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Rat Iwer extract
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FENIGR BIEAFITH

'Evag anod Toug anuavTIKOTEPOUG TOMEIC €peuvag oTn BioAoyia oTpéperal otn
dlepelivnon UNXaviopwv nou eAéyxouv kal kateuBuvouv Tn diadikacia avantuing kai
opyavoyéveong MNwg dnAadn Ta MéXpl Kanolou onueiou TG  EUBPUOYEVEDNG
navopoloTuna KUTTAapa apyifouv va diapoponoiolvral Kai va Sivouv TENKG Tn PeyaAn
noikiNia opydvwv Kal 10T®V Nou napatnpoUUe Ot €va MOAUKUTTApO Opyaviopo. Z€
poplakd eninedo, ol Siadikacieg TG Siagoponoinong Kal opyavoyeveong AauBavouy xwpa
OE OUYKEKPIUEVEG OMABEG KUTTAPWV Kal 0TV KAaTGAMNAN Xpovikn oTiyun. ZTnv napouoca
epyaoia, dnAadn, To npOBANUa peETaTIOETAl OTNV KATAVONON TWV WNXGVICHGV MOU
KATEUBUVOUV TNV 10TOEIDIKr £KPpaon yovidiwv. To gpwTnua £xel TeBel 0w kal Xpovia:
Mg civai duvatov, Sedouévou OTI OAa Ta KUTTApa evoG opyaviopou E€xouv To idlo
YEVETIKO UNIKO, Kanola yovidia va ekppalovral Hovo aTa KUTTAapa CUYKEKPILEVWV I0TQV;
Ma napdadeiypa, n aiooaipivn ekppaleral kKUpia oToug EpuBpoBAAOTEG, N HuoCQaipivh
OTOUG HUOBAAOTEG, 01 anoAinonpwTeiveg oTa nnqut’n‘raba.

To nnap €ivar éva Opyavo OTO OMOIO TO (PAIVOHEVO TNG IGTOEIBIKOTNTAG EXE

HEAETNOEl apkeTd, XwpiG va HNOPOUHE va IOXUPIOTOUME OTI O HNXAVIOUOG TOU EXEl
diagapnviatel. O NNATIKOG QaivoTuNoG KabioTa To Opyavo auTd EAKUCTIKO cuoTnua yia
BIOXNUIKEG, KUTTAPOAOYIKEG, avanTuEIaKEG, YEVETIKEG KAl HOPIAKEG PEAETEG. AOYw TNG
oTpATNYIKNAG Tou B&0nG KovTa oTnv nuAdia GAEBa nou HETAQPEPE! BPenTiKG OUCTATIKG
ano To £VTEPO Kal and Tn VeVIK KukAogopia kal Aoyw Tng 181aiTePNS opyavwonc Tou,
AeIToupyei TOOO WG EEWKPIVEG 000 Kal WG EVOOKPIVEG Opyavo.
Ta nnatokUTTapa €ivar o NOAUNANBECTEPOG aMG OXI kal 0 HOVOG KUTTApPIKOG TUMOG OTO
Anap. Zuvavrage akopa enibnAiaka, pecoBnAiakad - kai AMwv TUNWV KUTTapa. Ta
nnaTokUTTapa AsiToupyolv wG Kevrpa peraBoAiguol Twv udaravBpakwv, Arudiwv,
OTEPOEIB®Y, AUIVOEEWY Kal MPooTayAavdiviv kai akdpa WG €pYacTriplo anoTto&ivwaong
JlapOpwV OUCIWY KAl NAPAywyng NPWTEIVWV Tou 0pou.

O kaBopiopdg kal n SlaThpnon Tou nnatikoU @aivoTUNOU ouvioTartal aTnv
£K(PAON HIGC CUYKEKPIUEVNG opadag yovidinv nou KwmdikornoloUv NpwTEIVEG IKAvEG Kal
avaykaieg yia Tnv nnartikn Aeiroupyia. H pUuBuion Twv napandvw yoviiwv yiveral kupia
OTO €NiNedO TNG METAYPAPRC, HETABETOVTAG £T01 TO BAPOG TNG EUBUVNG VIO TIG KPIOIKES
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anopaocsIc og yevikoug 1y e1dikoug HeTaypa@ikoug rapayovtes. Kavévag opwe anod Toug

£151KkoUC auToUG NapayovTeg dev ek@paleTal anokAEIoTIKG kal povo aTo nnap (162). Eivai

dnAadn uaMov o ouvBUAOHOG TOUG Kal Of OXETIKEG EVOOKUTTAPIKEG TOUG GUYKEVTPWOEIG

nou qaiverai va eival 19avikég oTa kUTTapa Tou fnartog (162).

TéToio1 napayovTeg ivai:

& 0 HNF-1 (Hepatocyte Nuclear Factor 1) kai 0 «ouyyevikog» Tou, VHNF-1 (variant HNF-
1) nou eivar PéAn Tng oikoyeveiag POU homeobox (5, 6, 8, 32, 27, 41, 81, 90, 91, 96,
100, 120).

& 0 HNF-4, MEAOG TNG OIKOYEVEIQG TWV 0pPAVAV OPHOVIKAV NUPNVIKAOV unodoxiwy (23,
49, 135, 136, 145, 165).

% n oikoyéveia Twv C/EBPs nou xapaktnpilovtal wg bZip npwreiveg Adyw TnG SOUAS TNG
nepioxng npoodeang oe DNA (113, 160).

Q{m olkoyévela Twv HNF-3 nou napoucialouv MeyGAn opoMoyia pe To forkhead
peTaypapikd napayovra Tng dpoco@iiacg (73, 107).

A¢ kdavoupe ia emiokonnon TG PBiBAIoypagiag avagopika e TOV NMaTviko
HETaypapikod nupnviko napayovra 1 (Hepatocyte Nuclear Factor 1) nou oto €€ng Oa
ovopaloupe HNF-1 xdpnv ouvtopiac. Mia napanhnoia popen Tou HNF-1 gival o vHNF-1
nou oe avrtifeon pe Tov HNF-1, ex@paleral kupiwg oe un diagoponoinuéva n oe
anodiagoponoinuéva NnaTokUTTapa Kar avayvepilel Toug idioug oToxoug Me Tov HNF-1,
£XOVTAG KATA GUVENEIQ TNV IkavoTnTa va puBpilel Ta idia yovidia (5, 21, 32, 69, 91).

Kal o1 dUo napanavw napayovIeG avnkouv oTnv olkoyévela POU-homeobox AGyw Tng

opoAoyiag nou napoudialel To TUAPA TNG NPWTEivRG nMou &eivar unevBuvo yia Tnv

aMnAenidpaon pe To DNA, pe To avrioToixo GAwv peAwv TG olkoyéveiag, O HNF-1

gival unelBuvog yia Tn pubpion nAnBwpag yovidiwv Onwg Tng Asukwparivng, Tng a-

QeTONPWTEIVNG, TWV @, IMIGoyovwy, TG IVOOUAivRG, Twv anoNinonpwTeivav B, Al kal

noMwv aMwv (90). O 101G oTov onoio Kupiwg exppalerar sival To fnap, Kai

OUYKEKPIKEVA Ta nnATokuTTapa. Zuvavtaral, eniong, oTa enidnAiaka kUTTapa Tou

Naykpearog, oTo EVTEPO kal aTa veppa (5, 8, 41). O1 Suo npwteiveg (HNF-1 kal v HNF-1)

kwdikonolouvTal anod JlagopeTika yovidia (5, 32, 120). ZuvavtovTal TO0o WG opodiuEPH

000 Kkal wg erepodipepry. To cDNA Toug €xel kKAwvonoinBei and noAoug opyaviopoUc

onwg apoupaiog, novTiki, GvBpwno, cohouo, Barpaxo kai dAhoucg. Mo avaAuTiki
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avaokonnon Tng BiBAioypagiag kai Tng apBpoypagiag yia Tov HNF-1 Ba yiver oTo Tpito
KeQaAaio.

Evag dMog peTaypa@ikog napdyovrac nou Xapaktnpileralr w¢ Pacikog
OUVTEAEOTNG TNG pUBHIONG MOAAGY NNaTIkv yovidiwv, €ivar 0 NNATIkGG NUPNVIKOG
napayovtag 4 (Hepatocyte Nuclear Factor 4). 21o €& 6a avapepdpacTe 6’ auTdv HE TN
ouvtpunon HNF-4. Mpodkerral yia pia npwteivn 455 apivoEsmy, popiakol Bapoug 54kDa
(135, 136). To popio anoTeAeiTai:
¢ And To apivoTeNkO akpo, nou eival unelBuvo yia Tn WeraBaon Tou HNF-4 anod To

KuTTaponAacua atov nuprva (napdAo nou Sev eival akOpa yVwoTO TO AKPIBES THAUA
rou divel To onpa PETABAcNG oTov Nuprva) Kai yia Tnv npoodear} Tou aTo DNA péow
OUo SakTUAwWV YeudapyUpou.
¢ And 1o kapPofuTehikd Akpo, rnou nepiAapBdvel pia cuvTnpnuévn Béon npdodeong
opHOVNG-NpoadéTn kal Tiv aAAnAouyia ditepiopol TG NPWTEIVNG. ZT0 KapBoEUTEAIKO
akpo Tou popiou anobideTal kai n HETaypaikn evepyoTnTa Tou HNF-4, xwpic ndN va
éxel oploBetnBei n akpiPrig aMnlouxia nou eival anapaiTnTn yia TV €naywyn Tng
heraypaopng (135, 136).
AOY® TNG HeYaAng opoldTNTag TNG SOMNG ToU Kai TNG UYPNANRG Tou opoAoyiag Je Ta aAAa
HEAN TNG OIKOYEVEIAC TWV OPUOVIKQV MUPNVIKWV Unodoxeéwv (MINAKAZ 1), o HNF-4
KATaTacosTal o' auth TV olkoyéveia (135). Mapouoialel PeyaAUTepn opoloyia pe Tov
RxRa eBikd oTnv nepioxr SiHEPIOROU kal Npoadeong Tou NpoodeTn, napoho nou dev
oxnuartilel erepodiyepr) He Tov RXRa ald oUTe kail e kavéva AA\o HEAOG TNG OIKOYEVEIAS
(135). Aev éxer Bpebei kavévag npoodeTng nou va avayvupiletrar and Tov HNF-4,
YEYOVOG MOU Hag Kavel va ToV KAaTaTaEoupE TNV OIKOYEVEIQ TWV «0pPavav» UnodoxEwv
(28, 59). Napoio nou dev €xel akopa npoadiopioTei, €vag AGyog nou pag kaver va
MICTEUOUE OTI UNAPXEI NPOCJETNG, €ival TO YEYOVOG OTI N avapevouevn Béon npoadean
Tou eival e€aipeTikG ouvTnpnuévn and Tn dpogo@iha wg Tov dvBpwno (136). O HNF-4
gival evepyOC O€ ONeC TIG KUTTAPIKEG OeipEC nou diapoAlvape, akdpa kai og in vitro
oloTnpa peraypapng. Mnopoupe va unoBegoupe OTI napd To ouvrnpnuévo «ligand
binding domain», dev anaireital n npdodeor] Tou Hopiou autol yia Tr HETAYPAPIKN
gvepyotnTa Tou HNF-4 1} OTI 0 NpoodETNG auTdc €ival KAMoIo Hopio -niBava Npoiov N
napanpoliov Kanolag Koivng HETAROAIKAG diadikaciag Tou KUTTAPOU- Mou UNApyel Ot

OAOUG TOUG KUTTAPIKOUG TUMOug, undBeon BéBaia nou Oev efnyel anoluta Tnv
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evepyoTnTa Tou HNF-4 akoua kai o€ in vitro oloTnua peraypaenc (85, 136). Mia GAAn
anoyn niou €xel diaTunwBei yia Tov npoodérn Tou HNF-4 eival 611 pnopei o poAog Tou va
gival n karaotoAn Tng dpaong Tou HNF-4 kai va eival kanolo popio nou ekppaleral n
napayeralr Jovo KATw and OCUYKEKPILEVEC OUVONKEG N O kAMoIa: HOvo OTadla Tng
dlagpoponoinong kar TnG avanTuéng TwV NNATIK@V Kal EVIEPIKOV KUTTApwyv, nbava otav
dnAadn ta HNF-4-gEaptawpeva yovidia npénel va napapeivouv alonnd.

To cDNA Tou HNF-4 ¢€xa kAhwvononBei o€ noMoUG ki €EENKTIKG
anopakpuopevoug opyaviopolg onwg Spocopida (165), Barpaxog (50), nmovriki (145,
166), apoupaiog (49, 135), avBpwnog (23). Eival a§ionpdoekTn n uynAr ouvTipnon Tng
aMnlouxiac Tou og TOOO OIAPOPETIKA €idn opyaviopwv, kabwe kai n TauTnon Tou
nPOTUNOU EKPPAcng Tou oToug dia@opoug 1oTols. 'ETal, o HNF-4 ekppaleral oTov
apoupaio, 0TO MNOVTIKI Kal 0Tov avOpwno Kupiwg OTo ANap, oTa VEPPA kal OTo EVTEPO
(162) nou eivar opyava pe AeiToupyia avaloyn Twv ANapov copandioy, HaAnyyiavoy
OWANVQV Kal TOU JECEVTEPOU TNG Bpocd@IAag (165), onou eniong ekppaletal o HNF-4.
Y€ xaunAoTepa enineda, o HNF-4 ek@paleral otnv evOOKPIVIKA Hoipa Tou NaykpeaTog Kal
O€ akopa XaunAoTepa ato déppa (145).

STOUG opyaviopoug nou avagépape, n npwteivn HNF-4 epgaviletal pe dIGQopeg
IOOHOPPEG (23, 49). Aev UnopoUUE NPog To napov va Karavonooupe To Adyo Unap€ng
autTOV TWV IoodopP@V. MnopoUue va unoBEcoude OTI avayvwpifouv OIaQOPETIKEG
aMnhouyiec/yovidia - oToxoug, 1 OTI exppalovral Oc IAPOPETIKOUG 10TOUG 1| OF
OIaPOPETIKEG NePIddOUG kaTd Tnv avanTuén kai Tn OGlagoponoinon, &iTe TEAOG OTI
anokpivovtal Ot JIGPOPETIKA ONuATa. Aev HMNOPOUME OUWG Va IOYUPIOTOUHE LE
BeBalOTNTA KATI ANO TA NAPANAVK Hia Kal OAES O IGOHOPEPEG MOU €XOUV KAWVOTOINOEi
ekppadovTal e napopolo NPOTUNO TAOO Tonika 000 Kal Xpovikd. a KAroIES ICOUOPPES
Tou rHNF-4 (and apoupaio) €xel deixTel va £XOUV MPOTIUNON OE KAMOIOUG UMOKIVATES

XWpi¢ OUWC va anokAeieral n 6pdon Toug g Kanoloug GAAouG.

Ze OAOUG TOUuG opyaviopoug nou éyouv kAwvonoinBei 1copoppég Tou HNF-4,
paiveral 0TI NPOKEITAl yia NPoiovTa evaAAaKTIKAG ouppaPic Tou mRNA nou NPOKUNTE
ano €va kai Povo yovidio. To avTiaToIxo yovidlo €XEl EVTOMIOTEI OTO XpWHOCWHA 2 TOU
rnovTikoU, aTo 3 Tou apoupdiou kai aTnv nepioxr 20p13 Tou avBpwnou (4, Kritis et al.).

Eidika yia To novTiki, n 8éon otnv onoia £dpaleral To yovidio Tou HNF-4 gival o€
yerrovia pe Tnv lethal spotting (Is) nepioxr] -xwpig OpwG va €xel SeixTei ASITOUPYIKN
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auvdeon-, Hia nepioxn TnG onoiag n €éAAelyn divel Bvnaolyovo @awotuno (4). Mbava
Aoinodv o paivoTunog auTtog OxeTIGETal PE TNV ENAEIYn Tou yovidiou Tou HNF-4, gidika av
TNV oucxeTiooupe pe Tn yovidiakn eEaAeiyn Tou HNF-4 n onoia divel eniong Bvnoiyovo
@aivoTuno (26).

To yovidio Tou HNF-4 napouotader kanoieg IBIOHOPEPIEG OTOUC opyaviopous, Ornou
£xel kKhwvoroinBei. To yovidio ekTeiveral oTic 30kb kai anoteAeital and 12 €Eovia (145,
166). To acuviBioto ¢’ autod To yovidio eivar OTI oi dUo ddkTuhol weudapylpou
kwdikonolouvTal and dUo SiapopeTika e€ovia. Eniong o unokivnThg Tou dev nepAappavel
TATA-box. O HNF-4 givai ungiBuvog yia Tn pUBuion Hiag nAsiadag yovidiwv (MINAKAE 2)
nou eunAékovral oe diGpopa METABOAIkG povonaTia, nou odnyolv To KUTTApO OF
avTifeTa petaBoAika atadia. MNa napadeiypa, o HNF-4 endyel TRV ékppaon apevog Hev
NG ApoAl (anoAinonpwTeivn AI), nou eivai Baoikd cuotatikd Tng HDL (high density
lipoprotein) n onoia pe Tn Oipd TNG NPOPUAACOEl TOV Opyavioud and Tnv
apTnpIooKANPUVAN, Kal apeTEPOU TNV ApoB, NOU CUUMETEXEI OTO OXNHaTIond Tng LDL
npooTaTtelovTag €701 ToV opyavioud and tnv acgBéveia autn (71, 72, 94, 95, 108). Mia
avaloyn ki akopa nio noAUnNAokn nepinTwon eivar authy TnG BeTiknc puBuiong Twv
yovidiwv PEPCK kai L-PK rou &xouv avTiBeto poho oTo peTaBoNiouo Tng yAukodng: n
PEPCK cupueTEXEl OTO povonar ouvBeonc TnG evw n L-PK oTo povonar kataBoAiopol
TNG. To vipa EeTuNiyeTal kanwg av okepToupe 0TI 0 HNF-4 anaiteital yia Tnv andkpion
autT@V TV Yovidiwv Ot IVOOUAivn kai yAoukayovo, opHOveg nou dpouv avTiBeTa oTnv
¢kppaon Twv PEPCK kai L-PK. H napoucia yAoukayovou odnyei oe uywnAa enineda
PEPCK kal XaunAda L-PK nou pe Tn oeipa Toug odnyolv o€ augnuévn yAukoln. AvTibeTta,
augnuéva enineda Ivooulivng odnyouv ot peiwpévn PEPCK kal au§nuévn L-PK kal karta
OUVEnela XaunAa enineda yAukodng (136). Aev eival akopa yvwaTo nwe o HNF-4 kavel Ta
yovidia va anokpiBolv 0TI oppoveG. Eival mBavd va anaiteital n aAMnAenidpacn} Tou Pe
aMec npwTeivec nou TpononolouvTal (Gueca n EUEca) ano Tnv IVOOUAivn Kal To
yAouKayovo, xwpi¢ va anokAeieTal kal To evdexopevo o idlog o HNF-4 va ugicTaral
TETOI0U £IBOUG TPOMONOINTEIG.

H peTaBoAikr kaTdoTaon €vog KUTTAPOU gival €va NMoAunapayovTiké ouoTnpa GTo
OMnoio CUMKETEXEI Eva BIKTUO HETAYPAPIKWV NAPAYOVTWV Kal To anoTéAeatia Tng dpaong
TouC kaBopiletai and NOMEG OUVIOTWOEG, OMNWG OF OXETIKEG EVOOKUTTAPIKEG TOUG

OUYKEVTPWOEIC KAl Ta Onyata ora onoia anavrd o kaBévag. [Mapatnproelg Kai
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EPWTANATA, ONWG AUTA NOU avapépape Napanavw, £XoUV OTPEWEl TNV EPEUvVA OTn
MEAETN TNG PUBHIONG -PETAYPAPIKNG KAl LETA-HETAYPAPIKAG- TWV MApayovTwv autmv
kabwq kal Twv PeTa&l Toug aAAnAeNSpacewy.

O HNF-4, hoinov, Bpébnke va katéxel uia eEéxouoa B€on oTn HEAETN TNG
pUbuioNg Twv yovidinv nou kaBopifouv Tov NNATIKO QAIVOTUNO MG Kai EKTOG TNG
nAeiadag Twv yovidiwv-aToxwv ToU Mou €ivail avaykaia yia Tnv nnartikn Aeiroupyia, To
1993, xapakrnpiotTnke and Toug Kuo et al. w¢ o KUPIOG HETAYPaPIKOG pUBUIOTAG Tou
HNF-1 (70, 148, 66). H dianioTwon autr NepENAEEE TO OEvapIO yIa TNV NNATOEISIKN
£K(PAcn KavovTac To TauToxpova akopa rio evlla@épov kal TornoBernoe Tov HNF-4
otV Kopugr Tng lepapyiag Siktuwv ora kUTTapa Tou Anartog. H avakGAuywn autn
dnAadn, kaBiotd Tov HNF-4 &upeco peraypa@ikd pubpiotr Twv HNF-1 gEapTwpevov
yovidiwv, Onw¢ (paiverar oTo EXEATArPAMMA 1. Ta @aTa TnG SnpocioTnTag oTpapnkav
Moindv navw otov HNF-4 ki o eEéxwv pOAOG ToU Hag SIEYEIPE TNV NEPIEPYEIT VIO HEAETN
TNG HETAyPaQIKAG Tou pUBHIONG, TWV HETA-HETAMPPACTIKWV TPOMOMNOINCGEWV OTIG OMOIES
niBava unokelTal kal otn duvatoTnTd Tou va aAAnAenidpa e AAAOUG PETAYPAPIKOUG Ny
un napayovTtec. TEAOG, To epwTnpa av o HNF-4 £xel npoodeTn kai Ti poho Ba propouce
va nailel atn dpacn Tou, KevTpilel NAVTA TO EVOIAPEPOV TWV EPEUVNTOV.

STa kepahaia nou akoAouBolv, acyxoAoupacTe Pe Tn diepelivnon Twv mbavav
META-HETAPPACTIKOV Tpononoincewv Tou HNF-4 pe Tnv IkavoTnTd Tou va pubilel éva
and Ta yovidia-oToxoug Tou (autd Tng anoAmonpwreivng AIV) o ocuvepyacia pe
HETAYPAPIKOUC NApAYOVTEG MoU NPOCSEVOVTAl OTOV EVIOXUTH Tou yovidiou kal TEAOG, |E
TN SuvaroTnTd Tou va aAnAenidpa pe 0o al\oug Bacikolg HETaypapIkoUg NapayovTeg
onw¢ Tov HNF-1 kai Touc COUP-TFs. ©a SoUpe 0TI TEToIOU €idoug arnAemdpaaeig
Tporionololv Tn 8pacn Tou BETIKA R apvnTIKA SivovTag TO XapakTnpiouo HAAMov Tou
NAEypaToc ki OX1 TNG aluoidag petaypa@ikwv pubpicewv OTO HOVTEAO TOu

SXEAIATPAMMATOS 1.
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LIVER SPECIFIC GENES

ZIXEAIATPAMMA 1
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'OPMONIKOX YNOAOXEAE

GR, MR, ER, AR, PR

COUP-TFL II

D HNF4, E75A

TRa

M HNF4, M TLL

FTZ-F1, KNI, KNRL

RAR g, B,y

PPAR, EAR1, EAR2

USP, SVP, DTLL

RXRa, B,y

ERR1, ERR2

EcR

VDR

NGFI-B, SF-

i

MINAKAE 1: Opliovikoi unodoxeiq/
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TMAPATONTEZ NHEHZ AIMATO

TTGTACCAAAGTACAAG

PYOMIZEL... AAAHAOYXIA-IZTOXOZ ANA®OPA

[l\lETABOI\IZMOZ Ammmn N &

HapoCIIl -67/-85 CGCTGGGCAAAGGTCACCT Sladek et al. 1990

HapoAl -195/-213 GCAGGGGTCAAGGGTTCAG Hardon et al. 1988

R apoAl -117/-132 TAGAGTTCAAGGATCA Chan et al. 1993

R apoAll -718/-736 ACCAGGGTAAAGGTTGAAG Ladias et al. 1992

RapoB -63/-81 AAAGGTCCAAAGGGCGCCT Metzger et al. 1993

M CRBPII  -59/-77 ACAGAGTCAAAGGTCATAA Nakshatri et al. 1994

R CRBPII  -59/-77 ACAGAGTCAAAGGTCATAA

Reijnen et al, 1992

'AAAEE NIPQTEINEZ TOY OPOY

I GGGAGGTCAAAGATTGCGC

H factor IX -42/-58
H factor VII  -52/-68 GACGGGCAAAGTTCTCT Hung et al. 1993
H factor X -4§_/_—61 CTGGAGCAAAGTCCACG Miao et al. 1992

Schaffner et al. 1993

H MCAD

H transferrin  -71/-53

HEPO  3499/3481 GGTAGGTCGAGAGGTCAGA  |[ Blanchard et al. 1992
MTTR -154/-136 CTAGGCAAGGTTCATATTT Sladek et al. 1990

H al-AT  -106/-124 ACAGGGGCTAAGTCCACTG Hardon et al. 1988

| METABOAIZMOZ AMINOZEON = |l
TACAGATCAAAGAGCAGCA

-326/-308 CTCCGGGTAAAGGTGAAGG Carter et al. 1993
R Fabpi  -85/-69 AAGTTCAAAGTTCAAGA Rottman & Gordon 1993
R Fabpi -447/-432 AGGTTCAAAGTGCACA Rottman & Gordon 1993
RACO -555/-573 ACCAGGAGAAAGGTCACGT Tugwood et al. 1992
Rab Cyp4A6  -741/-725 GTAGGACAAAGGCCAGG Muerhoff et al. 1992
Rab Cyp4A6  -24/-6 ACTTGGGCAAGGGTCAGTG Muerhoff et al. 1992
R Cyp4Al  -24/-6 ATTTAGGCAAGAGGCAGAA Muerhoff et al. 1992

Nitsch et al. 1993

R TAT  -3583/-3601

ROTC -115/-97 TTAGGCTTAAAGTTCAAGT Kimura et al. 1993
ROTC -15/-33 AGGGGATCAAAGGTCCTCA Kimura et al. 1993
R OTC (enh)  98/80 AAAGGTTAAAGTTCATCT Nishiyori et al. 1994

183/164 TAGAGTTCAGAGGTTAAGC Nishiyori et al. 1994
METABOAIEMOE FAYKOZHE Pelnals e e
R PEPCK  -436/-454 TACAGATCAAAGATCAGCA Hall et al. 1992

10X HNATITIAAZ B
HHBVenhI GB element

AACGGGGTAAAGGTTCAGT

RL-PK -127/-145 TGGGGGCCAGAGTCCAGGA D|az Guerra et al. 1993
AIAGOPOIMOIHIH TOY IYKQTIOY | ..
M HNF-1  -107/-89 GCAAGGCT GAAGTCCAAAG Kuo et al 1993

Xn LFB1  -270/-252 TGGGGTCCAAAGTTCAGTA Zapp et al. 1993

Garcia ét él. 199‘3

HHBV enhII -1679/-1664

GAGTCCAAGAGTCCTC

Guo et al. 1993

MINAKAZ 2: HNF-4 gEapTaueva yovidla
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NPOEABYZH VAIKGQN KAL

AT AN s Z R I0 S N

Ta xnuikd avnidpagTipia nou Xpnoigonoinénkav Katd Tnv eknovnon auTthg
™G S1aTpIBAG Ta npounBeuTnkape anod TIG eTaipieg: SIGMA, MERCK, PROMEGA, NEW
ENGLAND BIOLABS, UBI, BOEHRINGER MANNHEIM, BRL, BIORAD, ALDRICH,
PHARMACIA, SANTA CRUZ, UNITED STATES BIOCHEMICALS, STRATAGENE, QIAGEN,
RENNER GMBH.

Ta gvlupa rou xpnoiponoinoape nrav napaokeung NEW ENGLAND BIOLABS,
PROMEGA, MINOTECH.

Ta avnio@para nou xpnaidonomBnkav fitav Twv etaipiwv ICN, PIERCE, SANTA
CRUZ, UPI, JACSON, £kTOC and auta ota onoia ava@éperal 0Ti ATav Npoo®opd KAanolwy
CUVEPYATWV Hac.

Ta guvOeTikG oAyOovOUKAE£OTISIa Nou Xpnoidonoindnkav napackeudoTnkav
OTO EPYACTNAPIO HIKpoxnHeiag Tou IMBB.

Ta onuacpéva VOUKAEoTISIa nou xpnoidonoindnkav yia TV KATaokeun
padloonuacuévwv aviXVEuTOV kal To avmdpaothpio TG [M*Cl-xAwpappevikdAng rTav
napaywyng AMERSHAM, ICN.

Ta 8penTika péoa kalifpyeiag (LB, NZCYM) yia Ta Bakrnpiaka oTeAE
Nou Xpnatdonoinénkav napackeuaoTnkav onwe neprypageral anod Toug Sambrook et al.
TOOO OTn OTEPed GO0 Kal OTNV UYpR HOPPR Toug. AvaAoyd HE Tnv KATAOKEUR Mou
XPNOoIKonoIRénke yia To UETGG)(YI']LJCITIGU(') TWV €V AOY® BAKTNPIGKWV OTEAEXWV, éylvé Kai
N NPoaBkn O KATAAANAEG GUYKEVTPWOEIG TWV analiToUHEVOV avTiBIoTIK@V (Kavapukivn,
TETPAKUKAIVN, aunikiAivn).

Ta Bakrnpiaka oTeAéxn nou xpnaigonoinBnkav frav E. coli (DH5a) yia Tig
NEPIOCOTEPEG KAWVOMOINCEIC Kal ouykekpiyéva JM109 yia Tnv ékepacn kanoiwv
NPWTEIVAOV. O1 YOVOTUMNO! TWV GTEAEXQV AUTWV avapepovTal aToug Sambrook et al.

To BpenTikG WECO MOU XPNGIUONOHICAME yia TNV kaAMEPYEIA TV
EUKAPUWTIKGOV KUTTAPIK®OV CEIp@vV Nrav DMEM (Dulbecco’s modified Eagle’s
medium) napaywyn¢ GIBCO, euNAOUTIOUEVO WE WEPIKA QNEVEPYOMOINUEVO 0pd EHBPUOU
BoOC OE MEPIEKTIKOTNTA TETOIA MOU analTei kABe kUTTApIKR Oglpd. ‘Onou ava@épeTal, TO
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BpenTiKO Héoo dev Mepieixe peBeiovivn N PROPOPO ( OE NEIPAPATA €X ViVO OHPavonc
NPWTEIVOV).
O EUKOPUWTIKEG OEIPEG Mou Xpnolponomndnkav ftav HepG2, Hela, Cosl,

Caco2. MpopnBeuTpia eTaipia fATav n American Type Culture Collection (ATCC) (NINAKAZ
3).

| KYTTAPIKH ZEIPA||  MPOEAEYIH [ _XAPAKTHPIZTIKA |
CaCo2 AvBpwnog, adevokapkivwua oTo Enlen)\uakou TOnou
KkOAov
CcOoS1 Neppika kGTTapa ménkou MeTaoxnuaTiopéva anod SV40, Tinou
tvoBAaaTwv
HelLa S3 AvBpwriog, eménAiakd kapkivwpa EmeénAiakou TGnou
prTpag
HepG2 HnaTokuTTapIkO Kapkivwpa
> ’ﬂINAKA}: 3 Ku1'rc|pu<£q capsq nou xpnmuononnenmv oTa napauaTa nou akb)\oueouv w $

R ANA

NN AN N
SRR RNARNA,

A AN A A A A A AN AN SN A A S A

NN

&%
?
)
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AMNOMONQ2IH NAAZMIATIAKOY DNA
A. Ze pikpn kAipaka (small scale DNA preparation)

Akohoubnbnke n PEBOdOG TNG AAKaAKRG AUONG ONWE NePIYpAPETAl and Toug
Sambrook et al (126). To nAacuidiakd DNA mou danopovaveral pe Tn pEBodo auTn
eniTpénel, AOyw TnNG uywnAng Tou kabapoTnTag, TNV NEPAITEPW HEAETN TOU HE TN XprAon
OlayVWOTIKOV  MEPIOPIOTIKOV  ev{UPWV  Kal TNV Tautonoinon Tng npwToTayoug
VOUKAE0TIOIKNAC aAAnAouxiag Tou.

B. 2& peyaln kAipaka (large scale DNA preparation)

Ma Tnv anopovwon nAacuidiakol DNA ge peyaAeg noodTNTEG, UYWnAnG kabapdTtnTag
al\a kai gunhouTiopévo (90-95 %) oTnv unepeNIKwREVN Lop@Pn Tou akoAoubnénkav ol
napakaTw PeEBodol ahkahikng AUong akohouBoUpevng ano:
¢ JUo Jiadoyikéc unEPQUYOKEVTPNCOEIC diaBaduiong yAwpioUxou kaioiou kal dUo

OWAEKAWPEC APAAATWOEIC ONWE NEPIYPAPETaAl and Touc Sambrook et al (126).

¢ Tn Xxpnon kohwvag QIAGEN tip 500 xai gUu@wva e TIG 0dnyieg Twv KATAOKEUAOTQV.

AMOMONQ3IH DNA KOMMATIQN AMNO NHKTQMA ArAPOZHX

Ma va €xoupe 600 TO duvatdv AlYOTEPEC ANMAEIEC OTNV MOCOTNTA Kal
TauTdxpova uywnAn kabapdtnta oto DNA nou anopovwoape anod nnkTwpa ayapolng,
Xpnoidonoiriénkav evepyonoinuéves peupBpaveg DEAE. H diadikadia evepyonoinong Twv
LEPBpavV KaBwG Kai 0 TPOMOG XPNONG TOUuG MEPIYPAPovTal avaAuTikd and Toug
Sambrook et al (126).

ANMOMONQZIH ZYNOETIKQON OAITONOYKAEOTIAION ANO NMHKTOMA
NMOAYAKPYAAMIAHZ
Ta npoiovra TnG opyavikng oUvBeong oliyo-deaofupiBovoukAeoTidiowv (Tunua

Mikpoxnueiag IMBB) unoBAnGnkav o€ nAekTpo@OPnon O€ ANOdIATAKTIKO NNKTWHA
akpuAapiong 20% yia TNV anopovmaon OANYOVOUKAEOTISIWV HE HEYIOTO HAKoG. To
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eMBUPNTO MPoidV GUVBESNG ANOUOVABNKE GTN CUVEXEIQ and TO NAKTWHA aKPUAGHIONG
pe Tn diadikagia nAekTpogxAouong o€ €10iKn ouokeun (elutrap Tng S&S) kai Pe T XpAon
KaTaAnAwv pepBpavov(S&S).

ANMOMONQIH RNA ANO KYTTAPOKAAAIEPTEIEZ
AkohouBnbnke n péBOdOG TG O&ivnc-Bepung aivoing (126). Ma Tov
EUNAOUTIONO Tou NpoidvTog ae poly-A RNA akoAouBrénke n diadikaaoia nou neplypa@eTai

avaAuTikd ano Toug Sambrook et al (126).

ZHMANZH NOYKAEOTIAION
A). PAATIOYHMANZH XYNOETIKON OAIFONOYKAEOTIAION ME TH XPHZIH
NMOAYNOYKAEOTIAIKHZ KINAZHZ T4.

H pébodog autny (Sambrook et al ,126) xpnowlonoinbnke yia T onuavon

HOVOKAWVWV CUVOETIKGV OAYOVOUKAEOTIdIWV NMou Xpnolyonoinénkav iTe og neipapara
napepBoAng alvdeong Aoyw HEBUNIWONG EITE WG eKKIVNTEG OE AAUCIBWTEG avTIDPACEIG

noAupepdaong (PCR).

B). PAATOYHMANZH TMHMATQON DNA ME TH XPHZH TYXAION EKKINHTON
(random priming)

H péBodog autry (Sambrook et al, 126) ypnoiporoiBnke yia T onuavon
KoppaTiov DNA pe ugnAni eidikn evepyoTnta (10° cpm/pgr) Pe okond Tn Xpnoiponoinan
TOUG WG avIXVEUTEG o€ avaiuoeig Northern. |

). PAAIOYHMANZIH AIKAQNON ZFYNOETIKQON OAITONOYKAEOTIAIQN ME
SEQUENASE (DNA NOAYMEPAZH T7).

H péBodog auTr xpnaidonoinénke yia Tn arjpavan SikAwvwv oAlyoVOUKAEOTIDiwv
HE OKONO va Xpnaoigonoinfolv WG avixveUTEG OE nelpapara HETaBoArG TG KIVATIKOTNTAG
Tou DNA Aoyw TnG aMnAenidpaong Tou pe npwreiveg (EMSA) (126).
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YBPIAONOIHEIH NOYKAEIKQN O=EQN
O uBpidonoinaeig oTig avaAuceig Northern €yivav pe tn xpron Denhardt’s onwg
auTn NePIYPAmeTal avaAuTika aToug Sambrook et al (126).

XPHEH TPOTOMOIHTIKON KAI AAAON ENZYMON _(iivé Ay
£ e cc e g ) 10£Q)

H xpion Twv napandvw ev{Upwv £yive oOUPQwva ME TIC 0OONYieG Tng
karaokeudoTpiag etaipiag (New England Biolabs, Promega, Minotech), napouagia Tou
KaTaAAnAou puBpioTikoU BlaAUpaTog kai otn Beppokpacia kal Xpovikn Sidpkeia nou

npoPAENeTal yia To kabéva.

NPOZAIOPIXMOZ THE MPQTOTArOY: AAAHAOYXIAZ NOYKAEOTIAIQN TQN
NAAZMIAIAKON KATAZKEYQN ( . tions)

Xpnoiponolnénkav o kdBe NEPINTWON WG PATPEG Ol QVTIOTOIKEC KATAOKEUES NMOU
nepigixav To npog eE€Taon koppdT kai o1 avTidpdcelg TEPPATIOHoU TNG ENPAKUVONG TNG
aluoidag éyivav napoucia a[**S] dATP, kaTdMnAwv ekkivnTv (primers), Twv
avrioToixwv  O1de0fu-voukheomibiov  (A,C,GT) ka1 Tou evllpou sequenase.
AkoAoubnBnkav ol odnyieg Twv katackeuaatwv (USB: sequenase TM kit, version 2.0).

AnooTteipoaue o @IGAN Twv SUo Aitpwv 125 ml BpenTikoU pécou SOB

(Sambrook et al, 126). MoAUvape To Yéoo kaligpyeiag pe 1-2 anoikieg and naTo oTo
onoio KAMIEpYRoapEe TO BakTNPIakd OTEAEXOG NOU {ag evOIapEPEl. AQrioape Ta KUTTapa
va avanTtuyxBouv oTtoug 25°C unod évrovn avadeuon yia nepinou 20-25 wpeg. ‘Otav n
0.D.s00. £pTa0E oTa 0.35-0.40 oTapaThoaue Tnv‘ avanTugn TV KUTTApwV TOMOBETWVTAG
Tn PAaoka arov nNayo yia 10 AenTd. AkolouBnoe puyokévTpnaon oTig 4.000 OTPOPES Yia
10 Aentad orvouc 4°C. EnavadiaAloape Ta KlinT_apa oe 40ml &iaAUpatog A nou
napaokeuvaoape Tnv idia pépa (10 mM Pipes, 15 mM CaCl,, 250 mM KCl kai apouU Tou
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puBpicape To pH oTo 6.7 pe KOH npoaBéoape MnCl, péxpr TEAIKR ouykévTpwon 55 mM).
Enwdaocape yia 10 Aentd oTov nayo kai akoAoUBNOE GUYOKEVTPNOT ONMG NPONYOULEVWC,
EnavadiaAloape 1o BakTnpiako ignpa oe 10 ml Tou StaAupaTtog A Kkai npooBéoape
otaydnv DMSO péxpt Tehikn ouykévipwon 7%. Xwpioage Ta kUTTApa Ot WIKPEC
nocoTnTeg (aliquots) kar Ta naywoape aroug ~80°C onou kai diaTnpnénkav péxpr va Ta

XPNOIHONOINCOULE.

METAZXHMATIZMOZ BAKTHPIAKQON ITEAEXQN AMNO NAAIMIAIAKEZ
KATAZKEYEY

Zenaywoape 200 pl competent kKUTTApWV anod TO OTEAEXOG MOU HAG EVOIAPEPEI
and Toug —80°C aTov nayo. lMpooBéaape Tnv katdMnAn noootnta DNA (cuvrBwc 5-7 pl
and Ta 20 pl Tou MiypaTog ouppapnc) Kai enwdacapge oTtov nayo yia 30 AenTd.
AkoAoUBnoe npooBrikn 800 pl BpenTikoU pEgou SOC (Sambrook et al) kai enwacn uno
avadeuon oToug 37°C yia pia ®pa. ZTn GUVEXEIQ ENICTPOCAKE TO OEiyUa OE MIATa HE
oTePed BpenTiKG pECO LB To onoio nepigixe kaTtaAnAn noodtnTa avripioTikoU avaioya
HE TO Yovidlo avBeKTIKOTNTAG Mou nepIAaKBAvel 0 Qopéag OTov Onoio EiXe yiver n
kAwvonoinon. Enwacape Ta midra otoug 37°C yia 16 WPEG NEPINOU MPOKEILEVOU Va

avanTuxBouv ol anoikieg Twv BakTnpiwv.

Metd and 2-3 EenAupata pe 1xPBS Ta kUTTapa cuMéxBnkav oe didAupa nou
nepigixe 40 mM Tris-HCl pH7.5, 1 mM EDTA pH8.0, 20 % yAukepoAn, 1 mM KCl, 2 mM
DTT, 0.5 % NP-40, 0.1 M PMSF, 10 pg/ml approtinin, 1 pg/ml pepstatin, 1 pg/ml
leupeptin. 2Ta ekxuNiopata nou Xpnolponoindnkav ora nepauara diepelvnong Tng

Qwo@opulioong Tou HNF-4 oupnepiAn@dnke kai 1mM NazVO,. AkoAlouBnoav Tpeig
evalayec wuEng (-80°C) kai Bgppavong (37°C) nou eixav oav anotéeopa Tn diappngn
TWV KUTTAPIKOV PERBPavav. To eKXUNIOUA (PUYOKEVTPRBNKE O UYNAEG OTPOPEG (14.000
rpm) yia 5min otoug 4°C €10l QOTE va anopakpuvBolv TOCO OF HEPBPAVIKO
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oxnMaTiayoi, 600 kai To yevwuikd DNA. Ta kuTTapika ekxuAiopata diauolpdoTnkav o€

HIKpEG NoaoTnTeG (aliquots) kar uAdyxTnkav oToug -80 °C.

NAPAZKEYH NYPHNIKQN EKXYAIZMATON

Ta nupnvika ekxuAiopaTa anod OuKWTI apoupaiou MApAacKeUaoTnkav onwg
nepiypagetal ano Toug Lichsteiner et al (81). Ze oAa ta diaAUpara npoobBioape
avaoToAgiG NpwTEAoWV OTIG KATAMnAeG ouykevtpwoelig: 0.1 mM PMSF, 1 pg/ml

approtinin, 1 pg/ml pepstatin, 1 pg/ml leupeptin.

i .

A). METABOAH KINHTIKOTHTAZ TOY DNA AOrQ TH¥ AAAHAENIAPAIHZE TOY

ME NPQTEINEZ (Electrophoretic Mobility Shift Assay)
Aikhwva oNiyovoukAeoTidia onudvenkav pe Tn Pordsia TnG noAupepaong T7

(sequenase) napoucia [a-**P]dATP kai [a-**P]dCTP kai anaAAayTnkav and Tnv nepiooeia
100TONOU E BIaBOXIKEC (PUYOKEVTPNOEIG OE KoAWveG Sephadex G-50.
O1 avndpdoeic npoadeong éyivav yia 20 Aenta oTov ndyo o 15 pl TEAkO Oyko Mmou
nepigixe 20 mM Hepes pH7.9, 50 mM KCl, 2 mM MqgCl,, 4 mM spermidine, 0.02 mM Zn-
acetate, 0.1 pg/ml BSA, 10 % yAukepOAn, 0.5 mM DTT, 2 pg/ml poly (dIdC) kai 5-10 pg
npwreivikol ekxuhiopatog (Bradford, 12). 'Onou avagéperal, XPROIKOMNOINONKE G
avTaywvioTAC yia T Snuioupyia Tou OCUPNAOKOU KaTAAANAO OAIyovOUKAEOTIOIO Hn
onuaopévo o 100x nepiooeid. Eniong, o NePINTWAOEIG Mou BEAAE va TAUTOMOINCOUKE
TNV NpWTEIVR nou aAANAEMISPOUCE [E TO OUYKEKPIUEVO QVIXVEUTH, TO NPWTEIVIKG
ekXUNlopa enwaoTtnke yia 10 Aentd oe Beppokpacia SwpaTiou HE TO QVTIOTOIXO
avTiowpa npiv Tnv avridpaacn Npocdeong.

To olunhoko npwteivng-avixveuTr) (bound) OiaxwpioTnke and Tov eAeUBepo
avixveuTrj (free) o€ 4 % nnkTwa akpuAapidng otoug 4°C. AkohoUBnoe oTaBepornoinan
TWV oupnAokwv pe Tnv enidpaon diaAlpatog (50 % peBavoAn-10 % ofikd ofU) oTo

niKTWPa NoAuakpuAapiong yia nepinou 10 Aenta.
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B). NMEIPAMATA NAPEMBOAHZ ZYNAEZHY AOIQ MEOYAIQYH? (methylation
interference)

01 8300 aAuagideg TwV CUVBETIKWY ONYOVOUKAEOTIdIWV padloonuavenkav Xwpiota
HE NOAUVOUKAEOTISIKY Kivaan T4 pe Tn xpron [Y*2P]JATP. KaBe padioonuacpévn ahuoida
UBPISONOINBNKE HE ICOPOPIaKN MOCOTNTA [N ONUACKEVNG CUMNANPWUATIKAG aAucidag. H
avTidpaon peBuANinong £yive, napoucia 0.5 % dimethyl-sulfate oe 50 mM Na-cacodulate
pH8.0, 1 mM EDTA, ot Beppokpaocia dwpatiou, yia 3 Aentd. AkoAouBnaav o avTIdpacelg
NPOCOECNC YE TA AVTIOTOIXA KUTTAPIKA eKXUANIOATA Kal NAEKTPOPOPNON Ot 4% NNKTWHA
noAuakpuAapidng. Metd and auTtopadioypagia anopovmbnkav and To NAKTwHA ol {WVEG
nou avrigroiouoav TOoo oTo oUunAoko DNA-npwteivig, 000 kai otov e€AelBepo
avixveuTr}. To DNA nAekTpoekAoUoTnke Kal konnke pe 1 M mingpidivn otoug 90°C yia 30
AenTd. Ta deiypata apou oTeéyvwoav, NAEKTpoPoprBnkav e NNKTWHA akpuAapiong 15

% - 8 M oupiac.

[ ANOTYNOMA METAIrPAGIKON MAPATONTQN NMANSQ 2E YNIOKINHTH ME TH
BOHOEIA DNasel (DNasel footprinting analysis).

O1 avTidpaoelg npoadeonc Eyivav o€ TeAikd oyko 20 pl napoucia 25 mM Hepes
pH7.9, 50 mM KCI, 5 mM MgCl,, 0.02 mM Zn-acetate, 0.5 mM DTT, 10% YyAUkepOAn, 1.5
hg poly(dIdC), 0.5 ng onuacpévou avixveuTr kar napoucia S1a@opwv MNOCOTATWY
KUTTApIKOV EKXUNOUATWV and ouk®TI dpoupdiou. MeTa and enwacn 60 AenTwv oTov
nayo, enidpacape yia 5 Aenta pe 2.5 pl npoogara diahupévn o 25 mM CaCl, DNasel
(oe TeNKn ouykévrpwon 40-160 pg/mi avahoya pe TV nocdTNTA TOU NPWTEiVIKOU
gKXUNOPATOC Mou oupnepIAfednke ortnv avTidpaon). H avridpaon néwng pe DNasel
oTapaTnoe We TV Npoadnkn 5 il diaAluaTog nou nepieixe 125 mM Tris-HCI pH8.0, 125
mM EDTA kai 3% SDS. ZTn cuvéxeia yive néyn Tng DNasel pe 50 pg/mi npwreivaong K
oTouc 65°C yia 20 AenTa. AxkohoUBnoav TpeiC OIaBOXIKEG EKXUNCEIC UE @avOAn-
YAWPOQOPUIO Kal KaTtakpnuvion pe ailBavoAn napoucia 5Sug tRNA. Ta deiyuara
avaAlBnkav oc nNAKTOPG noAuakpuhapidng 6% - 8M oupia. Zav pAPTUPAG
XPNoiKonoIneénke To Npoiov Twv G+A avTIdpacewv kaTa Maxam & Gilbert,
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A). NEIPAMATA IN VITRO METATPA®HZ (IN VITRO TRANSCRIPTION)

100-200 ng ano Tnv und Tov EAeyxo UNTPa, eunAouTioTnkav pe 30 ng DNA ano
onépua oolopol Kkal enwaotnkav pe 50 pg NpTEVIKOU eKXUAIOHATOC anod GUKMTI
apoupaiou napoucia 25 mM Hepes pH7.9, 6 mM MgCl,, 50 mMKCl, 35 units ano Rnasin,
0.5 mM DTT, 0.1 mM 3-O-methyl-GTP, 0.6 mM ATP & CTP, 0.03 mM UTP, 7 uCi
[a®PJUTP (3000 Ci/mmol) kai 10% yAukepdAn Onou avagiperal, oTiC avTIOPACEIG
oupnepiAieenkav kar 100 ng SikAwvou oUVOETIKOU ONYOVOUKAEOTIdIOU-avTaywvioTh (Un
padioonuaopévou). O avmidpdocelg £haBav xwpa artoug 30°C yia 45 Aenta kai
40T0}J(§TVI]UCIV Je TNV npooBnkn 2.5 pl [6% SDS, 250 mM EDTA pH8.0, 250 mM Tris-HCl
pH8.0] kat 2.5 pl and 16 mg/ml npwTeivaon K kar 0.5 mg/ml tRNA. H néyn &yive yia 20
Aenta otoug 65°C. AkoloUBnoav TpEiG EKXUNICEIG HE (PaIVOAN-XAwPOPOPHIO  Kal
KaTakpnuvion e aiBavoAn. H nAekTpo@opnon Twv JElyUATwV £YIVE 0 NOAUAKPUAGLION
6% / 8M oupia.

E.) IN VITRO AAMHAENIAPAZEIZ NPOQTEINON (IN VITRO PROTEIN-PROTEIN
INTERACTIONS

H éxppaon Twv NpwTeivav ano Qopeic ékppaong GST éyive oTo BakTnpiako
oTéAexoc JM109, onwg neplypdperal and Toug Smith & Johnson ,1988 (137). Ta
diapopa peralaypara Tng HNF-4 and Tig avTioToixeg kataokeuég oe Bluescript KS
(Stratagene), napayénkav kai padioonuavénkav andé To cuoTtnpa TNT Tng Promega
oUUQWVA PE TIC 0dNYIEG TWV KATAOKEUAOTWV. 2 g and kabe peralhayua tng HNF-4,
npookoAAnuévo oe GST, @opTwdnke o€ kohwva Glutathione-Sepharose (Pharmacia), n
onoia &ixe nponyoupévwg egiloopponnBei pe 0.5 % BSA/PBS.VZTI‘] OuVExela, KaBe KoAwva
EenAUBNKe TPEIC (POPEC HE PBS karl Tpeig popeg Ke £idiko diakupa A nou nepieixe 100 mM
KCl, 20 mM Hepes pH7.9, 0.1 % NP-40, 5 mM MgClI2, 0.2 % BSA, 10 % yAukepoAn, 0.1
M PMSF, 10 pg/ml approtinin kai akohoUbnoe n avtidpaon alnAenidpaong oToug 4°C
yia 1.5 wpeg und ouvexn avakivnon (rotation). Mera and exTerapévo EEnAupa Tng
KOA®VAG pE To didAupa €knAnong A, Tnv enavadiaAuoape oe 20 pl SDS loading buffer kai

avaAUoaye Ta deiypata oe SDS nikTwpa akpuAapiong.
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KYTTAPOKAAAIEPTEIEZ KAI AOKIMEZ TAPOAIKHE AIAMOAYNZHEY (cell
It | transient transfecti iments)

O1 KUTTAPIKEG OEIPEG MOU Xpnoiponomnenkav, avantuxdnkav o€ BpenTikd PECO
MEM, Tpononoinuévo ano Tov Dulbecco, pe NePIEKTIKOTNTA OE Opd TETOIA MOU anaiTei
kaBe kutTapikn oeipd (10 % vyia Tig oeipeg Cos-1, HepG2, Hela kai 20 % yia Tnv Caco2).
'Otav Ta KUTTapa kaiuyav 10 60-70 % Tou MIATou KaANIEPYEIAG Toug, Bewprioape oI
ATav £roipa yia dokipég napodikng diapdAuvang (transient transfections).
Axoloubnaape duo HeBOSoug napodikng diapdAuvonc:
¢ '‘Otav o okonog TnG Sokiung napodikng diagoAuvong nrav o NpoadiopIoUos TNG
evepyoTnTag Tou ev{Upou CAT (45), SiapoAUvape Ta kKUTTapa Ue SIAPOPEG NOCOTNTEG
DNA and TiG uno EAEyXO KATAOKEUEG WE T HEBOBO TNG OUYKATAKPAMVIONG HE
PWoPopikd aoBéaTio Onwg neplypagetar anod Toug Graham et al, (46). MapaAAnAaq,
3ug ano To nAaopidio RSV-Bgal ouykaTtakpnuvioTnkav o€ OAQ Ta NEPAPATA HE TIG
und EAeyXo KATAOKEUEG yia Tov €Aeyxo Tng anodotikoTnrag (efficiency) Tng
enmuodAuvong (37).
H idia péBodog akohouBnenkKe kat yia TNV KATAOKEUTN KAMOIWV ONIKQV KUTTAPIKWV
Kal NUPNVIKWV NPOTEIVIKOV EKXUNOUATWV.
¢ 'OTav o okonoc tnc Odokiung napodikng SlapdAuvong ATAv O AavOCOEVTOMICHOG
npwTeivav in situ, akoAouBnbnke n pEBodog ouykatakpnuviong He DEAE-Dextran,
Onwc NeplypageTal ano Toug Ktistaki et al 1995 (68).
H idla pébodoc axkoAoUBRBNKE Kal yia TNV Napackeurn KAnolwv KuTTapiKmv
EKXUNIOUATWV HE KATGAANAN Tpononoinon Twv nocotntwv Tou DNA, Tou DEAE-

Dextran kal TnG XAWPOKoUivNngG.

NPOZAIOPIZMOY THE ENEPIFOTHTAZ TOY ENZYMOY CAT KAI TOY
ENZYMOY THX 8-FANAKTOEIAAZHE (B-GAL & CAT ASSAYS)

48 mpec KeTa TN dilapoAuvon, EenAUvape Ta kUTTapa TPEIG QOpES e 1xPBS kail Ta
OUMEEaue og diahupa [40 mM Tris-HCI pH8.0, 1 mM EDTA pH8.0 kat 150 mM NaCl].
H evepyotrnra Tou evlUpou CAT (akeTuhoTpavoQepdon TNnG XAWPAUQeVIKOANG)
npoodlopioTnke ONWC NeplypapeTal and Toug Graham and Van Der Erb, (46). O
nogoTNTEG Tou MNPWTEIVIKOU EKXUANIOLATOG MOU Xpnaigdonoinénkav kal ol Xpovol
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en®Waong, emAéxbnkav kata nepinTwaon Bacn Tng TITAOSOTNONG Kal TNG KAEnUANG
KIVATIKOTNTAG Tou ev{UHoU €TOI MATE O METPNOEIG HAG va KivouvTalr navra o
YPAHHIKR @ao.

H evepyotnTa Tou eviUpou Tng B-yahakTooidaong oTa KuTTapikd ekyuAiopara -
KUPIOG NapdyovTag TNnG Kavovikonoinong TwV anoTEAECHATWY HaAG- npoadiopioTnKE

onwg nepiypageral ano toug Edlund, T. W. et al., (37).

NEIPAMATA ANOZO®OOPIZMOY EMMEZOY IN SITU (IN SITU INDIRECT
IMMUNOFLUORESCENCE)

Mia pépa pETA Tn JIGpOAUVON TOUG, WE TNV KATAOKEUN Nou ekppalel Tnv unod
g\eyxo npwTeivn, Ta KUTTapa MeTaQEPONnkav ot kaAuntpideg (cover slips) kai
ouvexiaTnke n enwaar) Toug otov CO, enwacTnpa. MeTa ano 24 wpeg, EenAUvape Tig
KaAunTpideg SUo popeg pe 1xPBS kal Ta kUTTapa poviponomenkav (fixing) navw oTIg
kaAunTpideg pe Tnv enidpaon kplag (-20°C) PeBavoAng yia 5-10 Aenta oTtov nayo.
AkoAoUBnoe ouvtopo &nAupa pe 1xPBS kal enwaon o€ didAupa nou nepieixe 1
%BSA oe 1xPBS ot Beppokpaocia dwpatiou yia 30 Aentd. ZTn ouvéxeia, emdpacape
ME KATGAANAN apaiwon Tou Np@TOU avTiowuaTog o Bepuokpaagia dwuariou yia 45
Aenta (f ortoug 37°C yia kanolia avTiowuara). H nepioogia Tou avTiomOUATOG
anopakpUvenke e TPeIG dladoxIKEG NeVTAAENTEG NAUCEIG o€ 1 %BSA oe 1xPBS.
AkoAoUBnoe enwaon pe 1/100 apaiwon Tou fluorescein isothiocyanate-conjugated
anti-rabbit A} anti-mouse &eUTepou avTiowpatog oto IgG (GaM-FITC i} GaR-FITC
avaloya He To Mold ATav To NpwTo avTiowpa), o Beppokpacia dwpatiou yia 30
AenTd. ZTN OouvEXEla, ol KaAunTpideg EENAUBNKaV TPEIG POPEG anod 5 AenTd e 1xPBS
Kal Jia popa pe ddH20. TéAog o1 kaAunTpideg avaoTpapnkav navw o€ pia agTayova
Mowiol (Polyscience) navw e avTikelevopopo. H napatipnon Twv SelyHaTwv Eyive
oe Leitz Dialux 20 EB piKpOOKOMIO £(POBIGOUEVO HE EVOWHATWHEVN PWTOYPAPIKN

HNXavn yia Tn ewToypagion Selyudatwy geopiopou.
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NEIPAMATA ANOZOENTOMIZMOY (ME XPHEH KOKKON XPYFOY) ZE
HAEKTPONIKO MIKPOZKOMIO

5x10” kUTTapa HepG2 kai 5x107 kUTTapa HepG2 Ta onoia avantuxBnkav

napouocia genistein, KATakPNUVIOTNKAV kAl OTN CUVEXEIQ oviponomenkav yia 1 wpa
napouaia 4% @oppakdeidng kar eykAgioTnkav og LR White Resin (Polyscience) yia
oToug 50°C 24 wpeg xwpig emTaxuvTn (accelarator). Aentég Touég (~50 nm) ano
KGBe Ociypa TonoBetrBnkav oc NAéyda vikehiou kai emdpacape pe anti-HNF-4 oe
1:1000 apaiwon oroug 4°C,0e BSA/PBS yia ~16 wpeg. MeTa 1o &EnAupa emdpacape
pe gold-conjugated goat anti-rabbit wc SeuTepo avriowpa (Péyeoc kdkKkwv 10 kai 20
nm) ot apaiwon 1:10, oe Oeppokpacia dwpatiou, yia pia wpa. Akohoubnoe
anopdkpuvon Tng nepicceiag Tou eUTEPOU AVTIOWATOG e eKTEVEG EENAupa kal oTn
OUVEXEIQ Xpwan Twv Seyuatwv pe 1% uranyl acetate yia 10 Aentd. H napatipnon
Kal QpwToypaenon Twv JElYHATWV €yIVE OE NAEKTPOVIKO IKPOOKOMIO IEAEUDNC
JEOL100C oTra 100kV.

.
TIO0YZ
Enwdoape povooTpmpeg kaMiépyeieg HepG2 kuttapwv kai Cosl KuTTapwv

Siapohuopévwv pe pCBHNF4 pe [*2P] opBopwaopopikd i [3°S] pebeioviv yia 2 peg
oe Bpenmikd péoco kaMépyeiagc DMEM JEOL100C, nou Oev MepleEiXe QpWOPOPo N
peBeiovivn avTioTolxd. ‘Onou avagEperal, n N®Acn £yIVE NAPOUCia Tou PApHAKoU
genistein (Upstate Biotechnology) oe TeAhikr} ouykévTpwon 15ug/mi. Meta Tn diwpn
€nGaon, Ta KUTTapa enavaiwpnénkav oe didAupa [50 mM Tris-HCl pH7.5, 150 mM
NaCl, 1 mM EDTA, 0.5 % NP-40, 10 % glycerol, 1 mM NasVO,, 1 mM NaF, 0.1 mM
PMSF, 10 ug/ml approtinin]. Meta tn Alon Twv KUTTApwV WE To napandve SidAuua,
emdpaoaye We protein A Sepharose (Pharmacia) kai  akoAouBnoe
avoookaTtakpnuvion pe anti-HNF-4. Ta Oeiypara nAektpogopnbnkav oe SDS-PAGE
NAKTWUA noAuakpuAapidng.
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ANIXNEYZH ®QIDOPYAIQMENQN TYPOZINQN

HepG2 kutTapa kai Cosl kUTTapa empoAucpéva pe pCBHNF4 enwdaoTtnkav
napouaia kal anoucia Tou (papudkou genistein yia 48 PeG, O TEAIK CUYKEVTPWON
15 pg/ml. ApoU AUBnkav, O6nwG napandavw, akoAoUBNoE avooOKATAKPMHVION TOU
HNF-4. Ta OJeiypara nAekTpogoprionkav ot SDS-PAGE  kai  akoAouBnoe
nAekTpopeTapopd Toug (electrotransfer) oe pepppavn vitpokutTapivng (Schleider &
Schuell). Zrn ouvéxela, n pepBpavn enwaotnke Le 0.5 pg/mi horseradish peroxidase-
conjugated anti-phosphotyrosine (PY-20 Tnc ICN). H ikavoTnTa npocdeong Tou
avTiowpartog (nou avTikatonTpilel TNV UNApén N OxI PWCPOPUNIWIEVHOV TUPOCIVAV)
digpeuvnBnke We Tnv enidpaon enhanced chemiluminescence (ECL tng Amersham),

oUPPWVA JE TIG 0ONYIEC TWV KATACKEUAOTW®Y.






METATPA®IKH PYOMIZH THE ApoAIV AIIO TH
ZYNEPT'IZTIKH APAXH TOY HNF-4 II0Y IIPOXAENETAI
ZTON YIIOKINHTH THZ KAI AAAQN ITAPATONTQN IIOY
IIPOZAENONTAI EZTON ENIZXYTH THZX.




Kepdhaio A 1

ELSAT LTI A

ANMOAINONPQTEINEZ:

O1 anoAinonpwTeivec eival olUvBeTa pakpopopiaka oUpnhoka Amdiov kat
MPWTEIVGOV MOU NPOEPXOVTAl KUPIWE anod To ANAp Kal anod To &VTEPO kai pOAOG Toug eival
N WETAQOPA Kai n avakatavour Twv Aimdiwv aTo oopa Je TNV KUkAogopia Tou aipaTog.
O1 Ainonpwteiveg nou kukhogopoUv aTo NAdopa, eival o@aipikd owparidia Ta onoid
anotehoUvTal and Tov nupfva, éva Hn-noAiké oudétepo AINiGlo XNuIKAG ouaTacng
£0TEPA XOANOTEPIVNG HE TPIYAUKEPIDIO kal MePiBANUA and MONIKEG EVWOEIG Onwg
QwoQoAinidia, £AelBepn XoAnoTepOAn kai npwTeiveg (141, 142). O1 edikéG QUTEG
NPWTEIVEC nNou OUMMETEXOUV OTn ddunon Twv  anohnonpwTeiviov  ovopalovral
anoAinonpwteivec: ApoAl, ApoAll, ApoAlV, ApoB, ApoCI, ApoCII, ApoCIIl, ApoD, ApoE.
>Tov MINAKA 3 (57, 58, 44, 140) cuvoyilovTal kGnola aToixeia yia Tn dopr, AsiToupyia,
IB1I6TNTEG KAl TOMO CUVOEONG TwV anoAINoNpwTEivmV. |
O AinonpwTeiveg Nou auviBmG cuvavTape To NAAoPa XwpifovTal oTIG KAaTnyopiEG:
XuAopikpa.

AinonpwTeivec NoAU xapnAng nukvoTntag (very low density lipoproteins, VLDL).
AinonpwTeiveg xapnAng nukvaTtnTag (low density lipoproteins, LDL).
AinonpwTeiveg uywnAng nukvoTnTag (high density lipoproteins, HDL).
AinonpwTeivec evdiapeong nukvoTnTag (intermediate density lipoproteins, IDL).

vV V.V V V VY

Zwparidia Ainonpwteivwv (lipoprotein particles, LP).

O peraBolNiopds Twv NinonpwTeivav eival éva oUvBeTo HeTaBOAIKO HOVOMATI WE
noAAG dlakpiTa oTdadia:

® Z(UvOeon anoAINonpwTEIVAV.

® EvOOKUTTAPIKEC WETA-LETAQPACTIKEG TPOMOMOINCEIG  ANOAINONPWTEVQV  (M.X.
PwoPopuAiwon, YAukoluAinon).

SuyKkpOTNON AINONPWTEIVQV.

"EKKPION anoNnonpwTEV@V kal AMONpwTEVQV.

EEWKUTTAPIKEG TPOMOMOINCEIG ANOANONPWTEIVAOV Kal AINONPWTEVQV.

® ® ® ®

YSpoAuon Twv TPIYAUKEPISIOV Kal Twv Qwo@oAimdiov and Tnv npwTeivikny Aindon

Kal TV QnaTikn Aindon.



Kegpahaio A 2

&® AvaoTpopn WETAPOPA TNG XOANOTEPOANG anod Ta KUTTAPa OTIC AINOMNpWTEIVEC.

®

EoTeponoinon TnG XoAnoTeEPOANG Twv AINONpWTEIVAV HE AekiBivn.

® Evlupikd katahuopevn avralhayn f/kar HETaQopd TwV E0TEPWV TNG XOANOTEPIVAG
Kai TPIYAUKEPIBiwY, PWOPONMIBInV.

& Avralayn f/kal JETapopa TV anoAInonpwTEVaV.

#® KataBoMOouoG Twv AINonpwTeiVV enayopevog ano unodoxéa.

To évauoua yia Tnv eKTEVEDTEPN Kal o€ BABOG PEAETN TwV AINONPWTEVAV ATav ol
MONEC €MBONUIONOYIKEG KAl YEVETIKEG HEAETEC, MOU OUCYETIOQV Ta €enineda Kanoiwv
anoAINonNPWTEIVMV Kal TWV avTioTOIXWV AINONpwTEivVeV e NOAU goPapéc acBéveieg Onwe
apTnpIOoKARPUVON Kal  OTE(aviaia voooG, OTIC OMOIEC anodidovral ETNOIWG Ol
nepioooTepol Bavarol, €idika oTiG JUTIKEG XWPEG. 'ETOl, NOMEG aoBévelsc avayovTal ot
dlaTapax£c Tou PETABOAIOHOU Twv AIMONPWTEVAV NOU HE TN OEIpa TOUG UMopEi va gival
TO anoTéAeopa avwpaNov oTn  ouvBeon, Tpononoinon, N &kkpion  KANoIwv
anoAInonpwTEIVOV N TEAOG avwHaAilV oTov avTioTolXo unodoxea.
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ANOAINONPQTEINH AIV

H anoAinonpwTeivn AIV (ApoAlV) eivai To Bagiké ouoTatikd Tng HDL kar Twv
XUAOUIKpWV OTOV apoupaio. XTov avBpwno, n ApoAlV sival pia npwTeivn Hopiakol
Bapoug 46 kDa nou kwdikonoleiTal and To avTioTolxo yovidio To onoio edpaleTal oTo
XpwHOowua 11, atnv nepioxr) 11q13-ter (38, 57, 58). To mRNA nou napdyeral katd Tn
HETaypapn Tou yoviSiou (2.8 kb) eivar peytBoug 1.3 kb kai odnyei oTo oxnuaTiopd 3
e€oviwv (58). H npwTeivn ApoAlV anopovmveral oto d>1.21g/ml kAdopa Tou nAdopaTog
aMa PIKpEG NoooTnTEG TNG BpiokovTal kal oTn AéUeo, aTta Xulopikpa, ot VLDL kat
otnv HDL (10). H npoBAenodpevn dopr Tng and To cDNA (Tooo yia Tnv avBponivn 600
Kal yia TNV avTioToiXxn Tou apoupaiou) anokaAunTel 0TI To yovidlo kai n avrioToixn
npwTeivn nepiAaupavel kanoieg enavalappavopeveg Hovadec. 'ETal Bpédnke 611 n ApoAIV
nepihapBaver 12 enavaAqyelg piag alMnhouxiac 22 apivoEiwv, Hia enavaAnyn piag
evdexddag apivoiEwv, pia enavaknyn piag opddag 19 apivoEEwv kai pa éNeyn 3
auivoEéwv oTo auIvOTEAIKO TnG akpo. 'Onwg €xel napatnpndei kal O AAAEG
anoNInonpwTeiveg, autéG o1 enavaMyel Twv 22 dadivoEéwv dieubetolvTal OF
OXNUATIONO a-8NIkac kal mBavd naifouv onpavTikd poAo aTnv npdodedr) The oe Ainidia
(38, 58).

H oluvBeon Tng ApoAlV Aaufaver xwpa kUpia OTo €VTEPO TOU apoupdiou, TOU
avBpwnou kal NoAWV NpwTeUdVTwY. AvTIBETa, oTa KouvéAid n oUvBear TNG YiveTal o€
ouykpioipa enineda oTo nnap kai oto évrepo (3, 140). Tooo n peTaypar) 60O kai n
peTagppaon TnG ApoAlIV ora BnAacTikd endyeTal and opUOveG kal diagopoug SIaImNTIKOUG
napayovTeg kal puBpifeTal kata Tnv avanTtu&n. H avBpwnivn ApoAlV npoodéveral ot
TpiyAukepidia pe atabepd diaoraong Kd=2.3 uM (57, 58).

AEITOYPIIEZ: H ApoAIV Ocwpeitar OTI endyel Tnv Eevepyonoinon Tng
NinonpwTeiviknig Aindong and Tnv ApoCII (44). ‘Evag aAAog onpavTIKOG TnG pOAOG gival n
gvepyonoinon Tou ev{Upou LCAT otav gav undoTpwia xpnoiponoieitai DMPC (44). e
NeIPAaTa KUTTApOKAANIEPYEI®DY, N ApoAlV ¢ CUMNAOKO HE AINOCKMATA €nayel TNV
€KpON TNG XOANOTEPOANG and Ta kuTTapa. MpwTeo-AnocwpdaTia nou nepiExouv ApoAlV,
prnopolV va npoabévovral OTHV eM@QAvEId TWV KUTTAPWV Kal oTn HeRBpdavn Twv
nnaTokuTTapwv. Eniong, £xel deixTei 011 N Npdodeon TnG ApoAIV ota adinokUTTapa Tou
novTikoU €ndayel TNV €kpor TnG xoAnoTepdAng and Ta kUTTapa autd, Ot nepaparta
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KUTTapOKAANIEPYEIDV Kal EXEl npoTabei oTi n ApoAlV kartahappaver arn peuppavn Tic
id1eG BE0eIg e Ta owpaTidia LpAL:AII (3).
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EIAT OX ZTOXOI THZ EPTAZIAZ

2Tnv gpyacia auTtn, NpwWTAPXIKOG OTAXOG €ival 0 XapaKTNPIoHOC TOU UMOKIVITI TOU
yovidiou apoAlV. H aMnlouxia @aiveTal va €xel opoloyia O Kanoleg BECEIC PE TIG
avTioToIXeG Tou unokiviTh apoClll, énwe yia napadelypa pia duvnTikh 6éon npoadeong
yia Toug HNF-4, COUP-TFII, Ear-3. Zuykekpiéva npoonabnoaye:
¢ Na evroniooupe TIG NEPIOXEC €KEIVEG nMou Mnopei va eival B€oegic MPOGdETNG
KANOoIoU/KANOoIWY HETAYPAPIKOV NApayovToyV.
+ Na TQUTONOIAOCOUKE AUTOUG TOUG HETAYPAPIKOUG NAPAYOVTEG,
¢ Na diepeuvrigoupe Tov TPONo pe Tov onoio ennpedlouv auTtoi oI NAPAYOVTEG Tn
LETAYPAQIKN UNXavi oTnv NepinTwmon Tou yovidiou apoAlV.

TI HTAN 'NQZTO

Ta anoteAéopata nponyoUpevev PEAET®V Ba pnopolcav va XapakrnpioTouv
avTiIkpouoOpeva. To yeyovog OTI n NpWTEIV QuTr CUVTIOETAI KUPIWG OTO EVTEPO Kai OF
XapnAoTepa enineda kar oTto Anap, onou eixe delXTel OTI Ta enineda Tou AVTIOTOIXOU
mRNA ennpealovTal and oppoOveg kai diarrnTIKoUG napayovTeg, odnynoe oTnv unoyia oTi
N pUBUICN TG EKPPAcHG TNG YIVETAI TOUAGYIOTOV EV HEPEI OTO ENINEJO TNG HETAYPAMAG
(3).

MaAaioTepeG NPoonabele, OUWG, va NPoadiopioTeEl 1 akpiBnG PUBPICTIKN
aMnAouyia Tou yovidiou odnynoav o€ SIaPOPETIKA Ot KABE epyacTrpio anoTeAEopara.
'Eto1, kata Toug Elshourbagy et al (38) n puBpioTik) aAAnAouxia nou exTeiveral ano To —
300 €w¢ To —893 voukAeoTibio fTav Ikavy va npoodwoel 10 popég kahiTepn Ekppacn
TOu yovIdIoU OF KUTTAPIKEG OEIPEG EVTEPIKNG N NNATIKAG NPOoEAEUonG Oe oUyKpIon HE
dMou TUnou KUTTapIKEG oeipic (38). ZUppwva MHE GMEG WeNETEC OTIC NApaAnavw
KutTapikég oeipég, (Ochoa et al.) (103) f oe diayovidiaka novtikia (Lauer et al.), n
nepiox €w¢ Ta =300 voukAeoTiSia dev fTav apkeTn yia TV ENAywyn TnG EKQPAcng Tou
yovidiou (75). AvriBera, yia Tnv €kppaon Tou yovidiou kai oTa U0 CUCTAKATA PAVNKE
va anairolvral noAU PeyaAUTEPEG PUBUIOTIKEG NEPIOXEG MOU exTeivovTal £wG kar 7700
(Lauer et al.), (75) i} 6711 kar 3500 voukAeoTidia (Ochoa et al.) (103). Ze neipapara
napodikAG SradoAuvang QAvnke OTI ol Napandavw KaTackeuésg pubpifovral BTG anod To

peTaypapikod napayovra HNF-4, 6nwg noAAG GAha yovidia anoNinonpTEvav.
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Afilel €50) va ONPEIOOUKE TO YEYOVOG OTI TO yovidio apoAlV oTov GvBpwno
edpaleTral oTo pakpu PBpaxiova Tou XpwpoowpatoG 11 pal pe Ta yovidia Twv
anoAinonpwTeivov CIII kai Al, 6nw¢ (aiveral oTn OXNUATIKA NapacTacn Tng NEPIOXNC
auth¢. 'Evag and Toug BacikdTEPOUG OTOXOUG OTNV NApakatw HeAETn fTav n diepelvnon
NG mBavoTnTag KoIvAG pUBUIoNG auTwv Twv yovidiwv, n UnapEn, dnhadhn, Kovmv
PUBLIOTIKWV AAANAQUXIMV.
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MOTEAETMATA = TVZHTHZH

ITHN AAAHAOYXIA AIVC NPOZAENONTAI OI METAIMPA®IKOI NMAPATONTEZ
HNF-4, ARP1 KAI COUP-TFI.

H aMnhouyia Tou unokivnTr} apoAIV napoucialel KANoIeG opOAOYEG NEPIOXEG HE
auTEg Tou urokiviTr) apoCIIL. Mepikég anod auTtég ouvioToUv duvnTIKEC BECEIC NPOODEDNG
yia yvwoToUg peraypadikoUg napayovreg, onwg HNF-4, Arpl kai COUP-TFI. Me agkono
va OpIOBETACOUE TIG NPOCTATEUOWEVEG NEPIOXEG OTOV UMOKIVATH apoAlV, nou mbava
avTioToIXoUv Og povadikég 1 aMnhoenikaAunTOUEVEG BECEIG DEOUEUONG LETAYPAPIKOV
napayovTwy, akoAoudnoaue Tn HEBodo evroriopol MPWTEVIKOV anoTUNWHPATWV Nave
oe DNA napouaia DNasel (DNasel footprinting).

Mpokuyav TEOTEPIC NPOTTATEVUEVEC NEPIOXES,

A -22 €wg -32
B -42 £wC -84
C-120 €wc -148
D -250 £w¢ -274

KaBwe kal TECOEPIG unepeuaiobnTeg ot DNasel Oéoeic onw¢ gaiverar oTnV
EIKONA Al.

Ano auTég, Tnv Mo acBevn npooTacia QaiveTal va xel n nepioxn C nou gival kai
N avapevopevn Béon npoodeong Twv v AOYW OPHOVIKWV NUPNVIKAOV Urnodoxéwv. Merd
and noMEC enavalyelg auTng Tng neipapatikng diadikaciag. Ztnv idla  €Ikova,
KaTaAn&ape. SUvonTIKOG XAPTNG TWV NMPOCTATEUHEVMV Kal UNEPEUAITdNTWY aAAnAouximv
napatiferal oTnv EIKONA A2. '

AOYOANBNKAE NEPAITEPW HE TOUG NAPAYOVTEG NOU NPOCdEvovTal oTnV MePIoxn
AIVC nou ekTeiveral and 10 voukAeoTidlo —120 éwg —148: “AGGGTCACAAAAGTCCAA” n
onoia napouctalel WeyaAn opohoyia e Tn auvTnpnuévn Béon npogdeong Twv HNF-4,
Arp1 xai COUP-TFI.

MNa va digpeuvrooupe Tnv niBavotTnTa o HNF-4 1} kKal GAAa pEAN TNG OIKOYEVEIAG
TV OPHOVIK®Y UNodoxéwv va Hnopolv va avayvwpioouv kKal va npoodebolv oTnv
napanavw Oéon akolouBnoape T MEBOdO TNG METAROANG KIVNTIKOTATAG AOYwW
aMnAenidpaong pe NpwTEivn, YvwoTn wg EMSA (electrophoretic mobility shift assay). MNa
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To okond autd enipoAlvape KUTTapa Cosl pe NAGOUIBIOKEG KATAOKEUESG OTIG OMOIEG TO
cDNA Twv HNF-4, Arpl kai COUP-TFI ATav KAWVOMOINUEVO OE EUKAPUMTIKO (POpEQ
EKQPAONG. TN OUVEXEIA, KATAOKEUGoape oNKA KUTTApIKA ekxUAiopata and nnap
apoupaiou oTa oroia Ta enineda Twv NAPANAave HETAYPAPIKQV Napayoviwy ATav uynid
AOY®W  UNEPEKPPAOTIC TOUG. XPNOIOMNOIMVTAG WG QVIXVEUT TO padiocnuacpévo
oAiyovoukAeoTidio AIVC kal EBpavVTag Ke Ta napandve ekxuAiopara, dianoTwoape ot
KaTa TV NAEKTPOMOPNON, MPOEKUYWE KAl OTIC TPEIG NEPINTAOOEIG CUUNAOKO HIKPOTEPNG
KIVATIKOTNTAG (EIKONA A3). H OYeTikl OUyyEveld npOOodecnG Twv NAPANAve
HETAYPAPIKOV napaydvrwv otn Béon AIVC unoloyioTnke and pia oeipd avTidpacswv
npocdeong OTIC onoie¢ OTaBepd nood KuTTapikoU €kXUAIOUATOG yia Tov KaBe
HETAypagikd napayovra TiITAodoTrhBnkav and aufavopeva nood padloonuacpévou
avixveutn (av@Auon kata Scatchard, 128). H otaBepa didoTaong (dissociation constant)
nou unoAoyioTnke yia kGBe aMnAenidpaon Atav: 5.5 nM yia Tov HNF-4, 4.3 nM yia Tov
Arpl kai 7.7 nM yia Tov COUP-TFI. Zupnepaivoupe dnAadn OT1 n ouyyévela NpoOcdeang
otn 8gon AIVC eivai noAl napoOpola kal yia TOuG TPEIG WETAypaIkoUug NapayovTeg
(EIKONEZ A4A, A4B 8&A4C).

lNa va erBeaiwooupe oTi of {WVEG aUTEG opeiAovTal NpAyHarT atnv nNPocdeon
TV NApanavw HETaypagikmv napayovrwy, enavaidBape Tig avTidpaceig npocdeonG He
nupnvika ekyUNiopata and fAnap apoupdiou napoudia KATAMNAWY avTaywvioTwy,
dnAadn, un onuacpévwy oAyovouKAEOTISIWY nou €ival yvwoTto and noidv 1 noioug anod
autoug avayvwpifovrai: oto CIIIB, nou npogpxeTal and Tov UNOKIVNTH Tou Yovidiou
apoCIII npoadévovTal Kai ol TPEIG NPWTEIVES, aTn BEon «A», NMou NPOEPYETAl and Tov
unokivnTr Tou yovidiou HNF-1 npoadéveral povo o HNF-4, ev otn peTalaypévn B€on
AIVCM 8ev npoodéveral Kavevag and Toug napandvw. Ta ohiyovoukAeoTidia CIIIB kai
“A” nou gival yvwoTa yia Tnv IKavoTnTa Toug va avayvwpilovral and Toug ev Adyw
OpHOVIKOUG UNOJOXEIG, (PAVNKE va avTaywvilovTal eniTuxwg To padioonuacpévo AIVC oe
avTiBeon pe To peralaypévo AIVCM (EIKONA ASA).

H Tehikn] TauTOMOINON TWV NPWTEIVAV QUTWV £YIVE HE TO VA NPOENWACOUKE Ta
NUPNVIKA eKXUNIOPATA HE avTiowpara nou avayvwpifouv emAekTikG Tov HNF-4 (4a),
Toug COUP-TFs (Ca), n} ouvduaoud Toug (4a+Ca). Mapoudia TwV avrioWPATWV, HEPOG
TNG avrioToixng {wvng N onoia agopd oTo GUUNAOKO OAYOVOUKAEOTISIOU-HETAYPAPIKOU
napdyovTa, UQAavioTNKE va EXel Peipévn KIVATIKOTNTA, £vOEiEN Tou OTI TO QVTiCWHa
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avayvawpioe TNV NpwTeivn Tou GupnAokou. To 0TI €éva PEPOG TOU GUUMAOKOU diaTnpei Tnv
idla KivnTIKOTATA dnAwvel OTI MIBavoTaTa kai kanoiol AAoI napdyovTeg avayvwpifouv Tn
BEon autn f Om éva pEpog TnG npwTeivng €xel dilapUyel TG aMnAenidpaong He To
avTiowpa (EIKONA A5B).

Ma akopn no AenTOUEPN XapakTnpiopd Tng 6éong AIVC, akolouBrnbnke n
diadikacia napepnodiong Aoyw WeBuliwong (methylation: interference assay). 'Onwg
paiveral oTnv EIKONA A6, n npoodeon Tou HNF-4 napepnodileTal ané Tn pebuAinon
TWV youavivwv oTig Béoeig ~141, -140 kai =131 otnv kwdikry aAucida kal Twv youavivwv
-138, -136, -129 kal —128 otn pn kwdikr aAucida. H npoadeon Twv napayovrwv COUP-
TFI kai Arpl @aiveral va napepnodileral and Tn PeBUAIWON TV 0AlYOVOUKAEOTISIWV OTIG
Beoeiq —142, -141, -140 kai -131 oy kwdikn aAugiéa kai —138 oTn CULNANPWHATIKA
™G Ta anoteAéopara auta eniBeBaiwvouv OTI KAl Ol TPEIG METAYPAPIKOI NAPAYOVTEG
£xouv Tov 510 aTOX0 OTOV unokIivnT Tou apoAIV aAAa av kal aMnAenikaAunTouevn, n

nNpoadeot] Toug yiveTal HEow alnAenidpaong e SiIaPopETIKA VOUKAEOTIBIA.

H EK®OPAZH THZ ApoAlV EEAPTATAI AINO TON HNF-4

'Exovrag deifer 0TI oo HNF-4, Arpl xai COUP-TFI €xouv emikaAunTopeveg BEoEIg
npoadeong HETatl Twv voukAeoTidiwv —148 éwg —92 oTov unokivinTrh Tou apoAlV,
BeAjoape va SigpeUVAOOURE TO POAO TWV NAPAYOVTWV QUT®WV OTn HETAYpagn Tou
yovidiou.

Ma To okonod auTo QTIGEAUE HIa KATAOKEUN oTnv onoia Tpia avriypaga tng AIVC
8tonc akohouBoUpeva and Tov EAAXIOTO UNOKIVITH TNG BupIBIVIKNAG Kivaong Tou herpex
simplex virus €Aeyxav Tn HETAYPA®r TOU Yovidiou TNG AKETUAOTPAVOPEPAONG TNG
XAwpap@evikoAng ([AIVC];TK CAT). ZuvdiapoAUvape napodika kUtTapa HepG2 pe Tnv
KaTaoKeur auTh Napoucia (popéwv EKPpaocng yia Toug napayovreg HNF-4, COUP-TFI, f
Arpl (pMT HNF-4, pMT-COUP-TFI, pMT Arpl). Zinv EIKONA A7 qaiveral OTI n
~ peraypary Tou yovidiou avagopdg napouaia Tou HNF-4 auEABnke enTa QOpES, EVO N
napoucia Tou Arpl fj COUP-TFI katéaTelAe Tn dpdon Tou HNF-4. Mnopoupe, Aonov, va
IoXupioTOUE OTI O€ ex Vivo neipapata, n Béon AIVC eivar AEIToupyIkoG GTOXOG Yia TOUG
napanave oppavous opHOVIKOUG UNodOXEIG.

NapdMnAa, eAéyEape To anotéAeopa Tou HNF-4 aTov unokivnTr TngG ApoAIV ot

in vitro oUoTnua peraypa@nc. Ma To okond autd TonoBerrioape pia «eAelBepn ano G
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kagéra» (127) uno Tov EAeyxo TnG neploxng —1 €wg —700nt Tou apoAlV unokivnTH Kai n
KATAQOKEUN QuTH XPNOIKONoINBnke w¢ pATPa yia To in vitro oloTtnua petaypagnc. O
avTiOPAcEIG £yivav HE NUPNVIKA eKXUNiOpATa and finap apoupdiou, napoudia eidikwv
avTaywvioTov yia Tnv npdodeon e1dika Tou HNF-4 ("A” and Tov HNF-1 unokivntn), €iTe
Kal Twv Tpiwv avekaipera oppavav unodoxéwv (CAIVC”, “CIIIB” and TouG UMOKIVITEG
Twv ApoAlV kai ApoCIII avrioTtoixa). H avrtibpacn nou avTioTtoixei otnv TeAeuTaia
diadpopn €yive napouaia oAlyOVOUKAEOTISIOU Mou NPOCBEVE! EMNIAEKTIKA TO HETAYPAPIKO
napayovra HNF-1 (npoépxeTal and Tov uMoKIvATH Tou yovidiou Tng aABoupivng). Ta
anoTeAéoPaTa Tou MEIPAPaTog nou @aivovral oTnv EIKONA A8, deixvouv 0TI i napouaia
Tou HNF-4 eival anoAUTwG anapaitntn yia Tnv in vitro peTaypagr) TnG KATAoOKEUNG
auTnc.

To enopevo Brpa nrav va eAéyEoupe 1o av n dpdon Tou HNF-4 Arav n idia kat
oTa nAaioia Tou UNokIvNTA apoAlV, in vivo. Me Tn P€Bodo TnG napodikng diapdAuvong ot
duo kuTTapikES oeipég (HepG2 -nnaTikng npogAeuong- kal CaCo2 -evTePIKNG NPOEAEUONG-
) eAéyEape TV evepyoTnTa TNG Cis pUBUICTIKAG aAANAOUXiaG TOU YoviBiou OE KaTAOKEUN
otnv onoia g\eyxe TNV ék@paan Tou yovidiou CAT (apoAIV,CAT). H evepydTnTa TNnG
aMnhouyiag autig ATav noAU xaunAn kai aTic dUo NePINTROEIC O OUYKPION KE TO
control (nepinou To 1-1.5%) nou fATav To CAT und Tov €AeyXo Tou unokivntr RSV
(RSVCAT). Mia niBavr} €€qynon yia To anpoodoknTo autd anoTéAeopa frav n unapén
EVOC apvnTIKoU puBuIoTIkoU OToIxeiou kdnou Wéoa oTnv aMnAouxia auth. Na T
digpelivnon autou Tou evOEXOMEVOU dnpioupynoape Hia oeipd 5 eMeiyewv Tou
UMOKIVITT) Und Tov €Aeyxo Twv onoiwv Tonobetnoape kal nad 1o CAT wg yovidio
avaQopac. ZUYKEKPIPEVA, o EAAEIYEIC aUTEG eKTeivovTav HEXP! TO VOUKAEOTIBIO —556
[AIV,.556)CAT], -486 [AIV(456,CAT], 300 [AIV,(300)CAT], -285 [AIV.265,CAT]kal -167 [AIV,.
167CAT]. Ta neipdpara napodikng diapdAuvong HE TIG KaIVOUPIEG KATAOKEUEG KAl OTOUG
dUo kuTTapikoUg TUNoug dev £6woav SIaPOPETIKO anoTEAEOHA and auTd PE OAGKANPN TN
pUBUIOTIKN neploxr]. H avikavotnTa Tng Yeraypapng, dnAadn, Tou apoAlV unokivnTh dev
npénel va oQeiNeTal ot SE0UEUON KATAOTOAEWV TNG HETAYPAQRG OE Karolo/kanoia
OTOI¥EIG TOU UMOKIVATA, MIa Kai To i6lo xapnAd enineda peraypagng €XOUHE Kai OTIG
nEvTe eAEIYEIG,

H avriBeon aut peTafy ex vivo kal in vitro nepapdrev pnopei iowg va

EpUNVeuBel av OKEQTOUME OTI Ta ex vivo neipapata €emTeAoUvVTal OF KAPKIVIKEG
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KUTTApIKEG OElpéG OTIG onoieG Ta KUTTapa eival PEPIKOG anodiapopornoinuéva Kal
evOEXOHEVWG €xouv XAOEl KAMOIOUG NapAyovreG NOU esival iow¢ avaykaiol yia Tn
pETaypapn autol Tou Yyowidiou. AvrtiBera, oTo in vitro ouloTnpa pETAYPAPRS
Xpnoidonomnénkav nupnvika ekxuliopgara and nnap apoupdiou Ta onoia avauéveral va
gXOUV OAOUG TOUG MApPAyovTeg nou anairolvral yia Tn peTaypagn Tou yowidiou.
EvaMakTikd, n dia@opd auTn pnopei va avTinpoowneUel Tn iagopeTikn AiToupyia Tng
METAYPAPIKNG UNXavng navw o€ yupuvo DNA kal g DNA cuykpoTnpévo o€ xpwuarivn. Ze
éva in vitro olaTnua, Ta enineda TNG WETAypa@nG. eEAPTAOVTAl QNOKAEIOTIKG ano Tn
OI0BeCINOTNTA TWV HETAYPAPIKAV NAPayovTwyv oTd NUpnvika exxuAiopaTta. € éva ex
vivo neipapa, Opwe, Ta enineda WETaypagng HNopouv va nepiopifovTal kai and Tnv
avaoTePNG TAENG OpYavwOoNn -Nou OXETI(ETal We OOUN XPWHATIVIG- TNG OUYKEKPIKEVNG
nAaoBIaKNG KaTaoKeUNG Héoa oTa KUTTapa. To epwTnpa nou TiBetal ival va Bpebolv
Ta €0IKA aUTA PUBIOTIKA CTOIXEIQ NOU anaIroUvTal yia Tnv ékepacn Tou yovidiou in

vivo.

TA ANNOMAKPYZMENA PYOMIZTIKA ZITOIXEIA TOY F'ONIAIOY apoCIII

ENIZXYOYN THN EK®PAZH TOY 'ONIAIOY apoAlV.

‘Onw¢ npoava@EpOnke, o UNOKIVATAG Tou yovidiou apoAlV anéxel 6500 Baoeig
and Tov unokivnTi} Tou yovidiou apoCIIl wa kai Ta dUo yovidia aviikouv oTO idI0
oUpnAeypa kai £xouv avrinapdAnioug unokivnTeg (57). O unokivntig apoCIIl eivai
YVWOTO OTI anoTeAeital ano éva eyylug oToixeio npocdeong yia Toug HNF-4, Arpl ka
COUP-TFI kar kanola Mo arnopakpuopéva OTOIXEIG avayvaopions aAMwV ywoTwv (Mn.x.
Spl) kai ayvwotwv MeTaypagikwv napayovrwv (104, 144). MNa va eAéyfoupe TO
EVOEXOMEVO TNG EVIOXUONG TNG ékPpacng TnG ApoAIV and kdnoia aToIXEid TOU UNOKIVITH
apoCIII, dnpioupynoape Wi KaTAoKEUN TNV onoia eVvOEcalE T PUBKICGTIKN nepIoxr —65
£w¢ -890 and Tov uriokivTr apoCIIl pnpooTa and Tov unokivnTry apoAIV (uéxp! To
voUKkAgoTiSIo —700). To yovidio avagopdg CAT T€Bnke und To €Aeyxo autig NG
OUVBETNG PUBUIOTIKAC neploxnG. flpayuari, o€ neipauara napodikng SiapdAuvong oe
HepG2 kai Caco2 kUTTapa QAvnke OTI N Napoucia TV PUBMICTIKAV COTOIXEIWV TOU
apoClIII evioyuoe 9-10 QopEg Tnv HETAYpa®r) and Tov unokiviTr apoAlV. MNpoxwpnioape,
£tol, ot nolo AenTopepr avakuon TG aMnAenidpacnc Twv SU0  UNOKIVAT@Y

SNUIOUPYAOVTAC KIG GEIPA KATAOKEU®V HE To CAT uno Tov éAeyxo oUVOETWY pUBIOTIK®V



Kepdhaio A 12

aMnhouxiwv anod Tunuata Tou apoCIIl unpootd and oAdkAnpo Tov apoAlV. ZTn
OUVEXEIO, O KATAOKEUEG auTéG ehéyxBnkav OE MNEpapaTa napodikng dIAUOAUVONC o€
HepG2 kai Caco2 kUTTapa HE okonod va éwoniooups TNV €AGXIOTN NEpIOXN ano Tov
apoClIII nou anaiTeital yia To NApanavw Qaivopevo. Z& KABE kaTaokeur) eAéyxOnke kai n
enidpaon Tou HNF-4 pe napaAnAn enipdAuvon TwV KUTTAPWV HE EUKAPUWTIKG (Popéa
ékppaong Tou HNF-4. Ta anotedéopara auTrg TnG O€pdag neipapdtwv napoucialovrai
oTnVv EIKONA A9. H nepioxn ~500 €wg ~890 Tou unokivnTr} apoCIII nou avTioToIXEl OTIg
npooTaTeupéveg nepioxeg “F”, “G”, “H”, “I”, “)” Onw¢ NpokUNTEl and MAAQIOTEPEC
HEAETEG, RTav IKavr yid va evioXUoel Thv evepyOTnTa Tou unokivnTh apoAlV kara 17.8
kar 11.8 popég ora HepG2 kar CaCo2 avtioToixa. Ta anoteAéopara ATav nio 6pauaTika
otav n evdoyevig ékppaon Tou HNF-4 evioxUonke pe Tnv diapoAuven TV KUTTApWY HE
TOV QvTIOTOIXO (op€a EkPPacnG ZTnV NEPINTWON auTH, TA NAPANAVW aGNOTEAECUATa
Tpononoinenkav oTig 156 Qopég yia Ta HepG2 kai otig 50 yia Ta kutrapa CaCo2. H
EVIOXUMEVN aUTR &vepyoTnTa Tou apoAIV nrTav idla kal Of KATAOKEUEC Onou o
«EVIOXUTAG» EVTEBNKE KATA TNV avTioTpopn Popd, Onwg gaiveral oTo 6 TnG eikovag A9.
Mia kai givai yvwaTo o1l oTnv nepioxn —500/-890 Tou apoClIIl dev nepidaupaverar Bgon
npoadeonc yia Tov HNF-4, unopoUpe va unoBEgoupe 0TI ) evioxuon Nou Naipvoupe gival
anoTeAeapa TG aAMnAenidpaong Tou TEAEUTaIOU LE HETAYPAPIKOUG NapdyovTeg ol oroiol
npoadevovTal aTiC PUBIOTIKEC Béoelg “F”-"]” (nwg yia napadeyua Spl kai aor) (144).

'ETol, pe Ta PéEXP! Twpa dedopéva, autd NoU UNoPoUE va ICXUPIOTOUKE ival OTi
N napouadia OAwV TWV Ariopakpuopévv (upstream) oToixeiwv Tou unokivnTn apoCIIl
(“F”-"J") eival anapaitnTa KnpooTa anod Tov unokivnT apoAIV MpoKeIPEVOU va EXOULE
autr} Tnv HNF-4 e€apTmpevn evioxuon Tng HeTaypadnq o kUTTapa HepG2 kai Caco2. Ta
dedopéva autd eival o€ NAMPN CULPWVIa PE AQUTA NOU Npogkuwav and Tn MEAETN Tou
apoCIII unokivnTr ONoU Ol NEPICOOTEPEG WETAAAYEG OE KAnolo and Ta upstream
oToixeia 0dnyolv o€ KaTakdpuPn NTwoN TV eNINESWV TnNG HETaypaPnc. Towg npokeiTai,
dnhadr, yia pia anapaitnTn ouvepyacia PeETatU Twv Spl kai GAMWV HETAYPAPIKLV
rnapayovTwv nou npoodévovral Ot anopakpuopéva cis otoixeia pe Tov HNF-4 (oTa
otoixeia AIVC kai CIIIB Twv 600 unokivAT®Vv) yid Ta uywnAa enineda &paong Tou
TeAeUTaIOU.

H emiBeBaiwon TG undBeonc autng NATav To anoTéAeopa TnG napodikng
€NIPOAUVONG KUTTAPWV oTnv onoia n 8£on AIVC eixe petaAayBei katd TEToio TpOMno
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waTe va pnv eivai duvatn n npoodeon Tou HNF-4. Itnv nepintwon auTh, napd Thv
unapgn Tou evioxutn “F’-"J”, n PUBMIGTIKA EVEPYOTNTA TNG KATAOKEUNG ATAV MOAU
XaunAn anouaia kai napoucia HNF-4 (nepinou 25-30% TN evepyoTNTAG TOU UMOKIVATH
apoAlV uovo).

AuTr) n aMnAenidpaon Tou HNF-4 pe Toug napdyovTeg rnou avayvwpilouv Ta
upstream oToixeia Tou apoCIIl diepeuviBnke NApAAANAa kal HE HIa GEIPA KATATKEUMV HE
XIHaIpikéG pUBLIOTIKEG alAnAouxieg UNPOOTA and Tov €AAXIOTO UMOoKIVATH AdML. ‘ETOl,
TonoBethoape Tnv nepioxn “F"-"J” n onoia evioxuoe Tnv evepyoTnTa NEPINOU 5 POPE,
XWPIG va qaiveral va €xel kanoia enidpaon n napoudia Tou HNF-4 aTnv evioyuon auth.
H napoucia Tng 8éong AIVC pnpooTtd and Tov AdML dev eixe kapia enidpacn otn
HETAYPAPIKN TOU E€VEPYOTNTA, €V N ouvlunapgn Kai Twv dU0 PUBUICTIKAV NEPIOXWV
¢dwoe Tnv avapevopevn HNF-4-eEaptaopevn evioxuon Tng peraypagnc. Avaioya
dnme)\éopom NAPAKE KAl JE KATAOKEUEG OTIC onoieg Tou AAML nponynénke n Béan
CIIIB, “F"-"J""f} ouvduaopog Touc. 'ETal, n 3-4 Qopég alinon Tng PeTaypapng napouaia
piag Béong npdodeong Tou HNF-4, €yive 23-24 kal 15-30 @opéc al&non napouocia Twv
oToixeiwv CIII ata kuTTapa HepG2 kat Caco2 .avtiaToixa, oTav n nnyr HNF-4 ritav povo
TOo &evdoyeveG yovidlo. ZuvdiaudAuvon pe opéa EékppacnG HNF-4 peTéTpewe TIG
napanave TIEG o 148 kai 198 popég yia Ta HepG2 kUTTapa kai 118, 192 @opég yia Ta
Caco2. Ta napanavw anoTeAéopaTa ouvowidovral oTnv EIKONA 10.

OI Arpl KAI COUP-TFI EXOYN ANTANQNIZTIKH APAZH XIE ZXEiH ME

TON HNF-4 XTON apoAlV YNOKINHTH

>Tnv EIKONA All @aivovral Ta anoTeAéopara and pia oeipd nepapaTwv
napodikhg diapdAuvong kuttapwv HepG2 pe Tnv [CIIL¢] AIV-CAT kataokeun Kai
BIAPOPETIKEC MOCOTNTEG POPEWV EKPPACNG Yia Toug napayovTeg HNF-4, Arpl, kai COUP-
TFI. AuEavopevec ouykevTpwoeig Twv Arpl rj COUP-TFI €ival 1kavég va kaTaoTeilouv Thv
EVEPYOTNTA TOU evioXUTN. Ta anoTeAéopara avaoTpépovtal Pe unepekppaon Tou HNF-4
ota idia kOTTapa. Ta napandvw ATAV anoAUTWG avapevopeva, pia kar eixape Jeikel,
apevog and neipdpara in vitro aMnAenidpaong 6T oI NapdyovTeg auTtoi avayvwpifouv
TV Béon AIVC kai apeTépou and nepduara napodikng diapdAuvong AT KaTaoTEAAOUV
TNV €vepyodTNTa TOU UMOKIVATA apoAlV pe Tnv npdadeon Toug ortn Béon AIVC. O

avraywviopoc ue Tov HNF-4 yia  Tnv idla Béon npdodeong Toug kavel loxupolg
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KATAOTOAEIG TNG EVEPYOTNTAG TOU EVIOYXUTH HIa Kal auTh nnyadel and Tnv aMnAenidpaon
TOU TeAEUTaiOU PE NAPAYOVTEG NOU NPOCOEVOVTAl OTOV EVIOYXUTR. 'ETol, ATAv €niong
avapevOUEVO TO AMNOTEAEGHA TNG TEAEUTAIAG OEIPAG NAPOSIKMV SIapOAUVOEWY OTIC OMOIEC
TO yovidlo avagopag ATav und Tov AeyXo TNG OUVBETNG pUBMIOTIKAC aAnhouxiag WE
peTalaypévn Tn Bgon AIVC([CIII;.:JAIVCM-CAT). O1 napdyovTec auToi dev £Xouv Thv
(KavoTNTa va npoadevovTal aTn petaAhaypévn 8&an AIVCM,

H ApoAlV MMNOPEI NA PYOMIZETAI MEZIQ TOY MONOMNATIOY TOY

PETINOIKOY O=EOZ

'Onwg dianioTwoape o€ nponyoUUeva NeIpAPATa, o unokiviTAG apoAlV @aiveral
va eival avevepyog oe dokiyég CAT nou enmelouvral O ekxuNiopaTta ano kUTTapa
HepG2, aM\d va ex@paleral ikavornoinTika o€ in vitro agloTnua napouocia nupnvikwv
eKXUANIOUATOV and Anap apoupaiou. Tnv avtifeon autn, TV anod®oape ev Pépn oTNV
meavn UNap&n KAnoiou f KAMOIWY HETAYPAPIKOV NAPAYOVTWV ONUAvTIKOV Yia TV
£k(ppacn Tou apoAlV oTo nnap Tou apoupaiou, Ol onoiol anoucialouv and TNV KapKIvIKn
oelpd HepG2 (kam nou €ivai  QVAPEVOUEVO (G AMOTEAEOHA TNG  MEPIKNG
anodiapoponoinong TWv KUTTApwvV auTwv). TErolol napdyovreg 6a pnopoucav va
degpelovTal oTIG SIAQOPEG NEPIOXEG MOV (PAVNKAV va NpoaTarelovTal [e Tnv avaiuan
anotunopatog (Dnasel footprinting), m@ava Aoindv kar otnv nepioxy AIVC nou
HEAETAE EKTEVECTEPA OTNV EPYACIA QUTH.

H unoBeon auTr eival GOQWVN Kai Y TNV NapaTipnon and Tig NAEKTPOPOPAOEIG
UOTEPNONG KIVATIKOTNTAG TG00 napouadia avraywviotoU 000 Kal napoubia avTIoWHATOC
(abHNF-4, abCOUPTF) OTlI éva onuavrikd nocootd Tng {wvng AIVC napapével,
unodnAavovTag TNV Npdodeon kal AWV pUOHICTIKOV NPWTEV®V.

ANO HENETEG EPELVNTV, EXEl BEIXTEI OXETIKA NPOCPATA OTI KANOIEG anO TIG BECEIG
avayvopiong Tou HNF-4 anoteholv kai B£0€iG NPOOSETNG MEAOV TNG OIKOYEVEIQG TWV
UnodoxEwV Tou PETIVOIKOU 0&¢o¢ kal peTivoidav (RxR, RaR). TeToleg eival n Béon D Tou
unokivnTh apoAl, ot 8£oeig CIIIB kai TRH Twv unokivnTav apoClI kai HNF-1, avrioToixa
kai o1 Béogic B,C Tou unoKIvnTr TnG kapBapuAaong Tng opviBivng Maparnpwvrag Tnv
aMnAouyia Tou AIVC oMiyovoukheoTidiou, evronifoupe pia ateAr) Béon yia déopeuon Twv
RaRa, RxR: GGGTCA. Ia va diepeuvAcoupe TNV mBavoTnTa Npoodeong Twv napanave

napaydvTwv atn 8on auth, Napackeudoape oNKA KUTTapIka ekxuhiopara and KUTTapa



Kscpd)\alo A15

Cosl nou eixav enipoAuvBei pe @opeic ékppaong yia RxRa (pMT RxRa) kai RaRa (pMT
RaRa). Me 1n pEBodO TNG NAEKTPOPOPNONG UCTEPNONG KIVNTIKOTATAG e (pAvnke va
deopeleral wG opOdILEPEG Kavevag and Toug napanavw napdyovres. AvriBera, otav
avapi&ape Ta KUTTApIKG ekxuNiopaTta, To eTepodipepég Toug RxRa/RaRa oxnudriae Zavn
MEIWMEVNG KIVATIKOTNTAG HE TOV avixveuTr) AIVC, 0nwe Qaivetal oTnv EIKONA A12.

>Tn ouvéxeia, eAéyEape Tnv mBavoTnTa eTEPOdIPEPIOUOU Twv RxRa, RaRa pe
k@nolov anod Toug opgpavoug unodoxeic navw otn Béon AIVC wia kai otn BiBAloypagia
EXOUV NEPIYpagei TETOION eTEpOdiEpIopol OnNWE yia napddelyda RxRa/COUPTF. Ztnv
gikova A12 (aivovtal ohol o1 cuvduacopoi Nou Eyivav, Xwpig OHWG va EXoude anod auto
TouAdyloTov To neipapa evOeigeic yia Tn déopeuon aMawv erepodipepwv. ‘Etal, 1o
neipapa autd Sivel ia apyikn nAnpogopia yia TNV IkavotnTa npoodeong Tou
eTepodipepolg RxRa/RaRa otn Béon AIVC. Mével opwg va diepeuvnBei kal To KATa@ Nooo
naifel pubpIoTIKO pOAO N NPOCdECN auTh OTNV €Kppacn Tou yovidiou. To €NOHEVO
Aoindv PBripa eivai va NEPAcOUNE O ASIToupyikd neipduata yia Tn digpelivnon Tou
Quololoyikol pOAou Tou RxRa/RaRa. MBavd, extog and Tnv HNF-4 eEapTmpevn
HETAQYPAQH oTNV onoia opeihovTal Ta Baoika enineda ékppacng Tou apoAlV, £xoupe Kal
KATW and OUYKEKPILEVEG KATAOTACEIC Kal [ia enayopévn al&non Tou yovibiou, n pUBpIon

TN¢ onoiag va UNOKEITal OTO JOVONATI TOU PETIVOIKOU 0EEOG.
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LYZHTHZH - MPOONTIKEZ

MeTa and avaiuon anotunwparog, deifape 0TI N aAAnAouyia —92 £éwg —148 nou
giyape evroniosl and olykpion aAAnlouxiov wg mBavo oToxo npoodeonG yia Toug
oppavouc unodoxeic HNF-4, COUP-TFIL kai COUP-TFI frav npdypati npooTaTeupevn
and Tn Opaon Tng DNasel. Me nepapata npocdeong napoucia  KaTGAAnAwv
avTaywvioTOV Kal avTIoOHATeV in  vitro, eniBefaivoape To OT1 o napandvo
HETAypa@Ikoi napdyovTeg npoodévovrar pe MOAU napopola ouyyéveld nPOadeong Kai
aMnAoenikaAunTOUEVEG BECEIG avayvwpiong aThv ohiyovoukAeoTidikny ahnAouyia AIVC.
MeTaAdooovtac kataMnAa Tn Béon AIVC (AIVCM) pnopécape va KataoTeEAOUPE TV
aMnAenidpaon auth. Ze ex vivo neipauarta dianioTwcape o611 0 HNF-4 anoteAei éva
HETAYpaPIKO EVEPYONoINT Npoadevopevog atn Béan auTr, avtiBeta and Toug Arpl kai
COUP-TFI, o1 onoiol KaTaoTENOUV Tn HeTaypapn npoodevopevol otn Béon AIVC. To
YEYOVOC 0TI 01 NapdyovTe auToi givai NapovTeg kal aToug dU0 UNG PEAETN KUTTAPIKOUG
TUnoug pe npoéheuon To nnap (HepG2) kai To évrepo-(Caco2) pag odnyei oTnv unodBeon
OTI TEAIKA N €KAo f) N KATAOTOAN &vog Yovidiou 6nwg autd Tng ApoAIV 8a eEapraTal
anod TIG OXETIKEG EVOOKUTTAPIKEG OUYKEVTPAOOEIG TWV Napayovrwv autwv, dnAadn
avayeralr oTov TPOMo pUBHIONG aUTAV Kab' auTAV TwV PETAYpaPIk®v puBuioTwv. Mia
aMn evBiapépouca NapaTnpnon eival 0TI Kai Of TPEIG PETAYPaPIKOi NApAYOVTEG fnou
eZeTGTOUPE, QVIIKOUV OTNV OIKOYEVEId TWV OPPAVmV OPHOVIKGV UMOBOXEWV Hia Kal dev
éxel Bpedel yia kavéva anod autolq npoadEmne. To Yeyovog OTI gival evepyoi O OAOUG
TOUC KUTTAPIKOUC TUMOUG TOUG OMoiouC EMIOAUVOULE LE TOUG QVTIOTOIXOUG (POPEIG
ékppaonc, oe cuvduaoud pe TNV naparfipnon 0T n Béon npdodeong Tou «AyvwoTou
nPoodeTn» €ival £EAIPETIKA OUVTNPNHEVN OE OAOUG TOUG OpYaviopoug Orou £Xouv
khwvonoinBei o1 napayovreg autoi (and T dpocoPiAa pEXP! Tov GvBpwno) Hag kavel va
moTeloupe OTI autdg o NPoodETng ite Ba nailel kataoTaATikd poAo oTnV EvepyoTnTa
Touc, eiTe Ba eival napanpoidv Tou peraBoliopol nou eival napdv oe KABE KUTTAPIKG
TUMO. Av akolouBfiooupe Tn delTepn exdoxr) WnopoUue va unoBéooupe OTI n Unapén
kanolou npocadérn Ba eival éva emnAéov eninedo pUBUIONG TV napayovTov autov Kal
KaTA ouvénela kal Twv pubulopevwv and autolg yovidiwv. ‘ETol, otnv nepinTwon Tng
ApoAlV w¢ TEToI0G NPoodETG Ba pnopoUoe va 3pa kaAnolo napanpoidv  Tou
gvBokuTTapikoU AinmidikoU peTaBoAiopoU, TpononoiwvTag BETIKA f} apvnTIka TNV EKPpacn
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n/kai Tn dpaon Twv HNF-4, Arpl, COUP-TFI, avdhoya pe Tn peraBoAikn ¢daon Tou
KutTapou. MnopoUUe va 10XUPIOTOUPE OTI O Napandvw NapdyovTeg £xouv napoduoia
dpaon o€ kanoleg oadeg yovidiwv, YEYOVOG Nou CULQWVEL HE TRV napandvw unodeon,
ala Oev 10xUel anoAuta o OAeg TI NepINTOOEIC. Eniong, To 6T oI napayovTeg auToi
puBpifouv pia MOAU PeYAAn nolkiNia AEITOUpyIKG AOYXETWV yovidiwv Onwe NapdyovTeg
A&NG Tou aipaTog, NPWTEIVEG TOU 0poU, NPWTEIVEG MOU OUHKETEXOUV OTO PETABOAIOHO
TV Aimdiwv, oTepoeIdmwV, apIVoEEwV, YAUKOING K.A.N. NEPINAEKEI akOUa NEPICOOTEPO TNV
napanavw Bewpia. Mia Bswpia nou Ba pnopolace va eEnynoel Tov kovo Tpono plduiong
noAwv anoAinonpwreivav (n.x. ApoAl, ApoAll, ApoAlV, ApoCIII), ivar 6T OAa auTtd Ta
yovidia €xouv npokUyel and €va apyiko yovidio He Diadoxikéc eAAeipeic, NpooBnKeC,
avacTPopEG, HETATONIOEIG kai AINAACIAoUOUG dIaTnp@VTag auoTnpd ouvTnpnUévn Tn
B¢on npoodeong «op@avav» NUPNVIKWOV Unodoxéwv. ZUPQWVEG W' auTth Tn Bewpia eival
KAl Ol (UAOYEVETIKEG HENETEG MOU KATAAyouv OTO CUUNEPAaua OTI Ta yovidia ApoAl,
ApoAIl, ApoAlV, ApoCIII £xouv npokUyel and oeipiakoug SINAacIaopoUG Kal HETABETEIG
Tou yovibiou TnG ApoCl. _

Ag enioTpéWoupe Twpa atn pUBuion Tou yovidiou TnG ApoAlV. Me pia oeipa
nelpapdrwy in vitro kal ex vivo diamioTwoaye o n 5 puBUIOTIKA nepioxr Tou yovidiou
NOU EKTEIVETAl PEYXPI TO VOUKAEoTISIo —700 fiTav Ikavn kai avaykaia in vitro aAAa ox! kal
in vivo yia va odnynoel og peTaypapn. To KUPIOTEPO PUBHIOTIKO OTOIXEIO OTV MEPIOXN
auTr deifape o eival To AIVC nou anotelel xai Tn B€on NpOcdeong Twv napanave
pubuioTwv. H aduvapia Tou aToixeiou AIVC va AeIToupynaoel Je Tov iBlo Tpono kal oTo
ex vivo oUaTnua, pnopei va eEnyndei and tnv noAunAokdTnTa TG SONG TOU UMNOKIVITH
ANoyw avoTtepng TAENG XpwupaTmivikiG opydvwong. H avacloracn in vitro Tng
HETAYPAPIKNC PNXAVAG EUNEPIEXEI TOV KivOUVO TNnG UNEPAnNAOUOTEUCNG TOU GUOTAKATOG,
nou odnyei G€ avTIKpOUOKEVA in Vivo Kal in vitro anoteAéopara. H avaykaiotnTa kanoiwv
enimAéov puBUIOTIKWV aMnAouxiwv in vivo al@ ox! kai in vitro gival kGt nou éExel
napatnpnOei kai oTn HEAETN TNng pubuiong GMwv yovidiov (alAT, avBpwmvng
Tpavogepivng) (13, 96, 131, 92).

'Erol, otnv nepintwon Tou yovidiou apoAlV, 8eifape OT eivar anapaitnTn n
Unap&n TwWV anopaKPUOHEVWV PUBUIOTIKWV GAANAOUXIGV YIa TNV UYNAR HETAYPAQIK
EVEPYOTNTA TOU Yovidiou. Aev HnopoUpE va 1oXupioToUpE OTI KATI TETOI0 GUHBAIVE

anapaitnTa kai otn GUoN MIa Kai OAa Ta neipapaTa €xouv yivel e KATAOKEUES Mou
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(PEPOUV NMOAU kovTd TIG U0 puBUIOTIKEC aAANAOUXiEG SivovTag T duvaTtoTnTa oTov HNF-
4 va aMnAenidpacel He TOUG HETAypapikoUs NapayovTeG NoU NPOadEvVoVTal OTa OToIxEla
“F"-"3". Ta anoTeAEoUaTd pag, oUW, €ival OE anoAUTH CUPQWVIa PE auTa and PEAETEC
oe Olayovidiakd rovTikia, 6rou n aMnAouxia péxpl Ta —6500 voukAeoTIdIa evioyue
NNaToeidika TNV éKPPacn Tou yovidiou. And GAA epyacTiipia €Xel EVTOMIOTE! Kal pid
delTepn aMnhouyia oTig 3500 Baceic navw and Tov unokivaTh apoAIV nou nNePIEXe! pia
Bcon npoodeang yia Tov HNF-4 kai evioylesl O HIKPOTEPO BaBuo Tn HETaypagpr Tou
yovidiou. H evioxuon, 6pwe, fTav noAU nio eVTUNWOIaKr oTnV MEPINTWON TOU NP®WTOU
evioxuTR. H aMn)ouxia “F"-"1” éxel deiTel and PETAYEVEOTEPEC WENETEG, OTI Nailel Tov
i510 poAo kai aTnVv €kppacn Twv anohinonpwreiviov ApoCIIl kar Tng ApoAl. Mnopoupe
Aoindv va Bewpngoule Tov evioxuTn “F"-"J" wg evopxnoTpwTr TNG éKppaong Tou cluster
autol. AVAANOYEC MEPINTWOEIC GUVTOVIOPEVNC PUBHIONG yovidiwv and Koivij puBuIoTIKN
NEPIOXN €XEl ava@epBel OTRV NEPINTWON TOU GUUNAEYHATOG TG B-aoaipivig kabng
€niong ka1 Ta yeITovika yovidia Tng aABoupivng kai TG a-PeTonpwTEVNG.

'Onwg Seifape, o evioxutng “F’-")” gival dpacTikdg HOVo O ouVEPYAasia e kanoia
Béan npdodeong Tou HNF-4, yeyovdg nou unodnAwvel TV avaykaiotnTa
aMnAenidpaong Tou HNF-4 Le Toug peTaypa@ikol NapayovTeG Nou NpoadevovTal oTov
EVIOXUTN. KAt TEToIo QaiveTal aQevog Pev anod To YEYOVAG OT n dpdon Tou evioyUETal
OTav O€ [Ia KATAOKEUN OUuvVUNdpxel pe pia Béon npdodeong yia Tov HNF-4 (kam nou
oupBaivel in vivo aTov unokivnTh The ApoCIIl) kai apeTépou and Thv aduvapia Tou va
evioxUoel Tn peTaypa®n ovrag Sinha and wia pPeralaypévn Béon npoodeong yia Tov
HNF-4. Ano TIC péXp! TOPA PENETEG Dev eival YVwOTOI O NMApAyovTeS MoU NPOadEVOVTaI
OTOV EVIOXUTH), KE €Eaipeon Tov Spl nou eivai yvwoTo 6Tl npoodéveral ota oToixeia “F”,
“H”, “I". e dMoug unokivnTég, 0 HNF-4 éxel Bpebei OTI ouvepyaleTal pe NapayovTeg
onwg o C/EBP (otov ApoB, 94), 4 o CREB (otov TAT, 102). O akpifnig Tpomnog
ahnAenidpaong dev &xel diaAeukavBei og kapid and TIG Napanavew NepINTOOEeIG. Eniong,
Oe yvwpiloupe av Kanoiol cupnapayovTeG anaiTouvTal yia Tnv aMnAenidpaon auTn.

2Ta ex vivo neipapara pag, o evioxutng “F-"J” Arav evepyog 1600 ora HepG2
600 kal oTa Caco2 kUTTapa (NNATIKAG Kal EVTEPIKNG NPOEAEUONG AVTIOTOIXA) EV® MEAETEG
oe diayovidiakd novTikia kat o€ avBpwnoug evronifouv Tn dpdon Tou yovidiou kupiwg o€
KUTTapa TOU EVTEPOU Kal Ot NOAU MIkpoTEPO Babud o€ kUTTApa Tou AMATOG. AuTh n

anokhion peTa&y in vivo kai ex vivo anoTeAeopdTwy, pnopei va eEnynbei and Tn pepIkn
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anodiagoponoinan TWV KapKIVIKWV CEIpoV MOU GUXVA TIC arodakpUVEl apKeTa —
BloXnHIKG kal A&iToupyIkd- anod Tov KUTTapiké TUNO and Tov oroio nNpoépyovTal. 'ETol, Ta
KUTTapa HepG2 eivai Bioxnuik@ noAl mio kovrtd oe kUTTapa ANAtog €eUPPUIKNG
NPogAeUonG napd ot nnap evnAikou atopou (121). H diapoponoinon aut niBava
avravakAa kai To npoTuno €kppacng Tng ApoAIV kata Tn didpkeia TnG avanTugng.
EvalakTikd, 8a pnopoloape va anodwOoOUNE TG avTIKpouopeva autd dedopéva otnv
mbavr} Unap&n PETA-HETAYPAPIKOV HNXAVIOU®Y MoU va guvoolv TNV EKPpacn Tng
ApoAlV oe uynAoTepa enineda oTo £vrepo. TETolol pnyaviopoi 6a pnopolcav va
agopolv aTn oTabepotnTa Tou MRNA, otV IKGVOTNTA WETAPPACHG TOU I OE pETa-
HETAPPAOTIKEC TPOMOMNOINCEIG MOU va ENITPENOUV UYPnAOTeEPa enineda kal PeyaAuTepn

evepyoTnTa TNG ApOAIV OTO EVTEPO.
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TOV UNodoxéa Twv unepAinonpwTeivaipia
AInonpwTeivdv AoU NEPIEXOUV
" ApoE .
< // B A A A AN A A A AN AAAA N AV A A AN RN VAANAAANAAAAA AN AN AAAAAAAAAENAAANAVAAAN SN Wﬁi

>‘ nINAKAi 3' T| vapu(oupe VIO qu |o np

E(‘, anoAiNONPWTEIVEG,
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2 EIKONA A1l: Xaptoypaopnon TV BEEWV npooéeonq (A, B, C, D) nupnvikamv napayovwbv oTov §§

< QIR

~
PNV \n«

v
DAL

\ unokivnTr} apoAIV. H avaluon anoTunwpaTtog £yIVE pe IXVNBETEG ONPACHEVOUG GTO 5’ AKPO Toug ><'
)g nou ekTeivovTal and To —165 €wg To +10 (A) ka1 and To —322 £w¢ +10 (B) voukAeoTibio Tou %

& (] [ v s [ 1 1] %
¢ unokivATr Kai NUpNVIKa ekxuAiopara and fAnap apoupaiou OTIG NOCOTNTEG Nou avagépovTar. H 5%

VAN

¢ ahAnAouyiag Twv avIXVEUTGV.

N NN, NN NN NN
AAMWW&/ RPN PPN P RPRPRAARPNNNARENN

% Siadpoun G/A avminpoowneler Tov katd Maxam-Gilbert npoodiopIoPd TNG VOUKAEOTISIKAG %
3
>y
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© 380 YGTEGAITTGODIN AN ATAAGROUGALAN AR ALTCAR GALGOOGOCAGTAL
-3 GOOCT UL AGGCAT AR TS OO TCAY GO CY D TRAGG Y GY TS TOSTAST
~ 274 um?cwﬂcmcyccch TECTGAGG TTSETALOOTOOGGGIBGG
- B GOYGOICALGOACOGAATAG CCAGCACT TCTAACCTATOMOCIGA G T GAT
168 GIOCTGICABCTIONACS T (I Y R T
BLY GOGLATOTGRTCALCYICCAIK TG SR ACTGAGBAAGGRUGACGGG
B34 nmaccnwmocmimm ﬁEAmﬁ&ﬁmwrfﬁ

“1% CTOTGAGOTTCAGT:

A VALV A . N ~
PR A S AN AR AN AAAAAA A A A AN AAAANSIAVAAAV A A V\Q/\Y§

EIKONA A2: H o)\)\n)\ouxla Tou UﬂOKlvr]Tl'] NG ApoAlV. e Halpo @oOvTo PpaivovTal Ol NEPIOXES {{

>
>
>

(A, B, C, D) nou eival npoomrsupevsq ané T dpdon Tng DNasel. §5

A AAAAAALANAAALA

~ AT ATAATA
NARR AN AN ANAAAAN AAAA A AN EOAAN A AN ANAAA AN

RIS RIRIRINIRINIRINININNINNNINN,

AN AN -,

/\, NAVSOAV A SSEVANAA P
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HNF-4
0.2¢ 7 Kd= 5.5 nM
&
%
o
t T ]
0.2 0.4 0.6
Bound (nM)
Arp-1
031z L © Kd= 4.3 nM
§ 0.28 -
§ [e]
2 o2 o
0.20 _|
0.16
&
03 [ X
Bound (nM)
Ear-3
Kdw 7.7 nM
0.0 |
o o
g oos | ®o
e Q
3
8 006 . ° %
0.04
H 1
0.1 0.2
Bound (nM)
g/ PARANRRNIAARNNNINANPNNNAI LR RN S AR NNARARNANANAPNANNN RN N RARARANRN A FANAY

EIKONA A3: Enctepyaoia éeéouévuf);/ katd Scatchard and neipapara 6éopeuang Twv COUP-TFII,
éz COUP-TFI kai HNF-4 on 8éon AIVC. ZTov GEova @ aneikovilovTal ol TINEG Nou avTIoTOIXoUV OTO %
\Q Aoyo npoodedepevou / eAelBepou avixveutr) (AIVC) (Bound/Free), eve oTov agova X ol TIPEG nou
3 avTigtoixolv oTo deopeupévo AIVC (Bound). O1 Tiuég Kd avTinpoownesliouv TG ouwevalsq §

NANAAAAAAN

AN

<
\'>(
2
?ﬁ NPOCGETNG TWV TPIOV LHETAYPAPIKDV NapayovTwy.
2

P . N AN, AN 0 DN /\/\/\/\ AN AR AN S ANTAATATAY e
A AN S A AN A ANSARA AN DA NN NN N S AN A A A AN A AN A AAAAAAAAAAIAVAAAVAAA A A A A A AAVAVAA A RN

AATAIAA
2)/\1»’\ VAV

<




Kepdhaio A 24

Arp1
Ear-3

HNF-4

k4
L
o
Cos extract -
Probe : AWNC

v

R PRy RS . o
S NSRS AN A AANNS R RIRIRIRR LRI SRR RN SININNINRIRINGN G RN,

EIKONA A4 O napayowsc, HNF 4, COUP-TFII kai COUP—TFI npogdévovTal oThv alnAouxia >§

AIVC O1 avmidpaosic yivav napoucia padloonuacpévou dikAwvou avixveuTtny AIVC (probe) kai §

S

oAu«ov KUTTapIK®V ekxuNiopaTwy (extracts) and kutrapa Cosl (mock), f diauoAucHEva PE TOUG
>< popeic ékppaonc pMT2 HNF-4 (HNF-4), pMT2 COUP-TFII (COUP-TFII) kai pMT2 COUP-TFI

\
Y
<

RE

(COUP-TFI). & k@6¢e avTidpaon npocésonq XPNOILONOINCAE 5 g NpwTeivav.

>

5

Q

AAAAAA N s ANVANAA, ARANAA A LA
/%f\w{\//\ﬁ\/vx ARRARINANRNNINININNNINN: RN, N RARRNNNNNNEN AL

k«/’\\/\/\/\/\/\/

3

§
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A’ B.
EXTRACT : Rat liver > EXTRACT : Rat liver -
PROBE ;. ANWC 5 PROBE : AWE vy
COMPETITOR @ - AIVC GHIB o R Y. — ANTIBODY : cue 4n Ca 4a+Cs Pre

EIKONA A5: AgnioTwon Tng IKavoTNTag NPOOBETNC TWV OPHOVIKGWV MNUPNVIKGV unoboxé(:w%
apoupaiou (10 pg GUVOANIKAG NpWTEivNG Ot kGBe avtibpaon). ZTo TUAMA A Tng €kovag ol

2 mavw otnv aAAnhouyia AIVC (probe) xpnotponoiovrag nupnvika ekxuliopara (extract) anod finap §
avTidpaceic &yivav napoudia / anoucia SikAwvou kplou avraywwviory (competitor) (AIVC, CIIIB, %
$

% avmowpartwy (antibody) evavriov Tou HNF-4 (4a), COUP-TF (Ca) N ka1 Twv dUo (4a+Ca) 1) Tou

|
|
A ka1 AIVCM) oe 100 opég poplakng nepiooeiag. 1o Tuiua B PAénoupe Tnv enidpaon Twv %
0
npo-avoconoinpévou opoU OTav auTa NPOENWACTNKAV LE Ta EKKUAiopara. f

o T L A N TN A A A A AR A AINAA N A A AN NSNS RUNUN
A NN IR RN VA MV NVAVAVAVAVAAVAVAVAV VAV ’\/\/\\/\/\/\/\N/\/\/\/\/\/\/\/ RRINININNINA R A SRR NN

AAVAY

’(
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A B. c. D
MNuclear extract HNF -4 Arp-1 Ear.3
anti. anti- anti- anti.
SNG8 SeNnse S8N8e sense Sanse 3eNnse Sense SenNnse

FBF Faf FBF FBF" FBF FBF

REJ
A3E - —

——- — % - b e -
e e e s e . - - :ﬁ [
[ SR -2 CEOE e s e .- < axe 4 e .. O e

-l 120 - e

[, ———

w———— — - w5 Wi
an—— :__: a— -
O : Rat liver
® I UNF .4
A :Arp . E.
A :Ear.3
243 )
o Q
7 SGT CACAAAAGTCCAAGAGGC c
TAGTCTCAG
ATCAGAGTCCCAGTGT AGGT TCTCCGG
® ®
o o o o

A
&

AN A ACATATA RIAATATAVAS
LLENINAARAIN LRI ARG . RN IRRININRINNNNNNNAINA,

4 EIKONA AG Mapepnodion cuvdeong Aoyw peBuAiwong Tng nepioxng AIVC. O avnépaoslc,

N A A A A AN A A NN A,
NN VAAVSEAAA N VNS IS

I< \
&
o

AAA
A ~ ~ ~ AN Y
AR VWMW$WMNM

’ npoodeong npayparonomenkav Pe pepika pebuhiopévn T dikhwvn alnlouyia AIVC, onpacpévn
Z oTo 5’ akpo NG KwdIKAG aAuaidag (sense) i To 5’ akpo Tng avrikwdikng (antisense) aAucidag. Ta
¢ exXuAiopaTa nou Xpnolgonoinoape Arav and nupiveg ANAaTog apoupaiou (A) fi oNikG KUTTapIKG
gkxuAiopata ano Cosl kUtTapa diapoAucpéva and pMT2- HNF-4 (B), pMT- COUP-TFII (C) kai
>3 pMT-COUP-TFI (D). O oupBohiopog F avageperal oto ehelBepo npwteivov DNA, o B oo

3
<

3 deopcupévo DNA kal Téhog o F* oTo eheliBepo DNA nou anopovaBnke PeTd Tnv aAAnAenidpaon 4

\ e Ta ekxuhiopaTa. O1 peBuNinpéveg G nou ennpéacav Tnv NPOcdEcT TwWV NPWTEV®DV (aivovTal

> oTo TuAua E Tng eikovag. H peyahlTepn 1y pikpdTepn enidpaon aneixovieral pe 6|a(popsT|Kou

N

N NN
P AIINA

HEYEBOUG cUpBOoAQ.

R A A A A A A A A A A A A A A A A AA AR A DAY, A
N A A A AT A A A AN AN A AAA A A A AN A AV AN A A A AN AAA NN IR BN IR

o
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(
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A 800

40

400 .

200

Normalized CAT Activity %

TR-CAT
{AIVCI3TR-CAT “ + + + +
pMT-ANY-4 - - - + | +
P T Arpel - - - 4 .
pPMT-Ear-3 - - - - +*

S A N AR A AAAAAAAADAAAALANARAA
>(A S A A A A AN AAN A A A ANAA A A AN AV NANRANANRS RS

NRINNNRNRNNINANINRNRNN,

&
2 EIKONA A7: O AsiToupyikoG poAog Tng 6éong AIVC Tou unokivnTr apoAlV. Kutrapa HepG2 %
N

@ SiapoAlvenkav pe 2 Pg and Ta nhacuidia avagopag TK-CAT f [AIVC];TK-CAT napoucia(+) / ?
S «
2 anougia(-) 2 pg Twv pMT2-HNF-4, pMT2-COUP-TFII kai pMT2-COUP-TFI @opewv £KQpATNG. 270 é
2 , , . . , ] . &
% 10TOYpappa avanapacTdVTal Of HECEG TIUEG TWV KaVOVIKONOINUEVAY evepyoTiTwv CAT ano névre g

SIapopeTIKa nelpapata pe dUo aveEapTnTeEG NApackeués nAacpidiakol DNA. Or TiIpég exppalovTal %

VAN

g< WG KAVOVIKONOINUEVA NoooOTA TNG AVTIOTOIXNG EVEPYOTNTAG nou £3woe n kataokeur [AIVC];TK- §
$ CAT (normahzed CAT activity %). 5

¢
S o g A A AV A A A A A A A A A A A A A A A A A A AN AN AN NN INISININSIN, NS
«Q/\% A RARAR I RARRN RIS 5NN ANANARNRNNAN: \/\/‘/EW
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COMPETITOR: — AlvVCCliea “A” AbPE
{100 ng)

380

180

A A, » B N A A A A A AT AT AT AN NN AN
A N A N N A A A S A A A A A A A AAA AN A A A A A A A A A AAAAAAA N AR

EIKONA A8: HAekTpopdpnon delypdTwv neipdparog PeTaypa@rig in vitro, onou n uATea AIVmO 8
- GI(380) ENWACTNKE [PE NUPNVIKA eKXUAiouaTa and Anap apoupaiou, nagoucia f] anougia 100ng §§
dikhwvou pn onuacuévou avraywviaTn (competitor) onwg qaivetal oe kabe diadpopn (AIVC, %
 CIIIB, “A”, AIbPE). daivovTal Ta npoidvTa Tng YeTaypa@ng and Tnv und é\eyxo pntpa (380) kai %

A o
NN AN A AAAAAACA

o3
N
<<
¢« Ta Oeiypara eAéyxou AdML(180). ;2
>>
RN AN AR RN+ NN A RN NN N NN AN R AR PN AN RN NN NNIARNRRAR L 7 NRR
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Heptz2 Carol

mom

| ATV-CAT oo
s (et B A W0
(CLIT J=C] ALV-CAT | % 9

¢ (CIID JF) AIV-CAY HE 456
§ [CHI J-F) ATVCH=CAY 19
6 [CIIT P=J) AIV-CAT 1505
T [ by AT TR 102
¢ [CIIT B} AIVACAT 1230
g (CIIT B=G] ATV-CAT 15 15
i (CIT GeF] AIV-CA? i1 18
L eI ) Ao TY.
P (CIID 6] AV-CRY 1718

<(

&

<\

AR

<
5

>

N

2

i
LA

,>>

;

@
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INIRRININNIRIRINNININ NN INNANINRINNN N AN A AAVAVAVAV AV,

( IUETCIYDO(DIKF] EVEPYOTNTA TOU UMNOKIVNTH TOu apoAlV ce kUTTapa. Ta kuttapa HepG2 kai CaCo2 8

< HNF-4. Oi apiBpoi avTinpoownelouy TiG PEOEG TIEG TNG EVEPYOTNTAG CAT (n TuMIKA anokAion Twv {

> onoiwv dev Eenepva 1o 10 %) and nevre enavaAnyeic Twv NEPAPATwv Kai dUo SIapOPETIKEG %

N A A AN A N A AT A A A AR A «

N A A AN N A A A A AR A A A AN A A AT AT AACAVAYAYATACATAVAAAS
N R R AV AVAANNAEVAVAVAVAVAVAVAVOWAS

S AN AN AN AN A AA A \/ NN RAVAAVAVAVAVAVAVAVAVAVAV

EIKONA A9 Ta pakpiva (upstream) pUBMIOTIKG aTOIXEIa TOU yovidiou apoCIII av:oxuouv ™ ? :

:

SiagoAuvenkav pe 2 ug DNA Twv nhacubiwv avagpopag nou napougialovral Siaypappartika aro %
apioTEPO PEPOG TG EIkdvag, napouocia (+) 1 anouoia (-) 2 pg DNA Tou opéa ékppaong pCB- < g

g

NAPACKEUEG TWV AvTIoTOIXWV NAQoIBIak®V kaTackeumwv. O TINEG napouaialovTal O CUCKETIONO <§
{\
(&

A A A O VN
RN SIS R

HE TIG TIUEG NOU NNPAYE PE T KGTGGKEUI’] AIV-CAT.

NN, A N A A NI N NN N TN TN AN ANAA/NAAATAIN
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HBPG'Z Cacod

| pHL-44-CAD

59 64 54 48

T

(CI1T J-F) ML-44-CAT

3 ALVC ML-44-CAT 30 14 28
5 [CHE -] e edt-cr JHIHEHGHR-E ‘ B ugy 151 1180
5 CILIB M- 44-CAT 15 43 26 49

§  [CITI J<F) CII1B ML-43-CAY w_f"fl{} @-— M5 1980 300 1920

N AAAINRI A A A A A A A A A A A A A A A A A A A AV A A A A AAVAAAA INAVAVAVAVAAN
IR ININ N IR NN RIS A NN RINNARNINNNING AVAVAAAVAAVN

% EIKONA A10: Ta anopaKpuopava (upstream) puBuioTIKG oToIxeia Tou apoCIIl evioxUouv Tnv

<i HNF-4 eEapTpevn peTaypa@ly Nou enayetal and XIHAipIkoUG UMOKIVATEG nou nepAapBavouy

A A N AN ATAAA
MV AV AVAVAV

: HEMOVWUEVEG BEoeig npoodeang yia HNF-4. KUtrapa HepG2 kai CaCo2 SiapoAlvenkav Je 2 Jg
;2 DNA Twv nAaopidiwv avagopag nou @aivovral oXnpaTikG OTo apioTepd WPEPOG TNG €IKOVAG,
¢ napouoia (+) 1} anoucia (-) 2 pyg DNA and To @opéa Ekppaong pCB-HNF-4. Oi apiBpoi
¢ avTINPOOWNEUOUV TIC WETEC TIMEG TNG evepyotntag CAT (n Tunikr anokAion Twv onoiwv Oev
5 Eenepva To 10 %) and TECOEPIG ENAVANYEIG TwV NEIPAPATV kal dU0 DIAPOPETIKEG NAPACKEUES

. Twv avTioTolXwv NAaoUISIakwv Katackeuwv. Or TIPEG NapoucialovTal O GUOXETIONO HE TIG TIHEG

A AN AN
N A A A AN AAVAAAAAAAAAAAAAAAAA

¢ MOU NMAPAyE PE Thv KcTachsur'] pML-44-CAT

\§
AN NATATAANATN A A A A A N ATATATATA R A A A AN AT A A A AAAT AT AT

A A A A AR A A AL
SRR AN IR NI IR INISININNIND 2 S INIRINNIR NN NNINAINININANINNINNANN RN, NANA A R

A A AN A AN AN AROAANAAA
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{e
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Normalized UA§ activity %
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5; EIKONA Al1: H GVTQY(.OVIOTIKI’] dpdon Twv HNF-4 kar COUP-TFII Ear-3 0'rn peTaypaen TOU

\} yovidiou apoAlV. kiUTTapa HepG2 diapoAuvenkav pe 2 pg DNA Tng kataokeung [CIII; JAIV-CAT 23
é (A kai B) | 2 g DNA tng kataokeung [CIIL JAIVCM-CAT n onoia nepiAauBavel Tn peralaypévn %

<4

% 8¢on npdodeong Tou HNF-4 (C). Ta voluepa avTinpoownelouv TIG HECEG TIPEG TNG EVEPYOTNTAG

NIRINNNINININN

% CAT (n Tunikn andkAion Twv onoiwv dev Eenepva To 10 %) (normalized CAT activity %) ano Tpeig §
% £NAVAAAYEIG TWV NEIPAPATWV Kal dU0 SIAaPOPETIKEG NAPACKEUEG TWV aVTIOTOIXWV NAQCHIDIAK®OV ¢
%i KaTaokeuwv. O1 TIHEG napouoialovTal O GUOXETIONO LE TIG TIPEG nou nnpape pe Thv [CIIL ¢]AIV- g?

IR NN IR ININPANNINARE . RINARINRINNINNINNNANINNNNNNNNNRNRNRNNANNARNANNNNNNNNNNNNNNNNNP R NN SRR,
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#one Agils .
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< EIKONA A12: H)\SKTpO(pOpI]O'I’] UCTEPNONG KIVATIKOTATAG yia Tn Béon AIVC (probe), napoucia §<
. Didpopwy  ouvdUaopmv and OMKA KUTTapika ekyuAiopata (extract) kuttapwv Cos:Arpl, g

" Cos:COUP-TFI, Cos:HNF-4, Cos: RxRa kai Cos:RaRa. 52
> RS AR A ARARAR AAAAMAAAA AR AAA AR AR AAAAAARAA A AR







H $QEPOPYAIQXH TOY HNF-4
YE TYPOXINH EINAI
IIPOYIIOGEZLH I'A THN
ITPOXAEZH TOY XTOYZX
XTOXOYZX TOY, KAITIA TH

METAT'PA®IKH TOY
ENEPI'OTHTA
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Av kai 0 HNF-4 ek@paleTal 0 OUYKEKPIKEVOUG 10TOUG, €xel €Eigou KaAn
HETAYPAPIKA EVEPYOTNTA O DIAMOPEG KUTTAPIKEG OEIPEG AKOUA Kal O KAMOIEG nou
dev eival NNGTIKAC NPOEAEUONG, stoqu nou unodnAwvel 6T Sev anaiTouvTal
NNAToEIdIKEC HETA-PETAPPACTIKEG TPOMOMNOINCEIS yia T dpacn Tou.

EvTouToIG €ival YVWOTN N avTipaon HETALy Tou npoPAEnouevoU HeyeBoUG TNG
npwTeivng Baon Tng alnhouxiag Tou cDNA Tou yowidiou (50.6 kDa) kai Tou
HeyEBouc mou kaBopioTnke peTa ano PAGE (54kDa) (136). Mia Tétoia diagopa 6a
HNOPOUCE Va EPUNVEUTEl aNd HETA-HETAPPATTIKEG TPOMOOMTEIG,

H mio ouvABng PETA-UETAPPACTIKY Tpororoinon nou €xel OeixTel va ennpealel
TNV EVEPYOTNTA TWV METAYPAPIKGV napayoviwv pubpilovrag €rol Tn yovidiakn
ékppaon eivai n pwopopulinon (52). Me Eaipeon kanoloug PETABIBACTEG ONHATOG
(31, 61, 129, 133, 134), 0 M0 KOIVOG TUMOG PWOPOPUNIWONG EXEl OTOXO apivogéa
oepivnc kai Bpeovivng (52). Tpelg eival O YevikéG YPaUpEG TA onpeia oTa onoia
HIOPEl N QWOPOPUNIWON va pubuifel Tnv evepyoTNTa TWV HETAYPAPIKDV
napayovTwv:
= ITNV IKAQvOTNTa TWV NapyovTwv va npoodévovrar oe DNA onwg éxer deixTei yia

Touc jun-fos, octl (11, 51). '

w  ZThV IKGvOTNTA TOUG Va ENAYOUV T HETaypa®r onwg éxel SeiTei yia Toug RxRs,

PR, ER (150, 164).

w  2Tn WeTABAor Toug ano To KUTTApONAQoHa OTovV Mupnva onwg €xel deIXTEl yia

Touc STATS (60, 93, 130).

Ol TPEIC QUTEC CUVIOTWOEG Oev €ival apoiBaia anokAEIOUEVEG aAa ouxva ouvavTape
ouvduaopolUc Touc, £TOl MWOTE N dpdon KAMoIoU WETAYPaPIKOU napayovTa va
puBpileTal o NepldodTEPa and éva enineda.

H e&éxouoa Béon nou kartahapBaver o HNF-4 oTnv iepapxia Twv
LETAYPAPIKOV PUBUICEWY TwV NRaToeidika ekppalopevov  yovidiwv, ATav TO
gvauopa yia va PEAETAOOUMPE Tov mBavo pOAo. TWV  HETA-LETAPPACTIKWV

TPONOMOINCEWV OTO POPIO TOU NOU EVIEXOHEVWE TPONONOIOUY Ty pdon Tou.



Kegpdhaio B 2

MOTEAEZMATA - SVZHTHIH

O HNF-4 OQIOOPYAIQNETAI ZE KATAAOINO TYPOZINHZ

Me okond va OlamoTWooUNE kaT’ apxnv av o HNF-4 pwo@opuMwveTal,
kaAepyroape kUTTapa HepG2 kai Cosl nou eixav diapoAuveei e HNF-4 (Cos:HNF-
4), napoucia [**P] opBopwopopou kai napoucia / anoucia genistein. H genistein
gival yvwaTd o1 napepnodifel eMAEKTIKA TN pwoPopuliwon o€ Tupoaivn (1). And Ta
ONKG KUTTApIKG €KXUAIOJATA MNou NAPAcKEUAoTNKav Of€ KABe nepINTwon,
avoookarakpnuvioape Tnv npwTeivn HNF-4 pe avTiowpa nou avayvwpilel ENIAEKTIKA
Tov HNF-4 kai JeTad and nAeKTpo@OpNOoN Kai HETAPOPd Twv OEIYUATWV O HERBPavn
akohouBnoe autopadioypaia. ‘Onwg @aiveral oTnv EIKONA B1, T000 oTa KUTTApa
HepG2 6go kal ora Cos:HNF-4, o HNF-4 ntav oe @wo@opuN®péVn HopPr, VD 1)
napoucia Tou (papuakou genistein ATav Ikavn va UEIWOEN OTO a)\dxlmo TO onua. H
ayvr} {wvn nou pnopouUle va dIakpivoule WETa Tnv enidpaon Tng genistein Wnopei va
opeileTal €iTe 0f QWOPOPUAIWON TOU Hopiou Ot AAAa katahoina (Bpeovivng n
ogpivng) 1 oTn KN NARPN KATaoToAn Tng Spdong TWV KIvaowyv TUpoaiving nou dpouv
oTo poplo. H opioTikh eniBeBaiwon OTI €XOUME VA KAVOUME HE PWOPOPUAIWON OF
KaTaAoino Tupoaivng, NPOEKUYE anod onuavon Je avriowpa &dikd  yia
Pwopopuliwpévn Tupoaivn (PY20). Mpdayuati, To €0IKO ORKA Nou NaipvoulEe OTd
kKUTTapa HepG2 kai Cos:HNF-4, xaverar evieAw¢ OTIC NEPINTWOEIC MOU auTd
peEyaAwoav napoudia Tou Qapudkou genistein. Ze kdbe nepintwon n {wvn nou
avIXVEUOUPE EXEI KIVTIKOTNTA NMou avTioToixel o€ npwTeivn 54kDa. EnavaAaBape 1o
napanavw neipapa  XpnoIHonoivVTag autrfi T @opd wg ixvnéérn  *S-Met.
Mapatnpolpe 6T n napoucia genistein dev ennpealel To onua Nou naipvoupe PETa
TNV avooookatakpnuvion pe HNF-4 avtiowpa. MnopoUue, Aoindv, e aopdaieia va
anokAEioOUPE TO EVOEXOMEVO N genistein va enmdpa e APEDO 1) €UPETO TPOMNO OTNV
¢kppaon i aTabepdTnTa TG HNF-4 1} oTn BIwoIgoTnTa TWV KUTTAPWY Kal N HEiwan
™G {wvng nou avTioToixei otov HNF-4 ota nponyoUueva nelipapgata va ogeileral

oTnVv To&ikdTNTA TOU Papaxou.

H ®QXPOPYAIQZH TOY HNF-4 XE TYPOXINH PYOMIZEI THN IKANOTHTA
TOY NA MPOZAENETAI ZTOYZ XTOXOYZ TOY
To enopevo PBripa ATav va eAéyEoupe e Molo Tpono pubyilel Tnv evepyoTnTa

Tou HNF-4 n pwo@opulinon Tou ot Tupoaivn. Ta enineda puBuiong, oupewva |’
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autd nou éxouv avagepBei yia AAOUG QWOPOPUNIWUEVOUC HETAYPaPIKOUC
napayovTeg eivai: npoadeon oc DNA, petaypa@ikn evepyoTnTa Kai peTapacn ano To
KUTTaponAaoua aTov nuprva.

ZekivovTag anoé To eninedo Tng npoocdeonc Tou HNF-4 oTic aAnhouxiec-
OTOXOUG TOU, NAPACKEUGOAME NUPNVIKG ekxuAiopata and kUTTtapa HepG2 «kai
Cos:HNF-4 nou peyahwoav napoucia / anouoia genistein. EAéyEape Tnv 1kavoTnTa
npoodeong Tou HNF-4 and kaBe nepinTwon O€ NAEKTPOPOPNON UCTEPNONG
KIVNTIKOTNTAG XPNOIMONOIOVTAG ¢ IXVNAAGTh onuacuévn We 2P Tnv aMnAouyia
npoadeong Tou HNF-4 arov unokivntry HNF-1 (“A”) onou eivai yvwoto o1l dev
npoodéveral kavévag alhog oppovikdc unodoxéag. ZTo TUAHA A Tng EIKONAZ B2,
dianioTwvoupe navreAn ENeiwn npoodeong Tou HNF-4 6tav autog nponhBe and
KUTTGpa rnou eixav unooTei Tnv enidpaon genistein. AnokAeicaye kai naAi To
evOEXOUEVO va OQEINETAI AUTO OTnV TOEIKOTNTA TOU (appdakou pe SU0 TPOMOUG:
e\éyEape T Spdaon Tou OTNV NPOCdEcn GAWV HETAYPAPIKWY NAPayovTwy Kal Oev
eixe kapia enidpaon. TéAog, apaipéoape Tn genistein and Ta kUTTapa HepG2 ka
Cos:HNF-4 a@rivovtdac Ta va avantuxBoUv yia AAAeG 24 WPEG OE KavovikO BpenTIKO
HECOo Kat enaviABe nANpw¢ n IkavoTnTa npocdeong Tou HNF-4. Mia OelTepn
MPOCEYYION Yia TO POAO TNG QWOPOPUNIONG O Tupoaivn NPonRABe kai naki anod in
vitro neipapa EMSA (B2B), oTo onoio Ta nupnvika ekxuAiouata ano kUTTapa
Cos:HNF-4 unéoTnoav enwaocn ps PTPase (nNpwTEIVIKA QWoQATACn TNG TUPOGIVNG)
oroug 30°C yia 10 Aentd. ‘Onwg NTav avapevopevo, Xatnke evieAwG To GUUNAOKO TNG
HNF-4 pe Tn Béon “A”. To @aivopevo eival kai NnGM avTioTPeENTO, agou OTav OTo
piypa Tng avridpaong npdodeong oupnepiAaBape Tov €18Ikd avacTtoAéa, NazVO,
(Bavadio), Tou evlipou o€ KaTaMnAn ouykévrpwan, n HNF-4 €ixe Tnv avapevopevn
IKQVOTNTA TNG Yia Npoadeon. Mia TpiTn MPOCEyyIon TOU EPWTANATOC (PAIVETAI OTO
TuApa C Tng eikovag B2. Mupnvikd ekxuliopata ano Cos:HNF-4 enwdaoTtnkav npiv Tig
avTidpaoelg Npdodeong He aufavopeveg noooTnTeg Ptyr avTiowpaTtog endyovrag pia
avrigToixa peiwvopevn npoadeon Tou HNF-4 oTto oToxo Tou. 'OTav n npogdnkn Tou
avTIoWUAToG OUVOdEUTNKE ME Tnv npooBnkn P-Tyr-ayapdlng, nou &eopelel
EMIAEKTIKA TO avTiowpa, To alunAoko Tou HNF-4 pe Tn 8éon “A” enavep@avioTnke.
Téhog, wg Oelyda €AEyXoU XPnoidomnoIndnke npo-avogonoiNuévog opdc yia va
anokAEioOUpE To evBeXOUEVO KAMOI0 GAAO ouOTATIKO TOUu 0poU va alMnAemdpd e
Tov HNF-4. MNpayuati, onwg @aiverar orn diadpouny 4 Tou C, n napoucia npo-
avogonoinuévou opol Ogev ennpéace kaBohou Tnv nNpodadeon Tou HNF-4. MnopoUpe



Kegaaaio B 4

va CUUNEPAVOUPE and Ta Napanavw neipapata ot n ewopopuliwon Tou HNF-4 ot

TUpOOivn gival NpolindBeon yia Tnv Npoodeor Tou oc DNA.

H ®QZPOPYAIQIH TOY HNF-4 XE TYPOZINH PYOMIZEI TH METAPTA®IKH
TOY ENEPTOTHTA

To epwTnua nou O€oape OTn OUvéXeEld ATAv TO av Kal KAtd noco n
PWOPOpPUNIwON ennpealel Tn PeTaypagikn evepyoTnTa Tou HNF-4 (EIKONA B3).
KutTapa HepG2 kai Cosl OlapoAUVenNKav pe KaTtaokeur oTnv oroia To yovidio CAT
BpiokeTal UNG Tov EAeyX0 XIHalpikoU unokivaTh nou neplAapBavel 4 avtiypagpa Tng
8£0nc “A” prpooTa anod Tov eAAXIOTO UMOKIVATH TNG KIvaong Tne Bupmdivng (4xA-TK
CAT). Ta «kUrrapa HepG2 éxouv evdoyeviy HNF-4 evy Ta kutTapa Cosl
ouvdiapohlvOnkav pe popéa exppaong Tou HNF-4 (pCBHNF-4). Qg Baoikd enineda
gvepyoroinong Bswproale auta nou ogsilovral otnv katackeuny TK-CAT. Napouaia
HNF-4, n karaokeur; 4xA TRH CAT divel noAl uwnAa enineda pETaypa@Ikng
EVEPYOTNTAG Kal oToug U0 KUTTApIkoug TUnoug. H evepydtnTa né@tel ota 20 % kai
7 % ota kuTTapa HepG2 kar Cosl avrioToixa OTav n KaANEPYEIQ TWV KUTTAPWV
£yIVE napoucia genistein evw oTa KUTTapa 6nou PETA and 24 wPEeG aaIPECAPE TO
PAapHaKo Kal Ta aphoape va avantuxbolyv o€ Kavoviko HETO 1) EVEPYOTNTA ENaAviABE
oxedov NARpw¢ ota apxika enineda. To anotéheopa nou PBAénoupe dnhadry dev
opeiAeTai oTnV TOEIKOTNTA TOU Qapudkou pia kai n 8pdon Tou &ivai avTioTPENTH.
AuTO anodeiTnke kal and To YEyovog OTi Oev €ixe Kapia enidpaocn oTn PETaypagn
NG RSV-CAT kataokeung onou To yovidio CAT PpiokeTal und Tov €AEyxo Tou
unokivnT Tou 10U Rous sarcoma. Auté OBeixver OTI n napoucia genistein Ogev
ennpealel pe pn €0Ikd TPONO TN HETAypaQikn pnxav i Tn PiwogdtnTa TWV
KUTTApwv, al\a n dpaon Tng eivarl €idikn yia Tov HNF-4,

Ma eniBeBainon Twv NApanavw anoTEAEOUATWV {AG, HEAETROAUE TN dpdon
Tou HNF-4 autr} Tnf opa o€ €va evdoyevEC yovidio-oToxo Tou HNF-4. Eival yvwaTo
011 0 HNF-4 eival o Baoikog PETaypadIkog puBuioThg Tou yovidiou HNF-1 (66, 70,
148). EmiAé€ape Tnv kutTapikn oeipd Cos-1 onou kavévag and Toug dUo Oev
ekppaleral. AiapoAlvape Ta KUTTapa Pe To popéa ékppaong pCBHNF-4 kar eAéy&ape
TNV evepyonoinan Tou yovidiou HNF-1 ge EMSA XpnoIponolmvTag WG aviXveuTn
oAiyovoukAeoTidio nou nepidaupaver T Béon npdadeang Tou HNF-1 and Tov
unokivnTr TG aABoupivng (AIbPE). H napoucia Tou HNF-4, kai povo, ota kuTTapa
eixe oav anotéheopa TV evepyonoinon Tou «aiwnnAoU» HNF-1 yovibiou pia kai Ta

avTioTolxa nupnvika ekxuAiopata €dwaoav {wvn HEIWPEVNG KIVATIKOTNTAG HE ThV



Kepahaio B 5

AbPE Bgon nou eival n aMnhouxia npoodeong Tou HNF-1. BeBaiwbrikape OTI
npokeiTal yia €dikr; oUvdeon Tou HNF-1 XpnoidonoiovTag apevoc pev w6 Kpuo
avtaywvioTtr] To AIbPE (nou eEagavifel To oUPNAOKO) kal AQETEPOU TO AVTIOWHA
abHNF-1 (nou €xel oav anoTéAeoua Tn KEPIKA aviywon Tou cupnAdkou) (B2D). ZTo
TuNua E Tng eidvag B2, napatnpoUie 0TI oTa ekxuAiopara nou €xouv npoéABer anod
KUTTapa nou peyahwoav napougia genistein 8e oxnuatiferal oUPNAOKO HEIWHEVNG
KIVNTIKOTNTAG, YEYovog nou unodnAwvel Ot To yovidio HNF-1 napapével «oiwnnio»,
onwg ATav avayevopevo apou n genistein odnyei o€ anevepyonoinan Tou HNF-4.

EnavahaBape To neipapa og kUTTapa HepG2 onou eniong napaTnproape Ol
n napoucia genistein oTnv KuTTapokaA\igpyela €EapAvIOE avTIOTPENTA TO CUUMNAOKO
Tou HNF-1 pe 10 oTox0 Tou. AlgudAuvon Twv kutTapwv Cos-1 -napouaia ) anoucia
genistein- pe pCBHNF-1 ka1 é\eyxo¢ TnG npdodeang Tou HNF-1 pe To aTdxo Tou.
'Onwg @aivetal otnv €kova B2E, n npdodeon Tou HNF-1 oto oTdxo Tou Oev
ennpealeTal kaBoAou and Tnv napoucia Tng genistein katd Tnv KaAIEpyeld Twv
KUTTAGpWV.

Ma va 31a0Taup®WooUPE auTd Ta anoteAéopara, diapoAlvape kUTTapa Cos-1
pe pCBHNF-4 kai kataokeuny onou To yovidio CAT anokpiveral otnv npdodeon Tou
HNF-1 (3xAIbPE AdML CAT). 'Onwc dianioTwoape oTo neipapa TnG EIKONAZ B3C, n
napouaia HNF-4 ota kUTTapa fATav Ikavn Kal avaykaia yia Tnv gvepyonoincon Tou
HNF-1, yeyovog nou SIanioTWVETAI EUETa and TNV evepyonoinan Tou 3xAIbPE AdML
CAT. 'Onw¢ iTav avauevopevo, n napouaia genistein aTnv KAANEPYEIQ TWV KUTTAPWV
ATav OpKETN yia TNV KATAOTOANR 'an ékppaons Tou yowvidiou HNF-1 pe Tpono
QVTIOTPENTO. ,

And Ta napandvw HNopoUNE va CUMMNEPAVOULE OTI N QWOPOPUANIWON TOU
HNF-4 ge Tupooivn gival anapaitnTn NpolnoBeon yia Tnv Npdodeon kal enakohouda,

OnWE ATaV QVaUEVOLEVO, YIa TN HETAYPAPIKA EVEPYOTNTA TNG NPWTEIVNG.

ANOZOENTOMNMIXMOZ TOY HNF-4 XE HEPG2 KAI COS1 KYTTAPA

To TpiTo €ninedo pUBPIONG TNG SpAcNG €vOG LETAYPAPIKOU NapayovTa HECWw
PWoPopuAiwong eival n HeTaBacr Tou and To KUTTaponAacua orov nupfva. BERaia
KGTI TETOIO €€l BEXTEI OTNV NeEPINTWOn Twv npwTeivv STAT oi onoieg Wetd ano
gnaywyn ano kuttokivn n aufnmikd napdyovra, QwoPOpUAIMVOVTAl EVR AKOUA
BpiokovTal 0TO KUTTAPONAQCHA Kal f PETA-PETAPEACTIK auTr Tpononoinan odnyei
oTn PeraRaor Toug oTov nupnva (31, 61, 129, 133, 134). Eival BéRaia yvwoTtd anod
HEAETEC OTO OIKO HAG Kal 08 GMEG epeuvnTikéC opadeg omt o HNF-4 dev anaitei
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Kavéva and Ta yvwoTd eEwKUTTApIkG onuaTa yia T 8pdon Tou. ZKEPTOUEVO!, OHWC,
OTI napoAa auTad n QWOQPOPUANWON Tou Ot Tupooivn Wnopel va kaBopilel Tnv
gvOOKUTTAPIKN TOU TOMOBETNON, NPOXWPNOAUE OTA NEPAKATa nou neplypagovral
napakdTw.

KUtrapa HepG2 kai Cos:HNF-4 nou peydAwoav napouaia fi anouoia genistein
unoBAnBnkav oe €upeco avooopBopiopd in situ. XpnoiJonoiNoaue w¢ NpwTo
avTiowla To abHNF-4, eva w¢ delTepo To GaR FITC. ZTnVv EIKONA B4 napartnpoUue
OTI Kal gToug dUo KuTTapikoUG Tumoug To onpa Tou HNF-4 eivar anokAeigTikd
nupnvikd akdpa Kai  napoucia genistein.  Jupnepaivoupe O6nAhadn om n
pwopopulinon Tou HNF-4 o€ Tupocivn dev gival anapaitnTn yia Tn HETAPOPA Tou
oTov nupnva. Maparnpwvrag ouwe Ta avooo®Bopilovra KUTTapa OE PEYAAUTEPEC
HEYEBUVOEIC NapaTnenoaue Hia evtunwoiakr dlagopd otnv Katavoury Tou HNF-4
oTav Ta kUTTapa eixav avantuxBei napoucia genistein. Anouadia Tou (appdakou, To
onua Tou HNF-4 @avorav swomopévd (opadonoinuévo) oe 5-15 TETOIEG NEPIOXEC,
navra péoa oTov nupr']vd, TOOO oTa kUTTapa HepG2 d6oo kal ora Cos:HNF-4. H
ENMAON TwWV KUTTAPWV WE genistein ATav kavr) va HETaTpEWe! TO BIAOTIKTO HOTIBo Ot

dIGuTO onpa o’ oAOKANPO Tov Nupnva.

ANOXZOENTONIXMOZ TOY HNF-4 ME HAEKTPONIKO MIKPOZXZKONIO

MNa va peletiiooupe o€ peyahlTepn AenTopépeia Tnv katavopn Tou HNF-4
OTOV Nupnva, MPOXWPNOAUE OTNV NApaTnpnon Twv OJelyHaTwV O NAEKTPOVIKO
HIKPOOKOMIO Orou HNOPOUKE va EXOUME HWeyaAUTePn JIGKPITIKN IKAVOTNTA. Z€ AENTEC
TOMEG ano 1fpaTa kuTTapwv HepG2 €nefepyacuévwv Kal Un JE genistein emidpacape
apxika pe abHNF-4 kar otn ouvéxeia Pe SeUTEPO AVTIOWHA OUVOESEHUEVO LIE KOKKOUG
XpuoouU diapeTpou 10 ) 20 A. ITIG NEPICCOTEPES TOUEG LNOPECAKE VA EVTONiOOUNE 1-
3 ouoOoWPEUCoEIG N KABE pia anod TIC onoieg nepieAauBave 20-40 kOKKOUG Xpuoou.
Mapoucia genistein To onua €yive Jigyuto, evw Ot KGBe nepinTwon To
KuTTaponAaopa frav Teheing analaypévo and avooooruata (EIKONA B5A). 1o
TUAMa B Tng idiag eikovag pnopoUie va napatnpriooupe o peyaAlTepn peyébuvan
- NEPIOKEG AVOOOOUCOWPEUONG OToV Nupriva. Ta anoTeAéopaTa Tng napatnpnong o
EM €pyovral va enBeBaiwoouv TO KOKKIGOHOPPO WOTIBO nou Eeidaue Ot Neipauara
avocopBopiopoU.

MNa va efaAeiyoupe kal TNV napapikpr) unowia OTI N genistein pnopei va
NPOKOAEl  KGNoleG PETABOAEG OTNV  APXITEKTOVIK TOU NUPRva, EXOUHE va

avTinapabecoupe Ta eENG:
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A. H dpaon Tng genistein odnyei og avTIOTPENTA anoTteAéopaTa apou oTav
anopakpuvenke HeTa and 24 wpeg and Tnv KaAMigpyela, enavAABe NARPWG TO
dIGaTIKTO HOTIBO evdonupnvikig Karavounc Tou HNF-4,

B. Xpnoiponoinoape ato Seiyua ehéyyou To Y12 avriowpa (79), wg avixveuTn
HIKPWV MUPNVIKOV VOUKAEONPWTEIVAOV MOU EVEXOVTAI OTN ouppa@n Tou pre-mRNA,
TO oroio gival yvwoTd 6T Sivel Xpon idiou poTifou (138, 139). STo TeAeuTaio, N
napouocia Tou genistein e pavnke va £xe kapia enidpacn, kar TEAOG,

I. NapatnpwvTag TO00 TV NupNVIKA 600 Kal TNV KUTTAponAacpaTikn dopn
OTO NAEKTPOVIKO HIKpookonio & BAENoupE kapia ueTaBoAr napouaoia genistein.

TUpQWva Pe Ta napanavw HNopoUE va IoXUPIOTOUHE OTI n alayr otnv
evdonupnvikr) TornoBEtnon Tou HNF-4 napoucia Tng genistein o@eiletai oTnv
KATaoToA TNG QWOPOPUANIWONG Ot TUpooivn. Aev pnopoUpe BeRaia pe Ta HEXPI
Topa dedopéva pag, va anopavBouUlE yia To av TO PAIVOUEVO QUTO CUCXETICETAl HE
autn kabautn T PwoPopulinan Tng HNF-4 1} kanoiag aAng BonenTikAg NpwTEivng.
Mia T€Tola Ba pnopoUoE va eival kanoia NPWTEIVN TNG NUPNVIKAG WATPAG TV onoid
HMopoUHE va pavracToUpe va aMnAenmdpda pe Tov HNF-4 kaTeuBUvovTdac Tov OTIG
NEPIOXEG OUVABPOIOTG TOU.

NAev  eivai n  npoTn  @opd nou  dlANICT@WVETAI  TETOIOU  TUMOU
dlapepiopaTonoinan aTov nupnva. ZTo nape\bov Exel NEPIypagei KAt avahoyo yia
NUPNVIKEG EVEPYOTNTEG Nou oxeTifovtal pe olvBean DNA f; RNA i ouppagr Tou RNA
Ol OMOIEC (PAIVETAI VA CUYKEVTPMVOVTAl OE JIakpITEG evdonupnvikeg nepioxég (138,
139, 17, 55, 98). O1 kaAUTepa HeAeTNUEVOI TETOIOI MAPAYOVTEG €ival GQuTOi MOU
ouppETEXOUV 0T auppa®n Tou RNA nou cuvdéovtal Pe dopég onwg perichromatin
fibrils (nou avTioToixoUv oTa in situ ev Tw yiyveoBal eTepoyevr nupnvika RNA
peraypagpa), interchromatin granules kai coiled bodies (55, 163). H PML, Hia
nupnvikn nNpwTeivn nou egival yvwoTn yia Tn CUHpETOXn TnGg otnv t 15;17)
XPWHOCWHIKN WeTaBeon nou cuvavtartal otnv ofeia NpopUeAoKUTTapIKR Acuxaidia,
qaiveral va gival ye avahoyo TpoOMno SiapepIoUaTonoIiNKEVn oTa AEUXaIIKG KUTTApa
(35, 63, 158). Ta kUTTapa auta ekppalouv PML-peTivoikd unodoxéa, pia oUVBETN
NPWTEIVN Nou euavileTal o€ NOAAA pIKpG evdonupnvikd oCucowUaTwara. MeTa ano
yopriynon peTivoikol of€og, n PML enavatonoBeteital oTtov nupiva ot OOWEG
ayvwaoTng Asiroupyiag nou ovopadovral nuclear bodies (158). AvaAoyec aAha aiyoupa

OxI TauToonueC SopEg epavilel o avooopBopiopog Tou HNF-4 e auTtdv Tng PML.
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To povtého nou npoteivoupe givar 0Tt n HNF-4 TonoBeteital o peraypagika
EVEPYEG NEPIOXEG TOu nupnva (yovidia-oToxol) av kal dev PnopoUe va NOUKE Moio
gival To aiTio kal noio To amaTtod o’ auTnh T Sladikacia.

H evepyonoinon yovidiwv eivar KuTTapikf AsiToupyia nmou anaitei Tnv
TAUTOXPOVN Napouadia JIAPopwV YEVIKMV KAl EIBIKMOV LETAYPAPIK®OY NapayovTwyv rnou
alMnAenidpolv We TIG Cis AAANAOUXIEG TwV UMOKIVATAOV TOV AVTIOTOIXWV YOVIDiwV.

H napougia Twv napayovTwv autav gival ge NEPIOPIOTIKA NOOA KAl JNOPOUKE
va (pavtagToUpE OTI av ATAV Kal Tuxaia dIECNAapUEVOl OTO VOUKAEONAQOWA N TOMIKM
OUYKEVTPWOT Toug OTIG Béoeig dpaong Toug Ba nrav efaipetikd XaunAn. H
opadonoinuévn KATavopn Twv HETAypaAPIKWY napayovrwv nou 6Oa eixe oav
anoTEAECHA TnV Tonmika aufnuévn OuykévTpwory Toug yUpw and TIG ahMnlouxieg-
OTOXOUG TOUG, €ival €vag TPOmo¢ We Tov onoio 6a pnopolUce To KUTTApO va
efaopahioel pia anodoTIKr PETaypagIkn Knxavn.

TéTolou €iBoUG CUVABPOITEIG HETAYPAPIKWV NAPAYOVTWY, EI0IKWV KAl YEVIKOV,
RNA noAupepaoncg kabwg kai AMwvV napayoviwv Nou CUUHETEXOUV o€ B1adiKaoieg
ouoxeTi{OPeveG We TNV napaywyr (Weraypaen) KCII-TI’]V wpipavon (ouppaen) Twv
RNAs 8a pnopouaav va oploBeTHooUV NEPIOXES EOT aTo VoukAednAaoua nou, 600 Ki
av dev gival doKIYoG 0 0pog, Ba Tic ovopalaue “transcription factories” («epyooTacia
HETAYPaPnc»). ETol, Onwg éxel neplypagei yia kabe dAAo KUTTapiko opyavidio,kal o
nupnvag dev eival éva doxeio pe evlupa kar DNA, aAAG pe pia noAd anoTeAeopaTikn
dlauepiopeTonoinon  Tou, dladikacieG  OnwG N WeTaypaer, oupBaivouv o
OUYKEKPILEVEC NEPIOXEG TOU.

Av Ta napanavw ainBelouv, NpocTiBeTal kI £éva emnAgov eninedo pUBKIONG
™G dpdonc evog PeTaypagikol napdyovra: dev eivar 6nAadn puBpIfOpEVN HOVO N
paTaBacry Tou and TO KUTTAPONAAOMA OTOV MUPRVA LE TPOMOMOINCEIG ONWG N
Pwopopulinon (6nwg oupBaivel yia napadelyda oToug napayovrec STATS) aAa kai
n evdonupnvikn Tou TonoBéTnon. ZuyKekpiuéva yia Tov HNF-4, dev pnopoupe Pe Ta
LEXP! Twpa dedopéva va ano@avBolpe av n Kivaon Tupoaivnc nou kabopilel Tnv
TonoAoyia Tou HNF-4 otov nupfiva 8pa o’ auto kabauTtod To PeTaypa@ikd napayovra
fl O€ KANola NPWTEIVN TNG NUPNVIKACS UATPAC, oUTE av auTn n dpaacn eival oUVeXNG N
ENAYQUEVN.

To paivopevo pnopei va givar akdpa rnio NoAUNAoko av, nnyaivovrag ahho éva
BriHa niow, peAethiooupe Tn pUBHION TG ékPpaong kai dpacng TNG KIvaong auTnig
TOOO KaTa Tn diagoponoinan 600 KAl OE OY'ean e Ta EEWTEPIKA onfaTa nou dExeTal

éva nnatokUTTapo. OCO KI av aiverai OTI TETOIEG OKEWEIC AuEavouv TRV EvTporia
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TOU GUOTHHATOG, OTNV NPayHaTikotTnTa odnyolv OTn CUWRARPWON Tou puzzle Tou

kaBopiouoU Kai ™G diatripnong TOU nNarTikou QavoTUunou.
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An EQ c.
2p 5. Met 32p 3. Met Anti- pTyr
Celitype : e HepG 2 i e (08 HNF-4 s HepG2 CosHNF4
Genistein : = & - b - % - - & = &

54KD —» il s iaas -
RO D SN DN T L R AAAA BRPAEASAYAN T REATA AN AR NP LTSN,

© EIKONA B1: O HNF-4 puopopuNGVETal OE kaTéhoimo Tupoaivng. H

ep e 2 (A) dei N kL’n‘rq pd‘

Cosl nou eixav dlapoAuvBei pe gpopea ekppacng pCB-HNF-4 (B) enwacTnkav yia 2 OPeG HeE

- [*P] opBogpdopopo 1 [*°S] pebetovivn, napousia (+) 1y anouaia (-) Tou papuakou genistein ©

o€ TEAIKN CUykévTpwon 15ug/ml. To gpdppako npooTEBnke aTnv KaANEpyEld 1 wpa nNpiv TV «

" npooBrikn Tou %P kai 48 Mpec npv TN ofpavon pe ®S. Ta kuTTapikd ekyuAiopata .

avoooKaTakpnuvioTnkav He NoAUKAwvIkOG avTtiowpa yia Tov HNF-4 kai Ta Oeiypara
nAekTpo@opnOnKav o€ NNKTWHA noAuakpuhapidng. 2To Tpfpa € Tng €IkOvag Ta KUTTApIka
ekxUAiopata and kUTTapa HepG2 kUTtrapa kai Cosl diapgohucpéva pe HNF-4 peta and

avoooxaTaKpr']uwdn pe avTiowpa - yia  HNF-4, SDS/PAGE  nAekTpogdpnon  Kai

NAEKTPOUETAMOPG TOUG OE HEUPPAVN VITPOKUTTAPIVNG, BAPTNKAV HE LOVOKAWVIKO QVTIOWHa

avTi-pwogoTtupoaivng PY20 (anti-pTyr) ouvdedepevo pe nepoeidacn  ayplopanavou

. (horseradish peroxidase).
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HepG 2 3 Cos:HNF4 e Cos: HNF4 Cos :HNF§ g
Probe site “A”: Probe $ite A" e Probe 8ile ‘A" e
Competitor : = « - = w + - = PTPase R Praimmune(pg): - -~ <~ 5 -
Genistein C e e A e e e 4 4 Vanadate ~ =~ + Anti-plyr (pg) := 2 8 - 5
o ™ - - - - (R (L
i ————
L] ————
22
§ Cos:HNF4 3
Probe"AIWPE" : Cos:HNF HepG2 —»
Anti-HNF 1 4 Probe "AbPE”. —
Genisteiti A R Genistein e = 4 - 4 4
v e
o G R
o

ididld 0 el e

NI

N

" EIKONA BZ:: S1a Tur')inTEl A, B, C TnC éikbvacf: H (pmc(popu)\i‘ on fup(;divng pU9|JIC€I TI’]V

~kavoTnTa Tng HNF-4 va npoodEveTal OTOUG OTOXoUG TNG. 2T0 A, Nupnvika ekxuliopara and
kUTTapa HepG2 kai Cosl diapoAopéva pe pCB-HNF-4 avaAlBnkav oe EMSA neipapa onou
Xpnoidonomoaps w¢ avixveuTr] (probe) Tnv Béon npoodeong Tou HNF-4 and Tov unokivnTh
HNF-1 ("A”). ZTa kUTTapa emdpacape He genistein (15ug/ml) yia 48 wpeg (+), EenAlBnkav pe
NAAPEG PEOO avanTuEng Kal ENWACTNKAV YId AAAeG 24 wpeg (+*) Npiv TNV NApackeun Twv
nupNVIKOV EKXUAIOUATWV. 2To B, Ta nupnvikd ekxuAiopara and kuttapa Cosl nou eixav
OiapohuvBei pe pCB-HNF-4 enwdoTnkav npiv TI avTidpdoeig npoodeong pe 10. units
. kaBapiopévng NpWTEIVIKIG PpwopaTaong Tng Tupooivig 1B (PTPase; Upstate Biotechnology)
oToug 30°C napouoia f} anoucia 1mM NazVO, (sodium vanadate) yia 10 Aenta. 1o C, npiv
. TIC avTIdpAcEig npdadeong, Ta idia nupnVIKa eKXUNICUATA NPOENWACTNKAV OTOV Nayo JE2 1 5
g noAukhwvikoU avTiohpaToc eidikol yia puopoTupoaivn (4G10; Upstate Biotechnology) 1
5ug npoavooonoinuévou avTiopoU, yia 3 WPEG. ZTn Siadpopr NoU GNUEIOVETAl HE AoTEPITKO,
" To avTiowa YIa PUOPOTUPOTIV NPOENWACTNKE pe 10mM phosphotyrosine agarose npiv va

emidpacoupe |’ autd oTa exxuAiopara.

Sra Tunuara D, E Tng eikdvag: H napoucia evepyol HNF-4 ota kitTapa Cosl, endyel Tnv

ékppaon Tou yovidiou HNF-1. Cosl kUTTapa SiapgoAUvBnkav pe To Qopéa ekppaong pCB-




KegpdAaio B 12

< HNF-4 (D), n pCB-HNF-1(E) ka1 enwaoTnkav napoucia (+) /i anouaia (-) genistein oe TeAikn -«
ouykévTpwon 15pug/ml. And Ta kUTTapa auTd NapackeuaoTnkav nNupnvika ekxuliopyata 48
wpe perd Tn OiapdAuvon kal avaAuBnkav oe EMSA ndvw otn padioonuacpévn Béon /
" npoéodeong Tou HNF-1 gTov unokivTh TG aABoupivig (AIbPE). ETnv TeAeuTaia Siadpopr| Tou <

D, cupnepMPOnke kai 1 pl avriobparog yia Tov HNF-1 og apaiwon 1:6. £1o deUTepo Tfua
Tou D pnopoUye va napatnprfooupE Ta anoTeAéopara neipapartog EMSA pe ekxuhioparta ano

i kUTTapa HepG2 nou enegepyacTrkape onwg Eyive kal pe Ta deiyparta Tng eikédvag A.

N S N TNV SN B T R AT AT AT B O T
LN AN NN AN N L AN NN N ST LIN INN L N A
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= Cos-1 7 Cos-1
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TK-CAT - - - R - - = -
4x- A-TK-CAT =+ + + - - -+ +4+ +-- - - - =
3xAIBPE-AIMICAT : = = = = = = = = = = = = — + + + +
RSV- CAT T I P g + + - - - -
pCB-HNF4 P e e e - - -_— —t - - 4+ 4+ +
Genistein P- =4+ -+ - - —t -+ - -+ ¢

A A A A
SOV
'

: EIKONABB JAV‘C'I\)\iJ(".’TI’] an H:I\NIF“-4-‘s£apTwpe‘\m/\ql uz-:Tclypa(pnq KUTTClpG Hepéi‘ HKCkll Cosi/'/‘ffl/
- SlagoAuvenkav pe 2 ug DNA yovidiwv avagopag CAT onou n petaypagr kaBodnyeitar and
~ Tov eAdIOTO UnoKIVATA TG Bupidivikig Kivaong (TK-CAT), 4 avtiypaga Tng 8éonc “A” ot
.. akoAoubBia pe Tov unokivnTn TK (4xA-TK-CAT), Tpia avTiypaga Tng 8€ong AIbPE oe akoAouBia
*‘j, pe Tov adenovirus major late unokivnTh (3XAIbPE-AAML-CAT) 1} € TOV UMOKIVITH TOU 10.U
Rous sarcoma (RSV-CAT). ‘Onou anpeiwveral, Ta Cosl kUTTapa diapoAlvenkav kai Je 2 Ug
DNA Tou @opta ékppaong pCB-HNF-4, Metrd Tto shock yAukepohng, Ta kUTTapa
KaANiepynBnkav napouaia (+) 1 anouaia (-) Tou gapuakou genistein e TEAIKI GUYKEVTPWON
15 pg/ml yia 40 wpeg Ze kANOIEG kAAIEPYele (+*) TO BpenTikG pECO AMAAXTNKE kai Ta
KUTTapa agEédnkav va HEYaAWOOUV Yia Mg 24 wpeg. O1 OTHAEG avTINPOoWNEUOUV TIG HEOEG
" TINEC TWV KQVOVIKOMOINMEVWV EvEpyOTATWY CAT (normalized CAT activity %) and TOuAdxIoTov
. Téooepa aveEapTnTa NelpapaTa kar ekPpalovral wg NogooTo TNG EVEPYOTNTAG Tou JeiypaTog
"~ eAéyyou RSV-CAT. :




Al
Untreated Unlrealed Genistein Genistern
1

HepG2
Untraasted Genistein Genistein”
5

HepG2 Z
Untreated Gentstein Genistein®
83 9

Cos1

8.
Untraated Genistoin

2.
Cos1

EIKdNA B4: Avodoewbnlouéq Tbb HNF-4 O€ KUTTapa HépGZ Kdi Cosl.kTa kl'n-rapa Cos1
pETaPEPONKav oc kahunTpideg onou diapoAlvBnkav pe Qopea ékppacng pCBHNF-4 kal
enwaornkav anouaia (-) (untreated) 1| napouadia (+) genistein oe TeAikiy ouykeévTpwon 15
pg/ml yia 48 wpec. Onou avageperal, Ta KUTTapa EENAUBNKkav Pe NANPeG BpenTIKO PETO Kal
enwaoTnkav yia aMeg 24 wpeg (*genistein). Tnyv idia eneepyacia unéoTnoav kal Ta KUTTApa
HepG2. O avogosvTonIiopog yive pe anti-HNF-4 (A) 1 pe anti-Sm povokAwvikd avricwpa Y12
(B). =10 A, Ta 1 ka1 3 avTioToIxoUv oTIg phase contrast €IKOveG Twv 2 kai 4 avTigToixa. O

peyeBUvoelg eival x60 yia Ta deiyparta A 1-4, kal yia Ta A 5-10 kai B x650.



A,

Untreated Genistein

3 A

‘EIKONA B5: AVOOOEVTOMIOWOG TOU HNF-4 HE ri)\VEKV‘I'pO\’/l’K‘(')k HIK‘bO‘GIk((')ﬁvI‘O(O.'E KL'n-rapd HepGZ. ,i
YnéphenTec Topéc kuTTapwv HepG2 mou eixav unooTei (genistein) A Oy (untreated)
enekepyaocia pe genistein (pe ouvBnkeg idieg ' QUTEG TWV NEPAPATWY TNG €ikovag B4),
BapTnkav pe anti-HNF-4 kal PeAeTriOnkav OTO NAEKTPOVIKO MIKpookOMio. A: XaunAng
peyEBuvong £IKOva NUPAVWY napoucia i aroucia genistein. Ta BEAN deixvouv TIG NEPIOXES
gvroniogoy Tou HNF-4 péoa otov nupnva. ZupPoMapoi: N.m (nupnviki peuppdvn), Nu
(nuprvacg), C (kutraponAacua). H peyéBuvon sival x3600. B: peyaAutepn peyeBuvon Twv
nepioxmv ouvabpoiong Tou HNF-4 péoa oTov nupriva. H peyéduvon o’ autd Ta deiypara sival
x28.000.






H ®YZIKH AAAHAENIAPAZH TOY HNF-1 ME TON
HNF-4 OAHIEI ZE METATPA®IKH KATAZTOAH THz
EKOPAZHZ TQN TONIAIQN NMOY PYOMIZONTAI
AINO TON HNF-4
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EIZAT @I H]

NpokerTai yia évav and Toug onUAvTIKOTEPOUG HETAYPAPIKOUC PUBLITTEG TWV
nnaroeidika ekppaldpevwy yovidinv. To nio ouvnbeg ovoud Tou eivar HNF-1, nou
gival n olvrunon Tou Hepafocyte Nuclear Factor 1, av kai orn BiBAioypagia
ouvavTdape ouxva va avagépovral ¢° autov Je Ta ovopara HNF-1a, LF-B1, HP1, APF,
kai B box protein.

>Tov MINAKA 5 avagepovral evBeIKTIKA kanoia and Ta yovidia nou puBpilel
Kal kdnola GAa nou SiaBETouv OTa cis OToIKEId TOUG CUVTNPNHEVN BEan npdadeong
yia tov HNF-1, apa OSuvntika pubuifovtar an’ autov. MMapartnpolpe HeYaAn
MOIKIANOTATG OTO €id0G Twv YyoviSiwv 00OV agopa OTO POAO TOUG Ot BIAPOPES
KUTTAPIKEG AEITOUpYieG Kal .0Tnv 0pYAvVWOoN TWV UMOKIVITOV KAl TWV EVIOXUTWV MOU
Bpiokovral unod Tov éheyxo Tou HNF-1. H diapopeTikn ouyyévela npoadeong yia TIG
~ GMnhouxiec-oTOXOUG TOU Kai N OUvepyacia Tou WE MoikiAoug I0ToEIBIKoUG Kal
YEVIKOUC peTaypa@ikoUG napdyovreg Ot kabe nepinfwcn, npoodidouv  {ia
noikiAopgop@ia oTn dpaan Tou Kal Tov KAVOUV va EVEXETAI OE NMOANEG kal SIAPOPETIKEG
KUTTApIKEC AeIToupyieg kal oTn Slapoponoinon NoA®V I0T®V.

H ouvtnpnuévn 6€on npocdeoric Tou &xel NaAivBpopikn Hop®r, ouvnbwg
arehn, ye dUo aveoTpappéveg enavalelg nou Xwpidovrar and pia adevivn (90).
Eival yvwoTd and epyaocieq aMwv gpeuvnTiv 671 0 HNF-1 npoodéverar wg dipepEg
oTic U0 auTéc enavaAnyeig (100, 27). H Unap&n, HETA ano avaAuon HE unoAoyioTh,
AeIToupyik@v Bgoewv npoodeong Tou HNF-1 o unoKIVATEG Kal EVIOXUTEG yovidiwv
nou dev ekppalovral kaBoAou aTo Nnap nepiEnAe€e Aiyo Tnv €IKOvVa nou eixape yid
Tov HNF-1 aAAG pnopoUv va 50Bolv dUo €ENYNOEIG: auTég of BECEIG Wnopel va eival
avevepyEC Aoyw ENEIYNG GAAWV LETAYPAPIK®V NapayovTwv nou cuvepyalovral pe
Tov HNF-1 yia T pUBKION TWV GUYKEKPIKEVWY yovidiwv. EvaAakTikd, pnopolpe va
unoBéooupe 6T 0 HNF-1 3ev éxel npooBaon oTig Béoeig auTég, eite yiari eival
peeuAlwpévsﬁ, €iTE yIaTi N VOUKAEOOWWIKR) opyavwaon oTnv MepioXn autn E€ival
ETEPOXPWHATIVIKAG QUOEWG, kavovTag adlvarn Tn JETaypapn Twv yovidiwv.

O HNF-1 anopovaenke apyika anod nupnvika ekxuNiodara KutTapwv kai Bacel
evoc TPAKATOC TNG NeNTdIKAG  aAMnAouxiag nNou NpoadiopioTnKe, KAWVOMNOIRBNKE To
cDNA Tou (8, 5, 41). Aiyo apydTepa kKAwvoronenke pia noAl napopola nNpwTeivn HE
Tov HNF-1, rj onoia akoUel ato ovopa VHNF-1 (variant HNF-1) (32, 5). AvixveUeTtal

Kupiw¢ o€ anodiagoponoinyéva KUTTapa NNaTwUaTog, Ve GAvNKE va Undapxel Kat o€
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dlapoponomnpeva NnaTokUTTapa oe NoAU xaunAd enineda —Td00 Ot ANOAUTEG TIUEG

000 Kai o€ axéon pe Ta enineda Tng HNF-1. H dpdon Tng ival 6e andAutn ouppwvia

pe autn Tng HNF-1 pag kai avayvwpilel Tnv idia aMnlouxia DNA, npoodeveTal wG

Oipepéc, pnopei va oxnuartilel eTepodipepr pe TV HNF-1 kal n opyavwon Tou popiou

TNG €ival NoAU napopoia Pe autr Tou HNF-1 (91).

Ma tn Sopr Tou popiou HNF-1 pnopoUPE va CUVOWICOUPE Ta NAPAKATW

XapakTnpioTIka (8, 5, 41) :

>

ZTnv apIvOTENIKR Tou akpn evronifoupe pia aAAnAouxia 32 apivoEéwv mou eival
unelBuva yia To dILEPIOUO Tou popiou kal anoTeAeiTal anod dUo a-ENIKEC
AxohouBei To domain B Tou onoiou 0 poAOG —ONWG NPOEKUWE. and Tn WEAETN TwV
avTioTOIXWV EAEIYEWV- Eival apevog pev va gPnodilel Thv NPOodEan O AOXETEC
aMnhouyiec DNA kal agetépou eival unelBuvn yia Tn CUVEPYATIKOTNTA TNG
npbdésonq TV OUO povopepwv OTIC NAAvOpopIkeG alhnAouyie. ‘Exel SeixTei
eniong va &xel dpaon avaloyn pe Tnv alnAouxia POU.
AkohouBei n nepioxny mou eival unewBuvn yia Tnv npoodeon oto DNA (DNA
Binding Domain) n onoia éxer peyaAn opoloyia pe To homeo-domain Twv
YVWOTOV OJoIonpwTEiV@V. AnoTeAEiTal and TPEIG a-ENKEG, N TPITN ano TIG OMOIEg
Onuioupyei €I0IKEG €NAQEC e T peyain avhaka (major groove) Tou DNA,
kaTeuBUvovTag 1ol Tov HNF-1 otnv aAnAouxia-oToxo Tou.
To kapBo&uTeAikd akpo eival unelBuvo yia Tn JeTaypagikn evepyotnta Tou HNF-
1 kai xapakrnpierar and TPeiG NEPIOXEC nou €ival NAoUaleg og agpivn, yAouTapivn
Kal NpoAivn. '

‘Ogov agopa otn 6oun Tou yovidiou, a&ilel va ONUEDCOULE Ta NAPAKATW:
To yovibio Tou apoupaiou, novTikoU Kai BaTpayou anoTeAeiTal ano 9 £E6via nou
diakoénTovTar ano 8 godvia.
To yovidio Tou apoupaiou exTeiverai oTig 40.000 Baceig nepinou.
Me in situ uppidonoinon ot XpwpoowuaTa, To Yyovidio evTonideral yia Tov
avBpwno kal Tov apoupaio oTnv nepioxn 11g24.3 evw yia To novrtikl atnv 5F. To
VHNF-1 yovidio evroni(etai oTig nepioxég 17q11.2-g21.1 oe avBpwno «al
apoupaio evw oTo novTiki oTr 11B4.
To cDNA Tou HNF-1 £xel khwvonoinBei andé noAAoOUG opyaviouous Onwe MovTiKi,

apoupaio, xapoTep, avBpwno, Barpaxo, ohopo Kai kokkopa evw Tou VHNF-1 and

novTiki, apoupaio, Xoipo, avBpwno kai parpaxo (90). H opohoyia oe eninedo

apivogiknig aAnAouyiag Twv Hopiwv and Touc napandvw opyaviopoUg Eenepva To
95% (90).
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H katavour; Tou HNF-1 ge 81a@opoug 10ToUG onwg pAavnke and avaiuan
Northern ATav oTto Anap, emBnhiakd kUTTapa AenToU €evTépou, VEPPOU, NAXEOC
gvTEpou, BUPoU, aTopdxou Kkal apviakoUu adkou. H npwTeivn avixveleral oto fAnap,
EvTePO, VEPPO kai naykpeag (162). O VHNF-1 éxel Tnv idla Katavour GTouc 10ToUG |
(oe npwiya avantugiakd oTadia Kuping), al\d avixvelUeral eninAéov oe XapnAa
enineda kar oroug nvelpoveg (162, 32). TapatnpoUue dnAadn om o HNF-1
ekppaleTal o NoAl SIaPOPETIKOUG TUNOUC KUTTAPWY. Xwpic va eival o kavovag, ol
NEPICOOTEPOI anod auToug eivar eviodepIKnG NPoEAeUonG, NpoOKeTal ouvibwg yia
nohwpéva emBnAiakd KUTTapa Ta onoia &xouv koiva PeraBohika povonarma (yia
napadelypa autd TnG YAUKOVEOYEVEDNG).

Tooo yia Tov HNF-1 600 kai yia Tov VHNF-1 éxouv kAwvonoinbei Tpeig
ICOMOPPEG Mou BIaPEPOUV KUPIWG 0To KApPOEUTEAIKO akpo. ZTov GvBpwno, ol TPEIG
ICOHOPPEG ouvunc'JpxoUv O€ OAOUG TOUG 10TOUG Onou ekppaleral o HNF-1, diapépouv
OMWC Ta OXETIKG Toug enineda (6).

Katd tnv anoupdvwon Tou HNF-1, cuvanopovwveral n DcoH, mia pikpn
Slpepric npwteivn peyéBoug 1lkDa Tng onoiag o pé‘)\bq' dev €xel péxpl Twpa
dialeukavBei. O1 unoBEoeig nou €xouv diaTunwBei yia Tn 8pacn Tng oxeTifovTal YE TN
orabeponoinon Tou HNF-1 digepolc npooTaTelovTag To and anoikodopnaon n Je
OUVEPYATIKOTNTA TOU OTN KETaypa@ikn dpaon Tou HNF-1. To npoTuno ékgpacn Tng
aToug d1apopouc I0ToUg ival id10 pe auto Twv HNF-1 kar VHNF-1.

H npwTeivn HNF-1 apxilel va epgavileral oTig 6.5 pépeg Pera tnv kunon (21).
H oxedov Tautoxpovn epgavion Tou mRNA pe T Aerroupyikry npwteivn HNF-1 pag
odnyolv oTo oupnépacpa OTI n ékppaocr] TnG pubpileTal kuping oTo eninedo TnG
peraypa@nic (69). O unokivnTAG Tou yovidiou OTO NOVTIKI KAl OTOV apoupaio EXEl
Btoeic npoodeonc yia Tov HNF-4, AP1 kai HNF-3 (70, 148). Ano peAéreg GAwv
ouddwy, €xel deixTei OTI O KUPIOG METAYPaPIKOG PpUBHIOTNG —IKaVOG Kal avaykaiog- yia
TO Yyovidio HNF-1 eival o HNF-4 (70, 148). To 0TI n 8¢on npoodeong Tou HNF-4 gTov
evioxutry Tou HNF-1 aAAa Ox1 kar otov unokivntr} Tou HNF-1 anokpiverar oTov
unodox£a Tou peTIVoikoU 0of¢og pnopei va €Enynoel To yiati petd anod enidpacn He
pETIVOIKO 0EU oe KUTTAPa TepaTOKapKIvwpaTog FI eugavideral npwTta o VHNF-1 Kai
apyotepa o HNF-1 (69). H Bvnoudtnra Tou novrikoU hnf-4/, unodeikvier OTI n
Opaon Tou HNF-4 gival onpavtikn Adn anod Tnv £Bdopn Wépa, nepinou dnAadn oTav
gupavileral o vHNF-1 (26).

AvTtiBera, n anahoipr (knock-out) Tou €vog aMAnAopdp@ou Tou HNF-1

yovidiou dev £xel kamd €nidpacn oTnv avanTtuln kar Tnv €nIimon Tou MovTiKoU
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(114). H anahoipn kai Twv 300 aAnAopoppwv Tou yovidiou (hnfl’/) odnyei o€
dI0Ykwaon Tou fAnarog, av kai Ta enineda Tou MRNA Twv yovidiwv oToXwv Tou eiva
o€ oxedov puaoiooyika enineda (6nwe yia napadelypa autd TG aABoupivng kal Tng
al-avmitpuyivng), evew Ta enineda Tou VHNF-1 aveBaivouv Aiyo. Ta novrikia navrwg

Kal oTnv oAikr) €5apBpwon Tou HNF-1 enifiovouy (114).
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ATTOTERNEZMATA = SYZRTHZR

Onwg £xoupe non avaeeépel, o HNF-1 ka1 o HNF-4 puBpifouv o kaBévag pia
nA\nBwpa nnatoedika ek@palopevev yovidiwv (90, 136). Aev €youpe Opwg va
KGVOUKE HE povondaTma, aAd pe nAéypara peTaypa@ikng pubuiong pia kai o HNF-4
HETAEL TV GMWV OTOXWV TOU €ival o Pacikog HETAYPAPIKOG EVEPYOMOINTNG TOU
yovidiou HNF-1. 'Etal, éupeoca, pubpilel kar Ta HNF-1- e€apTwpeva yovidia.

O HNF-4 NPOZAENETAI XTH OEZH “A” TOY HNF-1 YNOKINHTH

2Tnv EIKONA 'l BAEnoupe To anoTéAEoHa TNG avaAuong anoTunwpaTrog Tou
unokivaTh HNF-1. H 6¢on “A” avmioToixei o€ guvTnpnuévn alnhouxia-oToxo Tou
HNF-4. H akpiBrig 8¢on npoodeor|g Tou oploBeThBNKe and To neipapa napepnddiong
oUvdeong AOYw HEBUANIWONG ONWE PaiveTal OTNV EIKONA 2.

Mupnvika ekxuhiopara ano Tnv kahiépyeia kutTapwv CaCo2, Hela kai and
KUTTApa NNATog, VEQPWV Kal ONAvag apoupaiou  enwacTnkav HE TN
- padloonuacpévn  Bgon “A”. H autopadloypagia TNG KN anodiaTakTiKAg
NAEKTPoPOpnonG (EIKONA I3) Seixvel 0TI n NpwTeivn ekppdleTal oTa kUTTapa Tou

Anaroc kal onAfvac kabwg Kat oTnv kapkivikn oeipd CaCo2.

TA TONIAIA apoCIII, apoAl, KAI HNF-1 PYOMIZONTAI APNHTIKA ANO
TOYZ HNF-1 & VHNF-1.

3Tn ouvexela okePTKaue va eAéyEoupe To av kal 0 HNF-1 €xer Aoyo otnv
ékppaon Twv HNF-4 e€aptopevov yovidiov. ENIAEEaUE Toug unovKlvnTéq TOV yovidinv
NG anoAinonpwTeivng CIII (apoCIII), Tng anoAinonpwTeivng Al (ApoAl) kai Tou HNF-
1 nou gival yvwaTo 0TI anokpivovrai atnv napoucia Tou HNF-4. Z& nAaouIBIOKES
KATAOKEUEC TOMOBETABNKE To yovidio CAT und Tov EAeyXo Twv napdndvoo
unokivnTwv. HepG2 kUTTapa nou £xouv xaunAd enineda evBoyevoug HNF-1
£MPOAUVONKav HE TIC NAPANave) KATAoKeUES kal NAPAANAa HE QopEic EKppacng yia
Tov HNF-1 kai Tov VHNF-1 o0e aufavopeveg noodtnTec. H kavovikonoinpévn
evepyoTnTa CAT g€ KGBe NePINTWON OTO I0TOYPAUKa TNG EIKONAE 4 gival evOgIKTIKA
TG dpaong Tou HNF-1 oTtnv él«ppadn Tou yovidiou. Aufavopevec NogoTNTEG TWV
HNF-1 ka1 VHNF-1 0dnyouv O€ avTIOTOIXWG HEIWVOUEVN peTaypar Tou CAT, e nio
dpaparika anoteheéopata napoucia Tou HNF-1 napd napoucia Tou VHNF-1 kal oToug

TPEIG UNOKIVNTEG NOU HEAETAOALE.
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H napoucia Tou RSV-HNF-1 oTta kUTTapa eixe WG OUVENEID Tn HEIWON TNG
evepyoTnTag Tou apoClIl (I'4A), apoAl (M4B) kai HNF-1 (I4C) unokivntr} ota 3 %, 20
% Kkal 8 % Oouykpivopevn pe Ta kUTTapa nou dev diadoAUvenkav pe RSV-HNF-1.
Aoxipacape Ta idla neipduata kai pe CMV-HNF-1 @opéa ékgppaong yia va
anokAeigoupe TV MBavoTnTa autd nou BAENOUME va o@eileTal O kanoiou eidoug
aMnAenidpaon Twv ev AOyw PETaypa@ikdv napayovtwv pe Tov RSV unokivath. Ta
anoTehéopara enBepaiwoav autd Tou nponyoUpevou neipduarog. H napouadia Tou
RSV-VHNF-1 katéoTelle Tnv evepyotnTa Tou apoClIl, apoAl kai HNF-1 ora 18%,
30% kai 30% avTioToIXa.

lNa npawtn Qopd o HNF-1, yvwoTOC WG TWPA yIa TV I0XUPR EVEPYOMoinan
nou endyel ota yovidia nou pubpilel, paiveral va dpa WG apvnTIKOG PUBUIOTHG TWV
napandvew HNF-4-e§apTopevav yovidiwv. AVAAUON TWV avTiOTOIXWV UMOKIVAT®V
anékAeioe kGBe evdexopevo Npdadeong Tou HNF-1 i Tou VHNF-1. To evdexOpevo va
npokerai yia artifact anokAeiotnke UoTepa and BiapoAUVoeC Pe dIaPOpPETIKOUG
Qopeig ekppaong (RSV, CMV), pe @opeic £kQpacnG AOXETWV HETAYPAPIKOV
napayovtwv (RSV-NF-1) i TéAog pe Toug adeioug opeic ekppaonc (RSV-CAT, CMV-
CAT). Ze OAec TG nmepINTWOEIG dev napatnpnbnke kapid petaBoAn orta enineda
HETAYPAPNG Twv UMG €AeyXo KATAOKEUGWV, OUTE OTNV EevepyoTnTd TNG B-
YaAakTooI13aong Nou XPnoiLonoIROnke we ETWTEPIKO EAEYXO TWV NEPANATWV HAG,

'Eva akopa neipaua eAéyyou oTn oeipd auTh TwV JOKIHGOV TNG EVEPYOTNTAC
Tou CAT, nrav va dolpe To anoTéheopa Twv RSV-HNF-1 kai RSV-vHNF-1 otn
peraypagn Tng Alb-CAT kaTaokeung aTnv onoia 1o yovidio CAT éxel TeBei uno Tov
é\eyxo Tou unokivnT TNG aABoupivng. 'Onw¢ nArav avapevopeve (nivakag 5), n
ékppaon Tou CAT au€nbnke kata 28 kai 20 (popég napouoia Tou HNF-1 kai VHNF-1
avtioToixa (eikova M4D). MnopoUpe dnAadr HE ao@aAeld va IOXUPIOTOUME OTI TO
paivopevo eivai andAuTa eidIko. |

©&AovTag va dIEUKPIVIooupE To av apkei anAd n Quoikn napouagia Tou HNF-1
N xpeidleral éva Aeiroupyikd HNF-1 popio yi' autr Thv kataoToAd, SiapoAuvape
KUTTapa HepG2 pe To Qopéa ékgpaong pRSV-AHNF-1. H npwTeivn nou napayerat
oTepeiTal Twv apivotéwv 18-53 nou xaprtoypagolvral oTnv nepioxn diuepiopol,
KaBigTvTag TNV NPWTEivN avikavn va npoodebei ato DNA epooov yvwpiloupe 0TI 0
dIHEPIOHOG TNG eival npolnoBeon yia Tnv npdadeon. H napouocia Tng peTalaypévng
Hop®nig Tou HNF-1 a@rivel avennpeaaTn Ty EKPpacn Twv yovidiwv avapopdc.
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OI HNF-1 & vHNF-1 KATAZTEAAOYN TH METAFPA®H NOY ENAFETAI AMNO
TON HNF-4.

Kal o1 TpEIG UNOKIVITEG MOU HEAETAOAME £XOUV TO KOIVO XApaKTNPIOTIKG OTI
oTparoloyoUv HNF-4 oto avTiaToixo cis puBUIOTIKO OTOIXEIO nou népl)\adevouv Kal
puBpilovTal kata kUpIo Adyo an’ autdv. BeArfoape va dolpe nwc ennpealeral n HNF-
4-eEapTwyevn PETaypa®n anod Tnv napouoia Tou HNF-1 kai Tou VHNF-1 ki av oTo
(aIVOHEVO KaTaaToAnG nou KaTavpc'JLpaps OUMHETEXEN KI 0 HNF-4,

KUtTapa HepG2 diapoAUvBnkav OnNwe MPONYOUHEVMG HE TIC KATAOKEUEG
avapopag (apoCIII-CAT, apoAI-CAT, HNF-1-CAT), ME au&avOpEVEC NOOOTNTES
poptwv ekppaong HNF-1 kai VHNF-1 (pRSV-HNF-1 kai pRSV-vHNF-1) kai pe To
 popea ekppaong HNF-4 (pMTHNF-4). ‘Onwg @aiveTal oTa 10ToypaupaTa TnG EIKONAE
r5, napoucia Tou HNF-4, n peraypagn Twv apoCIIICAT, apoAICAT kai HNF-1CAT
aufnBnke katd 6.9, 2.4 kai 3.8 Popég avrioToixa. H evioxupévn auTr| €Kppacn €nece
ota 11-25 % oTav Ta KUTTApa ouvdlapoAUvenkav pe Qopeig ékppaong HNF-1 1
vHNF-1. 'Etol, n Opaon Twv HNF-1 kai vHNF-1 eivar mBava navw ornv HNF-4-
efapTopevn petaypa®r. Eival yvootd and BiBAIoypa@ikéG avapopéc kal anod
neipdpara onwe autd Tng eikovag I'5 o1 n napouaia HNF-1 /| VHNF-1 8ev ennpeale
TN HETaypan nou kabodnyeital anod Tov unokivnTr pMT. ENoWEVWC, To anoTEAECHA
nou BAénoupe Sev oeileTal oTnV Katapynon TG Ekepaong Tou eEwyevolc HNF-4
HEoa oTa kuTTapa.

MnopoUpe €niong va napatnpriooupe €va AUECO CUOXETIONO METAEU Tou
Babuou kataaToAng anod Tov HNF-1 kai Tou avTioToixou Babuol evepyonoinong and
Tov HNF-4. 'Onwg aiveral oTa ioToypaupara TNG ekdvag n osipd auth eivai
apoCIII>HNF-1>apoAl. ©&AovTag va eniBEBAIOCOUPE TO CUCKETIONO WETAEU TNG
HNF-4 eEaptopevng petaypapng kar Tng HNF-1 €EapTopeVNG KaTaoToAnG, eAéyEape
NW¢ cuUNePIPEPOVTAl o1 PETaMayuéveg Béaelg npoodeong Tou HNF-4. TETolou gidoug
neipdpara, dev pnopolcav va odnynoouv O CUWNEPAoATa [Iag kai yavortav
evrehw¢ n HNF-4 eEapTwpevn PeTaypapn YE anoTéAeopa va pnv eivar duvatov va
naparnpnooupe Tn 8pdon Tou HNF-1. Mpoxwproaue Opwe oTn HEAETN OUVOETIKGOV
UMNOKIVNTWY MoU €ixav anopovwuévn Tnv Béon npoodeong Tou HNF-4 Twv apoClil,
HNF-1 kai apoAl unpoaTda anod évav eaxioto unokivnTn (CIIIB-TK-CAT, AID-TK-CAT,
kar HNF-1-TK-CAT). 'Onwg nATav avapevopevo, n napoudia Twv BE0EwV aUTOV
alEnoe Tn HETAypaQIKn €veEPYOTNTA TOU UMOKIVATH TnG Kivaonc Tng Bupidivng.
ZuvdiaudAuvon Twv KUTTApwV Ue Qopéa ékppaong HNF-4 evioxuoe Ta enineda
HETAYPAPNC TWV XIMAIPIKWY QUTMV KATACKEUWV KATA 5-7 (QOPEC evw TAUTOXPOVN
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diapdAuvon kar pe popéa ekppaong HNF-1 épife Ta augnueéva enineda peETaypagng
oto 20-40 % (EIKONA I6). Zuvunoloyilovrac Ta napanavw Sedopéva, pnopolpe va
oupnepavoupe 6T o1 HNF-1 kai vHNF-1 dpouv éupeca peow Twv BECEwv Npoadeang

HNF-4 kaTaoTEANOVTAG TN HETAYPAPr} TWV £V AOYW YoVIdiwv.

AIEPEYNHZIH THX NIOANOTHTAX AAAHAEMIAPAZHX TOY HNF-1 ME TON
HNF-4.

H 101aITepdTNTA QUTWV TWV CiS-pUBICTIKWV CTOIXEIWV va ENAYOUV APEVOG eV
HNF-4 eEapTwpevn BeTikr) pUBKION TG peTaypanc kal HNF-1 e&apTwpevn apvnTikn
pUBpION TNG KeTaypagnc pag odnynoe ortn dlepelivnon ToU av HE TPOMO GHETO 1)
£UUETO auTa pnopolv va avayvwpioTolv Kai ano Toug 600 auToug HETaYPapIkouc
NAapayoVTEC.

AnokAeicape To evdexopevo npoadeong Twv HNF-1 kar vHNF-1 oTig B€osig
npoodeong Tou HNF-4 o autolG Toug uUMokivnTEG HE neipduata EMSA
xpnoiponoiwvrag padioonuacpéveg Tig B6éoeig CIIIB, AID, kai HNF-1A kai ohika
KUTTOPIKG ekxUAiopata and kUtTapa Cos-1 nou eixav OGlaUoAuvBei e Qopeig
ékppaong yia HNF-1 kai VHNF-1, Me avdloya nepdupara, avagiyviovrag Ta
napanavw KuTTapika ekxuAiopata pe aAha nou frav eundouTiopéva pe HNF-4
anokAeioape 1o evdeyopevo Oipepiopolt Tou HNF-1 pe Tov HNF-4. Av kal Bev eixape
evlei&elg yia TéTolou €idoug aMnAenidpaan 1} eTepoditepiopd dev pnopolaape va
anokAeicoupe Tnv MBavoTnTa OTI TETOIOU €id0UG eNaPE HETAEU Twv dUo NPWTEIVLV
HnopoUv va oupBolv oTa NRATika KUTTapa w¢ CUVENEIQ EISIKWV HETA-HETAPPACTIKMDV
Tpononomoewy | / kat pe Tn Ponbeia evdidpecwy, BondnTikwv NpwTeivwv. ETol,
NpoXWPNoape o enavaAnyn TV Napandave NEIPAPATmV XPNoiLonoIimvTag nupnvika
ekyuAiopaTa ano kuTTapa HepG2 kal and nnatokUTTapa apoupdiou. ZTnv EIKONA I'7
napatnpoUpe OTI Kal JE TOUG TPEIG avixveuTéc (CIIIB, AID, HNF-1A), napoucia pn
padievepyol avraywvioTr) nou npoodéver HNF-4 (CIIIB, AID, HNF-1A), yaverai n
{ovn pEIPEVNG KIVITIKOTNTAG VM N napouadia kpUoU avTaywvioTr) Nou NPOoosEVE
HNF-1 (AIbPE) dev ennpedlel To oxnuartiopd Tou oupnAokou. Kapia enidpacn oTo
oUunAoko dev npokaAel n napoucia avriowpartog evavriov Tou HNF-1. Av OvTwg
unnpxe alMnAenidpaon tou HNF-1 pe Tov HNF-4, 6a naparnpoloaype 6|d(pops'ru<r']
KIVNTIKOTNTG TOU OUPNAOKOU Mou oxnuaTioTnke We Tov avixveutn AIbPE. To
avtiowpa evavriov Tou HNF-1 @dvnke va avnidpa pe Tov HNF-1 Sivovrag pia SinAn
{ovn PEIwPEVNG KIVATIKOTATAG. AvTiOeTa, n napouocia Tou Sev ennpéace kaBohou Ta

olpunAoka Mou oxXnuaTioTnkav — We Toug avixveutég CIIIB, AID kai HNF-1A. To
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yeyovog OTI ouTe n napoucia Tou avmiowpatog HNF-1 dev Tponoroince Tnv
KIVNTIKOTATA TOU CUMNAOKOU nou oxnHatiferai oTic BEoeic-oToxouC Tou HNF-4, pag
gkave va moTéWoupe OTI dev eival NOAU nmiBavry pia dueon 1 €upeon (LEow AAAwY,

BonenTikav npwTeivav) aAknAenidpacn Tou HNF-1 pe Tov HNF-4 in vitro.

H ANOMAKPYNXIH TQN HNF-1 H vHNF-1 ANO IN VITRO XIYITHMA
METArPA®H:E AEN EXEI KAMIA ENINTQXIH ITHN HNF-4-EZAPTQMENH
METAIrPA®H

E€erdoape oTn GuvEXEId TN OUVENEI TNG anopdkpuvong Tou HNF-1 kai Tou
vHNF-1 ano oUoTnua in vitro petaypagng yovidiov nou pubuilovral 8eTika and Tov
HNF-4. Ta anoteAéopara Twv in vitro neipapdtwv PeTaypaeng €dwoav (EIKONA I'8)
uia ooBapry €vdelgn TnG éupeca kataoTahTikng Opaong Tou HNF-1 oe HNF-4
e€apTwpevoUG oTOXOoUG. To oUoTnUa autd pag npoogépel Tn duvatdTnTa va
HEAETHOOUKE TO pOAO TWV PUBHICTIKWV NPWTEIVRV NAVW O€ YUupvn pnTpa DNA,

O1 apoClIII-GI380, apoAI-GI380 kai HNF-1-GI380 enwdoTnkav e NuUPNVIKaA
gkxuAiopaTa and Anap apoupaiou Ta onoia gixav npcoan(baoTsi (onwg @aiveral oTIg
avTioToIXeG Siadpopéc Tng eikovag M8) pe avriowpa HNF-4 | HNF-1 1 pe dikhwva
ohiyovoukAeoTidia nou npoodévouv HNF-4 (CIIIB, AID, HNF-1A) f} HNF-1 (AIbPE).
'Onw¢ ATav avapevopevo, Hovo n anopdkpuvon Tou HNF-4 ano Tnv avtidpaon (eite
AOyw dEapeUonG HE TO avTIOTOIXO avTiowHa &Te AOyw TNnG napouasiag Tou dikAwvou
OAIYOVOUKAEOTIBIOU NMou To Npoadével) fTav IKav va PEIWOEl TO NPoidv TG in vitro
peraypapnc. H anopdxkpuvon Tou HNF-1 and ta nupnvika ekxuAiopara dev odrnynoe

o€ auEnuévn PeTaypagr TWV NApandave) KaTAoKEUmV.

AIEPEYNHZH TOY AN H KATAZTAATIKH APAZH TOY HNF-1 XTHN HNF-4-
EEAPTQMENH METAIPA®H EINAI HMATOEIAIKH.

©ehnoape oTn ouvéxela va eAéyEoupe To KATG NOCO AUTO TO (PAIVOUEVO,
dnAadn n karacTaATikn dpaon Tou HNF-1 kai vHNF-1 o€ ex vivo ouoTtrpata onwg Ta
KUTTapa nou PEYaAwvouv O KUTTAPOKAANIEPYEIQ, Eival YEVIKO, av [nopolue dnAadn
va TO avanapdyoupE Kal O GANEG KUTTAPIKEG OeIpEG. EMIAEEape TNV KUTTapIKn OElpa
Hela nou dev ek@paler kavéva anod Toug Napandave PETaypagIkous NapayovTeg aAAG
oUTe Kal Ta yovidla avagopdg nou HeAeTAape. Eniong, and naAaioTEPEC PEAETEG HAG,
EEpoupe OTt 0 HNF-4 pnopei va eival nARpwG evepyodg 0 auTh ThV KUTTApIKN O€Ipa.

'Onw¢ avapevotav, o HNF-4 frav ikavog va enayel Tn HETaypagr] 0ToUG UNOKIVITEG
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apoCIII ka1 HNF-1 60 kai 10 @opéc navw and Ta Bacikd enineda avrioToixa. Kari
TéTol0 Oev napatnpnénke oTnv nepinTwon Tou apoAl unokivnTr, YEYOVOG nou
unodnAwvel Tnv avaykaidtnTa Unap&ng kar aAwv napayovTwv nou Qaiveral va pnv
nepihauBavovTal ¢’ auTa Ta eKXUNIOUATA 1] HETA-PETAPPACTIKWV TPOMNONOIRCEWY Nou
Oev eival cupBatég W autr) Tnv kutTapikn oeipd. O HNF-1 kai VHNF-1 katéoteidav
v HNF-4 enayopevn petaypapn Twv HNF-1 kal apoCIII ota 23-26 % kai oTa 8-22
% avTioToixa (EIKONA I'9).

Ano Ta pExpl Twpa dedopéva euoTabel o 10XUPIOHOG OTl 0 HNF-1 ki o
AeIToupyikd opoAoyog Tou VHNF-1 karaoTtéMouv Tnv HNF-4 €EapToopevn peTaypagn
TV unokivnTav apoClIIl, apoAl kai HNF-1 g nnatokuTTapa kal ge kUTTapa HepG2,
EVQ) YId KAMOIOUG and auTouG TOUG UMOKIVATEG TO (AIVOUEVO YEVIKEUETAl Kal OF
AGA\OUG KUTTapIkoug TUMOUG, |

Me Ta napanavw nelpdpara karahngape oto oupnépacpa omi ol HNF-1 kai
VHNF-1 dev e&ival vyevikoi HeTaypa@ikoi KaTtaoToAeiG, aAMd  kaTaoTéAAouv
OUYKEKPIYEVA TN HETAYPAPN Nnou enayerai and Tov HNF-4.

Me in vitro neipapaTta olvdeonc anokAeioape To evdeXOUevo TG Npoodeong
Tou HNF-1 1) VHNF-1 oTig 8€0eic auTéc. 'Eppeon aAMnAenidpaon We auta Ta oToIXEiq,
Ba priopoloape va £xoupe eiTe oe nepinTwon aAnAenidpaong Twv HNF-1 kar HNF-4,
€iTe Pe eTepPOBIYEPIOUO €iTE TEAOG We TR BonBeia kanolag aMng npwTeivng 'Exoupe
avagopég atn PiIBNIOYpaia yia GAAEG TETOIEG NEPINTAICEIG ONWG Tn CUVOEDN Twv
evBiGpeEoWV PETAYPaPIK®V NapayovTwv (transcription intermediary factors) pe Tov
unodoxéa TNG NPOYECTEPOVNG To ouupnAoko VP16-Octl, Ta oponoAupepn nou
oxnMatiler o Spl f Toug “coactivators” kal Toug “tethering” napayovreg nou €xouv
TNV IKGVOTATA VA YEQUPWVOUV OJUO 1 NEPICOOTEPOUC  AMOHAKPUCHEVOUG
HETAYPAPIKOUG napayovTeG ME TOug PaocikoUG NApAYOVTEG TNG HETAYPAPIKAG
HNXAavhG, CUVTEAWVTAG ETOI OTR guvToviouévn dpacn Toug (36, 64, 77, 109, 116,
143, 146). O evdei&eig nou éxoupe and Tnv epyacia autn deixvouv OTI KATI TETOIO
Oev oupBaivel otV NePINTWON Tou HNF-1 kai HNF-4 in vitro. Aev gixape dnAadn ouTe
aneuBeiac npoocdeon Tou HNF-1 oTmic O8éoeig npocdeong Tou HNF-4, olte
eTEPOIEPIONO auTwV TV OUo napayovrwv. EmnAgov, dev eixape av&non Tng
peTaypapnc oe in vitro gloTtnua oTtav agaipéoaue e pn  padloonuUacEVo
avrayaviotr) (AIbPE) i abHNF-1 Tov HNF-1 ané To piypa Tng avribpaong. TeToia
avgnon 6a nTav avapevopevry otnv nepintwon nou o HNF-1 dpoloe aTOUg
ouykekpiuévouc HNF-4-eEapTmPeEVOUC UNoKIVNTEG AUETa N HEOW AANWV NapayovTwv
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nou unapyouv aTa Nupnvika exxuhiopara. Auta ta dedopéva BERaia Sev anokAeiouv
evTeAWG TNV aMnAenidpaon Twv HNF-1/HNF-4 in vivo.

Mnopei dnAadp autdé TO OUUNAOKO va €ival AoTaBEC OTIC OUYKEKPIUEVEG
neipapaTikég ouvenkes i va pnv eivar duvatn n avixveuon Tou. SuykpivovTac BERaia
TIG NEPIOYEG DiepIool Twv dUo NpwTeivwv (TUNou puoagivng yia Tov HNF-1 kat
TUNOU OTEPOEId®V UnodoxEwv yia Tov HNF-4) Tértolou eidouc oUvEeon ToUAayioTov
HEOW TNG NEPIOXNC SIEPIOKOU, (aiveTal aniBavn.

Ta anoteAéopatd pag 6a pnopolUoav va €EnynBolv pPE TO (PAIVOUEVO
“squelching” (42). Ta uynAG enineda dnhadry HNF-1 péoa ora kUTTapa pnopei va
anopakpUvouv e pn €8IkO0 Tpono ouunapayovreg tou HNF-4 and Toug
evOOKUTTApIKOUG TOU OTOXOUG i BacIKoUG HETaypagikoUg napdyovTeg ano Tov HNF-
4. Kam Tétoi0 Opwg avTifaivel 0To anoTEAECHA TOU avTIOTOIXOU MEIPANATOG HE TO
peraAlaypévo HNF-1 va avanapdyel To anoTéAeopa Tou aypiou TUnou HNF-1. H
avaykaiotTnTa yia nAnpwg evepyry npwteivn HNF-1 —600ov agopd otnv kavoTnTa
npoodeonc Tng oe DNA kal oTnv IKavOTNTG TNG VA EVEPYONOIEI TN PETAYPAPN- HaG
o0nynoe otnv unobean OT pnopei n dpdon TnG va eivai EUPECN, EVEPYOMOIWVTAG
évav KkaracTtohéa Tng ékppaong Tou HNF-4 fi évav avraywviotr Tng dpaong Tou. H
npwTn Hag okéyn ATav n evepyonoinon Tou extinguishing locus oTo Xpwudéowpa 1
nou Ba odnyoloe aTnv KataoToAn Tng €kgpaong Tou HNF-4 (13, 109). ZivToua
OpwG anoppiyape autrn Tnv €§fynon Wia kai or HNF-1 kar vHNF-1 aokouv Tnv idia
Opaon oOx1 povo ora evdoyevn yovidia GAAG kal OTOUG (QOPEIC EKPPACNG HE TOUG
onoioug diapoAUvape Ta kUTTapa. Evalaktika, unobeoape 611 of HNF-1 kai vHNF-1
gvepyonololv TV €kgpacn f enayouv Tn dpdon Kanoiou apvnTikoU napdyovra o
onoiog e Tn oeipd Tou avraywviletal Tn dpaon Tou HNF-4. TéTolol napayovTes 6a
pnopoUoav va eivai o1 Arp-1, Ear-2 kai Ear-3 nou onw¢g eivat yvwortd and
BiBMoypapikéc avapopés avraywvifovral Tov HNF-4 yia koiviy 8éon npoodeong
OTOUG UNoKIVATEC Tou apoCIII kal Tou apoAl, kaT TEToio OpwG dev Ba £Enyoloe Ti
oupBaivel otnv nepintwon Tou unokivnTy HNF-1 6nou &eifape 6T npoogdéveral
anokAeloTika 0 HNF-4 (71, 72). Aev pnopoUpe Opwg va anokAeigoupe Tnv Unapén
KAnolou —m¢ Ta TOPA- HnN TAUTOMOINUEVOU HETAYPAMIKOU KATAOTOAEQ Mou
unovopelel Tn dpdaon Tou HNF-4.

Mo niBavod pac eavnke, To evBeXOEVO N unepekppaon Tou HNF-1 va odnysi
O€ MeTa-pETAPPAOTIKEG Tpononomoeic Tou HNF-4 nou ennpealouv  Tnv
evOOKUTTApIKN TOMOBETNON, EITE TNV EVEPYOTNTA TOU. TETOIOG POAOC £xel anoSoBei

oTn PWOPOPUNIWCN KAl CUYKEKPIPEVA OTnv €nidpacry TnG oTn WETAQOPA OTOV
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nupnva, otnv IKavoTnTa npAodeonc i OTn METAypa@Ikr €VeEPYOTNTA NAPAYOVTWV
onwg AP-1, Octl, GHF1/Pitl, cAMP response element binding factor, NFkB/IkB, NF-
IL6 kar ISGF3 (11, 25, 56, 93, 61, 60). Yndpxouv TOUAGXIOTOV TPEIC NEPIOXEG OTO
popio Tou HNF-4 nou eival nholaoleg oe aepivn / Bpeovivn kal Ba fTav duvnTikoi
oToxol yia Tn dpdon TnG kivaong Tne kaleivng II (135). Eniong undpxouv apKETEG
Tupooivec nou Ba pnopoloav va eival unooTpwKa yia Tn 8pacn Kanoiag Kivaong
TupooivnG. ‘Omole kI av eival OUWC QUTEG OF TPOMOMOIACEIC, oiyoupa dev &ival
naploplcpévéq MOVO OTA NNATokUTTApa [ia Kal TO Qalvopevo fTav enavaAnynyo oe
J1aPOPEC KUTTAPIKEG OeIpEG (OnNWC avaPepBnKe yia napadelyua ora Hela kuTTapa).
2TO HOVTEAO TNG EIKONAZ F10 anAouoTeUOUNE Ta HEXPI Topa dedopéva pag
avanapioTeVTac oXNHATika To dikTuo PETaypa@Ikwv pubuicewy nou kaBopilouv To
@aivoTuno Tou nNatog. Me To povTéNo auTo Qépvoupe oe apoifaia gEapTnon duo
HETAypa@IkoUC NapayovTeG Mou HEXPI NPOTIVOG (PAIvVOTAV va KNV ELNAEKOVTAl O €vag
otn dpdon Tou AMou. H napatripnony pag dnAadn pnopei va Siapopwoel pia
TEAEIWG 5ICI(pOpETIKI']m§IKC")VO OIaNAEKOUEVWV PETAYPAPIKWY pUBUICEWY KAvovTag Ta
nnatokUTTapa nio NoAUNAOKO aAAG ouvapa mio EAKUCTIKO HOVTEAO yia TN HEAETN TNG

I0TOEIBIKNG pUBLIONG YoVIdiwv.

H EKTONIKH EK®PAZH TOY HNF-1 ZE HEPG2 KYTTAPA KATAXITEAAEI TA
ENAOFENH HNF-4-ESAPTQMENA ONIAIA.

Anogacioape Aoindv va euBaduvoupe otov Tpono dpaong Tou HNF-1 navw
oTn HETaypa@n Tou idlou Tou yovidiou Tou OTa NAdicla TOU XPWHOOWHATOG, in Vivo
EQPOCoV Ta péXPl Twpa dedopéva pag otnpifovrav povo ot Nelpauata napodikng
diapoAuvone. Anpioupynoaue Aoindv KUTTApPIKEG OEIPEG NMoU UNepekppalouv oTabepa
Tov HNF-1 oe diagopeTika enineda (H1A, H1B). Napackeuaocape poly-A mRNA anoé
Ta kUTTapa autd kai pe avahuon Northern eléyEape Tn peraypaen Siagopwv
evdoyevav yovidinv, kabwg kal Tou eEwyevoug, atabepa ekppalopevou HNF-1. Ztnv
EIKONA F11 @aivovral Ta anoteAéoparta auTng Tng avaiuong. O padloonuaoueVog
avixveuTric GAPDH (glycerol aldehyde phosphate dehydrogenase) xpnoiponoinonke
aTo Oeiypa eAéyyou pia kai n ékppaor) Tou dev ennpealeTal and kavévav and Toug
uno eféTaon HETaypa@ikoUg NApAyovTeC. ZThV NpWTN Celpd, 0 aviXVeUTnG eival To
ouvoho Tou popiou cDNA Tou HNF-1 Tou apoupaiou e To onoio uBpidonoigiTal To
mRNA (3.0kb) nou napayeral and To eEwyevwg NPoaTiBEUEVO yovidio (Jovo oTig Hla
kai H1B oeipéc) kar AyoTepo To evSoyeveg Tou onoiou n uBpidonoinon pelwveral
otadiakd oTig ogipeg H1B kar H1A (3.6kb). ‘'Otav o avixveuTrg fTav ei8ikog yia Tnv 3’
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UTR nepioxn Tou avBpwnivou HNF-1, pniopéoape va doUpe (delUTepn oeipd) TN
peimon Tou evdoyevolg MRNA (pikpdTepn otnv H1B kai peyahUtepn otnv H1A
KUTTapIkn oeipd). Apauatikn fTav n peiwon TnG HETaypaghc evoc dMou HNF-4
eEapTOpEVOU yovidiou, Tou apoCIII Onwe Qaiveral oTnv TpiTn oeipd, evd avTiBeTa
ATav evrunwoiakn n augnon Tng wetaypaeng Tou HNF-1 eaptipevou yovidiou Tng
aABoupivng (TETapTn oeIpa). Z& OAEG TIG NEPINTWOEIG O1 SIAPOpPEC oTNV Ekppaon ATav
mo aiodnTég otnv kuTTapikn oeipd H1A nou ekppalel oe uynAoTepa enineda Tov
efwyevy HNF-1. Tédog, n ékppaon Tou evdoyevoUG HNF-4 napéueive oXedov
apeTaBANTN. To anoTéAeopa auTo anokAEiEl OpIOTIKA TO EVBEXOMUEVO TNG ENAYWYNG —
TOUAGXIOTO OTO EMINEdO TNG HETAYPAPRG- EVOG KATaoToAEa TnG ékppaong Tou HNF-4
wG MBavd pnxaviopd dpdong Tou HNF-1. MniopoUpE €niong va anokAEigoupe Kai To
evdexopevo apoifaiag OETIKNG puBuIoNG Twv dUo napayovTwy. AuTo eival oUNPWVO
Kai JE Ta anoTeAéopaTta aMwv epeuvnTwv onou anaroipn (knockout) Tou yovidiou
HNF-1 8ev ennpealer onpavTika Ta enineda Tou HNF-4. EAéyEape Ta enineda mRNA
kal GMwv HNF-4 eapTwpevov yovidiov kal Ta anoTeAéopata nrav noAu napduoia

ME auTa aTnv nepintTwon Tou apoCIIL.

H EKTOMIKH EK®PAXH TOY HNF-1 ZE HEPG2 KYTTAPA KATAXITEAAEIL
TOYZ HNF-4-EEAPTQMENOYZ YNOKINHTEZ ZE AOKIMEZX CAT.

O1 UETAYPAPIKES EVEPYOTNTEG TWV XIHAIPIKAOV UNOKIVATOV TWV KATAOKEUWV
Alb-CAT, apoCIII-CAT, HNF-1-CAT kat 4xXTRH-TK-CAT (nou nepihappavel 4 Béoceig
npoodeonc Tou HNF-4 and Tov unokivnTy Tou HNF-1) eAéyxBnkav pe SOKIWEG TOu
evlupou CAT kal enmifeBaiwoav Ta anoTeAéopara TnG avaiuong Northern. ZTnv
EIKONA 12 napatnpoUpe pia BaBuiaia av&non otnv peraypapr Tou AIbCAT oTig
oeipég HIB kai H1A avTioToixwg eved Spapariki gival n avahoya Babpiaia peinon
otnv nepintwon Twv apoCIII-CAT, HNF-1-CAT kai 4xTRH-CAT. Téhog, kapid
onuavTikn peraBoAn dev napatnenenke oTnv NepInTwan Tou deiypatog eAéyyou RSV-
CAT, 6nwg Tav GAWOTE avapeVOUEVO.

H OEZH “A” TOY HNF-1 YNOKINHTH XTPATOAOIEI TON HNF-4 AAAA OXI
TON HNF-1.

MapackeuAoape OTN CUVEXEIG KUTTAPIKA ekxUAiopaTa and kUTTapa HepG2 ki
and TIG oeipég H1A kar H1B ka1 XpnoidonoivTac we avixveuTr T 6éon npdodeong
Tou HNF-1, AbPE, dianiotwoaue Tnv aufnupévng évraong (4-11 @opég) {wvn
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HEIWHEVNG KIVATIKOTNTAG OTNV NEPINTWON TwV 800 KUTTAPIKAV OEIp®V. £TO neipapa
EAEYXOU XPNOILOMNOINCAKE WG aviXveuTr) Tn B£0n npdadeonc Tou napdayovra Spl, o
onoiog diver apeTaPANTNG évraonc oUnAoko o€ KGbe nepinTwon.

To om dev unapyel NARPNG CUOXETIOHOG HETaEU Twv dlagopwv oTa enineda
Tou HNF-1 mRNA kai otnv évraon tng {ovng Tou cupnAokou pe To AIbPE 6a
Hnopoloe va eEnynBei pe Siagopoug Tpomoug. Mo mbavh eEfynon eivar aut n
dlapopa va oPeileTal Ot NPOGOETOUC PUBUIOTIKOUG HNXAVIOHOUG NMou gAéyXouv Tn
HETAMPAOT, TIG HETA-HETAPPACTIKEG TPOMONOINOEIG 1) T OTABEPOTNTA TOU HOpiou.
TéAog pnopei n UNap&n kanolou emkoupikol napdyovra [éoa orta KUTTApa va pnv
eniTpénel Tnv aveEEAeykTn dpdon Tou Siuepolc HNF-1 (89). XpnoiponoiwvTac atn
OUVEXEID WG aVIXVEUTR Tn B&on npoodeong Tou HNF-1, napatnprioape OTI dev
unapxel kapid petaBoAn otn ouyyévela npOodeEdNC TOU ME TO OTOXO TOU OF
gkxuAiopaTa ano kutTapa HepG2, H1A kai H1B. MoTonoifjoape 0TI NPOKEITal yia Tov
HNF-4, nepihapBavovrag oty avTidpaon avriowpa yia Tov HNF-4 To onoio odnyei o€
HEIWKEVN KIVATIKOTNTA TO OURNAOKO OXedov aTo aglvoAd Tou. AvTiBeTa, n napouaia
Tou avTiowdarog HNF-1 Bev eixe kapia eninTwon oTnv KIVATIKOTATA i) OTNV €vraon
Tou. 'ETal, anokAgioupe To evdexopevo o HNF-1 1} kanolog aAAog napdyovrag nou
enayerar and Tov HNF-1 va npocdéveral avraywviaTika otn 0éon oTpatoAdynong
Tou HNF-4.

O HNF-1 KATAITEAAEI THN ENEPFOTHTA TOY HNF-4 MEXIQ
AAAHAENIAPAZHZ ME THN NEPIOXH E TOY HNF-4 MOPIOY IN VIVO.
‘MapdAo nou HeE Ta MEpApATa UCTEPNONG KIVATIKOTNTAC 3ev dIANIOTMOAPE
kanolou eidoug olUvdeon Tou HNF-1 pe tov HNF-4, TETolou €idoug oxéon Oa
pnopoUoE va unapxel HeTafl Twv dUo PETAyPaQIKOV napayoviwv ald va pnv
diatnpeital oTig ouvBrikeg dieEaywyng Tou nelpduartog Anogacioape Aonov va
JIEPEUVHCOUIE |IE MO PEYAAN AenTopépela To Bépa autd. Me ia OEipd KATaoKEUWY
diapopeg aAnhouyieg Tou HNF-4 ouvTrxBnkav e Thv neploxr npdadeong Tng Gal4
Tou gakxapouuknTta o€ DNA (16) yia va xaprtoypapn®ei n nepioxr] Tng HNF-4 nou
TUXOV aAMnAenidpd pe Tov HNF-1 (EIKONA I'14). XpnoiLonoi®vTac Ta XIpaipika auTd
HOpla napakdunToupe Ta npopAruata nou dnuioupyei n aduvapia Tng HNF-4 va
diuepioTei, apa va npocdebei oe DNA kal va eivar 8pacTikf OTav Agingl n neploxn
dipepiopol TnG. H kataokeun Gal4-HNF-4E nou nepiAappavel oAOkAnpn Tnv nepioxn
diepioPol kal NPOodEONG Tou NPoodeTn £BeiEe va eival IKAvOg EVEPYOMOINTAG TNG
pETaypa®ng Tou Gal4-anokpivopevou yovidiou avagopdc T0oo ota kUTTapa HepG2
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600 kai ora Cosl. AuTh n evepyonoinon KaraoTaAenke and Ta aufnuéva nood Tou
HNF-1 nou nponABav and Tnv eKTonIKA £kPPAacn oTiC oTABEPA JIAUOAUCUEVEC OEIPEC
HepG2 H1A kai H1B f} ano Ta napodika diapoAucpéva pe gopéa ekppaonc HNF-1
kUTTapa Cos-1. Avahoya anoteAéopaTa £dwoe Kal n dtapdAuvon We Tn HETaAAaypévn
popeny Tng HNF-1 [HNF-1(440)] otnv onoia Aeinet n kapBoEuTeAikny neploxn
gvepyonoinong evw n napoudia Tng peTalhayng HNF-1(280) nou nepihapBavel Tnv
nepioxn Olpepiopol kai nNpoadeong kar oe DNA Tou popiou dev kaTagepe va
kataoTeikel T peTaypapn. Mia ENenyn Tng NePIOXNG evepyonoinong Tou HNF-4 oty
kataokeun Gal4 HNF-4 (E354) and Tnv onoia anouoialouv Ta apivogéa 337-368 eixe
Oav OUVENEID TV ANWAEIA TNG HETAYPaPIKNG EVEPYOTNTAG Tou Hopiou. AvTiBera, dev
napaTnpnRBnke kawa 81apopa aTIG NEPINTWOEIC OMOU OTA KUTTAPA UNEPEKPPACTNKE N
Gal4-VP16 (123) nou xpnoiHonoindnke w¢ deiypa eAéyxou.

AAAHAENIAPAZH TOY HNF-1 ME THN NEPIOXH AF2 TOY HNF-4 IN VITRO.
Ta napanavw neipagara Aoinov avadeikviouv (')T‘I 0 HNF-1 kataoTéAAel Tn
HETAYPAQN HECW QUOIKNG aMnAenidpaong pe Tov HNF-4. H emiBeBaiwon Twv
napanavw in vitro dedopévwv NponABe and To neipapa Tng EIKONAZ M15: diapopa
peraMaypara Tng HNF-4 ge alvtnén pe GST (GST-HNF-4 130-368, GST-HNF-4 AF2,
GST-HNF-4AAF2) apébnkav va aMnAeridpagouv pe npwTeivy HNF-1 nou eixe
napayBei kat padioonpavesi in vitro pe *S-pebeiovivn. H mBavoTnTa Unapéng TETolou
gidoug aMnAenidpaong diepeuvnBnke Kai OTNV NePINTWON TG Xipaipikrig GST-TFIIB.
MNa Oelypa ehéyxou xpnoiponondnke n GST-Gal4, kai n npwteivn GST. O dUo
TeheuTaieg Bev eixav, ONwG ATav AAMWOTE avapevoevo, kapid alnAenidpaon pe Tov
HNF-1. ZnpavTikr) ahMnAenidpaon Opwe Ppavnke va £Xoupe Togo pe Tov TFIIB 600 kal
pE Ta duo peTaldypara Tng HNF-4 nou nepiehapBavav tnv AF2 aAnAouyia. E&ioou
KaAr} ATav n aAnAenidpacn oTnv nepinTwon 6nou To AF2 fTav To POvVO THMKa Tou
HNF-4 nou guykoANBnke pe To GST. 'ETal, kataAngape 0To oupnépacia ot To pbvb
TuAMa TNG HNF-4 nou aAnAemidpa pe Tov HNF-1 gival Ta voukAeoTidla 354-368 nou

ouvioToUv TO AF2.

AAAHAENIAPAZH TOY HNF-1 ME THN NEPIOXH AF2 TOY HNF-4 IN VIVO.
Tnv aMnAenidpacn Twv 800 PETAYPAPIKQV PUBHIOTMV HNOPECAME va ThV

avixveUooupe kal oe GBIkTa kUTTapa. AigpoAlvape kutTapa Cos-1 pe To (opéa

ékppaong pMT-HNF-4 (227-455) and Tov onoio Aeingl To onpa peTGBacng oTov
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nupnva. ZuvdiauoAuvon TwWV KUTTApWV LE Tov adeio gpopéa ekppaonc pCB6 aprvel
Tov peralaypévo HNF-4 £Ew and Tov nupriva Oonwg Qaiveral oTo NPWTO THRKA TNG
EIKONAZ 16 perd and Xpwon Toug pe avriowpa HNF-4 in situ. AvTiera,
ouvdiapoAuvon Twv KUTTapwv e HNF-1 kai PETENEITQ XpWOn TOUuG WE avTiowpa
HNF-4 £deike T peraMaypévn HNF-4 npwreivn va eival oTo GUVOAOG Tng NUPNVIKN.
To i6lo anoTéAeopa eixe kar n unepékppaon TnG HNF-1 n onoia oTepeitar Tou
kapBo&utehikol TnG akpou (HNF-1 440) evd n ENePn TnG NEPIOXNG SIEPICHOU Kal
npdodeong o DNA (HNF-1 280) ékave adUvarn Tnv aMnAenidpaon Tou HNF-1 pe
Tov HNF-4 kai ouvenwg Tn PeTapopd Tou HNF-4 aTov nuprva. Eniong, unepékppaon
Tou Gal4 apnoe Tov HNF-4 227-455 oTo kuTtTaponiacpa.
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Table Il Table|
potential HNF1 binding sites ) o
" functional HNF1 binding sites
genef . specie position sequence in vitro binding gane species  sequence and posiion
gpaticgenes relative 10 the CAP site
plasma proteins shumin ot 60 GOTIAMOGATCTACA
hepatic lipase rat 609 GGTTAATTAATGTCC ;-mw‘ g Ammh
58 GOTTANTAATTANTG ++t . gy o
hepatic fipase human -66 GGTTAATTATTAATG heman 258 GETTAGTARTACTA
apotipoprotein (3) human 452 AGTTAATGATTCTCT Puman A TGTTACTAATIGACA
inon 1 GGTTAATTGTTIGCC afelopratsin t mouse,boman 64 GETTACTAGITAACA
1o, mouse, bumen 131 TCTTAATIATIGECA
C5 gene hyman 74 GGTTAATTATTAATG 3UE  GATTAATAATTACAC
Cdb-binding protein mouse TGTTAATCATICACC ransihyretin mose, bumin 133 GGITACTTATICTCC
factor IX human  inront  GGTTATTTITITICA ub Aniirypsin homen -5 GTTANTATICACCA
o3 AGTTATTCATTARAC mouse T
infron 4  AGTTACTCATTATCA afibrinogen L] GRTTARTEATLACLC
infron 6 AGTTAATCTITACCT P-frinogen PN AGTTARTATTIGACA
factor Xili 8 subunit human AGTTAATAATTTATA tuman AT
infton 10 GGTTACTGATTICTA € reachve prolein tuman 75 GARATTATITACA
infron 11 GGTTAATTTITGCAC i _— hﬂghim:fhgx
corticosleroid BG 5 tuman 66 GOTTAATGGTTAGAG ++ ‘ GOTTAMTGATTE
serum amyloid A [GSAAY) human  HWON2  GOTIAATATTITICA at-mhxog) hunin i ;:g; 22:::;:::3:
alpha-2-macrogfobulin ra GOTTATTTATTACAS s il : cmmmémh;
pfeganCY'SpelCiﬁC B8 1 glycoprolein  human GOTTAATTTTTIGTA apoAdl heren 554 AGTTAATGTGTAMG
alpha-2-plasmin inhibitor buman GGTTACTCATTAGAA Lippruvate kinase " GOTTAMGTATANCE
thyroxine-binding globutin human GGTTAMTTTATAACT skiolass 8 boman 119 AGTTATTGANTANAC
alpha 2-macroglobufin human TGTTANTTTTTGTCA PEPCK wl TCTTAMTGANTSTTG
vitamin D-binding pect, fat R AGTTAMCTTTAGCT cytochrome PASO 261 e tumen GGTTTATTAITAGET
655 AGTTAATTTATAGCA Tard A human 1035 TGTTAATATANANGT
Gluiathions S Trans!.-YA w ATTARTCATTACT
) \ 208 AGTTARTGATTAAMA ++ vitallogerin A2 soncpus 115 GRTARTTGTTTACAC
carbo-hydrate metabolism 28STomslmase S0 ICTIAMGTTIANCG
Liver pyruvate K 1at AGTTANTCATTAAAA hepatiés B virus {proSt) human k1] AGTTARTCATTACTT
yrosine aminolransferase 5 fal BGTTAATAATTTICA ++ amingpepidats N pig 78 GOTTANTTTTTGCCC
non-nevtonal enclase human 1814 TGTTARTGATTACTA el " AW TOITAMTAMCTA
detoxification :
UDP-glucuronosyltranslerase human  promoter  AGTTACTTATTACCC G A8 A ¢ 2 ¢ ¢ ¢ x G ¢ A S
cytochrome P4SOUET human TGTTAATTATCAGCA A TT A T VA LTA YA
steroid hydroxylase I1A2 (CYP2AZ)  ral AGTTAATTTTIATCT ' A T- teCo
other liver genes « : —
B1 vitellogerin 5' xenopus  -280 GOTTAATAATTACCC +44
insulin-fike GFI rat intron 4,  GGTTAATATTTAACY
dipaplidase human GOTTACTTATTGAAC
sering projease hepsin human FGTTAATGATTCCCT
carginoembryonic antigen (CEA) hyman AGTTARTCATTACTG
ene® s rat AGTTAATAGTTANCC +++
senescence marker 28 § ral -925 AGTTAATAATIGATA
connexin (Cx32) 5 mouse  -B55 AGTTARTGGTTGACA
-307 GGTTANTCTTTCTCT ++
glutarsine synthetase rat AGTTAATTTTTGCCT
Hepalits B virus human AGTTAATAATIGATC
intestinal genes
sucrase-isomaliase mouse  -172 BGTTAATTAATAACT
cytokeratin 20 human  (-3180)  TGTTAATGATTAATA ++
cellutar retinol binding protein & ra AGTTATTCATTTCCA
pancratnc genes
prohormone converting enzyme human GETTRATATTIGCT
glucose transporier 2 §' fuman  (-1048)  GGTTARTCTTTACTG +
renal genes
sodium/glucose cotransporter ral AGTTAATGATCATCC
sodium dependent sultale iransporter rat GOTTAATGTICCCCA
‘i AV N AN AN NNV NENVAAVAVAVAVAVAVEE

()(

[EVAVAVAVEVAVEN A AVAVEN ANV AN AVAVAVAVAVAVAVEVAVAVAVEN VAV AV AN A VVAVAVAV NEROV AV AN A N A A N N AN
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Nuclear
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EIKONA ri: Ms avaluon anOTunmuaToq, XPNOIHONOIWVTAG NUENVIKA ekyxuAiopara (nuélear 5
extract) and nAnap apoupaiou ot aufavopeveg noodrnTeg (5, 10, 20 kar 40 pg ava
avTidpaon), ynopécape va evronicoupe Tn 6éon npocdeang Tou HNF-4 gTov unokivnTr) Tou
HNF-1 atnv nepioxr A énw¢ onueiwveTal oTnv eikdva. H Siadpopr) G/A avTinpoownelsl Tov
- kaTa Maxam-Gilbert npooﬁloplopo an voux)\aonbmnq u)\)\n)\ouxlaq TWV QVIXVEUTRV.
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N.E. HepG2 HepG2: HNF1 HepG2 HepG2: HNFt
AntiSense Sense
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- e-52
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HNF~1 site “A™

~69 GGCTGAAGTCCAAAGTTCABTCCCTTCGC ~& 1
CCGACTTCAGGTTTCAAGTCAGGGAABCG
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% EIKONA I'2: Xop‘roypa(pnon TOV Geoeu)v npoo‘ £0NG NUPNVIKWV MApayovTwy oTOV UNOKIVITH ;(

fé Tou HNF-1. H avGAuon anoTunmuaTog £yIve e OTUAcHEVOUG 0TO 5' Gkpo IXVNBETEG (sense & <»
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%;;; antlsense) Kal NUPNVIKA eKXUAIoPATa anoé finap apoupaiou OTIG NOCOTHTEG fOu avagépovTar. 5
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Probe: HNFI site “A”
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EIKONA \l'3: Aigpelvnon TG EkPpaonc kai IkavoTnTag npdadeong Tou HNF-4 otn eson- ‘>'>'

NN

0'roxo Tou o€ diagpopoug KuTTapikoUG Tunoug. O IXvnAATNG eival n padloonuacpévn 8éon %

N

npoadeoncg Tou HNF-4 (probe) and Tov unokivnTri Tou yovidiou Tou HNF-1 nj onoia agédnke 35

va aMnAemdpdosr pe nupnvika ekxuhiopata (N.E.) nou napackeudornkav and TiG KUTTAPIKEG §(

NI

* GEIPEC Nou avaypagovTal.
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¢ EIKONA T'4: ApvnTixi} pUBpIoN TwV unokivnTav Twv yovidiwv apoCIIl, apoAl kai HNF-1 ano gz

\/\/‘/V\/‘

AN

Touc; HNF-1 kat VHNF-1. KUTTapa HepG2 diapoAlvenkav pe didgopa nood DNA (1,2,3 Hg) & 8

f/

. ano Touc, @opeig ekppaong pRSV-HNF-1, pRSV-vHNF-1 kai pRSV-AHNF-1 kal pe 2 ug DNA g»
§ and Ta yovidia avagopac apoCIII-CAT (A), apoAI-CAT (B), HNF-1-CAT (C) 1} Albumin-CAT <>
3 (D) O1 TIPEG QVTINPOOWNEVUOUY TIG PEOEG TIMEG TWV KAVOVIKOMOINUEVWV EVEPYOTHTWV CAT
; (normallzed CAT activities %) ano €& diaQopeTikG neipapata. 'OAeg o1 TINEG ekppalovTal mq
nocooTd TnG evepyoTnTag nou divel n katackeur apoClIIl-CAT (100%) nou avTIoTOIXE 0'ro

. 15% an evapyomraq Tou RSV-CAT. H K)\I|JGKCI oTa 1oTOYPAppATa givai 5|a(popsm<n

% LTINS T NN BTSN AN AN AN L A R AN N N NP
PRI BN e e RN N R N R S AR S A R A A A AR AR AT SRR R A MRS AT
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EIKONA r5- I‘Iapspnoﬁlon an HETaypagpng nou EFICIYETCII and Tov HNF- 4 and Toug HNF 1

kat VHNF-1. O1 Sokipég CAT £yivav {e KUTTapika ekxUNiopara and kuttapa HepG2 nou gixav -
oudiapoAuveei pe 2 pg DNA Twv yovidiwv avagopdg apoCIII-CAT (A), apoAI-CAT (B), HNF-1- ¢
- CAT (C) kar TiG noodTNTeG DNA Nou GRUEIGVOVTAl and Toug QopeiG ékppaong pMT-HNF-4, -

? PRSV-HNF-1 kai pRSV-HNF-1

Kal

pRSV-vHNF-1. O1 oThAeg TwVv

N RSN

<

AL A
AVERAVANANA

IOTOYPAMKMATWY

QVTINPOTWAEUOUY TIC PECEG TIMEG TV KAVOVIKOMOINKHEVWY evepyoTnTwy CAT (normalized CAT

activities%) and Téooepa aveEapTnTa neipduara. O TIPEG Nou avapépovTal ekppalovral wg

" nocooTé TG HNF-4- enayopevng evepyoTnTag Tou apoClII-CAT (100%). KaBe ioToypappa -

€)(EI (pTIG)(TEI ps 6|a(popET|Kn K)\luaKa
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A B C D
HNF-1A-TK-CAT CiliB-TK-CAT AID-TK-CAT TK-CAT
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Ni-E & § el i M N, —
pMI-HNE 4 - + < + . + + + - + + + - + - +
PRSV.HNF.1 - - <« . . . « . . - 4 - - - +
pRSV.HNF-1 . . . + - - . + - - . v . B . +
O RRAAARARARANR PG LINPIGS  NAP PN AR AARAREARAARARARR

~ EIKONA T6: H enidpaon Twv HNF-1 kai VHNF-1 oTnv HNF-4- -€EapTWHEVN sK(ppaon
- XIHaipikwv kartaokeuwv. Kuttapa HepG2 SiapoAivenkav pe 5 pg DNA and Ta yov16|a

avagopag HNF-1-A-TK-CAT (A), CIIIB-TK-CAT (B), AID-TK-CAT (C) ka1 TK-CAT, napoucia &

(+) 1 anouoia (-) 2 pg DNA ané Toug @opeig ékppaonc pMT-HNF-4, pRSV-HNF-1 kar pRSV-
VHNF-1. H kataokeun nepihappavel Téooepa avriypaga Tng 8éong npdodeong Tou HNF-4
ovov unokivnTh HNF-1 (“A”), evid oToUG dANOUG JUO XIHaIPIKOUG UMOKIVNTEG NepIAAUBAVETAI
éva avtiypago tng avrioToixng 8éong npdodeong Tou HNF-4 (“CIIIB”, “AID”) pynpooTd ano
5 Tov €AaxioTo unokiviTh TG Buuidivikng kivaong (TK). O KOADVEG Twv I0TOYPAUHATWV
% QVTINPOCWNEUOUV TIG HECEG TINEG TWV Kavovikonoinuévwv evepyoTriTwv CAT (normalized CAT
2, activities %) ano Tpia aveEaptnTa neipdparta. OI TIYEG NOU avagepovtal ekppalovral wg
% nooooTod TNG evepydTnTag Tou PRSV-CAT (100%). KaBe 10TOypappa €xel @riaxTei pe
% BIaPOPETIKA K)\iuaKa

AN AT AN B N A A A A A N A A A A N AN A AN A A A A AN AN AT O Y Y A A A N
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A B. C. ' D.
PROBE . CHiB i AID HNF-1A AlbPE
COMPETITOR -~ ClliB AIbPE - - AID AIbPE - -HNFSA AbPE - - - - -

ANTIBODY Do- - - ta - - - i - W Ca -4a -

/'\/‘ N A NIATAIAIA AT NVAVAVAV AV AV Ea T /\/ / ANANS
SN AN AN AN AN AR ANAN NI A A ARV A AN A A A A AA A A A A A AN A A AN A A A A A RIA AN A

: EIKONA I'7: O1 HNF-1 kai HNF-4 de @aiverar va alnAemdpouv in wtro o€ nupnvu(a
ekxuNiopata nnatog apoupaiou. 210 neipapa EMSA nou @aivetar otnv  ekova,

XPNOILOMNOINCAUe nupnVvIKG ekxuliopata and >r']nap apoupaiou (10 upg ava avridpaon i\
npoodeong) nou a@ednkav va aMnAenidpdoouv {E TOUG PADIOONMACUEVOUC QVIXVEUTEC %
< (probe) CIIIB (A), AID (B), HNF-1A (C) ) AIbPE (D). 'Onou avagépeTal, cupnepiAdBape oTnv »

$ avTidpaon 100 Qopég popiakn) NEPICTEIA | CNUACKEVWY QVTAYGVIOTIKMY OAlYOVOUKAEOTISiwV \*

% %
%2 (competitor) f; 1 pl avrioouartog (antibody) HNF-1 (1a), COUP-TF (Ca), HNF-4 (4a) ot
?E apaimon 1:6. :
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TEMPLATE - HNF -1- G1380 ApoCHl - GI380 CA?’ ;
COMPETITOR . - HNF1A-ADPE - -~ CiiB — AlbPE~ —pol:}ili) 9 ;\?gg)ﬁ -
ANTIBODY Lo - AR~ i - - 40 - - -~ 4¢ _ 1q

| M W A

L R A R

380 — e -
= 380 — g 380
180 WBO— wove el e :
180—
% 3807180 180 2 25 185 162 350 78 92 340 320 310105 140 310 304

N - o7, RS ~ Iy
SRR N AR SNSRI . RN RINININNNNININININNNANININAININANNINNN 2 SRR RN 3

EIKONA r8: O1 HNF-1 kai VHNF-1 Oev ennpealouv Tn PETAypaern Twv UHOKIVI']T(DV HNF-1, %>

apoClIII, apoAl ot in vitro gUcTRHA PETAYPAPNG NApoUaia NUPNVIKWY EKXUAICUATWV and r|nc|p ?

- apoupaiou. Zuykekpipéva, 200 ng and TIC kataokeuég (template) HNF-1-GI380 (A), ApoAl- ;2
~ GI380 (C), kar 100 ng and Tnv katackeun ApoCIII-GI380 (B) enwdcTnkav yia YETAYpaPn He %

NUPNVIKG eKXUAiopara and nnap apoupaiou in vitro. 100 ng and Tnv katackeur) AdML(180) 2%
IS
oupnep\i@Onkav o GAeG TIG avTidpacelg wG eowTepikd deiypa eAéyyou. ‘Onou avagepeTal,

S

<
Ta nuUpnvika ekxuliopyata (30-40 ng ava avridpaon) npoenwdoTnkav pe 200 ng é§
:
<
avTicwparov (antibody) yia HNF-1 (1a), HNF-4 (4a) oe apaiwon 1:3. Ta peraypaga nou 2

oAiyovoukAeoTidiwv avraywvioTwv (competitor) (HNF-1A, CIIIB, AID i AIbPE), i} pe 2 pi

nApape and Toug unokivnTeG HNF-1, apoCIll, kai apoAl (380) kai and Tov unokivnTh AdML (g
. , S
(180) noooTikonoiBnkav andé Tnv autopadioypagia WE PETPNT NUkVOTATAG. Ta §

- anoTteAéopiata ekppalovral wG nogooTd o€ oxéan pe To deiypa AEyyou and Tov unokvnTh
¢ AdML (380/180x100) . 8
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A B
ApoCIHI-CAT HNF-1-CAT
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z
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PMT-INF-4 - + + + . + + +
pRSY.HNF.1 - - + - . . %
pRSV.VHNF.T . . - + . . . +
5 EIKONA I'9 O| HNF—1 Kai vHNF 1 KaTaoTaMouv ™V HNF4 snavouevn psTavpa(pn ot ;
? kOTTapa Hela. Ta kutTapa SiapoAlvenkav pe 2 pg DNA and Toug opeig ékppaang pMT- <
% S
HNF-4, pRSV-HNF-1 fj pRSV-vHNF-1. O1 OTAAEG TWV IGTOYPAPHATWY QVTINPOCWNEUOUV TIG
HEOEG TIMEG TwV Kavovikonolnpevwy evepyoTATwv CAT (normalized CAT activities%) and Tpia ”
. aveEdpTnTa nepauata. O TG nou avagépovtar ekppalovial wG nooooTtd TG HNF-4- gf
% ENaYOUEVNG EVEPYOTNTAG Tou apoCIII-CAT (100 %). $
¢ &
2):< A A A N A A A A A A A A A N A A N A A A N A A A AV AAVAASIIRSAUAS Vg

DAY : N - - )
A A AN AN N AN NN AN AN AN STV A A A AN A A A A A A A A A A A A A A A A AN AN AAANANE AV A A OAV ANV A A
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LI VER SPECI FIC
HNF-4 + GENES

HNF-1

+

LI VER SPECI FIC
GENES

A AN A
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EIKONA I'10: Ispapxla pamypacpu«ov pnxavxoucov aTo nnap b8

Z/\/\/\/\/\/\/\/ NN AN A NN AN I NN S NN NN TN AN
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rHUNF-1 - 3.6kb
CH

- 3.8kb

hHNF -1
3'UTR - 3.6kb
apoC-111 — 8.7kb
Albumin
hHNF -4
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\> EIKONA I'11 ExTonikn SK(ppaon Tou HNF- 1 oTa k0TTapa HepG2 KGTCIOTE)\)\EI TN HETAYPA®R
? Tou evdoyevolg HNF-1 kal apoCIIl. Kirrapa HepG2 diapgoAivBnkav e TO QOpEa EKPPACG <

f';j/\ pCB-HNF-1 kai Ta KUTTapa nou napfiyayav oTaBepd Tnv npwreivny emAéxbnkav xar

A I AATATAAATATAIAS /.
N ATATATA L NN A N AN A N A A A A AR AN N A A A A A A A A A A A A A AAAA A A A A AAA ;

KaANigpynBnkav oe pEco kaAhiépyeiag nou oupnepiNapfave G418 oe TeNIKM) OUYKEVTPWON ¢
150pug/ml (Geneticin, BRL). Poly-A-RNAs and kUTTapa nou ekppalouv oe diagopeTikd nineda ; :
HNF-1 (H1A kai H1B) napaokeuaoTnkav kal ouykpiBnkav pe autd and kuttapa HepG2 pe <
avahuon Northern napoucia Twv napakarw avixveutwv: rHNF-1-CR (nou nepidappavel
oAOKANpN TNV KWdIKR nepioxn Tou HNF-1 and apoupaio), hHNF-1 3'UTR(nou nepidappavel Ta
voukAeoTidia 2305-2783 and Tnv 3’ un petagpalopevn neploxn Tou avBpwnivou HNF-1)
kabwg kai Ta c¢DNAs nou kwdikonoioUv yia avBpwnivn apoCIIl, aABoupivn novTikod,
avBpwnivny HNF-4 (hHNF-4) kar TéEhog GAPDH g Seiyua eAéyyou. ZTo Oe&i Tunua Tng alKovaq &

- Gﬂp&leOVTGI Ta uevsen TWV qulbonompavwv anuava
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% EIKONA 12: ApvnTiKA peTaypagikn pudpion Tov HNF-4 eEapTOHEVWV UNOKIVAT®OV and Tov
¢ HNF-1. Kitrapa HepG2 aypiou Timou f unepexppaovra HNF-1 (A, B) (cell line)
% SiapoAlvOnkav pe 2 pug DNA Twv yovidinv avagopac Alb-CAT, apoCIII-CAT, HNF-1-CAT, 4xA-

TK-CAT kai RSV-CAT. O1 OTHAEG TWV IOTOYPAUPATWV GVTIOTOIXOUV OTOUG HETOUG OpPOUG TWV

% kavovikonompévav evepyotitwv CAT and Ttéooepa avekdptnta neipapata. O1 TIPEG

S

Eg ekppalovTal o€ CUOXETIONO [E TNV evepyonoinon Tou Alb-CAT 1| WG N00OOTO TNG avTioToIXNG §
%

b

S

) EVEPYOTNTAC MO PETPNONKE 0Ta aypiou TUnou HepG2 (relative CAT activity).

>
: s e VRN NS A NN o~ A NN NN
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§§5 EIKONA 13: H Gson “A"” Tou HNF-1 unokivnTi} orpatoAoyei Tov HNF-4 aMa OXI TOV HNF-1. 2-

f Mupnvika ekxuMiopara anod aypiou TUnou (H) kar unepekppalovral (H1A kar H1A) HepG2 %
\2 KUTTapa NapackeuaoTnkav kai avakidnkav ae EMSA. Qg aviXveuTég Xpnotponolnénkav ol ;
¢ Béoeig npdodeong AIbPE kai Spl (A) i n 6gon “A” (B). Onou onueivetal, cupnepiAdpape %
f oTnv avtidpaon npdodeong kai 1yl avrioopaTog nou avayvopilel HNF-4 (4) ) HNF-1 (1) oe %

(/ apaiwon 1:6. H npoéodeon Tou HNF-1 ot 6éon AIbPE eniBeBaiwBnke pe Tnv enidpaon HNF-1 -

R N N I N NN N IR ARG L NN AN N
ANV AV AV N N A A VA AV A A AV ARV VAV AN AV A AN AVAVAVAVAY A A AV A A VA N
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COS-1 cells

HepG2 cell lines +HNF-1

WT H1B H1A -HNF-1 FL M280 M440

1.2

Gal4 DBD 10 09 11 10 11 11 09

Galé HNF4(F) (NS 182 98 51 235 28 26 35
130 36

Gald HNF-4(E354) G | 12 11 13 11 10 09

~ (Gal4 VP16 [GaE[VPle]  159.0 1435 150.8 182.7 178.5 185.2 175.6

AAVRVE

P NAAATAATAYAS
AN v\/\/\/\/\/\/\/\/v\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\M ANV AALNANY

EIKONA i4: O HNF-1 KaTamsMel TNV evepyotnTa Tou HNF-4 péow aMnAenidpaong pe §

\/\/\//ﬁ\/&\;\\;

TNV nepioxn E Tou HNF-4 popiou in vivo. KutTapikég oeipég Cos-1 kai- HepG2 (WT, H1B, H1A)
diapoAUvenkav pe 2 ig DNA Tou yoviSiou avapopac G4CAT nou nepiéxel TEOOEPA avTiypapa ¢
TnG Béong npdodeong Tng Gal4 kai 0.5 pg DNA anod Toug (Popeic EKPpacnc Nou avageépovTal

%
oTnv eikova. Zta kuTTapa Cosl oupnepidaBape kai 0.5 pg DNA Twv avaypapdpevmv Gopéwv é
&kppaone  pCB-HNF-1(FL), pCB-HNF-1(M280), pCB-HNF-1(440) (M440). O Tipéc %
avTinpoowneUouv TOUG MECOUG OPOUG TWV KAVOVIKOMOINUEVWV evepyoThTwv CAT and ;;
TouhayioTov €€l nelpdpaTa Kal exppalovTal wg NogoaTa TNG EVEPYOTNTAG NOU NAipvouls ano %
TNV katackeury Gal4DBD. H péyioTn evepyOTNTa NOU MNAPAME ATAV PE TNV KATAOKEUR NOU %
nepIAapBaver oAokAnpn Tnv nepioxny E Tou HNF-4 [Gal4-HNF-4(E)]. Kapid evepyotnTa dev {
gixav o1 KaTaoKEUEG nou nepiAapBavouv ouvduaaiiol Siapopwv AAwWY TUNUAaTWY Tou HNF-4

(337-368, 337-455, 368-455, 227-455), yeyovog nou JeixXvel Thv avaykaidoTnTa TnG napouaciag %
oAOKANPNG TNG Neploxng E npomuevou va gival evepyd 1o AF2. é

A A A A A A A A A A A A A A A AL A A A ANAACA T A A A N A A A A A N AN A N A A A A A A A A A A A A A A A A A A A I A A A AR

N AANANASASANAANA VA A A AN NI AN AN ANAAANAANANAANAAN VAN AN A NN AN AN AAANA AN A AN
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A o

GST-HNF-4 (130-368)
GST-HNF4 (AF2)
GST-HNF4 (AAF2)

GST-TFIIB

L]
A
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GST
GST-Gal 4
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: EIKONA ris: AMn)\enlﬁpaon TOu HNF 1 pe Tnv nepioxn AF2 Tou HNF-4 1n vitro. Zuvesoaus %
in vitro HNF-1 pe To otoTnua TNT (reticulocyte lysate system, Promega) onpacpévo pe [*°S] :
S peBeiovivn kat To NPoidv a@Ednke va aMnAenIdPACE! PE TIG EKPPACUEVEG OE PakTrpia
% npwTeiveg nou avaypagovral. MMpodkerrar yia Sidpopa Tunuata Tou popiou HNF-4 pe &
ouyxwveuon pe GST (GST-HNF-4(130-368), GST -HNF-4(AF2), GST-HNF-4(AAF2)), kabwg kal
Toug napayovreg TFIIB, 1 Gal4 oe oUvrnEn pe Tnv GST (GST-TFIIB, GST-Gal4 avrioToixa), R

¢ Tedog TNV GST povn TnG. Metd Tnv napaywyh Toug ot IM109, o npwreive autég
npoodébnkav ot Glutathione Sepharose beads (ogaipidia oepapdlng pe yhoutabeiovn), o
enwaoTnkav napoucia kataAMniou diahbpatog Pe Tnv in vitro ouvBepévn HNF-1. ZTnv eikova g
BAEnoupe Ta anoTeAeopaTa auTng TnG aAnAenidpaong. Ta delypara nhekTpogopndnkav ot &
10 % nnkTwpa noAuakpuhapidng. H autopadioypagia anokaAtnTel Tnv alnAenidpacn Tou
HNF-1 pe kanoieg and TG BakTnpiakeg npwreiveg, H napoucia Tou AF2 eival anapaitnn yia
v aMnAenidpaon Twv 300 npwTeivov. H HNF-1 ¢aivetal va alnAemidpd akopa PE Tov
TFIIB eve) &ev avayvwpilel Tnv GST kai Tnv GST-Gal4. 8 % anod To npoidv Tng in vitro

AN

s
DLAAPNOA

Y
N

NAN

Y

A

VAN

JAVN

oUvBeong gaiveral otnv npwtn diadpopn (input).

N T A A BT L NN SN LD N U O T IS,
NEVAVAVENE T N S I N O A -
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pOB6 vector HNF-1 FL HNE-1 (34

HNE-1 (28 Gald

EIKONA I'16: Kutrtapa Cosl diauoAlvOnkav pe 500 ng anoé popea £kPppacnc nou napayel
peTalhaypa e HNF-4 to onoio dev €xel Tnv aAAnAouyia nou odnyei To popio oTov Nupnva
(pMT-HNF-4(227-455)), 1| ano To gopéa pCB povo tou-(vector), 1 1 ug DNA and Toug Qpopeig
ékppaonc pCB-HNF-1, pCB-HNF-1(440), pCB-HNF-1(280) 1 and 1o qopéa exppacns pBx-
Gal4. 24 wpeg peta ™ dIGHOAUVON, Ta KUTTAPA HETAQEPBNKaV Ot KaAunTPIdeC Kal BapTnkav
LE avTiowda nou avayvwpilel oto kapPofuTedikd akpo Tou HNF-4 pia ahlhnhouxia 11
apivoEgwy. O1 eikdVEC avooopBopIoHOL eival o peyéBuvon x284. 'OAw¢ napatnpoUpe, n
ouvinapén Tou petaAAaypaTog tng HNF-4 pe tov HNF-1 ival ikavh va odnynoet Tov npwTo
oTov nuptva. To gavopevo autd £8eiEe va eival IBIKO ia KAl i napoucia Tou Gal4 Bev eixe

KauIa enidpacn aTnv evOOKUTTApIKN ToneBETNon Tou HNF-4.






H ®YZIKH AMHAENIAPAZH TQN COUP-TFS ME
TON HNF-4 OAHTEI SE METAIPA®IKH
YNEPENEPFOMNOIHEH THE EKOPAZHE T§
FONIAIQN MOY PYOMIZONTAI ANO TON HNF-X
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EIZATQIH

O1 COUP-TFs (Chicken Ovalbumin Upstream Promoter Transcription Factors)
gival PEAN TNG UNEPOIKOYEVEIQG TWV UNOBOXEWY OTEPOEIBWV, BUPEOEIBWY OPHOVAV Kal
Birauvwv (28, 59, 86). O COUP-TFI eivar yvwoTog kai e 1o Ovoua Ear3 (erbA-
related factor) (125, 156), evw o COUP-TFII pe To Ovopa Arpl (apoAl regulatory
protein) (71). Ano Hela nupnvika ekxuAiouara cuvanopovavovTtal he Tnv S30011, pia
npwTeivn nou 8ev npocodéverai ge DNA, Ywpic OHWG va €xel HEXPI Ta TWPA
dlacaenvioTel 0 AEITOUPYIKOG TOUG OUCXETIONOC HE TV mpwTeivy authy (151). O1
COUP-TFs pnopoUv va evepyonoinfolv and veupodiaBiBacTikég oucieg Onwg ol
KaTeXOAQWiveG kal ol vTonapiveg napolo nou Bev €xouv Tn duvatoeTnTa va TIG
npoodévouv (117). MohovoT dev éxel Bpedei npoodérng yia Toug COUP-TFs, av éva
TéTol0 MOpIo undapyel Mnopei 0 unodoxéac va E€xel SIaQOpeTIKO Tpodro B6pacng
napouaia kat anoucia Tou npoodern Tou. O COUP-TFI kar COUP-TFII napouaialouv
HeTA&L Toug uwnAr opooyia nou gTavel ata 87 %. MoAU ouvTnpnUEveG ae eninedo
apivoEéwv eival o1 NePIoKEG nou nNpoodévovral oe DNA (98 %) kai ol SuvnTiKEG BEOCEIC
avayvopiong and Tov npoadern (97 %) (71). Mapouaialouv HeydAn opoloyia pe TN
Opoco@IAIK NpwTeivn seven up nou nailel onuavTike poAo oTnv avantuén Tou
Hatiol (117).

H aMnhouyxia Toug nou npoodéverar oe DNA oxnuarifel dUo SakTUAoug
weudapyUpou (Zn-fingers) nou eival xapakTnploTikoi yia OAa Ta péAN TNG
unepoikoyévelag. H opoAoyia auTn dev xapakTnpilel HOVO TOUG NapAyovTeg péoa GTo
id10 €idog aAAa kal ano €idog ot €idoc. MNa napadeiyya, n auivogikry aAAnAouyia Tou
COUP-TFI €ival 0To GUVOAO ToU Hopiou ouvTnpnpévn katd 90% and Tn 5pocd®iAa
pEXPI Tov ayivo (117). H uynAn ouvTripnon Tou popiou, He TV Napodo Tne eEENIENG
gival pia coBapry evdeifn yia To noco onuavrikd poho diadpapatifel autd atnv
avantugn, Tn diagoponoinon kar Tig {WTIKEG AsIToupyieg kanoiou 10ToU.

MeTalU Twv yovidiwv nou &xel Bpebei oM puBpilovral and Toug COUP-TFs,
ouykaTaAéyovral auta Tng ofaABoupivng Tou koToMouAou, TnG IvaouAivng II Tou
apoupaiou, TNG anoAINONpWTEIVAG NOAU xapnAnc nukvoTtnTag II (apo VLDL II) kai TnC
nponiopehavokoptivng (POMC) (28, 37, 86, 117, 125). Zuykekpipéva yia Ta
@nhaoTika, o COUP-TFs eivali Bacikoi WeTaypa@ikoi puBMIOTEC TV yovidiwv nou
ex@palovTal oTo fNap, To EVTEPO, TN WATPA Kal SIGPOPOUC VEUPIKOUG 10Tolg (117).
Eniong ek@palovral €UPEWG OTO KEVTPIKO VEUPIKO oUCTNUG HE EMKAAUNTOPEVO
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npoTUNO EKPPAcNG Kal EVEXOVTAl OTnvV avanTugn kal 3iapoponoinorn Tou CuoTAATOG
autoU e1d1kG oTnv eEIBIKEUON TWV VEUPOUEP®Y Tou dieykEpaiou (117, 156).

AcixBnke 611 of COUP-TFs puBuilouv apvnTiKa Ta yovidia nou £Xouv oToIXeia
cis yia eTepodigepny RaR/RxR kai yia opodipepry RXR/RxR (15, 29, 62, 78, 82, 95, 99,
122). H apvnTikr dpaon Toug pnopei va eival To anoTEAEOHa TG AVTayWVIOTIKAG
npoodeong Twv COUP-TFs oTig BE0EIG NpOodETNG TWV PETIVOIK®V UNOJOXEWY, fi TNG
KATAOYEONC TWV HOVOREPOV RXR, GUVENMG TNG NAPEUNOBIONG TOU OXNUATIOHOU TwV
dipepav RXR/RXR kal RxR/RaR. '0Ocov apopd aTn ouyyéveia NpOCdECNG, €ival YVWaTO
oT yia napadeiyya otn 6éon A Tou unokivnTry apoAl, o COUP-TFs kar RaRa
npoodévovTai pe 10 Qopeg peyaAlTepn Ouyyéveld G ETEPOdINEP napd G
opodiuepn (122, 149, 156).

To Bipepéc Twv COUP-TFs avayvwpilel dUo “GGTCA” enavaAnyeig wg oToxo
npoodeang oe DNA. To Oluepéc xapakTnpileTai and Hia OXETIKA «gukapyia»,
upioTatal SnAadr ouxvd TPOMOMOINCEIC OTn OTEPEOdIANOPPWON TOU Yia va
npoadeBei oe napalhayég Tou aTOXoU Tou. Mia Guvéneia TNG EMNOAQIAG NPOCOECTIG
Tou o€ DNA eivai rj IkavOTnTd Tou va puBpilel apvnTiKa yovidia Ta onoia anavTouv o€
oppovec onwc Bupeoeideig, oTepoeldeig, peTivoikd okl kai aTtn BiIrapivn D3, kar kata
ouvEneia DIGBETOUV OTOUG UMOKIVNTEC TOUG TIG BE0EIC NpOCOEONG TWV avTioTOIXWV
unodoxewv (29).

EvToUToIC, N CUYYEVEIQ NPOGdECNC Kal N OXETIKN Ouyyevela npdodeong dev
givar iB1EC o OAEC TIG NEPINTWOEIC. MnopoUe va avagépoupe yia napaderypa Tnv
1BiaiTepn npotiunon Tou COUP-TFI va npoadeveral og eubeieg enavariyeig (DR1) kai
oe TREs (thyroid hormone response element) evw We MOAU HIKPOTEPR OUYYEveld
npoodéveral oe EREs (estrogen response element) kai noAU acBevaw¢g oe GRES
(glucocorticoid response element). EvreAmG avaloyeg NPoOTIHACEIG £XOUV ava¢8p98i
Kal yia Tnv npoodeon Tou RxRa. ‘Etol, o dlo auToi oppovikoi unodoxeic evéxovral
oTn pUBKIoN TWV IBIWV YOVISIKV CUHHETEXOVTAG AANOTE WG OHODIKEPT Kal GAAOTE WG
eTepodipepn (29, 15, 82).

O1 COUP-TFs Jnopolv va dpacouv w¢ KATaoToAeiG TNG yoviSIakng Ekppaong
e duo Tponoug (78):

MAGHTIKOY TYMOY KATASTOAH: OMou O KATAOTOAEQG KATapyel Tnv npoodeon

gVOC EVEPYOMOINTA TNG HETAypa®nc AOyw avTaywvioTIKNG Npdadeong orta idia n
ENIKAAUNTOMEVA Cis pUBLIOTIKA GTOIXEIa.
ENEPFHTIKOY TYMOY KATASTOAH: OTaV péow® GIanpwTeivikwv alMnAermnidpdoewy

odnyei oTO OXNUATIONd avevepyoU GQUUNAOKOU HETAypa®nc. Mnopoupe eniong va
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anodWOOoULE TNV KATACTAATIKR (UGN TNG 3pA0NG TOUG OTOV AVTAYWVIOUO LE KANoIov
EVEpYONOINTH yla OTPaToAOynon kanoiou PBondnrikol napdyovra 1 Yevikou
HETaypa@ikoU napdyovra nou PPIioKETal Of NEPIOPIOPEVEG CUYKEVTPWOEIG. TEAOG
MMOPEI va EXOUME TO Paivopevo Tou quenching rj masking ornou nAnciov aAAnhouyieg
DNA katahapBdavovral and €vav evepyonoinTr Kal &va KaTaoToAéd. ZTnV NeEPINTWOon
auTtn n dpdon Tou deUTEPOU UNEPIoYUEl £vavTi Tou NPWTOU AOyw aMnAenidpaong kai
«pipwong» Tng ahMnhouxiag evepyonoinong Tou NpwWTOU.

Znv nepinTwon Twv COUP-TFs Bpédnke 0TI 8U0 BIapOpPETIKA TUAWATA TOU
popiou €uBlvovTal yia TNV NABNTIKN Kai TNV EVEPYNTIKN KaTaoToAn. H evepynTiki
KaTaoToAn @aiveTal va eival o nio ouvAdng Tponog Opdong Twv COUP-TFs ki o
HNXAVIOPOG TOU gival PECW OTEPEOXNMIKAC napakwAuong Tng aMnhouxiag dpdong
Tou evepyonomnTh (78).

AvTiBeta, oUpQWva PE TOUG T;)\eumiouc;, givai mo mBavd or COUP-TFs va
ackoUV TnVv KaTaoTaATIKR Toug dpaon pECW avTaywviopoU HeE opodipepr AAwv
OpHoVIKQV Unodoxewv yia npdodeon orta idia cis pubpioTika oToixeia (15, 95).
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AT QT EMNEZ M AT A

OI COUP-TFI & COUP-TFII ENIZXYOYN THN HNF-4-ENArOMENH
ENEPrOnOIHZH TOY YNMNOKINHTH HNF-1

Kata tn peAéTn Tou unokivnTh HNF-1 gvronioTnke pia B€on npoodeong yia
Tov HNF-4 (8£0n «A») nou anotelei aToxo yia Tov HNF-4 T060 ae ojdAoYEG 000 Kal
ot €TEPONOYEG KaTaokeueg unokivnTav. ‘Etol, o HNF-4 xapakmnpiotnke wg o
KUPIOTEPOC evepyonoinNTrg Tou yovidiou Tou HNF-1 kal TonoBeTrBnke oTnv Kopu®n
TNG HETAYPAPIKAG IEPapXIac TwV PETAYPAPIK®Y NapayovTwv nou eival uneubuvol yia
™ dlapdpewon kal Tn diatipnon Tou nnarikoU @aivotunou. H dianioTwon OTI n
BEon «A» eiyal TUNou eubBtwv enavaMjyewv 1 (DR1) pag odriynoe otnv 18éa va
SlEpEUVACOUKE TV MBavaTnTa va npoodévovTal ' auTnv kai ol napayovteg COUP-
TFI & COUP-TFII pia kai gival yvwoTtod 6T n DR1 gival duvnTikn 8£on npoodeong kat
yia GAAOUG opHOVIKOUG UNOJOXEIG,

ErnAé€ape Tnv KuTTapikn oeipd Cos-1 yiaTi €ival yvwoTo oTi o' auTnv dev
ekppalovral ol napayovreg HNF-4 kai o COUP-TFs (EIKONA Al).- Ta kUTTapa
diapoAlvenkav Pe KaTaokeur, oTnv onoia To yovidio CAT Bpiokeral unod Tov €Aeyxo
Tou unokivnTi HNF-1. TapdMnAa ' auty Tnv KaTtaokeun, Ta KUTTapa
SlapoAlVBnKav WE QOpEiG Ekppaong yia Toug napayovreg HNF-4  kai COUP-TFs
KaBw¢ kal ouvduaopd Toug. 3Tnv EIKONA A2 @aivovral Jiaypappartikd Ta
anotehéopata  Tng Sokipg CAT  anoucia Twv  napandve  HETAYPAPIKQOV
napayovtwv(1l), napoucia HNF-4 (2), napougia COUP-TFI (3), HNF-4 & COUP-TFI
(4), ka1 HNF-4 & COUP-TFII (5). Oi avrioToixeG OuvOIapoAUVOEIG £yivav Kal PE TNV
KaTaokeury 6nou o unokivnTnG apoClIIl eAéyxel Tnv ékppaon Tou CAT. ZTnv
nepinTwon Tou unokivnTh apoClIll, Ta anoreAéopara ATav anoAUTwG avapevopeva:
napouaia Tou HNF-4, n svspberoa Tou unokivnTh apoCIil au&averal 25 QOpEG, eV
napouaia Twv COUP-TFI fj COUP-TFII dev (aiveTal va ennpealeral n peraypagn Tou
yovidiou. H Tautdxpovn napoucia Tou HNF-4 pe kanolov and Toug COUP-TFI 1
COUP-TFII karapyei Tnv evepyonoinon Tou yovidiou and Ttov HNF-4. Eival yvwoTo
and nponyoUEVEC EPYATieg OTI OTNV NEPINTWON TOU unokivnTn apoCIII o1 o HNF-4
avTtaywvileral e Toug COUP-TFI & II yia koivry 6éon npoodeong (CIIIB) (EIKONA A3)
pe anoTékeopa n BeTikr) dpdon Tou HNF-4 va avaoTEAeTal KaTd éva OnHavTiko

nooooTod napouaia Twv COUP-TFs.
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Mpog peyaAn pag eknAngn, n karaoraon dev eival idia oTnv NEPINTWON TOU
unokivnT HNF-1. H, ouykpImikd pe Tnv nepintwon Tou unokivnTh apoCIIl, pikpn
atinon TnG WeTaypaikng evepyotnTag napouocia Tou HNF-4 evioyxUeTar Spapatika
napoucia COUP-TFI & II (15 kai 13 popéc avrioToixa).

O1 COUP-TFs nou péxpl Topa ATav yvwoToi va naifouv To poAo Tou «Kakou»
o€ unokivnTéG Onou npocdévovTal Jia kai givai nio acBeveic evepyonoinTég Tng
PETAYPAPNG £XOVTAG OPWG Napopola cuyyévela npdadeong Pe Tov HNF-4, paiveral
va evioxUOUV OTnV CUYKEKPIKEVN nepinTwon authy Tn dpdon Tou HNF-4. MNa Tnv
eniBePaiwon Twv anoTeAEoPATWY Nou NApape Pe Toug U0 UNoKIVNTEC, enavaidBape
Tnv i6la oeipd cuvliapoAUvoewv (EIKONA A4), XpnOIMOnowvTac auTr Tn Gopa To
yovidio CAT und Tov €AeyX0 HIag ) NEPIOCOTEPWV HEHOVWOUEVWY BECEWV NPOCOEDNG
Tou HNF-4 ano d&iapopoug HNF-4-eEapTmpevouc UMOKIVATEG, WMPOOTa and Tov
eAaxioTo unokivnTn TG BuIdIVIKAG Kivaong (TK). EmIAEEape Tn Béon npoodeong Tou
HNF-4 ano d1agpopoug unokIvnTeéS Onwe autov TnG al-avrirpuyivng (1XLFAL), Tng
TpavoBupoTivng (2xTTR), Tou HNF-1 (1xA) kai Tng apoCIII (1xCIIIIB). Ot duo
NPWTEG ano Ti§ napandvw Boeig npdodeonc eival yvwoToi oToxo! yia Tov HNF-4 i
Ox1 yia Toug COUP-TFs evw yia Tn 8€on CIIIB sival yvwoTo 0T ¢’ autd npoodévovTal
HE ouprl\}bpevsq ouyYEveleg npoodeonc To6oo o HNF-4 6oo kai oi COUP-TFs. Ta
anoTeAEOPATA QUTWV TWV JOKIHOV €MBERAIGVOUY AUTA TWV OPOAOYWY UMOKIVNTMV.
2tnv nepintwon Tou “1xCIIIB"TK CAT, Ta anoteAéopaTa eival evreAws avaioya [’
auTa MoU NNPAUE OTNV KATAOKEUR HE OAOKAnpo Tov unokivnTh apoClIIl. Ma va
anokAEiooUpE TO €VOEXOMEVO OTI Ol UMO EAEYXO METAypa@Ikoi NapayovTeg
aMnAemdpolv pe Tov €AAXIOTO umokivATh TnG Bupdivikig kivaong Tou herpes
simplex virus, KGvape TIG AVTIOTOIXEC OUVBIQUOAUVOEIG XPNOIHONoIwvTag wg yovidio
avapopdg To CAT uno Tov EAeyX0 Tou EAAXIOTOU aQuToU UMOKIVITH.

v nepintwon Tou “1xA” TK CAT, n katd enTa (POopEG evepyonoinon Tou
XidaipikoU unokivnTh ano Tov HNF-4 auEaverar eninAéov katda 16 kai 17 Qopég
napouaia Tou COUP-TFI kai COUP-TFII avTigToixa. ZTnv nepinTwon Tou “1xLFA1"TK-
CAT n napoucia Tou HNF-4 dufavel ta enineda Tou CAT 2-7 @OpEC evw N
TauTtdypovn napougia Tou COUP-TFI fj COUP-TFII aveBale anl‘\rj)\s':ov kara 13 ka1 12
popéc avriaToixa Ta enineda Tou CAT. H napoucia Tou HNF-4 aT0o YIpHaipikd
unokivnTr “2XTTR"TK CAT au&avel Tn peraypa@n kata 3.2 QpopEG eV N TAuTOXPOVN
napoucia Twv COUP-TFs enminAéov kata 19 kar 21 @opég avriotoixa. ‘OAol o
napanavw UnokivnTéG Qavnke va pnv anokpivovrar atoug COUP-TFs anoucia Tou

HNF-4. H dianioTwon auTth o€ cuvduaouo e To yeyovog oTi oTig HNF-4 Béoeig Twv



KepdAaio A 6

TTR ka1 alAT npoodéveral emAexTika o HNF-4 ki 0x1 o COUP-TFs pag odnyei otnv
unoBeon Om n evioxuon TnG dpaong Tou HNF-4 nou napartnpoUue pnopei va eivai
anoTéAeopa TnG aMnAenidpaong Tou pe Toug COUP-TFs. Kami avahoyo pnopei va

oupdBaivel kal oTnv nNEPINTWan TNG B€ong A Tou unokivnTh HNF-1.

OI COUP-TFI KAI COUP-TFII AEN NMPOZAENONTAI ZTH OGEZH A TOY

HNF-1 YNOKINHTH

To epwTNUA MOU NPOEKUWE and Ta NApanavw eival av Npayparika kai n 8éon
A Tou unokivnT) HNF-1 nou eival Tunou DR1 nou npoodével enihekTika HNF-4 ki OxI
COUP-TFs. KuTtrapa Cosl SiapoAuvOnkav pe gopeic ekppaong yia HNF-4, COUP-TFI,
COUP-TFII kabw¢ kai pe ouvduaopous Touc. Ta oAk KUTTApIkG ekyuAiopara ano
auta Ta kUTTapa eAéyxBnkav HE avixveutn Tn padloonuacuévn 0€on “A” xal oG
control pe T 8éon CIIIB nou eivar oToyor npoodeonc Tou HNF-4 otov HNF-1 kai
otov unokivntr) apoCIIl avriotoixa (EIKONA A5). ITnv nepintwon ToU
ohiyovoukAegoTidiou CIIIB napatnpoUue OTI ONwG avapéveral, npoodévovral Kai o
TPEIC METAYPAPIKOI NAPAYOVTEG. ZTO OAIYOVOUKAEOTISIO A npoadéveral ovo o HNF-4
EVW) OTA EKYUANOMATAG TV KUTTAGpwv nou unepekppalouv COUP-TFs  dev
naparnpnonke kauiad npocdeon atov avixveuTtn. To idio 1I0XUEl Kal otV MEPINTWON
TV KUTTAPIKQV  €KXUNIOUATWV rnou nponABav andé kUTTapa T4  onoia
ocuvdiapoAUVenkav pe ouvduaoud Tou HNF-4 kal Twv COUP-TFs. Ta oUunAoka Tou
HNF-4 kai Twv COUP-TFI rj COUP-TFII £youv Tnyv idla kivnTikoTnTa. MNa va eAéy&oupe
TNV mBavotnTa €TEPODILEPIOROU  Tou, enavaldpape TIG idleg  BIapOAUVOEIG
XPNOILONOIQVTAC autnh Tn Qopa (popéa £kPpaong yia pia petaAiayn Tou HNF-4
(HNF-4 1-368) ano Tnv onoia anouoidlel To kapPBoEUTEAIKO GKPO TOU Hopiou To onoio
OpwG eEakohouBsei va dlatnpei OAsc TIG unoAoineg IDIOTNTEG TNG WEHNF-4 (Sipepiopo,
npoodeon ot DNA, JeTaypa@Ikf evepyoTnTa). € MEPAPATA  UOTEPNONG
KIVNTIKOTNTAG, dev HNopéoape va avixvelooupe eTepodipeplopd Tou HNF-4 (1-368)
he Toug COUP-TFI , II, eniBeBaikvovTac Tn UEXP! TWPA YVWOTH avikavoTnTa Tou
HNF-4 yia oxnuaTiopo eTepodipepv He GAAOUG oppovikoug unodoxeig. Ta neipauara
nou MePIypagovTal oTIG EIKOvVEG A6 kal A7 anoTehoUv ia GMn npoogyyion yia va
deifoupe Tnv aduvapia Tng Béong “A” va OTPATOAOYAOEI TOUC HETAYPAPIKOUG
pubpuiorég COUP-TFI & COUP-TFIL.
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AAAHAENMIAPAZH TQN COUP-TFS ME TON HNF-4 IN VIVO & IN
VITRO.

Me okond va avixveugoupe alnienidpaoeig Tou HNF-4 pe Toug COUP-TFs ol
onoieg AOyw Tou OTI Wnopel va eival apkerd acBeveic dev ATav duvardv va
diatnpnBouv oTIG CUVONKEG NAEKTPOPAPNONG TOU NApandvw neipduarog, eriagape
ma oeipd 3’ eMeiyewv Tou HNF-4 onwg gaiveTal oTnv EIKONA A8A. H evepyoTnTa
kabwg kai n evioxuon TnG and Tnv napouaia Twv COUP-TFI kai COUP-TFII eAéyxBnke
oe JOKIUEG evepydTnTag Tou evUpou CAT. ITnv kataokeuri HNF-4(1-368) Acingl n
neploxi F Tou popiou and To kapBofuTehikd akpo, evw oupnepihapBfaver 30
voukAeoTidia (337-368) nou napouctalouv peydAn opoAoyia pe Tnv nepoxr nou dpa
WG EVEPYONOINTAG TNG MeTaypa@ng (activation function 2 -AF2-) GAAWV OpPUOVIK®V
unodoxewv. AvTiBera, n €idonoldg diapopa TnG Karaokeung HNF-4(1-354) pe Tnv
nponyoupevn givar n EMewn Tng aAMnAouyiac AF2. ‘Onwg @aiveral aThy eikova A8A,
n &éMewn TnG aMnlouxiag AF2 ocuvenayetar Tnv anwAeia TnG uuaypa$nkr'1q
gvepyoTnTag Tou popiou HNF-4 kai Tng evioxuorig Tng and Toug COUP-TFs. AvTibeTa,
n karaokeuny HNF-4 (1-368) oupnepipéperal akpiBwg e Tov i0l0 TPOMO ONWG TO
aypiou TUNou popIo, napatnpenon nou avadeikviel TRV nepioxn AF2 w¢ anapaitnTn
yia Tnv eviagxuon Tn¢ dpaong Tou HNF-4 ano Toug COUP-TFs.

'ETol, @dvnke OTI 8ev €iXe vOnua va yivouv eAAEIPeIC Nou va npoxwpouv
BaBuTtepa and To 3’ dkpo pia kai Ba odnyoucav og aduvayia diuepiopoy, NPOTdeoNnG
Kal JETaypa@Ikng eVEPYOTNTAG Tou Wopiou. Ma va napakauyoupe Tnv avaykaiotnTa
™G UNap&ng Tng neploxng dinepiopol nou eivai NpolnoBeon yia Tnv npocdeon,
ouyxwveloape diapopa Tunuata Tou HNF-4 pe Tnv alnAouxia Tou Gal4
gvepyonoINTA Mou gival unewBuvn yia TNV Npocdeon Tou TeeuTaiou oTo OTOXO TOU.
21i¢ dlapoAUvVoEIC auTég, WG yovidlio avapopdc xpnoiponoinénke To G4CAT rnou
oTparoloyei TIG XIHAIpIKEG NpwTeiveg. ZTnv €ikdva.A8B @aivovral diaypapparTika ol
uBpIdIkEC NpwTeivec HNF-4, n HETAYPAPIKN TOUG EVEPYOTNTA KABWG KA TO KATA NOGO
unopei va evioxuBel napoucia COUP-TFI kai COUP-TFII. Qc deiypa eAéyxou
xpnotponoinénke n aMnhouxia npdodeong Tou Gal4 (Gal4 DBD) kaboc kai To
UBPIdIKO WopIo TnG Gal4 DBD pe Tnv aMnlouxia evepyonoinong VP16 yia va
eAéyEoupe nooo €1dIkO Qaivopevo ivai n evioxuon Tou HNF-4 ano Toug COUP-TFs.

H xipaipikny kataokeun nou nepiAapPavel oAdkAnpn tnv nepioxny E Tou HNF-4
gival 10XUPOC EVEPYOMOINTAC TNG METAYPa®nc kait n dpdon Tou evioxUeTail Kata 8.5
POpES 1 9 popég napouaia Tou COUP-TFI fj COUP-TFIL avrigToixa. Onwe paiverat

and TIG TIMEC TNG €IKOVAG anaApaiTnTN TOCO yia TNV EVEPYOTNTA TOU popiou auTou
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kaBautoU 600 Kkai yia Thv anokpior) Tou napoucia Twv COUP-TFs eivai n nepioxn
227-368 Tng nepioxnc E av kai n napoudia oAokAnpnG TnG E aivetal va divel
onUavTika uynAdTEPEG evepyoTNTEG. MnopoUpe dnAadn va 1oxupioToUpE OTI N
aMnAouyia AF2 eival avaykaia aAA@ Oxi kai ikavy and povn TnG —anopovwpévn ano
TNV nepioxn E- yia va anokpiBei otnv napoucia Twv COUP-TFs. ®aiveral 411 n 6noiou
TOnou aMnAenidpaon Tou HNF-4 pe Toug COUP-TFs anaitei népav Tng AF2 kal Tnv
neploxn 227-271 tng nepioxng E pia kal otnv kataokeur Gal4HNF-4 (A227-271) onou
aQaIpECapE EMIAEKTIKG QUTO To TUAMa TNG neploxnG E Oev napatnpriBnke kapid
aAlAayn oTn HeETaypaIkn evepydTnTa napouaia Twv COUP-TFs.

H apeon anddeign yia To av Kanoio Tunpa Tou popiou HNF-4 aAAnAenidpd pe
Toug COUP-TFs npoékuwe and neipauata ahnAenidpaong in vitro (EIKONA A9). O
diapopa peralaypara Tng HNF-4 nou napouaialovral diaypappaTikG otnv ikova
kAwvonoindnkav oe qopéa Bluescript KS kai akohoUBnoe in vitro peraypapn &
pETaPPaon napoucia S peBeioviving. MapdMnAa napaxBnkav ot BakTripia of
npwreiveg TFIIB kai COUP-TFI ouvledepéveg pe GST kar ol UPPIBIKEG auTEG
akivnTonotnenkav péow Tou GST ot glutathione Sepharose beads. Q¢ Oeiyua eAeyxou
xpnoiponoindnke kai GST npoodedepévo G KOAWVA YIQ va ANOKAEIOTEI TO OTI Ol
TUXOV aMnAenidpaoceic ogeilovrar o€ aMnAouxia Tou GST ki Ox1 Tou HNF-4. H
diadpopn Tou “input” TG eikdvag avrinpoownelel To 10 % TNG CUVOAIKAG NPWTEIVNG
Mou OUVTEBNKE in vitro Kai XpnoiponoinNBnKe oTnv avTidpaon NpOadeang KTOG ano
TNV nepintwon Tou HNF-4 (1-185) 6nou avtinpoownevel To 20 %. Mapatnpolpe oTI
1o GST TUAMA TV NpwTEiVOV dev aMnAemidpa pe Tov HNF-4. AvtiBeta, €xoupe
onuavTikn npdodeon oTo GST-COUP-TFI twv HNF-4 (1-354), HNF-4 (A271-354) and
Ta onoia anoucialouv didgpopa TURKATa Tou AF2, kabwg kai Ye Tnv kataokeuny HNF-
4(227-455). AvtiBera To GST-TFIIB @davnke va aMnAemdpa povo pe 1o HNF-4 (1-
185) nou nepiAapBavel To apivoTeAikd Turpa Tou HNF-4. H HNF-4 FL (oAdkAnpo To
HNF-4 po6pio), 6nw¢ frav avapevopevo aAAnAerdpa kai pe Tig 800 GST-CUVTNYHEVEG
NPWTEIVEC.

MriopoUpE AOINOV WE QOMAAEIG va IOXUPIOTOUME OTI TO TUAUa Tou HNF-4
popiou nou eivar unelBuvo yia Tnv arnAenidpaon pe Toug COUP-TFs napdyovTeg
eunepiEXeTal oTa voukAeoTidla 227-271 Tng nepioxng E. H nepioxr) aAnAenidpaong
Tou HNF-4 pe tov TFIIB evronileTal kAnMou OTO AMIVOTEAIKO dkpo peTall Twv
voukAeoTIdiwv 1-185. To endpevo Brua ATav va avixvelGOUE HE KAMOIO TPOMO TV
aMnAenidpaon HNF-4 — COUP-TFs oe kUTTapa oupnAnpwvovTtag TIG in vitro
napaTtnpnoei pac pe in vivo dedopéva. KUttapa Cosl, mou onwe avageépbnke
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nponyoupévwe Oev  ekppalouv  Kavéva and Toug napandvw - NapayovTeg,
OlapoAlvenkav pe Qopéa ékppaon yia pia peTalhaypévn popery Tng HNF-4
(pPMTHNF-4 (227-455)) n onoia oTepeiTal To auIvoTENIKO dkpo OTo onoio éxel deixTei
va Unapxel To onpa WeTapaong Tng otov nupfva. ‘Onwg r'1Tdv avapevopevo, HE
avooopBopiopd in situ (EIKONA A10), n HNF-4 (227-455) npwTeivn €ivai 0To 0UVOAO
NG kutTaponhaoparikry (A10A). ZuvdiapdAuvon Twv KutTapwv pe COUP-TFI A
COUP-TFII &xel oav anotéAeopa To avTicwua HNF-4 va divel auatnpd nupnvikd anpa
(A10 B,C) yeyovoc nou anodeikvUel kal Tnv aMnAenidpacn in vivo autov TwV
opuovikwv unodoxéwv. H aMnAenidpaon auth pe Tov HNF-4 nou odnyei otn
HETAPOPAa TOu oTov nupfva opeileTal e181ka otnv napouadia Twv COUP-TFI i II piag
Kal ouvdiapdAuvan pe kanoia aAAn npwteivn (pBxGal4-800), aprvel Tov HNF-4 oTo

KUTTaponAaoya.

OI COUP-TFS ENIZXYOYN THN HNF-4 EEAPTQMENH METAIPA®H ZE

HEPG2 KAI CACO2 AAAA OXI ZE C33 KYTTAPA.

H BioAoyikn} onpacia Twv napanavw naparnpioewv pag édwoe To évauopa
va €EETACOUPE TO KATd NOOO auTeég IoXUOUV Kal O AANEG KUTTAPIKEG OEIPEG Mou
ekppalouv Toug HNF-4 kai COUP-TFs oppovikoUc unodoxeig. To yovidio avd(popdc;
nou ¥pnoiponomoape nTav 1o G4CAT (EIKONA 11). H evepyotnta Tou Gal4HNF-4
napouoia COUP-TFI kai COUP-TFII au&nBnke katd 3.7 kai 3.9 popég oTa HepG2 eved
4.3 ka1 5.1 oe kUTrapa Caco2. To qaivopevo dnAadn I10XUEl kal OE QUTEG TIG
KUTTAPIKEG TEIPEC, XWPIG OPWG va €ival TO00 &vTovo. AuTO HNopel va opeileTal OTIG
Ndn uywnAég ouykevTpwaelg Twv COUP-TFs ¢’ autd Ta kUTTApa, PE QNOTEAECHA N
METAYPAQIKN evepyoTnTa Tou Gal4HNF-4 va eivar Adn aufnuévn Aoyw Tng napouciag
Toug. AvTiBeta, n napoucia Twv COUP-TFs 3¢ qavnke va ennpealel kaBoou Tnv
gvepyotnTa Tou Gal4HNF-4 otnv kutTapikn oeipd C33. Or COUP-TFs Ox1 povo Oev
odnyolv Ot unepevepyonoinon Aoyw ahlknAenidpaong pe HNF-4 oTov unokivnTh
G4CAT, aM\a £dpacav avTaywvioTika |’ autov ot yovidia avagopag CIIICAT onag
gixe ndn napatnpnBei Kal o€ NEIPAPATa O AAAEC KUTTAPIKEG OEIPEG. O PNXaviopog
dnAadn kataoToAg TnG dpaong Tou HNF-4 qavnke va eivai NoAU mo Yeviko
paivopevo, evw niBava autog TnG UMEPEVEPYONOINONG €ivai Mo oUVBETO Kal
ToAunapayovTiko ¢aivopevo. Towg dnAadn and Ta kUTTapa C33 anouacialouv Kanolol

OouPNapAyovTEG N EVOOKUTTAPIKOI NPOCIETEG,
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AvTiBera pe Ta AF2 Twv RxR, Ra, TR (28) To AF2 Tng HNF-4 (AF2h) dev £xel
kapia autovopia (autonomous activation function): onwg OeixTnke and neipaupara
onou To Gal4-AF2 dev €xel kapia evepyotnTa. ‘Exoupe 6nAadn va kdvoupe pe €va
véou TUMou AF2 nou ¥peialeral TRV TauTtoxpovn napoudia Tng nepioxng E. Eival
afionepiepyn auTr N Napatipnon MIag Kai yia GAAOUG OpHOVIKOUG UNOJOXEIG N
nepioxi E npoodidel oto AF2 pia edikry €EdpTnon anod Tov npoodETn Tou. TV
nepinTwon opwg Tou HNF-4, 01 ovo dev £xel Bpebei 0 NpoobETNG Tou popiou, aAAG
oUTE kal (paiveTal va gival anapaiTnTog yia Tn HETAYPAPIKN TOU EVEPYOTNTA.

Aev pnopolpe va anodwooupe atoug COUP-TFs To Xapakrnpiopd Tou co-
activator (ouvevepyonoinTr)) TOUAAXIOTOV ME TN OTEVR €vvola Tou Opou. AuTO yiaTi
dev apkei va aTpatoloynbolv Pe kanoio TPOMO OToOV UMOKIVATH yia va dpaoouv. H
aMnAenidpaor Toug QaiveTal va gival auotnpa €3Ik kai va anaitei Tnv napouaia
NG aMnAouyiag AF2h. 'ETal, yia napadelyya To petaAhaypa Gal4HNF-4 (E354) eva
unopei va aAnhemdpdoer pe Toug COUP-TFs (OUHQWVa JE Ta anOTEAEOUATA TWV in
vitro neipapdTtwv aMnAenidpaong) ala de qaiveral va anokpiveTal aTnv napoucia
Toug, dnAadn va peraBaMerar n evepyoTnTa.

MnopoUpe va anokAgiooupe Kai To evBeXOpevo n napouacia Twv COUP-TFs va
aufavel Tnv ikavoTnTa npododeong Tou HNF-4 oto oTOXo Tou. Kam TEToio Ogv
napatnprBnke ot neipdyata npocdeong o DNA (EMSA). Eniong n napoucia Twv
COUP-TFs Atav ikavfy va auffioel Tn METaypa@Ikr evepyoTnTa akdpa kal omn
YiHaipiky HNF-4, Gal4-HNF-4(E), nou éxer Tnv nepioxry npocdeong TnG Gald
npwTeivng oe DNA.

Efetaoape kai To evdexopevo or COUP-TFs va naifouv To poAo Tng
«yépupac» (bridging factor) pera&U Tng nepioxng E Tou HNF-4 kai Twv YEVIKQOV N
AMOV dIKOV PETAYPAQIKQV napayovTov MoU CUMHETEXOUV OTn HETAypagn
ouykekpipévav yovibinv. O pohog dnhadn Twv COUP-TFs o€ €va TETolo HovTéAo Ba
HMOpoUCE va eival n SIEUKOAUVON GTO OYXNUATIONd fi OTn oTaBeporioinon Tou
oupnAdkou évapEng TNG peraypagncg. ‘'Evag unoyngiog yia TETOIOU éiéouq
aMnAenidpaon 8a pnopouoce va eival o TFIIB riou éxer Oeifel va aAMnAenidpa 1000 HE
Tov HNF-4 —Eow TNG QUIVOTEAIKAG NEPIOXNC- 000 Kal Je Toug COUP-TFs. To OTI oTa
neipapata aMnAenidpaong in vitro 8e @avnke va aufaverar n alnAenidpaon Tou

HNF-4 pe Tov TFIIB 8¢ pnopei va anokAsiosl To va cupBaivel kATt TETolo in vivo. Ta



KeEQaaaio A 11

npaypata nepinAékovTal MEPICOOTEPO HE TV naparnpnon OTI o peralAayég
Gal4HNF-4 (E) kai Gal4HNF-4 (227-455) anokpivovTal oTnv napouocia Twv COUP-TFs
napoAo nou Toug Agingl To TUAKHGA Nou eival uneuBuvo yia TV aAnAenidpaon e Tov
TFIIB.

E€etaoape oTn ouvéxela Tnv mBavoTnTa Kdanoiog anod Toug dUo oppovikoUg
UnodoxeiC NOU CUMUETEXOUV OTO HOVTEAO pag va ugiotatar PeTaBoAéG TG
TPITOTAyoUG Tou JOMNAC KAVOVTAG TOV Mo dpacTIKO HETOXO OTN HETAypaikr pnxavn.
H nepinTwon va ugiotavral TEToleg HetaBoléc o COUP-TFs napoucia Tou HNF-4
ExovTag €10l kaAUTepn enapn pe Tov TFIIB kal Toug AMOUG OUVTEAEOTEG TOU
OUMNAGKOU peTaypagnc, eavnke paAov anibavn piag kal To Qaivopevo Evioxucnq‘
eival andAUTa efaptopevo and Tnv napougia Tou AF2. Eniong TETolou €iBoug
aMnAenidpaon Twv COUP-TFs pe To oUunAoko &vaping Tng MHeTaypagng EXel
NEPIYPAPE] va €XEl aav anoTEAEGHA TO NAYWHA TOU GUUNAOKOU OE QVEVEPYN HOP®H.
AuTG €EaMou eival kar To HovTého Opaong Twv COUP-TFs w¢G KaTaoToAei Tng
HETAypaQnC oTa HEXP! TWPA NEPYPAPEVTa Yovidia-aTOXoUG TOUC, o

H &elTepn mBavoTnTa eival va aA\alel n diaudpewon Tou HNF-4 Aoyw Tng
aMnAenidpaonic Tou pe Toug COUP-TFs. H TeAikry Tou diapop®waon Wnopei va eivai
TETOlId NMoOu O npooavatohionog Tng AF2h va yivetal o kaAUTepog duvardc yia va
peTapiBadel TV evepyoTnTa o€ GANOUG OUVTEAEOTEG TNG HETAYPAPIKAG MNXaAvAG Onwg
TIF2 kal YevikoUG HETaypa®Ikoug napayovreg nou énovral Tou TFIIB (piag kai ol
COUP-TFs kai o TeheuTaio¢ aAMnAenidpolv pe Tov HNF-4 pEcw TeEAEIWG diapopeETIKNG
nePIOXNG).

'Eva TEToI0 povTEAD Ba fTav CUPQWVO pPe OAG Ta neipapatika dedopéva nou
napoucialovral ¢’ autl aMd kal oe nponyoUUEVEG epyacieG He eaipeon Thv
napartnpnon OTI 0 UNXavioHog evioxuong Oev eival YEVIKOG YIO OAEG TIC KUTTAPIKEG
OEIPEC. ZTNV NEPINTWAN TWV KUTpo(ov C33, n napoucia Twv COUP-TFs dev Unopeoce
va aufnoel Tn JeTaypagikn evepyotnta Tou HNF-4 o unokivnTég onou oi COUP-TFs
dev npoodévovTal. AVTIOETA, O UNOKIVNTEG OMou ol ev AOyw napayovTeg poipalovral
TnVv idla Béon npdodeong, or COUP-TFs €deifav Tn yvwoTn KATaoTaATIKY dpaan Toug.
©a pnopoloape va epunvelOOUUE TG NAPANAvVW av NPOCBECOUKE OTO OKNVIKG
kanoloug ocupnapayovreg Twv COUP-TFs anapaitnToug yia va npoadwoouv Tnv
aMayn Tng otepeodiatagng Tou HNF-4. YnoBétoupe OTI o napdyovrec auToi
unapyouv ota Cosl, HepG2, Caco2 ala (')XIV kKai ota kUTTapa C33. EvaA\akTika,

auth n 1BarepdTNTa pnopei va €nynBei and pia mibavr) anaitTnon yia NpoodeTn N
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KANoleg EI0IKEG PETA-PETAPPACTIKEG Tpononoinoelg Twv COUP-TFs nou dev pnopolv
va gupBoUv O OAEG TIG KUTTAPIKEG OEIPEC.

Ta anoteAéopara auTrg Tng epyaoiag Sivouv pia véa diaoTaon arn PIOAOYIKA
onuacia Twv COUP-TFs. Méxpl Topa fTav yvwoTd 0TI ackoUv apvnTikn dpaon otnv
EK(PPACT TV YoVISIWV-OTOXWV TOUG HE TNV aveEEAEYKTN NPOOBECT) TOUC OE CTOIXEID
DR1 kai DR5, pe ouyyévela avahoyn pe autr Tou opodigepouc Tou HNF-4,
anokAeiovTag v pépn Tov TeAeuTaio and TIC BECEIC NPOTDETNC Tou, EMdEIKVUOVTAC
OMWG TAUTOXPOVA ONMAVTIKA MIKPOTEPN METAYPAQIKN evepyoTnTa and autov. Ta
neipduyara nou avaAloape napanavw pixvouv Qe Ot éva TEAEIWG OIAPOPETIKO
npoowno Twv COUP-TFs. Ze unokivnTEC oOnou Oev NPOCGOEVOVTAl, EVIOXUOUV
EVTUNWOIaKA Tn 6pacn Tou HNF-4,

Avaloyi{opevol Tn aTpaTtnyikry Béon nou katexer o HNF-4 otn peraypagikn
lepapyia nou kaBopilel Tov NNATIkO QaivoTuno, cuveidnTonoioUpe Tn BapuTnTa nou
EXEl 0 pOAOG TV COUP-TFs.

O HNF-4 puBuiel Tnv ék@paon Hia NAEIadag yovidiwv eva hapd)\)\n)\a givai o
KUPIOG PETAYpaIkOG pubpioTAC Tou HNF-1 o onoiog pe Tn oeipd Tou avoiyel Thv
£k@Pacn NOAWV Kal €TEPOKANTWV oTOXWV. Eival Aoindv onpavTikoc onologdrnoTe
napayovTac rf yeEYovog NOU GCUVTEAEl OTnV apyikn Evepyonoinon autig NG
aAucIBwTNG evepyonoinong yovidiwv 0nw¢ To Hovonat onuaToddTnong Tng activin A
Mou QAVNKE va enayel TNV evepydTnTa Tnc HNF-4 oTa np@Ta avanTugiakd oTadia oTo
Xenopus —miBava eAéyxovrag Tn Qwopopulinor Tou (50). To onueio oTo oroio
uneioépyeral n dpacn Twv COUP-TFs eival noAU kKaBopioTIKO apol £xel va KAVEl JE
TN HeTaypagik puBuon Tou OBelTEpOU ONMAVTIKGTEPOU nNapdyovra yid Tov
KaBopIod Tou NNATikoU gaivoTunou.

O1 COUP-TFs kal 0 HNF-1 eugpavifovral napdAnAa kata Ta npwra otadia Tng
evbodeppikng OSlapoponoinong e éuppuo novtikoUu, of HNF-1 kai COUP-TFs
avixveUovTali o XapnAd enineda oTic 8.5 pépec PTavovTag oTo péyioTo OTiG 14-15
MEPEG peETA TN oUMNwnN (21), oAU apydTepa 6nAadn and Tnv gupavian Tou HNF-4
(4.5-5.5 pépeg peTa TN OUMNWN). MNpoogarta deixOnke and AMEeC opadeg OTI ol
COUP-TFs evéxovral kal otn BeTikn) pUBuion Tou VHNF-1 nou nailel anuavTiko poAo
oTa npwTa oradia diapoponoinons NOAWHEVKV EMBNAIGKWV KUTTAPWY evBOJEPUIKAC
Kal JeoOdEPUIKNG NPOEAEUONG ONWE auTd Tou NANATOC Kal Twv VEPpwv. O Tpdnog
dpaang Toug aTov unokivnTr Tou VHNF-1 eival éupecog, péow aAlnAenidpaong pe
napayovreg Oct-1 (115). ExTOg and Tnv avauiEly Toug orn Siagoponoinan 10Twv

HECOBEPHIKNG NPOEAEUDNG, €xEl avamePBEi Kai | GUPKETOXR TOUC OTn diagopornoinon
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TOU VEUPIKOU OUOTHAHATOC KAl OUYKEKPIMEVG OTO  HOTIBO  KATATUNONG Tou

dieykéPaiou.



Kepahaio A 14

47 KD g

B

RIS RN, RN NN N IR N RN RN NN I NIRINNININNG = S RIRINAINIRININ S SRR <

EIKONA A1l: O1 napayovreg COUP-TF dev exppalovral oTa Kurropa Cos1. MeTa ano enwaon <
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‘3 HNF 1 ypnoigonoiBnke wg avixveutrg (probe) kar apéBnke va aAAnhemidpdoel e OMIKd

HNF-4 600 Kkai and Toug COUP-TFs, evi of “TRE” kai “RARE” GTpaToAoyoUV EMIAEKTIKA HOVO -

Tous C COUP-TFs.
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KUTTapmc'J ekxuNiopata and kiTrapa Cosl nou eixav SiapoAuvBel e Toug Popei Ekppaong ¢
pMT-HNF-4 14 pMT-COUP-TFI. 'Onou avaypageral,
npayparonoindnkav napoucia 50x popiakng nepioosiag pn  padlevepywv  SikKAOVWV

npoodeong

avTaywvioTIKOV oAlyovoukAeoTidiwv (competitor) ("A” “CIIB” “TRE", “RARE"). Mapatnpolpe
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¢ Om n Béan “A” avayvwpilerar uévo and tov HNF-4, n “CIIIB" avayvwpileTar 1600 anod Tov
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€EAPTOUEVN METAYPAQN XIUAIPIKOV KATACKEUWV unokivnTav. Kutrapa Cosl 6lapo)\uv6nkav
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;ﬁtf pe 2 pg DNA Twv avaypagopevav Xipaipikwv unokivtav (“IXA"TK-CAT, “ixCIIIB"TK-CAT,
“IXLFA1"TK-CAT, “2xXTTR"TK-CAT) pali pe 0.5 pg DNA and Toug @opeic ekppaong pMT-
if COUP-TFI 1) pMT-COUP-TFIL. O1 OTNAEC TOU 10TOYPANUATOG AVTINPOownelouV TIG HEGEG TIHEG
(ME TURIKA anokAIoN KATw Tou 10 %) TwV Kavovikornonpevwy —Bacn Tng evepyoTnTag Tng B-

yahaktooidaone- evepyoTnTeg Tou evlipou CAT (normalized CAT activity), and Téooepa
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Probe - TAN - CHIB—» - YAY o ~CHIB ™
Maock o - - - - - -
HNF-4 -y - - - - -
COUP-TF 1 — - Sl J - -
cour-Tr Y — - - - - - -
HNF-4{1~-368) — + 4+ + 4+ + +

<5
(
2
>
>

A SN o A s A~ AAAUNA,
NARIRIINNANNRINNANNNNIR I IR RN AN SRININNIRINNINRINRINS 2 SINNIRINNNINNRNRS

EIKONA A5: O1 COUP-TFI kai COUP-TFII dev avayvwpilouv wg 0€on npdodeonc To OTOIXEID

DR1 Tou unokivnTr} HNF-1 oUTe wg dipepny oUTe wg eTepodipepn} pe Tov HNF-4. Ta neipapara

/
>

7'/

NN

AA
¥

&

EMSA éyivav pe KUTTapikG ekyuhiopata and kuttapa Cosl nou 5|auo)\uv6m<av HE - TOUG
avaypapopevoug @opeig ékppaong ( yia HNF-4, COUP-TFI, COUP-TFII kat HNF-4 1-368) kai
HE avnxvaum (probe) Tn padloonuacpévn Bgon “A” anod Tov unokivnTr HNF-1 kai “CIIIB” and
Tov unokivnTh apoClIIl. Ze kabe avridpaon npdodeong CUUNEPIAGBANE 5 WG OUVOAIKAG
npwTeivng. H avapign dia@opwv KUTTapIkwv ekXUAICHATWY O kdBe avTidpaon odnynoe oTa

idla anoTeAéouaTa.

AAALV A ALY VA A AVAAAVAAA A
A A A A A AN AN A AN A A A A A AN AR A A A A A AAAV A AAAVAVAVASISAVAVA RRALININIRINNININNINNIN R RN 7NN

SN, A A
NI+ TSI 3 SN
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Probe - A"
Mock + - = - -
HNF -4 - + + + +
COUP-TF 1 | —_ - 4 4 4
ab COUP U
ab HNF-4 e

DN T e SN NN D NN Tt g TN A
SR N NN S A AR AR AR

EIKONA A6 H)\EKTpO(popncn UOTspncrnq KIVf]TIKOTI’]TOC, onou o awxvsumq (probe) giva r]

8éon npocdeong Tou HNF-4 “A”, and Tov unokivnTiy HNF-1 nou a@édnke va aMn)\snlépaoa
pe ONIKG KUTTapikd exxuNiopara and kiTtapa Cosl nou gixav SIapoAuVeE pe Toug PopeiG Nou <
" avaypéaovrar: pMT (mock), pMT-HNF-4 (HNF-4), pMT-COUP-TFI (COUP-TFL). Ot avriSpdoeig -
¢yivav napouoia i anoucia 1 pl (apaiwpévou ota 1:6) avriowparog yia COUP-TF (diadpopr
5), A avmiohpaTog yia HNF-4 (Siadpopr 6). Meiwon TngG KIVATIKGTATAG Tou OUUNAOKOU
onUEIBNKE pdvo PETA and enidpacn pe avtiowpa yia HNF-4. :

A
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Probe ~— g ——
Mock + - - - -
COUP-TF 1 e e N TR
competitor = = CIIIBTRE “A"

/\/\/\\/\/\/\/ A A N A A A A AN/ VAN A A AN

- . A
NIRRT O SAVACRA ANV A A A A A A A A A VAV A A AVAAAA SIS A AAAAAAAAANANSIRIOVANAANAE S
%

NAVAAAAV AV VA EVAAVAREVAVEN AN

% EIKONA A7 H)\sKTpoq)opnon uoTEPNONG KIV[]TIKOTI’]TGC,' HE avixveuTn Tn 0¢on CIIIB ToU «‘

i unokivnTr apoCIII Nou CUVENWACTNKE PE OMKA KUTTAPIKG gkyuANiggaTta and kutTapa Cosl g/
gx nou eixav SiapoAuvesi e Toug popeig éxppacng pMT (mock), pMT-COUP-TFI (COUP-TFI). O1 i
5} avTidpaceic npododeong &yivav napoudia A anoucia 50x HopiakiG NEPICOEIG Un ONHACHEVOV g
<5 dikhwvwv avraywvioTev (competitor) (“CIIIB”, “A”, “TRE"). 'OnwG NapaTnpoUpe oTnv IKova, §<
n aMnouyia “TRE” ah\a oy kai i “A” avtaywvilovtal Tov COUP-TFI yia npoobeon oTn B2on f;
. “CIIIB". 2
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Normalized CAT activity

A
337, 2B 0 a6x . COUPr-TE ] COUP-TE]
HNF-4 FL 7.1 113.6 120.7
FINT -4 {1-368) 7.3 117.1 124.8
EENK -4 (1-354) 1.1 1.4 1.3
B. N« alized CA” tivify

o COUP-TE X COUP-TE il

Gald DBD 1.0 1.5 1.2
Gald HNF-4 (E) 23.5 1997 213.8
Gald HINF-4 (E354) 1.1 1.3 1.4
Gald HNF-4 (AF2) 1.3 1.2 1.6
Gald TENF-4 {337-355) 0.9 . 1.3 1.1
Gald 1INF -4 ({227-453) 1.2 6.5 7.2
Gald HNF -4 (A227-271) 1.5 1.6 1.8
227 271 488
Gald VP16 [CGua_ 182.7 189.7 179.0

SRR SRR TR L RS

EIKONA A8 H COUP-TF enayousvn swoxucn an HETAYPAPNC anarrei C|K€pClIC! -rnv neploxnv

] E Tou popiou HNF-4. 1o Tunua A Tng eikovag: kuTTapa Cosl diapoAuvenkav pe 2 pg DNA :\;:i'

- and Tov yovidio avagopdc “1xA"TK-CAT kai 0.5 pg DNA Tou qopéa £kppaong pMT nou
ek@palel diagopa peralhaypata Tou HNF-4, napouaia fj anoucia (popéa EKppaocng yia Toug
COUP-TFI 1} COUP-TFII. Me 3iaopeTIKl) ypappookiaon ¢aivovTal ol MEPIOXEG TOu HOpiou
HNF-4: To apivoTeAike AB TuRAua, n nepioxn npoodeong oto DNA pe Tn xapaktnpioTikn dopn
dakTUAwv Weudapylpou (C), Tov apud (D), Tnv nepioxn OiPEPIOPOU kal npdodeong Tou
npoodérn (E) kat To kapBofutehikd akpo (F). ZTo TuAua B Tne edvac: Cos-1 KUTTapa
ouvdIapoAUVOnkav pe 2 g DNA Tou yovidiou avagopac G4-CAT kai pe 0.5 ug DNA Twv *
5“ avaypagpopevov Gal4-ouvdedepévov TUnuaTwy Tng HNF-4, napoucia f anouaia Twv PopeEwv
- ék@paong pMT2-COUP-TFI kai pMT2-COUP-TFIL. O1 TIpéG avTinpoownelouv Toug PECOUG

- OpPOUC TWV KaVOVIKONOoINUEVWY evepyoTnTwv CAT (pe Tunikry andkhion pikpdTepn Tou 10 %)
" oe névre aveEaptnra nepauara (normalized CAT activity). H mun 1.0 avrigroiei otnv
evepyotnTa CAT nou naipvoupe HETA and cuvdiapodluvon pe Tov adelo Qopéa pMT. H :':]

- olvTunon DBD avagépeTtal oTnv nNepIoxr) Tou Hopiou nou npoodévetal ato DNA.,
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Input 1/10

HNF-4 FL.

HNF-4 (1-354) o

HNE-4 (A271-354) B | NN ..
1

HINF.4 (227-455) NN S
HINF-4 (1-185) — |

GST

L
-
fond
== B
= 2
= 2
v
B e
i
T T

Sdidh Boigens

AN AN A A N N A A A A A A A A A AN A AT A A A A A AAAAAA

VA A A NN A AANAAISARVAA AN AV VA ANAVANEVANA AN EVAAVAAVAVAVAVAVAVAVAVAV VAN

TFIIB n vitro. O HNF-4 kai Ta peraAAaypara Tou [HNF-4(1- 354), HNF-4(A271-354), HNF-
" 4(227-455) ka1 HNF-4(1-185)] petaypaprnkav kai peTa@pdoTnkav in vitro napoucia *S

© pebeovivng. Or npwteiveg nou eivar ouvdedepéveg pe GST napaxBnkav oTto Bakrnpiakd

oTéhexoc JM109 kai mpiv TIG avTidpacelq aAnAenidpaong npoodebnkav ot glutathione—

Sepharose beads. O1 diadpopEg “input” avrinpoownelouv To 10% TNG OUVOAIKNG NPWTEIVNG

nou napaydnke oTnv avtidpaon petdgpaong in vitro, pe e&aipean To “input” oTnv nepiNTwon

Tou HNF-4(1-185), onou avnnpoowneilsl T0 20 % TNG NPWTEIVNG,

N AV A AAAVAUAAA AVAVAVACACA /NN NANTAAATAANNI G A N A A A A A N A AT A AT AAAAVATAATA AT ATATASASN

L AN
INNPINNNN E N A R A A A A A A AN AR AAAA A A S AAAAAAA A A AR AN A A A A A A R A A A R N 2 4

AN NN \:i\f\é\\??
>

EIKONA A9 AMn)\emépaon TOU thNF—4 KGI dlapodpwv e)\)\alwswv HE TOV COUP-TFI Kar

2(
z§,
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A, B. C. D.
pMT-HNF-4(227-455)  pMT-HNF-4(227.455)  pMT-HNF-4 (227-458) pMTHNF-4 (227.45%5)
+ pMT vector + pMT-COUPTFL + pMT-COUPTFH + pBxGald-800

A A A N ST s ~
N NN NI VAT RN AR N : AN A N N A A R N AN

EIKONA Al10: Anoéle,n ™G aMn)\amGpocnq TOU HNF 4 us Touq COUP TFI Kal COUP-TFII oa

kUTTapa (ex vivo). KiTrapa Cosl diapoAlvenkav pe 500 ng DNA Tou popéa nou ekppalel To

~ peraMaypa HNF-4(271-455) nou OTepeiTal Tnv MEPIOXN OTnV onoia evroni(eTal To Onpa <
~ peraBaong oTov nupriva (A). MapaMnAa ta kUtTapa diapoAuvenkav pe 1 pg DNA anod To &
popea ékppaong yia Tov COUP-TFI (B) i Tov COUP-TFII (C). 24 wpeg peTd Tn diapoAuvon Ta <«

‘f‘f KUTTapa HETaQEPBNKav Ot KaAUNTPIOEG Kkai BAPTNKav HE MOAUKAWVIKO avTiowpa nou
‘avayvwpilel éva enitono 11 apivo&éwv oTo kapBoEuTeAikd akpo Tou popiou Tng HNF-4. H
napoucia Twv COUP-TFI & COUP-TFII péoa ora kUTTapa ATav ikaviy va odnynoel oTov

? nupnva TNV —and povn TNG- KUTTaponAaopatikl peTalayn Tng HNF-4. H unepékgpaon ¢

 kanolou AoYETou napayovta onwg Gal4-800 dev €xel kapia enidpacn oTnv evOOKUTTAPIKN

. TonoBérnon Tou HNF-4. Ta kUTTApPa (paivowal o€ psyéeuvon x316.

N R A A R N N ATATA A A A A AN AT A A A N A A AN
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HepG2 Carnd £33

E0} au 7

Normulized CAY sclivity

Gald DB + - + +v- o 4+ - + 4+ - - o~ & ; :
Gald 1INF-4 (E) i i - oot 4 - F oL T
pMI-COUPTFI “- -t - %= e A N
pMT.CouPIFn T < o b = 4 -~ =t =% -
RN SPRARRRARIANAL AL FINIIE SRARPNR NN G NRNIINRNNNNINR RN 5 ANRARNIRNA SFNAA
¢ EIKONA All: H napoucia Twv COUP TFI kai COUP-TFII eivar ikavry va evioxUuoe! T 5
< 5
< ueraypagikn dpaon Tou HNF-4 ota kUTTapa HepG2 kai oTa CaCo2 aM\a oxi kai ota C33. Ta ;

N

k0TTapa ano Tig SIaQopeg oeipég diapoAuvenkav pe 2 pg DNA Tou yovidiou avapopag G4-CAT ¢
<> napoucia 0.5 ug DNA and Toug @opeic ekppaong pMT-COUP-TFI f; pMT-COUP-TFIL. O1 3
* OTNHAEG QVTINPOOWAEUOUV TO PECO OPO TNG KAVOVIKONOINPEVNG evepydTnTag CAT (normalized
: CAT activity) and TouhaxioTov Tpia neipdpata. AOY®w TnG SIQQOPETIKAG GULNEPIPOPAG TV
. KuTTapiKWV oeipiv oTn diadikacia diapoAuvong, ol anoAUTEG TIMEG NOU NAiPVOUHE HNopouv gg

¢ va ouykpiBolv uc'>vo e Tig diapoAUvaoEl nou agopoly aTny idla oeipa. g&
% %

- PN A A 3 AN - G AN AN T
B A A N A R N N A A A A A B A A A A A A A A R A A N A A A A A A A A A A AN A AR AAAAAA A LRINOS
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H peraypagikn pubuion Twv yovidiwv nou n éKQpacr Touc NepIopileTal aTo
OUK®OTI, QaiveTal va eivai noAunapayovTikn. Suviotarar otn ouvduaopévn dpdon
IOTOEIBIKOV HETAYPAPIKOV NApayovTwy, AAwv nou ekppalovral o€ OAOUC TOUC
KUTTapIkoUG TUNouUG Kal TEAOG, GAAwV nou anokpivovTal oe eEwKuTTapika orjuara. O
HNF-4 eival évag anod Toug onNPavTIKOTEPOUG WETAYPAPIKOUG PUBHIGTEG TwV YovISiwV
nou xapakrnpifouv Tov NraTikd QaivoTuno Kai oXeTI(OVTAl PE TO PETABOAICHO TV
udatavBpakwy, Aindiwv, OTEPOEIdWV, AUIVOEEWV Kal MpoaTayAavdivyv, HE TNV
anoTo&ivwon 81apopwV 0UCIAV Kai ME TNV NApaywyn NpwTEiVOV Tou opou. PuBuilel
dueca nAeiada TEToIwV Yovidiwy, PETAED TwV OMOIWV CUYKATAAEYETAl KAl AUTO TOU
HNF-1. O Teheutaiog anoTeAei &va GO onuavTikO HETAYPAPIKO puBUIOTT yoviSinv
Tou nnatog. O OucdidoTatog pohog Tou HNF-4, Tou AGUeECOU Kal TOu EMPETOU
puBUIOTH, TOV TONOBETE OTNV KOPUPH TNG 1EPAPXIag HETAYPAPIKOV PUBHICEWY OTO
Anap.

H npokAnan va Siepeuviigoupe To TI puBYifeEl TOUG pUBUIOTEC TNC YovIBIAKNG
Ek(pPAonG yid va JIGAEUKAVOUUE TO PNXaviOHO TOOO TNG £K(PAcns 600 Kal TNG
dpaong Toug Mou Toug Kavel va evéxovtal o Paoikég diadikaoieg avantugng kai
dlapoporioinang, £0TPEYE TO evBIAPEPOV HaAg oTnV MBavoTNTa TNG PWIPOPUANIWONG
Tou HNF-4. Mia kai noAAG epeBiopata nou emdpolv oTn yoviSIakn Ekppacn ivar kal
ONUATa  EVEPYOMOINONG MPWTEVIKAV  KIVao®V, €ival  avapevopevo OTI N
AEITOUPYIKOTNTA TWV HETAYPAPIKWV NApayovTwv Wnopei va pubuifeTal pe TN
PWOPOPUNiwGTT.

ZUNQWVA HE NPONYOULEVEG HEAETEC, N PWOPOPUAIWON Pnopei va emdpa oTnv
IKavoTNTa €vOC ETAYPA®IKOU napdyovia va MpoodeveTal OTnV  KAaTGAANAN
puBbuIaTIKr NepioXn oTo DNA, oTn LUeTaypagikn ToU EVEPYOTNTA, | GTN HETABAOT ToU
ano To KUTTaponAacpa otov nuprnva. O napanave nepinTwaoelg 0ev eivar apoifaia
anokAEIOUEVEG, avTiBETa, N PWOPOoPUAIWGN Propei va gival uneuduvn yia TauToxXpovn
pUBUIoN TNG YovIBIaKNG ENAaywync o NoAAG enineda.

O HNF-4 gival n npwTn NpwTEivn Nou 3 CUPUETEXE! OE WOVONATH PETARAONG
onuartog, aAd dpa wg I0TOEIBIKOG WETAYPaPIkOG napayovrag yia Tnv IkavotnTta
npoodeong kal WETAYPAQIK evepydTNTAa Tou onoiou Eivar anapaitnTn N
PWOPopUNiwon o Tupoaivn. H pwapopulinan Tou HNF-4 e Tupoaivn, €XOULE
evOeifeic OTI enidpa oe &va PEXPI TWpa AyvwaTo eninedo pUBKIoNG TN dpdong evag
HETaypa@IkoU napayovra otnv gvoonupnvikr Tou Kartavopr. Ta anoTeAéopata nou

nepIypamovTal oto JeUTEPO KEPAAQIO yia Tov evOOMUPNVIKO evTorniono Tou HNF-4



gival n npwtn €vdeiEn yia TETolou TUMOU JIAUEPIOUATONOINGT HETAYPAPIKOU
napayovTa aTov nupnva.

21a unohoina kepahaia TNG epyaciag autng, To BEpa nou WE anacyoAnoe
ATav o aMnAemidpdocelg Tou HNF-4 pe GAAOUG 10TOEIBIKOUC Kal r HETAYPaPIKoUg
napdyovTeg nou Tpononololv T dpacn Tou i Tov kAvouv WETOXO oTn pUBHIoN
yovIBiwV OTOUG UMOKIVNTEG TWV onoiwv dev npoodEveTal.

270 NPWTO KEPAAQIO, 0 UNO EAEyXO UMOKIVATAG Eival QuTOG TOU yovidiou TNG
anoAhinonpwTeivng AIV. AnoTehei éva and Ta yovidia-aToyxoug Tou HNF-4. Aciape oI
o HNF-4, avraywvi{duevog Tnv npoodecn Twv agBevaTepwv evepyonoinTwv COUP-
TFI ka1 COUP-TFII, deopeveral otn cis Béon AIVC kai endyel Tn WeTaypagr Tou
yovidiou. MapdAo Opwg nou n npoadeon Tou gival avaykaia, dev eival kal Ikavr) ano
pOVN TNG Yia va eAgyEel Tn ueraypar) Tou yovidiou. ApKeETA Hakpid and Ta cis
oToixeia Tou yovibiou, OTOV UMOKIVATA Tou yovidiou TNG anoAinonpwreivng CIII nou
avnkel oTo idlo cluster yovidioyv, evTonioTnKe 0 EVIOXUTNG Tou yovidiou Tng ApoAlLV. O
HNF-4 dnAadn, unopei va endyel Tn LeTaypar Tou yovidiou HOVO O GUVEPYACIa LE
TOUG NAPAYOVTEG NMOU NPoadévovTal oTov evioxuTr). Mvwpifoude 0TI péoa @’ auToug
ouykaTaAéyeTal o Spl, évag WETaypapIkog napdyovfac; nou ek@paleral o OAa Ta
KUTTapa. O1 unohoinol PETAaypagikoi pUBHICTEG Nou avayvwpifouv Tnv NEPIOXN auTtn
dev £xouv TauTonoinBei.

2TO TPITO KEPAAQIO, AVTIKEILEVO WEAETNG €ival o aAnAenidpaon Tou HNF-4 pe
éva Ao onuavTikd nNnaTtoediko peTaypapikd pubuioTn, Tov HNF-1. Mapoio nou
HEXP! TOPa dev ATav yvwaoTo va eUnAEKETal Kavevag anod Toug 600 aTn PETAYPapIKn
dpdon Tou aMou, al\d eixe SeixTei OTI 0 kaBévag and autoug éxel Ta SIkd Tou
yovidia-oTOXoug, TO OEvAPIO aUTG TporomnoiNenke MePINAéKOVTAE KANWG Td
HETAYPAMIKA PUBUICTIKG HOVONATIa Mou €AéyXouv Tnv nnatoeidikny €xepacn
yovidiwv. Etol, o HNF-1, aMnAenidpwvrtac pe Tnv ahnhouxia AF2 Tou HNF-4,
napepnodidel Tn PETAYPaQIkn dpacn Tou TeAeuTaiou. Avaloyi{opevor OTI éva ano Ta
yovidla nou puByifovrar and Ttov HNF-4 eivai ka1 autd Tou HNF-1, n napandavw
ahnAenidpaon pnopei va eidwlei katw anod To npiopa evog feedback pnxaviopou yia
TNV ékppaaon Tou HNF-1 kai enakdAouba yia Tn puBIon Twv yovidiwv-0ToXwV Tou.

Téhog, oTo TETAPTO KeE@PAAalo, PeAeTABNKE n aMnAenidpaon Tou HNF-4 e
dU0 aMoug onuavTIKoUug pUBIOTEG TWV NNATIKWV Yovidiwv, Toug napayovteg COUP-
TFI kai COUP-TFII. Méxpl npoogara, ol NapdyovieG auToi ATav yvWOoToi G
avtaywvioTég TnG dpaong Tou HNF-4 pia Kal OTIC NEPIOOOTEPEC NEPINTWOEIG PAVNKE
va avayvwpifouv Tnv idia alMnAouyxia DNA pe Tov HNF-4, va npoodévovral o’ auTn



ME Mapopola CUYYEVEId Kal vad €nNAyouv MOAU aoBeveéoTepa T HETAYPARH va‘

avtioTolxwv yovidiwv. ZTOUG UMOKIVATEG NMou UEAETABNKAv ¢’ auTh Tnv £pyacia, n

Béon npoodeong Tou HNF-4 dev avayvwpileTar ano Ttoug COUP-TFs. X'auth Thv

nepintworn, ol COUP-TFs, aMnAenidpwvTag ye Tnv nepioxn E Tou HNF-4, evioxlouv

TN MeTaypagikn Tou Spdaacn. Mnopoupe dnAadn va diaxwpicouhe Ta yovidia nou

puBuifovTtal anod Tou COUP-TFs g€ TPEIG KaTnyopieG:

< o'autd nou diaBeTouv Béoelig npdodeong yia Toug COUP-TFs ol onoiec dev
avayvwpilovrar and Tov HNF-4, dnou ol npwTo! €ival auToi Mou endyouv Tn
HETAYpaen Toug,

< 0'auTta nou diabéTouv BETEIG NPOOdECNG Nou avayvwpidovral kar and Toug duo,
ondte o HNF-4 avraywvierar Toug COUP-TFs yia koivr 8ean npdodeong kai 6pa
WG I0XUPOTEPOC EVEPYOMNOINTNC TNG HETAypaPng and autolc Kal TEAOG

< 0’ auta nou d1aBEéTouv BEaeIc Npoadeonc nou avayvwpilovral povo and Tov HNF-
4 6nou o1 COUP-TFs péow popltakav alnAemdpacewy pe Tov HNF-4 evioxUouv
TN HETAypaQIkn TOU EVEPYOTNTA.

Zuunepaopamikg, kai dikalohoywvtag Tov TITAO authg Tng epyaciag, n
pUBMION TG EékPpaong Twv nnatoelbikwv yovidiwv avTikatonTpilel &va nAéyua
HovonaTiv Onw¢ QAveTal oTo avTioTolXo oxedIdypappa ki Oxi acUvBeTd, Hn
dlanAekopeva povonarid. H dpacn Tou HNF-4, OTIG NEPICOATEPEG NEPINTACEIG NOU
MeAETAOauE, ATav avaykaia, ala oxi Ikavr] ané Povn TnG yia va kateuBuvel Tnv
ékppaan yovidiwv nou oxetiovrar pe T Slagoponoinon kal Tr ASIToupyia Tou

NNAToKUTTAPOU WC KEVTPO HETABOAICHOU kal anoTogivwaong.






Summary 1

Mechanisms which govern development and organogenesis are a major issue
in biology. These mechanisms are mainly determined by a cascade of events which
include specific spatiotemporal activation of a subset of genes. In such a cascade,
transcription factors play a crucial role since they carry specific messages to the DNA
which result in the activation of spesific set of genes.

The model system that we are studying is the hepatocyte phenotype which
has proven to be very attractive for biochemical, cellular and developmental studies.
The liver synthesizes proteins that are involved in detoxification, retinol & steroid
metabolism, amino acid metabolism, carbohydrate metabolism, lipid metabolism. It is
also the site o synthesis for serum protease inhibitors and transport proteins. Most of
the corresponding genes are controlled at the transcriptional level and depend on the
availability of a small set of liver enriched transcription factors such as HNF-1, HNF-3,
HNF-4, COUP-TFI, COUP-TFII, CEBPs. Therefore, the mechanism by which these
factors are regulated, may be a key element in the establishment and maintenance
of the liver-specific phenotype.

M'y thesis work has mainly focused on the elucidation of the mechanisms

involved in the HNF-1 and HNF-4 gene regulation and can be summarized as follows:

> Apolipoprotein AIV expression is restricted to intestinal and hepatic cells,
suggesting a tissue specific regulation of its gene. To investigate the mechanism
controlling apoAlV transcription we have analysed its promoter region by in vitro
DNA binding and transient transfection experiments. Dnasel footprinting analysis
of the proximal promoter revealed four protected regions, named A, B, C, D. The
AIVC element which is necessary for maximal promoter activity, binds HNF-4,
Arp-1 and Ear-3 with similar affinities in a mutually exclusive manner. HNF-4
transactivated the chimeric constructs containing an intact AIVC site in the
context of either the apoAIV promoter or the heterologous thymidine kinase
minimal promoter, while Arp-1 and Ear-3 mediated repression, suggesting that
the observed opposite effects resulted from direct competition of these factors
for the same recognition site. In transient transfection assays, the apoAlIV
promoter region (-700 to +10) had a very low activity in cells of hepatic (HepG2) |
and intestinal (CaCo2) origin. The activity was increased by 13 to 18 fold when
upstream elements of the distantly linked apoCIII gene were fused to the
proximal promoter. Results obtained with different 5" and 3’ deletion constructs

indicated that the cis-acting elements F to J between the nucleotides -500 and —



Summary 2

890 of the apoCIIl promoter were absolutely necessary to drive maximal
enhancement in HepG2 and CaCo2 cells. The apoCIIl upstream elements
enhanced the activity of the minimal AdML promoter or the apoAlV site C mutant
less efficiently than the intact apoAIV or AdML promoter constructs containing
single HNF-4 sites. These findings suggest that the enhancer effect is mediated
by synergistic interactions between the trans-acting factors which recognised the
apoCIII regulatory elements and HNF-4 which binds to the proximal apoAIV

promoter.

Ktistaki, E., Lacorte, J-M., Katrakili, N., Zannis, V.I. and Talianidis, I. (1994).
“Transcriptional regulation of the apolipoprotein AIV gene involves synergism

between a proximal orphan receptor response element and a distant enhancer

located in the upstream promoter region of the apolipoprotein CIII gene ”. Nucleic
Acids Res. 22:4689-4696.

HNF-1 negatively regulates its own and other HNF-4 dependent genes by a
mechanism that involves direct interaction of HNF-i with the activation domain of
HNF-4. In this way, HNF-1 represses HNF-4 dependent genes, whose promoters
lack HNF-1 binding sites. On the other hand, HNF-1 is an important positive
regulator of a large number of other liver-specific genes. This promoter
~ dependent dual function of HNF-1, suggests its central role in the coordination of
the regulatory network that defines the hepatic phenotype.

Kritis, A., Ktistaki,E., Barda,D., Zannis,V., Talianidis,I. (1993). “An indirect

negative autoregulatory mechanism involved in hepatocyte nuclear factor 1
(HNF-1) gene expression.” NMucl, Acid. Res. 21: 5882-5889.

Ktistaki, E. and Talianidis,I. (1997). “Modulation of Hepatic Gene Expression by
Hepatocyte Nuclear Factor 17 Science. 277 109-112,

Analysis of the mechanism of HNF-1 activation by HNF-4 revealed that the
activity of HNF-4 is highly enhanced by the orphan receptors COUP-TFI and
COUP-TFII. These two factors were strong repressors of HNF-4 and other
hormone receptor mediated transcription. The controversy was resolved by the
findings that COUP-TFs enhanced HNF-4 activity only on promoters to which they
cannot bind directly (e.g. the HNF-1 promoter), while on promoters which

contain common binding sites for HNF-4 and COUP-TFs, the latter antagonize
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activation by HNF-4. COUP-TFs enhance HNF-4 activity by a mechanism that
involves physical interaction with the HNF-4 E domain. My results suggest that
this interaction induces a conformational change on HNF-4, orienting its
activation domain into a more active configuration. In addition, they provide the
first indication for the involvement of COUP-TFs in the initial activation and
subsequent high level expression of hepatic regulators, in addition to the positive

and negative modulation of downstream target genes.

Ktistaki, E. and Talianidis, I. (1997). “Chicken ovalbumin upstream promoter

transcription factors act as auxiliary cofactors for hepatocyte nuclear factor 4,
and enhance hepatic gene expression”. Mol. Cell. Biol. 17: 2790-2797.

Recent studies in our laboratory have shown that the apoCIII promoter activity
as well as in vivo mRNA levels decreased when HepG2 cells have been treated
with IL-1 or IL-6 as a model of the “acute phase reaction” of the liver. We have
mapped the corresponding response element in the proximal promoter region of
apoCIII and found that it binds NFkB family members (b65, p50, c-rel) as well as
C/EBPa, C/EBPB, and C/EBPy in a mutually exclusive manner. These factors
dramatically activate transcription of different mutant promoter constructs in
which the interaction of HNF-4 with upstream enhancer binding factors are
disrupted. On the other hand, in the context of the wild type promoter they
induce a negative response. We suggest that the overall inhibition of the apoCIII
expression during the acute phase reaction is mediated by cytokine induced
positive factors through the disruption of a stronger transcriptionally active

complex operating under normal physiological conditions.

Lacorte, J-M., Ktistaki, E., Beigneux, A., Zannis, V.I.,, Chambaz, J., and

Talianidis, 1. (1997). “Activation of CAAT enhancer binding protein 3 (C/EBP3) by

interleukin-1 negatively influences apolipoprotein CIII expression”. J. Biol. Chem.
272: 23578-23584.

HNF-4 is a prominent member of liver enriched transcription factors, playing a
role in the expression of a large number of liver specific genes. HNF-4 is
expressed in a limited number of tissues and can activate transcription in several
nonhepatic cell lines, indicating that it is regulated mainly at the transcriptional
level and no liver specific modification is required for its function. On the other
hand, the difference between the HNF-4 molecular mass predicted from its
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primary sequence (50.6 kD) and that determined by gel electrophoresis (54 kD),
suggested that post-translational modifications may occur. We have recently
found that HNF-4 is a phosphoprotein and that phosphorylation at tyrosine
residue(s) is important for its DNA binding activity and consequently its
transactivation potential both in vivo and in vitro. Tyrosine phosphorylation did
not affect the transport of HNF-4 frdm the cytoplasm to the nucleus, however it
had a dramatic effect in its subnuclear localization. HNF-4 was concentrated in
distinct nuclear compartments, as evidenced by in situ immunofluorescence and
electron microscopy. This compartmentalization disappeared when tyrosine
phosphorylation was inhibited by genistein. The correlation between the
intranuclear distribution of HNF-4 and its ability to activate endogenous target
genes, demonstrate a novel phosphorylation signal dependent pathway in the

regulation of transcription factor activity.

Ktistaki, E., Ktistakis, N.T., Papadogeorgaki, E. and Talianidis,J. (1995).
“Recruitment of hepatocyte nuclear factor 4 into specific intranuclear

compartments depends on tyrosine Qhosghoulatibn that affects its DNA binding
and transactivation potential”. Proc. Natl. Acad. Sci. USA 92: 9876-9880.
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Modulation of Hepatic Gene Expression
by Hepatocyte Nuclear Factor 1

Eleni Ktistaki and lannis Talianidis*

Hepatocyte nuclear factors 1 and 4 (HNF-1 and HNF-4) are liver-enriched transcription
factors that function in the regulation of several liver-specific genes. HNF-1 activates
genes containing promoters with HNF-1 binding sites. However, this factor negatively
regulates its own expression and that of other HNF-4-dependent genes that lack HNF-1
binding sités in their promoter region. This repression is exerted by a direct interaction
of HNF-1 with AF2, the main activation domain of HNF-4. The dua! functions of gene
activation and repression suggest that HNF-1 is a global regulator of the transcriptional
network involved in the maintenance of hepatocyte-specific phenotype. ‘

Liver-specific gene expression is governed
by the combimatorial action of a small set of
liver-enriched transcription facrors, includ-
ing HNF-1, C/EBP, HNF-3, and HNF-4
(1). The expression patterns of HNF-1 and
HNF-4 closely correlate with the differen-
tiation state of hepatic cells. HNF-4 is an
activator of the HNF-1 gene, defining a
transcriptional hierarchy involved in both
the determination and maintenance of he-
patic phenotype (2). In transient transfec-
tion experiments, FINF-1 negatively regu-

e

Institute of Molecular Biology and Biotechnology, Foun-
dation for Research and Technology-Hellas, Post Office
Box 1527, 711 10 Heraklion, Crete, Greece.

*To whom correspondence should be addressed.

lates its own and other HNF-4—dependent
promoters that are not directly recognized
by HNF-1 (3). These findings suggested the
functioning of an indirect negative autoreg-
ulatory mechanism that is triggered by in-
creased intracellular concentrations of
HNE-1. HNF-1 did not affect several other
promoters, and fusion proteins containing
different NH;- and COOH-terminal parts
of the HNF-1 molecule failed to inhibit
HNF-4-mediated transcription (3, 4)
These findings argue against a squelchin
effect.

To investigate the potential role of

HNF-1 on the transcription of its own gene
in the in vivo chromosomal context, we
generated stable HepG2 cell lines (H1A
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HNF-4 transcript remained constant, which
implied a lack of positive reciprocal activa-
tion of HNF-1 and HNF-4 in the chromo-
somal context. Consistent with this notion
is the observation that some HNF-4 pro-
moter constructs that contain the putative
HNEF-{ binding site do not drive liver-spe-
cific expression in transgenic mice (7).
Moreover, wild-type and null murant mice
that are devoid of HNF-1 express HNF-4 in
similar amounts (8).

In the HNF-l-overproducing cell lines,
the activities of the albumin, apoC-11I, and
HNF-1 promoters were affected in the same
way as the amount of their steady-state
mRNA, indicating that the observed
changes were the result of altered transcrip-
tion rates (Fig. 2). In addition, the activity
of the chimeric promoter construct 4 XA
TK-CAT, which contains four copies of the
HNF-4 binding site of the HNF-1 promoter,
was also reduced. On the other hand, the
activity of the control promoter (RSV-
CAT) was not changed (Fig. 2). This sug-
gests that HNF-1 exerts its negative effect
by counteracting HNF-4 activation on the
corresponding regulatory regions.

Fig. 2. Negative reg.iation of HNF-

Lo unde sasd the o aooabsr o o
nism responsbie tor the al o o covervanune,
we performed clectiophorecic mobilicy shift
assays to compare the amounts of active
DNA binding protein in the stable cell
lines. As a control, Spl binding activity was
monitored and found to be similar in all
extracts (Fig. 3A). Alb-PE (3, 6) and site A
{3) were used as probes for HNF-1 and
FHINF-4, respectively. In the HIA and HIB
cell lines, DNA binding to the Alb-PE
probe was 11 and 4 times that of the wild
“type, respectively (Fig. 3A). This is much
lower than the observed increase in total
amounts of HNF-1 mRNA. The difference
might result from additional translational
control mechanisms or limiting intracellu-
lar concentrations of DCoH (dimerization
cofactor for HNF-1), which is required for
HNF-1 dimerization and stability (9). No
difference in DNA binding activity on the
HNF-4 probe was chserved with the differ-
ent HepG2 cell lines (Fig. 3B). An anui-
body raised against HNF-4 almost quantita-
tively supershifted the DNA-protein com-
plex formed on the site A probe, whereas an
HNF-1 antibody failed to supershift the
complex (Fig. 3B). Moreover, no difference
in HNF-4 binding affinity to site A was
detected with the use of extracts from the

Alb-CAT ApoC-M-CAT HNF-*-CAT  4xATK-CAT  RSV-CAT
4-diependent promoters by HNF-1. > 105 T 120 T
Wild-t,pe (WT) and HNF-1-over- 2 84{ B < 1004
expressing HepG2 cell iines (B and S ; b 80 ]
A) were transfected by the calcium 5 84 3 |
priosphate precipitation method (S] f ki 601
{13) with 2 pg of the indicated re- 8 ! i 40]
porters containing the mouse aibu- k- 21 5 201'
Wn (Alb-CAT) (3), human apoli- & '}
poprotein C-lil {ApaC-INI-CAT) (5,  celtiine  wTB A WTB A WTB A WTB A  WTB A

73), rat HNF-1 (HNF-1-CAT) (3), or

Rous sarcoma virus (RSV-CAT) (3) promoters, or a chimeric reporter construct centaining four copies of
the HNF-4 binding site of the HNF-1 promoter fused to the minimal promoter region (nucleotides —85
to +51) of the herpes simplex virus thymidine kinase gene (4 XA TK-CAT) (3). The bars represent means
= SE of normalized CAT (chloramphenicol acetyltransferase) activities from at least four independent
experiments, and these values are expressed as relative activation (Alo-CAT) or as a percentage of the

activity measured in wild-type cells.
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antibody to HNF-4 (4) or HNF-1 (1)
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The identity of HNF-1 that bound to
the Alb-PE probe was verified by
supershifts with HNF-1  antibody
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HepG2, H1A, and H1B cell lines or ex-
tracts from HNF-4- and HNF-1-trans-
fected COS-1 cells (10). Thus, neither
HNF-1 nor another factor that may have
been induced by HNF-! interacts directly
with site A, and HNF-1-does not affect the
DNA binding activity of HNF-4.
Although mobility shift experiments did
not reveal interactions between HNF-1 and
HNF-4, weak protein-protein interactions
may exist that are unable to survive elec-
trophoretic conditions but could explain
the down-regulation of HNF-4—dependent

genes by HNF-1. To test this idea, we
mapped the HNF-4 protein domains neces-
sary for HNF-1-mediated down-regulation.
Fusion proteins containing the Gal4 DBD
(the DNA binding domain of yeast Gal4
protein) and parts of HNF-4 bind to the
Gal4 response element as dimers through
the Gal4 DBD (11), and their expression is
not affected by HNF-1 (10). The Gal4
HNE-4(E) construct that contains the com-
plete ligand binding-dimerization domain
(12) of HNF-4 was a potent activator of the
Gal4-responsive reporter in both HepG2

Fig. 4. HNF-1 represses . COS-1 cells

HNF—4 'activlity through HepG2 cell fines +HNF-1

Z‘teéacg?)%";’:;h tﬁ:‘ HN‘;‘ WT H1B H1A ~HNF-1 FL M280 M440
in vivo.

COS-1 and HepG2 lines Gal4 DBD [am] 10 09 11 10 11 11 09

(WT, HIB, H1A) were Gal4 HNF-4(E) [Er“:ao—sea 182 98 51 235 28 226 35

transfected with 2 ug of  Gal4 HNF-4(E354) Gz 12 11 13 11 10 09 12
130 354

G4-CAT reporter con-
taining four copies of the
17-nucleotide oligomer

Gal4 VP16 159.0 143.5 150.8 182.7 178.5 185.2 175.6

Gal4 binding site, together with 0.5 g of the indicated Gal4 expression plasmids. In COS-1 cells, 0.5 ug
of pCB-HNF-1 (FL), pCB-HNF-1(280) (M280), or pCB-HNF-1{440) (M440) was also included where
indicated. The numbers represent mean values of B-galactosidase—normalized CAT activities from at
least six independent experiments with SEs of <8% and are expressed as activation relative to the
activity obtained with the Gald DBD. Maximal activity in both HepG2 and COS-1 cells was obtained with
a fusion construct containing the entire E domain [Gal4 HNF-4(E)]. No activity was observed when other
combinations of HNF-4 domains (such as amino acids 337 to 368, 337 to 455, 368 to 455, and 227 to
455) were tested, suggesting that the HNF-4 AF2 domain is active only in the context of an intact E

domain (74).

Fig. 5. HNF-1 interacts with the AF2 domain of
HNF-4 in vitro and in vivo. (A} In vitro synthesized
BSS]methionine-labeled HNF-1 was incubated with
the indicated GST fusion proteins, and the bound
proteins were analyzed by 10% SDS-polyacrylam-
ide gel electrophoresis (PAGE). Growth and expres-
sion of GST fusion proteins in Escherichia coli strain
JM108 were performed as described (75). 35S-la-
beled full-length recombinant HNF-1 was synthe-
sized in vitro from the corresponding constructs in
Bluescript KS (Stratagene) using the TNT coupled
reticulocyte lysate system (Promega). Glutathione-
Sepharose beads containing 2 g of each fusion
protein were incubated with 3°S-labeled proteins in
interaction buffer [100 mM KCl, 20 mM Hepes (pH
7.9),0.1% NP-40, 5 mM MgCl,, 0.2% bovine serum
albumin (BSA), 10% glycerol, 0.1 M phenylmethyl-
sulfony! fluoride, and aprotinin (10 wg/mi)] for 1.5
hours at 4°C with constant agitation. After extensive
washing with the same buffer minus BSA and glyc-
erol, the beads were resuspended in 20 wl of SDS-
loading buffer and analyzed by SDS-PAGE; 8% of
the input 35S-labeled HNF-1 is shown in the first lane.
(B) COS-1 cells were transfected with 500 ng of
nuctear localization-deficient mutant pMT-HNF-
4(227-455) alone (pCB6 vector) or with 1 ug of
PCB-HNF-1  FL, pCB-HNF-1(440), pCB-HNF-
1(280), or pBx-Gal4 expression vectors, transferred
to cover slips, and stained with polyclonal peptide
antibody raised against the COOH-terminal 11-ami-
no acid epitope of HNF-4, as described (74). The
nurmber of cells examined showing [nuclear]:[nuclear

A g
D _ N pCB6 vector
o&l_%:
]
2=
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anunnnnon
RO ROEGRONGNG]
“M' s sy
HNF-1 FL

HNF-1(440)

HNF-1(280) Gal4

plus cytoplasmic):[cytoplasmic] staining was 0:0:54 in HNF-4(227-455)~transfected cells. In cotransfected
cells this ratio was 56:2:1 (HNF-1 FLJ), 51:1:2 {HNF-1(440)], 0:0:42 [HNF-1(280)], and 0:0:51 (Gal4). Typical
examples of the immunofluorescent images are shown (magnifications, x284).

and COS-1 cells (Fig. 4). This activati
was strongly inhibited by increased intraci
lular amounts of HNF-1 derived from

ectopic expression in the stably transfect

HepG2 cell lines (H1B and H1A) or frc

_cotransfected expression vector (COS

cells). Similar results were obtained wi
cotransfected HNF-1(440), which lacks t
COOH-terminal  activation  domai
whereas HNF-1(280), which contains t
dimerization and DNA binding domaii
failed to exhibit repressor activicy (Fig. +
Partial deletion of the main activation ¢
main of HNF-4 [Gal4 HNF-4(E354
which is located between amino acids 3
and 368, resulted in loss of activity. ©
significant change was observed in expe
ments with Gal4 VP16, which was used
an unrelated control (Fig. 4).

These results indicated that HNF-1
repress gene expression through physical |
teraction with HNF-4. [n vitro evidence
such protein-protein interaction was pi
vided by pull-down assays with glutathior
S-transferase  (GST)-HNF-4 fusion p
teins and in vitro synthesized *°S-label
HNE-1. HNF-1 associated with TFIIB (F
5A); this interaction may be important
HNF-1—-facilitated formation of preinit
tion complexes. Comparable amounts
bound HNF-1 protein were recovered
GST-HNF-4(130-368), containing the ¢
tire E domain, and by GST-HNF-4(AF
containing the main activation regi
(amino acids 337 to 368) of HNF-4.
contrast, no interaction was observed w
an HNF-4 derivative lacking the AFZ .
main (GST-HNF-4(AAF2)] or with 1
GST-Gal4 fusion protein that was used
an unrelated control (Fig. 5A).

Interaction between HNF-4 and HN]
in intact cells was determined by nucl
cotranslocation assays with the use o
mutant form of HNF-4 [HNF-4(227-45:
which lacks specific nuclear localization ¢
nals but contains the domain required for
vitro interaction with HNF-1. This mut
was detected exclusively in the cytoplasa
transfected COS-1 cells (Fig. 5B). Co
pression of HNF-4(227-455) with eit
full-length HNFE-1 (FL) or HNF-1(440),
not with HNF-1(280) or Gal4 protein,
sulted in its translocation to the nucl
(Fig. 5B). Thus, HNF-1-HNF-4 interact
required the HNF-1 domain located
tween amino acids 280 and 440, but not
COOH-terminal activation domains
HNEF-1.

Taken together, our results indicate t
the AF-2 domain of HNF-4 is sufficient
necessary for physical interaction w
HNF-1 and for repression. This associat
may block the HNF-4 activation domair
a way that prevents either its interact
with coactivators that transduce AF2 ac
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ity to the transcription machinery or its
direct interaction with general transcrip-
tion factors. As a consequence, increased
amounts of HNF-1 induce a regulatory
mechanism that leads to the general down-
regulation of HNF-4—dependent liver-spe-
cific genes, including the HNF-1 gene itself.
This promoter-dependent dual function of
HNE-1 suggests its central role in the coor-
dination of the regulatory network that de-
fines the hepatic phenotype.
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Chicken ovalbumin upstream promoter transcription factors (COUP-TFs) strongly inhibit transcriptional
activation mediated by nuclear hormone receptors, including hepatocyte nuclear factor 4 (HNF-4). COUP-TFs
repress HNF-4-dependent gene expression by competition with HNF-4 for common binding sites found in
several regulatory regions. Here we show that promoters, such as the HNF-1 promoter, which are recognized
by HNF-4 but not by COUP-TFs are activated by COUP-TFI and COUP-TFII in conjunction with HNF-4 more
than 100-fold above basal levels, as opposed to about 8-fold activation by HNF-4 alone. This enhancement was
strictly dependent on an intact HNF-4 E domain. In vitro and in vivo evidence suggests that COUP-TFs
enhance HNF-4 activity by a mechanism that involves their physical interaction with the amino acid 227 to 271
region of HNF-4. Our results indicate that in certain promoters, COUP-TFs act as auxiliary cofactors for
HNF-4, orienting the HNF-4 activation domain in a more efficient configuration to achieve enhanced tran-
scriptional activity. These findings provide new insights into the regulatory functions of COUP-TFs, suggesting
their involvement in the initial activation and subsequent high-level expression of hepatic regulators, as well

as in the positive and negative modulation of downstream target genes.

The nuclear hormone receptor superfamily encodes a di-
verse set of transcription factors, including receptors for ste-
roids, retinoids, and thyroid hormones. Ligand-dependent ac-
tivation of the different members of this superfamily modulates
the transcription of a large number of target genes whose
coordinate expression plays important roles in the control of
vertebrate differentiation, development, and cellular ho-
meostasis (20, 33, 34). Besides the classical receptors, the nu-
clear receptor superfamily comprises many orphan receptors
which are structurally and functionally related but whose li-
gands have not been identified (10). The orphan receptors
possess highly homologous DNA binding and ligand binding
domains. and the DNA sequences with which they interact are
common to the response elements of other hormone receptors.
These charactexistics give the orphan receptors the potential to
participate in .the different hormone signaling pathways
through promoter element occupancy or heterodimerization
with other ligand-dependent receptors. Two of the most stud-
ied orphan receptor families are COUP-TF (chicken ovalbu-
min upstream promoter transcription factor) and HNF-4 (he-
patocyte nuclear factor 4).

COUP-TFI (also called ear3) (52) and COUP-TFII (also
called Arp-1) (26) are closely related transcription factors
which have been implicated in the regulation of several impor-
tant biological processes, such as early embryonic development
(39) and neuronal cell fate determination (38). Although
COUP-TFI was identified as an activator of the ovalbumin (42)
and the rat insulin II (18) promoters, recent studies have
shown that COUP-TFs are potent repressors of retinoic acid
receptor-, thyroid receptor-, vitamin D, receptor-, peroxisome
proliferator-activated receptor-, estrogen receptor-, and steroi-

* Corresponding author. Mailing address: Institute of Molecular
Biology and Biotechnology. Foundation for Research and Technology
Hellas, P.O. Box 1527, Herakleion 711 10, Crete, Greece. Phone:
30-81-391173. Fax: 30-81-391101.
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dogenic factor 1-mediated transcription (3. 10, 11, 29, 30, 39,
49). -

HNF-4 is a liver-enriched transcription factor which plays a
pivotal role in the regulation of a very large number of liver-
specific genes whose expression pattern is characteristic of
terminally differentiated hepatocytes (43, 44). HNF-4 is an
important activator of the HNF-1 gene (21, 24, 48), establish-
ing a hierarchical pathway. of transcriptional activation in the
liver. HNF-4 is an important developmental regulator, as evi-
denced by its temporal and spatial expression pattern during
drosophila (54) and early mouse development (13, 47) and by
gene disruption studies demonstrating the importance of
HNF-4 expression in the visceral endoderm for embryonic
ectoderm survival and normal gastrulation (9). Most of the
promoter elements that interact with HNF-4 can also recog-
nize COUP-TFs (23, 25, 35, 43). COUP-TFs strongly repress
HNF-4-mediated transcription from these promoters by a
mechanism that involves competition with HNF-4 for the com-
mon binding site (25, 35). This antagonistic effect has led to the
prevailing view that the expression of HNF-4-dependent liver-
specific genes is fine tuned by the actual intracellutar balance
of these positive and negative regulators.

In this report, we present evidence that COUP-TFI and
COUP-TFII act as auxiliary cofactors for HNF-4 on promoters
that can be directly recognized by HNF-4 but not by COUP-
TFs. We demonstrate that COUP-TFs, through protein-pro-
tein interaction with HNF-4, dramatically increase HNF-1 pro-
moter activity, suggesting that they may play an important role
in the activation of a wide range of liver-specific genes

MATERIALS AND METHODS

Plasmid constructions. pMT2 vectors expressing full-length HNY & COUP-
TFI, and COUP-TFIL, as well as the promoter constructs HNF-1-C \T and
apoCIII-CAT, have been described previously (21. 23, 46). Chimenic seporter
constructs were generated by ligating double-stranded kinased ohgonucleotides
encompassing the nucleotide (nt) —70 to ~41 region of the rat HNF-1 promoter
("1XA"TK-CAT). the nt —96 to ~61 region of the human apoC-l1 promoter
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(~ 1 CHIB"TK-CAT). the nt =128 to =99 region of the human ol antitrypsin
promoter ("1 X LEAT"TK-CAT). and the nt =151 to = 130 region of the human
transthyretin promoter ("2XTTRYTK-CAT) into the Safl site of previously de-
seribed plasmid TK8S-CAT (21). A G4-CAT reporter containing tour copies of
the 17-mer Gald binding site in front of the B-globin minimal promoter was a
wenerous gift from [ Papamatheakis. pMT-HNF-4 (1-368) was constructed by
PCR by using pMT-HNF-4 FL as the template and EcoRT adapter oligonucle-
otide primers corresponding to the nt 1 1o 20 (sense) and 343 (0 368 (antisense)
regions of the rat HNF-4 eDNAL The PCR products were cleaved by EcoRI and
digated to the same site of a pMT2 vector. To obtain pMT-HNF-4 (1-354). the
HINF-4 ¢cDNA was cut with £coRT and Msel. filled in with the Klenow enzyme.
and ligated to the dlunt-ended EcoRI site of pMT2. Gald HNF-4 (E). Gald
HNF-4 (AF2h). and Gal4 HNF-4 (337-455) were generated by subcloning of the
PCR-amplified fragment corresponding to the nt 391 to 1102, 1009 to 1102, or
1009 to 1356 region of HNF-4 into the EcoRI site of a pBxG1 vector. This vector
is derived from pSG424 (41) expressing the amino acid (aa) 1 to 147 region of the
veast Gal4 cDNA (Gal4 DBD) with an altered polylinker region (provided by .
Papamatheakis). Gal4 HNF-4 (E354) was obtained by deleting the Mscl-BamHI
tragment from Gal4 HNF4 (E). Gald HNF-4 (227-455) was generated by defe-
tion of the N-terminal aa 1 to 227 region of pMT-HNF-4 by Ncol digestion.
followed by religation. and the EcoRI fragment of the resulting plasmid was
subcloned into a pBxG! vector. The C-terminal activation domain of VP16 (40)
was excised from a pSJT 1193 CRF! vector (kindly provided by D. Tzamarias) by
digestion with Bg/IT and BamHI and ligated into the BamHI site of a pBxGl
vector to obtain Gald VP16. pGex-COUP-TFI was constructed by subcloning the
EcoRI fragment of pMT-COUP-TFL. containing the complete open reading
frame of COUP-TFI, into the EcoRI site of a pGex-1 vector (Pharmacia).
Plasmid pGex-TFIIB was kindly provided by D. Thanos. All constructs were
verified by nucleotide sequencing with T7 polymerase (Sequenase).

Transfections and CAT assays. Cell lines were maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10% (for Cos-1 and HepG2). 20¢¢
(for Caco2), or 7% (for C33) heat-inactivated fetal calf serum. At 24 h before
transfection. the cells were seeded at 50 to 60% confluence. A mixture of 2 pg
of a reporter construct, 0.5 ug of an expression vector. and 2 pg of pSVggal
(pCH110; Pharmacia) was introduced to the cells by the calcium phosphate DNA
precipitation method as previously described (21-23). At 48 h later. the cells
were harvested and chloramphenicol acetyltransferase (CAT) activities were
measured by using constant amounts of protein extracts as previously described
21). The protein conceantrations and incubation times were caretully selected by
titration and kinetic experiments to ensure linear conversion of chloramphenicol
to the acetylated form. B-Galactosidase activity in the cell extracts was measured
as previously described (15). and the values were used to normalize variations in
transfection efficiency.

Electrophoretic mobility shift assays (EMSAs). Whole cell extracts from
transfected Cos-1 cells were prepared by three frecze-thaw cycles in a buffer
containing 20 mM N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid (HEPES:
pH 7.9). 0.0 M KCL 2 mM dithiothreitol. 0.5% Nonidet P-40 (NP40). 0.1 M
phenylmethylsulfonyl fluoride (PMSF), 10 g of aprotinin per ml. and | ug each
of pepstatin and leupeptin per ml. DNA binding assays were performed essen-
tially as described previously (21, 22).

The oligonucleotides used in this study were CHIB (TCGAGGTCAGCAGG
TGACCTTTGCCCAGCG-67) and HNF-1 “A” (TCGAGGCTGAAGTCCAA
AGTTCAGTCCCTTCGC-41).

In vitro protein-protein interaction assays. Growth and expression of gluta-
thione S-transferase (GST) fusion proteins in bacterial strain JM109 were per-
formed as previously described (45). **S-labeled recombinant HNF-4 derivatives
were synthesized in vitro from the corresponding constructs in Bluescript KS
(Stratagene) by using the TNT coupled reticulocyte lysate system (Promega) in
accordance.with the manufacturers instructions. A 2:pg sample of cach tusion
protein was loaded into a glutathione-Sepharose column (Pharmacia) preequili-
brated with 0.3 bovine serum atbumin (BSA) containing phosphate-buifered
saline (PBS). After hinding, the columns were washed three times with PBS and
then three times with a wash buffer containing 100 mM KCL. 20 mM HEPES (pH
7.9).0.17¢ NP40. 5 mM MgCl.. 0.1 M PMSF, and 10 pg of aprotinin per ml. The
beads were washed once with interaction buffer (100 mM KCL 20 mM HEPES
[pH 7.9]. 1177 NP40. 5 mM MgCl,. 0.2% BSA, 10% glycerol. 0,1M PMSF. 10 pg
of aprotinin per ml) and incubated with **S-labeled proteins for 1.5 hat 4°C with
constant agitation. After extensive washing with excess amoynts of wash buffer.
the beads were resuspended in 20 ul of sodium dodecyl sulfate (SDS) loading
buffer and analyzed by SDS-polyvacrilamide gel electrophoresis.

Indirect immunofiuorescence assays. Transtected Cos-1 cells on coverslips
were washed twice with PBS and fixed for 10 min at -20°C with methanol. After
fixation. the coverstips were washed once with PBS and incubated with PBS
containing 17¢ BSA (BSA-PBS) for 30 min at room temperature. HNF-4 anti-
serum diluted 1:200 in BSA-PBS was applicd 1o the cells, which were then
incubated for 45 min. After washing with BSA-PBS. the cells were incubated with
diluted (1:100) fluorescein isothiocyanate-conjugated anti-rabbit secondary an-
tibodics to immunoglobulin G (Jackson Laboratories) for 30 min at room tem-
perature. The coverslips were washed with BSA-PBS. rinsed in water. mounted
on glass slides with Mowiol (Polyscience). and observed in a Leitz Dialux 20 EB
microscope equipped with epifluorescence optics.
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FIG. 1. Enhancement by COUP-TF[ and COUP-TFI{ of HNF-4-dependent
activation of the HNF-1 promoter. Cos-1 cells were cotranstected with 2 ug of
the HNF-1-CAT and apoC-III-CAT reporter plasmids. together with 0.5 pg of
the indicated expression vectors. The columns and error bars represent mean
values and standard errors of B-galactosidase-normalized CAT activity from at
least six independent experiments.

RESULTS

COUP-TFI and COUP-TF-II enhance HNF-4-mediated ac-
tivation of the HNF-1 promoter. The A element of the HNF-1
promoter contains a DR-1 (direct repeat) motif that has been
previously shown to interact with and be transactivated by
HNF-4 in either a homologous or heterologous promoter con-
text (21, 24, 48). Since DR-1 sequences are potential binding
sites for other members of the hormone receptor family. in-
cluding COUP-TFs, we investigated their possible involvement
in HNF-1 gene expression. Cos-1 cells devoid of endogenous
HNF-4 or COUP-TFs were transfected with HNF-1 promoter-
CAT reporter and expression vectors for HNF-4, COUP-TFL
or COUP-TFII. As shown in Fig. 1. the HNF-1 promoter was
transactivated eightfold above the basal levels bv HNF-4. while
COUP-TFI or COUP-TFII alone did not affect it. Surprisingly.
when cotransfections were performed with COUP-TFI and
COUP-TFII together with HNF-4, we observed 15- and 13-
fold enhancement of HNF-4-mediated transactivation. As a
control, we performed the same experiments with the apoC-
[II-CAT reporter, which is known to be repressed by COUP-
TFs (25; 35, 46). As expected, overexpression of HNF-4 in-
creased apoC-IHl promoter activity about 25-fold, and this
activation was repressed by both COUP-TFI and COUP-TF1l,
excluding the possibility of certain experimental artifacts. Ad-
ditional control experiments showed that COUP-TFs did not
influence the amounts of HNF-4 protein produced by the ex-
pression vectors used or the activities of unrelated promoters
that lack HNF-4 binding sites (data not shown). Cotransfection
experiments with a “1XA”TK-CAT reporter. which contains
one copy of the DR1 motif of the HNF-1 promoter in front of
the nt —85 to +51 region of the herpes simplex virus thymidine
kinase gene linked to CAT cDNA, produced results very sim-
ilar to those obtained in the homologous promoter context.
HNF-4 transactivated this promoter construct 7-fold, and
COUP-TFI and COUP-TFII further enhanced this activation
16- and 17-fold, respectively (Fig. 2). No change was observed
when COUP-TFs were transfected alone. As a control, we
tested the TK83-CAT reporter. which was unaffccted by any
combinations of the above factors. In addition. the ~1xCII-
IB"TK-CAT construct. containing one copy of the apoC-Iil
hormone response element, was transactivated bv HNF-4 and
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FIG. 2. Effects of COUP-TFI and COUP-TFII on HNF-4-activated transcription of chimeric promoter constructs. Cos-1 cells were cotransfected with 2 pg of the
indicated chimeric reporter constructs. together with 0.5 ug of the indicated expression vectors. The columns and error bars represent mean values and standard errors
of B-galactosidase-normalized CAT activity from at least four independent experiments.

repressed by COUP-TFs as expected (Fig. 2). Two other het-
erologous reporter constructs, containing HNF-4 binding sites
from the al-antitrypsin (“1XLFA1”TK-CAT) and transthyre-
tin (“2XTTR"TK-CAT) genes, were affected by HNF-4 and
COUP-TFs in the same direction as “1XA”TK-CAT. HNF-4
transactivated both constructs 2.7- and 3.2-fold respectively.
COUP-TFs alone had no effect on the promoter activities,
while coexpression of COUP-TFI or COUP-TFII with HNF-4
resulted in activation 13- and 12-fold (“1 XLFAL1"TK-CAT) or
19- and 21-fold (“2XTTR"TK-CAT) above HNF-4-activated
transcription (Fig. 2). Taking into consideration the different
natures of these cis-acting elements with respect to hormone
receptor binding abilities (e.g., the CIIIB site is known to bind
both HNF-4 and COUP-TFs with similar affinities [25, 35],
while the LFA1 and TTR sites are known to bind HNF-4 but
not COUP-TFs [25, 26}), the above data indicate that enhance-
ment of HNF-4-induced transcription by COUP-TFs may be
achieved through protein-protein interaction.

COUP-TFI and COUP-TFI do not bind directly to site A of
the HNF-1 promoter. To assess the possible direct or indirect
interactions of COUP-TFs with the site A element of the
HNF-1 promoter, EMSA experiments were carried out by
using extracts from Cos-1 cells transfected with HNF-4,
COUP-TFI, COUP-TFII, or combinations of them. As shown
in Fig. 3, DNA-protein complex formation could be detected
with HNF-4 but not with COUP-TFI or COUP-TFII, confirm-
ing previous observations that COUP-TFs do not directly rec-
ognize the HNF-1 promoter (21; data not shown). When ex-
tracts from cells cotransfected with HNF-4 and COUP-TF1 or
COUP-TFII were used in the assay, only one major band
corresponding to HNF-4 was observed. A faint supershifted
band that may correspond to an HNF-4-COUP-TF protein-
protein complex was also observable; however, this band was
not reproducibly seen at all times when the same experiment
was repeated and could not be eliminated by either COUP-TF
antibodies or COUP-TF-specific competitor oligonucleotides

(data not shown). The same extracts were also tested by EMSA
using the CIIIB binding site (Fig. 3). As expected, all three
factors formed a complex with this probe, excluding the pos-
sibility of artifacts generated during transfection or extract
preparation: The possibility of heterodimer formation between
HNF-4 and COUP-TFs, which may have escaped detection in
the previous experiment due to their similar running positions,
was tested by using a 3’ truncated derivative of HNF-4 [HNF-4
(1-368)]. No heterodimer formation was observed when either
site A or CIIIB was used as the probe (Fig. 3), confirming
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HNF -4 e i I R I
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b wob
ol b

il e QuiEe enmmen
FIG. 3. Failure of COUP-TFI and COUP-TFII to interact with the DR-1

element of the HNF-1 promoter as homodimers or by heterodimciizaniw with
HNF-4. EMSA experiments were performed with cellular extracts trom Cos-1
cells transfected with the indicated expression vectors and radiolabeicd double-
stranded oligonucleotides corresponding to site A of the rat HNE-1 promoter
(*A”) and the proximal hormone response element of the human apoC-[IL

promoter (CIIIB). Each binding reaction was performed with an c\iract con-
taining 5 pg of total protein. The same results were obtained when individual
extracts were mixed in the binding reaction.
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FIG. 4. Requirement of the intact E region of HNF-4 for COUP-TF-mediated enhancement. (A) Cos-1 cells were cotransfected with 2 pg of a “I1XA"TK-CAT
reporter together with 0.5 pg of a pMT vector expressing the indicated HNF-4 deletion mutant and COUP-TFI or COUP-TFIL The ‘N-terminal AB region, the Zn
finger DNA binding domain (C), the hinge region (D), the ligand-binding-dimerization domain (E), and the carboxy-terminai region (F) of the HNF-4 protein are
depicted by different shadings. (B) Cos-1 cells were cotransfected with 2 pg of a G4-CAT reporter together with 0.5 pg of the indicated Gald fusion construct and
pMT-COUP-TFI or pMT-COUP-TFIL The values are mean normalized CAT activities, with standard deviations of less than 10%, from at least five independent
experiments. A value of 1.0 corresponds to the activity obtained by cotransfection of an empty pMT2 vector. DBD, DNA binding domain.

previous studies defining HNF-4 as a factor that forms exclu-
sively homodimers (19).

In vivo and in vitro interactions of COUP-TFs with HNF-4.
Although we could not detect in vitro heterodimerization or
. protein-protein interaction between HNF-4 and COUP-TFs by
EMSAs, potential weak interactions that do not survive the
electrophoretic conditions used cannot be ruled out as an ex-
planation for the observation that COUP-TFI and COUP-
TFII enhanced HNF-4-mediated activation of the promoters
containing cis-acting elements exclusively binding HNF-4. To
test this possibility, we attempted to map the HNF-4 protein
domains necessary for COUP-TF-mediated enhancement by
using truncated mutant forms of HNF-4. COUP-TFs enhanced
activation mediated by HNF-4 (1-368), a mutant construct
lacking the C-terminal F region, to the same levels as wild-type
HNF-4. This construct includes a 30-aa sequence (between aa
337 and 368) highly homologous to the AF2 (activation func-

tion 2) region of other hormone receptors (1. 14) and named
AF2h (AF2 homolog). Deletion of part of the AF2h domain
[HNF-4 (1-354)] resulted in loss of activity and COUP-TF
enhancement (Fig. 4A). Further deletions resulted in loss of
dimerization and, consequently, DNA binding and were unaf-
fected by COUP-TFs (data not shown). These results indicate
that enhancement of HNF-4 activity by COUP-TFs requires an
intact AF2h-region-containing HNF-4 protein. Next. we inves-
tigated the effects of COUP-TFs on chimeric protein con-
structs containing dissected parts of HNF-4 fused to the DNA
binding domain of the yeast Gal4 protein. These chimeras bind
to the Gald response element as dimers through the Gal4
DNA binding domain (4), and their expression levels are not
affected by COUP-TFs (data not shown). eliminating compli-
cations arising from altered dimerization and DNA binding
activity. As shown in Fig. 4B, Gal4d HNF-4 (E), containing the
compiete E domain of HNF-4, is a potent activator of the
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FIG. 5. In vitro interaction of wild-type HNF-4 and mutant HNF-4 derivatives with COUP-TFI and TFIIB. The *S-labeled HNF-4 proteins on the left were
produced by in vitro translation and incubated with bacterially expressed GST fusion proteins bound to glutathione-Sepharose beads. The beads were washed
extensively, and specific interactions were assessed by SDS-polyacrylamide gel electrophoresis. The input lanes represent 10% of the total in vitro-translated proteins
used in the binding reaction, except in case of HNF-4 (1-185), where 20% of the input is shown.

Gal4-responsive reporter {(G4-CAT), and this activation was
enhanced by COUP-TFI and COUP-TFII 8.5- and 9-fold re-
spectively. Deletion of either the distal [Gal4 HNF-4 (E354)]
or the proximal [Gal4 HNF-4 (AF2h), Gal4 HNF-4 (337-455),
Gal4 HNF-4 (227-455), or Gal4 HNF-4 (A221-271)] part of the
E domain abolished transcriptional activity. Superactivation by
COUP-TFs was observed only when all or the aa 227 to 368
part of the E domain was present in the chimeras, but not with
other mutants or Gal4 VP16, which was used as an unrelated
control (Fig. 4B). These data indicate that the AF2h domain of
HNF-4 can function only irr the context of the intact E domain
and that COUP-TF-mediated superactivation may involve pro-
tein-protein interactions between COUP-TFs and the aa 227
to 271 region of HNF-4. In vitro evidence of such interactions
was provided by pull-down experiments employing a GST-
COUP-TFI fusion protein and *>S-labeled HNF-4 derivatives.
As shown in Fig. 5, appreciable binding of full-length HNF-4 to
GST-COUP-TFI could be detected. The amount of bound
protein recovered in this assay was comparable to the amount
recovered by GST-TFIIB, which was used as a control. Inter-
estingly, HNF-4 (1-354) and HNF-4 (A271-354), which lack
different parts of the AF2 domain, could interact with both
COUP-TFI and TFIIB while some of the N-terminally trun-
cated HNF-4 (227-455) could be recovered by the GST-
COUP-TFI, but not by the GST-TFIIB, column. On the other
hand, interaction with TFIIB, but not with COUP-TFI. was
observed when HNF-4 (1-185) containing the N-terminal part
of the protein was tested (Fig. 5). Direct interactions between
HNF-4 and COUP-TFs in intact cells were determined by
nuclear cotranslocation assays with a mutant form of HNF-4
[HNF-4 (227-455)] that lacks specific nuclear localization sig-
nals but contains the domain required for in vitro interaction
with COUP-TFs. This mutant was detected by in situ immu-
nofluorescence exclusively in the cytoplasm of transfected
Cos-1 cells (Fig. 6A). Coexpression of either COUP-TFI or

COUP-TFIL but not the full-length Gal4-800 protein, resulted
in translocation of the cytoplasmic mutant form of HNF-4 to
the nucleus, demonstrating HNF-4-COUP-TF interaction in
vivo (Fig. 6). Taken together, the above results indicate that
COUP-TFs interact with the HNF-4 protein outside the AFZh
domain, somewhere between aa 227 and 271 of the E domain.
For superactivation, the intact AF2h domain of HNF-4 is also
required.

COUP-TFs enhance HNF-4-mediated transcription in
HepG2 and Caco2 cells but not in C33 cells. The biological
importance of the above observations prompted us to reexam-
ine the effects of COUP-TFs in cell lines of hepatic (HepG2)
and intestinal (Caco2) origin which express both HNF-4 and
COUP-TFs. As shown in Fig. 7, COUP-TFI and COUP-TFII
enhanced the activation obtained by the Gald HNF-4 (E) fu-
sion protein in both cell types. The extent of activation was 3.7-
to 3.9-fold in HepG2 cells and 4.3- to 5.1-fold in subconfluent
Caco2 cells, significantly lower than that observed in Cos-1
cells. This difference should be due to the high concentrations
of endogenous COUP-TFs in these cell lines (35). suggesting
that the values obtained with Gal4 HNF-4 (E) alone represent
an already superactivated state. Surprisingly, COUP-TFI and
COUP-TFII did not enhance Gal4 HNF4 (E)-mediated acti-
vation of the Gal4 reporter (G4-CAT) in the human epithelial
carcinoma-derived C33 cell line, although they were able to
inhibit HNF-4-activated apoC-III activity (Fig. 7 and data not
shown). This finding suggests that for cofactor function. either
an additional factor(s) or an intracellular ligand(s) that is miss-
ing from C33 cells may be required.

DISCUSSION

Early studies describing promoter context-dependent activ-
ities and transcriptional cross-interference effects for the AFs
of different hormone receptors raised the concept that these
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FIG. 6. Interaction of HNF-4 with COUP-TFI and COUP-TFII in intact cells. Cos-1 cells were transfected with 500 ng of nuclear localization signal-deficient
mutant HNF-4 (271-455) alone (A) or together with 1 ug of a COUP-TFI (B) or COUP-TFII (C) expression vector, transferred to coverslips, and stained with a
polyclonal peptide antibody raised against the C-terminal 11-aa epitope of HNF-4. Cotransfection with Gal4-800 was used as an unrelated control (D). Immunofiu-

orescence images are shown at a magnification of about x316.

proteins may interact with transcriptional intermediary factors
(TIFs) distinct from the basal transcription factors (1, 5, 14).
Several such mediators have since been identified, including
RIP140 (6), TIF1 (28), TIF2 (51), SRC-1 (36), TRUP (2),
N-CoR (17), and SMRT (8), which positively or negatively
modulate the activities of specific hormone receptors via pro-
tein-protein interactions. Here we show that two known or-
phan receptors, COUP-TFI and COUP-TFII, function as tran-
scriptional intermediary cofactors for HNF-4, another orphan
member of the hormone receptor superfamily. Our resuits
suggest that COUP-TFs do not form heterodimers with HNF-4
on DNA. On the other hand, we provide in vitro and in vivo
evidence that COUP-TFI and COUP-TFII interact with
HNF-4 homodimers in either a homologous or a heterologous
context. This interaction occurs in promoters that are recog-
nized by HNF-4 but not by COUP-TFs (such as the HNF-1
promoter) and results in dramatic enhancement of HNF-4-
mediated activation. We have mapped the COUP-TF interac-
tion domain of HNF-4 to the E region of the molecule, be-
tween aa 227 and 271, outside the main activation domain of
HNF-4 situated between aa 337 and 368, which contains a
sequence motif highly homologous to the AF2 region of other
hormone receptors (1, 14). Unlike the AF2 domains of RXR,
RaR, and TR, the corresponding region of HNF-4 (named
AF2h) does not exhibit an autonomous activation function
when fused to the DNA binding domain of Gal4, although it

HepG2 ) Caco2 C33

0 40 W
F » »
z
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z
o . .
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FIG. 7. Enhancement of HNF-4 activation by COUP-TFs in HepG2 and
Caco2, but not in C33, cells. HepG2, Caco2, and C33 cells were transfected with
2 pg of a G4-CAT reporter together with 0.5 wg of the indicated expression
vectors. The columns and error bars represent mean values and standard devi-
ations of B-galactosidase-normalized CAT activity from at least three indepen-
dent experiments. Due to the different transfection efficiencies. the absolute
activity values can be compared only within one cell line.

can adopt a similar amphipathic a-helical conformation. This
finding implies that, functionally, the HNF-4 AF2h region may
represent a new subclass of activation domains defined by the
requirement of an intact E region for activity. This is rather
interesting, because the E regions of the classical hormone
receptors have been found to confer ligand dependency on the
AF2 domain, while HNF-4 does not require a ligand to func-
tion (31). Mutations disrupting the AF2h region abrogated
both HNF-4 activity and COUP-TF-mediated enhancement,
showing that even the enhanced transcription rate was abso-
lutely dependent on AF2h. This finding argues against a mech-
anism presuming a classical coactivator function of COUP-
TFs, which by definition should exhibit transcriptional
activation when the coactivator itself is tethered to the pro-
moter via interaction with another protein. COUP-TFs are
unable to activate transcription not only when recruited to the
promoter through interaction with mutant HNF-4 proteins
disrupted in the AF2 region but also when they are brought in
by fusion to the Gal4 DNA binding domain or allosteric inter-
action with RXR or TR (5, 29). In fact, in both of the latter
cases, COUP-TFs exhibit a transcriptional repression effect.
The possibility of increased DNA binding of HNF-4 when
complexed with COUP-TFs as a potential mechanism can also
be ruled out, since COUP-TFs efficiently enhanced transcrip-
tion driven by the Gal-4 HNF-4 (E) fusion protein. In addition,
we have not observed increased binding or any change in the in
vitro association and dissociation kinetics or the affinity of
HNF-4 to site A when extracts from Cos-1 cells coexpressing
HNF-4 and COUP-TFs were analyzed or by mixing individual
factor-containing extracts in the binding assays (data not
shown). A more intriguing possibility is that COUP-TFs might
function as “bridging factors” between the E region ot HNF-4
and another component(s) of the core transcription machin-
ery, facilitating or stabilizing the formation of the preinitiation
complex. A good candidate for the downstream partner is
TFIIB, since both HNF-4 and COUP-TFs can physically inter-
act with this factor (31, 32). Although we were unablc to detect
increased in vitro interaction of HNF-4 with TFIIB in the
presence of COUP-TFTI (data not shown), we cannot cxcfude
the possibility that, in vivo, this type of stabilization may occur.
A further complication of this idea arises when one considers
the results obtained with Gal4 HNF-4 (E) and Gal4 HNF4
(227-455). Both of these constructs lack the TFIIB binding
domain of HNF4; nevertheless, their activity was enhanced by
COUP-TFs. The possibility that, in the HNF-4 context,
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COUP-TFs may acquire a configuration that induces a pro-
ductive conformation state of TFIIB also seems unlikely, since
the enhancing effect was strictly dependent on the AF2h do-
main. Furthermore, direct interactions of COUP-TFs with
TFIIB, and the subsequent freezing of the preinitiation com-
plex in an inactive state, have been speculated to be a potential
mechanism for their repressor function (29). The above con-
siderations led us to propose a model for COUP-TF-mediated
enhancement of HNF-4 activity that involves a conformational
change of the HNF-4 protein induced by COUP-TF binding to
its E region. According to this model, HNF-4 adopts a subop-
timal configuration of its activation surface when bound to
DNA. Associations with COUP-TFs lead to a more efficient
orientation of the HNF-4 AF2h domain to facilitate the entry
of other components of the preinitiation complex. These com-
ponents may be either coactivators that transduce the AF2
activity to the transcription machinery (e.g., TIF2) or general
transcription factors which enter the preinitiation complex
downstream of TFIIB, since TFIIB and COUP-TFs can inter-
act with HNF-4 independently on domains distinct from AF2h.
In this respect, it is interesting that COUP-TFs did not en-
hance HNF-4-mediated activation in all cell types. Our failure
to detect the enhancing effect in C33 cells may reflect the
requirement of an additional cofactor(s) that interacts either
with COUP-TFs or the HNF-4 AF2h domain and is missing
from this cell line. An alternative but not mutually exclusive
possibility is that for the activation function, COUP-TFs re-
quire an unidentified, cell type-specific intracellular ligand or a
posttransiational modification such as phosphorylation.
Although COUP-TFs have been shown to possess an intrin-
sic transcriptional activation potential and have been impli-
cated as activators of some genes (18, 32, 42), the findings
presented in this work are rather unexpected, since COUP-TFs
are known to repress the activities of other hormone receptors,
including RXR, RAR, T3R, PPAR, and ER (10, 11). More
importantly, COUP-TFs were shown to be strong repressors of
all of the HNF-4-dependent promoters studied so far (43). The
main mechanism by which COUP-TFs repress transcription
involves competition of COUP-TF homodimers with HNF-4
and other hormone receptors for a common binding site (35).
However, recent studies indicated that in RXR and TR, other
mechanisms, such as transrepression, may also be involved
(29). The diverse effects of COUP-TFs on different genes sug-
gest that they represent a multifunctional transcription factor
family with highly important biological roles. They inhibit tran-
scription driven by a wide range of hormone receptor (includ-
ing HNF-4)-dependent promoters through promiscuous bind-
ing to their DR1 to DRS5 elements, while they activate another
set of HNF-4-dependent promoters which they do not recog-
nize directly. Our finding that HNF-1, another important liver-
enriched transcription factor which regulates a different set of
genes (50), belongs to this second class adds a new dimension
to the complexity of the network involved in liver-specific gene
expression. HNF-4 has been postulated to be at the top of the
hierarchy of transcriptional factors involved in the specification
of the hepatic phenotype (16, 24). However, other events or
factors may also play important roles in the initial activation of
this cascade, such as the activin A signaling pathway, which was
shown to induce HNF-4 activity during early Xenopus devel-
opment (53), possibly by triggering phosphorylation of HNF-4,
which is important for its transcriptional activity (22). Our
results suggest that COUP-TFs may also participate in the
initial activation of the transcriptional cascade responsible for
hepatic differentiation by the enhancement of HNF-1 expres-
sion. Consistent with this idea is the parallel appearance of
COUP-TFs and HNF-1 during early endodermal differentia-

Mot. Crut. Brod.

tion (7). In mouse embryos, both HNF-1 and COUP-TFs can
first be detected at 8.5 days and reach maximum levels at 14 to
15 days postconception (7), much later than the initial appear-
ance of HNF-4 (4.5 to 5.5 days postconception) (13). In addi-
tion, it was recently shown that COUP-TFs positively regulate
the expression of variant HNF-1 (also called LFB3) (37), a
factor thought to be involved in the early differentiation stages
of polarized epithelial cells of endodermal and mesodermal
origin, such as those of the liver, kidneys, and digestive tract
(12, 27, 50). COUP-TFs activate variant HNF-1 promoter ac-
tivity by an indirect mechanism via octamer factor binding sites
(37), suggesting that besides their DNA binding properties,
their ability to interact with other proteins is also highly pro-
miscuous. Taking these findings into consideration, together
with the potential role of COUP-TFs during neural develop-
ment (38), it is tempting to speculate that COUP-TFs may
function as global regulators in the early differentiation pro-
cesses of all three germ layers.
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BSTRACT Hepatocyte nuclear factor 4 (HNF-4) is a
-ominent member of the family of liver-enriched transcrip-
n factors, playing a role in the expression of a large number
" liver-specific genes. We report here that HNF-4 is a
1osphoprotein and that phosphorylation at tyrosine resi-
1e(s) is important for its DNA-binding activity and, conse-
iently, for its transactivation potential both in cell-free
stems and in cultured cells. Tyrosine phosphorylation did
it affect the transport of HNF-4 from the cytoplasm to the
icleus but had a dramatic effect on its subnuclear localiza-
. HNF-4 was concentrated in distinct nuclear compart-
ents, as evidenced by in situ immunofiuorescence and elec-
on microscopy. This compartmentalization disappeared
1en tyrosine phosphorylation was inhibited by genistein.
1e correlation between the intranuclear distribution of
NF-4 and its ability to activate endogenous target genes
monstrates a phosphorylation signal-dependent pathway in
e regulation of transcription factor activity.

ntrol of gene expression at the level of transcription is a
edominant mechanism for the activation of tissue-specific
inscription factors. Hepatocyte nuclear factor 4 (HNF-4) is
& such transcription factor with limited tissue distribution
1ich was thought to be regulated mainly at the transcriptional
sel (1, 2). HNF-4 can activate transcription in several non-
patic cell lines, indicating that no liver-specific modification
required for its function (3). On the other hand, the apparent
ntradiction between the molecular mass of HNF-4 predicted
ym the primary sequence (50.6 kDa) (3) and that determined
gel electrophoresis (54 kDa) suggests that this difference
1y be due to posttranslational modification(s). Of the many
es of posttransiational modifications that might regulate
ne expression, most attention has been focused on phos-
orylation, which can influence transcription factor activity
many ways (4). Three main levels of regulation have been
scribed: phosphorylation can affect the DNA-binding activ-
(5-7), the transcriptional activation potential (8, 9), or the
nslocation of a transcription factor from the cytoplasm into
: nucleus (10-13). These possibilities are by no means
itually exclusive, and in principle phosphorylation can be
sponsible for simultaneous regulation at several distinct
els. With the exception of certain signal transduction pro-
ns (14), all examples of this type of regulation have involved
osphorylation at serine or threonine residues.
Here we demonstrate that the activity of HNF-4 is post-
nslationally regulated by tyrosine phosphorylation, provid-
y an example of a non-signal-transduction factor modulated
this modification. The HNF-4 polypeptide contains 12
-osine residues scattered throughout the DNA-binding,
nerization, and putative ligand-binding domains (3) which

z publication costs of this article were defrayed in part by page charge
'ment. This article must therefore be hereby marked “advertisement” in
ordance with 18 U.S.C. §1734 solely to indicate this fact.
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could be potential phosphorylation sites. We did not attempt
to determine the exact location of the phosphorylated tyrosine
residue(s), but we present evidence that tyrosine phosphory-
lation of HNF-4 is required for its DNA-binding activity. We
show that the transcriptionally active form of HNF-4 is local-
ized in specific subnuclear domains. This intranuclear distri-
bution depends directly or indirectly on tyrosine phosphory-
lation, suggesting the existence of an additional control mech-
anism at the level of subnuclear targeting playing a role in
transcription regulation.

MATERIALS AND METHODS

Cell Culture and Transfection. Monolayer cultures of
HepG?2 and COS-1 cells were maintained in Dulbecco’s mod-
ified Eagle’s medium (DMEM; GIBCO) with 10% heat-
inactivated fetal bovine serum. Twenty-four hours before
transfection the cells were seeded at 50-60% confluency. For
chloramphenicol acetyltransferase (CAT) assays the cells were
transfected by the calcium phosphate coprecipitation method
and assayed as described (15-17). For all other experiments
COS-1 cells at 50-60% confluency were incubated with 10 ug
(60-mm dishes) or 2.5 ug (coverslips) of DNA in DMEM/10
mM Hepes, pH 7.2/0.025% DEAE-dextran for 1.5 hr at 37°C.
The DNA was removed, and the cells were treated with 0.1 mM
chloroquine in DMEM/10% fetal bovine serum for 5 hr. The
cells were washed with DMEM/10 mM Hepes, pH 7.2, and
grown in DMEM/10% fetal bovine serum for 48 hr before
harvest.

Metabolic Labeling and Protein Analysis. Monolayer cul-
tures of HepG2 and transfected COS-1 cells were incubated
with [3°Plorthophosphate (1 mCi/ml; 1 mCi = 37 MBq) or
{*S]methionine (0.5 mCi/ml) for 2 hr in phosphate-free or
methionine-free DMEM with or without genistein (Upstate
Biotechnology) at 15 ug/ml. The cells were washed with
phosphate-buffered saline (PBS) and lysed in 50 mM Tris, pH
7.5/150 mM NaCl/1 mM EDTA/0.5% Nonidet P-40/10%
glycerol/1 mM Na3VO,/1 mM NaF/0.1 mM phenylmethane-
sulfony! fluoride with aprotinin at 10 ug/ml. After a preclear-
ing step with protein A-Sepharose (Pharmacia), HNF-4 was
immunoprecipitated with anti-HNF-4 (0.5 ul per sample),
separated by SDS/10% PAGE, and visualized by autoradiog-
raphy. In parallel, cell lysates from unlabeled cultures were
processed as above, and after SDS/PAGE, proteins were
electroblotted to nitrocellulose membranes (Schleicher &
Schuell) and probed with 0.5 pg/ml horseradish peroxidase-
conjugated anti-phosphotyrosine (PY20; ICN). Antibody was
detected by enhanced chemiluminescence (ECL; Amersham).
Nuclear extracts were prepared and electrophoretic mobility-
shift assays were performed as described (15, 16).

Abbreviations: CAT, chloramphenicol acetyltransferase; HNF, hep-
atocyte nuclear factor.
§To whom reprint requests should be addressed.
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Immunolocalization Assays. For indirect immunofluores-
cence assays, cells on coverslips were washed twice with PBS
and fixed for 10 min at —20°C with methanol. After fixation the
coverslips were washed once with PBS and incubated with PBS
containing 1% bovine serum albumin (BSA/PBS) for 30 min
at room temperature. Antibodies were diluted 1:200 in BSA/
PBS and applied to the cells for 45 min. After washing with
BSA/PBS for 15 min the cells were incubated with diluted
(1:100) fluorescein isothiocyanate-conjugated anti-rabbit or
anti-mouse secondary antibodies to IgG (Pierce) for 30 min at
room temperature. The coverslips were washed with BSA/PBS
for 15 min, rinsed in water, mounted on glass slides with
Mowiol (Polyscience), and observed in a Leitz Dialux 20 EB
microscope equipped with epifluorescence optics.

For electron microscopy, pellets from 5 X 107 untreated and
genistein-treated HepG2 cells were fixed in 4% formaldehyde/
0.5% glutaraldehyde for 1 hr and embedded in LR White resin
(Polyscience) for 24 hr at 50°C without accelerator. Thin
sections (=50 nm) were deposited on copper grids and incu-
bated overnight at 4°C with anti-HNF-4 diluted at 1:1000 in
BSA/PBS. After extensive washing, the samples were stained
with diluted (1:10) gold-conjugated goat anti-rabbit secondary
antibodies (particle size: 10 nm or 20 nm) at room temperature
for 1 hr. After washing, the samples were stained with 1%
uranyl acetate for 10 min and observed in a JEOL 100C
electron microscope operated at 100 kV.

RESULTS AND DISCUSSION

To examine whether HNF-4 is phosphorylated, lysates from
[**P]orthophosphate-labeled HepG2 and HNF-4-transfected
COS-1 cells were immunoprecipitated with HNF-4-specific
antiserum (3). A 54-kDa labeled protein band was readily
detected by this antibody, indicating that both endogenous
HNF-4 (HepG2) and transiently expressed HNF-4 (COS-1)
were phosphorylated (Fig. 1 A and B). When the cells were
treated with genistein, a specific protein-tyrosine kinase in-
hibitor (18), a 3?P-labeled protein band with decreased inten-
sity and slightly faster mobility was observed, suggesting that
at least in part HNF-4 may be phosphorylated at tyrosine
residue(s) (Fig. 1 A and B). To test this hypothesis, HNF-4 was
immunoprecipitated from extracts of HepG2 and transfected
COS-1 cells that had been treated with genistein or left
untreated, and Western blots of the immunoprecipitates were
probed with a monoclonal antibody to phosphotyrosine. A
54-kDa tyrosine-phosphorylated protein band corresponding
to HNF-4 was observed in the extracts from the untreated cells
but not in the extracts from the genistein-treated cells (Fig.
1C). Metabolic labeling with [3°*S]methionine showed that
genistein did not influence the expression and/or intracellular
stability of HNF-4 (Fig. 1 4 and B), suggesting that the
decrease in *?P and phosphotyrosine signal was solely due to
selective inhibition of tyrosine phosphorylation.

Proc. Nuail. Acad. Sci. USA 92 (1995, 87T

To evaluate the role of tyrosine phosphorylation in the
modulation of HNF-4 activity, we first examined whether its
DNA-binding potential was affected. Nuclear extracts from
HepG2 and HNF-4-transfected COS-1 cells were prepared
and analyzed in electrophoretic mobility-shift experiments
using a specific HNF-4 binding site as a probe (site A; refs. 15
and 16). Nuclear extracts from genistein-treated cells had a
very low binding activity when compared with extracts from
untreated cells (Fig. 2.4), suggesting that tyrosine phosphor-
ylation is required for DNA binding. This result was not due
to a toxic effect(s) of the drug, since removal of genistein from
the culture restored HNF-4 binding activity within 24 hr (Fig.
24). In vitro evidence for the direct involvement of tyrosine
phosphorylation in DNA binding was obtained by treatment of
nuclear extracts with purified protein-tyrosine-phosphatase
1B. This treatment reduced the DNA-binding activity of
HNF-4, and the effect was largely reversed by inclusion of the
specific protein-tyrosine-phosphatase inhibitor Na;VOy in the
binding reaction mixture (Fig. 2B). The presence of phospho-
tyrosine in the DNA-binding form of HNF-4 was further
confirmed when incubation with anti-phosphotyrosine anti-
bodies specifically interfered with the formation of the HNF-
4/DNA complex (Fig. 2C). Since DNA binding is a prereq-
uisite step for transcription activation by HNF-4, we examined
how tyrosine phosphorylation affects its activity in living cells.
HepG2 and COS-1 cells were transiently transfected with a
construct containing four copies of HNF-4 binding site A fused
to the —85-nt thymidine kinase minimal promoter (16). Treat-
ment of the cells with genistein decreased transcription acti-
vation by the endogenous (HepG2) and the expression vector-
derived (COS-1) HNF-4 to 20% and 7% of control (Fig. 3 4
and B). This inhibition was reversed upon removal of the drug,
arguing against toxicity as an explanation. In addition,
genistein treatment did not significantly influence transcrip-
tion driven by the Rous sarcoma virus promoter, demonstrat-
ing that the cellular transcription apparatus was fully active
under our experimental conditions (Fig. 3 A and B). We also
examined the activation of the endogenous HNF-1 gene,
whose transcription absolutely depends on HNF-4 (19, 20).
COS-1 cells, which normally do not express either HNF-1 or
HNF-4, were transfected with pCB-HNF-4 and the activation
of the endogenous HNF-1 gene was analyzed in mobility-shift
experiments using the high-affinity HNF-1 binding site AIbPE
(15, 21) as a probe. HNF-4 induced the formation of a specific
DNA/protein complex, which was partially inhibited and
partially supershifted by the inclusion of an HNF-1-specific
antibody in the binding reaction mixture (Fig. 2D). Treatment
of the cells with genistein inhibited the activation of this
DNA-binding factor. Similar inhibition was observed in
HepG2 cells which was reversible upon removal of the drug
(Fig. 2E). Since the DNA-binding potential of expression
vector-derived HNF-1 was not affected by this treatment (Fig.
2E), we ascribe this inhibition to the reduced rate of ¢ndog-

A B c
32p 355._Met 3B5-Met Anti - pTyr
Celitype : a—— HepG 2 ——n e Cos:HNF-4 —— HepG2 CosHNF4
Genistein : = +* - * + - + - * - ¢
- = _.;'_.—i‘ . - -
54 kDa -« auss . e csswet G e IR GRS — -

FIG. 1. (4 and B) Tyrosine phosphorylation of HNF-4. HepG2 (4) or pCB-HNF-4-transfected COS-1 (B) cells were incubated tor 2 hr with

[32P]orthophosphate or [**S]methionine in the presence (+) or absence (—) of genistein (15 ug/ml). Genistein was added to the culture medium
1 hr before the 32P labeling and 48 hr before the 35S labeling Cell lysates were subjected to immunoprecipitation with anti-HNF-4 polyclonal
antibodies. The immunoprecipitates were separated by SDS/PAGE and visualized by autoradiography. (C) Lysates from genistein-treated (+) or
untreated (—) HepG2 and pCB-HNF-4-transfected COS-1 cells were immunoprecipitated with anti-HNF-4. After SDS/PAGE, proteins were
electroblotted and probed with horseradish peroxidase conjugated anti-phosphotyrosine monoclonal antibody PY20 (anti-pTyr).
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FiG. 2. (A-C) DNA-binding activity of HNF-4 is modulated by tyrosine phosphorylation. (4) Nuclear extracts from HepG2 and pCB-HNF-

-transfected COS-1 cells were analyzed in mobility-shift experiments using the high-affinity HNF-4 binding site (site A) probe (15, 16). Cells were
reated with genistein (15 pg/ml) for 48 hr (+), washed repeatedly with complete medium, and incubated for an additional 24 hr (+*) before extract
reparation. (B) Nuclear extracts from pCB-HNF-4-transfected COS-1 cells were incubated with 10 units of purified protein-tyrosine-phosphatase
B (PTPase; Upstate Biotechnology) for 10 min at 30°C in the presence or absence of 1 mM Na3VOy (sodium vanadate) before initiation of the
inding reaction. (C) Nuclear extracts from pCB-HNF-4-transfected COS-1 cells were preincubated in ice with 2 or 5 ug of polyclonal antibodies
> phosphotyrosine (4G10; Upstate Biotechnology) or 5 ug of preimmune antiserum for 3 hr before the binding reaction. In the lane marked with
n asterisk the phosphotyrosine antibodies were incubated with 10 mM phosphotyrosine-agarose for 1 hr before incubation with the nuclear extract.
D and E) Activation of the endogenous HNF-1 in COS-1 cells. COS-1 cells were transfected with pCB-HNF-4 (D) or pCB-HNF-1 (£) and incubated
1 the presence (+) or absence (—) of genistein (15 ug/ml). Nuclear extracts were prepared 48 hr after transfection and analyzed in mobility-shift
xperiments using the high-affinity HNF-1 binding site AIbPE as a probe. In the rightmost lane of D, 1 ul of diluted (1:6) HNF-1-specific antiserum
ras included in the binding reaction. Mobility-shift assays using the AIbPE probe were also performed with extracts from HepG2 cells treated as

escribed in A.

nous HNF-1 expression caused by the inactivation of HNF-4.
“he ability of HNF-4 to activate the endogenous HNF-1 gene
sas further confirmed by transient transfection experiments
sing the 3xAIbPE-AdML-CAT (15) reporter. Transfection of
~OS-1 cells with HNF-4 could activate this chimeric promoter,
/hose activity is dependent on transcriptionally active HNF-1.
\s expected, treatment of the cells with genistein resulted in
eversible loss of activation (Fig. 3C). Taken together, the
bove results demonstrate that tyrosine phosphorylation of
INF-4 is required for DNA binding and consequently for
ransactivation.

Recent studies on the interferon signal transduction path-
/ays led to the discovery of a family of latent transcription
actors (STAT family) activated by tyrosine phosphorylation
14). Upon cytokine- or growth factor-dependent induction,
'TAT proteins become rapidly phosphorylated in the cyto-
lasm and subsequently translocate to the nucleus (13). Al-
hough phosphorylation of HNF-4 is not dependent on several
f the known extracellular signaling proteins (E.K., unpub-
ished observations), it was of interest to determine whether
yrosine phosphorylation affects the transport of HNF-4 from
he cytoplasm into the nucleus. To this end we compared the
atracellular distribution of HNF-4 in untreated and genistein-

treated HepG2 and transfected COS-1 cells by indirect immu-
nofluorescence analysis using polyclonal antiserum specific for
HNF-4. Predominantly nuclear staining was observed in both
cases, indicating that tyrosine phosphorylation does not play a
role in the nuclear translocation of HNF-4 (Fig. 4. a-d).
However, examination of the nuclear signal at high mugnifi-
cation revealed a striking difference in the subnuclear topology
of HNF-4 between the untreated and genistein-treated cclls.
The HNF-4 signal accumulated in distinct nuclear compart-
ments in both HepG2 and transfected COS-1 cells (Fix 44 ¢

and k). Five to 15 such loci containing the mu.yonits, of
immunoreactive HNF-4 were observed in the nuclct o1 both
cell types, suggesting that their number does not depend i the
different intracellular levels of HNF-4. In contrast. whon the
cells were treated with genistein this pattern disappe.i. . and
a diffuse nuclear distribution was observed (Fig. 41 ' ind 1)

The subnuclear distribution of HNF-4 was further choucter-
ized by immunoelectron microscopy. Thin sections ot un-
treated and genistein-treated HepG2 cells were immunoia-
beled by anti-HNF-4 followed by colloidal gold-conjugated
secondary antibodies. One to three immunopositive regions,
containing assembled groups of 20~40 immunogold particles,
were observed in most sections of untreated cells, while no
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F1G. 3. Analysis of HNF-4-dependent transcriptional activation. HepG2 and COS-1 cells were transfected (calcium phosphate method) with
2 ugof CAT reporter constructs in which transcription is controlled by the minimal thymidine kinase promoter (TK-CAT), four copies of the specific
HNF-4 binding site A fused to the TK promoter (4xA-TK-CAT; ref. 16), three copies of the high-affinity HNF-1 site AIbPE fused to the adenovirus
major late promoter (3xAIbPE-AdML-CAT,; ref. 15) or the Rous sarcoma virus promoter (RSV-CAT; ref. 15). Where indicated, COS-1 cells also
received 2 ug of pCB-HNF-4 expression vector. After glycerol shock the cells were cultured in the presence (+) or absence (~) of genistein (15 ug/ml)
for 40 hr. In some cultures the medium was replaced at this time and the cells were cultured for an additional 24 hr (+*). Bars represent mean values
of normalized CAT activities from at least four independent experiments, expressed as a percentage of RSV-CAT activity (not shown in C).

such accumulations were evident in cells treated with genistein
(Fig. 5). The cytoplasm and nucleoli did not show any immu-

A -
auUntreated D Untreated  © Genistein O Genistein
HepG2 . -~ .-
6 Untreated f Genistein g Genistein*
HepG2
h Untreated i Genistein® j Genistein®
COS-1 i
B -
Untreated Genistein
COs-1
FIG. 4. Immunolocalization of HNF-4 in HepG2 and COS-1 cells.

COS-1 cells were plated on coverslips, transfected with pCB-HNF-4, and
then left untreated or treated with genistein (15 ug/ml) for 48 hr. Then
some cells were extensively washed with complete medium and incubated
for an additional 24 hr (genistein*). Coverslips containing HepG2 cells
were treated similarly. Immunostaining of the cells was performed with
anti-HNF-4 (4) or anti-Sm monoclonal antibody Y12 (B). In A4, a and ¢
show corresponding phase-contrast images of b and d, respectively. (4
a-d, X60; A e~j and B, X650.)

noreactivity. These findings suggest that the distinct immuno-
reactive regions observed in the in situ fluorescence experi-
ments correspond to specific assembly of HNF-4 molecules
into discrete nuclear subdomains.

Three independent observations argue against the possibil-
ity that the diffuse nuclear distribution of HNF-4 in the
genistein-treated cells may be attributed to some sort of
changes in the nuclear architecture caused by the drug. First,
the punctate pattern of HNF-4 distribution was regenerated
within 24 hr upon removal of the drug from the culture
medium (Fig. 44, g and ). Second, the characteristic speckled
nuclear pattern obtained with the Y12 antibody, which recog-

A

Untreated
T

Genistein

FiG.5. Ultrastructural localization of HNF-4 in HepG2 cells. Thin
sections of untreated and genistein-treated HepG2 cells were immu-
nostained with anti-HNF-4 and examined by electron microscopy. (4)
Low magnification of untreated and genistein-treated HepG2 cells.
Unlabeled arrowhead in A indicates clustered HNF-4 nuclear distri-
bution seen only in untreated cells. C, cytoplasm; N.m., nuclear
membrane; Nu, nucleus. (X6300.) (B) Higher magnification of five
examples of HNF-4-containing nuclear clusters seen in untreated
HepG?2 cells. (x28,000.)
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izes small nuclear ribonucleoproteins involved in pre-mRNA
slicing (22), was not changed by genistein treatment (Fig. 4B).
hird, electron microscopy showed no obvious morphological
lterations in the nuclear structure in the genistein-treated
xlls. Therefore the effect of genistein on HNF-4 localization
due to the inhibition of tyrosine phosphorylation of either
[NF-4 itself or a nuclear matrix protein responsible for
irecting HNF-4 to the specific subnuclear sites. On the basis
f the available data, neither explanation can be excluded.
/hichever mechanism applies, our results strongly suggest that
rosine phosphorylation either directly or indirectly plays a
:gulatory role in the subnuclear distribution of HNF-4.
Several nuclear activities, such as DNA and RNA synthesis
1d RNA splicing, have been localized in discrete subnuclear
omains rather than diffusely distributed throughout the nu-
eoplasm (23-26). The best studied factors are the compo-
znts of the splicing machinery, which have been shown to be
isociated with at least three distinct nuclear structures:
srichromatin fibrils, which correspond to the in situ forms of
iscent heterogeneous nuclear RNA transcripts; interchroma-
n granules; and coiled bodies (27, 28). PML, a nuclear protein
volved in the t(15;17) chromosomal translocation in acute
-omyelocytic leukemia, is also compartmentalized in the
icleus of acute promyelocytic leukemia cells expressing a
ML-retinoic acid receptor a fusion protein, in multiple small
iclear clusters (29-31). Upon administration of retinoic acid,
ML relocates into nuclear structures of unidentified function
rmed nuclear bodies (31). Although the HNF-4-immunore-
tive regions observed by electron microscopy resemble the
ittern obtained with PML in nuclear bodies, at present we are
1able to relate them unequivocally to these structures. How-
'er, we speculate that they may correspond to sites where
NF-4 is actively engaged in the transcriptional activation of
; target genes. This speculation seems to be valid in light of
e positive correlation between the ability of HNF-4 to
tivate the endogenous HNF-1 gene (Figs. 2 and 3) and the
bnuclear localization of its functionally active and inactive
rms (Figs. 4 and 5).

Gene activation in general requires the simultaneous pres-
ice of several transcription factors which interact with a given
ray of cis-acting elements on promoter regions. Since most

these factors are present in extremely low amounts in the
lls, their random distribution in the nucleoplasm would
sult in insufficient local concentrations around the regula-
ry regions for the formation of transcriptionally active
smplexes. The recruitment of a transcription factor into
screte nuclear locations described in this paper may serve as
nechanism to achieve local concentrations above the thresh-
d level required for gene activation. At™least for HNF-4,
aching these specific assembly sites depends on tyrosine
osphorylation of either HNF-4 itself or a carrier nuclear
atrix protein. :
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ABSTRACT

Apolipoprotein A-IV expression is limited to intestinal
and hepatic cells, suggesting a tissue specific
transcriptional regulation of its gene. To investigate the
mechanism controlling apo A-1V transcription we have
analysed its promoter region by in vitro DNA binding
and transient transfection experiments. DNase |
footprinting analysis of the proximal promoter with rat
liver nuclear extracts revealed four protected regions:
AIVA (-32 to ~22), AIVB (-84 to ~42), AIVC (- 148
to —92) and AIVD (- 274 to - 250). Element AIVC which
is necessary for maximal promoter activity, binds
HNF-4, Arp-1 and Ear-3 with similar affinity in a mutually
exclusive manner. HNF-4 transactivated chimeric
constructs containing intact AIVC site in the context
of either the apo A-IV promoter or the heterologous
thymidine kinase minimal promoter, while Arp-1 and
Ear-3 repressed this activation. Increasing amounts of
HNF-4 alleviated Arp-1 or Ear-3 mediated repression,
suggesting that the observed opposing effects is a
result of direct competition of these factors for the
same recognition site. In transient transfection assays
the apo A-IV promoter region (- 700 to + 10) had a very
low activity in cells of hepatic (HepG2) and intestinal
(CaCo2) origin. This activity was increased 13 to 18-fold
when the upstream elements of the distantly linked apo
C-lll gene were fused to the proximal promoter. Results
obtained with different 5' and 3’ deletion constructs
indicated that the cis-acting elements F to J between
the nucleotides —-500 and -~890 of the apo C-lll
promoter were absolutely necessary to drive maximal
- enhancement in HepG2 and CaCo2 cells. The apo C-lii
upstream elements enhanced the activity of the
minimal AdML promoter or the apo A-lV site C mutant
less efficiently than the intact apo A-IV or AdML
promoter constructs containing single HNF-4 sites. The
findings suggest that the enhancer effect is mediated
by synergistic interactions between the trans-acting

factors which recognize the apo C-lll regulatory
elements and HNF-4 which binds to the proximal apo
A-IV promoter.

INTRODUCTION

Apolipoprotein A-IV (apo A-IV) is a component of high density
lipoproteins (HDL) in several mammalian species but in humans
is found mainly in the lipoprotein free (d > 1.21 g/ml) plasma
fraction (1,2). Although the precise function of this protein is
not known, it has been shown that it promotes cholesterol efflux
from adipose cells (3), and activates lecithin-cholesterol
acyltransferase (LCAT) using DMPC as a substrate (4). These
observations suggest that apo A-IV, similar to apo A-I may play
a significant role in the reverse transport of cholesterol. Recently
it has been reported that apo A-IV potentiates the activation of
lipoprotein lipase by apo C-II (5). In humans, apo A-IV is
synthesized primarily in the intestine, and to a lesser degree in
the liver (6), where its mRNA levels are affected by hormones °
(6,7), and dietary fat (8), suggesting that apo A-IV is regulated
at least in part at the transcriptional level. An earlier study aimed .
at the identification of sequences responsible for the tissue specific
expression of apo A-IV, indicated that apo A-IV promoter
constructs extending either to —893 or —300 nucleotide had
approximately 10-fold higher activities in HepG2 and Caco2 cells,
as compared to nonhepatic and nonintestinal cells (9). Other
studies however suggested that the proximal promoter region (up
to —300 nucleotide position) was insufficient to drive
transcription in HepG2 or Caco2 cell lines (10), and in transgenic
miice (11). When large DNA segments extending to —7700 (11)
or —6711 and —3500 (10) nucleotide position from the apo A-
IV transcriptional start site were examined, substantial activity
could be detected in both experimental systems. In transient
transfection experiments the active constructs were transactivated
by hepatocye nuclear factor 4 (HNF-4) (10), suggesting that
similarly to other apolipoproteins (12), apo A-IV may also be
subject to hormone receptor mediated transcriptional regulation.

*To whom correspondence should be addressed
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. Since the gene coding for apo A-IV is located 6.5 kb downstream
of the apo C-III gene on the long arm of chromosome 11 (13),
these observations raised the possibility that sequences located
in the 5’ tlanking region of the apo C-III gene may be involved
in the control of its transcription.

In this paper we describe the fine mapping of the regulatory
regions involved in the hepatic and intestinal transcription of the
apo A-IV gene. We report the identification and characterization
of a cis-acting element in the proximal region of the apo A-IV
promoter which is absolutely necessary for its activity. We show
that HNF-4 binds to this region and activates transcription, while
the recently identified hormone receptor Arp-1 (14), and its
homologue Ear-3 (15), act as repressors, by competition with
HNF-4 for the same binding site. We also show that
transcriptional activation of apo A-IV promoter by HNF-4
requires the presence of enhancer elements which have been
mapped in the distantly located apo C-III upstream promoter
region. Finally, we present evidence for synergism between
HNF-4 and the trans acting factors bound to the enhancer.

MATERIALS AND METHODS
Plasmid constructions

Plasmid AIV-CAT, which contains the 5’ flanking region of the
human apo A-IV gene from —700 to + 10 nucleotides fused to
the chloramphenicol acetyltransferase cDNA, was obtained by
inserting the Kpnl/HindIII fragment of pBS-AIV700, to the same
sites of pUC-CAT (16). Different part of the apo C-III promoter
were isolated by BstX1, or Bsu36l, or partial Srul digestions of
the apo C-III CAT plasmid (16), filled in with the Klenow
fragment of DNA polymerase I, followed by Xbal digestion.
These fragments were ligated to the Xbal/Asp718-blunt sites of
AIV-CAT, to obtain [CIIIJ-B]JAIV-CAT, [CIIIJ-C]AIV-CAT,
[CHI-FJAIV-CAT and [CIILJ-H]JAI-CAT, respectively. [CHI
IJAIV-CAT and [CHI GJAIV-CAT were obtained by ligation of
double stranded oligonucleotides encompassing the —766 to
—726 (CIIL I) and —669 to —648 (CIII G) region of the apo
C-III promoter, into the Sall site of AIV-CAT. The inserts of
[CHIH-G]AIV-CAT, [CHIG-F]AIV-CAT and [CHIH-F]AIV-
CAT were synthesized by the polymerase chain reaction using
the appropriate primers, and ligated to the blunt ended Asp718
site. of AIV-CAT. [CHIF-JJAIV-CAT was constructed by
excising the Xbal/Xhol fragment of [CHIJ-F]AIV-CAT, followed
by filling in with the Klenow fragment of DNA polymerase I
and ligation back to the parent plasmid. The same fragment was
also inserted into the blunt ended HindIll site of pML44-CAT
(17), to create the [CHIJ-FIML44-CAT. Double stranded
oligonucleotides AIVC and CIIB were phosphorylated by
polynucleotide kinase and ligated to the Sall site of either
pML44-CAT or [CIIIJ-FIML44-CAT. The resulting constructs
were designated as [AIVC]MLA44-CAT, [CIIIB]ML44-CAT,
[CIII-F][AIVCIML44-CAT and [CIIIJ-F]{CIIB}ML44-CAT,
respectively. The [AIVC];TK-CAT plasmid was constructed as
follows: First the EcoRI/Bgl/ll (—85 to +51) fragment of the
HSV-TK-CAT (18) plasmid was blunt ended and ligated to the
Smal site of pUC-CAT. Then double stranded AIVC
oligonucleotide was inserted to this vector and plasmids
containing three concatamerized AIVC oligonucleotides in the
sense orientation were selected. [CHI-J-FJAIVCM-CAT was
generated by PCR based mutagenesis method using mutated sense
and antisense AIVC oligonucleotides as internal primers. The
external primers were synthesized from vector sequences located

at the 5" or 3’ adjacent region of AIV-CAT. The amplified
products were mixed and subjected to a second amplification
using only the external primers. This secondary product was
sequentially digested with Bsu36l and HindlIl, and inserted to
the same sites of [CHLJ-FJAIV-CAT. The AIV-Gl(380) plasmid
which contains the —700 to —2 nucleotide region of the apo A-
IV promoter was obtained by inserting a PCR fragment
encompassing this region into the Xbal/EcoRV sites of the
previously described pGl- (19). pMT-HNF-4, pMT-Arp-1 and
pMT-Ear-3 (12,20), were generously provided by Dr J.Ladias.
pCB6-HNF-4 was created by subcloning the EcoRI/HindliI
fragment of pMT-HNF 4, containing the entire coding region
of HNF-4, into the Asp718/HindIl sites of the pCB-6 expression
vector (21). All clones were verified by DNA sequencing using
T7 polymerase (Sequenase).

In vitro DNA binding assays

Rat liver nuclear extracts were prepared according to Lichsteiner
et al. (22), with the exception that protease inhibitors
phenylmethylsulfonyl fluoride (0.1 mM), approtinin (10 pg/ml),
pepstatin (1 pg/mt) and leupeptin (1 xg/ml) were included in alt
buffers. Whole cell extracts from Cos-1 celis were prepared as
described in (12). DNase-I footprinting, mobility shift assays and
methylation interference assays were performed as previously
described (12, 19).

The oligonucleotides used in this study were as follows:

AIVC: 5" TCGATAGTCTCAGGGTCACAAAAGTCCAAGAGGCC-120
AIVCM: 5° ACGTAGTCTCAGATCTACAATCTTCCAAGAGGC —121
ClIB: 5' TCGAGGTCAGCAGGTGACCTTTGCCCAGCG—67
HNF-1A: 5" TCGAGGCTGAAGTCCAAAGTTCAGTCCCTTCGC ~-41
AIbPE: 5° TCGAGTGTGGTTAATGATCTACAGTTA -48

Cell cultures and tranfections

Monolayer cultures of HepG2 and CaCo2 cells were maintained
in Dulbecco’s modified Eagle medium supplemented with 10%
and 20% heat inactivated fetal caif serum, respectively. Twenty
four hours before transfections, cells were seeded at 50 -60 %
confluency. The indicated amounts of various constructs alongside
with 3 ug pRSV-G-gal plasmid (24) were introduced to the cells
by the calcium phosphate DNA coprecipitation method (25).
Forty hours later the cells were harvested and lysed by three
consecutive freeze-thaw cycles. Chloramphenico} acetyltransfer-
ase activitly was assayed as described in (26), using constant
amounts of proteins. The protein concentrations and incubation
times were carefully selected by titration and kinetic experiments
to assure that the enzyme reaction was at a linear range. 8-
galactosidase activity was measured according to (24). and the
values were used to normalize variations in the transfection
efficiency.

In vitro transcription assays

200 ng AIV-GI(380) and 100 ng AdML(180) (27 wwmplates
supplemented with 300 ng salmon sperm DNA. were incubated
with 50 pg protein containing rat liver nuclear cxiruct. in a
reaction mixture containing 25 mM Hepes pH " v 6 mM
MgCl,, 50 mM KCl, 35 units of RNasin, 0.5 mM dithi threitol,
0.1 mM 3'-O-methyl-GTP, 0.6 mM ATP and CTP. «+ 135 mM
UTP, 7 uCi [«*?P]UTP (3000 Ci/mmol) and 10 % viv.erol, in
the presence or absence of 100 ng double stranded ..mpetitor
oligonucleotides as indicated. The reactions were aliowed to
proceed for 45 minutes at 30°C and stopped by the addition of
2.5 ul 6 % SDS, 250 mM EDTA 250 mM Tris pH 8.0 and 2.5
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Figure 1. Mapping the nuclear factor binding sites in the proximal Apo A-IV
promoter. DNase-I footprint analysis was performed with 5’ end labeled probes
containing the — 165 to + 10 (panel A), and —322 to + 10 (panel B) nucleotide
region of the apo A-IV promoter using the indicated amounts of rat liver nuclear
extracts. G/A represent Maxam —Gilbert chemical sequencing ladders of the same
probes. Panel C: Nucleotide sequence of the proximal apo A-IV promoter and
summary of the protected regions (boxed).

ul 16 mg/ml proteinase K, 0.5 mg/ml tRNA. The samples were
digested at 65°C for 20 minutes, extracted with
phenol —chlorophorm, precipitated with ethanol and analysed in
6 % polyacrylamide—8 M urea gels.

RESULTS

Identification of an orphan receptor binding site in the
proximal region of apo A-IV promoter

The binding sites of nuclear proteins along the apo A-IV proximal
promoter (—300 to +10) were determined by DNase I

Nuclete Acids Research, 1994, Vol. 22. No. 22 4691

footprinting using rat liver nuclear extracts. Four protected
regions were identified: AIVA (—32 to —22), AIVB (-84 to0
—42), AIVC.(—148 t0 —92) and AIVD (—274 to —250) (Fig.
1). In addition to the protected regions, these extracts induced
at least six DNase I hypersensitive sites in the upper strand at
the nucleotide positions ~50, —222, —228, —238, 307 and 308
(Fig. 1). Inspection of the sequence at the protected region AIVC
(AGGGTCACAAAAGTCCAA), revealed a high degree of
similarity with the consensus binding site of the liver enriched
transcription factor HNF-4 (28). To asses if indeed HNF-+4 and/or
other members of the hormone receptor family can interact with
this site we performed electrophoretic mobility shift experiments
using Cos cell extracts expressing HNF-4, Arp-1 and Ear-3. As
shown in Fig. 2. each of these proteins formed a complex with
the AIVC oligonucleotide probe. In order to determine the relative

. binding affinities of these proteins to the AIVC site, we performed

mobility shift assays in which constant amounts of protein extracts
were titrated with increasing amounts of radiolabeied probe.
Scatchard analysis (29) of the data revealed that HNF-4, Arp-1
and Ear-3 bind with similar affinities to the AIVC site. The
dissociation constants (Kd) were: 5.5 nM for HNF-4, 4.3 ntM
for Arp-1 and 7.7 nM for Ear-3 (data not shown). The
participation of these orphan receptors in the DNA —protein
complex formed with AIVC recognition site with crude rat liver
nuclear extracts was evidenced by competition and -antibody
supershift assays (Fig 3). Strong competition was observed with
previously well characterized hormone receptor binding sites from
the apo C-III promoter (CIIB) and HNF-1 promoter (A), but
not with mutant AIVC site (AIVCM1) (Fig. 3A). Antibodies
raised against HNF-4 which recognize only HNF-4, and COUP-
TF which recognize Arp-1 and Ear-3 but not HNF-4, supershifted
part of the complex formed on AIVC site (Fig. 3B). A substantial
amount of unaltered activity remained when both antibodies were
included in the binding reaction, which may indicate that besides
these hormone receptors other nuclear factors can also recognize
this element.

Methylation interference of nuclear protein binding to the
AIVC oligonucleotide probe was observed in the region between
- 142 and —128. Binding of HNF-4 was affected by methylation
of guanine residues at positions —141, —140, ~131, in the
coding strand and at —138, —136, —129, —128 in the non-
coding strand. Interference of Arp-1 and Ear-3 binding was
observed by methylation of guanine residues at positions — 142,
—141, —140, —131 in the coding strand, and at —138 in the
non coding strand (Fig. 4). This methylation interference pattern
shows that although these factors recognize highly overlapping
sites of the AIVC region, they do not make exactly the same
contacts, suggesting subtle differences in their DNA binding
specificities.

HNF-4 is a dominant activator of the apo A-IV promoter

The function of HNF-4, Arp-1 and Ear-3 on the AIVC element
was tested by transient transfection assays in HepG2 cells using
a reporter in which three AIVC sites were fused to the herpes
simplex virus thymidine kinase minimal promoter ([AIVC];TK-
CAT). HNF-4 activated transcription driven by this chimeric
promoter 7-fold, while Arp-1 and Ear-3 repressed this activation
(Fig. 5A). These results demonstrate that the AIVC region
represents 3 functional orphan receptor response element.
The involvement of HNF-4 in the activity of the apo A-IV
promoter was initially assayed in cell free transcription system.
The DNA template containing the —700 to — | nucleotide region
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Figure 2. Binding of HNF-4, Arp-1 and Ear-3 to element AIVC. Double stranded
oligonucieotide AIVC was labeled and used as a probe in gel electrophoretic
mobility shift assay performed with whole cell extracts from mock transfected
(M), pMT2-HNF+4 transfected (HNF4), pMT2-Arp-1 transfected (Arp-1) or
pMT2-Ear-3 transfected (Ear-3) Cos-1 cells. Each binding reaction was performed
with § ug total protein containing cellular extract.

of the apo A-IV gene fused to a —380 bp G-free casette was
incubated with transcriptionally active rat liver nuclear extract
in the presence or absence of excess double stranded competitor
oligonucleotides AIVC, CIIIB and ‘A’. AIVC and CIIIB are
binding sites of both HNF-4 and Arp-1, while site ‘A’ is able
to bind only HNF-4 with high affinity (19). As shown in Fig.
5B the apo A-IV promoter (—-700 to — 1) could efficiently drive
transcription of the reporter cassette in vitro, as compared to the
AJML promoter which was used as internal control. This activity
was reduced to the basal levels when the different HNF-4 binding
sites were used as competitors, suggesting that binding of HNF-4
to AIVC site is absolutely necessary for the activity of the apo
. A-IV promoter.

The upstream (—890 to —500) regulatory elements of the apo
C-III gene enhance apo A-IV promoter activity in HepG2 and
Caco2 cells Y

Further analysis of the apo A-IV regulatory region was pursued
in transient transfection assays. Initially a reporter construct
containing the apo A-IV promoter region from —700 to +10
nucleotide position (apo A-IV-CAT) was tested in HepG2 and
Caco2 cells. Surprisingly, we observed a very weak promoter
activity in both cell lines (approximately 1 —1.5% of the activity
obtained with RSV-CAT). In order to identify any possible in
vivo acting negative element, progressive 5’ deletion mutants up
to the nucleotide position —160 were tested. None of these
mutants exhibited higher activity (data not shown). These findings
show that in contrast to the in vitro situation, the —700 to +10
nucleotide region of the apo A-IV gene is not sufficient to drive
transcription in vivo, and additional regulatory regions may be
required for its activity. In search of such type of sequences we
found that the apo C-III promoter region (—~890 to ~65), which
is situated approximately 6500 bp upstream of the apo A-IV
transcriptional start site, enhanced the transcription driven by the
proximal apo A-IV promoter 9 to 10-fold in both HepG2 and
Caco2 cells (Fig. 6 lanes 1 —2). In order to localize the minimal
sequences required for this enhancer activity we have linked

A B
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Figure 3. The presence of nuclear hormone receptors in the DNA —protein
complex formed on AIVC site using rat liver nuclear proteins. Gel electrophoretic
mobility shift assays werz performed with rat liver nuclear extracts (10 ug total
protein per lane), in the pr2sence or absence of 100-fold molar excess double’
stranded cold competitor oligonucleotides AIVC, CIIIB, ‘A’ and AIVCM (panel
A), or antiserum raised against HNF4 (4a) and COUP-TF (Ca) or both (4a+Ca)
or preimmune serum (pre) (panel B).

different 3’ and 5’ deleted fragments of the apo C-III promoter
upstream to the apo A-IV regulatory region. The results obtained
from transient transfection experiments of these constructs suggest
that the sequences located between the —890 to —500 region
of the apo C-III gene exhibited the most marked effect (17.8 and
11.8 fold induction in HepG2 and Caco2 cells respectively), and
they were sufficient and necessary for the full enhancer activity
in both HepG-2 and Caco2 cells (Fig. 6 lanes 1 —4). Essentially
the same level of induction was observed when this region was
fused to the apo A-IV promoter in the opposite orientation (Fig.
6 lane 6). Further deletions sharply decreased or abolished the
enhancer activity (Fig. 6 lanes 7—12). Cotransfection with an
HNF-4 expression vector further stimulated the activity of the
active enhancer constructs (up to 156-fold and 50-fold above the
basal levels in HepG2 and Caco2 cells respectively Fig. 6 lanes
1-5). Since none of the reporters except [CIILI-BJAIV-CAT
contained an HNF-4 binding site on the apo C-III region, we
suspected that HNF-4 exerted its effect through binding to the
apo AIVC site, and the mechanism of action of the apo C-II
enhancer may involve a functional synergisin. To test this
hypothesis, we introduced a mutation to the AIVC region that
completely abolished HNF-4 binding. As shown in Fig. 6 lane
5 the apoC-II upstream elements enhanced this mutant promoter
at a greatly reduced level (25 to 30% of the wild type). More
importantly, HNF-4 could not transactivate this mutant promoter,
suggesting that the enhancer functions by inducing HNF-4
dependent transcription driven by the proximal apo A-IV
promoter.

Independent evidence for this notion was provided by
transfection experiments using chimeric reporter constructs
containing dissected parts of regulatory regions in front of the
AdML minimal promoter. The apo C-IIlI upstream elements
enhanced approximately 5-fold the activity of the AAML promoter
(Fig. 7 lanes 1—2). As expected, HNF-4 did not transactivate
these constructs. Single copies of HNF-4 binding sites from the
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Figure 4. Methylation interference pattern of protein—DNA complexes obtained
with the AIVC site. DNA binding reactions were performed with partially
methylated double stranded AIVC oligonucleotide labeled at the 5’ end of the
coding strand (sense) or the 5’ end of the noncoding strand (antisense) using rat
liver nuclear extract (panel A), or whole cell extracts from Cos-1 cells transfected
with pMT2-HNF4 (panel B), pMT2-Arp-1 (panel C) and pMT2-Ear-3 (panel
D). F, free DNA; B, bound DNA and F*, free DNA recovered after binding.
The positions of methylated G residues which interferred with binding are indicated
by numbers and summarized in panel E. Stronger or weaker interference is
indicated by different size of the symbols.

apo A-IV (AIVC) and the apo C-III promoter (CIIB), increased
at a low or insignificant degree AJML promoter activity in both
HapG2 and Caco? cells (Fig. 7 lanes 3 —4). Cotransfection with
HNF-4 induced this activity 3 to 5 fold above basal levels. On
the other hand the transcriptional activity of both single HNF-4
binding site containing constructs ([CHIBJMLA4-CAT and
[AIVCIMLA44-CAT) were dramatically increased by the apo C-
[II upstream elements (Fig 7. lanes 5—6). The 23 and 34 fold
increase in HepG2, and the 15 and 30-fold increase observed
in Caco2 cells, represent a 3 to 4-fold induction above the sum
obtained by either regulatory sequence alone, suggesting
synergistic interactions between nuclear proteins binding to the
apo C-III enhancer and HNF4. A more profound difference was
observed in cotransfection experiments with an HNF-4 expression
vector. HNF-4 transactivated the enhancer-AIVC and enhancer-
CIIIB containing constructs 148 to 198-fold above basal levels
in HepG2 and 118 to 192 fold in Caco2 cells respectively (Fig.
7. lanes 5—6). These values represent a 14 to 18-fold increase
above the sum of the activity obtained by the vectors containing
either element alone in HNF-4 transfected cells.

Taken together, these data suggest that the apo C-III enhancer
acts by a mechanism which strongly potentiates HNF-4 mediated
transcription from downstream promoter elements.
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Figure 5. Demonstration that the AIVC site represents a functional hormone
receptor response element and it is required for apo A-IV promoter activity. Panel
A: HepG2 cells were transfected with 2 ugs of TK-CAT or [AIVC];TK-CAT
reporter plasmids in the presence (+) or absence (—) of 2 ugs of pMT2-HNF-4,
PMT2-Arp-1 and pMT2-Ear-3 expression vectors. The graphs represent mean
values of normalized CAT activities from at least five independent experiments
with two different plasmid preparations. The data are expressed as the percentage
of normalized CAT activity obtained with [AIVC];TK-CAT. Panel B: The AIV-

GI(380) template was incubated for in vitro transcription with rat liver nuclear
extracts in the presence or absence of 100 ng double stranded cold competitor
oligonucleotides as indicated. The transcription signals from the test template (380)
and the AdML/(180) internal control template (180) is indicated.

Antagonistic effects of Arp-1 or Ear-3 and HNF-4 on apo AIV
promoter

We have shown in the previous sections that transcriptional
activation of the apo A-IV promoter by HNF-4 depends on the
AIVC element, which is also recognized by Arp-1 and Ear-3,
These factors had an opposing effect on a homopolimeric
promoter containing three AIVC sites, raising the possibility that.
HNF-4, Arp-1 and Ear-3 may regulate in the opposite direction
the apo A-IV promoter by competing for the same binding site.
To address this question we have performed cotransfection
experiments using the {CIIJ-F]AIV-CAT reporter and different
combinations of HNF-4 and Arp-1 or Ear-3 expression vectors.
As seen in Fig 8. both Arp-1 and Ear-3 repressed transcription
of this promoter to the level of 13 to 15 % of the control. This
repression was alleviated by increasing amounts of HNF-4, while
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Figure 6. The upstream regulatory elements of the apo C-III gene enhance apo A-IV promoter activity in HepG2 and Caco2 cell lines. HepG2 and Caco2 cells
were transfected with 2ugs of reporter plasmids shown in the left side in the presence (+) or absence (—~) of 2ug pCB-HNF-4 expression vector. The numbers
represent mean values of normalized CAT activities with less than 10% standard deviation, from five independent experiments with at least two different plasmid
preparations. The data are presented relative to the activity obtained with AIV-CAT.

HepG2 Caco2
AdML - + - +
A4 *
1 PL-44-CAT om ) "CAT 10 1,2 10 10
2 {CIIZ J-P] ML-44-CAT IHTHE~GHF 51 6.4 54 58
3 AIVC NL-44-CAT 13 33 14 28
4 {CIII J-F] AIVC ML-46~CAT 231 1480 15,1 1180
s CIIIB ML-44-CAT 15 43 28 49
890 500
6 [CIII J-P] CIIIB ML-44-CAT {JHIHE-GHF—Q 345 1980 30,0 1920

Figure 7. The upstream reguiatory elements of the apo C-III gene enhance HNF+4 dependent transcription driven by chimeric promoter constructs containing single
HNF-4 binding sitzs. HepGZ and Caco? cells were transfected with 2 ugs of the reporter plasmids shown in the left side, in the presence (+) or absence (—) of
2 ug pCB-HNF-4 expression vector. The numbers represent mean values of normalized CAT activities with less than 10% standard deviation, from four independent
experiments. The data are presented relative to the activity obtained with pML-44-CAT.

increasing amounts of Arp-1 or Ear-3 abolished HNF-4 mediated
transactivation. Since Arp-1 and Ear-3 did not affect the same
reporter containing a mutated AIVC site (Fig. 8C), we conclude
that their negative effect is excerted by competition with HNF-4
for the same bindig site.

DISCUSSION

In order to elucidate the molecular basis of the tissue specific
expression of the apo A-IV gene we have isolated and
characterized its promoter region. Alignment of the 5’ flanking
- sequences of the apo A-IV gene derived from different species,
revealed a remarkable conservation extending from nucleotide
—167 to —77 (9). Within this region we identified a cis-acting
element between nucleotides —148 and —92 (AIVC), which
plays an important role in the transcriptional regulation of the
apo A-IV gene. Part of this element can recognize HNF-4, as
well as other members of the hormone receptor superfamily like
Arp-1 and Ear-3. HNF-4 strongly activated, while Arp-1 and

Ear-3 repressed transcription driven by the apo A-IV promoter.
Several lines of evidence presented in this study suggest that the
opposing transcriptional effects between HNF-4 and Arp-1 or
Ear-3, may be excerted via direct competition for binding to
AIVC site. First, all three factors bind to this element with similar
affinities in a mutually exclusive manner. Second, transcription
driven by the homopolymeric AIVC site containing heterologous
promoter was affected in the same direction. Third, these factors
did not influence the activity of the apo A-IV promoter containing
mutated AIVC site. Since HNF-4, Arp-1 and Ear-3 are present
in the same cells in the liver and intestine (20), it seems possible
that similarly to other apolipoproteins (12,20), transcription of
the apo A-IV gene is also dependent, at least in part. on the
relative intracellular concentrations of these hormone receptors.
Since HNF-4, Arp-1 and Ear-3 are members of the same
hormone receptor family, the possibility exists that they may
respond to as yet unidentified ligands. Such ligands, may for
instance be the byproducts of intracellular lipid metabolism, and
may modulate positively or negatively the expression of the apo
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Figure 8. Antagonistic effects of HNF4 and Arp-1 or Ear-3 on apo A-IV
transcription. HepG2 cells were transfected with 2 ugs of [CIIU-F] AIV-CAT
(panel A and B) or 2 ugs of [CIIUJ-F] AIVCM-CAT containing mutated AIVC
site (panel C) alongside with the indicated amounts of expression plasmids. The
graphs represent mean values of normalized CAT activities with less than 10%
standard deviation from three independent experiments. The data are expressed
as the percentage of normalized CAT activity obtained with [CIILI-F] AIV-CAT.
Note the different scale of the ordinate in panel C!
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A-IV gene according to the metabolic state of the cell. The
common regulatory effects of HNF-4 and its family members
on the transcription of several apolipoprotein genes (e.g. apo A-1,
apo A-Il, apo A-IV, apo B, and apo C-M) (12, 20), may be
conceivable with the theme relating this subset of nuclear factors
in "the accomplishment of a specific metabolic goal. This
speculation however is contradicted by the important regulatory
function of HNF-4 and Arp-1 on a large number of functionally
unrelated genes, including pyruvate kinase (30), coagulation
factor IX (31), transferrin (32), transthyretin (33), retinol binding
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protein II (34), ornithine transcarbamylase (35), and ovalbumine
(36). Another explanation for the phenomenon, would assume
the evolution of apolipoprotein genes from a common ancestor,
through a series of deletion, translocation and duplication events,
that accidentally positioned or preserved a dominant hormone
receptor response element in their regulatory region. Consistent
with this hypothesis are the phylogenetic studies proposing that
apo C-III, apo A-I, apo A-II, apo A-IV, and apo E have evolved
by sequential duplication and transposition events of an ancestor
of apo C-I gene (37).

Although the 5’ flanking sequences of the human apo A-IV
gene extending up to —700 nucleotide were sufficient to drive
transcription in vitro, this was not the case in vivo. This apparently
controversial observation can be resolved by taking into
consideration the biological complexity of the experimental
system. In the in vitro system the availability of regulatory
proteins at optimal concentrations in the nuclear extracts is the
only rate limiting factor in the formation of transcriptionally active
complex. In contrast, DNA introduced into living cells is
assembled into higher order chromatine structure, and therefore
transcription depends on more complex nuclear events, which
may necessiate the presence of additional regulatory elements
and factors. Precedent cases for the requirement of such extra
regulatory elements to obtain maximal transcriptional activity in--
vivo but not in vitro, have been described. Well documented
examples are the al-antitrypsin (38), and human transferrin
promoters (39).

The results presented in this study show that sequences located
within the regulatory region of the distantly linked apo C-III gene
are necessary for apo A-IV promoter activity in vivo. The minimal
region required for the induction was located between —890 and
—500 nucleotide positions of the apo C-III gene. This region
enhanced transcription driven by the apo A-IV and the
heterologous AJML promoters in an orientation independent
fashion, which is characteristic of a typical enhancer. Since the
respective binding sites in the reporters used in this study are
brought much closer to each other than their position on the
chromosome, we can only indirectly suggest that the apo C-IIL
upstream region is functioning as a physiological enhancer for
the apo A-IV gene. However, the extrapolation of our results
to the in vivo situation seems to be valid in the light of the recent
finding, that only a large DNA segment extending up to —7700
nucleotide position from the transcriptional start site was able
to drive apo A-IV transcription in transgenic animals (11), since
this construct included the apo C-III promoter region which is
located approximately at a —6500 bp distance. Similar results
were obtained by transient transfection experiments in HepG2
cells (10), although in the latter case a shorter DNA construct
extending up to —3500 nucleotide position had also some activity,
suggesting the existence of a second weaker enhancer.

The localization of elements enhancing the apo A-IV promoter,
in the upstream regulatory region of the apo C-lIl gene, is
interesting in the light of recent findings, which suggest that this
region may function as a common enhancer for all three
physically linked apolipoprotein genes in the apo A-l'apo C-
Ill/apo A-IV cluster. Similarly to apo A-IV, transcription driven
by the proximal apo C-III (12, Talianidis ef al., in preparation),
and apo A-I (40) promoter was greatly enhanced by this locus.
Analogous function have been described for the locus control
region of the 3-globin cluster (41), or the distal regulatory region
of albumin and «-fetoprotein genes (42). In both cases a common
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enhancer region orchestrates the transcription of distinct but
physically linked downstream genes.

With respect to the mechanism of action of the apo C-III
enhancer we propose that a functional interplay between the
factors which recognize this region, and HNF-4 which binds to
the proximal apo A-IV promoter is responsible for high level
transcription. This notion is strongly supported by the finding
that the apo C-III enhancer induced the mutated HNF-4 binding
site containing proximal apo A-IV promoter only at a very
reduced rate. In addition, the apo C-TI enhancer sequences
induced transcription driven by single HNF-4 binding sites
containing minimal promoter constructs much more efficiently,
than the ones lacking the HNF-4 sites. These findings indicate
that the observed effect is due to synergistic interactions between
the factors which bind to the apo C-HI enhancer and HNF-4
which binds to the proximal apo A-IV promoter. The requirement
of synergistic interactions between HNF-4 and other factors for
high level activation has been observed in several other regulatory
regions. Well documented cases include synergism of HNF-4
with C/EBP on the apo B (43), or with HNF-1 on the L-type

- pyruvate kinase (30), or with CREB on the tyrosine

i

aminotransferase promoters (44). The molecular basis for the
‘crosstalk’ of HNF-4 with these varied assortment of structurally
unrelated factors remains to be investigated.

In humans and in transgenic mice apo A-IV expression is
mainly observed in intestinal cells and to a lesser extent in the
liver. In contrast, we observed similar enhancer dependent apo
A-IV promoter activity in cell lines of both hepatic (HepG2) and
intestinal (Caco2) origin. Since HepG2 cells express gene
products characteristic to the fetal liver, rather than the adult
phenotype (45), this difference may reflect distinct expression
patterns of the apo A-IV gene during development. Nevertheless,
we can not exclude the possibility that posttranscriptional
mechanism(s) affecting RNA stability differently in the adult liver
and intestine, may be responsible for the observed pattern of apo
A-IV messenger RNA in these tissues.

“Ifi conclusion, our results show that transcription of the apo
A-IV gene is controlled by HNF-4, which binds to its proximal
promoter region. In this promoter context HNF-4 alone is not
an efficient activator in vivo, and requires the presence of factors
which recognize enhancer elements located in the upstream
promoter region of the distantly linked apo C-III gene. The
functional synergism observed between HNF-4 and the factors
binding to the apo C-III enhancer, may represent a common
mechanism by which these sequences influence the expression
of the tandemly linked Apo A-I, apo C-IlI and apo A-IV genes.
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ABSTRACT

Recent studies have revealed that hepatocyte nuclear
factor 4 (HNF-4) is an essential positive regulator of
another liver enriched transcription factor HNF-1,
defining a transcriptional hierarchy between the two
factors operating in hepatocytes. To assess the
possible autoregulation of the HNF-1 gene we have
examined the effect of HNF-1 on its own transcription.
In transient transfection assays, HNF-1 strongly down-
regulated transcription driven by its own promoter in
HepG2 cells. In addition HNF-1 also repressed the
activity of HNF-4 dependent ApoClll and ApoAl pro-
moters. The same effect was observed using vHNF-1,
a distinct but highly related protein to HNF-1. Both
HNF-1 and vHNF-1 downregulated HNF-4 activated
transcription from intact and chimeric promoter
constructs carrying various HNF-4 binding sites
implying that they act by impeding HNF-4 binding or
activity. DNA binding and cell free transcription
experiments however failed to demonstrate any direct
or indirect interaction of HNF-1 and vHNF-1 with the
above reguiatory regions. Both factors repressed
HNF-4 induced transcription of the ApoCill and HNF-1
genes in Hel.a cells, arguing against the requirement
of a hepatocyte specific function. These findings define
an indirect negative autoregulatory mechanism in-

- volved in HNF-1 gene expression, which in turn may
affect HNF-4 dependent transcription of other liver
specific genes.

INTRODUCTION

Cell type specific gene expression is mainly achieved by the
interplay of some cell restricted transcription factors and
regulatory proteins interacting directly or indirectly with cis-acting
DNA elements. Several such transcription factors required. for
liver specific gene regulation have been identified and
characterized. These include HNF-1 (hepatocyte nuclear factor)
and vHNF-1--distantly related members of the POU-homeobox
family (1-5), HNF-4—a member of the hormone receptor family
(6), C/EBP-«, C/EBP-83, C/EBP-y and C/EBP-3—also called

bZIP proteins with basic DNA binding regions linked to a leucine
zipper dimerization domain (7~ 10), and the HNF-3 family—
proteins with sequence similarity to the forkhead gene of
Drosophila (11). Aithough these proteins play a pivotal roie in
the activation of many liver specific genes, none of them can
be defined as a universal liver specific transcription factor, since
none of them is strictly restricted to the liver. For example,
HNF-1 and HNF-4 can also be found in kidney and intestinal
cells (5, 12). However, only the liver contains these factors at
high concentrations (12). Since none of these factors alone is
sufficient to confer the hepatic phenotype, the prevailing view
is that liver specificity is mainly determined by the simuitaneous
expression of these proteins at high levels. Thus the elucidation
of the mechanism(s) by which the genes encoding these factors
are regulated may provide important insight into the events
leading to the establishment and maintenance of the hepatocyte
specific phenotype.

Studies on the expression pattern of the HNF-1, HNF-3,
HNF-4 and C/EBP genes have shown that the limited tissue
distribution of these factors is mainly achieved at the level of
transcription regulation (12). In addition, regulatory interactions
between hepatic transcription factors have been described
indicating a coordinate regulation of HNF-1 and HNF-4
independently of HNF-3 and C/EBP (13). HNF-4 was found to
be a crucial positive transactivator of HNF-1 gene, defining an
HNF-4 — HNF-1 transcriptional hierarchy in hepatic cells which
is controlled by a higher order locus (13, 14).

HNF-1 and vHNF-1 are distinct nuclear proteins with high
degree of homology in their DNA binding and dimerization
domains. They have indistinguishable recognition sequence
specificity, and can form heterodimers in vivo and in vitro (1,
3, 15, 16). Both factors are important transactivators of many
liver specific genes (5). HNF-1 binding activity is enriched in
differentiated hepatocytes and is absent in dedifferentiated variants
and cell hybrids exhibiting extinguished hepatocyte phenotype.
In contrast, VHINF-1 is present in both dedifferentiated cells and
extinguished cell hybrids, suggesting distinct developmental
functions for these two factors (17, 18).

HNF-4 is a major positive regulator of a different set of liver

specific genes, including apolipoproteins Al and C-HI (19, 20, 6).

* To whom correspondence should be addressed



It is a unique member of the steroid hormone receptor
superfamily, though no ligand has been identified yet for it, and
therefore considered as an ‘orphan receptor’.

In this paper we describe a negative feed-back regulatory loop
controlling the HNF-1 gene. We have studied the effect of HNF-1
and vHNF-1 on the human ApoCIHI, ApoAl and the rat HNF-1
promoters. Both, HNF-1 and vHNF-1 downregulated tran-
scription driven by these promoters in HepG2 cells. Similar
negative effect was observed in HeLa cells, indicating that this
regulatory event is not strictly confined to hepatocytes. We
present evidence for an indirect mechanism involved in this
process.

MATERIALS AND METHODS
Plasmid constructions

To clone the HNF-1 promoter, a 40 nucleotide long oligomer
corresponding to 1 —40 nt region of HNF-1 cDNA (4) was used
to screen a rat genomic library by standard hybridization
procedures (21). Partial nucleotide sequence analysis of the
obtained single clone revealed complete identity with the
previously published +50 to —250 nt region of the rat HNF-1
promoter (14). The +44 to —242 nt fragment was isolated by
the polymerase chain reaction (PCR) using the appropriate
primers, and subcloned into the Smal/HindIIl sites of pUCCAT
(22), generating the plasmid HNF-1-CAT. The construction of
ApoCHI-CAT and ApoAI-CAT have been previously described
(22, 23). pMT-HNFH4, pMT-Arp-1, pMT-Ear-3 and pMT-Ear-2
(19) were generously provided by Dr J. Ladias. Plasmid pRSV-
HNF-1 (24) and pRSV-LFB3 (3) were kind gifts from M.Yaniv
and V.DeSimone. Throughout this paper we refer LFB3 as
vHNF-1, a name more widely used for this protein. pRSV-
AHNF-1 was obtained by digestion of the pRSV-HNF-1 plasmid
with Xho-1, followed by filling in with Klenow fragment and
religation.

The chimeric promoter containing plasmids were constructed
as follows: first the EcoRI/Bglll (—85/+51) fragment of HSV-
TK-CAT (25) was blunt ended with Klenow enzyme and ligated
to the Smal site of pUC-CAT. Double stranded synthetic
oligonucleotides encompassing the —96 to —61 nt region of the
human ApoCIll, the —220 to —190 nt region of the human
ApoAl and the —70 to —41 nt region of rat HNF-1 promoter
were ligated into the Sall site of this plasmid. CIIIB-TK-CAT
and AID-TK-CAT contains one copy of the CIIIB and AID site
in the sense orientation, while HNF1A-TK-CAT contains four
copies of the HNF-1A site in front of the thymidine kinase
minimal promoter.

The G-less cassette vector p(C2AT)380, (26) was modified by
inserting a polylinker region containing Xbal, Nsil, Kpnl, BamH1
and EcorV sites in front of the G-less sequence, and a HindIII,
Xhol and EcoRI site containing linker downstream of the cassette
yielding pGl-1. The —3 to +890 region of the ApoCHI promoter,
the —250 to —1 region of the ApoAl promoter and the — 240
to —1 region of the HNF-1 promoter was isolated by PCR and
subcloned into the BamH-1/EcoRYV sites of pGl-1 generating the
pApoCII-G1380, pApoAI-Gl1380 and pHNF-I-G1380 constructs.
All clones were verified by nucleotide sequencing using T-7
polymerase (Sequenase).

Cell culture and transfections

Monolayer cultures of HepG2, HeLa and Cos-1 cells were
maintained in Dulbecco’s modified Eagle medium_ (GIBCO)
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supplemented with 10% heat inactivated fetal calf serum. Twenty
four hours before transfection the cells were seeded at 50-60%
confluency. Different amounts of the various constructs were
introduced to the cells by the calcium-phosphate DNA
coprecipitation method (27). 3 ug of pRSV-8-gal plasmid (28)
was included in all experiments to correct for variations in the
transfection efficiency. 48 hours later the cells were harvested
and lysed by three freeze thaw cycles. Protein concentration was
determined by the BioRad protein assay system (29). Chloram-
phenicol acetyltransferase enzyme activity was assayed using
constant amounts of protein as described previously (30). The
protein concentrations and incubation times were carefully
selected by titration and kinetic experiments to assure the linear
conversion of the chloramphenicol to acetylated form.8-
galactosidase activity in the cell extracts was measured according
to Edlund et al. (28), and the values were used to normalize
variations in the transfection efficiency.

Electrophoretic mobility shift assays
The following oligonucleotides were used in this study:

AIbPE site: TCGAGTGTGGTTAATGATCTACAGTTA —48

CIIIB site: TCGAGGTCAGCAGGTGACCTTTGCCCAGCG —-67

AID site: TCGATCCGCCCCCACTGAACCCTTGACCCCTGC —188
HNF-1A site: TCGAGGCTGAAGTCCAAAGTTCAGTCCCTTCGC —41

Double stranded oligonucleotides were annealed and radiolabeled
by filling in the ove ing ends with T-7 polymerase -
(Sequenase) in the presence of [a-32P]dATP and [a-?P]dCTP.
The DNA binding reactions were performed in 15 ul volume
containing 20 mM HEPES, pH 7.9, 50 mM KCl, 2 mM
MgCl;, 4 mM spermidine, 0.02 mM Zn-acetate, 0.1 pg/mi
bovine serum albumin, 10% glycerol, 0.5 mM dithiotreitol, 2
ug poly (dI-dC), S to 10 ug nuclear extract. Rat liver nuclear
extracts were prepared according to Lichsteiner ef al. (31). When
indicated a 100 fold molar excess of cold competitor oligo-
nucleotide was also included. The reaction mixture was incubated
on ice for 15 minutes, followed by another 30 minutes incubation
in the presence of labelled probe. Antibodies raised against
HNF-1 (32), HNF-4 (6) and COUP-TF/Ear-3 (33) were kind
gifts from S. Cereghini, M. Zakin and M.J. Tsai. When
indicated, 1 ul of these antibodies (diluted at 1:6 ratio in PBS
— 1 pg/ml BSA) were preincubated with the nuclear extract at
room temperature for 10 minutes before starting the binding
reaction. Protein-bound and free probes were resolved by
electrophoresis in 4% native polyacrylamide gels and visualized
by autoradiography.

In vitro transcription assays

100 to 200 ng of test DNA templates were mixed with 100 ng
AdML [180] (34) control template, supplemented with 300 to
400 ng salmon sperm DNA and preincubated with 30 to 50 pg
rat liver nuclear extract at room temperature in the presence or
absence of 200 ng competitor oligonucleotide - or specific
antiserum (1 pul of a 1:3 dilution). The reaction mixture (20 pl)
contained 25 mM HEPES, pH 7.9, 6 mM MgCl,, 50 mM KCl,
35 units RNasin, 0.5 mM DTT, 0.1 mM 3’-O-methyl-GTP, 0.6
mM ATP and CTP, 35 uM UTP, 7 uCi [«-*?P]UTP (3000
Ci/mmol) and 10% glycerol. Following incubation at 30°C for
45 miniutes, the reactions were stopped by the addition of 2.5
ul 6% SDS, 250 mM EDTA, 250 mM Tris—HCI pH 8.0, and
2.5 pl 16mg/ml proteinase K, 0.5 mg/ml tRNA solutions. The
samples were digested at 65°C for 20 min, extracted with
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phenol/chloroform and precipitated with ethanol. Precipitates
were dissolved in formamide/dye loading buffer and
electrophoresed in 6% polyacrylamide —7M urea gel. After
autoradiography the specific signals were quantitated by
densitometry.

RESULTS

HNF-1 and vHNF-1 downregulate ApoCIII, ApoAl and
HNF-1 promoters in HepG2 cells

To investigate the possible functional consequences of HNF-1
and VHNF-1 on the transcription of HNF-4 dependent promoters
we carried out transient transfection experiments using pRSV-
HNF-1 and pRSV-vHNF-1 expression vectors. The regulatory
regions of HNF-1, apolipoprotein CHI and apolipoprotein Al
genes were studied. We have cloned and characterized the rat
HNF-1 promoter, and identified a single cis-acting element at
the position of —47 to —69 responsible for its activity. Further
studies revealed that HNF-4 can recognize this element and
activate transcription in vivo and in vitro, in agreement with
previous reports (13, 14). The promoter elements and factors
involved in ApoCII and ApoAl gene regulation have been
extensively studied. In vitro mutagenesis and DNA binding
analysis revealed that HNF-4 plays a dominant role in the highly
complex regulation of these promoters (19, 20, 22, 23). Constant
amounts of the ApoCIII-CAT, ApoAI-CAT and HNF-1-CAT
reporter constructs were cotransfected with increasing amounts
of expression vectors in the human hepatoma cell line HepG2,
which contains low levels of HNF-1. Surprisingly RSV-HNF-1
inhibited the promoter activity of ApoCIII, ApoAl and HNF-1
to 3%, 20% and 8% of the control respectively (Fig. 1). Similar
negative effect was observed when CMV promoter driven HNF-1
expression was used (data not shown). Cotransfection with pRSV-

VHNF-1 also reduced the activity of these promoters, albeit at

somewhat lower degree: inhibition to 18% for ApoCHI, to 30%
for ApoAl and to 30% for HNF-1 promoter was observed
(Fig. 1). This effect was quite unexpected since HNF-1 is
considered as a positive activator for its target genes studied so
far. Moreover close inspection of the nucleotide sequences of
our promoters did not reveal any motif resembling to the HNF-1
and vHNF-1 consensus recognition site GTTAATNATTAAC
(5), present in the promoter regions of HNF-1 regulated genes.
To exclude the possibility of an artefact, we performed th assays
several times with different plasmid preparations, and have
consistently obtained similar results. Control experiments
performed with empty RSV promoter vector or RSV driven
vector containing other transcription factor (such as NF-1) did
not influence either the ApoCIII, ApoAl and HNF-1 promoter
activity or the absolute S-galactosidase activity (data not shown).
Moreover, both RSV-HNF-1 and RSV-vHNF1 activated the
albumin promoter containing reporter (AIbCAT) approximately
28 and 20 fold (Fig. 1D), excluding the possibility of an
experimental artefact generated by the expression vectors used.
The results indicate that the repression of HNF-1, ApoCHI and
ApoAl promoters was specifically exerted by elevated active
HNF-1 and vHNF-1 protein levels in our transfection
experiments. The notion is further supported by cotransfection
experiments with pRSV-AHNF-1. Deletion of the region
corresponding to amino acid residues 18 to 53 in this vector
disrupts the dimerization domain of HNF-1 resulting in the
expression of a truncated protein with intact POU-homeo and
transactivation domains, which is unable to bind DNA (24).
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Figure 1. Negative regulation of ApoCIII, ApoAl and HNF-1 promoters by HNF-1
and vHNF-1. HepG2 cells were cotransfected with different amounts (1, 2 and
3 ug) of pRSV-HNF-1, pRSV-vHNF-1 and pRSV-AHNF-1 expression vectors
and 2 ugs of ApoCII-CAT (A), ApoAI-CAT (B), HNF-1-CAT (C) and Albumin-
CAT (D) reporter plasmids. The column graphs represent mean values plus
standard errors of the 8-gal normalized chloramphenicol acetyltransferase (CAT)
activities from at least six independent experiments. All values are expressed as
the percentage of the activity obtained with ApoCIII-CAT (100%), that equalled
0 ~15% of pRSV-CAT derived activity. Note the different scale of the ordinates!
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Figure 2. Inhibition of HNF-4 activated transcription by HNF-1 and VHNF-1.
CAT assays were performed with extracts of HepG2 cells cotransfected with
constant amounts (2 ug) of ApoCII-CAT (A), ApoAI-CAT (B), and HNF-1-CAT
(C) reporter plasmids and the indicated amounts of pMT-HNF-4, pRSV-HNF-1
and pRSV-vHNF-1. The bar graphs represent mean values and standard errors
of normalized CAT activities from four independent experiments. Values are
expressed as a percentage of HNF-4 induced ApoCHI-CAT activity (100%). Note
the different scale of the ordinates!

Cotransfection of this mutant did not affect ApoCIII, ApoAl,
HNF-1 and albumin promoter activity (Fig. 1. A,B,C and D).

HNF-1 and vHNF-1 repress HNF-4 induced transactivation

The only known common feature of the three promoters studied
in this work is their positive regulation by the transcription factor
HNF-4 (13, 19, 20 and Fig. 2). Therefore, we tested whether
HNF-1 and vHNF-1 affect HNF-4 dependent transactivation of
these genes in hepatic cells. Fig. 2 shows cotransfection
experiments performed with pMTHNF-4 plasmid, an expression
vector containing the rat HNF-4 cDNA driven by the adenovirus
major late promoter. HNF-1 does not influence this promoter
as evidenced by in vitro transcription assays (14 and Fig. 6) and
by transfection experiments assessing the activity of pMT-C/EBP
(data not shown). pMTHNF+4 activated transcription driven by
the ApoCIII, ApoAl and HNF-1 regulatory regions 6.9, 2.4 and
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3.8 fold respectively. This increased activity dropped to the level
of 11% — 25% when pRSV-HNF-1 or pRSV-vHNF-1 were also
introduced in the cells alongsidle pMTHNF-4. These results
suggested that the mode of action of HNF-1 and vHNF-1 may
involve a mechanism that prevents HNF-4 mediated activation.
Consistent with this notion is the direct correlation between the
degree of HNF-1 mediated repression and the HNF-4 induced
activation. It followed strictly the order: ApoCIll > HNF-1 >
ApoAl (Fig. 1 and Fig. 2). To further corroborate the above
hypothesis we introduced mutations into the HNF-4 binding sites
of these promoters, and tested for HNF-1 and vHNF-1 dependent
transrepression. This approach, however, turned out to be
unsuccessful, since mutations that entirely abolished HNF-4
binding, diminished promoter activity to experimentally hardly
measurable levels, making unreliable the detection of repression
(data not shown). Another approach to characterize the function
of a particular cis-acting DNA element is studying its effect on
transcription when linked to a heterologous promoter. We have
subcloned the HNF-4 binding sites derived from the ApoCIlI,
ApoAl and HNF-1 promoters (CIIIB, AID, HNF-1A) in front
of the minimal regulatory region (—89 to +51 nt) of the HSV
thymidine kinase gene linked to the CAT cDNA, thus generating
the constructs CIIB-TK-CAT, AID-TK-CAT and HNF-1A-TK-
CAT. As expected, these sites enhanced hepatic transcription
driven by the thymidine kinase promoter. HNF-4 further activated
transcription from these chimeric constructs 5 to 7 fold (Fig. 3).
Cotransfection with pRSV-HNF-1 or pRSV-vHNF-1 reduced
HNF-4 mediated transactivation to the level of 20 to 40%
(Fig. 3)..

Taken together, these data clearly demonstrate that HNF-1 and
vHNF-1 act through the HNF-4 binding site, leading to the
repression of HNF-4 induced transcriptional activation.

Negative regulation by HNF-1 and vHNF-1 involves an
indirect mechanism

The functional significance of the HNF-4 binding sites observed
in the above experiments, raised the question whether HNF-1
and VHNF-1 may exert their effects via a direct or indirect
interaction with these elements. A series of in vitro experiments
were carried out to test this possibility. Direct binding of HNF-1
to CIIB, AID, and HNF-1A site was first evaluated by mobility
shift assays using proteins expressed in Cos-1 cells. HNF-1
formed a DNA-protein complex only with the albumin proximal
element (AIbPE) but not with CIIIB, AID, or HNF-1A probes,
and no evidence for dimerization between HNF-1 and HNF-4
was observed in mixing experiments (data not shown). Although
the above results argue against the direct binding of HNF-1 to
HNF-4 recognition sites or heterodimerization between HNF-1
and HNF-4, one can still speculate that in hepatic cells as a
consequence of cell specific posttranslational modifications and/or
by the aid of another intermediate protein this type of interaction
may occur. To this end we performed mobility shift assays using
rat liver and/or HepG2 nuclear extracts. To identify the possible
participation of HNF-1 or vHNF-1 in the retarded complex
obtained with HNF-4 binding sites, we included excess of AIbPE
competitor oligonucleotide or polyclonal antibody raised against
HNF-1 in the binding reaction. If in vitro HNF-1 —-HNF-4
interaction occurs in hepatic cell extracts, an alteration in the
mobility of the HNF-4 ~DNA complexes would be expected.
As seen in Fig. 4 only the complex formed on AIDPE probe
reacted with HNF-1 antiserum giving rise to a double band with
lower mobility. The antibody did not ‘supershift’ any part of the
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Figure 3. Effects of HNF-1 and vHNF-1 on HNF-4 activated transcription of chimeric constructs. HepG-2 cells were transfected with 5 ugs of HNF-1-A-TK-CAT

(A), CHIB-TK-CAT (B),

AID-TK-CAT (C) and TK-CAT (D) reporter plasmids in the presence (+) or absence (—) of 2 ugs pMT-HNF-4, pRSV-HNF-1 and

pRSV-vHNF-1. HNF-1A-TK-CAT contains four copies of HNF-1A site, CHIB-TK-CAT and AID-TKCAT contains one copy of CIIIB and AID site in front of
the thymidine kinase basal promoter vector (TK-CAT). The graphs represent mean values and standard errors of normalized CAT activities from at least three i
transfection experiments. The data are expressed as the percentage of normalized CAT activity obtained with pRSV-CAT. Note the different scale of the ordinates!

signal obtained with CIIIB, AID or HNF-1A probe, and more
importantly it did not cause detectable alterations in the
electrophoretic profile of these complexes (Fig. 4 B, C and D).
Similarly, the high affinity binding site for HNF-1 (AIbPE) did
not compete or alter the specific complexes formed on these
probes. Therefore, we concluded that HNF-1 itself does not
interact du'ectly or via mtennedxary proteins with HNF-4
recognition sites in vitro.

Functional evidence for the indirect mechanism involved in
HNF-1 mediated downregulation of the ApoCIII, ApoAl and
HNF-1 promoters were provided by cell free transcription
experiments. This system is an invaluable tool to study the
function of regulatory proteins on naked templates. Using
antibodies or competitor oligonucleotides, one can rapidly assess
the function of a particular factor in transcription. It was of
interest to see how the ‘removal’ of HNF-1 or vHNF-1 from
the transcriptionaly active nuclear extract would influence the
in vitro activity of our promoters. The pApoCII-G1380, pApoAl-
GI1380 and pHNF-1-G1380 templates were incubated with rat liver
nuclear extracts pretreated with antibodies raised against HNF-4
and HNF-1, or double stranded oligonucleotides encompassing
the appropriate HNF-4 binding sites, or the high affinity HNF-1
binding site AIbPE. As expected, specific inhibition of

transcription was observed either when the HNF-4 binding sites

(CIIB, AID and HNF-1A), or HNF-4 antiserum was added to
the reaction (Fig. 5). In contrast, neither the AIbPE competitor
nor the antibody raised against HNF-1 increased the in vitro
activity of these constructs, an effect that would be expected if
HNF-1 acted directly or through preexisting proteins in the
nuclear extract.

These results further substantiate the conclusion drawn in the
previous section regarding the dispensability of promoter elements
outside the HNF-4 recognition sites for HNF-1 induced
repression, and the indirect nature of HNF-1 action.

HNF-1 and vHNF-1 mediated repression is not restricted to
hepatocytes

The biological significance of the above observations, prompted
us to examine whether the mechanism involved in this negative
regulation is specific to hepatocytes. We have utilized
cotransfection assays employing HeLa cells to reexamine the
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Figure 4. Lack of in vitro interaction between HNF-1 and HNF-4 in rat liver
nuclear extracts. Mobility shift experiments were performed with rat liver nuclear
extracts (10 ug total protein/assay) and labelled CIIIB (A), AID (B), HNF-1A
(C) or AIbPE (D) probes. Where indicated 100 fold molar excess of cold competitor
oligonucleotides, or 1 ul HNF-1-(1ar), COUP-TF-(Ca);- HNF-4- (4cx) antiserum
(1:6 dilution) was included in the reaction.

effect of HNF-1 and vHNF-1 in a nonhepatic system. HeLa cells
are particularly suited to our task, since they express neither the
transcription factors nor the target genes employed in this study.
Furthermore, no liver specific modification is necessary for
HNF-4 function (6), enabling the measurement of the activity
of certain hepatic promoters in HNF-4 transfected Hel.a cells.
As expected, HNF-4 was able to stimulate transcription from
ApoCIHI and HNF-1 promoters 60 and 10 fold above the basal
level (Fig. 6). No activation was observed on the ApoAl
promoter, suggesting that other important factor(s) required for
its activity is missing from these cells (data not shown). Both
HNF-1 and vHNF-1 reduced HNF-4 mediated transactivation
of HNF-1 and ApoCIIl promoters to 23%—26%. and to
8% —22% respectively (Fig. 6). These results strongly support
the notion, that the mechanism involved in HNF-1 induced
downregulation of HNF-4 dependent genes is not specific to the
liver.
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Figure 5. HNF-1 and vHNF-1 do not affect cell free transcription driven by the
HNF-1, ApoCIll and ApoAl promoters in normal rat liver nuclear extracts. 200
ngs of HNF-1-GI380 (A), ApoAI-GI380 (C) and 100 ng of ApoCII-GI380 (B)
were incubated for in vitro transcription with normal rat liver nuclear extracts.
100 ng of AAML(180) plasmid was included in all reactions as an internal control.
Where indicated, the nuclear extracts (30—-40 ug) were preincubated with 200
ng competitor oligonucleotides (HNF - 1A, CIIB, AID or AIbPE), or 2 ul HNF-1
(la) and HNF-4 (4«) antibodies (1:3 dilution). The transcription signals obtained
with the HNF-1, ApoCIII and ApoAl promoters (380 bp), and the AAML promoter
(180 bp), were quantitated by densitometry scanning of the autoradiograms. The
data (at the bottom) are expressed as a percentage of the control AAML promoter
activity (380/180 x 100).

DISCUSSION

HNF-1 and HNF-4 are two nuclear proteins essential for the
transcription of a wide range of liver specific genes (19, §, 6).
Given the large number of liver specific genes they control,
HNF-1 and HNF-4 are considered as two of the most prominent
transcription factors responsible for the establishment and
maintenance of hepatocyte specific phenotype. Therefore,
deciphering the mechanism controlling the expression of these
two factors is of paramount importance in understanding the
biological events governing liver specificity. In this work we
describe a negative autoregulatory mechanism by which HNF-1
may influence the transcription rate of its own gene, and other
HNF-4 dependent genes. The regulatory regions of HNF-1, and
two HNF-4 dependent downstream genes ApoCIII and ApoAl
were investigated in parallel. We found that HNF-1 and its
functional homologue vHNF-1 downregulated transcription
driven by the ApoCIll, ApoAl and HNF-1 promoters in HepG2
cells. This finding is in contradiction with the results reported
recently by N. Myura and K. Tanaka (35). They propose that
HNF-1 may bind to the —25 to —3 nt region of its own promoter,
and works synergistically with HNF-4. QOur resuits are more
consistent with two previous reports (13, 14), identifying this
region as the TATA box, and the lack of HNF-1 binding and
direct action on the —242 to +44 nt promoter region (14, and
Fig. 5). The difference observed in the transactivation assays
could be due to the different cell line (P19), or promoter vectors
used in the report (35).
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Figure 6. HNF-1 and vHNF-1 downregulate HNF-4 activated transcription in
HelLa cells. HeLa cells were transfected withh 2 ug ApoCII-CAT and HNF-1-CAT
reporter plasmids, combined with 2 4g pMT-HNF-4, pRSV-HNF-1 or pRSV-
vHNE-1 expression vectors. The columns represent mean values and standard
errors of CAT activities obtained from three independent experiments. The values
are expressed as the percentage of HNF-4 induced ApoCIII-CAT activity (100%).
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Figure 7. Schematic representation of the proposed positive (+) and negative
(—) regulatory pathways.

The lack of HNF-1 binding to the ApoCIII, ApoAl and HNF-1
promoters suggested that the negative regulation by HNF-1 may
involve an indirect mechanism. Considering the common feature
in the regulation of these genes, i.e. the absolute requirement
of HNF4 for their activity, as evidenced by in vitro transcription,
and in vivo transactivation experiments, we suspected that
downregulation by HNF-1 and vHNF-1 may be achieved by the
inhibition of HNF-4 dependent transcription in general. Our
demonstration that both HNF-1 and vHNF-1 repressed HNF-4
dependent transactivation of all three promoters strongly supports
this notion. More impressively, the same inhibitory effect was
abserved in experiments employing chimeric constructs carrying
the appropriate HNF-4 binding sites linked to the minimal
promoter region of the thymidine kinase gene. Since hepatic
transcription from these templates was solely dependent on the
interaction of HNF-4 with its binding site, these findings clearly
established that HNF-1 and vHNF-1 must exert their effects by
counteracting HNF-4 activation. The intrinsic capability of these
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cis-elements to confer both HNF-4 dependent activation and

HNF-1 mediated repression, raised the expectation that HNF-1
and vHNF-1 may interact directly or indirectly with the HNF-4
binding sites. By definition, indirect interaction would mean the
formation of a protein—protein complex between HNF-1 and
HNF-4 either by heterodimerization or through a third
intermediary protein. Precedent cases for the existence of such
protein-protein interactions have been described. Well known
examples are the association of transcription intermediary factors
(TTFs) with the progesterone receptor (36), the VP16-Oct-1
complex (37), Sp-1 multimers (38) or the ‘coactivators’ and
‘tethering factors’ bridging distally bound transcription factors
with the general transcriptional machinery (39, 40). Several lines
. of evidence presented in this paper suggest that no such type of
interaction exists between HNF-1 and HNF-4 in vitro. Direct
binding of HNF-1 to HNF-4 recognition sites, or dimerization
of HNF-1 and HNF-4 was ruled out by ir vitro DNA binding
experiments. In addition neither HNF-1 antibodies nor excess
AIbPE competitor oligonucleotide increased the transcription
driven by the ApoCIII, ApoAl and HNF-1 promoters in a cell
free transcription system, an effect that would be expected if
HNF-1 acted directly or via preexisting factors in the nuclear
extracts. These findings strongly argue against but not entirely
exclude the possible existence of an HNF-1 —HNF-4 interaction
in vivo. This putative complex could be unstable or undetectable
under our in vitro experimental conditions. However, considering
the completely different structural domains required for
dimerization of these two proteins—myosine like in HNF-1 (41)
and steroid receptor like in HNF-4 (6)—combined with our
negative results of different approaches, the ir vivo existence of
such an interaction seems unlikely. The results discussed above
do not exclude entirely the possibility of the so called ‘squelching
phenomenon’ (42, 43) as an interpretation of the data obtained
in our transfection experiments. High levels of HNF-1 may
nonspecifically titrate out cellular targets from the regulatory
regions, thus interfering with HNF-4 transcription function. The
finding that a mutant HNF-1 (A18 —-53 aa) was unable to repress
the activity of the studied promoters argues against this possibility.
Our demonstration that negative regulation by HNF-{ requires

a fully functional protein with respect to DNA binding and
transactivation properties, invokes its action through binding to
another gene, suggesting the involvement of a multistep
mechanism triggered by increased intracellular levels of this
transcription factor. It is tempting to speculate that negative
regulation by HNF-1 may involve a process that activates the
recently proposed extinguishing locus in chromosome 1 (13),
eventually leading to decreased HNF-4 expression. Our finding
however, that HNF-1 and vHNF-1i repressed the transcription
mediated by both endogenous and expression vector derived
HNF-4 argues against this hypothesis. More consistent with our
results would be a mechanism that involves post-translational
modification of HNF-4 affecting its activity or nuclear
localization. The key role of phosphorylation in DNA binding,
transactivation or nuclear translocation has been ascribed to a
number of transcription factors, including AP-1 (44), Oct-1 (45),

GHF1/Pitl (46), the cCAMP response element binding protein
(47), NFxB/1xB (48), NF-IL6 (49) and ISGF3 (50). Incidentaily,
there are at least three threonine/serine rich regions present in
the HNF-4 molecule, which are potential casein kinase II
phosphorylation sites (6). Whether phosphorylation or dephos-
phorylation is required for HNF-4 activity remains to be
.determined. It should be emphasized however that if

posttranslational modification of HNF-4 plays a role in its
regulation, it can not be a liver specific process, since HNF-4
transactivated the ApoCII and HNF-1 promoters in HelLa cells.
In addition, the negative effect of HNF-1 and vHNF-1 on HNF<4
mediated transactivation could also be reproduced in this
extrahepatic cell line, excluding the existence of a liver specific
mechanism. Another possible hypothesis would assume the
activation of a negative factor by HNF-1 and vHNF-{
antagonizing HNF-4 action on the studied promoters. Recent
studies have identified three such negatively transacting factors
Arp-1, Ear-3 and Ear-2 which compete with HNF-4 for the
common binding site on ApoAl and ApoCHI promoters resulting
in a sharp decrease of transcription (19, 20, 51). However neither
Arp-1, nor Ear-3 and Ear-2 binds to or affects transcription driven
by the HNF-1 promoter (Fig. 4C and data not shown). Therefore,
if we assume the involvement of a common mechanism in HNF-1
mediated downregulation of ApoCIII, ApoAl and HNF-1 genes,
these factors are not likely to participate in it. Nevertheless, we
can not formally exclude the involvement of an as yet unidentified
negative factor in this process. Several other regulatory proteins
that converge to the HNF-4 binding sites of ApoCIll and ApoAl
promoters (52, 53) have not yet been characterized in this context.

The conclusions drawn from our results are summarized in
a model presented in Fig. 7. According to this model we propose
an indirect negative autoregulatory loop involved in HNF-1 gene
regulation. This negative effect is achieved via a multistep
process, initially induced by elevated levels of HNF-1 and
eventually leading to the inhibition of HNF-4 mediated activation
of its own gene, and other HNF-4 dependent downstream genes,
On the other hand HNF-1 activates a variety of promoters
carrying its consensus recognition site. The mode! exemplifies
a regulatory network by which the same transcription factor
orchestrates the coordinated expression of two otherwise unrelated
groups of liver specific genes. Whether this regulatory curcuit
functions predominantly in cell lines (e.g. HepG2) expressing
gene products characteristic to the fetal rather than the adult
hepatic phenotype (54), needs further investigation.

The involvement of autoregulation in the control of cell specific
gene expression has been extensively studied in invertebrates.
The complex genetic programme that guides the development
of Drosophila melanogaster involves sequential cascades of
transcription factors (55).- A number of crossregulatory and
autoregulatory actions have been described to control the accurate
temporal induction of several proteins involved in the formation
of body structures (56 —58). The growing number of homologous
mammalian transcription factors suggested that similar control
mechanisms might exist in eukaryotes. Indeed, detailed functional
analysis of erythrocyte specific GATA-1 (59), the muscle specific
MyoD (60), the pituitary specific Pit-1/GHF (61) and the hepatic
HNF-33 (62) promoters revealed that these factors positively
regulate their own transcription. Positive autoregulation may
ensure the high level expression of these factors once their gene
is turned on. In contrast, the negative autoregulatory loop
described in this study may serve as a mechanism for the
maintenance of balanced intracellular concentrations of HNF-1.
The mechanism involved in HNF-1 autoregulation has a broader
biological significance, since HNF-1 concurrently downregulates
a distinct class of liver specific genes whose transcription is driven
by the same factor (HNF-4) which regulates its own gene. This
implies that the actual intracellular concentration of HNF-1 may
play a central role in the fine tuning of hepatocyte specific gene
expression.
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Tissue-specific transcription of the apolipoprotein C-
III (apoC-III) gene is mainly regulated by synergistic
interactions between the liver-enriched transcription
factor HNF-4, which binds to the proximal promoter,
and ubiquitous factors, which bind to the upstream en-
hancer region. Here we show that apoC-III expression in
HepG2 cells is negatively regulated in response to inter-
leukin-1 (IL-1), and this inhibition is mainly due to tran-
scriptional repression. CAAT enhancer-binding protein
8 (C/EBP5) was found to be the main mediator of IL-1-
induced suppression. Analysis of the apoC-III promoter
revealed two IL-1 response elements. The first is located
in the proximal promoter region D and the second in the
distal enhancer region L. Proximal element D is a high
affinity binding site for C/EBPS, while the enhancer el-
ement I is not directly recognized by this transcription
factor. Functional analysis of different combinations of
homologous and heterologous promoter constructs re-
vealed that indirect interaction of C/EBP§ with site I, in
the context of the full promoter, leads to repression.
C/EBPé is activated by phosphorylation during IL-1-in-
duced signal transduction pathway. This modification is
important for both DNA binding activity and indirect
transrepression of the apoC-III promoter.

Systematic injury, or infections, trigger a complex series of
regulatory mechanisms that eventually lead to dramatic alter-
ations in the serum levels of several proteins that are predom-
inantly synthesized in the liver (1, 2). These characteristic
changes involving proteins that have protective or regulatory
roles in the inflammatory response define the hepatic acute
phase reaction, an important host defense mechanism to main-
tain physiological homeostasis, prior to the onset of the im-
mune response (3-5). A number of cytokines, such as interleu-
kin-1 (IL-1),! interleukin-6 (IL-6), and tumor necrosis factor,
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jor late; apo, apolipoprotein; APRE, acute phase response element;
CAT, chloramphenicol acetyltransferase; C/EBP, CAAT enhancer-bind-
ing protein; HNF, hepatocyte nuclear factor; NF«B, nuclear factor «B;
USF, upstream stimulatory factor.
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which are released from activated monocytes and macro-
phages, transmit their signals to hepatocytes through binding
to specific cell surface receptors. These interactions trigger a
multistep process eventually leading to the activation of dis-
tinct combinations of a small subset of transcription factors
that recognize well defined response elements in the promoters
of acute phase genes (6). Members of the C/EBP, STAT, and
NF«B transcription factor family, or combinations of them,
have been implicated as the main mediators of the cytokine-
induced activation of several hepatic genes including C-reac-
tive protein (7), hemopexin (8, 9), haptoglobin (10, 11), a,-
macroglobulin (12, 13), serum amiloid A (14-18), «,-acid
glycoprotein (19), and the third component of complement (C3)
(20, 21).

Previous studies on the IL-1-dependent regulation of several
hepatic genes have shown that the main mediators of the
response belong to different gene families, including members
of the NF«B (22) and C/EBP (23-26) family. NF«B has been
found to be involved in the IL-1-mediated regulation of com-
plement factor B (27), angiotensinogen (28), and serum amyloid
A (14) genes. C/EBP proteins have been demonstrated to play
an important role in the IL-1-dependent activation of the IL-6
gene (24), the complement 3 gene (20), and serum amyloid A
gene (18). Of particular interest is the recent finding that NF«B
can physically interact with C/EBP proteins (29, 30). The func-
tional consequence of this association can be either synergistic
activation (14, 16, 30, 31) or inhibition of NF«kB-mediated
transactivation by C/EBP proteins (28).

The recent finding of a potential NF«B binding site in the
proximal region of the apoC-III promoter (32) raised the possi-
bility that the expression of this gene may be modulated during
the IL-1 signaling pathway. ApoC-III is a major component of

- chylomicrons and very low density lipoprotein particles and a

minor component of HDL. In vitro, ApoC-III inhibits the hy-
drolysis of triglycerides by lipoprotein lipase (33), and it causes
the inhibition of apoE-mediated clearance of lipoproteins from
the serum (34), suggesting that it plays a critical role in the
regulation of plasma triglyceride levels through its effect on the
catabolism of lipoproteins (35-37). Therefore changes in apoC-
IIT expression levels in response to extracellular signals may
have important physiological consequences.

In this paper we demonstrate that IL-1 treatment of HepG2
cells causes an inhibition of apoC-III expression. We present
evidence that C/EBPS is the main mediator of the IL-1-depend-
ent down-regulation of apoC-III transcription. We propose a
mechanism that involves disruption of the synergistic interac-
tions between enhancer binding factors and HNF-4, as a result
of indirect interaction of C/EBPS with the I element of the
apoC-III enhancer.

This paper is available on line at http://www.jbc.org
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Fic. 1. Treatment of HepG2 cells by IL-1 inhibits apoC-III ex-
pression. Total RNAs from HepG2 cells treated with 100 ng/mi IL-1 for
0-48 h were prepared and analyzed by Northern blot hybridization
using the apoC-11I cDNA (top panel) or the 18 S ribosomal RNA (bottom
panel) as a probe., After densitometric quantification, the values ob-
tained by the apoC-III ¢cDNA probe were divided by those obtained by
the 18 S rRNA probe and expressed as a percentage of the normalized
values of untreated cells (bar graph).

100 ng/ml

MATERIALS AND METHODS

Plasmids—The different apoC-III promoter constructs apoC-II11-890-
CAT, apoC-686-CAT, apoC-214-CAT, apoC-99-CAT, apoC-IIIAD-CAT,
[CIII J-F] ML-44-CAT, and apoCIII-G1380 have been described before
(38~41). [CIIIDI3AdML-CAT and [CIII-1]3AdML-CAT were con-
structed by ligating phosphorylated double-stranded CIIID or CIII-I
oligonucleotide into the Sall site of AAML-CAT, and plasmids contain-
ing three concatamerized oligonucleotides were selected. The expres-
sion vectors pRSV-C/EBPa (25), pRSV.C/EBPB (26), and pRSV-C/EBPS
(9) were generously provided by Drs. S. McKnight (Tularic Inc.), R.
Cortese (IRBM, Rome, Italy), and G. Ciliberto (IRBM), respectively.
ReCMV p50 and ReCMV p65 (42) were kind gifts from Dr. L. Schmitz
(Genzentrum, Munich, Germany).

Northern Blot Analysis—Total RNA from untreated and IL-1-treated
HepG2 cells were prepared by the hot phenol method (43) and sepa-
rated on formaldehyde containing 1% agarose gels (43). After capillary
transfer onto GeneScreen membranes, the blot was used for hybridiza-
tion with the ¢cDNA probe encompassing the apoC-III coding region.
Hybridization and washings were performed as described previously
(44). Specific hybridization signals were visualized by autoradiography
and quantitated by densitometry.

In Vitro DNA Binding Assays—Nuclear extracts from HepG2 and
COS-1 cells were prepared by a modification of the Dignam method (45).
Protein concentrations were determined according to Bradford (46).
Double-stranded oligonucleotides were labeled by filling in the over-
hanging ends with Sequenase (U. S. Biochemical Corp.) in the presence
of [a-32P]dATP and [o-*?PJACTP. DNA binding reactions were per-
formed in 15-ul volume containing 20 mM Hepes, pH 7.9, 50 mm KCl, 2
mM MgCl,, 4 mM spermidine, 0.02 mu zinc acetate, 0.1 mg/ml bovine
serum albumin, 10% glycerol, 0.5 mm dithiotreitol, 2 ug of poly(dI-dC),
and 5-10 ug of nuclear extract. When indicated 100-fold molar excess of
cold competitor oligonucleotide was also included. In supershift exper-
iments the nuclear extracts were preincubated with 1 pl (diluted at 1:6
ratio) C/EBPa, C/EBPS, Spl (Santa Cruz), or C/EBPS and p50 (kindly
provided by Sheng-Chung Lee (National University, Taiwan, Republic
of China) and A. Israel (Pasteur Institute, Paris, France), respectively)
antibodies prior to the binding reaction. Protein-bound and free probes
were separated by electrophoresis in 6% native polyacrylamide gels and
visualized by autoradiography.

The following oligonucleotides were used in this study: CIIID,

200

% Cat Activity

- IL-1

C/EBPc. C/EBPS C/EBPS  p6S SO

Fic. 2. Inhibition of apoC-III promoter activity by IL-1 and
C/EBPS. HepG2 cells were transfected with 2 pg of CIII-890-CAT
promoter construct and 2 ug of either C/EBPa« (third column), C/EBPB
(fourth column), C/EBPS (fifth column), p65 (sixth column), or p50
(seventh column) expression vectors. In the experiment presented in the
second column the cells were treated with 100 ng/ml IL-1 for 24 h before
harvest. The column graphs represent mean values and S.E. of normal-
ized chloramphenicol acetyltransferase (Cat) activities from at least six
independent experiments. All values are expressed as the percentage of
the activity obtained by the CIII-890-CAT construct alone (100%).

5'-CTCAGTCTCCTAGGGATTTCCCAACTCTCCCGCCC (40); CIII-I,
5'-GAGACCAGCTCCTCCCCCAGGGATGTTATCAGTGGGTCCAG
(40, 41); IM-1, 5'-GAGACCAGCTAAGATCTCAGGGATGTTATCAGT-
GGGTCCAG (41); IM-2, 5'-GAGACCAGCTCCTCCCCACTCTAGATT-
ATCAGTGGGTCCAG (41); AlbD, 5'-TGGTATGATTTTGTAATGGGG-
TAGGGA-3' (47); a,-macroglobulin, 5'-TCGAATCCTTCTGGGAATTC-
TGGC-3' (13); IgkIB, 5'-ACAGAGGGGACTTTCCGAGAGG-3' (48); and
Spl, 5-TCGATTCGATCGGGGCGGGGCGAGC-3' (41).

For Western blot analysis 50 ug of nuclear extracts or immunopre-
cipitated proteins were separated on 12% polyacrylamide/SDS gel, elec-
trotransferred to nitrocellulose membrane, and probed with C/EBP§
antibody at 1:200 dilution or 0.5 ug/ml horseradish peroxidase-conju-
gated anti-phosphotyrosine (PY20, ICN) as described previously (49). -

Cell Culture and Transfections—HepG2 cells were grown and trans-
fected with the indicated amounts of plasmid constructs together with
3 ug of pCMV-Bgal plasmid using the calcium phosphate coprecipita-
tion method (49, 50). In some experiments the cells were treated with
100 ng/ml human recombinant IL-1 (R & D Systems) in serum-free me-
dium 12 h after transfection and grown for additional 24 h before harvest.
Chloramphenicol acetyltransferase activities using constant amounts of
protein were determined as described previously (49, 50). B-Galactosidase
activities were measured according to Edlund ef al. (51), and the values
were used to normalize variations in the transfection efficiency.

RESULTS

Down-regulation of ApoC-III Expression by Interleukin-1—
Total RNAs from HepG2 cells treated with 100 ng/ml IL-1 for
various time intervals were prepared, and Northern blot hy-
bridizations were carried out using the human apoC-III ¢cDNA
as a probe. As shown in Fig. 1, IL-1 induced a dramatic de-
crease of apoC-III mRNA. The inhibition was evident as early
as 4 h after exposure to IL-1 and continued during the subse-
quent 48 h to the level of 20% of the control, indicating that
apoC-III expression is negatively regulated during IL-1 signal
transduction pathway. .

Negative Regulation of the ApoC-III Promoter Activity by
IL-1 and C/EBP8—The effect of IL-1 on the activity of the
apoC-III promoter was assessed in transient transfection ex-
periments using the C-III-890-CAT promoter construct. This
construct contains all the regulatory elements required for

" hepatic and intestinal transcription of the apoC-III gene (40,

41). IL-1 treatment of HepG2 cells inhibited apoC-III promoter
activity to approximately 39% of the control (Fig. 2), suggesting
that, at least in part, the specific decrease of apoC-III mRNA
levels in response to this cytokine can be ascribed to suppres-
sion of apoC-III transcription. To identify the putative media-
tor of the IL-1-induced repression, we have performed cotrans-
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A
% CAT activity
fold
- C/EBPS ;‘nccl"ease
<RYi) CAT
CII1-890-CAT (IH#-{GH{FHE-{D] (B] 100 36.6 (2.5) 0.36
-6R6
CIII-686-CAT \{G-{FHEB-DHTHB) 8.4(1.1)  34.0(3.8) 4
CIIL-214.CAT BHTE 8.0(0.6) 48.5(2.0) 6
Fic. 3. The effect of C/EBP3 and
IL-1 on the activity of different mu-
tated apoC-III promoters. HepG2 cells B
were transfected with 2 ug of 5’ deletion % CAT activity
(A) and internal (B) mutant promoter con- C/EBPS
structs shown on the left side and either 266 26 - IL-1 C/EBPS +1L-1
treated with IL-1 or left untreated. Where A
indicated, cells were cotransfected with 2 . v CAT
-390
ug of pRSV-C/EBPS. The numbers repre- CHI-890-CAT THBHEHEHEHDHEHE 100 366(25) 39.0(22) 155(25)
sent mean values and S.E. (in parenthe-
ses) of normalized CAT activities from at - -
least five independent experiments. The CIHAD-CAT (M{H - iy >CAT goa @41y 75(0.6) 9.6(1.2) 41 (1.1)
data are presented relative to the activity
obtained by CIII-890-CAT. 766 726
(B ]
CAT
CII-IM1-CAT (TH&-{a{F]-{H{D}-{c]{B] 445(35) 17.6(1.5) 15.8(1.2) 7.2(1.4)
66 16
¢ 7]
CAT
CIIL-IM2-CAT - {G{F-{A{B-{T-{5] 65.1(4.8) 84.6(7.1) 71.6(6.6) 90.3(6.8)
-766 126
A: GAGACCAGCTCCTCCCCCAGGGATGTTATCAGTGGGTCCAG

B:  GAGACCAGCTYNNONTRTGGGATGTTATCAGTGGGTCCAG

C: GAGACCAGCTCCTCCCCCAGSNIM TCAGTAGATCCAG

fection experiments using expression vectors for C/EBP and
NF«B family members, which have been implicated as the
main mediators of IL-1-induced transcription of several genes
(8). C/EBPa and p65 expression vectors had a small (1.5- and
1.3-fold) stimulatory effect, while C/EBPB and p50 expression
vectors did not change apoC-1II promoter activity (Fig. 2). On
the other hand, overexpression of C/EBPS decreased apoC-II1
promoter activity to about 36% of the control (Fig. 2). To iden-
tify the putative I-1 response elements in the apoC-III pro-
moter, we have analyzed the C/EBP3-dependent transactiva-
tion of different deletion mutants. As shown in Fig, 34, deletion
mutants lacking the entire or part of the apoC-III enhancer
(CIII-214-CAT, CIII-686-CAT) were activated 6- and 4-fold by
C/EBPS. These data raised the possibility of two potential
response elements that function in an opposite manner: one is
located in the proximal promoter region (—214 to + 24 nucle-
otides) and the other in the distal part of the apoC-III enhancer
(~890 to —686 nucleotides). As shown in Fig. 3B, the deletion
mutant lacking site D (CIIIAD-CAT) was repressed more effi-
ciently by C/EBPS or IL-1 treatment. On the other hand mu-
tation of the —741 to —747-nt part of the footprint region I
(CIII-IM2-CAT) abolished both IL-1-mediated repression and
C/EBP§-mediated transrepression, but no significant change
was observed with CIII-IM1-CAT that contains a mutated Spl
binding site (Fig. 3B) or constructs containing other enhancer
mutations (data not shown). IL-1 treatment further enhanced
C/EBP&-induced repression of the wild type, CIIIAD and CIII-
IM1 mutants by a factor of about 2 (Fig. 3B), suggesting the

importance of an IL-1-dependent modification of C/EBPS.
These data suggest that activated C/EBPS acts as a negative
regulator when it interacts with site I of the upstream apoC-III
enhancer, while its potential interaction with proximal element
D partially relieves repression. Transfection experiments using
chimeric promoter constructs containing three copies of site D,
or site I, or the entire apoC-III enhancer in front of the minimal
AdML promoter further supported this hypothesis. The 3XD
ML-44-CAT reporter gene activity was induced 8-fold by treat-
ment of the cells with IL-1 and 155-fold by cotransfection with
C/EBPS (Fig. 4). In contrast, the apoC-III enhancer-driven
activity was inhibited by both IL-1 treatment or overexpression
of C/EBPS to about 45% of the control. Interestingly. the activ-
ity of 3XCIII-I ML44 CAT was increased by C/EBP& cotrans-
fection and IL-1 treatment 31- and 1.9-fold, respectively. show-
ing that CIII-I acts as a negative response element only in the
context of the intact enhancer. Therefore, the underlining
mechanism must be due to the inhibition of a higher arder
enhancer complex formed between factors binding to C'l1I-f and
adjacent sites, rather than direct repression resulting from the
displacement of another factor binding to CIII-I element.
Taken together, these results suggest that C/EBP4 is the
main mediator of IL-1-dependent inhibition of apoC-1I{ tran-
scription. Although depending on the regulatory region it acts
on, C/EBPS can modulate the apoC-III promoter in both a
positive and negative direction; the negative effect brought
about by its interaction with the enhancer element I dominates
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Fic. 4. The effect of IL-1 and
C/EBPS on the activity of chimeric
promoter constructs. HepG2 cells were
transfected with 2 ug of the indicated pro-
moter constructs and either treated with
IL-1 (third column of numbers) or left un-
treated (first column of numbers) or left
untreated but cotransfected with 2 ug of
pRSV-C/EBPS (second column of num-
bers). The numbers represent mean val-
ues and S.E. (in parentheses) of normal-
ized CAT activities from at least five
independent experiments. The data are
presented relative to the activity obtained
by CIII-890-CAT.

pML-44-CAT

3xCIID ML-44-CAT

[CXI1 J-F] ML-44-CAT

3xCHI-1 ML-44-CAT
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[D-DHD] 4,2(0.4) 6530(51)  33,4(2.8)

-390 -500
[THE-{GHF) 42,8(3.5) 198(15)  19,0(1.1)
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Fic. 5. IL-1 treatment induces a novel activity (C/EBPS) interacting with the CIIID regulatory region. A, nuclear extracts from HepG2
cells treated with 100 ng/ml IL-1 for 0—-48 h were analyzed by electrophoretic mobility shift experiments using double-stranded CIIID oligonu-
cleotide as a probe. CIIID1 and CIIID2 are the binding activities present in the untreated extracts, while the IL-1-induced activity is designated
as CIIID3. B, electrophoretic mobility shift assays using radioactive CIIID probe and nuclear extracts from HepG2 cells treated for 4 h with IL-1
were performed in the presence of 100-fold molar excess cold competitor oligonucleotides CIIID, CIIIC, albD, NF«B (Ig«kB element) and a2 M
(ay-macroglobulin APRE). C, electrophoretic mobility shift assays using untreated (left panel) and IL-1-treated (right panel) HepG2 cell extracts
were performed in the presence of antibodies raised against C/EBPa («), C/EBPS (B), and C/EBPS (6).

over the positive effect resulting from its binding to the proxi-
mal elements D.

In Vitro Analysis of the Transcription Factors Interacting
with the IL-1 Response Elements of the ApoC-III Promoter—To
determine if in hepatic cells the binding of C/EBP and NF«B
factors to site D are induced, mobility shift assays were carried
out with extracts prepared from IL-I-treated HepG2 cells. Two
major DNA binding activities were detected in untreated cell
extracts (CIIID1 and CIIID2), while a novel faster moving
complex (CIIID3) was also observed when extracts from IL-1-
stimulated cells were analyzed (Fig. 5A4). A similar pattern was
observed with the AlbD probe (data not shown). We used spe-
cific competitors and antibodies recognizing NF«B and C/EBP
family proteins to reveal the identity of the different binding
activities. The competitor oligonucleotide AlbD (derived from
the —115 to —90-nt region of the rat albumin promoter) is a
high affinity binding site for C/EBP and does not bind NF«B-
related factors (28, 47). The other competitor (Ig«B) synthe-
sized from the Ig « light chain promoter is able to bind proteins
that belong to the NF«B family, but not C/EBP-related proteins
(48). The formation of the IL-1-induced complex (CIIID3) as
well as the two other complexes (CIIID1 and CIIID2) was not
inhibited by 100-fold molar excess of Ig«B oligonucleotide (Fig.
5B). In addition, antibodies raised against the p50 subunit of
NF«B did not affect the electrophoretic mobility profile of

CIIID-binding proteins (data not shown), indicating that mem-
bers. of the NF«B family do not bind to site D of the apoC-III
promoter in IL-1-induced or uninduced HepG2 cells. The
APRF/STAT3 binding site oligonucleotide (ay-macroglobulin)
(12, 13) also failed to prevent the formation of D binding com-
plexes (Fig. 5B). On the other hand, complete competition of all
three DNA binding activities was observed with the AlbD oli-
gonucleotide (Fig. 5B), suggesting that CIIID1, CIIID2, and
CIIID3 may represent homo- and heterodimers of C/EBP-re-
lated factors. Antibodies specific to individual C/EBP proteins
were used in supershift assays to determine which members of
this family were involved in complex formation. The C/EBPq-
specific antibody supershifted CIIID1 and some of the CIIID2
complex present in both untreated and IL-1 treated HepG2
extracts, but did not affect CIIID3 binding activity (Fig. 5C).
Similarly, an antibody to C/EBPS supershifted only a small
amount of CIIID1 protein in both extracts, but not CIIID2 or
CIIID3 (Fig. 5C). The formation of the IL-1-inducible complex
(CIIID3) was neutralized only by the antibody raised against
C/EBP3 (Fig. 5C), which did not affect CIIID1 and CIIID2.
Therefore, we conclude that in untreated HepG2 cells C/EBPa
and C/EBPS are the main binding activities interacting with
the apoC-IIID site, while IL-1 treatment induces the binding of
an additional factor which was identified as C/EBPS.

No changes in the steady state protein levels of C/EBPS were
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»served between uninduced and IL-1l-induced HepG2 cells
"ig. 6A). In addition, we could not detect the existence or
iduction of a truncated C/EBP$ isoform, suggesting that post-
-anslational modification may play a role in C/EBP$ activa-
on. Previous studies using the specific tyrosine phosphatase
thibitor sodium orthovanadate have suggested that C/EBPS
1ay be tyrosine-phosphorylated in BNL CL2 hepatic cells un-
er acute phase conditions (18). To test whether such modifi-
ation is induced by IL-1, C/EBPS was immunoprecipitated
‘om untreated and IL-1-treated HepG2 cells and Western
lots of the immunoprecipitates were probed with a monoclonal

Phosphmase
treatmernt

C

< v

CHDY1 ’
ooz -
Cwos B 7 o

C/FBPY 'ene @al¥ wvs

WB: anti-C/EBPS

WB: anti-pTyr
IP: anti-C/EBPd

Fic. 6. IL-1 treatment induces tyrosine phosphorylation of
/EBPS. HepG2 cells were preincubated in serum-free medium for 2 h.
he cells then were treated with IL-1 for additional 2 and 4 h. A,
uclear extracts were prepared and half of the extracts (~30 ug of total
rotein) were directly separated by 12% SDS-polyacrylamide gel elec-
'ophoresis and analyzed in Western blots using anti-C/EBPS. B, the
:maining extracts were first immunoprecipitated with anti-C/EBPS,
ad after SDS-polyacrylamide gel electrophoresis and electrotransfer
1e blot was probed with horseradish peroxidase-conjugated anti-phos-
notyrosine monoclonal antibody (PY20, ICN). C, nuclear extracts (5 ug
" protein) from IL-1-induced cells (4 h) were preincubated with 400
nits of A-protein phosphatase at 30 °C for 30 min and then used in
NA binding assays as described under “Materials and Methods.”
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antibody to phosphotyrosine. A 29-kDa tyrosine-phosphoryl-
ated band was observed in the extracts from IL-1-treated cells,
but not in the extracts from untreated cells (Fig. 68B). When the
nuclear extracts were pretreated with protein phosphatase,
binding of C/EBPS to CIIID probe (CIIID3) was eliminated,
indicating that in IL-1-induced cells phosphorylation of
C/EBPS is important for DNA binding activity (Fig. 6C). Over-
expression of C/EBP8 without IL-1 treatment still had a repres-
sion effect on apoC-III promoter (Figs. 2 and 3), raising the
possibility of an IL-1-independent activation pathway. It is
more likely, however, that this effect is rather due to the
presence of small amounts of active cytokines in the serum,
which is sufficient to induce modification in part of the overex-
pressed proteins during the first 12-h period after transfection.

Previous work in our laboratory has shown that the up-
stream element I is mainly recognized by Spl and related
factors and to a lesser extent by two other so far unidentified
activities named CIII-I3 and CIII-I5 (41). Binding of C/EBP
factors to the upstream element I was assayed by electro-
phoretic mobility shift experiments. We did not observe any
differences in the pattern of DNA-protein complexes produced
by untreated or IL-1 treated HepG2 cell extracts (Fig. 7A). In
addition, no competition was observed when excess concentra-
tions of the high affinity C/EBP binding oligonucleotides (AlbD
and CIIID) were included in the reaction mixture, and antibod-
ies raised against C/EBPa, B, and & failed to supershift or
neutralize the binding of the different activities on CIII-I (Fig.
7, B and C). Furthermore, we did not observe any specific
DNA-protein interaction in experiments using extracts pre-
pared from C/EBPa, B, or 8 transfected COS-1 cells except a
complex formed by an endogenous activity presumably related
to Spl (data not shown). These results suggest that C/EBPq, 8,
and § cannot directly bind to the CIII-I element. Taking into
account the response of this element to IL-1 and C/EBPS in
transfection experiments, we assume that indirect protein-pro-
tein interaction between C/EBPS and CIII-I binding factors
may occur in vivo that may not be stable enough to be detected
in vitro by electrophoretic mobility shift assays.

DISCUSSION

The molecular mechanisms responsible for the rapid but
reversible induction of several positive acute phase genes have
been well studied. In all documented cases increased expres-
sion of these genes in response to a variety of humoral factors

IL-1 - 4 B cm
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Fic. 7. C/EBP proteins do not bind to the regulatory region I of the apoC-III promoter. A, electrophoretic mobility shift experiments
sing CIII-I probe and untreated (—) or IL-1-treated (+) HepG2 extracts. B, competition assays in the presence of 100-fold molar excess cold
smpetitor oligonucleotides CIII-I, CIIID, AlbD, and Spl. C, electrophoretic mobility shift assays with IL-1-treated HepG2 cell extracts were
erformed in the presence of antibodies raised against Spl, C/EBPa (a), C/EBPS (B), and C/EBPS (3).
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is mainly due to transcriptional activation. On the other hand,
there are proteins whose plasma levels decrease during the
hepatic acute phase reaction, e.g. albumin and apolipoprotein
A-I (52). Their expression is inhibited via a posttranscriptional
mechanism affecting the stability and turnover of the respec-
tive mRNAs (52). A precedent example of another class of
negative acute phase genes is transthyretin, whose expression
is decreased during 12-O-tetradecanoylphorbol-13-acetate-in-
duced acute phase response (53). Down-regulation of transthy-
retin expression was shown to be due to decreased expression of
HNF-3a, an essential activator of this gene (53).

The results presented in this paper establish a novel mech-
anism that may be involved in the negative regulation of acute
phase genes, in which the activation of a positive transcription
factor is implicated. We show that apolipoprotein C-III is a
target for IL-1l-induced response. Its mRNA levels and pro-
moter activity are decreased in IL-1-treated HepG2 cells, sug-
gesting that this cytokine negatively regulates apoC-III expres-
sion at the transcriptional level. Because IL-1 is a potent
inducer of NF«B in a variety of cell types (14, 186, 27, 28), and
the presence of a putative NF«B regulatory -element on the
apoC-III promoter, members of this family were thought to play
arole in the modulation of the apoC-III gene expression (32). In
line with this latter report we found that the proximal element
D is a potential binding site for at least two subunits (p50 and
p65) of the NF«B transcription factor (data not shown). How-
ever, DNA binding and transactivation experiments clearly
showed that these factors do not participate in the IL-1-de-
pendent down-regulation of the apoC-III gene. We cannot rule
out however that under other physiological conditions induced
by different combinations of signal transducers, NF«xB may
modulate apoC-III transcription.

Several lines of evidence suggest that C/EBPS is the main
mediator of the IL-1 response of the apoC-III gene. First, under
our experimental conditions IL-1 treatment induced a new
DNA binding activity, which was identified as C/EBP3. In
agreement with previous studies (18), we found that activation
of C/EBPS in HepG2 cells involves posttranslational mecha-
nism. In addition, there is a positive correlation between IL-1-
induced phosphorylation of C/EBPS and its DNA binding or
transrepression activity. Second, C/EBPS$ inhibited apoC-III
promoter activity in cotransfection experiments, while other
members of the C/EBP family did not have significant effect.
Third, the activities of the different mutant promoter con-
structs analyzed in this study were affected in the same direc-
tion by IL-1 treatment or overexpression of C/EBPS.

In all cases that have been described, C/EBPS elicits tran-
scriptional activation of the genes containing one or more
C/EBP regulatory element (9, 18, 20, 54). The apoC-III gene
therefore serves as a paradigm for a puzzling phenomenon: it is
negatively regulated by an otherwise positive transcription
factor. To understand the molecular mechanism responsible for
this surprising effect, we have analyzed the transrepression
potential of C/EBPS on different constructs containing dis-
sected parts of the apoC-III promoter. The results suggest that
in the context of the full promoter C/EBPS causes a net inhibi-
tion mainly through its action on the apoC-III enhancer ele-
ment 1. In contrast to proximal element D, we could not observe
direct protein-DNA interaction between element I and C/EBPS.
On the other hand our results clearly show that C/EBPS can
exert a negative effect on apoC-III transcription through this
site and a positive effect when this region is placed into a
heterologous promoter context. This controversy can be ex-
plained by assuming that in vivo C/EBPS may indirectly bind to
element I through protein-protein interaction with factors that
can recognize this element. A similar situation has been re-
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ported recently for the human C/EBPa promoter (55), showing
that direct binding of C/EBPa to the promoter of its own gene
is not required for the observed positive autoregulation. Pro-
tein-protein interaction between C/EBPa and upstream stim-
ulatory factor (USF) was suggested as an underlining mecha-
nism, since C/EBPa transactivated its own promoter through a
USF binding site (55).

The site-dependent dual mode of action of C/EBPS provides
an interesting example for the changes of the regulatory phe-
notype of a given promoter element, depending on the complex
modular arrangement of neighboring cis-acting DNA se-
quences. The promoter context-dependent negative effect of
C/EBPS may thus be ascribed to its ability to interfere with the
formation of a stronger transcriptionally active complex, rather
than acting as a bona fide repressor.

Apolipoprotein C-III plays an important role in the regula-
tion of triglyceride metabolism. Several studies suggested the
existence of a strong positive correlation between plasma trig-
lyceride and apoC-III levels. Overexpression of apoC-III in
transgenic mice results of hypertriglyceridaemia (34, 35), while
targeted disruption of the apoC-III gene results in hypotriglyc-
eridaemia (37). These changes are in agreement with the pro-
posed functions of apoC-IIl, such as inhibition of plasma trig-
lyceride-rich lipoprotein catabolism by the inhibition of
lipoprotein lipase-mediated intravascular lipolysis or their re-
ceptor-mediated uptake. During tumor necrosis factor- or IL-
l-induced acute phase reaction, serum triglyceride concentra-
tions are increased, which is correlated with increased de novo
hepatic fatty acid synthesis (56). The biological significance of
the reduced apoC-III expression in response to IL-1 may there-
fore be to provide a balancing mechanism to prevent the hy-
peraccumulation of plasma lipids during conditions that pro-
mote the acute phase reaction.

The genes encoding the human apolipoprotein A-1, C-III, and
A-IV are closely linked in the long arm of chromosome 11 (57).
Recent studies have suggested that the upstream region of
apoC-11I gene may function as a common enhancer for all three
physically linked apolipoprotein genes in the apoA-I/apoC-IIl/
ApoA-IV cluster (39, 58, 59). Since C/EBPS inhibits the activity
of this common enhancer, one may expect that besides apoC-
111, the expression of apoA-I and apoA-IV may also be influ-
enced. In this way, the negative regulation of the apoC-III
enhancer by C/EBPS may induce profound changes in the pro-
duction and/or utilization of different classes of lipoproteins
that may lead to complete remodeling of lipoprotein metabo-
lism during IL-1-induced hepatic acute phase reaction.
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