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Mepidnyn

O SHP (Small Heterodimer Partner) eivait €évag op@avog IUPNVIKOG
UTT060X£€ag TTOU €XE1 TNV 1KAVOTNTA va £repodipepifetal pe aAAoug rmupnvikoug
urtodoxeig kat va rnapeprodidetl ) dpdaon toug. [Ipokettatl yia aouvrOioto pEAog
NG urepokoyevelag, kKabwg e 81abetel ) ouvinpnueévn MePloXr] MPOodeong
oto DNA kat enopévag Ae1toupyel ®G PETaypa@ikog OUYKATAOTOAEAG. XTO TTPMTO
KePAAAlo NG epyaciag peAetOnKe 0 POPLAKOG PNXAVIOHROG ITOU €UITAEKETAL
OTNV KATAOTOAn NG petaypagrg ano tov SHP kat e1d1kotepa n ouppetoxr) v
TPOITOTIOU 0LV TNG Xpwpativng oe autov. Ta anoteAeopata deixvouv ottt o SHP
aAAnAeridpd QUOIKA KAl AETOUPYIKA M€ TV KUPlA ATTAKETUAAOCT 10TOVOV
HDAC1 xat wmv euxpopatviky) K9 pebuddon G9a. Ermudéov, o SHP
nmapouotadel eImAeKTIKY duvatotnra aAAnAemnidpaong P& UMOAKETUAIOHEVT KAl
K9 pebuliopévn otovn H3 kat eviormifetatr oe euxpopativikeg repiloxeg. Ta
artoteAéopata vrootnpi{ouv €va PoviEAo yia 1o PNXAaviopo KATAOTOALG ard Tov
SHP 10 oroio neptdapfavet ) orpatodoynon tov ev{UPEV IOU TPOITOII00UV T
otoveg HDAC1 kat G9a xkat 1w otaBepr) mpocdeon tou SHP ot Xpopartivn
peow aAAnAenidpaong pe v vnoaketuAiwpevn kat K9 pebudiopévn H3.

Eivat yvooto ot o SHP maifer omoudaio polo ot pubuion tou
povortatiou 1ou eival urneuBbuvo yia tov KatafoAlopo g XOoAnotepOAng oe
X0AKdA oé¢a oto nrap. Endyetatl ano vynAeg oUYKEVIPMOOELS XOATK®OV 0SE@V ATTO0
Tov TUpn VKO urntodoxéa FXR katl kataotéAdet ) petaypa@r] yovidiov KeEVIPIKIG
onpaoiag ywa t ProouvOeon Kait KUkKAo@opia TV XOAKwV ofewv. Me orkorto
aA@evog TNV TAUTOTOINOT KAl TO XAPAKINPIOHRO VE®V yovidinv otoxwv tou SHP
KAl aQetepou T peAétn g Broloyikrg tou onpaciag ot pudpion tou
NIatkou petafoAiopou, Kataokeudaomnkav kat pedewmOnkav Swayovibiaxka
moviikia T1ou exkppdafouv uynda enineda SHP edwa oto nmnap. Ta
artoteAéopata nou napouvotalovratl oto HeUtepo KepaAato ng epyaciag deixvouv
ot o SHP puBpider v €xkgppaon yovidiov 1mou eivalr onpavukd ya tnv
0p0100Ta0T] TG XO0ANOTEPOANG, TV XOAKAOV 0{EmV Kal Tav TptyAukepidiov. Ta
dtayovibiaka SHP novtikia niapouocialouv Spapatikn peiwon tov anofepdiov
XOAK®OV O0SEMV KAl EKIETAPEVI] OUCOWPEUOT TplyAukepldiov oto nmap. O
PNXaviopog 1mou  odnysi oto @awvoturo auto TepldapfPavel v apeon
petaypa@ikr) KataotoAn arno tov SHP, yovidiov 1ou ocuppetexouv ot
BloouvOeon, emefepyaocia KAl PETAPOPAE T®V XOAK®OV 0§E®V KAOWG KAl TOU
KEVIPIKOU HETAypa@Kou pubpiotr) tou povoratiou, FXR. H enaywoyrn g
Anoyéveong eivatl anotédeopa evog EPPECOU PNXAVIOHOU ITou neplAapfavet tnv

erayoyr) v yovidiov PPARy xkat SREBPlc mou kwdwkorolouv yia toug



Baokoug pPeTaypa@PKoug IAPAyovieG IOU eAgyxouv T PloouvBeon 1oV
TpyAukepdiov. Ernutdéov, pedemOnke o0 pPoplakog  UPnNxXaviopog g
petaypa@ikrg KataotoArng arnod tov SHP in vivo. Ta anotedéopata deixvouv to
poAo tng urtoaketudinong kat K9 pebudionong tng 1otovng H3 otnv kataotolr)
NG petaypaeng ano tov SHP kat anodeikvuouv v unapdn d1akplidv, 101KV

yla kaBe yovidlo pnxaviopov.



Summary

SHP (Small heterodimer Partner) is an orphan hormone nuclear
receptor, which forms heterodimers with other nuclear receptors and
inhibits their activity. SHP is an atypical member of the nuclear receptor
superfamily, as it does not contain the conserved DNA binding domain and
therefore works as a transcriptional corepressor. In the first part of the
thesis, I studied the molecular mechanism involved in SHP-dependent
repression. The results show that SHP can interact physically and
functionally with the major histone deacetylase HDAC1 and the euchromatic
K9 methyltransferase G9. Moreover, SHP binds specifically to hypoacetylated
and K9 methylated histone H3 and is localized to euchromatic territories of
the nucleus. The results point to a multistep mechanism in SHP-depensent
transcriptional repression, which includes histone deacetylation, followed by
K9 methylation of histone H3 and stable association of SHP itself with
chromatin.

SHP is an important component of the feedback regulatory cascade,
which controls the conversion of cholesterol to bile acids. SHP is
transcriptionally induced by the nuclear receptor FXR under high
concentration of bile acids and represses genes involved in bile acid
biosynthesis and transport. In order to identify the bona fide molecular
targets of SHP and study its biological role in liver physiology, we performed
global gene expression profiling combined with chromatin
immunoprecipitation assays in transgenic mice constitutively expressing
SHP in the liver. The results presented in the second part of the thesis show
that SHP affects genes involved in diverse biological pathways, and in
particular, several key genes involved in consecutive steps of cholesterol
degradation, bile acid conjugation, transport and lipogenic pathways.
Sustained expression of SHP leads to the depletion of hepatic bile acid pool
and a concomitant accumulation of triglycerides in the liver. The mechanism
responsible for this phenotype includes SHP-mediated direct repression of
downstream target genes and the bile acid sensor FXRa, and an indirect
activation of PPARy and SREBP-1c genes. Moreover, the molecular
mechanism of SHP transcriptional repression was studied in vivo. The
results demonstrate the role of histone deacetylation and K9 methylation of
H3 on SHP-mediated repression and provide evidence for the existence of



distinct gene-specific mechanisms by which SHP mediates differential
transcriptional repression.
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Kepalaio 1

«MoOpPLaAROG PNXAVIONOGS
HETAYPAPLRNG KATACTOANG AMO
tov SHP»
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Ewcayoyn

Metaypa@iri puOpion

O oxnuatiopog Kat n avartudn evog IMOAUKUTIAPOU Opyaviopou Kabwg
Kdl 1] KUTTAP1KT] d1aqpoportoinon Katl arokpion ota repifaldovika epebiopata
AITA1TtoUV TV TOTKA, XPOVIKA KAl ITOCOTIKA pubpilopevn ek@paot tov yovidiov
tou. KaBe kuttapo npénet oe kabe otypn g {WNg ToU va eKPPACEL PE NEYAAT
akpifela ta kartddAnda yovidia yia 10 XpPOViKO diaotnpa rmou auto eivat
anapaitnro. H pubpion g yovidiakrg €K@PAONG €IMTUYXAVETAL KATA KUPL0
AOyo OTo erirnedo g peraypaeng.

H petaypagikn evepyoroinon evog yovidiou eivat pia IOAUTTAOKD
0ladkaoia KAl amattel ) CUPHETOXT] TOV AEYOPEV®V Cis KAl trans otoxeiwv.
Me tov Opo cis otowxeia evvooupe 1g adAnlouxieg DNA 1ou eivat onpaviikeg
ylia v petaypa@r) oG Ol UTOKIVNTEG Iou [Ppilokovial Kovid Oto Onpeio
€vapéng Kat Ol €VIOXUTEG TOU AIEXOUV HEYAAUTepr arootacrn arno auvto. Ta
trans otowxeia arotedouv ol MPWIEIVEG TOU OTPATOAOYOUVIAL OTIG TEPLOXEG TV
UTTOKIVI IOV KAl EVIOXUI®V OI®S EVEPYOIIOUNTEG, KATAOTOAEIG, OUVITAPAYOVIEG,
aAAd Katl oplopEva Peyadopoplakd MOAUTIPMTEIVIKA CUUTTAOKA.

Zuvn)Bwg, T0 MP®TO Prjpa ywa IV HEIAypaAQlKr] €vePyortoinorn &vog
yovidiou eivat 1n T1poodeon evOog 1] TIEPLOCOTEPDV  EVEPYOTIOUTWV  OF
OUYKERPIEVEG AAANAOUXIEG TOU UTOKIVNTL). XTI OUVEXEWd, HMEO® TPOTEIVIK®OV
aAAnAeruibpdoe®v arkodoubel 1 oTpATOAOYNON TWV CUVEVEPYOTTONTOV KAl H1AG
0Oe1pAg PEYAAOPOPIAK®OV OUPIMAOK®V HE TEAKO arotédeopa v &vapsn tng
petaypaeprng arnd v RNA modupepdon (ewwova 1). Ta oupmdloka autd
Olakpivovtatr avdaloya pe v Asttoupyia toug : oto oAogviupo g RNA
roAupepdong II (RNA Pol II), to ovprmdoxko TFIID, tov O&iapecodafnrr)
(Mediator) kat ta cUuprAoka mnou ennpealouv ) dopr) NG XPUATIVNG.

To oAoév@upo g RNA moAupepdaong aroteAsitar and v ida v
evlupikn evepyotnta tg RNA moAupepdong, Kat 1oug AeyOpPEVOUS YEVIKOUG
petaypagikoug rapayovieg TFIIA, TFIIB, TFIIH, TFIIF kat dAAoug, ot ortoiot
elval amapaitnol yia T HPETAYPA@IKI] £VEPYOTTOiNOon OA®V 1@V yovidimv evog
kuttapou. To ovupmdoxko TFIID amoteAeital eriong armo yevikoug ITAPAYOVIEG
onwg to TBP (TATA Binding Protein) xkat évav api®po ano TAFs (TBP
Associated Factors) kat eivat onpaviiko ywa tov KaBopliopo tou arpi3oug
onupeiou  evapéng g petaypaeng. To ovpmloko tou  SrapecoAaPnrr)
artotedeital and €va ouvoAo TMPW®IEIVOV KAl Asttoupysl oav yé@upa enagrng



Ewayoyr) 1

avApPeoa OToug evepyortolnteég Kat to oAogviupo tg RNA roAupepdong (Cosma,
2002; Lemon and Tjian, 2000; Orphanides and Reinberg, 2002).

Z1ov mupnva OA®V TRV ESUKAPUMTIKGOV KUTIAP®V TO YeEVOUIKO DNA
Bpiloketal rmaketapiopevo padi pe 10toveg Kat AAAeG MPRTEIVEG OTO TTOAUMPEPES
g xpopativng. H Paowkr) povada eivatl to voukAedompa rmou anoteAeitat arno
é¢va koppatt DNA 146 Baocewv TUATYPEVO YUP® ATTO €va OKTAPEPESG 10TOVAV TTOU
nepExel dvo popla ano g otoveg H2A, H2B, H3 kat H4 (Kornberg, 1974;
Kornberg and Lorch, 1999; Luger et al.,, 1997; Parks et al., 1999). H
Xpopatviky)  dour) arotedsi  epnodio  yia  Oagpopeg  Asttoupyieg  TOU
XPNOoonolouv ®g unootpopa to DNA onwg n petaypagr), n aviypagn, 1
ermd10pbwon kat o avaouvdbuaopodg. Ma 1o okomd autd, yia va ermteuxBOet
HETaypa@1Kr) evepyortoinorn, anatteitat n 6pdorn CUPMAOK®V IToU ennpeafouv I
dopny g Xpopativng. Autda Xepifovtat oe dUo Katnyopieg, autd IOU
avadlapop@mVoOUV T XPOUATiVI] KAl Aautd ToU TPOIIOIOoloUV Td AUIVOTEAIKA
axkpa 1ov wotovev (Felsenfeld, 1996; Paranjape et al., 1994).

core promoter

Ewova 1. H evepyoroinon ng petaypa@r)g arnatei t) orpatodoynon 61agopov
HEYAAOPOPIAK®V OURITAOK®V OTNV ITIEPTOXT] TOU UTTOKIVITL.
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Exouv meprypagei  6idgpopolr  pnxaviopoi e TOUg  Oroioug ot
EVEPYOTIOINTEG WUIOPOUV  va emrnpeacouv  kaboploukda v  €vapsn g
petaypagrg. Oplopévol, PEo® MPRTEIVIKOV aAAnAermdpdosnv ernnpedalouv TG
erageg tou OrapecoAdaPniry pe 1o odoévlupo g RNA moAupepdong pe
OUVETEWA TNV ®PIPAvon ToU IPOEVAPKINPIOU CUUITAOKOU, TV ArneleubBeépwmon
g RNA moAupepdong kat tyv €vapén g HEIaypa@IKng EMUNKuUvong (Etkova
1). AAAot ermu@eépouv adAayeg Ot XPpOUATVIKY Oopr] pe 11 oTtpatoAdynon
OUNIMAOK®V TIOU £€ite avadlopyavavouv T Xp@PaAtivi 1] TPOIoIolouV TG 10TOVEG
HE arotéAeopa n MEPLOXT] TOU UOKIVITI] vad Yiverdl o rpooBaociyun (ewkova 1)
(Lemon and Tjian, 2000).

O1 petaypagikoi kataotoAeig aviiBeta Spouv mapeprnodifoviag KATTO10
0tadlo g evepyortoinong, Onwg yia napadeiypa ug enageeg tou dtapecoAaPnrr)
He T Paoikr) petaypa@ikn pnxavr). ZUxXvd €riong, ennpeedafouv ) XpOUATIVIKD
dopnr otpatodoymviag ev{UHUIKA OUPITAOKA TTOU TPOITOTIO0UV TS 10TOVEG KAl
avadlopyavevouv 1 XPp@HATIVI] WOTe autr] va yivetat Atyotepo mpoofdaoiun
(Courey and Jia, 2001).

Avadiapoppwon tng Xpwpativng

H avadiapdppwon g Xpopativng ermrtuyxdvertat arnod eeidikeupeva
OUUIAOKA TP®TIEIVOV TTIOU XPINOIOII00UV TV EVEPYELA TTOU €KAUETAl AITO0 TNV
udpoAuon twou ATP. Ta uéAdn 1wv ATP-eaptopevov  OUUTTAOK®V
KATyoploriolouvial o€ TPElG ouddeg avdadoya UE TNV KATAAUTIKI] TOUG
urtopovada. Zinv nmpwtn oudda avikouv ta ueAn g owkoysvelrag SWI/SNF nou
nepexouv g ATPdaon v npoteivy Swi2/Snf2 tng {Uung 1] KAroio ouoAoyo
mG. Xt Seutepn oudda aviKoOUv Ta CUUITAOKA UE KATAAUTIKI] uroupovada tnv
npateivn ISWI evo otnv 1pitn opada avrikouv autd rou reptexouv v ATPdon
Mi-2. Ta mnapandve ouprndoka otav otpatodoyndouv OToUG UTOKIVITEG
erupepouv  doukeg aldayeg oOtn  Xpoudtiviy pE  TeEAKO  arnotédeopa v
EVEPYOITOINOT Il KATAOTOAN NG petaypaeng. Me Bdon in vitro Kuping peA€teg
éxouv mpotaBei diagpopol pnxaviopoi ywa Tov TPorno 6pdong toug, Onwg 1)
MPOKANON OopKaV aAlaywv OT0 10TOVIKO OKTAHPEPEG HE OUVENEWd 11
Sdlagoporoinon twv ena@ov tou DNA pe 11§ 10toveg, 11 ArTOpAKpUvon dipepwv
H2A-H2B 1] 0AOKANP®V VOUKAL0OMMAT®OV KAl 1 oAioBnon vourAeoompdt®v
Kata prxkog g adAndouxiag tou DNA (Kingston and Narlikar, 1999; Narlikar
et al., 2002).
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TPOMOMONOELG TNG XPWHATIVNG

O1 10toveg eival 1OAU ouvinpnueéveg HIKPES PAOIKEG TPWIEIVEG TIOU
artotedovuvial arnd &va CUPIAYEG O@AlPIKO TUNHA KAl €va IToAU €UAUY10TO
APIVOTEATIKO AKPO ITOU EKIEIVETAl PAKPLA A0 TO VOUKALOOMUA (APVOTEAIKT)
oupd). Ot apwvotedlkeg O0UpPES TOV  10TOV@V  UTIOKeEwtdl oe  O1d@popeg
TPOTIOITO0ElS OM®WS AKETUAI®OT, oufikoutividimon kat ADP-pifoludinon oe
ouvInPenpeva Katddouta AUoivng, PEO@OPUAIDON O KAtdAouta ogpivng Kat
Bpeovivng Kat pebBuldinon oe ouvinpnpeveg Auciveg Katl apywviveg (Etrova 2).
YrievBuva yia tg napandve tporornotr)oelg eivat eeidikeupeva éviupa 1ou
Bpiokovtat ouvrfwg oe PeEYAAOPOPlAKA OUMUIMAOKA KAl oOrpatoloyouvidl O€
UroKvNieg 1] KO1KEG 1meploxeg yovidiwv oOmou avayvapifouv edka tnv
APVOTEAIKT) oUupd KArolag 1otovng (ouvnBwg H3 1) H4) kat v tporortotouy. O1
TPOTIOITO0L1G TG XPWHATiVNG Maifouv oAU onpaviiko pOAo OTn HPETAYPAPIKT)
EVEPYOIIOINOT] 1] KATAOTOAL] NG YOVIOlAKI)G €K@PAONS KAO®MG petaldayeg eite
OTa OUVINPNHEVA KATAAOUTA TOV APIVOTEAIK®OV OUP®V TOV 10TOVAV 1] ota eviupa
IOU Ta TPOIOItoloUV, ermpealouv oe peyado Padbpd ) petaypagn v
ePLo00TEP®V Yovidimv (Berger, 2002).

“® @D pu> PED

| |
Hs ARTKQTARKSTGGKAPRKQLATKAARKSAPATGGVKKPH.|.DFKTD.|.-|Histone H3
8

I
Hs SGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLAR -|Histone H4

Ewkova 2. Ot TpOorornotoeig 1oV apivoteAKOV oUpav Tev 1otovev H3 kat H4.

O pOAOG TNG AKETUALDONG TGV LOTOVOV

Hrtav yvooto yia iave arno 1pelg deraetieg 0Tl 1] KATAOTAOT AKETUAI®ONG
IOV 10ToVeV ouoxetifetal pe ) petaypagikn Spaoctnpotnta (Allfrey et al.,
1964). Apxikeg peldeteg £d6e1§av OTl o1 10ToveG ToU Ppiokovial otig pUBPRIoTIKEG
MEPLOXEG HETAYPAPIKA EVEPYRDV YOVIOI®V €lval UMEPAKETUAIDHIEVEG, E€V® OE
avtidlaotodr] katactaApéva yovidbia IEPLEXOUV  UMMOAKETUAIDUIEVEG 10TOVEG
(ewkova 3) (Hebbes et al., 1988). Qotoco, pdvo rmpoceata arnokaluednkav Kat
Xapaktnpiotkav ta eviupa Iou KAataAuouv 11 PEta@opd aketudopddag amno to

aketuloouvévlupio A os katadouta Auoivng tov 10tovev. Ot akeTUAdoeg 10TOVOV
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oy rmeloyn@ia toug €ixav 16n tavtoronOei g petaypa@ikol ouviapdyovteg,
OM®G 0 ouvevepyorotg NG Uung Gend, o yevikog petaypapikog pubpiotng
CBP (CREB Binding Protein) xkat to TAF250, uropovada tou yevikou
petaypagpikou ouprtdokou TFIID (Bannister and Kouzarides, 1996; Brownell
et al., 1996; Mizzen et al., 1996).

active/accessible inactive/condensed
P B>
[H3] ARTKQTAHE?JGG%APRKQL [H3] AF{TKQTJ.F{KSTGGKAPFIKQL

’ > [CENP-A] MGPHRRSRKPEAPHRRSPSP
Ac 7

[H3] ARTKQTARKSTGGKAPHKQL
14

, [H3] ARTKQTARKSTI .GKAPRKQL

[H4] SG?GEGGKGLGKGGAKRHRK [H4] SGRGKGGKGLGKGGAKRHHK

Ewrova 3. Zuvbuaopoi tpororotrjoewv v 1otovov H3 kat H4 mou éxouv cuoxetiotel
pe evepyortoinon (apilotepd) 1) Kataotodn (6e§id) tng petaypaerg.

O1 aretudotpavo@epdoeg 10TOVAOV 81aKpivovial 0g O1KOYEVEIEG TIOU eivatl
ouvinpnueveg ano i) {Upn og tov avpwro. ITo onpavukeg eivatl ol O1KOYEVELIEG
Gen5/PCAF, CBP/p300, TAF250/TAF130, xkabwg kat aut] TOU
OUVEVEPYOTTONTI] TOV MUPNVIK®V uriodoxewv oppovng SRC1 (Kuo and Allis,
1998). Xapakmplouko g KABs owkoyevelag eivatr n evQUPIKI €161KOINTA ©G
npog Vv 1otovny (ouvrBwg H3 1 H4) kat 1o ouykekpiévo KATAAOUTO ITOU
tportortoteitat. [a mapadetypa, o GenS nmapouotadetl MPOTIPNOT yld AKETUAI®OT
g wotovng H3 ot Auoivny K14 (Kuo et al., 1996). EmumA¢ov, peAn 1ing
owoyevelag GenS/PCAF dpouv g ouvevepyortouteg yia oplopeveg opadeg
yovidiov, eved 1o CBP kat p300 €xouv 1110 yevikO poAo otnv evepyoroinon tng
petaypa@rg v IepPloocotep®v yovidiov (Sterner and Berger, 2000). Kowvo
XAPAKTNPOTIKO ToUg gival ot in vivo Ppilokovial oe Peyadopoplakda cUNITAOKA
ornwg 1o SAGA 1ou mepiexel to GenS kat to TFIID tou oroiou pédog eivatl to
TAF250 (Grant et al., 1997).

H aketudioon tev 1otovev arotedei Suvapikrn tpororoinon Kat oXedov
mapdAAnda pe TV avakaluyn TV AaKETUAAO®wV, TAUTOror)Onkav ta mnpota
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évlupa Imou a@ailpouv v arketulopada ano t1g oupég tewv otovev (Taunton et
al., 1996). Ilpokewtat ywa TS AMAKETUAACES 10TOV@OV TIOU APXIKA €ixav
XAPAKINP1OTEL G PETAYPAPIKOT OUYKATAOTOAEIG. ATTOTEAOUV €TTiONG UTIOPOVADEG
HEeyaAopoplak®v OURITAOK®V KAl dlakpivoviat oe dUo KUPleg KATnyopieg e
Bdaon tv opodoyia pe tg anarketuddoeg g uung. H nmpotn (class I) €xel wg
péAn tig HDAC1-3 mou napoucialouv opodoyia pe v RPD3 tng uung, evw
otn devtepn katnyopia (class II) avrikouv ot HDAC4-6 pe opoloyia pe v
HDA1 (Grozinger et al., 1999; Kuo and Allis, 1998).

H HDAC1 armoteldei v KaAUtepa PeAETNPEVT] ATTAKETUAAOT] 10TOVWV KAl
éxel Ppebdel va naifel onpuavukod polo otV KATAOTOAT] €vog peyddou apiOpou
yovidiwv. Armotedei urnopovdada touAdxiotov U0 CEX®PIOTOV HEYAAOUOPIAKRDV
OUUIMAOK®V TTOU CUPHETEXOUV OT1 PETAYPA@IKY] KAaTtaotolr], tou SIN3 kat tou
NURD (ewkova 4). Ta naparndve ouprdoka rnapouotalouv e§e1dikeuon oG rmpog
TOUG KATaotoAeig pe toug ortoioug aAAnAermdpouv Kat apa ta yovidia otoxoug
ota  oroia  orpatoAoyouvidl. Erunpoobeta, OPLOPEVOL  KATAOTOAEIG
aAAnAsembpouv aneubeiag pe v HDACI1, aveSdpinta and 10 OUUITAOKO OTO

ortoio Bpioketal (etkova 4) (Knoepfler and Eisenman, 1999).

Core HDAC complex

Mi-2 RbAP46/48 Sin3
<+ —_—
Nurd/Sin3 _ factors HDAC1/2
Intrinsic MTA2 @ / SAP18 @
MBD3 Tl SAP30 L J
p66 o ~N
Tissue specific Hunchback @ NCoR/SMRT
PcG - Mad/Mnt @Bgy NHR Dimer
Ikaros 4 MeCP2 @ Max
MBD2 L Ikaros L &
‘» gMES =
ki .®
Other _ co-repressors -
and HDAC binders e e A
Groucho : ) TGIF? C:) Rb
Transcription factors @ ®®Smads @ EoF

Ewova 4. H HDAC1 sivat uropovada twv oupridokewv SIN3 (6e§1a) xkat NURD
(apilotepa) ta omoia orpatoAoyouvial aro H1A@PopouUg PETAYPAPIKOUS KATAOTOAEIG.

O poAog TG PEOUAI®ONG TOV 1OTOVAV

Y& aviidlaotodr) pe Vv aketudionon, n pebulionon tov 10tovav @aivetatl va
€lval ONPavtikiy TO0O0 yla TV €vepyortoinorn 000 KAl TV KATAOTOAI TNg
petaypagrg, avadoya pe 1o katddouto kat ) O€on mou tpororoteitat. Ma
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rapadetypa, n pebudinon g otovng H3 otig Auvoiveg K9 kat K27 kat g
otovng H4 ot Auoivny K20 exouv ouoxetiotel 1€ KAtaotoAn tng petaypaeng,
YOVI81aKT] AMOo1®INon KAl OXNPATIONO £lEpoXpeuativng (ewkova 3). Avtibeta,
n pebudiowon g Auvoivng K4 g H3 kat n pebudionon kataloinwv apywvivng
Tov wotovav H3 kat H4 eivat Xapakinplotikeg TPOIIOIO|0OEIS OE TIEPLOXEG
yovibiov 1ou eivat petaypa@ikd evepya (ewkova 3) (Kouzarides, 2002; Rice
and Allis, 2001).

H mnpotn pebulotpavogepdon 1ou XxXapakinpiotnke rnav Onlaotiko
opoAoyo tou Suv3-9 tng 6pocoelAag, To oroio £xel e161KOTNTa yia I Aucivn K9
s H3 xkat maifer poAo ot yovidiakr] aAnoowrnon Kdai 10 OXNPATopo
MEPIKEVIPIKNG  etepoxpopativng  (Rea et al., 2000). ITio npoopata
Tautonow)Onkav kat ddda evfupa mou pebBuAiwvouv v K9 ng totovng H3
onwg n G9a, n SETDB1 kat n Eu-HMTase 1, o1 ortoieg €ivat onpaviikeg yua )
HETAypaA@1KL] KATAOTOAI] oplopévav yovidiov otnv suxpopativr. Ernutiéov, 1)
npateivn E(z), pélog TOU OP®OVUPIOU OUUITAOKOU ITIOU OUPUEIEXEL OV
AIoo1OINOoN TV OHOTIK®V Yovidiwv, pebudiwver v H3 own Béon K27.
Avtiotowxa, yua v pebulinon tg H3 ot Auoivn K4 éxel xapaktnpiotei €vag
ap1Bpog aro eviupa onwg n Setl g {Uung, n Set 9 twv OnAactkwv Kat 1
Ashl, evo yia v pebuldinon twv apywiveov, 1 CARM1 kat n PRMT1. Kdabe
Katalouto Aucivng 1) apyivng rmou tporornoteital priopei va dexBei ano pia €mg
Tpelg pebulopddeg kat kabe €viupo TAPOUOCIAfEl OUYKEKPIPEVH] €181KOTTA
(Kouzarides, 2002).

Eveo 1n akewldiowon tov 1otoveav pubpiletat duvapika anod i dpdon
AKETUAAOQOV KAl ATAKETUAAO®V, 11 PeBUAI®ON TV 10Tovav apXika Bewpnbnke
OTl artotedel pia «poviun» Tporornoinon rnou dev eival euUkodo va avaipebei. Xe
AUTO TO CUUIEPACHA OUVI)YOPOUOE KAl Il PEXPL IIPOTIVOG ATIoUCia MEPAPATIKOV
6edopévav yla v unap$n evfUpwv 1ou arnopebuAliovouv TG 1otoveg. Eixav
npotabei evaAdaktikoi pnxaviopoi rmou va e§nyouv TG TEPUTINOEIS AVAVERDONG
G pebulimong onwg n avukaraotaon g PeEOUAOPEVNS 10TOVNG A0 Hn
Tportortoinpévo poplo (Ahmad and Henikoff, 2002). Qotdéco, tov mepacpévo
XPOVo Xapaktnpiotnkav £€viupa Iou €XoUv TV 1KAvotnta va aropebfudiovouv
otoveg. Apxika Ppedbnke ottt n PAD4, pia nenuidikn anoapivacn apyvivng,
propei va avrayevi¢etar ) pebBuldioon otig apywviveg, HETATPENOVIAG TIS OF
K1IIpoUAiveg o1 ortoieg dev propouv va uriootouv pebuldioon (Cuthbert et al.,
2004; Wang et al., 2004). Xt ouveéxela avakaAu@Onke 1o Mpwto £vQUHRO ITOU
0pa wg aropeBuldon tng K4 pebBulinong wng otovng H3. Ipoxkertatr yua v
LSD1 rou Asttoupyei ®G PeTaypa@ikog OUYKATAOTOAEAS KAl €ival OUVINPNHEV
aro 1 {Upn wg tov avlpwrio (Shi et al., 2004).
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H unoBson tou KOS1KA TGOV 10TOVQOV

H axkewldiwon twwv 10toveov arotedel v Kadutepa HeAeTnUEVN
TPOTIOIOINON KAl arotédeoe 1 PAon yia v KAtavonon Tou TPOIou HE ToV
0IT0i0 01 TPOTOTIOU 0L NG XPWUATivng ernnpealouv I petaypaen. Mia npotn
unobeon 1ou £yve otnPixXOnKe 0To yeEyovog OTL ArToUcia TPOTIIOTIO|0E®V O OSIVOG
okeAetog tou DNA adAnderudpa pe peyadn ouyyevela pe 1S PAoikeg
APWOTEAKEG O0UPEG TV  1otovev. I[IpotaBnke oOmt 1 aketudiwon, IOU
eoudetepmvel 10 QOPTIO TV oUpwVv, OUPPAAel otnv €AdATIWOn NG OUYYEVELAG
aAAnAenibpaong DNA-iotovev pe ouveérela v €UKOAOTEPn Ipoocfact eV
HETAypaA@IK@V TApAyoviov. X& aviidlaotodr), 1 arouocia aretulopadwv
avapeverat va audrjoel 1 ouyyevela Inpoodsong otovwv pe to DNA pe
arotédeopa 1 petaypa@iki) kataotoAr]) (Morales and Richard-Foy, 2000;
Wolffe and Hayes, 1999). Av kat nieipapatikd €xel 6exBel 0Tl 11 akeTUAiwON
ernpeadel ) otepeodiataldn @V 10ToVeOV yUupw aro 1 O6umArn €Awka tou DNA,
npoopata O6edopéva nrav aviibeta pe v unobeon Ot o1 aAAayeg AUTEG
ernpedfouv oe peyado Badbpo v mpoéofacn TV PETAYPAPIKGOV TTAPAYOVI®OV
(Mutskov et al., 1998; Wang et al., 2000). Emnpdobeta, arnokaAugdnke o
poAdog tng pebuldiwong, plag tpororoinong rou dev odnyel oe aldayég oto
(POPTIO TV APIVOTEATKWV OUPQV.

Meta ano pla véa mpoogyylon Tou {Nupatog, eKQpAotnke 1 16¢a Ot ot
TPOITOTIOUOL1S TG XPOUATIVIG £EVEPYOUV KOG ONPIATda yld HEIEMETa pubpiouxka
yeyovota. IlpotaBnke n unoBeon tou KwdKA OV 10TOVEOV, OUP@OVA HE TNV
ortoia ot 81APOPEG TPOITOTIOOES TOV AMIVOTEAIKOV AKPKV IOV 10TOVAV OIS
aketudioon, pebBulioon Kalt @EOoEoOpPUAimOon emnpeadouv T OoUyyevela
aAAnAemntibpaong ya npwteiveg rmou mpoodevovtal ot Xpepativy. EmmAgov, ot
Tportorooelg g 161ag 1] YEOVIK@WV aPIvOoTEAK@V oupwv eivat duvatdov va
eivat aAAndoeaptopeveg kat va dnpioupyouv dagpopetikoug ouvOiuaopoug oe
KAaOe vouxkAeoomnpa, 6nAadr) eva €idog kwdika rou Ba draPfadetatl anod npwieiveg
pubnioteg ou Ba adAnderudpouv pe g otoveg (Jenuwein and Allis, 2001;
Strahl and Allis, 2000; Turner, 1998).

H petagppact Tou KOS1KA TV 10TOVOV

H unobeon tou xkwdka v 10tovev T1poPAfriel  OTl  Oplopévol

petaypag@ikoi pubpioteg mnpoodévoviat ot Xpepativy pEo® aiAnAermdpaoemv

HE Ta apvotedlkd AKPd TRV 10TOVEV, OTAV autd €ival TPOToTomnpeéva he e181ko
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TpOrto. Xe oupgavia pe t Bewpia avtr), 6o dopkd potifa, to bromodomain
Katl 1o chromodomain PBpeOnkav va aAAnAermdpouv e TPOTOMOUIEVES 10TOVES
(exkova 5) (Marmorstein, 2001). To bromodomain avayvepilelr TG
apwvoted1keg oupeg v 1otoveov H3 kat H4 otav eivar axketuAiopéveg oe
ouvinpnpeveg Auoiveg (Dhalluin et al., 1999). Xuvaviatalt oe npwieiveg 1mou
pubpnifouv Beuka ) pertaypaen onwg tv SNF2 ATPdorn, urnopovada tou
ouprdokou avadiapoppnong SWI/SNF kat tig aketvdaoeg GenS, PCAF kat
TAF250 (ewkova 5).

(a) PCAF HAT TAF, 250 HAT
HAT Bromo Double bromo

_—

\’ -ﬁ- -L%—[%-

(b) SUV39H1, Cir4 HMTs HP1, Swi6
Chromo Cys SET Cys Chromo Shadow
" ) | | 7
d B dd L~
? ?

o ‘e o

Ewkova 5. a) To wpotifo bromodomain r1mou ouvavidtat o0 MPEIAYPAPIKOUG
OUVEVEPYOTTIONTEG AVAYVOPIZEL TIG AKETUAIOPEVEG APVOTEAIKEG OUPES TV 10tovav. b) To
potifo chromodomain rmou cuvavidtal e PETaypa@Koug OUyKataotoAeig avayvopilet
TG PEOUAOPEVEG APTVOTEATKEG OUPES TV 10TOVQV.

Ao v dAAn pepud, to chromodomain avayveopifelr pe mpotipnon
pebudiopéveg 1otoveg. E1dkotepa, 1o chromodomain tou HP1, piag npoteivng
mou eival anapaitnt) ya 10 OXNPATtoPo €IEpoXpeUAtivng avayvepifel e1dikd

10
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Ta apvotedika akpa g otovng H3 otav eivar pebudiopéva ot Auvoivny K9
(ewxkova 5) (Bannister et al., 2001; Lachner et al., 2001). Emiong, 1 npwteivn
Polycomb, urnopovada tou peyalopoplakou ouprndokou PcG mou cuppetexet
OV AOOIWI 0N TV OHO0TIK®V Yyovidinv, avayvepifel pe to chromodomain
rou 61aBeter peBuliwpevn H3 ot B¢on K27 (Fischle et al., 2003).

Enopeveg, ota petaypa@ika evepyd yovidla 1 UMEPAKETUAI®ON TRV
otovewv  obnyei oe  audnpévn Kavounta IPOcdEOng  yia  OCURITAOKA
avadlapoppwong S xpopativng onwg to SWI/SNF, yia ouprmloxka 1ou
TPOITOTIO0UV TG 10T0veg OTIG to SAGA, P/CAF kat yia 10 yeviko PETaypapiko
ouprdoko TFIID (ewkova 5). AvtiBeta, KaAtd T HETAYPAPIKT] KATACTOAN 1)
arnouocia axketUAOPEVEOV 10Tovev eivatl duvatov va odnyrnoet oe orpatoAoynon
ouykataotoAewv. Otav n petaypa@ikr] KataotoAny ouvdudaletatr pe pebulinon
¢ Auoivng K9 11 K27 tng H3 eivat duvatov va orpatodoyouvial pateiveg mou
napepriodifouv ) petaypa@ikr) evepyortoinon. To mapandve cupPaivel katd to
OXNUATIOPNO  €repoxXppativngg pe tv npoodeon tou HP1 kat kata v
AIOO1WIIN 0T TV OPO10TIKWV YOVIOiRV PE TNV oTpatoAoynorn tou ouprndokou PcG
(ewtkova 5).

Ze oupgavia pe v unobeon 10U KOd1KA TRV 10TOVOV, TIPO0PATEG PEAETEG
€de1i§av Ot o1 tpororoir)oelg g i6tag apvotedkng oupdag HUIopouv va
dnuioupynoouv adAnAosfaptwpevoug ouvduaopoug (Nishioka et al., 2002; Rea
et al., 2000). Ta mapddeypa, n @wogopulinon g oepivng S10 11 1
peBudiowon tng Auoivn K4 otnv otovn H3 epnodifouv petenetta pebudinon ng
Auoivng K9. Ermiong, onwg eivat avapevopevo 1 aketudionon kat n pebulioon
o Auvoivnp K9 eivar apoiBaia pn ouvpPateg. Egocov n K9 peBuldinon
OUOXETI(ETAl PE METAYPAPIKI] KATAOTOAL), &€vew 1 aketudiwon g K9, 1
pebudioon g K4 kat n gwopopudinon g S10 pe evepyoroinorn, eivat
duvatov ot ouvbuaopol TV TPOITOIOU|OERV TWV 10TOVAV VA AEITOUPYOUV Oav
€vag poplarog H1akorng pe dragopetika anotedéopatd.

O pOAOG TGOV TPOMOIMOLCEWV OTNV EUXPOPATIVI] KAl TV ETEPOXPOHATIVY)

H 6wdkplon g Xpopativng 0O €UXpUArtivi) KAl €repoxprpativn
IIPOEKUYPE AITO APXIKEG KUTIAPOAOYIKEG TTAPATNPL0OELS, CUPRP®OVA HUE TG OIT0ieS 1)
ETEPOXPOPATIVI] OPIOINKE ®G I TIEPLOXI] TOU YOVIOI®OPATOG ITOU TAPAMEVEL
OUUTITUKVOPEVI KAO O0An 1 61apKela Tou KUTIaplkouU KUKAOU, oe aviiBeon pe ug
MEPLOXEG NG EUXPWOUATIVIIG TTOU UIMOKEWTAl Of KUKAOUG XaAdp®mong Kat
ouprnukveong. ErmutAéov, Blroxnuikeg peAéteg €6e1§av 0Tl 01 ETEPOXPOUATIVIKEG

11
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MEPLOXEG TTAPOUOIAfOUV MKPOTEPT] IpooPfactpotnta ya éviupa avaouvdéuaopou
1] MIEPIOPIOP0U KAl PETAYypAPIKoUg rtapdyovieg (ewkova 6) (Grewal and Elgin,
2002; Richards and Elgin, 2002).

euchromatin heterochromatin

l f“
P

,0)))7])0))

NI,

Ewkova 6. Ol XapaKuPlOTIKEG TPOIOIOU)OELS TG EUXPOUATIVIIG KAl TG
€TEPOXPOUATIVNG.

H etepoxpopativn nepdapfavel Kuping reploxeg rmou Ppiokovial Kovid
ota TeEAopEPT] KAl TA KEVIPOHEPI] IOV XPOHOO®UAT®V. O CUOXETIONOG PETAdU
ETEPOXPOUATIVIKLG KATAOTAONS KAl YOVIOIAKNG ATTOOIRI0NG £YIVE ATIO PNEAETEG
o 6poocolda, oOmou yovidia 1ou peta@epBnkav Oe TEPIOXEG KOVIA OTNV
etepoxpepativny, arnoowwrOnkav. H etepoxpopativn exkteiveratr eriong oe
MEPOXEG Yovidimv Kat odnyel otnv arnoowdrnnor toug. Ol mapandave IEPIOXES
propetl Kuttapoloykd va pnv eivat 81arptteg addd mapouotdfouv €AAewyn
npoofaocpotnrag yia  HPEIAypaA@KoOUg  IAPAYOVIEG — KAl  ETTIYEVETIKY)
KANPOVOUIKOTNTA TG £IEPOXP®UATIVIKIS Kataotaong (Wallrath and Elgin,
1995; Weiler and Wakimoto, 1995).

MeAeteg ot S6poocoplda €6ei§av ) onpacia g ArOAKETUAI®ONG TV
otovav kat g K9 pnebulinong g H3 oto oxnuatiopo g erepoxpapativng.
MetaAdayég oe anaretuddoeg HDACs, otv K9 pebudaon Suv39, addd kat
oy erepoxXpopanviky) nipwteivp HP1  o0dnyouv oe mnpoPAnpata otnv
eyraBibpuon kat H1a1VIon NG ETEPOXPOUATIVIKIG KATAOTAONG. ZUP@P®OVA HUE TO
poviedo 1mou exel mpotabei, apXiKA amnatteitat 1 AMOAKETUAI®ON KAl 1
pebuldinon g Auvoivng K9 g H3 amo tv Suv39 kat o ouvéxewa 1
npoodeon tou HP1 oug tporormoinpéveg apivotedlkEG OUPEG TV 10TOVOV
(ewkova 7). Erurpoobeta, npooeateg peAéteg avedeifav 1o podo popiov RNA
otov KaBop1opo e181KOTNTAg yia TS TEPIOXES TTOU TIPOKEITAL VA ATTO01®INOouv
(Grewal and Moazed, 2003).
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£ Histone H3

Ewova 7. O MpotelvOIEVOG HUNXAVIOROS yld T YOVIS1aKI] AIOOlQIINon KAtd 1o
OXIPATIONO TNG ETEPOXPOUATIVIG.

AvtiBeta, otnv euxpopativn Bpiokoviat a@evog ta PETAypaA@IlKA evepyd
yovidia kat aperepou ekeiva 1ou eve eival Kataotadpéva €xouv 1 duvatotnta
va ek@paoctouv oe dedopévn otypn otav addda§ouv ot ouvbnkeg amno eva
epéblopa 1 orfjpa (ewwova 6). Ermopéveg, ta yovidia rmou UmoOKewvial o€
HETaypa@1Kr] KataotoAr] dia@epouv amnod autd Iou £ival ArooIRIUHPEVA OGS TIPOG
I duvatotnta ya Petaypa@iky) svepyoroinorn. Ermmpoofeta, n euxpopauvikn
KATaotoArn replopifetal Kovid otov UIoKvIir) o€ aviibeon pe 1 yovidlakr)
AIOO1WIIN 0T ITOU €KIEIVETAl O Pla €UPUTEPT XPOPATviky neploxn (Moazed,
2001).

H arnoaketudi®on ToV 10TOVEOV O TMEPIOXEG UTTOKIVNTOV ATToTeAel PaoiKO
XAPAKTNPIOTIKO TG HETAYPAPIKNG KATAOTOAIG TRV IEPIOCOTEP®V Yyovidiwv. Xe
OPLOPEVEG TIEPUTIMOELS 1] KATaoToAr] ouvodeustal pe pebuldinon ownv K9 tng H3
aro évfupa mou eviorti{ovtatl oty euxpopativn onwg n G9a, n SETDBI1 kat n
Eu-HMTasel (ewkova 8) (Schultz et al., 2002; Tachibana et al., 2002).
KaAuUtepa aro oAa exetr pedenBet n G9a, n onoia npocOeter duo peBuropadeg
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owmv K9 g H3 kat eivat e1d61kn yia v euxpopatvikn kataotodr) (Tachibana
et al., 2001; Tachibana et al., 2002). Xe kuttapa eAdeutuxka yua G9a, n K9
peBudiowon arouoialel aroxkAsiouika ano v suxpopartivy (Tachibana et al.,
2002). H G9a éxe1 Bpebei va Aettoupyel ©G PeETaAypa@IKOG OUYKATAOTOAEAS YA
toug kataotoAeic NSRF/REST, PRD1-BF1 CDP/cut kat CtBP (Gyory et al.,
2004; Nishio and Walsh, 2004; Roopra et al., 2004; Shi et al., 2003). T'a
napadetypa, o NSRF/REST otpatodoyei ) G9a oe umokivnieég oplopevev
VEUPOEIOIK®V YovidiwVv Og |1 VeEUup1koUg KUTtapikoug turtous. H eviupikr) §paon
g GY9a eival anapaitnin yia ArnoteAeOpATIKL] KATAOTOAN TV VEUPOEIOIKGOV
yovidiov Katl d1at)pnon tou Kuttaptkou @awvoturiou (Roopra et al., 2004).

Ewg onpepa O6ev  €xouv Xxapaktnpiotel e101Keg Tpwteiveg NG
euxpopativng rou va avayvepifouv v K9 pebBuliwpevn H3. Qotooo,
npoo@ateg pedeteg £deSav ot peAn g owkoyevelag HP1 propouv va €éxouv €va
TETO10 POAO ot Yyovidia otoxXoug 1ou gAeyxovtal ano toug Kataotodeigc KPAB,
NSRF/REST xkat Rb (exkova 8) (Ayyanathan et al., 2003; Nielsen et al., 2001;
Roopra et al., 2004; Schultz et al., 2002). Qotoco, aSifer va onpelwdel o
1Olaitepa onpaviikog polog g arnoaketudionong twv otovov H3 kat H4 otn
HETAypA@1KL) KATAOTOAT], y1ati a@evog ermtpérnet ) peteneita K9 pebuiinon kat
apetépou  exel dewxtel dApeoa va audavel v KaAvotnta npocdeong yua
HETaypa@lKoUg pUBHIOTEG OTIWS O OUYKATAOTOAEAS TOWV ITUPINVIK®OV UITOOOXE®V
SMRT xkat o yevikog ouykatactodéag g {uung TUP1 (Edmondson et al.,
1996; Hartman et al., 2005; Yu et al., 2003).

Methylase
? SUV39
methylase

Deacetylase
. Deacetylase

Ewkova 8. O polog tng pebudinong g Aucivng K9 tng H3 kat tng npoobeong tou
HP1 otn petaypa@ikr] KAtaotoAr] otV eUXpOUATivL.
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O1 nupnvikoi unodoxeig

O SHP (Small Heterodimer Partner) avr)ket otnv UITEPOIKOYEVEIA TRV
mupnVvike®v urodoxeéwv oppovng. Ot rmupnvikoi urtodoxeig eivatr pubuilopevol
HETaypa@Kkol Mmapdyovieg ITOU E€VEPYOITOOUVIAlL HETA A0 TPOCOE0T] UIKPGOV
Ano@Aev ouvdetwv Onwg otepoeldeig oploveg, Bupoeldr)g oppovn, Atrtapd osea
Katl petafoAika mpoiovia xXoAnotepoAng. Karmowa péAn npoodevoviar oto DNA
oav opodlpepr), v KATold dAAa oav €tepodIEPT] HPE TOV ITUPNVIKO Urtodoxea
RXR. Ot mpwteiveg pe tv 161a dopun addd Xwpig XapaKinplopevo ouvdETn
ovopalovtat opgavoi urtodoxeig. MéEAn g owKoyévelag TRV ITUPHVIKGV
UTTI000XE®MV €AEYXOUV TNV eKk@pact yovidiwv rou oxetifovial Ue v KUTIAPIKI)
dla@oporoinorn, v avartuén kat 1) @uotlodoyia evog opyaviouou (Giguere,
1999; McKenna and O'Malley, 2002).

XApaAKINPOTIKA AUTAG TG OIKOYEVELASG TRV HETAYPAPIKOV TAPAYOVI®OV
eivat: 1) Mwa oAy ouvinpnuevn mneploxr) rpocdeong oto DNA armotedoupevn
aro dvo daktudoug Yeudapyupou pe v ornoia avayvopifovial CUYKERPIUEVES
aAAnldouxieg mou Ppiokovial OTOUG UMOKIVNTEG KAl EVIOXUTEG YOVIOIOV OTOXKV,
2) ma xkapPolutedikr) ouvinpnuévn nieploxn (AF2, Activation Function 2) rou
eivat unevbuvn yua v 1pocdeorn tou ouvdeln, To Olueplopd KAl TNV
€VEPYOITOINOT TNG HETAypa®ns, 3) Yia apivoteAlkr) ouvinpnuevn nepoxn (AF1,
Activation Function 1) mou eivat onpavukr ywa v evepyoroinon 1ng
petaypa@ng aveSaptnra aro Inv nmpoodeon ouvleln, 4) pla MEPLOXI] ITOU €XEL
Kataotadukn dpdon oto kapPolutediko akpo (Giguere, 1999; McKenna and
O'Malley, 2002).

H nipoobeon tou ouvdetn em@eper pla addayr) otn otepeodour) Tou
MTUPNVIKOU UTtodoXea Ue ouvernela tr duvatotnta aiAnAemnidpaong pe e161koug
OUVEVEPYOTTONTEG TNG Petaypa@rng g owkoyevelag pl60 onwg SRC1, TIF2 kat
1] OTPATOAOYNOI] TOUG OTOUG UIMOKIVNTEG. ATotedeopa eivat o oXnuatiopog
EVEQYRDV HETAYPAPIKWV OUUIMAOK®V KAl EIOPEVOS I €vePyoroinon Ing
petaypaprg. H emayopevny and ouvdetn aAdndenibpaocn TtV TTUPNVIKOV
UTTO00XEMV HE TOUG OUVEVEPYOTIONTEG TOUG €ival IMOAU KAAd XAPAKTNPIOUEVT)
Katl iepdapPavel to potifo LXXLL tov ouvevepyormoini®v pe v eAdka 12 g
niepoxr)g AF2 tou mupnvikou urnodoxea. Lo €vepyo HETAYPAPIKO OUPITAOKO
TV TMUPNVIKOV UTOOOXEWV OUPHEIEXEL KAl O oOuvevepyoroutr)g pe Spdon
aketudaong otovwv CBP, peom adAnAsembpaocewnv pe 1o SRC1. e avuidiaotodn),
artoucia ouvoeTn), Ol ITUPNVIKOT UTTIOO0XEIS ATTOKTIOUV €VAAAAKTIKIY] 81apOp@P®On)
wote va aAAnAermdpouv pe e161koug ouykataotodeig ontwg o NCoR kat o SMRT.
O1 napanave mpateiveg PBpiokoviat oe oUPMAOKA PE ATIAKETUAAOEG OM®G 1)
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HDAC3 kat eropeveg ernnpedfouv Ti§ TPOITOIONOE1S g XPpOUATivig og yovidia
OTOXOUG T®V TTUPNVIK®V UTOOOXEMV HE TEAIKO ATTOTEAEOUA TNV KATAOCTOAI NG
petaypagrg toug (Glass and Rosenfeld, 2000; McKenna and O'Malley, 2002).

O op@avog nupnvikog unodoxcag SHP

O SHP aroteAel éva acuvr)0ioto oppoviko mupnvikd urnodoxéa KaBwg
EVQ TIEPIEXEL TNV OUVINPINHEVI TIEPLOXT] yia TNV Mpoodeon ouvdetn, e Hrabetet
) ouvinpnpuévn mneploxr) npoodeong oto DNA. Eruadéov, avnrkelr otnv
UTIOKATIyopid TV 0p@AVAV ITUPTVIKOV UTTOSOXEDV.

Apxika KA®vorou)OnKe amno Ieipapa Tautonoinong npeteivov mou va
aAAnAembpouv pe tov mupnviko urnodoxéa CAR (Constitutive Androgen
Receptor) pe 1o ovotnpa twv dvo uPpidiev tou cakxapopuknta (Seol et al.,
1996). Zin ouvexela Ppebnke ottt pmopet va addnAsmbpa ratr pe dAdoug
nupnvikoug urtodoxeig oniwg o ER (Estrogen Receptor), o GR (Glucocorticoid
Receptor), o PXR (Pregnane X Receptor, o RXR (Retinoid X Receptor), o LXR
(Liver X Receptor), o HNF4 (Hepatic Nuclear Factor 4) kat o LRH1 (Liver
Receptor Homologue) (Borgius et al., 2002; Brendel et al., 2002; Johansson
et al., 1999; Lee et al., 2000; Lee and Moore, 2002; Ourlin et al., 2003; Seol
et al., 1996). Anotédeopa tou erepodipepilopou tou SHP pe toug mapandve
MTUPINVIKOUG UTIO00XEIG €ival 1] KATAOTOAL NG HETAYPAPIKNG TOUG EVEPYOTNTAG.
Enopeveg, o SHP naifet apvnuiko podo o 6wadikacia tng peraypagrg Kat
Aettoupyel ®G OUYKATAOTOAEQG.

Ztov avBpwrio, petaddayeg oto yovidio tou SHP €xouv ocuoxetiotel pe
edapplag pop@r) naxuvoapkia katr avlekuxkotnta otnv wvoouldivn (Nishigori et
al., 2001). Zrov novuikod, o SHP exk@paletal Kuping oto 1rap, 1o nmayKkpeag, tmv
kapdia, to vePpo, toug Asioug pueg kat v ermddupida (Johansson et al.,
1999; Lee et al., 1998). Exetl pedewnOel kadutepa n Aettoupyia tou oto nrap
Kal exel dewxBel va eivatr Kevipkog pubpiotng g €KEPAong yovidiov Itou
EUMAEROVIAL OV OHOo1O0TACT] TG XOANOTEPOANG KAl T®V XOAKAV o0&ewv. O
podog tou SHP ot pubpion tou nnaukou petafoAiopou Ba avadubei oto

eMOPEVO KePAAAlo.
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O POPlAKOG PNXAVIOROG KATACTOANG T1G petaypa@ng ano tov SHP

Mia oe1pd arno nmponyoupeveg PNEALTEG €1XAV ®G OTOXO TNV KATAVON 01 TOU
HOplaKOU UNXAVIOHoU  HETAYPA@IKN)S KataotoArng tou SHP. Apxikq,
Xaptoypa@rOnkav ot IePLOXEG TG IMPXTEIVNG TOU €ival ONPAVIIKEG yld Tn
Asttoupyia tou. Bpebnke 01 pla Kevipikr) reploxn g npwteivng eubuvetat yia
Vv aAAnldemidpaon pPe TOUg ITUPNVIKOUG UModoXelg KAl pla IEPLOXT] OTO
KapPofuteAdikd Akpo yia v autdévoun KataotaAtiky Spdon (ewkova 9)
(Johansson et al., 1999; Lee et al., 2000; Seol et al., 1997).

1 92 145 157 257

SHP | iNT | [ERERT

Ewrova 9. Ot Ae1ToUpYIKEG TEPIOXEG TNG MPKTEivg SHP

Coactivators

Ewkova 10. O mpotevopevog Pnxaviopog yia T HEIaypa@lkl] KATACTOAr] Ao Tov
SHP.

To povtédo 1ou éxel 1potabel ylia TO HPNXAVIOPO KATAOTOATNG
repldapPavel duo drakpitoug tpoémoug Spdong (ewkova 10). O mpotog sivat
€PUPECOG PNEO® AVIAYDVIOHOU HE TOUG OUVEVEPYOITOUNTEG TNG olKoyevelag pl6e0,
orwg o SRC1 yiwa mpoodeon otoug mupnvikoug uriodoxeig. MdAilota, exouv
xaptoypapnOei 6uo potifa twnou LXXLL otnv SHP npwteivn rmou euBuvovrat
yia v adAnldenidpaon pe tov ER (Johansson et al., 2000). Mwa oegipa amnod
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EPAPATa MPETEIVIKOV aAAnAerudpdoe®v in vitro Kalt SOKIPOV AETTOUPYIKLG
avaluong oe KUttapokaAAigpyleg €d6ei§av ot n mpoodeon tou SHP otoug
rupnvikoug urtodoxeig LRH1 kat ER napepmnodider v aAAnAenidpaot) toug pe
tov SRC1 kabwg kat ) petaypa@ikn toug evepyotnta (Johansson et al., 1999;
Lee et al., 2000; Lee and Moore, 2002).

[TapdAAnAa pe v arnokAaAuyn Tou €UPECOU pnxavicpou dpdaong Tou
SHP amokaAu@bnke OT1 umdpxel KAl €vag APEecOoS €vepyog HNXAVIOHOG
KATAOTOATN)G Tou e&daptatal amod 1o KapPoSutedkd KoOppdatt g IP®IEivng
(ewkova 10). H meploxr) autr] propei autdvopda va KATAOTeiAel T Petaypas)
yovibiou avagopdg, eve eAdeuuika popia SHP yia to kapPolutediko dxpo dev
KATAOTEAAOUV ATTOTEAECPATIKA TNV EVEPYOTNTA TOV MUPNVIK®V Urtodoxewv LRH1
kat HNF4 (Johansson et al., 1999; Lee et al., 2000; Lee and Moore, 2002).
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ZTOX0g

Eivat yvooto ot o op@avog rupnvikog urtodoxeag SHP Asttoupyel wg
HETaypa@KOg OUYKATAOTOAEAS Yyia AAAOUG TUPNVIKOUG UTodoxelg. APXIKEG
peAeteg obnynoav otnv mpotact £VOg POVIEAOU yld TO PUNXAVIOHO HMETAYPAPIKIG
KataotoAng arno tov SHP mou nepldapfBaver 6Uo otadia. Apxikd, aviayodviopo
He ouvevepyorouteg yia 1poodeon otnv AF2 1meploxr] 1@V IUPNVIK®OV
UroOOXEMV KAl OT1] OUVEXELD P1d APE0T KATAOTAATIKI] Aettoupyia 1ou opwg dev
eivalt KaAd pedstnpévn. Zid6xXog 1S epyaciag T1ou  arkodouBei eivatr 1
Artooa@NVion ToU HOPlaKOoU HNXAaviopou pe tov oroio o SHP kataotédAet
evepyd 1 petaypa@r) yovidiov otoxXwv tou.
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AnoteAéopata

$Puoiki] aAAnAenidpaocn tou SHP pe tnv anaretuvAaocn HDAC1 kat tnv K9
peOudotpavopepaon G9a

Eival yveooto ot o1 Tporonotr)oelg g Xpopativng rnaifouv ano@aoiotiko
pOAo otnVv evepyoroinon KAt KATAOTOAN g petaypagrg. Ymobsoape Ot 1)
otpatoAoynon evUP®OV ITOU TPOITOITOI0UV T APIVOTEAIKESG OUPESG TV 10ToveV Ba
HItopouos va aroteAsei KOPPATl ToU PNXAaviopoU KATAOTOANG TNG HETaypaQr)§
aro tov SHP.

Ia va O6epeuvnBel n mnapanave unobeon, eetaoinke av o SHP
aAAnAembpd in vivo pe VvV KuUpla anaketuddon totovov HDAC1 kat v
KaAutepa pedetnpévn K9 pebBulotpavopepdon ng euxpopativng, G9a. I'a to
OKOTI0 auto, Tpaypatoror)fnkav OSoKipaoieg avoOOCUVKATAKPINIVIONG OE
Kuttapika exkxuldiopata Cos-1 mou unepekgppalouv eite HA-SHP kat myc-
HDAC1 eite HA-SHP kat T7-G9a petda ano mapodikr) SwapoAuvon. Ta tov
¢Aeyxo g alAnAemidpaong tou HA-SHP pe myc-HDACI1, npaypatoriour)Onke
avoooxkatarpnpvion pe aviioopa a-HA kat n napouoiag ing npateivng HDAC1
avixveuOnke oe avaduon western pe ) Xpnon a-myc aviloopatog. Avtiotoixa,
yia va e§axkp1Pwbei av o HA-SHP aAAnAerudpa pe T7-G9a xpnowporno)Onke a-
T7 avtioopa ywa v avoooxkatakpnpvion kat a-HA avticopa ywa v avaiuon
western. Ta armoteAdéopatra tou mapandve MeEPAPATog Irapouotadovial otnv
ewkova 11 xai deixvouv o6tt 0o SHP adAnAsermidpd e181kd pe v araketuddon
HDAC]1 kat tnv K9 peBuAdon G9a.

[a va anoxkAsiotel n mBavotnta ot aAAnAermdpdoelg rmou napatnprjcape
va o@eidovtat otnv urnepérepaon v npoteivov SHP, HDAC1 xat G9a,
npaypatorno)Onkav  doxipaoieg adlAnAemidpaong in vitro pPe 1 XP1on
mupnNVikewv ekXUAlopatov HepG2 (nnmatikrng mpogAsuong) oav rmnyr) ya TG
evboyeveig npwteiveg HDAC1 kat G9a. Ta mupnvika ekxuldiopata en@actnkav
pe v avaocuvbuaopevn —1npwteivnp  uPpidlo  GST-SHP mou  rtav
akwnrorounpevn oe opapidla yAoutabiovng-oepapoldng. H mapouoia tev
HDAC1 xat G9a ota &eiypata xatakpnuviopévng npwteivngg GST-SHP
avixveuBnke pe edka avuoopata. [apdAdAnda, og neipapa OetikoU eAeyxou
eSetaotnke n rnpoodeon tou GST-SHP otov nupnviko unodoxéa HNF4, epdoov
eivat yvootd ot ot 6uo mapayovieg adAnderudpouv (Lee et al., 2000). Qg
neipapa apvnukou eleyxou pedetn|Onke 1 aAAnldenibpacr]) ToU PE TO YEVIKO
ouvevepyortount] CBP. Oniwg @aivetatl otnv etkova 12, o SHP ripoobevel e1dikd

20



ArnoteAéoparta 1

g npwteiveg HDAC1, G9a kat HNF4 eva 6ev mapatnpeitat aAAnAemnidpaon pe
10 CBP.

Transfection
CMV-HA SHP + - + + + +
CMV-myc HDAC1 + + + - - -
CMV-T7 G9%a - - - + - +
5«4 <« 3 ~
. 2 2
w o EF R ER T
myc-HDAC1- g -
% .
IgG- ‘ -IgG

o «= -SHP

Ewkova 11. ®uowkr) adAnAemntidpaon tou SHP pe HDAC1 kat G9a in vivo.

AoK1p1aoieg avooOOUYKATAKPIPVIONG artd rmupnvikd ekxuldiopata Cos-1 Kuttdpev 1ou
UnepeREPAlOUV TI§ TAPATIAVE TIPOTEIVEG PeTtd armd mapodikrn) OSiapoAuvon Hpe Toug
maopdlakolg  @opeig 1oU  onpelwwvoviar oty ewova. Ot adAnAsmdpdoeig
avixveubnkav o avaAuorn Kata western pe ) Xpron 181KOV aviloapudtov.

I ouvexela oOe Tapopola  Iepapata  eSETACTNKE I oUyyeveld
aAAnAentibpaong tou SHP pe HDAC1 kat G9a xpnowpornowwviag auavopevn
ouykévipoon NaCL katd v enoacn tou KUTtaplkou ekxXudiopatog HepG2 pe
v npwteivy GST-SHP. IMapatnprioape ot ot aAAnAerudpdoeig tou SHP pe
HDAC1 xat G9a eivat 18aitepa 1oxupeg, epooov 1o 80-90% 1ng npwteivng rou
npoodevetar oe  150mM NaCL, ©&watmpeitat oe auotpeg ouvOrnKeg
aAAnAemtidpaong (S500mM NaCL) (ewxkova 12). Ot napandve aiAnderudpaoelg
eival peyadutepng ouyyevelag aro auvtr] petaiu SHP kat HNF4, ornou niepirou
10 40% tng pwteivng HNF4 mou npoodevetat oe 150mM NaCL, diatnpeitat oe
ouykévipwon S00mM NaCL (ewkova 12).

[TapdAAnAda pedemOnke n Suvartointa aAAnldenidpaong in vitro evog
puowkou petaddaypatog tou SHP (R213C) pe tig evboyeveig npateiveg HDAC1
rat GY9a (Nishigori et al., 2001). H ouykekpipevn petaddayr) Bpioketat otnv
KapPoluteA1kn eP1OXT] AUTOVOUNG KATAOTOATG KAl ennPeddel 101KA TV APEOT)
evepyr] kKataotaAtukr Aewtoupyia tou SHP (Lee and Moore, 2002). Ze
doxkyaoieg  adAndenidpaong in vitro  XPNOWPIOMOIOVIAS  AUSAVOUEVEG
OUYKeVIp®OoelS dAatog, rmapatnprOnke ot 1o GST-SHP R213C npoodévet e1d1ka
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1g npwteiveg HDAC1 kat G9a pe mapopola ouyyévela pe v npwteivy SHP

aypiou turou (ewkova 12).

GST SHP: Wild type R213C
oS0 o0 9 o 9 oo o
mMNaCl: 23 33 3~ 83 3
aH])AC_l—- e D e e S e e —
(x,G9a-. D ow e e W B S S e, e

aHNF_4-- B e o e - - . = . .

o CBP - '™

SHP Wild type SHP R213C
100 100
'g 80 'g 80
2 2
S 60 2 60
B N
40 -8 GY%a 40 -8 G9a
A—A HDAC-1 A=A HDAC-1
20 ®—¢ HNF4 20 ®—¢ HNF4
150 200 300 400 500 150 200 300 400 500
mM NaCl mM NaCl

Ewkova 12. O SHP aAAnAerudpa pe HDAC1 kat G9a pe uynAr) ouyyévela.

Aoxpaoieg GST pull-down pe ) Xprjon avaouvduaopevng rpwteivng uBpidio GST-
SHP kat mupnvikev ekxuAlopateov and kuttapa HepG2 os au§avopeveg OUYKEVIP®WOELS
NaCL. Ot aAAnAerudpdaoslg avixveUubnkav oe avdaduor KaAtd western pe T Xpron
e101KV aviioopdiov. Xta dlaypdppata rmapouotdfovial Ol TTOOOTIKOTIOUHEVEG TIHEG
IOU TIPOEKUYAV arto v avaduor d1adoxikev ekBeoeV NG E1KOVAG.

O SHP aAAnAsmidpa apsoa pe tnv anarketvdaocn HDAC1 kat tyv K9
peOudotpavopepaon G9a

I'a va e§akp1Pwbel av ot adAnAemdpdoelg tou SHP pe HDAC1 kat G9a
elvatl apeoceg 1] yivoviair PEC® evOlApEc®mV MAPAYOVI®V, IIPAyHatornoi)dnkav
nepapata pull-down pe ) xprjon npoteivng GST-SHP kat ouvtilBépevav in
vitro mpwteivov HDAC1 kat G9a. Onwg @aivetat otv €wwova 13,
napatnpnOnke e101kn dapeon npocdeon twv HDAC1 kat G9a own mpowteivn
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GST-SHP. O1 mnaparave aAAndermdpdaoelg pedew)Onkav pe  peyadutepn
Asmttopepela  Xpriowponowwviag  petaddaypeva  eddeutuka  poplwa tou  SHP.
Bpebnke 011 10 apivoteA1kod Koppdt g npwieivng (aa 1-156) eivatr uneuBuvo
yua v 1mpocdeon omv G9a, sve 10 KapPolutediko (aa 147-257) 1ou
nepldapPavel IV TEPLOXL] NG EVEPYNS KATAOTOArG, e&ubuvetat yua v
aAAnAemtidpaon pe HDAC1 (ewkova 13). EruutAéov, 1o petdAdaypa SHP R213C
npoodevel edwka v HDAC1 xkat tm GY9a pe mapopola ouyyévela pe v
npeteiv) SHP aypiou turou (ewkova 13).

1 92 145 157 2;‘3 257
GST-SHP FL | GST || | INT |

GST-SHP 1-157 [ GST | | | INT []
GST-SHP 147-257 [ GST | Rep |
~
2 o . B
o — o~
5 & 3 z A
T O & =
= 2 AR % = - % xR
B~ B =
& »n w w & » 5
s 0o v o & s o & &
35S-HDAC1 = o - Rl - =
3SS'G92I — - — —

Ewkova 13. Apeon alAndenibpaon in vitro tou SHP pe HDAC1 xkat G9a.
Aoxpaoieg GST pull-down pe ) Xprjon avacuvéuaopévev npateivov uPfpdiov GST-
SHP xkat padloonuaocpévev ouvtiBepevav in vitro ipwteivov HDAC1 kat G9a.

H Aettoupyiki) onpaocia tng Spaong twv eviupov HDAC1 kat G9a oty
PETaypa@iri KAtaotoAr ano tov SHP

A0 10 MAPAMAV® AToTeEA£opPaTad TPOKUITIEL TO OCUUIMEPACHUA OTl O
ouykataotodeag SHP éxer v wavommta va aldnAermudpd dpeoca pe v
antaketvdaon HDAC1 kat tnv K9 pebudaon G9a. H Aesttoupyikr) onpaocia tev
aAAnAembpdosmv aut®v otnv KataotaAtikny Spaon tou SHP peletr)Onke oe
nelpapata napodikrg dtapoAuvong oe kuttapa Cos-1 Orou unepeKPPACTNKAV
ot nipwteiveg SHP, HDAC1 kat G9a kai eletaotnke n emidpaon toug otn
petaypa@ikr evepyotnta tou uPpidiou GAL4-HNF4. T'a to okord auto kat oe
ouvduaopo pe TAAopdlakoug @OopPeig TMoU 00nyouv O UTEPEKPPAOCT] TV
Mapandave npeteiveav, Xpnotpornol)fnke &vag @opéag Iou  @épel Béoelg
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nipoodeong yua GAL4 prmpootd ard to yovidio avagopdg tng Aouoipepdaong. O
HNF4 anotedel nrmatosidiko pertaypa@iko rnapdayovia 1ou rnaifel kaboplotiko
poldo otn dratrpnon tou nratoeldikou gawotuniou (Hayhurst et al., 2001; Li et
al., 2000). Emiong, eivat yvootd ou n 6pdon tou mapeprnodiferat arod v
nipocdeon tou SHP (Lee et al., 2000). Onwg 1)tav avapevopevo, 1 UTTEPEKPPAOT)
Tou SHP eixe wg ouvenela v Mo g PEtaypa@ikng svepyotntag tou GAL4-
HNF4 xata mepirou 5 @opég (etkova 14). H kataotoAr] tng evepyodtntag tou
HNF4 arnto tov SHP 6ev ntav duvatn otav ta KUTIapa £NOACTNKAV HE TO YEVIKO
avaotodéa amaketudacwv tpxootativ A (TSA) (ewkova 14). Aviibeta, 1
npooBnkn TSA dev ennpeace onpavuka 1 petaypa@ikn evepyotnta tou HNF4
artoucia SHP (ewkova 14). Aro 1a MApArdve Arotedéopatd IIPOKUITIEL TO

ouprEpaocpa OTl 1 ATOAKETUAI®MOT IOV 10TOVAV EUIMAEKETAL OTO HUNXAVIOHO
KAtaotoArng tou SHP.

150

100 1

50

Relative activity (%)
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GAL4 e mmmt mmm——— _————
GAL4-HNF4 =+++++=  ++++++ ++++
SHPWT == === == ++++++ ===
SHPR2I3C == === == == ==-=-=- ++++
HDAC1 -t =t == -—-t=-4++ ==++
G9a WT mm ettt == mmmtt = ===
G9aRIIH = = = m === == == = + ===t
TSA & ====- +4+ =t mm=-= =t --

Ewkova 14. O Asttoupyikog podog tov HDAC1 kat G9a ot Petaypa@ikiy) KAtaoTtoAr)
arto tov SHP.

KuUttapa Cos-1 6wapoAduvOnkav mapodikd pe 1ov MAAOPIdaKO @opeéa ava@opdg
4xGAL4-E1B-luc rou @épet 1o yovibio g Aouoipepdong oe ouviuaopo pe toug Qopeig
Mou onpelwvovtat oty ewkova. Ot otrjdeg tou SlaypdPpPatog AvITPOORITEUOUV TIG
KAVOVIKOTTOUHIEVEG TIHEG EVEPYOTITAG TOU £vQUOU TG Aouoipepdong.
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Zuvékgpaon tou SHP pe tnv HDAC1 1 i G9a {exwpilotd dev evioxuoe
MV KAtaotoAr] tng evepyottag tou HNF4 (swkova 14). Qotdoo, ouveEK@PAOT)
tou SHP oe ocuvbuaopod pe HDAC1 kat G9a odrynoe v evepyotnta tou HNF4
oe pnbevika emineba KAl Apa ATOTEAEOUATIKY] KATAOTOAr (ewkova 14).
ErupooBeta, otav avii yua npwteivip G9a aypiou TUMOU CUVEK@PPACTINKE £va
petaddaypevo poplo G9a (G9a R1109H) mou eivatr evfupikda avevepyo, Oev
napatnenOnKe dAroteAeOPATIK] KATAotoAry ard tov SHP (ewkova 14).
Emopéveg, ta arotedéopata deixvouv 1o poAo tng pebulimong t®v 10Tovev oTo
pnxaviopo kataotolAr)g ano tov SHP kat ) onpaocia tng ouvepyatkng dpaong
10V eviupev HDAC1 kat G9a oote va ermteux0el anoteAeopatiky] KATAOTOATL).

[MTapdAAnda eetaoape av 1o petaddaypa SHP R213C  pnopet
ouvepyatika pe ta ev@upa HDAC1 kat G9a va kataoteidel v evepyotnta tou
GAL4-HNF4. Yniepek@paon tou SHP R213C eixe wg ocuvernela ) pePIKL IO
g evepyotnrag tou HNF4 mbavotata efattiag g wkavotnrag tou yua
MabnuKr KATAOTOA] PE0® AVIAY®VIOHOU L€ OUVEVEPYOITONTEG (E1ROva 14).
Qotooo, ouvekppaorn tou SHP R213C padi pe HDAC1 kat G9a dev odnyei oe
peyaAutepn 1mwon g evepyotntag tou HNF4 kat dpa arnotedeopatk)
Kataotodn (ewkova 14). Enopéveg, 1o SHP R213C 6ev éxetl tnv kavotnta yua
ouvepyatikr] kataotodr] pe HDAC1 kat G9a, av kat aAAnAemdpd pe auta to
1610 KaAd onwg kat n npwteivy SHP aypiou tunou. Enopéveg, n petaddayr)
rmBavotata ernpeddel KAMoO1o otddlo g PETAYPAPIKLG KATaotoAng tou SHP,
0la@opetikO amo I otpatodoynon v sviupev HDAC1 xat G9a otoug

UTTOK1IVITEG.

O SHP aAAnAsmuiSpa pe unoaketuAltopeévn Kat K9 peOuAiopévn 10tovn
H3

21 ouvéxewa, avadniroape  ermmnpocBetoug PNXaviopoug  Iou
EUMAEROVIAL OTn PETAYPA@IKL) KataotoAr] arto tov SHP. O polog eviupwv 1ou
TPOTIONOOUV TG 10TOVEG OTO0 HNXAViopd KataotoArg tou SHP obrynoe otnv
unobeon OTl 10mG €XEL TNV IKAVOTNTA VA ITPOCOEVETAL Ot XPO®UATIvVI). ApXIKA,
OtepeuvnOnke av o SHP prnopet va aAAnAerudpd in vitro j1e 10T0VEG 08 AVAAUOT)
far western kai mapainpnOnke 81K 1POCdeOn G AvVACUVOUACHEVNG
npoteivng GST-SHP otnv 1otovny H3 (ewkova 15A). Emutdéov, oe 181Ky
avdalduon far western katd tnv oroia ot 10toveg diaxwpifovrat avadoya pe tov

ap1Opno v aretudopdadav mou @epouv, deixBnke 611 to GST-SHP mpoodévetat
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€101KA 0 UMOAKETUAMOPEVEG 100p0p@eg g H3 (ewkova 15B). Eropévag, o
SHP aAAnAermbpd in vitro e101KA Y€ TNV UTTOAKETUA@IEVT 10tov H3.

A = g F 8 = 3 B
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Ewrova 15. O SHP aAAnAerudpa in vitro pie uroaketuAiopévn otovn H3.

AvdAuon far western pe 1 Xprjon 10tovev 1ou anopoveodnkav and kuttapa Hela kat
padloonpaopevng npwteivng uBpidiou GST-SHP. A) Ot 1otoveg daxwpiomkrav peta
arod nAskrpo@opnon oe SDS mnktopa nmoAvakpudapidng. B) Ot 1otoveg Staxwpiotnkav
peta ano nAekrpopopnon oe Acid Urea nrkiopa rnoduakpulapidng. O daxwplopog
1OV 100pop@av 10tovng H3 pe dragpopetikd apOpod axketudopadev ermPefaiwdnre oe
avdduon kata western pe 1t Xprjon avioopatog a-acH3 mou avayvepilelr s1dika
unepaketuAiopevn H3.

H aMAnAemnidpaon in vitro tou SHP pe vunoaketvdwpévny H3
ermPePaiwdnke os Soxkpaoieg pull-down avapeoa oe GST-SHP kat kaBapéeg
otoveg. H xkataxkprpvion g totovng H3 and GST-SHP avixveuBnke oe
avaduon western pe ) Xprjon avioopatog a-H3 mou avayvepiler tv H3
avefapinta ard KArola tpororoinon (ewkova 16A). ‘Otav Xxpnotpornor)dnke
e1d1ko avtioopa a-acH3 mou avayveopifel e161kda uneparetvdiopevn H3, bdev
napatprOnke kamola adAnldenibpaon, yeyovdog IOU ruotoroinoe v
npotuuntéa rpocdeory tou SHP pe vuroaketudiopévny H3 (ewkova 16A).
YrieuBuveg yia v rnapandve adAnAenidpaon eivat toudaxiotov 6UO0 MEPIOXEG,
KaB®G T000 T0 APVOTEAIKO 000 Kl T0 KAPBoSUTeEAKO P00 g MP®TIEIVNG £€X0UV
MV Kavotnta yia rnpocdeon pe v H3 (ewwova 16A). Mede|Onke emiong, 1
duvatotnta aAAnAenidpaong tou SHP pe 1otovn H3 pebuliopevn otn Auoivn K9

pe 1 xprnon edwou avuoopatog. [lapatnpnbnke edikr) npoodeon 1ou
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pdAilota nieplopidetal oto KapPoSuteAlkO KOPHATL TNG MPXTEIVNG TOU TTEPIEXEL
MV TEPIOXT] EVEPYNS KATAOTOANG (ewkOova 16A). Ermupoobeta, pe 1 Xprjon
e1d1kwv aviioopatev d6eixOnke ott o SHP alAnAerudpd in vitro pe rnapopola
ouyyevela pe povo, dutAd kat putdd pebuliwpéveg otn Auoivny K9 1oopopgeg
g 1otévng H3 (ewkova 16B).

Zin ouvexela, e§etaotnke av 1o petaddaypa SHP R213C Swatnpet v
wravotnta ywa adAnlAenidpaon pe v otovn H3 oe nepapata GST pull-down.
[TapampnOnke ot 10 evw 10 GST-SHP R213C alMAnAerudpa pe edagpa
pewPevn wavotnta pe v otovny H3, mapouoiadel peyado mpofAnupa otnv
aMAndenidpaon pe K9 pebudiopévp H3 (ewwova 16B). To mapandve
arotédeopa urnodekvuel | onpaocia g adinAenidpaong tou SHP pe K9
pedBuliwpévn H3 yia 1o pnxaviopo g PEtaypa@ikig KataotoAr)g Tou.

A B GST SHP
GST SHP = 2
- © 5 - O g (a1
E. 5 e ﬁl E o K9mono-MeH3 - e prap—
= O = - = K9di-MeH3
aH3 [l — a 1- ¢ T - —_—

H3 - aK9tri-MeH3 - e ——
o-ac -

a-acH3 -
aK9di-Me H3 - e o s -

oaH3 - asw — —

Ewkova 16. AM\nlemidpaon in vitro tou SHP pe vunoaketvdiopévn kat K9
pebuAiopevn H3.

Aoxipaoieg GST pull-down pe ) Xprjon avacuvduaopévev npateivov uPfpidiov GST-
SHP kat kaBapiopévev otovov. Ot aAAnAemdpdoelg avixveuBnkav os avdduon Kata
western pe ) Xprjon aviloepdtev rou avayvepifouv edwkda tv otovn H3 kat tg

TPOTIOTIONEVEG LOOPOPPES TN -

IMa va e§akp1PwBdei av 1o apvotedko axkpo g H3 €xel tnv wkavotnta yua
aAAnAenibpaon pe SHP, mpaypatorowmOnkav in vitro pull down nelpdpata
Xpnowonotwviag Prouvidopéva merntidia 1mou aviuortoxouv ota Inpwta 21
apwoéea s H3 kat ouvtBepevn in vitro mpoteivy SHP. Bpébnke e1d1kr)
npocdeon tou SHP oe un tporornoinpévo rertidilo 1 pebudiwpévo otnv K9, eve
0ev mapatnpnbnke xrapia alAndenidpacn pe axketwdwpevo nemntidlo oug

Auoiveg K9 ka1 K14 (ewkova 17).
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H3 peptides 1-21aa

Input
Beads
K9Me
K9/14ac
Unmodif.

35S-SHP- s —

Ewkova 17. O SHP alMinderudpda in vitro pe v UModketudiopevn kat K9
pebuAiopévn apivotedikn oupd g otovng H3.

Aoxipaoieg pull-down pe ) Xprjon Botvidiopévav nentdiov Tou apivoteAlkou aKpou
g otovng H3 kat padioonpaopévng ouvtiBepevng in vitro npwteivng SHP.

ZUVOAIKA Ao Ta MAPATIAVE ATIOTEAEOUATA TTPOKUITIEL TO CUUITEQACHA OTL
0 SHP evlexopévwg arotedel pia vea nmpateivy rmou npoodEveETal Ot XPOUATIvVE
péow alAndermudpdoem®v pe uroaketudlwpévn katr K9 pebudwpévn H3. H
npoodeon OTo TPOIMOIONMEVO aptvotedikd akpo g H3 gaivetat va aroteAet
ONPAVIIKO PEPOG TOU £VEPYOU UNXAVIOHOU KATAOTOAIG, £QPOCOV pld PetadAayr)
tou SHP (R213C) rou ennpeddet tnv evepyr) KATaotoAr], To KaB1otd avikavo yia
artotedsopatiky] aAAnAemnidpaon pe 1otdévn H3.

Evtonuiopog tou SHP otnv suxpopativy

H anoaketudioon tov otovav kat n K9 pebBuldioon g H3 eivat
XAPAKINPIOTIKA TO00 NG EUXPOHUATIVIKIG KATAOTOANG 000 KAl TG YOVIOIAKI|G
AIT001MITNOoNG OtV erepoxpepativn. I'ia va pedetnBei o mbavog podog tou SHP
OT0 OXNUATIOPNO NG erepoxXpopativng kat va OdiepeuvnBel n mmbavotnta 1
KataotoAr] arno tov SHP va nepldapfaver petafaocn amnod v €UXPEOUATIVIKI)
OV EIEPOXPOHATIKY] KATAOTAOT], €SETACAPE TOV UITOITUPIVIKO EVIOIONO TOU.
Xpnoworou)Onkav ~ dvo  mepapatkeg  peBodoloyieg, 1 Proxnuika)
KAaopartonoinon g Xpopativng Kat 0 avooo@Ooplopog oty KUTIAP1KL) Oe1pd
eviepikr)g ripogdeuong Caco-2 rou ek@pdadet uynAd emnineda npwteivng SHP.

H xpopativn propet va dtaxwpiotel o tpia KAdopata PETA Ao HEPIKN
MEPn TRV IMUPINVEOV HE HMIKPOKOKKIKI] VOUKAEAON 1 oroia KOPel avapeoa o€
vouxkAsoowpata. To xwAdopa S1  1mepiExet  oAlyovourAeooopata, eivat
EUIMAOUTIONEVO O UI 10TOVIKEG XPWHOOMUIKES TMPMTEIVEG KAl AVIUITPOOMITEVUEL
v euxpopartivr). To kAdopa S2 mepldapfdvel mmoAduvoukAeoowpata, eivat
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eurmloutiopévo pe v otovn H1 kat aviurpoowrievel tyv etepoxpopartivr. To
adldduto rAaopa P avurnpoowmrievust ) peEIAypaA@IKA 1KAVI] XPOUATIVI] ITOU
ouvOEETAl PE TOV TIUPNVIKO OKEAETO. AvaAuon katd western pe T Xpr|on
e1d1koU avuownpatog yia SHP €6e1§e o011 1o peyaldutepo pepog tng Mmp®Teivng
AVIXVEUETAL OTO0 €UXPAUATIVIKO KAdopa S1 (ewkova 18). AvtiBeta, n npoteivn

HP1 onwg 1tav avapevopevo PpeOnke oOT10 €TEPOXPOPATIVIKO KAdaopa S2

(etkova 18).
MNase (U) 2U 5U 10U
A r o Voo \
M S1S82P S1S2 P S1S2 P
B
MNase (U) 2U 5U 10U
e A 4 N7 A
S1 S2 P S1 S2 P S1 S2 P
OSHP - -

Ewkova 18. O SHP evrortietal otnv euxp@puativr).

Aoxkpaoieg KAaopatornoinong xpepativng arno Caco-2 1mupr)veg IoU ENMOACTNKAV HE
auavopeveg MOOOTNTEG HMIKPOKOKKIKIG VOoUKAedong. A) Ta tov €leyxo g meyng,
moootnta DNA amd kdBe kAdopa armopovednke kAl O61aX@PIOINKe 0 THKIOUA
ayapolng. B) AvaAuon rata western yia v avixveuon tov npoteivov SHP kat HP1 pe
1 XP101 £101KAOV aAVTIIoOOUATOV.

Y& oUp@®VIa PE TO ATOTEAEOUA NG XPWHATIWVIKNG KAaopatoroinong,
avaduorn pe avooo@Boplopo £6e1§e 0t1 o SHP eviormifetal oe e161kEG TEPIOXEG
TOU IUprjva IoU O8&v OUUIUITIOUV HE TIG ETEPOXPOHATIVIKEG TIEPIOXEG TIOU
Eexwpilouv petd ano xpwor pe DAPI (ewkova 19). Ta nmaparndave arotedéopata
Urtode1kvUoUV 10 poAo tou SHP ot petaypa@iky] KataotoAr] 08 EUXPOUATIVIKEG
reploxég kat dev eivatl oupParta pe evdéexopevn Aettoupyia ToU OTO0 OXNPATIONO

NG ETEPOXPOUATIVNG.
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oSHP DAPI Merged

Ewkova 19. O SHP evrortiletal 0e eUXPOUATIVIKEG TIEPTIOXEG TOU TTUPHVA.
AvdAuon avooo@Bopiopou oe Caco-2 kuttapa pe 1 Xprjon a-SHP avtioopatog kat
xpwong DAPIL.
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Tudnnon

O 1wupnvikog vurnodoxeag SHP alAnderuidpa pe ddda peAn g
UTIEPOIKOYEVELAS TV TUPNVIK®OV UOOOXE®MV Kal rmapepriodifel v evepyotntd
toug. IIpoopateg pedéteg mou eixav ®G OTOXO 1) OlEPeUVNON TOU HOPLAKOU
PNXaviopoU KATAoToAr)g arokKAAuyav KatapXnyv eva nabnuko tpoérno dpdaong
HE0® aviay®VviopoU HE OUVEVEPYOTIOUTES yia Tpoodeon otnv AF2 meploxr) tev
MMUPNVIK@V UMTOSOXEMV aAAd KAl €va evepyo TPOITO KATAOTOAIG Iou dev eivati
AKOPA KAAA PEAETNIEVOG.

Ztoxog g epyaciag nrav 1 Olepelvnorn TOU EVEPYOU MINXAVIOHOU
petaypa@ikng kataotoAng tou SHP. Ta kupwa euprjpata mmou mpoeruyav
ouvoyilovial g €§ng: 1) O SHP evrortietatl e161KA 08 EUXPOUATIVIKEG TTEPTIOXES
Kalt adAnderudpda pe v anakstuddaon HDAC1 kat v suxpopatuvikn K9
pebuddon G9a, 2) o SHP mnapouoidert 1kavounua 1nipocdeong o€
urnoaketvAwpevn katr K9 pebuliopevn otovny H3, 3) ot aAAnAemdpaosig pe
HDAC1, G9a, kat H3 eivat Asitoupylkd oOnpavilkeég yua 1) HPETAYPAPIKY)
KATaotoAr aro tov SHP.

Ta nmaparndve aroteAéopata €MEKIEIVOUV TA MPOUTIAPXOVIA HOVIEAd Kdal
0o0nyouv OtV MPOTACT €vO§ VEOU HOVIEAOU yld TO HUNXAVIOHO HETAYPAPIKLG
KataotoAng ano tov SHP mou meplidapPfavet opiopéva Stakpita otadia (ekova
20). Apxika, onwg €xel mpotabei amo dAdeg peldeteg, n npoodeon tou SHP
OTOUG  TTUPNVIKOUG  UTodoxelg  ouviedei otV AIOPAKPUVOL IOV
ouvevepyoromntov g owkoyevelag ple0 onmwg SRC1, mbavotata padi pe to
yeviko pubpiotr) CBP (ewkova 20 otadio rataotoAng 1). Xe éva Seutepo
otabto o SHP otpatodoyei otov urnoxkwvntr) tnv anakstudacn HDAC1 kat 1n
pebBuddon G9a pe ouvénmela IV AMTOPAKPUVOI TRV AKETUAOPAdmV aro Tig
10TOVEG TV YEUTOVIKOV VOUKAEOOMPAT®OV KAl tr pebudiowon g H3 otn Aucivn
K9 (ewkova 20 otadio rataotoArng 2). H unoaketudiwpévn H3 dnuioupyel
pua véa em@avela pe v ormoia o SHP pmopelt va aAAndermudpdoet,
oxnuati{oviag rmbavotata €va otabepd KATAOTAATIKO OUPIAOKO (elkova 20
otadio kataotoAng 3). H mpoodeon autr] eprodifetal amd aketudi®on otig
Auoiveg K9 kat K14 g H3, adda oxi and pebBulioon g Auvoivng KO.
Emnopéveg, o SHP eivatr untevBuvog tautdoxpova yia t) otpatoAdynon evquuov
ITOU TPOTIOITO10UV T1] XPO®UATIVI] KAl yid T PETAPPAOoT] ToU €101KOU KOO1KA ITOU
dnuioupyeitat.

OsPNTIKA, OP1OPEVA ATI0 TA IAPAIIAVE YEYOVOTA S$EX®P10Td, OM®G yid

rapadetypa 1 ArmopdKkpuUVor T®V CUVEVEPYOITOUTOV 1] 1] ATTOAKETUAIDOL T®V
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otoveov Oa prmopoucav va  08nyrjoouv O  ATTOTEAEOUATIKI] HETAYPAPIKY)
KataotoAr). Evoexopevag, n K9 pnebulinon g otovng H3 kat n ipoodeon tou
SHP o xpopativip va €xouv ¢ ouvenela &va €idog mo otabepng Kat
HakporpoBeopng KATAOTOANG O OPlOHPEVOUG UMOKWvNTEG. Apa, 10wg o€
01a@OPETIKOUG UTTOKIVITEG TTOU KataoteAloviat ano tov SHP va epappolovrat
€va 1) eP1000TEPA Arod td napanave otadia.

ACTIVE STATE REPRESSED STATE 1

Ewkova 20. ZXNPATIKY avanapdotaot ToU IIPOTEIVOREVOU POVIEAOU yid TOV PNXAVIoHO
KataotoAng ard tov SHP.

O evepyog pnxaviopog katactodng tou SHP amotédece avuxkeipevo
peAéng 6U0 MPOOPAT®V €PYAOCIRV Ol OI0ieg ATTOKAAUWAV €VAAAAKTIKOUG KAl
OUPIMANPOPATIKOUG TPOroug Jpdong. Xwv 1pwtn, Ppébnke ot o SHP
aAAnAembpd @uUOKA Kal Asttoupyika pe v npoteivny EID1 mou aroteAet
petaypa@iko pubuiott) Kat rapeprtodidet ) 6pdon aKeTUAOTPAVOPEPACKDV OTING
10 CBP, evo éxel dexBel va adAnderudpa in vitro pe 1otoveg (Bavner et al.,
2002). Apa iowg oe oplopevoug urokivnieg o SHP padi pe tov EID1 va
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npoodevovial ot XPEUATiVI] PHE0w AAANAEITIOPACE®V P 10TOVEG 1€ OUVETTIELWA TN
Onpuoupyia evog TOAU o0tabespolU KATACTAATIKOU OUMITAOKOU. Xt1n Oeutepn
epyacia mapatnprbnkav ta yeyovota IouU ouUvoOeUOUV TNV KATAOTOAL] &€VOg
yvootou yovidiou otdoxou tou SHP (CYP7A1) in vivo kat 6eixBnke 1 ouppetoxn
€VOG OUUIMAOKOU, arotedoupevo amo tv arnarketvdaocon HDAC1 kat ug
npateiveg SIN3-SWI/SNF, mou obnyel oe avadiapop@won g Xpowpativng
(Kemper et al., 2004). Apa, o SHP evbexopévag va xkataoteddel evepyd 1
petaypa@r) erm@epoviag aldayeg ot XpOPATviki Oopr] OXt POVO HPEOC®
TPOITOTIOU|OE®WV  OTIS  10T0veG aAAd KAl PEO®  avadlapop@rong IV
VOUKAE0O®MUATOV.

To 1poTeEIVOIEVO POVIEAO yla Tr HETAYPA@PIKI] KATAOToAr) artd tov SHP
IOU TIPOKUITIEL AIT0 TA Arotedéopata authg Kat dAAev epyaoiov, otnpiletat
KUuplwg oe Oebopeva mpwteivik®v addndermbpdaocewv in vitro. Emiong, 1
Aeltoupyikr)  avaduon — Tmpaypatoriotr)fnke pe  mepdpata rapodikng
01apoAuvong Os KUTIAPIKEG OE1PEG PE TI) XPI)OT UTIOKIVIT@V-UTOOTPOUAT®V ITOU
0ev U100eTOUV 1 PUOI0AOYIKT] EVOOYEVI] XPOPUATIVIKT] dopn.

210 emOPEVO KEPAAAI0 PEOK TG AvAAUONG €VOG TTOVIIKOU ITOU £K@PAeL
uynda enineda tou SHP edwka oto nnap, pag 600nke n duvatomnua va
edéySoupe 10 TAPOV TIPOTEWOHEVO HOVIEAO in vivo TapakoAouboviag ta

YEYOVOTA ITOU OUVOOEUOUV TV KATAOTOAL] OP1OPEVAV YoVidimV OTOX®V TOoU.
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Ewcayoyn
MetafoAlopog oto nnap

To nrap eivat 1o peyadutepo O6pyavo 1ou avbporivou oopatog. Mia aro
TG KUplotepeg Aettoupyieg tou eivat 1 arotolivewon {NUioyoveov ouolwv Kat
napanpoiovi®v tou petafoliopou, rabBwg deéxetatr @Aefikd aiua art’ subeiag
arto To EVIEPO KAl €ival £101 TO MPAOTO OPYAVO ITOU £PXETAL OE era@r] ue Operukd
ouoTATIKA Kal Todiveg mmou &éxouv aroppo@nbei ard to renukd ovotnua. To
NIap €Xel TOOO €evOOKPVI] 000 KAl e§wrplvr) Opaoctnplotnta. H tedeutaia
ouviotatalt Oe XOAIKEG EKKPIOEIS Ol OI0IEG TIEPIEXOUV IAPATIPOIOVIA TOU
petaoAiouoy G XOANOTEPOANG KAl 0uUoieg TIOU  arartouvidal yua TV
anoppo@nTiKy 6paocn Tou menukou cuotnuatog. H evbokpivikr) Spaoctnplotnta
TOU 1atog ouviotatal otn ouvheon KAl €KKPlon &vog peydadou apiOuou
Iapayovimv ToU oppou Tou aiuatog, onwg n aAfouuivr, n npoBpoufivn kat to
MPRTEIVIKO PEPOG TV aroAronpateivov. To friap eivat ermiong 1o KUplo 6pyavo
yia 1o uetaBoAioud twv udatavOpdxkwv, g oupiag Kal @V TPlyAukepldinv
(Cereghini, 1996; Duncan, 2000).

H xoAnotepoAn xkat ta Autapd o§éa arotedouv ta Kupla Autidia 1ou
ouvBetovtat oto rnnap. H XoAnotepoAn arotedel Pacikd oOuUCTATIKO TRV
MEPLO0OTEP®V [Blodoyikav pepfpavev kat eivatr arapaitntn ywa ) ouvOeon
otepoeibwv oppovav, Brrapivav, XoA KoV o§E¢mv Kabmg Katl yiad TV OJO10ITOAIKY)
Tportontoinon rnpwteivov. Ot {@vtavoi opyaviopoi yla va 1KAVOITOU00UV Tig
avaykeg Toug, PloouvBetouv XoAnotepoAn ard axketudoouveévupo A kat v
aroktouv efwyevg arno 1 dwartpogn. H OSwatpnon g opotdotaong g
XOANOTEPOANG €ival Kevipikrg onpaociag, yati av ta ermnedd g otov oppo
urtepouv 10 @UOIoAOYIKO 0O0nyouv Og UTEPXOANOTEPUVAIPiA KAl AVAITTUSH
aptnplookAnpwong. Ta Aumapd oéea ta omnoia arnoBnkevovial oG tptyAukepidia
AVUIIPOO®ITEVUOUV H1a Kupla ryn petafodikou kaucipou. H ouvBeon kat n
arnobnkeuon T1oUg (Autoyeveor) oupfPaivel Kata KUplo AOyo OTo NIap Kat To
Anwdn  1016. o nnap, TAsovacpa  udatavOpdakwv  odnyel  pEow®
aketuloouveviupou A ot BloouvBeon Aumapwv 0§EmV ta ortoia aroteAouv T
Baon ywa 1t ouvBeon tpyAurepidiov (Hillgartner et al., 1995; Repa and
Mangelsdorf, 2000; Schoonjans et al., 2000).

H petagopda kat diavopr] g XoAnotepoAng Katl TV IPyAUKEPOIOV arto
T0 1Iap TIIPOS TOUG TEPIPEPIKOUG 10TOUG YiveETdl HEO® AUTOTIPOTIEIVIKOV
oopatdi®v 1mou KUKAo@opoUv oto aipa. Avdaloya pe T ouotaocn Toug o€
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Autidia kat anoAuornpwteiveg draxwpifovratl otoug turtoug HDL, LDL, ILDL kat
VLDL. H mpoocAnyn ng XoAnotepoAng amod ta nratokuttapd yiveratr PEow®
evbokuttwong aro e1d1koug SapepPpavikoug urtodoxeig OMwg o urtodoxeag
LDL mou avayvepifel oopatidia LDL kat o SR-BI (Scavenger Receptor-class B
type I) mou petageper oopatidia HDL (Zannis and Cohen, 2000).

H opolootaon tng XOAnotepoAng Katl TOV TPLyAuRepLEiov

H opoiootaon g XoAnotepoAng EImMTUYXAVEIAl HMEOR Olatr)pnong ng
1oopportiag g tpoeodooiag Katl g Aropdkpuvong g aro ta nratokuttapa
(ewkova 1). Ta téooepa KUPA TPOPOSOTIKA POVOITATia OTo Nrap eivat ta e8ng:
1) H npoéocAnyn g XoAnotepOAng tou oppoU HEOK £VOOKUTIOONG opaTidinv
LDL aro tov untodoxea LDL, 2) H ipooAnyn tng XoAnotepoAng Imou IpoEpXeTal
aro ToUG IEPLPEPIKOUG 10TOUG (aVIioTpo@r HETAPOPA XOANOTEPOANG) HEO®
e1d1kNg mPoocAnyng v oopatdiov HDL amd tov unodoxéa SR-BI. Xtoug
MEPLPEPIKOUG 10TOUG I XOANOTePOAn maxketapetat oe oopatidbla HDL kat
ekKkpivetal otnv KUukAo@opia tou aipatog péom tou dtapepfpavikou petapopea
ABCA1, 3) H anoppo@norn tng XoAnotepoAng aro tr) d1atpo@r) 010 £ViEPO KAl 1|
peta@opa TG OT0 NIap He 1T HOPPL] XUAOUIKP®WV  (Autonpoteivikd
ouvooopatopata) pe  Ponbesia twv uvnodoxéwv LDL kat LRP, 4) H ek véou
BloouvOeon g XOAnotepOAng amo axketuloouveviupo A, dwadwkaoia ywa v
ortoia Ba avagpepBoupe mo avadluvtika otn ouvexela (Repa and Mangelsdorf,
2000).

Avtiotoxa, vyl TV AropAakpuvon TS XOANOTtePOANg amo ta
Nratokutapa €xXouv reptypa@ei t€ooepa povordtia (ewwova 1): 1) O
KataPoAiopog g XOoAnotepoAng oe XoAka oféa, eva povordtt to oroio Oa
avaduBel pe peyadutepn Asrmopépela ot ouvexewa, 2) H érkkplon g
X0AnotepoAng padi pe xoAwka ofea kal O@oAidila otr XoAndoxo KUOT KAl
N anofoAr) g pe ta Korpava, 3) H petagopd tg XoAnotepoAng pe ) poper)
oopatdiov VLDL amd ta nnatokutiapa Ipog TOoUG TEPLPEPTIKOUS 10TOUG
(kavovikn) peta@opd XoAnotepoAng). XLra nIATokUTIApa I XOANOTEPOAN
naketapetat oe oopatidia VLDL ta omoia ekkpivoviat otnv KukAo@opia tou
aipatog. Xt ouveéxela petaoxnpatifoviat oe ILDL kat LDL ocopatida ta omnoia
npocAapfavovtat aro T0U§ TEPLPEPIKOUG 10Toug pe 1 Por)Beia urodoxemv
LDL, 4) H ouvBeon otepoeldav opovav OTOUG YEVVITIKOUG 10TOUG.

A0 10 OUVOAO 1NG XOANOtepOAng T1ou aropakpuvetrai, 1o S0%
kataPolifetat os xXoAwkda o§Ea, 1o 10% xpnowporoteitat ywa Tt ouvOeon
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otepoeldwv oppovav Kat 1o urodouto 40% armofdAdetal pe ta Kompavda.
Kevipikog pubpiotr)g tov mePlocotep@v Ao Ta IAparidve HOovVoIlatid ITou
dlatnpouv TtV opoldotacn ING XoAnotepoAng eivar 1o 1610 tO POpPO NG
X0ANOTeEPOANG 10U Hpa @G orjpa £ite eMaAywylKko eite avaotaAtiko Kal ennpeadet
IV €k@paocn yovidimv Keviplkng onpaociag ywa ta povortatia avta (Repa and
Mangelsdorf, 2000).

Peripheral

sues

Enterohepatic circulation
of bile

FC

Intestine

[—————— >Input mechanisms C—————— »Output mechanisms

Ewkova 1. Ta povoratia rmou pubpifouv tnv opoltootact) tng XoAnotepoAng oto frap,
TO £VIEPO KAl TOUG TTEPIPEPIKOUG 10TOUG.

Zta nratokutiapa ta Autapd oéea BroouvOetovial arno akeTuAoouveviuo
A xat o ouvéxela petarperioviat oe  TPyAukepidia. Ilporewpévou va
petapepBouv 0e TEPLPEPIKOUG 10TOUG, Ta TPlyAukepidla marerapovial o€
oopatidbla VLDL kat ekkpivoviat otv  Kuklogopia tou aipatog. H
aropdkpuvon v TPtyAurepdiov anod ta ocopatidia VLDL yivetat peowm tou
evQupou g Autonipwteivikng Autaong LPL. Ta Autapa ofea 1ou

artedeuBepavovial eite mpocAapfavovial and toug pueg Kat v kapdid orou
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XPNOoIotouUvIal oav Inyn evépyelag 1 rpocAapBdvoviatl anod ta Autokuttapa
OToU aroBnkevovial PETA Ao PETATPOIT] O TPLyAukepidla 1) €IMOTPEQPOUV OTO
nrap. H npooAnyn 1tov AUapev 0§EDV  EIMITUYXAVETAL MEO® E101KOV

SlapepPBpavikov urtodoxéwv orwg o CD36 (McGarry, 1998).

PuOpion tng BloouvOeong Ttng XOANOTEPOANGS KAl TOV TPLYAUREPLSiOV

H napaywyrn tpryAukepidiov (Autoyéveor) oe peyddo Babpo kabopiletat
arno 1o pubpo ProouvOeong twv Autapwv o¢Ewv. Toco 1n ProouvOeon g
X0ANOTEPOANG 000 KAl AUTH] T®V AUTApwV 0Se@V o peyalo Babpo pubpifoviat
aro pa owkoyevela bHLH (basic Helix-Loop-Helix) petaypagikev napayovieov
rtou ovopdafdoviat SREBPs (Sterol Regulatory Element Binding Proteins). Tpeig
oopoppeg exouv xapaktnpiotei: ot SREBPla kat SREBP1c nou npo¢pxovtat
aro 1o 1610 yovidio peown xpriong evallaktkwv urnoxkivniov kat o SREBP2 o
ortoiog Kwowkoroteitat ano dagopetkd yovidlo. Ot SREBPs cuvBétovratr oav
npodpopeg mpwteiveg mou evrortiovtat ot pepPpavi tou evOOTMAAOUATIKOU
01KTUOU KAl UTOKEWVIAl 0oe dU0 TMP®TEOAUTIKA Otadia, TPOToU TO APIVOTEAIKO
€EVEPYO Koppdtt toug aredeubepwBei, €106A0el OTOV TTUPI)VA KAl EVEPYOITO)OEL
) petaypagr) yovidiov otoxav. IIpdogpateg pedéteg anokaAvyav ot o SREBP2
puBpifer e1dwka 1 Proouvbeon g XoAnotepoAng evod o SREBPIlc eivai
KEVIPIKOG pubpiotng g ProouvOeong tov AIapav 0§emv Kal KAt £MEKTAOCT] TOV
TpryAukep1diov (Brown and Goldstein, 1997; Horton et al., 2002).

O SREBP2, n npwteoAutikr) ene{epyaocia tou oroiou evepyortoleitat amno
IV €AAsyn XOAnOoTePOAnNG, €AEyXel NV €KEPAOCT YOVIOI®V ONPAVIK®OV yld 11
BloouvBeon g xoAnotepoAng onwg n HMG-CoA avaywyaon, n HMG-CoA
ouvBaon, n ouvbaon oxkoualdeviou kat adAda (Brown and Goldstein, 1997,
Horton et al., 1998; Sakai et al., 1996). H pubnion ng ekppaong ing HMG-
CoA avaywyaong eivatr dlaitepa onpavukrn KaBmg KATAAUEL TO IEPIOPIOTIKO
otadtlo tou povortatiou g ProouvOeong g XoAnotepoAng. ErumpooBeta, o
SREBP2 eA¢yxel v mpooAnyn tng XoAnotepoAng LDL amo tov oppd tou
aipatog péo® peraypa@ikng pudbpiong tou yovidiou tou unodoxea LDL
(Yokoyama et al., 1993). Enopeveg, oe ouvOnkeg €AAeyng XoAnotepoAng ota
nratokuUttapa, HPeow® evepyortoinong tou SREBP2, ocuvieAeitat au{non oto
pubpo PBiloouvBeong Tng amnod axketudoouvev{upo A kat oto pubpo mpocAnyng
G Ot pop®r) v oepatdiov LDL and tv kukAo@opia tou aipatog.

O SREBPIlc arotedel Kevipikd pubpiotr] g €K@paong yovidimv Iou

KOOIKOTIO0UV yia €viupa ToU OUPHETEXOUV Ot AUTIOYeEveCTn Oto 1rap. Autd
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neptdapfBdavouv yovidia mou eprAékovtal ot BroouvOeon tov Autap®v oEmv
onwg acetyl-coA carboxylase (ACC), fatty acid synthase (FAS), acetyl-coA
synthase (AceCS), stearoyl-coA desaturase (SCD) xat ot ouUvOeon
TpyAukepdiov  onwg glycerol-3-phosphate acyltransferase. Emiong, o
SREBPI1c gAeyxel v ekppaorn tev yovidieov malic enzyme (ME) kat glucose-6-
phosphate dehydrogenase mou ocuppetéxouv otnv napayoyr) NADPH r1ou
arntatteitatl yua myv Auoyéveon Kabwg kat tou yovidbiou ATP citrate lyase (ACL)
rou eivat anapaitnto ya v napaywyr) kuttaporidacpaukou ATP (Horton et
al., 2002; Kim and Spiegelman, 1996; Shimano et al., 1999).

O rmwpnvikog urnodoxeag PPARy ermiong eivatr onpavukog ya 1In
6ladikaoia g Auoyeveong oto Aumdn 10t0 KAl Oto 1rap. to Aumedn 10to
ekppaletal Kupiwg n oopop@ry PPARy2 mou naifer kabBopiotiko poAo otnv
ER@paon yovidimv KEVIPIKIG onpaociag yia ) AtroyEveon Kat ) dtagoporoinon
TV AUTOKUTIAP®V (adirtoyéveon). Zta nratokUtiapda aro &va eVAAAAKTIKO
uroxkwvnt) ek@padetat n woopoper) PPARyl mou naifelr onpavuiko polo otn
0ladikaoia g Autoyeveong, av kat autdg Oev eival 1000 KAAA PEAETNHEVOG.
Qotooo, eivat yvooto ott o PPARyl eleyxel v ékgpaon tou yovidiou CD36
Mou K@O1KOToEl yia 10 Baciko dapepPpavikoe petagpopea Aapwv oSE@V aro
Tov oppO tou aipatog oto nrap (Tontonoz et al., 1994; Tontonoz et al., 1994;
Yu et al., 2003).

KataBoAlopog tng XoAnotepoAng o XoAlka oSta

To KUplo0 povomatt yla VvV AropaKrpuUvorn g XOANotepoAng sival peow
Tou KataPoAiopou g oe XO0AwdA ofeéa, pua dwdwkaoia mou oupPaivet
ArtokAe10tkA oto frap. Ta XoAwkda o§ea dev arotedouv povo teAdkd rpoiovia
TOU KATaBoAlopoU g XoAnotepoAng adAd ermurmAéov: a) XProipevouv yia TtV
€KKP101] TNG X0ANOTEPOANG IoU PpioKetal os mepiooela otr) X0AndOXo KUOTN Kat
ot ouveéxela oto Aemto €viepo, B) eivat anapaitnta ywa ) dtadutornoinon Arnev
Kat AutodaAutev Prapiveov Kabmg Kal yla v arnoppo@non toug aro ta
EVIEPOKUTIAPA TOU AEMIOU EVIEPOU, Y) OMIKG £xel dexBOel mpoopata aroteAouv
onpatodouka popla 1OU  ernpealouv 1 yovidiakr éxkepaon (Repa and
Mangelsdorf, 2000; Russell, 1999).

Ta xoAwka oea amod 1o nrap petaPipadoviat ot XoAndoxo KUOTH PECKD
TRV XOANPOP®V COANVAPI®V KAl 0T OUVEXeEld eKKpivovial oto Aerto eviepo. To
95% auteOv enavanopPOo@ATAl aArod TA EVIEPOKUTIAPA, EIMOTIPEPEL  OTNV
KUKAo@opia tou aipatog kat rpocAapfavetat and to nriap. H moodtnta twv
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XOAK®V 08E@V Kal TG XOANOTePOAng (rmou pe ) Por)feia TV XOAK®OV 0SemVv
€xel eKKP10el oto Aemto eviepo) mou Sev amoppo@Pavial arnod ta evieporUTIapd
aAlda arofdAdovtai, arotedouv 10  PACIKO  TPOTMO ATOPAKPUVONG TNG

X0AnotepoAng rou Ppioketal oe niepioosia (Repa and Mangelsdorf, 2000).

Classic (Neutral) Alternative (Acidic) hLE
Pathway Pathway | ~
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Ewkova 2. Ta povordtia mg BloouvOeong oV X0AK®OV 0§E®V 0To nIap.
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O xkatafoAlopog g XoAnotepoAng ota rnpwtevovia XoAwka ofea CA
(cholic acid) kat CDCA (chenodeoxycholic acid) propei va yivel eite pe 10
KAQOKO povortdtt (oubetepo) eite pe 10 evaldakuko (6§wvo) (ewwova 2). To
KAQOKO povoratt rnepldapfavel eva kKatappdktn aro 12 avudpdoelg 1mou
KataAvovtat arnd &vfupa 1ou evrorti{oviat oto evbormdaopauxko Oiktuo, ta
puoxovdpla, 1O  KUTtapormiaopa kKat ta rniepo§oopata. To mpoto kat
MIEPLOPIOTIKO yld TA €IMOPEva, Prjpa KataAduetat ano 10 PIKPOCOHIKO €viuno
udpouddon-7a g xoAnotepoAng (CYP7A1). Znpavukn eriong eivat n 6pdon
aKopa €vog PIKPOOWUIKOU eviupou, g udpoSuldong-12a otepoAng (CYP8B1)
10 ortoio eprdéxketal otn ouvOeon tou CA kat eléyxel v avaloyia CA 1pog
CDCA (ewwova 2). To tedik6 otabdio g ouvbeong KAtadlUetal aAro To
proxovdplaro €viupo udpoSulaon-27a otepoAng (CYP27A1). To evaAdaktiko
povoratt exkwva pe 1 dpaon tou eviupou CYP27A1 mou petatpemel 1
XOAnotepoAn oe  27-udpofuxoAnotepoAn. H  mapandave  o§uctepoAn
Tportoroleital ot ouvexela amno 1 udpoSuldaon-7a ng oSuotepoing (CYP7B1)
€V arkoAouBouv Katl erITAEOV avidpAoelg TOU €X0UV G TEAIKO ATIOTEAEOUA TI)
ouvOeorn tou XoAkoU oféog CDCA (ewkova 2). Ta mpetevovia xoAika oféa CA
Kat CDCA propouv va petaoA1otouyv mepaitepm aro Baktrpla ToU EVIEPOU otd
Oeutepevovia xoAka oSéa DCA (deoxycholic acid) kat LCA (lithocholic acid)
avtiotoxa (Chiang, 2002; Repa and Mangelsdorf, 2000; Russell, 2003).

Ta xoAwka oféa, ot peyadutepn rmAsloyn@ia toug Oe Ppiokoviat oe
eAeuBepn poper) adda eivat opolomoAka cuvdedepeva pe ta apvosea yAuKive
11 taupivn. H tporornoinon autr] oupfaivel ota mpetevovia XOAKA odEéa oto
Nrap peon g dpdong twv eviupwv BAT kat BAL kat €xel ®§ OKOIO TNV
audnon g Otadutotnrag Kat eAdTIOOn NG ToSKOTNTag toug. Qotoco, ta
ouvdedepeva xXoAwkda ofea Oev pmopouv va dlanepdoouv TV KUTTAPIKI)
pepPpdvn pe dlaxuon Kat eivatr anapaitnin n Xpron petagopéwv. Ta
NIATOKUTIAPA XP1NOTHOTIO0UV KUPIWG TOUG Petapopeig tng Paoikng pepfpavng
NTCP (sodium taurocholate cotransporter polypeptide) kat OATP (Organic
Anion Transporter) yia tnv pocAnyYn 1@V X0AK@V 0SE@V arnd Tov oppo Kat Tov
petagopéa BSEP (Bile Salt Export Pump) yia tv €KKp101n 1@V XOAKQOV 0SE®V
ot x0Andoxo kuotn (ewkova 3). Ermrpocbeta, o drapepPpavikog petapopeag
MDR2 (Multi Drug Resistance 2) ouppetexet ot PHETa@opd QROO@EOAUTIONNV Katl
XOAK®V 0§EV amod ta nratokutiapa otr XoAndoxo kuotn. Ta eviepoxkuttapa
ekppalouv ot pepPpavn toug tov urtodoxea IBAT (Ileal Bile Acid Transport)
mou eubuvetal yua Vv IPOCANYN IOV XOAKWV OSEMV, €Ve HE0® KATTO10U
ayvootou petagopéa Ba mpemetr va petaPipaloviatr otnv KukAogopia tou
aipatog (ewwova 3). Ermutdéov, 10600 0T nNriatokuttapa OCO KAl otd
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eviepokuUTtapa €xouv reptypagei npwteiveg (FABP kat IBABP avtiotowxa) rou
aAAndermdpolv pe 1a XoAKA oféa Kal eAATI®OVOUV TV TOSIKOTNTA ToUg (E1KOVa
3) (Chiang, 2002; Repa and Mangelsdorf, 2000; Russell, 2003).

Hepatocyte

Enterocyte

@ i — )
r‘
‘J? ‘ |Jexcreticm
)

<

‘ (IBAT ) IBABP

Ewkova 3. H B1ooUvBeon Kat 1) EVIEPONIIATIKY] KUKAOPOPIA TOV XOAKOV 0§EMV.

Zuvornukd, oOto nNrap 1 XoAnotepoAn petaPoldifetal ota mpetevovia
xXoAkd oea CA kat CDCA mou mpota cuvdéeovial OPO10TIOAKA Pe YAUKIivD 1)
Taupivn péow g Opdong v eviupewv BAT kat BAL, kat ot ouvexewa
HETagEpovial aro ta Nratokutiapd ot XoAndoxo KUoTn KUpiwg HEC® TOU
petagopeéa BSEP. Ano tn XoAndoxo kuUotrn yivetratl 1 €KKP101] TOUG OTO AEITTO
€viepo orou eivat duvatr) 1 petarpor) toug oe deutepeUovia XoAka ogea. To
HEYAAUTEPO TIOCOOTO TOUG IpocAapfdaverat amd Ta eVIEPOKUTIAPA HEC® TOU
petagopea IBAT, eva evboxkuttapla deopevoviatl ano v rnpwteiv) IBABP (Ileal
Bile Acid Binding Protein). Meowm KAO10U AyveOTOU PeTa@opea eSEPXOVIAl Arto
Ta €VIEPOKUTIAPA OTNV KUKAO@OpPia TOU aipatog Kdat ernavarnpocAapfavovtat

arno 1a NIATtoKUTIapd PEow tov petapopewv NTCP kat OATP (swkova 3).
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PuOpion tou KatafoAiopou tng XoAnotepoAng oc XoAlka ogéa

O kataPoAilopog g XO0AnotePoOAng os X0AKA ofea pubpiletatl tooco aro
EMAY®YIKA 000 Kal avaotadukd onpatodotika povoriatia. Ot oSuotepodleg,
petafolika rmapdywya ING  XOANOTEPOANG, MIIOPOUV va EMIAYOUV  TOV
KATaBoA1op0 NG XOANOTEPOANG VM TA XOAIKA O§EA UIMOPOUV va Kataoteidouv
10 povortaty, 6nAadn v idwa ) ouvBeon toug. H pubpion yivetar kuping oe
HETaypa@iko eruredo Kat agopd KAtd KUplo AOYyo T petaypa@n tou yovidiou
CYP7A1, 10 mpoidv tOoU oOroiou KATAAUEl TO TIEPIOPIOTIKO Prijpa ya To
petafoAiopo g XoAnotepoAng PEO® Ttou KAaowkou povortatiou (Jelinek et al.,
1990; Russell and Setchell, 1992).

Hrtav yvootdo anod kaipo ot oe opiopeva €idn (On®G OTo TOVIiKL KAl ToV
apoupaio adda oxt otov AavOpwro) uPnda ermineda XoAnotepoAng HEO® NG
apayeyng oSuctepoA®v odnyouv oOtnVv evepyoroinon tng HETAypA@r|S TOU
CYP7A1, evw avtiBeta oOtav 1a emineda @V XOAKwV 0§E@v umepfouv to
(PUO10A0Y1KO Tapatnpeital KataotoAn g petaypagrg tou (Horton et al., 1995;
Nguyen et al., 1999). [Ipoopata armoKAAUEONKaAv AETTTOPEPEIEG OXETIKA HPE TO
pnxaviopo pubpiong tou CYP7A1 kat Bpébnke ot uneuBuvn eivat pla opada
HETAYypaA@IK®V MAPAYOVI®V ITOU AVIJKOUV OTNV UIIEPOIKOYEVEId TV OPHOVIK®OV
ITUPINVIK®V UTTOO0OXEMV. LUYKEKPIPEVOL MTUPNVIKOL urtodoxeig ennpeafouv t000
) petaypagn tou CYP7A1 600 kat dAAev yovidiev, KUuplng PeETa@openv ng
pepPBpavng, pe anotedsopa va diatnpeital 1 opolootact NG XOANOTEPOANG Kat
TOV XOAIKQV 0SEWV.

Ot mwpnvikoi unodoxeig 1moOU Taipvouv PEpog ot pudPon NG
petaypaeng tou CYP7A1 aAda kat ot Owatpnon g opolootacng  Ing

X0ANOTEPOANG KA1 T®V XOAIK®OV 0SEDV TTEPTYPAPOVTAL OTI] OUVEXEL.

LXRa kat LXRp (Liver X Receptors)

O LXRa mpe 1o O6vopa 10U AOYy® NG Aropoveorg Tou aro pia
avBpormvn nrnatikr] Pi1pAodnkn cDNA kat ekgpdaletat oe peyada 1mood oto
Nrap addda Kat oe AAAOUG 10TOUG TOU E€UITAEKOVIAL OTO METAPOAIOHNO T®V
Aundiov (Apfel et al., 1994). O LXRB mapouoialet peydaAn opoloyia otig
neploxeg npoodeong oto DNA kat mpoodeong g oppovng pe twv LXRa aAAda
ekppaletal oe pla peyadutepn rnowkidia kuttapikev tunev (Teboul et al.,
1995). Ot 6uUo autol nupnvikoi unodoxeig OnuoUpyoUV UMOXPEDTIKA
etepodipepn pe v rupnviko urodoxeéa RXR (Retinoid X Receptor) o ortoiog
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evepyortoteitat ard peuvoikd ofu. To etepodipepeg LXR-RXR 1mpoodévetat
edka oe pua adAndouxia DNA mou amotedeitatr ano dvo e§avoukAeoTiOIKEG
enavaAnyelg rou xepifoviat ard 4 vouxkAeotibia (DR4 potifo) (Wiebel and
Gustafsson, 1997; Willy and Mangelsdorf, 1997). Ilpoopata Ppebnke o611 01
rupnvikot urodoxeig LXRa xat LXRP evepyorolovviat amo pua opada
0SUOTEPOA®V TTOU Ttapayovtal oto 1rap, g yovadeg kat tov eyrepaldo. [To
oxupoi ouvdeteg arnodeixOnke va eivatr ot 22(R)-udpouxoAnotepoAn, n 24(S)-
udpofuxoAnotepoAn ratr 24(S),25-erto§uxoAnotepoAn (Janowski et al., 1996;
Lehmann et al., 1997). H teAeutaia nmapayetatl oto friap otav ta evboruttapla

erineda xoAnotepoOAng eivat oAU uyPnAd.

FXR (Farnesoid X Receptor)

O rmwpnvikog vunodoxeag FXR amopovwbnke amod pla nrankn
B1BA1001kn cDNA kat rnapouctadel oploAoyia e Tov MUPNVIKO urodoxea ing
ekbuoovng (Forman et al., 1995). H éx@paon tou meplopiletatr oto nrap,
éviepo, veppda kat adéveg. O FXR oxnpuatider etepodipepr) pe tov RXR 1ou
npocdévovial oe alAndouxia DNA 1ou armotelesital amod pia aveoTpapPHEvI)
eravaAnyn 6 voukAeotidiov rmou xwpifetat amno €va voukAeotidio (potifo IR-1).
O FXR rmujpe 10 OvOopd TOU amd apXiKEG HeA€reg rmou €de§av OTt UPnAeg
OUYKEVIPWOELS (U  QUOIOAOYIKEG)  @apvecoeld®V — UImopouv  va 1oV
evepyortommoouv (Forman et al., 1995). Ilpdéogpata opwg Ppedbnke o011 Ta XOAKA
0o8ea 0g PUOIOAOYIKEG OUYKEVIPMOOELS Ipoodevovial Katl evepyortolouv tov FXR
(Makishima et al., 1999; Parks et al., 1999; Wang et al., 1999). Ta xoAka
o¢€a rmotevstal 0Tl arnoteAouv npaypatikoug ouvdeteg kaBwg o FXR ekgppdaletat
0€ 10T0UG TI0U 1] OUYKEVIP®OT] ToUg €ivat uywnAr. O mo 10Xupog ouvoeng eivat
10 CDCA, evo ertiong 1oxupoi ouvdeteg eival ta deutepevovia XoAka oeéa LCA
rat DCA. Ibwitepa evbiagepouoa nrav n mapdaitrnprnon OTl aKOpd KAl Ta
ouvdedepeva pe yAukivn 1 taupivi) XoAKA o§éa propouv va 1pocdebouv otov
FXR 1000 in vitro 600 KAl 0€ KUTIAPIKEG OE1PEG TIOU EKPPAJOUV TOUG HETAPOPELS
NTCP 1) IBAT (Makishima et al., 1999; Parks et al., 1999; Wang et al., 1999).
O FXR arotedel 10 mpwto napadeiypa Imupnvikou Urodoxea TOU Ortoiou ot

OUVOETEG PETa@EPOVTIAL EVEPYNTIKA O1a €00V NG KUTIAPIKLG pepfpavng.
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LRH]1 (Liver Receptor Homologue)

O oppovikdg r1upnvikog urodoxeéag LRH1 amopoveodnke g €vag
HETaypa@lkog rapdayoviag rou rnpoodevetrat otov uvrokivntr tou CYP7A1 xkat
napouotadel peydAn opoldoyia pe tov urnoboxeéa Fushi Tarazu amo 1
0poocoplra (Galarneau et al., 1996; Nitta et al., 1999). H ¢xkgpaorn tou
neplopietal oto 1rap, maykpeag, €viepo Kat TG wobrkeg. IIpoodevetratr oto
DNA ®g POVopEPEG OTNV XAPAKINPELOTIKL £§avourAeotdiky] aAAndouxia 1ou
avayvepifetat and Toug IMEPIOOOTEPOUS ITUPNVIKOUG urodoxeig. ErurAcov,
AVI)KEL OV KATNyopid T®V 0p@AV®V ITUPNVIK®V UTOOOXEWV a@ou dev €xet
Bpebel karolog ouvdétng. Toco ot dour) 6co kat otn Asttoupyia rapouotadet
opolotnteg pe tov rupnviko unodoxea SF1 (Steroidogenic Factor 1) mou
eléyxel Vv EK@paotn yovidinv os yevvnukoug 1otoug (Parker, 1998). ITeipapata
oe KuttaporaAAiepyeteg £dei§av  oOtl autoi o dvo petaypagikoi rapayovieg dev
elval 10Xupoi evepyoronteg g petaypagrg adda sivat anapaitntot pe 1o va
Ka010ToUvV TOUG UTOKIVNTEG OEKTIKOUG OV €vepyortoinorn aro dalAoug
petaypagikoug mapdyovieg (Lu et al., 2001; Nitta et al.,, 1999). Qotooo,
peAéteg oe rmovukoug eAAsuttikoug yia tov LRH1 amokdAuwywav ot otnv
nepimwon g petaypa@ikng pubpiong tou CYP7A1, o LRH1 éxet mmo
OoNuavilikd pPOoAo OV  KATAdoloAn g petaypagrg rmbavotata HPEow
OTPATOAOYNONG OUYKATAOTOAE®V TApd OTNV HETAypaA@iKI) evepyoroinon (del
Castillo-Olivares et al., 2004; Pare et al., 2004).

HNF4 (Hepatic Nuclear Factor 4)

O HNF4 arotedei éva mupnvikd urodoxea Irmou exk@paletat oe peydia
Iood 010 HIap KAt €ival onpavilkog yia ) 61a@oportoinorn te@v NratoKuTIdp®V
Kat ) datr)pnon tou nratikou @aiwvotuniou. To opodipuepeg HNF4 rpoodevetat
oe potifa DR1 kat pubnidetl tnv nratoe1dikr) €K@paon yovidiov onpavikeyv yia
10 KataPfoAiopd tewv Autdiov ornwg ot artoAroripwteiveg ApoC2, ApoC3, ApoB
Kal 10 PeTafoA1lopo tewv XoAkeV ofewv ontwg CYP7A1 kat CYP8B1 (Hayhurst et
al.,, 2001; Li et al., 2000). O poAog tou HNF4 otov nrnatko petaoAiopo
arnoxkaAu@Onke ano peleteg oe noviikia arnaloipr)g tou HNF4 e16wka oto nrap,
Ta oroia TMapouciacav OUCOEPEUCH NIATIKEOV Aundiov, eAdttwon 1ng
OUYKEVIP®ONG XOANOTEPOANG Kal TPIYAUKEPIOIOV KAl audnon g CUYKEVIP®ONG

XOAK®V 0S€@V oTov oppo Tou aipatog (Hayhurst et al., 2001).
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SHP (Small Heterodimer Partner)

O mwpnvikog unodoxéag SHP amopoveodnke pe ) pébodo twv Suo
UBp1diewv oto carxapopuknta XApn otV KAvotntd tou va adAnderudpa pe
aAloug rupnvikoug urnodoxelg onwg o CAR, RXR, ER, GR, PXR xkait HNF4
(Johansson et al., 1999; Lee et al., 2000; Seol et al., 1996). Aev eivat €vag
ouvnOilopEvog rmupnvikog urodoxeag rabwg, eve diabetel meploxr) nmpoodeong
yla oppovn 8¢ 61abétetl ieploxr) rpoodeong oto DNA. O etepodipieplopog tou pe
AAAoug MUPNVIKOUG UTIOO0XEIG €XEL WG CUVETIELA TNV KATAOTOAT g pdong toug
OM®G KAl TG HETAypa@r)g v yovidiov otoxwv toug. EmumAéov, napouoialet
HEYAAn opoldtnta toco ot doprn 000 KAl Ot Aeitoupyia pe tov ITUPNVIKO
urntoboxéa DAX1 o oroiog etepodipepifetat pe tov SF1 katr kataoteddetr v
€EVEPYOTNTA TOU Otoug yevvnukoug totoug (Crawford et al., 1998; Ito et al.,
1997). Opoiwg, nipoopata PBpednke 611 o SHP aAAnAsmdpd pe tov LRH1 xkat
KataotedAet v evepyotnta tou (Goodwin et al., 2000; Lee and Moore, 2002).

Mnxaviopog puOpiong tng petaypagng tou CYP7A1 ano ofuoctepodeg

YynAa emineda XoAnotepoAng, HEO® TG MAPAYOYNS OSUCTEPOAWV,
0dnyouv otnv evepyoroinorn g petaypa@ng tou yovidiou CYP7A1 pe ouveénela
TNV EIMTAXUvon ToU KataPoAiopou 1ng XoAnotepoAng 1ou Ppioketat oe
nepioosia. Yieubuvog yia v naparnave pudpion eival o mupnvikog urtodoxeag
LXR ywati agevog evepyortoteital artd o§uctepOAeg KAl AQETEPOU OTOV UTTOKIVITL)
tou CYP7A1 oto movtikt Kat otov apoupdio uniapxet Oson npoodesong ya 1o
etepodipepég LXR-RXR (ewkova 4) (Lehmann et al.,, 1997). EruAéov, 10
MApPATAvVe HOVIEAO emaAnBeUtnke aAro TV dAdvAaAuon TOVIIK@V TIoU £ivatl
eAAeuttikoi yua tov LXRa. ‘Otav LXRa-/- movtikia akoAoubnoav diatta miovoia
oe X0AnotepoAn Oev nmapatnprOnke auvdnon tng pertaypaerg tou CYP7A1 onwg
oupfaivel oe TOVIiKIA aypiou TUIMOU &€ve aroBnkKeUtnKe MHEYAAnN IOCOTNTA
X0AnotepoAng oto frap (Peet et al., 1998).

PuOpion tng avtiotpo@ng RETAPOPAG XOANOTEPOANG KAl TNG
Auoyéveong ano tov LXR

O LXR 6ev givatl onpaviikog povo yia tov KatafoAiopo g XoAnotepoAng
ota NIIAtoKUTIapa aAAd Kat yia v aropldKkpuvor) g aro dAAoug KUTTAPIKOUG
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TUroug. Xta kKuttapa autd (rmou dev dtabetouv ta éviupa yia to petaoAiopo
NG XOANOTEPOANG) 1 X0ANOTEPOAN ToU Bpioketal oe repioosia e§epxetal amno 1o
KUTIAPO OToV oppO Artd OIoU KAl HETAPEPETAL OTO NItap (avtiotpo@n petapopd
XoAnotepoAng) (Lu et al., 2001; Tall et al., 2000). H dwadikaoia autr) yivetat
peow edwkov petagopewv ABC (ATP Binding Cassette) tng pepPpavng mou
petaPipalouv 1 XoAnotepoOAn oe popla arnoAutornipeteivng ApoAl wote va
OXNPATIOTOUV AUTonpeteivika oopatidia HDL mou petagépoviatl amnd tov oppod
ota nratokutapa (ewwova 1) (Wang et al., 2000). H Swadwkacia auvtr sivat
161aitepa oNPAVIIKL OTA €VIEPOKUTIAPA KAl OTA PAKPO@PAYd TTOU €£PXOVIAl OF
EMAQI] Y€ UPNAEG OUYKEVIPWOELG XOANOTEPOANG AITO Tr dlatpo@r) KAl Tov oppo
avtiotoxa. O LXR maifel onpavukd podo a@ou eA€yxel TV €KQPAOCH TOU
petagopea ABCA1 1000 ota pakpogaya ooo kat ota eviepokuttapa (Costet et
al., 2000; Repa et al., 2000). Otav ta evboruttdpla erineda XoAnotepoAng
eivat uygnAd o LXR auldver ) petaypagrn tou ABCA1 pe amnotédeopa va
AMMOPAKPUVETAL 1] XOANOTEPOA ATO TO E0WIEPIKO TOU KUTIAPOU (EKOva 5). Zta
Harpo@Aya 1 XOANoTeEPOAT PETAPEPETAL OTOV 0PPO WOTE va MPOooAn@Bel ano ta
NIIATOKUTIAPA KAl va KATtaBoAlotei, eva oOta eviepoKUTIAPA EITIOTPEPEL OTO
Aertto €viepo wote va anoPAnbei (etkova 5).

[Ipoopata amoxkaAu@Onke ot o LXR maifer onpavukd podo otnv
EVEPYOITOINOT] TOU HPOVOTIATIOU TG AUTOYEVEONS. LUYKEKPIPEVA, Ppebnke Otl 0
LXR eAeyxetl v ékppaon tou SREBPI1c ota nnatokuttapa péown rpodéodeong oe
e1dkr) O¢on tou umnoxkwnu) tou. ErumpooBeta 6eixOnke ot n xoprjynon oe
TMOVIIKOUG TOV £101K®OV ouvdet®v tou LXR 0brjynoe oe audnorn g £ék@paong tou
SREBPlc xkat v yovidi®v oOtoxX®v TOU e OUVEMeld 1) OUOOK®PEUOT)
TpryAukepdiov VLDL otov oppo. Emopevog o LXR puBpifer ) Swadikaocia
BloouvOeong tpryAukep1dinv peéom sAeyxou twv eruredwv tou SREBPI1c (Repa et
al., 2000; Schultz et al., 2000).

Mnxaviopog KataotoAng tng petaypa@ng tou CYP7AI ano 1n
ONRATOS0TION TV XOAIK®V 0§EV

To amotédeopa ™G OpAong IOV XOAK®WV 0SE@V Ot HETAypa@r] TOoU
CYP7A1 fjtav yveoto yia 1moAAd xpovia addda povo mpoo@ata Ipotdabnke evag
HPNXaviopog mou va v ednyesi. Enpaviukn e§EASn npog v kateubuvon autn
NIav n avakaluyn ot o mupnvikog unodoxeag FXR evepyoroteitatr ano ta
X0Akd o§ea. [Ipoogateg pedeteg oe kKuttaporaAAiepyeieg £6e1§av o1t o FXR dev
ernpeddetl apeoa ) petaypagr) tou CYP7A1 aAdd éppeca peowm evepyortoinong
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g petaypagng tou SHP. Bpebnke ot 1o etepodipepég FXR/RXR mpoobévetat
otov urokwvnt] SHP kat evepyortolet ) petaypagn tou (etkova 4). H auénon
1OV MPETEIVIKOV erirtedwv tou SHP €xel g aroteAdsopa ) otpatoAoynor) tou
otov vurnorwvnt] CYP7A1 péow aAdnldemibpaong pe tov LRH1 xkat v
HETaypa@1Kr] KataotoAr] tou (etkova 4)(Goodwin et al., 2000; Lu et al., 2000).
Evadlaktuika, eivat duvatov o SHP va mpoodévetratr otov urnoxwvni CYP7A1
arto tov HNF4 1 ano ) ouvepyatikr) 6paon twv LRH1 kat HNF4. Extog ano to
CYP7A1l, o SHP propei va kataoteider ) petaypagr) kat dddov yovidiov
otoxev twv LRH1 kat HNF4 onwg 1o CYP8B1 kat to 1610 1o SHP (ewkova 4)
(del Castillo-Olivares and Gil, 2001; Goodwin et al., 2000; Lu et al., 2000).
Me tov tporo autd o SHP puBpidel ta eminedda tou Kat dpa ermrtuyxAavetat
auotnPog €Aeyxog ToU KATAaBoA10110U NG XOANOTEPOANG 08 XOAIKA oSea.

0 %Cholesterol

Y

m & Oxysterols

Ewrova 4. O mpotelvOpevog HNXAviopog pubuiong g Hetaypa@ng tou yovidiou
CYP7A1 and ta onpatodotikd Povordtid TV 0SUCTEPOA®V KAl T®V XOATKQAV 0SEQV.
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Emopéveg, oup@ava pe to poviedo 1ou exel mpotabei, n audnon ng
OUYKEVIPWONG TOV XOAK®V oSEwv evepyortotei tov FXR, o omoiog audavel 1
petaypaqr) tou yovidiou SHP pe ouvenela o SHP va kataotédAet ) petaypaen
tou CYP7A1 (kat dpa tn ouvBeon xoAKwv o{émv) peow aAlnemnidpaong pe tov
LRH1 (ewkova 4). H autopubpion tou SHP mpoo@épel KAAUTepo €AEyX0 TOU
povortatiou. MeA€teg 1OU  €XOUv  Yivel O OTEAEXI TIOVIIK®OV ATIOAEIAG
Aettoupyiag ya tov FXR éxouv eraAnBeuoet 1o poviedo auto. Otav moviikia
aypiou turou tpa@ouv pe dlatta eprmAouTiOPEVE 08 XOAKA 08ea, I KATAOTOATY)
NG petaypaeng tou CYP7A1 ouprtintel pe evepyoroinon Ing HeEtaypa@rnsg Tou
SHP. AvtiBeta oe novtikia FXR-/- dev nmapatnpeitat avnon v ermumedov SHP
Kal oUTe Imtwor) g petaypagng tou CYP7A1 (Sinal et al., 2000).

[ToAU 1mpoopata KATAOKEUAOINKAV  OTEAEXN TIOVIIKQV  ATIWAEIAG
Asttoupyiag yia tov SHP. H avdduon toug enaArBsuoe 10 poAo 10U oOtnv
0p0100Ta0n TV XOAK®V 0ewv, epoocov ta SHP-/- movtikia napouociacav
audnuevn ouvheon KAl CUCO®PEUOT] XOAIK®V 0§e®V OTO rrap Kat tov oppo (Kerr
et al., 2002; Wang et al., 2002). Emntiong, ermPepaiwdnke o podog tou SHP otnv
KataotoArn tou CYP7A1 610t ota SHP-/- novtikia napatnpnbnke auvdnon twv
eruuiedov RNA tou CYP7A1. Qotooo, n audnon auvi) (g €KEPAONg Tou
CYP7A1) 6ev 1tav peyddn, onwg Oa mepipeve Kaveig av n KATAOTOAL Ao Tov
SHP avtupoowrieue tov pOvo 1] KUPO TPOIT0 KATAOTOALG TG HETAypa@r|g Ttou
CYP7A1 amo ta xoAwkd oé¢a. Ermurmmdéov, otav SHP-/- movtikia tpdgnkav pe
Olatta spmloutiopevn) oe X0Aka ofea, napatnprOnke kataotodr] tou CYP7A1,
YEYOVOG TTIOU PapTupd TV Unapdn PNXaviopoVv KATACTOANS NG HETaypa@ng tou
ave§apttav ano tov SHP (Kerr et al., 2002; Wang et al., 2002).

Meéxpt onpepa €xouv ava@epBei oplopEvVol eITPOoOETOl PNXAVIOHOol TToU
Oev eCaptovial arnd tov SHP kat odnyouv oe kKataotoAr] tng petaypa@rg tou
CYP7A1 ano ) onpatodotnon v XoAkev oemv. [Ipoopateg pedéteg £deiav
OTl TO Ta XOAWKA 0fea HIOPOUV va EVEPYOITO|00OUV H1d@opa OnNuAtodotkd
povoratia, onwg auvto v Kivacwv MAPK, tng poopoxkivaong PKC kabwg kat
) onpatodotnon 1ou  evepyoroteitat arto tov FGF19, éva pélog 1ng
owoyevelag v FGF mapayoviov. Av kat ot pnxaviopoi autoi dev eivat
pedetnuevol oe Pabog, €XOUV ®G KOWVI] OUVIOTAPEVI] TNV EVEPYOITOiNOI TOU
onpatodotikou povoratou v Kivaocwv JNK (De Fabiani et al., 2001; Gupta
et al., 2001; Holt et al., 2003; Stravitz et al., 1996).

E1dwotepa oy nepirmiwon g onuatodotnong aro tov FGF19 nou eivat
KAl 1 KAaAUtepa HeEAETNPEVI], ATTOKAAU@PONKE OTlL O €VEPYOTIOUMEVOS ATO TaA
XoAwkd o§ea FXR mpoobdévetrar oe edkr) O¢on otov unoxkwvnu] FGF19 xkat
EVEPYOTTOLEL T PETAYPAPT] TOU. AUTO €XE1 WG OUVETELIA TNV aUlnorn TV errnedov
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npwteivng FGF19, n oroia ekkpivetar kat evepyorotei tov dapepPpaviko
urnoboxéa FGFR4 1tov yeltovikov KUTIAp@V PE TEAKO armotedeopa TV
evepyortoinon tng kwvaong JNK (Holt et al., 2003). O poplakog pnxaviopog pe
Tov oroio to povortatt JNK ernpeddet v petaypagr) tou CYP7A1 bev eivat
SexaBapog katr exouv mpotabel dUO povieda. ZUp@mva Pe TO IPWIO O
Pro@opuliwpevog (arto JNK) petaypagikog mnapayoviag c-Jun rpoodevetat
otov urnorkwnt) CYP7A1 kat oxnpatifel €va KATAOTAATIKO OUMITAOKO, €VQ
oup@ava e 1o deutepo n JNK apeoca @oo@opudiavel KATO0 BeTIKO pubpiotr)
g petaypaerg tou CYP7A1 onwg o HNF4 11 o LRH1 pe ouvénmewa tnv
napepniodion g dpdong tou. EmumpooBeteg pedéteg xperaloviatr yua v
ertaAnOsuon g piag 1 g dAAng unoBeong.

PUOp101 TNG EVIEPONIMATLKIG KUKAOPOPLAG TV XOALKMOV 0LV

O FXR, ek10g amo tn ouvheorn TV XOAKOV 0Sewv, pubpilel ) petagpopd
Toug gprodifoviag v auvdnon g CUYKEVIPKOOLG TOUG OTa NIatoruttapd. Auto
erutuyxdvetat péoe auvdnong wng petaypaeng tou BSEP mou eivat o kuUplog
HETa@opeag XOAK®OV OSEWV Ao TA NIIATOKUTIapd otr] XoAndoxo KUOT Kdt
peow kataotoAr)g tou NTCP mou armotedei 10 Paociko petagopea ywa v
IPOCANYIN XOAIK®OV 0&Ewv aro 1ov oppd (ewkova 5). O FXR mpoobévetat oto
urnokwvnr) BSEP kat evepyorotei ) petaypa@r) tou, eve PE KAMO0 €UHIECO
HPNXaviopo mou evéexopévag repldapfavet tov SHP ermituyxavetal 1 KataotoAn
g petaypaeng tou NTCP (ewkova 5) (Ananthanarayanan et al., 2001;
Denson et al., 2001; Holt et al., 2003; Sinal et al., 2000). Emiong ota
evtepokuttapa to yovidio IBABP armotedei otoxo yia tov FXR. H npoteivn
IBABP 1ipoodévetal ota XoAKA 0§ea KAl PEwVeL TV evOoKUTIAPIA TOSIKOTNTA
ToUG. YWYNAEG OUYKEVIPWOELS XOAIKMOV OSEMV OTA EVIEPOKUTIAPA EVEPYOIIO10UV
tov FXR mou auavet ) petaypaer) tou IBABP (ewkova 5) (Makishima et al.,
1999). Anto v avdaduon v novilkov FXR-/- mpokurttel 1o ouprnépaopa ot o
FXR eivat o Revip1lkog pubpiotng g opo1dotaocns 1@V XoAKeV ofémv. Xta FXR-
/- movtikia 6ev eival duvatr] 1 KATAOTOAr] G MAPAYRYIS TOV XOAIKOV 0SEDV
Kail n pubpion g ekppaong tov yovidiov BSEP, NTCP kat IBABP pe ouvenela
TV avAantudn NIatikhg AVerndapKelag AOY® aUSNPEVIIG OUYKEVIP®ONG XOAIK®V
ocwv (Sinal et al., 2000). ErtutAcov, o SHP gaivetatl va naifel onpaviiko poAo
Ootn PUOMION NG EVIEPONITATIKIG KUKAOQPOPIAS TOV XOAK®V 0SERMV, £POCOV OF
SHP-/- movtikia napatnpeitat avgnon g ek@paong v petapopeéwv NTCP kat
BSEP (Kerr et al., 2002; Wang et al., 2002).
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Ewkova 5. H pubpion g opotdotaong g X0ANoTePOANG KAl TOV XOAKOV 0@V Ao
Toug rupnvikoug urtodoxeig FXR, LXR, LRH1 kat SHP.

Xapaktnplopog yovidiov otoxwv tou SHP

O SHP éxetr 8ewxBel va adAnAermdpd @uUOKA KAl AETOUPYIKA HE €va
peyddo aplBpo ano rupnvikoug urtodoxeig kat va rapsprodider ) Spaon toug.
Avapévetal Aoutov va eA€yxXel TNV €K@EPAOT] TTOAA®V yovidim®v IoU CUPHETEXOUV
oe Sla@opa @uolodoyikd povortdtia. Qotdoo, €wg OrpeEPA £vag TEPIOPLOPEVOS
apOnog yovibiov otoxwv tou SHP, mou oxetietat pe v opolootacn eV
XOAK®V 0§Ewv, €xel tautortonOei kar xapaktnpiotei. To CYP7A1 aroteAet to
KaAutepa peAetnpévo yovidlo otoxog Tou, eve UMAPXouv apketa dedopeva yia
ouppetoxr) tou SHP ot pubpon tov yovidiov CYP8B1 kat NTCP (del Castillo-
Olivares et al., 2004; Denson et al., 2001; Goodwin et al., 2000; Lu et al.,
2000). Extog amd 1a napandve, armno in vitro Kuping IEpapard £Xouv
npoxkuyetl evdeifelg yia mbavo podo tou SHP ot pubuion wng exk@paong
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yovidiov onpavikov yia Vv opolootacn v Aundiov, onwg ot
arnoAutonipeteiveg ApoAl, ApoC3, kabwg Katl yia ta povoratia petafoAiopou
IS YAukol{ng kat twv SevoPlotikwv onwg to PEPCK kat CYP3A avtiotowxa
(Bavner et al., 2002; Borgius et al., 2002; Delerive et al., 2004; Ourlin et al.,
2003). EnutAeov, o0t OAeg TG IMEPUIIWOELS AEMOUV n VIO TMEPAPATIKA
0ebopéva nou va deixvouv v apeon npoodeon tou SHP otoug unokivnteg tov
APAIAVE YOVisimv.

H avdluon twwv SHP-/- movuikaov ©6ev PorBnoe onpavuka otnv
avakailuyn veav yovidiov otoxev tou SHP yia dUo ruping Aoyoug. Katapxr)v, o
SHP aroteldei emayopevo mapdyovia o oroiog ekgpddetatl oe XapnAd erineda
KAl yia va 8pdoel ®g HPETAypaA@lKOG OUYKATAOTOAEag eival arapaitnt 1
EMAY®YN] TOU AITO T1 ONPAtodotnon TV XOAKOV 0SEDV. AUTO €XEl WG OUVETIELQ,
N €AAewypn TOU va pnv €xXel dpapatiky) emidpacn otnv €K@PAcn @V yovidiov
owoxwv tou (Kerr et al., 2002; Wang et al., 2002). Emiong, arnodeixOnke n
unapln evaAlakuxkov, aveSaptniev ano tov SHP, povonatiov mou enayovtat
aro ta XoAwkd ofeéa kat oupdAdouv ot kKataotodr) v yovidiov CYP7A1 kat
CYP8B1. Apa n amoucia tou SHP ano povn g dev odnyel oe onpavukr)
audnorn g petaypa@ng tov yovidiov otoxev tou. I'a 0Aoug 1toug nmapanave
Adyoug, urtoBsoape OTL €va POVIEAO TTOVTIKOU ITOU va eK@Paldel uynAd erineda
SHP oto fnap aveSdpinta ano t) onpatodotnon tewv XoAKoav osEwnv, Ba nrav
XP1|O10 A@eVOG yid TNV AVAKAAUYn VEXV YyovidioVv OTOX®V KAl POVOITATI)V TToU
puBpifovratr and tov SHP in vivo kat agetepou ya v emPePainon g dpaong
Kal poodeong ToU 0€ UTTOKIVITEG IToU eivat 1161 yveotoi.
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ZTOX0g

Eveo o SHP éxel 6exBel va aAAndermdpd pe pa peydAn mokldia arod
rmupnvikoug urodoxeig kat dpa eivar mbavo va mailet podo oe Hagpopa
(PUOL0AOYIKA ONPATOO0TIKA povoratid, eival Ieploplopeévog o aplBpog Kala
XAPAKTNPIOPEVEV YovidieVv OTOX®V TOU ITOU €ival yveota PEXpt onpepa. Me
OKOTIO A@EVOG TNV TAUTOIIOINOI KAl TO XAPAKINPIOPO VEDV Yyovidiwv OTOX®V TOU
SHP kat agetepou ) peAéwn g Proloyikng tou onpaociag otn pubpion tou
NIatkou petafoAiopou, Kataokeudotnkav kat pedewmOnkav Swayovibiaxka
rovtikia mou ekppdafouv uynAd emnineda SHP e1dwkda oto nnap aveSdpinta arno
1 ONPATod0TN o1 IOV XOAK®OV 0SEDV.
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AnoteAéopata

Kataokeur] tov SHP §iayoviS1ak®v nNoviikov

Ma va anoktrjooupe pia OAOKANP®PEVI] €1KOvA yld Ta yovidia 1ou
puBpifovtar arno tov SHP, kataokevaotnkav 6tayovibiakd IOvViikia ITOU
ekppdafouv ouvexmg uynAd erineda SHP edwd ota nnatoxkvuttapa. H
KATAOKEUT] Tou xXprotporioinOnke repteixe to cDNA tou avBparuvou yovidiou
SHP uno ) pubution tou unoxkwvntr) g tpavobupetivng (TTR) mou obnyet tnv
ék@ppaon e181ka oto frap (ewkova 6) (Yan et al., 1990). Zto apvoteAikd Arpo
Tou SHP eviéOnke pia adAndouxia nmou rewdikorotet ya tov ertitorto FLAG, o
ortoiog avayvapifetalt ano €O1KO aviioopa wote va eleyxBei n ouvBeon g
MP®TEivg aro to Siayovibio (etkova 6). H maparndave Kataokeur] evéOnke oe

®OKUTIAPA Tad Ortoia TorofetOnkav ot prjtpd 6NAUK®OV TTOVIIK®V.

TTR Promoter  |EXONi| INTRON| FLAG | SHP SV40|

Ewkova 6. IXNPAtiKy] avarnapdotaon tng KATAOKEUNG IMOU odnyel v €K@PAoT g

npwteivng FLAG-SHP £1861kd oto nrap tov 61ayovidlak®v IoviiKov.

Arnoxkt)Onkav tpelg Hlayoviblakeg Oelpeg KAl yla T HEAE II0U
akoAouBel ermAexOnke exeivr) rmou exk@paler to RNA petaypagpo tou SHP
rnepirou 7 @opég nave arno ta evdoyevr) erineda, onwg deixOnke oe mepdpata
RT-PCR (ewkova 7A). Me avdluon katd western pe 1 Xpron e8ikov
aviioopdatwv a-FLAG xkat a-SHP mnapatnprbnke avaloyn audnon tev
npateivikov ermunedwv tou SHP (ewkova 7B). H aulnpévn éxkgpaon tou SHP
ota 6tayoviblakda moviikia eivat peéoa ota @UOI0AOYIKA Opla Kal AVTIOTOIXEl ota
erayopeva ermineda Tou PETA A0 E€M®ACT MPKATOYEVAV NIIATOKUTIAP®V HE
XoAwkd oééa (Goodwin et al., 2000). H ¢xkgppaon tou Swayovidiou ota SHP
ITOVTIK1A AVIXVEUETAL PETA T YEVVIOL KAl PTAVEL 0 UPnAd erineda rata v
evnAkioon. Ta mepdapata mou akoAouBouv mpaypatoromnOnkav pe evnika
SHP kat aypiou tUrou mnovtikia nAikiag 2 pnvev.
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Control SHP-Tg
| 1T |

Control
SHP-Tg
Control
SHP-Tg

GAPDH — ww s st sutes st st

SHP — o e emw wiw  SHP— e £

1.0 1.1 1.1 7.1 6.9 6.8
aSHP oFLAG

Ewkrova 7. H ékppaon tou SHP ota iayovidikd rovrtikia.

A) TToooukorounpévn avaduon RT-PCR yia tov ipoodioptlopo tev smredov mRNA tou
SHP oe detypata nratikou oAdikou RNA amo tpia Sayovidiakd SHP kat tpia aypiou
Turou 1ovtikia. B) AvaAuon katda western yia tov 1poodloplopd tov IPOTEIVIKOV
emriedov tou SHP og mupnvikd kuttapika ekxudiopata aro dwayovidiaka SHP kat
aypiou tUTOU MOVTIK1A PE T XPrjon aviloopdatov a-SHP kat a-FLAG.

Paivotunika Xapaxtnplotira tov SHP §iayoviStarov noviikov

Makpookoriiky] e§etaon €6ee out 1o nmap v dwayovibakeov SHP
IMOVTIK®V NTav atofntd PeyaAutepo KAl IO AVOIXTOXP®OHO 0 OUYKP101] HE auto
MOVIIK®V aypiou TUmou. XZuvif®g TO avolxXto Xpopa Tou 1ratog eivat
XAPAKTNPOTIKO NG ouoompeuong Autdiov. Xpmorn pe atpatoSulivn katl neoivn
rmou dagouv TOV TUPNvVa KAl KUTIAPOIMAAoPA avtiotowxa, &6ei§av ot 1
pop@oloyia TOoU dlayovidlakou 1Nmatog €ivat  @QUOIOAOYIKI], av  Kdl
napampnOnke  omnopadikr) Unapsn  KUTIAPOTIAAOUATIKAV  £001VOQIA®V
KEVOTOTT®V Ayvewotng ouctaong (ewkova 8A). H ékgpaon ng mpeteivng SHP
1TAV OHUOYEVI)G OTOUG ITUPIVEG OAGV T®V NITATOKUTIAP®V OUP@GVA HE Meipapa
avoootlotoxnpueiag pe ) xprion a-FLAG avtuioopatog (ewkova 8C). Ze oupgavia
HE 10 avolxXto Xpwpa tou diayovidiakou rnatog, Xpworn pe Oil-Red O €6eile
ektetapévn ouocowpeuorn Aundiov katr  edkotepa  TpryAukepdiov  otnv
MAL10VOTNTA TV NITATOKUTIAP®V (EtROva 8B).

21 ouvéxela eSETAOTNKAV OPLOUEVEG (PUOTOAOYIKEG TIAPAMETPOL 1€
HETPL0EIS TV OUYKEVIPWOEDV TPYAUKEPIOIOV, XOANOTEPOANG KAl XOAIK®OV 0SERV
otov 0oppOd Kal 1o nmap Olayovidlakewv movikewv. Ta  amnotedéopata tev
petprjoemv napouotadoviatl otov mivarka 1. e ocupgovia pe ta @eaivoturikda
yvopiopata, rmapatnpnOnke auSnpevn CUYKEVIP®OT NIIATIKGV TPyAUKePdimv,
EV® A0 TNV AAAN PEPLA 1] OUYKEVIP®OT] TOUG OTOV 0PpPO 1)TAV PUOTOAOYIKT).
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A B C

Ewkova 8. Iotodoyikr) avaduor tou rratog diayovidtakov SHP rovukov.

A) Xpoon pe atpato§udivn Kat N@oivy oe NIAtkeg Pikpotopeg aro diayovidiaka SHP
Kat aypiou twnou moviikia. B) Xpowon pe Oil Red O o nratikég PIKPOTOPES ATTO
dtayovibiakd SHP kat aypiou turnou mnovtikia. C) Avoco@Boplopog pe aviioopa a-
FLAG oe nnatikég pikpotopég aro diayovidiaka SHP kat aypiou turou rovtikia.

Onwg nfrav avapevopevo- pe Paocn tov apvnukod podlo tou SHP otn
BloouvOeon XOAKQOV 0SE@V- 11 OUYKEVIP®WON XOAK®WV 0SE®V OTO NIap Kat I
X0Andoxo kuotn v SHP moviikewv mapouociace dpapatiki) IIoon €ve 1)
OUYKEVIP®OI TOUG OTov oppo dtatnprOnke apetdPAntn. e oupgpovia pe v
MAPAIAve Tapatrpnon n ouykevipworn tou C4, petafolikou 1mpoidviog tng
KatdaAuong tou eviupou CYP7A1, ftav eAattopévn niepinou 4 @opég. Ermriéov,
0Ol OUYKeVIPWOelS TG ouvoAikrg kat HDL xoAnotepoAng tou oppou twv SHP
IMOVTIKOV I)TAV HEWHEVI] O onuaviiko Pabpo. AviiBeta 1n ouykeévipwon tng
VLDL xoAnotepoAng onpeiwoe audnon, evew autr] g LDL XoAnotepoAng
napspeve apetaPAntn. Bpebnke emiong, ott ta SHP moviikia mapouociadouv
eAATIOUEVT] 1KAVOTNTA ATTOPPOPNONG XOANOTEPOANG, KAOB®WG 1] OUYKEVIP®OT TNG
B-o1tootepOANG, Plag QUTIKLG OTeEPOANG Iou mpocAapfdavetatl amnod t) dHatpoer)
ntav nepirou 3 @opeg pikpotepr. EmmAgov, n ouykevipowon tg AavootepoAng,
evbiapeoou 1mipoioviog g ProouvOsong NG XOAnotepOAng nrav 1diaitepa
auénpuévn otov oppo TV dHayovidlakev novikev. Ta napandve anotedéopata
urodekvuouv ot ta Stayovibiaka SHP rmoviikia mapouctadouv onpaviukda
npoPAnpata otnv opolootact TG XOANOTEPOANG, TPIYAUKEPIOIDV KAl XOAIK®V
oSewVv.
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Wwild type SHP-Tg SHP-Tg/wild type
Liver weight (g) 1.2940.17 1.55+0.12* 1.20
% body weight 4.25+0.28 6.28+0.34%* 1.47
Serum
Triglycerides (mM) 0.324+0.07 0.36+0.14
Total cholesterol (mM) 2.90+0.24 1.90+0.75*% 0.65
Free cholesterol (mM) 0.41+0.07 0.53+0.20
VLDL cholesterol (mM]) 0.014+0.01 0.031+0.025
LDL cholesterol (mM) 0.104+0.02 0.13+0.08
HDL cholesterol (mM) 2.80+0.2 1.70+0.70* 0.60
C4 (nM) 142 +27 38+10%* 0.26
Lanosterol (nM) 320472 803 +298* 2.50
B-Sitosterol (nM) 37114485 1356 +£329** 0.36
Bile acids (pM) 123423 13.24+2.2
Liver extract
Bile acids (pmol/g liver) 2.49+0.36 0.31 +0.06** 0.12
Triglycerides (ng/g liver) 79+1.2 19.4+1.7** 2.45
Cholesterol (pg/g liver) 2.86+0.40 2.614+0.33

IMIivakag 1. Ot puolodoyikég tapaperpot v diayovidikov SHP rovukov.

Avdluon tou mpotumnou yoviSiakrig Ek@pacng twv SHP movurov pe
DNA microarrays

Me oxomo va OtepeuvnOouv ot addayeég OTo IIPOTUIO TG YOVIS1aKIG
¢kppaong v dayovidakm®v SHP rnovuikav, ipaypatornotr)fnke availuon pe
xprjony DNA microarrays. ['a v KAtaokeur] TOU ONPACHUEVOU AVIXVEUTH)
Xpnowponoi)fnkav detypata nriatikou oAdikou RNA aro 10 dayovidiaka SHP
kat 10 aypiou turnou rovtikia eve 1 uPfpidoroinon £yve o€ AVUKEIPIEVOPOPOUS
IOU £€@epav €eVIOIIOPEVA OAtyovoukAeotibia aro 7.500 vyoviba yvwotng
Asttoupyiag ard to yovidiopa tou movukou. H avaduon amoxkdduye ot n
EK@PAOT &vOG peyalou apBpou yovibiowv T1ou eprAékoviat oe  Hragpopa
HOVOItATid £MNPeAcINKe 0 onUAaviko Pabpo. Onwg @aivetat otov mivara 2,
yovidia mou maifouv poAd otig Proloyikeg Siepyaoieg tou petaoAicpou,
aviidpaong otpeg KAl QAEYPOVG, HETa@opag HEow pepfpavav, amnotoliveong,
KUTIAPIKOU  KUKAOU, onpatodotnong, KUTIAPIKLG TIPOOKOAANONG  Kdat
petaypa@ikng  pubpilong  ep@avifouv  dragoporoinpevn  €K@paAcn — ota
Olayovidiakd Ttoviikia. Xe oup@ovia pe 10 yvwotd podo tou SHP orn
HETaypa@ikr] KataotoAr], Ppébnke out 1n €xepaon 67 yovidiov pelwdnke
MEPLOOOTEPO ATT0 2 @Oopeg, evw ya 48 yovidia napatnpndnke aviiotoxn
audnor.

[ToAAd armo ta yovidia rou Bpebnkav va ennpeadovial aro 1) OUVEXOUEV
uyPnldrn éxkepaon Ttou SHP oto 1nmap OUPPEIEXOUV OtV  OHPOo100TAOoT)
XOANOTEPOANG KAl XOAK®WV 0SEWV, YEYOVOG TIOU £PXETAl O OUP@P®OVIA HE TO

pawoturo twv SHP rnovuikov. I'a to Adyo auto, n avaiuon rnou akoAlouBei otn
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OUVEXEld EMKeVIpwONKe oto podo tou SHP owmyv pubpion aviov tev

povorati®v.

H £R@paoct yoviSimVv nou epnA£KovIdl otV OHO100TACT] TOV XOALROV
o$twv ota drayovidrara SHP novtikia

Ma v emaAnBesuon 1OV AMOTEAEOUAT®V IIOU IIPOEKUYAV dAIO TNV
avaduon pe microarrays, npaypatorntomnOnke avaluvon RT-PCR ano dsiypata
nratikou oAwkou RNA mou amnopoveodnkav arno SHP xkat aypiou turou
MovVTiKla. ZUPMANPOPATIKA €KTOG ard Ta yovidia 1ou Ppébnkav va
erpeadovial ano v avaluon pe microarrays, €AeyXOnke n €kepaon Kat
daAAev yovidiov mmou raifouv onuaviliko poAo yua tv opoltootacn tev Atrudieov
Kal TOV XOAKOV 0SEMV.

Onwg 1ftav avapevopevo, n eékepaon tou CYP7A1 napouoiaoce onuavuik)
mtoon ota SHP movtikia, yeyovog Imou €pXetal 08 OUP@OVIA HPE T HEIDHEVT)
ouykévipeon tou C4 mpoioviog (ewkova 9). Evdiagépouoca rnrav emiong, 1
napatfpnon ot ta yovidla CYP8B1 kat CYP7B1, mou ouppetéxouv ot
BloouvOeon XOAKGOV 0SE@V A0 To0 KAAOOIKO KAl TO €VAAAAKTIKO HOVOIIATL
avtiotoxa, rjtav rmoAu mo euaiobnta otn Petaypa@ikr) KataotoAr) arno tov SHP
(ewkova 9). Ze aviiBeorn, n ékepaon tou eviupou CYP27A1 6ev mapouciaoce
adtodoyn petaPoldr). EmrmAéov, ta enineda RNA tou evQupou BAT ,mou naiet
ONpUAviKO poAo oOtnv enelepyacia TOV XOAKOV OSE®V HPE0W OMO10TIOAKIG
ouvbeong pe apvo§éa, ep@aviotnkav PeEwpéva oe onpaviko PBabuo (ewkova
9). Ta mnapanave arnotedéopata e§nyouv 1 Opapatkn HeElwon g
OUYKEVIPWONG XOAIKQOV 0SE®V OTo NIap Kat T XoAndoxo kuotn twv SHP
rovukev eSartiag rnapepnodiong v povoratiwv BroouvBeorig toug. Eva o
poldog tou SHP ot petaypagikr) kataotoArn tov yovidiov CYP7A1 kat CYP8BI1
nav avapevopevog, ta yovidla CYP7B1 kat BAT amnotedouv veoug riBavoug
otoxoug. Xin ouvexela Oa pedetnBei o dapecog 11 pn podog tou SHP otn
HETAypaA@1KL] TOUG KATAOTOAT). UVOAIKA, Ta arotedéopata urootnpifouv ot o
SHP napeprnodider Swagpopa otadia tng Proouvbesong kat emeepyaociag twv
XOAKWV 08EMV KAl UIOOE1IKVUOUV TOV KEVIPIKO TOU POAO OT0 ApPVNTIKO
PUONIOTIKO povoratt IMou MAPePItodifel T OUCCWPEUOT] XOAK®OV OSEDV TTAVED
aro ta @uotlodoyika ertineda.

ErupooBeta, avixveuoape PEOPEVI] EKEPAOT] TOV £SAYRYEDV XOAIKQOV
oSewv aro ta nnatokuttapa, BSEP kat MDR2 kat tou Paocikou petagpopéa
€10ay®yng toug arod tov oppo, NTCP (sewkova 9). Tuvoldikd, ta arotedéopata
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e§NyouV 10 yeyovog NG apPetdPAnNtng OUYKEVIPWOONG XOAKQOV OSE®V OTOV 0pPO
napda i peiwon toug ot XoAndoxo kuotn. H edattopévn ekgppaon tou NTCP
evOEXOPEV®G va 08Nyrostl o PElWPEVI] TIPOCANY] TV XOAK®V 0SE®V AIO TO
Iap KAl OUCO®WPEUCT] TOUug Otov oppo. Eve undpxouv urmovoieg ya v
KataotoArn 1 petaypagrg tou NTCP and tov SHP, to BSEP yovibio aroteAeti
éva veo rmbavo otoxo. It ouvexela Oa eSakp1Bwbei av o BSEP amoteAel apeoo
0t0X0 KataotoArg tou SHP 1) n rmoorn tou eival anoteédeopa KAMO10U €PUPECOU
pnXaviopou, onwg yla rapddetypa Adywn evboruttdplag Peiwong XoAK®OV oSemv

KAl arkoAouBng peiwong tng evepyotntag tou FXR.
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Ewrova 9. Avaduon tev ermredov mRNA yoviSiov rmou epriEkoviatl otnv opo1dotaot)
TOV XOAIKWV OSEQDV.

[Toootukorounpévn avdduorn RT-PCR anod dstypata nratikou oAikou RNA aro
dlayovibiaka SHP kat aypiou turou rovrikia.

H ér@paoct yoviSimv nou epniA£Kkovial otV Opol00TaAct) TG
XoAnotepoAng ota drayovidraka SHP novrtikia

Z1n ouvexela PeAet)OnKe 1 €KEPAOT] YOVISi®V ITOU €XOUV ONHIAVIIKO POAO
OTNV OP0100TA0T] TG XO0ANOTEPOANG OIS AUTA ITOU KOOIKOII010UV yia H1dpopeg
arnoAronipwteiveg, Proouvletika evfupa Kat Urodoxelg  AUTOnpeTEIiVIK@V
oopatdiov. Ta eminmeda RNA twv mnepliocotépwv yovidiov Ot onpeiwoav
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onuavukn petaPfoArn) ota SHP movtikia. TTapatnprnbnke wotdoco ONPAVIIKY)
peilwon g exkppaong tou SR-B1l unodoxeéa tng HDL XoAnotepoAng xkat ing
artopeBuldong g AavootepoAng CYPS1B1, esveo ta emineda RNA tou
petapopéa ABCA1 aulnbnkav (etkova 10).

2.5 -
= Control
2 - B SHP-Tg
1.5 -
1 _
0.5 -
0 \ I I \ I ‘ I I I I \ I \ I I \ I \ I I A
‘ 4 ’ *
Q-'Q’ \9\/ Q,c’v. 0°?. Qﬁ'{o k& ?g’q QOV' o V.QOQ 00\ o("\ 79& a
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Ewkova 10. AvaAuon tev erurnedov mRNA yovidiov rou eprAékovial oty opo1o60taon)
NG XOANOTEPOANG.

[Toootukorounpévn avadduorn RT-PCR anod detypata nratikou oAikou RNA arno
drayovidiakd SHP kat aypiou tunou rnovtikia.

O1 aAdayeg g €kppaong tou SR-B1 kat tou ABCA1 avapéverat va
odnynoouv ot peiwon g avtiotpopng petapopas HDL xoAnotepdAng mpog to
Nrap Kat au§npevn €§060 XoAnotepoAng arno ta nratoxkutiapd, avtiotoxa. Ga
nepipeve kavelg Aoutdv 11 OUYKEVIPWOI XOANOTEPOANG tou oppou twv SHP
MOVUIK®V va ivat au§nueévn. Avtibeta, autr) mapouotadetal OnNPAviKA HEIDHEVT)
(mivarag 1). Evéexopévag, n Mtoon aut va o@eidetal Katd KUPlo AOyo otnv
dpapatikr) peiwon twv anobepdiov 1oV XoAKev oséwv ota SHP movtikia . Eivat
YVROOTO OTt ta XO0AwA ofea maiouv kaBoploTlkO pPOAo OtV amnoppo@non
X0ANotepOAng Kat dAAev Aundiov amno 1 dratpoer). Apa ota SHP novtikia rou

UTTIApXel PIKPO anoBepa XOA K@V 0§E®V, 11 XOANOTEPOAT TTOU €10£PXETAL ATTO 1)
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Olatpopn 6ev Ba armoppo@dtal arotedeopatika kat 6a arofdaAAetat. H unoBeon
autr) entaAnBsubnke KaBwg 1 OUYKEVIPWOT NG P-01tooteEPOAng tou oppou SHP
IMOVIIKQOV MTaVv KAtd TMOAU peiopévn (mivarag 1). H ouykévipoon wmg PB-
ottootepOAng arotedei deiktn aroppodé@nong otepoAmv amd t datpo@r) Aoy
MPOKETAL yld QUTIKI] OTePOAn rou dev ouvtiBetatr ota mnoviikia. EmnpooBeta,
100G o1 aAAayeg ownv €ékppaon v SR-B1 kat ABCA1 mou napatnpouviat va
OTOXEUOUV 0TIV AITOKATACTAOCT) TG 100PPOITiAG TG CUYKEVIPKONG XOANOTEPOANG
TOU 0ppoU, peom auinpévng e§odou g aro to nrap (ABCA1) kat pewwpévng
€100060U g ano tov oppod (SR-B1).

H aulnuévn ouykévipwon AavootepoAng otov oppd twv SHP movukov
eivat oupPatry pe v evepyoroinon Tou povoratiou  roouvBeong tng
X0AnotepoAng (mivakag 1). Qotdoo, n £kepaon tou yovidiou tng HMG-CoA
avayoydaong TIoU KATAAUEl TO TIEPLOPIOTIKO OTtddlo Tou povoratiou, Oev
petafardetal, yeyovog 1mou eivatl avilBetikd oto mapanave evdexopevo (etkova
10). [IiBOavotata, n auvfnon v ermIEd®V AAvooTePOANg eivat ouvernela Ing
pewpevng €repaong g aropebulddong tg AavootepoAng CYPS51B1 mou
Kataluel 1o evdidpeco otadlo g ouvbeong XOoAnotepoAng aro AavootepoAn
(exkova 10). Apa, evéexopévag to povortdtt BloouvOeong g XoAnotepoAng va

eival kataotaApévo ota Hiayoviblakd rovrikia.

H £ér@paoct yoviSi®v nou CUPPETEXOUV otn BloouvOeot TV
TplyAurep1Sicnv ota Srayovidiaka SHP novtikia

a va e§nynBei n poplakr) Pdaon g cuCO®PEUONG TPLYAUKEPLOI®V OTO
nrap twv SHP novukov, eSetdotnke n €éK@paon yovidiowv mou eurnmAeKkovial ot
Awnoyéveon. Bpébnke katapxr)v, 6t ta erineda RNA tou petagopéa Autapwv
oéewv ota nrnatoxkuttapa, CD36 rtav dwaitepa auv§npéva ota Srayovidraxd
rovtikia (ewkova 11). Emiong, mapatmprndnke peyadn audnon wmg €K@Paong
1oV yovidiov FAS, ACC1, SCD1 kat ACL, ta oroia CUPHETEXOUV OTO HOVOTIATL
BloouvOeong Autapwv oféwv (ewwova 11). Ermopéveg, n aulnon g
OUYKEVIP®ONG TRV NIATKOV TpyAukepldiov 1mbavotata o@eidetar otnv
AVAPEVOPEVI] CUCO®PEUOT AAP®V 0Se®Vv A0y auinpueévng ouvBeong arto

aketuloouveviupio A Katl IPOCANYPNG Arto Tov oppPo.
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Ewkova 11. AvaAuon teov eruredov mRNA yovibiov rmou ouppetexouv otn BloouvOeon
TV TptyAukepdinv

[Moootukoromnpévn avaduon RT-PCR anod deiypata nratikou oAtkou RNA aro
drayovibiakd SHP kat aypiou turnou novtikia.

H £R@pPpact TOV PETAYPAPIKGOV NAPAYOVIOV MOV EPMAEKOVTIAL 0T
pUOnIoN TOU Nnatikou petafoAiopou ota Stayovidiaka SHP novtikia

Zin ouvexela PeAe)ONKe 1 €EKEPAOCT] TV KUP®V  HETAYPAPIKOV
MApPAyovI®V IMOU €XOUV OUOCXETIOTEL HPE T pubpion twv napandave yovidiov.
[Mapatnpndnke ot ta ermineda RNA tou evboyevoug SHP yowvibiou eivai
Opapatika pewpeva ota SHP moviikia, yeyovog rmou oup@ovel pe 10 yv®OTO
podo tou SHP ot petaypa@ikry KataotoAry tou yovidiou tou (ewkova 12).
Evbiagépouoa ermiong nrav n napatipnon ot n €kgpaon tou FXR 1ou
artoteAei evepyortontr] tou yovidiou SHP -ornwg kat aAAdev yovidieov onpavikov
yla TtV opold0tact TV XOAK®V 0EMV- £ival onpAvVIIKA AdTIOUEvn] (ElKOvVa
12). To anotedeopa auto dnpioupyel pa véa pubpiotikr 0XEo0r OTo SIKTUO IToU
€AEYXEL TNV OPO1O0TACT] TOV XOAK®OV 0SEDV KAl APIVEL AVOIKTIO TO EVOEXOHEVO O
SHP dapeoa va ratacteddel ) petaypa@r) tou evepyorountr) tou, FXR. H
napandave urnobeon eSeTAOTNKE MEIPAPATIKA KAl TIEPTYPAPETAL OTI] OUVEXELd.

Ermiong, eSetdotnkav ta erineda RNA tov nupnvikeov urnodoxéwv LRH1,
HNF4, LXR, CAR, PXR, RXR, PPARa kat 1tou nnatoeldikou PETAypa@iKou
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rapayovta HNF1, kat §ev apatnpr|bnke KAola onpaviikn Petafolr) (etrova
12). Arto v aAAn pepid, n €KEPAOCT TOV PACIK@V pUBPIoT®V NG ALITOyEveong,
SREBP1c kat PPARy, rjtav 8waitepa auv§npévn (ewwova 12). To yeyovdg autd
eivat oupPatd agevog pe v napatnpnpévn auvinon v ermredov RNA tov
YOV1810V TTOU €PUIMAEKOVIAL 0TI AUTOYEVECT] KAl A@PETEPOU 1€ TOV NITATIKO AUTIO1KO

@awoturno 1ov SHP novukaov.
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Ewkova 12. AvaAuon v ermnedov mRNA yovidiov rmou kodikorolouv yia
HETaypa@ikoug apdyovieg rnou pubpifouv tov Nratiko petafoAiopo.
[Moootkoromnpévn avaduon RT-PCR anod deiypata nratikou oAkou RNA aro
dtayovidiaka SHP kat aypiou turou rovrtikia.

O poAog tou SHP otrn pubpion tng opolootacng TV XOAIK®OV 0§Ewv

Me oxkorto va OiepsuvnBei av o SHP eumdéketal apeoa 1) éppeca otnv
KATAOTOAr] 1] &vepyoroinon tewv napdandave yovidiov, npaypatorour)fnkav
MEPAPATA AVOOOKATAKPIIVIONS XP@HATIvVNG OTToU avaAubnke 1 rpoodeon tou
SHP otig pubpiotikeg rmeploxeg toug. Apxikd, Aapfavoviag uroyn 1o poAo tou
SHP ot petaypa@ikr] Kataotolr], peAet)Onke n npoodeon ToU Og UTIOKIVITEG
yovidimv Imou 1 €K@paoct toug onueinoe mtwon ota SHP novtikia. [TapdAAnAa,
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eSetaotnke 1 npoodeon twv HNF4 kat LRH1 otoug ev Ady® urokivnteg, Kabmg
€lval yveOoTO OTl AroTeAoUV PETAYPA@PIKOUG ITapayovieg rou adAnAsmbpouv pe
tov SHP kat ouppetexouv ot pubpion tng petaypa@ns twv yovibiov autov
(Goodwin et al., 2000; Lee et al., 2000; Lu et al., 2000).

Ta anotedéopata TV SOKIN®V AVOCOKATAKPIIVIONG Xpeuativng £dei§av
Tov dpeco podo tou SHP omnv kataotoAr) twv yovidiov CYP7A1, CYP8BI,
CYP7B1, BAT, NTCP, BSEP, SHP xat FXR kabng mnapatnpnbnke eidikr)
poodeor otoug uToKvNteG toug ota SHP movtikia (ewkova 13). Avtibeta, o
SHP 6ev mpoobevetrar otov unoxkivnt] SR-B1 kat dapa n petaypa@n tou
rmbavotata KataotéAAETdl Pe KATO10 €UPECO UnNxaviopo (ewkova 13). Bpébnke
eriong, 6t o HNF4 otpatodoyeital otoug UMoKivnieg OA@V TOV IAPATIAVR
yovidiov evao o LRH1 otoug mepioocotepoug, e £§aipeon TOUG UTMOKIVITEG TOV
yovidiov NTCP xkat SR-B1 (swkova 13). Apa o SHP mpoobévetat otoug
MAPAIAve Urokwvnteg rmbavotata peow adindermdpaocenv eite pe tov HNF4 1)
pe tov LRH1 1] kat pe toug 6U0 apayovteg.

IP antibody IP antibody
s .

S : &
ST @@ & c,‘,zs«z?& F

» Promoter  Promoter
- — — = =  (CYP/BI - s b e - BSFEP
-— - — - FXRala2 — —— SR-BI
ESESF S ESES FEESFSENES
SSgZiifais siiiffgac:
CRORO EOEC 7 CLORO ROE0 S

Ewova 13. Avdlduon g mnpoodeong tou SHP Kal tov HEIAypa@ikeV ITapayoviov
HNF4 kat LRH1 otoug uroxkivntég tov yovidiov rmou rataotéddovratl ota diayovidiaxd
SHP novtikua.

Aox1paoieg avooOKATAKPIIVIONG Xp®UATivng Ipaypatornor)fnkav og povipornoumpéva
KUTTAp1KA ekXUAiopata anod 1o nrap diayovidtakeov SHP kat aypiou turou rnovukwv
He ) Xpr)on e181KwV aViioOUATOV.
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Yridpxouv apketd dedopéva rmou spridékouv tov SHP otnv KataotoArn tou
yovidiou CYP7A1 kat apa n rnapatnpnueévn mpocdeor) OTOV UTTIOKIVITL] ToU Ogv
npokalei exknAndn (Goodwin et al., 2000; Lu et al., 2000). Arto v aAAn
pepld, evbla@épov Tapouotadel to yeyovog tng I1pocdeong tou SHP otoug
UTTOKIVNTEG TV OU0 aAAwv Broouvletikwv yovidiov CYP8B1 kat CYP7B1 onwg
Kal otov urnokivntr tou yovidiou BAT mou ouppetexel oty enelepyacia tov
X0Ak®Vv ofgnv (ewkova 13). Ta mapandave arotedéopata avadelkvyouv Tov
KEVIPIKO KAl dapeco poAo tou SHP owmv mapspnodion didgopwv otadiov tng

BloouvOeong kat ernefepyaciag twv XoAKOV ofewv (e1kova 14).
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Ewrova 14. IXnuatiki avarnapdotacn g pubpiong tewv povoratieov BroouvOeong,
eneCepyaoiag Kat KukAogopiag tov xoAkev arnod tov SHP

Eve and mponyoupeveg pedeteg €xel npotadel n mbavotnta KataotoAr|g
G petaypagng tou ewoayoyéa NTCP ano tov SHP, dev unidpxouv dedopéva
IOU va Tov ouvleéouv pe v pubpion g petaypa@ng tou efayoyéa BSEP
(Denson et al., 2001). Bpebnke wotooco, ott o SHP npoodévetal kat otoug duo

UTIOKIVNTEG KAl KATAOTEAAEL APEoa T Petaypa@r) toug (etkova 13). Zuvoldikd,
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Ta Maparndave arnotedéopata deixvouv 1o podo tou SHP ot pubpion ng
EVIEPONTIATIKIG KUKAOQOPIAag TV XOAK®V o§emv (ewtkova 14). To yeyovdg tng
apeong ouppetoxng tou SHP owmyv katactoAry tou BSEP eivat moAu
evblagépouoa, kaBwg urovoel v UMapsn plag veag ermutAéov pubploTIKEG
OnAiag oto 1dn yveoto diktuo, n omnoia Ba oudninbeil ot cuvexela.

H autopubpion tou yovidiou SHP, emPefaiwbnke otav napatnpnOnke
npocdeon tou SHP otov urokivnt tou (ewkova 13) (Goodwin et al., 2000; Lu
et al., 2000). ErmutAéov, o SHP mpocdévetral apeoa otoug HUO UTIOKIVITEG
FXRala2 xkat FXRa3a4 mou odnyouv otnv £K@paAct @V TEOOAP®V 100HOPPOV
tou FXR kat dpa kataotédAetl apeoa 1) petaypaer) tou (ewkova 13) (Zhang et
al., 2003). Qotooo, o FXR eivatl urteubuvog yua tv ernayoyr) tou SHP ano
onuatodotnon vV XoAK®V oféwv (etkova 14). To arotédeopa autd urtovoel
IV Unapdn plag véag oxXeong OT0 YVROTO OiKTuo puBHIong @V HOVOIIATidV

KatafoAiopou g XoAnotepoAng oe XoAkda ofeéa rat Oa oulnnOei ot ocuvéxela.

O POPLAKOG HMIXAVIOHOG TNG EMAY®YNG Tng Aumoyéveong ota
6iayoviSiaka SHP novtikia

Zin ouvéxela, PeEAEUOnKe pe PEYAAUTEPI AETMTOPEPEId O HOPLAKOG
pnxaviopog mou odnyel otnv  enaywyr TV yovidiov 1ou mpomBouv 1)
Aoyeveon ota SHP ovtikia. [TpaypatortomnOnkav doxrpeg
AVOOOKATAKPIHMVIONG XPO®UATIVNG KAl £§eTAOTNKE 1 MPOCOEOT TRV IMPXTEIVOV
SHP, SREBP1c, PPARy kat LXR otoug untoxkivnteg tov yovidiov FAS, CD36 kat
SREBPI1c. Ao mponyoupeveg in vitro KAl in vivo PEALIEG 1AV YVOOTO OTL O
SREBPI1c puBpifet v ékppaon tou FAS aAAd kat tou eautou tou, o PPARy
evepyortotet 1o yovidio CD36 evw o svepyorounpévog pe ouvdetn LXR pubnidet
Vv ék@paot tou yovidiou SREBP1c (etkova 16A) (Horton et al., 2002; Latasa
et al., 2003; Repa et al., 2000; Schultz et al., 2000; Yu et al., 2003).

Ta nepdpata avoookatakprpuviong Xpepativng £6e1§av KatapXrv onwg
ntav avapevopevo, 6tt o SHP 8ev npoobévetatl oe kKaveva arod ToUG UTTOKIVITEG
T0v yovibiov Mmou cuppetéxouv ot Autoyéveon (ewkova 15). Apa omwg rftav
AVAPEVOHPEVO, 11 EvEPYOITOiNo TtV yovidionv autmv arnotedei éppeco anotedeopa
g Opdong tou. Xe oupeevVia PE TS MAPATIAVE HEALTEG, TapatnpnoOnke
audnpuevn nipoodeon tou SREBP1c otoug unokivnieg FAS kat SREBP1c kata
Vv evepyortoinon toug ota SHP movtikia (ewkova 15). Akopa, o LXR Bpébnke
va otpatodoyeitat otov urnoxkwvni) SREBP1c katd tv enaywyr tou yovidiou,
eva onpa yua tov PPARy avixvetBnke otov urnokivnr] CD36 (ewkova 15).
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Ewkova 15. AvaAuon g ripocdeong tou SHP kat tov PEtaypa@ikev apayoviov
SREBP1lc, PPARyl kat LXRa otoug urokivniég tov yovidi®v mou eurA&kovial otn
Alroyeveon).

Aox1naoieg avooOKATAKPIIVIONG Xp@UATivng Ipaypatonor)fnkav og povipononpéva
KUTIAPIKA eRXUAlopata ard 1o frap diayovidiakwv SHP kat aypiou tUrou movukov
HE 1) XPr)on €101K®OV AVIIOOUATOV.

Ta amotedeopata eSnyouv 10 HOPLAKO PNXAVIOPO Iou odnyel otn
ouoompeuor TpyAukeptdinv oto frnap 1ov SHP nmovukev. Apxika, sivat rmubavo
N ouvexopevn €kgpaorn tou SHP peow evog éppecou pnxaviopou va odnyet
oy evepyoroinon tou LXR o oroiog 1mpoodévetrat Otov UMOKIVNTL] TOU
SREBPI1c kai evepyortolei ) petaypagn tou (ewkova 16A). H aufnon tov
ermunedov SREBPlc €xel g ocuvenmela tnv evepyoroinon tng HEtaypa@ng tov
yovidiwv rmou ouppetexouyv ot BroouvBeon Aapav oSemv Onwg to yovidio FAS.
Opoia, n avénon v ermurnedov tou PPARy odnyel otnv audnon g eék@paong
tou CD36 pe anoteAdsopa v au§nueévn eicodo Arap®v oSewv ano tov oppo. O
ouvbuaopog Tov duo dpdoewv ouviedel o au§nueévn endprela AAP®OV 0SE®V
Kat apa au§nuévn ouvbeorn 1piyAukepdiov (etkova 16A).

O e¢ppeocog pnxaviopog pe tov ortoio o SHP ernmpedadet v evepyortoinon
tou LXR rmBavotata neptdapPfavet v evbokuttapla audnorn tng OUYKEVIPRONG
TV ouvdetav tou (o§uctepOAeg), e@ooov Ta erineda €kgpaong tou (LXR) be
petafardoviatl (ewwova 16B & 12). e oupgevia pe v umobeon autn 1)
€k@paon tou ev{upou CYP7BI1 mou eivat unievBuvo yia v arnowkodopunon g
27-udpofuxoAnotepodAng, spavifetatl dSpapatika pewwpevn (etkova 9). H 27-
udpofuxoAnotepoAn arotedel 10xUpo ouvdetn yua tov LXR kat n avapevopevn
ouoo®peuon g oto nrap v SHP nmovukov sivat duvatov va odnynoet otnv
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evepyortoinon tou (ewkova 16B) (Janowski et al., 1996; Lehmann et al.,
1997). Ze oupgmvia pe 10 MApAnave Oevdaplo, 1 evepyoroinon tou LXR
ermPePalnveral emmnpoobsta anod v napatnPnPevn auvénon twv eruredov RNA

tou ABCA1, yveootou yovidiou otdoxou tou (etkova 10).
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Ewkova 16. A) IXnuatki] avarnapdotacn) TOU IIPOTEWVOPEVOU HOVIEAOU yid ToV
poplakd pnxaviopd rou pubpifer ) Aumoyeveor ota nratokuttapa. B) Xxnpatiky)
avarnapdaotact] ToU IIPOTEWVOHPEVOU HOVIEAOU yld TOV €PUHPECO PNXAVIOHRO £VEPYOITOINO0NG
tou LXR ota 6ayovidiaxkd SHP movtikia

O HOPLAKOG PUNXAVIOROG HETAYPAPLKIG KATACOTOANG ano tov SHP

Ta amotedéopata I1MOU TAPOUCIACTINKAV OT0 TPWI0 KEPAAAl0 OE
ouvduaopo pe dddeg in vitro pedéteg, urootnpifouv €va PNXaviopo yua v
petaypa@ikr] kataotoAn arno SHP mou armotedeitat ano opiopéva Srakpta
otadta. Auta neplAapfavouv IOV AVIAY@VIOUO JE OUVEVEPYOITOUNTEG, TNV
AToaKeTUAiI®ON TV 1otovev, v K9 pebudioon tg H3 xkat ) otabepr)
npocdeonn tou SHP o Xpopativp péow  aldnldenidpaong pe v
tporortotnuévy H3 (ewkova 17). Oswpnukd, 1o kKabéva armod ta naparndve
yeyovota Ba propouce va odnyrjoel O ATOTEAEOUPATIKL] KATAOTOAI. YTIApXet
mBavotnta EMOPEVOG, Avaloyd PE TV APXITEKTOVIKIT] TOU UITOKIVI|TI] OTOV OTtoio
o SHP otpatodoyeitat, va epappodetat €va 1) nmaparnave aro ta otadia avtd.

Me oxkormo va eAey§ouple 10 MAPATIAVE ITPOTEWVOHEVO HOVIEAO in Vivo Katl
NV NMapandve unobeon yia Tov PUnNXaviopo KATaotoAng Ttng HeTtaypa@ng aro

tov SHP, efetdoape (e Ook1IEG AVOOOKATAKPIN|PVIONG XPOPATivng) He
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PEeyaAUtepn AEMTOPEPEIA TA YEYOVOTA TIIOU OUVOOEUOUV Tr] KATAOTOAL] T®V
unokwvnv CYP7A1, SHP xat CYP8B1 ota SHP rmovrtikia. Eidikotepa,
edéySapie pe ) Xpr)on €101KOV AVIIOOPAT®V TS TPOIIONON0E1S TV 10TOVQV, TNV
Poodeon PETAYPAPIKAOV TTAPAYOVI®V, TAPAYOVI®OV TG PACIKNG HETAYPAPIKIG
pnxavr)g Kat ev{UP®V ITOU TPOTTIOIT010UV T1G 10TOVEG.

ACTIVE STATE REPRESSED STATE 1

Ewkova 17. IXnPatikr avanapdaotact) T0U IPOTEIVOIEVOU HOVIEAOU yla TOV PNXAVIOHO
KataotoAng arod tov SHP.

Katd wm petaypa@ikn kataotoAr) tou yovidiou CYP7A1, mapatnprjcape
tov ouvevepyortountr] CBP kat v RNA moAupepaon va anodeopevovial aro
TOV UTMOK1VITr), €Vv@ Ol petaypa@ikoi napayovieg HNF4 kair LRH1 mapspewvav
ripoodebepévol (ewkova 18). ErurmAéov, Sev avixvelBnke onuavikr PetafoAr)
oumv aketudioon 11 K9 pebuldioon twv 10toveov Kat oty mnpoodeon g
antaketudaong HDACI1. ‘Opowa, n kataotodr) tou yovidiou SHP ouvodeustatl pe
artopdaxkpuvon tou CBP kat tng RNA moAupepdong amod tov UMOKVITL), VR Ol
rapayovieg HNF4 xat LRH1 mapépewvav mpoodedepévol. Qotooco, otnv
nepirnmtoon tou urokwvnt] SHP mapatnpnBnke onpaviikin arnoaketuAionon

e161kda g 1otovng H3 mou akodoubeitatl and pebulinon ot Auoivn K9 (eikova
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18). Xe oupgpwvia pe v rnapatnpnpévn anoaketudinon, n HDAC1 Bpebnke
otpatodoynuévn otov urnokivntr). Kata 1 petaypa@iki) KAtaotoAn Tou
CYP8BI1, @aivetal va cupPaivouv akopa o dpapatika yeyovota (etkova 18).
Opota pe toug urokivnieg CYP7A1 kat SHP, napatnpeitat anoucia ripoodeong
tou CBP kat tng RNA noAupepaong, eve Onwg Kat otnv KataotoAr) tou SHP, n
otovny H3 amoaketvdwwvetat rat peBudwwverar oy K9. Emiong, ot
TPOIIOITO|0ElS TWV 10TOVAV ouvodevuovtat arno v npocdeon g HDACI
artaketvdaong. Qotdoo, os ouvOrkeg kataotoAr)g tou urokivni CYP8BI1, ot
petaypagikoi napayovieg HNF4 kat LRH1 amnodeopevovial pe ouvémneia ot
povadikoi mapdayovieg (artd autoug Tou  eAeyxOnkav) Tou  napapévouv
rpoodebepévol va eivat o SHP kat n anaketuddon HDAC1 (ewkova 18).

IP antibody IP antibody N
ﬁ
. g 5 » &
& & & > Q"\ 32’ ,Q q’&
g * o> v S & & &
S < R TN AP\ S
& & ejzs @é N S & P Q§ & & F & b .
——_———  Promoter
—— e —— e — - -— -— — - — - - — SHP

ESECEEYES BB BB BB ERER

ECETERELEE  SL B EA BEL EA EL EL 4
L == ) e e ) e e e e

CaPu0nunCs SECESECESESECSECE

Ewova 18. AvAAuorn TtV TPOMOIMOI0E®V NG XPWUATIVIG KAl tng Mpoodeong
HETAypa@lK®OV Iapayoviev, Iapayoviav TG Pacikrg HEIaypaA@lKig HNXavi)g Kat
ev{U®V TTOU TPOITOITO0UV T1§ 10TOVEG OTOUG UroKvnteg tov yovidiov CYP7A1, SHP kat
CYPS8BI.

O1  doxpaoieg  AvOOOKATAKPNHVIONS  Xpopativg — mpaypatoriouw)dOnkav — og
poviporotnpéva KUttapikd ekxXudiopata arnod to frap dwayovidiakav SHP kat aypiou
TUTIOU TIOVIIK®@V HE TN XPI01 €181KOV aAVIIoOUAT®V.

Ano ta nmapandve aroteAéopatd IPOKUITIEl To oupnépacpa ot o SHP
avaloya pe ) Ooprn) TOU UIMOKIVITY] OTOV OIToio otpatoAoyeitat propei va
€PAPPO0El B1a@POPETIKOUG UNXaviopoug mou Oa odnyouv ot HEIaypaA@lKI)
KataotoAr). I'a mapddetypa n kataotodr) tou urnokivnt) CYP7A1 niepldapfavet
aVIay®Vviopo pe ouvevepyorointeg onwg tov CBP, xwpig va akolouBeitat arno
artoaretudionon kat K9 pebBulinon tng H3, onwg oupPaivel otoug UMOKIVITEG
SHP kat CYP8B1 (ewkova 19). ErmutA¢ov, ta armotedéopata Urovoouv 0Tl Katd
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Vv KataotoAny tou CYP8B1 amd tov SHP kdrowa addayr) ot XpOHATIVIKI)
Oopr) obnyel Ot OUVOAIKI] AIOPAKPUVON TV HETAYPAPIKOV OUHITAOKGV,
ouvuniepAapBavopévav kar twv napayoviov HNF4 kat LRH1 mou apxika
otpatoloyouv tov SHP (ewkova 19). Ztov katactaApévo urtokivni CYP8B1
napapevouv 1 HDAC1 kat o SHP, rmBavotata Adywm tng ikavotntag rnmpoodeong
o xpopativn péow  adAndenidpaong pe  unoaretvdiwpevn kar K9

pebuliopévn H3 (ewkova 19).

CYP7A1 promoter SHP promoter CYP8BI1 promoter

Ewrova 19. IXNUATKY avanapdotacn TV OlaKPlIOV HNXAVIOROV HETAyPA@IKAG
RataotoAng aro tov SHP otoug 81d@opoug urtokivntég rou orpatoloyeitat.

Ze ouvdptnon pe v unapn 81akpliov PNXaviopoVv KATAOTOALG ITOU
epappolovrat and tov SHP, sivat evbiagpépouoa n napatr)pnon Ot 11 €KEPAOT
tou CYP7A1 Bpednke Atyotepo pewwpevn ano auvteg twv SHP kat CYP8BI1 ota
Olayovidiaka rmovtikia. Apa @aivetrat va UMAPXel OUOXETIOPOG avapeod OTo
peyebog NG HPETAypaA@IKIG KATAOTOANG KAl TOV HUNXAVIORO ITOU e@appoletat
00OV a@opd T OUPHETOXIY] g aroaketudinong kat K9 pebBulinong otn
6tadbwkaoia.
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Tudnnon

ZKOMOG NG £pyaciag autrg 1tav 1 arnoKinor Piag OUVOAIKIG E1KOVAG TV
yovibiov mou pubpifoviatr aro tov petaypa@kod katactodéa SHP. Tha v
eriteudn tou, Kataokeudotnkav H1ayovidlakd movtikia 1rmou eK@EPAfouv CUVEX®MG
vynda emineda SHP oto nmap kat ot addayeg oto IMPOTUIO  YOVIOIAKI)G
ERppaong pedeOnkav pe w xprjony DNA microarrays. Ta arnoteAeopata
artokdAuyav out o SHP amotedei €va mAsiotporukd pubpiotr) o ortoiog
ernpeadel v €KEPaon yovidiwv 1rmou spurdékoviatr oe Hiapopeg PloAoyikeg
Olepyaoieg O6mwg oplopéva petafodika povordta, v aviidpaon otpeg Kat
(Aeypovr)g, TV ArotoSiveorn Kat Tov €AeEyXO TOU KUTIAPIKOU KUkAou. H
avaAuorn 1ou akoAouBnoe ermkevipwOnke ot pudpion 1@V yovidiev 1mou eivat
ONPAVIIKA Yid TNV OPo100TAoT] TG X0ANOTEPOANG, TRV AUV KAl TOV XOAK®V
oSemv avedel§e Tov KeVIPIKO poAo tou SHP otn €éAeyxo autwv 1@V povornatiov.

Ao Vv avdduon Tou mpoturnou £kgpaong v SHP Siayovibiakwv
nmovukev oupriepaivetrat ott o SHP kataotédAetr dpeoa ) petaypagr yovidiov
IOU OUPPETEXOUV otn [BloouvOeorn), enefepyacia KAl PETAPOPA TOV XOAIK®V
oSewv. O SHP, extog ano to CYP7A1, rataotédAel evepyd 1 peraypa@n tov
yovidiov CYP8B1 kat CYP7B1, yeyovog mou Oeixvel t onpaocia tou otnv
napepnodion 1000 ToU PACIKOU 000 KAl TOU €VAAAAKTIKOU HOVOTiaTiou
ouvOeong XOAMKOV 0§EMV KAl PAAIOTA O TEPIOOOTEPO ATIO €va otddla (Ekova
20). ITapepmodifetat ermiong, 1 OPOIOMOAIKI] OUVOEOI XOAIK®OV OSEDV HE
apvoéeéa PE0® NG HETAYPAPIKIG KATAOTOANG tou yovidiou BAT (ewkova 20).
Me tov tpo1to auto, n ek@paoct tou SHP evbexopevwg va odnynoetl os peinon
TG OUYKEVIPMONG XOAIKWV 0SEMV, £QOCOV UI €MESEPYATEVA XOAKA oSEa dev
Oa aroppo@ouvtal arnoteAeOPATIKA A0 PNETAPOPEIS TOV EVIEPOKUTIAP®V Katl Oa
artofaAAovtat.

EmunpooBeta, o SHP pubpifel v nnatikr] KUKAo@opia TV XOAKQV
oSewv e@ooov Ppednke va KATaotéAAel evepyd T MPETAypA@I] TOU [Bacikou
petagopea mpocAnyng 1@V XoAkwv ofewv, NTCP kat tou Bacikou petagopea
e€ayayr|g Toug mpog T XoAndoxo kuotn, BSEP (ewkova 20). Me pua mpein
pata @aivetar rapadofo to yeyovog o SHP va pubBpifer tautoxpova tnv
€10ay®yr] Kal e§aymyr] XOAK®OV 0SE®V aro 1a nrnatoxkuttapa. Eivatr Aoyiko kat
avapevopevo o SHP (rou emnayetatl and uynlég OUYKEVIPOOELS XOAIKOV OSEWV)
va kataoteddet ) petaypagr) tou yovidiou NTCP kat €tot va napeprodidet v
€10ay®yr] €IMMITAEOV XOAK®V 0SE®V. AAADOTE, Ot TOVIIKIA TIOU TPE@OvVIAl HE
dilatta epurmAouTtiopevn) 08 XOAKA 0§Ea APATNPEITAl TAUTOXPOVI] KATAOTOATL] TOU

NTCP xkat enaywyr) tou SHP péow tou evepyoronpévou FXR (Sinal et al.,
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2000). ErutAéov, o FXR evepyortotei ) petaypagn tou BSEP wote n niepioosia
XOAK®V 0wV va pewwdet (Ananthanarayanan et al., 2001). Eivat rmbavo o
SHP va puBpifel apvnuka tn petaypaen tou BSEP pe tov 1610 tporo 1ou
pubnilel kat ) O1kr) tou €kPpaon, dnAadr) oe éva otadlo PETA TNV APXIKL)
enaymyn Tou, Otav elval avaykn va napeprnodiotel 1 PETAYPAPIKI)

€vepPYOITOinon Katl va pe1wdel n ékppaon tou BSEP.

HDL
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CA SRB1
‘ N~ \
o CE
HMG | ! v
CoAR 1
Acetyl-CoA > > —T—> » Cholesterol
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Ewkova 20. IXNPAtuKr avanapdotacrn ToU IPOTEWVOHREVOU HOVIEAOU pubuiong
Olagopav petafoAkav povoratiewyv oto nrap arod tov SHP.

Apa ouvoruikda rpoteivoupe v 511G OE1Pd YEYOVOT®V yid Tr pubpion g
NIATIKNG KUKAo@Oopiag TV XOAK®V ofewv. [lepiooeia XoAkav ofewv ota
NIAtokUTIapa €Xel ®G OoUVvErnela v evepyoroinorn tou FXR o omoiog pe 1t
O€1pA TOU €vePYOTIOlEl T petaypa@r) yovidiov otoxev tou, petadl TV oroinv ta
SHP xkat BSEP (ewkova 21A). Auénon twv crmunebov BSEP obnysi oe
ATTOPAKPUVOT] TV XOAIK®V 0SE@V TPog 11 XoAndoxo KUoth, eve audinorn tev
eruriedov SHP éxel og amotédeopa agevog tnv napeprnodion g ProouvOeong
XOAKWV 0SE@V A0 XOANOTEPOAN KAl aA@eTEPOU v KataotoAr) tou NTCP wote
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va pnv npocAapfdvoviatl XoAkda ofea ard 1ov oppo (etkova 21A). ITiotevoupe
OTl P€Tta TV apxXikrn napodikr) avtidpaon o SHP eivar uneuvBuvog yua v
KataotoArn] yovibiov otoxev tou FXR. H kataotoAn autr) ermtuyxavetrat pEC®
apeong 1pocdeong tou SHP otoug urtokivniéeg BSEP kat SHP (ewkova 21B).
Apa eivat rBavo n ekgpaon 1 un tou BSEP kat SHP va kaBopidetat arno 6uo
avtuikpouopeveg duvapelg: tov evepyorounpévo arno xoAka oéeéa FXR kat ta
npwteivika ernineda tou katactodéa SHP. Apxikd, 0tav 1 OUYKEVIP®OT] XOATK®V
oewv eivatl uyndr kat ta enineda SHP xapndd, 6a napatnpeitatl evepyoroinon
1ov BSEP kat SHP. Metd v apxikr] avtidpaon oOtav 1 OUYKEVIPOOIN TQOV
XOAK®V 08emv pewbel katr ta emineda SHP auénbouv Oa umepioxuoet 1)
HETaypa@ikr) KataotoAr) toug aro tov SHP. Afiel va onpueiwBei, oe urootr)pdn
TOU Tapanave oevapiou ot ota SHP movtikia nmou napatnpeital KAataotoAr] tov
yovidiov SHP kait BSEP, ouvuniapxouv toco uyndd enineda SHP o6co kat

XAPNAT OUYKEVIPOOT] NITATIKGOV XOATKOV 0SEQDV.

A B

BA

BA

}
[rxe]
/ B G

N4

CYP7A1
CYP8B1

BA Synthesis  BA import

-

Ewkova 21. A) IXnNpatiky] avanapaotaor g pubpiong g yoviSlakng €K@Paong aro
T0 onNPAatodoTIKO HOVOTIATL T®V XO0AKwV ofEwv. B) Ixnpaukr avanapdotaocn tou
MPOTEWVOPEVOU HoVIEAoU yia 1o podo tou SHP oy e§aoBévnon tou onpatodotikou
HOVOTIaTIoU TOV XOAIK®V 0SEMV HETA TNV apX1KY) aviidpaorn.

Otav O8iepeuvr)Bnke o podog tou SHP ot pubBpion g exk@paong
HETAYPAPIK@V ITAPAYOVIOV TTOU €AEYXOUV TV 0P0100Tacr] AUTdinv Kal XOAK®OV
oewv, pe evdagpépov napatnprjoape ot o FXR amnotedei apeoco otoxo tou. To
yeyovog ott o SHP mipocdévetat otov unokivntn tou FXR- o omoiog aroteAei tov
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EMAY®YEA TOU- KAl KATAOTEAAElL Apeoca T PETAypA@I] TOU, UTIOSEIKVUEL TNV
unapSn pag ermrAeov pubPIoTIKIG OXEONG OTO POVIEAO TTOU TEPLYPUPNKE OTNV
nponyoupevn napaypa@o. Xuprnepaivetat ot o SHP éxet t duvatounta, ektog
aro 1o va kataoteddetr yovidia otoxoug tou FXR, onwg BSEP kat SHP, va
edéyxel Kat Vv €Kepaorn tou 16lou tou rmapayovia (ewkova 21B). Ta
ATOTEAEOPATA ETIOPEVRG, UTTOGEIKVUOUV TOV KEVIPIKO podo tou SHP 1600 otnv
MPAYPAT®OO TG ONUATtodoTnong TV XOAK®V 0SE®V 000 Kal otnv &§acBevnon
G, N€o® kataotoArng tou FXR kat twv otoxev tou. Me tov tporo auto, 1
e¢aofévnon g onuatodornong Twv XOoAK®V o¢Ewv Ba eival yprnyopn Kat
arnotedeopanikr), Kabwg n eAdttwon g Ekppaong yovidiov otoxwv tou FXR,
onwg to BSEP, Oa eivat amotédeopa agevog g aulnuévng €K@paocng tou
rataotodéa SHP xkat agetepou g peiwong 1@V emuiedmv TOU €veEPYOTTOUTH)
FXR.

EmunpooBeta, péom pubpiong tou FXR, o SHP eivat duvatov va eAgyxet
T0 €VAAAAKTIKO PUOPIOTIKO POVOIIATL ITOU EMMAYETAl A0 TA XOAKA ofea Kat
nepldapPavetl ) 6pdon tou FGF19. Zupeova pe to povorndu auto, ta XOoAKA
oSea peow tou FXR odnyouv otnv evepyoroinon g petaypaeng tou FGF19. H
nPTEIV autr] arnotedel eKKPVOPEVO ONPATOSOTIKO POP1O TIOU EVEPYOTIOEL TO
povortatt twv Kiwvacwv JNK ota yettovika kuttapa, to oroio oupfdddel oin
petaypagikt) kataotodr] tou yovidiou CYP7A1 (Holt et al., 2003). Apxikeg
peAéteg unebeoav ot mpokettal yia eva povortatt eSaptnpévo ano tov FXR adda
aveSapinto ano tov SHP. H unoBeon auvtr] wotooo, iowg va pnv eivat aAndwr)
Katl evdéexopevag o SHP peow pubpiong g eékgpaong tou FXR va eAéyxetl 1o
FGF19 eapmpévo povoratt. Emiong, pe tov tpoémo autd n Spdaon tou
povortatiou FGF19 Ba niepopidetal ylia Eéva oUuviopo Xpoviko diaotnpa.

Eva ano ta Bacikotepa @AvoTuIiika Xapaktnploukd v SHP novukov
1Tav 1 6Uoo®Peuot) TPyAukepldiov oto nrap. e oup@evia pe 1o @atvoturo,
napatpnOnke auvinon g EKEPAong Yyovidiwv IOU OUPHEIEXOUV  OTn
BloouvOeon tpryAukepidiov onwg FAS, ACL, ACC1, SCD1, CD36 kaBwg xkat
TV petaypa@ikev napayoviev SREBP1lc kat PPARy ot omoiot eAéyxouv tnv
€K@PAON Toug. AMO Ta AroteAéopata auvtng Kat AAA@V PEAET®V ITPOKUITIEL TO
oupniepaopa ottt o PPARy evepyorotet ) petaypa@r) tou yovidiou CD36 kat o
SREBPI1c epmAéketatr ot peraypagr) tou yovidiou FAS onwg rat dAAwv
yovidiov mou cuppetéxouv ot BloouvOeon v Atntapwv ofénv (etkova 20). H
audnorn g ek@paong tou SREBP1c ouprmintet pe v npoodeon tou LXR otov
UroKwvN T tou (ewkova 20). Ta enineda ékgpaong tou LXR dev addafouv kat
apa iowg va evepyortoleital aro evdéexopevn audnon Ing OUYKEVIPOONG TV
ofuotepodov ota SHP moviikia (ewkova 15B). O SHP evdexopévag va €xet
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KATTO10 €PPECO POAO Ot pUBpIon g AUTOyEveOoNSg HPECK® TNG KATAOTOANG TOU
CYP7B1. H petaypa@ikr) kataoctodr) tou CYP7B1 ano tov SHP avapévetrat va
odnyrjoel Ot OUCOWPEUOT] TG OSUOTEPOANG 27-udpPoSUXOANOTEPOANG ITOU
artotedel 10xupo ouvdetn yia tov LXR (etkova 15B).

Eva onpavuko ocupnepacpa auth)g g HEALNG agopd tnv unapdn
01aKPIIOV POPIAK®OV PNXAVIOR®OV KATAOTOANG Tou epappolovial arod tov SHP
avaloya pe IOV UMOKVNTL] Otov ortoio otpatoloyeitat. H mpoodeon tou SHP
OTOUG UTTOKIVNTEG YOVISim®V OTOX®V Tou arotedei 1o npwto ertinedo e1dkoOTNTAG.
Eg@ooov o SHP 6ev mpocdévertar oto DNA, orpatodoyeital O0Toug UTOKIVITEG
peow adAnAsmdpdoewv pe addoug nupnvikoug urnodoxeig. Eivatl yvooto ot ot
rupnvikoi urtodoxeig HNF4 kat LRH-1 énuioupyouv pia poplakr) rmiat@oppa
yla tn otpatoAoynorn tou SHP oe pubpiotikeg reploxeg yovidiov OTtOX®V TOUg
(Goodwin et al., 2000; Lee et al., 2000; Lu et al., 2000). e ocupgevia pe 1a
MapaAnave, napatnendnke npoéodeon tou evog 1] KAl TV dUO MAPAYOVIOV OE
0AOUG TOUG UTTOK1IVNTEG OTOUG oroioug otpatodoyeitat o SHP. O SHP wotooo, 6¢
BpeOnke oe 0Aoug Toug urmokivnteg rou rnpoocdévetat o HNF4, onwg oupPaivet
oy rnepimiwon tou SR-Bl. To yeyovog autd umodeikvuel t) onpacia g
APXITEKTOVIKI)G TOU UTIOK1VITI] yid Tr] oTpatoAdynon tou SHP.

H xpopatvikr) dopr) Kat ot dAdot rtapdyovieg mou Ipoodevovial oToug
dtagpopoug untoxkvnteg rtou o SHP otpatodoyeitatl iowg va ripoodidouv erurAéov
eldkota ennpeadoviag dHrapopetika otddla tou PNXaviopou kataotoArg. O
SHP ¢£xel tnv ikavotnta va aviayavifetal cuvevepyortounteg yla rpoodeor otoug
MUPNVIKOUG Urodoxeig, va aAAnAermdpd @UOIKA KAl AETOUPYIKA HE TNV
artaketuddaon HDAC-1, v K9 peBuAddon G9a kat v UMoaKETUAIOUEVE Kal
K9 pebuliwpevn otovn H3. Oniwg amoxkaduye n peAétn, €va 1) meploootepa
ano 1a naparnave otadia spappoloviat arnd tov SHP yia v KataotoAr)
dlagopetikev urokivniov (ewkova 19). T'a mapddeypa, oe CUYKERPIHIEVA
yovidla onwg 1o CYP7A1 1 amopdkpuvorn TOV OUVEVEPYOIIOUT®V Oev
ouvodevstal and arnoaketudinon kat K9 pebulionon wtng H3, gawopevo mou
rapatnpeitat otnv mnepirntwon tou yovidiou SHP (ewkova 19). ErmurAéov, oe
neputtooelg yovidiov oniwg to CYP8B1 n aroaketudioon kat K9 pebBulinon
ouvodevovial pe amnodeopeuvon twv napayoviov HNF4 kait LRH-1 ano tov
uToKwvN T (Ekova 19).

H e1dwn npoobeon tou SHP kat ot ano@daocelg OXeUKA HPE TO HOPLAKO
PNXaviopo KataotoArg rmou Ba epappootet eivat mbavo va kabopifoviatl amno i
0laBeoponta  edkav  ermeaveiwv  adAndenidpacng  yia  otpatoAoynorn
pubpuilotkev mapayoviov oe  dagpopetikoug  urokwvnteg.  ErutAéov, o
PNXaviopog kataotoAr)g tou SHP avdloya pe ta otadia nou nieprdapPfavel iowg
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kabBopifel v €ktaon kKat Oiapkela g IMAPePIodilong g peraypaeng. 'a
napadeypa, n ouvppetoxn g K9 pebulimong oto pnxaviopd KataotoArg
oplopevev yovibiov i0mg ernpedost ) duvatotnta enavevepyoroinong otav ta
erineda  exk@paong tou SHP eAattwbBouv kabwg Oewpeitar pia otabepr)
KAtaotaAtukn tpornornoinon. Emopéveg, ta napandave arnotedsopata odnyouv
OtnV POTact 0Tl Td H1APOPETIKA KATAOTAATIKA CUUITAOKA KAl 1] APXITEKTIOVIKI)
dopur g XpePATIiVNG TOV UMTOKWNTIOV aifouv KaBoplotikd podo otn pubpion
¢ €Ktaong Kat rmbavotata g d1apKrelag g PETAYPAPIKIS KATAOTOATG.
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ZUPNEPACHATA KAl MTPOOMTIREG

H avaAuon tov §iayoviblakwv MOVIIK®V ToU €K@PA{OUV OUVEX®MSG UYnAd
erineda SHP e1d1ka oto nmap anokdaAluye 1o Prodoyikd podo tou SHP otn
pubuion tou nratikou petaPfoAicpou. Ta amoteAsopata deixvouv ottt o SHP
eAgyxel VvV €K@PPAOT Yovidi®v Tou eivat onpavilka yla v opolootactn g
XOANOTEPOANG, TV XOAK®OV 0SE@V KAl TRV TptyAukepidiov. Ta diayovidiaka SHP
MOVIiKla Ttapouctafouv dpapatiKi] PEI®Or TV arnobspudtov X0AK®OV 0Semv Kat
EKTETAPEVT] oUCO®WPEUOT] TPyAukep1diwv oto nrap. O pnxaviopog rou odnyei
OTO @A1VOTUTIO aUTO TeplAapfdavel v APeon PETAypa@lKT] KATAOTOAT) arnod Tov
SHP, yovidiov mou ouppetexouv otn ProouvOeon, emnelepyacia Kal peETa@opa
TOV XOAKWV 0EMV KAOMG KAl TOU KEVIPIKOU HETAYPAPIKOU pubpiotr] Tou
povortatiou, FXR. H enaywyr) tng Autoyéveong eivatl anotédeopa evog EPpieocou
pnxXaviopou mou riepldapfavet my enayoyn v yovidiov PPARy kat SREBP1c
ITOU KMO1KOII010UV y1d ToUG BacikoUg PETaypa@lKoug IApAyOoVIEG ITOU EAEYXOUV
1 BroouvBeon twv tpryAukepidimv.

O SHP epmAéxetal dpeoa oty KATAOTOAL TG HETAypa@rng evog aplOpou
yovidimv Tou eival onpavika ya i proouvieon katl enefepyacia 1oV XOAKwv
0tV KAl apa €xXel KaBoploTlkO poAo otnv Mnapesurnodion Twv MAPATIAVE
povorati®v oe roAAarnAd otadia. ErmuAéov, o SHP amnotedei kevipikod pubpiotr)
NG KUKAOQOPIAg TV XOAIK®OV 0SEMV PEOK €AEYXOU NG EKPPAOCNG HETAPOPERDV
mou eivatl urneuBbuvol tO000 yla Vv MPOCANYn 000 KAt v £€§odo toug amod ta
nnatokuttapa. Ta arnotedéopata unootnpi{ouv tov yvewoto podo tou SHP wg
EKTEAEOTI] TOU ONPATOO0TIKOU HOVOIAtioU T®V XOAK®V ofemv. ErmrAéov,
avadelkvuouv 1 onupacia tou yua v €§acfevnon g onpatodotnong peta v
apX1Kr) evepyoroinon. MEow kataotodrng wng petaypaerg tou FXR, o SHP
propet va meplopidel ) 6pdon g onpAtodotnong @V XOAKwV oSE®V yla
OUVIOHO XPOVIKO diaotnpa.

Ta Paowkotepa @AWOTUTIKA XAPAKINPELOTIKA TV Oltayovidiakeov SHP
MOVTIK®V NTav 1 8papatiki] €AdTioon tov arobfepdiov XOAK®V ofEmv Katl 1)
EKTETAPEV] OUOO®PeUoT] TPyAukepdiowv oto nrap. Eivar yveootdo ot ot
OUYKEVIPWOELG XOAK®OV 08EMV Kal TPyAukepldinv mapouoctafouv aviiotpon
oxeon. Otav oe avOpeIOug pe TEXVNTO TPOIO EIMTUYXAVETAlL HEI®ON TV
ermIEdV XOAKOV 0§Emv Tapatnpeitat audnon g Oouykévipwong VLDL
TpyAukepdiov. Ao v AaAAn pepiud, oe avBp®ITOug IOU Yyiverdat £€10aymyn
XOAKWV 0SE@V 1] O€ TIOVIiK1A ITOU TpEovtal pe diatta eurmAouTIoPEVT] 08 XOAKA

oea mapatnpeital eAATIOON TG OUYKEVIP®ONS tPpyAurepidiov (Watanabe et
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al., 2004). Ta arotedéopata urootnpifouv €vav PNxXaviopo yla v enayoyr)
NG Autoyeveong ota diayovidiaka rovtikia, o ornoiog dev e§apratat apeoca aro
tov SHP kat nepldapPaver tv evepyoroinon ing petaypagrng tou SREBPlc
arto tov LXR. H kataotodrn tov povorauav loouvOeong X0A KOV 0SE@V artd Tov
SHP eivat mBavo va odnyrjoel oe audnorn tng CUYKEVIPMOONG T@V 0SUCTEPOAWV PE
ouvenela v evepyortoinon tou LXR. Ernopéveg, mpoteivetal ot 1 ermrkovevia
petady v povoriatiwv  BloouvBeong  XOoAKwV  oEmv  Kalt  ouvOeong
TPIYAUKEP1OIOV yivetal PEO® TG OUYKEVIPKOONG T®V 0SUCTEPOA®V TTOU ATTOTEAOUV
ouvdeteg ya tov LXR.

Meta ano kaBe yeupa ta XoAwkd ofea ekkpivoviatr amnod 1 XoAndoxo
KUOTN OT0 AemtO €VIEPO KAl €XOUV KUplo podo otn Otadutoroinon Kat
aroppoenon Aundiov mou mpogpxovial arno tr Owartpoer). Xra Swayovidbiaxka
SHP movtikia napatnpeital €Adti®on g OUYKEVIPKONG XOANOTEPOANG OTOV
0ppPO, YEYOVOG TIOU O@eiAeTAl O PEIWPEVT] ATIOPPOPN O TG XOANOTEPOANG ATTO
1 dwatpoen rmbavotata e§attiag g Spapatikng Peiwong TV arnofepdtev 10V
X0AKwV oewv. Ta emineda tng xoAnotepoAng oto rriap dev aAddadouv av kat ta
povoriatia KataBoAlopou g oe XoAwka ofEa eivar katactadpéva. Ta
artoteAéopata UmodelkvUouv OTl auTO £vOEXOPEVOS oeiAdetal ot peiwon tou
pubpou NG €K véou ProouvOeong NG XoAnotepoAng Kabwg Kat tng nPOcAnYng
G Ao Tov oppo.

Meéxpt onuepa 6ev éxel avaxkalu@bei KATIO10 POPl0 TOU va dArtotelet
ouvdETn Kal va tportorotel I 6pdon tou rmupnvikou urtoboxea SHP. Me [fdon
TOV KEVIPIKO TOU pOoAo yua 1 pubuilon 10U nraukou petafoAiopou 1
avakdAuyn 1) KAtaokeur| evog ouvdetn Oa priopovoe va 1diaitepa xprjoyn otnv
KATATTOAEPN O OPIOUEVAV PETAPOAKWV aofevel®V OM®G 1] UTTEPXOAUOTEpIValia
Katl n vneptpylukeptdapia. Mo ouykekpipeva n dpdon evog popiou rou Oa
Aettoupyel g aviayoviotr)g kat Oa kabiotd 1o SHP avikavo yia petaypa@ikn
KATAOTOAI TV Yyovidiov OtoXev Tou, Oa e€iXe wg ouveérnela v audnorn Ttou
pubpou kataBoAlopou NG XOANOTEPOANG O XOAKA 0§Ea KAl TV €AATI®ON TOU
pubpou BroouvBeong tpryAukepidinv. Qotdco, 1 audnuevn P eAeyxopevn
oUvOeon XOAK®OV 0SE@V Ba MPOKAAEOEl 1] OUCOMPEUOT] TOUG HE £VOEXOMEV
ouvenela T XodoABiaon kaBwg eriong kai IV auSnpevn arnoppo@norn Ing
X0AnotepoAng amo 1t OHwarpoer). Emopéveg, 1n  Xoprjynon &vog popiou
avtayoviotr] tou SHP oe aoBeveig evbexopévwg va eixe ta esmbupntd
arnoteAeopata ®G IPog VvV Peiwon NG OUYKEVIP®ONG TptyAukepldiov aAda Oa
eixe ap@ifoda anoteAdsopata ®G mPog TV CUYKEVIPKOT XOANOTEPOANG KAl 10KG
va odnyovos o ermuupooBeta 1maboloyika rmpoPArnpata  e§attiag g
OUOO®PEUONG XOAKOV O0SE@V. Avap@loPninta, 1 KATAOKEUI] KAl HPEALTn NG
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0pdong evog popiou aviayeviotn yia tov SHP Oa nrav moAu onpavukn xkat
eArudo@opa eEAS otnv npoortdBela KatarnoAepnong petafodikwv acbeveiwy.
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IIapaptnpa-IIivarag 2

Genes downregulated (>1.5 fold)

Genbank

Fold

Gene Name

Number

X14607
NM_010012
NM_019573
U38940
NM_016668
NM_007825
NM._008324
NM_020565
U37799
NM._010210
NM_018816
NM_010321
M27608
NM_010010
NM_016978
NM_019911
NM._020564
NM_013541
NM._008825
AF071068
NM_008293
AF288525
NM_007856
NM_007824
NM_007519
NM_013490
AB036838
NM._009732
AB049623
AF286163
NM_010232
NM._ 020046
M16355
NM_018806
NM_013483
NM_013756

change

0.07+0.03
0.14+0.01
0.15+0.10
0.2340.07
0.23£0.06
0.25+0.08
0.29+0.15
0.30+0.05
0.37+0.19
0.39+0.06
0.41+0.04
0.43£0.10
0.43+0.20
0.44+0.11
0.44+0.03
0.49+0.10
0.50£0.11
0.50+0.02
0.51+0.13
0.52+0.04
0.53+0.04
0.54+0.05
0.54+0.09
0.55+0.03
0.56+0.08
0.56+0.06
0.57+0.07
0.57+0.06
0.58+0.04
0.60+0.02
0.60+0.01
0.60+0.03
0.61+0.04
0.61+0.04
0.62+0.01
0.63%0.06

Metabolism

Mouse SV-40 induced 24p3

cytochrome P450, 8bl, sterol 12 alpha-hydrolase (Cyp8b1)
WW-domain oxidoreductase (LOC56232)

asparagine synthetase

betaine-homocysteine methyltransferase (Bhmt)
cytochrome P450, 7b1 (Cyp7bl)

indole 2,3-dioxygenase (Ido)

sulfotransferase-related protein SULT-X2 (Sult-x2)
scavenger receptor class B type I (mSR-BI)

fragile histidine triad gene (Fhit)

apolipoprotein M (apoM)

glycine N-methyltransferase (Gnmt)

Mouse major urinary protein

cytochrome P450, 46 (cholesterol 24-hydroxylase) (Cyp46)
ornithine aminotransferase (Oat)
tryptophan-2,3-dioxygenase (TDO)

sulfotransferase-related protein SULT-X1 (Sult-x1)
glutathione S-transferase, pi 2 (Gstp2)
6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2 (Pfkfb2)
aromatic-L-amino-acid decarboxylase

hydroxysteroid dehydrogenase-1, delta<5>-3-beta (Hsd3b1)
myo-inositol 1-phosphate synthase Al (IsynAl)
7-dehydrocholesterol reductase (Dhcr7)

cytochrome P450, 7al (Cyp7al)

bile acid-Coenzyme A dehydrogenase: amino acid n-acyltransferase (Baat)
choline kinase (Chk)

NDST4 mRNA for N-deacetylase/N-sulfotransferase 4
arginine vasopressin (Avp)

HSCO

Phosphoinositol 4-phosphate Adaptor Protein-1

flavin containing monooxygenase 5 (Fmo5)

dihydroorotate dehydrogenase (Dhodh)

Mouse major urinary protein I (MUP I)

Rp42 (Rp42-pending)

butyrophilin (Btn)

defensin beta 3 (Defb3)
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X71479
NM_017396

NM._008843
NM_008645
NM 011314
NM_008768
NM_016704
NM_021319
NM_ 016971
NM_007827
NM_013560
NM_013868
NM 011318
NM_017370
M12571
NM_018827
NM_007784
K02782
AB026044
NM._009777
NM_008331
NM._007769
NM_021782
X93167
NM_013478
NM._016982
NM_011331

NM_013584
NM_019447
NM_009982
AF002823
U21392
NM._019952
NM._009525
AB041882
AB043586
NM._008702
NM 011178
NM_010164

0.37+0.06
0.53+0.03

0.28+0.03
0.28+0.03
0.29+0.07
0.29+0.04
0.31+0.02

Detoxification

Cyp4a-12
cytochrome P450, steroid inducible 3a41 (Cyp3a41)

Stress and inflammatory response

prolactin induced protein (Pip)
murinoglobulin 1 (Mugl)
serum amyloid A 2 (Saa2)
orosomucoid 1 (Orml)
complement component 6 (C6)

0.32+0.005 TAG-like (TAGL)

0.33+0.05
0.35+0.07
0.41+0.03
0.42+0.03
0.42+0.21
0.43+0.04
0.44+0.04
0.46+0.07
0.46+0.08
0.48+0.06
0.49+0.08
0.53+0.06
0.57+0.03
0.58+0.10
0.59+0.06
0.59+0.06
0.60+0.02
0.60+0.01
0.62+0.05

0.41+0.05
0.46+0.03
0.47+0.02
0.47+0.11
0.48+0.09
0.51+0.06
0.52+0.10
0.52+0.04
0.54+0.06
0.56+0.03
0.60+0.04
0.61+0.03

interleukin 10-related T cell-derived inducible factor (Iltif)

decay accelerating factor 2 (Daf2)

heat shock protein, 25 kDa (Hsp25)

heat shock protein 25 kDa 2 (cardiovascular) (Hsp25-2)

serum amyloid P-component (Sap)

haptoglobin (Hp)

Mouse heat shock protein (hsp68) , clone MHS243

cytokine receptor-like factor 1 (Crlfl)

casein alpha (Csna)

Mouse complement component C3 mRNA, alpha and beta subunits
mRNA for MS4A8

complement component 1, q subcomponent, beta polypeptide (C1gb)
interferon-induced protein with tetratricopeptide repeats 1 (Ifitl)
crp-ductin (Crpd)

interleukin 21 (IL21)

mRNA for fibronectin

alpha-2-glycoprotein 1, zinc (Azgpl)

pre-B lymphocyte gene 1 (Vprebl)

small inducible cytokine A12 (Scyal?2)

Cell cycle and Signalling

leukemia inhibitory factor receptor (Lifr)

hepatocyte growth factor activator (Hgfac)

cathepsin C (Ctsc)

mitotic checkpoint protein kinase (Bub1)

putative serine/threonine kinase (Fnk)
neurotrophin-1/B-cell stimulating factor-3 (LOC56708)
wingless-related MMTYV integration site 5B (Wnt5b)
mRNA for TOPK

mRNA for Reprimo

nemo like kinase (NIk)

proteinase 3 (Prtn3)

eyes absent 1 homolog (Drosophila) (Eyal)
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U61085
NM_013569
NM_009308
NM_021398
NM._009175
NM._008074
NM_008557
NM_021022
NM._ 020269
AF020711

NM_021375
NM_009181
NM._007385
NM_ 011387

NM_019659
NM_010596
NM_008419
NM_010609

NM_009763
NM_007657
NM_016675
NM_008125
AF034136
X84014
NM_020018
122550

NM_016967
NM_011850
AF312938
U57328

NM 011546
NM_010127
NM 010714

NM_009100
M27347

0.40+0.07
0.49+0.04
0.49+0.09
0.49+0.14
0.50+0.08
0.50+0.14
0.50+0.14
0.51+0.04
0.52+0.09
0.52+0.09
0.52+0.08
0.53%0.06
0.53+0.06
0.55+0.03

0.55+0.11
0.56+0.12
0.57+0.06
0.58+0.08

0.39+0.13
0.41+0.09
0.49+0.12
0.49+0.05
0.52+0.05
0.54+0.01
0.59+0.05
0.61+0.07

0.26+0.07
0.37+0.10
0.41+0.02
0.47+0.02
0.48+0.07
0.49+0.16
0.60+0.06

0.38+0.08
0.40+0.12

Transport

thiazide-sensitive Na-Cl cotransporter
potassium voltage-gated channel, subfamily H (eag-related), member 2 (Kcnh?2)
synaptotagmin 4 (Syt4)

selectively expressed in embryonic epithelia protein-1 (Eegl)
sialyltransferase 1 (Siatl)

gamma-aminobutyric acid (GABA-A) receptor, subunit gamma 3 (Gabrg3)
FXYD domain-containing ion transport regulator 3 (Fxyd3)

ATP-binding cassette, sub-family B (MDR/TAP), member 11 (Abcbl1)
potassium inwardly-rectifying channel, subfamily J, member 10 (Kcnj10)
Maxi potassium channel beta subunit

Rh type B glycoprotein (Rhbg)

sialyltransferase 8 (alpha-2, 8-sialytransferase) B (Siat8b)

apolipoprotein C2 linked (Acl)

solute carrier family 10 (sodium/bile acid cotransporter family), member 1
(Slc10al)
inwardly rectifying potassium channel ROMK-2 (Romk?2)

potassium voltage gated channel, shaker related subfamily, member 7 (Kcna7)
potassium voltage gated channel, shaker related subfamily, member 5 (Kcna5)
potassium channel, subfamily K, member 8 (Kcnk8)

Cell adhesion

BP-3 alloantigen (Bp3)

CD9 antigen (Cd9)

claudin 2 (Cldn2)

gap junction membrane channel protein beta 2 (Gjb2)
collagen alpha3(VI) (Col6a3)

mRNA for laminin-5, alpha3B chain

melanoma antigen, family A, 5 (Magea5)

Mouse desmin

Transcription and Chromatin

oligodendrocyte transcription factor 2 (Olig2)

nuclear receptor subfamily 0, group B, member 2 (Nr0b2)
transcription factor-like protein ODA-10

transcription factor Tbx3 (tbx3)

zinc finger homeobox la (Zfx1a)

embigin (Emb)

LIM homeobox protein 9 (Lhx9)

Other

repetin (Rptn)
p6-5 gene, 3' end
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NM_ 007449
NM_016667
NM_010948
X79790
NM_ 019414
NM 011670
NM_009411
NM 010111
725469
124755
NM_013808
NM_010352
U58108

0.44+0.10
0.46+0.14
0.46+0.04
0.47+0.13
0.49+0.06
0.50+0.14
0.50+0.11
0.53+0.11
0.54+0.02
0.54+0.05
0.55+0.10
0.57+0.03
0.60+0.03

angiogenin related protein (Angrp)

syntrophin, basic 1 (Sntb1)

nuclear distribution gene C homolog (Aspergillus) (Nudc)
NQN1/A14,4,3 mRNA for anti 2-phenyl oxazolone HCV-region
selenium binding protein 2 (Selenbp2)

ubiquitin carboxy-terminal hydrolase L1 (Uchll)
trophoblast specific protein (Tpbp)

ephrin B2 (Efnb2)

of protein S gene

bone morphogenetic protein (Bmp-1)

cysteine-rich protein 3 (Csrp3)

germ cell-specific gene 1 (Gsgl)

nebulin

Genes upregulated (>1.5 fold)

Genbank

Fold

Gene Name

Number

NM_009349
NM 008116
NM_012006
NM_007643
NM_009286
NM_ 011704
NM_009676
NM._007860
NM 016722
NM_008777
NM_008278
NM_021481
NM_008621
AF038500
AB018421
NM_021456
NM_010761
NM_011844
X 14489
NM_021427
NM_007381
NM_021304
NM_010145
AF031467
NM_007437

change

3.43%£0.25
3.15+1.67
3.05+0.64
2.88+0.50
2.71+£0.29
2.36+0.40
2.33+0.50
2.29+0.45
2.23+0.37
2.21+0.18
2.18+0.42
2.10+0.25
2.03+0.48
1.96+0.11
1.93+0.19
1.90+0.24
1.86+0.48
1.81+£0.25
1.78+0.21
1.74+0.21
1.72+0.23
1.67+0.10
1.64+0.14
1.61+0.09
1.58+0.06

Metabolism

thioether S-methyltransferase (Temt)

gamma-glutamyl transpeptidase (Ggtp)

acyl-CoA thioesterase 1, cytosolic (Ctel-pending)
CD36 antigen (Cd36)

sulfotransferase, hydroxysteroid preferring 2 (Sth2)
vanin 1 (Vnnl)

aldehyde oxidase 1 (Aox1)

deiodinase, iodothyronine, type I (Diol)

galactosamine (N-acetyl)-6-sulfate sulfatase (Galns)
phenylalanine hydroxylase (Pah)

hydroxyprostaglandin dehydrogenase 15 (NAD) (Hpgd)
trehalase (brush-border membrane glycoprotein) (Treh)
membrane protein, palmitoylated (55 kDa) (Mpp1)
soluble guanylyl cyclase beta2 subunit (GC-SB2)
CYP4A10 mRNA for cytochrome P-450
carboxylesterase 1 (Ces1)

maternal inhibition of differentiation (Maid)
monoglyceride lipase (Mgll)

thymidylate synthase (TS) gene exons 5 - 7
hypothetical protein, MNCb-1231 (LOC58238)
acetyl-Coenzyme A dehydrogenase, long-chain (Acadl)
alpha/beta hydrolase-1 (LOC57742)

epoxide hydrolase 1, microsomal (Ephx1)
branched-chain amino acid aminotransferase (Eca40)
alcohol dehydrogenase family 3, subfamily A2 (Aldh3a2)
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NM._009997
NM_ 010000
NM_007822
NM_007817
NM_010003

NM._008182
NM 019752
NM_010361
NM_008185
NM_011579
NM_009912

M64403
NM_009801
NM_020568
NM_010742
AF223950
D86949
Z47778
NM_008639

U88623
NM 011671
NM_011994
NM_016972

NM_007854
NM_016804
NM_013757
AJ011080
L06463
NM_009463
NM_011391
NM_013770

NM_009464
NM_ 011388
NM_011403

6.88+1.65
6.35+1.40
3.59+1.72
2.11£0.12
1.62+0.11

3.03+0.12
2.27+0.15
2.12+0.23
1.83+0.29
1.82+0.28
1.81+0.30

2.69+0.52
2.32+0.44
2.23+0.63
2.15+1.02
2.02+0.29
1.754+0.22
1.62+0.07

Detoxification

cytochrome P450, 2a4 (Cyp2a4)

cytochrome P450, 2b9, phenobarbitol inducible, type a (Cyp2b9)
cytochrome P450, 4al14 (Cyp4al4)

cytochrome P450, 212 (Cyp2f2)

cytochrome P450, 2¢39 (Cyp2c39)

Stress and inflammatory response

glutathione S-transferase, alpha 2 (Yc2) (Gsta2)
serine protease OMI (Omi)

glutathione S-transferase, theta 2 (Gstt2)
glutathione S-transferase, theta 1 (Gsttl)

T-cell specific GTPase (Tgtp)

chemokine (C-C) receptor 1 (Cmkbrl)

Cell cycle and Signalling

cyclin-like protein (induced by colony-stimulating factor 1) (CYL-1)
carbonic anhydrase 2 (Car2)

S3-12 protein (S3-12)

lymphocyte antigen 6 complex, locus D (Ly6d)

TIM22 preprotein translocase (Tim22)

mRNA for plexin 2

mRNA expressed in islet cells (clone 40)

1.56+0.004 melatonin receptor 1A (Mtnrla)

5.09+0.38
3.01+0.39
2.94+0.04
2.54+1.33

2.38+0.33
2.32+0.08
2.31+0.35
2.194+0.16
2.11+0.34
1.98+0.16
1.98+0.11
1.87+0.18

1.80+0.09
1.74+0.12
1.71+0.18

Transport

aquaporin-4 (Agp4)
uncoupling protein 2, mitochondrial (Ucp2)
ATP-binding cassette, sub-family D (ALD), member 2 (Abcd?2)

solute carrier family 8 (cationic amino acid transporter, y+ system), member 7
(Slc7a8)
solute carrier family 29 (nucleoside transporters), member 2 (Slc29a2)

metaxin 2 (Mtx2)

granuphilin (Gph-pending)

mRNA for alpha-albumin protein

steroid cytochrome p450 7-alpha hydroxylase
uncoupling protein, mitochondrial (Ucp)

solute carrier family 16 (monocarboxylic acid transporters), member 7 (Slc16a7)
solute carrier family 25 (mitochondrial carrier; adenine nucleotide translocator),

member 10 (Slc25a10)
uncoupling protein 3, mitochondrial (Ucp3)

solute carrier family 10, member 2 (Slc10a2)
solute carrier family 4 (anion exchanger), member 1 (Slc4al)
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D50000 1.62+0.03 mRNA for Doc2

NM 009204 1.59+0.02 solute carrier family 2 (facilitated glucose transporter), member 4 (Slc2a4)
AF213394 1.58+0.06 ATP-binding cassette protein (Abca3)

NM_ 008650 1.57+0.04 methylmalonyl-Coenzyme A mutase (Mut)

Transcription and Chromatin

NM 013723 3.95+0.26 podocalyxin-like (Podxl)

AB010347  2.96+0.54 mRNA for mszf60

U43884 2.80+0.54 transcription factor Id1B (Id1B)

NM 009632 2.47+0.88 ADP-ribosyltransferase (NAD+; poly (ADP-ribose) polymerase) 2 (Adprt2)
NM 011146 2.02+0.61 peroxisome proliferator activated receptor gamma (Pparg)

730940 1.66+0.12 (CD-1) mRNA for histone H2A (partial)

Other

NM 011927 3.33+1.2 CEA-related cell adhesion molecule 9 (Ceacam9)
AF202528 3.294+1.07 cathepsin M (Catm)

NM 016669 2.98+0.86 crystallin, mu (Crym)

NM_ 009263 2.95+0.38 secreted phosphoprotein 1 (Sppl)

NM 010718 2.68+0.47 LIM motif-containing protein kinase 2 (Limk2)
747769 2.43+£1.02 mRNA expressed in islet cells (clone 1-5')
AF188613 2.34+0.88 channel activating protease 1

NM_007554 2.13+£0.66 bone morphogenetic protein 4 (Bmp4)

NM 011253 2.02+0.52 RNA binding motif protein, Y chromosome, family 1, member A1 (RbmYlal)
NM 008604 1.99+0.53 membrane metallo endopeptidase (Mme)

NM 008536 1.97+0.48 membrane component, surface marker 1 (M3sl1)
M61737 1.91+£0.20 adipocyte-specific mRNA

AF019086 1.91£0.21 prostate kallikrein (mPK-1)

NM 008895 1.85+0.25 pro-opiomelanocortin-alpha (Pomc1)
NM_007799 1.7940.31 cathepsin E (Ctse)

NM 013758 1.77+0.11 adducin 3 (gamma) (Add3)

NM 019542 1.76+0.10 N-acetylglucosamine kinase (Gnk-pending)
AF248635 1.76+£0.13 lymphocyte antigen 108 isoform |

NM 007720 1.76+0.18 chemokine (C-C) receptor 8 (Cmkbr8)

NM 021507 1.67+0.03 flavo-binding protein (LOC59010)

NM 008019 1.64+0.09 FK506 binding protein 1a (12 kDa) (Fkbpla)
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ITAaop181aKREG KATAOKEUEG

Ta miaopidia pGEX-2TK-SHP kat pMT-HA-SHP kataokeudaotnkav pe
KA@voroinon g KOIKNG reploxng tou avlporiivou yovidiou SHP to ormoio
aropovadnke pe RT-PCR amno deiypa oAwkou RNA ano kuttapa HepG2. Ot
mAaopidlakol gopeig rou exkppdadouv petaddaypéva sAdenuika popla tou SHP
kataokevaommkav pe PCR. Ot onpewakég petaddayég SHP (R213C) kat G9a
(R1109H) éywav pe 1o GeneEditor kit (Promega) oupgova pe tig odnyieg tou
rataokevaot].Ta mAaopibia pBXG1-HNF4 FL, pCMV-myc-HDAC1 xat
4xGAL4-E1B-luc ¢xouv nieprypagei (Ktistaki and Talianidis, 1997; Soutoglou
et al., 2001). To mMAaopidio pCMV-T7-G9a 1tav npoopopd tou C.M Sanderson
Kat exel eprypa@et (Brown et al., 2001).

Kataokeur] 61ayoviS1ak®OV MOVIiKQOV

To cDNA tou avBporuvou yovidiou SHP mou nepieixe v adAndouxia
rou kwdwkorotet ya tov eritorto FLAG kAwvortouOnke ot Stul meploplotiky)
O¢on tou mMAaopidiou pTTR1-ExV3 (Yan et al., 1990). To HindIIl xoppatt DNA
PNKoug 6.2 K\oBAcemV ITOU TEPIEIXE TOV UTIOKIVITI] KAl EVIOXUTL] TOU yovidiou
g tpavoBupetiving tou r1oviikou, 1o cDNA yiwa tov FLAG-SHP xat v
aAAnAouxia ywa rpooBnkn poly-A oupdag aro tov 10 SV-40, xXpnowponoir)Onke
yia v  pikposveon CBA-CaxC57B1/10 vyoviporounpévav wapiov. Ta
Otayovibiaka movtikia 18putég tautorou)Onkav pe PCR pe ) xpnon €8ikov
EKKIVNTWV Kal dtaoctaupwbnkav pe novtikia otedexoug CBA-CaxC57B1 wote va
onuioupynBouv bSlayovidiakeg oelpeg. Or Hrayovidiakeg osipeg SHP movukov
Kabmg Kal ta movtikia aypiou turnou diatnprbnkav oe KAouPid oe kKukAo 12hr
e®g/12hr oxkotddt katl tpdenkav pe @uotodoyikn diatta. ‘OAa ta mepdpata
npaypatornoufnkav pe noviikia nAkiag 2 pnvaov.

KuttapokaAAilEpyleg Katl napodikn StapoAuvon
Ot xkuttapwkeg oepeg  (Caco-2, HepG2, Hela, COS-1) 1ou
xXpnoworonOnkav, OSwamnpndnkav oe Openmuikd upeoco DMEM (Dulbecco’s

modified Eagle medium) ouunAnpouévo ue arnevepyoroinuévo pe B€puavorn

Boetlo euPpuiko opo (fetal calf serum) 10%.
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H mapodikny O6wauoAduvon Tov KUTAPeV otd BloxXnuikd mnelpdpata
(avoookatakprpvion rnpwteivov kat dokipaoieg yovidinov avapopdag) £yve ue I
ueébodo ouykatarpruviong calcium phosphate-DNA, oniwg meprypagetat ota
(Kritis et al., 1993; Ktistaki et al., 1995).

IMupnVikA MPOTEIVIKA EKXUALOPATA A0 KUTTAPLKEG OEIPEG

Ta xuttapa, a@ou SemAuOnkav, ouldexOnkav oe 1x PBS xkat
puyorevipr|Onkav Smin/ 1000 rpm, eravadiadubnkav oe SV Buffer A (25mM
Hepes pH 7.9, 1.5mM MgCl,, 10mM KCI, 0.1% NP40, 1mM DTT, 0.5mM
PMSF, 10ug/ml approtinin). Ta xUttapa napepewvav 10min/4°C  kat
akoAouBnoe opoyevoroinon Kat @uyoxkeévipnon OSmin/2000 rpm/4°C. H
nedétta 1rmou  artotedei, oe éva peyddo T0000TO  adlappnKIoug ITUPT|VEG,
entavadladuBOnke oe katdAAndo oyko Buffer A. X1 ocuvéxela nmpootedbnke icog
oykog 6taAdupatog NLB 800 ( 25mM HEPES pH7.9, 10% glycerol, 0.8M KCI,
0.2mM EDTA, 0.1%NP40, 1mM DTT, 0.5mM PMSF, 10ug/ml approtinin). To
Oetypa avadeubnke 30min/4°C kat @uyokeviprOnke 30min/ 14000 rpm/4°C.
To unepkeipievo oOU AroteAel 10 MUPNVIKO MPXTEIVIKO EKXUAIOPA OUAAEXONKE

Kal peta ano npoodnkn 1/5 tou oykou 50% glycerol puAdxtnke otoug -80°C.

AAANAemi8paceig NPOTEIVOV pe tn pEO0S0 TG AvooO-CUYKATARPNH VIO S

To mupnviko MpPwIeiviko ekxXUAlopa apawwvetat 3x pe Extract dilution
Buffer (25mM H Extract dilution Buffer (25mM HEPES pH7.9, 2mM EDTA,
0.1% NP40, 1mM DTT, 0.5mM PMSF, 10ug/ml aprotinin). Ta apaiwpéva
MPWTIEWVIKA e€KXUAlopata enwdotnkav pe oeaipidia Protein A-sepharose
(Rosche) (~1ml exxvUAiopa/ 50ul ogawpidia) yua 1hr/4°C (preclearing step).
duyokevrprOnkav ya S min/4°C/14.000rpm (amopdrpuvorn twv beads) kat to
urnepkeiuevo peta@eépObnke oe veo eppendorf owAnvaxkti. [IpooteBnke 1o aviicoua
(10ug) kat emwaotnke avadevoviag ya 10min/4°C. 1 ouvexela ripootebnrav
S50 ul Protein A Sepharose beads katl 1 avoooKAtakpuUPVvion £ytve avadeuoviag
Shr/4°C. Ta opaipidia emAubnkav 4x ue Wash buffer (25 mM Hepes pH 7.9,
1% glycerol, 100 mM KCl, 2 mM EDTA, 0.1% NP40, 1mM DTT, 0.5 mM
PMSF) xkat npootebnke icog oykog 2x SDS loading buffer. AxkoAouOnoe
avdalduon pe western blot.
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Métpnon evepyotntag tng B-yadartooidaong

Ta xuttapa a@ou SermAuBnkav kat ouAAexOBnkav oe 1x PBS
enavadladubnkav oe katdAAnAn noocotnta 250mM Tris pH7.5. AkoAoubnoav 3
KUKAOl taxeiag wudng (-80°C) xar armoyuing (37°C) twwv Osyuateov Kat
(PUYOKEVIPNOT yld TV OUAAOYT] TOU MPWIEIVIKOU €KXUAIOUATOG OTO UTIEPKEIUEVO.
v KAtaAAnAn mmoootnta oAlKoU KUTIAPKOU €KXUAiouatog rpootebnrav 3 ul
100x Mg buffer (100mM MgCl,, SM 2-mercaptoethanol, 1M KCI), 66ul
O0taAuuatog ONPG (4mg/ml ONPG oe 6iaAuua sodium phosphate) kat SiaAuua
sodium phosphate (0.1M NaoHPO4 xat NaH2PO4, pH 7.3) uéxpt ta 300ul. Ta
Oetyuata enwaotnkav otoug 37°C uexXptl v eU@AVIOT KITPIVOU XPQOUATOG, OTIOTE
Kal n aviidpaon tepuatiomke pe v rnpoodrnkn S00ul NaxCOz. H uerpnon g

OITIIKIG AIToPPOPNOoNG TV deryudtev eytve ota 420nm.

Métpnon evepyotntag tou ev{upou luciferase (luc assays)

H ugtpnon g evepyountag tou evfuuou luciferase eywve pe
xpnowuornoinon tou luceferase assay kit (Promega) ouu@ava pe tig odnyieg tou

KATaoOKeEUAoTn.

ANMoOpovmon avacuviuaopiveV NMPOTEIVOV and Baktpla

OAeg o1 mpwteiveg mou KaBapiotnkav amno Paxktpla oty apouca
epyaocia nrav os ouvindn pe oudiveg (6XHis) 1] pe v Parinplakn npeteivn
GST (Glutathione S Transferase). H ék@paon O0Awv 1OV MPKIEIVOV £yve OTO
E.coli PBakmpiakd otédexog BL21plys. To otédexog autd €xel 10
XAPAKINPIOTIKO 0T 1] €K@paot Ing T7 moAupepaong arno v oroia e§aptatatl n
PEtaypa@r) Kait €MOPEVAOS KAl I €K@PAONG TNG OUYKEKPIPEVNG IP®IEIVNG,
Bpioketal KAT® artd auotnpo €AeyXo Katl €MAYETAl POVO pe v npoodnkn IPTG
(ouvayewviotrlg tng Spaong tou lacl katactoAea). e KaAAAlEpyeld OITTIKIG
rukvotnuag (OD) 0.8 mpootiBetar IPTG tedkng ouykevipwong 0.2mM.
Axoloubei entwaon otoug 37°C yia 3hr 1) otoug 22°C ywa 6hr. X1 ouvexela ta
KUTtapa oulAgyovtat Kat @uyokevipouviat yia Smin/S5.000rpm/4°C. H
neAdéta entavadiadvetatr oe Sonication buffer I (20mM Tris pH8.0, 200mM
NaCl, 0.5% Triton, SmM Imidazole, 1mM PMSF) owuv mnepimwon 1ou 1
npwteivn Ppioketatl oe ouvinén pe His kat emavadiaAvetal oe Sonication buffer
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II (1xPBS 0.5mg/ml BSA) owyv nepirmmtwon g ouvinéng pe GST. AkolouBei
01appnén 10V Kuttdpev Kat ortaotpo tou DNA pe unépnxoug Kat (PUYOKEVIPNOT)
oug 12.000rpm/30min. To umepkeipevo arotedel 10 MPWIEIVIKO EKXUAlLOPA
MoU OePNUKA TEPIEXEL UTIEPEKPPACHEVT] TNV TMPWTEIVI] TTOU pag evdlagepet.
AxoAoubei aropovwon g NPRIeivng pe Xpopatoypagia ouyyevelag pe Ni-
NTA Agarose (QIAGEN) ownv npwtn nepirmwon kat Glutathione Sepharose 4B
(Pharmacia) otnv deutepn. Ot pwteiveg ou rpoodevoviat pn 161KA otnv KAOe
KOA®va arnoparpuvovtal pe 4 {emlupata pe ta naparnave dtaivpata (10@opeg
0 Oykog g KoAwvag) yua 10min 1o kabeva, otoug 4°C und avadeuon. Zin
ouvéEXela Ol MPTEIVEG €KAoUOVIAL ATTO TNV KOA®VA HETA Ao Ipoodr|kn iocou
oyxkou Elution Buffer I (20mM Tris pH8.0, 200mM NacCl, 0.5% Triton, 200mM
Imidazole, ImM PMSF) kat Elution Buffer II (10mM Glutathione, S50mM Tris
pH8.0, 1mM PMSF) avtiotoxa. H adikaocia tng ékAouong eravalapPfdaverat
S @opég Kal ta rpoidvia ouAAéyovial €ite OUYKevIpwvovial pe centricon eite
petagepovial oe kataAAndo 6idAvpa (20 mM Tris pH8.0, 5S0mM KCl, 0.5mM
DTT, 0.5mM PMSF 10% glycerol) pe tn pébodo ng dramtiduong (dialysis).

In vitro aAAnAsmiSpaocelg NPOIEIVAOV

[Tpaypatorow)Onkav doxipeg pull-down pe ) Xprjon avaocuvduacpPEvav
MPWTEIVAOV TIOU €ival oe ouvinén pe v npateivn GST kat eite ouvieBepeveov in
vitro padloonpacpévav 35S mpeTEivev 1) ITUPNVIKOV EKXUAICPATOV Ao KUttapa
HepG2 1] xabBapiopévev 1otoveov. Ot 35S onpaopéveg avaouvdiuaopéveg
npwteiveg ouvtibeviat in vitro pe ) Xprjon tou TNT ouotpatog tng Promega
oup@®VaA HE TG 08NYiEg TOV KATAOKEUAOTMV.

Ot avubpdaoelg aAdndemnidbpaong €yvav pe 1 Xpnotpornoinon 2pg ano
KaOe mpwteivn nou eivatl oe ouvindn pe GST kat eite 41l ouvieBepevng in vitro
Kat padloonpaocpévng 35S mpwteivng 11 KATAAANANG 1oootntag Imupnvikou
ekxUAiopatog antd HepG2 1) 25pg kaBapiopévev otovov. H GST mpoteivn
npoodebnke oe oeapidba Glutathione Sepharose ta oroia eixav
nponyouueveg e§looppornBet ue 0.5% BSA/1x PBS. Xt ouvexela, KAOe
KoAwva SermAuBnke 3x pe 1xPBS kat akodoubnoe avtibpaon adAnAenidpaong
yia Shr/4°C pe avakivnon pe v rpooBnkn g padlaonpaopévng mpeteivng
oto 6taAupa adAnAentibpaong (150mM KCL, 20mM Hepes pH 7.9, 0.1%NP-40,
SmM MgCl, 0.2% BSA, 10% glycerol, 0.1mM PMSF, 10ug/ml approtinin). Ta
opaipidia SermAubnkav 4x pe 1o dtddupa éxkrmduong (200mM KCl, 20mM Hepes
pH 7.9, 0.1% NP-40, 5SmM MgCl,, 0.1mM PMSF, 10ug/ml approtinin) kat
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ertavadladubnkav oe 20ul SDS loading buffer. Ztig doxipeg aAAnAemdpdaoelg
pe ta r1wpnvika @ ekxvdiopata HepG2 xprnowonou)Onkav  au§avopeveg
ouykevipwoelg NaCl (150-500mM) ota O6wadvpata addnAenibpaong Kat
€KTAuong, esve ot aviidpdoelg adAndenidpaong pe 10toveg ta SemAvparta
gywav pe 6wddupa exknduong mou rmepteixe S00mM  KCl. Ta deiyuata
avaAubnkav oe arnodlatakiko MNKIOUA AaKpuUAaupidng kait axkolouBnoe eite
autopadiloypagia yia v avixveuorn oV padloonpacpeévev 35S npeteivav eite
avaduorn katd western yia v avixveuorn 10TOV@V KAl ITUPNVIKGOV TIPKOTEIVOV
arno ta kuttapa HepG2.

Ma ©g avudpaoelg adAnldenibpaong nentdiov pe v npoteivy SHP,
Xpnotgornotdnkav 3.5pg Blouvidiopévev renudiov 1a oroia
axwnroro|Onkav oe o@aipidla otpertaPidivng kar 4ul ouvieBewévn in vitro
padoonpaopévn 35S mpwteivp  SHP.  IIpaypatortoum)bnke  avtidpaon
aAAnAenibpaong ywa Shr/4°C pe avaxkivnon pe v NPooBNKn g
padlaonpaopévng mnpwteivng oto 6wAupa adAnAenibpaong (150mM KCl,
20mM Hepes pH 7.9, 0.1%NP-40, SmM MgCl> 0.2% BSA, 10% glycerol,
0.1mM PMSF, 10ug/ml approtinin) kat ot ouveéxela akolouBnOnke n id6wa
0ladikaoia onwg mapanave.

AvdAuorn npoteivikov aAAnAsmidpaocswv pe Far western

O1 kd&Baplopéveg 10toveg Olaxmpiotnkav pe nlekrpopopnon oe SDS
mKopa rodvakpldapidbng 12% 1n oe Acid Urea mnkiopa moAuakpldapidng
(Edmondson and Roth, 1998). X ouvéxela mpaypatornoOnke HETATOINON
Toug oe pepPpavn. Or pepPpaveg enwaotkav apxika ywa 2hr oe diddupa
1xPBS, 0.05% Tween xat ot ouvéxewa yia dAdeg 2hr oe didAdupa 1xPBS,
1%BSA. Xt ouvéxela uPpidoromnOnkav pe padloonupacpévn 32P-GST-SHP
npateivn (500 000 c.p.m/ml) oe SiaAupa aAAnlAenidpaong (1xPBS, 0.3%BSA,
1% fetal calf serum) yia 2hr. AkolouOnoav SermAvpata S5x pe 1xPBS kat ot
aAAnAerudpdoeilg avixveubnkav pe autopadloypapia.

KAaopatonoinon XpOHATIVI|G HE HEPLKI] MEWT] HE HIKPOKOKKLIKI)
VOUKRAeaon

Kuttapa Caco-2, a@ou S§emAuOnkav, ocuAdéxOnkav oe 1x PBS xkat
puyorevipr|Onkav Smin/ 1000 rpm enavadiaAudnkav oe SV Buffer N (15mM
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Tris pH7.5, SmM MgClp, 60mM KCI, 15mM NaCl, 1mM CaCl2, 250mM
Sucroze, 1mM DTT 0.5mM PMSF, 10ug/ml approtinin). X ouveéxela
npooteOnke ioog oykog Buffer N mou mepleixe 0.6% NP-40 kat to deiypa
avapeixOnke. Ta kuttapa mapépewvav  Smin/4°C  kat  akolouBnoe
opoyevortoinon kKat @uyokevipnon Smin/2000 rpm/4°C. H mniedetta 1ou
aroteAel, oe €va Peyalo 1ooooto adlappPnKroug ruprveg, ernavadlaAubnke oe
KataAAnAo oyko Buffer Nuc (15mM Hepes pH7.5, 60mM KCIl, 15mM NaCl,
0.34mM sucrose, 0.15 mM mercaptoethanol). X ouvéxela mpootednke
noootnta CaCl2 @ote n teAkn) ouykevipworn va eivar 3mM Kat ot ruprjveg
enwaotrav pe 2, 5 kat 10 Units piKpoKoKKIKIG VoukAedong ya 2min/37°C.
AxolouOnoe petagopd otoug 4°C kat @uyokévipnon 3min/11000rpm/4°C. To
uniepkeipevo (S1) ouAAexOnke kat n aviibpaon MeWPng OTAPATNOE HPETA ATTO
npooOnkn SmM EDTA kat SmM EGTA. H neAAeta enavadiaAuOnke oe 2mM
EDTA xat axkoloubnos enwaon vya 10min kat @uyokétpnon 10min/
11000rpm/4°C. To wunepreipevo (S2) ouldexBnke wat 1 nieddéta (P)
ertavadladubnke oe 2mM EDTA. X1 ouvexela oe 10eg moootnteg detypdtov
npootednke i0og Oykog 2x SDS loading buffer kat nmpaypatonowr|Onke avaiuon
kata western. ErmutAéov, oe ioeg moootnteg derypatov arnopovodnke to DNA
KAl NAEKTIpo@opONKe O MNKIOUA ayapodng yia tov €Aeyxo g neYng amo 1)
VOUKA€EQOT).

Avoo0o@pO0p1lOPNOG O KUTTAPOKAAALEPYELEG

Kuttapa Caco-2 xkalAiepynOnkav oe yuddwveg avukeipevo@opoug. Ta
Kuttapa SermAubnkav 3x pe 1x PBS kat poviporiown|Onkav pe methanol yua
10min kat akodoubnoe 3x ¢Ermdupa pe 1x PBS kat enwaon pe 1x PBS/1%
BSA yua 30min. AkoloUOnoe enwacn Pe TA AVIIOOPATA O KATAAANAEG
apawwoelg oe OwAupa 1x PBS/1% BSA. Ta npotevovia avuioopata
eneaotnkav ya 45min eve ta deutepevovia yia 30min. Eviiapeoa kat oto
1edog €ywvav 4x mAuoelg /15min pe 1x PBS/1% BSA. Zin ouvéxela €yive
xpwon pe DAPI mou PBagetr tou mupnveg yia lmin kat akodouOnoav 2-3
SemAvpata pe  1x PBS/1% BSA. Télog, poviporow)Onkav o€
avuxkeipevopopoug pe Spul Mowiol (Sigma). OAeg o1 enwdoelg Kat ta Semivpata
gywav oe Ogppokpaocia dwpatiou pe avadeuvon. H mapatpnon €ywve oto

OUVECTIOKO U1IKPOOKOITO Zeiss Axioscope 2 Plus.
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Anopoveon RNA ano fnap nmoviikou

To RNA amopovaBnke pe ) pebodo tng oSivng @aivoAng. ApxXikd To
OUK®TL TOU TovtikoU SermAévetat pe PBS kat toroBeteital oe Solution D (4M
guanidinium thiocyanate, 25mM sodium citrate pH7, 0.5% sarcosyl, 0.72%
B-mercaptethanol). To ouk®U opoysvoroleital O€ OPOYEVOIIONTL] KAl
npootifetatl kata oepda 1/10 tou oykou 2M oSko appovio, 1 0yKog @aivoAng
pH4 xat 2 oykot Sevaq ( XA®PO@OPH10 KAl 100APUAKY] aAKOOAnN oe avaloyia
24/1. AxolouBel enwaon 15 Aemtwv oOTtOvV IAYO KAl (QUYOKEVIPNOL OF
3000rpm/40min/4°C. To unepkeipevo erxudifetar pe ico Oyko oudetepng
eawoAng pH7.5. xat @uyokevipeitat yua  3000rpm/40min/4°C. Zto
unepkeipevo mpootibetal 100G OyKog 100IPoItavoAng kat tornoBeteital oe —20°C
yia rieploocotepo aro lhr. Katormv guyokevrpeitat yua 14000rpm/20min/4°C ,
AITOPAKPUVETAl TO UIepKeipevo Kat 1o ifnpa Serdéverar pe 70% aiBavoAn.
ATTOpaKPUVETAl TO UTIEPKEIPEVO KAl 1] MEAETA OTEYVWVETAL AITO0 TA UToAsippata
G aAK0O0ANG Kat emavadiaduvetat oe 200-300pl eveowpou H20. Mewa v
AT p1 enavaiwpnot] tou 1o RNA roootikortoteital pe gowtoperpnon ota 260 nm
Kdl 1] TIO10TNTA TOU €ALyXETAl 0€ TINKIOUA ayapolng 2%.

Enoaon RNA pe DNaAon Kat aviiotpo@n petaypan

15-20pg RNA enwaloviat pe 1 pl DNaon (10u/A xwpig RNaon), 1x
pubptlotko diddupa DNaong (200mM Tris pH8.0, S0mM NaCl, 30 mM MgCl,)
via 1hr/37°C. Metd v enwmacn IIPAYHPATOIOEITAl €KXUAON @awvoAng/
XAwpogoppiou/100apUAKLG  aAkoOAng  (25/24/1). Xto  unepkeipevo
npootifevrat 2.5 oykotl anodAutng atBavoing kat 1/10 oykou 0§1KO vatplo Kat
aprivetat  otoug -80°C ywa 20min. To O&elypa @uyokevipeitat yua
20min/14000rpm xkat n nedéta SemAeveratr duo @opeg pe 70% ai@avoAn.
AropakpuUvetat 1 aiBavodn, 1o i{npa a@IVEIal va OTEYVOOEL Kal
entavadiaduetatl oe 30ul eveéopo H2O.

[Ma myv avtiotpoen petaypagr) xpnowpornoteitat 1pg RNA katepyaopévou
pe DNaon. e auta npootiBevtat 1.2pl oligoDT (100ng/A), 2ul peiypatog tev
teooapwv dANTPs (10mM), 4ul 5x pubpiouko 6 iddupa MMLV RT kat o oykog
ouprAnpovetat pexpt ta 19ul pe eveopo H2O. To piypa enwdadetatl yia Smin
otoug 65°C kat a@nveralr va KPuwoel yla Smin ot Bgppokpaocia dwpatiou.
TéAdog mpootiBetat 1pul MMLV Reverse Transcriptase RNase H (200u/pl) kat
axrolouBei enwaon otoug 37°C ywa 1hr.
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TeXVIREG 10TOAOY1KNG avaAluong

Ma wm xXpwon apatofudivng-nwoivng xpnotporomndnkav  TopEg
lototepaxiov nratog nou eixav poviporonOet os 4% @oppaideiidn/ PBS yua
12hr otoug 4°C kat ot ouvexela €ixav eykAelotel oe napa@ivn. I'a ) Xpwon
pe Oil Red O xpnowporo)fnkav KPUOTOPEG 10TOTEPAXI®OV 1)ITATOS TTIOU e1xav
poviporiow et oe 4% @oppaAdelidn/ PBS ywa 12hr otoug 4°C. T
avooolotoxXnpeia xprnotponor|fnKkav KPUOTOPEG 10TOTEPAXI®V  1IAatog IToU
poviporou)Onkav pe pebavoln.

IIpostolpacia 10TAOV yia £YKAELOL O apa@ivn

Ta poviporoumnpéva ototepaxia SemiuBnkav apxikda pe PBS yia 3hr kat
o ouvexewa pe 0.86% saline yia dlddeg 3hr. AxkodouOnoe aguddtwon v
deypdatewv pe 6adoxikeg MAUOES Pe au§avopevn OUyKEVIpwOor at®avoAng (2hr
30% a®avoAn, 2hr 50% aiBavodn, O/N 70% aiBavoAn, 2hr 95% aiBavoAdn, 3hr
100% a1BavoArn. Zin ouvexela ta deiypata rnapépevav yia 3hr oe Sudévio kat
peta petagepdnkav yua 24-48hr oe mapagivn.

IIpocTOlpaACiaA 10TOV Y1d KPUOTOHEG

Ta poviporoinpéva ototepaxia Semiubnkav apxika pe PBS yua 3hr, otn
ouvexela peta@epbnrav oe 10% oaxkxapoln/PBS otoug 4°C yua 1-2hr kat peta
oe 30% oaxkxapoln/PBS otoug 4°C O/N. AkoAoubnoe n napapovr) toug yua
3min oe ntayopevo ooreviavio (-80°C) kat n €ykAion toug oe OCT.

Xpwon apato§uldivng-nwoivng

XpnowponowmOnkav topeg rapa@ivng nmaxoug 10 pm ot omnoieg ageOnkav
va oteyvwoouv otoug 37°C yia touAddxiotov 2hr. AxkoAouBnoav 2x 15 min
SermAupata pe Neoclear katr Siadoxika mlucipata pe eAATIOPEVI] CUYKEVIP®OT
aBavoAng (100% aiBavodn 2x Smin, 95% aiBavodn 2x 2min, 70% aiBavoln
2min, 50% a®@avodn 2min, 30% aiB@avodn 2min. i ouvéXxela Ol TOMPEG
SermAuOnkav pe ddH20 yia 2min kat mapgpevav oe aipato§ulivn yua 1.5min.
AxolouOnoav 2x 5 min {ermAvpata pe ddH20, {Emiupa 70% aiBavoin pe HCI
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yua 10sec, vepo PBpuong ywa 10min kat dSwadoxikd mAucipata pe auSnpeévn
ouykevipworn aiBavoAdng (30% aiBavodn 2min, 50% ai®avodn 2min, 70%
a®avodn 2min, 95% aiBavoAn Ssec). Lt ocuvexela MPAypatoriofnKe Xpworn
1OV TOpeV pe nwoivn 40sec kat mAucipata pe 95% aBavodn 3min, 2x 100%
aBavodn 3min kat 2x Neoclear yia 30min. TéAlog ot topeg KaAueOnkav pe

Entellan.

Xpoon pe Oil red O

Xpnoworou)Onkav Kpuotopeg raxoug 10 pm ot oroieg a@eOnkav va
oteyvooouv ylia 10min. AkoAouBnoav 3xSmin mAuocipata pe PBS kat {Emiupa
pe ddH20 mpotou 1 Xpwon pe Oil red O (0.3% oe 1o0omportavoArn) yia 10min.
Zn ouvéxela ol topeg SermAévovral yua 2 x 20sec pe ddH20 kat yia 10min pe
vepo PBpuong. Tédog kaAurtovial pe yAukepoAn 100%.

Avooo@Boplopog oc TOPEG MATOG

Xpnowornor)Onkav Kpuotopég rnaxoug 10pm ot ornoieg povipornowr)Onkav
pe pebavodn yia 10min. AxkoAouBnoav 3x5Smin mAuoipata pe PBST (1xPBS
pH7.4, 0.1% Triton), enwaon pe 1% BSA/PBST yiwa 2hr eniwaon pe npwto
avtioopa 6waAupevo oe 0.1% BSA/PBST O/N otoug 4°C. Zin ouvéxewa ta
Oetypata SermAuOnkav 3xSmin pe PBST kat enwdaotnkav pe devtepo @Bopifwv
avtioopa 6wAupévo oe PBS 1el,5% @uowodoyiko oppd yia 2  wpsS.
Axoloubnoav 3x5Smin mAucipata pe PBST, xpoon pe DAPI yia 1min xkat
SermAupata pe PBST. Tédog ot topég kaAurtoviat pe Mowiol.

IIapaoKeUN] NMATIKOV MUPINVIKAOV EKXUALCUATOV

To nmap opoyevorou)Onke oe O6iaAupa Sucrose A (0.32M sucrose,
15mM Hepes pH7.9, 60mM KCl, 2mM EDTA, 0.5mM EGTA, 0.5% BSA,
0.5mM spermidine, 0.15mM spermine, 0.5mM DTT, 0.5mM PMSF, 0.5mM
approtinine). £t ouvexela 1o deiypa 61nOOnke peoa arno yada kar akoAouOnoe
O0eUtepn opoyevortoinon amno to oroio Aapfdvoviatr ot ruprnveg. To ekxXUAlopa
petaeepBnke oe oA va 1ou repiExel OtaAupa Sucrose B ( 1610 pe A pe 1
dlagopd ot dev exet BSA kat mepiexel 30% sucrose) Katd TpOIo TETO10 WOTE va
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dnuioupynBouv duo @daoelg dlagopetikrg TTUKVOTNTAg sucrose. To deiypa
@uyokevipr|Onke ya 15min/4°C /3000rpm xkat n neddéta arnotedei toug
TTUPIVEG. L1 OUVEXELd 1) MeALTa enavadlaAudnke oe KAtdAAnAn

roootnta buffer A (10mM Hepes pH 7.9, 1.5mM MgCIl2, 10mM KCI, 0.5mM
DTT, 0.2mM PMSF), owmv onoia mpootednke icog oykog 2x NUN (2M oupia,
0.6M NacCl, 2%NP-40, 50mM HEPES pH7.6, 2mM DTT, 0.2 mM PMSF, 100
ug/ml approtinin, 1 mMsodium vanadate). Ta Oeiyuata avadeuinkav,
en@AoINKAv o 1ayo ywa 15min, @uyokevipnbnkav KAt Ta ITUPNVIKA
ekxUAiouata ocuAAexOnrkav oto urepkeiyevo, oto oroio mnpootebnke 1/5 tou

oykou 50% glycerol yia @uUAadn otoug -80 °C.

M£Tpnon @UOIOAOYIKOV MAPARETPRV

Ta deiypata oppoU MAPACKEUACTNKAV A0 dipa ITOU OUAAEXOnKe aro
Vv Kapdla movukev 1ou eixav avaioOnrorowbei. To aipa enwaotnke yua 2-
3hr oe Beppokpaocia dwpatiou kal Ot CUVEXEW AKOAOUONOE (PUYOKEVIPNOT)
3000g/ Smin. To UuUTEPKEIPEVO TOU AVIIOTOXEL OTOV OpPPO TOU dAipatog
oUAAEXTNKE KAl @UAaxInke otoug -80°C. Ta mg perprjoelg t@v d1a@op®v
MAPAPEIP®V XpnowpornouOnkav e§eidikeupéva avudpaotrpa Beppidoperpiag
oUp@®VA Pe TG 001NYieg TV KATAOKEUAOTMOV.

[a wm pérpnon v anobspdi®v 1OV XOAKwV 0§E®V, ITPOETOINACTKAV
eRXUAilOpATa Petd arnd Opoyevortoinon tou fIatog Kat g XoAndoxou KUotng
oe 75% aiBavoArn. Lt ouvexela ta deiypata enwaotkav yua 2hr otoug 50 °C
KAl JPeta amnd  QUYOKEIPNON 10min/3000rpm, Tta  umnepkeipeva
O0taAutornouw)Onkav apxika oe 75% aiBavoAn kat peta oe 25%PBS. H petpnon
G OUYKEVIPWONG TV XOAK®V 0SEmVv eylve pe eCeldikeupéva avudpaotr)pla
Beppidoperpiag oup@va pe TG 0dnyieg TOU KATAOKEUAOTY).

[Ma ) pérpnon g OUYKEVIP®ONG NIATIKGOV AUdiOV IIPOETOINAoTNKAY
eRxXUAiopata peta arno oployevVoITOinon TO0U g)aleively O1dAupa
chloroform/methanol (2:1). AkoAouBnoe @uyokévipnon 10min/3000 rpm xkat
ota unepkeipeva npootebnke 1/35V 0.9% NaCl. Meta ano véa @uyokeEpnon
Smin/2000rpm, 1 KAI® OPYaAVIKI] @AOCT IOU IEPEXel Ta Autidia oulAexOnke
Kat Avoguloriou)Onke. Tedlog 1 1medéta enavadiaAdutorioumbnre o€
1XPBS/1%Triton Kat ot OUYKEVIPWOELS TPIYAUKEPOIOV Kal XOANOTteEPOANGg
npocdlopiotnkav pe efedikeupéva avudpaotnpla Beppidoperpiag cuperva pe

TG 0d1yieg TOU KATAOKEUAOTH).
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AvaAvuon pe DNA microarrays

Ma wmv avadluon Xpnoworow)Onke nraukd oAwko RNA r1ou
nmapaokevdotnke pe 1 PEBodo g OSIvng @AavOANg Ornwg €Xel IEPLYPAPEL.
ErurAéov uroPAnOnke oe eva emrmAcov otadlo kabaplopou pe 1 Xprjon Tou
Rneasy kit (Qiagen) cupgwva pe tig odnyieg 10U KATACKEUAOTY).

[Tapaokevdotnkav 6Uo piypata oAdwkou RNA amno Siayovibiaka SHP
rovtikia kat aAda duo ano novtikia aypiou turou. KdabBe piypa npoékuye aro
avapin iong moootntag NratikoU oAkoU RNA rmevie apoevikwv IOVIIK®OV Kat
xXpnowono|Onke ya v napackeury] cDNA pe aviiotpogn petaypa@n).
AxolouBnoe arowkodounon tou RNA peta aro esnwaon pe RNAse kat
aropoveon tou cDNA. Xt ouvéxela to cDNA onpaivetat pe ) Xprjon Tou
Klenow fragment tng DNA noAupepdaong kat Cy3-dCTP 1) CyS-dCTP (Smith et
al., 2003). KdaBe betypa cDNA xwmpiotnke ota dvo, 1o pioo onuavonke pe Cy3-
dCTP xat 1o dAdo pwo pe CyS5-dCTP. Meta amd avapi§n avubeuxa
ONPAOPEVRV SEypdI®V ToU Ipogpxovidl aro diayovidikd kat aypiou turou
rovtikia, dnpioupynObnkav 4 ouvduaopoi. Autoi xprnowporoubnkav yua v
uPpidoroinon PEe AVUKEINEVOQ@OPOUG  TOU  IEPIEXOUV  EVIOIIOHPEVA
oAtyovourAeotidola ard 7.500 yovidia yveotr)g Aettoupyiag tou noviikou (Mouse
known Gene SGC Oligonucleotide arrays). Meta v uPpidoroinon kat ta
rm\uoipata ot avuketpevopopot dafaoctnkav aro tov Affymetrix 428 scanner
Kalt ta 6edopeva arnorpurttoypa@nOnkav pe 1 PorPsia tou mpoypappatog
Imagene 4.2 (Biodiscovery) (Smith et al., 2003). AkoAoUBOnoe Kavovikoroinon
v 6edopévev Kat avaduon toug aro 1o mpoypappa Genespring (Silicon
Genetics). Ta yovidia rmou napouciacav 61a@oOpoOrIoNPEV] €KEPAOCT] AV ATTO0

1.5 @opa ot toudaxiotov 3 arno 1 4 uPpidorooelg ermAEXONKav.

IIeipauata avooORATAKPNUVIONS XPKOUATIVIS

Ta nelpdpata avoooKATaKPUPVIONG XPOPATIVIG £ytvav XP1O1OTIOIMVIAS
nrap owayovidlak®v SHP movikev kat novukov aypiou turou. Ta movtikia
avaioOnronou)Onkav Kat pe ) PorBeia kabetrjpa to Nrap SemAubnke pe 1x
PBS kat poviportoumOnke pe 1% formaldehyde. H avtidpaon uoviuoroinong
1ov npeteivav oto DNA tepuatiotnke pe 0,125 M glycine. Kabe eva ano ta
napanave otadia dirjprnoe yia 10min. To rjrmap opoyevorour)Onke oe diaAuvpa
Sucrose A (0.32M sucrose, 15mM Hepes pH7.9, 60mM KCIl, 2mM EDTA,
0.5mM EGTA, 0.5% BSA, 0.5mM spermidine, 0.15mM spermine, 0.5mM
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DTT, 0.5mM PMSF, 0.5mM approtinine). £t ouvéxewa to deiypa 61nOnOnke
péoa amo yada rKat akolouBnoe OeUteprn OPOYEVOIOINO1N aAI0 TO OIoio
Aappavoviat ot rtuprveg. To ekxXUAlOpA peta@EePOnNKe 08 O®AN VA TIOU TIEPIEXEL
6tdAupa Sucrose B ( 1610 pe A pe ) Sragopd ot dev exel BSA kat mepiExet
30% sucrose) kata TPOMO 1010 wOote va Onuioupyndouv OHUo @aoelg
Ola@opetikt)g TUKvotntag sucrose. To Oelypa @uyokevipn|Onke otig yua
15min/4°C/3000 rpm xat 1 1edAeéta arotedei TOUG POVIPOTIOUHEVOUG
rupriveg. H meAétta enmavaduaiubnke oe 10ml Buffer Nuc (15mM Hepes,
pH7.5, 60mM KCI, 15mM NaCl, 0.34mM sucrose, 0.15mM mercaptoethanol)
Kalt axkoAouBnoe ©Oeltepn @uyokevipnon Smin/4°C/1000 rpm ote va
SermmAuBouv ot muprveg. Lt ouvéxela ernavaduaduOnkav oe 10ml Sonication
Buffer (50 mM HEPES pH7.9, 140mM NaCl, 1mM EDTA, 1% Triton X-100,
0.1% sodium deoxycholate, 0.1% SDS kat avaoctoAeig npwteacwv). To DNA
dlaomdotnke pe UMEPnXoug oe tunuata péoou upnkoug 200-1000 bp kat
Katormyv ta deiyuata guyokevipnOnkav yla v KAatakpruviorn Kal arouaxKpuvor)
Tou adlaAutou KAaouatog Kat enewaotnkav ue protein G Sepharose rapouoia 2
ug ue unepnxoug Oraortacuévou A DNA xkat 1 mg BSA/ml yua 1hr/4°C,
MPOKEIPEVOU va uewbouv ot un edkeég alAnAermdbpdoelg (preclearing). 25
povadeg A260 tng Kabaplouévng XPWUATIVIG AVOCOKATAKPNUVIOTNKE UE TNV
KATAAANAn 1oootnta avilomuatog Kal Tad avooOOUUTTAOKA OCUAAEXOnKav ue
npoopognon oe protein G-Sepharose pe enwaon O/N otoug 4°C. Ta opaipidia
SenmAuOnkav duUo @opeg ue sonication buffer, 6o @opég pe sonication buffer
rou nepteixe S00mM NaCl, dvo @opég pe SwaAuvpa (20mM Tris pH8.0, 1mM
EDTA, 250mM LiCl, 0.5% NP-40, 0.5% sodium deoxycholate) kat 6Uo @opeg
ue pubutotiko 61dAupa Tris-EDTA. Ta avoocoouurndoka eAeubspwbnkav amno tnv
Kodova pe ernwaon oe SOmM Tris pH 8.0, ImM EDTA-1% SDS yua
10min/65°C, nmpoocapuootnke 1 ouykevipwor] toug oe NaCl ota 200mM xat
akoAouBnoe ernwaot) toug otoug 65°C yla Shr va kataotpa@ouv ol CuvlEoelg
npateivaov-DNA  (cross-links). Ta Oelyuata katomv enwaotnkav ue 10 ug
RNAse A kat 20 ug proteinase K/ml, ekxudiomnkav pe @aivoAn-XAopo@opulo
KAl KAatakpnuviotnkav pue atBavoArn.

H avixveuon ouykekpluévov aAAndouxiwv ota Oeiyuata e€ywve ue
padievepyad PCR mapouoia 10 pCi [a-32P]dCTP, wwv omnoiwv ta mpoidvia
avaAubnkav oe un anodiaraktuka (native) ninkrouata roAvakpuAauidng 5%.

O1 avudpdaoerg moAupepiopou gywvav oe teAko oyko S50 ul, oe 6iaAdupa
rou niepteixe SOmMM KCl, 10mM Tris-HCl pH8.5, 1.5mM MgCl2, 0.1% Triton
X-100, 0.1mM dNTP, 0.5M betaine, 0.4 uM arnod KAaBe eKKIvNTL] KAl TUTTIKA TO
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1/50 tou DNA 1ou eixe mporUyel ano v avoookatakprjuviorn. Ot ouvOrkeg
g avtibpaong Nnrav ot akOoAoubeg:
94°C 3min, [94°C 30sec, 60°C 30sec, 72°C 1min] X 20-30 cycles, 72°C Smin.

Avtioopata

Ta avuioopata a-myc, a-HA, a-CBP, a-RNA pol-II, a-SREBP1 a-PPARy
Kat a-LXRa rjtav and 1 Santa Cruz Biotechnology. Ta avtioopata a-HDACT,
a-dimethyl-K9 H3, a-acetyl H3, a-acetyl H4 kat a-G9a rjtav ano tv Upstate.
Ta avuoopata a-monothyl-K9 H3 xkat H3 a-trithyl-K9 H3 nftav ano v
Abcam. To avticopa a-HP1 rfjtav ano tn Euromedex. To aviicopa a-H3 ntav
aro v New England Biolabs. To avticopa a-FLAG rjtav ano v SIGMA. To
avtioopa a-HNF4 éxer nepiypagei oto (Hatzis and Talianidis, 2002). To
MOAUKA®VIKO avtiocopa anti-LRH-1 mapdxBnke pe avooortoinon KoOuUveAlmVv
New Zealand White pe avtiyovo 1 Paxkinplard e€K@EACHEVI] avOp®ITIVI)
npwteiviy LRH-1. To rnoAuxkAwviko aviicopa anti-SHP mou xprnowiornowOnke
010 TIPWTO KeEPAAAlo g gpyaciag nmapaxOnke pe avoooroinorn kKouveliwv New
Zealand White pe avuyovo €va ouvdedepévo pe KLH memntibio mou avtiotoxeti
oy nieploxn 234aa-248aa g avOporivng npwteivng SHP. To moAuxkAe®viko
avtioopa anti-SHP mou xpnowornowmOnke oto deutepo KepdAalo g epyaoiag
napaxOnke pe avoooroinon novuikeov Balb C pe avuayovo 1 Parkinpiaxka
eR@paopévn avBporuivn npwteivp SHP. Ta 8eutepevovia avuioopata anti-
mouse kat anti-rabbit immunoglobulin G ntav ouvdedepéva pe horseradish
peroxidase ota Western blot kat fjtav amno v staipia Jackson Laboratories.
Ta Oeutepetiovia avuoopata IOU  Xprnowgornou)dnkav  ota  Imepapata

avooo@Bboplopou ntav anti-mouse 1) anti-rabbit AlexaFluor568.

AAAnAouxicsg erivvntev yua RT-PCR

GAPDH NM_001001303 S’GGTCATCATCTCCGCCCCTTCTGC
5S’GACTGGGAGTTGCTGTTGAAGTCG

CYP7A1 NM_007824 S’CACTCTACACCTTGAGGATGG
S’GACATATTGTAGCTCCTGATCC

CYP7B1 NM_007825 S’CAGCTATGTTCTGGGCAATG
STCGGATGATGCTGGAGTATG
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CYP8B1

CYP27A1

CYPS51B

BAT

BAL

BSEP

NTCP

OATP1

MDR2

SR-BI

LDLR

ABCA1

HMGCoAr

MTP

L-FABP

ApoAl

NM_010012

NM_024264

NM_020010

NM_007519

NM_009512

NM_021022

NM_011387

NM_013797

NM_008830

NM_016741

NM_010700

NM_013454

XM_127496

NM_008642

NM_017399

NM_009692

5’GCCCACAGCCTTCAAGTATG
S’CGACCAGCTTGAAGTCGAAG

S’CCGATGGCTGAGGAAGAAAG
STTCTTGCTGGGAACCAGGAC

S’TCAACGAGAAGGTGGCTCAG
5’GACGCCCGTCCTTGTATGTA

S’TCAAGCCATAGCACAGCTGA
S TCCTTCCAAGAATGCTCCTG

S’CTGCCTATGCCACACCTCAT
5" TCCTTCACACACAGCCTGGT

S’GCTCAGCTGCATGACTTCGT
5 TGACAATACAGGTCCGACCC

S’CTTGCGCCATAGGGATCTTC
S’ATGTAGCCCATCAGGAAGCC

S’GGGCATGCAGGATGTATGAT
S’CGCTTTCCTTCTCTGTGAGC

5S’GGGTCCTACTGCTGGATGAA
S’ACCTTGCCGTTCTCAATCAC

STGCTGTGGTTCGAACAGAGC
S’GCCTGAATGGCCTCCTTATC

S’GCCACATGGTATGAGGTTCC
S’CCAGGCTGACCATCTGTCTT

S’ACCAGCTTCCATCCTCCTTG

5S’GGCCACATCCACAACTGTCT
S’GCACCATGCCATCGATAGAG
S’CAAGATGTCCTGCTGCCAAG

S’CATGCAGATGGACAAGGCTG
S’CGGAGTTATCGCTTTCTGGC

S’GTACCAATTGCAGAGCCAGG
S'TCACCTTCCAGCTTGACGAC

S’GCACGTATGGCAGCAAGATG
S’GTTGAACCCAGAGTGTCCCA
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ApoA2

ApoB

ApoC2

ApoC3

ApoE

mSHP

SHPmh

LRH1

HNF4al

FXR

LXR

HNF1la

CAR

PXR

RXRa

PPARa

NM_013474

XM_137955

NM_009695

NM_023114

NM_009696

NM_011850

mouse and human

NM_030676

NM_008261

NM_009108

NM_013839

NM_009327

NM_009803

NM_010936

NM_011305

NM_011144

S’ACGGACCAGATATGCAGAGC
S’ACATCTCACTTAGCCGCAGG

S’GGATTCGAGCACAGATGACC
S’CCTTAGAAGCCTTGGGCACA

S’GTTGGGAAATGAGGTCCAGG
S’AATGCCTGCGTAAGTGCTCA

STAGAGGGATCCTTGCTGCTG
5’GAAGCCGGTGAACTTGTCAG

STCTGACCAGGTCCAGGAAGA
S TAGATCCTCCATGTCGGCTC

S5’GCACCTGCATCTCACAGCCA
S’AGGGTTGTGGCCGGTCTGAT

S’CCTTCCTCAGGAACCTGCC
5’GCCAACCCAAGCAGGAAG

S'TGGTGGAAGGTGTCCAAGAG
5’GCAGCATCTCAATGAGGAGG

S’GGCATGGATATGGCCGACTAC
S’CGCCATTGATCCCAGAGATG

S’CGATCGTCATCCTCTCTCCA
S’ATCAGCATCTCAGCGTGGTG

S’GCTCTGCTCATTGCCATCAG
S’CACTTGCTCTGAATGGACGC

S'TATCAGCAGCCTCTCATGCC
STGAGGTGAAGACCTGCTTGG
S’CATGCAGGGTTCCAGTACGA
S’AGAATCAGCGCCATCTCCTC

S’CCACTGCATGCTGAAGAAGC
S’GTTGATGCTTCGCAGCTCAG

S’CATGCAGATGGACAAGACGG
S’ATGAGGAAGGTGTCGATGGG

S'TGAGGAAGCCGTTCTGTGAC
S’GGTGTCATCTGGATGGTTGC
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PPARy1 NM_011146
SREBP1c NM_011480
CD36 NM_007643
FAS NM_007988
ACL NM_134037
ACC1 XM_109883
ME NM_008615
SCD1 NM_009127
AceCS NM_019811
ApoA5 NM_080434

AAAnAouxieg ektvvniev yua ChIP

CYP7A1 prom -222nt
-60nt
SHP prom -323nt
-134nt
CYP8b1 prom -300nt
-57nt
CYP7b1 prom -480nt
-234nt

5’GACGCGGAAGAAGAGACCTG
S’GGCTGTTGGTCTCACAGGCT

S’GCTGTTGGCATCCTGCTATC
STAGCTGGAAGTGACGGTGGT

S’GCCAAGCTATTGCGACATGA
S’AAGGCATTGGCTGGAAGAAC

S’CCAAGTACCATGGCAACGTG
5’AGCCAGGGAGCTATGGATGA

S’ATGCCCTGGAAGTGGAGAAG
5’AGGTAGTGCCCAATGAAGCC

S’CAGATCCAGGCCATGTTGAG
S’AGATGTGCTGGGTCATGTGG

S’AGTTGCTGCAATTGGTGGTG
5’CCTTGGCCAGGAAACAGAGT

S’GCTGATGTGCTTCATCCTGC
S’GCAGTCGATGAAGAACGTGG

S'TTGTGGAACACGAGGCTGTC
STAGTCTGGTGTGGCAATGGG

S'TCACACGTAAGGCGAAGGAC
S’CCTGGTCAATGGCCTGAGTA

5S’AGGGACAGACCTTCGGCTTA
STGGGTGACCAGAGCAAACAC

S’CAGCCTGGGTTAATGACCCT
S’ATGCATACACGCTGACCCTG
S’AGGCAGGCAACCATGGAGAT
S’GTTCCTGCCCTTGGACTTTG

S’GGCTTCTTTCTGTGCTGTGC
S’AGCAGTGAGCTCGCAGAAGA
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FXRala2 prom -225nt S’ACCCTACAAGACAGCCAGCA
-28nt S’AGCATCTCTCCCTTGGCTCT
FXRa3a4 prom -44'7nt S’GTCCTTGGGGCTAGGATTTC
-229nt S'TGCCTCTAAGACTGGCTGGA
BAT prom -211nt S’GAGCTCTCTGCCACATTCCA
+110nt S’CAGATGCCCAGGACTTCTCA
NTCP prom -401nt STCGGGAACAAATGGTGACTC
+33nt S’ACCCAGTGAACACCACCTCA
BSEP prom -150nt 5S’AAGAAGAGTCGGGCCTCTCA

+155nt S’GACGCCACTGTGGAAAGTCA

SR-BI prom -575nt STCGAACACATTCCTGGATGG
-206nt S’CCCTGCGACCTCTTCTTTCT

SREBP1c prom -375nt STCCAGGCAAGTTCTGGGTGT
-140nt S’GTTTCTCCCGGTGCTCTGAA

CD36 prom -393nt STTTGCTGGGACAGACCAATC
-215nt 5’GCCATGTTCCCATCCAAGTA

FAS prom -153nt S5’CAGCCCCGACGCTCATTGG
+113nt 5’GCCCGCCTATCCTTCCACTG
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ABSTRACT

Site-specific modification of nucleosomal histones
plays a central role in the formation of transcriptionally
active and inactive chromatin structures. These modi-
fications may serve as specific recognition motifs for
chromatin proteins, which act as a signal for the adop-
tion of the appropriate regulatory responses. Here, we
show that the orphan nuclear receptor SHP (small het-
erodimer partner), a coregulator that inhibits the activity
of several nuclear receptors, can associate with unmo-
dified and lysine 9-methylated histone-3, but not with
the acetylated protein. The naturally occurring SHP
mutant (R213C), which exhibits decreased transrepres-
sion potential, interacts less avidly with K9-methylated
histone 3. We demonstrate that SHP can functionally
interact with histone deacetylase-1 and the G9a methyl-
transferase and that it is localized exclusively in
nuclease-sensitive euchromatin. The results point to
the involvement of a multistep mechanism in SHP-
dependent transcriptional repression, which includes
histone deacetylation, followed by H3-K9 methylation
and stable association of SHP itself with chromatin.

INTRODUCTION

Post-translational modification of histones is a key regulatory
signal in eukaryotic gene expression (1-3). Current evidence
suggests that H3 lysine 9 (H3-K9) methylation is a mark for
transcriptionally silent chromatin (4-6). In mammalian cells,
K9-methylated H3 produced by Suv39hl interacts with the
chromodomain of HP1 proteins to generate a stable repressive
structure, which could be propagated to the neighboring
nucleosomes via the recruitment of additional Suv39hl-
HP1 protein complexes (7,8). This mechanism has been
shown to play a crucial role in the formation of pericentric
heterochromatin (9). However, the broad methylation pattern
of H3-K9 in the euchromatic regions of the nucleus suggests
that the function of this modification is not restricted to
heterochromatin silencing (9—11).

GYa is a newly identified H3-K9 methyltransferase, which
is localized exclusively in euchromatic regions (12). The

dominant role of this enzyme in euchromatic histone methyla-
tion is substantiated by the observation that the broad euchro-
matic H3-K9 methylation pattern was largely abolished in
GYa-deficient cells (11). To further explore the role of G9a
and H3-K9 methylation mark in euchromatic silencing, it is
important to identify target genes regulated by the enzyme, the
factors responsible for its recruitment and to decipher the
mechanism by which the created histone modification is
‘translated’ into a repressive function.

In this report, we show that SHP (small heterodimer partner,
NROB2) is a potential factor that may target G9a to promoters,
as it can physically and functionally interact with G9a both
invivo and in vitro. SHP is an atypical orphan nuclear receptor,
which contains an N-terminal receptor dimerization domain,
but lacks a DNA-binding domain (13). SHP, which functions
as a specific repressor of transcription, is a key regulator of
genes involved in cholesterol-bile acid homeostasis (14,15).
Transcriptional regulation of the genes coding for cholesterol-
catabolizing enzymes, such as the Cyp7A1 and Cyp8B genes,
involves a negative feedback loop induced by bile acids. Bile
acids are ligands for the nuclear receptor FXR, which activates
the expression of SHP. SHP is then recruited to the promoters
of Cyp7A1 and Cyp8B genes by CPF (also known as LRH), or
HNF-4, two orphan nuclear receptors implicated in the activa-
tion of the above genes (14,15). In humans, mutations in SHP
gene associate with insulin resistance and mild obesity (16).
SHP inhibits the activity of several hormone receptors by a
mechanism that is believed to involve competition with coac-
tivators for the common AF2-binding surface of nuclear recep-
tors and a less well-understood direct repression mechanism
mediated by its C-terminal autonomous repressor domain
(17-21). Here, we present supporting evidence for the role
of histone deacetylase-1 (HDAC-1) and G9a in the latter
mechanism. Our results suggest that SHP may not only control
the recruitment of G9a to the promoters but can also associate
with underacetylated and/or K9-methylated histone 3, which
may also play a role in its repressive function.

MATERIALS AND METHODS
Plasmid constructions

The full-length SHP cDNA fragment was isolated by RT-PCR
from total HepG2 RNA, and the open reading frame was
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subcloned into pGEX-2TK (APB Biotech) and pMT3-HA
vectors. Deletion mutant derivatives were constructed by
standard methods and verified by DNA sequencing.
pBXGI1-HNF-4 FL and pCMV-myc-HDAC were described
previously (22,23). pCMV-T7-G9a containing the long form
of G9%a cDNA (Ng36/G9a) fused to the T7-tag was a gift
from C. M. Sanderson (24). SHP-R213C and G9a-R1109H
mutants were generated by the GeneEditor site-directed
mutagenesis kit (Promega).

Protein—protein interactions

In vitro glutathione S-transferase (GST) pull-down experi-
ments were performed either by using in vitro translated
proteins, or nuclear extracts from HepG2 cells prepared as
described previously (23). *>S-labeled recombinant proteins
were synthesized in vitro using the TNT coupled reticulocyte
lysate system (Promega). An aliquot of 2 ug of GST-fusion
proteins coupled to glutathione—Sepharose column (Pharmacia)
were incubated with the in vitro translated proteins in a buffer
containing 20 mM HEPES, pH 7.9, 200 mM NaCl, 5 mM
MgCl,, 0.1% NP-40, 0.2% BSA, 10% glycerol, 1 mM
PMSF and 10 pg/ml aprotinin at 4°C with constant agitation.
In salt titration experiments, the buffer composition was the
same except for the concentration of NaCl, which ranged
between 150 and 500 mM. After excessive washing with
the same buffer lacking BSA, the beads were resuspended
in SDS sample buffer, and the proteins were separated by
electrophoresis in SDS—polyacrylamide gels and visualized
by autoradiography or western blot analysis. For peptide pull-
down assays, biotinylated histone 3 peptides (1-21 amino acids)
(Upstate Biotechnology) were immobilized in streptavidin—
agarose and incubated with in vitro translated >°S-labeled
SHP as above.

For far-western analysis, core histones were purified from
HelLa cells by acid extraction and separated in either 12% SDS—
polyacrylamide gels as described previously (25). After elec-
trotransfer, the membranes were blocked and hybridized with
500 000 c.p.m./ml **P-GST-SHP probe in a buffer containing
phosphate-buffered saline (PBS), 0.3% BSA, 1% fetal calf
serum (FCS), supplemented with protease inhibitor cocktail
(Roche). After extensive washings with the same buffer, inter-
acting proteins were visualized by autoradiography.

Co-immunoprecipitation and western blot assays were
performed as described previously (23). The following anti-
bodies were used in this study: the polyclonal antibody for
SHP was raised in New Zealand white rabbits against a KLH-
conjugated peptide corresponding to the 234-248 amino acid
region of human SHP. The oHNF-4 antibody has been
described previously (22). o-acH3, o-K9 dimethyl-H3 and
aG9a were from Upstate Biotechnology; aHDAC, o-K9
mono and trimethyl-H3 were from Abcam; oHP1 was from
Euromedex; and ooCBP, oHA-tag and o-myc-tag antibodies
were from Santa Cruz Biotechnology.

Cell culture, transfections and chromatin fractionation

Caco-2, HepG2, HeLa and Cos-1 cells were grown in
Dulbecco’s Modified Eagle Medium supplemented with 10
or 20% FCS. Caco-2 cells were used in chromatin fractiona-
tion and immunofluorescence experiments, because they
constitutively express high levels of SHP. HepG2 cells
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were used in experiments where endogenous factors were
analyzed, while HeLa cells were used to obtain highly purified
histones. In order to avoid complications with endogenous
factors, all transfection and reporter assays were performed
with Cos-1 cells. RT-PCR analysis, transfections and lucifer-
ase reporter assays were performed as described previously
(26,27). Intact nuclei were prepared as described previously
(28). Briefly, the cells were lysed in a buffer containing 0.32 M
sucrose, 15 mM HEPES, pH 7.9, 60 mM KCI, 2 mM EDTA,
0.5 mM EGTA, 0.5% BSA, 0.5 mM spermidine, 0.15 mM
spermine and protease inhibitor cocktail (Roche). After
Dounce homogenization, the nuclei were layered over 5 ml
of a 30% sucrose-containing buffer with the same composi-
tion, but without BSA. After centrifugation at 3000 r.p.m. for
15 min, the nuclei were recovered in a buffer containing
15 mM HEPES, pH 7.5, 60 mM KCl, 15 mM NaCl, 0.34
mM sucrose, 0.15 mM mercaptoethanol. Chromatin fractiona-
tion was performed as described previously (29,30). Briefly,
after the addition of CaCl, to a final concentration of 3 mM,
the nuclei were digested with 2, 5 and 10 U of micrococcal
nuclease (MNase) for 2 min at 37°C. Digested nuclei were
cooled on ice and centrifuged at 12800 g for 5 min. The
supernatant (S1 fraction) was removed and the pellet was
resuspended in 2 mM EDTA. After a 10 min incubation on
ice, the samples were centrifuged as above and the supernatant
(S2 fraction) was saved. The pellet (P) was resuspended in
2 mM EDTA. Equal amounts of samples, in terms of the initial
number of nuclei, were then analyzed either by western blot
assays for SHP and HP1 protein detection, or by agarose gel
electrophoresis for the estimation of DNA fragmentation after
deproteinization.

Confocal microscopy

The cells were seeded on glass coverslips and fixed with metha-
nol. After blocking with 1% BSA in PBS for 30 min, the cells
were stained with the polyclonal rabbit antibody against SHP,
followed by the secondary antibodies anti-rabbit Alexa Fluor
568 (Molecular Probes). The coverslips were then counter-
stained with DAPI, mounted into glass slides with Mowiol
(Sigma) and observed in a Leica SP confocal microscope.

RESULTS

Functional interactions of SHP with HDAC-1 and
G9a methyltransferase

In an effort to decipher the potential role of chromatin
modifying factors in the direct repression mechanism, in vivo
protein—protein interactions between SHP and HDAC-1 or
G9a were investigated by co-immunoprecipitation assays.
Cos-1 cells were cotransfected with CMV-HA-SHP and
CMV-Myc-HDAC-1 or CMV-T7-G9a expression vectors.
Lysates from the transfected cells were immunoprecipitated
with either aHA or oT7 antibodies, and the presence of
HDAC-1 or SHP in the immunoprecipitates was assayed by
western blots using Myc or oHA antibody, respectively. The
results shown in Figure 1 indicate that both HDAC-1 and G9a
can specifically interact with SHP in vivo.

To exclude the possibility of potential artifacts generated by
overexpressing the proteins, we performed interaction assays
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Figure 1. Physical interaction of SHP with HDAC-1 and G9a in vivo. Nuclear
extracts of Cos-1 cells transfected with the indicated expression vectors
were immunoprecipitated with either aHA or oT7 antibodies. The
immunoprecipitated materials were then analyzed in western blots with
a-Myc antibody to detect myc-tagged HDAC-1 (left panel), or with acHA
antibody to detect HA-tagged SHP proteins (right panel). The asterisk at left
depicts an unidentified band, which probably corresponds to HDAC-1
degradation product.

using untransfected HepG2 nuclear extracts as a source of
endogenous G9a and HDAC-1 proteins and GST-SHP fusion
proteins immobilized on glutathione—Sepharose beads. In
order to gain insight into the binding affinities, we performed
titration experiments by increasing the salt concentration of
the interaction buffer. As expected, no interaction could be
observed with CBP/p300, which was used as a negative
control (Figure 2). As a positive control, we examined SHP-
HNF-4 interaction, where we observed a standard binding
curve, with ~40% of the bound protein observed at 150 mM
NaCl concentration, surviving high stringency (500 mM NaCl)
conditions. At NaCl concentrations higher than 500 mM, part
of the GST fusion proteins dissociated from the beads and thus
were non-informative (data not shown). When the interactions
between SHP and G9a, or HDAC-1 were examined, we could
detect a much higher affinity of binding (80-90% of bound
protein survived the high stringency conditions) (Figure 2).
We also examined the interactions of HDAC-1 and G9a with a
naturally occurring mutant (R213C) of SHP, which has
previously been shown to exhibit reduced repression potential
(21). Surprisingly, the interaction of SHP-R213C with both
G9a and HDAC-1 was indistinguishable from that of wild-type
SHP (Figure 2).

In order to determine whether these interactions are direct
and not mediated by other intermediary factors, in vitro pull-
down experiments were performed. Both HDAC-1 and G9a
efficiently interacted in vitro with the full-length protein, but
with preference for distinct SHP domains (Figure 3). SHP-G9a
association was observed mainly with the receptor interaction
domain (1-156 amino acids) of SHP, while HDAC-1 asso-
ciated with the active repression domain (147-257 amino
acids) of the protein (Figure 3). Furthermore, the in vitro
translated wild-type G9a, methylase activity-deficient mutant
form of G9a (G9aR1109H) and HDAC-1 proteins interacted

with the SHP-R213C mutant as efficiently as with the
wild-type SHP protein (Figure 3). To validate the results of
the above direct interactions, we performed control experi-
ments analyzing the interaction between SHP and HNF-4
(positive control), or CBP/p300 (negative control). As shown
in the bottom panel of Figure 3, only HNF-4 binding could be
observed.

In order to examine the functional interplay of HDAC-1 and
G9a on SHP-mediated repression, we coexpressed SHP
together with HDAC-1 and G9a in Cos-1 cells and evaluated
their effects on Gal-4-HNF-4 mediated transcription. HNF-4, a
factor playing crucial roles in hepatocyte and pancreatic 3-cell
function (22,31-33), is a known target for SHP (20). As
expected, overexpression of SHP inhibited Gal4-HNF-4 activ-
ity by a factor of ~5-fold, while the inhibitory effect of the
R213C mutant of SHP was compromised (~3-fold) (Figure 4).
Treatment of the cells with the HDAC inhibitor trichostatin A
(TSA) had a small stimulatory effect (~1.3-fold) on Gal4-
HNF-4-driven transcription. TSA treatment, however, com-
pletely reversed wtSHP and R213C mutant SHP-mediated
repression. Because the basal promoter activity observed
with Gal-4 control plasmid was only marginally affected by
TSA treatment (~20%), the results suggest that SHP is
required for targeting HDAC to the promoter and that histone
deacetylation is involved in the repression mechanism. Over-
expression of HDAC-1, or G9a alone, had no significant
inhibitory effect, either on Gal4-HNF-4 activity, or its SHP-
repressed activity. This indicates that increasing the endogen-
ous levels of either protein is not sufficient to reduce further
SHP-driven repression. On the other hand, when both HDAC-1
and G9a were coexpressed with SHP, reporter activity at
background levels (~0.4%) was detected (Figure 4). The
significance of this finding is substantiated by the fact that
no such repressive effect was observed when the R213C
mutant of SHP was analyzed. Importantly, the methylase
activity-deficient mutant of G9a (R1109H), which can interact
with SHP as efficiently as wild-type G9a (Figure 3), failed
to further inhibit SHP-induced repression, suggesting that
histone methylation may also play a role in the repression
mechanism. Although, transiently transfected reporter DNA
may not necessarily adopt the same chromatin configuration
as the endogenous gene, in most cases they represent a valid
model for the study of the interplay of activators and repres-
sors. The results obtained with TSA and the methylase-
deficient G9a mutant point to effects mediated by histone
modifications, which suggest that a significant portion of
the reporter was assembled into chromatin.

Together, these results suggest that HDAC-1 and G9a can
both be recruited to promoters via direct physical interactions
with distinct domains of SHP. The enzymatic activity and the
synergistic action of HDAC-1 and G9a are required to achieve
high-level repression.

SHP can associate with underacetylated and
K-9 methylated histone 3

As described above, the R213C mutant of SHP can interact
with both HDAC-1 and G9a. However, unlike what was
observed with wtSHP, the repression activity of the R213C
mutant was not further potentiated by overexpression of
the two enzymes together. This indicates that, besides the
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Figure 2. SHP interacts with HDAC-1 and G9a with high affinity. GST pull-down experiments were performed with bacterially expressed GST-SHP fusion proteins
and HepG2 nuclear extracts. The binding and wash buffers contained the indicated NaCl concentrations. Equal GST-fusion protein absorption to the beads was
verified by Coomassie blue staining of a gel from a parallel experiment (bottom panel). The interacting proteins were identified by western blot analysis using the
indicated antibodies. Serial exposures of enhanced chemiluminescence images were quantitated by the NIH-Image 1.63 software or by a Fujifilm LAS-1000
Luminescent Image analyzer and plotted as a percentage of the values obtained using buffers containing 150 mM NaCl.

recruitment of enzymatically active HDAC-1 and G9a to the
promoters, other events may also play important roles in the
repression mechanism. The function of active chromatin mod-
ifying enzymes in SHP-mediated repression raised the possi-
bility that the resulting histone modifications may influence
the formation of a repressor complex. To this end, we first
investigated whether SHP itself can associate with chromatin.

Far-western blot analysis using **P-labeled GST-SHP

binant protein as a probe revealed that SHP could selectively
interact with histone 3 (Figure 5A). As a positive control, we
included recombinant CPF/LRH-1 protein in the blot, which is

known to interact with SHP (21). This interaction was

verified by GST pull-down experiments. Immobilized fusion
proteins containing different domains of SHP were incubated

with purified histones and the presence of SHP-bound

3 was detected in western blots using an aH3 antibody
that can recognize both modified and unmodified histone 3,

or an o-acH3 that detects hyperacetylated H3, respe

Only negligible amounts of hyperacetylated H3 could be
observed in the bound material, while SHP-histone 3 interac-
tion was clearly evident using this assay as well (Figure 5B).

Interestingly, however, SHP-bound histone 3 fractions gave a
strong signal in western blots using o-diMeK9-H3, an anti-
body that reacts specifically with K9-dimethylated histone 3.
This interaction was constrained to the C-terminal autonomous
repression domain of SHP (Figure 5B). When the same assay
was performed with antibodies recognizing K9-mono and tri-
methylated histone 3, we observed no difference in SHP bind-
ing. Interestingly however, the R213C mutant SHP protein,
interacted much less efficiently with all forms of methylated
histone 3 (Figure 5C). The total H3 bound to SHP-R213C
was somewhat less than that bound to wtSHP (Figure 5C,
bottom panel). We, however, note that the difference observed
between wild-type and mutant SHP in binding K9-methylated
H3, especially with trimetylated H3, was much more pro-
nounced. We also performed in vitro pull-down experiments
using modified and unmodified histone 3 peptides immobi-
lized to streptavidin—agarose beads. SHP specifically inter-
acted with the unmodified and KO9-methylated histone
N-terminal peptides but not with the acetylated one
(Figure 5D). Although SHP may possess an intrinsic ability
to interact with unmodified histone 3 tails, the finding that

recom-

further

histone

ctively.



6100 Nucleic Acids Research, 2004, Vol. 32, No. 20

1 92 145 157 257
GST SHP 1-156 [ GST ] | [INT ]
ST SHP147-257 [GST ]
GST SHP
[
= N-) 3
2 2 o2 9 2
s U = 4 X
35S-HDAC1- w -
3SS-G9a— p— —_—
GST SHP
: 3
-
2 2 = =
= 0 2
I56-HDAC1- s — -
358-G9a- ==
356-G9a _
R1109H

35S-HNF-4 - == -
3%S-CBP - ==

Coomassie Blue

Figure 3. Direct interaction of SHP with HDAC-1 and G9a in vitro. In vitro
GST pull-down experiments were performed with *°S-labeled in vitro
translated HDAC-1 or with G9a and bacterially expressed GST-SHP fusion
proteins containing the indicated regions or the R213C mutation of the protein.
INT depicts the receptor interaction domain of SHP (92-145 amino acids),
while REP corresponds to the autonomous repression domain of SHP (157-257
amino acids). Equal coupling of wild-type and the R213C mutant GST-SHP
proteins were verified by Coomassie blue staining.

a methylase activity-deficient G9a mutant failed to repress
transcription (Figure 4) suggests that K9-methylation of his-
tone 3 is functionally relevant. In addition, the R213C mutant
of SHP, which has a decreased transrepression potential, inter-
acted less efficiently with K9-methylated histone 3. This
points to the functional importance of SHP-histone 3 associa-
tion, as this mutation did not affect the interactions of SHP
with HDAC-1 and G9a (Figures 2 and 3).

SHP is localized in nuclease-sensitive euchromatin

Since K9 methylation of histone 3 has been considered as an
epigenetic mark that drives heterochromatin formation when
recognized by HP-1 (9), we investigated the localization of
SHP in nuclear territories corresponding to euchromatic
and heterochromatic regions. We performed biochemical
fractionation and in sifu immunofluorescence analysis with
differentiated Caco-2 cells, which constitutively express SHP
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Figure 4. Functional roles of HDAC-1 and G9a in SHP-mediated
transcriptional repression. (A) Cos-1 cells were transfected with 0.5 pg
4xGal4-E1B-luc reporter together with 10 ng of SHP expression vectors and
100 ng of the other indicated expression vectors. Bars represent means + SE of
normalized luciferase activities, expressed as a percentage of the activity
obtained by Gal4-HNF-4 alone (100%). Where indicated, the cells were
treated with 0.1 uM trichostatin A (TSA) 12 h before harvest. (B) Whole
cell extracts from Cos-1 cells were transfected with the above amounts of
expression vectors and were analyzed in western blots using aHNF4 and
aSHP antibodies, as indicated. The cells were transfected with vectors for
Gal4-HNF-4 alone (lane 1), Gal-4-HNF-4 and SHPwt (lane 2), Gal-4-HNF-
4, SHPwt, HDAC-1 and G9aWT (lane 3), SHPwt alone (lane 4), SHP R213C
alone (lane 5), SHPwt, Gal4-HNF-4, HDAC-1 and G9aWT (lane 6), SHP
R213C, Gal4-HNF-4, HDAC-1 and G9aWT (lane 7). The results show that
under the conditions used, overexpression of the different proteins does not
significantly alter the expression of Gal4-HNF4, SHPwt and SHP R213C.

at high levels. According to an established fractionation
procedure (29,30), mild treatment of nuclei with MNase in
a low salt buffer leads to the initial release of mono- and
oligonucleosomes, which are enriched in non-histone chromo-
somal proteins. This fraction, called S1, lacks histone H1 and
represents the potentially ‘active’ chromatin (euchromatin).
Hypotonic lysis of the resulting pellet leads to the recovery
of the S2 fraction, which corresponds to transcriptionally
inactive heterochromatin that contains polynucleosomes and
is enriched for histone H1. Finally, the remaining insoluble
pellet (fraction P) represents transcriptionally competent,
matrix-associated chromatin. Western blot analysis with an
antibody against SHP showed that almost all the proteins
were fractionated in the euchromatin-enriched S1 fraction
(Figure 6A). On the other hand, HP-1, used as a control for
heterochromatin, was distributed mainly in the S2 and to a
lesser extent in the P fraction (Figure 6A).

In agreement with the results of the chromatin fractionation
experiment, immunohistochemical analysis of CaCo-2 cells



A
o w = - = ®
S £ 0 £ G
£ £ £ E £ £
H3
HBY- g -
H2A™ ||
e OO S
a":l}- C\J‘)‘, \P)\
(<] &&A
C GST SHP
= -
= =
2 w b= -
E o 2 2
oK9mono-MeH3 - e
oK9di-MeH3 - —
oK9tri-MeH3 - s -—
a-acH3- o
oaH3 - &+ -

Coomassie Blue =~

Nucleic Acids Research, 2004, Vol. 32, No. 20 6101

B GST SHP
-~
= e &
2 AN R (RN
E 0= 4 2
OH3 - s P = -
o-acH3 - s

oK9di-MeH3 - mm— S .

D H3 peptides1-21aa

Input
Beads
K9/14ac
Unmod

K9Me

I5S-SHP- s

Figure 5. Association of SHP with K9-methylated histone 3. (A) Core histones from HeLa cells were separated by SDS-PAGE, transferred to PVDF membranes and
hybridized with **P-GST as control (right panel), or **P-GST-SHP (middle panel). Coomassie blue staining of the gel is shown at left. As a positive control for
interaction, recombinant His-tagged CPF was run in parallel with histones (His-CPF lane). (B and C) An aliquot of 2 g of the indicated GST-SHP fusion proteins
linked to glutathione—sepharose beads were used to pull-down purified core histones. After washings, the retained material was subjected to western blot analysis with
the indicated antibodies that detect total histone 3 (0H3), hyperacetylated histone 3 (0-acH3) and K9-mono, di or trimethylated histone 3 (K9 mono-MeH3, atK9 di-
MeH3, oK9 tri-MeH3). (D) Unmodified, K9-dimethylated (K9Me), or K9/K14-acetylated, biotin-conjugated histone 3 peptides (1-21 amino acids) were
immobilized on streptavidin-agarose beads and used to pull-down **S-labeled in vitro-translated SHP.

revealed that SHP shows a broad localization in the interphase
nuclei, but is completely excluded from DAPI-dense hetero-
chromatin (Figure 6B). This distribution suggests that SHP can
be involved in gene silencing at euchromatic regions and that
the mechanism by which SHP represses target gene expression
is unlikely to involve transitions from euchromatic to hetero-
chromatic states.

DISCUSSION

SHP is an unusual member of the nuclear receptor superfam-
ily, containing the putative ligand-binding domain, but lacking
the conserved DNA-binding domain (13). SHP was originally
isolated as a cofactor that interacts with and inhibits the activ-
ity of other nuclear receptors. Recent studies exploring the
molecular mechanism involved in SHP-mediated repression

revealed that besides the N-terminal nuclear receptor interac-
tion domain, which targets the AF-2 regions of nuclear recep-
tors and thus competes with coactivators, the C-terminal
domain of SHP is also important for repression (20,21).
The C-terminal domain possesses an autonomous repression
activity, which is poorly characterized. The relevance of the
proposed dual mechanism, i.e. coactivator competition and
‘direct transcriptional repression’, is supported by the fact
that naturally occurring mutations in humans with clinical
phenotype have been identified at both the N-terminal and
the C-terminal parts of SHP (16).

The main findings of this work addressing the mechanism of
‘direct repression’ can be summarized as follows: (i) SHP is
localized exclusively in nuclease-sensitive euchromatin
regions and can physically interact with HDAC-1 and the
euchromatic histone 3 methylase G9a. (ii) SHP can interact
with unmodified and K9-methylated, but not with acetylated
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Figure 6. SHP is localized in euchromatic nuclear territories. (A) Caco-2 cell
nuclei were treated with the indicated amounts of MNase and fractionated to
obtain euchromatin-enriched (S1), heterochromatin-enriched (S2) and
insoluble nuclear matrix (P) containing fractions. DNA from each fraction
was purified and separated on 1.5% agarose gels (upper panel). Western
blot analysis of the same fractions was performed with antibodies against
SHP and HPI1 (bottom panel). (B) In situ immunofluorescence analysis of
Caco-2 cells was performed to detect SHP (left panel) and DAPI (middle
panel). The merged image of the two stainings is shown at right.

histone 3 N-terminal tails. (iii) Association with HDAC-1, G9a
and histone 3 is functionally important for SHP-mediated
transcriptional silencing.

The observations extend previous models by pointing to the
involvement of a multistep mechanism in SHP-dependent
transcriptional repression. In the first step, as suggested before,
SHP may compete with coactivators for a common interaction
surface on nuclear receptors (20,21). In the second step, the
C-terminal domain of SHP, which has been shown to function
as an autonomous repressor domain (21), can recruit HDAC-
containing complexes to the promoters, whose activity may
erase the acetylation marks on the neighboring nucleosomes.
Next, SHP-recruited G9a can methylate the deacetylated his-
tone 3 tails at the lysine 9 residue. Underacetylated histone 3
may serve as a new surface with which SHP itself can interact
and create a stable repressive complex. This association is
prevented by acetylation, but not by K9 methylation of
histone 3. Therefore, SHP may be responsible for both the

recruitment of chromatin modifiers to the promoters and for
the interpretation of histone code in a feed-forward mechanism
that promotes and maintains histone deacetylation and/or
H3K9 methylation at genomic sites of SHP recruitment. In
certain promoter contexts, the recently identified potential
SHP partner E1D (34) may also contribute to the last step
of the mechanism. Hence, SHP may serve as a common mole-
cular platform to recruit different chromatin modifying activ-
ities to promoters, which may act in consecutive steps to
achieve transcriptional repression of target genes.

In principle, several of the above individual events should
result in efficient transcriptional repression. For example, coac-
tivator dissociation or histone deacetylation should be sufficient
to repress the promoters. The molecular features of SHP inter-
action with G9a and histone 3 may provide additional means
for long-term repression on certain promoter contexts. Thus, we
speculate that on different genes SHP-mediated repression may
involve one or more of the above steps. In line with this is the
recent finding pointing to an SHP-dependent recruitment of an
HDAC-containing mSin3A-Swi/Snf complex onto the human
Cyp7AL1 promoter during bile acid-mediated repression (35).

GY9a is the major mammalian methylase, responsible for
euchromatic H3-K9 methylation (11,12), and SHP is identified
as an interaction partner that can target this enzyme to pro-
moters. Since SHP can inhibit the activity of various nuclear
receptors (13,19-21), this finding predicts an extensive inven-
tory of potential target genes regulated by G9a.
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SHP (small heterodimer partner) is an important compo-
nent of the feedback regulatory cascade, which controls
the conversion of cholesterol to bile acids. In order to
identify the bona fide molecular targets of SHP, we per-
formed global gene expression profiling combined with
chromatin immunoprecipitation assays in transgenic mice
constitutively expressing SHP in the liver. We demonstrate
that SHP affects genes involved in diverse biological path-
ways, and in particular, several key genes involved in
consecutive steps of cholesterol degradation, bile acid
conjugation, transport and lipogenic pathways.
Sustained expression of SHP leads to the depletion of
hepatic bile acid pool and a concomitant accumulation of
triglycerides in the liver. The mechanism responsible for
this phenotype includes SHP-mediated direct repression of
downstream target genes and the bile acid sensor FXRa,
and an indirect activation of PPARy and SREBP-I1c genes.
We present evidence for the role of altered chromatin
configurations in defining distinct gene-specific mechan-
isms by which SHP mediates differential transcriptional
repression. The multiplicity of genes under its control
suggests that SHP is a pleiotropic regulator of diverse
metabolic pathways.

The EMBO Journal advance online publication, 23 June 2005;
doi:10.1038/sj.embo0j.7600728

Subject Categories: chromatin & transcription; cellular
metabolism

Keywords: bile acid; cholesterol; chromatin; FXR; SHP

Introduction

Bile acid synthesis represents the major pathway for the
elimination of excess cholesterol from the body (Chiang,
2002, 2004; Russell, 2003). Bile acids, the end products of
the cholesterol catabolic pathways, serve several important
physiological functions, including solubilization of cholester-
ol, vitamins and other lipids in the intestine (Chiang, 2002,
2004; Russell, 2003). Because of their intrinsic toxicity,
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intracellular bile acid levels are tightly controlled by a com-
plex regulatory cascade, which modulates their own synth-
esis. The molecular target of this feedback regulatory loop
has been shown to be the CYP7AI gene, encoding the rate-
limiting enzyme of the ‘classical’ cholesterol catabolic path-
way (Goodwin et al, 2000; Lu et al, 2000). Previous studies
identified the nuclear receptor FXRa as the major hepatic bile
acid sensor that governs bile acid synthesis and transport
(Makishima et al, 1999; Parks et al, 1999; Wang et al, 1999).
Bile acids are potent ligands of FXRa, which induces the
expression of SHP (small heterodimer partner). Elevated
levels of SHP in turn lead to transcriptional repression of
the CYP7A1 gene, by inhibiting the activity of the nuclear
receptor LRH-1 on the CYP7A1 promoter (Goodwin et al,
2000; Lu et al, 2000). In line with this, mice deficient in SHP
exhibit impaired feedback regulation of bile acid production,
although compensatory, SHP-independent repression path-
ways can also operate (Kerr et al, 2002; Wang et al, 2002; Holt
et al, 2003). SHP is an atypical orphan nuclear receptor,
which lacks a DNA-binding domain (Seol et al, 1996). It
contains an N-terminal receptor dimerization domain, which
mediates its recruitment to promoters via interaction with
various nuclear receptors. Previous in vitro studies have
identified a number of potential interaction partners for
SHP, including LRH-1, HNF-4, ER, PPARs, PXR, CAR and
NF-xB (Seol et al, 1996, 1997; Johansson et al, 2000; Lee et al,
2000; Kim et al, 2001; Ourlin et al, 2003; Bae et al, 2004).
These observations indicate that SHP may regulate a broad
array of genes in various biological pathways. SHP is ex-
pressed at low levels in the liver and is transiently induced by
bile acid treatment (Goodwin et al, 2000; Lu et al, 2000).
Because bile acids can affect the expression of a variety of
genes independently of SHP (Kerr et al, 2002; Wang et al,
2002; Holt et al, 2003), the identity of the bona fide targets
of this nuclear receptor and its in vivo contribution to the
feedback repression of genes involved in cholesterol catabolic
cascade remained elusive.

To address this issue, we generated transgenic mice, which
express SHP in the liver independently of bile acid signaling.
Global gene expression profiling combined with chromatin
immunoprecipitation (ChIP) assays identified a large number
of target genes regulated by SHP in a direct or indirect
manner. Detailed analysis of the genes involved in cholesterol
and triglyceride metabolism revealed a central role of SHP
in the regulatory network controlling their expression.
Furthermore, we present in vivo evidence for distinct promo-
ter-specific repression mechanisms, which may provide the
molecular basis for the differential inhibition of individual
genes by SHP.

Results

Transgenic mice expressing SHP in the liver
In order to obtain a comprehensive view of the genes affected
by SHP, we generated transgenic mice constitutively expres-
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sing SHP in hepatocytes. The construct used for transgenesis
contained a Flag-tagged human SHP cDNA in front of the
transthyretin (TTR) promoter, which drives transgene expres-
sion, specifically in the liver (Yan et al, 1990). Of the several
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Figure 1 SHP expression and histological analysis of SHP-Tg mice.
(A) Quantitative RT-PCR analysis of RNAs from the livers of 60-
day-old SHP-Tg mouse lines and nontransgenic wild-type litter-
mates (control) was performed using primer sets amplifying both
mouse and human SHP cDNA. Numbers at the bottom represent
fold difference between GAPDH-normalized values, compared to
the first control sample. (B) Western blot analysis of hepatic nuclear
extracts from 60-day-old SHP-Tg and wild-type (control) mice was
performed by using «SHP antibody, to detect total SHP protein, and
aFlag antibody, to detect transgene-derived protein expression. (C)
Liver sections from 60-day-old SHP-Tg and wild-type (control) mice
were stained with H&E, oil red O and oFlag as indicated.

Table I Physiological parameters in SHP-Tg mice®

transgenic lines obtained, we chose for further analysis those
expressing SHP about seven-fold above the endogenous
levels (Figure 1A and B), which correspond to the induction
levels detected by bile acid treatment of primary hepatocytes
(Goodwin et al, 2000). Transgene expression in the liver was
evident after birth and reached maximum levels after wean-
ing, when the animals were placed on a normal chow diet.
The livers of transgenic animals were visibly enlarged and
pale in color. As judged by immunostaining with «Flag anti-
body, transgene expression was uniform in all hepatocytes
(Figure 1C). Hematoxylin-eosin (H&E) staining of liver sec-
tions revealed no gross morphological alterations in trans-
genic livers, although some eosinophilic intracytoplasmic
vacuolization could be observed. On the other hand, the
majority of hepatocytes in SHP-expressing liver sections
stained positive with oil red O, pointing to an extensive
lipid accumulation (Figure 1C). Consistent with the observed
fatty-liver phenotype, hepatic triglyceride levels were mark-
edly increased and the concentration of hepatic bile acids was
significantly decreased (Table I). Interestingly, serum bile
acid and triglyceride levels were similar in wild-type and
SHP-Tg animals, while serum total cholesterol and HDL
cholesterol levels were significantly reduced. In the sera of
SHP-Tg mice, the concentrations of C4 (7a-hydroxy-4-choles-
ten-3-one), the product of CYP7Al-catalyzed reaction
(Russell, 2003), and B-sitosterol, a plant sterol supplied by
ingestion (Russell, 2003), dropped to about 26 and 36% of
the levels detected in wild-type animals, respectively. The
serum levels of lanosterol, an intermediate of the de novo
cholesterol synthesis pathway (Russell, 2003; Chiang, 2004),
increased about two-fold (Table I). These results suggest that
in SHP-Tg mice, major defects occur in bile acid synthesis,
lipogenesis, de novo cholesterol biosynthesis and absorption
pathways.

Genes affected by SHP expression in the liver

To investigate the changes in hepatic gene expression pat-
terns caused by constitutive expression of SHP, we performed
global transcriptional profiling using pools of RNA samples

Wild type SHP-Tg SHP-Tg/wild type
Liver weight (g) 1.29+40.17 1.55+0.12* 1.20
% body weight 4.25+0.28 6.284+0.34** 1.47
Serum
Triglycerides (mM) 0.3240.07 0.364+0.14
Total cholesterol (mM) 2.90+0.24 1.90+0.75* 0.65
Free cholesterol (mM) 0.41+0.07 0.534+0.20
VLDL cholesterol (mM) 0.014+0.01 0.031+0.025
LDL cholesterol (mM) 0.10+0.02 0.134+0.08
HDL cholesterol (mM) 2.80+0.2 1.70+0.70* 0.60
C4 (nM) 142427 38+10** 0.26
Lanosterol (nM) 320+72 803+298* 2.50
B-Sitosterol (nM) 3711+485 1356 +329** 0.36
Bile acids (uM) 12.3+2.3 13.2+2.2
Liver extract
Bile acids (umol/g liver) 2.4940.36 0.31+0.06** 0.12
Triglycerides (ng/g liver) 79+1.2 19.441.7** 2.45
Cholesterol (pg/g liver) 2.86+0.40 2.61+0.33

4All values are means+standard deviations from five male animals, fasted for 8 h before specimen collection. Statistical analysis was

performed by unpaired Student’s t-test. *P<0.05; **P<0.005.
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Figure 2 Analysis of the mRNA levels of genes involved in bile acid
(A) and cholesterol (B) homeostasis. RT-PCR assays were per-
formed with liver RNA prepared from 60-days-old SHP-Tg and
wild-type (control) mice. The values obtained were normalized to
GAPDH values and are expressed as fold change compared to the
wild-type data. Bars represent mean values and standard deviations
from RNA samples of at least five individual mice. *P<0.05;
**P<0.01. Black bars, control animals. Gray bars, SHP-Tg animals.

prepared from wild-type and SHP-Tg livers. As shown in
Supplementary Table 1, a large number of genes involved in
diverse biological pathways were affected. These include
genes playing roles in various metabolic, stress and inflam-
matory response, transport, detoxification, cell cycle, signal-
ing, cell adhesion and transcriptional control processes.
Using a filter of two-fold change as the cutoff, we found
that 67 genes were downregulated and 48 genes were upre-
gulated in SHP-Tg livers.

Several of these genes participate in cholesterol-bile acid
and lipid homeostasis, indicating that the observed pheno-
type of SHP-Tg animals is associated with defects in the
expression of multiple genes involved in the regulation of
these pathways. Therefore, our subsequent analyses were
focused on these particular pathways. In order to validate
the microarray results, we performed quantitative RT-PCR
assays using liver RNA samples from individual animals.
As expected, CYP7A1 was downregulated in SHP-Tg mice
(Figure 2A). Interestingly however, CYP8B1 and CYP7BI,
genes encoding two downstream enzymes of the classical
and alternative bile acid biosynthetic pathway, were more
sensitive to SHP-dependent repression than CYP7AI. Similar
changes were observed in their protein levels (Supplementary
Figure 2). The mRNA levels of bile acid-CoA:amino-acid
N-acyltransferase (BAT), involved in the more downstream
event of bile acid conjugation, were also significantly de-
creased in SHP-Tg livers (Figure 2A). These results show that
SHP inhibits several key steps of the bile acid production
cascade, pointing to its central role in the negative feedback
regulatory pathway that prevents accumulation of bile acids
beyond physiological levels. On the other hand, we detected
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decreased expression of genes coding for bile salt export
pumps (BSEP and MDRZ2), and also for the NTCP gene,
whose product is the major mediator of hepatic basolateral
bile acid uptake (Trauner and Boyer, 2003) (Figure 2A).
Collectively, the above changes explain the decreased hepatic
bile acid pool and the essentially unaffected serum bile acid
levels in SHP-Tg mice (Table I). In this respect, we note that,
although the hepatic bile acid pool size was greatly reduced,
it was not entirely diminished. The residual concentrations of
hepatic bile acids may arise from the downregulation of the
major bile acid export pump, BSEP, and the unaltered ex-
pression of the gene encoding the second bile acid import
protein OATP (Trauner and Boyer, 2003) (Figure 2A).

Analysis of other genes involved in cholesterol and lipid
homeostasis revealed an interesting pattern. While the ex-
pression levels of apolipoproteins, microsomal triglyceride
transfer protein (MTP), liver fatty acid-binding protein
(L-FABP) and the LDL receptor were not affected, reciprocal
changes in the expression of the HDL receptor (Trigatti et al,
2003) SR-BI and the ABCA-1 transporter (Knight, 2004) were
detected in SHP-Tg livers (Figure 2B). These differences are
expected to result in decreased reverse cholesterol uptake and
increased cholesterol efflux from hepatocytes, which should
be manifested in hypercholesterolemia. However, serum cho-
lesterol levels in SHP-Tg animals were decreased, suggesting
that the changes in SR-BI and ABCA-1 expression may corre-
spond to compensatory mechanisms aimed at the acquisition
of balanced concentrations of cholesterol. The main mechan-
ism by which serum cholesterol levels decrease in SHP-Tg
mice most likely involves impaired absorption, as suggested
by the decreased serum sitosterol levels, a plant sterol,
exclusively supplied by food ingestion (Table I). Impaired
absorption is also an expected outcome of decreased bile acid
production and secretion. In addition, we measured lanoster-
ol levels in the sera to estimate the effects of SHP on de novo
cholesterol synthesis. Lanosterol levels were increased in
SHP-Tg mice (Table I), which could be interpreted as an
increased de novo synthesis activity consequent to reduced
absorption. However, our gene expression analysis suggests
that the observed lanosterol accumulation is a consequence
of the decreased expression of the lanosterol demethylase
(CYPS1b), rather than stimulation of de novo cholesterol
synthesis, as judged by the unaltered expression of HMG-
CoA reductase, the rate-limiting enzyme of the pathway
(Figure 2B). In contrast to serum, the levels of cholesterol
in the liver were not significantly altered in SHP-Tg mice
(Table I). This could be due to the opposing effects of reduced
degradation, which is expected to increase levels, and the
reduced uptake, or de novo synthesis, which are expected to
decrease the concentration of hepatic cholesterol.

In order to understand the molecular basis of the fatty liver
phenotype in SHP-Tg mice, we studied the expression of
several lipogenic genes. As shown in Figure 3A, the fatty
acid translocase (CD36), which facilitates the uptake of long-
chain fatty acids, was highly upregulated in SHP-Tg livers.
Furthermore, the mRNA levels of other genes involved in
fatty acid and triglyceride biosynthesis, such as the fatty acid
synthase (FAS), ATP citrate lyase (ACL), acetyl-CoA carboxy-
lase (ACC-1) and stearoyl-CoA reductase (SCDI), were also
increased significantly (Figure 3A). These findings suggest
that the elevated levels of hepatic triglycerides (Table I) and
the positive oil red O staining of SHP-Tg livers (Figure 1) are
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Figure 3 Analysis of the mRNA levels of genes involved in lipogen-
esis (A) and transcription factors (B). The results are presented as
in the legend of Figure 2. Black bars, control animals. Gray bars,
SHP-Tg animals.

the result of an increased expression of several lipogenic
genes.

Next, we tested the expression of the major transcription
factors, which have been implicated in the regulation of the
studied genes. In agreement with the previously proposed
autoregulatory loop (Goodwin et al, 2000; Lu et al, 2000), we
found that the expression of endogenous SHP was severely
downregulated in SHP-Tg mice. Interestingly however, the
mRNA levels of FXRa, the main inducer of SHP and other
genes in response to bile acids, were also significantly
reduced (Figure 3B). This finding defines a novel component
of the crossregulatory network controlling bile acid homeo-
stasis. We did not observe significant differences between
wild-type and SHP-Tg mice in the expression of LRH-1, HNF-
4o, LXRa, HNF-1a, CAR, PXR, RXRo and PPAR«. On the other
hand, the expression of SREBP-1c and PPARY1, which encode
the major regulators of lipogenic genes (Shimano et al, 1996;
Osborne, 2000; Kersten, 2001; Herzig et al, 2003; Yu et al,
2003), was upregulated (Figure 3B). A schematic summary
of the above regulatory effects is shown in Figure 5.

Molecular mechanisms involved in SHP-dependent
repression and activation of target genes

In order to determine whether SHP is involved directly or
indirectly in the repression or activation of the above genes,
we analyzed the recruitment of SHP to the corresponding
regulatory regions by ChIP assays. In parallel, we studied the
occupancy of the respective promoters by HNF-4o. and LRH-1,
two SHP-interacting factors, which have been implicated in
the regulation of the studied genes (Repa and Mangelsdorf,
2000; Hayhurst et al, 2001; Schoonjans et al, 2002; del
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Castillo-Olivares et al, 2004; Fayard et al, 2004; Inoue et al,
2004; Pare et al, 2004). In wild-type animals, HNF-4¢ could
be detected in all genes that were downregulated by SHP.
LRH-1 occupancy was also evident in most genes, except
those of NTCP and SR-BI (Figure 4A). In SHP-Tg mice, both
factors dissociated from the CYP8BI and CYP7BI genes, but
remained associated with the other promoters. Importantly,
with the exception of the SR-BI gene, we could detect SHP
recruitment into the regulatory regions of all downregulated
genes only in samples from SHP-Tg livers, suggesting that
SHP is directly involved in their repression.

Previous in vitro studies suggested that a multistep me-
chanism is involved in SHP-dependent transcriptional repres-
sion (Boulias and Talianidis, 2004). This includes coactivator
competition, histone deacetylation, followed by histone 3
(H3)-K9 methylation and stable association of SHP itself
with chromatin. In principle, any of the above individual
events should result in efficient transcriptional repression,
which raised the theoretical possibility that depending on the
promoter context of different genes, SHP-mediated repression
may involve one or more of the above steps. In vivo evidence
for such gene-specific, differential mode of action was ob-
tained by the more detailed analysis of the CYP7A1, SHP and
CYP8BI promoters (Figure 4B). As shown above, the three
regulatory regions were occupied by SHP in SHP-Tg mice, but
HNF-4 and LRH-1 occupancy was preserved only on the
CYP7A1 and SHP genes. CBP and RNA pol-II dissociated
from all promoters in SHP-Tg animals; however, HDAC-1
recruitment, H3 deacetylation and H3-K9 methylation were
observed only at the regulatory regions of the SHP and
CYP8BI genes (Figure 4B). These findings suggest that the
mechanism of CYP7A1 repression involves coactivator (e.g.
CBP) competition but not subsequent deacetylation and H3-
K9 methylation as observed for the SHP and CYP8BI genes.
A further distinction can be made between the mechanisms
operating in the repression of SHP gene, where both interact-
ing partners (HNF-4 and LRH-1) are present on the promoter
under repressive conditions, and that functioning on the
CYP8BI gene where HNF-4 and LRH-1 are absent. For this
latter case, the results suggest that the alteration in chromatin
structure leads to complete dissociation of transcription
complex components, with the exception of SHP and
HDAC-1. SHP remains associated with the promoter, probably
via its intrinsic ability to interact with underacetylated or
K9-methylated H3 (Boulias and Talianidis, 2004). In light of the
functioning of distinct repression mechanisms on different
genes, we note that in SHP-Tg mice the expression of the
CYP7A1 gene was repressed to a lesser extent than that of
SHP and CYP8BI. This points to a possible correlation be-
tween the degree of inhibition and the actual repression
mechanism employed, depending on the contribution of
histone deacetylation and H3-K9 methylation in the process.
In line with this, we observed an occupancy pattern similar to
that found in CYP7AI gene at the promoters of BAT, BSEP,
NTCP and FXR genes, which were downregulated to a lesser
extent, and an occupancy pattern similar to that found in
CYP8BI gene at the promoter of CYP7BI, which was more
dramatically downregulated in SHP-Tg mice (data not shown).

We also examined SHP occupancy on selected lipogenic
genes, whose expression was increased in SHP-Tg mice. The
lack of recruitment of SHP to the SREBP-Ic, CD36 and FAS
promoters points to an indirect effect (Figure 4C). In SHP-Tg
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Figure 4 Analysis of transcription factor recruitment (A, C), RNA pol-II occupancy, and chromatin modifications (B). Soluble, formaldehyde-
crosslinked chromatin was prepared from the livers of 60-days-old SHP-Tg and wild-type (control) mice and subjected to immunoprecipitations
with the indicated antibodies. The DNAs in the precipitates were analyzed by PCR using primer sets amplifying the indicated promoter regions
of different genes. Left: Autoradiogram of a representative ChIP experiment from one control and one SHP-Tg mouse. Right: Quantitative
analyses of experiments performed on three different control and three different SHP-Tg samples. All data, obtained with liver extracts from
individual animals, were first normalized to the corresponding input values (% input) and expressed as fold enrichment over the values
obtained with control antibody. Bars represent average fold enrichments calculated from the three experiments. The error bars indicate
variations between the signals obtained in samples from three individual mice. White bars, control animals. Black bars, SHP-Tg animals.
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mice, we could detect selectively increased ChIP signals for
PPARy and SREBP-1 in the PPARy-regulated CD36 gene
(Herzig et al, 2003) and in the SREBP-1c-regulated FAS gene
(Latasa et al, 2003), respectively, which is in agreement with
the increased expression of both transcription factors. In
addition, we also detected increased SREBP-1 ChIP signal
on its own promoter, as expected from the known positive
autoregulatory function of this factor (Osborne, 2000). The
ChIP signal obtained for LXRa on the SREBP-1c promoter was
about three times as high in SHP-Tg livers, compared to wild-
type livers (Figure 4C). This suggests that LXRa activation is
responsible for the observed upregulation of SREBP-Ic in
SHP-Tg mice. This activation is most likely due to increased
intracellular concentration of active LXRa ligands (e.g. oxy-
sterols), since the expression levels of LXRa were similar in
both wild-type and SHP-Tg mice. In line with this scenario,
we note that the expression of CYP7BI1, which encodes the
key enzyme involved in the hepatic degradation of 27-hydro-
xycholesterol (a relevant physiological LXRa ligand), was
severely perturbed in SHP-Tg mice. Activation of LXRa is
further substantiated by the observed upregulation of its
target gene ABCA1 in SHP-Tg mice.

Discussion

Cellular cholesterol and lipid homeostasis is maintained
through a complex network of transcriptional programs
(Repa and Mangelsdorf, 2000; Chiang, 2004). Many intracel-
lular metabolites are ligands of distinct nuclear receptors,
whose activation plays a pivotal role in the regulation of
genes in specific metabolic pathways. Ligand-activated nu-
clear receptors, in addition to functioning directly on promo-
ters, often influence the expression of downstream target
genes by the induction of other transcription factors. For
example, LXRa, activated by oxysterols, induces the expres-
sion of SREBP-Ic, a key regulator of lipogenic genes
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(Watanabe et al, 2004). The bile acid sensor FXRa activates
the expression of the orphan nuclear receptor SHP, which is a
repressor of CYP7A1 gene coding for the rate-limiting enzyme
of bile acid synthesis (Goodwin et al, 2000; Lu et al, 2000).

The aim of this study was to obtain a comprehensive view
of bona fide target genes regulated by SHP. The results
suggest that SHP is a pleiotropic regulator, influencing the
expression of several genes involved in diverse biological
processes, including regulation of metabolic pathways, stress
and inflammatory response, detoxification and cell cycle
control. Detailed analysis of the genes involved in cholesterol
and lipid homeostasis revealed a central role of SHP in a
complex regulatory circuit, schematically presented in
Figure 5. The results demonstrate that SHP represses genes
of the bile acid synthesis, conjugation and transport pathway,
as well as genes involved in cholesterol uptake and synthesis.
Several genes coding for consecutive steps of the bile acid
production cascade are repressed by SHP, suggesting that
SHP action is important for the complete blocking of the
entire pathway.

The identification of the FXRa gene as a direct target of
SHP extends previous models aimed at comprehending the
regulatory cascades involved in bile acid homeostasis, by
indicating a role for SHP in the recently discovered alternative
bile acid-induced feedback regulatory mechanism (Holt et al,
2003). FXRa is the main activator of the SHP gene in response
to bile acids and other genes like BSEP and FGF19 (Sinal et al,
2000; Holt et al, 2003). Accordingly, bile acid-mediated
activation of FXRa leads to the induction of two signaling
cascades. The first operates through activation of FGF19,
which would signal JNK activation in neighboring cells
(Holt et al, 2003), while the other involves induction of
SHP expression in the same cell (Goodwin et al, 2000; Lu
et al, 2000). Once SHP levels increase to a critical point, it will
also repress FXRa expression and consequently the FXRo—
FGF19 pathway, thus limiting its function to a short time
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Figure 5 Schematic overview of the pathways and genes regulated by SHP. Black flat-headed lines indicate repressive effects while red arrows

indicate stimulatory effects. Solid and dashed lines correspond to d
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irect and indirect mechanisms, respectively.
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period. Under physiological conditions, SHP-dependent reg-
ulation is also expected to be transient, as suggested by its
strong repressive effect on its own gene. Downregulation of
FXRo may also contribute to the decline of SHP expression.
Taken together, we propose that SHP may play an auto-
feedback regulatory role in both inhibitory pathways, which
are central for the acquisition of balanced intracellular levels
of cholesterol and bile acids.

In mice, FXRo mRNAs are produced by alternative splicing
of exon 5 and the use of two alternative promoters that drive
transcription from either exon 1 or 3 (Zhang et al, 2003).
Previous studies have shown that upon fasting, the FXRa304
variant is selectively induced by the action of PGC-1 on the
internal promoter, which plays a role in the fasting-dependent
decrease of triglyceride synthesis (Zhang et al, 2004).
Interestingly however, fasting and PGC-1 overexpression
also increased SHP expression independently of FXR (Zhang
et al, 2004). Our ChIP experiments suggest that SHP can be
recruited to both FXRala2 and FXRa3a4 promoters, which is
consistent with the downregulation of all FXR isoforms in
SHP-Tg mice. Therefore, we speculate that upon fasting
conditions, SHP may play a modulatory role in controlling
PGC-1-mediated induction of FXRa.

Consistent with the molecular characteristic of SHP as a
transcriptional repressor, we could detect SHP on the promo-
ters of most downregulated genes. On the contrary, it was not
recruited to any of the genes that were upregulated in SHP-Tg
mice, suggesting that activation of these genes is due to an
indirect effect. Among the genes induced in SHP-Tg mice,
those involved in the lipogenesis pathway are of special
interest. The role of SHP and the LXRa-SREBP1 regulatory
axis in the reciprocal relationship between bile acid synthesis
and triglyceride production has recently been put forward
(Watanabe et al, 2004). In mice fed cholic acid, the hepatic
expression of SREBP-1c and several other lipogenic genes was
downregulated, an effect that was compromised in mice
lacking SHP (Watanabe et al, 2004). In agreement with
these findings, we observed that reduction of hepatic bile
acid pool size in SHP-Tg mice correlates with the upregula-
tion of SREBP-Ic and lipogenic gene expression, with a
concomitant accumulation of triglycerides in the liver.
However, in our animal model, SHP is expressed at levels
that mimic bile acid-induced conditions. Therefore, our
results suggest that increased expression of SHP can also
induce the activation of SREBP-1c and lipogenic genes by an
indirect mechanism, which does not involve its recruitment
to the corresponding gene regulatory regions. As outlined
above, SREBP-Ic activation is likely to be mediated by the
action of SHP on cholesterol catabolic enzymes, thus influen-
cing the intracellular concentration of metabolic intermedi-
ates that activate LXRa. This, points to a dual role for SHP in
the regulation of SREBP-Ic and lipogenic genes. Depending
on the actual intracellular metabolic milieu, SHP may repress
SREBP-1c expression, as indicated by studies in cholic acid-
fed mice (Watanabe et al, 2004), or it may induce the
lipogenic pathway through the activation of LXRa when it
is expressed for a long period of time, as is the case in our
SHP-Tg animal model.

The genes responsible for the fatty liver phenotype of SHP-
Tg mice (lipogenic genes, CD36) are similar to those found in
SREBP-1-Tg mice (Horton et al, 2003) and in mice where
PPARyl was overexpressed by adenovirus-mediated gene
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transfer (Yu et al, 2003). In the latter animal model however,
induction of several adipocyte-specific genes (aP2, adipsin,
adiponectin) was also implicated in the fatty liver phenotype.
In SHP-Tg mice, we did not observe significant changes in the
levels of adipocyte-specific genes (data not shown), suggest-
ing that the fatty liver phenotype is solely mediated by the
upregulation of fatty acid translocase CD36 and lipogenesis-
related genes. We speculate that the approximate 3.5-fold
increase of endogenous PPARY1, observed in SHP-Tg mice, is
sufficient for the upregulation of certain already expressed
genes, like CD36, but not for the expression of adipocyte-
specific genes in the liver, which may require very high levels
of PPARY, such as those achieved by Ad-PPARy1 infection
(Horton et al, 2003).

Another important conclusion of this study concerns the
gene-specific molecular repression mechanisms, schemati-
cally presented in Supplementary Figure 1. Selective associa-
tions of SHP with promoters provide the first level of
specificity. Since SHP does not bind to DNA, it is recruited
to promoters via interactions with other nuclear receptors.
HNF-4o and LRH-1 are the best-studied factors that provide a
molecular platform for targeting SHP into regulatory regions
(Goodwin et al, 2000; Lee et al, 2000; Lu et al, 2000). We
consistently found occupancy by one or both of these factors
in promoters where SHP was recruited. However, SHP did not
associate with all promoters occupied by HNF-4, like SR-BI
and others (data not shown), suggesting that the transcrip-
tion initiation complex formed on HNF-4-containing regions
can influence the recruitment of SHP. With respect to genes
where SHP is recruited, the context of the particular promoter
may provide an additional specificity by influencing different
steps of the repression mechanism. SHP has the ability to
displace coactivator proteins from nuclear receptors (Seol
et al, 1997; Johansson et al, 2000; Lee et al, 2000; Kemper
et al, 2004), functionally interact with the histone deacetylase
HDAC-1-containing complexes (Kemper et al, 2004), the H3-
K9 methylase G9a and with underacetylated or K9-methy-
lated H3 (Boulias and Talianidis, 2004). As shown in this
study, one or more of the above steps are utilized in distinct
regulatory regions. In certain genes, coactivator displacement
is not followed by histone deacetylation and methylation,
while in others, like in the case of the CYP8BI gene, H3
deacetylation and H3-K9 methylation correlate with the dis-
sociation of HNF-4 and LRH-1 from the promoter. In support
of the above, it has been demonstrated that in vitro binding of
LRH-1 to the CYP8B1 promoter is inhibited by SHP, whereas
binding to the CYP7Al promoter was not affected (del
Castillo-Olivares and Gil, 2001). The selective recruitment
of SHP and the molecular decisions between the actual
repression mechanisms employed are likely to be governed
by the availability of specific interaction surfaces for coregu-
lator recruitment on different genes. They may also provide
the molecular basis of differential repression of individual
genes. For example, the participation of H3-K9 methylation in
the repression mechanism in some genes may influence the
potential of its reactivation when SHP expression declines, as
it is considered a stable repressive mark whose elimination
requires histone exchange (Kouzarides, 2002; Vermaak et al,
2003). Thus, we propose that distinct repressive promoter
complexes and chromatin configurations may play a deter-
mining role in regulating the extent and possibly the duration
of transcriptional inhibition.
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Materials and methods

Transgenic mice and histological analysis

The Flag epitope containing human SHP cDNA (Boulias and
Talianidis, 2004) was inserted into the Stul site of the pTTR1-
ExV3 plasmid (Yan et al, 1990). The 6.2kb HindIll fragment
containing the mouse transthyretin enhancer/promoter, intron 1,
Flag-SHP cDNA and SV40 poly-A site was used to microinject CBA-
CAxC57Bl/10 fertilized oocytes. Founder animals were identified
by Southern blotting and crossed with F1 CBA-CAxC57B1/10 mice to
generate lines. Transgenic lines expressing SHP about seven-fold
above endogenous levels were maintained in grouped cages in
temperature-controlled (23°C) virus-free facility on a 12 h light/dark
cycle and were fed a standard rodent chow diet (4RF21, Mucedola)
and water ad libitum. About 1/4 of the animals died between 2 and
4 weeks of age, while the rest survived at least 6 months. All of the
experiments were performed with mice at 2 months of age.

For histological analysis, livers were fixed in 4% paraformalde-
hyde and embedded in paraffin. Liver sections (8-10mm thick)
were used for staining with H&E. Frozen sections of formalin-fixed
livers were stained with oil red O (0.3% in isopropanol) for 10 min
and washed with excess water. For immunostaining with oFlag
antibody, frozen liver sections were fixed in methanol, blocked with
1% BSA containing PBS, followed by incubation with a polyclonal
Flag antibody (Sigma) and AlexaFluor568 (Molecular Probes)
secondary antibody as described (Ktistaki and Talianidis, 1997).
Light and fluorescence images were observed using Zeiss Axioscope
2 Plus microscope.

Serum and tissue chemistry

Serum samples were prepared from whole blood, collected from the
hearts of anesthetized animals. Hepatic extracts were prepared from
whole livers containing the gall bladder by homogenization either
in 75% ethanol or in chloroform/methanol (2:1). The ethanol
extracts were incubated for 2 h at 50°C and after centrifugation, the
supernatants were further diluted with 75% ethanol and then with
25% PBS and used for measurement of bile acids using the
colorimetric assay kit from Trinitron. Chloroform/methanol extracts
were centrifuged at 30001.p.m. and after the addition of 1/5 volume
of 0.9% NaCl, the supernatants were recentrifuged at 2000 r.p.m.
The lower organic phase containing lipids was lyophilized. After
reconstitution in 1% Triton X containing PBS, the samples were
used for triglyceride measurements.

The assays for plasma triglycerides and total cholesterol were
performed using a Cobas Mira analyzer and reagent systems
(Roche). Free cholesterol levels were determined using an enzy-
matic colorimetric method from Waco Chemicals. The cholesterol
distribution profiles were measured by using a size-exclusion high-
performance liquid chromatography system, SMART, with
Superose® 6 PC 3.2/30 column (Amersham Pharmacia Biotechn.).
Data were integrated using a Chromeleon chromatography data
system (Gynkotek HPLC, Germering). The distribution of lipopro-
teins was continuously measured as total cholesterol using
enzymatic colorimetric reagents. The integrated area of the
fractions was expressed in molar concentration. The various peaks
in the profiles were designated VLDL, LDL and HDL for simplicity,
even though it was clear that the separation was determined
primarily by the size of the lipoproteins.

RNA preparation and expression profiling
Total RNA was prepared by the guanidinium isothiocyanate
extraction method and, after digestion with DNase I, was further
purified by using the RNeasy kit from Quiagen. Reverse transcrip-
tion and quantitative RT-PCR assays were performed as described
previously (Kouskouti et al, 2004). The nucleotide sequence of
primers sets is shown in Supplementary Table 2.

For microarray analysis, two wild-type and two SHP-Tg RNA
pools were prepared. Each pool consisted of equal amounts of five
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individual RNA samples from male animals. cDNA was generated
by reverse transcription and subsequently a Cy-dye label incorpo-
rated using the Klenow fragment (Smith et al, 2003). Each cDNA
sample was split into two, one half labeled with Cy3-dCTP and the
other half with Cy5-cCTP. Reciprocally labeled wild-type and SHP-
Tg cDNA samples were then mixed to generate four different target
combinations. These targets were used for hybridization of Mouse
Known Gene SGC Oligonucleotide Arrays microarrays, comprising
7500 known mouse genes (http://www.hgmp.mrc.ac.uk/Research/
Microarray/HGMP-RC_Microarrays/description_of_arrays.jsp#3).
Hybridization and washing were performed as described (Smith
et al, 2003). After washing, the slides were scanned using the
Affymetrix 428 scanner and data extracted with ImaGene 4.2
(BioDiscovery). Normalization was performed using a two-dimen-
sional loess function to eliminate spatial variation, as implemented
in the YASMA (yet another statistical microarray analysis) package
for R. Data were then imported into GeneSpring (Silicon Genetics)
for further analysis. Potential differentially expressed genes were
selected using a filter of above 1.5-fold change in three of the four
hybridizations. These data have been deposited in the ArrayExpress
microarray database of the European Bioinformatics Institute
(http://www.ebi.ac.uk/arrayexpress/Experiment code: E-MEXP-294).

Chromatin immunoprecipitation

In order to crosslink the transcription complexes in their native
tissue environment, anesthetized mice were perfused by inserting
a catheter into portal vein and cutting the vena cava inferior.
The livers were perfused successively with PBS, 1% formaldehyde
and 0.125M glycine, for 10min each. Crosslinked nuclei were
purified by centrifugation through a sucrose gradient as described
(Soutoglou et al, 2001). Immunoprecipitations, washings and PCR
analysis were performed as described (Hatzis and Talianidis,
2002; Soutoglou and Talianidis, 2002). Crosslinked liver extracts
from three individual wild-type and three individual SHP-Tg mice
were processed and quantified separately. The antibodies used in
this study were as follows: mouse polyclonal SHP antibody
was prepared by immunization of Balb-C mice with recombinant
His-tagged, full-length SHP protein purified from Escherichia coli
under denaturing conditions. After three boosts in 1 month intervals,
sera were collected and tested in different applications. A rabbit
polyclonal antibody against LRH-1 was raised by immunization of
New Zealand White female rabbits with recombinant full-length
human LRH-1 protein, purified under native conditions. The
antibody against HNF-4a has been described (Hatzis and Talianidis,
2001). Antigen specificities were confirmed by IP-Western blot
assays with crosslinked chromatin or native nuclear extracts
and by competition experiments. Antibodies against CBP, RNA
pol-II, SREBP1, PPARyl, LXRa, CYP7Al, CYP7B1 and CYP8BI1
were from Santa Cruz Biotechnology. Anti-HDACI, anti-dimethyl
H3-K9, anti-acetyl-H3 and anti-acetyl-H4 were from Upstate Bio-
technology.

Supplementary data
Supplementary data are available at The EMBO Journal Online.
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