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EuxapioTieg

To KOUPGTI autd TNG OIOKKTOPIKAC OIXTPIBAG GmOTEAET HiG EUKQIPIO VIO VO
EUXOPIOTAOW H6AoUC ekeivoug TTou Pe BoAdnaayv oTnv oAoKAAPWON TNG €10IKOTEPX, GAAG
KO YEVIKOTEPOL GTNV ETIGTNUOVIKA KOI ETOYYEAUGTIKA HOU TTOPEIR EWG TWP.

Euxapliot® moAl Tov Mwpyo AeAnumaAtaddakn, Aleubuvth Tng XeipoupyikAg KAIVIKAG
ToU NoooKopeiou ZnTeixkg 0 omoiog UTTAPEE 0 TPWTOG POoU OGOKAAOG GTN XEIPOUPYIKA.
H Be®pnon Tou yio TNV I1GTPIKA Kol TN {wh omoTehel yia péva éva mpdTUTO TIOU
0UOKOAX PTTOPET K&TTOI0OC V& JIUNOET.

Euxaplot® moAD TO 2TOdpo ZnQakn, emueAnT TN MaieuTikAG MUuvaiKoAoyIKAG
KAIVIKAG Tou MATNH. ‘HTav OAa quT& Ta XPOVIa OITTAG HOU EMIOTNUOVIK& OXAA& K&l ooV
KAIVIKOC OGOKOAOG, TTAVTX OKOUPOOTOG OPGUATIOTAC Kol TOAUTIMOG oUupoulrog. H
O1TPIBA auTh O0e O €ixe oAoKANPWOET Xwpig TNV oucIaoTIKA OTAPIEN Kol KkBodAyNnon
TOU.

Euxaplot®w moA0 Tov AmdéoTtoro ZopaBivo, BloAdyo, mou BoAdnoe ouscIxOTIK& OTO
MEIPAUATIKO YEPOC TNG OIKTPIBAG, KKI TTOU €IXE TNV OGVTOXA, TNV IKAVOTNTX K&l TNV
eumeipia va Eemepdoel MOAG eumodIe TTOU TPOEKUTITAV OTNV TTOPEIX K&l va Oivel
Gueoeg Aloelg.

Euxapiot® moOAD Tn Xo@iat AmooToAidou, PioAdyo, mou PoRbnoe oTo TeAIkO
MEIPAUATIKO PEPOC TNG MEAETNG, KAOWC Kol OAo TO mpoowmkd Tou EpyooTnpiou
lohoyiag Tou MavemoTtnuiou KpATNG Ko Tou EpyaoTtnpiou EmiyeveTikAg Tou UCL Tou
Aovdivou.

Euxapriot® moAl Tov KaONnynTA AnuATpIo ZmavTido, o omoiog ATV dIMAX UoU og OAN
ouUTA TNV Tpoon&OeIx, e KaBodnyoloe EMOTNUOVIKE KO e EVOKPPUVE VO CUVEXIOW.

Euxapiot® Toug cuvemBAEmovTeg KaOnynTég Euyévio KouuavTakn kKol EppovouiA
KavaBéakn yia Tnv umooTApIEN 6ANG GUTAG TNG TTPOOTIGOEING.

Euxapiot® moAl Toug ouvodoImdpoug You aTnV €10IKOTNTK Kol ayarmnuévouc ¢iloug,
MavwAn AuyouaoTivékn, Niknta Mavta, FNwpyo MNéToa kau AnunTpon KoutTpouAGkn.

Euxapiot® moAl Tn Moapioa MoatpivéAn yio To Xapoyeho Kal Tnv alolodo&ia Tng, mou
QPOVTILEl VIO TO KOAWG EXEIV TNC WUXAC Mou amd TOTE MOU PITOP® V& BuPnO®, Kol TIg
Moapio Xat{niwavvou Kol Péva KwoTta ou ¢povTI{aV YIX TO KGAWG EXEIV TWV TIKIDIWV
MoUu OA0 auTO TO SIGOTNUO KO EATTI{W VIO TTOAD GKOMKL.

OAn auTA N mpoom&OeI AUTWV TWV XPOVWY dev Ba €ixe vOnua ov 0ev €ixa vo TN
MOIPOOT®W PE KATTOIOV ONUAVTIKO YIo Héva, To alluyo pou Mavvn Xatlniwavvou. EOG
Kol O&KO XPOvVIa TPOXWPKUE WTPOOTEK ME KolvoUg oTOXOUG, OTNEI(OVTAG KOl

TOPOKIVOVTAG 0 EvVag ToV &AAO.
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NMEPIAHWH

EIXArQrH

H evdouATtpia ummoAeimopevn avanTugn (EYA) (intrauterine growth restriction IUGR)
TTEPIYPAPEl PIt KATXOTOON KOTG TNV omoix To EUPBPUO Oev PTOPET VO avamTUXOEi
000 ToU uttayopelel N YEVETIKA Tou PodIGOeon. Ta veoyva mou yevvioOvTal e EYA
eival IKpOTEPX yiok TN dedopévn NAIKIG KONong (MIkp& yia TNV nAIKix kOnong, small
for gestational age SGA), kai T0 B&pog Toug eivai K&Tw amd Tnv 100 A 51 [ 3n
EKQTOOTIONON BEoN yIok TNV NAIKIX KUNong, olupwva pe dIpopeTIKoUC opIouoUG.
Eivan moAD onuavTikd va eipaoTe og BEON va dIYVWOOUME T VEOYVG TIOU €IV
MIKP& Yo TNV NAIKIG KONoNg emeidn €ixav UmmoAEImouevn avamTuén KoT& Tn dIGPKEI
NG eVOOUNTPIRG {WAC TOUG, 0E OXEON PE CUTG TTOU EIVAI «TIPOYPOUUATIOMEVOD VI VO
yevvnOolv pikp&. Tow veoyva TN MPMOTNG KXTNYOPING, ENPavilouv BpaxurnpdBbeoueg
KO MOKPOTIPOOEOUES EMTTWOEIC OTNV AVATTUEN KOI UYEIX TOUG VIKTI OUCIXOTIKG
K&ToI0C BAATITIKOG TXPAYOVTOG EMEDPOOE OTNV OPOAA ald&non Toug KOT& Tn
OIGPKEIX TNG €UPBPUIKAC (WAG TOUG PE GMOTEAEOUX V& PNV avamTuxbolv 600 B
ummopoloav Pe B&on Tn YEVETIKA Toug TTpodi&Oeon.

O1  ouTiIoAOyIKOI  TIXPGYOVTEG TIOU EXOUV  OUCXETIOTEI HE TNV
naBopuaioloyiae TNG EYA €xouv MapadoCIaK& XWPIOTEI 0 3 KOTNYOPIES: UNTPIKOI,
EUBPUIKOT KO UNTPOTIAGKOUVTIGKOI TTOPGYOVTEG. H TTAGKOUVTIGKA GVETTPKEIX OUWG
a@op& TNV mAslowneio Twv mepImTwoewv EYA. H ouvexitopevn €peuva yiax Tnv
avelpeon TwV TMOOYEVETIKWV PNXXVIOUWV TNG EYA &xel ouoxeTioel OIPOPETIKK
YEVETIK& OiTIO PE TNV EUPGVION TNG TTOoAOYIKAG GUTAG ovTOTNTAC. MapOAax auTk
0ev £xel Bpebel KATIOI0C TTXPARYOVTHC O OTTOIOC UTTOPET V& TTIPORBAEWE! TNV gUPAvVIoN

EYA amd 1o opxik& oT&dix TG kUnong, N va pmopel va €€nynoel Tnv
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naBoguaolohoyia TNG vooou. O1 Epeuveg oe HOPIGKO emimedo Ba pmopoloav Vo
BonBAoouv oTn dIAEUKAvVON TwV JIEPYACIWV TTOU apopolv Tnv EYA, n omoia gival
EekGOapo TMAEOV OTI dev OmOTEAEl ik PEPOVWUEVN VOO0, GAAG Eva CUPTITWUO
TTOAM®V JIGPOPETIKMV EMTAOKOV TNC KINoNG.

Toe yovidie amoTUmwong omoTeAoUV Pk KAXTNYOPIx YOVIOIwV TTOU OXETI(OVTA
hE TNV aUEnon Kol Tn AeIToupyic TOUu TMAGKOUVTQX, KOXI KOT& OUVEMEI armoTeAolv
1I00VIKOUC utrown@iouc Ik TN MEAETN YEVETIKWV WNXKVIOPWV TIOU OXETICOVTQI HE
OIGTOPOXEG OTNV TIAGKOUVTIOKA AEITOUPYIG TTIOU OUVETTAYOVTOI KOOUOTEPNON TNG
avanTuéng Tou euBplou. H amoTlinwon amoTeAEl EVOl HOPIGKO PNXOVIOUO KOT& ToV
omoio pOvo TO &va aAAnAOpopPo amd Eva (elyoc YovIOiwV EKPPALETOI, KOl
eEQPTATAI GO TNV TIPOEAEUGN TOU XPWHUOOWUATOC TOU (UNTPIKA A TTATPIKA) TO KATK
nmoéoo Oa ekppaoTel N Oxi. AUTA n eAeyxOuevn EkPpaon, pPubuileTon omd
EMYEVETIKOUC pnxaviopolc onwe n pebuliwon Tou DNA. H peBuAiwon TN KUTOGIVNG
UTTAOK&PEI TOV UNXAVIOUO PETAYPOPAG €VOQ Yovidiou. H pebBuliwon oToug eKKIVNTES
TWV YOVIOIWV EXEI OOV XITOTEAECUC TNV UN GVOYVDPION TOUC GO TOUG TTXPAXYOVTEG
ueTaypaPng Ko TNV RNA moAupepaon, apol ol ueBuNwWUEVES KUTOOIVES TTPOTIMOUY
VO OUVOEOVTOI ME Pia TIPWTEIVN N OToix OVOUGI{ETAI WEOUA- KUTOOIVN OUVOETIKNA
mpwteivn A MeCP. OTtav n mepioxn &€vOg EKKIVNTA GvayvwpIoTEl omd &vav
TXPRYOVTX HETAYPAPAC WG MEOUNWUEVN, TOTE N HETAYPOPA B0 XVAOTHAEI.

MoANG yovidlx amoTOnMwong eKPP&IoOVTal 0€ ONUAVTIKO PBabud oTov
TAGKOUVTO KO eTNEEGIOUV TN ASITOUPYIG KOl TN MOPQPOAOYIK Tou. Ta TMOTPIKAG
mpoéAeuong ekPppaldueva yovidix euvoolv Tnv ovamTuén Tou euPBplou, eve
oVTIOETO T PNTPIKAC TPOEAEUONG EKPPOIOUEVH  YOVIOIX  «PPEVEPOUV» TNV
QVEEEAEYKTN TIXPOXA CUOTOTIKMV TIPOG TO EUBPUO PE OTOXO TNV €E0IKOVOUNGN TTOPWV

TPOG OPENOG TNG UNTEPOG KOI TWV ETTOPEVWV KUNOEWV.
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Ta yovidix IGF2 ko H19 amoTteholv d00 yovidiax amoTinmwong Tmou
MOIPGIOVTOI KOIVOUG HETOYPOPIKOUC WNXOVIOUOUG OAG peE avTiBETO TPOTIO Kl
nmai{ouv onUAvTIKO POAO oTnv avanTuén Tou euPplou. To yovidio IGF2 ekppaleTa
o116 TO MATPIKO GAANAOUOPPO KOl EUVOET TNV vATTUEN TOU eUPPUOU eV TO UNTPIKO
OANAOUOPPO dev PETAYPAPETAI. AVTIOETX TO UNTPIKO GKAANAOUOP(PO TOU YyoVvIdiou
H19 eivan eKEIVO TOU EKPPAIETAI KXl OV KOl OV KWOIKOTIOIET WI TPWTEIVN,
BewpeiTal TWE xel 1010TNTEG TTOU KATOOTEANOUV TNV avANITUEN. EpeuvnTIKEG YEAETEC
EXOUV KOTOOEIEEI OUYKEKPIPEVEG TTEPIOXES TWV OUO YoVIdIWwV TTOU €XOUV OIGPOPETIKO
TTPOPIA HEOUNIWONG 0 K&OE GMNAOUOPPO PE KTTOTEAECUX VO EAEYXOUV TNV EKPPOON
TouG. [0 OUYKEKPIUEVR, WMia TIEPIOXA ME OIPOPETIKO TPOPIA  YeBUANiwoNG
(Differentially Methylated Region DMR) nou edp&leTal pyeTa&l Twv 000 yovidiwv,
eival umeBuvn yix Tnv avTiBeTn amotinwon Twv 0o yovidiwv. Av n TEPIOXA GUTA
eival urmmoueBUAIWPEVN, TOTE emTPEMETHN N olvdeon TNG pe Tov mapayovia CTC
Factor (CTCF) o omoiog eummodilel Tnv 0p&on OleyepT®V O0TOUG EKKIVNTEG Tou IGF2 ue
omOTEAEOU TO IGF2 Vo un HETAYPAPETAI KOI VO JETOYPAPETAI TO H19. AvTiBETO v
N OUYKEKPINEVN TIEPIOXA €ival ueBuAiwpévn n mpdodeon Tou napdyovrta CTCF dev
EMTPEMETAI PE ATOTEAEOUX 01 DieyEpTEC Vo €mMOPOUV 0TOUG EKKIVNTEG Tou IGF2 Ko
vao peTaypapetal 1o IGF2 Ko v pnv ekppaletan 1o H19. Xuvenwg umd
(PUOIONOYIKEG OUVOAKES TO UNTPIKO OXAANAOUOPPO €ival uTTopeBUAIWPEVO Kol To IGF2
0EV UETOYPAPETOI 0 aUTO evw peTaypapeTal To H19. To avTiBeTo 10X0€I YIK TO
TTATPIKO XAANAOUOPPO.

AIGTOXPAXES OTNV EKPPOON TWV OUYKEKPIUMEVWV YOVIOIWV EXOUV CUOXETIOTET UE
o0VOPOUG DIKTPOXWV TNG GVATITUENG TIPIV KOI PETG TN yévvnon oA& umGpxouv
eAGXI0TO OEDOPEVA TTOU Vo apopolv To pOAo Toug oTnv EYA. O1 diaTapaxEg oTov
euxiodbnTo emiyeveTikd EAeyxo TNG AeiTroupyicg Twv yovidiwv amoTinwong, 0o
WTTOPOUOE VO XTTOTEAEDEI EVOV ONUOGVTIKO OUVOETIKO KPIKO METKED TTEPIBXANOVTIKWV
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TOPAYOVTWY KOl €UPPUIKAC avaTITUENG. XTnNV ToPoUox  EPEUVNTIKA  MEAETN
OlepeuvnNBnke o poAog Twv yovidiwv amotinwong IGF2 ko H19 otnv maboyéveon
™g EYA. Mo ouykekpiyéva n umdbeon n omoix €AEyxOnke eival KaT& mMOCO TG
OUYKEKPIPEVOL Yyovidlx Tow omoiak €xouv BepeAiwdn poAo oTnv TP@IUN €UBPUIKA
OVATITUEN, EUPAVI(OUV OVOPOAN EKPPAON 0 TAXKOUVTIGKOUG 10TOUC KUNOEWV UE
EYA oe olykpion pe TNV EKPPaon o TAGKOUVTEG amd (PUGCIONOYIKEG KUAOEIG.
AIEPEUVAOOUE TAUTOXPOVOK OV  TIPOATNPEOUVTOI  OIGTOPOXEC OTOV  PNXKVIOUO
amoTUTIWOoNG TTOU PTTIOPET VO OUCXETIOTOUV PE VWUGAN EKPPOON. TEAOG HEAETAOOUE
TO EMYEVETIKO TMPOPIA GUTWV TWV YOVIOIWV 0TOUG idIOUG I0TOUG KO TTIO GUYKEKPIPEVK
OUYKPIVOPE TOw €MTEON UEOUNIWONG OUYKEKPIMEVWYV TIEPIOXWV TWV YOVIOIWV TTOU
amoTeAodv PUBUIOTIKESG TIEPIOXEG TNG amoTUNWwoNG, oTIG OUo umd peAéTn ouddeg. H
Baolkh umdBeon mou TpoomaBAoapE Vo emaAnBelooupe, €ival KOT& TIO0O
OIOTOPOXEC OTO PNXOVIONO HPEBUAIWONG MTOPET Vo €XOUV &ueon E€mdOpaon OTO
hovTého amoTinwong Twv IGF2/H19 Kol KaT& OUVETEIX OTNV EKPPOON TOUG, KO
KOT& TO00 ouUTA N oAUcIOWTA popiakA BAGBN, €pOOOV UTGPEXEl, UTTOPEl VO

enMnpedoel TNV OUGAN av&mTUEN TOU euPBpUou.

MEGOAOAOTIA

2UuMoyn YAikoU

JUMEXONKov ouvoAik& 30 10Toi TTOU amoTeAOUoOQV TTPOIOVT GTMOBOAAC TIPWTOU
TPIMAVOU Kol 31 Tepdxio TAGKOUVTIGKOU 10ToU o KUARoelg ue EYA ko 17 Tepdxio
TTAGKOUVTIOKOI 10TO0 O TEAEIOUNVES KUAOEIC PE OPOAN EKBaon mou armoTeAoloav
TNV ou&da eAEyxou. H O1&yvwon NG evOOUNTPIRG UTIOAEITOUEVNG OvATITUENG €iXe

yivel pe dIDOXIKEQ UTTEPNXOYPOPIKES EKTIUAOEIG KOTK TN dIGpKeIx TNG KONong. To
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TTEIPAUATIKO PMEPOG TIPAYUKTOTTOINONKE OTO OEYMATO TTAXKOUVTIGKOU 10TOU ot TIQ

000 ou&deC KUNCEWV.

MeIpaUATIKO UEPOC

MpayuoatomoinOnke ekxOAMion DNA omd Toug TAGKOUVTIGKOUG 10ToUC ME TO
TTPWTOKOMO PaIvOANG/XAwpopopuiou, Kol ekxUAIon RNA pe 1O MPWTOKOMO TOu
Trizol. H moodtnTae Tou RNA umoAoyioTnke pe QwTopéTpnon. H dixdikaoioe TNg
QVTIOTPOPNG  METOYPOPNAG TPAYUXTOTOINONKE HE TOo KIT Tng Promega. Oi
avTIop&oelg Tne real-time PCR npayuaromoin®nkav pe 1o odotnuoa Mx3000P real-
time PCR system. H ékppaon Tou douikoU yovidiou Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) xpnoIihomoIRBnKe yix TNV OPOAOTIOINGN TWV EMTEIWY
EKppaong Twv IGF2 kou H19. Xpnoiyomointnkav, Tpick €T primers yix To IGF2 Kal
Evol 0€T primers yio To H19. EA&yxOnkav TpeIg MOAUPOPPIoUOT VIa TO IGF2 Kol Evag
yix To H19. Tac mpoiovta TNe PCR eA&yxOnkawv pe nAekTpopdpnon o T(eh ayaxpdlng
3%. H e€€Ttaan 000 MOAUPOPPIOU®Y EYIVE JETE atd TEWN UE TIEPIOPIOTIKG EVIUMG.

H av&Aluon Tng pebuliwong €yive pe Tn pEBodo Methylight perd amod
uetatporl Tou DNA pe 6&vo Beiwdeg vaTplo. To TMOOOOTO TWV TANPWCS
MEBUAIWUEVWY POPIWV O PGk CUYKEKPIMEVN TTEPIOXA TOU YOVIOiou UrmoAoyioTnke PeTG
anmd  Olxipeon Tou AOyou TONIAIO:COL2A1 evog Ociyuotog HeE TO  AOyo
FONIAIO:COL2A1 Tou DNA Sssl-ene€epyaOuéVWY  ASUKOV  XIJOOPAIPIWY KOl
moAamAaoioopévo emi 100. H ouvroueuon PMR (Percentage of Methylated

Reference) umodnAwvel TNV mapoamdvw PETPNON.
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ANOTEAEZMATA

To B&poc yévvnong ATavV PIKPOTEPO amd TNV BN ekaTooTIoNa BEoN VI OAeC TICQ
kunoelg pe EYA kau peta&l Tng 10NnS kot 90NS yi TNC KUNOEIG TNG OUGONG EAEYXOU.
AekaTéooepa IUGR deiyuata ko 8 control ATav eTepoluya yiax To H19. AekaéE)
mAakoUvteg omd Tnv opdda Twv IUGR ko 9  amd Tnv oud&da eAEyxou ATV
eTepoOluyol yiax Tov IGF2. AmO To GUVOAIKG 22 eTepdluya OeiyuoTa yio T0 H19,
anwAeia TnG amotinwong (Loss Of Imprinting, LOI) diamoTtwOnke oe 5 deiypora, 4
ommd Tow omoic ATV PUOIOAOYIKG Kol Eva TTkOOAOYIKO. ATTO Toi OUVOAIKG 25 eTepbluya
OelypaTa yix Tov IGF2, d1amoT®OnKe anm®AgIo TNG amoTimwong o 9 dElYUATR, OAX
TPOoEPXOUEVA oTTd TNV OP&da pe Tnv EYA.

Ta emimeda MAGKOUVTIOGKAG EKPPAONG ATOV EAXTTWHUEVG OTNV OUGOX TWV
IUGR (P=0.01) yix Tov IGF2 ko auénuéva yioe To H19 (P=0.04). H oTaTioTikA
av&Ahuon Oev £0el€e OUOXETION TNG &kPppaong Twv 000 yovidiwv peE  GANES
MTOPXPETPOUG OMTWG EUPPUIKA OVATITUEN, XOPOAKTNPIOTIK& TNG MNTEPGCS, BapUdTnTo
TNC umoAEIMopeVNG av&nTuéne A NAIKia Kinong. H Ekppaon Kol Twv U0 yovidiwy
0ev DIEPEPE ONUAVTIKE PETOED TWV MAXKOUVTIOK®V IGTWV TTOU EIXAV PUCIOAOYIKA KX
OVOPOAN armoTUTIwon.

MeAeTABNKaV 3 TIEPIOXEG TOU UTIO  KAVOVIKEC OUVOAKES euPavilouv
OIPOPETIKO BaOUO pebBuAiwong PETOED pNTPIKOU Kol TIOTPIKOU XPWHUOOWUKTOG
(DMR). H piac DMR mou peAeTABNKe ATOV OTOUC €KKIVNTEG TOU yovidiou IGF2 oTa
e€ovia 2/3, n &AMN repioxn apopoloe Tnv DMR Tou ekkivnT Tou H19 Kol TEAOG TNV
mepIoxn Tou eAéyxel Tnv amoTinwon kKol Twv d0o yovidiwv (Imprinting Control
Region ICR) n omoia BpiokeTal YeTaED Twv U0 yovidiwy, TIPIV GO TOUG EKKIVNTEG
Tou H19. O1 mhakoOvTeg pe EYA eixav pikpodTepn péon TiuA PMR oTOUG €KKIVNTEQ
ToU IGF2 og oxéon pe TNV ouGda eAEyxou (23.3% kail 29.6% avtioToixa P=0,05). Ol
TIMEC TNC MEOUAIwONG dev BIEPEPAV PETAED TwWV OEIYUGTWY TTOU EIXOV XMWAEIX TNG
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amotinwong (LOI) ko oe 6oa gixav @ualohoyikn amotinwon (MOI). EmmA&ov, ol
TXkOOAOYIKOT TTAXKOUVTEC €IXaV XGUNAOTEPO EMTIEON PMEOUAIWONG OTOUC EKKIVNTEG
ToU H19 og oxéon pe TNV ou&da eAéyxou (22.3% Kol 32.4% avtioToixax P=0.02).
MNaxpoAa auTh Oev UTAPEE OUOXETION TNG MEBUAIWONG KOl TWV JIXTOPOAXWV TNC
amoTdnwong. Aev dIXMOTOONKE OUOXETION WETAED Twv emMMEdWV PEBUNIWONG Kol
Twv emmédwv MRNA Twv avTioToIXwv Yovidiwv Kol Oick TIG 000 TEPIOXEG TTOU
MEAETAONKOV.

T MOCOOT& PeBUNIWONG OTNV TIEPIOXA TTOU €AEYXEl TNV AMOTUTIWON K&I TWV
00o yovidiwv (ICR) ATav mopduolx Kol OTIC duo op&deg Oelyu&Twv ToU
MEAETAONKOV. AV Ko Ol TTAGKOUVTEC TTOU €IXOV GTWAEIX TNC GmoTUMWwoNg VI Tov
IGF2, eppavilav upnAdTEPO TOOOOTA PEBUAIWONG o€ axEan pe 60a diaTnpoUoav Tn

hMEBUAIWON, N dIKPOPG XUTA OEV ATV ONUOVTIKA.

ZYMNEPAXZMATA

Ao Tnv mMxPoUoa YEAETN TIPOKUTTOUV CUUTIEPGOUGTO OAAG OXVOKUTITOUV KO
KGOl epwTAMOTA. H peiwuévn kppaon Tou IGF2 amoTteAel Eva e0pnpoe TO OTT0I0
Exel avapepOel Kol TXNIOTEPO 0E KUAOEIQ YE EVOOUATPIC UTTOAEITTOMEVN OVATITUEN.
‘Exel Bpebei mwe N YEIWPEVN EKPPAON TOU OUYKEKPIUEVOU YOVIOIOU EXEI OUCXETIOTEN
ME MEIWMPEVN IKavOTNT dIGXUONG BPEMTIKWY OUCIMV OO Tov MAGKOUVTX TIPOG TO
€uBpuo. H peiwpévn Ekppaan Tou IGF2 ou BPAKGUE OTNV MTXPOUCK UEAETN, UTTOPET
VO OUVOEETOI PE TOV AITIONOYIKO unxaviopo TG EYA A va amoTeAel amoTEAECUG TNG
TTAGKOUVTIGKAG duoAeIToupyicg. Ooov apopd Tn augnuévn Ekppaon Tou H19 otoug
mAakoUvTeG KURoewv Pe EYA, amoTelel Eva kauvoUplo elpnua, mou Opweg €xel AON
OUOXETIOTET Ye KaxBuoTEPNUEVN AVATITUEN UETA TOV TOKETO OE TIEIPOUOTIKG HMOVTEAX

UE TTOVTIKIOK.
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H diatapaxn TNG omoTinmwong mou €ixe wg moTEAeoua TNV OIGANAIKA
EKPpaon Tou IGF2 mapaTnpABnKe QMOKAEIOTIK&G o€ TIxBoAOyIKOUG MAaKkoUvTeG. H
QVWHOANIG oUTA EXEl avapepBel Kal o GANeC TIXOOAOYIKEQ KOTOOTGROEIC TIOU
apopolV ToV MAGKOUVTX OTIWS N MUAN KONON Kol N TPOEKAGUWic. Aev utthp&e OuwWCe
N GVOPEVOPEVN QUENUEVN EKPPOoN TOU IGF2 oTal OEIYUOTX TTOU EIXOV XTTMAEIC TNG
anmoTimnwong.

H av&Auon Tou mooooTol TNG MEBUAIWONG OTNV TIEPIOXA TWV EKKIVNTWV TOU
IGF2 €d¢ei&e peiwpévo mooooTd pebuNiwong oToug MAakoUvTeg ue EYA oe oxéon pe
auTolg TNG oGO eAEyxou. H urmoueOUNiwon oTn OUYKEKPIPEVN TTEPIOXA UTTOPET VKX
OUOXETIOTEl PE TNV OMOAEIG TNG omOTUMWONG TWV TTAOOAOYIKWV OEIYUATWY, OV
umopel OUwG va e€€nynoel TN PEIWPEVN EKPPaan Tou IGF2 otnv idic ou&da.
EmmnpooBbeTa, Oev BpEOnNKE va UTIGPEXEI GUOXETION TNG umopeBUAiwoNg MWE TNV
OIGTOPOXA TNG AmOTUTIWONC OTx dEypaTa ue EYA.

XopnAoTeEpa emimeda PeOUANWONG JIGTMIOTWONKAV K&I OTNV TEPIOXN TWV
EKKIVNTWV TOou H19 otnv opdda Twv TaOOAOYIKOV TAGKOUOVTWV. AV Kol TO
OUYKEKPIPEVO yeyovog Ba pmopoloe vor e€nynoel TNV augnuévn Ekppaan Tou H19,
evroUTolg 0 Bpédnke cuoxETion pueTa&l emmédwv Tou MRNA kKol Twv PMR.

TéENog, €va TOAD ONPOVTIKO KOUMGTI TNG MEAETNG ATV N ov&Auon Tng
MEBUANwONG TNG TEPIOXAG TTOU eAEyxel TNV amoTUnmwon Tou IGF2 Kau Tou H19. Ta
TBOAOYIKG JEIYUOTO TTAGKOUVTWY EIXQV PIKPOTEPO TTOCOOTG PeBUAiwONG o€ oxéan
ME TX PUOIOAOYIKG, OXANG O€ N OTOTIOTIKG onuavTIkO Babud. O1 yeTphoeig Twv PMR
Oev oxertilovtav pe 1o eminmeda MRNA kavevog omd To 000 yovidix Tou
pueAeTAONKav. Me okomd va OlepeuvAoouue KoT& TOOO0 n umopeBuAiwon oTnv
OUYKEKPIPEVN TIEPIOXN MTTOPEI V& OUCXETI(ETOI HE OIXTOPOXEG TNG amoTUmwong,
QVOAJOGUE T TTOOOOT& UEOBUAIWONG TWV JEIYUGTWY TTOU EUPAVIOOV XMTOAEIC TNG
amoTdnmwong mpokelyévou yix To IGF2 oe oxéon pe 60a €ixov (PUOIONOYIKA
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amotinwon. Av kal T OeiypaTa e LOI gixav upnAdTepa emimeda pebBuliwong oe
oxéon Mde 6oa dev eUPAVI{aV KATOIX OIXTOPOX, N OlxPop& auTh O0ev ATAV
ONUOVTIKA.

Eival yeyovOg mwg 01 UEXPI OAMEPO YVMOEIC POC 00OV apop& TOucg
uNxoviopodg mou puBuilouv TNV GmOTOTIWON, EIVOI GVETTKPEKEIG. T GTMOTEAEOUOTO
NG MEAETNC PG OEIXVOUV Hia TOAVA ouoXETIoN PETARED GvWUOANG NEBUAIwONG Tou
DNA Ko Twv dIGTapax®V TNV amoTUmwong o€ TAGKOUVTEC KUACEWV PE EVOOUNTPIC
umtoAeimopevn avanTuén. H petaypadn, N amoTdnwon Kol n JeBuliwon eival TPEIG
MOPIOKOI UNXOVIOUOI TTOU TIPOPOVMC OXETICOVTAI, A& MOXVOTATO UECOAXBOUV KOl
&Aeg diepyaoiee oe ouTA TNV aAucida paivouévwy. Epocov o1 EmMyeveTIKOI
MNXQVIOPOI TTOU €AEYXOUV TNV EKPPOON TWV YoVIOIwV amoTUTIwoNG OTOV MAGKOUVTX
0ev Eival TTIPOPAVEIG, EIVOI KVAYKAIEC TIEPIOOOTEPES MEAETES VI Vo diepeuvnBel o

poAOC Twv YyovIdiwv omoTUnmwong oTnV ToBOPUOIoAOYI TwV OIXTRPAXMV TNC

EUBPUIKAC AVATITUENG.
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AITAIKH NEPIAHWH

Introduction

Intrauterine Growth Restriction (IUGR) is a pathological reduction in an expected
pattern of fetal growth that leads to attenuation of fetal growth potential due to an
insult that has occurred in utero. The causes of IUGR are not well understood.
Several clinical and pathologic etiological classification systems have been
proposed. All of them highlight the 3 compartments of pregnancy, i.e. fetal,
maternal and placental. But none of these classification systems has led to the
elucidation of the basic mechanisms of SGA/IUGR. A variety of studies
demonstrated that IUGR is often attributed to a broad and vaguely-defined
condition called “placental insufficiency”.

No molecular diagnostic markers have been indentified to date, to detect
fetuses that are at increased risk of developing IUGR later in pregnancy. Imprinted
genes are recognized to be involved in regulating definite placental growth,
development and function and therefore considered suitable candidates for a role
in ITUGR. Genomic imprinting is the preferential silencing of one copy of an
autosomal gene while the other copy is expressed. This parent-of-origin-specific
expression is regulated by epigenetic modifications, such as DNA methylation. A
large proportion of imprinted genes is expressed in the placenta and affects the
growth, morphology and nutrient transfer capacity of the placental exchange
barrier. Imprinted genes that are paternally expressed (maternally imprinted)

promote growth of the fetus, whilst maternally expressed (paternally imprinted)
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genes act as growth suppressor to assure appropriate allocation of limited
maternal resources to each offspring.

IGF2 and H19, represent two oppositely expressed genes located adjacent
to each other at 11p15.5, that share the same transcription regulatory epigenetic
mechanisms and have an important role in feto-placental development. Research
on IGF2/H19 imprinting has revealed complicated regulatory mechanisms
including multiple enhancers, silencers, and boundary elements. Many studies
have implicated specific regions of differential DNA methylation as critical for
correct allelic expression of these imprinted genes. In most human tissues the
imprinting of IGF2/H19 depends upon a differentially methylated region DMR
which is located upstream of H19 promoters. This region functions as a
methylation-sensitive insulator that binds to a CCCTC factor (CTCF) on the
unmethylated maternal allele which prevents the interaction of IGF2 with
enhancers located downstream of H19, partitioning the two alleles into
transcriptionally ‘silent’” and ‘active’. Maternal IGF2 is silenced because CTCF
preferentially binds to the unmethylated maternal allele, while methylation on the
paternal allele prevents binding, thus allowing enhancers asses IGF2 promoter
and expression of the paternal IGF2. Two other differentially methylated regions
exist. H19 promoter and IGF2 DMR, are also located in this area and are
paternally methylated.

The implication of IGF2 and H19 with congenital growth syndromes
motivated us to examine the possible relation of IGF2/H19 expression, imprinting
and methylation patterns in placentas deriving from pregnancies complicated with
fetal growth restriction. Aberrant DNA methylation which can modify imprinted
genes expression may provide an attractive mechanism linking environmental
causes to placental insufficiency and subsequently development of fetal growth
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restriction. With the aim to clarify the role of the imprinted IGF2 and H19 in the
pathogenesis of IUGR, we sought to determine whether altered IGF2 or H19
expression might correlate with relaxed imprinting in IUGR placentas. We also
examined the epigenetic profiles of the IGF2/H19 domain in these tissues to
determine if deregulated methylation status correlated with IGF2/H19 expression
and potential imprinting deregulation. We postulated that altered epigenetic
mechanisms may affect IGF2/H19 imprinting and deregulate their expression

leading to IUGR.

Materials and Methods

Placentas were obtained after vaginal deliveries or caesarean sections from 31
women with singleton pregnancies that where complicated with IUGR and 17
normal pregnancies. Estimated Fetal Weight (EFW) was below the 5t percecentile
and all pregnancies also demonstrated sonographic features of IUGR. Control
placentas were obtained from pregnancies with appropriate-for-gestational-age
(AGA) term fetuses with, birth weight (BW)>10th percentile and no other
pregnancy complications.

Genomic DNA was extracted from IUGR and normal placentas using the
phenol/chloroform protocol, as previously described. Tissue specimens were
homogenized in TRIzol® reagent and total RNA was extracted. RNA concentration
was calculated with an UV spectrophotometer. Reverse transcription reactions for
the preparation were performed. The mRNA expression of IGF2 and H19 was
measured using a real-time RT-PCR assay with SYBR® Green |. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as an internal control to normalize
IGF2 and H19 mRNA expression levels. Three sets of primers for IGF2 and one set
for H19 were used.
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Genotypes of IUGR tissues for three potential IGF2 polymorphisms and two
potential H19 polymorphisms were determined by PCR of genomic DNA. The PCR
products were examined by electrophoresis in a 3% agarose gel or on 5%
polyacrylamide-urea gel and photographed on an ultraviolet light transilluminator.
Determination of two genotype polymorphisms required restriction enzyme
digestion (Apa I, Alu I).

Sodium bisulfite conversion and MethyLight analysis were performed as
previously described. Briefly two sets of primers and probes, designed specifically
for bisulfite-converted DNA, have been used: a methylated set for the gene of
interest and a reference set (COL2A1) to normalize for input DNA. The percentage
of fully methylated molecules at a specific locus were calculated by dividing the
GENE:COL2A1 ratio of a sample by the GENE:COL2A1 ratio of the Sssl-treated
human white blood cell DNA and multiplied by 100. The abbreviation PMR

(Percentage of Methylated Reference) indicates this measurement.

Results
We analysed 31 placental samples from IUGR-complicated and 17 samples from
normal pregnancies. BW was below the 5t percentile in all IUGR pregnancies and
between the 10t and 90t percentile in the control group. The distributions of
maternal age, weight, BMI, fetal gender, parity and smoking were well balanced
between the two groups. As expected, there were significant differences between
gestational age, birth weight and birth weight percentiles in IUGR subjects versus
controls.

Three IGF2 exon 9 polymorphisms and one H19 exon 5 polymorphisms
were evaluated in this study. Two polymorphisms involved the creation of a
restriction enzyme site, the other two involved a 19 bp deletion and a 4 bp
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insertion in IGF2 exon 9. In total 16 out of 31 placental IUGR samples were
informative (heterozygous) for IGF2 and 14 were informative for H19. Out of 17
control placentas IGF2 and H19 informative samples were 9 and 8 respectively.
Of the total 25 informative cases of IGF2, loss of imprinting was shown in 9
specimens, all of which were IUGR samples.

IGF2 transcripts derived from FGR placentas were down-regulated
compared to controls (P=0.01) (Figure 2a). Placental expression levels of H19
were significantly increased in the FGR group (P=0.04). A linear regression
analysis did not reveal a relationship between IGF2 and H19 expression and any
of the covariates including BW percentile, gestational age at birth, and maternal
characteristics. Nine FGR samples that demonstrated LOI for IGF2 showed
decreased mRNA expression compared to FGR samples that maintained the
imprinting pattern; however, this decrease was not significant.

Methylation status of a region from 6156 to 6245 bp upstream of the H19
transcription start site was examined. The particular site contains the sixth of
seven of CTCF-binding sites and coordinates IGF2 and H19 reciprocal expression
[11]. Compared with methylation values of normal those from growth-restricted
pregnancies had lower PMR, (mean value 27.4% vs. 36.2%, P=0.15). PMR
measurements of the specific region were not associated with BW percentiles,
BW or gestational age in linear regression analysis. No correlation was also noted
between the H19 DMR methylation levels and IGF2 neither H19 expression.

A MethyLight qPCR assay was developed to determine the methylation
status of regions that control imprinted genes transcription. We subsequently
measured the Percentage of Methylated Reference (PMR) of three different
potential DMR’s. IGF2 exon 2/3 region demonstrated mean PMR values of 23.3%
and 29.6%, for the IUGR and normal placentas respectively, a difference that was
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marginally significant (P=0.05). The region from 7705 to 7809 bp close to the
H19 promoter was also assessed with respect to the methylation status. Samples
from growth restricted pregnancies displayed significantly lower methylation levels
compared to normal placentas with mean values of 22.3% and 32.4%

respectively (P=0.02)

Conclusions

The results from our study enhance the established association of the reduced
IGF2 expression and fetal growth restriction. Reduced IGF2 mRNA levels in the
growth restricted placentas is a finding that has been already reported in both
humans and animals. We could not reproduce an observation made in the study
by Guo et al, which advocated a significant correlation between the relative
expression level of IGF2 in placenta and birthweight percentile. Since IGF2 and
H19 are two oppositely imprinted genes, we were anticipating that reduced IGF2
MRNA levels will be accompanied by elevated H19 transcription in IUGR
placentas. Indeed, placentas obtained from FGR-affected pregnancies
demonstrated increased H19 expression in our study. To the best of our
knowledge this is a novel finding, with yet undetermined importance. Even if
evidence exists that associates H19 transcription with other placental
abnormalities such as gestational trophoblastic disease, no definite conclusions
can be drawn for the exact role of H19 expression on placental function and fetal
growth. Since IGF2 expression is coordinately regulated with the maternally
expressed H19, we focused our analysis on the ratio of mRNA from these two
genes, comparing IUGR to non-IlUGR placentas. IGF2/H19 mRNA ratio did not vary

between the two groups.
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Bilallelic expression of IGF2 was established in 9 out of 16 informative
IUGR. Similar results have been reported in a study that evaluated biallelic
expression of H19 in normal and preeclamptic placentas. LOI was only observed
in preeclamptic placentas and was also correlated with the severity of the
disease. Likewise relaxation of IGF2 imprinting was noted only in tissues with
gestational trophoblastic disease whereas none of the normal placentas
demonstrated such phenomenon. . IUGR samples that displayed LOI had similar
IGF2 and H19 mRNA levels to control samples that revealed normal imprinting.

In our study we have evaluated the methylation patterns of the ICR domain
and at the H19 and IGF2 promoter region. ICR hypomethylation is thought to be
responsible for the low birth weight and poor post-natal growth observed in SRS
patients. Although PMR values were lower in the FGR group, in all DMRs studied
statistical difference was shown only in the H19 promoter region. Methylation
levels in the FGR placentas were lower in the CTCF binding site associated with
SRS; however, the difference was not significant. Mean PMR values in the FGR
group are similar to those reported by Bourque et al in the same region, 27.4%
and 30.8%, respectively.

Hypomethylation of the H19 promoter region has been shown in the FGR
group. Reduced methylation levels at the same region were also reported in small
for gestational age placentas. Hypomethylation in the promoter region of a gene is
generally associated with increased gene expression. Hence the reduced PMR
values in the FGR group that we have found is in consistency with the increased
H19 mRNA levels. There was no correlation, however, between PMR and mRNA
levels.

Several conclusions can be drawn and also several questions can be
raised from this study. An abnormal biallelic expression of imprinted genes in
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placentas is a finding that has been reported in cases of abnormal placentation
such as preeclampsia and gestational trophoblastic disease. We hypothesize that
in FGR cases the placenta responds to chronic hypoperfusion by activating a
program of gene expression via genomic imprinting. IGF2 LOlI may represent an
effort made by the placenta to compensate its reduced functional capacity by
leading to a biallelic production of a potent growth factor. The increased H19
transcription in the FGR placentas is a finding that is compatible with its known
implication in post-natal growth restricted syndromes. The hypomethylation of the
H19 promoters is in accordance with the increased expression in the FGR
placentas. However, whether these two events represent the component of a
molecular mechanism which leads to FGR or merely the consequence of placental
dysfunction is unknown. Since DNA methylation and imprinting are particularly
susceptible to environmental changes, imprinted genes may respond to placental
hypoperfusion, by activating altered imprinting and methylation programs.
Evidence provided from the present study may serve as a stimulus for larger
studies that will elucidate the role of IGF2 and H19 in intrauterine growth

restriction.
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KEDAAAIO NPQTO

ENAOMHTPIA YNOAEINTOMENH ANAMNTY=H

1.1 Eicaywyn

K&Oe EuBpUOo Exel P TPOKOOBOPIOUEVN YEVETIKA TPOOIGOEDN TIOU QPOP& TNV
avanTuén Tou n omoia OXETI(ETAI PE T XKPOKTNPIOTIK& Twv yovéwv Tou.[1] O1
mpoUToBEoEIC OUWES TTOU TIPEMEI VO UTIAPXOUV VIG V& UTTOPECEl VoL eKONAWOET N
YEVETIKA auTh mpodi&Beon €ival n KaAA uyeio Tou euPplou, n KoAQ uyeix TnG
UNTEPOG KOl N QUOIOAOYIKA TAGKOUVTIOKN AeiToupyia.[2] Av OAeq QwWUTEC ol
TTXPGUETPO! EIVAI PUOIONOYIKEG, TOTE TO EUPPUO OO KVTATIOKPIOET OTN YEVETIKA TOU
mpodI&Beon Kol B EXEl QPUOIOAOYIKO -YIX TO YEVETIKO TOU «TTPOYPXUUATIONO»-
uéyebog. MpoBARUATO UYEIRG TTOU Gpopolv To EUPRPUO N TN INTEPK KAOBWS emiong
KOI QVOUOAN TIAGKOUVTIOKA AEITOUPYIGN €XOUV OV QITOTEAEOUG TNV KaBUOTEPNON
oTnv evOounTpIa algnon. [3]

Ta veoyv& TIOU YEVVIOUVTOI ME UTIOAEITTOMEVN EVOOUNATPIN OVGTITUEN €ivai
MIKPOTEPX VI TN 0ed0uévn NAIKI KONong (MIKPG yix TNV nAIKia kOnong, small for
gestational age SGA), kol To B&pog Toug, oUUPWVK PE BIGPOPETIKOUG 0pIouolg,
MTTOPET V& gival K&Tw oo Tn 101 A Tnv 3" ekaxTooTIxia B€0n yix TNV NAIKI KONong.
[4-6] Eivau TOAD onUaVTIKO Vo EioTe o€ BEon Vo dIyVWOOUUE TG VEOYVX TTOU EIVail
MIKP& YI TNV NAIKI KONoNg emeidn eixav ummoAeimopevn avantuén Katé Tn dIpKeIx
NC evOOUNTPICG {WAC TOUG, O OXEON PE GUTK TTOU EIVAI «TTPOYPOUUOTIOUEVO» VIO VO
yevvnoolv pikp&. Tow veoyva TN MPMOTNG KXTNYOPING, EPavi(ouv BpaxurnpdBeoueg

KO MOKPOTIPOOEOUES EMTTWOEIC OTNV AVATTUEN KOI UYEIX TOUCG VIKTI OUCIXOTIKG
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K&molog BAXTITIKOG TOPAYOVTOG €MEDPOOE OTNV OPOAA ald&non Toug KOT& TN
OIGPKEIX TNG €UPBPUIKAC (WAG TOUG PE OIMOTEAEOUO V& PNV avamTuxbolv 600 O
umopoloav pe B&on Tn YeveTikR Toug mpodi&Beon.[7-9] Neoyva& 38 Ewg 42
eBOouGdOwWV pe Bapog yévwnong 1500 - 2500 yp, eupovilouv TEPIVEVVNTIKA
voonpotnTa 5-30 (popéc ueyoAdTepn amd veoyve UE PUOIOAOYIKO B&POC Kol N
voonpeoTNTa auTh €ival peyoAlTepn OTav To B&POC yévvnong €ival PIKPOTEPO ammd
1500 yp.[10] Mo ouykekpiuéva, Eva veoyvd 1250yp 38-40 eBOouGOwWY, EPPavilel
TNV 101 voonpeoTnTa Pe Evar veoyvd mapouolou BGPOUG TOU YEWIETKI OTIC 32
eBOou&OES.

INUaVTIKO pOAo oTnv kKatavonon kol Ta&ivounon tng EYA Emai€av ol
KoumoAeg B&poug yévvnong mou elonyaye o Lubchenco 10 1963 mou
avTioToIxoUoov B&pog yévvnong ue nAIKia kononc.[11] Baoilopevol oe GUTEG TIC
KOUTTOAEC, T vEOoyVG pe XaunAd B&pog yévvnong ATav 6oa €ixav B&pocg yévvnong
MIKPOTEPO amd U0 OTOOEPEG amoKAIoEIQ armd TO PECO OPO YIX TN OUYKEKPIUEVN
NAIKia KONong (<3%). Epbooov dev untGkpxouv ENMOPKA oToIxeia oTn BIBAIOYypa@Pia TTOU
vae UTTOOEIKVIOUV K&TW oo 1010 B&POC yEvvnong yiax k&Oe nAIKix KONoNG au&aveTal
ONUAVTIK& N voonpeoTnTa, EXOUV XPNOIUOTIOINOEl TTOMG OIGPOPETIKE OpPIX VIO VO
opioouv TNV EYA. H 101 n 5" kK&l n 151 ekaTooTioia 6€on €ivai K&molol armd Toug
mpoTelvouevoug opiopods A To B&pog yévvnong K&Tw armd d00 oTaBepES amOKAIoNg
oo 1o u€oo 6po (2SD) yiax Tn dedopévn NAIKix kinong. [5, 12, 13]

H mpokAnon yie TO MAKIEUTAPO o€ TeEPIOTATIKG EYA €ivau n  Eykaipn
avayvopion Tng avernapkole avanTuéng Tou guPfpldou kol TNG BopdTnTag TNG, N
O016yvwon Tou mMBOavol aITIOANOYIKOU TTRP&YOVTR, N EVNUEPWON TWV YOVEWV K&l N
OUVEPYOOIx HE OUVOOEAPOUC GAAWV EIDIKOTATWY KO TEAOG N GImOPOoN YIok TN OWOTN
XPOVIKA oTIyuA Kol Tpdmo TokeToU. H ouvexi{lOuevn €peuva yiok TNV avelpeon Twv
TXOOYEVETIKOV PNXOVIOUWV TNG EYA €xel ouoxetioel OIPOPETIKOUC YEVETIKOUG

29



MTHPAYOVTEC PE TNV EUPGVION TNG MXOOAOYIKAG GUTAG ovToTNTAG.[14-16] MopdAa
ouTG Oev Exel Bpebel KAMOIOG TOPAYOVTOC O OTOIOG MWMOPET Vo TTPOPRAEWE!I TNV
eupavion EYA amd T apxik& ot&dio TnG Kdnong, f umopel va e€nynoel Tnv
naBopuaioloyiae TNG vooou.[17] O1 €peuveg o POPIGKO EMMEdo Ba Pmopoloav Vo
BonBAoouv oTn dIAeUKavON Twv dIEPYXOIWV TTOU BpPiokovTal Tow ormd Tnv EYA, n
omoiax gival EekGOBpo TAEOV OTI Oev amoTeAEl Piak pePovwEVN vOo0o, OM& Eva

OUPTITWUX TTOAM®V JIKPOPETIKMOV EMTAOKWV TNES KUNONG

1.2 Taéivéunon

Mia Ta€ivounon tng EYA eival o€ OUPUETPIKA Koo ooUuueTpn.[18] Av o
BAGTITIKOG Map&yovTaG OpGoel VWPIG 0TNV TIopPEia TNG KUNong, OnAxdRA oTo TTPWTO A
TOo 0e0TeEPO TPiunvo, TO EUPBPUO Oa TIPOUGCIAOEI OCUMPMPETPIKA  UTTOAEITIOPEVN
ovanTuén.[19] H peiwpévn aldénon otnv ouuueTpikA EYA o@eiAeTal KUpiwg o€
MEIWPEVO KUTTOPIKO TTOAMOTIACIONO KO OUVETIWG MEIWUEVO OPIOUO KUTTEPWY KOl
apops OAa T 6pyava Tou euPplou 100TIHO Kol epavileTan oto 20-30% Twv
eUBplwv pe EYA.[20] Mmiopel Vo €ivail IMOTEAEOUO AVAOTOAAC TWV MITWOEWV OTIWG
o€ TIEPIMTWOEIC EVOOUATPIWV AOINMEEWY GTIO KUTTKPOPEYOXAOIO, XPWUOOWUIKOV KXl
OUYYEVOV VWUOAIQOV.[21] Ze YEVIKEG YPOUUES T EUPBPUC e CUMUETPIKA EYA €xouv
XeIpOTEPN TPOYVWON, N Omoix OXETI(ETHI ME TNV TOOOAOYIKA ouTik TIOU TNV
TTPOK&AEQDE.

AvtiBetr, oTnv oaoUupeTpn EYA Koat& Tnv omoicx TOo EUPPuo euPavilel
EAXTTWUEVO pUBUO alEnong oTa Opyova TNG KoIAIGG oe oxéon ue Tnv al&énon Tou
eykep&Aou, 0 BAaNTIKOG MapayovTag emOp& YeTdk To 0elTEPO TPIUNVO.[22] Emdp&
ONAOA TEPIOOOTEPO OTNV KUTTOPIKA UTTEPTTAGOIX Kol AlyOTEPO OTOV GpPIBUO TwV

KUTTGPWV.[23] (ZxApa 1)
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BAOUITTLKOC TTOPAYOVTOG

TLY. Aolpwén TLX. TIAKOUVTLOKI] CVETIAPKEL
YrepmAooTiKO
YrepnAaoTiko oTdSLo Yrieptpodiko Yrieptpodiko otdtdLo
otdéio
0 ] 20 28 (] 40
v EBSonddeckiinong \ 4
ZUPUETPLKA AcUppeTpn

IxAuo 1: H maxpadooiakn TaEIvOounon o€ aoUuueTPN Kol ouppeTpIkA EYA. H nAiKia

KONong kat& TNV omoia dpa 0 BAXTITIKOG TXPGYOVTaG, EMNPedlel TN pop@n Tng EYA.

To @aivopevo Tng «d1Gowong Tou eykep&hou», apop& 1o 70-80% Twv
Kufoewv Mde EYA Kol amodideTal oTn duvaToéTNTa mou €xel To EUPpuo  va
TTPOOGPUOLETAI OTIC OCUVOAKES MEIWPEVNC TTPOXAC OEUYOVOU, AVOKOTAVEUOVTOG TNV
KOXPOIGKA TIXPOXA TTPOC TK EMIVEPPIOIX TK OTEPAVIKIO KX TX EYKEPOAK& OyyeiK.

[18]

1.3 EmdnuioAoyio

O1 yevvAOEIC VEOYVWV PE XOUNAO B&pog yévvnong ouvexi(ouv vo ou&avovTol mopa
TN PeY&AN BeATiwon oTnv mpoyevvnTIKA QPOVTIdX.[24] EVag amd TOUug THPARYOVTEQ
mou €xel ouvteAéoel oTnv al&non Twv YeVAOEWV GUTWV €ival n ol&énon Tng
ouxVvOTNTOCG TwV TTOAUOUUWY KUACEWV KBS EMONG K& N adUVOUIa TTPOBAEWNC KKl
ouoIxoTIKAG Beparmeiag Twv Kunoewv Pe EYA. Xe olvolo 250.000 yevwvAoewv OTIG
HNA, mepimou 40.000 amd Ta TeAeidunvae veoyva (uyilouv Aiyotepo amd 2500

YP.[25] Ze i ueAETN mou Eyive oTig HIMA yix To dikotTnua 1935-1985, BpEdnke Mwg
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TO TTOCOOTO TWV VEOYVWV TTOU YevvIoUvTal HIKpoTepa armd 2500 yp, dev Exel aAAGEE!
ONUOVTIK& ONO aUTO TO OIKOTNUOG. ZUYKEKPIUEVO TO TIOOOOTO TWV TEAEIOUNVWV

veoyvv mou {0yiav ammd 2000 Ewg 2400yp nmapéueive oTabePd 010 4%.[26]

1.4 Anuioupyia Ko AeIToupyicl TNG eUBPUOTAXKOUVTIOKNG UOVEOOG

Kot Tn OI&pKelk TG  KONONG  OUVTEAOUVTOI  OUVTOVIOUEVR  YEYOVOTK
(MpoyPOUUGTIONOC Tou euBplou - fetal programming) mou eExoPaAIlouV TNV OUOAR
AEITOUPYIG TOU MAGKOUVTX KO TNV GITPOOCKOTITN GVTOAGYI OUGTOTIKWY TTPOG KO O&XTO
TOo €uBpuo. E@OCOV O TIPOYPOPUGTIONOG QUTOC €EKTEAEOTEl OPOAK, €xel OOV
OMOTEAEOUO TNV OMUGAR avGaTTUEN TOu euPplou KOOGS €mong Kol TNV OMGAN
ueT&Boon Tou oTNV (WA EKTOC UATPOG. [3]

Adp&, n euPBpUIKA avaTTUEN XWwPIleTo 0E TPIX OTAIK, OTO TTPWTO OT&OIO N
al&non Tou euPplou €ival KMOTEAEOUO KUTTOPIKAG UTIEPTIAGGIOG KO OUVTEAEITAI
MEXP! TN 160 eBdoudda TNG KUNong, oto 0elTeEPO OTGOIO UTTGPXEI GUVOUNXONOC
UTTEPTIAXOIOC KO UTIEPTPOPIG (MEXPI TO 3° TPIUNVO) KOl 0TO TPITO OTGdIO N alEnon

€IVl AMOTEAEOUO KUTTOPIKAC UTTEPTTAGCICG. [19]

H Onuioupyia Tou euPplou Eekiv& pe Tn OIKOIKKOI TNG yoviyoroinong,
ONAadA TN oUVEVWON ToUu aPoeVIKOU Kol Tou ONAUKOU yopETN. Tax apXIkG oTGIC TNG
EUPBPUIKAC avATITUENG, XOPAKTNPI(oVTaI armd TaxUTATN KUTTOPIKA Olxipeon. AuTA n
opxIKA alEnon Tou oPIBUol TwV KUTT&PWV gival BepeN®ONG yia TN ITapén Ikavol
opIOuol KUTTGPWV Tou Ba MupodoTACOUV TNV dicpoporoinon. Ta KOTToPX uT&

ovOouG&{ovTal BAXOTONEPIDICK.

MeT& TNV MPWTN KUTTAPIKA IXIPECN N OTToIC: TTPAYUGTOTIOIEITOI 24-48 (HpEC
METG TN yoviyoroinon, T BAXCTOPEPIOIX UIKPXIVOUV 0g PEYEBOC Kol akkoAouBoUv

OI10:d0XIKEG Toug dlxipEnelq. MExpl To OT&DIO TwV 8 KUTTAPWY, Ta KUTTHPO Eivail 0€
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bioe Xohap) OIGTOEN WETAED TOUG KOI OTN OUVEXEIG T BAXOTOUEPIDIN OXNUOTI(COUV
pic oupmmay &doe KUTT&PWV. AuTh N d1adikaoia TNG oUUNTUENG Sioxwpilel TNV Eow
amd TNV €Ew KUTTAPIKA WG Kol onuaTodoTel TNV Evapén Tng dIpopoTioinong.
Mepimou TPEIC nuUEPEC METG TN Yyovihotmoinon, outh N P& KUTT&PWV TIoU

OVOUGIETOI HOPIDIO, EICEPXETOI OTN MATPX.

To embuevo oT&dI0 oTnNV €EENIEN TOu euPplou €ival n dnuIoUPYIx TNC
BAOTOKUOTNG, OTIOU O KUTTKPIKEG PA{EC DIGTXOOOVTHI OTO E0WTEPIKO OTIOTE K
onuIoupyeital N euPPUOBA&OTN Kol oOTO €EWTEPIKO OmMOTE ONMIOUPYEITRI TO
TPOPOeKTOOEPUX. APoU €I0ENBEI 0TN PATPX, N BAXOTOKUOTN KIWPEITAI PYEOK OTNV
evOOUNTPIKA KOINOTNTG VI 2-3 NUEPEG. TEAIKG TO EUPBPUO EPPUTETETAI OTN MATPC 6
NUEPESG WETG TN yoviyoroinon Kol n MAAPNG eUmEdwon Tou PECK O0TO €VOOUATPIO

yivetau 9-10 nuépec peté Tnv woppnéia.(Eikdva 1)

A0 4=

D

EikOvax 1: ZXNUOTIKA avomap&oTaon TwV apXIKwv oTadiwv TG dNUIoUpYicg Tou

ey BDUOU. Eik6va amd To dIadikTUO

Eva kpioipgo oT&dIo TNG eppUTEUONG EIVAI O CUYXPOVIOUOG METRED euPBplou
KOl UIG OelpBC MOPIGKWY KOI KUTTOPIKWV OIEPYOOIWV TTOU TIPOEPXOVTOI ommd TN
MATPG UTIO TNV EmMdPOON TwV OIOTPOYOVWV Kol TnG Tpoyeotepdvng. Apol n

BAXOTOKUOTN QYKIOTPWOET 0TO evOOUNTPIKO €MBAAIO, apxilel va diglodlel HEOW TNG
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BaoIKAG pEPBPAVNG OTO OTPWHG TNG MATPAC. Mot Vo UTTOPECOUV Ta TPOPOBAXOTIKA
KOTTopo: vo dieioddoouv Ba mpémel apxIk& va armodounoouv To €MBANO Kol TO
oTPWUK. EMOpEVG TO QvamTUOGOUEVO EUBPUO TIPETIEI V& TIOPAYEI TO KOTGAANAX
Evlupa €101 WOTE VO TIPOOKOANOET EMXPKWE OTO €VOOUATPIO XWPIC OUWC VK
01€10000€I VOPOAX PECK OTO TOIXWHMOG TNG MATPGC.[27] Av Kol TTOMEC ouoieg
eUmAéKOVTal 0TN JIdIKaoIG TNG eUPUTEUONG, O OKPIBAG TOoug POANOC OTO CPXIK&

oUTG OTGOIO TNC KUNONG, MXPOUEVEI KOIEUKPIVIOTOC.[28]

A@oU n BAxoTokUOTN TMPOOKOANBET oTo emOAMO Tou evdounTpiou, EEKIVE
EVOC TOXUTATOC KUTTOPIKOG TTOAGTIAGOCIXOUOC KOl N TPOPORBAGOTN dI(pOPOTIOIEITI
oc 000 OTIBGOEG, TNV €OWTEPIKA KUTTAPOTPOPOPAKOTN Kol TNV €EWTEPIKNA
OUYKUTIOTPOPOPBAXOTN TTOU KITOTEAET Pick TTOAUTTUPNVIKA MO{O XWPIG 00 KUTTAPIKK
opix. H ouykuTiwdng Tpo®oPA&oTn dielocdlel OTO €VOOUNTPIKO OTPWUG OTOU T
oTPWUOTIKG KOTTOPa TEPIBGANOUV TNV TIEPIOXA eu@UTEUONG, YiVOVTOI TIOAUEDPIKK
Ko yepilouv pe NITTdIx Kol YAUKOYOVO KO PETOTPEMOVTOI €TOI 08 KUTTOPO TOU
POapTol. Tor KOTTRPOG TOU POOPTOU TIOPEXOUV  OPENMTIK& OUOTATIKX OTO

avamnTuooouevo Euppuo.(Eikova 2)

H Tpo@oBA&OTN avanTiooeTal TaXUTATO Kol TTEPIPEPIKG dIEIOOUOVTOG OTO
EVOOUNATPIO KOI OTO TOIXWHG TwV OTEIPOEIdMV aPTNPIWV Tou evdountpiou. Tov
MPOTO WAV WET& TN YOVIUOTIOINGN T& OyYEIX TNG GAAGVTOIDOG dnuioupyolv TN
o0vOEDN PE TO GYYEI TWV KVATITUOOOUEVWY AGXVWV PE KITOTEAEOUG TN ONUIOUPYIX

TNC EUPBPUOTTAGKOUVTIKAG KUKAOPOPIXS oo TNV 5n gBdopdda Tne kKinong.
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day 8 day 9

Eikbva 2: EppoTteuon kai digioduon NG BAXOTOKUIOTNG OTNMATP. Eikéva npoepxdpevn and

TO JIdIKTUO

O1 A&xvee mou mepIB&AoOUV Tnv TepIoxn TNG eUPUTEUONSG ouvexi(louv Vo
mOMaTAXOIG{OVTaI, EV 01 AGXVEC TTOU BPICKOVTXI TTPOG TNV eVOOUNTPIKA KOIAOTNTQ,
aTpoPolV, PTIGXVOVTOG TEAIKG TIC eUPPUIKES peuPBpdveg. MeTa&l 14ns kon 2019
eBOOuGOOC TNC KUNONG, N evOIGueon TPOPORA&OTN O1EI00UEI OTO YUOUNTPIKO TUAMK
TWV OTTEIPOEIOWV aPTNPEIOV. H cuveXxNC av&nTUEN Kol HEYEBUVON TOU XOPIoU EXEl OOV
oTOTEAEOUO TNV TTANPN KXTGANWN OAOKANPNG TNG EVOOUNTPIKAG KOINOTNTOC TTEPT TNV
20n gBdoudda TNG KUNOoNG.[29] Me TN oTOIOKA WPINAVON TWV AXXVDV, O PPAYUOC

METOED UNTPIKAG KO EUPBPUIKAG KUKAOPOPIXG YIVETOI TTIO EAXOTIKOG.

H a0&non TnG oUVOETIKAG IKAVOTNTAC TOU TMAGKOUVTX EXEI OOV GTTOTEAEOUX
TNV €KKPION OUCIWV TIPOG TNV UNTPIKA KUKAOQOPIC (OTTWC XOPIGKA YOVOOOTPOTTIVN
KO TTAGKOUVTIOKO  YOAGKTOYOVO).[30] O1 pnxaviopoi evepynTIKAC KUTTOPIKAG
METAPOPAG TOU MAGKOUVTX €ivai OIXPOPETIKOT Yo K&GOE ouoia (YAUKOLN, GMIVOEEX,
ATop& 0EEx).[31] Me Tnv EvapEn TN KXPOIGKAS AEITOUPYIG Tou gufplou apxilel n
EVEPYNTIKA KOTAVOUN TWV BPeNTIKOV OUcIWV PETOED euPpUou Kol TAGKOUVTO KOl

€701 ONOKANPWVETAI N AEITOUPYIKOTNT TNG EUPBPUOTAGKOUVTIOKAG Hov&dag. H
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EMTEUEN OAWV QUTWV TWV ONUAVTIKOV YEYOVOTWV WTIOPEl VO GVTIKKXTOTITPIOTE! PE
O16popoug Tpomouc. O PETXPBOAEC OTNV MOOPUOIOAOYI TNG PNTEPGC OMWS N
METOYEUUGTIKA UTIEPYAUKOIMIC, TO aUENUEVOL eEAe0Bepa AITTap& 0&EX, N XOANOTEPOAN
KOI T TPIYAUKEPIOIO VNOTEIG, N OGVOKOTAVOPRA TOu Aimoug, n al&non Tou
eVOOOYYEIKOU OYKOU KOI N OXETIKA QVTIOTKON 0€ QYYEIOOUOTAATIKOUG TTXPAYOVTEG,
OUVOAIKG TTPOGYOUV TN UETRPOPG CUOTOTIKOV omrmd Tn pnTépa mpog 1o Euppuo. H
ouTOPPUBUION TOU OyYEIKKOU OUCTAMGTOC TOU TAGKOUVTX KAVEl TNV QVTOAAGYA
OUOTOTIKQWV TTIO GMTOTEAEOUATIKA UE TO OWOTO OUVTOVIONO TNG dI&YXUONG METAED TwV
000 OIouEPIOPATWY. Tt OUOTOTIK& TPOCAXUPB&VOVTOI Ommd TN KUKAOPOPIX TwV

XOPIKKWV AGXVOV KOXI DIKVEUOVTAI OTO EUPRPUO MEOW TNC OUPOAIKAG PAEBOC.

Kat& 1o delTtepo TpipuNvo, n digioduon TNS TPOPOPRAGOTNG OTIC OTIEIPOEIDEIG
oPTNPIEC TNC MNTEPOG EXEI OOV GTTOTEAEOUX TNV OTAOIOKA MEIWON TNG MUOEAXOTIKAG
IKKVOTNTOC TOUG, XPXIK& OTO THANG TOU PpOXPTOU KOI OTN OUVEXEIXK OTO JUOUNTPIKO
TUAMK GUTOV TWV oayyeiwv.[32, 33] TauTOXPOovVa TPRYUGTOTIOIEIT!I TTPOOJEUTIKA
AETITUVON TNG XOPIGKAG TPOPOPBA&KOTNG Kol Tax0TaTn ol&non Tng XOPIGKAG
EMPAVEING PEXP!I TNG 26N gBJdOPGIN. MXPEAANAX, XVATTTUOCOVTOI 01 EVOIKUETES KX
TENKEC AGXVEC TTOU GTOTEAOUV TIC KUPIOTEPEC TTEPIOXEC GVTOXANXYAC CUOTOTIKWV. H
paydaioe klEnon TNC EUPPUIKAG KAXPOIKKAG TTPOXNG GUEGVEI ONUAVTIK& TN PON Tou
KIUOTOC OTIC XOPIKKEG AGXVEGQ KO GUERVEI TNV IKAVOTNTK TNG MPOCANWNG TWV
BpenTIKWV oUucIWV. OAeg UTEC OI ANGYEC EXOUV OV AmOTEAEOPO TN dnuIoupyia U0
QYYEIRKWV DIKUEPIOUGTWY UPNAAG XWPENTIKOTNTAG K& XXUNAAG QvTIOTOONG KO O

TIG OU0 MAeUpPECG Tou MAGKOUVTR. (Eikova 3)

36



Stratum spongiosum
Limiting or boundary layer Placental septum
Maternal vessels

Trophoblast
dmnion Umftﬂicni arteries
Umbilical vein

Muarginal sinus

EIkOvVa: IXNUOTIKA QVamop&oTaon TNG GIMOXWPIKKAS KUKAOPOPINC TOU TTAGKOUVTX.

Eikéva amd To diadikTuo

Kat& Tn O1GpKeIa TNG KINoNg o MAaKOUVTHG aUEAVEI ONUAVTIK& og PEyebog
OKOAOUBWVTOCG Micx Olyuoeld KaumOAn alénoncg.[34] H al&énon TnNG KUTTOXPIKAC
ualog Kol n aldgnon Tou KUTTOPIKOU DNA €ival omoTEAEOUO TNG QUENUEVNG
OUVOETIKAG OpaoTnPEIOTNTAG, TNG augnuévng didkxuong kol Tng ol&nong Tng
ayyelakng u&log. Katé 1o 0elTepo Tpiunvo, 40% Tng moodTNTARG TOU OEUYOVOU KOl
70% TNG YAUKOUNG TTOU €I0EPXOVTQI OTNV KUKAOPOPIG TNG MATPOG, KATOAVOAWDVOVTOI
OO TX OUOTAMOGTO EVEPYNC METAPOPAS TOU MAKKOUVTO K&l MOVO N EVATTOUEVOUON
moooTNTa TpoPodoTel To EuPRpPU0.[35] Ooo n kKinon eEeliooeTal, KUEAVEI TO TTOCOOTO

TWV OUCTOTIKMV GUTQWV TTOU TTPOCAGUBAVETAI atd TO EUPPUO.

To TPITO TPIUNVO XGPOKTNEIZETOI OO JIXPKA OI(OPOTIOINCN TWV OPY&VWV.
H a0&non Tou peyEBoug Tou guPplou €ival aMOTEAEOUG TNG KAXT& PWAKOUG al&nong
TOU KOOWMC €mMong Kol OTn OUCCWPEUON EVEPYEIGKMOV amoOeu&Twy.[36] To
EVEPYEIOKA QUTK QMOBEUNTH XPNOINEIOUV OOV OMOBAKEG OPEMTIKWY OUOTATIKWV

KOT& TN OIGPKEIR TNC eUPBPUIKAC wAC, OTAV N TPOCPOPG BPEMTIKWV CUOTATIKWV
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uTTOPET Vo pnv €ival oTaBepA. Mo Tap&IEIYUX, TO TTOCOOTO TOU AiTToug Tou eUBpUou
auéavel 0to 20% Tou B&POUC TOU OCWUATOC TOU eUPPUOU, KOTK TO TPITO TPiuNnvo. To
ANTog amoTeAel pic amoBAKN yix Ta AIMapG 0&EQ TOU EIVAI XIMAEAITATO VI TN
0I6TAPNON TNG MUEAIVWONG Kol TNV OMTIKA AsiToupyia. Emouyévwe 1o TPITO TPIMNVO

OTTOTEAET PIX ONUOVTIKA TIEPIOO0 TTPOETOIUGOING VI TO TEPOOUG oTn (WA €KTOG

MATPOG.

1.5 AimioAoyia

ONn outhA n  oep& Twv OlEpysoi®V  KaT& Tn  Onuioupyia  TNG
EUBPUOTIAGKOUVTIGKAG HOVAOXC givail BeUENIDONG VIO TN PUCIOAOYIKA QVETITUEN TOU
euBplou. NooAuaTa Tou euPpldou, TNG MUNTEPRG, TPWTOTIGOEIC OIXTXPAXES TOU
TAGKOUVTG, A EEWYEVEIC TXPARYOVTEG, UTTOPET VO TXPEUBOUV 0TNV OUOAR QVTAAGYA
OPENTIKOV OUOTATIKWV K&l O&UyOvou WHE OMOTEAEOUO TNV KaOBuoTEPNoNn TNG
evOouNTPIOG alENoNG. YII&PXEl EVa UEYGAO €0POC KOTXOTGOEWV TIOU OUOXETI(OVTOI

ue Tnv EYA.(Mivakoag 1)

Y& KGTIoIEQ TTEPITITWOEIC VOONUGTWY Tou euBplou n EYA umopel vor armoTeAel
TO YOVOOIKO ONUEIO TNG UTIOKEIYEVNG VOOOU, eV 0 GANEG TIEPITITWOEIC UTTOPET VO
OUVUTTEPXOUV KOI GVWHOAIEG KO 0 GAG 0pYavIKG CUOTAUGTH Tou guPplou. Nbool
™S uNTEPOG OMwG N XPOVIK VEPPIKA vOOOC, N UMEPTHON, O KOAOYOVWOEIC, N
BpopBo@INia Ko GAAOI TTPGYOVTEG OTIWG TO KATIVIOUX, N KOKA BpEwn Kol n xpAon
TOEIKWV 0UCIWV, EXOUV CUOXETIOTE JE TNV ePPGvIon EYA. ToOAES oo TIC MHREATIAV®
autieq TNG EYA pmopolv €0KOAX va avayvwploTodv Kol emopolv Kupiwg oTnv
avanTuén Kol Aeitoupyioe Tou TAGKOUVTK. levik& o1 avwuolieg Tou eupplou
(XPWUOOWUIKES KO/  QVOTOMIKEG) K&l O  OIXTHPOXEC OTNV  TTAGKOUVTIOKN

KUKAOQOpIio: armoTeAoUv TN pey&An mheown@ia Tng EYA 0TI HOVAPEIG KUNDEIC.
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MnTpPIKOI MOP&YOVTES

Yrmobpewia

XaunAod B&pog yévvnong TnG MNTEPGG

Melwpévn mpdoAnwn B&poug KaT& TNV eykupoolvn

HAIKI unTépac <16

XOUNAO KOIVWVIKO-OIKOVOUIKO ETTTIEDO

MoAuToKict

NOOAUOTO UNTEPXC

Xpovia utEpTaon

JuoTnuaTIKOC Epubnuar®mdng AUKocg

MpoekAau Wik

AlxBATNG

Ne@pIikA vooog

MepIBXANOVTIKOT TTOPGYOVTEC

Ka&mnviopa, XpRon apuGKwY, GAKOOA, VRPKWTIKMV OUCIOV

Mey&ho upouEeTPO

AKTIVOBOAIG

MAGKOUVTIOKOT TTXPXYOVTES

Av@UOAN TTAGKOUVTOTTOINGON

ATOKOANGN, EUPPAKTA TAXKOUVTX, XINXYYEIWPO TTAGKKOUVTO

XpOVIX PAEYHOVI XOPIKDV AGXVDV

MovApNnNg OuPOAIKA GPTNEIX, UUEVIKA TTPOCPUON OUPERAIOU

MwOoXiKIoNOG TAGKOUVTX

EuBpuikoi maxpbyovTteg

XPWHOOWHIKES OVWUGAIESG

FeVETIK& VOO UOTO

JUYYEVEIC QVWUOAIEQ

JUyyeveig AoINwEelg

MoAUduun KONon

Mivakag 1: AiTiax Tng EYA
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H mo ouxvA aitiac EYA (80-90% Twv TEPIOTATIKWY) EIVAI N KVEMTKPKAG
TXPOXA OPENMTIKWV OUOTOTIKWV Kol O&uyovou omd TOv TAGKOUVTO TIPOC TO
EUBPUO.[22] YTEPXOUV OPKETEG EMIONG XITIEC TTOU 00NYOUV 0€ KUTTOPIKA UTTOTTAXOIX
Ko €mMOPOUV OTa XPXIK& OTGAIX TNG KINONG OMTWE TX XPWHOOWHIKE, YEVETIK& KO

AoOIM@ON aiTIck (XA 2).[37]

Mntpuwkoi, EpBpuikoi, MAakouvtiakoi MapAayovteg

AVEMOPKNG LTPLKN TTApoXN
Avenoapknc epBputkn pocAndn
V' MAQKOLVTLAKI QVETTAPKELT

EYA

)

MetaBoALkeéC KoL 0puoVIKEG aAAay£Eg
Metapolégotnv ékdpaon yovidiwy
Alatapayn otnv avénon Twv Kuttdpwv/10Twv/opyavwv
Meiwon aplBpol KuTtTapwy

Metafolég
oTOo EPPpUO

Mepyevvnukég -~ j Madik nAwkiot M— j EvAALkn Zwn
MePLYEVVNTLKH KoL VEOYVLKA ———— g R
OvnowpodtnTa Kakn avarctuén (10%) Ynéproon
YroyAukaipio NeUpPOAOYLKEG CUVETIELEG ; IA tomou Il
YroBeppia SIDS Itedaviaio vocog
Mpowpotnta
RDS, NEC, IVH ;

Noipwén

IXAMG 2 : IXNUATIKG N TaBopuolohoyia Tng EYA

1.5.1 MnT1pIkoi maxp&yOVTEC

O Anuoypoa@ikoi Tap&yovTeg

MolidTepeg peAETEQ umooTAPI{aV TIWG N MEYGAN NAIKIX TNG PNTEPOQ WTTOPET Vo
emnpe&oel dUOPEVC TNV ova&mTUEN Tou euPplou, oAG auTO 0ev (PAVNKE V&
empeBaiwveral amd peyoAlTepeS MEAETEC.[38] O APPOGUEPIKAVES YUVXIKEQ
eypaviouv o ouxvé EYA oe ox€on ue TIG AeUKER yuvaikec.[39] EMiong o1 YUVAIKES
IVOIKAG Kol ACIGTIKAG YEVIKOTEPO KOTOYWYNC, ENPavilouv ouxvoTepa pwpd ue EYA
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OKOUO Kol av OIXMEVOUV 0e XWpeg Tou OuTIKOU kOopou.[40] O1 MPWTOTOKEG
eupavitouv oe peyahiTepn ouxvoTnTa EYA og ox€on ue Tic moAuTokeg.[41] Emiong
TO XOUNAO KOIVWVIKOOIKOVOUIKO emimedo €xel OUOXETIOTEI e TNV eupavion EYA, av
Ko TIOMOI  GAAoI  duopeveic ToPAYovTeEG OMwe KAMVIOU®, Kok Op&wn, N
OUVUTIXPXOUOEC VOOOI, UTTOPET VO OUVUTIXPXOUV O€ QUTEC TIC KOIVWVIKES OuGOEC.[42]

Fuvaikeg pe XopNAG av&oTnuoe OTwe €Mong KAl YUVOIKEG PE XUNAO B&pog
(BMI<20) eppavitouv mo ouxv& EYA.[43] MNMopoAa UT& OV TG OCWUXTOUETPIKG
XOPOKTNPIOTIK& TNG UNTEPOCG AnPpO0olV umdywn KaTé ToV UTToAoYIoUO Tou B&POUG TOU
euBplou TOTE N oUXVOTNTA epPAVIONG EYA o€ GUTA TNV OUGOX YUVAIKQY, Eivai TTOAD
MIKPOTEPN. O TOPAYOVTOC TIOU QPAIVETKI TWC €XEl &UEON OUOXETION ME TO
mpoBAenoyevo B&pog Tou euPplou, eival To PB&EOC yévvnong Tng MNTEPGC.
MPOoPATEG UEAETEC QVOPEPOUV TIWC YUVAIKES TTOU €iXav XauNAO B&pog yévvnong,
Exouv 4,7 mepiooOTEPEC MOAVOTNTEG VO YEVVAOOUV MOl ME E€mMong XKUnAd

B&pog.[44]

O Opéwn TG unTépag

Aev eival EekGOapo moIa €ival N €MOPAON TNG UTOBPEWInG TNG MNTEPGC OTNV
av&TTUEN TOu euPBploU KaTG T dIGPOoPa oTGII TNG KUNong. MeAETeg mou €xouv
yivel oe €ykueg yuvaikeg oe meplddouc Aoipol, €deiEav Mwg n emidpoon TNng
umoBpewiag oto péyebog Tou euPplou eival o EKONAN OTa TEASUTOI OTADIOE TNG
kKOnonc.[45] H emidpaon mePIBXAOVTIKOV KXI YEVETIKWV TIXEOYOVTWY 0TO B&POC
vévvnong, eEeTdoTnke oc HeAETEG Owpedq wapiwv. O yoévol maplyovTeg Tou
BpEBnke 0TI emnpéalav To B&POC yévvnong, ATV N NnAIKioe KINONG Kol To B&POC TNG
AATITPICG. Aev amodeixBnke ouoxETion Ye To B&pog, To B&pog yévvnong, A To B&pog
vévwnong Twv GAMwv moudiov Tng O0TpIcG.[46] H mopandvw TopoTAPNnon
umodNAWVEI WS N TEPIBXANOVTIKIA CUPUETOXA TNC MNTEPOGC TTOU KUOPOPET TO EUBpPUO
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€IVl IO ONUGVTIKA oTNV ad&non Tou euPplou amd To YeveTIKO TOU UTOOTPWUG.[46]
MNxpOAa GUTE TO TIPATAVW OMOTEAEOUO: OTNPIETOI OE MIKPEC MEANETEC Ko Ogv
UTTOPET V& 00NYAOEI 0 XOPAAR CUUTIEPROUATA.

H emidpaon NG dIGTPOPAG TNG UNTEPXC OTo B&POC yévvnong Tou euPplou
MEAETAONKE 0€ Yit avXOPOMIKA MEAETN OTTOU PGVNKE TTWE TG VEOYVA UE PUOIOAOYIKO
B&POC TPOEPXOVTAV KUPIWG omd uNTEPEQ TOU akKoAouBoloav OixITx UWNAAR o€
udaTavBpakeg Kol @POUTX Kol A&uBavav  QUAIKO 0&0 n  BITauIvoUXo
okeuGouaTa.[47] EmmAEov n xopAynon ouumAnpwu&Twy oidfpou, €IdIK& OTO TPITO
TPIUNVO, CUCXETIOTNKE PE PEIWUEVO KIVOUVO gUPAVIONG vEOyVOoU UE XOUNAO B&POQ
vévwwnong.[47] ®uoioloyikd B&POG TNG MNTEPRG TIPIV TNV  €yKUPOOoUVN KAl
IKavomoINTIKA AAWNn PB&pouc Kotk T OIGPKEIX TNG EXEl E€MONG OUOXETIOTET WE

MEIWUEVO KivOUVO eupGviong veoyvoU Pe pelwpévo B&pog yévvnong.[48]

O Kanviouo

‘Exel deixbel mwe PNTEPEC TOU €IVAI EVEPYEG KOTIVIOTPIEC KOTK TN OIGPKEIX TNG
KONong, yevvolv HIKPOTEPO pwpd. AUTA N HEiwon €ival OPIKKA OTNV TEPIMTWON
YUVOIKQV TIOU OTGUOTOOV TO K&TVIOUO Ye TNV Evapén Tng kKinonc.[49] To madnTiko
KGTIVIOPO Opa €TTioNg apvNTIK& 0TO TEAIKO B&POC yévvnong Tou veoyvol. EmmAEov n
EMOPHON TOU KOMVIOUKTOC OTO EUBPUO aPopd KOl TNV TEPINETPO KEPOAAG, ME
OTTOTEAEOUO TOX VEOYVG UNTEPWV TTIOU KATVI(OUV V& EUPAVI(OUV TTEPIUETPO KEPOAAC

KOT& uECO OpOo HIKPOTEPN A 32 ekaTOOTH.[50]

O OpouBopiAic

H OpouBogihia mepIdauBvel i oeip& omd KIPXTOAOYIKEG OIXTOPOXEG TIOU
XoapoKTNPi(ovTal omd OpouPBwTiKA TPOOIROEON Kol WMOPEl VoL OXETI(OVTOI JE
VOOAUOTO OTWC TO OVTIQWOPONITTIOIKO o0VOPOUO A VO EIVAI  KITOTEAEOU
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METOMGEEWY oTa yovidix Tou eAEyxouv mapdyovTeg TAENG. MOAMEG emmAokE TNg
kKOnong 6mweg n coBapn TMPOEKAXUWIK, N KMOKOAANON Tou MAGKOUVTa n EYA kol o
eVOOUNTPIOG BA&VATOC EXOUV  OUCXETIOTEI e  OPOouPWOEIC TOU  TAGKOUVTK,
OpouBWOEIC TWV OTIEIPOEIDWV GKPTNPIWV KOXI QVETIPKA TTAKKOUVTIOKA TopoxA.[51]
Aev givail OuwS TEAEIWEG EEKAOOPO OV XUTEC EMITIAOKES EPPOVI(OVTOI OE PEYOAITEPO
TO000TO 0€ YUVOIKEG pE OpouBoPINic.[52]

Epooov n kKOnon amd poévn TNG omoTeAel v ONUOVTIKO TIPOJIKOEDIKO
MOPAYOVTX VI BpouB®OEIS, KUPIwG AOYW TWV (QUOIOAOYIKOV OAQXY®DV 0TOUQ
unxaviopoldg mAENG Kol IvwdoAuong, utidpxel To evdexduevo oAnAemidopaong ue
KGTIOI OuyyevA N €MKTNTN OPOUPBOPINI, UE KTTOTEAEOUG TNV EUPAVION EMITTAOKWV
oTnv KONoN. X& TETOIEQ TIEPIMITMOEIG, | XOPAYNON QVTITINKTIKAG AywyAC YE NIapivn A

XOUNAAQ 060N aoTPivNg, NTTOPET VO AITOTPEWE! QUTEC TIC EMIMAOKEC.[53]

O MpoekAauwia kol EkAouyio

H mpoekhauwia ko n EYA eivou 000 VOOOAOYIKEC OVTOTNTEG TOU OXETI(OVTQI WE
avWUoAN TPoPoPAoTIKA Olgicduon. Katd Tn didpkeix TNG KUNONG N KXT&Anwn Twv
OTIEIPOEIDWV APTNEIOV MO TX TPOPOPRAKOTIKG KOTTRPK EXEI OV KMOTEAEOUX TNV
OUOAN AINATIKA poR armd Tn pATPG. H amotuxnuévn digioduon TNC TPOPORA&OTNG
OTx OTIEIPOEION GPTNPIONI UTTOPET VoL EXEl OOV OTOTEAEOUG TNV OIXTOPOXA TWV
OYYEIOYEVETIKOV ~ PNXQAVIOUWOV KOl GAAWV  TTPOOGPUOOTIK®WY  OIEPYXROIWV  TOU
KOPOIKYYEIGKOU  OUOTAMGTOC TIOU  BewpnTIK&  PTOPET  vot  moTeAEoel TN
nmaBogualohoyiki B&on yia TNV EYA oAAG Kol TNV TTROEKAXUWYIR.[54]

Mia ammd TIC OnUOPIAEIC Bewpieg TNC TTAOOPUGCIOAOYIGC TNC TTPOEKAGUWIOG
eival Mwe 0 MAGKOUVTOG EKKPIVEI KUTOPPOTOEIKOUG TIxPG&yovTeG TIoU 0dnyolv o€
YEVIKEUUEVN DITOPOXA TNG AEITOUPYItg Tou evO0BNAIOU TwV ayyeiwv TG uNTépag. H
OVOPOAN JIGUOPPWON TWV OTTIEIPOEIDWV GPTNPIOV KATX TNV TIPOEKAGUWYIX, EXEI OOV
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OMOTEAEOUO TN MEIWPEVN TOUG OIKUETPO KO TNV KOT& TOTIOUG TAGKOUVTIOKNA

Ioxaipic.[55] (Eikova 4)

Normal placentation Abnormal placentation

NEK cell

A
a‘ Decidual
[t
A

Placental side

Anchoring villus

Eikova 4: H avenapkAg oigioduon Tng TPOPOoPBAKOTNG OTIQ OTTEIPOEIDEIC BpTNPIES

odnyei oTnN YEIWPEVN TOUG OIXUETPO KOI GUENUEVN CVTIOTOON. Eikdva amé o 310dikTuo

1.5.2 EuBpuikoi mapdyovrec

3 lMoAGduun kinon

Ta EuBpua TwV MOAIOUPWY KUNCEWV EIVOI O YEVIKEG YPXUMEG MIKPOTEPO OO QUTK
TWV MOVAPWV. X Pick hey&An peAETN TTou mepieA&uBave 12302 didupeg KUNOEIC KO
2155 T1pidupeg Kunoelg, dlIamoTWONKE TMwg 0 WECOG 6pog Tou P&pouc ATV
mopopolog pe 10 PB&Pog Twv euPfplwv Twv POVAPWY KUACEWV, HEXPI TNV 29n
eBOOUGON YN T TPIOUMG Ko TNV 321 yia Tax didupa. MeT& amd auTh TNV NAIKIx
kOnong, n d1pop& oPEINOTAV OTN PEiwon Tou B&poug Tou PiIkpoTEPOU O10UUO0U, EVQ
TO B&pPOG Tou peyaAiTepou d100UOU ATAV TREOUOIO PE TO HEGO OPO Tou B&EOUG TOU
euPBplou pick povApoug kKinonc.[56] H eupévion EYA KoT& Tn OIXPKEIX WIKC
MOAUOUUNG KUINONG CUOXETILETAI e auENUEVN voonpoTNTa aveEGPTNTA e TNV NAIKIG

kinong. To ¢UNo Tou euPplou mailel onUAvTIKO POoAo 0To TEAIKO B&POC yEvvnong
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oTIg MoAUduUpES KuNoelg. Ta ayopia 0idupa {uyilouv TTEPIOOOTEPO OO TK KOPITOIX
OIOUMK KO Ol OIXPOPEC QXUTEC EIVAI ONUAVTIKES o TNV 271 gBdop&da TN KUNoNCS
Kol Emeita.. O KaumOAeg a0€nong —nAIKIg KONong Twv TPIdUPWVY €XEl PAVET TTWG
okoAouBolv auTéC Twv O100pwV PéEXPI TIC 30 eBdopddeg, evd OTN OUVEXEIX
OTOKAIVOUV  onuavTIk&. H ouxvotntae eupdavione EYA eivanr OImA&olo oe i

HovoxoplovikA d1dUhO KUNon o€ oxéon Pe Jiax O1XOPIOVIKA.[57]

O l'eveTIKOI KO XPWLOOWUIKOI TXPAXYOVTEG

YrGpxel Yiax 1oxupf ouoxETion peTa&ld TG EYA kot TNG UMapéng XPWHOOWHIKMV KA
OUYYEVWV OVWUOAQOV. XPWHOOWMIKESC OVWHPOAIEC OVEUPIOKOVTGI OTO 7% TWV
veoyvwv pe EYA mou €ival dekamA&aolo TooooTd amd 0TI oTa VEOYVG (PUOCIOAOYIKOU
B&poug. EpBpua pe Tpiowpia 13,18 kau 21 umoAeimovTal ouvABwe oTnV avamTuEn
OTWC E€TMIONC K&l T VEOYVX ME OUTOOWMIKEC QVWHUOAIEC OTIWC EANETPEIC KOl
OIMAXOIOPOUC XPWHOOWUATWYV. AV KO Ol GVWUOAIEG TWV PUAETIKWV XPWUOCWHETWY
odnyolv ouvAbweg o€ euPpuikd BAvaTO, Ta EURPUC TTOU EMPBIOVOUV EXOUV KOTK
Kavova JIkpoTEPO BGpog yévvnong. H emidpaon Twv aveurmAoeldiwv oTnV eUBPUIKA
avanTuén, PAvVNKE o€ Wiot ONUAVTIKA WEAETN, OTTOU &yive €EETOON KXPUOTUTOU OF
458 guppua pe EYA. Mooootd 19% egixav KGO KXPUOTUTTIKA GVWUOAIX, eVl 2%
TwV eUPPUWV pe TOOAOYIKO KOpPUOTUTTIO ATAV EURPUC XWPIC UTTEPNXOYPOUPIKES
OVOTOMIKEG avwpohiee Kol 40% auTWV €iXav KGTIOI0 UTTEPNXOYPOPIKO elpnua.[58]
JUVOAIK&, Ol XPWHOOWMIKEC OVWHOAIEC KOXI Ol TIOAUTIPOYOVTIKEG OUYYEVEIC
avwuoAieg eubivovTtal yix To 20% Twv veoyvwv pe EYA, moocootd mou €ival ToOAD
MEYOAUTEPO OV N BIGTHPOXA OTNV GVATITUEN QVIXVEUTET TIPIV TNV 26" BJoP&da TNS

KONong.[58]
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O 2uyyeveic Aoiuwéeig

O1 Moipwéeig mou MPOoB&AOUV eVOOUNTPIC EVa EUBPUO, PTTOPET VO ETTNPEGOOUV TNV
OMOAA avG&TITUEN TOUu, OAAG auTO Oev apopd& OAeg TiIC evOouATpPIeg AoluwéEeig. H
AoipwéN amd ToEOMACOPK, omGvia emnpedlel TNV ava&nTuén Tou euPplou, eve
oVTIOETO N €PUBPE, O KUTTXPOPEYXAOIOC KO O EPTINTOC, KMOTEAOUV OUXVEC XITIEC

EYA. [59, 60]

O [MAXKOUVTIOKN XVETXPKEIX

Onwg avapépbnke mopanmévw, n Mo ouxvA oitic EYA gival n TAGKOUVTIOKA
QVETGPKEIX. APOop& oUVABWC TIEPITTITWOEIC OTTIOU N K&OBUOTEPNON TNC AVATTUENS
€ival xOUPPETPN KOl EPPAVIETAI KUPIWEG YETE TO OelTEPO WICO TNG KONONG. Av Kal
Exel yivel TepdoTiax TPO000C 0TNn OIAYVWON K& TTRPOKOAOUBNON TNG avemapkoUc
MXPOXAC AIPTOG omd Tov MAGKOUVTK TIPOC TO EUPPUO, evtoUToIC Ol OKPIBEIQ
MNXOVIOPOI Kol 1N emdpaon Twv OIxpOpwv VOONUATWY 0OTNV  TTAGKOUVTIGKA
AEITOUPYIC, TXPOUEVOUV OOIEUKPIVIOTOL.

Nwpig ommd TO MPWTO TPIUNVO, N JIKTAPOXA TNG AYYEIOYEVEDNC UTTOPET VO
eumodioel TN owoTA ONUIoUPYI TOU TIAGKOUVTO PE GTMOTEAECUX TNV OMOBOAA ToU
KUAUOTOG. Av TOPOAX UTG N ONUIoUPYick TOU TAGKOUVTG TTPOXwPAoel, TOTE N
QVETIOPKNAG TIXPOXN OPEMTIKWY OUOTATIKWV TPOC TO E£uPpuo Ba dnuioupyAoel
TTPOPBAANATH 600 XUEKVOVTOI Ol XVAYKES Tou gufplou, dNAadA pe TNV MPOodo TNG
kKinonc. H Kok TPo@oPAaOTIKA Oleioduon OT ayyeix TNG MATPOG EXel oav
OMOTEAEOUO QUT& VO YN JTTOPOUV VO PETATPAMOUV 0€ ayyeEix XKUNAAG GvTIoTHONG.
EmmAéov n au&nuévn amomTwon Twv TPOPOPRAXOTIKWV KUTTGPWV ONUIOUPYET Witk
QVWUOAN QVATITUEN TWV  XOPIGKMV AXXVOV KOl TEPAITEPW EMPB&PEUVON TNG
TAGKOUVTIGKAG AeiToupyiag.[61] H KaTGoToon OUTA PTIOPED voi TTUPOJOTACE! TNV
EKPPOON TOM®WV TIXPAYOVTWY TIOU OPOUV O OYYEIGKO €mMeEd0 HPE OKOTO V&
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QUENCOUV TNV TIPOCKPEUOCTIKOTNTA TWV QYYEIWV OTIC XMXITACEIG TNG EYKUPOOUVNG.
EmmAgov n umo&ia dieyEipel TNV yYEIOYEVEDT, N OTTOIX OUWC O€ TTOMEC TTEPIMTTMOOEIC
eival Gvapxn Kol eurmodilel TNV owoTh avTaAAGYR BPENTIKWV OUGIWV.[62]

OAot aUTG TOC YEYOVOTOH GVTIKXTOTITPI(OUV Witk TTpoon&Oegia auToppUlbuiong
TOU TTAOGKOUVTO € OKOTIO VO EEUTINPETAOEI TIC AUERVOPEVES OVAYKEC TNG KUNong. Ta
EUPPOKT TOU TMAXKOUVTX, KO N IVwon TwV GyYEiwv Tou, EXEl OOV XITOTEAEOUG TNV
au&énuUEvVN avTioTON OTO QYYEIBKO OIKTUO PE TEAIKA CUVETEIR TN PEIwoN TNG HGIXC
TOU TAGKOUVTG TIOU €ivail JETOROMKE evepyn. AVOQEPETAI TMRPOAX OQUT& TTWC N
al&non Tou euPplou dev eMNPEGIETAI KKOUO KO O TTEPITITWOEIG TTIOU O TTAGKOUVTOG
ommoAéoel Ewg 30% Twv AEITOUPYIKOV TOU AGXVWV.[63] Av Ol GvTIPPOTIOTIKOI
uNXaviopoi Tou evepyomoinbolv, emMTPEWPOUV Tn Ouvéxion Tng kinong, TOTE n
QVETTPKAC TPOPODOOIa TOU TTAGKOUVTO B €xel &eon €MOPAON OTNV GVATITUEN TOU
euBplou.

H ocoBapdTnTax TNG TMAXKOUVTIGKAG OYYEIKKAG OUCAEITOUPYIGG MTTOPE VO
EKTIUNOET KAIVIK& e TNV umepnxoypodikn pEBodo Doppler. O umoAloyioudg TOU
Doppler Twv unTPIcIOV GPTNPIOV EKTIUG TNV TTOEOXA GIUATOS & TN INTEPG TTPOG
TOV MAGKOUVTX, EV(M Ol HETPAOEIG TTOU apopolv To EUPRPUO, divouv TANPOPOPIES VIKK
TNV MAGKOUVTIOKA AEITOUPYIG KO TNV GvTaIOKpPIon Tou euPpldou oTn oTépnon Twv
OPEMTIKWOV OUOTATIKWV.[64]

2TIC KUNOEIG TTOU €MTAEKOVTOI pE EYA, uTGpXouv ONPOVTIKES DIGPOPES OTN
METOXPOP& OUOTOTIKWV METAED MNTEPOCG Kol euPplou OMWC €mMioNg Kol OTO
METOBOAIONO TAGKOUVTO Kol euBplou Tou OgiXVouv Wi OTPOPA GUTOV TwV
OIEPYOOIWV TTPOC Picx O KOTAPBOAIKA p&on. H oTépnon mopoxNg GiuaToc omd Tn
MATPO TIPOG TO EUPPUO, €xEl WG MOTEAEOUX TNV MWEIWON Tou Ppubuol avamTuéng
mpog OpeNog Tou eykep&hou. To EuPBpuo avTIOP& OTNV QVETIGPKA TAPEOXNA
OUOTOTIKWV ME MIK OSIP& UNXKVIOPWY, WE TENIKO OTOXO Tn MEYIOTOTOINON TWV
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mbavotTATwY emPiwong otnv €€wpATpio wh. O TPOTOS HNXKVIOUOS ToU
EMOTPATEVETAI EIVAI N QUENON TOU KAXTKBOAIOUOU UE OKOTIO TNV TTXPOXA EVEPYEIOG.
ATTOTEAEOUO TNG TTRPATETAWEVNG UTTOBPEWIRG EIVAI OI XAOYES TOU JETORBOAIOUOU TOU
euPBplou KOl TNG TOPOAYWYASG OPMOVAV KOl N euxiobnTomoinon Twv I0TWV OE
OUTEG.[65] MehéTeg o€ (wIKG POVTEAG UTTOOEIKVUOUV TTWE N GEXIKA QvTIOPOon TNG
MEIWPEVNC TTAKKOUVTIOKAG TIXPOXAG EXEI OGV OMOTEAEOUG TOV GOUPMPETPO PUOUO
avATTUENG Xwpic Aoy 0To B&pocg Tou eufplou kol TNV alEnon Tou Adyou B&pouc
eyKePGAOU/AMATOG. Taxr EMVEPPIOIX TOU EUPPUOU UTTEPTPEPOVTOI KOI KXTX OUVETTEIX
QUEAVETOI N OPGON TWV YAUKOKOPTIKOEIOWY, VW MWEIMVETAI TO B&pog Tou B0uou
adéva. O pubpocg olvBeong Tou DNA peI®VETHI 0TOUG OKEANETIKOUC pUEC, OGAAG KOl
oTov KOPOIoKO pu. OTav N ovenmapkAg TOEOXA TOPXUEVEI YIX PEYGAO XPOVIKO
o16oTnUa: A €xel Eekivhoel amd vwpic oTnv KONon, €MMPO0OETWE TWV TTXPATAVW
OAOYQV, TTORPATNPEITAI Kol peEiwon Tou Bd&poug Tou euBplou Kotk 25-30%. To
opVIGKO Uypd peiwveTal AoV Tou 60%. ApyOTeEPO EYKOOIOTATOI KOI UTIEPTPOPIX
TOU MUOKOPOIOU. Av OAOI QUTOI Ol GXVTIPPOTIIOTIKOI NXOVIOUOI PTROOUV OE OPIGKO

oTGdI10, TOTE TO EUPPUO apXilel va duoTipayei.[2]

1.6 Aicyvwon

O Baolkdg 0TOXOG TNG MAIEUTIKAC TREEUROONG E€IVAI N EYKAIPN QVAyvVOPION TwV
euPBplwv pe EYA mou KivOuvelouv amd evoounTpikA UTogix, n maxpakoAolbnon tTng
KOTGOTOONG TOU €UPBPUOU Ko N EMOTTIEUCN TOU TOKETOU OTOV TO EUPRPUO KIVOUVEUEL.
H diGyvwan evog euPplou pikpoU yia TNV nAIKia kinong (Small for Gestational Age,
SGA), ouvAbwg yiveTau ye Tn olykplon Tou eKTipoOpevou Bépoug Tou euPplou A
OUYKEKPIMEVWY  UETPACIYWY  JIGOT&OEWY  (TT.X.  TTEPIUETPOG  KOINIGG) e
TTPOKOOOPIoUEVES KOPTIOAEG evdounTpIKAG al&nong. Mpoumdbeon yia va ul&pxel
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a&lomoTn uETpnon €ival o akpPIBAG umoAoyiopdg TNG NAIKiag kKinong mou BaoileTal

oTNV UTTIEPNXOYPAPIKA METPNON TNG NAIKIGC KINONG KOT& TX PXIKG TNC OTGOIN.[66]

To 6pl0 K&TW and To omoio Bewpeitaun Eva PwpPd wg (SGA) eival Pe Tov
TaPad00IKO opIopd N 10N ekaToOTIXIN BE0N TOU UTIEPNXOYPOPIKX EKTIHOUUEVOU
B&poug Tou guPplou. Me TNV EPAPUOYA TOU CUYKEKPIMEVOU OPICUOU N CNUOVTIKA
mAEIOWPNPIX XUTWV TwV eUPplwV Ba givail uyif, ME OUGAO PUBUO QVANTUENC Kol
puolohoyikd mAakoUvTa. H xpAon Tng 316 ko 51 EOQ pmopel vao mepIAGUPB&veEl e
ueyoAlTepn okpiBeiax T SGA Eufpua Ta omoiax eupaviilouv EYA. Me évav o
mPOoPaTO 0pPIoUO, Eva EUPRPUO A veoyvd BewpeiTal wg SGA epOOOV TO EKTIHOUUEVO
B&pog Tou A TO B&POG YEVVNONG EIVAI JIKPOTEPO GO TO HECO OPO UEioV 2 XZTaOEPES

AnokAioelg (Standard Deviation, SD).[62]

H avixveuon Twv SGA euPBplwv unayopelel TNV TEpaITEPW dlepelvnon Ue
okommd Twv OmOoKAEIONO Twv uylwv SGA eufplwv Kol TNV MO  EVIXTIKA
mapakoAolOnon 6owv MPAYUGTIKE eupavi(ouv EYA. e piax HeAETN PAVNKE TIWC TX
SGA &uPBpua mou dev €xouv dlayvwoTel mPIV TN yévvnon, &Exouv 4mnA&oleg
mMOavVOTNTEG VI OUOCPEVEG TIEPIYEVVNTIKO OIMOTEAEOU  (UTTOEXIMIKA  IOXXIMIKA
eykepaAonaOelx, Apgar okop 5 AenmTwv <4, VEOYVIKOI OTIOMOI, 0EEWON, KEVTPIKNA
maP&AUON, TTEPIYEVVNTIKOG Kol VEOYVIKOG B&vaTog) o oxéon pe SGA Eufpua Tou
EXOUV OVOYVWPIOTEN EYKAIPWE Kol Exouv ouxvh mapakoholObnon. O Kivouvog eivai

av&Aoyog pe TN BapldTnTa TNG KXOUOTEPNONG OTNV GVATTTUEN.[67]

H péxpl onuepa mpoteivouevn pEBOOOC eKTIUNONG Tou euPpuikol B&poug
€ival PE TOV UTOAOYIOUO TwV OVOPWITOUETPIKWY XOPOKTNPIOTIKWY OTMwg N
TTEPIUETPOC TNCG KOINGG Tou euPplou, n TEPIMETPOC KEPOAAAG N CGUPIBPEYUATIKA

OIGUETPO KO TO WAKOG TOU pNpIciou 00oToU. AUTEQ O JETPAOEIQ UETATPETIOVTOI OE

49



eKTINOUUEVO €UPPUIKO PB&pPog pe BGON OUYKEKPIYEVOUG paOnuaTikolg TOTIOUG Ol
ormoiol BaoilovTal o KaXUTTUAES alEnong B&poug oe oxéan pe TNV NAIKia kinong. Mo
TNV €KTiunon Tou pubuol avanTuéng Tou euPplou, ONAXOAR TNG OAAyAC Tou
heyEBoug Tou peE TNV TGPOJO Tou XPOVOU, E€IVal amapaxiTNTN I JaKPOTTPpOOeoun
EKTIUNGN WE TOUAGXIOTOV OUO JIDOXIKES UTTEPNXOYPOUPIKES NETPAOCEIG. O IO EUPEWC
Xxpnolpotololpevog HadnuaTikdg TOTog eival ekeivog Twv Shepard kol ouv, Tou
BaoileTal OTNV OPQPIBPEYUATIKA OIGUETPO KOI TNV TEPIPEPEIG TNG KOINIKG TOU
euBplou Kau o TOmog Twv Hadlock Ko Guv TTOU XPNOIUOTIOIET TNV TTEPIUETPO KEPKANG
TNV TIEPIYETPO TNG KOINIGG K&I TO WAKOG TOU UNnpEIaiou.[68, 69] O1 JIadoxIKES
METPAOEIC OO TTIPETTEI VO YIVOVTOI CUXVE VI VO PTTOPET Vor oivaxdeixOei n kaBuoTéEpnon
0TO PUBPO avamTuENnc. Mo var BeATIWOET N a&loTOTIC TNG Avixveuong Exouv TPOTAOET
€101KOI TIVOKEG Ol OTToi0I AXBA&VOUV UTTOWN KOl TX CWUGTOUETPIKA XKPOKTNPIOTIK&
™C uNTEPORG. O1 MVAKES EUPPUIKAC avATITUENG EIVOI KUPIWG XPAOIKOI VI TNV GPXIKA
avixveuon Twv euBplwv pe EYA. H mapakoAolOnon Tng uyeiag auTwv Twv euPpliwv
KO N amopoon TnG EMOTEUONC TOU TOKETOU ViveTal Kupiwg pe tnv Doppler

UTIEPNXOYPOPIXK.

Epooov Exel TeBel n diGyvwon TN EYA, 0 paieuTAPaG 0o MPEMel apxIK& va
Olepeuvnoel To: MOGVA KITI TTOU TIPOKGAOUV TNV KaBUOTEPNON TNG OVGTTUENG.
MTopei vor XPEIROTET Vo VIVEl KKPUOTUTIOC TOU EUPPUOU A IO EEEIDIKEUPEV YEVETIKG
TEOT KOI TMOXVA TXEOXA YEVETIKAG OUUPBOUAAG amd YeVETIOTA. Av UTI&pPXEl uTToyia
AOTMWENG, TOTE N UNTEPG O TIPEMEl Vo UTIOBANOET o€ €I0IKEQ OPOAOYIKES EEETGROEIC.
Epooov moAU ouxva n EYA amoTeAel Tnv p@TN EVOEIEN TTPOSKAGPWInS, Oa TPETEl
OlepeuvnBel KoTG TOOO N €YKUOG euPavilel KAIVIKG A €pyaoTnpIGK& onueia
mpoekAauyiag. MaBAceIg TNG PNTEPAC OTIWG €mong Kol KakA Opéwn A Aqwn

POPUGKWY Kol ToEIvy, Ba TTpémel emiong voe digepeuvnBolv. MeT& Tn yévvnon n
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I0TOAOYIKA €EETOON TOU MAGKOUVTQ amtd €EEIDIKEUPEVO TTXOOAOYOVATOUO, UTTOPET VX

OVOOEIEE! IOXAIMIKES KO QYYEIXKES ANOIWOEIC.[62]

1.7 NMapakoroubnaon

Ao OAeg TNG MEBODOUG TOU UTIRPXOUV VIO TNV TTXPOKOAOUBNON TNG UYEIRG TOU
euPBplou, n ueAétn Doppler €xel TNV KaADTEPN TMPOYVWOTIKA a&ix. EmTpéNnel oTov
MXIEUTAPO V& EKTIMAOCEI TNV KUKAOPOPIX Kol otO TIG 000 MAEUPES TOU MAGKOUVTO KX
v a€lodoyRoel To BaOUO TWV TTPOCKPUOOTIKWV OYYEIRKOV GAGY@WV TIC OTOIEQ
OVOYKGETOI V& KAVEI TO EUPBPUO GVTATTOKPIVOUEVO OTNV umogia. H peAETN Twv
Doppler mapéxel mepioodTEPES TTANPOPOPIES OTAV YIVOVTOI JIGOOXIKEC METPAOEIQ UE
TIG omoieg umopel va gavel n mobavn emdeivwon Tng umoiag Tou euPplou. Ol
ueTpnoeig Doppler Ba mpémel va yivovTal Kol og Tiepidodoug mou 1o EUBpuo dev

KIVEITOI KO OgV GvaTIVEEI OTTWG EMIONG K&l KXT& Tn OIGPKEIG €KOUOI GTVOIRG TNG

uNTEPaG. [70]

1.7.1 Doppler oy@aAIkAC xPTNPING

H Kupoatouoppn Tou Doppler oAPOTOS TOU TIPOEPXETAI Omd TN PON KIYUKTOC TNQ
OMQPOAIKAG PTNPEIRG, OVTIKATOTTPI(EI TN PON QIUKTOC OTOV TAGKOUVTX, KOl Ol
OMQYEG OTNV KUPGTOPOP(A QUTA OXETICOVTAI PE TNV KOTGOTKON Tou guPBpUOU Kal
™V €KBaon TNG KOnong. EmmAgov n maboloyikA eEETaon Doppler TNG OUPOAIKAG
aPTNPIRG OXETILETAI KOI PE DIKTOPOXM OTNV GVATITUEN TOU HWwPOU PETE TN yEvvnon.
Mo mpakTIKoOG Adyouc Ba urmopoloape va molue we k&Oe SGA EuBpuo 0TO OTToIo
aveupiokoupe maxOoloyika Dopplers oupaAIKAG, TOTE TIPOKEITAI Olyoupa Vi EUBpUO
mou eppavilel EYA MAGKOUVTIOGKAG aITIOAOYIOG. Xe TEPIMTOWOEIG Tou Toe Dopplers
eival MXOoAOYIK& OTTWG O€ TTEPITITWOEIC TTIOU GTOUCIGIel TO TEAODIKOTOAIKO KUK, A

eival av&oTpo®o, TOTE A TIEPIyEVVNTIKA BvNoIuoTNTO Eival auEnuévn KaT& 4 f KaTd
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10 popég avTioToixa. H mapakoAolBnon kunoswv pe TNV Doppler TaxupeTpioe Exel
OOV OITOTEAEOUO PEIWON TNG TIEPIVEVVNTIKAG BVNOINOTNTHC KOXI TWV EI00YWYWOV OTO

voooKoueio ueté tn yévvnon (Eikova 5).[71]
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1.7.2 MnTpIaio apTNEIo

H pétpnon Tou Doppler TNG pNTPIXIXG apTNEING €XEl TIPOTAOET WS TIPOYVWOTIKOC
O€IKTNG ENPAVIONC TTPOEKAGUWING Kol EYA akOUa Kol 0€ KUAOEIG XauNnAoU KivdUvou.
MNoxpdAa auT& n PETpnon Tou Doppler Twv pnTPIKIwY GPTNPIOV PTTOPET VO Eivail
1I01IXITEPO XPNOINN oV EMTIPO0OETN eEETOON 0E TIEPIMTWOEIC EYA TTOU EKONAWVETXI
apy& otTnv Kinon. To MXOOAOYIK& SUPANGTA TWV UNTPIXIWV GPTNPIMV PTTOPOUV VX
KoTnyopiomoinBolv pe B&on To okop TNC uNTPIdiag apTnpice (Uterine Artery Score

UAS) Mivakag 2.

2kop Doppler MnTpiciag .
. E aoTta Doppler
Aptnpiag (UAS) vpnHaT PP

0 DUoIONOYIK& EUPANCTA 0E XUPOTEPOTIASUPEG TIG
MNTPIXIEG OPTNPIES
MxBoAoYIKG EUPAUATO OE YIC GTTO TIG UNTPIKIES

1 p ! B y
apTnpieg (wEnuévo Pl, A TEAOBIKOTOAIKN KOUPBwWON)

2 AUO TOOAOYIKG EUPANGT

3 Tpia TXOOAOYIK& EUPANOT

4 TEooepa TOOAOYIKE EUPAPATO (XUPOTEPOTIASUPKK
auénuévo Pl, KouBwoeIg aupoTePOTAEUPK)

Mivakag 2: YKop TNG UNTPIKIKG xpTnNEIog Ye B&on T MOOOAOYIK& EUPAUOTO TNG

ueAETNG Doppler.[72]

Ol auPOTEPOTAEUPES KOMPBWOEIC TWV PNTPIXIWY GPETNPIOV OUVABWC Oev
UTTOKPUTITOUV KA&TTOIX EMIKIVOUVN KOT&OTOON YIG TO EUBpuo. EvrolTolg deixvouv pic
auénuévn avtioTaon  TNG  POAC  OTNV  UNTPOTAGKOUVTIOKR  KUKAOQOPICK,
ummodeIKVOOVTOG £TOI Pia IO Ouxvh TTapakoAoUBnon Tou eufBplou pe okomd Tnv
EYKQIPN avixveuon Taxeiog emoeiviwone TNG MAKKOUVTIGKAG KUKAo®opiag (EikOva

).
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Doppler prTpLalag apTrples ps kKopfwosig

Eikova 6: MaBoloyiké Doppler unTpiaiog opTNEICG. Exéva ané To diodikTuo

1.7.3 MapakoAolOnon euBPUIKAC KUKAOPOPING

Ye EuBpua pe EYA mopaTnpeiTal JEIWPEVN QvTIOTAON OTN POR Kol eEAXTTWPEVO Pl
OTIQ EUPBPUIKEG OTEPAVIRIEG KPTNPIES, XPTNPIEG TWV EMVEPPIdIWV KAI TNV GPIOTEPN
TTUAGICX PAEBC. AUTG TO EUPAMGT PAVEPWVOUV TNV GVOKKTAVOMF TOU KIUGTOC TOU

eUPBpUOU TTPOC OPENOC TWV EUYEVIOV OPYEVWV.

v MEon eykepoAIK apTnPIix

H peAETN TNQ poNAC TOU GIUGTOG OTOV EYKEPOAO KO EIDIK& OTN PEON eYKEPOAIKA
apTNEIa Oivel TANPOPOPIES YIX TNV AVOKXTAVOUA TOU KIJXTOG OTNV UTTOEI0k KOTG& TNV
EYA (Eikova 7).[73] Tigég Tou Pl pikpdTepeg amd 2SD amd Tn yéon TIUA avapopie
yIx TNV NAIKIX KONONG pAVEPWVOUV TN UEIWUEVN OGVTIOTAON OTN POA TOU OIPGTOG
OTOV EYKEPONO.[74] O1 YEIWUEVES QUTEC TIMEG OUVABWC XEPATNPOUVTOI OTO PXIK&
oT&OIx TNG umoéiag Tou euPplou. MapdAa auTé N mMaxpakoAolOnon Tou Pl Tng péong

EYKEPAAIKAG Ye oKoTO TNV AQYN TNG Gmopaong yIx TNV EMIOTIEUON TOU TOKETOU, dgv
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eivan a&1omoTn yiaTi o Pl ouxv& yiveTau QuoloAoyIkOg TIpIV TNV TEAIKA emOEIiVWoN Tou

euPBplou.[75]

Doppler péonc sykededikng aptnpleg

Eikéva 7: Doppler Méong Eyke@aAikAg ApTnpiag (MCA). Eixéva ané o diadikruo

v ®OAefwdng mépog

Y16 PUOCIOAOYIKEC OUVONKEG TO JIGOTOAIKO TUAMG TNC KUMKTOMOPQPAG €ival uywnAo
KO TO O-KUJO, TO OTTOIO0 XVTIOTOIXEI 0TO TEAOG TNG DIKOTOANG TwV KOATIWYV, Eivai pnxo
(Elkova 8). Otav To EuPBpuo emPBaplvetal, N KEVIPIKA GAEBIKA Tieon auUERVETAI, TO
OIOOTOAIKO TUAMO TNG KUUKTOMOPPNAG MEIWVETKI KX TO O-KUOPO ayyilel Tn BaoIKA
YPOUUA A ovoOoTPEPETAI. AUTEG 01 OGANOYEQ ONAWVOUV Ta TEAIK& OTGOIK TNG
EUBPUIKAC XOPUEING KOl ETTIKETUEVN KAPDIKA aveTGpKeEIX. H HEAETN ToU PAEBOOOUG
mOpPoU OEV UTTOPET VO TIPOOPEPEI OCNPAVTIKE OTNV TTXPOKOAOUONOoN Twv euPplwy ue
EYA KaT& TO TPiTO TPIUNVO, YIGTI OKOAOUBET TOAD apyOTEPR TIG OANAYEQ OTnV
OUPOAIKA apTnpPix. 2XT0 OelTEPO TPINNVO OUWC Ol OIKOOXIKEC METPAOEIC TOU
PAEBOOOUC TMOPOU, TIKPEXOUV ONPOVTIKEC TANPOPOPIES YIX TNV KOATGOTXON TOU
euBpUou mou umoAeimeTal oe PEyeboQ.[76, 77]
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Doppler pAcpuwbougnopou

Eikbva 8: Doppler (D)\SB(l)éOUQ TTépOU. Eikdva a6 To dIadiKTUO

v OUPOAIK) PAEBo

O1 yeTpnoeIg TNV OPPAAIKA PAERBC UTTOPOUV V& EKTIUNOOUV KXTG TNV €VOOKOIAIKA
NG TTOPEIX /| 0TOV OUPEAIO AWPO. Z€ EVA PUOIOAOYIKO EUPBPUO N KUPKTOUOP®N Eival
XOUNAQ Kol Xwpi TOAMIKOTATA. ‘Evar onueio mpoxwpnuévng euPBpuUikng aopuéiag
€ival N ToPEOUCIa TTHARIKOTNTAG OTNV OMPOAIKA PAERX KO PAVEPWVEI ETIKEIPNEVN

KOPOIOKN avenapKela. [78, 79]

1.7.4 KopdloTokoypapio

H kopdiok ouxvotnTae Tou  euPplou, udmopel v PEAETNOEl  pe  TO
KOPOIOTOKOYPA&PNUX. H ouxvoTNTa EKTEAEGNG TNG KAXPDIOTOKOYPOPIOG O TTPETTEN VO
EKTINGTAI e Bdon TN BapdTnTa TNG EYA, TNV KAIVIKA KATGOTAON TNG MNTEPOG KO TX
ammoTeEAEOUOTO GAMWV PeEBOOWV TaxpakoAolBnong Tou euPpliou. H peTaBAnTOTNTO
ToUu KapdIakoU puBuol umopel va oAl XxpARoiun Kupiwg o€ OAD mpowpa EUBPUQ,
OToU 01 ANGYEQ O DICDOXIKEG EKTIUAOCEIC UTTOPET VO ONUXIVOUV HIX TTPOOJEUTIKA

emdeivoluevn euppuikn umoéia.[80]
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1.7.5 Auviako uypo

O OYKOG TOU GUVIGKOU uypoU PTTIOPET VO UTIOAOYIOTET adp& PE TNV UTTEPNXOYPOPICK.
Melwuévn moodTNTA XUVIKKOU uypoU f oAly&uvio, ouvABwe ouvOUGIETKI WE TTIO
ooPapn EYA. Aev ummopei Opwe Vo TPOOPEPEI TTOAMG 600V PopG& TNV TIPOYVWON TNC

€KBaong Tng Kinong ue EYA.[81, 82]

Mpwipe Oyiua
Nofokoyikd pnrpiaivy (EDY &) ATToudio/AvaoTpoe EOYW oppaiikhg

| AVTKITOVOMIG KOPAITKAC TTORoYNS
| Adowan eykepdhou PUTIOAOYIKES TILES

KoppwozIg Uy
DW-RAN

‘ Meiwan GpaaTnEIoThTa; |
| Meivoon avarrvaiiy |

MEiwon KvioEwy |
| ADENDN BaTIkAg yRaupr | ATTUIREID TEVOU
| Melwam etnray voeuy |

| MEIWE PETARANTATTIC ATTouTig
| DIheg eTRRaavIEIg

Wefwom apyvigkol uypal

MO-PZPO0O

PO, pPH

MNopeia KOnong {>_

IxAuo 3: Mp®ipo Ko OWIPo onueix TNG KAIVIKAG KAT&OTaoNG Tou euBplou e Béon

TIG ueBODOUG MaxpakoAoUBNoNC Tou KaT& TN dIXPKEIG TNG KUNONG.

1.7.6 EuBpuikeEg KIvNoeIg

To ummoExIPIK& EUPBPUR OUVABWC EXOUV PEIWUEVEG KIVAOEIQ TOU OWUATOG KOl TWV
GKPWV OMWG EMONC KO&I OVATIVEUOTIKEG KIVAOEIQ. X& TTOAD coBapn umodia, um&pxel
EMOoNC K&l Yeiwon Tou puikol Tévou.[83] To euPBpuikd Blopuaoikd TPoPiA Babuoloyel
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TNV Kot&oToon Tou euPplou Paoilduevo oTIC KIVAOEIC Tou euPplou, TIQ
OVOTIVEUOTIKEC KIVAOEIC, TNV EKTIUNGON TOU WUIKOU TOVOU, TO KOPOIOTOKOYPAPNUO KO
TNV TOOOTNTX TOU GUVIGKOU uypoUl. XoaunAn Bobuoloyic cUVOUGIETOI HE KOKA
mpoyvwon. MNoapdAa autd Ta EPPpua ue EYA nmapouci&louv oxAAayEC OTO BIOQPUOIKO

TTPOPIA, ol sppavioouv aAayég ot Dopplers (ZxAua 3). [67]

1.7.7 AvanTtuén Tou euPplou

O BaBudg Tng EYA, 0nAadi o0 BaBudg amdkAiong Tou pubuol avamnTuéng amd To
PuoIoAoyIKO yia TN dedopévn NAIKI KONoNG, VAl ONUAVTIKO VoL EXEI KATOYPOPET YIXK
Vo opyavwBel €101 TO TAGVO TNG PETEMEITO TMapakoAoUBnong. Xe éva EuBpuo ue
ooBapn UMoAeImopevn avaTTUEN OTWG YIX TIXP&IEIYUX BAPOUG MIKPOTEPOU O
3SD amd 71O pECO Opo, Oa TpPEmEl KATaPXAV va UTOPANOel 0 QavOAUTIKO
UTTEPNXOYPUPIKO EAEYXO N KOI KOPUOTUTIKO EAEYXO ME OKOTIO TOV GTTOKAEIOUO
QVOTOMIKWV KOl XPWHOOWUIKWV avwuoAiwv. H olayn oto péyebog Tou eupplou
METOED OUO OJIXOOXIKWV PETPAOEWV OE JIGOTNUG 2 €BOOUGIWYV, UTTOdEIKVUEI TOV
puBbud avamTuéng Tou euBplou. Otav n dicpop& PeETAED Twv dUO GMOKAIOEWV TOU
Bapoug eival peyahiTepn amd 10%, T0Te auTd gival onueio EYA, akOuX KOl oV TO

B&pog Tou euPBpUou MaPaUEVEI EVTOC PUCIOAOYIKWV OpiwV. [62]

1.7.8 MpwTdKoAA0 mapakoAouBnong Tou euPpuou ue EYA

Onwe avapEPONKE KAl VWPITEPR, N AVTIMETWITION A Bgpareia evog epBplou KAT& TN
diGpkelx TNG evOouATPIOG (wAQ eival pdAov adlvarn. O1 mopeuB&oelq Tou
MOIEUTAPO OoTOxeUOUV OTNV EyKaipn yévvnon Tou eufBplou, mpIiv Tn dnPIoupyic
UTTOEXIMIK@WV  OANOIWOEWY ) EVOOUATPIOU BOVATOU. Xe KATOIEC TEPITITWOEIG Ol

MOIEUTIKEG TTOPEPPAOEIG UTTAYOPEUOVTOI OO TNV KAIVIKA KATGOTOON TNG UNTEPOC.
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Otav éva EuPpuo diayvwotel pe EYA, n mpwtn ueAéTn Doppler Tng
OUPOANIKAC KOXI TWV PNTPIKIWV GPTNPIOV, €IVl PEYGANC ONUOOING. Av UTTGPXOUV
naBoAoyik& Dopplers, T0TE Ba MPEMEI VO XITOPAOIOTET N TTEPAITEPW TTAPOKOAOUBNGN
N omoia dIxPEPEI aVEAOY PE TNV NAIKI KINoNG. To KXPJIOTOKOYPAPNUK UTTOPET VX
yivel apuéowg peT& Tn ueAéTn Doppler, epooov ol d00 QUTEC €EETROEIC TTPEXOUV

OIPOPETIKEG TANPOPOPIES KAI N Pick B TTPETEI VX GUPTIANPOVEL TNV GAAN.

) KaBe 2"e pada = KAwikn extipnon, Doppler, AFT, NST,
Koppwoeg pntpLaiuw Properpia
tmean Pl fox

PE—— KaBe eBSopada = KAwvikn ektipnon, Doppler, AFT, NST
Kopfwoslg unrpLaiu

UA tmean Pl / Now KaBe 2" eBSopada = Bloperpia

NST

KdBe efbopdda = KAwikA ektipnon, Doppler, AFT, NST
KaBe 2" efSoldda = Bloperpio

Duatoloykd

lotopikd

Arnokhion Bapoug

MiBavn eLoaywyn
2-3 popég eBSopadiaiwg = Doppler, AFl
KaBnpepwvd = NST
KdBe 2" efSold8a = Blopetpia

2/ eRBSopaba
AvEnjLEvo PI KAwikn extipnon, Doppler, AFT, NST
KdaBe 2" efSop&Sa: Blopetpia

Ewoaywyn
3/ eBSopada = KAwwr extipnon, Doppler, AFT, NST
Av < 34 g5 = orepoeldn
KdBe 2" efSopLdSa = Bloperpia

~  Eooywyn
AvTipetwition avaioya e nAlkia kKOnong
Doppler kabnuepva
Av < 34 ePfS = orepoeldn
NST 2x nuépa

MaBohoywka Doppler

ELcaywyn

Kaloapikr| toph tnv i8ia nuépa
Av 24-26 eB6 eEatopikevon
Av < 34 eB5 = otepoeldn

. |c|.':|.|.u.;|:ot,'. .

MNapaxohouBnon NST 3-4/ nuépa

IxAuo 4: MpoTeivouevo MAGVo TapakoAolONoNg BACIOUEVO OTO EUPAUGTO TWV

UTTEPNXOYPUPIKWV JETPACEWV.

Ta EuBpua Ta OTTOIC YEVVIOUVTOI GpOU EPPAVIOTOUV DIKTAPOXES OTN PORA TOU
QIPOTOG TNV OUPOAIKA apTNPIC (ammoucia /| avaoTPOoPA Tou dIOTOAIKOU KUUGTOQ),
OAG OeV EXOUV EPPAVIOEI KKOUK XVWUOAIEC OTO KXPDIOTOKOYPAPNUK, EXOUV OOPWLG

koAOTEPN TPOYVWOoN armd T EuPpua Tow omoix €xouv maOoloyik& Dopplers Kol
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KOPOIOTOKOYP&PNUG. EMopévwg 0 paIeUTApaG, Oa TpEmel va €xel oav apxXA TN
OIEKTTEQPAIWON TOU TOKETOU TIPIV TNV  EUPAVION TwV KXPOIOTOKOYPUPIKWOV
oMoIhoewy. Ta TTEPIOTATIKE WIKPAG BapUTNTAC UTTOPET VoL TTPAKOAOUBOUVTOI OOV
eEwTePIKOI xoBeveic, A& To BaplTEPO TIEPIOTATIKA TIPETEI VO VOONAETOVTOI KO VXX
EXOUV TTIO EVTATIKA TapakoholOnon. Eva mPoTeIVOUEVO TAGVO TopakoAoUBnong

QXIVETOI OTO OXAMC 4.

1.8 Xpovog TokeToU

MeT& Tnv 3017-32n gBdouGdx, Kol epdoov To NST eivail QuUOIOAOYIKO Kol Oev
uUn&pxouv &ANG: TTKBOAOYIKG KAIVIK& OnUEix, TO KUPIOTEPO KPITAPIO EMIOTIEUONG TOU
TokeTOU Ko emdeivwong Tng Kat&oTaong Tou euPBplou, €ivan To Doppler Tng
OUPOANIKAG axpTNPING.[84] To av&oTPOPO OIKOTOMKO KUUG €ivail OEIKTNG EMOTIEUONC
Tou TOKETOU. H amouciax OIXOTOMKOU KOUOGTOCQ OmMOTEAET €miong &vav  KoKO
TTPOYVWOTIKO OEIKTN TIOU (POVEPWVEI TWE TO PICKO TXP&TAONG TNG Kinong
untepBaivel Tou oPEAouC. H amouaia SIOTOAMKOU KUOUOTOG GrmoTEAET EVOEIEN VI TNV
OIEKTIEPAIWON TOU TOKETOU QVAAOYQ PE TNV NAIKIG KUNONG o€ JIGPOPETIKA KEVTPO.
To BoolNikd KoAAéyio MaueuTApwv TUVAIKOAOYywYV OUVIOT& Tnv E€miomeucn Tou
ToKeTOU OTOV UTTGPEXEI UTO TO elpnua ammd TIC 34 eBJoP&dEC Kol EMEITH, EVQ OF
Mo KEVTPX TO Oplo givai o1 30 A 32 eBdouGdeg TNG KUNoNC.

Mpiv amd TI¢ 30 eBdopddeg TNG KONong, ONAxOA OoTa TOAU TIPOWPEC KOl
EEXIPETIKG TPOWPXK EUPPUR, N GTTOPAON YIX TNV EMIOTIEUON TOU TOKETOU €iVaI OUXVK
O0UOKOAN. Oa mpémel var ouvekTIwoUvTal Toe Dopplers omd TNV OuQOAIK apTnPIc, TN
MEON EYKEPOAIKA apTNEIx, TO GAEBWON TOPO Kol TNV OUPOAIKA QAERBR, TO NST Kal
TANPOPOPIEG OXETIK& YE TO P&pog Tou euPplou, To PUBPO GVATITUENG KO TNV
moooTNTA TOU GipVIaKoU uypoU. Eival d0oKoAo va uTI&p&ouv AeTITouep TPWTOKOAG
mou 6 mePIAGUBAVOUV K&OE DUVATA TIEPITITWON, EMOUEVWE N MAIEUTIKA TTXPEUBXON
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B mpémel va  e€aToupikeleTal. T coPopd  TEPIOTATIKG Oa  TIPEMEl Vo
QVTINETWTTICOVTOI O€ €EEIOIKEUMEVO KEVTPO UE TUAUG EUPPUOPNTPIKAC IGTPIKAC KO
VEOYVOAOYIKO TUAMGL. ZUXVEG OUYKPITIKEG eEeTdOEIg ummopolv  va  dwoouv
TANPOPOPIES VI TNV €mMOLIiVWON TNG KAT&OTXONG TOoU guPplou. O1 peAETEC TTOU
EXOUV Yivel JEXPI OAMEPX, UTTOOTNPI(OUV TIWC Ol TTIO 1I0XUPOI OEiKTEG emMOEivwong TNC
EUBPUIKAG KaT&oTOONG 0 GUTG Tax EUPPUQ, gival To Doppler Tou pAeBwdoug mopou
Ko (auEnpévo Pl ko OTov To KOpo pT&vel 0To €mMMedo TNG BACIKAG YPGUUAG), N
MOAMIKOTNTO TNG OMQPOAIKAG PAEBGG, N Qmoucia | avaoTPoP Tou OIXOTOAIKOU
KOMOTOG TNG OMQPOAIKAG OGPTNPING, KXI N Meiwon TNg METKBANTOTNTAC OTO

KOPOIOTOKOYPA PN,

1.9 Tpémog TokeTOU

To mepioodTEPT EPPPUG e EYA Kol eMNPEXOUEVN TTAXKOUVTIGKA AEITOUPYio: MOV
VO N UmopoUlv va avTemeEENBOUV OTO OTPEG TOU TOKETOU. Av TIPoUN&PXE! EUPRPUIKA
umoioe PO TOU TOKETOU, TOTE N OpaoTNPIOTNT TNC PATPOG Ba emPBapldvel TNV
KaT&oToon Tou gUPpUou. Mo auTd To AOYo 0 KOATTIKOG TOKETOG €ival AlyOTEPO OUXVOCQ
oc EuBpua pe EYA.[85] e &va mOAD mpodwpo EuPpuo pe EYA kol maBoloyik&
Dopplers 6a mpémel vax MPOTIUGTAI N KXICKPIKA TOUA. TO TOC0OTO KAIOKPIKAG TOUACG
TTOU TTEPIYPAPETHI 0 TTOPOUOIEG TTEPITTWOEIG o€ eBdoP&deg KUnang amd 88-100%.
MeT& amd Tnv 30n-32n eBOOUGOG Eva EUBPUO PE GTOUCIO N GVOOTPOPN TOU
OI0OTOAIKOU KUPOTOC OUVABWG YEVVIETOI PE KXIOKPIKA TOUA. € TIEPIMTWOEIS OUWC
mou umi&pxel OIOTOAIKO KOpax oM& To Pl eivau auénuévo, eivan mo OU0KOAO v
QTTOPOOIOTEl 0 TPOTTOC TOKETOU. JUUTIEPXOUGTIKA AOITIOV, OV XTTOPOOIOTEI TOKETOC
o€ &va EuPpuo pe EYA, T0TE N KXIOKPIKA TOUA €ival N HEBODOG €KAOYAG O€ TTOAD

mPowpPa EUPBpua A o€ EUPRPUN PE COPBAPES DITAPOXEQ OTN POA TOU GIUATOG TNG
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OMPOAIKAG apTNPicg. Oo mpEmel OoMwOOATIOTE VO OUVEKTIMOUVTOI Kol GAAOI

TTXPG&YOVTEC OTIWC N KATXOTKON TOU TPOXAAOU, 0 TOKOG K& TO 10TOPIKO TNC eyKUOU.

1.10 MNpbyvwon ueT& Tn yévvnon

Eivail mA&ov amodekTd OTI T EUPpuck ue EYA gupavilouv peyahdTepn voonpoTnTa.
Ta veoyvé pe ooBapi EYA Kivouvelouv TEPIOOOTEPO VO EPPAVIOOUV TIPOBAANGTX
OTn VEOYVIKA TePIodo Kol T TPOPRAAUCTO GUTK OUXV&X OXETI(OVIQI WE TNV
urtokeipyevn autioe TNG EYA. Tax veoyva pe 10Topikd EYA pmopel va eppavicouv
TEPIVEVVNTIKA  OUOTIPAYIX K&I VI OUTO €IVal amapaiTnTn N TMOEOUCIC TOU
VEOYVOAOYOU KOTG TOV TOKETO TOU OO MXPOKOAOUBAOEI €mioNg yix TNV gupavion
UTTOYAUKOUMIOG KO UTTODEPUING OTTOTEAEOUO TWV PEIWPEVWY XTTOBEUGTWY AITTOUG KO
YAUKOYOVOU. H TMOAUKUTTOEOIMICE TTOU VOTMTUOOETOI EVOOUNTPIWG AOYyw TNG umoging
ummopel  vae armoTeAel MPOJIGBECIKO  TPAYOVTO  YIX  GIudAucn Kol
urtepxoAepubpivaipic. EmmAEov Ta TIEPIOCOTEPO OO GUTK TK VEOYV& gUPavi{ouv
KO TIC EMTAOKEG TNG MPOWPOTNTHC, EPOOOV TIC TIEPICOOTEPES POPES YEVVIOUVTXI
VWPITEPX.

O1 emmT@oeig TNG EYA eEakoAouBolv Kol WET& TNV &UECN VEOYVIKA
mepindo.[86] Ta meploodTepa veoyva pe EYA eppavilouv auénuévo pubud
avanTuéng pETG TN yEvvNon Kol 1000TaOPI(ouV TN YEIwPEVN alEnon oTo 2-3 TOUuG
XPOvia. Eva pikpo mocooTd MaxpoAa auTé (10%) eppavilouv OUOKONIG OTN OITION KX
TNV nPocAnwn PB&pouc. Kamoleg peAETEQ OEiXVOUV TwC N Beparmein ue auéNTIKA
opPOVN 0 AUTEC TIG TTEPITITWOEIG BonB& oTnV opaAorioinon TnG avamnTugng.[12] Asv
UTTGPXOUV OUWC OPKETEC MEAETEC TOU va dgixvouv Tnv emidpaon NS EYA otn
MOKPOTIPOOEOUN VEUPOAOYIKA QVATTUEN GUTOV Twv TXIDIOV A OTn ouxvoTnTx
euPGviong kevtpikAg map&Auong. H xeipdtepn mpoyvwon apop& To TTEPIOTATIKK e
ooBapn EYA, nmpwiun EYA, mpdwpo TOKETO Kol TOOAOYIKA PO QIUKTOC OTNV
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OMPOAIKA apTNPic. H YIKPA TTEPIUETPOC KEPAANG KATE TN YEVVNON 0€ CUVOUNOUO PE
MEIWUEVO PUOPO QVATTUENCG TNC KEPOANC KOTX TN MWETEMEITH TIEPIODO, OIMOTEAE]
OUOPEVA TIHPAYOVTX VIO TNV VEUPOAOYIKA av&mTuén Tou maudiod. O1 TEPIoCOTEPEG
MEAETEC KaTadEIKVOOUV OTI Tow TepioooTepar TaidIG pe EYA eupavidlouv ATIEQ
OIOTOPOXEC CUMTIEPIPOPAC KOI HAXONOIKESG OUOKOAIEC KOT TNV TTAIdIKA NAIKIX.[87]
Emiong éxel avapepbel Evag ehappd augnuévog Kivouvog yio o0vOpouo aipvidiou
VEOYVIKOU BavaTOoUu 0€ veoyvh he umoAeimopevn avamnTuén. O xpovog EvapEnc Tng
EYA kat& Tn diGpkeix TG Kdnong, n digkpkeia Kol BapdtnTa TNG EYA, KaBopilouv
KQI TIG TUXOV EMMAOKEG TTOU B epavIoTOUV 0TNV TTAIdIKA NAIKIQ.

EmOnuIoAoyIKEG pEAETEG ExOUV OEIEEl TTWC N GVWUOAN QVATITUEN KOT& TNV
evoounTpia {wr, TPOJIKBETEI yIK TNV EUPAVION VOONUGTWY POOP&S KAT& Tnv
eviliko (wh OMwg UMEPTAON, OOKXPWONS OdIxBATNG TOTOU |l KO OTEPAVIIC
v0600.[88] H avenapkAg TPOPodooia ToU eUPPUOU e OPEMTIK& CUOTATIK& 0dnyel oe
METOBOAIKEG KOI OPUOVIKEG DIEPYQOIEC TIOU UTTOPET POKPOTTPOOEOUX Vo 00NyAoOUV
oTNV ENPAVION TWV VOONUATWY auTWV. MeEAETEC BeiXxVouV WS o€ TMAIdIK UE I0TOPIKO
EYA mou &xouv ypAyopn ava&nTuén Koatd Tnv maidikA nAIKix, n ypAyopn &Bpoion
ANTwOoUg 10To0 OoUVOJEUETI ME GIVTIOTKON OTNV IVOOUAIVN KOI KOT& OUVETEIX
oakXxapwdn dixBATN TiTou I1.[89] H TaKTIKA mapakoAolBnon Tou B&pouc, Tou
Oyoug Kol TOU OEIKTN MGI0G OWUATOG KOTG TNV VEOYVIKA TTAIDIKA Kol €@NPBIKA NAIKIX
KOI N QIMOQPUYA TTOXUOKPEKIKG UTTOPET VO GIMOTPEWEI TNV eUPGvIon umépTaong, XA

TOmou Il ko oTepaviaiag vooou. [90]

1.11 Juunep&ouaTo

H aduvapio Tou euBplou va avanTuxOei 600 Tou umayopelel n YEVETIKA Tou
TPOJIGOEDN OXETI(ETOI WE ONUAVTIKA voonpotTnTa Kol BvnoiudétnTa. H aduvopio
OUTA UTTOPET VoL TTIPOKOAEITON OO GVWUOAIEC Tou apopolv To EuPpuo, omod
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eEwyeveig Mxp&yovTeg mou emnpEe&{ouv TNV TPOPOd0Cia TOU YE OPEMTIKE CUOTOTIKG,
N TEAOG JIGTAPAXEG TNG TTAXKOUVTIGKAC AEITOUPYIOG TTOU JECOAXPBET METAED UNTPIKOU
Kol €UBpPUikol peTaBoAiopol. H kabuoTépnon oTnv avG&mTUEN TTOU OQEINETOI OF
eUPBPUIKOUG TOPAYOVTEC OTWC XPWHOOWMIKES N OVOTOMUIKES OVWUOAIES KO
evOouNTPIKES AOIUWEEIG, OUVOOEUETAI UE OUYKEKPIMEVN TTPOYVWON. XTIC TIEPITITWOEIC
Opwg mou N EYA ogeileTal o€ avwuaAieg TOU TAGKOUVTQ, TOTE N Peiwon Tou pubuol
QVATITUENG EIVOI KTTOTEAECUOL TNV AVETTXPKOUC TTXPOXNAC CUCTATIKOV OTO EUBPUO KOl
0€ UIKPOTEPO BaBUO N pelwpévn diadeoIuoTNTO 0EUyOvou. H pdyvwaon o€ GUTEG TIG
TEPIMTMOOEIC €iVal GUECK OUVUPOOMEVN MPE TNV emMYENf TapakoAolBnon Tou

euPBpUloU oo TOV PAXIEUTAPG, KOI TN OWOTA XPOVIKA TOTOOETNON TOU TOKETOU.
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KE®DAAAIO AEYTEPO

FENETIKA AITIA THX ENAOMHTPIAZ YMOAEINOMENHZ ANAMNTY=HZ

2.1 Eioaywyn

H a0&non Tou euPBplou emnpedleTal amd MOAoUG yeVETIKOUG Kol TTEPIBXANOVTIKOUG
mapG&yovTee Kol EMOMEVWS N EYA amoTtelel pi moAUTAOKA vOoO mou Ogv PTIOPET Vo
armodobei oe BA&PBN €vOQ OUYKEKPIMEVOU YEVETIKOU pnXoviopoU. K&Be yovidIaKog
TTXPGYOVTOC TTOU WTTOPET va emmnpedoel TNV avamTuén Tou euBplou Ba mpémel va
op&oel 0e Eva OXETIK& TOAUTIAOKO oUoTNUO TTEPIBAAOVTIKWV KOI  YEVETIKWOV
mopayovTwy. H §peuva auTOV TWV TTPOOIKOECIKWY TTOPOYOVTWY €XEl 0V OTOXO,
KOTOPXAV TNV eEokpiBwon Tng mabo@uaololoyicg kKol emmAéov TNV avalATnon

MOXAVOV JIKYVWOTIKWV KXI TIPOYVWOTIKWV JEBODWV.

2.2 XpwUOOWUIKEG OIXTOPOXEG

YniGpxel 10Xup OUOXETION METRED TNG eupaviong EYA Kol Twv KOXPUOTUTIKWV
OVWHOAIOV TOU gufplou. Mia ueAéTn mou mepieA&ufBave 243 Euppua pe EYA xwpic
EUPAVEIC AVATOUIKESG BA&PBeC, avEDEIEE TTOOOOTO AVOUGAOU KXPUOTUTTOU OTO 2%.
Autd 1O MOCOOTO GvAAOE 0TO 40% v UTTAPXE OIKTTIOTWHEVN KVOTOMIKA OVWUOAIX
TOoU eUPBPUOU.[58] OI Mo CUXVES XPWHOOWHMIKES DITaPaXES ATavV oTo 13, 18 ko 21
XPwuoowua. Emouévwg  €ival  I0IXITEPH  ONUOVTIKO  vax  yiveETal  evOeEAEXAG
UTTEPNXOYPOPIKOG EAeyxoq Tou euPplou mou eupavitel EYA kou €ldIk& o€
MEPIMTWOEIC YE TPWIKN Evapén A PBapeia €EENIEN, va yiveTal emmPOoOeTa Kol

ENEYX0Q KapuoTUTOU.
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2.3 Mwoaikiouog Tou MAGKOUVTO

Ol KOXPUOTUTTIKEC OVWHPOAIEG TTOU OpopPoUV OTOKAEIOTIKG EEWEUPBPUOVIKEG OOUEQ
OMWwe 0 MAGKOUVTRG, (OUCKPUOVIO KKPUOTUTTIKWY EUPNUGTWY JETKED TTAGKOUVTO KO
euBplou), MEPIYPAPOVTQI 0€ TTOCOOTO EWC 2% TOU OUVOAOU TWV TTEPIOTATIKMV TTOU
Exouv umoBANBel oe AQWN XOPIKK®OV Aaxvwv.[91] O1 meploodTEPES TEPITITWOEIG
opopoUV (PUGCIOAOYIKEC KUNOEIG, OTOTE K&I TO TTOCOOTO TWV KVAOUOAWY KUTT&PWV
eival XapNAG Ko n mpdyvwon eivail ouvABwg KaAr. Z& auT& To TIEPIOTATIKG N BA&BN
EXEl OUPPET OTIC OPXIKEG UITWTIKEG JIKIPEDEIC, EVW OF IO COBOPES TTEPITITWOEIG
uUn&pxel TPIOWHIKO KONua Ko BA&BN oTn pelwTIKA Oixipeon. To apxikd A&Bog oTn
MEIWTIKA JIXIPEDN XPOP& TOV EVOl YOVEX KOI OXKOAOUBET MITWTIKA O1&owon Pe TNV
OTTWAEIC TOU EMMAEOV XPWHOOWMUKTOG. AUTO €XEl OOV XITOTEAECUC TNV EMAVAPOPK
TOU (puUOIOAOYIKOU axpIBuoU XpwuoowuaTwy. Ooo apyoTepa diopOwbel To A&Boc TO0O0
ueyoAlTEPO O €ival TO TO000TO QVWUGAWY KUTT&Pwv. H Tmapoucia Ouwg
TPIOWUIKOV KUTTEPWV OTOV TIAGKOUVTOK EXEI OOV OTTOTEAEOPO MPEIWPEVO OYKO
TTAGKOOVTX, OANOYYR ) OTN HOPPOAOYIC TOU, TTAGKOUVTIKA OUCAEITOUPYIGK KOXI GUVETTMG

EYA.[14]

2.4 lovioIokA amoTumwon

H peyGAn mAsiopn@io TwWV QGUTOCWMIKWV YovIOiwv eKPP&lovTal kol omd T 000
OANAOHOPPO T Omoix €ivail 100TINOC AEITOUPYIKE. Opwe yio Pick PIKPAR Op&do
yovIdiwv TTou ovouG{ovTal yovidioe amoTdnmwong, N EKPPaon Toug YiveTal Yovo omd
TO EVva XAANAOUOPPO KOl EEXPTATOI O TO v BPICKOVTQI OTO TMTPIKO A PNTPIKO
XPWHOOWUK. H diamioTwaon Tou GaIVOUEVOU TNC amoTUMwong EYIVE YIG TTPMTN Pop&
METG O TTEIPXUATO O€ TIOVTIKIO TN deKaeTiok Tou 1980, omou, mapAXOnoav EuRpua
ME YEVETIKO UAIKO pOVOo ord Tov Eva yovEa. Av Kol o 000 TUTMOI KUNPATWY (XUIYWCS
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MOTPIKAG TPOEAEUONG, A GUIYOC MUNTPIKAG TIpoéAsuong), ATV OITAOEIDIKE, Oev
empBiwoav Puéxpl To TEAOG TNG KUNoNG. H mapaTApnon mou MPogKuWe Gmd auTé T
MEIPAUATA ATOV TTWC T TIOTPIKAG TIPOEAEUONC EUPPU EIXAV KOAX QVETTTUYMEVO
eEwepPpuUovikO 10TO GAG €AGXIOTO | KXOOAOU €uPBPUIKO 10TO Kol OvTIBETH, T
UNTPIKAC TIPOEAEUONC EUPBPUG EIXOV KOKX GVETITUYMEVO EEWEUBPUOVIKO 10TO KX TTIO
KOAG oxNUOTIOUEVO EUBpPUO0.[92, 93]

MNaxpouoIx EUPAUGTO EXOUV TIGPATNPENOET Ko 0g avBpwmvoug 10To0g. To
TEPATWHX TNG wWOBAKNG Bewpeital OTI dNUIOUPYEITAI OO  WOKUTTXPX  TTOU
EVEPYOTIOIOUVTOI e TTOOAOYIKO TPOTIO, YE XITOTEAEOUC V& TIPOKUTITEI EVAG 10TOC PE
OPIYOC MNTPIKK  XPWHOOWUOTX. T TEPOATWPOTH €ival  OYKOl  EUPBPUOVIKAC
MPOEAEUONG ME OTOIXEIX KOl omd TIC TPEIC E€UPPUIKEG oOTIB&OEG. Av Kol TX
TEPOTWUAT TIEPIEXOUV OIXPOPETIKK €id0Nn 10TWV O0ev TIEPIEXOUV €EWEUPBPUOVIKA
oTolIxeio. AvtiBeTar n UBGTIOWONC MUAN TIOU €ival TIPOEPXETAI armd T ouvévwon 2
oneppaTolwapiwy 0e Evav &OEI0 OKKO £XEl OV CGMOTEAEOUO TNV TIEPIOOEIN
TTAGKOUVTIOKOU 10TO0, XwpPIiC OuwC eUPBPUIK& oToIxeix. AUTEC Ol POVOYOVEIKEG
TMOTPIKAG TPOEAEUONG KUNOEIC EXOUV  €MIOETIKEG OIEIOOUTIKEG 1010TNTEG TTOU
umodnAwvouv Twg n Onuioupyix Tou TAXKOUVTG eEXPT&TOI omd TNV EKPPaon
OUYKEKPIMEVWVY YOVIOIWV, vl N ovamTuén Tou euPpUou OmAITEl KOI TO PNTPIKO
YEVETIKO UAIKO.[94]

Ye MEIPGUOTA 08 {0, KATAPEPKV VO ONUIOUPYAOOUV TTOVTIKIO TTOU EIXOV KX
T 000 XPWHOOWMPOTK OO TOV &Va YOVEX &V (POIVOUEVO TIOU OVOUGIETOI
hovoyovelkA dlowpia (uniparental disomy UPD). ZTa MOVTIKIG QUT& TXPATNEABNKAV
ONUOVTIKES PAIVOTUTTIKEC DIXPOPES OTO GTOP TTOU €iXav uNTPIKA A maTpikh UPD. Oi
POIVOTUTIOI QUTOT OXETICOVTOV HE DJINTHPAXEG OTNV QVATTUEN OmWwe utEPBOAIKA
al&non, n umoAeimouevn al&énon OmMwe emiong Kol TPORAAUOT CUNTIEPIPOPES.
MNoxpoAa auth Oev eupavitlouv ol UPD OAwv TwV XPWHOOWUATWY TOOAOYIKOUC
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PaIVOTUTIOUG YEYOVOC TTOU PAVEPMVEI OTI TX YoVidiak armoTUTIwoNng dev dIGVEUOVTXI

OUOIOPOPPC OTO YEVETIKO UNIKO.[95]

2.5 Movoyoveikn diowuic (UPD)

K&Oe &Touo, umd QUOIONOYIKEC OUVOAKES KANPOVOUET Eva XPpwHOOWUX omd K&Oe
YOVEX, T oTToiak EXOUV KAnpovounBei pe Tn ogip& Toug ammd Toug marmmoddes. H UPD
OVOUGIETOH 1000I0WHICE OTAV Tax U0 01X XPWHOOWUATO EIVOI GVTIYPOX(PX TOU id10U
XPWHOOWUKTOG TOU €vOGQ yovéa. H 100010WwUia UTTOPET VO EXEI OOV OITOTEAEOUX
TaOOAOYIKO PaIvOTUTIO, OTOV Vel &TOUO TTOU (PEPEI VO UTIOAEITTOUEVO YOViIdIO OTO
EVO XPWUOOWHO QUTOUGTO YiveTal OuOluyo Kol €KONAWVEI TO VOONUG. XTnV
ETEPOSIOWUIR, Ta OU0 XPWHOOWUATX &TTO TOV EVO YOVEXK, EIVAI DIXPOPETIKE YETAED
TOUG KOI OUGCIXOTIKG TIPOEPXOVTOI GO Tov mammold Kol T yiayi& (IxAua 5).[96]
2TV €TEPOJICWUIX, MWTTOPET VO UTIAPXEl JIGTOPOXA OTNV EKPPOON TWV YOVIOiwV

amoTiTwoNg Ye amoTEAEoUa TN dnuIoupyia MaxBoAoYIK@OV paivoTInwy (Mivakag 3).

apap \”@@“

JAN/
1) H@

isodisomy heterodisomy

IxAHX 5: [00dIowic KOl ETEPODICWHI OXNUOTIKG. Eixéva ané To di0dikTuo

Yr&pxouv TTOAOI UNXAVIOPOT UE TOUG OTTOIOUC UTTOPET Vo TTpokUwel pioe UPD,
0 O ouxvog eivail n diIGowaon €vog TPIOWUIKOU euBpUou YE TNV OMMAEIN €VOQ
umTEPG&PIOUOU XPWUOOWUKTOC. € GUTA TNV TTEPITTITWON TTXPOTNPEITOI TAUTOXPOVX KA
MWOXIKIONOC Tou mAaKoUVTO (ZXAua 6).[14] H Tpiowuiax 16 €ival n mMo ouxvi

TPIOWMIG TOU €XEl ouvdeBEl e TNV EUPAVION MWOXIKIONOU Kol OUVETIWG TO
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XPWHOOWUK 16 ATAV omd Ta TPWTC TTOU UEAETABNKOV OG OXEON PE TNV EUPpAvVION
EYA.[97, 98] Xe auTég TIC TepIMTWOEIC dev gival BERaio av n EYA o@eileTan oTov
MWOOIKIONO Tou TAGKOUVTa A eivaul amoTéAeopa Tng UPD mou diatap&ooel Tnv

EKPPOON TWV YOVIOIWV GmmoTUMWOoNG TTOU OXETI(OVTOI PE TNV GVATITUEN.

ol | B I
@O @. @O @.

M1

DO@@ ﬂ]ﬂ]ll @[DUD @Dll

o =0 >
; ;
(1 Juro (1 )uo ;___]|ﬁ;m=n

IXAMO 6: MNnXavIopuol dNUIoUPYItS TNG WOVOYOVEIKAG OIOWUING. Eikéva ané To diadikTuo

Xpwuoowux Foveikn 20vOpouo
TIPOEAEUON
MoTpikA MapodikdS veoyvikog SIBATNS
MnTpIKA YoPBapd IUGR, Silver-Russel
MoTpIkA Beckwith Wiedemann syndrome
MnTpIKA YmoTovia, KaBuoTEPnon KIVNTIKAG
MnTpPIKA Prader-Willi syndrome
MoTpIkA Angelman syndrome
MnTpIKA YoBapd IUGR
Albrights KANPOVOUIKNA

Mivakoag 3: M'vwoTol TOTIoI JOVOYOVETKAG dICWHING KO T 00VOPOUG TTIOU TIPOKOXAOUV
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YriGpxouv avTwe evOEIEEIg WG 600V BpoP& TO XPWHUOCWHUX 7, N TTHEOUCTX
TPIOWUIKOV KUTTOPIKWV OEIPWV OTOV TIAGKOUVTX, Oev emdp& oOTnv euBpPUiKA
avanTUEn, eV ONUAVTIKA KKBUOTEPNON TNG GVANTUENG TTXPATNPEITRI OTAV UTTGPXE!
MWOXIKIONOC Tou TAGKOUVTO Kol UPD pnTpIKAC TIPOEAEUONCG TOU XPWHUOOWUKTOC

7.[99]

2.6 lovidiax amoTunmwong Ko euBPUIKN avamTuén

H yovidiok omoTimwon omoTeAel P €MIYEVETIKA Tpormomoinon Tou DNA 6mou
OTTIEVEPYOTIOIEITAI  TO €V OXAANAOPOPPO e€vog (elyoug yovidiwv, UE TPOTIO TOU
eEQPTATAI OO TN YOVEIKA TOU TIPOEAEUON. ZUPPBAIVEl KUPIWG PETG omd PeBUNiwon
TWV KUuTOoOIVWV o€ Tieploxéc Tou DNA mou eivou mAoUoleq o€ OIVOUKAEOTIOIX
KuToOoivng-youavivne (CpG), mepIoxEL TTOU €ivail ETTIONG YVWOTES WG TTEPIOXES EAEYXOU
™g amnotinwong (Imprinting Control Regions, ICR). AUT& TO «XITOTUTTQWUGTON
TTRXPAUEVOUV OTOOEPG KOT& TOug OIOOXIKOUG KUKAOUG avTIyPpapAg Tou DNA KoTd
TNV av&nTuén Tou opyaviopol.[100, 101] EpmAEKOVTOI GUECC OTNV METAYPOPA
emMOPWVTAG 0T olvoeon PeBUA-euxioBNTWV CUVOETIKWV TIPWTEIVWV 0To DNA, Kol
EUpEOH ANGIOVTOQ TNV TTIEPIOXIKA OOUA TNC XPWHGTIVNG.

Ta yovidioe amoTImwong EMOPEVWG, EKPPALOVTOI ETIAEKTIKG N amd TO UNTPIKO
€ite and 10 MATPIKO Xpwuoowua. Apopolv 1o 0,1-0,5% Twv YOVIOIWPATOG, MK
E€xouv OuoavGaAOya ONUOVTIKA emidpaon oTa TPMOTX OT&dIK TNC EUPPUIKAC
avanTuéng.[92, 102] BA&GBN oTnv EKPPOON Toug OMwG O€ TIEPIMITWOEIC ENEIYNG,
AavBaopévng malong TG Ekppaong N anmAeix TnG amoTUnwong (Loss of Imprinting
LOI), Exel ouvOeBET pe dIGpopeq MAOOAOYIKEG OVTOTNTEG OTIWG TIEPITITMWOEIC CUYYEVOV
diaTapoxwv oTnv al&non.[103] Ta yovidiax amoTinwong kwdikomolody Wi ogip&
OO TTPWTEIVES, TIOU EPTAEKOVTAI OTOV KUTTAPIKO KUKAO EAEYXOVTOC TNV TTPOCANWN

BPENTIKWV OCUOTATIKWV Kol TNV a&lomoinon Touc.[104, 105]
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H diopéxn peta&l Tou moTpikol Kol Tou uNTPIKOU yeveTikol UANIKOU yioe TNV
KOTOVOUN TWV EVEPYEIGKWY TTOPWV OTO KVATITUCOOOMEVO EUPPUO, BewpPEiTal WS
eival n umokeipevn autia TG €EENIENG TN amoTUTwoNG. AuTh N Bewpia TNC JIKUEXNG
TwV UAWV A TNG TTPOOTAOING TOU NPETEPOU, UTTOOTNPI(EI TIWC TO YEVETIKO UAIKO TOU
MATEPXK €XEI TNV T&ON VO PEYIOTOTIOIET TNV TIPOCANWN TWV EVEPYEIRKWV TTOPWV TTOU
TTOPEXOVTAI aTd TN UNTEPG TTPOG TO EUPPUO e OKOTIO TO OPEAOG TOU KITOYOVOU TOU
MOTEPX €1 B&POC TWV UEMOVTIKWV eUPpUwv TMou B KUOPOPAOEI N PNTEPO TTOU
UTTOPET V& TIPOEPXOVTXI O DIKPOPETIKO YEVETIKO UANIKO. AVTIOETO TO YEVETIKO UAIKO
NG PUNTEPQG TTEPIOPIlEl TNV BPOX TTAPOXA CUOTATIKWV TIPOG TO EUPPUO, PE OKOTIO
TX OIXVEIYEl I0OTIUG TK EVEPYEIBKK GTMOBEUNTX TNC MNTEPOG 0 OAX T EuBpuc
aveEapTnToe omd TNV TPOEAEUON TOU TOTPIKOU yeveTikoU UAIKoU. Emopévwe To
TTATPIKAG TTPOEAEUONG EKPPALOUEVO YOVIDIG,, €UuVOOUV TNV €VOOUATPIO GVAETITUEN,
eV T UNTPIKAG TIPOEAEUONC EKPPALOUEVD YOVIDIXK, £XOUV TNV avTiBeTN dpdon. AUTA
N CUMTIANPWUGTIKA A& avTiOeTn dpdon Twv yovidiwv amoTUmwong, omoTeAel Tn
Baon vy Tnv Bewpian Tou Haig mou mepiyp&pel Tnv umdBeon TNG YOVEIKAG
avTimap&Oeong. [106, 107]

O mpoypauuaTionoe Tng amotinwong dev eival i1010¢ oe OAoug Tou 10To0g
evog opyaviopol. Mo maxpGOEIYUX, OTX TTOVTIKIC, Ta TPORATH KXI TOUC GvOPMTTOUC
TO yovidlo IGF2 mou e€ival yovidlo amoTdnmwong, eKPP&IETal onmd TO TATPIKO
XPWHOOWUG OTOUC TIEPIOOOTEPOUG 10TOUC TOoUu euBpUou, EKTOC amd TOV EYKEPOAO
omou ekPP&ETAI Kol omd Tax 000 a’AANAOHopPa yiok AN TN {wh Tou aTdpou.[108] To
TPOYPOUNG armoTUMWOoNG SIXPEPE! Kol PETOED DIXPOPETIKWY €10WV. MOAM&E yovidia
E€Xouv avTifeTn amoTlimwon oe JIKPOPETIKG €idn. Kamoix yovidia €xouv avTiOeTn
anmoTiTwaon oTov &vOPWTIO K&I OTX TIOVTIKIK 0T 1016 OT&OIX EUPBPUIKAG avGATITUENG.
JTo OPXIK& OTGOIN TNG eUPBPUIKAC avamTUENSG, OAOG O TPOYPOUUOTIONOS TNG
ammoTUMwong dIKYPGPETAI PE I YEVIKEUUEVN GTOUEOUANIWON TOU YeVETIKOU UAIKOU
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KXI OTN OUVEXEIX eYKOOIoTOTal €K VEOU OTa emdpeva oT&dI TNG eUPPUIKAG
avanTuéng.[100] Mepimou 80  yovidix  amoTOnmwong  ekPP&{ovVTal  OTOV
MAGKOOVTX.[109] Xe VEVIKEC YPOMMEG TO TOTPIKAG TIPOEAEUONS EKPPOLOPEVK
yovidlx, euvoolv Tnv al&non Tou TAGKOUVTX, &V TO WNTPIKAG TPOEAEUONC
ekppalopeva yovidiax kaBuoTepolv Tnv al€&non Tou peyéboug Tou TAGKOUVTQL.
Emopévwg n dpdon Twv yovidiwv omoTUmwong otTnv euPpUikA al&non umopel va
TTPOEPXETAI EPPEST OTTO TIC GAAGYES TTOU TTPOKOAOUV 0TNV ava&TTUEN TOU TTAGKOUVTX
Kol €10IK& oTnV AXBUPIVOIKA TPOPOPBAKOTN, TTOU KIMOTEAET TNV KUPIOTEPN EMIPAVEIL
™G eUPBPUOUNTPIKAG GVTOAOYAC OPENTIKWV CUOTOTIKOV OFE TIO TTPOXWPENUEVK
oT&OI TNCG KUNoNG. Xe &toua Omou dev ekpp&lovTal T yovidix p57KIP2 ko Ipl
TTOPATNEEITOI  TTAGKOUVTOUEYOAI Kol utlepBOMIKA  al&non Tou euPplou  Kal
TAUTOXPOVa N AXBUPIVOIKA TPOPOBAKOTN EPPAVILEI AVWUOAN QYYEIWON, &V KOI EIVOI
OopIKG akEpaia.[110] Emopévwe n AxBupivBiki TPOPOPBAGOTN €xel Kupiapxo POAO
oTn pUBuIoN TNG EUPBPUIKAC QVATITUENG KOI GITOTEAET TNV MPWTXPXIKA 0TIk Op&ong
Twv yovidiwv amoTinwong. Movidia onmwg 1o Ins2, Gnas, Mash2 eivau mA&ov
amodekTO WG Pubuicouv TNV eUBPUIKA avanTuén YEow Twv OPGOEWV TOUG OTOV
KUTTOPIKO KOKAO. H emidpaon K&molwv GMwv yovidiwv oTnv eUBPUikh avanTuén
yiveTan pé€ow Tou Insulin Growth Factor 2 (Igf2). Ta yovidix auT& €ivail To 1010 TO
IGF2, 10 IGF2r, H19 kai 10 Grb10. H €€icoppomnnuévn EKPPaon OAWV GUTMOV TwV
YOVIOIWV TIOU OPKETEC (POPEC OOKOUV avTIBETN Op&OoNn OTOV TAGKOUVTX KXI TO

EUBPUO, Exel OOV ATOTEAEOUO TNV OUGAN avanTUEN Tou euPplou. [109]
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KE®AAAIO TPITO

MEGYAIQZH

3.1 Eioaywyn

To o0vOAO TWV XGPOKTNPIOTIKOV €VOG KUTTGPOU KO KOT  EMEKTAON €VOQ
opyaviopoU BPIoKETHI aMOONKEUPEVO PE TN HOPPR KMOIKK OTNV OKoAouBia Twv
B&oewv Tou DNA. O KOOIKKC QXUTOC METAPEPETAI PEOW TNG KUTTXPIKAC diipeong
oo TO TOTPIKO OTX OUYTPIK& KOTTOPX. To oAp&BnTo Tou DNA mou amoTeAsiTal
amd TEoOEPO YPAPPOTH (axdevivn, youavivn Kutooivn Kol Bupivn) dEow TNC
OIOOIKOOIG TNG METAYPOPAC Koo Tn Onuioupyicc Tou MRNA, oTn ouvéxelx
ueTapP&leTal og Eva cAP&RNTO 20 YPOPPATWY (T 20 apIVOEER) Kol TN OnUIoupyia
TWV TTPWTEIVOV. OI TTPWTEIVEC TTIOU TIXPRYOVTAI HECK OTO KUTTRPO PUOWI(OUV TO
METOBOAIONO TWV  KUTT&PWY, TNV TOAKOTNTK TOUug, TO OXAMX TOUug, TN
OUYKOMNTIKOTNTO TOUG K&I TNV UTOOEKTIKOTNTO 0O €EWKUTTAPIO E€PEDIOUOTA.
OuCIOOTIK& N TOUTOTNTO EVOGC KUTTGPEOU KaOOPIleTal omd TIC TPWTEIVEC TIOU
mepiExel.[111] NMwg pubuiletal Ouwg n  mOIOTNTX TwV TIPWTEIVQWV TOU B
ekppaoTolv oe K&Be KOTTOPO. MoIog pnxaviopog Ba kaBopioel TNV TXPAYWYA TNC
IVOOUANIVNG 0€ &V TTAYKPEXTIKO KUTTOPO KO TNG GKETUAOXOAIVNG o€ Eva veupikd; Ol
MNXOVIOPOI TToU UTAEKOVTXI €ivail U0 €10WV: YEVETIKOI KOl ETIYEVETIKOI. O YEVETIKOI
MNXOVIOUOT apopolV TIC JIGOIKAOIES QVTIVPAPAC UETAYPOPAC KXKI UETRPPOONS TOU
DNA v 0l EMYEVETIKOI UNXavIopoi apopolv aAayég oTn Aeitoupyia Tou DNA mou

Oev oxeTilovtal pe oMayég otnv akohouBia Twv Bdoeswv.[112] O1 emyeveTikol
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uNxoaviopoi emouévweg dev TIPOKaAoUV aAayég oTn dop Tou DNA oM& éxouv
ONUOVTIKES EMITITWOEIC OTNV GVATITUEN eVOg opyaviouol. [113]

O oNUAVTIKOTEPOC 10WG EMIYEVETIKOG UNXOVIOUOC pUBUIONG TNG AEITOUPYIGG
TOU yeveTIkoU UMIKOU eivail n yeBuNiwaon Tng kutooivng Tou DNA.[114] AoTeAel Eva
PUOUIOTIKO PNXaVIOUO TNC EKPPOONC TOU YEVETIKOU UAIKOU TTOU EXEI OOV KUPIOTEPO
okomd Tn dlTAPNON TNG oTadePOTNTAG Tou. XTOV GvOpwTo n peBUAiwon Tou
EKKIVNTA TwV YoVIOIiwV Op& 00V PUOUIOTIKOG UNXavIoUOS TNG Ekppaong Tou DNA. Ta
yovidioe Tou PEBUANIWVOVTOI  «KAEIOWVOVTOI» Kol Ogv UMTOPOUV V& EKPPOOTOUV.
XOPOKTNPEIOTIKO TTOPAOEIYUO KTTOTEAET N UEOUNIWON TTEPIOXWV TWV XPWHOOWUKTWV
TTou BewPOUVTaI XOTAOEIC, OTTWG N ETEPOXPWUGTIVN YUPW KO TO KEVTPOUEPEC, TTOU
BewpeiTal  EEXIPETIKAG oNnuooiag yix Tn OIxTAPNON TNG OTxOeEPOTNTHC TOU
XPWHOOWUOTOC.[115] H peBuliwon eumAéKeTal oe Evav eupld opIBud BloAoYIKWV
PAIVOPEVWY UETOED TWV OTOIWV N KATXOTOAN TNG EKPPOONS Twv Yovidiwv, N
KOPKIVOyéveon, n yovidlakA omoTUmwon, n ormevepyoroinon Tou &vog X

XPWHOOWUATOC, K& TEAOG N TPWIKN EUPBPUIKA avanTuEn.[116]

3.2 Mnxaviouog

H pebulNiwon Tng kutooivne Tou DNA €ivar pic evdoyevie petaTpotl Tou DNA ota
ONAGOTIK& KO TIPXYUGTOTTOIEITAI YE TNV EVIUPKTIKA TIPOOOAKN WIS MEBUAOOUGING
oTn 6€on 5’ Tou GvOPOKa TNC KUTOOIVNG. Taw Eviupo: TTOU KaTaAUoUV Tn peBuAiwaon
TNC KUTOOIVNG €IVl 01 HEBUAOTPAVOPEPAROES OI OTTOIEG JETATPETOUV TNV KUTOOIVN OF
uebuAkuTooivn.[40, 117, 118] Xtougc ovOpwmoug, Tmepimou To 80% Twv
0IvOUKAeOTIOIwY CpG eivau pebBuliwpéva. Tar Topam&vw OIVOUKEAOTIOI Oev Eivail
OUOIOUOPPC KATAVEUNMEVO OTO YEVETIKO UMIKO. Mepovwuévar divoukAeoTidlx CpGs
amavTOVTOl vt av& 80 OIVOUKAEOTIOI. ZuvavToUue OpWwg Kol vNoidI
0IvoukAeoTIOIwv CpGs Tox omoia armoTeAoUvTan armd 200 mepimou (elyn B&oswv Kol
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OTO(  OTIOIX  TIXPOTNPEITAI TMEVIANAGOIN  TIEPITTOU  OUXVOTNTO  EUPAVIONG
OIVOUKAEOTIOIWV KUTOOIVNG-youavivng armd OTI 0TO UTTOAOITIO YEVETIKO UAIKO. Amd Tn
OTIYUA TOU &va OIVOUKAEOTIOIO PEBUMNIVETOI 0 &va KOTTOPO, B TOPOMEIVEI
MEBUAIWPEVO Kol o€ OAOUC TOUC aToyovouc Tou.[119]

H pebulhiwon oToug eKKIVATEG TwV YOVIOIWV €XEI 0KV QIMOTEAEOUR TNV UN
QVOYVMPIoN TOUG GO TOUG TaPAYoOVTES WETOYPOPAS kol TNV RNA moAupepéon,
apoU ol HEBUNWUEVEC KUTOGIVEC TIPOTIMOUV VO GUVOEOVTAI JE Hick TIPWTEIVN N OTTOIx
ovou&leTol PEOUN- KuTooivn ouvOeTIkA TpwTeivn A MeCP.[120, 121] Otav n
ePIOXN €vOC EKKIVATA QvayvwpioTel omd &vav MoPAYOVTO PETAYPRPAG WG

MEBUAIWPEVN, TOTE N NETAYPAPA O avaxoTaAET (ZxAMK 7).[122]
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IXAMO 7 IXNUOTIKA GVRTOPEAOTOON TNG GVAOTOAAG TNG METAYPAPAG HETE O

MEBUAIWON TWV EKKIVNTWV TOU YOVIOIOU. Eikéva amé To SiadikTuo.

Oplopévol  TTOPAYOVTEC MPETAYPOPAG eival  10IKiTEPH  euxioBNnTOl  OTNV
HMEOUANIWON, OKOUN K&l N TTPOUoIo: evOC MEOUMWUEVOU DIVOUKAEOTIOIOU GPKET VIO VX
OVOOTOAET N METRYPOPA. Z& GAAOUG EKKIVNTESG N emidpaon TN pEBUAIwoNG €ival o
oTOIOKA -600 PeyAUTEPO TO TOOOOTO TWV UEOUMWUEVWY OIVOUKAEOTIOIWY TWV
CpG 1600 peyoAlTEPN N GVOOTOAA TNG METOYPAPAC. 2& PEPIKES TIEPITITWOEIC OTOV

Eva avevepyo yovidlo TpEmEl va  evepyoroinOel, mupnvikée Oecuebuldioee Oa
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QPAIPECOUV TIC MEOBUAOOUGOES amd ToV €KKIVNTA. YMooTnpileTal Mwg TO WOTIBO
ueBUAiwong oe k&Oe opyavioud, oav okomd €xel Tn OIXPEPIOUATOTIOINON TOU
YOVIQIWPOTOC OE UETOPPAROTIKA EVEPYEIQ KOl avevepyeig {wveg.[116]

‘Exouv avayvwplotel 5 Eviupa ToU KaTaAUouv Tn YEBUAIwON TNG KUTOGIVNG
Tou DNA, otax OnAaoTikG.[117, 118] KaTaoTpoph evog ommd Tow yovidix TTou EAEYXOUV
TNV EKPPAON AUTOV TwV eVIUPWV OTO EUPPUIKE KITTHPO TWV TTOVTIKWV Xmopaivel
BavarTn@opoc. EuBpua mOVTIKOV Tou €Xxouv opoluyn ENeiwyn Dnmtl 1 Dnmt3B
mebaivouv mpIiv TN yévvnon, evw n éNeiwn tou Dnmt3A odnyei oe BGvaTo 4
epOou&deg peT& TN yévvnon.[123] Ta mopamévw EVIUPG €IVOI TTRPOVTH OTN
MEBUAIWON TOU YEVETIKOU UAIKOU TWV YEVETIKWV KUTTEPWY, A& QaIVETOI TWS dPOUV
oe dIapOopeTIKEG BEoeig Tou DNA. H evlupiki dp&on Tng Dnmtl apopd oxedodv
OTTOKAEIOTIK& TN pueBUAiwon nuipeBuMiwuévou DNA, mpokeiTan dnAadA yia To Evuuo
ToU «OAOKANPWVEP TN MEOUNIWON Kol  eKPPGIETOl 0 OAX TX OWUKTIKA
KOTTOPO.[124]

O «x&pPTNC» PEBUNIWONG OUYKEKPIMEVWVY YOVIOIKMV TIEPIOXWV TIPOUCIGLE!
TTOAUMOPPIC HETOED DIXPOPETIKWY KTOUWV KAl EIVAI KANPOVOPOUUEVOG, YEYOVOC TTOU
urmodnAwvel i TNV dIXTAPNON €VOC CUYKEKPIPMEVOU oXediou o€ OAG TO OTGIIG TNG
QVATITUENG A TNV KOTAypopn Tou mpPoTUmou Tng MEOBUAIwONG OTO VEVETIKO

UANIKO.[125, 126]

3.3 PoAoc

H pebuliwon Tou DNA avaoTENE! TNV EKPPaan YovIOiwy TTou dev XPeI&{ovTal ard
EVOX OUYKEKPIMEVO KUTTOPO. AUTOC O UNXKVIOWOC TTOU EMTPEMEI TNV dIx(opoToinon -
T.X. TO KOTTOPO TTou B dickpoporoindei oe NTIATOKITTAEO B axvaoTEINEI OAX T

yovidiot uTTelBUVA VI TNV JECEYXUMGTIKA OI(OPOTIOINON KO GUTA N otvaXOTOAR O
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mPEMel va gival oviun- dnAadh Bax kKAnpodoTnOei amd To MATPIKO KUTTXPO 0 OAG TG
BUYATPIKE.

To w&pPI0 K&l TO oTePUATOlWGPIO KTTOTEAOUV KUTTOPO TTOU EIVAI TTEPICOOTEPO
olopopomoINUéEVa amd T aPXIK& TTOAUSUVAUG KOTTOXPX TOU €UPRPUOU KOI GUVETTMC
AKPWC PMEBUNIWUEVA. MET& Tn OnUIOUPYIG TOU (UYMDTN KX KOT& TO GPXIK& OTGOIN
™Q euBpuikAg avanTuéng, oto DNA Tou popidiou (EUBpuo 16 KUTTE&PWV TPEIC
nuépeg MET& amd TN OoUAMNWN) UMOKEITXI YeVIKEUPEVN amouebuliwon. To
OIVOUKAEOTIOIX  OXITOMEOUANIWVOVTOI O UEYGAN KAIMOKOG E€TOI (DOTE EVEPYOTTOIEITHI
oxeddv OA0 TO yovIdiwpa (ue TNV e€axipeon opIoPEVWY YovIOiwv amoTUmwong). XTn
OUVEXEIX, 600 T KOTTXPO aipXiouV Vo OI(POPOTIOIOUVTXI, Ol EKKIVNTEC TWV YOVIOIWV
Tou eUTAEKOVTQOI OTN dlapopotoinon Ba peBuliwBolv Eava pe Bon Eva auoTnpPod

TPOYPOUUX TO OTI0iI0 €EXPTATON GO TOV TUTTO TOU KUTTGPOU.[100]

3.4 AIXTaPOXEG OTO UNXaVIoU6 uEBUAiwONG

H peBuNiwon emMOPEVWE €Ival EVOQ INXOGVIOUOC O OTT0I0G OOV OKOTIO EXEI TNV OUOAN
AEITOUPYIo Ko avGaTTUEN €vOC opyaviopol. AmoTeAel Ouwg dix TOAD euaiobnTn
OIxdIKaoia, eUGAWTN oe TEPIBAANOVTIKOUG TOPG&YOVTEG, TOU OTaV OlXTOPOXOET
umopel vao odnynoel o€ Jioe ogIp& VOONUGTWY TIOU OUVABWS OXETI(OVTOI PE TNV
KUTTOPIKA a0€non.[40, 127, 128]

‘Eva mop&deyuo dIGTOXPAXAG OTO UNXAVIOWO TNG MEBUNIWONC opops Pix
hHopPR ouyyevolg vonTiKAG KaBuoTépnong, To olvOpopo Rett, mou eivan Eva
(PUAOGUVOETO VOO UG TTOU XOXPOKTNEICETAI OO VEUPOXVATTUEIRKR KAXOUOTEPNON KA
QUTIOTIK  CUUTTEPIPOPA KOl GpopPG  OIMOKAEIOTIKG BNnAUuKG &Toua.[129] Eivou
OMOTEAEOUO Piak HETGAAGENG 0€ Eva YOVidIO TOU X XPWHOOWMUKTOC, TTOU KWOIKOTIOIET

Ui mpwTeivn mou cuvdgeTan Pe peBuliwpévo DNA.[130]
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AMO VOOAUOTO €XOUV OUCXETIOTEI €TIONG WE EMYEVETIKEG BAGREC yovIdiwv
anotinwong. Napadeiypata givar To Beckwith-Wiedemann syndrome (BWS) kai 10
Silver-Russel syndrome (SRS) oto xpwudowua 11pl5, 1o Prader-Willi syndrome
(PWS) kai 1o Angelman syndrome (AS) o010 xpwupoowpa 15q11-q13. To PWS eivai
v oUVOpOoMO pe PETPIC TTPOC coBapn vonTikA oTéEPnon OmMou oI Kobeveiq eivail
urrépPBapol Aoyw umeppayiag. O1 aobeveiq pe olvopouo AS eppavilouv coBapni
vonTikA oTépnon €ival TTOAD adUVOTOl, UTTEPKIVNTIKOT K& EPPAVI(OUV DIKTRPOXES

oTNV KIVNTIKOTNTOX K&l aveEEAEYKTO YENIO.[131, 132]

H apxikq €voeiEn mwe ouT& To o0vOpopo ATV amoTéEAeoua BA&BNS otnv
amotinwon, mPoNABe O6Tav BPEOBNKE WG 01 EMEIPEIG TwV YOVIDIWV ATAV avTIBETNG
yoveikAg mpoéAeuong. X1o PWS n ENeipn a@opd To MaTPIKO GXAANAOUOPPO, EVH OTO
AS n ENelyn evtomileTal oTO UNTPIKO aAANAOuop®O. EmmAgoy, BpEBnkav aobeveig
ue PWS mou spgaviiav UPD untpikAg mpoéAeuong yiax To xpwudowua 15, evi

aobeveig pe AS gixav UPD maTpikAg TpoEAeuong yia TO 1010 Xpwuoowpa. [133]

To BWS xapoktnpiletal amd ovwuoiieq oTnv  ovantuén  onwg
NUIUTTEPTPOPIX, HOKPOYAWOOIG KOl yIYovTIouO. H o ouxvh avwuaAia oto BWS givai
n LOI oto IGF2 Xxwpig K&TOIX EUPAVA XPWHOOWMIKA QVWUOAIc. PoiveTal WS
EMIYEVETIKEG KOI TTIO OUYKEKEPIUEVO BA&BeQ oTn peBuAiwon Tou DNA oTnv meploxn

11p15.5 eivau umrelBuveg yIok TNV EPPEVION TOU CUYKEKPIMEVOU ouvdpduou. [134]

Téloc To SRS eival &va eTepoyeveC oUVOPOPO TIOU XOPOKTNPI(ETOI oo
ooPBapn vonTikA oTtépnon, ooBapn EYA Kol pelwpéEvn av&mTuén PeT& Tn yévvnon,
OUOUOPPIKO TIPOOWTTEID KOl GAAEQ MIKPOTEPEG avwPaAieg.[135] H umouegbuliwon
otnv meploxn 11pl5 amoTteAei TNV KupidTEPN auTix Tou ouvOpduou. H avTiBeTn

eMyeveTIKA BA&BN, ONAadR umeppeBUNiwon oTnv idIx TIEPIoXN, £xel MXxPATNPENOET OE
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aoBeveig ye oOvOpouo BWS 10 omoio 6mwg mpoavapEpOnke amoTeAel Eva olvOpouo

umepavamTuéng. [136, 137]

O ouoxeTiopdg TNG PBA&BNG TOou dnxoviopol TnNG PeBUAIwONG Kol TNQ
onuioupyicg A TNC €EENIENC DIaPOPwWY TUTIWV KOPKIVOU €xel TTAEOV KmodEIXOET Kl
TMEIPAUOTIKE. TMOAG OYKOKXTKOTOATIK& Yovidlx €ival olwmnA& oTa KOTTHPO TwV
oYKWV, NET& amd YEBUANIWON TWV EKKIVNTAOV TOUG. AUTA N GvWUOAN MEBUAIwoN Eivail
0 QITIOAOYIKOG TTOPGYOVTOG TNG €EENIENG TOU TTPOKOPKIVIKOU OTOOIOU O€ KOPKIVO.
[138]EmmAEoV n evepyoroinon oykoyovidiwv Holl JE TNV OIevepyoroinon Twv
OYKOKOTOOTOATIKWV YyovIOiwv Jmopel va mailouv peilova poAo, OxI povo oTtn
ONMIoUPYIG TOU KOXPKIVOU OAAG Kol oTnv €EENIEN TOU KO TNV GVTGITOKPION TOU OTN

Beparmeia.

H umouebuliwon €xel oav OmOTEAEOUO TNV OKXTGAANAN €vepyoroinon
YOVIOIWV TTOU EIVAI XIMOPAITAT VIO TNV QVATTUEN VEOTIAXCIMV KOI GUTK TX KUTTOREO
EUPOAVI(OUV TTAEOVEKTNUG OTNV GVATITUEN TOUC O€ OxEoN PeE To UyIR KOTTaPO. AUTG
TX KOTTOPO KAWVOTIOIOUVTXI KO oITOTEAOUV TOV KUPIPXO TTANOUOUO KUTT&PWV OTOV
Oyko. H umopebuliwon amavt&Tal o TMOAG €i0n TPWTOTOWY KXPKIVWV OTWwe
hMooToU, TPOXAAOU, woBnKwv, eykep&Aou, ATMATOC, eviépou. H EKToon TNng
urtouebUNiwong o€ Evav OYKo, €xel Gueon oxéon Ye To BaBUd KakonOeiog Tou. AuTtd
o urmopoUoe vor XImoTEAEDEI 0TO HEANOV EVa ONUOVTIKO BIoAOYIKO OEIKTN TNC €EENIENC

TOU KOipKivou.[139, 140]

3.5 MebuAiwan kai euBpuikn avanTuén

H euPBpuikn avantuén mou &ekiva omd &va Kal Povadikd KOTTapo Tov {uymTn,
XOPOKTNPI(ETON OO OKPOIX  KUTTOPIKA  ovamTuén  mou  mepIAauPBavel  Tov
TOMOTAXCIOOUO TNV GMOTITWON KOl TN SIX(OPOTIOINON. XTOUC ’vOP®OITOUG TO TTANPEQ
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EuBpuo (3ek o0t PAKOG) €xel oxnuaTiobel 63 uépeg WeT& Tn yoviyoroinon. O
UTOAOITIOG XPOVOC MIG (QUOIOAOYIKAG KONong (244 nuépeg) GPIEPWVETAI OTNV
eUBpPUiIKA al&non, mou onuaivel TePAITEPW al&non OAWV TwV 1I0TWV KXl TwWV
opY&VWYV TTOU UTTPXOUV OTO EUPBPUO KO TNV wPiNavon Touc.[141]

OMx Ta KOTTOPO TOU eUPPUOU TTOPG T OIKPOPETIKG OXAUGTO PEYEDN K
AEITOUPYIC, TIEPIEXOUV TNV 101X YEVETIKI TTANPOPOPIC OTOV TTUPAVK TOUG. H KUTTOPIKA
O10pOoPOTOINCN XKPOKTNEIETOI GO TN POVIUN €VEPYOTIOINGON KOI GIEVEQYOTTOINON
OUYKEKPIMEVWY YOVIOIwV TTIOU €MTPEMOUV £TOI OTO XOIGKPOPOTIOINTO KUTTXPO VO
eeidikeuTel.[111] Ta adixpopomoinTa euPpuikG KOTTopa ouvABwg divouv Eva
emong adIx@oPOmoiNTO KUTTHPEO K&l EVX TTIO OIXPOPOTIOINKEVO BUYATPIKO KUTTXPO.
Ta BuyaTpik& KOTTOPO TIPOOJEUTIKE  dlipopoTololvTal TAAPWG HET&  amd
O1000XIKEQ diipEoelc.[142] ‘ETol Ta SIPOPOTIOINUEVO OWUGTIKA KUTTRPX EXOUV
MOVIMWG XITEVEPYOTTOINUEVX MIC HEYGAN oelp& yovIdiwv. KaT& Tn dnuioupyia Kol TV
apPXIKA av&nTuEN Tou euPBplou, OAG T YOVIOIx €iVail OUVNTIKG EVEPYR KO IKAVE VIO
METOYPOPNA.[143] AUTOC O YOVIDIGKOG KOTXPPAXTNG EIVOI KPIOIWOG OXI JOVO YI TN
dITAPNON TNG PUOIOAOYIKAG (WA TWV KUTTEPWV GAAK €TONG KO VI TN amopaon
NG Tmopeid  TOU  K&OE  KUTTGPOU  KOT& TNV eUPPUiKA  Qva&TITUEN
(d1xpoporoinon).[141]

Koatd Tn OI&pkeIx TNG eUPPUIKAC avamTuENg TETOIOU €i00Ug YeyovoTq,
TTPOYUKTOTIOIOUVTOI  XWPIC GUECO VYEVETIKO EAeyXO0 OAG  pE  EMIYEVETIKOUG
uNXoVIONOoUG, 0 BOOIKOTEPOC EK TWV OTIOIWV OTOV &QvOPwWTMO €ivail N PeBUNiwoN Tou
DNA.

H av&ntuén Ttwv BnAXOTIKOV XGXPOoKTNEieTal omd OImAR peBUNiwon Tou
YEVETIKOU UAIKOU TIOU OUMBaiveEl OpXIK& KOT& TNV OVGATITUEN  YXUETMOV KO OTN
OUVEXEIO KOT& TNV TPOEUPUTEUTIKA TmePindo.[100] To eupéwg MEBUMNIWPEVL
TPWTOYEVA]  WOOUAGKI HPETK TNV  €VEPYOTIOINON TOUC  UTOKEIVTOI  TOXEIX
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uTToueOUNiWON pe omoTEAEOUO: Vo X&veTal oxedov OAn n pebBuliwon. H akpIBAG
XPOVIKAy oTIyul TNg de novo peBuAiwong Oev €xel aKPIBWS KOOoPIoTEl OANG
ouuBaivel e TETOIO TPOTTIO ETCI WOTE OI WPIPO! YAUETESG KOl TwV 000 PUAWV TEAIKGK Vo
eival eUPEWC HEBUANIWIEVOI KO CUVETTC GKPWCS OIXPOPOTIOINKEVOI.

H Oeltepn @&GON TOU  EMAVATPOYPAUMGTIONOU  TNG  MEBUAIwONC
TTPOYUOTOTIOIEITAI  WETRED TNG  YyoOvIUOTIOINONG K&l TOU  OXNUOTIONOU  TNg
BAaoToKUOTNG.[144, 145] KoT& Tn YOVIUOTIOINON TOEOATNPEEITOI Mix ToxOToTn
OOUUMETPN KOI XXPOKTNPIOTIKA YIX KXOE YOVEIKO KUTTXPO, QMMAEI TNG MEOUANWONG.
AuTA N 0IGJIKXOIX TIPAYUKTOTTOIEITAI XWPIG VO UTTGPEE! QVTIVPOPA A HETAYPOPH TOU
DNA kol ovop&leTal evepyng amopeBuUAiwon. ATO Kel KOl TTEPO TTRPOTNPEITAI itk
oTaOIOKA Peiwon TN HeBUAIwONG pEXPI TO oTGOIO Tou popldiou. AuTh N Peiwon ival
QTOTEAEOUO TNG QTMOUCIX TN KUpIloTEPNS WeBUAOTpavpeptong Dnmtl KoaTd Tnv
avTiypapn Tou DNA. ETol o1 uOAIg avTiypopuévee ahuoideg Tou DNA dev pmopolv va
HMEOUAIWOOUV Kol TO TTOGOOTO TWV PEOUAMIWPEVWY KUTOOIVOV Ov& TTUPAVA, OTOOIKK
peliwveTal.[112] Aut n anwAeix TNS yeBuANiwong Tou DNA mou €xel vor KGVEl JE TIQ
OIDOXIKEG QVTIVPO(PEG OVOUALeTOI TTXONTIKA amopeBuAiwon. H évapén Tng de novo
uEOUANwoNG apxilel ueTé amd Tov 50 KUTTAPIKO KUKAO Kol oupBadilel pe TV Evapén
NC JIXOIKAOIG OIXPOPOTIOINONG.

H eykat&otaon Twv 000 MPOTWV JIKPOPETIKWV KUTTHPIKWY OEIPWV EXEl WG
OTTOTEAEOUO PI OKOUN QOUMMETPI. Ta KUTTOPa TNG €ow OBAKNG, amd T Omoin
TTPOEPXOVTAI OAOI O 10TOT TOU EVAAIKO, UTTEPUEOUANIWVOVTXI EVQW TO TPOPOEKTODEPUX
armd TO Omoio TMPOEPXOVTAI OAOI Ol GXNUOTIONOI TOU TAGKOUVTX, UTTOUEOUANIOVETAI.
AuTA N JIGPOPG TIKPAPEVEI KOI OVTAVOKA& TO uywnAd 1ocooTd peBUuNiwong Twv
OWUGTIKOV KUTT&PWY KOl TO XOXNAO TT0000TO UeEBUAIwONG Twv eEWEUBPUIKWY 10TWV
TOU TAGKOUVTG.[146] AnO TOV OWUGTIKO 10TO TToU dnpIoupyeiTal armd TNV €ow OAKN
eival Kol To UPNA& peBuAiwpéva PGCs Tor ommoix oxnUaTiovTod TNV 71 nUEPR oo
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e€w- eUPPUIKO PeCODEPUT TOU avamnTuooOuevou euPplou.[147] H peTavéoTeuon
TOUG PEOW TNG GAAAVTOIDOC OTIC XVATITUGCONEVES YEVETIKEC TOIVIEC, OTTOU TEAIKG B
dlxpopotoinBolv 0e WPIMOUG YXUETES, ONOKANPWVEI TOV KUKAO TOU EMIYEVETIKOU
EMAVATIPOYPAKUUOTIOUOU.

Moxp& TN yevikeuuyévn Meiwon Tou TooooToU MeEBUANIwWONG KOT& TNV
TTPOEUPUTEUTIK TEPIODO  avaTMTUENG, T& Yovidlx amoTOmwong ToPOUEVOUV
aVOEKTIKG 0TNV amopeBuNiwon. Mia amd TIC Bewpieg MOU MPOOTIROET V& €ENYNOEI TOV
POAO TNQ evePyNTIKAG amoueBUNIWONG €ival WS eEUTINPETET OUCINOTIKG TNV 0p&on
TwV YovIdiwv amoTUMwong mou €ival BePeNIDIN VIx TX TIPWTX oTGII TNG EUPPUIKAG
avamTUENG. H emAEKTIKA HEBUNIWON Ko aITOUEOUAIWON PUBUIOTIKOV TNG QVATTTUENC

yovIdiwv amoTUmwong EMTEETEI TNV YOVOYOVEIKN Toug Ekppaon.[100]
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KE®AAAIO TETAPTO

0 POAOZ TQN INSULIN GROWTH FACTOR I (IGF2) KAl H19 XTHN EMBPYIKH

ANANTY=H

Ta yeIrovikGa edpaldueva yovidia IGF2 kol H19 €xouv mapOuoix TPOPIA EKPPAONG
oM& avTiBeTn amotinwon. To H19 ekPp&leTal OMOKAEIOTIK& omd TO HUNTPIKO
XPWHOOWUX, evw TO IGF2 amd 1o MaTpikd. Ta 000 GUTE YOVidIx €IVl &md TX TTPWTO
TTOU PEAETABNKOV OO0V QXPOP& TOV PNXOGVIOUO AEITOUPYIRG TOUC KOl TNV €midpaon

TOUG OTNV GVANTUEN TOU MAOKOUVTO KO TOU euBpUou.[148, 149]

4.1 To yovidio Insulin Growth Factor 2 (IGF2)

0 &&ovag Twv Insulin Growth Factors amoTeAel TOAD ONUOVTIKO PUOUIOTA TNC
avanTuéng KoT& TNV euPpuUikA (wh A& Kol JeT& Tn yévvnon.[150] XTn veoyvikn
Kol TNV TIdIKA NAIKIK, N auénTikA oppdvn GH pubuilel TNV avamTuén péow TNng
OUOTNPATIKAG Kol TOMKAG mapaywyng IGFL.[151] Ta IGF1 ko IGF2 ekpp&lovTal
KaOOAN TN diGpKeIx TNG EUPBPUIKAG (wAG, amd TN yoviyomoinon héxpl Tn yévvnon. To
yovidlo IGF2 ekpp&leTon oe onUAVTIKO BaBud oTtoug eufpuikole 10To0c.[103] O
IGF2 givan évag Map&yovTag OMOAOYOG TNG IVOOUAIVNG TTOU EUVOET TNV GVGTTUEN
Kupiwg YE€ow Tng olvdeong Tou pe Tov the insulin-like growth factor 1 receptor
(IGF1R), evoc umodoxEx TnC KIV&ONG TNG TUPOGIvNng, TTou evepyorolel Tov insulin
receptor substrate 1 (IRS1) kou Tax povonatia Tou AKT ko Tng MAP Kivéong ue
AMOTEAEOUQ TNV TTUPOOOTNON TOU KUTTOPIKOU TTOMOTAXCIXOUOU KO TNG YEVIKOTEPNG

al€nong.[152] H dpdon Tou IGF2 avaoTéMeTan amd Tov insulin-like growth factor 1
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receptor (IGF1R), mou Aeitoupyei oav dIKAEIda aoPpaleiag oTnv mepiooeia IGF2.[65,
153]

MopOAx auTG eV EIVAI YWWOTOG 0 GKPIBAG NXAVIOWOC UE Tov otoio To IGF2
EUVOET TNV TMPWIUN EUPBPUIKA KX TTAGKOUVTIGKA GVATITUEN. X& TEIPXUOTOlWN OTO
omoix amouci&lel n EkPpaon Twv umodoxEwv IVOOUAivne Kol Tou IGF1 mou wg
yVWwoTov pecohaBolv yix Tnv emidpaon Tou IGF2 otn ald&non Tou euPplou, Ta
OUYKEKPIMEVOL TTEIPAUGTOlWN, OV €UPOVI(OUV  JIGTAPOXEC OTNV OVATTUEN TOUu
MAGKOOVT. AUuTO 00AYNOE OTO CUUTEQOOMG TWCG UMEEXOUV, &yVWwOoTOl TPOC TO
nmopov unodoxeiq yix Tov IGF2 otov mAakoUvTa Tmou givai utredBuvol yio Tn dp&on
Tou IGF2. To IGF2 BewpeiTal onuUavTIKO YIa TN HETAVAOTEUGN Kol Tn diEioduon TNg
TPOPOPAKOTNG K EKPPAIETAI 0E PEYGAO BaBUd oTax apxIk& oT&dI TNG alEnong
TOU TAGKOUVTQX, G€ TTOMG GAM €i0n €KTOC TOU avBPMOTIOU. X€ TTOVTIKIG PE TARPN
ENMelyn Tou Igf2 €xel mapatnendel 40% peiwon Tou PECOU OPOU KUTTRPWV TOU
AoBupivbou Kal TNG ouvoeTIKAG {wvng Tou TAaKoUvTa. Emouévwg To yovidio IGF2
QaiveTal we emoOp& oTov apIBud, To PEYEBOC Kol Twv TOMO TWV KUTTXPWV TOU

mAaKoUvTa. [64, 153]

4.2 To yovidio H19

To yovidio H19 avikel og pia kKarnyopic yovidiwv mou kwdikotolodv mRNA mou dev
HETOPP&LETHI.[154] Av Kol €ival ywvwoTO OTI ekPP&leTal oe peydho BabBud otoug
euBpuikolg 10T00Cg, 0 PBloAoyikde Tou poAog dev eival Eek&Oapoc.[155, 156] Exel
POvel YETE ammd TIEIPGUNTH O€ TIOVTIKIX TTWG N KupldTepn dpdon Tou H19 yiveTal
MEOW TNC 0PGONG TOU OE YEITOVIK& yovidia Omweg To IGF2 ko INS2. NepapaTiké
MOVTEAQ o€ TIOVTIKIO TToU dgv ekPP&IouV TO yovidio H19 £5eIEav EVOr OUYKEKPIUEVO
PaIVOTUTIO, TTOU TIOAVOTATO OUWG OXETI(ETAI PE OIXTOPOXA OTNV amoTUMwWwon Tou
IGF2 mou MOIP&IETAI KOIVOUG HETAYPOQPIKOUG MNxaviopolg pe 10 H19.[157]
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AvTiBeTar N UTEPPBOAIKA EkPpaon Tou H19 0e OXETI(ETAI PE KETIOI0 OUYKEKPIUEVO
PaivoTumo.[158] MopdAax outd Oev eival oxeddov odlvaTo Eva yovidlo Tou
EKPPGLETaI 0€ TETOIO BAOPO KT TNV eUPPUIKA {wh, V& PNV EXEl OUCIKOTIKO POAO
oTnv ava&mTuén.[159] O Naimeh Kol 01 ouveEPYATEG TOU PUEAETNOGV TNV EMOPKON TNC
vnoTeiag oTnv EKppaan Tou IGF2 kol Tou H19 oTo AMap Tou euPplou oe MPOPBATA.
To mRNA Tou H19 eAatT®@ONnKe KaT& 61% o€ oUyKpion PE TNV EKPPOON OTO ATOP
™G OuGOOC eAéyxou, evw Tow emimeda Tou MRNA Tou IGF2, d0ev PETGBARBNKOV

onuavTIK&.[160]

4.3 MeTaypapn, armotunwaon kol uebuliwon Twv IGF2/H19

H povoaMnAIKA ékppaon Twv IGF2/H19 mpayuaTomolsitan pe tn BoRdeix 800
TOUAGXIOTOV PNXQVIOU®V: TNV madon Twv EKKIVATOV Tou H19 oTo TmoTpikd
OANAOUOPPO KO TNV TIXPEPTIODION TN METAYPOUPAC OTOUC EKKIVNTEC OTO UNTPIKO
oMNAOUOPPO.[161] Kai o1 900 pnxaviopol auTAG TNG OXeTICOUEVNG UE TN YOVEIKA
TTPOEAEUON EKPPAONC, EEXPTOVTAI GO Wi TTEPIOXA TTOU PBPICKETKI MO TGVW 1o
TOUG ekKIVNTEG Tou H19 (Imprinting Control Region ICR).[162, 163] AUTA n mepIoxN
ue JIGPOPETIKA YEBUNIWON og K&Oe aAMNAOUOPPO, givail UTIEPUBUANIWUEVN 08 OAX T
OT&OIX TNG EUPBPUIKAG avATITUENG OTO TITPIKO GAANAOUOP(PO Kol EXEl 1010TNTEC
QVOOTOAAG TNG METAYPAPAC.[164] XZTO UTONEBUANIWUEVO UNTPIKO XPWHOOWUX, N
mepioxn ICR dpa WG GvOTOAEXC TNG METAYPAPAG eUMOdIOVTOC TNV GAANAETTIOpaan
TWV EKKIVNTOV TOU IGF2 pe uopIa TTou OIEYEIPOUV TN METAYPOPN KXI BPIOKOVTOI OE
MOKPIVA aomooTaon.[165, 166] Xto moTpikO Xpwuoowua, n utepuedbuAiwon
eurodilel Tn Aeiroupyiae Tou ICR Ko €MOPEVWC UTTAOKAPEI TNV OGVOOTKATIKA OTN
METOYPOPA TOU Op&oN K&l OUVETTMC TO IGF2 peTayp&PpeTal. BpEONKe MPOOPATH TTWGC
o mapdayovrag CTCF mou gival pio TPWTEIVN MOU UMTAOKGPE! TOUG BIEYEPTEC TNC
METAYPOPAG, OUVOEETOI KTTOKAEIOTIKG pE Un ueBuliwpévee CpG akohouBieg otnv ICR
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TTEPIOXN, ME OIMOTEAEOMUC VO EMITPETMETAI £TOI N POVOOXAMNAIKA EKppaon Twv 000

yovidiwv amoTinwong (XxAua 8).[167, 168]

S e —
chromosomea

Off

Paternal | I rre %
chromosome .
On off
lgf2 ICR Hi19  Enhancers

IXAMO 8: IXNUOTIKA Qvomap&oTaon Tou PNXavIopol omoTinwong Twv Yovidiwy

IGF2/H19

To OewpnTiKO MPOVTENO TIOU TEPIYPAPEI TOUC KOIVOUG METAYPOAPIKOUG
uNxowviopolg Twv IGF2/H19 nepiyp&pel Mwe N HOVOKANAIKA EKPPAON EIVAI EPIKTA
ue OlEyEPTEG TNG METAYPAPAG TwV OU0 yovidiwv TTou edP&IOVTaI TIO K&TW OO TNV
meplox) ICR Kol mou €ival Kolvoi Kol yix T d0o yovidia.[169] EkTOg amd Tov
napamnévw poAo Tne mepioxNe ICR mou mepIyp&PnKe Kol apop& TNV EKPPAON TOU
IGF2, o1o aTpikd aAAnAOpop@o n ICR eumodilel TNV peTaypap Tou H19 pe Tnv
eEanmAwaon TnNC YEBUNIWONG Kol TTPOC TOug eKKIVNTEG Tou H19. Otav ouuPel auTo,
TOTE 0 €KKIVNTAG Tou H19 amevepyomoleitan aveE&ptnTa oo 10 ICR.[170] NoxpdAa
auT& Oev eival akOua EekOPO, KaTG TTO0O0 N utiepueBUAiwon oTnv miepioxA ICR oTo

TTATPIKO XAANAOPOPPO Eival IKOWVA armd Pudvn TNG VI V& TTEEUTIONIOEI TNV EKPPAON
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Tou H19 A xpeldleTau pick OXeTIKA €EGTMAwON TNG UuTEPUEBUAIWONG TIPOC TIQ

YEITOVIKEC XAANAOUXIES TWV EKKIVNTWV TOU Yovidiou.

4.4 Emidopoon Tou mepiB&Alovrog oTnv Ekppoon Twv IGF2/H19

H onuaoia Tng pebBuliwong Tng kKutooivng Tou DNA otnv amotinwaon, €xel oav
OUVETIEIX TNV euaioBnoia Twv yovIdiwv amoTUTwong o€ MEPIBXANOVTIKEC EMIOPAOEIC
Ko €I0IK& 0T JIXOECINOTNTA PEOUAOOUGOWY KO JIGTPOPIKWOV CUUTTANPWUKTIKWV
mopayovTwy onwe n Birapivn B12 kol 10 QUANIKO 0&0).[171] Apivo&Ea Omwe n
uedelovivn, n Bpeovivn Kol N YAUKiIVN, €XOUV ONUOVTIKO POAO 0TOV PETKBOAIOUO TwV
MEBUAOOPAGOWY, KO N METXBOAA TNG DIBECIUOTNTAC TOUC HECW TNG OIXTPOPAC KATK
™ OI&PKEI TNG KONong, £€xel oav OmoTEAEOUG TNV oAy TOUu TPOPIA TNg
HMEBUAIWONC 0TO AMOP TOU eUBPUOU TTOVTIKIWV GAAK Ko JET& TN yévvnon Toug.[172]
Opoiwg n aovamTuén euPplwv TOVTIKIOV OE UMKO TIOU OTEPEITAI TOPONOIWV
TTRXPAYOVTWY, EXEI OOV GTMTOTEAEOUO TNV GTWAEIG TNC PMEBUAIWONG GTNV TTEPIOXA TTIO
mavw ord TOUuG EKKIVNTES TOU H19 Kau anm®Aeio TNG amoTUnwong yix 1o H19.[173]
OTOV 01 OUYKEKPIUEVESG BAXOTOKIOTEG UETAPEPONKAYV 0 AATITPIES, T EUPBPUC TTOU
TPOEKUYOAV ATAV UIKPOTEPH 0€ PEYEDBOCG TN 14 nUEPT KOl EIXAV PEIWUEVN EKPPOON
yia To Igf2 Ko To H19, e€aiutiag Tng augnuévng pebuliwong otnv mepioxh ICR.
MopOAax auTé Alyar €ivail YVwOT& YIG TNV €MOPaon JIGTPOPIKWOV Kl YEVIKOTEPX
TTEPIBAAOVTIKWV TTXPAYOVTWY 0TN MEOBUAIWON TOU TAXKOUVTO KGI TNV EKPPXON TOU
IGF2. Miot dnpo@IAAC uTtOBEeoN TIOU EMIKPATEN €ival WG N KOKA BpEwn KaT& T
opXIKG oT&dI TNG KUNONG, €Xel oav OIOTEAEOUX TN OIXTHEOXA TOU HPOVTEAOU
MEBUAIWONG UE EMTTWOEIC OTNV KMOTUTWON YovIOiwv TTou pubpilouv TNV av&NTUEN

KO GUVETTWG TNG OUOGANG EPUBPUOTTAGKOUVTIOKAS aOENoNC.
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T YAUKOKOPTIKOEION €ivail OpUOVEG TTOU EIVOI ETIPPETIEIC 0 JIXTPOPIKES
OMaVEC Kol B pmopoloav Vo TTPOKOAEOOUV ETTIVEVETIKEC OoMayEC.[174] Ta
oTePOEIDN avaOTEMOUV Tnv euPpuikn avanTuén Kol oA&louv Tnv TOPOXN
BPEMTIKWV CUOTOTIKMOV &rmd Tov TAGKOUVTA. KaTaaTEANOUV TNV EKppaaon Tou Igf2 oe
opkeToUC euPpUikolg 10TO0C OMMWC TO ATIXP Ol OKEAETIKOI POEC KOWC Kol O
MAGKOUVTaG. PaiveTan AOITOV TTWC Ta YAUKOKOPTIKOEION UTTOPET Vor EMOP&OOUV TNV
EKPPaoN Tou IgF2 kau €Tl vor pubpicouv Tn dixBeciudTNTA Tou insulin growth factor
Il KaT& TN OIGPKEIG TNG EMPPUIKAG avamTuénG.[175] MapdAa auTé 0 BaOUOS oTOV
OTI0I0 TO OPMOVIKO TTPOPIA TNG UNTEPXC UTTOPET V& eMNPEGOE! TN HEOUANIWON MG Ko
TNV QMOTUTIWON OUYKEKPINEVWVY YOVIOIwV TIOU eKPP&IOVTQI OTO EUPPUO KOl TOV

TTAGKOUOVTCX, TTOPOPEVEI HEXPI OAPEPT YVWOTOG.
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Eicaywyn

Av ko To yovidla IGF2/H19 €xouv ouvoeDBET e dIGPOPO 0UVOPOUN DITHRPAXWY TNG
avanTuéng, evrolTolg 0 pOAog Toug oTnv maboguoioloyi TNG EYA dev éxel
pEAETNOET EMXPKWG.[176] To yovidix amoTUMWOoNG MoU EXEl PAVET TIWS EUTIAEKOVTXI
otnv euPpuUikh  avanTuén, €xouv wg emi To TIAioTOV MeAeTnBel oe (WIK&
MOVTEAX.[177] H maOOYEVETIKA OUOXETION TWV TXPATAVW YOVIOIWV HE OUYYEVA
VOOAUOTO TTOU GpOopOoUV TNV OVATITUEN, KITOTEAECE TO KIVNTPO QXUTAC TNG MEAETNC UE
oKomd TNV avixveuon i mMOKVAG OUOXETIONG TNG QVOUOANG EKPPaoNng,
amoTUMwong Kol YeBUNwoNG o€ TMAXKOUVTEC KUAOEwWV TTou eupavicav EYA. Epdoov
eival ywwoTo nwg N Ekppaon Twv IGF2/H19 Eekiva amd dIGPOPOUS EKKIVNTEG KAl
eNEYXETON ommO TTOAUTTAOKOUG KO eUKioONTOUG NXaVIONOUG, N mMyeveTIKA BA&GRN Tou
BewpnTIK& B umopoloe Vo JIGTAPGEE! KOl TO TTPOTUTIO ammOTUMWONG A& Kol TNV
EKPPOON, GImOTENET Pt EAKUOTIKA Bewpick TTou PTIOPEl vor avadeiEel TOV OUVOETIKO
KPIKO TNG Op&ang MEPIBXAOVTIKOV TTRPOYOVTWY OTNV av&NTUEN Tou eufBplou, ool
eival amodekTd TwG MEPIBXAOVTIKOT TIXPGYOVTEG UTOPET Vo EMOPGOOUV OTO

EMIYEVETIKO TIPOPIA evVOC yovidiou (ZxAu 1).

IxAua 1: IXNUOTIKA avarmap&oTaon TG unmdBeong TG Mapoloag HEAETNG

ITnV mapolox ePeUVNTIKA WEAETN OlgpeuvAOnke 0 POAOG Twv YoVIdiwv
amotdnwong IGF2 ko H19 otnv maboyéveon TnNg e€vOOUATPIOG UTTOAEITTOPEVNG
ava&mTUENG. Mo CUYKEKPIMEVO: N UTOBEON N oToix EAEYXONKE €ival KaT& TMO0O T

OUYKEKPIMEVO yovidlx Ta ormoiak €xouv BepeNi®dn pOAO oTnv TPWIUN €UPBPUIKA
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avanTuén, edPavilouv avOUOAN EKPPOON 0 TMAGKOUVTIOKOUG 10TOUG KUACEWV WE
EYA o€ olykpion pe TNV EKPoon oe TMAKKOUVTEG Omd (QUOIONOYIKEG KUNOEIC.
AIEPEUVACOPE TAUTOXPOVO OV  TOPATNPOUVTOI  OIGTRPOXEC OTOV  UNXOVIOUO
ammoTUMWONG TTOU UTTOPET VO GUCXETIOTOUV PE GVUOAN EKPPOON. TEAOC HEAETAOUE
TO EMIYEVETIKO TTPOPIA GUTWOV TWV YOVIOIWV OTOUC i1d10UC I0TOUC KO TTIO CUYKEKPIMEV
OUYKPIVOUE TO emmeda JEOUANIWONG OUYKEKPIMEVWY TIEPIOXWV TWV YOVIOIwV ToU
ommoTeAoUv PUBUICTIKES TTEPIOXES TNG amoTUNwonNg, oTiC d0o und peAETN opddeg. H
Baolkh umdBeon mou TpoomaBAoauE Vo emaAnBelooupe, €ival KoT& TIO00
OIXTOPOXEG OTO HNXOovVIOUO PeEBUAwoNG pmopel va E€xouv Gueon Eemdpaon OTo
hwovTéAo amoTOnwong Twv IGF2/H19 kKol KaT& CUVETEIR OTNV EKPPOON TOUC, KAl
KOT& OO0 UuTA N XAUCIOWTA HOPIGKA BA&BN PTOPEl Vo emnpedoel TNV OUOAN

ava&mTuén Tou euPplou.

2XEAIAZMOX

Apxik&, oTOoxoC TNG OIOGKTOPIKAC OIGTPIBAG ATOV va PeAeTnBoUV 10TOI TOU
TTPOEPXOVTQI GTTO TIPOIOVTO XUTOUGTWY EKTPWOEWV KXOWG K TEUGXIX TTAGKOUVTWV.
Me auTbVv Tov TPOTo B pumopoloaue Vo BYGAOUUE CUUTTEPGOUATO VI OIXTOPOXES
OTOUG MOPIKKOUG PNXOVIOWOUG TIOU €MEDPOOOYV OTO OPXIK& oT&dia TN Kdnong,
OTIOTE KO TIPOKAAECQV TOV TEPUATIONO TNG, A eMEdPOOAV OTOV N eyKUPoolvn €ixe
TTPOXWPNOEI, OTTOTE EIXAV EMMTWON 0TV AVATTUEN Tou eufpuou. MapdAa auTék TO
TTEIPOUOTIKO  PEPOC  TIEPIOPIOTNKE OTN  MEAETN TWV  TAXKOUVTIGKWV  I0TQV.
YUMEXONKaV TIPOIOVTA amoBoA®V amd 28 kKufoelg. O oxedIouog UTIyOpEUE TIWG OF
OUTK TK TIEPIOTOTIK& B0t EMPETE VO XIMOKAEIOTOUV &AM XITION TTOBOAMV KX VO

TTPOXWPAOOUV OTO TEIPAUATIKO PEPOG HOVO 60 ATOV aveENYNTECG OTMOPBOAEC.
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Yuven®g Oa Empeme OAa T OEiYMOTO VO EEETOOTOUV KOPUOTUTTIK& KO ETITTAEOV Ol
yuvaikeg voe umtoBAnOolv oe eEeTGoelc aiuaToC (XvOoooAoyIKO €Aeyxo, €EAeyXO
BpouBogiAiag, SIGBATN). TO KOOTOC TWV EEETROEWV QUTWV ATV EEXIPETIKG PEYARAO
ME OTOTEAEOUX TO TEIPAUGTIKO MEPOC Vv TEPIAGBEI POVO TOUC IOTOTEURXIC

MAGKOUVTWV ad Kunoeig ue EYA kKol puolohoyIKEQ KUAOEIC.

E€eTaoTNKOV QVOOPOMIKE 10TOTEUGXIO TIAGKOUVTO amd 31 YyUuvaikeg ue
MoV PEIC KUNOEIG TTOU eUPGvVIoaV EYA (op&da ueAETNG) Ko 17 yuvaikeg Je HOVAPEIQ
KUAOEIC XauNAOU KIvOUVOU TTOU OEV EUPAVIONV KATTOIX EMIMAOKA KATG TN dIGPKEIX
NS KONONG A TOU TOKETOU, KOI YEVVNOQV TEAEIOUNVG VEOYVA HE B&POC yévvnong

IKXVOTTOINTIKO VIt TNV NAIKIa KONong (AGA) (op&da eAEyXoU).

EmmAoyn mEPIOTATIKWV K&I CUAAOYT 1I0TWV

H emAoyn TwV TIEPIOTATIKWV €IXE YiVEl KAT& TN JIGPKEIX TNG KINONG armd TO TUAUG
EBpuounTtpikAg laTpikAG TNG MaieuTiIKAG Kol TuvaikoAoyikAg  KAIVIKAG Tou
MavemoTnuiakol Noookoueiou HpakAgiou. H didkyvwon Tng EYA €ixe vivel yet& amod
01000XIKOUCG UTTEPNXOYPOPIKOUC €AEYXOUC OTOU €ixe Pavel Mwe To P&POC Tou
euBplou ATV HIKPOTEPO amd Tn 10" EO yiax Tnv nAIKioe KONONG Kol ePGVI(E KAl
&Moug urrepnxoypapikolg Oeikteq EYA (eAGTTWHEVO QuVIOKO uypd, maBoAoyik&
Dopplers otnv ou@OAIKA, OTIC uNTPIXIEG A 0 ayyeia TOou euPplou).
MPOYPOUUATIOPEVO UTIEPNXOYPOPAUGTY TTPOYUGTOTIOINONKOYV 0€ OAEQ TIG KUNOEIG YE
oKOTIO TNV €KTIUNON TNC KAT&OTOONG TOU €UPPUOU, TOV KTMOKAEIOUO QVOTOUIKMOV
OVWHOAIQV ] UTTEPNXOYPOAPIKWV DEIKTWV EVOEIKTIKWOV XPWHOOWHIKOV GVWUXKAIOV KO

TENOG PE OKOTIO TNV XPOVIKA TOTIOBETNON TNG JIEKTTERPAIWONC TOU TOKETOU.

H nAiIKiot KONoNg €ixe UTTOAOYIOTET PE YVOPOVA TNV TEAEUTAI EPNVO pUCN Kl
eixe empPeBaiwOEeT urepnXoyPaPIK& KaTd TNV 11n-14n gBdoudda TNG KONong. Amd Tn
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MEANETN amOKAEIOTNKOV OIOUUES KUNOEIG, TIEPIOTATIKA XOPIOKUVIOVITIONG, KOI KUNOEIC

uE EUBPUC TTOU EPPEVIIOV XPWHOOWMIKES ] VOTOMIKES VWUOAIEC.

'OAeg 01 YUVAIKEG €IXav evNUEPWOET yIx TN JIEVEPYEIX TNCG MEAETNG KO EIXQV
0Woel TIPOPOPIKA OUYKOTAOEON VYIk Tnv emegepyaoiac Tou TAGKOUVTO  YIX
epeuvnTikoUg okommolg. H cuMoOYA TWV IGTWV YIVOTOV KOTK TN OIXPKEIK TOU KOATTIKOU
TOKETOU N TNC KOIOKPIKAG TOMAC. XTNV Op&OG PEAETNG UTIAPXOV TIEPIOTOTIKK
TPOWPWV TOKETWV, €&V OAOI 10TOI TNC OMGONC EAEYXOU TIPOEPXOVIQV OITd
TeEAeIOUNvVES Kunoelg. MeT& Tnv €E000 TOU TAGKOUVTXK, YIVOTGV N ouloyn 6
IOTOTEUOXIWV OTO OIXPOPETIKE ONuUEI TOU TAGKOUVTX, PE oKomd Tnv €EXAEIYN
TUXOV ETEPOYEVEIOG TWV I0TMV, &rd TN PUNTPIKA empaveIx Kol ue B&Oog mepimou 1
eKaT00TO.[178] MpoékunTav £TOI 6 10TOTEUGXI TTAKKOUVTIGKOU 10TO0 OI0TROEWV
1x1 ekaTooTd. Aev yIVOTOV OIGTOURA, Gmd TEPIOXEC TOU TMAGKOUVTG HWE EUPAVA
EUPPOKTX A OTOTITAVWOEIC. XTN OUVEXEIX TIPOXwPOoUOoKUE oTnv emegepyaoia 3
IOTOTEPOXIWV GO K&AOE MAGKOUVTX TG OTTOI EETTAEVOVTOV TIPOOEKTIKG UE PUOUIOTIKO
OIGAUUC PWOPOPIKWY, PE OKOTIO TNV eAaxioTomoinon Tng mOavoTnTag MPOoUEIENG
ME UNTPIKO GIUC. XTN OUVEXEIG OI 10TOI DIKTEUVOVTAV Kol pUAGOoOVTAV aToug -80°C
MEXPI TNV TEAIKN ETIEEEPYOOIK TOUG. ZTOIXEIO TTOU GkpopoUoaV TNV MoPEia TNC KINoNg
KOI TOU TOKETOU (TOKOG, B&pog yévvnong, €idog TOKETOU, emMMAOKEGQ TNG KUNoNg)
KOOWES KO XKPAKTNPIOTIK& TNG INTEPOCS (B&POC Kol UWOC TNG MNTEPOCG, KATIVIOUK,

OUVOO& VOOAUOTH), CUNMEXDNKAV KOXI CUOXETIOTNKOV UE TX TTEIPKUATIKX EUPANNTO.

ExxoAion DNA ka1 RNA

To DNA ekxuhioTnke amd Toug MAaKoUvVTEG Kol Twv 000 op&dwv pe 0,1 mg/ml
mpwteivéong K (Promega, Madison, WI) kol oTn OUVEXEIG PE TO TPWTOKOAO

PAIVOANC/ XAWPOPOPUIoU.[179] T 10TIK& TEUGXIX OUOYEVOTIOINONKAV pe TN BoRdeix
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opoyevomoinTA e 1o avTidpaoThpio TRIzol® (Invitrogen, Carlsbad, CA) kai oTn
OUVEXEIX PE TNV TIPOOOAKN XAWPOPOPUIoU Kol Quyokévipnong. To oAikd RNA
OIXWPIOTNKE OO TO UTIEPKEIUEVO WE 100TTIPOTIAVOAN, EEMAIBNKE pe xIBavOoAn 75%
Kou OloxAuTomoinOnke ek véou oe 50 ul DEPC-treated water. H ouykévipwon Tou
RNA umohoyioTnke a@oU MPETPAONKE N omopPEOPNON TOU UMEPIMOOUS PWTOC
(UltraViolet UV) 260-nm kai 0o Adyog amoppdpnong 260/280-nm mou PeTPAONKE
hE QaopaTopwTopEeTPo (Hitachi Instruments Inc., USA). O Adyog amoppdpnong
260/280-nm Atav ~1,8-2.0 yiot OAa Tox detypaTa. MéEvTe pl RNA nAekTpopopAOnKav

o€ TleA ayapdlng 2% ue okomo va emaxAnBeuTel N akepaidTNTX Tou RNA.

AVTIOTPOPN UETAYPAPN KOI GAUCIOWTA QVTIOPXON TOAUUELPKTNG OE MOAYUATIKO

Xpovo real-time PCR

H avTioTpo®n HETOYPOPA YIa TN OnUIoupyiax TNG MPWTNS ahucidag cDNA, &yive pe To
oloTnua avTioTpopng HeTaypaPng Tng (Promega, Madison, WI) Kol 6T OUVEXEI
ue eneepyaoia ye DNAGonN pe okomo Tnv amouyn mpodouiEng ye genomic DNA. Ol
avTidphoeig Tng Real-time PCR mpayuatomoinOnkav pe 10 Mx3000P Oeppikd
KukAotmoinTn (Stratagene, La Jolla, CA) pye Tn xpnoiyomoinon Tou JeiyuaTog SYBR®
Green | Master Mix (Stratagene, Greece). H glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) xpnoiuomoinbnke yix Tnv efou&Auvon Twv emMMEOWV
MRNA Twv IGF2 kot H19. Ta 0edouéva TTOU TTPOEKUWAYV, KOXI OUYKEKPIMEVOK N
ouykévtpwon Twv MRNAs Twv IGF2 Kol H19, cUMEXBNKav Kol avaxAlBNKav ue To
Aoyiopikd Mx3000P real-time PCR software version 2.00, Build 215 Schema 60
(Stratagene, Greece). Xpnoigomoindnkav 3 (elyn ekKIVNTOV yix To IGF2 Kol Eva yio
10 H19 (Mivakag 1). ‘Eva pikpdAiTpo cDNA and Toug mAGKouvTIaKoUg 10Tolg TTou
TPOEPXOVTAV Kol oo TIC d0o0 opddeg evioxiBnke péow Tne PCR pe 2X Brilliant
SYBR® Green QPCR Master Mix (mou mepigixe 2,5 mM MgClz), 300 nM and k&Be
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eKKIvNTA Kol 30 UM madnTIKAG BapAg avapopdg Rox, pe TeAikd oyko 20 pl. Meta
amd TNV apxIKA amooTadepomoinon otoug 95°C yix 10 AenT&, T OeiyuaTo
urmtoBAABnkav  oe 40 evioxuTikoUG KOKAOUG Ol  OToiol  OUVIOTOVTOI — OTTd
amootaBeporoinon otoug 95°C yia 30 deuTepOAenTR, avadIGTAEN oToug 65°C -
67°C vyiac 30 Oeutepdhenta Kol emuikuvon otoug 72°C vyix emiong 30
OeUTEPOAETITN KO OTN OUVEXEIX akkoAouBoUoe n KaxummiAn av&Auong Tng TAENg, 6mou
n Oeppokpaoian auEavoTav amd Toug 55 - 95°C ye pubud ypauuikAg al&nong

0.2°C/deuT. 01 1davIKEG Bepuokpaoieq annealing, paivovTal oTov vk 1.

PCR Primer

Optimal annealing

Primer Sequence (5’ to 3’)
temperature
IGF2-758 CTT GGA CTT T(G/T)A GTC AAATTG GC 650C
IGF2-857 GCG GTACGA GCGACGTGCCCAC
IGF2-1093 CTC ATA CTT TAT GCATCC CCG CAG CTAC 650°C
IGF2-1226 CTG TGT GCT GTG TGT GCTGTCCGT T
IGF2-1406 CAC AAA CGC ACA GCA CAC GCACACACATGC 67°C
IGF2-1470 TTT GTG TGT GTG CTG TGT GCT AG
H19-10248 CTT TAC AAC CACTGC ACTACCTGAC 67°C
H19-10423 GAT GGT GTC TTT GAT GTT GGG CTG A
MethyLight Primers
HUGO Gene Forward Primer Reverse Primer Probe Oligo
Nomenclature Sequence Sequence Sequence
IGF2 (ACO06408) 6FAM-
65759-64972 5'- TTTTTTCGAAATTGTT
TCGTAGTTTTTGGAT  CCAAAACACCCCCTAC TGGACGATGATTTGT
AGTGGATAAAGAG-3' TTTAATAATAAC-3’ C-BHQ-1
H19 (AFO87017) 5'- 6FAM-
upstream region CGGAATTGGTTGTAG CGCGGCGGTAGTGT
5962-6413 TTGTGGAAT-3’ ACCCCAATTAAAACGA  AGGTTTATATA-BHQ-
ACTCGAA-3’ 1
H19 (AFO87017) 5'- 5’- 6FAM-
promoter region AGATAGGAAAGTGGT TAAGTTCGGTTAATTG  TTGCGGAAATCGCGG
7574-7959 TGCGAATG-3’ GATGGGAA-3’ TGACGAG-BHQ-1

Mivakag 1: O1 ekkkivnTES yiae TNV real time PCR kan Tnv Methylight analysis mou

XPNOIMOTIOINONKOV 0TNV MEAETN.
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ApvnTIKG OElyUOTO €AEYXOU €iXav ouumepIAngOei oe KGBe avTidopaon, Eva Xwpig
cDNA Kai éva Xxwpic va €xel urtoBAnOel oe avTioTpopn YeTaypa®n. H opahomoinon
TWV EMMEOWV METAYPUPAG UTIOAOYIOTNKE VIOt K&GOE TOOOAOYIKO K (PUCIOAOYIKO
ociyux pe P&on Tov TOMO: ToOOAOYIKO R Quaololoyikd Oeiypax = (1+Egol)

ACt/(1+EgapoH)ACt.

Avixveuon Twv moAupgop@iouwyv Twv IGF2/H19

O1 mhakoUvTeG Kol ot TIG OU0 op&Oeg HEAETABNKAV yIa TNV OTTPEN 3 SIXPOPETIKWY
TTOAUMOPPIOPOV VI TO IGF2 Kol éva yia To H19, ye PCR oe genomic DNA onwg €xel
AoN neplypaPel.[180] O1 PCR ekTeAEOTNKOV 0€ GUVOAIKO OyKo 25 ul Tou mrepigixav 5
UM of 5x Green GoTag® Reaction Buffer, 1.5 mM MgClz, 0.2 mM amnd k&Oe
TPIPWOPOPIKO 0e0EUVOUKAEOTIOIO (ANTPs), 0,6 povadeg amd Tnv GoTaq Flexi DNA
moAupepdaon (Promega, Madison) ko 200 ng genomic DNA f RNA. O1 cuvBnkeg Tng
PCR Atav 95°C yiax 90 0euT, akohoUBwg 29 kikAol Twv 95°C yix 25 deuT, oTnv
1I0aVIKA Ogpuokpaoia avadIGTaENG vk 1 AemTd Ko TEAOG oToug 72°C yix 10 AenT&.
O1 10avIKEG BEPUOKPOOIEG aVadIGTAENG VI K&Oe (euyGpl ekkivnTwv ATov IGF2-
758/857, 65°C; IGF2-1093/1226, 65°C; IGF2-1406/1470, 65°C; H19-
10248/10423, 67°C. Ta mpoiovta Twv avTidp&oewv PCR, peAeTABNKav e
nAekTpopopnon oe TleA ayapdlng 3% A oe T(eA TOAUGKPUAGUIDIOU-OUPIG KO
PWTOYPOPABNKAYV 0E OIXPAVOOKOTTIO UTTEPIMOOUC OKTIVOBOANIG. H av&Auon d0o
oo Toug MoAUpoPPIoPOUS amaiTodoe TNV MEWYN pe meploploTIk Eviupa (Apa |, Alu
). TEooepa —mévTe Pg Twv MPOoIdvVTwY TNG PCR avaueixbnkav pe 20-30 povadeg Tou
KaT&ANAou ev(ipou (Promega, Madison) oe TeAikd Oyko 20 pl, ki n méwn
mpayuaTomoiRdnke otoug 37°C yix 6 ®peg. Ta MPOIGVT NAEKTPOPOPAONKAV CE
Teh ayopdlng 3% Kol QwTOYyPaPAONKaV o€ OIXPAVOOKOTTIO  UTTEPIWOOUG
OKTIVOBOAIGC.
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AvaAuon TnG uebuliwong Tou DNA

Ta deiyparoe UTTOBARBNKAV og peTaTpom pe 6&Ivo Belkd vaTplo (Zymo Research,
Berlin, Germany) kal oTn cuvéxeia oe avaAuon ye MethyLight (Applied Biosystems,
Warrington, United Kingdom; Metabion, Munich Germany) onwg €&xel Aon
neplypa@ei.[181] Ka&be avTtidpaon MethylLight mou a@opoloe pix OUYKEKPIUEVN
mepioxn Twv yovidiwv K&AunTe mepimou 5-7 divoukAeoTidlia CpG. AVOAUTIK& Ol
EKKIVNTEG KO TG probes yia OAeC TIG TIEPIOXEG TTOU PEAETABNKAV, PAIVOVTQI GTOV
mvaka 1. IxedikoTnkov 000 OET EKKIVNTWOV Kol probes 1diké& yia To DNA mou €xel
UTTIOOTEl JETXTPOTA YE TO OIBEIKO VATPIO: VO OET YIG TNV TTEPIOXA TOU YoVIdiou TTou
BEAaE vor avaAlooupe Kal Eva 0eT avapopdg (COL2A1) yia TNV opaAotioinon Tou
DNA. H €101kOTNTa TwV avTIdp&oewv eKTINABNKE EexwploTd pe Tn Bondeia DNA amd
AEUK& oipoopaipix avBp@Tmou Tou €ixav umooTel emeEepyaoia e Sssl (New

England Biolabs; www.newenglandbiolabs.co.uk) (uynA& mocooT& pebuliwong). To

MOO00OTO TwWV TAAPWE MEBUMWUEVWY POPIWV OE Wi OUYKEKPIUEVN TIEPIOXA
uttoAoyioTnke dIcIPWVTAG To Adyo lovidilo/ COL2A1 k&be OeiyuaTog he TO AOyo
lovidio/ COL2A1 Tou emeEepyaouévou DNA Twv avOp@OTVWV ASUKWV GIIOCPIPIWY
moMamAaoiauévog emi 100. H ouvrdéueuon PMR (Percentage of Methylated
Reference, MocooTo TNG HEBUAIWONG VAPOPES) Eivail UTA AKPIBWS N METPNON TTOU
mpoavapEPONke. H av&Auon €yive TUPAG Kol yI TO OEIYUMOTO OO TNV OGO
MEAETNG KOl €AEyXOU, E€IXav KoTaveundel Tuxaia KoTté Tnv emeepyooia. H
OUYKEVTPWON Tou Tpomomoinuévou DNA, ATav 01 PETOED TwV TTROOAOYIKWV KOl

(PUGCIONOYIKMV OEIYUATWV.

2TOTIOTIKA v&AUGN
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01 péoeg TIYEQ Kol Ol oTaBePEQ amokAioelg (SD) umoAoyioTnkav yix OAeQ TIQ
oPIOUNTIKEG TTOPAUETPOUC. Tor OEOOUEVO TTRPOUCIGOTNKAV PE TN MOPPA TTOCOOTOU
YIX TIG TTEPITITWOEIG TWV YN GPIOUNTIKWV MTRXPOPETPWY. H KXTAVOUR TWV XpIBUNTIKOV
TTOXPAUETPWY OTIC 000 OPAOEC TEPIOTATIKWY, OUYKPIONKE UE TO PE TIXPOAPETPIKO
Wilcoxon Teor. H Onopén mOavAC ouoxETiong, MEASTAONKE VYIX TIC TIOIOTIKEG
TOPXPETPOUG ME TO X2 TeoT. H oTaOep& TOU Spearman UTMOAOYIOTNKE YIX VO
a&lodoynBei n UTToPEN PYOVOTOVIKAG OXEONC METKED TWV GPIBUNTIKOV TRPAUETPWYV. H
ouoxétion PeTa&0 Tou MRNA Kol Twv TIHOV Tou PMR Kol TWV XGXPOKTNPIOTIKOV TNG
eykiou ko Tou euPplou, diepeuvnBNke Pe TN BoNBeIx TNG AVEAUONG YPOPMIKWV
OUOTNUATWYV. XTATIOTIK& ONUAVTIKO BewpnOnke Eva amoTéAeoua 6Tav N TIWA P ATav
UIkpOTEPN oMo 0,05. H oTaTIoTIKA av&Auon E€yive pe 1o mpoypoaupo SPSS 17

statistical package (SPSS, Inc., Chicago, IL[fx1]).

ANOTEAEZMATA

XOPOKTNPIOTIKK TTEPIOTATIKWV

Avolloope 31 deiyuaTa ommd mAakolvTeg Kunoswv pe EYA ko 17 dgiyyora ormd
PUOIONOYIKEG KUAoeIQ. To B&pog yévvnong ATav PIKpOTEPO ammd TNV 51 EO yia OAeg
TIC mepIMTWoeIg EYA, evw 90% amd auTég eppavilav coBapi EYA, B&poc yévvnong
MIKPOTEPO ammd Tnv 31 EO. To B&pog yévvnong yix TNV ouGda eAEyxou ATAV PETAED
10ns kou 90ns EG. O1 EO Tou B&POUC UTTOAOYIOTNKOV PE KPITAPIO XKXPAKTNPIOTIK& TNG

UNTEPOC KOl TOU euPplou pe Tn Pdon dedopévwv (www.gestation.net). ‘Eyive

oUykpion PETAED Twv 000 OpGOWY, TWV BAOIKOV XXPAKKTNPIOTIKWY Kol TNG EKBooNG
™C KUNonG. T BOOIK& XXPOAKTNPIOTIKG Twv 000 OuGOWV, TXPOUCIA{OVTQI OTOV
mvaka 2. O1 KATOVOPESG TNG NAIKIGG TNG MNTEPGG, TO B&POG TNG, 0 J€iKTNG M&LIXC
OWUATOG, TO GUAO TOu veoyvol, 0 TOKOQ Kol TO KGTIVIOUG TNG MNTEPQRS, ATV
IcoppomNUéEvVES METAED TwV 000 OuGdwY. OTIWE ATAV AVXPEVOUEVO, TTRPATNPABNKAV
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OTOTIOTIK& ONUOVTIKES JIXPOPES oTNV NAIKI KUnong ueTa&l Twv 300 ouddwv: n

NAIKIa KONoNng TNG ouGdac e EYA ATaV ONUAVTIK& PIKPOTEPN TNG OP&OOG EAEYXOU

EYA OYZIONOTTKA
P value
N=31 N=17
HAIKiox KO (xp) 290 27.8+4.9 0.6657#
IKiot KONong (xp 8+4. .
6.074449
) 61.1+10.3
B&pog (kgr) 629+ 104 0.3906*#
BMI (kgr/m?2) 22.6 +3.5 23.5 +3.7 0.5092#
K&mnviopo 21.4% 28.6% 0.608*
Tokog
) 61.3% 52.9% 0.338*
MpwToTOKEC
HAIKia KONoNG KoT& TN
. 35.4+4.5 39.3 + 0.9 0.0001*#
yévvnon (eB0)
B&pog Mévvnong kgr 1775.2+710.9 3389.4+473.4 0.0000#
®UMo veoyvol
) 40% 35.3% 0.750*
Ayopia
EO B&poug yévvnong 0.8+1.5 49.8 + 9.6 0.0000#

"STOIXEIO TTOPOUCIGLOVTOI WG MEOEC TIWEG £SD A TOCOOTO
*X2 TEOT YIX TIOIOTIKG OTOIXETCK
# Wilcoxon rank-sum test

Mivakoag 2: BooIK& XXPOKTNPIOTIK& TWV TIEPICTATIKWY TTOU CUPTTEPIARPONKAV 0TN

MEAETN.

KAIVIKA KOl YEVETIKN) TTRPOKOAOUBNON TwV VEOYVWY

Me okomd va ammokAeiooupe Tnv Umapén Tou ouvopoduou Silver-Russell (SRS) A Tnv
OMaPEN XPWHOOWHIKWY GVWHOXAIWV PE KaBuoTepnuévn ekdNAwoN, OAX Ta veoyva
EEETAOTNKAV KOl TTXPOKOAOUOAONKaV omd MaIdITPO Ko KAIVIKO yeveTioTRl 43-65
uAveg et Tn vévvnon. Mo 1n diGyvwon Tou ouvOpOuouU XPNOIUOTIOINONKOV TO

OIyVWOTIK& KPITAPIG TwV Price kKal ouv T omoia givan Tae €€QC:[182]
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e Bd&poc yévvnong PIkpOTEPO N 100 pe 2 SD amd Tov uéco 6po
e  Meiwpévn av&mTUEN KOT& TN VEOYVIKA TTEPIOO0 PIKPOTEPN A ion ye 2SD amd
TOV Y€COo 60 yia TN dedopévn NAIKIix Tou TTaid100
e  JUYKEKPIUEVO PEYEOOC UTTIVIOPETWITIKAG OIKUETPOU
e  KAOOOIKOC poivOTUTIOC TTPOOMITOU KOXI XCUUMETPIC TIPOCWTIOU
Kavéva amd Toe maidic mou gixav mepIAN@Oel oTn PEAETN OEV QVTAITOKPIVOTAV OTO
OIYVWOTIK& KPITAPIGK TOU SRS A €ixav GAO POIVOTUTTIKG XOPOXKTNPIOTIK& EVOEIKTIKA

XPWHOOWUIKWV A YEVETIKWV OUVOPOUWY, HEXPI TNV NAIKIX Twv 3,6 — 5,2 XpOVwv.

Avixveuon Twv urté UEAETN moAupopPPIoUWY TwV IGF2 ko H19 oTtoug
MAGKOUVTIXKOUG 10TOUG
2TV mopoloo PeAETN peAETABNKaV 3 TOAUPOPPIGUOT Tou e§wviou 9 Tou IGF2 Ka

évag Tou e€wviou 5 Tou H19.

exon 9
819bp 1180-1199 1448 bp
A 100 bp A133bp —— A B9 bp
B64bp — B 114 bp B65 bp —
H19

10423

IxAuo 2: O1 moAupopPIopoi Twv dU0 YovIdiwV TTOU MEAETAONKOV
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H avixveuon 000 and Toug TMOAUMOPPIoNOUS TTEPIEAGUBOvVE TNV TEWN TNG

TTEPIOXAG TOU YOVIOIoU, e TTEPIOPIOTIKG EVUMQ, Ui EAEIWYN 19 bp Ko Yick TPOoOAKN

4 bp oTo €€wvio 9 Tou IGF2 (ZxApa 2).

Tow eTepOlUYR DETYUOTO VIO TOUC TTOAUMOPPIoUOUS, Bpébnkav ueTd and PCR

o010 DNA TwV 1I0TOWV YE TOUG OUYKEKPIUEVOUG EKKIVNTES KOI OTN ouvéXxelx méwn. H

av&AUon Twv GAMNAOUOPPWYV TTou ekPppaoTnKay, yive peté amnd RT-PCR Tou oAikoU

RNA.
Aeiypora - No . gDNA cDNA

TMMAGKOUVTK  TTEPIOTATIKOU

AnAEIx

amoTdnmwong

Tou IGF2
EYA 10 A/B A/B
EYA 13 A/B A/B
EYA 16 A/B A/B
EYA 22 A/B A/B
EYA 25 A/B A/B
EYA 37 A/B A/B
EYA 43 A/B A/B
EYA 48 A/B A/B
EYA 98 A/B A/B

®uaoioloyikn

anoTinwon

TOUIGF2
EYA 7 A/B A
EYA 50 A/B B
Control 58 B
EYA 62 B
Control 66 A/B A
Control 75 A/B B
EYA 76 B
Control 79 A/B A
Control 87 A/B B
Control 88 A
EYA 96 A/B B
EYA 97 A/B A
EYA 99 A/B A
Control 102 A/B A
Control 118 A
Control 128 A/B A

Mivaka 3: AoTeAéopaTa TNG MEAETNG TNG EKPpaong Tou IGF2 ota 600

oAANAOUOP PO
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YUVOMNK& 16 deiypaTa omd TNV ouGda HEAETNG ATV €TEPOlUYX Yo To IGF2
Kol 14 yix To H19, evw amd Tae 17 deiyuaTa TG opddag eAéyxou, 9 ATV eTEPOlUYT
yix 10 IGF2 ko 8 yioe To H19. And 1ot ouVvoAIkG 25 eTepOluya deiypaTa yiok To IGF2,
amwAeioe TG omoTdnwong LOI Bpébnke oe 9 OeiyuaT®, €K TWV OMOIWV OAX
mpoépxoviav amd Tnv oudda pe EYA (EikOva 1). 2T QuOIOAOYIK& OEiyuaTor OF
diamoTtwOnke LOI (Mivakag 3). YIApxe ONAXOA OTATIOTIK& ONUAVTIKA dIGPop& oTn
ouxvoTnTa eupavione LOI peTta&€l Twv opddwv pe EYA Kau TNG OpGOOC €AEyXOou
(P=0.020). Xtax umdloima 16 eTepdluya OEIYUOTH OIKTIOTWONKE (PUOIOAOYIKA

anoTdnwaon MOI og 7 maBoAoyiké Kol 9 puUGIOAOYIKG OEYUOTO.

AgiypoTa No TEPIOTATIKWV
TTAXKOUVTX
A”"”‘\S('Ig ?gﬁgm”q gDNA cDNA
EYA 72 A/B A/B
Control 102 A/B A/B
Control 82 A/B A/B
Control 85 A/B A/B
Control 122 A/B A/B
AlxTApnon amoTinwong
yix T0 H19
EYA 7 A/B A
Control 66 A/B B
Control 87 A/B A
EYA 96 A/B A
EYA 97 A/B A
Control 118 A/B A
EYA 1 A/B A
EYA 19 A/B A
EYA 25 A/B B
EYA 31 A/B B
EYA 37 A/B A
EYA 40 A/B A
EYA 64 A/B A
EYA 78 A/B A
EYA 95 A/B A
EYA 100 A/B B
Control 113 A/B B

Mivakag 4: AmoTeAéouaTa EAETNG EKPPaonG Tou H19 oTax 000 AANAOOPP
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Ao Tax 22 eTepdluya deiyuaTa yiok To H19, LOI diaxmoTt®Onke o€ 5 OEYUATA,
4 a6 Ta omoick ATaV PUOIOAOYIKG Ko 1 maxBoAoyikd (Eikdva 1). duaciohoyikA

amoTdnwon yiax To H19 Bpébnke oe 13 maBoAoyIKG Ko 4 GUCIONOYIKG OETYUOTO

(Mivakog 4).
cDNA
IGF2 gDNA
bp bp
64— b=
H19 DNA cDNA
174 bp = 95 bp =
132bp =p
S1bp =
A E A/B A B LOI

Eikova 1: AvTITPOOWITEUTIKG OEYUOTO TTOU EUPEVIORV KTTOAEIX TNG KMOTITIWONG
(Ekppaon Kol armd Toe 000 GAANAOUOPPX) VI Evav TTOAUPOPPIoUO Tou IGF2 Kai Evav

Tou H19.

MeAETn NG ékppaong Twv IGF2 kot H19
MeheTAoaue Tnv E€kepaon Twv IGF2 kai H19 oToug @uGIOAOYIKOUG KO
naBoloyikoUg MAakoOvTeg. H Ekppoaon Tou IGF2 ATav peiwuévn oToug MAKKOUVTEG

ue EYA oe ox€on pe Toug puaiohoyikolg (P=0.01)(ZxApa 3).
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IxAua 3: Emimedo MRNA yia To IGF2 oTi¢ 000 ou&deg TAGKOUVTWY. Ta OEYUATO UE

EYA €ixav onuavTika xaunAoTepa emimeda mRNA. (P=0,01)

AvTifeTa T emimedo MRNA Tou H19 oToug MAGKOUVTEG ATOV ONUAVTIKE UENUEVT
oTnv op&da pe EYA (ZxAua 4)(P=0,04). H mepaiTéEpw OTATIOTIKA av&AUon dev
avEDEIEE KOIOk OUOXETION METAED TNG EKPPaONG TwV OU0 YoVIBIwV Kol KATTOIOU armd

T XXPOKTNPIOTIK& TV eYKUWV A TOU euPplou.
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IxAua 4: Emimedoc mMRNA Tou H19 oToug mAakoOvTeg Twv 000 ou&dwv. Ol
TTAGKOUVTEG TNG OMGOGC Ue EYA gupavioav onuUavTIK& upnAoTepa emimeda mMRNA

(P=0.04)
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EmmAéov Ta emimeda MRNA 1mou utToAoyioTNKoV eV ENPAVIORV CUOXETION PE TN
BapdtnTax TNG EYA pe Béon 1o B&pog yévvnone A TNV EO Tou B&poug og oxéon pe

TNV NAIKI KONoNG (ZXAUG 5).

E B E
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i1} pal 10 15 40

Bestationa age
IxAua 5: Katavoun Twv emmédwv MRNA Tou H19 o€ oxéon ye Tnv nAIKia kGnong.

Aev egpavioTnKe ouoxETion METAED NAIKIG KONoNCg Kal Ekppaong Tou H19

Mo voo umopEcoupe Voo EETOOUNE TUXOV OUOXETION TWV OIXTRPOXWV TNC
amoTdnmwong Kol TNS EkPppaone, MeAeTAoaue €I0IK& Ta emimeda Tou MRNA oToug
I0TO0C TTOU EPPAVIOAV EKPPAON Kol amd Tax dU0 aAMnNAOuoppa, dnAadn utApée LOI,
oc oxéon e 000 OeiyuoTa €ixav MOVOOMNAIKA Ekppaon kol &Gpo MOIL. To 9
ociyuara mou gixav LOI yioe To IGF2, av Ko gixav pikpoTepn ouykévipwon mRNA oe
oxéon pe 6oa gixav MOI, evtolToic auTA N dixpopd dev ATAV ONPOVTIKA. MNMopopoIx
OTTOTEAEOUOTO TTPOEKUWPAV KO VIO TX DEYUOTO OTX OTIOI HEAETAOXUE TN CGUCXETION
EKPPOONG Kol amoTdmwong yix 1o yovidio H19. Ta emimedax mMRNA peTa&l auT®V
mmou eixov dIGANAIKA Kol HOVOXANAIKA EKppaon, ATav apouoia (P=0,07).

Epooov 1o IGF2 ko H19 eivanr 000 yovidlx pe ovTiBeTn EKPppaon,
ueheTnooue kKatd OO0 UMAPEE Olapopd oto Aoyo IGF2/H19 mRNA oToug

mAaKoUvTEG TwV 000 OpGOwWYV. Agv uAPEE Kapia dIaPop& YeTAED Twv 000 ouGdwV
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Kol emmAéov dev diamoTwOnke dixpop& otov Adyo Twv MRNAs peta&l Twv

OEIYUATWYV TIOU €iXaV dITAPOXA OTNV XmOTUMTWON K&l 00wV ATAV PUGCIONOYIKE.

AV&AUGN TOU UOVTEAOU EBUAIWONG OTOV TAGKOUVTO!

To npoTuUMo PeBUAIWONG 0g TTEPIOXEG TWV YOVIOIWV TTOU EAEYXOUV TNV GmoTUTIWOoN,
oToug TAGKOUVTEG Ko Twv 000 ou&dwv, peAeTABNke ye Tn BoRdeix TG pueboooU
MethyLight gPCR. MeAeTAoape To Percentage of Methylated Reference (PMR) oe 3
OIPOpPETIKG anueia mou amoTeholv DMR Differentially Methylated Regions DMRs.
H nepioxq Twv e€wviwv 2/3 Tou IGF2 and Tn Bdon 65545 uéxpl Tn B&on 65682
MEAETAONKE e okomd TNV av&Auon Tou ocooTol YeBUNiwong. Ta deiyuaTo ue EYA
mopouciaooy PIKPOTEPR eMMEdn PEOBUANWONG 0€ OxEON PE TO DEYUATA TNG OPARATQ
eAEyxou, ue péoeg TIEG 23,3% Kol 29,6%. H dixpop& auTA ATAV OPIKK& OTOTIOTIK&

onNUAVTIKA (ZXAua 6) (P=0.05).

80- o P=0.05
60-
On
40+ o (m |
o 800
S o —“_ﬁ%—
20- Ogo
0028 o0 B
(o]
8398
0 @ &
FGR cases Controls

IxAuo 6: Emimeda pebuliwong (PMR) oTnv meploxA Twv eKKIVNTOV Tou IGF2.

To emimeda pEBUNIWONC OTNV TTEPIOXA GUTA TwV EKKIVNTWV Tou IGF2 0gv OXETIOTNKE
hE TNV EKPPaan Tou yovidiou. EmmAEov o1 TINEG IGF2 PMR Oev eu@&vioav CUOXETION
be 10 B&pog yévvnong (P=0.14) A Tic EO Tou Bapoug (P=0.17) A TENOG pe TNV NAIKIG
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kOnong (P=0.2). EmekTeivape TNV ovGAUCn OTNV UTTOKOTNYOPIt JEIYUGTWY TIOU
EUPAVIOAV DIKTXPAXES OTNV AmOTUTIWON. Tot TOCOOTK YEOUANIWONG OTA JEIYUATX TTOU
eixav LOI yix To IGF2 ATav 22,9%, evd auTé TIOU €IXaV JOVOXANAIKA EKPPOon TO
PMR Atav 22.8%, emouévwg dev UMNPEE OUOIROTIKA OIPOP& PETHED TWV PEOWV
TIMQV.

Xwpioope T OeiyuaTax pog oe 000 ouddeg pe KpITAplo 6oa gixav PMR
ueyaAlTePo A WIkpOTEPO amd 50% pe okomd vor urmoAoyicoupe To odds ratio (OR)
METOED Twv TIXOOAOYIKWV KOl (PUOIOAOYIKWYV TAGKOUVTWY. MIKpdTEPOC CpIOUOG
delyubaTwv pe EYA eixav PMR>50, (OR=0.55), xwpi¢ 6pwg onuavTikA dixpop&
(P=0.57)

H meploxn mo mévw amd Toug eKKIVNTEG Tou H19, pehetAONnke pe 0o (elyn
EKKIVNTWV. AVaAUONKE TO POVTEAO PEBUANwONG TNG TEPIOXAG amd Tnv B&on 6156
MEXPI TN PB&on 6245 mou PBPioKeTal O M&vw omd TNV TEPIOXA €KKivnong Tng
EKppaong Tou H19 mou mepiExel To €KTO Kol €Bdouo onueioe olvdeong Tou
napayovTiax CTCF mou euTAEKETOI OTNV QVTIOTPOPN EKPPOON Kol Twv OU0 yovidiwv

(Eikbva 2).[183]

65545 65682

'I } IGF2 6156 6245 H19
= { 1}
H \
H19 DMR
DMRO \ DMR2 \
TCGTAGTTTTTGGATAGTGGATAAGAGGATCGGGGAGTTATTGGT TGGTACGGAATTGGTTGTAGTTGTGGAATTGGAAGTG
GTTTAAGGTTTTTTGTCGAATTGTTTGGACGATGATTTGTCGGTTT GTTGCGCGGCGGTAGTGTAGGTTTATATATTATAGTTC
GGTTAATATTAGTAGTTATTATTAAAGTAGGGGGTGTTTTGG GAGTTCGTTTTAATTGGG

Eikova 2: Alo TTEPIOXES OTIG OTToIeC YEAETAOKUE T TOCOOTA PeBUANiwoNg. H mepioxn
TWV EKKIVNTOV Tou IGF2 Kai n mmepioxn eAEyxou Tng amoTdnwong ICR mpiv amd Toug

EKKIVNTEG TOu H19.
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Ta mooooT& pebUNiwong Twv MAaKOUVTWY Tou eixav EYA ATav pIKpOTEPR
OO GUTA TWV PUOIOAOYIKWV TTAGKOUVTWYV (UECEC TIEG 27.4% Kol 36.2% OvTIOTOIXO
(2xAua 7)(P=0.15). EpOCOV N OUYKEKPIUEVN TIEPIOXA EAEYXEI TNV EKPPAON KAI TWV
000 yovIdiwv, HEAETABNKE €MMONCG N CUCXETION TWV YETPACEWV TNG MEBUAIWONC PE T
emmnedo Tou MRNA Tou IGF2 kou H19. MapdAa auTd dev MOPOTNPEAONKE KOPIX
ouoxétion peta&l Twv TINWV Tou PMR oto H19 DMR pe Tnv ékppaon Tou IGF2 A
Tou H19. Opoiwg, dev unnp&e oxéon Twv peTpnoewv Twv PMR ue 1iIc EO B&poug

vévvnong (P=0.52), ye 10 B&pog yévvnong (P=0.73), A pe TNV nAIKia KInong

(P=0.8).
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IxAua 7: Emimedo pebuliwong Tng meploxNC HETRED Twv U0 yovIdiwv TTOU EAEYXEI
TNV GVTIOTPOPN EKPPAON TOUG. AeV TRPATNPNONKE OTATIOTIK& ONUAVTIKA dIopops
METOED TWV 00O OPAOWV.

Toe d€iypoara mou epavioav LOI yix To IGF2 gixav peyohitepa PMR (31,3%)
anmd aut& mou eixav MOI (26,1%), xwpiq Ouwg onuavTiKA diapopd (P=0.84).
YUYKPIVOPE €MMoNG TECOEPX DEIYUATA TTOU EUPAVIONV XITOAEIC TNS XMOTUMWONG YIX

T0 H19 pe Té€ooegpa deiypata mou OlaTAPNoav Tn UeBUAiwon. PAvnke TwG T
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OEIYUOTH YE PUOIOAOYIKA amoTUMWon €iXxav UWnAG oA& OX1 onNuavTIK& uwnAdTEP
emmneda pebuliwong (71%) yiax Tnv mepioxn nmpodcdeong Tou CTCF oe oxéon pe Toug
I0To0g Tou €ixav amwAsin TNg amoTinwong (32%, P=0,43). O1 mhakoOvTeg pe EYA
eixav o€ PIKPOTEPO TMOC00TO peTpnoeic PMR mavw amd 50% (OR=0.55), av Kal n
d10pop& 010 MooooTO auTo dev AT a€ldAoyn (P=0.57).

TéNog, n meploxn amd TN B&on 7705 €wg Tn B&on 7809 mou PBpPioKeTal

KOVT& OTOUC EKKIVNTEG TOU H19, yeAeTABNKE yiak TO povTéAo peBuAiwong Tne (Eikova

3).

A Elﬁﬁrﬁ 245 TTF F&09

- IGF2 ] ] ~ H19
: ICR DMR

Eikova 3: O1 000 meploxEQ mpIv amd Toug eKKIVNTEG Tou HA19 mou peAeTABNKav. H
meploxn eAéyxou Tng amoTinwong ICR (BAEME Maxpam&vw) Kal n TIEPIOXA TTOU

OXETIETAI PE TNV EKPPOoN Tou H19

Too OeiyuoTax Twv KuAoewv pe EYA eppavioav OnUAVTIKG XXUNAOTEPO
emmnedo pEBUNIWONG 0 OXEON PE TOUC TTAXKOUVTEC OO (PUOIONOYIKES KUNOEIC, WE
TIuEG 22,3% kol 32,4% (IxAua 8)(P=0,02). Aev unmApée ouoxétion peTa&l TOU
TPOPIA TNG MEBUNwONG Kol TNG Ekppaong Tou H19. Emiong dev utip&e ouoxETion
pueTaEl Twv PMR ko GAMwv mopauéTpwy Omwe Twv EO Tou B&poug yévvnong
(P=0,08), Tou B&poug vévvnong (P=0,33) kal TnNg nAikiag kinong (P=0,52).
AiyoTEPK DEYUATO XTTO TNV OGO PEAETNC epphvicay PMR>50% (OR=0.17), dAA& N
OI0POP& aUTA 0eV ATV ONUOVTIKA. ZUYKPIVOPE TEOCEPO DEIYUOTK TTOU EPPRVIONV
anwAeix TNG amoTinwong via To H19 pe Téooepa deiyuoTa TOU JIGTAPNOGV TN

pueBUAIwon. Aev uINPEE JIGPOPG OTIC JEOEC TIMEG TWV TTOCOOTWV PEBUNIWONG METAED

109



QAUTQV TWV OEIYU&TWY (46,3% yia Tax deiypoaro pe LOI ko 44,2% yiok To OETYUOTO e

MOI, P=0,93).
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IxAMa 8: Z0ykpion emmédwv pebuliwong (PMR) peTa&l Twv 000 ou&dwv. Ta
OelypaTa pe EYA gixav onuavTik& xaunAoTepa eminmedo PMR og oxéon ue Toug

mAGKOUOVTEG o TNV ou&da eAéyxou (P=0.02).

YYZHTHZH

Toe yovidioe IGF2/H19 amotelolv 000 amd T MPWTO Yovidia omoTUmwaong Tmou
QVOYVWPIOTNKAV Kol PEAETABNKaV. Omwe avapEPONKE Kol OTO VEVIKO MPEPOG,
mPOKeITal yix 000 yovidi pe avTioTpopn Ekppaon mou edp&lovtal oto 11pl15.5
YEITOVIKG TO EVa e TO GANO KO OIP&LOVTOI KOIVOUC UETAYPOPIKOUG PUNXKVIONOUC.
Tooo 10 IGF2 600 Kol To H19 @aiveTal mwg mai{ouv onuavTikO poAo oTnv eUPPUIKA
avanTuén.[109] To IGF2 sugavilel upnA& emmeda EKPPAONG O0TOV TTAGKOUVTX TOU
TOVTIKIOU K&I TOU avOpwrou Kol enmnpedlel TNV AEITOUPYIKA IKAVOTNTX TOU

TAGKOOVTO VO PETOPEPEI OPEMTIK& OUOTATIK& TPOG TO EUBPUO, KOBWG emiong
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emnpedlel Kol TNV alO&non Tou peyEBoug Tou mMAGKOUVTO. EKPP&IETHI OTOUG
mePIooOTEPOUC 10TOUC pOVO amO TO TATPIKO OGANAOUOPPO, eVl TO MNTPIKO
OAMNAOUOPPO €iVal PETAYPOPIKG 0 OlyA. To UNTPIKAG TIPOEAEUONG EKPPOULOPEVO
H19, av Kol 8ev KWwOIKOTIOIET KATIOI GUYKEKPIMEVN TIPWTEIVN, HETAYPAPETAI O EVX
RNA 1ou €xel avaoTOATIKES TNG Gv&TITUENG 1010TNTEG, MBXVOTATX EUPECH PECW TNC
dp&ong Tou oTnv mapoywyrn Tou IGF2 mRNA. [184]

Tow dedopéva mou umndpxouv oTn BiIBAIoypapia 600V aPop& TNV eMOPHON
TWV OUYKEKPIYEVWV YOVIOIwV OTNV €UPPUIKA Gv&NTUEN TOU avOpP®TOU, €iVaI TTOAD
Alyo. 2KOTIOG TNG OUYKEKPINEVNG WEAETNG ATAV N eExKPIBwon Tou mMBavold poAou TNG
ueBuAiwone Tou DNA, mepioxwv Twv IGF2/H19 mou eAéyxouv TNV EKGPOON KaI TNV
amoTlinwon Twv Topamdvw yovidiwv, otnv mnabouoiodoyia Tng EYA. Ta
OTTOTEAEOUOTO UGG OIVOUV EPPOON OTOV ONUOVTIKO POAO TNG OUYKEKPIUEVNC
TEPIOXAG TOU XpwpoowuaTog 11, o6mou edp&lovrau yovidia amoTimwong, oTnv
avanTuén Tou euPplou.

To  GmMOTEAEOPOTH  MOCG OUPPWVOUV e 000 €xouv  avopepBel  omd
TPONYoUEVEG UEAETEQ OXETIKA PE TN PEIWUEVN Ekppaon Tou IGF2 oe mMAaKoUvTEQ
Kunoewv pe EYA.[176, 185, 186] To elpnua outd €xel avapepdel TOOO o€
MAGKOUVTEG ammd avOpPWTIOUC 000 KX 0€ (WX X€ TTOVTIKIOK OTTOU Ogv eKPPA{OTAV TO
18f2 eppavioav 40% peiwon Toug B&poug Twv euPpUiwV oE oxEON WE To PUCIONOYIKG
KO TRUTOXPOVG TIXPATNPAONKE ONUAVTIK& PEIWUEVO PEYEDOC MAGKOUVTH.[65, 153]
To IGF2 emdp& OTNV IKAVOTNTX TOU TAGKOUVTO V& UETOPEPEI OPETTIK& CUOTOTIKA
TTPOG TO EUPBPUO KAl N MEIWPEVN EKPPOON TOU emnpedlel TIG IKavOTNTEG OIGXUONG
OUOTOTIKWV OAWV TwV OTIBGOWV TOU TMAGKOUVTA.[187] Emopévwe T MEIWUEVH
emnmeda MRNA mou PETPABNKOV OTN PEAETN MGG, CUMPWVOUV PE TO TTREXTTAVW
0edOoMEVA. Ze Jia TXPOUOI EPEUVA TOX AIMOTEAEOUOTO TNG OTMOI dNPOOCIEITNKAV TO
2008 amd Toug GUO KOl CUVEPYATEG, JIGTMIOTWONKE PeIwPEVN EKPpaon Tou IGF2
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oTx TTIEPIOTATIKA pe EYA, Kol emmpoo0eTa ) JEiWon GUTA CUCXETIOTNKE e TIG EO Tou
B&poug yévvnong Kol ouven®e pe Tn BapldTnTta TG EYA.[185] 21N 0IKA YOG MEAETN
MXPOAX aUT& Oev UTMOPECONE VO ouoxeTiooupe Tow emimeda Tou MRNA pe Tn
BapdtnTax TNG EYA.

INUOVTIKO edpnua TNG €peuvag pag, ATaV N €dpeon auénuévne EKpPaong
Tou H19 oT1ig kKuARoelig ye EYA. Me Tow OedOUEVO TTOU EXOUME, QUTO TOXVOTOT
amoTeAel Evar edpnuoe TTou dev EXEl avapepBel Eava, Pe GyvwoTn TREOAX GUTG
onpooia. Av Kal 0 GUO K&l 0l GUVEPYATEG TOU GVEPEPAV i auénTikA Téon Tou H19
MRNA o€ KUAOEIC Pe VEOYVA MIKPG i TNV NAIKIX KOnong (SGA), auTh n dicpop&
0ev ATV OTATIOTIKG ONPOVTIKA.[185] MNeIpauaTIKG OEDOPEVH OE TTIOVTIKIX OUVEDEOHV
TNV auénuévn Ekppaon Tou H19 pe mepIoTaTIKG PeEIwPEVNG avanTUENG Tou TIaidIoU
MET& TN yévvnon.[184] H cuoxETion opwe TnG Ekppaone Tou H19 e dIaTapaxES
™MC ovamTuéng evdounTpiwg, Oev pmopel vo amodelxdel, Kupiwe AOyw TG
€TEPOYEVOUC EKPPAONC TOU YoVIdiou oTa dIGpopa €idn 10TMV.[109] Av Kol urt&pxouv
EIPAUOTIKE dedopévar Tou urmodeikviouv Twe dITapaxn otTnv ékppaon Tou H19
Exel mapaTnEnOel oe  ovwuaAie Tou TAGKOUVTO OMWG O€  TIEPITITWOEIG
TPOPOPBAXKOTIKAG vOoou, evToUTolg Odegv  umopolv  va  TPOKIWOUV  GoPOAR
oupTiepGopaTa. AuTO TToUu B TIPEMEI Vo oNUEIWBET ival TwS 0 UYPNAOS pEocog 6p0¢
MRNA 1ou BPEOBNKa OTG: OEIYUOTA UOG, TTPOEKUWE KUPIWE armd UWNAES TIMESG TTOU
aPOoPOUOAV OUYKEKPIYEVD OEIYUOTK. AUTO TO YEYOVOC UTIOPEI VO MUEIDVEI KOTK
KG&TT0I0 TPOTIO TN ONUXOIC TOU EUPAPATOS NOG, TTXPOAX GUT& TO GTTOTEAEOUO QXUTO
KOO’ auTd amoTeAET amd POVO TOU EVr KIvNTPO VIO TIEPXITEPW EPEUVH UE OKOTIO TNV
e€akpiBwon Tou poAou Tou H19 oTnv euBpuikA avamTuén.

Epooov To yovidiak IGF2 ko H19 petayp&povtal e avTtioTpopo Tpomo, TO
avapuevouevo amoTéAeopa Ba ATav Ta pelwpéva emimeda MRNA va cuvodelovTail
oo auénuévae emmeda H19 MRNA. Av Kol €ixape ouTé T 000 SUPAPOTH OTNV
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ou&da Twv TMAakoUOVTwY Pe Tnv EYA, dev umopEoope Vo amodei§oupe KATOIN
OUOXETION METOED Twv 000 yeyovOoTwv. EMKEVTPWOXUE TNV av&AUON POC 0TO AdYO
Twv MRNAs Twv 000 yovIdiwv he oKomO Vo eEXKPIBWOOUPE TUXOV OUCXETION OTIQ
000 OuGOEC TEPIOTATIKWY. Agv OIXTIOTWOXUE TTHPOAX QUTG KXTTOIGK GUOXETION TOU
Aoyou Twv MRNA oTa d€iyuaTor yoc. Autfl AoImdv n opyavwuévn avTiBeTn KoivA
EKppaon Twv dUo yovidiwy, gival Eva e0pnua ou Ba TpEmel var emPBePaxiwOel Kal
OlepeuvnBel MePATEPW PE PEYOAITEPES MENETEC. AUTO TTOU UTIGRPXEI MEXPI TWPG OTN
BiBAIoypaic, €ival Mwg ov Kol 1o IGF2 kot H19 poip&lovtal  KoivoUg
METOYPOPIKOUCG PNXAVIOUOUG PE avTIBETO TPOTTO, N EKPPOON TOUC WTTOPET V& EiVail
aveE&pTnTn. EIdIKOTEPO £XEI NON BPedel o€ MPOOPATES MEAETEG, TTWG N EKPPOON TOU
IGF2 kau Tou H19 oe mAakoUvTteg kufoewv ue EYA, dev oxetilovial peta&l Toug.
[185, 188]

H ékppoon kol amd T 000 GANAOUOPPXR, ONAXOA N JIXTXPOXA OTOV
MNXQVIOPO amoTUmwong, dIMOoTWONKE YOvo oe TOOAOYIK& OEiyUaTO YIx TO IGF2.
Aev urtpxav JEIYUOT O0TN MEAETN pag TTou euPavioav LOI kol yio T 800 yovidia.
MopOuoIa EUPAPKTO TTRPOUCINOE O YU KOXI OUVEPYAXTEC TTIOU PEAETNOE TO WOVTEAO
amotinwong Tou H19 og @uololoyikolg TAGKOUVTEG K&l TTAGKOUVTEQ
mposkAapYIaC.[189] AnwAeix Tng amotinwong (LOI) diaxmoTt®énke povo oTo
TTEPIOTOTIKE TIPOEKAUWING, KXI EMIMAEOV TO (PAIVOUEVO OUOCXETIOTNKE KXI WE TN
BapdTnTar TNG VvOoou. lMopopoiweg, o€ GAN  PEAETN, QVOPOAN  GmOTUTIWON
OImMOoTWONKE POvo og 10TOUC UE TPOPOPRAXOTIKA vOOO Kol OXI 0€ (PUGCIONOYIKO
TPOPOPBAxOTIKO 10T0.[190] Epboov Kol Tax OIk& o eupAuoTa £0ei§av LOI povo
oToug MaBoAoyikoUg TAGKOUVTES, B0 UTTOPOUCKUE V& UTTOBECOUNE TIWC N DITRPOXA
oTNV amoTUTTWON OXETI(ETKI PE TN DUCAEITOUPYIO TOU TTAGKOUVTO KO HEOW auTOU TOU
PUIVOUEVOU PTTOPET Vo eUMAEKETON oTnV TIxBoguoioloyia Tng EYA. O Yu kau ol
OUVEPYGTEC TOU KATEANEOV OTO 1010 CUMUTIEPOONN OE TIEPIOTOTIKG TTAAKOUVTWV UE
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mpoekAau Wi, diamoTwvovTag LOI yix To H19 Kupiwg 0T TXOOAOYIK& OEYUOTO KA
od0NyABNKav oTnv umodbeon Mwg TO PXIVOUEVO OUTO MTOPET VoL OUVOEETOI WE
QVWUOAN TPOPOPBAXOTIKA OlEiodUon TOU OTOTEAET emiong Eva ouxvo elpnuo o€
mepimTwoelg EYA.[189]

2T TAXIOI TNC GPXIKAG MOG urtdBeong, N EAXTTWHEVN EKPpaon Tou IGF2 Kal
n ouénuévn Ekppaon Tou H19 Oo &mpeme va OXeTI(OVTKI PE TNV KATROTOON
ammoTUMWONG TWV CUYKEKPIMEVWY YOVIOIwV. AUTO Bar UTTOYOPEUE, TTWC TOL OEIYUOTO UE
TNV PeyaAlTepn Ekppoaon eival mOavoTepo va eupavilouv LOI og oxéon pe 60a
eixav Pelwpévn Ekppaon. Autd Ouwg 0ev emaAnBelTnKe, epOOOV TO DEIYUOT TTOU
eupavioav LOI gixav mapodpoix  emimedoc MRNA pe 60a  €ixav  PUOIONOYIKA
amoTinwon Kal yio Tae 900 yovidia. AuTh N MTXPATAPNON MOXVOTUTH PAVEPWVEI TIWG
0ev umiGpxel Gueon ouoxETion METKED TNG amoTUTWOoNG KOl TNG METAYPOPAS TOU
IGF2 otov MAGKOUVTO. AV KO MEAETEGQ O€ KOPKiIvoug €xouv O€i&el Twg N JIANAIKA
EKPPOON TWV YoVIOIwV armoTUMwong ouvodeleTal armd auEnuéVn EKPPAaN, N OUGIX
Twv Diplas Kol ouvepyaT@v KoTEANEE O pick TTOAD ONPOVTIKA TXPOTAENON TTOU
EPXETOI O€ AMMOAUTN CUUPWVIK PE TO AMOTEAEOUATA HAG. O EPEUVNTES CUUTIEQPAVOV
WG AV KOI T YOVIOI armoTUMWOoNG PAIVETAI TIWG EUTTAEKOVTAI OTNV TTAOOPUGCIONOYITK
™C EYA, evrolToic mBavOoTaTo &ANOI UNXAVIOPOT Kol OxI N amoTUmwon €ival auTol
mou euBlvovTal YIX TN OIXTOPOXA OTNV EKPPOON GUTWV TwV Yovidiwv.[188] e
TTXPOUOI CUUTTEPBOUATO KATEANEQRV KO €PEUVNTEC TTOU PEAETNOOV TNV GmOTUMWON
Kol TNV EKppoon Tou H19 oe MAGKOUVTEC KUAOCEWV UE TTPOSKAXUWIC.[189] Aegv
urtApée ouoxETion TNG MAOOAOYIKAG amoTUTIWONG YE AVWUOGAN Ekppaon. TENog ot
MEAETEQ TEPIOTOTIKWV KOPKIVOU OIamOoTWONKE mMwg ov Kol n eupdvion LOI oe
aPA&yovTeES avaMTUENG OTTWG TO IGF2 umopel va armoTeAel TO apXIKO OT&OIO YIG TNV
KOPKIVOYEveDN, OeV UTTPXEI TIPOPAVAG CUOXETION TOU TIPOPIA amoTUMWwoNg Kol TNG
EKPPOONG OTK KXPKIVIK& KOTTOPo.[191]
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Me Tn BoRBeiax Tng av&iuong MethyLight qPCR peAeTAoaue TO TPOPIA
pueBuAiwong Tpiwv DMRs oTn peTaypadn Kol TNV amoTdnwon Twv IGF2 ki H19. X1n
OUYKEKPIPEVN WEAETN avahloaue To TIPOPIA pyeBUAiwong picg meplioxAg DMR mou
BPIOKETOI OTOUG EKKIVNTEC TOU IGF2, PicC OTOUG EKKIVNTES Tou H19 Kol TEAOG TNQ
ePIOXAC METAED TwV U0 YoVIOIWV TTOU BEWPEITOI KEVTPO EAEYXOU TNC ammoTUMWOoNG
ICR. H diaTapaxn TNG MEBUANIwONG o€ GUTEG TIG TTEPIOXES EXEl KUPIWG PEAETNOET o€
016popous TOTIOUC KOPKIVOU.[192] To povTEAO avTIOETNG PETAYPOPIKAG PUBUIONC
Twv yovIdiwv IGF2 kau H19, mepiypdpel mwe N DMR meploxf mou BPICKETAI TTIO TIPIV
ammd Toug eEKKIVNTEG Tou H19 Ko mepiExel onueia mpdodeong Tou mapdyovta CTCF,
av eival geBuNwPEvn Kol oTae 000 aAANAOGPOPPQR, TOTE TO H19 dev PETAYPEPETAI

ev TO IGF2 peTayp&PeTal Kol armd T 000 aAMAnNAOuoppa (Eikova 4).

PL PO P2,P3P4 /’x
= Q [ )

i
é

Eikéva 4: H Bewpia TNG KOIVAG avTioTpopng plBbuiong Tng Ekppaong Twv IGF2/H19
MEOWw TNG MeEBUNiwoNG. O PNXOVIOUOC TIXPOUCIGIETI OTO TOTPIKO K&l PNTPIKO
xpwuoowua. O1 kKGBeTe palpeg MPMGPEC OovaTaPIOTOOV To €EwvI omd TO
OAMNAOUOPPO TIOU eKPPGIETHI, VW Ol KOKKIVEG amd TO OAANAOpOP®O Tou dev
eKPpaleTal. Ta paldpa BEAN umodnAwvouv Tnv Katelbuvon Tng WETOYPAPAS. To

OBGA OXAUOTO avamopPloToUV TOoug OleyéPTeC. TPEIC YVWOTEC TIEPIOXES UE
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dlpopeTikA peBuAiwon (Differentially Methylated Regions DMR) napouaci&lovTai
ME TN HOPOAR TPIYOVWYV. Ta VEUATH TPIYWVO GVOTIOPIOTOOV TIC MEBUMWUEVER
neploxéq DMR ko To &deiax TIg umopeBuliwpéveg meploxéq. H DMR meplioxn mmou
BpiokeTal TPIV ammd Toug eKKIVNTEG Tou H19, @iAo&evel Tic eploxEg mpodadeans Tou
CTCF. MeBuAhiwon oTn ouykekpiuévn mieploxn eumodilel Tnv mpdodeon Tou CTCF Ko
emTpEMEl £T0I TNV KAANAETODPOON TWV JIEYEPTWV PE TOUG EKKIVNTES ToU IGF2 Ko
eMOMEVWCG TNV Ekppaon Tou IGF2. 210 unTpikO XPWHUOOWUK, N UTTONEBUAIWPEVN
neploxn) ouvoéetal pe Tov CTCF epmodilovtag €T1ol TNV GANAemidpaon Twv
EKKIVNTWV TOU IGF2 pe Toug dIEYEPTEQ UE AMOTEAEOUR TNV EMIOPAON TWV OIEYEPTWV
OTOUG €KKIVNTEC Tou H19, Ko ouvenwg Tnv Ekppaon Tou. YMAPXOUV EMoONC Kol
meploxég DMR oto yovidio IGF2 (DMRO, DMR2). H DMRO €ivai peBuliwuévn oTto
UNTPIKO aAANAGuOPPO . Av kKol n DMR oT1o €€®vio 9 gival ueBUNIwPEVN OTO TTATPIKO
OANAOUOPPO, GUTA N TTEPIOXNA TMOXAVOTATX EUTAEKETAI KOI OTNV OmOTUMWON TOU

OUYKEKPIPEVOU yovIdiou.

H av&Auon Tou mooooTold PeBUANIWONG OTN CUYKEKPIUEVN TIEPIOXN EDEIEE TTWG
T OeiyuaTax pe EYA eu@avioav XoUNAOTEPH, OMGE XWPIC ONUOVTIKA OlIx(pop&
emmnedo PeBUNIwoNG, oo TNV ouGda eAéyxou (27.4% kar 30.8% avTioToXo). T
MOOOOT& OUT& Oev OIXPEPOUV ONUAVTIK& pE OTI €xel NAON ovapepdel oTn
BIBAIOYPOPIC VI TN CUYKEKPIPEVN TIEPIOXA, 0€ TMAGKOUVTIOKOUC 10T00C.[193] Av Ka
oTn OIKA poC MENETN N umoueBUAIWON OTN OUYKEKPIUEVN TiEPIoXA Oev ATAV
ONUAVTIKA, GAAOI €PEUVNTEC EXOUV OUOXETIOEI TO XXUNA& TTOOOOTG PEOUNWONG WE
TNV ueiwon Tou pubuol TNC euPpuikAg avanTuénce. Emopévwe PBooilOuevol oTa
EUPAMOTO POG, OME kol oe 6oa €xouv AON Onuooieutel omd GANoug, Oo

uTToPOoUoOUE VO UTTOOTNPIEOUNE TIWG N GvVWUOAN PeEBUAiwon otnv ICR meploxn Twv
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IGF2/H19 Ba pmopoloe va amoTeAEoel TO OUVOETIKO KPIKO WETKED ETIYEVETIKWV
BAKBOV KOl DIGTXPOXWY OTNV EUPBPUIKA KO TTAGKOUVTIOKA GUENON.

Me Bé&on Tnv mopanGvw Bewpia TNG AvTIOTPOPNG METAYPAPAS Twv 000
yovidiwyv, N PIKPA auTh JIa@op& OTa EMMEd MEBUANIWONC KOI T XOUNAX TTOOOOTG
peBUNiwonc oTa deiypara pe EYA, emTpémnel OewpnTiké Tn o0vdeon Pe TV mpwTeivn
CTCF kau gumodilel Tnv mpdodeon MaPAYOVTWY METAYPAPAS 0TOV IGF2 KOI GUVETIWG
eunodilel TNV EKPPOON TOU, VL QVTIBETX eUOdWVEI TNV PETAYPOPA Tou H19. Av Ko
TX OTTOTEAEOPOTO TNG MEAETNC TNG EKPPaaNS Twv dU0 yovIdiwv TaIPIG{OUV PE QUTO
TO OewpPNnTIKO POVTEND (MEIWPEVN Ekppaon Tou IGF2 Kol auénuévn yix To H19 oTa
aOOoAOYIK& OEIYUOTH), TOXPOAG OUTG OV UTTOPEOOUE VO GMOOEIEOUPE KATTOIX
ONMAVTIKA oUOXETION METOED Twv peTpAoewv PMR 0Tn OUYKEKPIMEVN TIEPIOXA KAl
Twv TV MRNA ToU IGF2  TOU H19.

H umopeBuAliwon otnv ICR mepioxn, Oswpeital umeldbuvn yic TNV ePPAvIon
TOUu XopuNAoU B&POUG YEVVNONG KOl TOU PEIWPEVOU puBuolg avanTuéng Tou Taidiol
MET& TN YEvvNnon, TTOU TTOXPATNEEITAI OTO EVOl TPITO TwV 6oBevwv pe SRS.[194] OAax
T MadIG TTou yevvABNkav pe EYA kou mepIAPONKav 0T JEAETN, EEETROTNKAV PETG
TN YEVWNON VI& VO OTOKAEIOTEl TO OUYKEKPIUEVO OUVOPOUO KOOWG Kol &AAEQ
YEVETIKEC GVWMPOAIES pE KaxBuoTePNUEVN eKONAwON. KavEva armd To maxidi& akuTq dev
OVTOTTOKPIVOTOV 0T OIYVWOTIK& KPITAPIK TWV OUYKEKPIUEVWV TTOAOEWV (MECOG
6po¢ mapakoAoldnong 4,3 xpovix).

To mpo@id pebuliwong piag DMR oToug ekkivnTéC Tou IGF2 avoAlOnke
emong, Je okomd vo diepeuvnBel pix mMOVA CUOXETION PE TO ESUPAMGTO TNG
METAYPOPAS TOU Yyovidiou oToug maBoloyikolc 1oTolc. H dixpop& oTx TTOCOOTH
MEOUANwONG PETAED TwV OEIYUATWY TNG OUAOXC MEAETNG KO TNG OMGOOG EAEYXOU
ATOV OPIKE ONUOVTIKG (23.3% Kail 29.6% avTioToixae P=0.05). H unopeBuliwon oe
QUTAV TNV Tieplox ToupiGlel BewpnTIK& pe To  elpnua TNG OMWAEIG TNC
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amotinwong vio 1o IGF2 oTa dgiyyora pe EYA, Ox1 OUWG K&l PE TNV MEIWPEVN
EKppaon Tou IGF2.

H unopeBuliwon oe auTA Tnv meplox €xel ouvOebel Pe JIXTOPOXEG OTNV
ammoTUMWON 0€ KAPKIVIK& OAAG Kol puUOIoAOYIKG KOTTaPG.[191] MaxpdAa auTé &ANOI
epeuvnTEC umooTnPEilouv WG N OUYKEKPINEVN DMR eival €vog GvOOTOAEXC TNG
METOYPOPAG TOU IGF2, aveEdpTnTa ammd To H19. [195] Eme1dn Aoimdv n ammAEIo TNG
amoTUMWOoNG PTOPEl VO OXETI(ETI PE TNV UMOPEBUAIWON, UTOBECOPE TTWG T
ociypaTa pe peiwpéva PMR yioe To IGF2 DMR Ba gival Kupiwg 60 eugavilouv
dlaTapoxEg oTnV amotinwon Tou IGF2 otoug mAakolvTeg e EYA. MapdAa auTé T
emmnedo PeBUNiwoNe Twv delyu&Twy pe EYA mou eixav aovOUoAn i PUOIONOYIKA
amoTdnwon, gixav mapouoic PMR. H op&da Twv GUO K&l CUVEPYXTWV JIXTTIOTWOE
unopeBuNiwon Tou DMR2 Tou IGF2 o1o €€wvio 9 o€ MAGKOUVTEG VEOYVWV PE XKUNAD
B&pog yévvnong, oAA& pUOIOAOYIK& TTOCOOTG peBUAiwong oTo DMR Twv EKKIVNTWV
Tou H19.[185] Aev un&pxel mpoPavAg €€Aynon mou vor epunvelel T TTREOUOIN
mMooooT& peBUNwoNG peTa&l Twv delyudTwy mou eixav LOI ko MOI. Egpboov 1O
mPOPIA peBuliwong Tou IGF2 Exel Bpebel va eEapTaTan amd k&Oe 10TO EEXWPIOTE,
XPEIG{OVTaI TIEPIOOOTEPH OE0OUEVO VI VO MTTOPECOUV VO GITOOKPNVIOOUV T
TTEIPAUOTIKX HOC KTTOTEAEOUOTA.

XaunA& mocooTd  peBuAiwong diamoTwOnkav emiong oto DMR  Twv
EKKIVNTWV Tou H19. YrmouebuAiwon oTn ouykekpIpEVN TTEPIOXN, Exel PPeBET o OAX T
OT&OIX TNC PUOIOAOYIKAG aiEnong Tou MAakoUvTe.[148] To id10 elpnua €xel emong
TEPIYPOPET KAl 0€ TAGKOUVTEC KUAOEWV ME XAUnNAd PB&pog yévvnong Tou
eUPBPU0U.[185] OewpnTiK&G n UTOMEOUAIWON OTNV TIEPIOXA TWV EKKIVNTWV €VOC
yovidiou, guBUVETAI VI TNV QUENUEVN EKPPaon Tou. EMopévwg o1 XKUNAEQ TIUEQ

PMR Tou H19 oTtnv op&da ye TNV EYA BpiokovTal 0€ QVTIOTOIXIOK JE T aUENUEV
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emmeda MRNA Tou vyovidiou. Ae BpéOnke TaPOAX QUTX OUOXETION METOED
ueTpnoswv Twv PMR kai Tou mRNA.

To €0pog Twv TIHWV TwV PMR ko oTi¢ 000 OpGOES 1I0TWV TIOU PEAETAOQUE,
ATAV GPKET& pey&Ao. YITApXav OEyUaTo TTOU EPPAVI{aV TTOAD UYWNAES KO XAAGL TTOAD
XOUNAEC TIWEC PMR. AuTA n etepoyéveix €xel NON TePIYPAPeEl Kol omd &AAouUg
epeuvnTég. H etepoyéveia otn pebuliwon Tou DNA o010 1010 &TOUO PAIVETOI TIWG
€IVal OUXVO PAIVOUEVO OTO avBPWTIVO YOVIOIWUK.[196] EIdIKOTEPK OTOV TTAGKOUVTX
Exel moPaTNENOEl PEYAAN TOIKIAOUOPPIX OTK OUVOAIKG emimedo YeBUAiwong o€
oxéon de &Moug 1o1olg, mMOAVOTATX AOYW TOU POAOU TOU VO OIMOJOEXETXI
QVTIKPOUOEVG EPEBIOPOTH OO TN INTEPX Kol TO EUBPUO.[197] H eTepoyéveia aUTA
OTOV MAOKOUVTO OV apOPG XITOKAEIOTIKG TN UEOUAIWON yovIdiwv amoTUiTwaong, oA
Ko GAAEC KaTnyopieg yovidiwv.[198-200] H akpiBAc ¢lon auTAC TNG €TEPOYEVOUC
EMYEVETIKAG pUBUIONC KXOBWC emiong Kal 0 pOAOC TNC oTNV MopPEia TNC KUNnong, dev

EXEI AMTOOPNVIOTEL.

LYMNEPAXMATA

Niyoe yévo yovidia amoTinwong xouv PeAETNOET 6oov apopd To POAO TOug
otnv maBopuaoioloyia TN EYA. MEXpl TWPa UMEEXOUV EAGXIOTK TTEIPOUATIKA
0e00UEVA DIXTOPOXAC TNC GmOTUMWONG K& TNG MEBUNIWONG TTOU VO OXETI(OVTOI UE
TNV eupavion EYA. AnO Tn OUYKEVTPWTIKA MEAETN TOU KAVAUE, OEIOAOYWVTOQ
TXUTOXPOVQ, TPIX OIGPOPETIKE HOPIGKE QXIVOUEVR (EKPpPOon, omoTdmwon,
MEBUAIWON), TTPOEKUWAV KPKETA CUUTIEPAROUATO OAAG KO EQWTANKTC.

H peiwpévn ékppaon Tou IGF2 otoug mAakoUOvTeg Twv Kufoswv pe EYA,
OUVAYEl JE TO POANO TOU OUYKEKPIUEVOU YOVIOIOU OTNn AEITOUPYI TOU TIAGKOUVTXL.
TauTtdxpova n auénuévn Ekppoon Tou H19 oTnv idix op&da 10TV givai Eva E0pNU
mou eival oupBatd pe T AdN yvwoTA ouptepipop& Tou H19 o olvOpoun
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JITAPOXAG TNG avaTTUENG MET& TN yévvnon. Mopdha auté €ival 0U0KOAO Vo
eEaKPIBWOET av n mapaTnEoUuevn aVvOUGAN Ekppaon Kol Twv 000 Yyovidiwv
armoTeAEl Evav TTXPAYOVT TTOU OUVOEETAI QXITIONOYIKG pe TNV EYA A gival omA& pic
OUVETTEIX TNG VEVIKOTEPNG TIAGKOUVTIGKAG OUCAEITOUPYIG TOU 0ONyel O MIX
METAYPAPIKA OUCAEITOUPYIO TWV YoVIOiwV armoTUTwaonc.

H avuoAn SIGMNAIKA EKPpaon Twv Yovidiwv amoTiTwong eivai Eva e0pnua
TO Ormoio €&xel TEPIYPOPET KOT& KUOPIO AOYO 0O€ TEPITTWOEIC AVOPOXANG
TAGKOUVTOTTIOINONG OTWG TTEPITITWOEIG TTPOEKAGUWINSG KOl TPOPOPRAKOTIKAG VOOOU.
YroBEToupe Mwg oe mePIMTOoelg EYA, 0 MAGKOUVTOG OVTOITOKPIVETOI OTNn XPOVIX
XOUNAR QIMOTIKA POA ME TNV EVEPYOTIOINON MHIGG OeIp&C yovidiwv HEOW TNGg
amotinwong. Emopévwe n anmwAeiax TNG amoTdnwong kol N SIGANKIA EKPPoon Tou
IGF2 mou diamoTwOnke oToug TAGKOUvTeC ue  EYA, pmopel vor amoTelel pix
mpoon&OeIe Tou TAGKOUVTK VO  OWVTIPPOTIAOEI TN MEIWPEVN TOU AEITOUPYIKA
IKKVOTNTX, JE TNV evepyorioinon Kol Tou dedTepoU AANAOPOPPOU EVOC TTOPARYOVTX
avanTuéng omwe eival 1o IGF2. Agv gival Ouwg EeKGOXPO ToIx €ival N &Gueon
emdpaon TG oamotinwong ota yovidia IGF2 kau H19 ko yiaTi ouTh N dIGTaREOXA
oTnv amnotinwon oev oxeTileTal pe T emimeda Tou MRNA Twv 000 YyovIdiwv.

2TN MEAETN HOC OJINMOTWONUE JIXTXPOXA TOU TPOPIA peBUAiwoNng oTnv
meplox ICR ot deiypata pe EYA. Emiong ¢avnke pix ox€on NG OGVWPOGANG
MEBUAIWONG Kol TNG amWAEInG TNG amoTinwong Tou IGF2 mou umopel va oxXeTi(eETa
ue Tnv EYA. H umopeBuAiwon Twv TPIWV TTIEPIOXWV TIOU WEASTAOKUE TAIPIG{El pE
d0edopéva mou umGpxouv AON oTn BiBAloypapia. H podvn OTATIOTIK& ONUGVTIKA
olopop& ota emmeda yebuliwong ATav 0To DMR Twv ekKivnTwv Tou H19 mou av
Kol BewpnTikG ouvOoEETaI e TNV auEnuévn EkPpaon Tou H19 dev eival Eek&Oapo av
T 000 yeEyovOTH ImOTEAOUV OTOIXEIO TWV POPIKWV MNXAVIOP®WY TTOU 00nyolv oTnv
EYA ) €ival ouvEmeleg TNV TAXKOUVTIGKAC XVETIRPKEINC.
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Evoe onuoavTIKO TTAEOVEKTNUO TNC TTOPOU0NC WEAETNG €ivail 0 HEYGAOG xpIBuOg
TwV TAGKOUVTWV pe ocoBapn] EYA kaBme emong Kal Twv JOEIYUATWY TTIOU EUPAVIORV
anmwAeix TNG amotlinwong yix 10 IGF2. Toutoxpova Opwg Oa mpémel  vo
OVOYVWPIOOUPE KX KAMOIOUC  onuowvTIkoOg  mepiopiopyole.  KatapxAv — Oev
oupTIEPINGBOE Ta B&EN TWV TAXKOUVTWY OTN JEAETN TWV OTTOIWV N CUCXETION PE TIG
HOPIOKEG TIXPAUETPOUG, Ba umopoloe Vo« GMOTEAECEI ONUAVTIKA TIANPOQOPIK.
Emnpoofeta, n pétpnon Twv emmédwv PEOBUNIWONC OTO OUPOAIKO Oiuc Ba
umopoUoe va 0WOE! Jiak EIKOVA VI TO TTIPOPIA peBUAiwoNg Twv yovidiwv oTo idI0 TO
€uBpuo.

O1 MANPOPOPIEG TTOU EXOUNE PEXPI TP YIX TOUG EMIYEVETIKOUC UNXOVIOUOUG
TOU eAEyXOUV TNV GMMAEIG Kol TN dITApNon Tng amotinwong, €ival eAmeiq. H
EPEUVa TIOU €xel Yivel UEXPI ONUEPK OE TIEPIOXEC YovIdiwv Tou pudbpilouv Tnv
amoTdnmwon  omok&Auwe  TMOAUTAOKOUG  pubpioTiKkoUC — pnxaviopoUc  TTou
TEPINGUBGVOUV OIEYEPTES, OVAOTOAEIC KOI WETOTPOTEG WE 10TOVEG, TTOU OUVABWG
EIVOI UNXOVIOUOIT TTOU €EXPTWVTAI OO TOV 10TO GTOV OTT0I0 EPAPUOLOVTQI.

H emyeveTikn Tpomomoinon Twv Yovidiwv amoTUmwong Tou €AEYXOUV TNV
eUBpPUIKA avanTuén Bar ummopoloe va epunveloel TNV emidpaon TEPIBXANOVTIKWV
TTRXPAYOVTWY OTN ASITOUPYIG TOU TAGKOUVTO PE OUVETEIEG oTnV eUPPUIKA ad&énon
oM& Kol otn petémerma e€wunTpio (wA. H opxikA pog umdbeon ATAV Vo
OUOXETIOOUPE MIK OAUCIOO MOPIGKOV YEYOVOTWY WE TNV eupavion Tng EYA.
MePIBXAOVTIKOT TTRERYOVTES TTOU PTTOPET V& ETTNPEROOUV TNV EUXICONTN EMIYEVETIKNA
lcoppomice TwV yovidiwv omoTimwong KoaT& Tnv evOouATpIio {wr, WTOopPEl v
00NYyNOOUV 0€ VOUOAN GIMOTUTIWON KOl KXT& OUVETIEIX QvWUOAN Ekppaon. Epdoov
MOMG& om0 ouUT& T yovidia €xouv BepeAiwdn POAo Tnv OpaAR AeiToupyic TNG
EUPBPUOTIAGKOUVTIGKAG OUGOXS, N QVWUGAN EKPPOON TOUG MTOPEl Vo ouvoeOdel
KUTIONOYIKG e TNV eupdvion EYA. Av Kol ommd Tn PEAETN TIPOEKUWOAV ONUAVTIKG
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OUMUTIEPAOUNTO  TTOU  GpoPOUOoOV HUEUOVWUEVES OIXTOPOXEG OTOUG MOPIGKOUG
UNXOVIOWOUG TIOU MEAETAOKUE, OV KOATOPEPOUE OUwC va Bpolue pia &ueon
OUOXETION OAWV QUTWV TWV EUPNUETWY COPPWVX PE TNV GPXIKA umdOeon. MapodAa
OUTE, TTOMG OO TX EUPAMGTO POG EIVOI ONUAVTIK& YIGTI GVOQEPOVTAI VIO TTPWTN
Pop& oTn di1edvn BIBAIOYPAPIR, KOl XTTOTEAOUV GPOPUN VIO HEAOVTIKEG MEAETEC UE
HEYOAUTEPO apIOuO delyuGTwy, OTIC oToieg Ba umopoloe vor 000el am&vTnon oTa

TTOMG& EPWTANGTA TTOU TTPOEKUWOV a1d TN OIKA HOC EPEUVNTIKA TTPOOTIAOEI.
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ABSTRACT

The expression of imprinted genes is regulated by epigenetic modifications, such
as DNA methylation. Many imprinted genes are expressed in the placenta and
affect nutrient transfer capacity of the placental exchange barrier. The H19 gene
is abundantly expressed by the human placenta and is implicated in the
pathogenesis of congenital growth disorders such as Beckwith-Wiedemann (BWS)
and Silver-Russell (SRS) syndromes. The aim of this study was to investigate the
role of DNA methylation on H19 transcription and imprinting, in the
pathophysiology of fetal growth restriction (FGR). Thirty one and 17 placentas
from FGR-complicated and normal pregnancies were collected, respectively. We

studied gene transcription, genotyping and methylation analysis of the Alul H19
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on exon 5 polymorphism. Placental expression levels of H19 were significantly
increased in the FGR group. The H19 mRNA levels were similar between normal
placental samples that demonstrated loss and maintenance of imprinting.
Placentas from growth-restricted pregnancies had lower methylation levels
compared to normals, in the H19 promoter region. We have demonstrated an
increased H19 transcription in the FGR group of placentas. The hypomethylation
of the H19 promoters is compatible with the aberrant expression. The association
of these two findings is reported for the first time in placental tissues, however, its
significance remains unknown. Whether the results of this study represent an
adaptation of the placenta to hypoperfusion, or they are part of FGR

pathophysiology has to be further investigated.

Key Words: Placenta, H19, methylation, imprinting, fetal growth restriction

INTRODUCTION

Fetal Growth Restriction (FGR) comprises one of the leading obstetric
complications. FGR indicates the presence of a pathophysiologic process
occurring in utero that inhibits fetal growth [1]. It is associated with a spectrum of
perinatal complications, including fetal morbidity and mortality, iatrogenic
prematurity, fetal compromise in labor and cesarean delivery [2]. Placental
insufficiency often represents the underlying cause of FGR although current
classification systems propose three causative categories: fetal, maternal and
uterine-placental factors [3].

Fetal growth is a complex process associated with multiple molecular
factors and influenced by several nutritional and endocrine stimuli. A lot of
research has been focused on genetic causes which regulate placental and fetal
growth [4]. Imprinted genes are recognized to be involved in placental growth,
development and function and are therefore considered suitable candidates for a
role in FGR [5]. Genomic imprinting is a mechanism by which there is preferential
expression of a gene based on the parental origin of the allele [6]. The genetic
conflict hypothesis suggests that paternally derived genes influence nutrient
acquisition in a way in which more resources are extracted from the mother
whereas maternally derived genes balance the nutrient provision to the existing

fetus with that of future offspring [7]. Hence maternally expressed genes are more
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conservative with regard to resource provision to the fetus [7]. The transcription of
imprinted genes represents a phenomenon in which epigenetic mechanisms
restrict gene expression through heritable DNA modifications such as cytosine
methylation [8].

The H19 imprinted gene, which is expressed exclusively from the maternal
chromosome, produces an untranslated RNA which may have growth suppressing
functions [9,10]. H19 is clustered with the IGF2 imprinted gene on human
chromosome 11p15.5 and share common tissue specific expression patterns.
One key factor of imprinting in 11p15 imprinted loci is the genomic methylation
within regulatory differentially methylated regions (DMRs), which leads to
transcriptional activation or silencing of gene expression. IGF2 and H19
transcription is controlled by a specific DMR located upstream of H19 promoters
which is an imprinting control region (ICR). Promoters from both genes compete
for the same enhancers which are located downstream of H19. Access of the
maternal IGF2 allele to the enhancer, and subsequently transcription, is
controlled by the imprinting control region (ICR) [11]. ICR when unmethylated
binds to a CCCTC factor (CTCF) which possesses insulator activity and
preferentially silences maternal IGF2 allele while maternal H19 transcription is
allowed by promoter-enhancer interactions [11].

The implication of H19 with congenital growth syndromes [12] motivated
us to examine the H19 transcription imprinting and epigenetic patterns in
placentas deriving from pregnancies complicated with impaired fetal growth in
order to investigate a possible role of H19 in the pathophysiology of FGR. Herein
we report the methylation analysis of two different regions which are involved in
IGF2/H19 imprinting aiming to investigate a possible relationship between H19

function in placentas of growth restricted and normal pregnancies.

MATERIALS AND METHODS

Sample collection

This study was approved by the Research and Ethics Committee of the University
Hospital of Heraklion, Crete, Greece. Informed consent was obtained from all
patients. Placentas were obtained after vaginal deliveries or caesarean sections
from 31 women with singleton pregnancies that where complicated with FGR and

17 uncomplicated pregnancies. FGR pregnancies were recruited in the immediate
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intrapartum period. Birth-weight (BW) was below the 5t percentile
(www.gestation.net) and all pregnancies demonstrated sonographic findings of
FGR such as reduced fetal size, abnormal Doppler measurements of the umbilical
artery, and/or oligohydramnios (data not shown). Gestational age at delivery was
determined by the patient’'s last menstrual period or/and sonographic
measurements at 11-14 weeks of gestation. Exclusion criteria were
chorioamnionitis as well as chromosomal abnormalities and fetal anatomical
defects by the use of antenatal sonogram, fetal karyotyping (in some cases) and
clinical evaluation after delivery. Control placentas were obtained from
pregnancies with healthy appropriate-for-gestational-age term neonates with
(BW)>10th percentile and no other pregnancy complications. Biopsy specimens
were collected from 6 different locations between the decidual and chorionic
plates in order to limit tissue heterogeneity [13]. Each sample contained the
deciduas basalis and villous placenta. Areas involving gross calcifications or
infarcts were avoided. Care was taken by visual examination and dissection to
minimize contamination from fetal membranes or maternal deciduas. Three
fragments from each placenta were thoroughly washed in phosphate-buffered
0.9% saline to minimize blood contamination and then snap-frozen and stored at -
80°C for further treatment. Baseline demographic characteristics and medical
history information (maternal weight, height, age, parity, smoking, mode of

delivery, pregnancy complications, fetal gender, and BW) were recorded.

DNA and RNA extraction

Genomic DNA was extracted from FGR and normal placentas using 0.1 mg/ml
proteinase K (Promega, Madison, WI) and subsequently, the phenol/chloroform
protocol, as previously described [14]. For total RNA, tissue specimens were
homogenized in TRIzol® reagent (Invitrogen, Carlsbad, CA) using a power
homogenizer, followed by the addition of chloroform and centrifugation. Total RNA
was precipitated from the supernatant with isopropanol, washed with 75%
ethanol and resuspended in 50 ul DEPC-treated water. Total RNA was treated with
DNase | before the reverse transcription reaction to avoid genomic DNA
contamination. RNA and DNA concentration was calculated after the 260-nm
absorbance and 260/280-nm absorbance ratio was measured on a UV

spectrophotometer (Hitachi Instruments Inc., USA).
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Reverse transcription and real-time PCR

Reverse transcription reactions for the preparation of first-strand cDNA from 2 ug
of total RNA were performed using the “reverse transcription system” according to
the manufacturer's protocol (Promega, Madison, WI). Real-time PCR reactions
were carried out on a Mx3000P thermal cycler (Stratagene, La Jolla, CA) using
SYBR® Green | Master Mix (Stratagene, Greece) according to the manufacturer’s
instructions. The primer pairs were designed to span at least one intron in order
to avoid amplification of contaminating genomic DNA along with the cDNA (Table
1). After initial denaturation at 95°C for 10 min, samples were subjected to 40
amplification cycles comprised of denaturation at 95°C for 30 sec, annealing at
65°C-67°C for 30 sec and elongation at 72°C for 30 sec, followed by a melt
curve analysis in which the temperature was increased from 55 to 95°C at a
linear rate of 0.2°C/sec. Negative controls were included in each PCR reaction,
one with no cDNA template and one with no reverse transcription treatment.
Normalized transcription levels were calculated for each pathological or normal
sample using the following formula: normalized sample or Control = (1+Egol)

ACt/( 1+ EGAPDH)_ACt-

Genotyping of H19 polymorphism

Genotypes of FGR and control tissues for one potential H19 polymorphism were
determined by PCR of genomic DNA as previously described [15]. Briefly, PCR
reactions were performed in a total volume of 25 ul containing 5 uM of 5x Green
GoTag® Reaction Buffer, 1.5 mM MgCl,, 0.2 mM of each deoxynucleotide
triphosphate (dNTPs), 0.6 units of GoTaq Flexi DNA polymerase (Promega,
Madison) and 200 ng of genomic DNA or cDNA. PCR conditions were 95°C for 90
s, followed by 29 cycles of 95°C for 25 s and optimal annealing temperature for 1
min, and finally 72°C for 10 min. Optimal annealing temperatures for the primer
pair were: H19-10248/10423, 67°C. The PCR products were examined by
electrophoresis on a 3% agarose gel and photographed on a UV transilluminator.
Determination of the polymorphism required restriction enzyme digestion (Alu I).
Four-five pug of PCR products was mixed with 20-30 units of the appropriate
enzyme (Promega, Madison) in a total volume of 20 ul, and digested at 37 °C for

~6 h. Products were electrophoresed on 3% agarose and photographed on an
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ultraviolet light transilluminator. The threshold for scoring a sample as LOI was a
ratio of less than 5:1 between the more abundant and less abundant alleles. In
general, samples with LOI demonstrated a ratio of 1:1 to 2:1 between expressed

alleles.

Analysis of DNA Methylation

Sodium bisulfite conversion (Zymo Research, Berlin, Germany) and MethyLight
analysis (Applied Biosystems, Warrington, United Kingdom; Metabion, Munich
Germany) were performed as previously described [16,17]. Briefly two sets of
primers and probes, designed specifically for bisulfite-converted DNA, have been
used: a methylated set for the gene of interest and a reference set (COL2A1) to
normalize for input DNA. Specificity of the reactions for methylated DNA was
confirmed separately using Sssl (New England Biolabs, Ipswich, MA) treated
human white blood cell DNA (heavily methylated). The percentage of fully
methylated molecules at a specific locus was calculated by dividing the
GENE:COL2A1 ratio of a sample by the GENE:COL2A1 ratio of the Sssl-treated
human white blood cell DNA and multiplied by 100. The abbreviation PMR
(Percentage of Methylated Reference) indicates this measurement. The analysis
was performed blinded and cases and controls were randomly mixed for bisulfite
treatment and realtime PCR. The concentration of bisulfite-modified DNA
(assessed by the level of the reference gene COL2A1) was the same between FGR
cases and controls.

Each MethyLight reaction, at a specific locus, covered on average 5-7 CpG
dinucleotides. A detailed list of primer and probes for all analyzed loci is provided
in Table 1. In order to validate the MethyLight measurements we used four serial
4-fold dilutions in triplicate, ranging from 250-3.9, in order to construct standard
curves. Standard deviation ranged from 0.07-0.1. The slopes of the standard
curve lines ranged from -3.29 to -3.33, whereas linearity was almost 1 (0.9997-
1.000). All samples were treated in duplicate and the mean PMR value between
the 2 measurements was chosen. The standard deviation of the H19 PMR values
was 0.122, making the assay markedly sensitive in detecting small differences in

methylation between the groups.

Statistical analysis
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Mean values and standard deviations were calculated for continuous parameters.
Data were presented as percentages in case of categorical variables. The
distribution of continuous characteristics within two groups of individuals was
compared using the non-parametric Wilcoxon rank-sum test. The potential
association between categorical variables was examined by the chi-square test.
The Spearman’s rank correlation coefficient was estimated to assess the
potential monotonic relationship between various continuous variables. Moreover,
the association between mRNA or Percentage of Methylated Reference (PMR)
values (independent variables) and characteristics of the study participants (for
instance, BW or gestational age) was modelled using linear regression analysis.
All tests of significance were two-sided and a P-value less than 0.05 declares
significance. Statistical analysis was performed using SPSS 17 statistical package
(SPSS, Inc., Chicago, IL)

RESULTS

Sample characteristics

We analysed 31 placental samples from FGR-complicated pregnancies and 17
samples from normal pregnancies. BW was below the 5t percentile in all FGR
pregnancies, with 90% of them being severely growth restricted, below the 3rd
percentile. BW was between the 10t and 90t percentile in the control group. The
percentiles were calculated based on individually customized fetal and BW
percentile method (www.gestation.net). FGR cases and controls were compared in
respect to baseline characteristics and outcome. The distributions of maternal
age, weight, BMI, fetal gender, parity and smoking were well balanced between
the two groups. As expected, there were significant differences between
gestational age, BW and BW percentiles in FGR subjects versus controls. Baseline

characteristics of the study are presented in Table 2.

Clinical and genetic follow up evaluation

In order to investigate the presence of Silver-Russell Syndrome (SRS) (18) or a
late manifestation of other chromosomal disorders or genetic syndromes in the
children who were born as growth restricted by the women recruited in this study,
a follow up evaluation was carried out. In particular, all the children were

examined by a team of a Paediatrician and a Clinical Geneticist 43 to 65 months
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after birth. The Price et al. (19) diagnostic criteria for SRS were used: birth weight
below or equal to -2 SD from the mean; poor postnatal growth below or equal to -2
SD from the mean at diagnosis; preservation of occipitofrontal head
circumference; classic facial phenotype; and asymmetry. None of the children
demonstrated phenotypic characteristics of SRS nor presented with a phenotype
indicative of an obvious chromosomal disorder or genetic syndrome, at the age of

3.6 t0 5.2 years (median 4.3 years).

Imprinting analysis of H19 in placental tissues

One H19 exon 5 polymorphism was evaluated in this study which involved the
creation of a restriction enzyme site. PCR of genomic DNA with specific primers
(Table 1), followed by restriction digestion, allowed the determination of
informative samples (Figure 1). RT-PCR of total RNA allowed for analysis of
expressed alleles. Fourteen out of 31 (45%) FGR and 8 out of 17 control samples
(47%) were informative for H19. Imprinting analysis of H19 heterozygote is
presented in Table 3. Of the 21 informative cases, LOlI was shown in 5 specimens,
4 of which were control samples and 1 FGR (Figure 1). Maintenance of imprinting

(MOI) of H19 was demonstrated in 13 FGR and 4 control specimens.

Increased H19 expression in placentas complicated with FGR

We examined transcription of H19 in FGR and control placentas. The mRNA levels
of the H19 transcript, were obtained after standardisation with quantitative data
from the GAPDH “housekeeping” gene. Placental expression levels of H19 were
significantly increased in the FGR group (P=0.04) (Figure 2a). When a linear
regression analysis was employed that included covariates such as BW, centiles
and gestational age, there was no evidence of a relationship between H19
expression with any of the parameters such as fetal growth, maternal
characteristics or severity of FGR. H19 expression remained unaffected by
gestational age, as shown in Figure 2b. Interestingly H19 mRNA levels were
similar between normal placental samples that demonstrated biallelic and

monoallelic expression of the H19 gene (P=0.7).

DNA methylation patterns in FGR placentas
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A MethyLight qPCR assay was developed to determine the methylation status of
regions that control H19 transcription. We measured the Percentage of
Methylated Reference (PMR) of two different potential DMR’s. Methylation status
of a region from 6156 to 6245 bp upstream of the H19 transcription start site
was examined (Figure 3a). The particular site contains the sixth of seven of CTCF-
binding sites and coordinates IGF2 and H19 reciprocal expression [11].
Compared with methylation values of normal placentas, placentas from growth
restricted pregnancies had lower PMR, with mean values of 36.2% and 27.4%
(P=0.15) (Figure 2c). There was no correlation between H19 mRNA levels and
methylation values in all of the placentas included in the study. H19 PMR
measurements of the specific region were also not associated with BW centiles
(P=0.52), BW (P=0.73) nor gestational age (P=0.8) in linear regression analysis.

The region from 7705 to 7809 bp close to the H19 promoter was also
assessed with respect to the methylation status (Figure 3a). Samples from growth
restricted pregnancies displayed significantly lower methylation levels compared
to normal placentas with mean values of 22.3% and 32.4% respectively (P=0.02)
(Figure 2d). There was no correlation between H19 expression and methylation
profile of this region. Linear regression analysis did not reveal any association
between methylation levels and BW centiles (P=0.08), BW (P=0.33) and
gestational age (p=0.52).

We compared mean methylation values between four normal placental
samples with retained imprinting and four samples with relaxed imprtinting. Our
analysis showed that samples with normal imprinting of H19 had higher but not
significant methylation values of the CTCF binding region, than those with LOI
(71% vs 32% respectively, P=0.43). However when compared, methylation values
of the H19 promoter, there was no difference between the two groups (46.3%
samples with LOI, 44.2% samples with MOI, P=0.93).

DISCUSSION

The H19 gene is one of the first imprinted genes studied [20]. Although H19
codes an untranslated RNA of yet unknown biological significance it is abundantly
expressed by the human intermediate trophoblasts and cytotrophoblasts [21].
Deletion of H19 in mice resulted in increased placental size [22]. H19 expression

is modified during the different stages of placental growth based on a strict
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program which favours biallelic expression [23]. However there is hardly any data
regarding H19 expression and imprinting in late pregnancy. The epigenetic
mechanisms which are involved in H19 function in trophoblastic tissues are also
obscure. The aim of this study was to investigate the role of DNA methylation of
two separate regions which control H19 expression and imprinting, and to
evaluate a possible involvement in the pathophysiology of FGR.

Placentas obtained from FGR-affected pregnancies demonstrated
increased H19 expression in our study. To the best of our knowledge this is a
novel finding, with yet undetermined importance. Although Guo et al. reported an
increased trend of H19 mRNA levels in the small for gestational age placentas
that they have studied, this difference was not significant [24]. Experimental data
in mice have linked increased H19 expression with postnatal growth reduction
[10]. It is difficult however to correlate H19 expression with intrauterine growth
restriction due to the established high variety of H19 transcription patterns
among different tissues [25]. Even if evidence exists that associates H19
transcription with other placental abnormalities such as gestational trophoblastic
disease, no definite conclusions can be drawn for the exact role of H19
expression on placental function and fetal growth. In addition, it should be noted
that the increased expression of H19 in the FGR group was due to the abnormally
high levels in some particular cases (Figure 2a). This may have weakened the
significance of the obtained results, and further investigation is required to
confirm the findings of our study and to elucidate their implication in the
pathogenesis of FGR. Hypomethylation at distal chromosome 11p15 represents a
major cause of SRS, which is characterized by severe intrauterine growth
retardation. The possibility, however, that the cases with increased H19
expression were associated with this condition was excluded after a clinical follow
up 3.6 to 5.2 years (median 4.3 years) after birth.

Compared to previous studies, a significant amount of samples
demonstrated LOI in our study. However, only one out of the 14 FGR informative
samples revealed relaxed imprinting while 4 out of 8 normal informative samples
presented with such an event. The preservation of the monoallelic gene
expression in normal placentas [23,24] along with the report of a high prevalence
of LOI in preeclampsia affected placentas [23], are two observations that are not

compatible with our findings. However Guo et al reported only one case of growth
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affected placenta with LOI, among five informative samples that they have
studied [24]. Since imprinting is a dynamic process that evolves during placental
development, further investigation is clearly needed in order to elucidate the role
of H19 imprinting on placental abnormalities.

Levels of H19 mRNA were similar, between normal placentas with relaxed
or retained imprinting. This finding is inconsistent with several studies on cancer
which advocate an increase in imprinted gene transcription whenever there is
biallelic expression [26,27]. However, others postulate that in many cases,
imprinting and gene transcription are not directly associated and that probably
different mechanisms exist that mediate the two [28]. The same conclusion has
been drawn from studies that focused their analysis on imprinted gene expression
in placental tissues [29]. Our results are in agreement to those by Yu et al who
found no correlation between imprinting defects and H19 expression in placentas
from preeclamptic patients [23]. The authors of that study propose a possible
association between LOlI of H19 and abnormal trophoblast invasion that
predisposes to preeclampsia. Their conclusion represents an attractive
hypothesis that correlates H19 function with several pregnancy complications
related to placental pathology, including FGR.

Several studies have suggested that the regulation of gene imprinting in
the placenta is not subject to epigenetic mechanisms as in other tissues [30,31].
They concluded that histone modifications rather than DNA methylation are
essential for gene imprinting in the placenta. In our study we have evaluated the
methylation patterns of the ICR domain and at the H19 promoter region. ICR
hypomethylation is thought to be responsible for the low birth weight and poor
post-natal growth observed in SRS patients [11]. Although PMR values were lower
in the FGR group, in both DMRs studied statistical difference was shown only in
the H19 promoter region. Methylation levels in the FGR placentas were lower in
the CTCF binding site associated with SRS; however, the difference was not
significant. Mean PMR values in the FGR group are similar to those reported by
Bourque et al in the same region, 27.4% and 30.8%, respectively [32].

Hypomethylation of the H19 promoter region has been shown in the FGR
group. Hypomethylation of the H19 promoter has been detected in all stages of
normal placental development [21]. Reduced methylation levels at the same

region were also reported in small for gestational age placentas. Hypomethylation
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in the promoter region of a gene is generally associated with increased gene
expression. Hence the reduced PMR values in the FGR group that we have found
is in consistency with the increased H19 mRNA levels. There was no correlation,
however, between PMR and mRNA levels.

We have detected lower but no statistically significant methylation values
in the ICR domain in the placentas from the FGR group. Hypomethylation of that
site is present in approximately one third of patients with SRS which is associated
with postnatal growth restriction [12]. None of the children, who were born as
growth restricted by the women recruited in this study, demonstrated phenotypic
characteristics of SRS. The theory on IGF2-H19 imprinting postulates that non-
methylated ICR binds to CTCF, insulating the IGF2 promoter from the enhancers
and allowing the H19 promoter to access them. H19 is then transcribed while
IGF2 is not (Figure 3b). Based on that theory, the reduced trend in methylation
values of the ICR that we have found in the FGR samples matches the increased
H19 transcription in the same samples. Bourquet et al. established a significant
reduction in methylation levels of the ICR in intrauterine growth restricted
placentas [32]. Based on those results and since ICR is controlling the expression
of both H19 and IGF2 genes which are known growth modulators, we conclude
that aberrant methylation in the ICR represents a potential link between
epigenetic modifications and abnormal fetal and placental growth.

Aberrant methylation patterns have been traditionally associated with
imprinting defects. Based on that observation we have investigated whether
samples that demonstrated relaxed imprinting, had also altered methylation
patterns. There was a reduced trend in PMR values of the ICR domain in the
group of normal placentas with LOI but with no statistical significance. PMR levels
were similar in the DMR of the H19 promoter. Considering the limited number of
samples from the same group of placentas that demonstrated imprinting defects,
no speculation can be extracted from our results.

A broad range of PMR values were shown in the placentas of both groups
examined in this study (Figure 2c¢ & 2d). This large variation has also been found
by other investigators [33], probably suggesting that DNA methylation differences
can be established during development [34]. An interindividual variation in DNA-
methylation level is widespread in the human genome. In particular, the placenta

has been reported to present high variability in overall DNA methylation compared
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to other tissues [35], probably in response to its role in mediating the conflicting
demands of mother and fetus [36]. Moreover, DNA methylation variation at the
imprinted genes IGF2/H19 has been shown [37,38], but also a high degree of
interindividual differences in DNA methylation for other genes in the human
placenta has been reported [39]. The nature of this variation as well as the
biological significance it may have in human phenotypic variation, placental
development and fetal growth requires further elucidation.

In this study, placentas from the third trimester FGR and normal
pregnancies were examined. However, the absence of gestational age-match of
cases and controls (Table 2) that would offer more appropriate groups for
comparison should be noted. There are no data from the literature to show that
placental H19 remains constant during the late gestational period. Despite this
drawback, several conclusions can be drawn and also several questions can be
raised from this study. The increased H19 transcription in the FGR placentas is a
finding that is compatible with its known implication in postnatal growth restricted
syndromes. The hypomethylation of the H19 promoters is in accordance with the
increased expression in the FGR placentas. However, whether these two events
represent the component of a molecular mechanism which leads to FGR or
merely the consequence of placental dysfunction is unknown. Since DNA
methylation and imprinting are particularly susceptible to environmental changes,
imprinted genes may respond to placental hypoperfusion, by activating altered
imprinting and methylation programs. Evidence provided from the present study
may serve as a stimulus for larger studies that will elucidate the role of H19 in

intrauterine growth restriction.
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Table 1: PCR primers used in the study. Primers and Probe sequences for

MethyLight used in the study.

PCR Primer

Optimal annealing

Primer Sequence (5’ to 37)
temperature
H19-10248 CTTTACAACCACTGCACTACCTGAC 67°C
H19-10423 GAT GGT GTC TTT GAT GTT GGG CTG A
MethyLight Primers
HUGO Gene Forward Primer Reverse Primer .
Probe Oligo Sequence
Nomenclature Sequence Sequence
H19 (AF087017) 5'- 6FAM-
upstream region ~ CGGAATTGGTTGT 5’- CGCGGCGGTAGTGTAG
5962-6413 AGTTGTGGAAT-3* ACCCCAATTAAAAC GTTTATATA-BHQ-1
GAACTCGAA-3’
H19 (AF087017) 5’- 5’- 6FAM-
promoter region  AGATAGGAAAGT TAAGTTCGGTTAATT TTGCGGAAATCGCGGT
7574-7959 GGTTGCGAATG-3° GGATGGGAA-3’ GACGAG-BHQ-1
Table 2: Baseline characteristics
FGR CONTROL P value
N=31 N=17
2916 "
Maternal age (y) 6.074449 27.8+4.9 0.6657
Weight (kgr) 62.9+10.4 611+103 0.3906"
BMI (kgr/m?) 22.6 +3.5 23.5 +3.7 0.5092"
Smoking 21.4% 28.6% 0.608"
Parity 61.3% 52.9% 0.338"
Nulliparous
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Gestational age at delivery

(k) 354145 39.3 £ 0.9
Birth Weight kgr 1775.2 £ 710.9 3389.4 £ 4734
Fetal Gender 40% 35 3%
Males
Centiles 08%15 49.8 +9.6
"Data presented as mean +SD or percentage
*Chi-square test for categorical data.
*Two-sample Wilcoxon rank-sum test
Table 3: Allelic expression of H19 gene.
Placental Case Numbers
Loss of gDNA cDNA

imprinting of H19
IUGR 72 A/B A/B
Control 102 A/B A/B
Control 82 A/B A/B
Control 85 A/B A/B
Control 122 A/B A/B

Maintenance of

imprinting of H19
IUGR 7 A/B A
Control 66 A/B B
Control 87 A/B A
IUGR 96 A/B A
IUGR 97 A/B A
Control 118 A/B A
IUGR 1 A/B A
IUGR 19 A/B A
IUGR 25 A/B B
IUGR 31 A/B B
IUGR 37 A/B A
IUGR 40 A/B A
IUGR 64 A/B A
IUGR 78 A/B A
IUGR 95 A/B A
IUGR 100 A/B B
Control 113 A/B B
Figure 1:
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A H19 polymorphism studied (Alu | at bp 10378). Schematic of exons 4 and 5.
Locations of PCR primers are indicated by numbered arrows.

B Genotyping analysis is presented in the gDNA figures. Representative samples
of A homozygotes, B homozygotes, and A/B heterozygotes are shown. cDNA
figures show the results of allelic expression analysis. Representative samples of
H19 LOI. The PCR primers for the H19 Alu | polymorphism cross an intron, and

thus products from cDNA are smaller than those from genomic DNA.

A | H19 |

exons 4-5

Alul

10245, A
|
i
—1l0423
B DNA cDNA
1/4 bp = 95 bp =
132bp =
51 bp =

A B LOI

Figure 2. A. Relative H19 mRNA levels in placentae vs. gestational age. H19
MRNA levels in placentae are demonstrated for each individual case. Control
samples are shown as squares and FGR cases are shown as diamonds. There
was no significant correlation between H19 expression and gestational age.

B. Scatter plot depicting the increased H19 mRNA levels in FGR placentas vs.
controls (p=0.04). Solid diamonds and rectangles represent samples with LOI

C. PMR values of the DMR region ranging from 6156-6245 bp upstream of the
H19 transcription start site.

D. PMR values of the DMR region ranging from 7705-7809 bp upstream of the
H19 transcription start site. FGR samples displayed significantly lower PMR levels

vs. the normal placentas (p=0.02).
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A: Location of PCR primers used are indicated by numbered arrows. Two different
DMRs were examined.H19 upstream region from base 6156 to 6245 which
represent the ICR of the IGF2/H19 imprinting cluster and the H19 promoter
region from base 7705 to 7809.

B. Schematic of reciprocal imprinting of the IGF2/H19 imprinting cluster. On the
maternal chromosome, the non-methylated ICR (solid triangle) bounds to the
CTCF insulating the IGF2 promoter from the enhancers located downstream of
H19 (solid circles) and allowing the H19 promoter unimpeded access to the
enhancers. Maternal H19 is subsequently transcribed. Black arrow indicates

transcription.
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ABSTRACT

Problem: We investigated the hypothesis that the altered epigenetic

mechanisms that regulate IGF2 imprinting in placentas from fetal growth
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restricted (FGR) pregnancies, affect IGF2 expression leading to impaired fetal
growth.

Method of study: We studied gene transcription, genotyping and the
methylation patterns of IGF2 from 31 and 17 placentas from FGR-complicated
and normal pregnancies respectively.

Results: A statistically significant decrease of IGF2 mRNA levels was
observed in the placentas from FGR pregnhancies. Loss of imprinting (LOI) was
only detected in the abnormal placentas. The evaluation of the percentage of
Methylated Reference (PMR) of two different potentially Differentially Methylated
Regions (DMR) demonstrated significant PMR values in both sites for normal and
FGR pregnancies with no significant differences.

Conclusions: Our results suggest the involvement of the IGF2 imprinted
gene in placental function and fetal growth and the possible association of

epigenetic alterations with the pathophysiology of FGR.

Key Words: methylation, imprinting, IGF2, placenta, fetal growth restriction,

epigenetics

INTRODUCTION

It has long been appreciated that fetal growth restriction (FGR) is not a
single disorder, but instead has various causes!. Three causative categories have
been proposed: fetal, maternal and uterine-placental factorsl2. Placental
dysfunction ranks high among the most common causes of FGR. Although
numerous placental histopathological changes have been described, little is
known about the precise etiology and the contribution of placental genes in this
disorder34,

Imprinted genes are known to be involved in regulating placental growth
and function and are therefore considered to be suitable candidates for a role in
FGR development®6. Genomic imprinting is the preferential silencing of one copy
of an autosomal gene while the other copy is expressed’. This parent-of-origin-
specific expression is regulated by epigenetic modifications, such as DNA
methylation. A large proportion of imprinted genes is expressed in the placenta
and affects nutrient transfer capacity of the placental exchange barriers.

Imprinted genes that are paternally expressed (maternally imprinted) promote
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growth of the fetus, whilst maternally expressed (paternally imprinted) genes act
as growth suppressors to ensure the appropriate allocation of limited maternal
resources to each offspring®. Insulin-like Growth Factor 2 (IGF2) and H19
represent two oppositely expressed genes located adjacent to each other at
11p15.5 that share the same transcription regulatory epigenetic mechanisms10,
IGF2 is highly expressed in mouse and human placenta and affects both the
functional capacity of the placenta to transfer nutrients to the fetus and the
placental size1112, It is expressed in most tissues only from the paternal allele,
with the maternal allele being transcriptionally silent.

Imprinting occurs primarily by allelic-specific methylation of cytosines in
areas of DNA that are rich in CpG dinucleotides!3. In most human tissues the
imprinting of IGF2 depends on a differentially methylated region (DMR) which is
located upstream of H19 promoters4. This region functions as a methylation-
sensitive insulator that binds to a CCCTC factor (CTCF) on the unmethylated
maternal allele preventing the interaction of IGF2 with the enhancer located
downstream of H19, and partitioning the two alleles into transcriptionally ‘silent’
and ‘active’13.15, Two regions of allele-specific methylation also exist within the
human IGF2. The region spanning exons 2 and 3 is homologous to the mouse
dmrO and another region within exon 9 is similar to mouse dmr25.

IGF2 has been linked with pre- and postnatal growth syndromes such as
Beckwith-Wiedemann (BWS, OMIM 130650)16. Loss of methylation of the
IGF2/H19 imprinted region with low expression of the IGF2 gene has been
identified as a major cause of Silver-Russell disorder, a syndromic intrauterine
growth retardation condition1?. IGF2 expression is characterised by a delicate
epigenetic regulation through several promoters exhibiting developmental-
dependent expression patternsi8. Aberrant DNA methylation which can modify
imprinted gene expression may provide an attractive mechanism linking
environmental causes to placental insufficiency and subsequently to the
development of intrauterine growth restriction. To investigate the role of the
imprinted IGF2 in the pathogenesis of FGR, we aimed to determine whether
altered IGF2 expression correlated with relaxed imprinting in FGR placentas. We
also examined the epigenetic profiles of the IGF2/H19 domain in these tissues to
determine whether deregulated methylation status correlated with IGF2

transcription and potential imprinting deregulation. We postulated that altered
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epigenetic mechanisms may affect IGF2 imprinting and deregulate their

expression leading to FGR.

MATERIALS AND METHODS

Sample collection

This study was approved by the Research and Ethics Committee of the University
Hospital of Heraklion, Crete, Greece. Informed consent was obtained from all
patients. Placentas were obtained after vaginal deliveries or caesarean sections
from 31 women with singleton pregnancies that where complicated with FGR, as
well as from 17 normal pregnancies. The FGR pregnancies were recruited in the
immediate intrapartum period. The estimated fetal weight was below the 5th
percentile and all pregnancies demonstrated sonographic findings of FGR such as
reduced fetal size, abnormal Doppler measurements of the umbilical artery,
and/or oligohydramnios (data not shown). Exclusion criteria were multiple
pregnancy, chorioamnionitis, chromosomal abnormalities and fetal anatomical
defects. Control placentas were obtained from pregnancies with healthy
appropriate-for-gestational-age term neonates with birthweight (BW) between 10t
and 90t percentile and no other pregnancy complications. Biopsy specimens
were collected from six various locations between the decidual and chorionic
plates in order to limit tissue heterogeneityl®. Each sample contained the
deciduas basalis and villous placenta. Areas involving calcification or infarcts
were avoided. Three fragments from each placenta were thoroughly washed in
phosphate-buffered 0.9% saline to minimize blood contamination and then snap-
frozen and stored at -80°C for further treatment. Baseline demographic
characteristics and medical history information (maternal weight, height, age,
parity, smoking, mode of delivery, pregnancy complications, fetal gender, and BW)
were recorded. Gestational age at delivery was determined by the mother’s last

menstrual cycle and/or sonographic measurements at 11-14 weeks of gestation.

DNA and RNA extraction

Genomic DNA was extracted from FGR and normal placentas using 0.1 mg/ml
proteinase K (Promega, Madison, WI) and, subsequently, the phenol/chloroform
protocol, as previously described2°, For total RNA, tissue specimens were

homogenized in TRIzol® reagent (Invitrogen, Carlsbad, CA) using a power
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homogenizer, followed by the addition of chloroform and centrifugation. Total RNA
was precipitated from the supernatant with isopropanol, washed with 75%
ethanol and resuspended in 50 uyl DEPC-treated water. RNA and DNA
concentration was calculated after the 260-nm absorbance measured on a UV
spectrophotometer (Hitachi Instruments Inc., USA). The 260/280-nm absorbance
ratio was ~1,8-2.0 for all samples. Five pl of RNA were also electrophoresed in a

2% agarose gel in order to verify the RNA integrity.

Reverse transcription and real-time PCR

Reverse transcription reactions for the preparation of first-strand cDNA from 2 pg
of total RNA were performed using the “reverse transcription system” according to
the manufacturer's protocol (Promega, Madison, WI), followed by DNase
treatment in order to ensure avoidance of genomic DNA contamination. Real-time
PCR reactions were carried out on a Mx3000P thermal cycler (Stratagene, La
Jolla, CA) using SYBR® Green | Master Mix (Stratagene, Greece) according to the
manufacturer’s instructions. The set of primers used in the study is listed in table
121, After initial denaturation at 95°C for 10 min, samples were subjected to 40
amplification cycles comprising denaturation at 95°C for 30 sec, annealing at
65°C for 30 sec and elongation at 72°C for 30 sec, followed by a melt curve
analysis in which the temperature was increased from 55 to 95°C at a linear rate
of 0.2°C/sec. Negative controls were included in each PCR reaction, one with no
cDNA template and one with no reverse transcription treatment. Normalized
transcription levels were calculated for each pathological or normal sample using

the formula: normalized sample or Control = (1+Egoi)2Ct/(1+Egappn)ACt.

Genotyping of IGF2 polymorphisms

Genotypes of FGR and control tissues were determined by PCR of genomic DNA
as previously described?l. Briefly, PCR reactions were performed in a total volume
of 25 pl containing 5 uM of 5x Green GoTag® Reaction Buffer, 1.5 mM MgCl», 0.2
mM of each deoxynucleotide triphosphate (dNTPs), 0.6 units of GoTaq Flexi DNA
polymerase (Promega, Madison) and 200 ng of genomic DNA or cDNA. PCR
conditions were 95°C for 90 s, followed by 29 cycles of 95°C for 25 s and optimal
annealing temperature for 1 min, and finally 72°C for 10 min. Optimal annealing

temperatures was 65 °C.The PCR products were examined by electrophoresis on a
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3% agarose gel and photographed on a UV transilluminator. Determination of the
IGF2 exon 9 bp 819 polymorphism required restriction enzyme digestion with Apa
I. Four-five pg of PCR products were mixed with 20-30 units of the appropriate
enzyme (Promega, Madison) in a total volume of 20 ul, and digested at 37 °C for
~6 h. Products were electrophoresed on 3% agarose and photographed on a UV

transilluminator.

Analysis of DNA Methylation

Sodium bisulfite conversion (Zymo Research, Berlin, Germany) and MethyLight
analysis (Applied Biosystems, Warrington, United Kingdom; Metabion, Munich
Germany) were performed as previously described?2. Each MethyLight reaction, at
a specific locus, covered on average 5-7 CpG dinucleotides. A detailed list of
primer and probes for all analyzed loci is provided in Table 1. Briefly two sets of
primers and probes, designed specifically for bisulfite-converted DNA, have been
used: a methylated set for the gene of interest and a reference set (COL2A1) to
normalize for input DNA. Specificity of the reactions for methylated DNA was
confirmed separately using Sssl (New England Biolabs;
www.newenglandbiolabs.co.uk) treated human white blood cell DNA (heavily
methylated). The percentage of fully methylated molecules at a specific locus
were calculated by dividing the GENE:COL2A1 ratio of a sample by the
GENE:COL2A1 ratio of the Sssl-treated human white blood cell DNA and multiplied
by 100. The abbreviation PMR (Percentage of Methylated Reference) indicates
this measurement. The analysis was performed blinded and cases and controls
were randomly mixed for bisulfite treatment and real-time PCR. The concentration
of bisulfite modified DNA (assessed by the level of the reference gene COL2A1)

was the same between cases and controls.

Statistical analysis

Mean values and standard deviations were calculated for continuous parameters.
Data were presented as percentages in case of categorical variables. The
distribution of continuous characteristics within two groups of individuals was
compared using the non-parametric Wilcoxon rank-sum test. The potential
association between categorical variables was examined by the chi-square test.

The Spearman’s rank correlation coefficient was estimated to assess the
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potential monotonic relationship between various continuous variables. Moreover,
the association between mRNA or Percentage of Methylated Reference (PMR)
values (independent variables) and characteristics of the study participants (for
instance, birth weight or gestational age) was modelled using linear regression
analysis. All tests of significance were two-sided and a P-value less than 0.05
declares significance. Statistical analysis was performed using SPSS 17 statistical
package (SPSS, Inc., Chicago, IL)

RESULTS

Sample characteristics

We analysed 31 placental samples from FGR-complicated pregnancies and 17
samples from normal pregnancies. BW was below the 5t percentile in all FGR
pregnancies, with almost 90% of them being below the 3 percentile. The
percentiles were calculated based on individually customized fetal and BW
percentile method (www.gestation.net). FGR cases and controls were compared
with respect to baseline characteristics and outcome. The distributions of
maternal age, weight, BMI, fetal gender, parity and smoking were well balanced
between the two groups (data not shown). As expected, there were significant
differences between gestational age, BW and BW percentiles in FGR subjects

versus controls.

Imprinting analysis of IGF2 in placental tissues

Exon 9 IGF2 polymorphism, which involved the creation of a restriction enzyme
site, was evaluated in this study. PCR of genomic DNA with specific primers (Table
1), followed by restriction digestion, determined the informative samples. RT-PCR
of total RNA allowed for the analysis of the expressed alleles. In total, 16 out of
31 placental FGR samples and 9 out of 17 control placentas were informative
(heterozygous) for IGF2 (Table 2). In a total of 25 informative cases, LOl was
shown in 9 specimens, all of which were FGR samples (Figure 1). Normal
placentas did not reveal a biallelic expression of IGF2. Therefore, a statistically
significant difference in the incidence of LOI of IGF2 was demonstrated between
FGR and control placentas (P=0.02). The remaining 16 informative samples of

IGF2 revealed maintenance of imprinting (MOI) in 7 FGR and 9 control samples.
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Quantitative analysis of the IGF2 gene.

We tested the expression levels of IGF2 in FGR and control placentas. IGF2
transcripts derived from FGR placentas were down-regulated compared to
controls (P=0.01) (Figure 2a). A linear regression analysis did not reveal a
relationship between IGF2 expression and any of the covariates including BW
percentile, gestational age at birth, and maternal characteristics.

In order to examine the effect of imprinting defects on expression, we also
examined the relative expression of IGF2 in samples that demonstrated aberrant
imprinting patterns. Hence, we tested whether there were different mRNA levels
in placentas with a biallelic expression of IGF2, compared to those that
maintained the imprinting status. Nine FGR samples that demonstrated LOI for
IGF2 showed decreased mMRNA expression compared to FGR samples that

maintained the imprinting pattern; however, this decrease was not significant.

DNA methylation patterns in FGR placentas

We measured the Percentage of Methylated Reference (PMR) of two different
potential DMR’s (Figure 3). IGF2 exon 2/3 region from base 65545 to 65682 was
evaluated in order to determine the methylation patterns of our samples. FGR
placentas demonstrated lower methylation references compared to controls, with
mean PMR values of 23.3% and 29.6%, respectively, a difference that was
marginally significant (P=0.05) (Figure 2b). Methylation levels of the IGF2
promoter did not correlate with gene expression. Additionally, as shown in linear
regression analysis, IGF2 PMR values were not associated with BW percentiles
(P=0.17), BW (P=0.14) and gestational age (P=0.2). We extended our methylation
analysis to the subset of samples that demonstrated LOI for IGF2 compared to
those that maintained monoallelic gene expression. The two groups showed
similar methylation values (22.9% vs. 22.8%, respectively).

Methylation status of the region spanning from 6156 to 6245 bp upstream
of the H19 transcription start site, which contains CTCF-binding sites23, was also
assessed (Figure 3). Compared with methylation values of the normal placentas,
those from growth-restricted pregnancies had lower PMR, (mean value 27.4% vs.
36.2%, P=0.15) (Figure 2c). H19 PMR measurements of the specific region were
not associated with BW percentiles (P=0.52), BW (P=0.73) or gestational age

(P=0.8) in linear regression analysis. Since methylation of this site controls IGF2
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transcription we investigated the impact of methylation on IGF2 mRNA levels. No
correlation was noted between the H19 DMR methylation levels and IGF2
expression. Samples with LOI for IGF2 had higher PMR values compared to those
with MOI with mean values of 31.3% and 26.1%, respectively. This difference did

not reach statistical significance (P=0.84).

DISCUSSION

In the present study we investigated the epigenetic characteristics of the
IGF2/H19 imprinted domain in FGR placentas in the context of altered IGF2
expression and imprinting. Alterations in the methylation profile of specific regions
within the IGF2/H19 imprinted domain were detected. We verified the already
reported reduced IGF2 expression in growth-restricted placentas. Interestingly a
high prevalence of LOl was only noted in the placentas associated with FGR.
However, there was a lack of correlation between these two events. Our results
highlight the importance of the human chromosome 11p15.5 imprinting cluster in
fetal and placental growth and the possible association of epigenetic alterations
with the pathophysiology of FGR.

Our results are consistent with previously reported human and animal
studies demonstrating a reduced IGF2 mRNA level in placentas from pregnancies
with FGR&.24, |GF2 underexpression results in a reduction of all placental layers
and affects the diffusional properties of the placenta25. Modulation of placental
transfer capacity directly affects fetal growth. Guo et al. (2008) advocated a
correlation between the relative IGF2 expression and BW percentile24. We were
not able to reproduce this observation since there was no association between
IGF2 expression and FGR severity in our study.

The biallelic expression of IGF2 was established exclusively in FGR
samples while none of the control placentas exhibited LOI. Similar conclusions
have been drawn in the study by Yu et al (2009) who evaluated the imprinting
status of H19 in normal and preeclamptic placentas26. LOI of H19 has been
observed only in preeclamptic placentas and was correlated with the severity of
the disease?26. Similarly, relaxation of the IGF2 imprinting was demonstrated in
tissues with gestational trophoblastic disease unlikely to the normal placentas?”.
Since LOlI was also established in the affected placentas in our study, we

hypothesize that relaxed IGF2 imprinting might correlate with placental
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dysfunction which represents a component of the original pathogenetic process of
FGR.

Fetal growth restricted samples that displayed LOI had similar IGF2 mRNA
levels compared to those with normal imprinting. This observation implies that
there is probably no correlation between IGF2 expression and the imprinting
profile in the placenta. Diplas et al (2009) concluded that even if a correlation
between imprinted genes and the pathophysiology of FGR is present, it appears
that mechanisms other than “imprinting” contribute to altered gene
transcription28. Studies on cancer have been also shown that, although LOI may
be the initiate step of tumorigenesis, there is no obvious correlation between
imprinting relaxation and expression patterns in cancer cells2°,

The model of reciprocal IGF2 and H19 expression predicts that the DMR
upstream of H19, which harbors sequences known to bind to the zinc finger
protein CTCF, if methylated in both alleles would result to a biallelic expression of
IGF223 (Figure 4). Our methylation analysis included the region located upstream
of the H19 promoters.(Figure 3) Control and FGR samples demonstrated similar
methylation values (36.2% vs 27.4) with corresponds to what has already been
reported in FGR as well as in control placentas in this region24.30, There was no
correlation between the PMR values of the specific DMR region that we have
detected, and the IGF2 mRNA values.

In order to investigate a possible correlation between methylation levels in
the imprinting control region upstream of the locus H19 and imprinting defects,
we compared 9 tissues from the FGR group with LOI and 8 with MOI based on
their PMR values. Samples with relaxed imprinting had comparable PMR values
compared to those with MOI (31.3 vs. 26.1%). Increased methylation levels in the
placentas with imprinting defects would agree with the above-mentioned model of
H19 DMR methylation controlling IGF2 imprinting.(Figure 4) Since we did not
demonstrate such a difference, no definite conclusions can be drawn regarding
the association of IGF2 imprinting status and methylation patterns in placentas;
thus, this event warrants further investigation.

Similarly the difference noted in the IGF2 PMR values between FGR
placentas and controls, was marginally significant. (23.3 vs. 29.6%, p=0.05).
Aberrant methylation of this site has been linked with imprinting defects in

cancerous as well as in normal tissues?2°. Other investigators postulated that the
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human DMRO is a methylation-dependent insulator that may regulate IGF2
expression independently of the H19 DMR31, Since LOI results from failure of the
cell to maintain monoallelic expression and can be associated with
hypomethylation, we speculated that the reduced trend of IGF2 DMR PMR levels
is attributed to the high prevalence of samples with imprinting defects in the FGR
group. However, methylation levels of IGF2 DMR in the FGR samples that
demonstrated either LOI or MOl in IGF2 were similar.

Guo et al (2008) reported on the hypomethylation of IGF2 DMR2 in exon 9
in placentas from SGA neonates, but normal methylation values in the H19 DMR
for the same group24. There is no obvious explanation as to why samples with LOI
had similar methylation levels in the IGF2 DMR to those with MOI. Since IGF2
DMR methylation patterns are reported to be tissue-specific5, more data are
needed to investigate these findings.

Several conclusions can be drawn and also several questions can be
raised from this study. Whether the observed IGF2 down-regulation is a causative
factor of FGR or merely a consequence of placental dysfunction remains
unexplained. An abnormal biallelic expression of imprinted genes in placentas is a
finding that has been reported in cases of abnormal placentation such as
preeclampsia and gestational trophoblastic disease26.27. We hypothesize that in
FGR cases the placenta responds to chronic hypoperfusion by activating a
program of gene expression via genomic imprinting. IGF2 LOI may represent an
effort made by the placenta to compensate its reduced functional capacity by
leading to a biallelic production of a potent growth factor. The direct effect of IGF2
imprinting in placental tissues is not yet clear.

Our results showed a possible relationship between aberrant DNA
methylation and imprinting relaxation that might be associated with FGR. Our
study is consolidated by the relatively high number of severely affected placentas
studied. Although we did not include placental weights and histopathological
findings, it would be interesting to examine the possible correlation of the above
with imprinted gene expression in placental tissues and in umbilical cord blood.
Given the complexity of imprinted gene regulation, more studies are needed on
the role of imprinted genes in human placenta pathology and its involvement in

fetal growth disorders.
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TABLES

Table 1: PCR primers used in the study. Primers and Probe sequences for

MethyLight used in the study.

PCR Primer
Optimal
Primer Sequence (5" to 3’) annealing
temperat
ure
IGF2-758 CTT GGA CTT T(G/T)A GTC AAATTG GC 65°C
IGF2-857 GCG GTACGA GCGACGTGCCCAC
MethyLight Primers
HUGO Gene Forward Primer Reverse Primer .
Nomenclature Sequence Sequence Probe Oligo Sequence

IGF2 (ACO06408) 6FAM-
65759-64972 5'- 5'- TTTTTTCGAAATTGTTTGGACGATGATTT

TCGTAGTTTTTGGAT = CCAAAACACCCCCTACTT
AGTGGATAAAGAG-3’° TAATAATAAC-3’

GTC-BHQ-1

H19 (AFO87017)
upstream region
5962-6413

5'-
CGGAATTGGTTGTAG 5'-
TTGTGGAAT-3’ ACCCCAATTAAAACGAAC

TCGAA-3’

6FAM-
CGCGGCGGTAGTGTAGGTTTATATA-
BHQ-1

Table 2: Allelic expression of IGF2
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Placental

Case numbers gDNA cDNA
samples

Loss of imprinting

of IGF2
FGR 10 A/B A/B
FGR 13 A/B A/B
FGR 16 A/B A/B
FGR 22 A/B A/B
FGR 25 A/B A/B
FGR 37 A/B A/B
FGR 43 A/B A/B
FGR 48 A/B A/B
FGR 98 A/B A/B

Maintenance of

imprinting of IGF2
FGR 7 A/B A
FGR 50 A/B B
Control 58 B
FGR 62 B
Control 66 A/B A
Control 75 A/B B
FGR 76 B
Control 79 A/B A
Control 87 A/B B
Control 88 A
FGR 96 A/B B
FGR 97 A/B A
FGR 99 A/B A
Control 102 A/B A
Control 118 A
Control 128 A/B A

Figure 1: Genotyping and imprinting of the IGF2 gene in the placenta.
Representative samples of IGF2 LOI. Upper gel indicates representative samples
of Apal-digested PCR products for genotyping of IGF2. Heterozygous cases were
labeled with A/B, which were considered as informative. Lower gel indicates
representative samples of Apal-digested RT-PCR products for imprinting status

analysis. Loss of imprinting was demonstrated in sample labeled A/B.
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Figure 2: A. IGF2 transcripts derived from FGR placentas were significantly
down-regulated compared to controls (P=0.01). Mean values with SEM are
depicted. B. Percentage of Methylated Reference (PMR) values in the IGF2
exon 2/3 region. FGR samples demonstrated lower methylation values than
normals (P=0.05). Bars indicate mean values and SEM. C. Percentage of
Methylated Reference (PMR) values in the H19 transcription start site. Bars

indicate mean values and SEM. P-values are indicated.
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Figure 3: IGF2/H19 imprinted cluster. Black vertical bars indicate IGF2 exons.
Location of PCR primers used, are indicated by numbered parentheses.
Detailed view of the sequence is presented between brackets. CpG

dinucleotide locations are underlined

65545 65682

IGF2 6156 6245 HI19O
~
H19 DMR
DMRO DMR2
TCGTAGTTTTTGGATAGTGGATAAAGAGGATCGGGGAGTTATTGGT TGGTACGGAATTGGTTGTAGTTGTGGAATTGGAAGTG
GTTTAAGGTTTTTTGTCGAATTGTTTGGACGATGATTTGTCGGTTT GTTGCGCGGCGGTAGTGTAGGTTTATATATTATAGTTC
GGTTAATATTAGTAGTTATTATTAAAGTAGGGGGTGTTTTGG GAGTTCGTTTTAATTGGG

Figure 4: Schematic representation of the imprinted regulation of IGF2/H19
cluster. Maternal and paternal chromosomes are indicated. Vertical black bars
represent exons from the expressed allele; red vertical bars represent exons
from the silenced allele. Black arrows show the direction of transcription
(white arrows, active transcription from IGF2 PO, P2, P3, P4 and H19
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promoter; black arrow, non-imprinted P1 IGF2 promoter). Ovals represent
enhancers. Arrowed lines represent enhancer activity. Three known
Differentially Methylated Regions (DMR) are presented as sets of triangles.
Solid triangles represent methylated DMRs and clear triangles represent
unmethylated regions. DMR upstream H19 harbors the binding sites for
CTCF. Methylation of this region on the paternal chromosome prevents
binding with CTCF and allows the IGF2 promoter to assess enhancers
located downstream H19. IGF2 is subsequently transcribed. On the maternal
chromosome the non-methylated H19 DMR is bound to CTCF insulating the
IGF2 promoter from the 3' enhancers and allowing the H19 promoter
unimpeded access to the enhancers. Maternal H19 is subsequently
transcribed. There are also differentially IGF2-methylated regions (DMRO,
DMR2). DMRO is methylated on the maternal allele. Although DMR at exon 9
is methylated in the paternal allele, this region most likely represents a site of

tissue-specific methylation which is not involved in IGF2 imprinting.
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