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EYXAPIZTIEZ

EuxapioTw 1TOAU at1rd Kapdidg Tnv eMIRBAETTOUCO KABNYATEIA Hou
ka. Anda KoBdron yia tnv evBappuvon Kai TIG TTOAUTINEG CUMPBOUAEG TNG.
ISiaiTepeg euxaploTieg o@eilw otV KaAAidTTn KouAouputrr, T Xpuoa
Matravrwvn kai TNV Katepiva Taidka yia 1o aAnBivo evoiagépov Kai Tn Bonteid
Toug. ETTiong Ba fBeAa va euxapiothiow Tn Bévia Kapaylavvakn, Tn Zogia
Ziayka kai 1 Mapidvva dwTiddou TTou gival TTavTa diTTAa you Y KABe TpdTTO.
TENOG, OQEiAW Eva peYAAO euxapIoTw OTOV OUCUYO POU TTOU JE OTNPICEl TTAVTa

ME TPOTTO AVEKTIUNTO.
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NEPIAHWH

Eicaywyn: H €myeveTiKA €ival N HEAETN TWV KANPOVOUIKWY aAAaywvV
otnv yovidlok ékepacn (evepywv Evavtl adpavwyv Yovidiwv) TTou Oev
ouvettayovtal aAAayéG oTnv uttokeiyevn aAAnAouxia DNA (Trapatnpeital
onAadr} aAAayr] oTov QAIVOTUTTO XWpPIG aAAayry oTov YOvOTUTTIO) N OTTOoId YE TN
oeIpa TNG TTNPEACEI TOV TPOTTO PE TOV OTTOI0 Ta KUTTApPA dIaBAlouv Ta yovidia
(Francis, 2012). O1 e1miyeveTIkKEG HETOBOAEG €ival Eva QUOIOAOYIKO QAIVOUEVO,
OANG pTTOpEl €TTIONG VO €TTNPEEOCTEI OTTO dIAPOPOUSG TTAPAYOVTEG, OTTWG N
nAIKia, To TTepIBAAANOV / 0 TPOTTOG (WG Kal n acBEvela.

ZKOTTOG: 2KOTTOG TNG TTapoUCcag £pyaoiag gival va yivel yia 600 TO
duvatov TANPECTEPN KATAyPO®ry TwWV VEWV OdOPEVWV OXETIKA ME TIG
ETTIVEVETIKEG METABOAEG TTOU TTPOKUTITOUV ATTO TTPOYEVVNTIKN €KBEOn OTOV
KaTTvo | o€ Bapéa PETAAAQ.

MeBodoAoyia: [payuatotronOnkav  avalntioelg  OTIG  PNXOVEG
avalntnong PubMed, Embase, kai Google scholar, Tnv 1epiodo NoguBpiou
kar AekepBpiou  2017. H avalntnon ouptrepIAduBave ouvOudaoud Twv
d1d@opwyv OpwvV (0TAV EAANVIKN Kal ayyAIKr) YAWooa), WOTE VA avayvwpioTouV
Kal va gPeavioTouv apBpa tmou Ba TTAncialav 6co 1o duvatd TTEPICCOTEPO TO
Béua Tng £peuvac.

AtroteAéopata: H umdpxouoa BiBAloypagia avadeikviel 6T N
Makpoxpovia €kBeon oe TTePIBAANOVTIKOUG TTapAyovTeEG pUTTAVONG OTTWG Ta
Bapéa pETAAAQ Kal OTOV KATTVO WTTOPEl va ouUuBAAEl otnv dlaudpewong
ETTIVEVETIKWV PETAAAQYWYV, KUPiIWG TNG MEBUAiwong Tou DNA, oI TpOTTOTTOINCEIG
TWV I0TOVWV Kal TO KUKAwpa avaTpo@odotnong kai Trpowbnong Twv
microRNA.

ZuptrepdopaTta:  YTTAPXOUV  aufavoueveg evOEIEEIC  OTI  TTOANEQ
AvOPWTTIVEG XPOVIEG DIOTAPAXESG TTPOEPXOVTAI OTTO TA ApPXIKA oTddia TNG (WA
TOU aTOMOU Kal Ol ETTIVEVETIKOI unxaviopoi diadpapartiouv Baoikd podAo oTn
OlauECOAGBNON QUTWY TWV EMTTWOEWV. Aedopévou OTI TA ETTIVEVETIKA
onuadia e€ivar duvnTIKA QVTIOTPETTTA, MIa  PaBuTepn  KaAtavonon Twv
MNXOVIOPWY TTOU EUTTAEKOVTAI O€ JOKPOTTPOBETUES ETTIOPACEIS TWV OUCUEVWIV
EUTTEIPILOV KATA TNV TTPpwiIun Cwn, mlavoTata Ba odnyrnoel oTnv avAaTTuén
VEWV OTTOTEAECUATIKWY BEPATTEUTIKWY  ETTIAOYWYV TTOU OTOXEUOUV OTNV
ATTOPAKPUVON TWV OKATAAANAWY ETTIVEVETIKWYV ONUATWV.

Négeig kKAei1didq:  emmiyeveTik, METOBOAEC, TTEPIBAAAOVTIKY €kBeon,
KaTTvoG, Bapéa YETAAAQ, TTPOYEVVNTIKN
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ABSTRACT

Introduction: Epigenetics is the study of hereditary changes in gene
expression (active against inactive genes) that do not involve changes in the
underlying DNA sequence (phenotypic change without change in the
genotype) which in turn affects the way in which cells read the genes (Francis,
2012). Epigenetic changes are a normal phenomenon, but can also be

influenced by various factors such as age, environment / lifestyle, and iliness.

Purpose: The purpose of this paper is to make the most complete
recording possibly, of the new data available on epigenetic changes resulting
from prenatal exposure to tobacco or heavy metals.

Methodology: Online research was carried out on PubMed, Embase,
and Google scholar search engines in November and December 2017. The
search included a combination of various terms (in Greek and English
language) to identify and display articles that would be closer to the research

subject.

Results: The existing literature highlights that long-term exposure to
environmental pollutants such as heavy metals and smoke that may
contribute to the formation of epigenetic changes, mainly methylation of DNA,
histone modifications and the feedback and propagation circuit of the

microRNAs.

Conclusions: There are increasing indications that many human
chronic disorders originate from the early stages of a person's life, and
epigenetic mechanisms play a key role in mediating these effects. Since
epigenetic signs are potentially reversible, a deeper understanding of the
mechanisms involved in the long-term effects of unfavourable experiences in
early life will most likely lead to the development of new effective therapeutic

options aimed at removing inappropriate epigenetic signals.

Keywords: epigenetic, changes, environmental exposure, smoke,

heavy metals, prenatal
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EIZAITQrH

H emiyevetikn €ivar n HPEAETN TwV KANPOVOUIKWY OAAQywv OTnv
yovIOIoKr €k@paon (evepyd évavT adpavwy yovidiwv) TTou OEV CUVETTAYOVTAI
aAayéc oTtnv uttokeigevn aAAnAouyxia DNA (tTrapatnpeital dnAadry aAlayn
OTOV QQIVOTUTTO XWPIG aAAayr) OTOv YOVOTUTTO) n OTToia PE TN O€Ipd TNG
eTTNPEACEl TOV TPOTTO PE TOV OTTOIO Ta KUTTapa diapdadouv Ta yovidia (Francis,
2012). O1 emmyeveTIKEG METAROAEG €ival €va QUOIOAOYIKO @AIVOUEVO, OAAG
MTTOpPEI €TTIONG va eTTNPeacTei atrd dIAPOPOUG TTAPAYOVTEG, OTTWGS N NAIKIA, TO
TePIBAANOV / 0 TPOTTOG CwNG Kal n aoBéveia. O1 eTTIVEVETIKEG METABOAEG
MTTOPOUV va ekdNAWBOUV TO00 cuyxvd 600 0 TPOTTOG PE TOV OTTOIO TA KUTTAPX
dIa@OPOTTOIoUVTAl WOTE TEAIKA va KATOAyouv wg KUTTApa Tou OEPUATOC,
KUTTOPA NATTOTOG, EYKEQOAIKA KUTTapa KATT. ETTITTAéOV  O1  ETTIVEVETIKEG
METABOAEG pTTOpPED Va gival n Baoikn aitia emIBAaBwWYV emdpdcewy TTou duvarTal

va odnynoouv o€ aoBéveieg OTTwg o Kapkivog (Francis, 2012).

Av Kal 0 unxaviouog AEIToupyiag Twv ETTIVEVETIKWY UETABOAWY dev gival
aKOUa TTARPWGS KaTavonTog, TOUAAXIOTOV Tpia CuCoTAUATA TTOU TTEPIAAUBAVOUV
TN pEBUAiwon Tou DNA, Tnv TpotToTroinon TNG 1I0TGVNG Kal TN un KwdIKoTroinon
Tou RNA (ncRNA) 1Tou oxetiCetal e Tn yovidiokr oiyaon £Xouv £wg Oruepa
BewpnOei o1 Tpeic PaCIKOTEPOI MPNXOAVIOPOI OTOUG OTTOIOUG O@EIAETAI N
TTPOKANON Twv ETIYEVETIKWY MeTABoAwv (Haluskova, 2010). Néeg kal
OUVEXICOMEVEG €PEUVEG OIOPKWG ATTOKAAUTITOUV TOV POAO TWV ETTIVEVETIKWV
METOBOAWV 0€ Mo TTOIKIANIG avBpwTTIivwy dlaTtapaxwyv Kal 8avarngopwv

0oBEeVEIWV.

O1 TTapeKKAIVOUOEG ETTIVEVETIKEG METAPROAEC ATTOTEAOUV XAPAKTNPIOTIKO
YVWPIoOUA CUVBETWVY TTOAUTTOPAYOVTIKWY a0BeveEIWV (CUNTTEPIAANBAVOUEVWY
VEOTTAQOUATWY KAl KOKONBEIWY OTTWGS AEUXAIUIWY, AEUPWHATWY, CAPKWHATWY
KAl KOPKiVOU TOU POOTOU, TOU TTVEUPOVA, TOU TTPOCTATN, TOU ATTATOG KAl TOU
TTaxéog evrépou). O1 PNXAVIOMUOI ETTIVEVETIKWY METABOAWV (PMeBUAiwon Tou
DNA, ékgpaon mMRNA kai microRNA K.ATT.) ytmopouv va XpnoIheUoouV wg

B1od¢eikTES yIa TN dIACTPWUATWON TOU KIVOUVOU, TNV £yKaIpn avixveuon Kal Tnv
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Tagivounon Twv aoBevelwyv, KABWG Kal OTOXOUG yia Beparreia  Kal

xnuelotrpopuAagn (Ogino etal., 2013).

MNa TNV KoAUTEPN Katavonon NG aAAnAemmidpaong HETAEU Twv
QITIOAOYIKWYV TTOPAYOVTWY, TWV KUTTAPIKWY HOPIOKWY XAPAKTNPIOTIKWY KAl TNG
e€EMENG TNG vOoou, TO TTEDIO TNG MOPIOKNG TTABOAOYIKAG ETTIONUIOAOYIOG EXEI
TTPOKUWEI WG BIETTIOTAPOVIK) EVOWUATWON TNG «UOPIOKNAG TTaboAoyiag» Kal
NG «emodnuioAoyiag» (Ogino etal., 2013). Ze avriBeon pe TNV TTAPOAdOCIOKA
emoONuIoAOYIK €peuva TToU TTEPINQUPBAVEL TIG MEANETEC OUOXETIONG ME TO
yovidiwpa, 1o TTedio TNG «MOPIOKNG TTaBoAoyIKAG €midnuIoAoyiag» BaacideTal
oTnNV apxr Tou Bewpei 0TI KABe dladikaoia acBéveiag eival aTTOTEAECUA €VOG
MovadIKoUu TTPO@IA TTou eTTNPEACETAl ATTO EEWTEPIKOUG TTAPAYOVTEG, ETTIVEVWIV
QAIVOPEVWYV,JETAYPAPIKWY METABOAWY oTo RNA, TNV KUTTAPIKA Trapaywyn
TPWTEIVWYV, HETABOAOUATWY, UIKPORBIOHMWY Kal AAANAETTIOPACEWY O€ aXEon UE
TO pakpoTrePIBAAANOV Kal TO pIKpoTTEPIBAAAOV 10Twy (Ogino etal, 2013, Kelly,
Minuto,Cryan,Clarke & Dinan, 2017).

To 1edio TNG ETIYEVETIKAG AVATITUCOETAI YPryopa Kal padi he Tnv
Katavonon o1l T6c0o 10 TTEPIBAANOV OCO0 KAl O ATOPIKOG TPOTTOG (WG UTTOPOUV
€TTiong va aAANAeIOPAoOoUV GUECa PE TO yovIdiwua yia va €mrnpedoouv Thv
EMIYEVETIKA aAAay. AuTEGC ol aAAay€G JTTOPEi va  avTIKATOTITPI(ovVTal O€
didpopa oTddia Kad '6An Tn didpkela CwNG evOG ATOPOU KAl KON Kal OTIG
ETTONEVEG VeVIEG. T TTapAdEIyua, O avBPWTTIVEG ETTIONMIOAOYIKEG WEAETEG
éxouv atrodei€el 6T 01 TTPOYEVVNTIKOI KAl TTPOWPOI  PETAYEVVNTIKOI
epIBaAAovTIKOi TTapdyovTeg €mnpedlouv Tov Kivouvo eu@aviong dl1a@opwyv
XPOVIWV acBeVEIWVY Kal dIATAPAXWY CUMTTEPIPOPAS OToug eVhAIKES (Skinner,
2011, Kelly, Minuto, Cryan, Clarke & Dinan, 2017, Shnorhavorian, Schwartz
Stansfeld, Sadler-Riggleman,Beck & Skinner, 2017).

‘Epeuveg €deiEav eTTiong OTI N €ékBean TNG UNTEPOG O€ PUTTAVON UTTOPEI
va emTnpedoel TNV eualocbnoia Tou TTaidiou oTto AcBua kai n TTPOcAnWn
Birapivng D ptropei va aAAagel Tn peBuAiwon tou DNA Ttrou emmnpeddlel Tn
Aeitoupyia Tou TTAOKOUVTA. Agv OTAPOTOUV OTn MNTEPA, WOTOOO, KABWG
TTEPAITEPW MUEAETEG UTTOOTNPICOUV OTI O TTATEPAG ETTIONG €TTNPEACEI OTNV UYEIA

Tou TTaIdIOU Kal TNV €TTIVEVETIKN €EEAIEN (Ryan etal., 2017).
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MePIBAANOVTIKEG TOCIKEG OUCIEG UTTOPOUV va METARBAAOUV ETTIVEVETIKA
PUBUIOTIKG XOPAKTNPIOTIKA, OTTwg n  MeBUuAiwon DNA kal n  €kepaon
microRNA. Aegdopévou OTI n euaicOnoia Twv ETTIVEVETIKWY PUBUICTIKWYV
XOPAKTNPIOTIKWY UTTOPEI va €ival yeyaAuTtepn katd tn didpkeia TnG in utero
TEPIGOOU, OTAV Ta Kpiolya TTapdBupa cival oTeVA Kal OTav £XOUV KaBopIoTE Ta
ETTIVEVETIKA TTPOQIA, n TrapoUuca avaokoTTnon Ba emonudvel TNV €peuva
ETTIKEVTPWHEVN O€ QUTA TNV TTEPIOOO. ZUYKEKPIYEVA N £peuva Ba ETTIKEVTPWOEI
o€ eMONUIOAOYIKEG HEAETEC avBpwTTIVOU TTANBUCHOU, OTToU €xEl agloAoynOei n
eidpacn Twv TTEPIBAANOVTIKWY TOEIKWY OUCIWV OTNV PATPA, ME BACIKOUG
TTOPAYOVTEG avAPOPAG TOV KATTIVO TOIYAPOU KAl TWV TOLIKWY IXVOOTOIXEIWV
Bapéa pETOAAO OTTWG TO QPOEVIKO, O UdPAPYUPOS Kal TO payydavio oTnv

O1IauSPPWON ETTIVEVETIKWY METABOAWV.

H mapouca epyacia €ival avaokotikl kal Bacietar otn PEAETN
oulyxpovng ETTIOTNUOVIKNG apBpoypagiag kal épeuvag. KOpiog oKOTTOG TNG
gival n Olgpelvnon TWV ETTIVEVETIKWY METABOAWY TTOU TTPOKUTITOUV QTTO
TTpoyevvNTIKA €KkBeon oTOV KOTTVO 1} 0¢€ Bapéa PETaAAa. Qg deutepelwyv 0TOXOG
TIBETAI N KATAPTION ETIOTAPOVIKA TEKUNPIWHEVWY 0BNYIWV KAl TTPOTACEWV
OXETIKA pE TNV TTPOANWN TNG TTEPIBAAAOVTIKAG €KOEONG TwV aAvBPWTTWY Kal
IBIAITEPA TWV YUVAIKWY KAT& TNV TTEPIOSO TNG KUNONG OTOUG OUYKEKPIUEVOUG
pMeTaAAaloyovoug TTapdyovteg. [0 OUyKeEKPIPEVa, N TITUXIOKA Epyacia

atroteAeital aré 3 KePAAaia.:

2TO TTPWTO KEPAAQIO YivVETAI EVVOIOAOYIKA TTPOCEYYION TOU BEUaTOC UE
ava@opd OTIC PACIKEG OXETIKEG EVVOIEG KOI TOUG BACIKOUG OPIOHUOUG OXETIKA UE
TIG ETTIVEVETIKEG JETAPBOAEG TTOU TTPOKUTITOUV ATTO TNV TTPOYEVVNTIKN €KBECN O€E

METAAAQEIOYOVOUG TTAPAYOVTEG.

210 OeUTEPO  KEQAAaIO avaAuetal n  oxéon TrePIBAAAOVTOG  Kal

ETTIVEVETIKAG KABWG KAl OI UNXAVIOUOi TTOU TOUG OUVOEOUV.

210 TpiTOo KEPAAQIO avaAUovTal Ol ETTIVEVETIKEG METABOAEC TTOU
TIPOKUTITOUV QTTO TNV TTPOYEVVNTIKN €KBeon oTov KATIVO 1 0€ Bapéa PETAAAQ

Kal TIG TTABrOEIC TTOU CUCXETIOTNKAV E QUTH.

12

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 09:05:56 EEST - 3.138.61.115



TéNoG, akoAouBouv Ta cupTTEPAoUATA, O ETTIAOYOS Kal N TTapdbeon Twv

BIBAIOYPAPIKWYV TTNYWYV TTOU XPNOIJOTTOINenKav.
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KepdAaio 1: ETriyeveTikéG HeTABOAEG

1.1. Opiopédg

O OpPIoPOG "€TTIVEVETIKEG PETARBOAES" onuaivel «TTépa atrd TIG aAAayEG
oTn YeEVETIK aAAnAouxia». O 6pog €xel €CehixBei wote va TrepIAapBAvel
otroladATTOTE dladikaoia n otroia PeTABAAAEl T yovidiokr dpaocTnPIOTATA
Xwpic aAAayy Tng akoAouBiog DNA kai odnyei o€ TPOTTOTIOINCEIG TTOU
MTTOPOUV Va heTadoBoUV 0g BuyaTpika KUTTAPA (av Kal T TTEIpAuaTa Ogixvouv
OTI OPIOUEVEG ETTIVEVETIKEG OAAQYEG UTTOPOUV va avTioTpagouv). Eival mlavd

OTI Ba ouvexioel va oudnTeital akpIBWS TI onuaivel 0 6pog Kal TI KOAUTTTE
(Powledge, 2011).

1.2. loTopIKA avadpoun

21a péoa Tou 20% aiwva, oTroudaiol EMIOTAUOVEG APXIOAV VO
OIEUPUVOUV TOUG TOWMEIG TNG YEVETIKAG KAl TNG AVATITUEIOKNAG BloAoyiag kal va
MEAETOUV TIG BId@opeg TTaBAoeEIC ouvdudlovTag autoug Toug OUO TOWEIG,
eCehiooovtag €101 TOV TOUEQ TTOU ONUEPA OVOMALETal €TTIVEVETIKI. O Opog
ETTIVEVETIKA, TTou oXedidoTnke atrd Tov Conrad Waddington 10 1942 Kkai
TTPOEPXETAI ATTO TNV EAANVIKA AEEN "eTTivEveon" n oTToia apxIK& TTEPIYPAQPEI TNV
ETTIOPAON TWV YEVETIKWY dlgpyaciwv otnv avarmTtuén (Jablonka&Lamm, 2011).
Kard 1n didpkeia tnG OekaeTiag Tou 1990 ek@PAOTNKE £€va QAVAVEWMEVO
EVOIO@EPOV VIO TN YEVETIKA a@ouoiwaon. Autd odrynoe oTnv armmoocagnvion mng
Moplakng Bdong Twv TTapaTtnprioewyv Tou Conrad Waddington, cUpg@wva ue
TIC oTroie¢ TO TTEPIBAANOVTIKO OTPEG TIPOKAAECE VYEVETIKA) QQOMOiwoN
OPICHEVWY QAIVOTUTTIKWYV XAPAKTNPIOTIKWY oTa PEAN Tou yévoug Drosophila.
‘EKTOTE, Ol EPEUVNTIKEG TTPOOTTABEIEG ETTIKEVTPWONKAV OTNV €EAAEIYN TwWV
ETTIVEVETIKWY MPNXQVIOPWY TTOU OxeETICovTal PE auTtéG TIGC aAAayég (Burris &
Baccarelli, 2014, Moosavi&Ardekani, 2016).

Ei Tou TTapovTOC, N pEBUAiwan Tou DNA cival yia aTTd TIG TTI0 EUPEWS
MEAETNUEVEG KAl KOAQ XOPOAKTNPIOWEVEG ETTIVEVETIKEG TPOTTOTTOINCEIG TTOU
XpovoAoyouvTal atrd TIGC MEAETEG TTOU Eyivav atrd Toug Griffith kai Mahler 10

1969, o1 otroieg utrodnAwvouv OTI N ueBUAiwon Tou DNA putropei va eivai
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ONUAVTIKI) OTn  POKPOTTPOBeoun Acimoupyia Tng pvAung (Missirlis, 2016,
Schuebel, Gitik, Domschke&Goldman, 2016, Kim&Kaang, 2017). AAAeg
ONMAVTIKEG TPOTTOTTOINCEIG TTEPIAAUPBAVOUV TNV avadiauop@waon Xpwuarivig,
TPOTTOTTOINCEIS 10TOVNG KAl YN KWOIKOTTOINTIKOUG Pnxaviopoug RNA. To
AVAVEWMEVO EVOIOQPEPOV OTNV ETTIVEVETIK) 00AYNOE O€ VEQ EUPANATA OXETIKA
ME TN OX€on METACU TWV ETTIVEVETIKWY AAAAYWV KAl PIAG OEIPAG dlaTapaxwyv
TToU TrEPIAaPBavouy dIdQopous TUTTOUG KAPKIVOU, dIaTapaxEG TTou OXETICovTal
ME TN dlavonTiKA KaBuoTEPNOT, avooOoAOYIKEG DIOTAPAXES, VEUPOWUXIOTPIKEG
dlatapaxeg kal TTadIoTpIKEG dlatapaxes (Missirlis, 2016, Schuebel, Gitik,
Domschke &Goldman, 2016, Kim & Kaang, 2017).

1.3. NepiBaAAovTiki emippor] oTIG d10dIKATIEG TNG

ETTIYEVETIKNG

To 1edio TNG ETTIVEVETIKAG €ival éva TaXEWG AvOTITUOOOPEVO TTEDIO KAl
ME Bdon Tnv avtiAnwn 611 T6oo TO TTEPIBAAAOV GO0 KAl O ATOMIKOG TPOTTOG
CWAG uTTOPOUV €TTIONG VA AAANAETTIOPACOUV AUECT PE TO YovIdiwua yia va
ETTNPEACOUV TNV ETTIVEVETIKA aAAayn, TO epeuvnTIKO QAo £xel dlEupuvBEi o€
MeyAAo BaBud. Or eTTIyeVETIKEG AAAAYEG TTOU UTTOPEI va TTPOEPXOVTAl OTTO TNV
eTidpacn TTEPIBAANOVTIKWV TTAPAYOVTWY UTTOPEI va aAvTIKATOTITPI(OVTAl O€
didpopa oTddia kKad '6An Tn didpkeia CwNG evOG ATOPOU KOl KON KOl OTIG
eTTONEVEG YeVIEG. Ta TTapAdelyua, O avBpwWTTIVEG ETTIONMIOAOYIKEG MENETEG
€XOUV OTTOdEIEEl OTI 01 TTPOYEVVNTIKOI Kal Ol TTPOWPEOI  PETAYEVVNTIKOI
TTePIBAANOVTIKOI  TTapdyovTeg emTnpeddouv Tov Kivouvo vyia evAAIKEG aTtrd
OIAPOPEC  AVATITUOOOUEVEG OOBDEVEIEGC KOl  OCUUTTEPIPOPIKES  DIATAPAXES
(Lobanenkov, Loukinov & Pugacheva, 2011, Archer, Oscar-Berman,Blum
&Gold, 2012, Ladd-Acosta & Fallin, 2016).

ZUuQWva Pe €peuveg n ovtoyovia () ovroyéveld) Tou avOpwITIVOU
QvoOoOoTIoINTIKOU CUCTAPATOG gival guaiodnTn oTtn diatpo@r] akOun Kal oTo
TTOAU TTpWIYO £UPPUO, Kal TOOO N aveTTdpkelia 600 Kal N TTEPICOEIN UOKPO- Kal
MIKPOBPETITIKWY ouoTaTIKWV gival duvnTik& emPBAaBri. Ta veoyva eival

I01aiTEpa eUAAWTA O POAUCMATIKEG acBéveleg AOyw TNG AVWPEINOTNTAG TOU
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QAVOOOTIOINTIKOU CUCTAPATOG Kal N dIaudppwaon TG BPETITIKAG avooiag JTTOPEi
va diadpapartioel karmolo poAo oe auth Tnv euaioBnoia. ‘Epeuveg etmiong
atrodEIKVUOUV N dlaTpo@ry Katd Tn didpkeia NG cUAANWNG, KaTtd Tn OIAPKEIN
TNG €YKUPOOUVNG Kal OTNV TTPWIMN VEOYVIKA Cwr MPTTOPEl va emTnpedoel To
QVOTITUOOOPEVO avoooTroiNTIKG ouoTnua Twv Bpepwv (Hullar&Fu, 2014,
Prentice, 2017). lMNa tapddeiyua, MIKPOTEPN MEBUAiWON TOU Yyovidiou TTOU
puBuicel TNV TTapaywyn Tou augntikou Trapdayovta Il (IGF2) TutTou IvoouAivng,
€vag KaAG XOapaKTNPIoPEVOG ETTIVEVETIKOG TOTTOG, BPEONKE va OXETICETAI £TTIONG
ME TNV €KBeon TwWv eykKUWV oe ouvOnkeg aoitiag (Heijmans etal., 2008).,
Palacios - Garcia, Fuentealba & Aboitiz, 2016, Maschietto etal., 2017).

To&IkéG TTEPIBANNOVTIKEG OUCTIEG €TTIONG UTTOPOUV va PETABAANOUV Ta
ETTIVEVETIKA PUBUICTIKA XOPAKTNPIOTIKA, OTTWG Yyia TTapAdElyua, O €VAAIKEG
TTOU €ixav eKTEOEI TTPOYEVVNTIKA O€ OUVONKES AOITiAg A UTTEPBOAIKOU UNTPIKOU
OTPES KATA TNV dIAPKEIQ TNG EYKUPOOUVNG, £XOUV ETTIONG avagepBei 0TI €xouv
oNPAavTIKA uwnAdTeEPN ouxvoTnTa eUPAviong oxiCoepéviag ( Negron - Oyarzo,
Lara - Vasquez, 2016). H pebuAiwon tou DNA kai n ékppacn Tou microRNA
o€ oxéon pe Bapéa PETAAAQ, OTTWG TO APOEVIKO, TO payyavio, o udpdpyupog
K.a. €XOouv atroTeAéOEl TO ETTIKEVIPO TTOAAWY HEAETWV KAl O PNXAVIOUOI
atmroTo¢ivwong Toug cival KaAd katavontoi. Na TTapddelyua, €PEUVEG OTOV
TAaKoUVTa {Wwwv KAl avlpwTttwy, eviommoav  TTOAVEG  ETTIVEVETIKEG
TIPOCAPUOYESG PBACIKWY YOVIBIWV Kal 00wV TTOU PTTOPOoUV va PETABAAOUV TNV
QVOTITUEIOKN TTopeia Tou €PBPUOU Kal TOU VEOYVOU, CUPQWVA MPE TNV
avaTrTuglokr)  TTpoéAeucn  TTapadelyudtwy  dlo@opwy  TTOBRCEWY  Kal

ouvopoOuwy (Marsit, 2015).

EmimrAéov, peAETEC Kal OOKINEG OTO Qiga OM@AAIOU AWPOU  TWV
VEOYEVVNTWYV EXEI ATTOOEIEEI TNV OUOXETION TNG TTEPIBAAAOVTIKNG €KBEONG O€
TOEIKEG TTEPIBAAAOVTIKEG ouaieg OTTWG O KATTVOG TOU TOIydpou, KaTé Tnv in
utero TTePiod0 e TNV EAAEIMUATIKI KUTTAPIKA OUVOEDN €VTOG TOU TTEPIPEPIKOU
aigaTog, 0dnywvrag o€ avoOooAoyIKEG emMOPACEIC TNG €kBeong. Ta
atmroTeAéopata deixvouv OTI OTOUG avBpwTToUG, OTTWG Kal AAAa GTTOVOUAWTA,
uTTdpxel euaiocbnaia yia €TTyeveTikrl aAAoiwon atrd 10 TTEPIBAAAOV KaTA TN
O1dpKela TNG €VOOUNATPIAG AVATITUENG KOl QUTO WTTOPEI va AVTITTPOCWTTEUEI

évav  pnxavioud TTAAoTIKOTNTOG TOU Opyaviopou AvTOTTOKPIVOUEVO OTO
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TEPIBAANOV TOU KABWG Kal €vav PNXaviohuo PECW TOU OTTOIOU, UTTOPEI va

JIapoPPWOOUV HaKPOTTPOBEOUEG OUVETTEIES Yia TNV uyeia (Marsit, 2015).

MapoAo TTOU T AVOPWTTIVO ETTIVEVETIKA XOAPAKTNPIOTIKA €ival TTIO
oTtafepd Katd TNV evnAikiwon, €¢akoAoubBouv va Bewpouvtal duvNTIKA
TPOTTOTTOINCINA aTTd TIG €TTIAOYEG TOU TPOTTOU CWNG Kal TNV TTEPIBAAAOVTIK)
emppon. Fivetar OA0 Kal TTI0 TTPOPAVEG OTI Ol ETTIVEVETIKEG ETTIOPACEIG OEV
oupPaivouv pévo otn uATPa, aAAG o€ 6An Tn didpkeia TG avBpwTTivng CWNG,
Kal OTI Ol ETTIYEVETIKEG aAAayEég Ba ptTopoucav va avTioTpagouv (Tompkins
etal., 2012). Ymrdpxouv TTOAUAPIBUA TTAPABEIYHATA ETTIVEVETIKWY HETABOAWV
TTou O€iXVOouVv TTWG Ol OINQPOPETIKEG ETTIAOYEG yia Tov TPOTTO CWAG Kal Ol
TTEPIBAANOVTIKEG €KBECEIC UTTOPOUV va aAAGEoUV aAAnAouxieg Kal TOTTOUG Tou
YOVIOIWMATOG Kal va dladpapaTioouv €va poAo oTov TTPOCdIOPIoUO TWV

atroteAeopdTwy TNG uyeiag (Tompkins etal., 2012).

To epIBAAAOV BIEPEUVATAI WG WIA IOXUPH ETTIOPACN OTIG ETTIVEVETIKEG
ETIKETEC KAl TNV gualoBnoia otnv acBévela. H putravon €xel yivel OnuavTiko
onueio €0TioONG O AUTOV TOV EPEUVNTIKO TOMEQ KOBWG Ol ETTIOTAMUOVES
dlatmoTWvouV OTI N ATUOOQAIPIKA puTTavon Ba pTTopouce va PETARAAEN TIG
eTIKETEG pEBUAioU oTo DNA Kkal va au¢Aoel Tov KivOUVO YIa VEUPOEKQPUAIOTIKA
aoBéveia. Eivalr evdiapépov OT1 ol Bitauiveg B ptropolv va mTpooTaTeloouv
atro eMIRBAABEIC ETTIVEVETIKEG ETTITITWOEIG TNG PUTTAVONG KAl UTTOPEI va €ival O€
Béon va KaTatroAenoouV TIG BAGBEPEG OUVETTEIEG TTOU €XEI MIA OUYKEKPIYEVN

UAn oT1o owpa (Zheng etal., 2017).
1.4. KAivikég E@apuoyég - ETriyeveTikég NOool

1.4.1. Kapkivog

O kapkivog ATav n TPWTN avBpwTTIvn acBEvela TTOU CuvOEBNKE PE TNV
EMYEVETIKA. MeAéteg Tnv Odekaetia Tou 1980 TrOU TTPAyPATOTIOINBNKAV
XPNOIUOTTOIWVTAG TTPWTEUOVTEG I0TOUG avOpwTTivou OyKou, diatTioTwoav OTI
Ta yovidla TWV KAPKIVIKWV KUTTApWV Tou o0pBoUu NATav  OuCIaoTIKA
uTTohEBUANIWPEVA o€ OUYKpPIon ME auTd Twv QuolioAoyikwy IoTwv (Esteller,
2011). H utropeBuAiwon Tou DNA ptTOpEi va evepPyoTTOINOEl TO OYKOYoVidia Kal

va EEKIVAOEI TNV aoTABela TOU XPWHOOWMPATOG EVW N UTTEPUEBUAIwWON TOU
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DNA apyicel Tn oiyaon Twv OYKOKOTAOTOATIKWVY yovidiwv. Mia cucowpeuon
YEVETIKWV KOl ETTIVEVETIKWY OQAAUATWY JTTOPEI VO  PETAOYXNMATIOEI €va
QUOIOAOYIKO KUTTOPO O€ €va ETTEURATIKO 1 METAOTATIKO KUTTAPO OYKOU.
EmmpdoBeTa, Ta TpdTUTTa pEBUAiwoNG Tou DNA UTTOopEi va TTPOKOAECOUV [N
QUOIOAOYIKN €K@PAON YOVIBIWV TTOU OXETICOVTAl PE TOV KAPKivo. Ta yevikd
TIPOTUTTA TPOTTOTTOINONG 1I0TOVNG ETTIONG CUOXETICOVTAI JE KAPKIVOUG OTTWG O
KAPKIVOG TOU TTPOOTATN, TOU PACTOU KAl TOU TTOYKPEATOG. 2Tr OUVEXEIQ, Ol
ETTIVEVETIKEG AANQYEG UTTOPOUV VO XPNOIMOTTOINBoUV w¢ BIOBEIKTEG yia TN

Moplakr didyvwon Tou TTpwihou Kapkivou (Esteller, 2011).

1.4.2. Aiatapay€g YUXIKAG KAl TTVEUMATIKAG UYEiag

O1 etmiyeveTIKEG aAAayéG ouvdéovTal €TTiONG PE OIAPopPES dIATAPAXES
TTOU £XOUV WG aTTOTEAEOHA dlavonTIKEG avaTTnpieg OTTWGS Ta ouvdpopa ATR-X,
Fragile X (Zuvdpouo EUBpauctou X), Rett, Beckwith-Weidman (BWS),
Prader-Willi kai Angelman (Humeau, Gambino, Chelly & Vitale, 2009,
Iwamoto & Kato, 2009, Zahir & Brown, 2011, Tollefsbol, 2012). T
Tapddelyua, ol dIaTapaxEG ToU KEVTPOU ATTOTUTTWOEWY OTTWG TO OUVOPONO
Prader-Willi ka1 T0 ouvdpopo Angelman, TTapoucidlouv évav un QUOIOAOYIKO
QAIVOTUTTO WG ATTOTEAECPO TNG ATTOUCIAG TOU TTaTPIKOU 1 pNTPIKOU
avTiypA@ou €VOG yovIdiou, avTioToIXa. 2&€ QUTEG TIG OIATAPAXEG TOU KEVTPOU
ATTOTUTTWONG, UTTAPXEl VYEVETIKA Olaypa@r) OT0 Xpwuoowpa 15 o0g pia
TTAEI0VOTNTA aoBevwv. To idBI0 yovidlo OTO aVTIOTOIXO XPWHOCWHA OEV UTTOPEI
va avTioTaBuioel Tn dlaypa@r] €TeIdn €XEl ATTEVEPYOTTOINBEI e peBUAiwON, pia
ETMIYEVETIKA TpoTToTToIiNaN. O1 YEVETIKES BlaypagES TTou KAnpovounoav atro Tov
TaTéPa €XOUV WG atroTéAeoua 1O ouvdpopo Prader-Willi kal autég TTou
KAnpovounoe atmd Tn untépa, TOo ouvdpouo Angelman (Smith, Futtner,
Chamberlain, Johnstone & Resnick, 2011).

Ta emyeveTikK@ o@AApaTa Traifouv  €tmiong pOAo oTtnv TTPOKANOCN
OUVOETWY  WUXIOTPIKWY, OQUTIOTIKWY KOl VEUPOEKQPUAIOTIKWY  dIOTAPAXWV
evnAikwv (Alelu-Paz et al.,, 2016). APKETEC aAVAPOPEG €XOUV OUOXETIOEI TN
oxifoppévela Kal TIG OlaTapaxég O1absong upe avadiaragelic DNA  T1mou

repIAapuBévouv Ta yovidia DNMT. To DNMT1 emAekTikKG uttepek@paleTal o€
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y-apivoBoutupikd o¢u (GABA) oTa veupiKG KUTTOPA TWV EYKEQAAWV TwV
a0Bevwyv HE KATTOIO HOPQr OXICOPPEVIAG, evw N UTTEPUEBUAIWON  EXEI
atrodelxBei 611 KaTaoTéEAAEl TNV ékppacn Tou Reelin (Mo TpwTteivn TTOU
ATTaITEITAl  yIa  QUOIOAOYIKA  veupodiaBifacn, OXNUATIONO PVAPNG  Kal
OUVATTTIKI TTAACTIKOTNTA) OTOV EYKEPAAIKO 1I0TO a0BevWV PE OXICOPPEVEID KAl
aoBevwyv pe dITOAIKN acBéveia kal wuxwon (Roth, Lubin, Sodhi & Kleinman,
2009). H pn o@uololoyiky peBuAiwon TTou TTPOKOAETal ammd Ta eTTiTreda
QUAAIKOU 0&€og €xel TTpoTadei wg évag Trapdyovrag otn véoo  Alzheimer.
ETtriong, opIoPEVEG TTPOKATAPKTIKEG ATTODEICEIC UTTOOTNPICOUV €va HOVTEAO TTOU
EVOWMATWVEI TOOO YEVETIKI] OCO KOl ETTIVEVETIKI) CUMBOAR oOTa aiTia TOU
auTiIopou. O auTIouog €xel OUVOEBE e TNV TTEPIOXT OTO XpwHoowua 15 TTou
eival utreuBbuvo yia 1o ouvdpouo Prader-Willi kai To ouvdpopo Angelman. Ta
eupnuaTta Katé Tn vekpowia Tou €yKEPAAIKOU 10TOU aTTd Q0BEVEIC E AUTIONO
ammokdAuwav éNelyn ékppaong MECP2 1tou @aivetal va avTImTpoowITEUEl
MEIWMEVN EKQPOON OPKETWV OXETIKWV yovidiwv (Mbadiwe & Millis, 2014, Loke,
Hannan & Craig, 2015).

EKTOC a1md TIG ETTIVEVETIKEG OAAOIWOEIG, £XOUV  EVTOTTIOTEI E€IOIKEG
METOAAGEEIC TTOU €TTNPEACOUV CUCTATIKA TWV ETTIVEVETIKWY OOWV TToU Eival
UTTEUBUVEG VIia Bldgopa oUvOpoua, OTTwG yia TTapddeiyua 1o DNMT3B oTto
ICF oUvdpopo (aVOOOQVETTAPKEIN, KEVTPOUEPIKI aOTABEIO KAl avwUOAIEG TOU
mpoowTtou), To MECP2 o010 ouvdpopo Rett, ATRX oto ouvdpouo ATR-X
ouvdpouo (ouvdpouo a-BaAaccaipiag /  diavonTiKAG  KaBuoTEPnong,
ouvoedepévo pe  X), kair emmavaAnpelg DNA otnv Fuchs evdoBnAiakn
duoTpogia kepaToeldoug (Cutfield, Hofman, Mitchell & Morison, 2007). ZT10
ouvopouo Rett, yia Tapadeiyua, To MECP2 KWwAIKOTTOIEI YIa TTPpWTEIVN TTOU
oeopeveTal e 1o PeBUAIwuEVO DNA. O1 peTaAAGEEIC aQuTAG TNG TTPWTEIVNG
TIPOKAAOUV [N QUOCIOAOYIKA TTPOTUTTA YOVIOIOKNG EKOPAONG EVTOG TOU TTPWTOU
étoug Cwng. Ta kopitola pe ouvdpouo Rett epgaviouv peiwpévn avarmtuén
EYKEQAAOU, aTTWAEIO avOTITUEIOKWY opéonuwy  Kal BaBiEg  dlavonTiKES
avatrnpies (Ravn et al., 2011). MNMapopoiwg, To auvdpopo ATR-X trepIAapBavel
etTiong ooPapég eAAeipelc avaTTuéng Adyw attwAegiag ATRX, piag Tpwreivng
TTOU €UTTAEKETAI OTN dIATAPNON TNG CUPTTUKVWHPEVNG, adpavoug KATAoTAoNG

Tou DNA (Schenkel et al., 2017). To UvVOAO QUTWYV TWV KAIVIKWV TTAISIATPIKWY
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OuvOPOUWY OuvdEeTal e  METABOAEG TOOO OTa yovidla OCO Kal o€
XPWHOOWWIKEG TTEPIOXEG TTOU ATTAITOUVTAI YA TNV KATAAANAN vEUPOAOYIKH Kal

@uoikf avamrtuén (Cutfield, Hofman, Mitchell & Morison, 2007).

1.4.3. Autoavooia Kal ETTIYEVETIKEG dlATAPAXES

YTTApXOUV OPKETA OTOIXEIA TTOU aTTOOEIKVUOUV OTI N OTTWAEID TOU
ETTIVEVETIKOU €AEYXOU O€ OUVOETEG aVOOOAOYIKEG dladikaoieG TUPBAAAEl oTnv
QvAaTITUén MIag  TTANBWPAS autodvoowv VOonNUATWY. Mn  @uUOIOAOYIKN
MEBUAiwon Tou DNA éxel TTapartnpnBei o€ acBeveic pe epubnuaTwdn AUKO Twv
OTTOIWV TA KUTTAPOTOSLIKA AEUQPOKUTTOPA EPQPAVICOUV PEIWMPEVN OPACTIKOTATA
MEBUATpavopepdong DNA kai uttopeBuAiwpévo DNA. H diatapaxf autrig Tng
000U odnyei o€ UTTEPEKPPAON euaioBnTwy ot PeBUAiwon yovidiwv OTTwG o
TTapAyovTag TTou OXETICETaI JE TN AeUKOKUTTAPIKA Agitoupyia (LFA1), o otroiog
TTPOKaAEi autodvooa vooAuaTta TUtTou AUKou (Richardson, 2012). Eivai
evdlapépov 0TI N ékppacn Tou LFA1 atraiteital miong yia TV avaTtTugn Tng
apBpiTidag (Klein & Gay, 2015), yeyovdg tTou auédvel tnv mlavotnTa OTi
aAoiwpéva TTpoTuTTa PeBUAiwong DNA utropei va ouvelo@épouv o€ AAAEG
aoB€veleg TTou gpavifouv 16101100 autoavooia (Jeffries & Sawalha, 2015).
H emiyevetik épeuva €xel €tmiong Ocigel OTI UTTAPXOUV KOIVEG E€IOIKOTNTEG
MEBUAILWoEwWS DNA Kal JETAYPAPIKWY UTTOYPAPWY OTN PEUPATOEION apbpiTida,
TTou Ba PTTopoucav va €ENYROOUV YIOTI KATTOIEG OTOXEUMEVEG BEPQTTEIES VIO
apBpiTida Ba pTTopolcaV VA AVOKOUQIoOUV Tov TTOVO OTa yovata aAAd Oxi

Toug yopoug (Klein & Gay, 2015).

H auénuévn yvwon Tng €TIYEVETIKNAG, 0 OUVOUQOPO ME Tnv Avodo
TEXVOAOYIWV Kal TIG HEBOSOUG avaAuong Kal KaTaypa@ng Ta TeAeuTaia xpovia,
TTPOCPEPOUV TN dUVATOTNTA  KOAUTEPNG KATAVONONG TWV  HNXAVIOUWY
aAAnAeTTiOpaong MPETaCU ETTIVEVETIKAG aAAaynG, YOVIOIOKAG pPUBMIoONG Kai
avBpWTTIVWV acBeveliwy odnywvTag 0TV avaTiTuén vEwv TTPOCEYYIoEWV OTN

MopIakr dIGyvwaon Kal TwV OTOXEUNEVWY BepaTTeiv 0€ OAO TO KAIVIKO QACUa.
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Ke@dAaio 2: ETTIYEVETIKOI HNXAVIOMOI Kal

meEPIBAAAOV.

‘Exel uttapgel paydaia augavouevo evala@épov yia TO KATA TTOCOV Ol
TTEPIBAANOVTIKOI  TTAPAYOVTEG DIAPNOPPWVOUV TNV KOBIEPWON  ETTIVEVETIKWV
METABOAWYV, €TTNPEACOVTOG £T01 TN YOVIDIOKN €K@Paon Kal TO @aivoTutro. Ol
XNUIKOi puUTTOI, Ta dIATPOPIKG OUoTATIKA, OI aAAayEG Bepuokpaaiag Kal GAAOI
eCwyeveic  OTpeCOYOVOl  TTAPAYOVTEG  UTTOPOUV  TTPAyMATI VA  €XOUV
MOKPOXPOVIEG ETTIOPACEIC OTNV AVATITUEN, TO METABOAICHO KAl TNV UYEIQ, iowg
OKOUN Kal OTIG €TTOPEVEG YeEVIEG. [lapdAo TTOU Ol UTTOKEIUEVOI PNXAVIOUOI
Tapapévouv o0e€ PeyaAo Babud dayvwoTol, 1I01aiTEPA OTOUG avOpPWITOUG,
QTTOKOAUTITOVTAlI PNXOVIKG TTPOTUTTO aTTO TTEIPAPATIKA MOVTEAQ, Ta oOTToia
pTTOpEl va oupBdaANouv oTnv KOAUTEPN KaTavonon Tng eP@Aviong Kal Tng

QavATITUENG KATTOIWY voonuaTtwy (Vaiserman, 2015).

Mia TTANBWpPa EPEUVWIV, OTOXEUEI OTO OUVOUAOUO TNG TTEIPAMATIKAG KAl
TNG €MONMIOAOYIKAG €peuvag HPE OKOTTO Tn MEAETN kKal digpelivnon Twv
aAANAemdpdoewy HeTAgU  yovidiwv — TTEPIBAANOVTOG -  €TTIVOVIDIOKWY
METOBOAWYV. ZUYKEKPIUEVA, Ol TIEPIOOOTEPEG EPEUVEG  €0TIAlOUV  OTNV
dlepelivnon TNG AvaTTTULIOKAG TTPOEAEUONG TNG UYEIOG KAl TwV ACOEVEIWV JE
éEupaon oTIC TTEPIBAANOVTIKEG €KBECEIC KAl OTOUG ETTIVEVETIKOUG UNXAVIOUOUG
(Hou, Zhang, Wang & Baccarelli, 2011). O1 £épguveg a@opouV TIG ETTITITWOEIG
TWV TTEPIBAANOVTIKWYV €KBECEWV OTTWG O XNUIKEG OUTIEG TTOU TTPOKAAOUV
eVOOKPIVIKEG dlaTapaxég, Ta emMIBPaduVTIKA @QAOYQG, Ta QUTOQAPUAKA, Ta
Bapéa pETOAAQ, N aTUOO@AIPIKN PUTTAVON, KOBWG KAl T VOAPKWTIKEA, Ol
WUXOKOIVWVIKOI TTapdyovteg Kai ol €0vikég aviodtnTes. O1 ouvexI{OuEVES
TPoOoTId0EIEG  TTEPIAAUPBAVOUV TR OlEPEUVNON  ETTIVEVETIKAG KANPOVOUIAG

TTOAWV yevewv (Adutrpou, 2016).

MpdoaTteg £peuveg £xouv OEiEel OTI N TTPOYEVVNTIKI €KOEON O€ TTOIKIAEC
TTEPIBAANOVTIKEG XNMUIKEG OUCieC KOTAOTPEQPEl Ta eUPPUIKA etTiyovidia, Me
TMOAVEG CUVETTEIEC YIa ETTAKOAOUBEC AVATITUEIOKEG BIATAPAXEC KAl ACOEVEIES
TToU gu@avidovtal oTnVv TTAIBIKN NAIKia, KAatd Tn SIAPKEI TOU KUKAOU CWNAG N

aKOua Kal péow Odlayevealoyikng ueTddoons. Ta apxéyova 1 BAACTIKA
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YyevvNTIKA KUTTOPA, TO CUYWTO Kal TO €UBPUO gival ECAIPETIKA uaiocbnTa OTIG
ETTIVEVETIKEG HETABOAEG TTOU TTPOKOAEITAI ATTO TTEPIBAAAOVTIKEG XNMIKEG OUCTIEG,
YEYOVOG TTOU JTTOPEI VO €xel TTOAATTAEG duopeveig emmmTwoelg (Perera &
Herbstman, 2011). Ta dedopéva TTOU €LeTACOVTAlI OTNV TPEXOUOO EpEuva
OXETIKA ME TOUG TTEPIBAAAOVTIKOUG POAUCUATIKOUG TTOPAYOVTEG WTTOPOUV VO
OUMBAAAOUV onuavTIKG OoTnV €KTiKNON KIvOUVOU, av Kal Ta TTEPICCOTEPA ATTO
auTd Ta dedouéva atrairouvTal yia TNV agloAdynon Tng euaiodnaiag Tou KAbe
OTOPOU O€ ETTIVEVETIKEG AANQYEG, TTPIV AQUTEG Ol TTANPOPOPIEG PTTOPOUV va
Xpnoigotroinbouv o€ ETIONUEG  EKTIMACEIC KIVOUvou. Ta £Ewg onuepa
EPEUVNTIKG eupApaTa  Tou  e€eT@dovtal  Oeixvouv  OTI N TAUTOTTOINON
TTEPIBAANOVTIKWY  XNUIKWY OUCIWV TTOU KATAOTPEPOUV TO TTPOYEVVNTIKO
ETTIVOVIOIWUA TTPETTEI VO OTTOTEAEI TTPOTEPAIOTNTA OTNV £PEUVA OTOV TOPEQ TNG

uyeiag kail otn TpoANWn Twv acBeveiwv (Perera & Herbstman, 2011).

O katdAoyog Twv TTEPIBAAAOVTIKWY QTTEIAWV YIO TNV avOpwITIV UyEia
TePIANaUPBAvel peyadAo apiBud TepIBAAAOVTIKWY pUTTWYV. MNa TTapddeiypa, otnv
TETAPTN €0VIKN ava@opd yia Tnv €KBeon Tou avBpwTTou OTIC TTEPIBAAANOVTIKES
XNUIKEG ouoieg ammd 10 Kévipo EAfyxou kai MMpdAnwng Noonudtwv Twv
Hvwpuévwy TMoAireiwyv, mepioodtepa amd 150 dia@opeTIKG TTEPIBAANOVTIKA
XNUIK& TTOU avixvelovTal OTO aiya Kal Ta oupa Bpébnkav oe Ociyua TOU
TTANBuopoU Twv HIMA, evw Kabnuepivd n AioTa autwv Twv TTEPIBAANOVTIKWV
pUTTWV eCakoAhouBei va autdvetal KaBw¢g n épeuva ouveyiCetal (Disease
Control and Prevention, 2015). O katdAoyog Twv PUTTOYOVWVY OUCIWV TTOU
Exouv agloAoynBei péxpr onuepa TrepIAapPBAvel PHETOAAA, @QUTOOIOTPOYOVQ,
TTOAUKUKAIKOUG apwHAaTIKOUG UBPOYOVAVOPAKES, XNMIKEG OUTIEG TTAPOUOIEG UE
TIG &10giveg, TTOAUXAWpPIWUEVA BIPaIvUAIa, QOOAIKEG eVWOEIS Kal OIAPOPES
Katnyopieg @utogapudkwy. O1 Bollati & Baccarelli (2010) mpdéteivav yia
KATNYOPIOTTOINGN TOU TPOTTIOU WE TOV OTTOI0 Ol TTEPIBAAANOVTIKEG EKOECEIC, HE
I01aiTEPO  eVOIOPEPOV IO  TTEPIBAAAOVTIKA TOLIKG XNUIKGA, MTTOPOUV va
OAANAETIOPAOOUV  PE  YEVETIKOUG  KOI  ETTIVEVETIKOUG  PNXQVIOUOUG.
2ZUYKEKPIYEVA, TOVIOAV TNV QVTITTAPABOAR TWV YEVETIKWYV KOl ETTIYEVETIKWV
MNXOVIOUWY OTIGC TTIBavEC aAANAETTIOPACEIC TOUG ME TIG TTEPIBAANOVTIKEG

ekBEoeig (eikdva 1).
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Eikova 1: MovréAo mlavwy YEVETIKWY KAl EMIYEVETIKWY LOVOTTATIWY TTOU
ouvdéouv TiIC TEPIBAAAOVTIKEC EKOETEIC g TIC EMITTTWOEIC oTnv vyeia (Bollati &
Baccarelli, 2010)

21. AAANAemTIOpdaoEIg yovidiwv Kal
TEPIBAAAOVTOG

H oAAnAetTidpaon peTagu Tou TTEPIBAAAOVTOGC Kal TOU QvOPWITTIVOU
YyoVvIOIWUATOG TTAPOUCIAdeTal TTapadooiakd oTO TTAQiOI0 TWV
aAAnAemdpdoewyv yovidiou-repiBdAAovTog (Bollati & Baccarelli, 2010, Ahmad,
Varga & Franks, 2013, Zhu, Zhao & Ma, 2014, Traboulsi, Guerrina, lu,
Maysinger, Ariya & Baglole, 2017). Z0p@wva Pe auto To JOVTEAO, Ol AOBEVEIEC
TTPOKUTITOUV aTTO OAANAETIOPACEIC UETAEU TNG ATOMIKAG YEVETIKAG KAl TWV
TePIBAAOVTIKWY TTapayovTwy. O1 yeveTIOTEG €€ apxnNg utmooThpilav OTI N
EKQPOON €VOG VYEVETIKOU XOPOKTNPIOTIKOU OTO  QAIVOTUTIO  €ival  TTOAU
METABANTH, o€ peydAo BaBud avdloya pe 1O TTEPIBAAAOV OTO OTTOIO
UTTOBGAAETOI O AVOPWTTOG TTOU @EPEI TO XAPOKTNPIOTIKO yvwpioua. [MNa

Tapddelyua, oe aoBeveic ye @aivulketovoupia (PKU), n otroia TrpokaAcital
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atré PETAAAGEEIS O€ yovidlo TTou KWOIKOTTOIEI TO NTTATIKG €vCUPO UdpPOogUAGON
NG @aivuhaiavivng (PAH), 10 auivogu @aivulaAavivn Oev PETATPETTETAI O€
TUPOGIiVN Kal @TAVEl 0 UYNAA €TTiTTeda OTO aipga kKal o€ AGAAoug 10TOUG. Ta
augnuéva etmireda @aivuAaAavivng eTnpedlouv TNV avaTmTuén Tou eyKEQPAAou
TTou odnyei o€ vontik KaBuoTépnon. Qotéco, pia diara XaunAf o€
@aivuhaAavivn utropei va  diatnpAocel XapnAd Ta eTmimeda OTO Aiga Kal va

aTTOQUYEI TIG COBAPES ETTIOPACEIG TNG PaIVUAKETOVOUpIag (Scriver, 2007).

AvdaAoyn TTPOCEYYION UTTOPEI VO CUCXETIOEI TO TTEPIBAAAOV PE TNV UyEia
ToUu avBpwTtrou UTTG TO TTpICHO OTI OPICHEVA ATOMO €XOUV XOAUNAS Kivouvo
QVATITUENG aoBévelag wg atroTEAeopua TTEPIBAANOVTIKNAG €kBeoNG, v GAAQ
gival TToAU o euaioBnTa. MNa Tapddelyua, AToua TTOU QEPOUV YEVETIKOUG
TTOAUMOPQICHOUG TTOU  KABIOTOUV Ta  KUTTAPO TOUG AIYOTEPO IKAVA  va
QVTATTOKPIBOUV 0€ OLEIDWTIKO OTPEG, £XOUV PPEBE O APKETEG EPEUVES OTI €ival
MO €uaiodONTa OTIC KAPSIAYYEIOKEG KAl QVOTTVEUCOTIKEG ETTITITWOEIS TNG
ATHOOQAIPIKAG pUTTAVONG, N OTToI0 TTPOKAAEI ETTITITWOEIS OTNV UYEia Twv
avBpwttwyv (Eom et al., 2015, Kim, Kim, Jung & Hong, 2016, Schwartz, Bind
& Koutrakis, 2017).

Mia OeUTepn €kdoxr) OAAnAemidpaong TrepIAapBavel TIC AuEOES
EMOPACEIS TWV TTEPIBAANOVTIKWY EKBECEWV OTO yovidiwpa, TT.X., BAGRN TOU
DNA kal / 1 HETAAAGEEIS TTOU TTpOKAAOUvVTAl OTTO TTEPIBAAAOVTIKEG EKOEOEIG.
2Tnv TrEPIBAAAOVTIKY uyeia, n avayvwpion 0TI n TePIBAANOVTIKA €kBeon
MTTOPEl VO TTPOKOAECEI ETAOAAGEEIC 0TO avBpwTTivo DNA, avTITTpoowTTeUEl €va
ONUAVTIKG 0opOCNPO yIa TNV EKTIUNON Kal TNV TTPOANWN TwWV KIVOUVWV.
2UVETTWG, Ol YEVOTOLIKOI TTapAyovTeg €xouv TagivounBei avdAoya pe Tnv
IKavOTNTA TOuG va ueTaBaAAouv Tnv aAAnAouyia Tou DNA kail €101 va auéavouv
Tov Kivduvo aoBéveiag (Falzone, Marconi, Loreto, Franco, Spandidos & Libra,
2016).

Ta TeAeuTaia xpovia, QPKETEC EPEUVEC €gETaoav Tn oxéon METAEU
¢€kBeong o€ TTEPIBAANOVTIKA XNMIKA KAl TIC TTPOKAAOUUEVEG ETTIVEVETIKES
METABOAEG. O1 £peuveg auTéG evtoTTiIoav d1d@opa TOEIKA TTOU TPOTTOTTOIOUV TTOU
TIPOKAAOUV QUTEG TIG METAPBOAEC. TOo PEYOAUTEPO TTOCOOTO TWV EPEUVWV TTOU

€xouv dieCaxbei pExpl TWwpPa Exouv ETTIKEVTPWOEI 0TN peBUAiwaon Tou DNA, evw
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MOVO HEPIKEG TIPOOQPATEG EPEUVEG €XOUV UEAETNOElI TIG ETTITTITWOEIS TWV
TTEPIBAANOVTIKWYV XNHIKWY OUCIWV OTIG TPOTTOTTOINOEIG TwV IoTovwy (Karlsson
& Baccarelli, 2016, Dai et al., 2017). Ze CwikA povTéAQ, oI TTEPIBAANOVTIKEG
ETTITITWOEIG TTOU PTTOPEI va TTEPIAANPBAVOUV ETTIVEVETIKOUG PINXAVIOUOUG £XOUV
atrodeIxXBEi OTI PeTadidovTal SIAYEVETIKA. TO €AV Ol HETAYEVEOTEPEG ETTIVEVETIKEG
EMOPACEIS TWV TTEPIBAANOVTIKWYV EKBECEWV UTTAPYXOUV OTOUG avOpWwITTOUG i av
UTTAPXEl ETTIVEVETIKI] KANPOVOUIKOTATA O€ avOPWITOUG, TTAPOUEVEI VO

dlacapnvioTei (Bollati & Baccarelli, 2010).

2.2. Mnxaviogoi TTOU  JIOMOPPWVOUV  TO

ETIyovIdiwpa

Ta KaAUTEPA PEAETNMEVA ETTIVEVETIKA yeEyovOoTa TTOU SIANOPPWVOUV TO
ETIyOVIBiwUA €vOG KUTTApoU eival n peBuAiwon Tou DNA, ol TpOTTOTTOINCEIG
TWV IOTOVWV Kal TO KUKAWPA avaTpo@oddTnong Kal Trpowdnong Twv
microRNA. ZuvoAIKd, auTég ol d1adikaoieg eTTNPEACOUV TA TTPOTUTTA YOVIDIOKAG
€KQPaong Kal oTaBepdTNTAG PETAYPAPNG, £TTNPEAJOUV TNV TTPOCRACINOTATA
Tou DNA Kal Tn OUPTTUKVWOTN TNG XpwuaTivng, pubuiouv TNV akepaidTnTa Kal
TN A€IToupyia Tou yovISIWPATOG Kal dIaTneouv TNV UWnAnR TTupnviki opydvwaon
ME TPOTTO TTOU KaBopiel TNV TIBavOTNTa avATITUENG TTaBoAoyiag oTa KUTTapaA
(Zhang & Pradhan, 2014, Dabin, Fortuny & Polo, 2016).

H pebuAiwon Twv Kutooivwy avagépetal otn dladikaoia TTpooBnikng
MIag peBulopddag otn Béon 5’ Tou dakTuAiou TnNG Kutoaivng (eikdva 2) Kai
TPWTAPXIKA OTOXeUEl Ta OIVOUKAeOTIdIO TNG Kutooivng-youavivng (CpGsl)
(Ooi, O’Donnell & Bestor, 2009). H utreppeBuliwon Twv CpG vnoidwv o€
évav UTTOKIVNTA ouoxeTifeTtal ouvABwG HPE TNV KATAOTOAR TNG YOVIOIOKAG
ékppaong (Lan, Hua, He & Zhang, 2010). H TTepioxr) HEBUAIWUEVOU UTTOKIVNTA
EXEl MEIWHEVN IKAVOTNTA OUVOECNG METAYPAPIKWY TTAPAYOVTWY Kal augnuévn
IKavOoTNTa oUVdeoNG NEBUAIWpPEVWY TTpwTeEivy déapeuong DNA (Bogdanovic
& Veenstra, 2009), akeTUAOTPAVOPEPATES Kal PEBUAOTPAVOPEPATES IOTOVWV

Kal ouv- kataoToAeig (Tiwari et al., 2008).
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Eikova 2: MsBuAiwon Twv KUTOOIVWYV

H kardotaon peBuliwong ouvTnpeital evepyd atmo TIG dpaoTNPIOTNTEG
Twv DNA pebuhotpavogepacwyv (DNMTs), ocuutrepidapBavouévng  Tng
DNMT1, n otroia dIEUKOAUVEI TNV avTiypa@ry Tou TTpoTuTTou HEBUAiwong DNA
METAEU yevewv KuTTApwyv, Kal DNMT3a kai DNMT3b, o1 otroieg pecoAaouv
otn de-novo peBuliwon (Cheng & Blumenthal, 2008, Chen, Wang & Shen,
2012). O pnxaviopdg 1mou €ubuvetal yia TNV amouebuAiwon TnG Kutooivng
TTOPAPEVEl ACAPNG KOl UTTOPEI €v PEPEI va €ival ATTOTEAECHO MEIWUEVNG
TPoodeong HeBUAIwPEVWY TTpwTEiVWY déopeuong DNA oTig euttaBeic CpGs
CpG vnoideg (TTukvéd ouuttAeyua CpGs). ‘Exel mpoTadei 611 n amougbuAivon
TNG Kutooivng ouptrepIAapBavel Tn ouvdeon Tng MBD2 i tng MBD4 e 5-
pMeBuAokutooivn (mC1) (Devailly et al., 2015, Ho, Johnson, Tarapore,

Janakiram, Zhang & Leung, 2012).

O1 1016veG €ival o1 PaoIKOTEPEG TTPWTEIVEG TTOU BIEUKOAUVOUV TN
ouoTréipwon Tou DNA o€ VOUKAEOOWATA, Ta OTToia atTroTeAOUV TIC BACIKES
MOVAdEG opydvwong TNG XPWHMATIVNG. ZUYKEKPIMEVA AMIVOEEA OTA AMIVIKA
AKPa TWV I0TOVWV UTTORBAGAAOVTAI O€ HOVABIKEG HETAPPACTIKEG TPOTTOTTOINCEIG,
OTTWG  aKeTUAiwon, MeEBUAiwon, @wo@opuAiwon, coupoUAiwon  Kai
ouBikourtivwon (eikova 3) (Chatterjee & Muir, 2010) utté Tnv dpdon €IBIKWV
evlUuwyv, OTTWG ol aKeTUAoTpavoPepdoec Twv IoTovwy (HATs1), ol
oeakeTuAdoeg (HDAC), ol peBulotpavopepdoeg kal attopeBuldoes (Ng, Yue,

Oppermann & Klose, 2009). Autég o1 Tpotrotroifoeig kaBopifouv av 1o DNA
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TUAIYPEVO yUpw atrd TIG 1I0TOVEG €ival OIBECINO yIO PETAYPOPr] KOl TTOCO
ypnyopa n peraypaer Aaupavel xwpa. EKTO6¢ atrd Tn puBIon TNG YETAYPAPNS
yovidiou, n TPOTTOTTIOINCN TNG 10TOVNG €TTNPEACEl GAAa  oupPBavta
avadIaPOPPWONG TNG XPWHATIVNG TTOU EAEYXOUV TNV avTIypa®r KaBwg Kal Tov
AvVaoUVOUAOHO Kal TNV UWPNASTEPOU ETTITTEOOU OPYAVWON TWV XPWHOCWHATWY
(Fransz & Jong, 2011).

Eikdva 3: AkeTuAiwon, uebuliwon, owaoeopuliwan, ocouuoiliwan Kai

ouBiKkouITivwan ICTOVWY

2.€ KUTTOPIKO €TTiTTEQO, OI TPOTTOTTOINCEIG I0TOVWV XPNOIMEUOUV YIa TN
META®OON EEWKUTTAPIKWY ONUATWY O€ YEVWHIKG CUUBAVTO NECW aANOILCEWY
NG douNG TNG XpwpaTtivng (Ho, Johnson, Tarapore, Janakiram, Zhang &
Leung, 2012, Wang & Willard, 2012). ZuvoAikd, n TpotTotToinon tng 101évng
oupPBadicer ye Tn peBUAiwon Tou DNA yia va puBpilel TIG ofgieg Kal ETTIUOVES
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METARBOAEG TWV UETAYPAPIKWY TTPOYPANUATWY PNECW TNG avadiopyavwong Tng

doung TNG Xpwuartivng (Kondo, 2009).

Ta microRNAs (miRNA) gival pgia KAGon hIKpWY, PN KwWOIKOTTOINUEVWY
RNA 110U pETAypd@ovTal atrod Ta avTiOTOIXA Yovidla TOug i TTpoEpyovTal atrd
eowvia | egwvia aAwv yovidiwv (Pritchard, Cheng & Tewari, 2012, Gao,
Qiao, Han, Zhang & Ma, 2012). Méow eite TAAPWV EITE MEPIKWV
OUMTTANPWHATIKOTATWY, OeopeUovTal OTO0 3’ AKPO TWV HETAYPAPOUEVWV
TMNUATWY TwV YovIdiwv Kal TTPOKOAOUV aTToIKodOuNon Tou ayyeAIoQOPOoU
RNA (mMRNA) ) KaTaoTOAN TNG TTPWTEIVIKAG PETAPPaONG (EIkOva 4) (Sacco &
Masotti, 2012). 'Eva miRNA ptropei diadoxikd va OeOPeUCEl EKOTOVTADEG
METAYPOPOUEVA TUAMATA YOVIOIWV Kal n MPeTaypa®r €vOG OUYKEKPIMEVOU

yovidiou ptropei va puBuioTei ue TToOAaTTAG miRNAS.

Eikova 4: amroikodounon rou mMRNA amré miRNA

AuTEG o1 TTOAUTTAOKEG aAANAeTTIOpdoelc petagy Twv MiRNAs kal Twv
MRNAs Onuioupyouv TTEPITTAOKEG AvVATPOPODOTNOEIS KAl HETAdPACTIKOUG
MNXaviopoUg eviog Tou KuTTApou (Sato, Tsuchiya, Meltzer & Shimizu, 2011).
O1 ouvoAikég Aermoupyikég e€eAiCeic Twv dpaaTtnpioThTwy Tou MIRNA €ivail n
TEAEIOTTOINON TOU ETTITTEDOU TNG PETAYPAPNG KAl TG HETAPPAONG, N dnUIoUpYia
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EAEYXWV KOl  1I00PPOTTILOV ~ EVTOG KAl METAGU TWV  YOVIOIOKWY  OIKTUWV,
AEITOUPYWVTAG WG PUBUIOTIKOI KOUPOI yIa TNV QaIVOTUTTIKA €k@paon (Tsang,
Ebert, & van Oudenaarden, 2010). Ek16g¢ amd Tn pubuion NG YoVvIOIOKAG
petaypaerig, Ta miRNAs Ttraidouv onuavtikG poAo otnv ékepacn AGAAwv
ETTIVEVETIKWV pPUBUICTWV, oupTTEPIAAUBAVOUEVWV l1apopwv DNA

MEBUAOTPaVOPEPACWYV Kal EVUPWY TPOTTOTTOINONG 1I0TOVNG (Sato et al., 2011).

2.3. ZUOYXETION ETTIVEVETIKWV OAAaywv atrd TN

d6on Kai Tn didpkKela TG €KBeong

O1 eTmiyeveTIKEG aAAQYEG gival euaioBNTEG AvAYVWOEIG TWV ETTITITWOEWYV
TNG ogiag kal Xpoéviag ékBeong oe TepIBallovTikoug TTapdyovteg. QoTdoO, Ol
avTIOPACEIG €ival CUXVA UN YPAUUIKES Kal e€apTwvTal atrd Ta oTadIa TNG WrG.
Mia o&eia, xaunArp do6on €kBeong o€ TEPIBAANOVTIKO TTAPAYOVTa, €AV
edoavioTei katd TN OiIdpkeld TG euaioBntng TEPIddoU  avdaTTuéng Tou
EMBpPUOU, Ba PuTTOPOUCE VA €XEl TTOAU PJEYAAUTEPEG ETTITITWOEIS ATTO TNV £€KBEON
o€ uynAég d6o¢eic oTov eviAika. MNa TTapddelyua, TapaTneninKe TTayKOOUIO
uttepueBUAiwon DNA o€ deiyuata aipaTtog ougdAiou Awpou Kabwg auénonkav
Ta  €TTTEdA  TTOAUKUKAIKWV  apwMOTIKWY  udpoyovavBpdkwyv (PAH)
uUTTOONAWVOVTAG OTI TO EUPBPUIKO €TTIYOVIOIO UTTOPEI va UETABANBEI pe ékBeon
oe PAH. To onuavTikd, n ektiywuevn d6on NG €kBeong o PAH oT0 €ufpuo
ATav ToUAAxIoTov 10 QOpPES XAPNAGTEPN ATTO AUTH TNG UNTEPAG, YEYOVOGS TTOU
uttodnAwvel uwnAoTepn euaicbnoia oto €uBpuo atr 'OéTI OTOUG EVAAIKEG
(Perera et al., 2011).

Tautdxpova, oI XPOvieG €KBECEIC Ot XOAUNAEG OOOEIC WTTOpEl O€
OPIOUEVEG TTEPITITWOEIG VO dWOOUV aTToTEAETPATA I00OUVANA 1) Kal avTiBeTa
ME ekeiva TTOU TTapaTnpABnkav yia ogeieg uwnAég dooeig ékBeong. MNpdoaTeg
MEAETEC TTOU Odlgpeuvolv TIG €mIdPAoelC TNG €ékBeong oe kaduio (Cd) oe
TPOTUTTA HEBUAiwong DNA utrodnAwvouv 611 To Cd emmdyel uttepuebuAiwon i
uttopeBUAiwon Tou DNA avdloya pe 1 Oidpkeia TnG €kBeong. H oeia
Bepatreia xaunAic n uwnAic do6ong Cd avaoTéAAEl avTaywvIOTIKA Tn
opaoTikdTNTa TWV DNMT, pe ammotéAeopa Tn Yeiwon NG peBuAiwong Tou DNA
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OTa NTTATIKG KUTTOPA Tou apoupaiou. EvrouTtolg, n Xpdvia, TTapaTETAUEVN,
XOaunAnp doon €kBeong oe Cd €xel To avTiIBETO ATTOTEAECHA, OdNYWVTAG O€
au¢nuévn OpactikdTNTa TNG DNA peBulotpavogepdong, utrepueBUAiwON
DNA, au¢nuévo TTOAAQTTAQCIAONO KUTTAPWYVY KAl KUTTOPIKO METACXNUOTIONO
(Benbrahim-Tallaa, Waterland, Dill, Webber & Waalkes, 2007, Nica, Popescu,
Draghici, Andrica, Privistirescu, Gergen & Stoger, 2017).

‘Evag GAAOG TTapAyovTag TTou TTPETTEN VO ANYOEi uTTOWn ava@opika He
TO OUVOAO TOU Opyaviouou, eival n dla@opd oTnv euaiodnoia PETALU TwV
d1a@épwyv opyavwy. Opiopévol 10ToI, OTTWG N PATPA Twv BnAACTIKWY, OV
QVTATTOKPIVETAI 0€ £VOOKPIVIKOUG dlatapdkTeg (EDCs1) akdua kal o€ uPnAég
0oo¢ig (20 mg avd kg CwMATIKOU BAPOUG) O OXEON ME TIG ETTIVEVETIKEG
peTaBoAég (Varayoud, Ramos, Bosquiazzo, Mufioz-De-Toro & Luque, 2008).
AvTtiBeta GAAoI 10TOI, OTTWG O TIPOOTATNG TOU €lPpUOU, TTAPOUCIAlouv
EMTTTWOEIG o€ XaunAdTepeg db6oelg (Prins, Ye, Birch, Ho & Kannan, 2011,
Taylor, Richter, Ruhlen & vom Saal, 2011).

O1 repiBaAAovTikoi TTapdyovTeg OTTwWGS o1 EVOOKPIVIKOI SIaTAPAKTES, Ol
TTOAUKUKAIKOI apwpaTikoi udpoyovavBpakeg, Ta poAuouatikd traboydva, ol
eEWTEPIKOI PUTTOI, Ta OIKIOKA aAAepyloydva Kal Ta Papéa PETAAAA €xouv
aTTOdEIXOEI OTI TTPOKAAOUV ETTIVEVETIKEG AAAAYEC PE TPOTTO TTOU OXETICETAI ME
TNV €kBeon Kal TN vOoo. AUTEG OI OXEOEIC TTAPATNPOUVTAlI O€ TTOAAEG
TTOANUTTAOKEG 00Béveieg, OTTWG O Kapkivog, n kKapdiayyeiakry vooo, ol
TIVEUUOVIKEG QO0BEVEIEC, TO AOBUA, N TTAXUCAPKIA, TO EYKEPAAIKO ETTEICODIO KAl
0l VEUPOEKPUAIOTIKEG dlaTtapaxég (Alegria-Torres, Baccarelli & Bollati, 2011,
Ho, Johnson, Tarapore, Janakiram, Zhang & Leung, 2012, Lorenzen, Martino
& Thum, 2012, Stel & Legler, 2015, Zhong, Agha & Baccarelli, 2016).

EmimmAéov, uttdpxouv I0XUpEC evOEigelc OTI N coBapdTnTa Kal n TTopEia
NG €EEMIENG aAUTWV TwWV acBeveIY  €EAPTWVTAlI OTTO TOV  ETTIVEVETIKO
ETTAVATTPOYPANUATIONO KATA TNV JIAPKEID TWV TTPWTWV XPOVWY TNG CWNG
KaBwg Kal atmd eMTTPOOBETEG ETTIVEVETIKEG UETABOAEC KATA TN dIAPKEIA TNG
eVAANIKNG CwNAG TIpIV 1 PETA TNV €U@AvIon TG vooou 1 TnG dIaTtapaxng.
2UVETTWG , MEPIKA ATTO TA ETTIVEVETIKA ONUAdIA UTTOPOUV VA XPNOIMEUCOUV WG

BiodeikTeG €KBEONG 1) TTPOYVWOTIKOI BEIKTEG KIVOUVOU Kal €EENIENG TNG vOoou,
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evw AANoI PTTOpEl va TTapEXOUV VvEA E€IKOVO Tou TpOTTou OpAcng Tou
TePIBAAAOVTIKOU TTapdyovTa. H KaAUTEpN KATAvOnon TwWV UNXAVIOWWY TTOU
atroTeEAOUV TN BACN QUTWV TWV ETTIVEVETIKWY OAAAYWYV UTTOPEI va pigel pwg
oTa aimia Twv TTEPIBAANOVTIKWY VOOWV Kal va OIEUKOAUVEI TR PEANOVTIKNA
QVATITUEN OTPATNYIKWY TTPOANWNG TTPWTOTTABWY ) SEUTEPOTTABWY QOBEVEIWY
(Alegria-Torres, Baccarelli & Bollati, 2011, Ho, Johnson, Tarapore, Janakiram,
Zhang & Leung, 2012, Lorenzen, Martino & Thum, 2012, Stel & Legler, 2015,
Zhong, Agha & Baccarelli, 2016). [Na Tnv eKTTANPwWON TOU EPEUVNTIKOU OKOTTOU
KAl TNV aTTAvTnon TwV €PEUVNTIKWY EPWTNUATWY TNG TTApoUcag PEAETNG Ba
€€eTO0BOUV 01 ETTIVEVETIKEG WETAPBOAEG TTOU TTPOKUTITOUV ATTO TTPOYEVVNTIKA

¢€KBeon oTov KATTVO Kal o€ Bapéa HETOAAQ OTO ETTOUEVO KEPAAQIO .
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KEDAAAIO 3.

3.1. H uré0eon TG «avatmrTugloKAG TTPOEAEUONG
TNG UyEiag Kal Tng vooou»

Tig TeAeuTaieg OEKAETIEG, TO BAPOG TWV XPOVIWV ACOEVEIWV AUEAVETAI
paydaia TTaykoopiwg. O1 TTapdyovTeG TTOU TTPOEPYOVTAl aTTd Tov TPOTTO CWNG
TWV eVNAIKWV €ival ol KUPIoI OUVTEAEOTEG KIVOUVOU. Eival woTdoo oAoéva Kal
MO COPEG OTI TA QUOPEVH YEYOVOTA KATA TNV TTPWIKN AVATITUEN YTTOPEI ETTIONG
va OladpapaTiouv KpIioIo pOA0 OTnV  UPAvVION XPOVIWV  TTABOAOYIKWY
karaotdoewv (Vaiserman & Koliada, 2017). H umréBeon NG «avaTTTUEIOKAG
TPoéAEUONG TNG UYEIOG Kal TNG vooouy» uttodnAwvel OTI n €kBeon o€
apvNTIKOUG  TTAPAYOVTEG OE TIPWIMO OTAdI0 TG CWwAG MTTopEi  va
<<QvVATTPOYPOUMATIOE>> €éva ATOPO yId VO TIPOCOPUOCTEI AuECA  OTIG
TIPOYEVVNTIKEG 1] VEOYVIKEG TTEPIBAANOVTIKEG OlaTapaxég, aufdvovtag Tov
KivOUVO METAYEVECTEPWYV TTABOAOYIWYV, CUPTTEPIAQUPBAVONEVOU TOU KAPKIVOU,
Tou OIBATN TUTTOU 2, TNG EMPAVIONG KAPJIAYYEIOKWY VOONUATWY  Kal

VEUPOEKQPUAIOTIKWY aoBevelwv (Vaiserman & Koliada, 2017).

‘Eva  au&avépevo ouUvolo oToixeiwv uttodnAwvel OTI 0  KivOduvog
QVvATITUENG Kal €EEAIENG MIOG TTOIKIAIQG XPOVIwV TTaBnRoEwyv TOUu avBpwItTou
eCapTdral  ammd  ETIYEVETIKEG TPOTTOTTIOINCEIC  TTOU  TTPOKAAOUVTAI  OTTO
TTEPIBAAOVTIKA KwAUPOTa KOATG Ta TTPpwTa oTddia euaioBnoiag otn {wn
(Vaiserman, 2015). H €ékBeon oe mePIBAAAOVTIKOUG TTAPAYOVTEG OTTWG Ol
duopeveic dIATPOPIKES, WUXOAOYIKEG KAl KOIVWVIKEG OUVONKES, KABWG Kal Ol
pUTTOI Kal n Kardxpnon ouciwv oTnv Tpwihn {wrR €xouv artrodeixOei
ONMAVTIKOi KOBOPIOTIKOI TTAPAYOVTEG ETTIVEVETIKOU TTPOYPANMPATIONOU XPOVIWYV
TTABOAOYIKWYV KATAOTACEWY OTOV avBpwTTivo TTANBUCPO. Ta TeAeuTaia Xpovia,
EXEI YiVEI OAOEva Kal TTI0 CAQPES, AOYW TWV ETTIONMIOAOYIKWY HEAETWV OTI TA
TPWIMO  apvnTIKA TTEPIBAANOVTIKG OUuBAvVTa  WTTOPEI va  TTPOKAAECOUV
EKTETAUEVEC KAl ETTIHOVEC MUETABOAEC OTO  HETAYPAPIKO TTPOPIA. APKETA
uTTOWnN@Ia yovidla €XOUV EVTOTTIOTEI OTI EUTTAEKOVTAI OE€ QUTEG TIG DIEPYATIES
(Vaiserman, 2015).

32

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 09:05:56 EEST - 3.138.61.115



Ta emyeveTikd onudadia aAAGfouv katd Tn OIGPKEIA TNG EMPPUIKAG
avaTTuéng, NG Cwng Twv evnAikwv Kai NG yhpavong. Opiouéveg aAAayEg
dladpapartiCouv onuavtikG pPOAO0 OTnVv KOBIEpwon Kal TN puBuIon Twv
YOVIOIOKWY TTPOYPANUATWY, €VW GAAEG gp@avifovTal XwpPic eu@avh poAo

(Torafo, Garcia, Fernandez-Morera, Nifio-Garcia & Fernandez, 2016).

O1 punxaviopoi TTou €UTTAEKOVTAl OTOV QvVATITUEIOKO TTPOYPAUPATIONO
TWV  XPOvIwv dlatapaxwv gival  eANTTWG  KatavonToi, oAAd  TBavwg
EMTTAEKOVTAI KAl ETTIVEVETIKOI PNXAVIOMOi. 2Ta ONAACTIKA, TO ETTIYOVIQiWMA
UQioTaTal ONUAVTIKEG ETTIVEVETIKEG TPOTTOTTOINCEIG 0€ OAN TNV dIadIKaoia TNG
YOuETOYEVEDONG KAl OTNV TTpWIMN euBpuoyéveon (Hochberg et al., 2011). 2710
EUBpuUo Aaupavel xwpa pia dpapatikg peiwon TG MEBUAiwong. Ta emmireda
MEBUAiwoNG @BAavouv OTO KATWTEPO OTO OTAdIO TNG PAacTokKUOTNG (32-64
KUTTapa). Autr) n OladIKaoia ETTIVEVETIKOU ETTAVATTPOYPAUMATIONOU KATA TN
OIdpKeIa TNG TTPWIUNG €PPBpPUoyéveanS dlaypd@el Kal ECAAEIPEl OUYKEKPIYEVA
TTPOTUTTA PEBUAIWONG TTOU €xouv KANPovounBei atrd Toug YOVeEig Kal ival

KaBopIoTIKAG onuaciag (Messerschmidt, Knowles & Solter, 2014).

‘Evag GAANOG KUKAOG atTopeBuAiwong - eTavapeBuAiwong eTTIYEVETIKOU
ETTAVOTTPOYPANMATIONOU AauBAvel Xwpa oTa apxéyova YevvnTIKA KUTTapa
TTOU €ival ol €UBPUIKOI TTPOYOVIKOI TTAPAYOVTEG TWV WOKUTTAPWY Kal TOu
omépuatog. QoTdo0o, auTtég ol dladikaaieg dlapépouv oTa apxEyova yevvnTiKa
KUTTOpa Kal ota €uPpua. e apxéyova BAaOTIKG KUTTAPA, N aTTopEBUAiwON
gival oxedov ammodAuTn (ME €€aipeon PEPIKWV QVOEKTIKWV PETPOCTOIXEIWYV), EVW
oTa TTpwIKa €uPRpua, diatnpeeital N HEBUAIWON TWV ATTOTUTTWHEVWY YOVIBIOKWY
TTEPIOXWYV, ETTITPETTOVTAG TNV EKPPAOCTN OUYKEKPIMEVWY YOVIOIWV  YOVIKNG
mpoéAeuong (parent - of - origin - specific gene expression) o¢

METayEVEDTEPOUG 10TOUG (Messerschmidt, Knowles & Solter, 2014).

H éykaipn euPpuikn ouvtrpnon eival 1IB1aiTepa onPAvTIK 0TO TTAQICIO
TOU avatTuéloKkoU TTPOYPOUMOTIONOU, €meldf) autil n  Oladikacia eival
euaioBntn oTigc TtepiBaAllovTikéG evdeiteic (Hochberg et al., 2011). Ol
ETTIVEVETIKEG  TPOTTOTTOINCEIC TTOU  TTPOKOAOUVTal  atmd  TTEPIBAAAOVTIKA
epebiopara kard TN SIGPKEID AQUTWV TWV guaioBnTwy TTEPIGdWY UTTOPOUV Va

TTapapeivouv o€ 0An N didpkeia TNG Cwrg, 0dnNywvTag €101 O TTABOAOYIKES
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KartaoTdoelig otnv evnAikiwon. O pOAOG TWV ETTIVEVETIKWY PUBUIOTWY OTN
oUvOEDN TwV QVETTIOUUNTWY TIPWIMWY CUPPBAVIWY HE TA MPETAYEVEOTEPQ
arroTeAéopaTa €ival EPPAVAG TOOO ATTO PEAETEG OUOYXETIONG O€E ETTIYOVIQIwUA

000 Kal a1TO HEAETEG OUYKEKPIUEVWY YovIdiwv (Vaiserman, 2015).

3.2. ETNIYEVETIKEG ETTITITWOEIG TNG TTPOYEVVNTIKAG
ékBeong ota Bapéa HETAAAQ.

Ta Papéa PETOAA ouuTtTEPIAAPBavVOUEVWY  TOU  Kadpiou, Tou
udpapyupou, Tou JOAUBOOU Kal TOU OPCEVIKOU, €ival JIa ONUAVTIKA KAatnyopia
pUTTWV OTO ouyxpovo TrepIBAAAov (Maekawa et al., 2017). H 1TpoyevvnTIKni
€kBeon o€ BapEa PETANa eival 1dIaiTepa TICHMIA. TTOAAEG TTPOOQPATEG PMEAETEG
UTTOOEIKVUOUV OTI Ol JETAPBOAEG TWV ETTIVEVETIKWYV PNXAVIOUWY Ba ptropoucav
va OdladpapaTtioouv Bacikd pOA0 OTOUG HOPIOKOUG UNXAVIOWOUG  TTOU
EMTTAEKOVTAI OTIG A0BEvEIEG TTOU OXETICOVTal PE TNV €KBEON o€ PETOAAA. 'EXEl
BpeBei o1 gival évag Trapdyovtag KivOUVoU YIa VEUPOAOYIKEG DIOTAPAXES KAl
O1AQOopPEC POPYPEG KAPKIVOU. AUTEG O apvNTIKEG ETTITITWOEIG TTIOTEVETAI OTI
TTPOKAAOUVTAl aTTd ETTIVEVETIKEG OAAQYEC TTOU ETTINEVOUV TNV TTAPOdO TOu
XpPOvou Kai eTnpedlouv pakpotrpoBeoua ouvlnkeg uyeiag (Cardenas et al.,
2015).

3.2.1. Kaduio

To kaduio (Cd) gival éva xnuikd oTolxEio TTou gival eupéwg dladedopévo
OoTO TTEPIBAAAOV, OE UTTOTTPOIOVTA BIOPNXAVIKWY OIEPYACIWY, OTO PHOAUCUEVO
vepd 1 0TO €00QOG Kal £xEl €TTIONG TTOAAEG KOIVEG BIOUNXAVIKEG XPHOEIG, WG
XNUIKO OTOIXEIO OTNV TTAPAYWY PTTATAPIWY, OTNV EKTUTTWON QWTOYPAPIWY,
OTNV KOTAOKEUN XPWHATWY Kal Airracudtwy . EmimmAéov, n ékBeon oTo KAdWIO
OQEIAETAI KUPIWG OTN BIATPOPI], KUPIWG O€ QUTIKNG TTPOEAEUONG TPOPIUA OTTWG
Ta dNUNTPIOKA Kal Aaxavikd, o€ OUYKEKPIMEVA Badaooiva Kal evidéoBia Kabwg
Kal oTto KATTVIoNa. [MpokaAei TTOAAG TTpoBAAuaTa uyeiag, OTTWS O KAPKIVOg,
BAGBec ota 00TA KOl 0T VEQPA KaI TTIBAVWG N KABUCTEPNON TNG AVATITUENG
oTa TTaildid otnv Tpwiun ®aon ¢ Cwng Ttoug (Kippler et al., 2012,
Chamannejadian, Sayyad, Moezzi & Jahangiri, 2013).
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EmyeveTikéG aAlolwoelg Ba  ptropolcav  va  EUPAVIOTOUV WG
ATTOTEAEOHUA TNG TOCIKOTNTAG TOU Kadpiou Katd Tn OIAPKEID TNG E€MPBPUIKAG
avaTTuéng kai kara tn didpkela (wng tou atopou (Vilahur N, Vahter M,
Broberg K , 2015). lNa tTapadeiyua, éva oUvoAo yovidiwv TTou OXeETICovTal PE
TOV €AEYXO TNG METAYPAPIKAG PUBMIONG KAl TNV ATTOTITWON £J€IEaV JETAPBOAEG
MEBUAiwong Tou DNA TToU OXETICOVTAI PE TIG CUYKEVTPWOEIG UNTPIKOU KadUiou
(Sanders et al., 2014). X& evAAIKEG, OI OCUYKEVTPWOEIG Kaduiou oTa oupa
OXETIOTNKAV AVTIOTPOPWS PE MEBUAIWON TWV €TTAVOAAUBAVOUEVWY OTOIXEIWV
LINE-1( long interspersed nuclear elements) kal Pe TNV €K@paAon Twv
DNMT3B (Hossain, Vahter, Concha & Broberg, 2012).

2upowva pe Tov Kippler kai Toug ouvepydreg Ttou (2013) €xouv
EVTOTTIOOET YEVETIKEG HETARBOAEG AOYW EBUAiwoNG Tou DNA TToU TTPOKAAOUVTAI
amd TNV TTPOYEVVNTIKA €KBeOon OTO KABWIO. ZTa KOopiTola €XEl EVTOTTIOOEI
uTTEPUEBUAIWON oTa yovidla TTou OXETICOVTAl WE TNV QVATITUEN OPYAVWYV KOl
TNV HOP@YOAOYia TWV 00TWYV, EVW OTA ayopia €XOUV eVTOTTIOBEI AAAOIWOEIG OTA
yovidla TTou ouvdfovTal  PE TNV KUTTAPIKA  OTTOTITWON KOl TOV
TTPOYPOUMATIONEVO BAvaTo Twv KUTTApwyv. MeTtayevéoTepn MEAETN  Twv
Sanders et al., (2014) uttédeige 6T n ékBeon TTpoyevvnTIKG o€ KAdWI0 0driynoe
o€ heTaBANTG TTpdTUTTa PEBUAIWONG DNA oTa AEUKOKUTTOPA, PE EUTTAOUTIONO
yovIdiwv TToU EPTTAEKOVTAI O€ QTTOTITWON KAl HETAYPAQIKY) pubuion. H €kBeon
o€ KAOMIO KATA TN OIAPKEIA TNG TTEPIOOOU ATTO TN CUAANWN £WG Ta apXIKA
OoTAdIa TNG EYKUPOOUVNG €XEI ETTIONG OUOXETIOTEI YE TNV UTTOPEBUAIWON TOU
LINE-1, 1o otroio eival e€aIpeTIKA PEBUAIWPEVO OTOUG QUOCIOAOYIKOUG I0TOUG,
EVW N UTTOdEBUAIWON TOU €ival yvwaoTO OTI TTPOKOAEI QUENUEVN YOVIBIWUATIKN

aoTdéBeia (Hossain, Vahter, Concha & Broberg, 2012).

3.2.2. Apoeviko

To apoevikd (As) Oewpeitar 10 MO Ol0dedouEVO  WETAANO OTO
mepIBAANov. TMapouoidletal PeTaU GAAWV O€ TTETPWHATA, XWHA, VEPO,
EVTOMOKTOVA Kal agpopeTagepOueva owpartidia (Cardenas et al., 2015b). H
Xpovia €kBeon o€ apoevikd oxeTiCeTal ue TTOAAG TTpoPARuaTa uyeiag, OTTwg
aAAOIWOEIG TOU BEPUATOG, VEUPOTTABEIEG, KATABAIWN, KaPdIayyEIOKES TTABROEIG

kal didgpopa €idn kapkivwv (Lu et al., 2014, Wade et al., 2015, Torafo, Garcia,
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Fernandez-Morera, Nifio-Garcia & Fernandez, 2016). X&¢ TTEIPAUATIKEG
avaAuoelg £xouv Bpedei peTaBoAég pebuAiwong Tou DNA petd ammd ékBeon o€
apPOEVIKO, TOOO OTO OAIKO yovIdiwua 000 Kal 0€ CUYKEKPIPEVA yovidia (Recio-
Vega, Gonzalez-Cortes, Olivas-Calderdn, Lantz, Gandolfi & Michel-Ramirez,
2016, Sage, et al., 2017).

2€ UEPIKEG PeAETEG, Ta emmieda peBuAiwong Tou DNA ammd deiypa
aipaTog op@AAlou Awpou veoyvwy EXouv atTodelxOei 0TI oxeTiCovTal e TNV
TTpoyevvnTiKA €kBeon o€ apoevikd (Pilsner et al., 2012, Broberg et al., 2014,
Kile et al., 2014) [18-23]. H cuoxéTion peTagU Twyv eTTMTEOWV PEBUAIWONG TWV
emavalaupBavopevwy otoixeiwv 6mws 10 LINE-1, 1O otroia eival ikava va
METOAAGEOUV AAAa yovidla péow TNG KIVATIKOTNTAG TOUG, KAl TWV ETTITTEOWV
TTPOYEVVNTIKAG €KBEONG O0€ apoevIKO ATAV BETIKA METALU TWV APPEVWV
Bpepwyv, aA\d apvnTIKA PeTAgU Twv BnAukwy Bpewv (Pilsner et al., 2012). O1
Broberg et al. (2014) £dciEav OTI Ta €TTITTEdQ APOCEVIKOU OTA oUPA TNG PINTEPAG,
KUPIWG KAt Ta apyIK& oTddia TNG €YKUPOOUVNG, €XOUV CUCXETIOTEI PE TN
MEBUAiwon Tou DNA Tou op@daAiou Awpou oTa veoyva. ‘Exel etriong Bpedei n
TTapoucia TTPooBeBANUEVWY YoVIdiwv TTOU OXETICOVTAI UE KAPKIVO OTA ayopIa
o€ MEYOAUTEPO BaBuo atmd OTI OTa KOPIToIa evw TTOAU PIKPEG OUOCXETIOEIG
EXouv KaTadelxOei pe Tnv €kBeon Oe APOEVIKO OTA TTPOXwpPEnuUéva oTddia
EYKUPOOUVNG O€ OUYKPION ME TO ATTOTEAEOUATA TWV APXIKWVY OTAdiWV TNG

kKunong (Vaiserman, 2015).

Zupowva pe Tnv épeuva Twv Koestler, Avissar-Whiting, Houseman,
Karagas & Marsit (2013) uttdpxel BTIKOG CUOXETIONOG PETAEU TwV ETITTEOWV
MEBUAiwoNG ouykekpipgévwy TOTTWY CpG (CpG islands) oe deiyparta aipaTog
OM@AAIOU AWPOU BPEPUWV Kal O€ ETTITTEDN APOEVIKOU OTA oUPa TWV PNTEPWV
Toug. Ta yovidia TTou KaTEdEIEAV ONUAVTIKEG dIAQOPES OTn PEBUAiwoN Tou
DNA petd tnVv TTPOYEVVNTIKA €KOBECON OTOV QPOEVIKO €XOUV EUTTAOUTIOTEI O€
MeyAAo BaBuo yia TG BETEIC TTPOODECNG TWV TTAPAYOVTWY PETAYPAPAG, OTTWG
augnTikwyv TTapayoviwyv (EGFR) kai rapaydéviwy déopeuong CCCTC -binding
factors (Rojas et al., 2015). H £kBeon TTpoyevvnTIK& O APOEVIKO CUOXETIOTNKE
emiong ue METABOAEG oTnv  €kppacon TnG SIGAUTAG opoidloucag HE  TO
fms Kivaong Tng Tupoacivng-1(sFlt-1) Tou Traifel onuavTikd poAo  oTnVv

QvaOTOAN TNG ayyeloyEveEONS Tou TTAAKOUVTA Kal oTnv KabuoTépnon Tng
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QVATITUENG OTa KUTTOPO TOU OP@aAIKOU aipatog (Remy et al., 2014). Ta
ETTITTEDA APOEVIKOU OE MNTPIKOUG 10TOUG €XeEl atrodeixBei OTI oxeTiCovTal
avTIOTPOPWG HE Ta ETTITTEDA PEBUAIWONG TWV ETTAVOAAUBAVOUEVWY OTOIXEIWV
Alu kal LINE-1 ota AeukoKUTTOPA TOU OM@AAIOU AWPOU TWV ATTOYOVWY TOUG
(Pilsner et al., 2012). TéAog €xel emonuaveOei 0TI N €kBeon TNG PNTEPAG O€
apOEeVIKO KATA Tn OIGPKEIA TNG KUNONG EXEl EVEPYOTTOINCEI UNXAVIOWOUG OTA
VEOYVA TTOU OXETICOVTAI PUE TO OTPEG, TN PAeypovr Kal Tnv amomTwon (Fry et
al, 2007).

3.2.3. Yopapyupog

O udpdpyupog (Hg) cival éva avTidpaoTiKO HPETAAAO TOU OTTOIOU N
QuUOIoAOYIKN dpacTnEIOTNTA €ival AyvwoTn. Ta TTPoIovTa TTOU TTEPIEXOUV
udpdpyupo TrEPIAAPBAvouy  pTTatapieg, AQUTITAPEG  @BOPIOHOU, 1O0TPIKG
TTPoIOVTA, OdOVTIATPIKA apaAyduaTa, BepuoueTpa Kal BepuooTtaTes. QoTdoO,
ol AvBpwTtrol eKTiBevTal KUpiwg oTov UdPAPYUPO HECW WAPIWV KAl
OO0TPOKOEIOWYV, TA OTTOIO TEIVOUV VO CUYKEVTPWVOUV TOV UdPApYyupo OTO CWHa
Toug, Adyw TNG PBlooucowpeuong TwWV Bapéwv PETAAWY OTOUG 1I0TOUG TWV
kKatavaAwTtwyv. Opiopéva TTpoBARUaTO uyeiog TTou OxeTiCovTal PE TOV
udpdapyupo €ival avoooTogIKOTNTA, KAPDIAYYEIAKEG TTABNOEIG, KAPKIVOG Kal
veppotrddeia (Hong, Kim & Lee, 2012, Karagas et al., 2012, Park & Zheng,
2012).

MeAéTeg in vivo 0O€  Treipapatofwa  €XOUV  ATTOKAAUWEl  OTI N
TpoyevvnTiK  €kBeon  oTov  UdPAPYUPO  TTPOKOAEI  peEiwon  oTov
TTOAQTTAQCIOOPO TWV VEUPIKWY KUTTAPWY, O OTI0I0G OXETICETAI HPE TNV
uttopeBuAiwon Tou DNA (Bose, Onishchenko, Edoff, Lang & Ceccatelli,
2012). Ztoug avBpwTtroug, Hia TTPOo@aTn MEAETN €0c1Ee OTI n €kBeon o€
udpdpyupo, OKOUN Kal O XAPNAG eTTiTTedd, TTPOKAAECE AAAQYEGC OTn
MEBUAiwon Tou DNA (Cardenas et al., 2015). ETimTrAéov, HEAETEG €XOuv
uTTOB£0€l OTI N TTPOYEVVNTIKA €KBEaN OTOV USPAPYUPO UTTOPEI va aAANGEEI TV
avaAoyia TwV avOOOKUTTAPWY OTO Qidd OP@AAIOU AWpPou HECW aAAaywv
MEBUAiwong Tou DNA (Bose, Onishchenko, Edoff, Lang & Ceccatelli, 2012,
Cardenas et al., 2015). e evnAIKEG yuvaikeg, TTaparnpeitar av¢non Tng

MEBUAiwong Tou DNA TnG TTEPIOXNG TTPOAywYyoU Tou Yovidiou KATAOTOAAG
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Oykwv GSTM1 petd atrd uwnAd etritreda €kBeong otov udpdapyupo (Hanna et
al., 2012). Mia GAAn peAETN 0 AvTpeg  eTTAYYEAUATIEG OOOVTIATPOUG £OEICE
MIa ouOXETION METALU TNG uTTopEBUAiwong DNA tou SEPP1 kai Twv eTimédwy

udpapyupou ota JaAAid Toug (Goodrich, Basu, Franzblau & Dolinoy, 2013).

2€ MO TTPOCQATN MEAETN, ATTOKOAUMONKE n OuoxETiIon METAEU TG
MEBUAiwong DNA o710 dipa OP@AAIOU AWPOU  VEOYEVVNTWV KAl  TWV
OUYKEVTPWOEWV TIPOYEVVNTIKNG €KBeong O UudPAPYUPO, YEYOVOG TTOU
uTTOONAWVEI OTI N €KBECT OTOV UBPAPYUPO UTTOPET v 0ONYACEI OE ETTIVEVETIKEG
TPOTTOTTOINCEIG TTOU €UTTAEKOVTAI 0€ aAAoIwpEva avoooTTpo@il (Cardenas et
al., 2015). Xtnv peAétn Twv Maccani et al. (2015) n poyevvnTiKr €KBeON O€
udPAPYUPO EXEI CUOXETIOTEI e METABOAEG peEBUAiwong DNA Tou TTAaKoUvTa

KAl OUOUEVEIG VEUPOOUNTTEPIPOPES TOU BPEPOUG.

3.2.4. Mayydvio

To payyaévio BpiokeTal UCIOAOYIKA OTO VEPO, OTOV AEPA , OTO XWHA Kal
oTa TTEPICOOTEPA TPOPIMA. AV KOl PIKPEG TTOOOTNTEG €ival ATTAPAITNTES YIA TNV
QVATITUEN TOU Opyaviopou, n UTTEPPOAIKA €kBeon Ot€ auTd UTTOPEI va TN
avaoTeilel. Mpdo@aTeS £PEUVES £XOUV QTTOOEICEI OTI TO Payydvio dIaTTEPVA Kal
OUCOWPEUETAI OTOV TTAOKOUVTO Kal £TOI TTPOKAAEI ETTIVEVETIKEG UETAPBOAEG Ol

oTToie¢ oupBdaAouv oTnv avdatTugn acBevelwy otnv eviAikn Cwn.

Mpdoearta arrodeixBnke OTI N éKPpaAcn Tou Payyaviou oTo EUPRPUO Eixe
oav oTToTéAeopa  OloQOoPOTTOINUEVN MEBUAIWON QPKETWV XPWHOCWHIKWY
Béoewv oTOV TTAOKOUVTA, CUPTTEPIAAUBAVOUEVWY EKEIVWV TTOU BpioKovTal O€
EMPBPUIKA yovidla avAaTTuéng, veupoavatrTuglakd  yovidia  Kal - yovidia
oxeni¢opeva pe Ttov Kapkivo (Maccani, Koestler, Houseman, Armstrong,
Marsit & Kelsey, 2015).

3.2.5. M6Audog
O poAuBdog (Pb) eival éva dnAnTnpiwdeg Bapu PETAANO TTOU PETALU

GAAWV XPNOIYOTTOIEITAI OTIC OIKOOOUIKEG KOTOOKEUEG, TIC WITATOPIEG KAl T
KaTtavoAwTIKA TTpoidvta. H €kBeon oto udAuBdo artroteAei peydAo Kivouvo yia
TNV avBpwTivn uyeia, emTnNPeAloviag dIa  TTOIKIANIG BACIKWY  HOPIAKWYV

diepyaociwv (Council On Environmental Health, 2016). Na tmapddeiyua, n
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€KOeON TNG UNTEPAG EIXE WG ATTOTEAECUA  VEUPOAVATITUEIOKO EAAEINPA KOl TN
MEIWMEVN vonuoouvn Tou Traidlou Kal n in vitro ékBeon oe poAuBdo Twv
eMBpUIKWY BAaoTiKwv KUuTTapwv (RESCs) etrdyel aAAayég otnv peBUAiwon
TWV YOVIQIwV TTOU EUTTAEKOVTAI OE VEUPOYEVETIKA POVOTTATIA ONuatodotnong

(Torafo, Garcia, Fernandez-Morera, Nifio-Garcia & Fernandez, 2016).

2T0UG avBpwTroug, n uttopeBUAiwon Tou DNA Twv LINE-1 kai Alu
OUOXETIOTNKAV ME Ta €TTITTEdA OCUYKEVTPWONG MOAUBOOU OTO aQipya TOU
ou®aAiou Awpou (Wright et al., 2010, Tran & Miyake, 2017) kai atrodeixdnke
OTI n €kBeon oe POAUBDO KaTA Ta TTPWTA XPEOVIA C(WNAG TTPOKAAECE EIDIKEG
METARBOAEG TNG HEBUAiwoNG Tou DNA akoua kal 0e Enpég KNAIdES aipaTog. Ze
eVAAIKEG, Ta €TTITTEdA MOAUBOOU O€ AvOpPEG OXETICOVTAV PE TNV UTTOPEBUAIWON
Tou DNA Twv LINE-1. Mia dAAn peAETN, OTIC yuvaikeg, £€0€1Ee uTTOPEBUAIWON
Tou DNA Tou utrokivnTl COL1A2 ue uwnAni ékBeon otov pudAuBdo (Torano,

Garcia, Fernandez-Morera, Nifio-Garcia & Fernandez, 2016).

3.2.6. NiIkéAlo

To vikéhio (Ni) eival éva pETOANO TTOU eP@avieTal €UPEWS OTrUEPA.
XpnoiyoTtroleital, PeTatu GAAwV, O€ KOOWAUATA, VOUIOPOTA, WTTATOPIES KAl
0TpIkéG ouokeuég. O Aigbvriig Opyaviouog Epeuvag yia Tov Kapkivo (IARC)
dlaTTioTwoe OTI OPIOPEVEG EVWOEIG TOU VIKEANIOU €ival KAPKIVOYOVES Yia TOV
avBpwTro (ouvdEéovTal KUPIWG PE KAPKIVOUG TOU AVOTIVEUOTIKOU CUOTANATOG),
OAAG N yVWOonN TWV HJOPIOKWY PNXAVIOUWY TTOU EUTTAEKOVTAI €ival AVETTOPKNG
Kal atrauteital mepaitépw épeuva (Cameron, Buchner & Tchounwou, 2011). Ta
in vitro Teipdpara £de1gav 0TI auTr) n évwaon €ival IKavr) va auénoel Ta eTTimeda
Twv H3k4me3, H3K9me1 «kai H3K9me2 péow TNG avaoToANG TNng
ammoueBUAGONG. ZTOUG €VAAIKEG, Ol OUYKEVTPWOEIG VIKEAIOU OTa vUxia EXE
OXETIOTEI BETIKA pe Ta emiTreda peBuAiwong Tou DNA LINE-1 (Chervona, Arita
& Costa, 2012, Yao & Costa, 2014, Ma et al., 2015).
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3.3. ETIYeVETIKEG ETITITWOEIG TNG TTPOYEVVNTIKAG

£KOeong oTOV KATTVO.

To pNTPIKG KATIVIOPO KOTd Tn OIApKEId TNG €yKUPOOUVNG Kal TNG
yoAouyiag €ival évag atrd Toug ChPAvTIKOUG TTapAyovTeG TTou KaBopilouv Tn
dladikaoia  TOU  AVOTITUEIOKOU  TTPOYPOMMATIOPoU.  ‘'Exel atrodeiyBei
eTaveIANUuEVa OTI TTPOKAAEI HOKPOXPOVIEG OUOUEVEIC ETTITITWOEIS OTNV UYEIa
OTTWG YVWOTIKEG KAl CUUTTEPIPOPIKEG OIATAPAXEG, OCaKXapwdn OlaBATN,
KapdIayyEIaKES TTABNOEIG, TTVEUPNOVOAOYIKEG TTABAOEIS Kal SIAQOpPOoUs TUTTOUG
KApKivou oTnv PETayeveéoTeEPn Cwr Twv atmmoyévwy. (Maritz & Harding, 2011,
Knopik, Maccani, Francazio & McGeary, 2012, Zacharasiewicz, 2016). To
MNTPIKO KATIVIOMA A n €kBeon TNG pNTéPOg OTOV KATTVO €ival yvwoTd OT
TTAPAYEI ETTIVEVETIKEG NETABOAEG TTOU PTTOPET VA €TTNPEACEI TO BAPOG YEVVNONG
Kal Tov euPpuikd TTpoypauuaTiond (Suter, Anders & Aagaard, 2013) kai
OUYKeEKPIUEVA TN MEBUAiwon Tou DNA Tou ep@avidetal €ite wg OAIKN
MEBUAiwon Tou DNA eite wg aug¢non TG PeBUANIWoewg, €I0IKA yia TIG DNA
aAAnAouxieg  xeIpIoTwV  oykoyovidiwv o€  TTaidid  TTOU  €KTiOevTal o€
TTPOYEVVNTIKO KATIVIOPA O OoUyKpIon ME TTaudIid TTou Oev €ixav €ekTeBei o€
Katrvd Kata Tnv Trepiodo Tng kunong (Breton, Byun, Wenten, Pan, Yang &
Gilliland, 2009). Ze apKeTEC MEAETEG, OI ETTIVEVETIKEG AAANOIWOEIG, OTTWG N
MeTaAAayuévn ueBuAiwon Tou DNA kai n un puBuiopévn ékepaon Tou miRNA,
éxouv atmodeixBei 611 dladpapaTiCouv onUavTIKO pOAo oTn dlapgecoAdpnon Tou
OuvOEOopou HETAEU TOUu dNTPIKOU KaTTviopatog Katd Tn  OIGpKEId TNG
EYKUPOOUVNG KAl TwV ATTOTEAECPATWY TNG uyeiag Kad '6An tn didpkeia (wAG
(Pirini, Guida, Lawson, Mancinelli & Guerrero-Preston, 2015).

e eVNAIKEG n XprAon Katmvou €xel ouoxeTIoBei pe TNV avénon Tng
MEBUAILWOEWS TwV aAAnAouxiwv DNA Twv XEIpPIOTWV TTPOdINBETIKWY YoVIdiwy,
n oTroia PE TN O€Ipd TNG OuvdEeTal e augnuévn TTPodIABEcn O QOBEVEIES
OTTWG O KOPKIVOG OTA VEOYVA Kal TTaIdId KATTVIOTWY. Agv UTTAPXEl MEYAAN
dlapopd oTnV TTOCOOTWON KANPOVOUIKOTNTAG QUTWY TWV YOVIOIwV avagpopIkd
ME TO @QUAO Tou KaTrvioTh yovéa (Allione et al., 2015, Langevin, Kratzke &
Kelsey, 2015, Torano, Garcia, Fernandez-Morera, Nino-Garcia & Fernandez,

2016, Geng et al., 2017). EKT6¢ ammd 1n peBuAiwon Tou DNA, TO KATIVIONO
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eETNPEAdel €TTioNG T OWOTH PUBPION TNG 10TOVNG OTO  TTOAUKUOTIKO
KATOOTAATIKO OUUTTAEYHA, CUUTTITITOVTOG PE Pelwpévn H4k16ac kal augnuévn
H3k27me3 (Kiehl et al., 2017).

To untpiKG KATIVIOPHA KATd TN OIAPKEID TNG €YKUPOOUVNG  €XEl
ouoXeTioTei pe dlagoplkn MEBUAiwon Tou DNA ota veoyvd, 10iaitepa oTov
yovidlokOd augnTikdé Trapdyovia  GFI1  tou eutrAékeTal  0€  DIAQOPES
avatrTuglakég dlepyaaieg kal Ta yovidla AHRR kar 1o kutdxpwua P450 1A1
(CYP1A1) 1ToU pecoAaBouv oTnV aTTOTOLIVWON TWV CUCTATIKWY TOU KOTTVOU
Tolyapou (Joubert et al., 2012). 2& pia GAAN PEAETN yia TO PNTPIKG KATTVIOUQ,
d1apopa CpGs ota yovidia MYO1G kar CNTNAP2 (uéAog dlaueuBpavikAg
TTPWTEIVNG TNG UTTEPOIKOYEVEIOG  VEUPOEivnG), Trou oxeTiCovial HE TNV
eEAAOTIKOTNTA TWV KUTTAPWV Kal TNV aVATITUEN TOU EYKEPAAOU, QvTioTOIXA,
MeEBUAILVOVTAI BIOPOPIKA PETAEU TWV EPRPWYV TTOU €iXav TTPOYEVVNTIKA EKTEOEI
N oev eixav ekTeBEi 0TO PNTPIKO KATTVIOMA (Lee et al., 2015). MNoAAéG ouaieg
TTOU TTEPIEXOVTAI OTOV KATTVO PTTopouV £TTiong va ernpedoouv miRNAs. Katd
TN OIGPKEID TNG QVATITUENG TOu €PBpUOU, N MEIwoNn TNG €Kepacng Twv
mMiRNAs, 6Tw¢ miR-16, miR-21 kal miR-146a, oxeTi(eTal Je TNV €KBEON TOU O€
vIKOTivn Kal Bevattupévio o pntépeg tou KAmvi(av (Maccani, Padbury &
Marsit, 2011).

3.4. MNarpikf €KOEON KAl ETTIVEVETIKN ETTIPPON

H diaBéoiun emoTtnuovikh BIBAIOypagia OXETIKA PE TRV UNTPIKA €KOEoN
oe PeTaAAaloyOvoug TTapdyovTeG Kal O KivOUVOG ETTIVEVETIKWV OAAAyWV N
aoBevelwv OTOUG atroyovoug eival TTAoucia kal dlopkwg augdveral. O
TTOTPIKEG OUVEICQPOPEG OUXVA OuwG Oev  Aaupdavovtal uttown. QoTooo,
OPICPEVEG CWIKEG KAl ETTIONMUIOAOYIKEG MENETEG OXETIKA HE  OIAPOPES
MOAUCOHATIKES oudieg, TN dIATPOYr Kal TIG OUVONKEG TTOU OXETICovTal PE TOV
TPOTTO (WNAG UTTOOEIKVUOUV TTATPIKN ETTIOPAON OTn MEAAOVTIKI) Uyeia TOu

atroyévou (Soubry, Hoyo, Jirtle & Murphy, 2014).

Katd tn &idpkeia TnG avamrtuéng yauetwy, n HeBuAiwon Tou DNA

puBuileTal povadikd. Ta apxéyova yeveTiKG KUTTApA u@ioTavTal pia oXedov
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TAAPN ETTIYEVETIKI dlaypa®r], akoAouBouuevn aTTO ETTAVATIPOYPAUPATIONO
TwV PoTiBwv peBUAiwong Tou DNA pe €10IKO TPOTTO yia KABe QUAO, OTTWG OTA
amoTutTtwpéva (imprinted) yovidia (Cui, Jing, Wu, Yan, Li, Shen & Wang,
2016, Dere, Wilson, Anderson & Boekelheide, 2016, Patifio-Parrado, Gomez-
Jiménez, Lopez-Sanchez & Frade, 2017). Ta amoTutTwuéva yovidia
XOPAKTNPICOVTal ATTO JOVOETTITTEDN £KQPACN TTOU £LAPTATAI OTTO TNV OPXN TNG
TTpoéAeuong (UNTPIKA A TTATPIKN) KAl N AEITOUPYIKA TOUG aTTAOEION KATAOTAON
eAEéyxeTal ammo dla@oplkad peBUAIwpéveg TTeploxég (DMRs) (Kalish, Jiang &
Bartolomei, 2014, Perez et al., 2015). H dnuioupyia KANPOVOUOUUEVWYV
onueiwv PeBUAiwong atmoTuTTwong o€ autég TiIg B€oeigc DMR katd mn didpkeia
TNG YOAUETOYEVEONG E€ival aTTOPAITNTA KAl N avwpaAn peBuliwon Toug
OUVOEETAI PE TN OTEIPOTNTA KAl MEPIKES XPOVIES dlaTapaxEg (Jenkins & Carrell,
2011, Jenkins & Carrell, 2012, Pacchierotti & Spano, 2015). Q¢ ek ToUTOU, OI
TTOTPIKEG ETTIOPACEIC OTO OXNUATIOUO ETTIVEVETIKWYV ONUATWY KATd TN OIGPKEIN
TNG OTTEPUATOYEVEONG KAl N €TTIOPACH TOUG OTNV UYEIQ TWV ATTOYOVWV Eival
onuavTika BioAoyikd TeAIKA onueia yia digpeuvnon. (Soubry et al.,, 2013,
Jenkins, Aston, Pflueger, Cairns & Carrell, 2014).

Eikova 5: lNapdBupa suaiolnaoiac yia mepIBAAAOVIIKA ETTAYOUEVEC EMTIYEVETIKEC
HETABOAEC péow TNC mATPIKNC BAAOCTIKAC ypauunc. YmOBETIKO yEVEAQAOYIKO
diaypauua maidiwv lE TPOTTOTTOINUEVA ETTIVEVETIKA TTPOQIA TTOU uTTOpPEl va
auéfoouyv rov Kivduvo via ag@éveia (Soubry, Hoyo, Jirtle & Murphy, 2014).
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O1 YeTaBOAEG OTA ETTIVEVETIKA TTPOQIA PTTOPET va €XOUV OIAQOPETIKEG
aITieg TTou TTOIKIA\OUV avaAoya pe TO XpOvo Kal Tov TUTTO TnG €kBeong,
OUMTTEPIANAMPBAVOUEVWY - OAAG OXI TTEPIOPIOTIKA - TTEPIBAAAOVTIKWY TOGIVWV,
PUTTWYV, EVOOKPIVIKWY OIATAPAKTWY, I0VTICOUCOG OKTIVOBOAIOG, KATTVIOPATOG,
dlatpoerig KATT (Soubry, Hoyo, Jirtle & Murphy, 2014). Ta mapdBupa Twv

KANPOVOUIKWYV ETTIVEVETIKWYV BAaBwV TTEPIAaUBAvouV (eikOva 5):

1. katd 1 OIGPKEID TNG METAVAOTEUONG OPXEYOVWY  YEVVNTIKWVY
KUTTApwV (PGCs) 0TV KOPUQOYPAUMN TWV YEVVNTIKWY Oopyavwy (TTpIv atro
TNV €BOOPAdA 6 TNG AVATITUENG TOU PEAAOVTIKOU TTATEPA KATA TNV TTEPIODO

KUNONG Tou), OTavV EJQAVICETAI ETTIVEVETIKN dlaypa@r] YEVWHIKOU TUTTOU -

2. mpiv ammd Tnv eopnPeia, amdé PGC (4 yovokuttapa) €wg Tnv
dlauopPwon  Twv oTrepuatoyéviwy, Katd T dIdpKeEla  TNG  OTToiag
KaBiepwvovTal eUpEwg Ta TTPOPIA peBUAiwong (Soubry, Hoyo, Jirtle & Murphy,
2014).

3. katd Tn Oidpkela KABE avaTTOPAYWYIKOU KUKAOU, ammé TO
omepuatoyovio  (SG) oT1o omeppartokutTapo  (SC)  kai  TéAOG  OTO
otmepuaTolwapio (SZ), 6tav n peBuAiwon Tou DNA TTpétrel va KaBoploTei

TTAAPWG. Kal

4. 010 (UYWTO, OTAV Ta OTTOKTNOEVTA OApaTa PEBUAIWONG TTPETTEI Va
QVTEXOUV  OTOV  META-CUYWTIKO  ETTIVEVETIKO  £TTAVATTPOYPAUPATIONO  OE€
OUYKEKPIUEVEG TTEPIOXEG (TT.X. atToTuTTWMEVA yovidia) (Soubry, Hoyo, Jirtle &
Murphy, 2014).
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KepdAaio 4. Zuutrepdopara

KdaBe xpovo trepiocdtepol amd 13 ekatoppupia BAvATOl TTAYKOOMIWG
ogeilovTal o€ TTEPIBAANOVTIKOUG pUTTOUG Kal TTEPITTOU TO 24% Twv aoBeveEIWV
TTPOKAAOUVTAI ATTO TTEPIBAAAOVTIKEG EKOECEIC TTOU PTTOPEI VA ATTOPEUXBOUV JE
TpoANTITIKA péTpa (Hou, Zhang, Wang & Baccarelli, 2011). Ymdpxouv
aQugavopeveg  evOeEitelc  OTI  TTOANEG  avOpPWTTIVEG  XPOVIEG  DIOTAPAXEG
TTpoépxovTal amd Ta apxIK& oTddia TNG (WG TOU ATOPOU Kal O ETTIYEVETIKOI
pnxaviopoi dladpapaTtiouv Baoikd poAo oTn OIAUECOAGPBNON AUTWY Twv

ETTITITWOEWV.

APKEeTA yovidla £€xouv avayvwploTei W Baoikd utrown@ia yovidia TTou
UTTOKPUTITOUV TOV QVOTTTUEIOKO TTPOYPAMMATIONO CUYKEKPIMEVWY ACOEVEIWV.
H evowpdtwon autwyv Twv KAIVOQAVWY I0EWV OTOUG HNXAVIOUOUG Tou
TTPOYPOUMATIONOU ETTIVEVETIKNAG AVATITUENG OTO KUPIO PEUPO TWV ONUEPIVWIV
TTETTOIONOCEWV OXETIKA PE TNV TTPOKANCH TTaB0AOYIKWY dlEpyaciwy aiyoupa Ba
METATOTTIOEI TO ETTIKEVTPO TWV TTPOCTIOBEIWY TTOU OTOXEUOUV OTNV TTPOANYN
XPOVIWV aoBeveIwyY aTTd Ta TEAEUTAIO OTAdIO PEXPI TO TTOAU TTPWIMA OTAdIA TNG
avBpwTivngG {wng atmo TNV cUAANWN £wg Tov attoyaAakTIoud. O AEITOUPYIKOG
XOPAKTNPIOKWOG TWV VEVETIKWYV O0OWV TIOU €ival ETTIVEVETIKWG QOTABEIC O€
OQTTOKPION  OUYKEKPIMEVWY  TTEPIBAAAOVTIKWY  TTAPAYOVTWY  UTTOYPOAMMICE
TTEPAITEPW TOUG ETTIVEVETIKOUG UNXAVIOUOUG TTOU PECOAABoUvV oTnv avarTuén
Kal e€ENIEN Twv TTaBoAoyiwv TNG eVAAIKNG CwNG. TTOAAEG aTTO TIG ETTIVEVETIKEG
aAAayéG TTou TTapatneribnkav o€ atroOKpIon OTIC TTEPIBAANOVTIKEG €KOETEIC
oxeTiCovTal PNXavIoTIKA PE TNV eualoBnoia oe acBéveieg. Mepaitépw PEANETEC
ETTIVEVETIKWV MNXAVIOPWV oTnv TTaBoyéveon ™G vOoou,
oupTTEPINAUPBavOUEVOU  TOU  POAOU  TWV  ETTIVEVETIKWY  METABOAWYV OTNV
QVATITUEIOKN TTPOEAEUCN TNG UYEIAC Kal TG VOOOU, Ol OXEOEIC TOUG ME TIG
TTEPIBAANOVTIKEG €KOEOEIC KAl OI 0d0i TTOU OXETICOVTAI PJE TOV QAIVOTUTTO TNG
aoBéveiag  ptTopei  va  BonBAcouv OtV AvaTITUgn  TTPOANTITIKWY KAl

BEPATTEUTIKWY OTPATNYIKWV.
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Aedopévou OTI Ta ETTIVEVETIKG onudadia gival duvnTIKA QVTIOTPETTTA, MIX
BabuTtepn Katavonon TwV PINXAVIOUWY TTOU EPTTAEKOVTAI O€ JAKPOTTPOBECTUES
EMOPACEIS TWV OUOHUEVWV EUTTEIPILUV KATA TNV TTPWIKN (wr), TBavoTata 8a
0dnNyNoe€l OTNV AVATITUEN VEWV ATTOTEAECUATIKWY BEPATTEUTIKWY ETTIAOYWV TTOU
OTOXEUOUV OTNV QTTOMAKPUVON TWV OKATAAANAWY ETTIVEVETIKWV onUdaTwy. Ol
TPEXOUOEG ETTIVEVETIKEG QAPUAKOAOYIKEG BepaTTeieg TTAPEXOUV KAIVIKA OPEAN
Méow TNG avaoToAng Twv DNA peBulotpavopepacwyv (DNMT) i twv
deakeTUAaOWYV TwV IoTovwy, (HDACS) KaBwg Kal TOu avOTITUCOONEVOU
mediou Twv BepatreuTikwv Péowv RNAI. ‘Exouv oxedlooTei Kal avatrTuxBei
@APHOKA TTOU TTAPAYOUV AEITOUPYIKA QTTOTEAEOPATA, OTTWG N OKETUAIWON
I0TOVNG Kal N uttopeBUAiwon Tou DNA TToU pTTOpEi va XpnolpoTroinBei yia Tnv
QTTOKATACTACN TOU QUOIOAOYIKOU ETTITTEOOU PETAYPAPNS TwV Yovidiwv. AAAOI
UTTOOXOMEVOI TTapAyovTeG TTEPIAAPBAvouV  Pn-KwdikotroiNTIKE RNAs OTTwg
MiRNAS, 1Tou eTTiong eival yvwoTd OTI €ival onPAVTIKOI TPOTTOTTOINTEG TOU
ETIYoOVIOIWUATOG. apdTI TTPOKUTITOUV OPICUEVEG AVNOUXIEG €TTEION AUTOI Ol
UTTOWNR IOl PAPPOKEUTIKOI TTapdyovTeg Oev gival €1I0IKOI Kal, WG €K ToUTOU,
MTTOPOUV va 0dnyrnoouv o€ €mMIONPIOAOYIKN) aTToppUBuIon PEYAANG KAiNaKag,
UTTdpxel eATTida 0TI oTo PEANAOV Ba avamrTuxBouv OTTOTEAECUATIKOTEPES

Bepartreieg TTOU Ba OTOXEUOUV HOVO OUYKEKPIPEVA ETTIVEVETIKA OTOIXEI.

O1 HEANOVTIKEG UEAETEG €TIONMIOAOYIOG £XOUV HIO JOVADIKN EUKAIpia Vo
EKTIMNOEI €AV 01 ETITTTWOEIG TWV TTEPIBAANOVTIKWYV EKBECEWV OTO ETTIVOVIDIWMPA
MeTpiGlovTal atrd BeTIKEG aAAayEG oTov TPOTTO (WG 1 €mdEIVWVOVTal aTTd TV
aAANAeTTiOpaon pe AANOUG TTapAyovTeG KIVOUVOU. H PEAAOVTIKA ETTIVEVETIKA
épeuva PTTOPEl va TTapdoxel TTANPOQOPIES yIa TNV AVATITUEN TTPOANTITIKWV
OTPATNYIKWY, CUPTTEPIAANBavoUEVNG TNG UEIWONG TNG €KBEONG, KABWG Kal yia

QAPMAKOAOYIKEG, BIAITNTIKES I SIATPOYIKES TTAPEUPATEIC.

Mia akOua onUAVTIKN 1I810TNTA TWV ETTIYEVETIKWY UTTOYPAQWY gival OTl,
eTTEId UTTOPOUV va d1adoBouv YEow TNG KUTTAPIKNG dIaipeang akOun Kal o€
KUTTapa e uwnAd KUKAO €pyaciwy, JTTOPOUV va TTAPAUEIVOUV aKOPN Kal JETA
TNV agaipeon TG €kBeong. ETTAEov, OTTWG CUPTTEPAIVETAI ATTO TNV TTAapouca
€peEuva, TO €TTIYOVIOIWMPA EVOG ATOUOU WTTOPEI ETTIONG VA QVTIKATOTITPICEI TNV
EUTTEIPIO  TTPOYEVVNTIKAG €KOEORG Tou oTO TEPIBAAAOV. ETmopévwg, n

ETTIYEVETIKA KATATOMN TWV OTOUWYV TTOU eKTIBETAI O€ TTEPIBAANOVTIKOUG PUTTOUG
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MTTOPEI va TTapéxel BoaiodbnTApeg f HOPIOKA apxeia Twv TTapeABoOUCWVY I
OKOUN KAl TTPOYEVVNTIKWY  TTEPIBOAAOVTIKWY ekBéoewv. Me Tn  XpAon
ETTIVEVETIKWY QVAAUCEWV, N EKTIUNON TNG €KBEONG UTTOPEI va TTPAYUATOTTOINOEI
o KAIVIKEG  €peuveg  Kal  o0e  TIPOANTITIKG  TTePIBAAAovTa  OTTOU
emavaAaupBavopeveg oUAOYEG dedopévwy  €KBeoNG evOéXeTal va  gival
QVEQIKTEG 1 €CAIPETIKA datTavnpPEG. ATTaITOUVTAl TTEPAITEPW EPEUVES YIA VO
dlammoTWOEl N TOXUTNTO TWV aANaywv TTou TTpoKaAouvTtal atmmd  Toug
TTEPIBAANOVTIKOUG pUTTOUG KABWG KAl TO €AV auTéG OUOCOWPEEUOVTAl WG
atmrdvrnon oe emavaAauBavouevn f ouvexn €kBeon Kkal yia méoco didoTnua

TTOPAPEVOUV PETA TNV aQaipeon TNG EKBEONC.

MpdoaTteg £peuveg TTPOTEIVOUV TNV UTTAPEN ETTIVEVETIKWY TTAPABUpwY
evaioBnoiag o€ TTEPIBAANOVTIKEG TTPOOROAEG KATA TNV AVATITUEN OTTEPUATOG.
O1 petapoAég otn peBuAiwon Tou DNA, oTnv TPOTTOTTOINCN TNG I0TOVNG KAl OTA
pN kKwdikotroioiya RNAs gival Biwoiyol gnxavioTIKoi UTTOWR@Io! yIa HIQ Un
YEVETIKI META@OPA TTATPIKAG TTEPIBAANOVTIKAG TTAnpo@opiag, atd Tnv
wpigavon Twv YEVVNTIKWY KUTTApwv oT0 (uywTd. Eivar dUokoAo va
dle¢ayxBouv avlpwTTIvVEG ETTIONMIOAOYIKEG WEANETEG TTOU KOAUTITOUV OUO R
TTEPIOOOTEPEG YEVEEG KAl AiyeG pOVO €dwoav OTOIKEIA yIa TNV KANPOVOUIA
ETTIVEVETIKWY  TTANPOQPOPIWYV HEOW TNG OPOEVIKAG YEVETIKAG odou. H
EVOWMNATWON TWV TTATPIKWYV TTAPAYOVTWY O& JEANOVTIKEG £pEUVES Ba BEATIWOEI
TEAIKA TNV KATAVONON TNG ETTIVEVETIKNAG TTAACTIKOTATAG KAl TWV ETMIOPATEWV

TTOU OXETICOVTAI PE TNV UYEIQ OTO PMEAAOV.

Ta 1epIcooTEPA OEDOUEVA OXETIKA ME TOV AVATTTULIAKO ETTIVEVETIKO
TTPOYPAUMATIONS Bia@épwy TTaBoAoyiwv £xouv An@Bei atrd {wikA povTéda. Ta
avBpwWTTIVa €upruaTa TTOU ETTIRERAIOVOUV TN ONUACIa TwV ETTIYEVETIKWV
MNXOVIOPWY O€ aUuTA Ta OTTOTEAEOUATA TTPOYPAPUATIOMOU £EakoAouBouv va
givalr oxeTik& Treplopiopéva AOyw TTEPIOPIOPEVNG TTPOORAONG OE OXETIKA
BioAoyIKa UAIKA, aAAd deixvouv TTpo@avwg OTI TTAPOUOIOI UNXAVIOUOI UTTOPET
etriong va Aeiroupyouv aTtov avBpwTtro. Mia onuavTik JeEAAOVTIKA TTPOKANCON
OTOV TOMEQ TNG ETTIVEVETIKAG Ba egival va Treplypdyel WS 1o TTEPIBAANOV
eTnpeddel Kal Toug dUOo yvwoToUG TUTTOUG ETTIVEVETIKAG aAAQYNG Kal va PABEI
€av n aAAnAemTidpacn peTagU TOUG PTTOPEI va KABOPIoEl TOUG UYIEIC Kal TOUG

QAIVOTUTTOUG TNG VOOOU KaTa TN didpkela TnNG CwnG.
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