela tng ¢oltnong Jou o€ auTo
Kol yla tnv mpoBupia Toug va AUcouv omoladnmoTte anopia pou Kol va pe Bondricouv
LLE OTIOLOVONTIOTE TPOTO MEPVA ATIO TO XEPL TOUG. ATTOSEXOUEVOL TNV TPATACK OV VAl
OV KOUV OTNV €EETACTIKI ETUITPOTI QUTHC TNE EPYACLAG, LE TILOUV KL E XA POTIOLOUV
oLattépwe.

H Ap. Nikn Xovépoyiavvn Sev Atav yla epéva pla amAn emPAénovoa, aAld o
avBpwmocg mou pe Bondnoe kot pe evBappuve va TotéPw OTL pmopoloa va cNKwOw
otav énedra. MNa va Bupiow To yvwoto anodBeyua napadppalovtag to ehadpwg, «av
Sev umfpxe, Ba Empene va TNV eMvoow». TV EVXAPLOTW ATIO KAPSLAC yia OAa.

MoAAEG euxaplotieg odpeilw otov Ap. AploTotéAn Xat{nuwavvou, kabwg kol og OAa ta
HEAN Tou epyootnpiou MetaBoAlkng Xnueiag kot BlomAnpodopikng yia Tn
ouvepyaoia toug. Eva Eexwplotd suxaplotw otnv uroynola diddktopa, MNewpyla
Kovtoylavvn kat otnv Eldikn Asttoupyikn Emiotrpova, OAya Manadodnua. I8iaitepeg
guxaplotieg BEAw va dwow otov uroPnodlo ddaktopa, Ektopa ZaBLé-AsAaotik, Tov
omoio yvwploa oto gpyaotiplo MetaBoAkng Xnueiag kat BiomAnpodoplkng kat n
otnpPn Tou NTav KaBoploTIKAG onuaciag ylwa TNV oAokAnpwaon tng mapoloog
epyaoiag.

T€AoG, euxaploTw TOAU TNV OLKOYEVELA HOU Kol Toug Alyoug kaAoug pou ¢iloug mou
LE... QVTLLETWTILOAV UE OTWLKOTNTA KAl aydrtn. Toug lpal EVYVWHWV.
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1.1 NEPINHWH

H Swadikaoio tng ynpavong ekdNAWVETAL HEOW TOU OTASLOKOU €KGUALOUOU TNG
ocvuotaong, ¢ualoloyiag Kal Asltoupylag Twv KUTTAPWY, LOTWV KAl OpYAvVWV Kol
xopaktnpiletal amd tnv aduvopio TwV CUCTNUATWY OHOoLOoTACNG VA avTldpouv
opbwg ota meplParloviikd epebiopata. H mpwtedotacn (opoldoTACn TWV
TMPWTEWHATOC) Taillel ONUAVTIIKO pOAO OTn dLATAPNON AUTAG TNG TTOAUCTPWUATIKNG
(KuTTAPLKAG, LOTIKAG KL OPYQVLOULKIC) OHOLOOTAONG KoL EEPTATOL ATTO TNV LOOPPOTIL
ovAapeoa otn olvBeon, emSLOPOBWON KoL ATOIKOSOUNCN TWV KUTTAPLKWY TIPWTEVWV.

To MpwWTeAocWHA ATIOTEAEL €Val TTOAUTIPWTEIVIKO GUUTTAOKO UE HEllova TIPWTEOAUTLKA
Spaotnplotnta. Exel Seixbel 6tL SuoAeltoupyel katd tnv €€EAEN TNG ypavong Kal
KATA TG OXETLWOMEVEG UE aUTH aocBéveleg. AvtiBeta, evepyomoinon Tou UnXovIoUoU
€XEL OUOYETIOTEL PE ETEKTAON TOOO TOU KUTTOPLKOU OCO KOL TOU OPYOAVIOULKOU
npoobokipou  Iwng kabwg kat pe kKoBuotépnon NG e€EAENG  Sladopwv
NALKLOEEOPTWHEVWY A0BEVELWYV, OTIWCE N VEUPOEKDUALOTLKH VOoOC Tou Alzheimer.

H mapovoa epyacia otoxeVUel otn BlomAnpodopik) avaluon HETaYpPUPLKWY
6e60UEVWV  UIKPOOUOTOLLWV TIOU  OXETI(OVTOL WE TNV EVepyomoinon Tou
TIPWTEOAUTIKOU LNXAVIOHOU TOU TIPWTENCWHATOGC. H TpWwTeaocw LK Evepyomoinon Ba
TpaypatonolnBel pe t xprnon ¢$uoIKwv Kal CUVOETIKWY OUCLWV Ol OTIOLEC £XOUV
SelyBel NON: a) va eEMAYOUV TI TPWTEACWULKEG EVEPYOTNTEG Kat, B) va obnyouv o€
ETUUAKUVON TOU KUTTAPLKOU TIPOCOOKIpoU {wng avBpwrivwy voBAactwyv aAAd Kal
TOU OPYOVLIOULIKOU TtPoodOoKIpou {wncg tou vnpotwdoug okwAnka C. elegans. Oa
oUM\eXBel oAikd RNA amo avBpwrivoug voPAdoteg mou Ba dexBouv tnv enidpaon
TWV UTO UEAETN ouowwV (T000 GUCIKWY 000 KoL OUVOETIKWV) O OUVONKEG TOU
gMAyouv TN OpacTKOTNTA TOU TPWTEACWMOTOC. 2ta Oeiypata autd Oa
TipaypaTonolnBouv MEPAPATA OVAAUGCNG LLKPOGUOTOLXLWV.

MNa tnv enefepyacia kat avalvon twv dedopévwy amnod tig cuotolyieg tng lllumina Ba
xpnotpomolnBel n mAatdopua Aoyopikov Gene ARMADA kat n Stadiktuakn muAn
GRISSOM (www.grissom.gr), mou €xeL avamtuxBel anod to mpoypoppo MetafoAkng
Mnxavikic kot BlomAnpodopikic tou IXB/EIE kat €xel xpnotpomowndel ywa tnv
ovaAluon peyaAou oplOpol cuoToL(lwV YOVISLAKAC KOl TIPWTEIVIKAG €KPpaong.
AmnoteloUv eAeVBepo AoyLopLKO Ttou Ba xpnotpomnolnBel yla tnv npo-enefepyacia Twv
cuotol(lwv Tou meplhappavel tnv amadowdry BopuPou (noise filterig) amd ta
b6ebopéva, TNV Kavovikomoinon toug (normalization) kat ™ §16pBwon umoPfdabpou
(background correction) aAAG Kol TNV TPWTOPXLKN ETAOYN TWV TIO ONUOVTIKA
Slapopomonpuévwy yovidiwv HeTafl Twv SLadopeTIKWY GALVOTUTILKWY KATNYOPLWV
npog e€€taon. Me okomd to teheutaio Ba aflomonBoulv peBodoloyieg OTATIOTIKAG
€EKAOYNG Kal EAEyxwv €Aeyxwv Tou umootnpilovtal anod tnv Gene ARMADA kot thv
TWUAN GRISSOM, OmMw¢ MapOUETPLKOL oTaTIOTIKOL €AeyxoL (t-test, ANOVA) katl un
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TapapeTplkol €Aeyxol (m.x. Me Baon tv tuxaio emavaAnmukn SeypoatoAnyia
bootstrapping twv dgdopuévwy mou £AayouV TILO AUOTNPA OTATIOTIKA CUUIEPACHOTA
TIou PEeTpouvTal pe Baon to False Discovery Rate).

MNapdAAnAa Ba yivel xprion puebodwv un emPAenopevng pabnong (hierarchical, k-
means, Fuzzy C-means) yla tnv opadomnoinon deypdtwyv (clustering) pe Bdaon ta
b6ebopéva, evw Ba yivel xprion tng neBodou Gap Statistic mou avtopata MAEYEL TOV
aplOud Twv opddwy (clusters). O e€ayopueveg AloTeg yoviSiwv Pe BACN TG OTATIOTIKEG
HueBOdoug emhoyng kat tig uebddoug opadomnoinong Ba tpododotioouv epyaleia
QVETTUYUEVA aTtO TO TIPOYPAppa MeTtaBoAkrc Mnxavikng kot BlomAnpodopikrg mou
ouoyetilouv Aloteg yovibiwv evlladpEpoviog, HE ONUOCLOAOYLKH AELTOUPYLKN
mAnpodopia mov adopd otn AELTOUPYLA TWV YOVISLWV/TPWTEIVWV Kal Ta BLOXN LKA
HOVOTIATIO. TIOU OQUTA €UTAEKOVTOL  JUYKEKPLUEVA, Ta epyaleia  StRAnGER
(www.grissom.gr/stranger/) kot  GORevEng  XpnoOWIOMOLOUV  TIPONYHUEVOUG
OUVOUOOUOUG OTATIOTIKWY EAEYXWV (UTIEPYEWUETPLIKOG, X2 Kot Fischer €\eyxog) ue
ouyxpoveg uebodouc detypatoAnyiog (bootstrapping), aAAd Kal LETPLKEG OLLOLOTNTOG
vpadwv. Q¢ amotéAleopa, ouvdéouv TIC AlOTEG yovidiwv evdladpEpoviog HE TN
onuacloAoyikn MAnpodopia yla OTATIOTIKA ONHOVTIKEG CUOXETIOMEVEG AEITOUPYIEG N
BloxnUKA povomaTtia mou epdavilovial oTo TMEPLEXOUEVO OVTIOTOLXWV OVTOAOYiWV
(Gene Ontology Terms, GOTs) | AGAAEG KOAQ OPLOWPEVEC MOPDEC OPYAVWONG TNG
nmAnpodopiac (KEGG pathways).

TeAlkog otoxog Ba eivat n e€aywyn Twv EVPUTEPWV HOPLOKWY LOVOTIATIWV/SIKTUWV
TIOU EUMAEKOVTOL OTNV EVEPYOTIOLNON TOU TPWIEACWHULIKOU MNXAVIOMOU KAl N
TOUTOTIOLNON MOVOTOTIWY TIOU EVEPYOTIOLOUVTOL KATAPPOIKA TNG TPWTEACWULKAG
gvepyoroinong. H pehétn Staddpwv ouclwv/evepyorotntwy Ba arnokaAUPeL TO0O
KOWVA LOVOTIATLO TIOU €MNPEAIOVIAL KOTA TNV EVEPYOTOLNON TOU TPWTENCWHATOC
ave€dptnta ano tnv UTtd LEAETN oucia 600 Kal LovadIKA LoVOoTIATLA TTou oXeTi{ovTal
LE TNV TIPWTEONCWLLKA EVEPYOTIOLNON LECW TNG SPACNG CUYKEKPLUEVNC OUCLOG.



1.2 ABSTRACT

The process of aging is manifested through the gradual degeneration of the
composition, physiology and function of cells, tissues and organs and is characterized
by the inability of homeostasis systems to respond correctly to environmental stimuli.
Proteostasis (protein homeostasis) plays an important role in maintaining this
multilayer (cellular, tissue and organismic) homeostasis and depends on the balance
between the synthesis, repair and degradation of cellular proteins.

The proteasome is a multiprotein complex with major proteolytic activity. It has been
shown to be dysfunctional in the course of aging and related diseases. In contrast,
activation of the mechanism has been associated with an extension of both cellular
and organismic life expectancy as well as delayed progression of various age-related
diseases, such as Alzheimer's neurodegenerative disease.

The present work aims at bioinformatic analysis of microarray transcriptional data
related to activation of the proteolytic mechanism of the proteasome. Proteasomal
activation will take place using natural and synthetic substances that have already
been shown to: (a) induce proteasome activities and, (b) lead to prolong the cellular
life expectancy of human fibroblasts as well as the life expectancy of the filamentous
moth C. elegans. Total RNA will be harvested from human fibroblasts that will accept
the effect of the substances under study (both natural and synthetic) in conditions that
induce proteasome activity. Microarray analysis experiments will be performed on
these samples.

The Gene ARMADA software platform and the GRISSOM web portal (www.grissom.gr)
developed by IBFXB's Metabolic Engineering and Bioinformatics software and used for
the data processing and analysis of lllumina's clusters will be used. the analysis of a
large number of gene and protein expression clusters. They are free software that will
be used to pre-process the arrays, which includes noise filtering, normalization and
background correction, as well as the primary selection of the most significantly
differentiated genes. between the different phenotypic classes to be examined. The
latter will utilize statistical selection and test methodologies supported by Gene
ARMADA and the GRISSOM portal, such as parametric tests (t-test, ANOVA) and non-
parametric tests (e.g., based on bootstrapping random sampling). data that produces
more stringent statistical conclusions based on the False Discovery Rate).

At the same time, hierarchical, k-means, Fuzzy C-means will be used to cluster data
based on data, while the Gap Statistic method will automatically select the number of
clusters. . Extracted gene lists based on statistical selection methods and clustering
methods will power tools developed by the Metabolic Engineering and Bioinformatics
Program that correlate gene lists of interest with semantic functional information



related to the function of these genes/proteins. Specifically, the StRAnGER tools
(www.grissom.gr/stranger/) and GORevEng use advanced combinations of statistical
tests (hypergometric, x2 and Fischer control) with modern bootstrapping methods and
graph similarity metrics. As a result, they link gene lists of interest to semantic
information for statistically significant correlated functions or biochemical pathways
that appear in the content of corresponding ontologies (Gene Ontology Terms, GOTs)
or other well-defined forms of information organization (KEGG pathways).

The ultimate goal will be to extract the broader molecular pathways/networks
involved in proteasome activation and to identify pathways activated catastrophically
by proteasome activation. The study of various substances/activators will reveal both
common pathways that are involved in proteasome activation independently of the
substance under study and unique pathways associated with proteasome activation
through the action of a specific substance.



2 EIZATQTH

2.1 MpwTEACWHA KO OLIMOLKOSOUNGN MPWTEIVWV

H amowodopnon twv TPWIElvwY amoTeAEl ONUAVIIKO TUAMO TNG KUTTOPLKAG
puBuLoNG, n omola kaBopilel, o CUVOLAOUO LE TNV MPWTEIVIKA oUVOeDN, Ta enineda
TWV MPWTEIVWV EVTOG TWV KUTTAPWVY avaA taca oTiypr]. O xpovog nulwn g TwV EKACTOTE
TIPWTEIVIKWY MOPLwV TOPOUCLAlEL TIOWKIALQ, LE QTIOTEAECUA OPLOPEVA £ QUTWV VA
€Xouv Xpovo NUUIWNAG Alywv HOVO AemTwv, evw KAmolo AAAa TMOAAWV Xpovwv (Tto
KOAAQYOVO TOU S€pUATOC EXEL XPOVO NULWNC Ttepimou 15 xpovia kat To KoAAayovo Tou
Xovépou 117 xpovia). Alo ta cuyKekpLUEVA TtapatiOEpeva mapadeiypata, aAAd Kot
VEVIKA OO TN HEAETN TNG ATOLKOSOMNGCNG, TIPOKUTITEL OTL OL TIPWTEIVEG TTOU £XOUV
XaUNAG puBUO avakUKAWGONG (WG €K TOUTOU, HEYAAO Xpovo nuUwNC) elvatl cuvnBwg
OOUIKEG, eV aVTIOEOEL PE EKELVEC TTIOU €XOUV TOXU puBuO avakUKAwoNG (EMOUEVWG,
HLKPO XpOvo nuilwncg) kat cuvnBwc sivol puBbULOTIKEC.

Ta kUttapa SlaB€touv TOOO €VOOKUTTAPLKA 000 KOl EEWKUTTOPIKA HOVOTIATLO
amolkodopunong twv mpwrteivwy, Stadikacia Papuvouoag onuaciog KaBotL péow
QUTNG: i) UTTO PUGCLONOYLKEG CUVONKEC, ETLTUYXAVETOL O EAEYXOC TNG OCOTNTAG TWV
Sladopwv MPpWTEIVWY KAl N amapaitntn pubulon autng avaloyo UE TG EKACTOTE
KUTTOPLKEG AVAYKEG KOL ATIALTACELS, ii) O MEPUTTWOELS SNULoupYiag LN AELTOUPYLIKWVY
npwteivwy, Aoyou xapn efautiag eodalpévng avadimwong (misfolding),
avaAapPavel TNV Kataotpodr Toug, n omoia kot Ba anotpéPel pla enApLa yla to
KUTTOPO CUCCWPEUCH QUTWV. ITA EUKAPUWTLKA KUTTOPA Ta KUPL (EvOOKUTTOPLKA)
govomdtia Tou pecoAafolv otnv amolkodounon Twv TPwTEivwy Eival to
(eTAEKTIKG) MOVOTIATL OUMTILKITIVNG-TIPWTEACWUATOG KAl N (emiong €MAEKTLKA)
avtodayia dtapecolaBoupevn anod poplakeég cuvodoug (chaperone mediated) kat ot
(1N emAeKTIKEC) HiIKpO-auTOdayia Kal pakpo-autodayia.

Ooov adopd tn KN EMAEKTIKN TPWTEOAUGH, TO AUCOCWHA OVAYVWPLOTNKE BLOXNULKA
OTO NTAP TOU MUOC WG Ha Kevotorikny dopr mou mepléxel diadopa USPOAUTIKA
Eviupa — 1N ELOLKEG IPWTEACEG, TTOU SLAOTIOUV KABE MpWTEivn e TNV omola Epxovral
o€ enadn o€ HEHOVWHEVA apvogea. MPpwTEIVIKEG avTAieg yepilouv To Aucoowpa e
Katlovta udpoyovou, KAvovTtag to 0€wvo, e€aodalilovtag tn BEATLOTN EvEPyOTNTA TOU
npwteaowv Tou. OL mpwteiveg mou mpoopilovtal yla amolkodounon HECW TOU
(etepoyevolg kal aouvexoUG) AUCOCWHIKOU GCUOTNHATOG, WITOPOUV Vo TO
TPOOEYYIOOUV HEOW MLOG TTOKIALOG pEowv. Metd tn SlapecoAafoupevn amod tov
urtoSox€a evOOKUTTAPWOT, EVOOKUTTAPLKA KUOTIOLOL oo TNV KUTTAPLKN €TLdAvELd
Suvavtal va ocuvtnxBouv pe To Aucoowpa KL auth n Stadikaoia amoteAel pnxaviouo
OTOLKOSOUNONG TWV UTIOSOXEWV TNG KUTTOPLKNG emidpaAvelac. ITn dayoKuTTApwaon,
oo TNV AAAN, TO KUTTAPO EYKOATIWVEL «EEva cwpata» (AOyou xapn, Baktripla) Kat Ta
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OTEAVEL O0TO AucOoWHa. AKOMN, KATA TNV autodayia oxnuatiletal oto KUTOGOALO
SUMANR PEUBPAVN YUpW OO TO UALKO Tpog amotkodounaon (Adyou xapn, axpsiaota
opyavidla) kat katomwy napadidetatl oto Aucodowpa. H anokodopnon Twv nNpwieivwv
EVTOC TWV AUCOCWHATWY Xapoktnpiletat w¢ kataBoAikr, dnAadn ameleubBepwvel
EVEPYELA, APA AUTI N ATIOKPLON OTN BPEMTIKA TIEVIA AVAKTA LEPOC TNG EVEPYELAG TTIOU
apxLka EobeveTal oTn oUVOEON MPWTEIVWY Kol AAAWVY KUTTOPLKWY CUOTATIKWY. Mg To
oUOTNUA  OUMTKLTIVNG-TipwTeacwpatog (Ubiquitin-Proteasome System, UPS) to
omoilo kol omoteAel TO avilkeipevo HEAETNG TNG epyoaociag Ba aoxoAnBoupue
Sle€obkotepa.

2.2 ZUCTNLO OUMTTLKLTIVNG — TIPWTEACWLOTOG

2.2.1 Ouprukitivn

H oupmkitivn (ubiquitin, Ub) amotelel éva amod ta kUpla MEAN HLOG OLKOYEVELOG
SOUIKA oUVTNPNUEVWVY TIPWTEIVWY, oL omoieg pubuilouv pla oslpd amnod Sladlkaoieg
oTa euKOpUWTIKA KUTtapa. H Ub (Ewk.1) pall pe TIG €TEPEC OUYYEVEIC TIPWTEIVEG
€TUTEAOUV TIG AELTOUPYIEG TOUC LECW OUOLOTIOALKNG TTIPOOSEDNC 08 AANEG TIPWTEIVEG
ETUTPETOVTAC KAT AUTOV TOV TPOTO TNV aAAayr oTn oTtaBepOTNTA, OTOV EVIOTILOUO, N
otn SdpaoctnplotnTa TwWV NMPwWTeivwv-otoxwv (Pickart et al., 2004). MpokeLTal yLo P
HLKPN TpwTElvn 76 apVoEEwWY, TTOU OMAVTATOL 08 OAOUC TOUG sukapuwteg (Pickart,
2001) pe pa cupmayn Soun, amoteAOUHEVN OO TEVTE avVTLTapAAAnAoug B-KAwvoug,
Toug omoloug Stamepva pia a-éAka (Kumar et al., 1987). Mia amnod Tig MEPLOXEC TNG
OUUTILKLTLVNG TIOU €XEL OVAYVWPLOTEL WG onUAvTIKA eival To KapBofUTEALKO AKPO TNG
YAukivng, G76, to omolio amoteAel Baoiko maiktn otn dtadikacio TG oupunikitiAlwong,
evw Bapuvoucag onupaciag eival kal oL apvopddeg o kaBéva amo ta 7 KataAouma
Auoivng autng (K6, K11, K27, K29, K33, K48, and K63) (Pickart and Raasi, 2005; Pickart,
2000).
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Elkova 1: Aopn TNG OUMMLKLTIVNG (NAEKTPOVLKN TNYN:
https://en.wikipedia.org/wiki/Ubiquitin#/media/File:Ubiquitin_cartoon-2-.png).

H evlupikn pnxavr, mou eivatl umevBbuvn yla tnv npdéodeon tg Ub otig Stadopeg
MPWTElveg, amoteAeital amd o teLada evlpwv, E1-E2-E3, ta omola eival
eTLPOPTIOUEVA LE TNV EVEPYOTOINON, TN HeTadopa Kal tTnv tpododeon ¢ Ub oTig
npwteives. H avtidpaon Eekva pe tnv evepyomoinon tou kapBofuteAkol AKPOU TNG
Ub amno to évlupo-gvepyornointr t¢ Ub, E1 (ubiquitin-activating enzyme). Alapéoou
€VOG ATP-g€aptwpevou pnxoaviopou, n Ub (Mo CUYKEKPLUEVA, TO EVEPYOTIOLNUEVO
kapBo&uteAlkd katdAouto yAukivng autng) oculelyvuTal e Vol KATAAOUTO KUGTEIVNG
OTO KATAAUTIKO KévTpo Tou E1, pe amotédeopa va dSnuoupynbel évag Beloeoteplkodg
6e0u6G petaty Touc. Ev ouvexeia, n evepyomotnuévn Ub petadépetal os éva anod ta
mowiAa évlupa E2 (ubiquitin-conjugating enzymes), CUYKEKPLUEVA LETADEPETOL LECW
trans-Beloeoteponoinong o £va ocUVTNPNUEVO KOTAAOLTTO KUOTEVNG Tou E2.

To tpito Brpa mepAapBAveL pLa €LSIKN yLOL TV OUUTTLKLTIVN TIPWTEIVIKN Alydon, Tnv E3
(ubiquitin-protein ligase), n onoia otpatoAoyel tnv Mpwteivn-otoxo Kal pecolaPel otn
petadopd NG evepyomoinuévng Ub amd 1o E2 OTO MPWTEivikd umdoTpwua
(Hochstrasser, 2006; Pickart and Eddins, 2004). Otav T0 MPWTEIVIKO UTIOCTPWHA
SlaBétel katalouta Aucivng, TOTE N E-0LULVOUAS A OLUTAC OTIAEL TO BEL0E0TEPLKO SECUO
petal Ub kat E2 kat Snuoupysital avt’ autol évag LooTEMTIOIKOC SE0UOG avapeaa
OTO evepyoToLNUEVO KapPBoluteAilkd akpo tng yAukivng tng Ub kat tnv apwoudda tng
Auoivng tng mpwteivng-otoxou. AvtlBéTwe, otnv mepimtwon nou dev umapxeL Auaivn,
n Ub mpocbévetal otnv a-alvopdda Tou apvoTteAKOU AKPOU TG MPWTEVNG-0TOXOU
(Ravid and Hochstrasser, 2008;). Na pia doptkn katnyopia evlupuwv E3 («HECT» E3s),
n Ub petadépetal os mpwtn ¢Aaon o€ (o cuvtnpnUevn KUoteivn tou E3 mplv ano tnv
TEALKN HETOPOPA OE LA OUAS O TOU UTIOOTPWHATOC (OUVNOBWC, O pLa TTAEUPLKT) OpASa
Auoivng). Ma TIG MEPLOCOTEPEG ETEPEC AVTLOPACELS OUUTIKITIAlwoNG, ta €viupa E3
daivetal va Aeltoupyouv w¢ POCAPLOYELS TTOU TOToBETOUV TNV MPWTEIVN-0TOXO O€
otevn enadn petau Ub kat E2. H mAeloPndia avtwyv twv E3 €xouv pia urtopovada n
pLo autoteAn Sopkn meploxn mou dEpet éva potifo RING (Hochstrasser, 2005).
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Ev apxn, n ATP-e€aptwpevn evepyonoinon tng Ub, kataAuopevn amod to éviupo E1 (Ai
& Bi). Ev ouvexela, petadopad tng evepyomnotnuévng ma Ub oto évlupo E2 (Aii & Bii).
To obumAoko Ub-E2 mpoodévetal otn Ayaon E3 (n omola kat pEpeL TNV MPpwTeivn),
edboov mpokeltal yla Alyaon pe autoteAn Soukn meptoxn RING (Aiii) kat, TeAka,
uetadépel tnv Ub oto mpwrteiviko umdéotpwpa (Aiv). EvaAlaktikd, n Ub petadépetal
o€ éva ocuvinpnuévo katahouro Cys otn Awydon E3 (Biii) kat petd otnv nmpwteivn (Biv),
edpooov mpokeLtal yla Atydon pe avtoteAn dopikn meptox HECT. Ta Bripata mou PoALg
neplypadnkav emavoappavovrat wote va nopoxOei n alvoida moAvouurikitivng (A,
Bv kat A, Bvi). TO QUUMIKITIALWHEVO UTIOOTPWHA SLACTIATOL O€ UIKPA TIEMTISIO Ao To
26S TpwTedowua  oreAeuBepwvVoVTAG  EMAVAXPNOLUOTMOLOUMEV  OUMITLKLTIVN
(Chondrogianni et al., 2012).

A
+ATP  AMP +PPi SAteten

>_</\/\

@ 6@ E2 (W) E2 W

(i) (ii) (iii) (iv)
RING domain ligase

B
+ATP  AMP + PPi

(iii)
HECT domain ligase

)

I d ®
Short peptides I @ @

Q@"/ VI

Ewkova 2: Zuotnpa UPS (Chondrogianni and Gonos, 2012).

MNépav, BERata, Twv evlUPWV MoOU epyalovtal yla tnv npocdeon TnG OUUIIKLTIVNG oTa
Sladopa mMPwTEiViKA uMooTpwWHOTA, UTdpxouv Sekadeg Eviupa Tou  eival
TP OPTIOUEVA PE TNV aKPLBWE avtiBetn dadikaoia kat dev eivat dAAa amnod ta Eviupa
amo-ouprikitiAiwong DUBs (deubiquitinating enzymes). Mpokettat, Aoutov, yla po
pHeYaAn opada eviUpwv Tou Slaxwpilouv Ta TTPOCSEUEVO OTNV OUUTILKITIVN HopLa
HETA TNV TeEAKA KapBovulopdada Tou TeEAeuTalOU KATaAOLTTOU TNG ouprKLTivng (Gly76)
(Amerik and Hochstrasser, 2004). Toco 6ca eivol MPOCSEPEVA OE GUYKEKPLUEVES
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npwtelveg 000 kol ekelva mou &ev elval KAmou «aykupoPBoAnuéva» emdpouv
ONUOVTLIKA OTO KUTTOPLKO GUVOAO TwV OAUGLS WV OUUTTKLTIVNG.

2.2.2 Mpwtedowpa

To mpwtedowpa anotelel éva BepeAlwdeg MOAUKATAAUTIKO €VIUULKO CUUITAOKO TO
omolo TpPoAyeL TNV AmMOlKOSOUNCn TOo0 Twv GUCLOAOYIKWY OCO KOl Twv
KOTECTPOAUUEVWY, AVWHAAWY 1} AXPNOTWV KUTTOPLKWY TpWTeivwy. H gvepyomoinon
Tou £xeL bexOel va £xeL BeTikn emidpaon OxL Lovo otn Slapkela TG {wnG KUTTAPWY Kall
opyaviopwyv (Chondrogianni et al., 2015), aAAd kal otnv KaBuoTtépnon oxeTWOUEVWV
hue TV nAwkia pawvotunwv (Chondrogianni et al., 2008). Evroniletal os Siadopa
KUTTOPLKA Slapepiopata (KUTTApOMAQACOUQ, TTUPNHVOG, EVOOTIAQOUATIKO OIKTUO) Kol
OUVIOTA €WG Kal TOo 1% TOu OGUVOALKOU KUTTOPLKOU TIPWTEIVIKOU TIEPLEXOUEVOU.
JUUUETEXEL  Of€ TIOAAEG Kal  OLopOpPETIKEG KUTTOPLKEG AelToupyieg
oupnepAaUBaAVOUEVWY TOU KUTTAPLKOU KUKAOU, TNG pUBMLONG TwV HETAypadIKWY
TAPAYOVIWV Kol TNG KUTTaplkng Stadopomnoinong. Onwe €xel ndn avadepbei, o
TLOAULEPLOPOC TNEG OUMTILKITIVNG €EUTINPETEL WG OAHA ATTOLKOSOUNONG yla TTOAAEG
MPWTEIVEG-0TOXOUG. H Kataotpodr TN MpwTeivng £€xoupe 6N SeL Mwg EEKVA YE TNV
OopoloToALK oUvdeong plag aAucidag mou amoteAsital amd MAVOUOLOTUTIA HOpLa
OUMTILKITIVNG (AVw TwV TECOAPWV) HECW OUVTOVIOMEVWY SPACEWV €VOC SIKTUOU
npwteivwy (BA. mapaypado 2.2.1). Autr) n moAupepLlopévn aluaoida ovpmikitivng Spa
WG OWVLAAO TIOU avayvwplleTol KoL TPOCOEVETAL ATIO TO MPWTEACWHA, LETAdPEPOVTAC
€KEL TIC MPWTEIVEG-0TOXOUG KOLL TO UTIOCTPWHO TIPWTOAUETAL.

Lid: Rpn3, Rpn5-9, Rpn11, Rpn12 and Rpn15

Base: Rpt1-Rpt6, Rpn1, Rpn2, Rpn10 and Rpn13

(o [&
198
26S < ol-o7
208 p1-p7
p1-p7
ol-o7
.

Ewova 3: Aopn npwteacwpatog (Chondrogianni and Gonos, 2012)

To 26S nmpwtedowpa ival éva peydlo cuumAoko 2.4 MDa mou Bploketal T6c0 0TO
KUTTOPOMAQOUA 000 Kol otov mupnva. Mmopel va Slaxwplotel oe dvo Sakpltd
umocuumAoka: to 20S nmpwtedocwpa (20S core) kot Ta pUOULOTIKA 19S cUumAoKa Ta
omotla §€vouv eite oto €va eite kat ota U0 dkpa Tou 20S. Ta PUBLLOTIKA CUMTIAOKQL
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elval emipoptiopéva e TNV AvVayvVWELON TWV OUUTIKITIAMWHUEVWY TIPWTEIVWY Kot
nailouv poAo oTo EESIMAWUA KoL TN UETATOTILON OTO E0WTEPLKO TOU TIPWTEOAUTIKOU
TIUPAVA, O OMOLOC TEPLEXEL KATOAUTIKA KotaAouta Bpeovivng Oe KAMOLEG ATO TIG
UTTOMOVASEC TIOU TO ATOTEAOUV.

Mo CUYKEKPLUEVA, O TIPWTEOAUTLKOG upnvag (20S mpwrtedowpa) eival éva eviuULIKo
oUumAoko 700 kDa pe entd SLadopeTkéG a Kal emtd SLAdOPETIKEG B UTIOUOVASEG
OleuBetnuéveg oe PapéAl. To PBapéAl amoteAeital amd 2a-6aktulioug kat 2B-
SaktuAioug oe Satagn a1-7B1-7B1-7a1-7. OL TPELG B umopovadeg KABE €o0wWTEPLKOU
SOKTUALOU TIEPLEXOUV KATAAUTIKA €vepyd katdaAouta Bpeovivng oto N-TEAKO TOUG
akpo kat mapouotalouv N-teAkr) voukAeodiAikry dpacn uSpoAdong, urtoSelkvUovVTaC
OTL TO MPWTEACWHA Eival pla mpwtedon Bpeovivng. H kpuotaAAiky Soun tou 20S
TPWTEACWUOTOC ATOKAAUTITEL OTL TO KEVTPO TOU a SAKTUALOU elval oxedov TeAeiwg
KAELOTO, EUmoSilovTag TIC MPWTEIVEC OO TO VA ELOXWPNOOUV OTO ECWTEPO TUAMO TOU
B SaktuAiou mMou TEPAAUBAVEL TA TIPWTEOAUTIKA evepyd KEvtpa. EmumAéov, ta N-
TEAKA AKPO TWV a UTIOHOVASWV oxnuatilouv Evav emumA£ov Gpuaoikd dpayuod evavtiov
¢ mpoéoPaong ota evepyd Kévipa. ETOL, T KOTOAUTIKA KéEvtpa Ttou 20S
TPWTEACWUATOC £lval KPUUHEVO OTA KUTTAPO: TA UTTOOTPWHATA €ivatl duvatov va
€xouv mpooBacn ota evepyd KEVIpA HOVO adOTOU TEPACOUV HECW TOU OTEVOU
OVOlyHaTOC OTO KEVTPO TwV o SakTUAlwv. H tpooméAaon auth EMITUYXAVETAL UE TO
EeSIMAw A TWV TPWTEIVWYV PO AMOLKOSOUNON 0€ CUVOUAOUO UE TNV avadlatagn Twv
N-TeAlkwV AKpwv Twv a-urtopovadwy (Tanaka, 2009).

Amd T Mepld tou, To 19S Mpwtedowpa avayvwpillel TIg mpwieiveg mou €xouv
HOPKOPLOTEL A0 TLG TTOAUOUUTUKITIALWMEVEC AAUGCLOEG, amopakpUVEL TNV aAucida Kat
naylbeveL TN Hon mpwTteivn, EESUTAWVEL TIC UTIOOTPWHATIKEG TIPWTEIVEG, avolyel Tov
o SOKTUALO Kal petadEpel Ta EESUTAWMEVA UTIOOTPWHATA 0TO 20S MPWTIEACWHA YLA
amotwkodounon. Ocov adopd tn olvotacrn Tou, amoteAsital amd mepimou 20
SladopeTikeg uTtopovadeg oL omoieg Suvatal va katnyoplomotnBolv oe SU0 OUASEC:
TI¢ Rpt umtopovadeg (Regulatory particle of triple-ATPase) kat ti¢ Rpn (Regulatory
particle on non-ATPase). Kat ot U0 rtepthapBdvouv moANATIAEG TTPWTEIVEG PE LOPLAKA
Bdpn mou mowkiAAouv a6 10 éwg 110 kDa.

2.3 E¢etalopeveg ovoieg

2.3.1 ®ukokuvavourthivn (PhycoCyanoBilin-PCB)

Ooa ¢ukn avamtuooovtal evtog ¢ 6dlaoccag oe BABog evog LETPOU 1 TEPLOCOTEPO
6€xovtal TepLOPLOUEVN TOCOTNTA UIAE | €puBpol dwTOC To omoilo amoppodatal
apevOG amo To vePO KL aPeTEPOU amod ta popla YAwpodpUAANG TWV OPYAVICUWY TIOU
SlaBlovv os pikpotepo BaBog. MpoKUTTEL, AOUTOV, TO EPWTNUO TIWE KOTAPEPVOUV KL
emBLwvVoLV ol pwWTooUVOETLKOL OpyavIopol UTIO TETOLOUC OpouC. H amavinon ivat otL
Ta KuavoPaktrpla Slobétouv peydAa TIPWTEIVIKA OUUMAOKO TIOU KoAouvtal
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dukopmAlowpata (phycobilisomes) mou dev eival mapd cuokeuEG UAAOYNG GWTOC.
Ermutpénouv tnv mpooAnyPn Tou MPACLWVOU Kal KITPWOU PwTOC MOU ELCXWPEL OTOV
OLKOAOYLKO BwKO TwV €V AOyw UKWV. AlaviwvTal, o€ aviiBeon LE TIG TTEPLOCOTEPES
0VAAOYOoU TUTIOU CUOKEUEC, TPOoOeUEVA 0TNV EEWTEPLKN LEUPBPAVN TNS BUAOKOELSOUC
HEUPBPAVNG TwV YAWPOTIAQCTWY Kal OXL OTO E0WTEPLKO TNG, OTIOU AELTOUPYOUV WG
Kepaleg mou amoppodolv Pwe SLOXETEVOVTOG TNV EVEPYELA SLEYEPONG OTA KEVTIPA
avtidpaong tou o¢wrtoocuotiuatog . To péyoto NG amoppodnong Twv
GUKOUTALOWUATWY ETUTUYXAVETAL OTNV TIEPLOXN METALY TWV UITAE KOl UTIEPEPUBPWVY
kopudwv anoppodnong tng XAwpodUAANG a, dnAadn petaty 470 kot 650 nm.

Ta ¢ukopmAlowpata €xouv HopLako Bdpo¢ mMoAAwvV ekatoppupiwv daltons ki
anoteAouvtal and TOAAEC GUKOUTUALTPWTEIVIKEG UTIOMovVAdeG, Kabepio amd Tig
Omoleq TEPLEXEL OMOLOTIOAIKA TIPOOOEUEVEC TPOOOETIKEG OpAdEC WIAlvng —
guBbuypapupun Sleubétnon TECOAPWYV  TUPPOAIKWV  SAKTUAIWV—, OnMwG Kol
moAuTtentidia. H pukokuavouTIALVN AVAKEL OTLG TILO KOWVEC UTIALVEC TTOU QITOVTWVTOL
ota dukoprAlcwpata (pall pe tnv dukoepuBpouridivn) kat cuvioTd To XpwHodOpo
—ATOL, TO TUAMA TOU poplou pLaG ouciog mou gival o GopEaG TOU XPWHATOC TNG— TNG
GWTOOUVOETIKAG XPWOTLKNAG, pukokuavivn. MPOKELTAL yLO YPAUULK TETPATIUPPOAN, N
ormola  mpoodévetar otnv  avBpwruvn  aABoupivn  mpocdidovidag NG
Bepuootabepotnta kal avroxn otnv npwrtedAuon (Radibratovic et al, 2016). Ztig o
OUXVA OTOVTIWHEVEG PUKOUTUAUTPWTEIVEG TOU (GUKOUTIALOWHATOG, TEPAV TNG
duKoKkuavouTtAivng, nepllappavovtat  n dukoepuBpourAivn Kal N
oaANodukokuavouTALvn.

Ewova 4: IXNUOTIKA ovanapaotoon Tou GUKOUTILALCWLOTOG TOU KuavoBaktnpiou
Synechocystis. O nuprivag (core) anoteAeital anod g aAAodpukokuavivn (AP) ko
aAAodukokuavivn B (APB), evw dpaivovtal kot ol Oéosig npoodeong tng
dukoepuBpivng (PE) ko tng pukokuavivng (PC).

H vewpetpiky SleuBétnon twv GUKOUTUALTPWTEIVWY OTO PUKOUTIALOWHUOTO OF
ouvbuaopd e TG  ACUATIKEGC TOoug  LOLOTNTEC  OuVeElohEpOuV  OTNV
QIMOTEAEOUATIKOTNTA TNG EVEPYELAKNG LETADOPAG, N omoia elval peyaAutepn tou 95%.
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Phycocyanobilin (Amax = 590-670 nm)

Ewkova 5: Xnukn dopun tng pukokvavopumiAivng. To péyloto anoppodpnong (Amax)
Mropel va motkiAeL avaloya e To eKAoTOTE tepBAAAOV oto omnoio Oa Bpebein
npwteivn (Grossman et al., 1993).

2.3.2 OAeaoivn

Outto Stadedopévec GavoAlLKEG eVWOEeLG 0TO eAaLOAASO eival Ta oeKoiplOOELST) Kal Ta
TapAaywyad Touc. Ta oekoipldoeldn xapaktnpilovral amno tnv Unapén eAevoAlkol 0€€0G
(EA) n mapaywywv tou (6laAdeldikn popdn EA: EDA) otn yAukoluAlwpEévn 1 AyAukn
Hopdn Toug eotepomolnuéva pPe uSpofutupooOAn 1 TUPOCOAN. Ita oekoipldoELdN
avKouV n oAevpwraivn, n SipebuloAsupwmnaivn kot Ta Alykotpoaoidia. Ta mapaywya
TWV 0eKOIPLOOESWV amavtwvTal o€ UPNAOTEPEC CUYKEVTPWOELG OTO €AALOAASO Kol
elvatn 6taAbed 6k anokapBoupueBullwpévn popdn tou dyAukou TG oAeupwmaivng
(3,4-DHPEAEDA 1 oAeacivn), n 8taAdei6kn amokapBofupebullwpévn popdn tou
ayAukou Ttou Awykotpooldiou (p-HPEA-EDA 1 oAeokavBdAn) kalL to AyAuKo TNG
oAeupwrnaivng (3,4- DHPEA-EA).

Ewkova 6: Xnukn Soun tng oAeacivng (Mnyn:
https://pubchem.ncbi.nlm.nth.gov/compound/Oleacein)

To kuptapxo dalvoAikd cuoTaTikO oTo ayvo mapBévo ehatddado ival n oAsaoivn. H
udpoAuon tnG oAsupwmnaivng, KataAuopevn amo evboyevel¢ YAUKOUOAOEG KATA TN
Sldpkela ocUVOALPNG TwV Kopmwv TG €Aldg, elval umevBuvn ywa tnv vdnAn
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OUYKEVTPpWON TN oAeacivng oto Aadt (Vierhuis et al., 2001). AnoteAei, paAwota, Eva
anmod TA TO LoOXUPA avTLOEELSWTIKA 0To gAaldAado, yeyovog mou odelletal otnv
KateXoALkn Soun . Exel avakaAudBel ot kataoTtéAAeL Tn Spaon Twv eVIUUWV TTOU
geUMAEKoOVTOL OTNV UTtéptacn (Hansen et al., 1996), mpoAapBavel tnv katactpodn Tou
DNA mou odeihetat oto umtepoeidlo Tou udpoydvou ota povokuttapa (Fabiani et al.,
2008) kat anoteAel avaotoléa twv dpaoctikwv popdwv ofuyodvou (Reactive Oxygen
Species, ROS).

2.3.3 MK151-MK154

Mpokettat ya UPPLOIKEG evwoel a-tokodepoAng/udpofutupocOAng oL oroieg
ouvtéBnkav oto IvotitouTto Xnuikng BloAoyiag tou EBvikoU I6pupatog Epeuvwv amnod
v opada DappoKEUTIKNG XnUelag kot mpootatevovtal amd EBvikd AlmAwpa
Eupeowtexviag (Koufaki M., Calogeropoulou T., Chondrogianni N., Papahatjis D., Gonos
E.S., Fotopoulou T., Prousis K., Chazapi E. BIO-INSPIRED PROTEASOME ACTIVATORS
WITH ANTI-AGEING PROPERTIES (Patent No. GR 20180100094, 07/03/2018) kot
npoodatwc anod PCT (GR2019/000018).

H a- tokodpepoAn amnotelel cuotatiko tng Brapivng E, n onoia Bpioketat og uPnAEg
OUYKEVTPWOELG OE OPLOPEVA OLTNPA-ONUNTPLAKA KAl ELOIKA 0TO GUTPO TOU oLtapLou.
To 1925, ot Evans kat Bishop, anopovwoav and autd €va Bloloyika evepyod Kitplvo
TPOioV UTO popdn Aadlol. Aéka Xpovia apyoTEPQ, OMOUOVWOAV TNV a-TOKOPEPOAN
TIOU TINPE TO OVOUA TNG amnod t AEn Tokog (yévvnong) kot to prpa dépw, kabwg eixe
apxloeLva xopnyeitat yla tnv mopepnodion tou euPpuikol Bavatou. H mARpng XNUWKA
doun ¢ a-tokodepoOAng €yve yvwotr amnod tov Fernholz to 1938 (Fernholz, 1938).

M'evikd, oL TOKOEPOAEC GUVLOTOUV ML OUASO AUTOSIOAUTWY XNUKWY EVWOEWV UE
mapopola Soun mou mapouctalouv avtlofeldWTIKEG LOLOTNTEG. H mpooAnyn anod tov
AvBpwTMo o€ UIKPEG TOOOTNTEG Bewpeital anapaitntn, evw evtomnilovial o€ GUTIKA
€Aala Kat yeVIKA o€ GUTIKAG poEAeUonG TpodEC. H amouaia Toug €XeL CUOXETIODEL pe
ETUMAOKEG OTNV OVATAPOYWYLKN Asltoupyia. Kowo YNUWKO XOPOAKTNPLOTIKO TWV
ToKodEPOAWV Elval n Mapousio XpwHAVIOU KoL 0 OVTLOEELOWTIKOG TOUG XAPOKTAPAG
nou odeiletal oto dawolikd udpofUAlo Tou Ypwpaviou. OAeg oL ToKOPEPOAEG
TLEPLEXOUV Tpla ACUPUETPO ATOUA AVOpaKa, APa UTIAPXOUV YLa TNV KABguia 8 omTikd
toopepn. H a-tokodpepoAn Bpioketal cuvnBw¢ oe peyaAUTepn avaloyia o€ oxeon e
TIC UTtOAOLTEG, evw elval kot n mAEov evepyn amd Ploloyilkng okomidag. Ot
OUYKEVIPWOELG TOUG OTO aipa pubuilovtal amd to Amap, To onoio Tig mopaAapBavel
adotou anoppodpnBouv amod to Aemtod £viepo.
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Ewkova 7: Xnukn dopn tng a-tokopepOAng

H ubpofutupocdAn, amod Tn KepLd TNG, elval Lo toAudatvoln mou Bploketal o€ TOAU
HEYAAN CUYKEVTPpWON ota GUANA TNG EALAG, EVW ATOTEAEL €va oo Ta KUPLA CUCTATIKA
Tou elatdhadou. Exel, MAAOTO, XOPOKTNPLOTEL WG OVTLOEEWOWTIKO HE TIOAAEG
Blohoyikég Spaoelg (Covas et al., 2015; Perez-Bonilla et al.,, 2014). Otav ol €Alég
ouvOAiBovtal Tpokelpévou va yivel n g€aywyn tou Aadlou, TPOKUTITOUV Tpla
SltadopeTikad, TOAUDALVOAKA OTPWHATA: TA AUMOTA, TA UTTOAE (UUOTA TWV KAPTIWV Kol
10 ehatolado. E€attiag Tou apdutabolg xapaktinpa tng, eival SuvaTtov va eviomioTel
HE SLPOPETIKEG HOPPEG, Hia amd TIC OMOLeG €ival Kol WG MEPOG TILO TTOAUTIAOKWV
CUOCTATIKWV OTWG €ival Kat n oAeacivn. To mepleXOpeVo TNG USPOEUTUPOCOANG OTO
eAatohado e€aptatal and to £(60¢ Tou SEVIPOU TNG €ALAC, Ao TNV TomoBeoia TG
dutelag, Tnv moldtnTa ToUu gAatoAdadou kabwg Kat anod tn diepyacio Tou eAatdAadou
(Romero et al., 2004).

OH

HO
OH

Ewkova 7: H Sopr) TG udpofutupoooAng

Av Kol oL pnxaviopoi 6paong pEow Twv omolwv n udPofuTUPOCOAN QOKEL TNV
enidpaon tng HEVEL va kaBoplotouv emakplBwg, €lval yvwotd OTL emMnpedlel tnv
ékdppaon Sladopwv cuoTATIKWY TNG PAeyUOVWOOUG amokpLlong, TBavwg LECW TNG
pLBULONG Tou povoratiol Tou NF-kB. EmutAéov, eival wkavn va eAéyxeL Tnv €kdpacn
yoviSiwv mou eumAékovtal otn pubuLlon Tou MOAAATAACLACHUOU TWV KUTTAPWY EVOG
Oykou, evw Oeopelel TIC eAeUBepeg pileg amotpémovrag £Tol TNV OEELOWTLKA
Kataotpodr) tou DNA.
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3 YAIKA KAl MEGOAOI

3.1 Newpapatikn Aradikaoia

Mo TIG AVAYKEG TOU TIELPAMATOC, VeEapa KuTTapa (cpd34) 6€xBnkav tnv enidpacn tng
KAOE ouoiag o€ OUYKEKPLUEVEG CUYKEVTPWOELG, SNAASK) O€ CUYKEVTIPWOELG OTLG OTIOLEG
€xeL OgxBel va evepyomoleltal TO TMPWTEACWHA TOPOUCLAIOVTAG QUENUEVEG
EVEPYOTNTEC YL E(KOOL TEOOEPLG WPEG. TN OUVEXELQ, £YIVE GUAAOYN OAlkoU RNA amo
avBpwrvoug voPAACTEG. MNa To GUVOAO TWV OUCLWY, XPNOLUOTIOLBNKE WG LAPTUPAS
to DMSO. H mnepawtépw emnefepyacio Twv SeypATWY, TIOU €XEL VA KAVEL UE TN
Snuloupyla Twv HIKPOCUGTOLXLWY, TIpAYUATOTONONKE amno tnv etalpsia lllumina.

3.2 Mikpoouotolyieg £dopEvwv yovidLakng Ekppaong

Baolko EpWTNUA OTO OTIOLO ATAVTA AUTH N TEXVOAoyLa €ival n TpooTabeLla amoKTnong
HLOG €0TW UEPLKNG ELKOVAC TOU TPEXOVTOG KUTTAPLKOU HETaBoAlopoU. To eminedo tng
BLOAOYLKAG TPAYUATIKOTNTOC TO OTOL0 KataypAadeTal €ival To PETAyPAPWUA EVOC
KUTTOPLKOU TIANBUGHOU, TOo omoilo e KOTAAANAEC SelypatoAnPieg kal ouyKploeLg
Umopel va xpnowuornownBel yia va avadeifel tn HeTABOALK AmoOKPLOn AUTOU TOU
TANBUOUOU Og CUVONKEG EMLOTNOVIKOU eVOLadEPOVTOC.

3.2.1 BLoAoywKO UNTOBaOPO MLKPOGUOTOLXLWV

H Bloloywkn dotnta mou amoteAel tn BAon tnG OXETIKAG TEXVOAoyiag eival n
ETUAEKTIKOTNTA TwV KAWVWV RNA-DNA va uBpidilovtal He TO CUUTTANPWHUOTLIKO TOUG
KAWVO pE TTOAU UPNAG MOCOOTO EMITUXLOG, AKOUA KoL TIapoucia TTOAAWY KOVILVWV
napaAlaywv autou. Q¢ ek toutou, MRNA amopovwpévo amd tov efetaldpevo
KUTTOPLKO TANBuoUO pmopel va aviyveuBel péow Ttou UuPpldlopol TOU OF
TIPOETUAEYUEVOUG KAl OpBwG KOTOYEYPAUUEVOUG «OTOXOUG», O KOOOPLOUOG Twv
omoiwv Ba e€nynBel mapakdtw.

H &eUtepn Blodoyikn dLoTNTA TTOU KAVEL SuvATH TN CUCTNUATIKY XPHoN QUTAG TNG
texvoloyiag eival n duvatotnta mapaywyng motwy avilypddwv popiwv RNA-DNA,
kaBw¢ kat n duvatotnta apdidbpoung petafy toug petaypadnic. H dtadkacia tng
aAvoldbwtng avtibpaong moAupepdaong (polymerase chain reaction) emutpémet tov
TOAATAQCLOOUO TOU  HETAYPAPWUATOG TIOU €XEL QNMOMOVWOEL TELPAPATIKA,
ETUTPETOVTAC £TOL TNV EVIOXUON TOU CAUATOG O ETUMESA IOV EMITPEMOUV TOCO TNV
avixveuon 600 KoL TN CUOTNUATIKN EKTIHNON Twv emumédwy TeXVIkou BopuBou.

H aflomoinon twv (1BLOTATWY OUTWV Ot TAAlo TG TEXVOAOYLOC Twv
HULKPOOUOTOLXLWV YiVeTaL PE TNV €EAG dLaTaln: i oTePENC EMLPAVELAG OTIWC TL.Y. YUOAL
N TAQOTIKO OPYAVWVOVTAL KOAWG KOTAYEYPOUUEVEG KEVEPYEG TEPLOXEGY, UE TNV
kaBeulo va meplExel kaboplopévo aplOud ouykekpluevwy aAAnlouxwwv DNA, ol
omoleg ovopalovtal «probes». H aAAnAouxia tou kdBe probe emAéyetal anod tnv
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KOTOLOKEUAOTPLOL ETALPLA WOTE VAL EIVAL XOPAKTNPLOTIKH YLo TO avtioTolyo e€eTalOpeEVO
yoviblo kot povo, ETUAEKTIKN Kal XwPLG emavaAnPeL] WOTE va LELWVETAL O UEPLKOG
UBPLELONOG TTou amote)el LEPOG TOU TeXVLKOU BopuBou.

Exovtag onuadéPel to MEWPAUATIKWG amoktnBOévia kot evioxupéva péow PCR
puetaypodo pe ¢Oopilovta CUUMAOKQ, UTTOPOUUE META TNV ATOUAKPUVON TOU
TIEPLTTEVOVTOC UALKOU VO QTTELKOVIOOUE OTTIKA TOUG ETUTUXELG UPBPLSLOHOUG Tou
€xouv AaBeL xwpa otn pikpoouotolkia. H pwrtoypadion twv ¢pBoplloucwv mepLoxwy
akoAouBeital and auTOHATONMOLNUEVN AVAAUCT ELKOVAG KAl LETADPATLETAL OE TUHVAKEG
OXETIKWV EVIACEWYV, OL OTOLOL AmoTeAOUV Kal TN BACN TNG CUCTNUOTIKAG AVAAUONG
nou Ba akoAouBnoeL.

To akoAouBoUpEVO TIPWTOKOAAO TAPOUGCLALETAL CUVOTITIKA OTNV TIOPAKATW ELKOVO
(Ew. 8)

X
Anopdévwon mRNA ané tov und
HeA€Tn KuTtapiké NANBUCPO

MAYon yia tnv anopdkpuvon
aoBevws (UN-ANOKAEICTIKWS)

v ouvdedepévwy aAANAOUXIDV
~
Moiotikés (NAEKTpOPSpIoN) Kal
Nnoootikds (paocpatopeTpia) v
EAgyxos tou mRNA
\ [ Xpwon pe ¢pBopidouca XpwoTikn ]
\ 4
(" Avtiot j R
popn petdppaocn tou v
mRNA og cDNA kal . r—
noAAanAaciacpds Tou yia ISVEPOIVENS. B OP'ZOQOGS
L GRS 3 0Ugias PE TaUTéXpoVN 0Gpwaon
NS PIKPOOUCTTOIXias

A 4

Mi€n twv Selypdtwy pe
napdyovia 81eukéAUVONS Tou
UBpISIoPOU OTN PIKPOOUOTTOIXia )

4
Moocotkonoinon twv
napatnNPoOUPEVWY EVIAOEWV
aKtivoBoAias, kKavovikonoinon Kal
unonAoyiopds unoBdbpou

A 4

EvandéBbeon twv delypdtwy ous
BO£0€1S TNS JIKPOOUOTOIXIAs Kal
UBpISIoPGS auTWV

Ewkova 8: EvSelKTikO mpwTtOKoAAo Stadikaciog uBpLéiopou

Katad to teAeutaio otadlo tng dadikaoiag autng, to lllumina Bead Studio Software pe
To omoio eAfdOnoav oL PETPAOEL Kal avaAlBnkav ol dwrtoypadieg Twv
HLKpOOUOTOLXLWV EKPETAAAEVETOL TA €€AC oTOLXELD TNG Soun ¢ TwV chip TG lllumina:

e Tnv umapén negative control probes, Ta onola dteukoAUVOUV TNV e€aywyr) KLOC
afLomoTng TN ya to 6opufo unofabpou.

e Tnv Umopén apketwv probes ta omoia avixvelvouv To (Slo yoviblo oe kaBe
HLKpoouoTolxia, Pe TN oUyKpLon UETOEL TwV TIUWV TIou Slvouv va ETITPEMEL
v e€aywyn NG aflomotiag tTng LETPOUUEVNG dWTELVOTNTOG TOoU KABE probe.
Autn bivetal w¢ mbavotnta Aavbaopévng aviyveuong (false discovery rate—
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FDR) oto Staotnua [0,1], pe to undév va umodeilkvuel anmdAutn aglomiotiao Tng
HETpNONG.
Ta efayopeva Oedopéva opyovwvovial O€ TvaKa TIOU TIOPOUCLALEL  TIG
TIAPOTNPOULEVEG OXETIKEG EVIACELG TWV probes, TG TIHEC afloTioTiag auTwy Kal AAAEC
mAnpodopieg mepl tng anddoong TG LkpoouaoToLyiag.

Ze aUTO TO onueio yivovtal pia oelpd mopadoxEG OL OTIOLEG EMITPETOUV TO TEPACUQL
otnv kaBeautn avaAutikn Stadikaoia.

e H Slaxeilplon twv Selypdtwy €XEL YIVEL UE TO (61O TPWTOKOAAO, WOTE VA PNV
gloaxBouv avermBUUNTeEG AAAOLWOELG OTA ATTOTEAECUOTAL.

e H amnouovwon kat evioxuon tou MRNA &gv aAAOLwOE CUOTNUATLKA TG OXETIKEC
adpBovieg¢ Twv EMUEPOUC KAWVWY TIOU UTIAPXOQV OTO OPXIKO pog Selypa.
(Barbosa-Morais et al., 2009)

o Ol OXETIKEG dwTeVOTNTEC PBOoPLOoPOL TwV UPPLOLoUEVWY beads €xouv oxéon
avaloyloG HE TIG OXETIKEG CUYKEVIPWOELG TWV CUYKEKPLUEVWY aAANAOUXLWY
OTO OpXLKO Seiyua.

OL uTtoB£0eLg QUTEC elval KAAWG LEAETNUEVEG Kal LImopoLV va BewpnBouv afLlomLoTEG
otn dladikaoia TG avaluongc.

3.2.2 Eni twv gpyaleiwv TNG BLOCTATIOTIKAG AVAAvoNG

To oUvoAo tn¢g avaAuong payuatonol)Onke Ye Tn xprion epyaieiwv avolytol Kwdika
™M¢ R amd 1o evamobetriplo Bioconductor. Mmopel kaveig va avatpé€el oto
Mapdptnua tng mapouoas EpYACiog ylo To GUVOAO TWV EVIOAWV OTO MAALOLO AUTAG
™G avaAuonc.

MNposneéepyacio

H npoenetepyacia twv dedopévwy and povokavaAlkeég pikpoouotolxieg tng Hlumina
KWVeltal yupw amo técoepa Stadoyika otadla:

1. Adaipeon BopuBou unoBabpou

2. Kowvovlkomoinon mocootnuopiwv

3. METAOXNUATIOUOG TWV TIHWV TwV Se60UEVWV
4. MNepiAnyn tou cuvolou Twv probes

2T UEAETN MG, aUTO To 0TAdL0 Tou pre-processing ulomolBnke pe tn wEBodo neqc
Tou TaKETou limma, addétou n opydvwon twv Sedopévwy €ylve PE TN Xpron g
puebodou read.ilmn (Shi et al., 2010).

Briua mpwrto - BopuBoc urtoBabpou:

Mia gupeiag xpriong umoBeon OTIC UIKPOCUOTOLYLEG Elval TWCE TO OO TOUC AmoTeEAEL
OUVEALEN VoG onpatog BopuBou umoBaBpou kat BloAoyikol oripatog, he ta SUo autd
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onuata va akohouBoUv OladOopeTIKEG KOTAVOUEG. JZUYKEKPLUEVA, O B0opufog
urmoBdaBpou akoAouBel pla ypaUULIK KATAVOWUN, EVW TO BLOAOYLKO OAUa €KOETIKA.
‘ETOL, L€ TOV UTTOAOYLOUO TPLWV TIOPAUETPWY (TN HEON TLUN | KAL TNV AmOKALON 6 000V
adopad tnv €vtacn tou unofabpou Kot TN LECN TLUA O TWV EVTIACEWV TOU CHUATOG)
umnopel va dtevepynBel n amocuveALEn.

To makéto neqc tn¢ R to onolo xpnolpomnondnke og avutr t Stadikaocia akoAouBel
v €€n¢ mpooéyylon (Xie Y and Wang X, 2009):

a = s

a=7-b

Omou

b: péon T urtoBabpou

sb: kavovikn anokAlwon untofabpou

Vi péon TN Twv EVIAOEWV TWV KAVOVIKWY probes

Brua S£UTEPO - KOWVOVIKOTIOINON TTOCOOTNLOPLWV:

H Sladikacio autr emixelpel va eELOWOEL TIG LECEC TLUEG KOLL TLG ATTOKALOELG LETOEL TWV
KOTOVOWYV TWV TLUWV TIou meplypadouy ta diadopa delypata, WoTeE vo Umopouv
QUTA va OUYKPLBOUV HETOED TOUCG XWPIC ouoTNUATIKO OhAAUO OPEINOUEVO OTIG
OXETIKEG amoSOOELG TwV pikpoouoTolylwy (Bolstad et al., 2003).

Briuo Tpito - LETAOXNUATIOUOC TWV SESOUEVWV:

OL OXETIKEG EVTAOELG KvouvTal o€ €va Stdotnua 10-104, evw Onwg €Xoupe avadEpeL
akoAouBouv ekBeTIKA Katavoun. Q¢ ek TOUTOU, 0 AOYapLOULIKOG LETAOXNUATLOUOC TWV
TILWV ETUTPETEL TN ME HEYAAUTEPN €UKOAlDL oUYKPLON Toug KL e€aodalilel pla
YPOLLULKN LETOEL TOUuG OoX€on, SleukoAUVOVTOG TLG EMOUEVEG PAOELS TNG avaAiuong. H
Yevikp oUuPBacn o€ autd to otdadlo, n omoia akoAouBeitar kL €dw, elval n
AoyapiBunon otn Bdaon tou 2.

Briua tetapto - ptAtpdplopa Twv probes

Zeklvwvtog Pe €éval peydlo oplBud probes (~48.000/6eiypa), kaAoUpaote va
amavtriooupe mola Ba xpnolpomnotnbolv ota emopeva otadla tng avaluong. Asv
TIPOKELTAL YLa EVAL TETPLUUEVO EpWTNHUA, KABWE N mapouacia probes XapunAng TEXVIKNAG
(un agiomotol uBpLdiopol) n/kat BloAoyikng (Hetaypada XapnANG EKAEKTIKOTNTOC)
aflorotiag pmopel va aAAOLWOEL TIG KOTAVOMEG Kal va odnynosl oe AabBespéva
amoteAéopata. Asdopévou TOU OTOPKA UYNAoU Tmocootou BopuBou Tou
XOpaKTNPLEL TIG LIKpOOUOTOLXIES, N 0pON Sladoyn probes pmopel va emnpedoel oAU
TNV MOLOTNTA TWV ATOTEAECUATWV.

Zta mAaiola autd uloBetnBnke éva SUTAG PpATpApLOUa, TO Omolo AVILUETWTIlEL TOCO
N BloAoyikr, 600 Kal TNV TEXVIKA avalomiotia. 2 autrn tn dtadikaoia, Ta Sedopéva
™G TEXVIKNG amoddoong twv probes mpoépxovtal amod tnv alomoinon twv control
probes kat ta dedopéva tng Blodoykng aglomotiog Twv HeTaypAdwY MPoEpxovTal
amno tn Baon dedopévwy illuminaHumanv4.db (Dunning et al.).
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Baoel autngtng Stadikaciag, amoppidpBnkav oto teXVIKO dATtpapLlopa 6oa probes dev
elyav detection p-values uikpotepa tou 0.01 ot touldylotov €&l Selypata. Ito
Blohoyikd Ppltpaplopa anoppidhOnke kaBe probe to omolo ixe emonuavOesl wg “No
match”, “Bad”,  “NA”.

3.2.3 Kupiwg avaAvon

PCA analysis

Mpwv MPOXWPNOOUUE OTO KUPLWE cwia TG avaAluong, penel va eruBefatwbel mwg n
ELKOVOL TWV PETABANTWV TOU TELPAUATOC TTIOU EXOUME ATIO TOV MELPAUATIKO OXESLACHO
elvat mMAApNG, | He AGAAQ AOYLO WG OL TIELPAUOTIKEG HUETAPANTEG TIOU EXOUHE
KataypAPeL apkouv yLa va teplypayouv opBd Ta KaTaysypapUEVO LOTIBaA YOVISLOKAG
€kPppaonc. AuTO TO EPWTNUA EPXETAL VA QTTAVINOEL N AVAAUCH KUPLWV CUVIOTWOWV
(principal component analysis — PCA).

MTmopoUUe va omTkomoljooupe autr tn Swadlkacia cav thv mpoomabesia va
talplaéoupe moAuvdiaotata eAAewpoeldny Sladoxikd Alyotepwv SLACTACEWV OTa
Sedopéva Hag Kot va UTTOAOYLOOU LE TOUG AEOVEG TouC. MEow auThg TnG dtadikaaoiag,
UTopEL va yivel ektipnon tou MARBoUC MELPAUATIKWY UETARANTWY TTOU «€ENYOUV» TO
HEYOAUTEPO MEPOC TNG OVOUOLOYEVELAG TWV OeSOPEVWY, UE TIC UTIOAOUTEG va
npoodEpouv Ukpd oo mAnpodopiag yia ta Sedopéva.

O Abyog mou yivetat auti n dadikaoia eival wote va emPeBawbel mwg dev €xouv
napelopproel otnv avaluon «kpudecy PeTAPANTEG, oL omoieg Ba emnpéalav ta
QIMOTEAEGUATA, XWPLG VO AIMOTEAOUV UEPOG TOU TIELPAHATLKOU OXESLAOUOU.

Baoel autng tng Swadikaoiag Sev kpilBnke avaykaio n swoaywyn Pondntikwy
HETABANTWY OTO YPOUULKO HOVTIEAO, WOTE VA QVILUETWIIOTEL gvamopeivouoa pn
€€NYNOLUN AVOLOLOYEVELD TWV SESOUEVWV.

Ipouptka povteAa ko ovaAuon StadoptkAc cUUTEPLDOPOC

MNa va mpoxwpnooupe o avaiuon tng Stadoplkng cuumepLdopds tTwv yovidiwy,
TipENel va €eKvooUPE amo pia Paciky umOBeon yla T OXEON TOUC HE TIG
TIELPOUATIKEC UeTOPANTEG. H umoBeon auth elval n €mloyn YPOUUWKWY 1 UNn
VPOUUIKWY HOVTEAWV yla Tn MOVIEAOmoinon tng ox€ong autng. Ta pn YPAUUKA
HOVTEAQL €XOUV UELOVEKTNHATA 000V adopd Tn HUN €YYUNUEVN TPOCEyyLon Avong,
OTIOTE KOL TIPOTLUWVTOL UTIO CUYKEKPLUEVEG OUVONKEG. H ouvnB€atepn MPooEyyLon otn
Blootatiotikn elval n mapadoxn TN alomoTiog VoG YPAUUIKOU HOVTEAOU yla TNV
avaAuon tne dtadopiknc ocupunepldpopag.

Yné auth tnv unobeon, to TeAKO Mpodil EkPpaong yovidiwv mou mapatnpoUle
Umopel va avaAuBEel og ypapULKO cUVSUOOUO eTMUEPOUC TTPOodIA EkPpaacng, Eva yla
kKaBe pla mepapatikn petapAnt. Ta mpodid avta smpepillouv T GUVOALKNA
ouuneplpopd TwWV OeSOUEVWV OTN XWPLOTH OUVELOPOPA KABE TELPOUATIKIC
HETABANTAC, KAl AVILOTPOPWE O YPAUULKOC oUVOUAOUOC TWV ETIUEPOUC TPOodiA
£€kppaonc TMPETEL Vo aVATTAPAYEL TA apXLlKA dedopéva. e avtldlaoToAr, To N
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YPOUULKA HOVTEAD TIEPLEXOUV OpoUG OAANAETISpaONG LETALY TwWV CUVELODOPWVY TWV
TELPAUOTIKWY HETOPANTWY, OL OTIOLOL TIPETEL VAL EKTLUNBOUV.

MNa tnv epappoyr TOU ypaupLKoU poviédou ota dedopéva, kabBwg Kol yla Tt
amapaltnTa oTaTloTIKA okop (BAéme tnv emopevn mapaypado), eMeAEYn TO AVOLKTO
TakeTo TG limma (Smyth, 2004), to omolo £xeL eupeia Xprion Kot Bewpeital LoToPLKA
aglomotng andédoong anod TNV Kowotnta.

YrmoAoylopog p-values

‘Eval oo o oNUAVTIKA PEloVEKTAHATA TNG BloAnpodoplkig eival to uPnAd eninedo
BopuBou mou odeiletal tOoo o0t TEXVIKEG TNYEG (PCR, uPBpldlopdg, pétpnon
dwrtewvotntag pBoplopou K.a.), 600 kat o Brodoyikég (cellular noise) (Tsimring, L., S.,
2014). Aebopévou autou, ival pn TETPLUUEVO TO TIPOPANUA TG afloAdynong tng
OTATIOTIKNAG ONMAVTIKOTNTAG TWV EUPNHUATWY, WOTE va UMopel vo ektiunBel n
mubavotnta epdpaviong Type | & Il eodalpévwy anotedecpdtwy. Autn n dtadikaoia
cuvioTtatal otnv €mAoyr OTATLOTIKOU TEOT mou Ba akoAouBnBei, kol Lotepa otnv
EKTLUNGON TNG avaykalotntag multiple hypothesis testing correction.

ITATLOTLKO TEOT — t-testing

To otaTloTiko TeoT aUTO Baoiletal otic e€NG MapadoxEg kal dedopéva:
e To €ido¢ tn¢ e€eTalopevng HeTaBAnTnC (ouvexng n acuvexng e dataén)

o Ta efetalopeva Oebouéva amotedolv aflomotn SewypatoAndia tou
TPAYHATIKOU TTANBUGHOU (QVTIUETWTTIETAL UE CWOTO TELPOUUATLKO OXESLACUO)

e Ta debopéva akoAouBoUV TNV KAVOVLKI KATAVOUN
e  YUPnASG aplOuog 6ebopévwy, WOTE va TPOCEYYLIETAL N KAVOVLKH KATAVOUNA

e |oOTNTA TNG TUTILKAG OMOKALONG TwV TWHWV €kdpaong yla ta eéetaldpeva
Selypata (avtypetwniletal katd TNV poemneéepyaoia)

Ev ouvtopia, to t-test urmtoAoyilel tnv TUA Tou t-value yla kaBe yovidlo. Auth n Tun
noootikonolel tnv mubavotnta n péon €kdppacn tou kABe yovidiou va Sadépel
HeTalL Twv Vo mMAnBuopwv (m.x. cases-controls), maipvovtag urt’ oY 1600 TN
Sladopd Twv péEowy ekPpAcewy Tou yla Toug SU0 MANBUCUOUG, 60O KAl TLG TUTIKES
amoKALOELG TOU Yyl auToUC. Bdoel Tou t-value umoAoyiletal n apxikn p-value, n onoia
amoteAel kKAaowkn mBavotnta petat tou 0 kat tou 1. Avadépetal otnv mbavotnta
€va yovidlo va eudaviletal dtadopkwe ekmedpacUéVo evw akoAouBel tn undevikn
umoBeon (un umapén dtapoplkAG cuUTEPLDOPAC WE TIPOC TNV TIELPAUATIKY LETABANTH
mou e€etaletal).

Multiple hypothesis testing correction

‘Eva eTiumA€ov mpOBANUa TIou avaKUTITEL 0TNV AVAAUGH ULKPOCUOTOLXLWYV ELval O TTOAU
HEYAAOG aplBuog e€etaldopevwy yovidiwv yla va amavtnBel to kowd epwtnua
«Slad€PouV QUTEC OL KATNYopLeg SelypdTwy»; AOYw TN EYyeVOUG TUXOLOTNTOC AUTWV
TWV UEAETWYV, 000 UEYOAUTEPOG €lval 0 aplOpog twv e€etalopevwy yovidiwy, T6co
uPnAotepn eival n mBavotnta va epdaviotel Touhdylotov éva Type | eopaApévo
EUPNUA. Z€ TTELPALOTO UKPOOUCTOLXLWY, OKOUA Kol LETA TN Stadoyn Twv a§LlomioTwy
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probes, yivovtal tautoxpova >5*1073 tautdypova TETOLA TEOT, TPAYUA TIOU UMOopEl
va anofel potpaio yla Tnv moLoTNTA TWV AMOTEAECUATWV.

MPoG aVTLUETWTLON Tou TIPoPANUATOC aUToU, N eBayes péBodog tou makétou limma
umoAoyileL TG adjusted p-values, oL omoieg anoteAoUv Tn BAcn TN LETEMELTA ETAOYNG
yoviSiwv, wote va avtipetwriletal mpoBAnua tou multiple hypothesis testing.

Alotec Stadoplkwe EKGPATUEVWY KL OTATLOTIKA ONUAVTIKWY YOVLISLWVY

H telk emdoyn twv yovidiwv mou Ba amotedécouv TG Aloteg mou Oa
XpnotpomnolnBouv otnv mepetaipw avaluon eival (onwg kat n Stadoyn twv probes
TIOU KAvape otnv mpoemnefepyaoia) SMANG duong, TeXVKA Kal BloAoyiwkr. Amo
TEXVIKNC OKOTILAC, AMMALTHOOUE TNV anoppldn 6owv yovidiwv eudavicav adjusted p-
value > 0.05. A6 BLOAOYIKNG OKOTILAG, amattiOnke €va eAAXLOTO Oplo Tou AOyou
ékdpaong (oo pe In2(1.5) yia va Bewpriooupe OTL N UETABOAN TwV EMUTESWV
€kdpaong Tou yovidiou £XeL LOXUPO BLoAoyLko avtiktumo. OL AloTeG Mo POKUTTOUV
yla T Téooeplg e€etalopeveg ouaieg mapouvolalovial oToug mivakeg 2.3.1 €wg Kal
2.3.4.

AELTOUPYIKA avAAUON ALOTWV

‘Exovtag ¢TACEL OE AMAVINON TOU EPWTAMATOC MEPL TOU av UTAPXOUV yovidla Tou
ocuumneplpépovtal Sladopkd mopoucia Twv efeTalOMEVWY OUCLWY, TIPEMEL va
anavinBel to epwtnua nept TG BLOAOYIKAG ONUACiag QUTWVY TwV YoviSiwy.

Y& mpoomdBsla amavinong auvtol, aflomownbnke n Swadiktuaky mAatdOpuUa
BiolnfoMiner (Koutsandreas et al.,, 2016), péow 1n¢ omoiag Olevepyndnke
xaptoypdadnon twv AloTwv otnv ovtohoyia Gene Ontology (Ashburner et al., 2000).
Me tn xpnon hypergeometric testing kat maipvovtag urm’ oY ™ Soun Twv
LEQPAPXIKWY YPADWY, ETUTPETEL TNV OVTLUETWITLON MEYAAOU HEPOUC TOU BLOAOYIKOU
BopUBou TOU UTAPXEL OTIC AloTeC, avadelkvloOvVTOC T OCUCTNUATIKA
unepekppaldpeves BloAoyikeg Slepyaoieg mou amotumwvovtal otig Aloteg. Emiong,
ETUTPETEL TNV avayvwpLlon yovidiwv mou €xouv uPnAn cuvdeolpotnta He MANBoc Twv
oVToAOyLlKWV O0pwv mou Ba avadexbolv kat Ta omoia givat mBavo va sudavilouv
PUBULOTIKO POANO OTLG EUMAEKOUEVEG SLadIKACLEG.
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4 ANMOTEAEZMATA

4.1 Ikomog NG Epyaciag

Itnv mopouoa HEAETN €ylve Xpnon Tecocdpwv ouolwv, Suo ¢uokwv (PCB kat
oAeaocivn) kat duo ocuvBetikwv (MK151 kot MK154) mpokelpévou va EeTaoTOUV TA
yovidla kal ol yoviSLakEG ovtoAoyieg mou petaBaAlovtal Katd Tnv enibpaon autwy
TWV OUCLWV OE OXECN LE TNV AVILYNPOVTLKA KOl AVTLOEELOWTIKN TOu¢ Spaaon, kaBwg Kal
O£ OX£0N € TNV EVEPYOTIOLNGN TOU MPWTEACWHOTOC.

4.2 Nioteg dradopkw ekppacpeEvwy yovidiwv ava egetalopevn ovoia

Jtoug Nivakeg 4.2.1 €wg kat 4.2.4 mapouctalovtal ot MANPELG Aloteg Sladopkwg
ekOPACUEVWYV YOVISIWVY LE OTATLOTLKI onuavTikotnta (p-value <= 0.05), ue to log fold
change kat tnv Tiun g adjusted p-value yla k@B pia amno TG téooeplg ovoieg (PCB,
OAeaocivn, MK151 kat MK154 avtiotoixwg). To logFC eivat o Adyo¢ Twv HECWV
ekppdoewv PeTall tTwv SUo mMAnBuouwv (treated vs untreated oe kABe mepimtwon
Hac), o omoiog €xet AoyaplBunBet otn Baon tou Svo. Ita mMAaiola TG avAAUGCNG TTOU
SlevepynOnke, Betikég TIHEG TOu logFC umodewkvuouv avénon tng €kdppacnc evog
yovidiou, mapouaoia tng e€etalOUEVNC OUCLOG, EVW APVNTIKEG TLUEG TN MElwon TNG
£€kdppaong autou.

Symbol LogFC adj.P.val
AQP12B 0.618372 0.023141
ARID4B 0.655915 0.00469
ARRB1 0.615194 0.014729
BPTF -0.92186 0.0004+01
C12o0rf51 -0.63341 0.001528
Cl7orf67 0.64463 0.005234
Clorf133 0.62981 0.009906
C1s 0.612917 0.023039
C5o0rf23 -0.59901 0.004844
C9orf7 -0.61073 0.008283
CCDC71 -1.34373 1.10E-05
CDCA1 0.729273 0.001734
CLDN14 -0.86599 0.00226
CYP1B1 0.909101 3.98E-08
DBF4 -0.61907 0.036807
DCUN1D1 -0.72207 0.011164
DLST -0.6157 0.001627
DNAJB14 0.681617 0.004595
DNER -0.64503 0.000863
DYRK1A 1.215783 0.00116
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DYRK2 -0.62739 0.001644
EDNRB -0.71698 0.004715
EP300 -0.72736 0.008126
EYA4 -0.61427 0.005066
FBXL17 -0.62526 0.016689
FBXW7 -1.07131 0.006926
FLI35258 -0.74927 8.75E-05
GOLGA7B 0.631449 0.01594

GPRC5A -0.58783 0.005458
GSTZ1 -0.6378 0.022345
HYOU1 -0.64216 0.001495
IKZF3 0.698166 0.011249
IL5RA -0.70939 0.00492

IQGAP3 -1.3114 2.05E-05
ITGB1 0.712722 0.002903
LATS2 -1.10046 2.42E-07
LBR 0.719605 0.010261
LGR6 0.749037 0.002957
LOC100128533 0.666993 0.006885
LOC100133692 0.746968 0.003178
LOC100133800 0.823991 2.85E-05
LOC100134265 0.834433 0.006944
LOC392787 -0.77412 6.90E-05
LOC441155 -1.08176 0.004613
LOC642282 0.641721 0.025429
LOC644380 0.758292 0.000769
LOC650132 0.65071 0.002582
LOC652330 -1.06752 0.005765
LOC653375 0.892465 0.003453
LOC730525 -0.71319 0.010543
LOC730535 1.03143 6.08E-05
MAP2K3 0.628129 0.01673

MED13L -0.81383 0.001893
MSL1 -0.62608 0.008592
MX1 1.025123 1.99E-05
NDUFA5 0.707197 0.020621
PACS2 -0.63317 0.020777
PARP12 -0.59576 0.035077
PDCL -0.67522 0.018245
PDE4D -0.69323 0.006607
PDK2 -0.69478 0.001213
PIAKA 0.730566 0.010303
PLCG1 1.004873 0.000201
PRKAR1B 0.716695 0.004806
PRPS1L1 -0.86629 0.002947
PSMB9 0.600585 0.013196
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PTX3 0.717212 0.006617
RBBP8 0.725586 0.010917
RHOBTB2 0.591106 0.012613
RRBP1 -0.87109 0.000796
RSPH10B 0.734634 0.012355
SAMD11 -0.79588 0.019172
SELT -0.69346 0.002429
SEMAGA -0.59182 0.018079
SERPINB2 0.702386 1.06E-05
SH3RF2 -0.58884 0.011936
SILV -0.58686 0.002933
SOD2 0.642592 0.00012

SPATS2 0.729228 0.000884
SPIN1 0.682038 0.033199
SSBP3 -0.80361 0.003103
ST5 -0.7957 0.008789
SULT1A3 -0.59757 0.015287
SVEP1 -0.62171 9.30E-05
SYN1 -0.88448 0.00039

TAPBP -0.60284 0.000766
TBL3 -0.66468 0.007479
TCEA1 0.651197 0.001803
TCF12 0.864416 0.004744
TERC 0.658703 0.033296
TMEM191B 0.689251 0.003554
TNPO1 0.830355 0.001077
TRIMA43 -0.75741 0.006859
VASH2 0.777018 0.004788
VCAM1 0.702257 0.005107
VPS41 0.840981 0.000862
WTAP 0.603651 0.025151
ZBTB20 -0.6753 0.006366
ZBTB25 -0.58922 0.026461
ZDHHC13 0.831414 0.002794
ZNF234 -0.88582 0.000478
ZNF664 0.87315 0.001078
ZNF703 -0.65971 0.002341
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Symbol logFC adj.P.val
AKR1C4 0.749744541 2.74E-06
ASPHD1 0.630345513 0.005368881
BET1L -0.616943373 0.004490376
Cllorfg84 -0.773158071 0.003842186
CACNA1C 0.613064687 0.019812025
CACNA1S 0.637654466 0.020882382
CARD16 0.598087224 0.004060424
CCBE1 -0.710959739 0.000381951
CCDC71 -0.598384047 0.017766128
CCDC80 -0.867332733 0.001436396
CD55 0.608828537 0.001530354
CcDhC2L2 0.610671035 0.004849223
CDCP1 -0.649671655 0.026514875
CDKN1C -0.638122408 0.020646231
CEPT1 0.673788346 0.00282768
CHKA 0.637634431 0.012444062
CHTF8 -0.658771911 0.023839208
CYP1B1 1.114209205 1.36E-09
DENND3 0.686749317 0.000926806
DIRAS3 -0.638318022 0.00160529
DSEL -1.283042028 0.002631566
DST -0.886336612 0.011248833
DYRK1A 1.063595824 0.003485005
DYRK2 -0.649840835 0.001213093
FAM129A -0.610745948 0.000604633
FAM43A 0.624030582 3.34E-05
FAM53B 0.640047491 0.0445848
FAMG65C 0.682895241 0.001617163
FBXW?7 -1.00272484 0.010658548
FLJ10357 -0.799068743 0.045459843
FOXQ1l 0.746639778 0.001416384
GAS2L3 -0.676306889 0.025316265
GOLPH4 -0.772039412 0.000114683
GPNMB 0.586669841 0.004328543
GPR68 0.763348033 0.001193638
HCG18 -0.633784041 0.022044872
HDAC11 -0.627889965 0.017106697
HMGA2 -0.600053703 0.011106366
IFl44 0.654632021 0.001100859
KLF4 0.600737316 0.00128054
KRT19 -0.618220746 0.00331838
LGR6 0.910954442 0.000536895
LOC100127887 -0.696481886 0.037105699
LOC100128892 -0.778830048 0.002783941
LOC100130776 -0.788497303 0.013982305
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LOC158572 -0.708539324 0.018588783
LOC401805 -1.086647161 0.003144875
LOC441155 -0.79921783 0.02885214
LOCA441455 0.588698153 0.035033039
LOC643201 -0.610642625 0.044412974
LOC649841 -0.628694231 0.000464809
LOC727980 -0.591267978 0.025201781
LOC731605 -0.840392256 0.00690859
MAFG 0.602256824 0.024640489
MID2 0.723042432 0.005127792
MN1 0.715156916 0.016735351
MX1 0.634067454 0.002677943
N4BP2L2 0.851796288 0.002830572
NAV2 -0.712204948 0.006205562
NCKAPS5 0.821060555 0.000192316
NEFM -0.703079171 0.010579565
NFATS -0.748308914 0.001029968
NOVA1l 0.594921854 0.012245047
NPTX1 0.752743765 1.04E-06
NQO1 0.759424342 8.88E-05
NSUN5C 0.868412046 0.001761909
NUCKS1 -1.071487815 0.000307077
PDCD10 0.803167915 0.001592409
PDGFRA 0.586370489 0.002749071
PIR 0.819764134 0.000289157
PLA2G4A 0.596810683 0.009437996
PLCG1 0.748570797 0.002993104
PLEKHJ1 0.650032521 0.018622042
PTGS2 0.720615877 0.000450093
QKI -0.733500817 0.004776172
RGS4 -0.618649296 0.000129439
RRBP1 -0.868012203 0.00082244
RUNX3 0.677436629 0.018698374
SERPINB2 0.917664393 2.43E-07
SH3RF2 -0.699873986 0.003678711
SHBG 0.773847749 0.005056613
SHCBP1 -0.791298244 0.000513074
SIRT7 0.72196289 0.002701242
SLC16A14 0.736086695 0.005636475
SLC17A9 0.639996231 0.011078444
SLC19A1 0.612184298 0.019805775
SLC7A2 0.664171713 0.000465996
SOCS3 1.132516365 1.22E-05
SPATA7 0.650533143 0.009317039
SPIN1 -0.897499603 0.006901305
SSBP3 -0.832998319 0.002334823
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SULT1A2 0.631359173 0.014044513
SYN2 -0.589903879 0.026218293
TADA3 0.648433147 0.017742854
TAOK1 -0.88837554 0.004380514
TBN -0.722887204 0.009475096
TIPARP 0.676203718 3.27E-06
TLCD1 0.654150896 0.003121804
TOX2 -0.604042947 0.036845874
UBE2CBP 0.585209272 0.022167231
USP48 -0.594794067 0.01646461
ZBTB43 -0.808476531 0.000371755
ZCCHC5 -0.640249223 0.006856774
ZNF282 0.66082856 0.003935817
ZNF557 -0.786834533 0.001992984
ZNF644 -0.630200351 0.001688478
Nivakag 4.2.2: Atadopkwe ekppacpéva yovidia mapouasia tng oAsacivng
Symbol logFC adj.P.val
ACCS -0.8646 0.000103
ADHFE1 -0.67563 0.003754
ADSSL1 0.612198 0.023904
AMT -0.84703 8.46E-05
ARID4B 0.59831 0.049837
ARRDC4 0.797927 0.003139
BAT2 -0.78029 0.015285
Cl12orf51 -0.61178 0.002045
Cé6orf57 0.626719 0.003166
CCK 0.809138 0.001058
CDh44 -0.7534 0.017268
CDKN1C -0.78741 0.00562
CEPT1 1.173581 8.36E-06
CHRM?2 -0.67888 0.047325
CRAT -0.68508 0.010669
DNAJB14 0.876766 0.007979
DNAIJC12 0.627674 0.004111
DYRK1A 1.149543 0.001876
EIF4AEBP3 -0.7641 0.00241
FAM14B 0.683468 0.001435
FANCL 0.621314 0.000447
FLJ35258 -0.61174 0.000713
GALK2 -0.66132 0.008724
GCA 0.642742 0.000471
GIT1 -0.83755 0.022893
GLI2 -0.76211 0.004221
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GOLGA6B -0.63446 0.022248
GPD2 0.731423 0.002021
GSTZ1 -0.59121 0.032685
HAS2AS 0.59251 0.005114
HMGA2 -0.80943 0.001187
IF144 0.749087 0.000304
ITGB1 0.919108 0.000293
KCTD17 -0.61216 0.013094
KLHL26 0.717886 0.014824
LATS2 -0.75256 4.28E-05
LCAT -0.62772 0.007486
LOC100131510 -0.67696 0.011971
LOC100132247 -0.59956 0.00019

LOC100132308 -0.74395 0.014003
LOC100134265 0.70632 0.019245
LOC196752 -0.821 0.000584
LOC202051 0.635719 0.020904
LOC23117 -0.62606 0.000387
LOC284297 -0.62685 0.00184

LOC401561 -0.71453 0.024625
LOC441155 -1.3116 0.000958
LOC642771 -0.59462 0.010438
LOC644380 0.62526 0.00387

LOC645722 0.631867 0.005818
LOC650128 -0.58559 0.021467
LOC729660 -0.61182 0.014694
LOC730535 0.604969 0.007733
LRCH4 -0.60122 0.006463
MAP4 -0.66649 0.008953
MED13L -0.86891 0.001076
MEG3 -0.67411 0.000148
MIR221 -0.78555 0.000944
N4BP2L2 0.681167 0.013208
NDUFA5 0.760871 0.013637
NFS1 0.624919 0.025113
NPY5R -0.61242 0.015162
NR2C2 -0.8756 0.002104
NRXN3 -0.62338 0.011964
NUDCD2 0.613397 0.005117
PABPCI1L -0.71819 0.000277
PDCD10 0.850846 0.000398
PDCL -0.63204 0.025912
PLCG1 0.83708 0.001183
PRKAR1B 0.609115 0.013954
PTPLAD1 0.590436 3.47E-05
RBBP8 0.680749 0.015974
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RBM33 -0.59891 0.001387
RIPK5 -0.58687 0.016519
RNF217 -0.60587 0.022775
RRBP1 -0.69522 0.005052
RRP1 -0.62439 0.005943
SCN2A 0.602517 0.016055
SHISA4 0.593007 0.00881

SLC41A2 0.609478 0.025696
SPATA13 -0.59145 0.015955
STX1A 0.89586 0.002709
TCF12 0.805836 0.007726
TMASF4 0.590784 0.002258
TNFRSF25 -0.82797 0.000411
TOX2 -0.89644 0.003405
TPM1 -0.6347 0.006404
UBXNS 0.601593 0.004805
UHMK1 0.643265 0.025692
VPS41 0.65797 0.006181
WDR63 0.642556 0.020823
ZBTB5 -0.61159 0.048593
ZDHHC13 0.644246 0.01573

ZNF234 -0.70123 0.003612
ZNF384 -0.64397 0.005005
ZNF804A 0.613027 0.010479

Nivakag 4.2.3: Atadopkwg ekppacpéva yovidia napovcia tng MK151

Symbol logFC adj.P.val
AGFG2 0.797892297 0.004184718
ARL13B 0.601040425 0.009772953
ARLAC 0.659204278 0.005213313
ATF6B 0.600432669 0.02154329
CCDC124 -0.78358555 0.000652248
CD68 0.633388667 0.027025073
CDKL3 0.592684453 0.013402684
CHST2 -0.643536562 0.010682993
CHTF8 -0.603933527 0.036472537
COL8A1 -0.601366068 0.007582471
DDX20 0.645508893 0.010061195
DGCR6 -0.72639983 0.00581629
DIAPH3 0.697709519 6.63E-05
DUSI1L 0.590361489 0.011142381
E2F7 0.630228455 0.000524589
ERGIC1 0.598465383 0.00761142
FAM156A -0.597826875 0.047808565
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FKBPL -0.672322155 0.016419786
FLI35776 -0.679989163 0.011330438
FZD8 -0.609242391 0.027069693
GRIP2 0.661314739 0.029504711
GRK6 0.632585818 0.010097876
GSTM4 -0.592115904 0.012264714
HOPX 0.828772639 0.000182363
HUS1B -0.591766695 0.009094758
IFT88 0.629383818 0.039805139
IKBKB 0.86495433 0.002411451
KLHL33 -0.728560361 0.010101705
LOC100131426 -0.601464554 0.044731817
LOC392787 0.624627452 0.000655032
LOC649169 -0.59485957 0.006508112
LOC653635 -0.768997031 0.008131125
MX1 0.656318594 0.002026554
NCKAPS5 -0.685601801 0.007274723
NEDD9 0.755675788 0.005839126
NMI 0.601469738 0.000444322
NRG1 0.604333917 0.004874303
NUCKS1 0.715947599 0.008709753
NUF2 0.612053133 0.000547219
OR9A4 -0.646629627 0.007613143
OoTP -0.724074591 0.014547922
PDK3 0.613846467 0.036358528
PHF2 -0.793751401 0.014339713
PHLDB3 0.717891876 0.00975667

PITPNC1 -0.597785093 0.011296173
PLCH2 -0.610371462 0.025961621
PRKDC -0.735575619 0.027892496
PRLR 0.84765267 0.007474898
PRPF4A0A -0.630769085 0.014214754
PSKH1 -0.602439063 0.030292431
RASGRP2 0.827220287 0.003522464
SERHL 0.62365769 0.014494634
SLC22A1 0.701977857 0.007801516
SNCA -0.727397632 0.003333624
SNHG3-RCC1 0.738592812 0.018214973
SNORD96A -0.593832196 0.00360251

SNX12 0.660308141 0.005252162
SOCS3 -0.728192454 0.001412925
ST3GAL6 0.762096805 0.004152277
TBC1D1 0.592719209 0.011923512
TLEA 0.70360944 0.006162263
UAPI1L1 -0.586937348 0.015006964
UBE2K 1.092586901 0.003316651
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UNC119B 0.720562928 0.001119519
WDR89 -0.91347743 0.001054766
ZC3HAV1L 0.72292132 0.011291706
ZNF160 0.601951637 0.034940851
ZNF93 0.711011597 0.01362612

Nivakag 4.2.4: Aradopkwe ekppacpéva yovidia napouvcia tng MK154

Itnv Ewodva 9 Sivetal to Stdaypappa Venn Twv TECCAPWVY ALOTWV TIOU TOPATEONKAY
wote va omtkononBel n aAAnAemikaAuy toug. Aut n omtikomoinon &ivel pia
MPWTN (MoooTLKr, aAAG OXL TTOLOTIKNA) ElKOVA Yl TNV TBavoTnTa va eTpoUV PECW
KOWWV BLOAOYIKWY HOVOTATIWY Ol TECCEPLS ouaieC. MapatnpoUpe mwg To {elyog
OUCLWV TIOU HOLPAleTal €VOl ONUOVTIKO TTOCOOTO TwV Yovidiwv mou ¢aivovtal va
ouoyetilovtal pe tn 6paon Tou¢ eivat ot PCB-MK151.

Oleacin

Ewkova 9: Auaypappa Venn tng aAAenk@Aung twv yovidiwv mou oxetilovrat He Tig
TEcoEPLG EEETA{OUEVEG OUOLEG.

Ytov Mivaka 4.2.5 yivetal n kataypadrn Twv oAANAETUKOAUTITOUEVWY YoVISiwV Ttou
Slvovtal moootikd oto Staypappa Venn. INUELWVOUUE TWG, €KTOGC E£EQALPETIKWV
TIEPUTTWOEWY, TO TO000TO OAANAeTUKAAUYPNG ALOTWV OV €lval OPKETO yla va
armodavOoupe yla tn Blodoykn ocuvadeld toug. Eva TETolo epwTnua Umopel va
amavtnBsl povo oto mAaiclo TNG AMOTIMNONG Twv BLOAOYKWY OpwWV TOU
avadelkvuovtal arnod tn Alota yovidiwv (m.X. yovidlakwv ovtoAoylwv Héow tng Gene
Ontology).
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PCB- MK154- | MK151- PCB- PCB- PCB-
o)cksaoivn o)\sasc,:ivn o}\eaiivn PCB-MK151 IVfK154 OMcacivn- | OAeaoivn-
MK151 MK154
CCDC71 CHTF8 CDKN1C ARID4B LOC392787 | DYRK1A MX1
CYP1B1 NCKAP5 CEPT1 Cl2o0rf51 LOC441155
DYRK2 NUCKS1 HMGA2 DNAJB14 PLCG1
FBXW7 SOCS3 IFI44 FLJ35258 RRBP1
LGR6 N4BP2L2 | GSTZ1
SERPINB2 PDCD10 ITGB1
SHERF2 TOX2 LATS2
SPIN1 LOC100134265
SSBP3 LOC644380
LOC730535
MED13L
NDUFAS5
PDCL
PRKAR1B
RBBP8
TCF12
VPS41
ZDHHC13
ZNF234

Nivakag 4.2.5: Kataypadn Twv kowwv, dtadopikwg ekppalopevwv yovidiwv,
napouoia Twv Umo e§€taon ovowwv (og Stadopoug cuvduacpoug).

4.3 AnoteAéopata ano tn Gene Ontology

Me tn xprjon tou BiolnfoMiner é€ywve xaptoypadnon twv Alotwv otnv Gene Ontology,
HE KUPLO OmMOTEAECHA TNV avadelln yovidlaKwv OVIOAOYLWV TIoU KpiBnkav
UTIEPEKPPOOUEVEG OTLG ALOTEC, TWV YOVLSLWV IOV CUMMETEXAV 0 KAOE €vav armo Toug
0poUC aUTOUC, OAAG Kal TNV Umapén aAAnAemiSpwviwy yovidiwv ota mAaiola KaBe
yoviSLakn¢ ovtoAoyiag. Ztoug Mivakeg 4.3.1 €wg Kal 4.3.4 CUUTIUKVWVOVTOL QUTA Ta
amoteAéopata yla g PCB, oAeacivn, MK151 kot MK154 avtlotoixwc.

JUYKEKPLUEVQ, YLa KABe yovidlo onuelwvetal To logFC tou, oL YyoviSLlakéG ovioAoyieg
(ovtoloyikot 6pot) Tng Gene Ontology oL omoleg kpIBNKAV UTEPEKTIPOCWIINUEVEG UE
BdAon TO UNEPYEWUETPLKO TEOT, TO enrichment (EUMAOUTIONOC) auTwy, KaBwg Kal Ta
loxupa aAAnAemdpwvta yovidia ava 6po. Me éviova ypAUUOTO CNUEWVOVTOL OL
yoviISLokEG ovtoloyieg evbladépovtog, oL omoieg Ba oXOALOOTOUV OTO KOUUATL TNG
ouvlAtnonG. TEAOG, ONUELWVETOL TwG oL kKataxwpnoelg LOCXX avadépovtal o€
HETAypada TOoU Ypnolpomolovv oL cuotolxie¢ tng lllumina, ta omoia bev eival
annotated (oxoAlaopéva).
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Symbol logFC Gene Ontologies Enrichment | Interactor(s)
AQP12B 0.618372
ARID4B 0.655915
SPIN1,

positive regulation of protein PDEA4D,

ARRB1 0.615194 | ubiquitination 4/174 MAP2K3
activation of protein kinase activity 5/279
positive  regulation of protein
modification by small protein
conjugation or removal 4/189
positive regulation of transferase
activity 8/611
regulation of transferase activity 10/899
negative regulation of catalytic
activity 9/786

BPTF -0.92186 | cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258

C12o0rf51 -0.63341

Cl7orf67 0.64463

Clorf133 0.62981

C1S 0.612917

C5o0rf23 -0.59901

C9orf7 -0.61073

CCDC71 -1.34373

CDCA1 0.729273

CLDN14 -0.86599

CYP1B1 0.909101 | intrinsic apoptotic signaling pathway | 5/147
intrinsic apoptotic signaling pathway
in response to oxidative stress 2/17
reactive oxygen species biosynthetic
process 2/23
ameboidal-type cell migration 4/150
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
apoptotic signaling pathway 5/267
positive regulation of angiogenesis 3/121
intracellular signal transduction 15/1503
regulation of intracellular signal
transduction 16/1670
positive regulation of vasculature
development 3/137

DBF4 -0.61907 | mitotic cell cycle phase transition 5/235
cell cycle phase transition 5/241
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positive regulation of protein
DCUN1D1 -0.72207 | ubiquitination 4/174
positive regulation of ubiquitin-
protein transferase activity 3/101
positive  regulation of protein
modification by small protein
conjugation or removal 4/189
positive regulation of transferase
activity 8/611
regulation of ubiquitin-protein
transferase activity 3/116
regulation of transferase activity 10/899
DLST -0.6157
DNAJB14 0.681617
DNER -0.64503
regulation of signal transduction by EP300,
DYRK1A 1.215783 | p53 class mediator 4/162 LATS2
regulation of protein deacetylation 2/34
regulation of alternative mRNA
splicing, via spliceosome 2/35
peptidyl-tyrosine phosphorylation 4/178
peptidyl-tyrosine modification 4/180
DYRK2 -0.62739 | intrinsic apoptotic signaling pathway | 5/147 DLST
intrinsic apoptotic signaling pathway
by p53 class mediator 3/52
intrinsic apoptotic signaling pathway
in response to DNA damage 3/72
regulation of signal transduction by
p53 class mediator 4/162
peptidyl-tyrosine phosphorylation 4/178
peptidyl-tyrosine modification 4/180
apoptotic signaling pathway 5/267
signal transduction by p53 class
mediator 3/124
intracellular signal transduction 15/1503
EDNRB -0.71698 | vasodilation 2/20
ameboidal-type cell migration 4/150
second-messenger-mediated
signaling 4/154
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
regulation of epithelial cell
proliferation 5/281
neural crest cell migration 2/52
intracellular signal transduction 15/1503
negative regulation of catalytic | 9/786
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activity

TCF12,
EP300 -0.72736 | intrinsic apoptotic signaling pathway | 5/147 DYRK1A
intrinsic apoptotic signaling pathway
by p53 class mediator 3/52
B cell activation 4/134
intrinsic apoptotic signaling pathway
in response to DNA damage 3/72
B cell differentiation 3/89
regulation of signal transduction by
p53 class mediator 4/162
regulation of protein deacetylation 2/34
apoptotic signaling pathway 5/267
nucleotide-excision repair 3/109
signal transduction by p53 class
mediator 3/124
intracellular signal transduction 15/1503
regulation of intracellular signal
transduction 16/1670
interspecies interaction between
organisms 9/754
EYA4 -0.61427
FBXL17 -0.62526
positive regulation of protein
FBXW7 -1.07131 | ubiquitination 4/174
positive regulation of ubiquitin-
protein transferase activity 3/101
positive  regulation of protein
modification by small protein
conjugation or removal 4/189
regulation of  epithelial cell
proliferation 5/281
regulation of receptor activity 3/110
positive regulation of transferase
activity 8/611
regulation of ubiquitin-protein
transferase activity 3/116
interspecies interaction between
organisms 9/754
regulation of transferase activity 10/899
FLJ35258 -0.74927
GOLGA78B 0.631449
GPRC5A -0.58783 | regulation of receptor activity 3/110
regulation of transferase activity 10/899
negative regulation of catalytic
activity 9/786
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GSTZ1 -0.6378 glutathione metabolic process 2/57
HYOU1 -0.64216 | cellular response to chemical stimulus
IRE1I-mediated unfolded protein
response 2/56
regulation of intracellular signal
transduction 16/1670
IKZF3 0.698166 | B cell activation 4/134
IL5RA -0.70939 | regulation of interleukin-5 production | 2/19
peptidyl-tyrosine phosphorylation 4/178
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
peptidyl-tyrosine modification 4/180
intracellular signal transduction 15/1503
positive regulation of mammary gland
IQGAP3 -1.3114 epithelial cell proliferation 2/8
regulation of mammary gland
epithelial cell proliferation 2/18
mitotic cell cycle phase transition 5/235
cell cycle phase transition 5/241
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
activation of protein kinase activity 5/279
regulation of  epithelial cell
proliferation 5/281
positive regulation of transferase
activity 8/611
intracellular signal transduction 15/1503
regulation of transferase activity 10/899
ITGB1 0.71272 | B cell activation 4/134 VCAM1
ameboidal-type cell migration 4/150
mitotic cell cycle phase transition 5/235
B cell differentiation 3/89
cell cycle phase transition 5/241
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
regulation of intracellular signal
transduction 16/1670
interspecies interaction between
organisms 9/754
LATS2 -1.10046 | mitotic cell cycle phase transition 5/235 DYRK1A
cell cycle phase transition 5/241
intracellular signal transduction 15/1503
regulation of transferase activity 10/899
regulation of Wnt signaling pathway | 5/311
negative regulation of catalytic
activity 9/786
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LBR 0.719605

LGR6 0.749037 | regulation of Wnt signaling pathway | 5/311

LOC100128533 | 0.666993

LOC100133692 | 0.746968

LOC100133800 | 0.823991

LOC100134265 | 0.834433

LOC392787 -0.77412

LOC441155 -1.08176

LOC642282 0.641721

LOC644380 0.758292

LOC650132 0.65071

LOC652330 -1.06752

LOC653375 0.892465

LOC730525 -0.71319

LOC730535 1.03143

MAP2K3 0.628129 | peptidyl-tyrosine phosphorylation 4/178
peptidyl-tyrosine modification 4/180
activation of protein kinase activity 5/279
positive regulation of transferase
activity 8/611
regulation of transferase activity 10/899

MED13L -0.81383

MSL1 -0.62608
interspecies interaction between

MX1 1.025123 | organisms 9/754

NDUFA5 0.707197
interspecies interaction between

PACS2 -0.63317 | organisms 9/754

PARP12 -0.59576

PDCL -0.67522

PDE4D -0.69323 | regulation of interleukin-5 production | 2/19 ARRB1
second-messenger-mediated
signaling 4/154
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
regulation of receptor activity 3/110
intracellular signal transduction 15/1503

PDK2 -0.69478 | intrinsic apoptotic signaling pathway | 5/147
intrinsic apoptotic signaling pathway
by p53 class mediator 3/52
cellular response to chemical stimulus | 14/1258
apoptotic signaling pathway 5/267
signal transduction by p53 class
mediator 3/124
intracellular signal transduction 15/1503

PI4KA 0.730566 | intracellular signal transduction 15/1503
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second-messenger-mediated

PLCG1 1.004873 | signaling 4/154
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
activation of protein kinase activity 5/279
positive regulation of transferase
activity 8/611
positive regulation of angiogenesis 3/121
intracellular signal transduction 15/1503
interspecies interaction between
organisms 9/754
regulation of transferase activity 10/899
positive regulation of vasculature
development 3/137
PRKAR1B 0.716695 | cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
activation of protein kinase activity 5/279
positive regulation of transferase
activity 8/611
regulation of transferase activity 10/899
negative regulation of catalytic
activity 9/786
PRPS1L1 -0.86629
positive regulation of protein
PSMB9 0.600585 | ubiquitination 4/174
positive regulation of ubiquitin-
protein transferase activity 3/101
positive  regulation of protein
modification by small protein
conjugation or removal 4/189
positive regulation of transferase
activity 8/611
regulation of ubiquitin-protein
transferase activity 3/116
intracellular signal transduction 15/1503
regulation of transferase activity 10/899
regulation of Wnt signaling pathway | 5/311
negative regulation of catalytic
activity 9/786
interspecies interaction between
PTX3 0.717212 | organisms 9/754
negative regulation of catalytic
activity 9/786
RBBP8 0.725586 | mitotic cell cycle phase transition 5/235
cell cycle phase transition 5/241
regulation of signal transduction by | 4/162
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p53 class mediator

meiotic cell cycle 2/37
nucleotide-excision repair 3/109
RHOBTB2 0.591106 | intracellular signal transduction 15/1503
RRBP1 -0.87109
RSPH10B 0.734634
SAMD11 -0.79588
SELT -0.69346
SEMAGA -0.59182 | ameboidal-type cell migration 4/150
neural crest cell migration 2/52
negative regulation of catalytic
SERPINB2 0.702386 | activity 9/786
negative regulation of catalytic
SH3RF2 -0.58884 | activity 9/786
SILV -0.58686
SOD2 0.642592 | intrinsic apoptotic signaling pathway | 5/147
intrinsic apoptotic signaling pathway
in response to oxidative stress 2/17
reactive oxygen species biosynthetic
process 2/23
vasodilation 2/20
intrinsic apoptotic signaling pathway
in response to DNA damage 3/72
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
apoptotic signaling pathway 5/267
intracellular signal transduction 15/1503
glutathione metabolic process 2/57
SPATS2 0.729228
SPIN1 0.682038 | meiotic cell cycle 2/37
regulation of Wnt signaling pathway | 5/311
SSBP3 -0.80361
ST5 -0.7957
IRE1-mediated unfolded protein
SULT1A3 -0.59757 | response 2/56
SVEP1 -0.62171
SYN1 -0.88448
TAPBP -0.60284
TBL3 -0.66468
TCEA1 0.651197 | nucleotide-excision repair 3/109
TCF12 0.864416
TERC 0.658703
TMEM191B 0.689251
interspecies interaction between
TNPO1 0.830355 | organisms 9/754
TRIMA43 -0.75741

44




regulation of epithelial cell

VASH2 0.777018 | proliferation 5/281
positive regulation of angiogenesis 3/121
positive regulation of vasculature
development 3/137

VCAM1 0.702257 | B cell activation 4/134 ITGB1,PI4KA
second-messenger-mediated
signaling 4/154
B cell differentiation 3/89
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
intracellular signal transduction 15/1503
interspecies interaction between
organisms 9/754

VPS41 0.840981
regulation of alternative mRNA

WTAP 0.603651 | splicing, via spliceosome 2/35
gene expression 2/51

ZBTB20 -0.6753

ZBTB25 -0.58922 | gene expression 2/51
regulation of intracellular signal

ZDHHC13 0.831414 | transduction 16/1670

ZNF234 -0.88582

ZNF664 0.87315
positive regulation of mammary gland

ZNF703 -0.65971 | epithelial cell proliferation 2/8
regulation of mammary gland
epithelial cell proliferation 2/18
cellular response to organic substance | 12/1204
cellular response to chemical stimulus | 14/1258
regulation of epithelial cell
proliferation 5/281
regulation of Wnt signaling pathway | 5/311

Nivakag 4.3.1: YnepekPpaOUEVEG YOVISLAKEG OVTOAOoYieg otn Aiota tng PCB.
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Symbol logFC Gene Ontologies Enrichment | Interactor(s)

AKR1C4 0.749745 | androgen metabolic process 2/27

ASPHD1 0.630346

BET1L -0.61694

Cllorfg84 -0.77316

CACNA1C 0.613065 | camera-type eye development 3/76

CACNA1S 0.637654

CARD16 0.598087

CCBE1 -0.71096 | regulation of endothelial cell migration | 5/112
positive  regulation of vascular
endothelial growth factor production 3/26
regulation of vascular endothelial
growth factor production 3/30
regulation of angiogenesis 6/210
regulation of vasculature development | 6/232
regulation of epithelial cell migration 5/165
positive regulation of angiogenesis 4/121
positive regulation of endothelial cell
migration 3/65
positive regulation of vasculature
development 4/137
angiogenesis 5/261
positive regulation of epithelial cell
migration 3/102

CCDC71 -0.59838

CCDC80 -0.86733

CD55 0.608829 | cytokine production 3/75
regulation of cell proliferation 16/1483

CcDC2L2 0.610671

CDCP1 -0.64967
negative regulation of epithelial cell

CDKN1C -0.63812 | proliferation 4/114
camera-type eye development 3/76
regulation of cell proliferation 16/1483
phosphatidylethanolamine metabolic

CEPT1 0.673788 | process 2/18
phosphatidylcholine metabolic process | 3/63
phosphatidylcholine biosynthetic
process 2/26
phosphatidylethanolamine metabolic

CHKA 0.637634 | process 2/18
phosphatidylcholine metabolic process | 3/63
phosphatidylcholine biosynthetic
process 2/26

CHTF8 -0.65877
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CYP1B1 1.114209 | nitric oxide biosynthetic process 3/13
nitric oxide metabolic process 3/17
reactive nitrogen species metabolic
process 3/20
reactive oxygen species biosynthetic
process 3/23
positive  regulation of  vascular
endothelial growth factor production 3/26
regulation of vascular endothelial
growth factor production 3/30
retina vasculature development in
camera-type eye 2/8
vasculature development 3/39
regulation of angiogenesis 6/210
long-chain fatty acid metabolic process | 4/85
regulation of vasculature development | 6/232
arachidonic acid metabolic process 3/49
positive regulation of angiogenesis 4/121
positive regulation of vasculature
development 4/137
cellular response to reactive oxygen
species 3/88
response to oxidative stress 6/323
icosanoid metabolic process 3/92
xenobiotic metabolic process 3/96
angiogenesis 5/261
regulation of cell proliferation 16/1483
unsaturated fatty acid metabolic
process 3/106
response to reactive oxygen species 4/175
response to hydrogen peroxide 3/105

DENND3 0.686749

DIRAS3 -0.63832

DSEL -1.28304

DST -0.88634

DYRK1A 1.063596

DYRK2 -0.64984

FAM129A -0.61075

FAMA43A 0.624031

FAM53B 0.640047

FAMG65C 0.682895

FBXW?7 -1.00272 | vasculature development 3/39
negative regulation of epithelial cell
proliferation 4/114
regulation of cell proliferation 16/1483

FLJ10357 -0.79907
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FOXQ1l 0.74664

GAS2L3 -0.67631

GOLPH4 -0.77204

GPNMB 0.58667 regulation of cell proliferation 16/1483

GPR68 0.763348

HCG18 -0.63378

HDAC11 -0.62789

HMGA?2 -0.60005 | regulation of viral transcription 3/60
modulation of transcription in other
organism involved in symbiotic
interaction 2/24
regulation of viral genome replication | 3/80
G2 DNA damage checkpoint Feb-32
regulation of viral life cycle 4/170
regulation of transcription regulatory
region DNA binding 2/37
regulation of cell proliferation 16/1483

IFl44 0.654632
regulation of cell migration involved in

KLF4 0.600737 | sprouting angiogenesis 3/19
regulation of blood vessel endothelial
cell migration 4/50
regulation of endothelial cell migration | 5/112
regulation of sprouting angiogenesis 3/28
negative regulation of cell migration
involved in sprouting angiogenesis 2/11
regulation of angiogenesis 6/210
negative regulation of sprouting
angiogenesis 2/12
regulation of vasculature development | 6/232
regulation of epithelial cell migration 5/165
negative regulation of blood vessel
endothelial cell migration 2/25
camera-type eye development 3/76 SHBG
cellular response to reactive oxygen
species 3/88
response to oxidative stress 6/323
response to fluid shear stress 2/33
regulation of transcription regulatory
region DNA binding 2/37
regulation of cell proliferation 16/1483
response to reactive oxygen species 4/175
response to hydrogen peroxide 3/105

KRT19 -0.61822

LGR6 0.910954

LOC10012788 | -0.69648
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7

LOC10012889

2 -0.77883

LOC10013077

6 -0.7885

LOC158572 -0.70854

LOC401805 -1.08665

LOC441155 -0.79922

LOC441455 0.588698

LOC643201 -0.61064

LOC649841 -0.62869

LOC727980 -0.59127

LOC731605 -0.84039

MAFG 0.602257 | regulation of cell proliferation 16/1483

MID2 0.723042 | regulation of viral transcription 3/60
regulation of viral life cycle 4/170

MN1 0.715157

MX1 0.634067 | regulation of viral genome replication | 3/80
regulation of viral life cycle 4/170

N4BP2L2 0.851796 | regulation of stem cell differentiation 2/35
regulation of cell proliferation 16/1483

NAV2 -0.7122

NCKAP5 0.821061

NEFM -0.70308

NFATS -0.74831 | cytokine production 3/75

NOVA1 0.594922

NPTX1 0.752744

NQO1 0.759424 | nitric oxide biosynthetic process 3/13
nitric oxide metabolic process 3/17
reactive nitrogen species metabolic
process 3/20
reactive oxygen species biosynthetic
process 3/23
response to oxidative stress 6/323
xenobiotic metabolic process 3/96

NSUN5C 0.868412

NUCKS1 -1.07149 | regulation of viral transcription 3/60
modulation of transcription in other
organism involved in symbiotic
interaction 2/24
regulation of viral genome replication | 3/80
regulation of viral life cycle 4/170
regulation of cell migration involved in

PDCD10 0.803168 | sprouting angiogenesis 3/19
regulation of blood vessel endothelial
cell migration 4/50
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oxL

GO/KEGG:Ub
iquitin
regulation of endothelial cell migration | 5/112 system
oxL
GO/KEGG:Ub
iquitin
regulation of sprouting angiogenesis 3/26 system
oxL
GO/KEGG:Ub
negative regulation of cell migration iquitin
involved in sprouting angiogenesis 2/11 system
regulation of angiogenesis 6/210
negative regulation of sprouting
angiogenesis 2/12
regulation of vasculature development | 6/232
regulation of epithelial cell migration 5/165
negative regulation of epithelial cell
proliferation 4/114
negative regulation of blood vessel
endothelial cell migration 2/25
response to oxidative stress 6/323
angiogenesis 5/261
regulation of cell proliferation 16/1483
response to reactive oxygen species 4/175
response to hydrogen peroxide 3/105
retina vasculature development in
PDGFRA 0.58637 | camera-type eye 2/8 PLCG1
vasculature development 3/39
cellular response to reactive oxygen
species 3/88
response to oxidative stress 6/323
regulation of stem cell differentiation 2/35
angiogenesis 5/261
regulation of cell proliferation 16/1483
response to reactive oxygen species 4/175
PIR 0.819764
PLA2G4A 0.596811 | long-chain fatty acid metabolic process | 4/85 SHBG
arachidonic acid metabolic process 3/49
phosphatidylcholine metabolic process | 3/63
phospholipid catabolic process 2/28
icosanoid metabolic process 3/92
regulation of cell proliferation 16/1483
unsaturated fatty acid metabolic
process 3/106
PLCG1 0.748571 | regulation of blood vessel endothelial | 4/50 PDGFRA
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cell migration

regulation of endothelial cell migration | 5/112
regulation of angiogenesis 6/210
regulation of vasculature development | 6/232
regulation of epithelial cell migration 5/165
positive regulation of angiogenesis 4/121
positive regulation of endothelial cell
migration 3/65
positive regulation of vasculature
development 4/137
phospholipid catabolic process 2/28
positive regulation of epithelial cell
migration 3/102

PLEKHJ1 0.650033
regulation of cell migration involved in

PTGS2 0.720616 | sprouting angiogenesis 3/19
regulation of blood vessel endothelial
cell migration 4/50
positive  regulation of vascular
endothelial growth factor production 3/26
regulation of sprouting angiogenesis 3/26
regulation of vascular endothelial
growth factor production 3/30
regulation of angiogenesis 6/210
long-chain fatty acid metabolic process | 4/85
regulation of vasculature development | 6/232
arachidonic acid metabolic process 3/49
regulation of epithelial cell migration 5/165
positive regulation of angiogenesis 4/121
positive regulation of endothelial cell
migration 3/65
positive regulation of vasculature
development 4/137
cytokine production 3/75
response to oxidative stress 6/323
response to fluid shear stress 2/33
icosanoid metabolic process 3/92
angiogenesis 5/261
positive regulation of epithelial cell
migration 3/102
regulation of cell proliferation 16/1438
unsaturated fatty acid metabolic
process 3/106

QKI -0.7335 long-chain fatty acid metabolic process | 4/85

RGS4 -0.61865

RRBP1 -0.86801
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negative regulation of epithelial cell

RUNX3 0.677437 | proliferation 4/114
regulation of cell proliferation 16/1483

SERPINB2 0.917664

SH3RF2 -0.69987

SHBG 0.773848

SHCBP1 -0.7913 regulation of cell proliferation 16/1483

SIRT7 0.721963

SLC16A14 0.736087

SLC17A9 0.639996

SLC19A1 0.612184

SLC7A2 0.664172 | nitric oxide biosynthetic process 3/13
nitric oxide metabolic process 3/17
reactive nitrogen species metabolic
process 3/20
reactive oxygen species biosynthetic
process 3/23

SOCS3 1.132516

SPATA7 0.650533

SPIN1 -0.8975

SSBP3 -0.833 regulation of cell proliferation 16/1483

SULT1A2 0.631359 | xenobiotic metabolic process 3/96

SYN2 -0.5899

TADA3 0.648433

TAOK1 -0.88838 | G2 DNA damage checkpoint 2/32

TBN -0.72289

TIPARP 0.676204 | androgen metabolic process 2/27

TLCD1 0.654151

TOX2 -0.60404

UBE2CBP 0.585209

UspP48 -0.59479

ZBTB43 -0.80848

ZCCHC5 -0.64025

ZNF282 0.660829

ZNF557 -0.78683

ZNF644 -0.6302

Nivakag 4.3.2: Ynepekdppaopéveg yoviSlakég ovtodoyieg otn Aiota tng oAeacivng.
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Symbol logFC Gene Ontologies Enrichment | Interactor(s)

ACCS -0.864602701

ADHFE1 -0.675634622
alpha-amino acid metabolic

ADSSL1 0.612198179 process 3/181
cellular amino acid catabolic

AMT -0.847026089 | process 2/78
carboxylic acid catabolic process | 3/175
alpha-amino acid metabolic
process 3/181
single organism reproductive

ARID4B 0.598310421 process 11/1037
reproductive process 11/1274
positive regulation of cellular

ARRDC4 0.797926949 protein metabolic process 11/1373

BAT2 -0.780285403

Cl2orf51 -0.611777126

C6orf57 0.62671864

CCK 0.80913818 cell projection organization 8/700
regulation of cellular
component biogenesis 8/746
positive regulation of cellular
protein metabolic process 11/1373
negative regulation of DNA
damage response, signal
transduction by p53 class

CD44 -0.753400363 | mediator 2/13 ITGB1
negative regulation of response
to DNA damage stimulus 3/52
negative regulation of signal
transduction by p53 class
mediator 2/27
regulation of DNA damage
response, signal transduction by
p53 class mediator 2/28
regulation of response to DNA
damage stimulus 3/147
regulation of signal transduction
by p53 class mediator 3/162
positive regulation of cellular
protein metabolic process 11/1373
single organism reproductive

CDKN1C -0.787412559 | process 11/1037
developmental growth 5/284
negative regulation of protein
serine/threonine kinase activity | 3/118
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growth 5/364
reproductive process 11/1274
multicellular organism growth 2/79
phosphatidylcholine biosynthetic
CEPT1 1.173580719 process 2/26
phosphatidylcholine metabolic
process 2/63
CHRM2 -0.678875925
CRAT -0.685076695 | carboxylic acid catabolic process | 3/175
DNAJB14 0.876765679
DNAJC12 0.627674185
negative regulation of DNA
damage response, signal
transduction by p53 class
DYRK1A 1.14954318 mediator 2/13 LATS2
negative regulation of response
to DNA damage stimulus 3/52
peptidyl-serine phosphorylation | 4/138
peptidyl-serine modification 4/151
negative regulation of signal
transduction by p53 class
mediator 2/27
regulation of DNA damage
response, signal transduction by
p53 class mediator 2/28
regulation of response to DNA
damage stimulus 3/147
regulation of alternative mRNA
splicing, via spliceosome 2/35
regulation of signal transduction
by p53 class mediator 3/162
positive regulation of cellular
protein metabolic process 11/1373
EIFAEBP3 -0.764099945
FAM14B 0.683468007
single organism reproductive
FANCL 0.621314083 process 11/1037
reproductive process 11/1274
FLJ35258 -0.611737921
GALK2 -0.661321263
GCA 0.642742447 membrane fusion 3/151
GIT1 -0.837546316
single organism reproductive
GLI2 -0.762113055 | process 11/1037
pituitary gland development 2/31
developmental growth 5/284
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in utero embryonic development

4/206

cell projection organization 8/700
chordate embryonic
development 4/209
embryo development ending in
birth or egg hatching 4/215
growth 5/364
chondrocyte differentiation 2/46
embryo development 4/251
reproductive process 11/1274
GOLGA®6B -0.634464946
GPD2 0.731422829 developmental growth 5/284
growth 5/364
multicellular organism growth 2/79
cellular amino acid catabolic
GSTZ1 -0.591205861 | process 2/78
carboxylic acid catabolic process | 3/175
alpha-amino acid metabolic
process 3/181
HAS2AS 0.592510325
negative regulation of response
HMGA2 -0.809427777 | to DNA damage stimulus 3/52
peptidyl-serine phosphorylation | 4/138
peptidyl-serine modification 4/151
single organism reproductive
process 11/1037
pituitary gland development 2/31
G2 DNA damage checkpoint 2/32
positive regulation of stem cell
proliferation 2/38
chondrocyte differentiation 2/46
regulation of response to DNA
damage stimulus 3/147
regulation of  stem cell
proliferation 2/60
reproductive process 11/1274
IFl44 0.749086951
single organism reproductive
ITGB1 0.919107526 process 11/1037 CD44
developmental growth 5/284
in utero embryonic development | 4/206
cell projection organization 8/700
chordate embryonic
development 4/209
embryo development ending in
birth or egg hatching 4/215
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growth 5/364
embryo development 4/251
reproductive process 11/1274
actomyosin structure
organization 2/75
neuron projection development | 3/167

KCTD17 -0.612161214 | regulation of cilium assembly 2/34
regulation of cellular component
biogenesis 8/746

KLHL26 0.717886486

LATS2 -0.752555872 | peptidyl-serine phosphorylation | 4/138
peptidyl-serine modification 4/151
negative regulation of protein
serine/threonine kinase activity | 3/118
phosphatidylcholine biosynthetic

LCAT -0.627715799 | process 2/26
regulation of cellular component
biogenesis 8/746
phosphatidylcholine metabolic
process 2/63

LOC100131510 | -0.676957136

LOC100132247 | -0.599555878

LOC100132308 | -0.743953893

LOC100134265 | 0.706319632

LOC196752 -0.820997464

LOC202051 0.635719197

LOC23117 -0.626057934

LOC284297 -0.62684634

LOC401561 -0.714526601

LOC441155 -1.311603281

LOC642771 -0.594619103

LOC644380 0.625259504

LOC645722 0.631866748

LOC650128 -0.585588963

LOC729660 -0.611820682

LOC730535 0.604969342

LRCH4 -0.601219677

MAP4 -0.666494083 | regulation of cilium assembly 2/34
cell projection organization 8/700
regulation of cellular component
biogenesis 8/746
neuron projection development | 3/167

MED13L -0.868914676

MEG3 -0.67410621

MIR221 -0.78555271

N4BP2L2 0.681166937 positive regulation of stem cell | 2/38
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proliferation

regulation of  stem cell

proliferation 2/60

NDUFA5 0.760870515

NFS1 0.624918908
single organism reproductive

NPY5R -0.612423431 | process 11/1037
reproductive process 11/1274
positive regulation of cellular
protein metabolic process 11/1373
single organism reproductive

NR2C2 -0.875604556 | process 11/1037
meiotic cell cycle 2/37
reproductive process 11/1274
regulation of cellular component

NRXN3 -0.623379254 | biogenesis 8/746
neurotransmitter secretion 2/56

NUDCD?2 0.613396726
single organism reproductive

PABPC1L -0.718192886 | process 11/1037
reproductive process 11/1274
regulation of blood vessel

PDCD10 0.850845611 endothelial cell migration 2/50
positive regulation of cellular
protein metabolic process 11/1373

PDCL -0.632039748

PLCG1 0.837079846 in utero embryonic development | 4/206 GIT1
chordate embryonic
development 4/209
embryo development ending in
birth or egg hatching 4/215
regulation of blood vessel
endothelial cell migration 2/50
embryo development 4/251
positive regulation of cellular
protein metabolic process 11/1373
negative regulation of protein

PRKAR1B 0.609114692 serine/threonine kinase activity | 3/118
positive regulation of cellular
protein metabolic process 11/1373

PTPLAD1 0.590436268
single organism reproductive

RBBP8 0.680749425 process 11/1037
G2 DNA damage checkpoint 2/32
meiotic cell cycle 2/37
reproductive process 11/1274
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regulation of signal transduction

by p53 class mediator 3/162

RBM33 -0.598906573

RIPK5 -0.586868948
positive regulation of cellular

RNF217 -0.605869861 | protein metabolic process 11/1373

RRBP1 -0.695223783

RRP1 -0.62438871

SCN2A 0.602516558

SHISA4 0.593006525

SLC41A2 0.6094776

SPATA13 -0.591449478 | cell projection organization 8/700
regulation of cellular component

STX1A 0.895859698 biogenesis 8/746
neurotransmitter secretion 2/56
membrane fusion 3/151

TCF12 0.80583598

TMA4SF4 0.590784116 developmental growth 5/284
Growth 5/364
positive regulation of cellular

TNFRSF25 -0.827972538 | protein metabolic process 11/1373

TOX2 -0.896435269

TPM1 -0.634700109 | in utero embryonic development | 4/206 NUDCD2
cell projection organization 8/700
chordate embryonic
development 4/209
embryo development ending in
birth or egg hatching 4/215
regulation of cellular component
biogenesis 8/746
embryo development 4/251
actomyosin structure
organization 2/75
single organism reproductive

UBXNS8 0.601592847 process 11/1037
reproductive process 11/1274

UHMK1 0.643265316 peptidyl-serine phosphorylation | 4/138
peptidyl-serine modification 4/151
regulation of alternative mRNA
splicing, via spliceosome 2/35
cell projection organization 8/700
neuron projection development | 3/167
positive regulation of cellular
protein metabolic process 11/1373
regulation of cellular component

VPS41 0.657970286 biogenesis 8/746
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WDR63

0.6425562

ZBTB5 -0.611591053

ZDHHC13 0.644246192

ZNF234 -0.701232503

ZNF384 -0.643973073

ZNF804A 0.613027285

Nivakag 4.3.3: Ynepekdppaopévol ovtodoyikoi 6pot otn Alota tng MK151

Symbol logFC Gene Ontologies Enrichment | Interactor(s)

AGFG2 0.797892297

ARL13B 0.601040425 | cilium organization 3/190
cilium assembly 3/180
intracellular signal transduction 11/1503

ARL4C 0.659204278 | intracellular signal transduction 11/1503

ATF6B 0.600432669

CCDC124 -0.78358555

CD68 0.633388667

CDKL3 0.592684453

CHST? 0.643536562 keratan sulfate biosynthetic 2/27
process
keratan sulfate metabolicic 2/32
process
sulfur compound biosynthetic 3/182
process

CHTF8 -0.603933527

CoL8Al -0.601366068

DDX20 0.645508893

DGCR6 -0.72639983

DIAPH3 0.697709519

DUS1L 0.590361489

E2F7 0.630228455 | trophoblast giant cell 2/12
differentiation
negative regulation of rmtotm 3/130
cell cycle phase transition
negative reg.u.latlon of cell cycle 3/142
phase transition
intracellular signal transduction 11/1503

ERGIC1 0.598465383

FAM156A -0.597826875

FKBPL -0.672322155 | peptidyl-amino acid modification | 7/839

FLI35776 -0.679989163

FzZD8 -0.609242391 | lymphocyte aggregation 3/199

GRIP2 0.661314739
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GRK6 0.632585818
GSTMA -0.592115904 sulfur compound biosynthetic 3/182
process
HOPX 0.828772639 | heart development 4/238
positive regulation of striated
. . 2/56
muscle cell differentiation
positive regulation of 3/157
developmental growth
regulation of growth 6/623
HUS1B -0.591766695 negative regulation of mitotic 3/130
cell cycle phase transition
negative reg.u.latlon of cell cycle 3/142
phase transition
double-strand break repair 3/162
IFT88 0.629383818 cilium organization 3/190
cilium assembly 3/180
IKBKB 0.86495433 response to cytokine 5/350 PRKDC
rc.agula.tlon of cytokine-mediated 3/137
signaling pathway
peptidyl-serine phosphorylation | 3/138
regulétlon .Of response to 3/143
cytokine stimulus
peptidyl-serine modification 3/151
intracellular signal transduction 11/1503
regulation of innate immune 4/351
response
peptidyl-amino acid modification | 7/839
KLHL33 -0.728560361
LOC100131426 | -0.601464554
LOC392787 0.624627452
LOC649169 -0.59485957
LOC653635 -0.768997031
MX1 0.656318594 response to cytokine 5/350
NCKAP5 -0.685601801
NEDD9 0.755675788 | regulation of growth 6/623
NMI 0.601469738 intracellular signal transduction 11/1503
regulation of innate immune 4/351
response
activation of transmembrane
NRG1 0.604333917 receptor protein tyrosine kinase | 2/11
activity
heart development 4/238
gland development 4/248
positive regulation of striated 2/56
muscle cell differentiation
positive regulation of 3/157
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developmental growth

intracellular signal transduction 11/1503
receptor metabolic process 2/82
regulation of growth 6/623
peptidyl-amino acid modification | 7/839
NUCKS1 0.715947599 | double-strand break repair 3/162
cellular glucose homeostasis 2/65
NUF2 0.612053133
OR9A4 -0.646629627
oTP -0.724074591 | gland development 4/248
PDK3 0.613846467 | egulation of acyl-CoA 2/13
biosynthetic process
regulation of sulfur metabolic 2/20
process
peptidyl-serine phosphorylation | 3/138
peptidyl-serine modification 3/151
cellular glucose homeostasis 2/65
peptidyl-amino acid modification | 7/839
PHF2 -0.793751401 | gland development 4/248
PHLDB3 0.717891876
PITPNC1 -0.597785093
PLCH2 -0.610371462 | intracellular signal transduction 11/1503
PRKDC -0.735575619 | heart development 4/238 IKBKB
gland development 4/248
negative regulation of mltotlc 3/130
cell cycle phase transition
peptidyl-serine phosphorylation | 3/138
negative regglatlon of cell cycle 3/142
phase transition
double-strand break repair 3/162
peptidyl-serine modification 3/151 SOCS3
positive regulation of 3/157
developmental growth
intracellular signal transduction 11/1503
regulation of growth 6/623
lymphocyte aggregation 3/199
peptidyl-amino acid modification | 7/839
activation of transmembrane
PRLR 0.84765267 receptor protein tyrosine kinase | 2/11 SOCS3
activity
intracellular signal transduction 11/1503
lymphocyte aggregation 3/199
peptidyl-amino acid modification | 7/839
PRPF40A -0.630769085
PSKH1 -0.602439063 | heart development 4/238
RASGRP2 0.827220287 intracellular signal transduction 11/1503
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regulation of growth

6/623

SERHL 0.62365769

SLC22A1 0.701977857 dopamine transport 2/10
catecholamine transport 2/14

SNCA -0.727397632 | dopamine transport 2/10 GRK6
rggulatlon .Of acyl-CoA 2/13
biosynthetic process
catecholamine transport 2/14
regulation of sulfur metabolic 2/20
process
response to cytokine 5/350
receptor metabolic process 2/82

SNHG3-RCC1 0.738592812

SNORD96A -0.593832196

SNX12 0.660308141
trophoblast giant cell

SOCS3 -0.728192454 . . 2/12 PRLR
differentiation
rggulgtlon of cytokine-mediated 3/137
signaling pathway
regule.mon .of response to 3/143
cytokine stimulus
regulation of growth 6/623
regulation of innate immune 4/351
response

ST3GALG 0.762096805 keratan sulfate biosynthetic 2/27
process
response to cytokine 5/350
keratan sulfate metaboliic 2/32
process
sulfur compound biosynthetic 3/182
process
peptidyl-amino acid modification | 7/839

TBC1D1 0.592719209

TLE4 0.70360944

UAP1L1 -0.586937348

UBE2K 1.092586901 response to cytokine 5/350
intracellular signal transduction 11/1503
rggula.tlon of cytokine-mediated 3/137
signaling pathway
regul:fltlon .Of response to 3/143
cytokine stimulus
regulation of innate immune 4/351
response

UNC119B 0.720562928 cilium organization 3/190
cilium assembly 3/180

WDR89 -0.91347743
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ZC3HAV1L 0.72292132
ZNF160 0.601951637
ZNF93 0.711011597

Nivakag 4.3.4: Ynepekdppaopévol ovtoAoyikot 6pot otn Aiota tng MK154.

OL akolouBot mivakeg, 4.3.5 €wg kat 4.3.8, Mopoucld{oUV GCUVOTTIKA TOUG
OVTOAOYLKOUG OpOUG TTIOU avayvwpiotnkav péow tng Gene Ontology kat cuvdéovrtal
LE TO TPWTEACW A KOLL TOV UNXAVLOUO TNG ypavong. Xtn SeUtepn OTAAN TWV TIIVAKWV
avaypadovtal Ta yovidia mou npogkupav amo tnv avaAuor] HogG KOl CUUHETEXOUV OE

aUTOUG TOUG OVTOAOYLKOUG OpOoUG.

Intrinsic apoptotic signaling pathway

SOD2, EP300, DYRK2, CYP1B1, PDK2

Mitotic cell cycle phase transition

ITGB1, LATS2, PBBPS8, DBF4, IQGAP3

Meiotic cell cycle

RBBPS, SPIN1

Positive regulation of protein ubiquitination

DCUN1D1, FBXW7, PSMB9, ARRB1

Positive  regulation of ubiquitin-protein
transferase activity

DCUN1D1, PSMB9, FBXW7

Positive regulation of protein modification by
small protein conjugation or removal

ARRB1, DCUN1D1, FBXW?7, PSMB9

Positive regulation of transferase activity

ARRB1, DCUN1D1, FBXW7, IQGAP3, MAP2K3,
PLCG1, PRKAR1B, PSMB9

Regulation of ubiquitin-protein transferase
activity

DCUN1D1, FBXW7, PSMB9

Nivakoag 4.3.5: OvtoAoyLkoi OpoL TPOKUTITOVTEG amno tn peAEtn tng PCB.

Regulation of cell proliferation

CD55, CYP1B1, FBXW7, GPNMB, HMGA?2, KLF4,
MAFG, N4BP2L2, PDCD10, PDGFRA, PLA2G4A,
PTGS2, RUNX3, SSBP3

Nivakag 4.3.6: OvtoAoylkoi 0poL TPOKUNTOVTEG amno tn HeAETn tng Oleacin.

Growth

GLI2, GPD2, ITGB1, TMASF4

Multicellular Organism growth

CDKN1C, GPD2,

Positive regulation of stem cell proliferation

HMGA2, N4BP2L.2

Regulation of DNA damage response

CD44, DYRK1A

Nivakag 4.3.7: OvtoAoylkoi 0poL TPOKUTTOVTEG oo Tt HEAETN TnG MK151

Regulation of growth

HOPX, NEDD9, NRG1, PRKDC, PASGRP2, SOCS3

Nivakag 4.3.8: OvtoAoylkoi 0poL TPOKUTTOVTEG Ao tn HeAETn thg MK154.
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4.4 lovidia oXETW{OMEVA LE TRV OUMTTIKLTIVN

OL Ttéooeplg efetaldpeveg ouoieg £xouv emAeyel WG €EVEPYOTIONTEG TOU
npwteaocwpato¢. H mototik afloAdynon tng dpdaong toug Ba yivel péoa amod tnv
ovayvwplon 0xL Hovo Twv yovidiwv Twv omoilwv n ékppaon petaBarAetal mapouvcia
TwV e€eTAlOUEVWY OUCLWY, AAAA KOL HECW TWV OVTOAOYIKWY BLOAOYIKWY OPWV TIOU
dalivetal va umepeknpoowrnolvtal otig Aloteg dtadoplkig Ekppaonc.

210 mMAaiolo Tou mpwtou otadiou TNG TOLOTIKNG afloAoynaong, akohouBel o Mivakag
4.4.1, otov omolo nepLExovtal Ta yovidla Ta onola eudAvVIoaV CTATIOTIKA CNUOVTLKN
Sladoptikn Ekbpaon Kol To omola €X0UV Katayeypappévn ouvdeon pe tn Sladkaoia

NG OUMTIKITIAlwOoNG, Owg auTr Kataypddetat otn Soun tng Gene Ontology.

PCB Oleacin MK151 MK154
ARRB1 DYRK2 C120rf51 KLHL33
Cl2orf51 FBXW7 FANCL SOCS3
DCUN1D1 MID2 KLHL26 UBE2K
DYRK2 PIR NDUFA5

FBXL17 SH3RF2 RNF217

FBXW7 SOCS3 ZBTB5

PSMB9 UBE2CBP

RHOBTB2 USP48

SH3RF2 ZBTB43

ZBTB25

Nivakag 4.4.1: Novidia mov oxetilovtal e TNV OUMTTKLTIVN ava e€eTalOevn ouaia.

1 ARRB1

2 Cl2orf51
3 DCUN1D1
4 DYRK2

5 FANCL

6 FBXL17
7 FBXW7
8 KLHL26
9 KLHL33
10 | MID2

11 | NDUFAS
12 | PIR

13 | PSMB9
14 | RHOBTB2
15 | RNF217
16 | SH3RF2
17 | SOCS3
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18 | UBE2CBP
19 | UBE2K
20 | USP48
21 | ZBTB5
22 | ZBTB25
23 | ZBTB43

Nivakag 4.4.2: 2UVOAo yoviSiwv Mou oXeTi{oVTal LLE TRV OUMTTLKLTIVN KOl
npoEkuPav 0To CUVOAO TNG EPEVVG TWV TECOAPWYV ouctwv (PCB, OAeaoivn,
MK151 kau MK154).

m Oleacin
m PCB
m MK154

' MK151

Ewova 10: Otk avanapdotacn Tov aplOpol yovidiwv oXeTI{OUEVWV HE TNV
OuMTILKLTIVN ava e§etalOpevn ouoia.
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5 2YMMNEPAZMATA-2YZHTHZH

MePOUATIKA OMOTEAETHATA TWV ORAdwV TNG Moplaknig kat Kuttapikig Mpavong kot
™G DappakeuTikng Xnueiag kat g Eviupikng kat ZuvBetikig Blotexvoloyiag tou
EOBvikoU I6pUupatog Epeuvwv €xouv Seifel mwE oL TECOEPLG OUOIEC TTOU UEAETHONKOV
oTo TAQiOl0 aUTAC TNG gpyaciag o) odnyolv oe avénon Twv TPWTENACWULKWV
EVEPYOTATWY (MO0 ouyKkeKplueéva, n MK151 daivetar nwg Spa otn dourp Tou
TMPWTEACWMOTOG AAAAIOVTAG TNV EVEPYOTNTA TOU, EVW OL UTIOAOUTEG TPELG HAAAOV
ennpedlouv TN Metaypadn Twv umopovadwv Ttou, odnywviag oe aunuéva
TPWTEIVIKA eTiMESA MPWTEACWHATOC, Apa 0€ auénuévn evepyotnta), B) mpokalouyv
EMEKTAON TOU TPoodOKIwou {wng tou Caenorhabditis elegans xaL TOU KUTTOPLKOU
npoobokipou {wng Twv avBpwrnivwy woPAactwv (MK151 kat PCB) kat y) epdavilouv
avtogeldwtikr) 6paon (oto oUVOASG Toug). Ta mapandvw onoteAoluv adnuocisuta
QnmoteAéopaTA TwWV OpAdwv oTo mAaiclo tou €pyou KPHMIZ-ZOENOZ kal pag
KatnUOuvav woTte va emikevipwBol e oe yoviSLakéG ovtoloyieg mou oxetilovtal pe
To UPS, Tn ynpaveon Kal to o€el8WTLKO OTPEG.

MeAetwvTtag Tn AloTa PE TIG YOVISLOKEG OVTOAoyieg apouaoia tng PCB, mapatnpoU e
OTL UTIAPXOUV OVTOAOYIEG TTIOU CUVEEOVTAL PE TO TIPWTEACWHA KAl ELSLKOTEPA HE TO
UPS, onwg oL: a) positive regulation of protein ubiquitination pe yoviia ARRBI,
DCUND1, FBXW?7 koL PSMB9, B) positive regulation of protein modification by small
protein conjugation or removal (yovidia ARRB1, DCUN1D1, FBXW7, PSMB9) kot y)
positive regulation of transferase activity (yoviéia ARRB1, DCUN1D1, FBXW?7, IQGAP3,
MAP2K3, PLCG1, PRKAR1B, PSMB9). 3tnv mpwtn Nepimtwon, TN BTk ¢ puOBULIONS TNG
TIPWTEIVIKNAC OUUTIKITIAwoNG, daivetal mwc umtdpxel dpeon enidpaon oto UPS, evw n
avénon g €kdppaong tou yovidiou PSMB9 —umopovada evog UTIOTUTIOU TOU
TPWTEACWHUOTOG, TOU OVOOOTMPWTIEACWHUATOG (immunoproteasome)— pmopel va
BewpnOel wg Betikd control Tou mepapatog. H dgUtepn ovtoloyia evdladépovtog
amoteAel pla Stadkaocia TPWTEIVIKAC Tpomomnoinong Kotd tnv ormoia pia n
TIEPLOCOTEPEC OMASEG HULAC HLKPAC MPWTEIVNG, OMWC N oupTkitivn, mpoodévetal
OMOLOTIOALKA O€ L0 TIPWTEVN-0TOXO 1 AMOUAKPUVETAL Ao auTh. MPpoKUMTEL £T0L pia
akoun €véeltn tn¢ enidpaong tng PCB 0TO HNXOVIOUO TOU MPWIENCWHATOG. Mépav
TWV OVTOAOYLKWV OpwV TIOU Ttapouctalouv Kamola oxéon Ue to UPS, Bplokoupe otnv
PCB Kot 6poUG IOV MOPATIEUTIOUV 0T SLadLKaoio TNG ynpaveong, KAtd Ty omnola eivat
YVWOTO TWwC £XOUHE OfelbWTIKO OTpeC. ETol, 0 0pog intrinsic apoptotic signalling
pathway in response to oxidative stress (evOoyevéG QMOMTWTIKO HOVOTIATL
onuatodotnong we amokplon oTto ofeLOWTLKO oTpeg Ue yovidia CYP1B1, DYRK2, EP300,
S0OD2) vumobewkvuel tnv mBavotnta avilofeldwTtikAg Spdong tng ouciag UéEow
HeTaypadLkig puBULoNG avtoéeldwTtikwy yovidiwv. Emiong, mapatnpeital pio opada
OVTOAOYLKWV OpwV TIou oXeTilovtal Pe TN Uelwon Kol Tn pitwon (mitotic cell cycle
phase transition kat meiotic cell cycle) mou Ba pmopoucav va amoteAécouv €va
ONUASL CUOXETLONG TNG OUGCLAC LE TOV KUTTAPLKO TIOAAQTTAQCLOOUO KA, KAT ETEKTACN,

ME Tn ynpavon.

Ao pLa avtiotolyn mapatipnon oTLS YOVISLOKEG OVTOAOYLEG TTapouoia TNG OAeaaoivng
OEV POKUTITOUV YOVLOLAKEG OVTOAOYLEG TTOU OXETI{OVTOL YEVLKA LLE TO TIPWTEACW O KOLL
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€18koTEPA HE TO UPS, WOTOCO UMOPOULE VO OMOMOVWOOUUE SU0 XAPAKTNPLOTLKEG,
ylol TOUG OTOXOUG QUTHG TNG Epyaciag, ovtoloyieg oL omoleg eivat ot: a) regulation of
cell proliferation kat B) response to oxidative stress. H pUBULON TOU KUTTAPLKOU
TIOAAQTTAQOLOOUOU B0l UMOPOUCE VA CUOXETIOTEL HUE TNV AVTLYNPOVTLKN §pdcn TNng
oAgaoivng mou amokdAudav Ta EPYACTNPLOKA MOC TIELPAMATA KAL N AMOKPLon OTo
0&eldWTIKO 0TpeG TNV TBavr tng cUPBOANR otnv avtloeidwaon Tou opyaviopol otny
KAUTEPN QVIATIOKPLON OTO OTPEC, TO OMOL0 QMOTEAEL AVATIODEUKTO KOMUATL TNG
ynpavong. Metpouue dekag€L yovidia (CD55, CYP1B1, FBXW7, GPNMB, HMGA2, KLF4,
MAFG, N4BP2L2, NQO1, PDCD10, PDGFRA, PLA2G4A, PTGS2, RUNX3, SHCBP1, SSBP3)
oTa OTola UTIEPEKTIPOCWTIOUVTAL oL avwBev ovtoloyieg, dekatpia (CD55, CYP1BI,
GPNMB, HMGA2, KLF4, MAFG, N4BP2L2, NQO1, PDCD10, PDGFRA, PLA2G4A, PTGS2,
RUNX3) amd ta omoia mapouoialouv avénon tng ékdppacng toug. e tpia (KLF4,
PDCD10, PTGS2) amo autd unepeknmpocwmouvTal kat oL U0 ovToAoyiEG.

IXETIKA UE TIC YOVIOLOKECG ovtoloyieg mapouaia tng MK151, énwg mapatnpeital Kat
oTnVv oAeacoivn, amouaotldlouV EKELVEC TTOU €XOUV ALECH CUOXETLON LE TO TPWTEACWUOL
KL TOV UNXOVLOUO Tou. AUTO €lval KATL QVOUEVOEVO Yla TN CUYKEKPLUEVN ouoia
KaBw¢ Ta TEPAUATIKA HOG QAMOTEAECUOTO OUVNYOPOUV YLO. €VEPYOMoOInon Tou
TIPWTEACWHUOTOC 0 SouLkO eminedo kal OxL oe petaypadikd. Qotoco, PAEMoupE
OVTOAOYLKOUG Opou¢ Tou urtodnAwvouv pia evdexopevn enidpaon tng MK151 otn
ynpavon. Eva akopn Kowo pe tTnv oAsaoivn elval n mapouacia ovIoAoyLwv TTou €XoUV
va KAVOUV HE TNV avamtuén kat tov moAAamAactacud. Etol, ol a) regulation of DNA
damage response, B) multicellular organism growth kat y) positive regulation of stem
cell proliferation ouvavtwvtal pe peyaAltepn cuxvotnta kol eivat duvatov va
Bewprooupe OTL umodnAwvouv pla TiBavh avilynpavtiki dpdon tn¢ ouaoiag, adou
HUNXAVIOMOL  KUTTAPLKOU  TIOAAQTAQOLOCOMOU, TIOAUKUTTAPLKAG —avamtuéng Kot
avtlpetwrniong tng PAABng tou DNA oxetilovtal dueca pe tn Sdadlkacio tng

yApavong Kal tng LakpoBLotntag.

Avadoplkd e TIG YoVISLakEG ovtoloyieg mapouaoia tng MK154, loxUeL 6,TL €xou e 6N
OXOALAOEL KAl TIApaTNPNOEL yla TNV oAeaoivn kat tnv MK151, 6nAadn amouoidalouv
OUTEG TIOU OXETLloVTAL PE TO MPWIEAcwHa Kal to UPS, aAAd amavtatatl ava o
OVTOAOYLKOG 0pO¢ TNG pubulong tng avamtuéng (regulation of growth), mou Ba
Umopoucoe va onuaivel tnv enidpaon tng ovoiag otn dtadkacia Tng ynpavong Kat,
TILO OUYKEKPLUEVQ, oTnv emBpaduvaor tn¢. ZuvoAika evtomiloupe €L yovidia (HOPX,
NEDD9, NRG1, PRKDC, RASGRP2, SOCS3) TOU GCUMMETEXOUV OTN OUYKEKPLUEVN
ovtoloylia kal técoepa (HOPX, NEDD9, NRG1, RASGRP2) amd autd mapouctalouv

av&non ¢ €kdpaong TouG.

Yuvoyilovtoc ta avwtépw, N PCB gival n povadikr oo TG TECOEPLG OUOLEC TNG OTOLOG
n napouoia paivetol mwg emnpealet to UPS, kplvovtag oo TLG UTIEPEKTIPOCWITNUEVEC
YoVLSLOKEG ovToAoyiec. BéBata, amo tov mivaka 4.4.1, BAENMOUE OTL UTIAPXOUV OE OAEG
TIC ouoiec OXeTWOUEVA WE TNV OUMTIKITIVR YyoVvidla HUE OTOTIOTIKA ONHOVTLKA
Sladpopikn Ekdppacn, aAAd OTIC ALOTEG TWV YOVISLOKWVY OVTOAOYLWV TNG KABe ouoiag os
outa ta yovidia 6 Bplokoupe UTEPEKTPOOWTINUEVOUG BLOAOYLKOUC OVIOAOYLKOUC
OPOUC TIOU VO €£XOUV OXECHN HE TNV OUWMTILKLTIVN, TO MPpWTEAcwA kat To UPS. Tétowa
yovidla eival ta akohouBa: C12orf51, DYRK2, FBXL17, RHOBTB2, SH3RF2, ZBTB25,
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MID2, PIR, SOCS3, UBE2CBP, USP48, ZBTB43, FANCL, KLHL26, NDUFA5, RNF217,
ZBTB5, KLHL33, UBE2K. tn 6eUtepn duaoikn ouaia, Tnv oAeacivn, umdpxouv evOeigelg
yla avtlynpovtiky 8pdcn authg, kabwg ocuvavtoUUe TOo BLOAOYLKO MOVOTATL TNG
puBULONG Tou KuTtOoplkoU ToAAamAaolacpol. Evdeielg umdpyxouv kol yla
avtogeldwtikr dpaon, 6edopévng TNG OVTOAOYLOC TNG ATIOKPLONG OTO OEELOWTLKO
oTpeC. N TLg SU0 CUVOETIKEG, oL evdeifelg kKAivouv o€ TBavr) avtlynpavtikn dpaon.

M akoun mapatnpnon Tmou Xpeldaletal va yivel adopd otov aplOpd Ttwv
oAANAemikaAUPewv 0 omolog eival TMOAU MIKPOG WE TMOCOOTO €Mi TWV CUVOALKWY
yoviSiwv (pe e€aipeon to levyog PCB-MK151 mou polpaletol onUOVIIKO TTOCOOTO
yoviSiwv ayyilovtag to 20 pe 25%). AutO amoteAel pla €vOelen OTL oL pnxaviopol
EMdpaonG Twv ouclwv autwv 6& polpalovtal KOWA HOPLOKA LOVOTIATLO, av Kol
UTIAPXEL KOWVOG KATOANKTIKOC Tapovopaotng (mbavr avtynpavtkn n/kot
ovTLoEELOWTIKN &pAcN KAl EVEPYOTIOiNGN TOU MPWTEACWHATOC). ETtiong, evoexopévwg
va anoteAel £évOelfn yLa TNV avaykn TPOMonoinong Twv cuvonkwv ToU TEPAUATOC.

Y€ YEVIKEG YPOUMEG, O EUTTAOUTIONOC (enrichment, BAETOUE TIG TLUEG TOU OTLC AlOTEC
LE TLC YOVLIOLaKEC OVTOAOYLEC Tapouaia TNG KABe e€eTaloevng ouoiag) KUpaiveTal o
XounAd emineda ki €16KA yla TI¢ U0 PUOIKEC ouoieg elval KATL AVAUEVOUEVO,
6ebopévou OtL akplBwg emeldn eival GUOIKEC avapévape Lo nriotepn enidpaon.
AKOUO, CNUELWVETOL OTL 0 KABOPLOUOG TWV TIUWV Tou p-value énwg kat tou logFC Atav
OpPKETA QUOTNPOG Yeyovog TO omoio val pev aufdavel tnv aflomotia Twv
OTMOTEAECUATWY, GAAA TAUTOXPOVA LELWVEL TOV OYKO TOUG, aOKAElovTaC mBavotata
yovidia mou Bplokovtal o€ AECT CUOXETLON LE TOV UNXAVIOUO TOU MPWTENCWHATOC.

Ev katakAeidt, n mapovoa BlomAnpodopikr) avaiuon Twv petaypadikwyv dedopévwy
HAC QTOKAAUTITEL LOVOTIATLA TIOU €V SUVAEL OXETI{OVTAL UE TNV AVTLOEELOWTLKA KOl
avtlynpavtiky 6pdcn tnv omola TPoTeElvOouV To MELPAMATIKA pag dedouéva. Oa
XPELAOTEL Tepaltépw avaluon ywo va emiBePalwosl QUTEG T OXECELS Kal
evOeXOUEVWE va avaKaAU P EL TA LOPLOKA LOVOTIATLA TTOU OXETI(OVTAL UE TIG SLadopEC
BeTIKEG SpAoELs TwV EEETAIOUEVWY OUCLWV.
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NAPAPTHMA

#packages and libraries
source("https://bioconductor.org/biocLite.R")
biocLite("limma")
install.packages("FactoMineR")
install.packages("EMA")

biocLite("gcrma")

biocLite("cluster")

biocLite("GO.db")

install.packages("gplots")
source("https://bioconductor.org/biocLite.R")
biocLite("illuminaHumanv4.db")
library(limma)

library(FactoMineR)

library(RColorBrewer)

library(gplots)

library(RColorBrewer)

ttarxeio-MDS-narmalization-MDS

x <- read.ilmn("C:/Users/Efthymia/Desktop/nhfr/SampleProbeProfile_Niki.txt",
ctrifiles="C:/Users/Efthymia/Desktop/nhfr/ControlProbeProfile_Niki.txt")

plotMDS(xSE)

dim(xSE)

head(xSotherSDetection)

y <- neqc(x)

73



expressed <- rowSums(ySotherSDetection < 0.01) >= 6
y <- y[expressed,]
plotMDS(ySE)

dim(y)

#filtering me illuminaHumanv4.db

library(illuminaHumanv4.db)

illuminaHumanv4()

ids <- as.character(rownames(y))

qual <- unlist(mget(ids, iluminaHumanv4PROBEQUALITY, ifnotfound = NA))
table(qual)

rem <- qual == "No match" | qual == "Bad" | is.na(qual)

y.filt <- y[lrem, ]

dim(y.filt)

plotMDS(y.filtSE)

colnames(y.filt)

y.filt@.Datal[[4]]

#PCA

colnames(y.filtSE) <- ¢("DMSQO", "DMSO", "MK151", "MK151", "PCB", "PCB", "Oleacin",
"Oleacin", "DMSOB", "DMSOB", "MK154", "MK154")

pca.res <- prcomp(t(y.filtSE), scale = TRUE)

names(pca.res)

plot(pca.resSx[,1], pca.res$x[,2], main = "PCA plot", xlab = "PC1", ylab ="PC2",
col=as.factor(c("DMSQ", "DMSQ", "MK151", "MK151", "PCB", "PCB", "Oleacin", "Oleacin",
"DMSOB", "DMSOB", "MK154", "MK154")),pch=18)
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text(pca.resSx[,1], pca.res$x[,2], colnames(y.filtSE),pos=1, offset=0.15, cex=0.7)

#linearization-contrasts

y.filtSotherSTargets <- data.frame(Condition=c("DMSQ", "DMSQ", "MK151", "MK151",
"PCB", "PCB", "Oleacin", "Oleacin", "DMSOB", "DMSOB", "MK154", "MK154"))

dat <- y.filtSotherSTargets
head(dat)
rownames(dat)<-colnames(y.filt)
con <- as.factor(datSCondition)
table(levels(con))

design <- model.matrix(~0 +con)
colnames(design)

fitone <- ImFit(y.filt, design)

cont.matrix <- makeContrasts("conMK154-conDMSOB", "conMK151-conDMSQ", "conPCB-
conDMSQ", "conOleacin-conDMSQ", "conDMSO-conDMSOB", levels=design)

fittwo <- contrasts.fit(fitone, cont.matrix)
fit.final <- eBayes(fittwo,trend = TRUE)

al <- topTable(fit.final, coef = 1, adjust.method= "none", number=1000, p.value = 0.05,
Ifc=log2(1.5))

a2 <- topTable(fit.final, coef = 2, adjust.method= "none", number=1000, p.value = 0.05,
Ifc=log2(1.5))

a3 <- topTable(fit.final, coef = 3, adjust.method= "none", number=1000, p.value = 0.05,
Ifc=log2(1.5))

a4 <- topTable(fit.final, coef = 4, adjust.method= "none", number=1000, p.value = 0.05,
Ifc=log2(1.5))

write.csv(fit.final, file="C:/Users/Efthymia/Desktop/Genes_all.txt")

all <- read.table("C:/Users/Efthymia/Desktop/ALL.txt", header = TRUE)

rownames(all)=all[,2]
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genes <- chind(all[,], NA, NA)

rownames(genes)=rownames(all)

genes[,1]=NA

genes[,2]=NA

july <- read.table("C:/Users/Efthymia/Desktop/Genes_all.txt", header=TRUE, sep=",")

colnames(genes)=c("MK151", "MK154", "Oleacin", "PCB")

for(i in 1:nrow(july))

{for (j in 1:nrow(genes))

{if(july[i,1]==rownames(genes)[j])

{geneslj,1]=july[i,3]

genes(j,2]=july[i,2]

genes(j,3]=july[i,5]

genes|j,4]=july[i,4]}

rownames(genes)=all[,1]
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