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NEPINHWH

IKomoOG TNG dlatpBig NTav va PeAeTnBoUV oL pnxaviopol HetaypadLkig
pLBULONG TwV pKpwV Rho GTPacwv RhoA kat RhoB kaBwg kat o mbavog poAog Tou
onuatodotikol povomatiou tou TGFB otn puBuion g €kdpaocng tTwv yovidiwv
QUTWV ota BAAOTIKA KUTTOPA.

Ot pkpég Rho GTPAoeg epmAékovtal o€ TOAEG GUCLOAOYLKEG KOl TTOAOOAOYIKEG
Sladkaoieg og Ladpopouc KUTTAPLKOUC TUTIOUG UETAEL TWV OMOoiwV Kal Ta eUPpuika
BAaoTika kUTTapa. H dlatapayxr otn puBuLoT Toug Umopel va odnynoeL o aoBEveLeg
OTWG O KAPKIVOG. ITNV mapouoa UEAETN ETUXELPNONKE Uia AELTOUPYLKN OVAAUCT TWV
UTIOKLVNTWV TwV yovidiwv RhoA kat RhoB mpokelpévou va evtomiotouv puBULoTIKA
OTOLXElO TTOU €lval CNUAVTLKA yla TNV PeTaypadlkr) Toug puBuLlon os GpucloloyLka
(CGRS8) kat kapkivikd (P-19) BAaotika kUTTOpA. APXLKA TtapatnenOnke otL ta enineda
ékdppaong tng RhoA eival onupavtika vPnAdtepa and avtd tng RhoB kat otig dvo
EUPBPUIKEG KUTTAPLKEG OELPEC OTWG €MIONG Kal 0t SLAPOPEC KAPKLVIKEG OELpEC. H
Sladopa autn odeiletal, €0Tw v HEPEL, 0TN SLadopdA TTOU UTIAPXEL OTLG EVEPYOTNTEG
TWV QVTIOTOLYWV UTIOKLVNTWVY. AELTOUPYIKN avaAluon Twv umoklvntwy £6elée OtTL oL
€YYUC EPLOXEG Kal TwV SUO MEPLEXOUV PUBULOTIKA oTOLXELQ TTOU Elval ONUAVTLKA yla
TNV €VEPYOTNTA TOUG. JUYKEKPLUEVQ, KOl oL SUO uToKvNTEG epléxouv CCAAT boxes,
N LETAAAQEN TWV OTIOLWV UELWOE ONUOVTIKA TNV EVEPYOTNTA TOUG UTtodELKVUOVTAC pia
Kown puBULoN Twv §U0 yoviSiwv amo mapdyovieg nou poadévovtal oto CCAAT box.
T€Aog, Bp€Bnke OTL KoL Ta SUO yovidla uokeLvTaL o€ PeTaypadLkr) auToppuBuLoN oTa
BAaOTIKA KUTTAPO KAL OTLAUTH N auToppLBuLon anattel tnv evepyotnta GTPAong twv
Rho npwteivwv otnv nepintwon tng RhoB.

O TGFP amoteAel HEAOG TNG OLKOYEVELAG TWV METAOKNMATIOTIKWY QUENTIKWV
TIAPOYOVIWY OTNV omoia avikouv ot lvywuriveg, n AktiBivn, n AMH, ot BMPs, ot GDFs
kal o mapayovtag Nodal. M'evikd, ot TGFs §pouv w¢ popdoyovol mapayovies KATA T
Slapkela TG euPpuoyéveong mapéxoviag TMANPodopieg ylo Tov KoBoplopod twv
afovwv kal tn Sladopomoincn TwV KUTTAPWVY PO EEELOLKEUUEVOUC KUTTOPLKOUG
TUTIOUG. ApXIKA LEAETABNKE N BavoTnTa evepyomoinong tou yovidiou tng RhoB amod
tov TGFB ota ¢uactoloyikd BAaoTIKA KUTTAPpA Kal mapatnpndnke otL autrh d&v Atav

duvatn umo KavoVvIKEG cuvenkeg KaAALEpyeLag, dnAadr mapouacia Tou mapayovta LIF
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o ormoiog dlatnpel Ta KUTTOPA TOALSUVAUA. ZUYXPOVWGE, UTIO QUTEC TIC ouvOnKeg dev
Atav duvatn n dtadopomnoinon tTwv BAACTIKWY KUTTApwWVY amnd tov TGFB. AvtiBeta, n
eAattwon tou mapayovrta LIF emétpede tnv evepyomnoinon tou yovidiou tng RhoB ano
tov TGFB untodnAwvovtag 6Tl To HovomatL tou mapdyovta LIF avtaywviletal auto Tou
TGFB. AkOpa, mpokelpévou va dlepeuvnBel o poAhog tou TGFB otn Stadikacia tng
Sladopomnoinong Twv PAACTIKWYV KUTTOPWV ETLXELPNONKE n KOATAOTOAN TOU, Of
ouvbuaouo pe tnv MARpn amoucia tou LIF. Ou mapatnprnoslg odriynoav oto
CUMTMEPAOUA OTL N KATOOTOAN Tou TGFB enétpee tn Slatripnon tng moAuduvaung
KOTAOTOONG TwV PBAACTIKWV KUTTAPWV Tapd tnv amoucia tou LIF évavtl twv
KaAALEPYELWV EAEYXOU TIOU Ttapouciacav pecodeputkn Stadopomnoinon. Qotodco, unod
OUTEG TIG ouvOnkeg ev mapatnpnOnke kapia HeTaBoAn otnv Ekppoon Twv yovidiwv
™G RhoA kat tng RhoB.

JUUMEPAOHATIKA, Ttapd TG Stadopéc otnv Ekppaon Twv yovidiwv tng RhoA
kattng RhoB ota BAaoTiKA KUTTOpA SLamoTwONKE OTL OL UTIOKLVNTEG TouG puBuilovtal
oo KOWoUG pnxaviopoUc. MapoAa autd, KATIOLEG TITUXEC TNG pUBULONG TOUG, OTIWG N
oautoppubuion, Stadépouv avapsoa ota GUOLOAOYLKA KOl TO KAPKWVIKA BAOOTIKA
kUTTapa. Elvat onuavtiko, eniong, 6tLn evepyomnoinon tou yovidiou tng RhoB amo tov
TGFB elvat duvartr povo os ouvlOnkeg mou emttpénouy tn dtadopomnoinon. Qotoco,
€VW N KataotoAr tou TGF enétpee T Statripnon tng moAuduvapiog Twv BAACTIKWY
KUTTApwYV, dev eixe kKapia emidpaon otn puBULON Twv Rho yovidiwv. H katavonon tTwv
HNXOVLOUWV TIou eAEyxouv tnv ékdpaon Twv Rho GTPacwv ota BAaoTika kUTTOpa
elval anapaitntn MPoKeLUEVOU va anooadnVioTel 0 pOAOC TWV MPWTEIVWV AUTWV OTLG
Aewtoupyie¢ Twv PAACTIKWY OAAG KOL TWV KAPKWIKWV KUTTAPWV HE Ta Omola

potpalovtal MOAAEC OLLOLOTNTEG.
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ABSTRACT

The aim of the present work was studying the transcriptional regulation
mechanisms of the small RhoA and RhoB Rho GTPases as well as the possible role of
the TGFp signaling pathway in regulating the expression of these genes in stem cells.

Small GTPases of the Rho subfamily have been implicated in many
physiological and pathological processes in various cell types including embryonic
stem cells, and their deregulation may lead to diseases such as cancer. In the present
study we have performed a functional analysis of the promoters of the RhoA and the
RhoB genes in order to identify regulatory elements that are important for their
transcriptional control in normal (CGR8) and cancer (P-19) embryonic stem cells. We
first showed that the mRNA levels of RhoA were significantly higher compared with
the mRNA levels of RhoB in both embryonic stem cell lines as well in various cancer
cell lines and this difference could be accounted for, at least in part, by differences in
the activities of the corresponding promoters. A deletion analysis of the RhoA and
RhoB promoters in CGR8 and P-19 cells revealed that the proximal regions of both
promoters appear to contain regulatory elements that are critical for their activity.
Notably, both proximal promoters contain CCAAT boxes and mutagenesis of these
elements decreased significantly the activity of both promoters suggesting a
coordinated regulation of the two genes by CCAAT box binding factors. Finally, we
showed that both genes are subject to transcriptional autoregulation in stem cells and
in the case of RhoB, this autoregulation requires the GTPase activity of the Rho
proteins.

TGFB is a member of the transforming growth factor family, including Inhibins,
Activin, AMH, BMPs, GDFs and Nodal. Generally, TGFs act as morphogens during
embryogenesis providing positional information for axons determination. First of all,
we examined the possible TGFB induction of the RhoB gene in normal mouse stem
cells which was not feasible under standard culture conditions, in the presence of LIF
factor which preserve stem cell pluripotency. Concomitantly, under those conditions
stem cells were not possible to differentiate by TGFB. On the contrary, reduction of
LIF allowed transcriptional induction of the RhoB gene by TGFj, implying that LIF and

TGFpB pathways act in opposing ways. Subsequently, we tried to repress TGF pathway
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in complete absence of LIF factor in order to investigate the role of TGFB in the
differentiation process. We observed that inhibition of the TGFB pathway allowed
pluripotency maintenance of the stem cells despite LIF absence, opposite to control
cells that were committed to mesodermal differentiation. However, under those
conditions there was no alteration in the transcriptional regulation of Rho genes.

In summary, despite the difference in the levels of expression of the RhoA and
RhoB genes in mouse embryonic stem cells, their promoters are regulated by common
mechanisms. However, certain aspects of RhoA and RhoB regulation, especially their
autoregulation, differ among normal and cancer stem cells. Furthermore, TGFf
induction of the RhoB gene was possible only in differentiation culture conditions.
Although TGF inhibition allowed stem cell pluripotency maintenance, RhoA and RhoB
gene expression was not altered. Understanding the mechanisms that control the
transcription of Rho GTPases in stem cells is necessary in order to clarify their role in

stem cell functions as well as in cancer cells that share many features with stem cells.
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EuBpuoyéveon kot BAaOTIKA KUTTOPO

H euPBpuoyéveon eivar n Owadikacia katd tnv omoia éva €uBpuo
oxnuortiletat kat avamtvoostal. Metd tn yovidomoinon, 1o {uywto udlotatoatl
OLOOOXIKEG LITWTLKEG SlaLpEoEL] Xwplc akopa ta KuTttapa va diadopomolouvral,
odnywvtag otn Onuioupyia evog moAukuttapou epPpuou. KabBwg to €uPpuo
OVOTTTUOCETAL, N E0WTEPLKN KUTTOPLKA pala (ICM) mapdyel SU0 SLOKPLTEG KUTTAPLKEG
OELPEC: TO e€weUPpUiko evdodepua (Ewk.1 C, yalallo), and to omoio mapayovtal ot
e€wepPpuikol Lotol, katl tnv emiBAaoctn (Ewk.1 C,mpacivo) mou Ba Swoel To apxEyovo

ektodepua (primitive ectoderm) amno to omnoio 6a avantuxBei to €uppuo (1).

A Morula B Early blastocyst C Late blastocyst D Egg cylinder stage
b Inner cell mass ______\an°g Epiblast Primitive Gorm col
(Icm) ectoderm lineage
0y
— \ g —
§ Somatic cell
| lineages
2 Visceral ,.4:_. Ectoderm
- endoderm ( Mesoderm
Blastocyst 5 /.d* Endoderm
cavity Primitive Parietal \
endoderm 3
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Ewova 1 : H avantuén tou €ufplou TOU TOVIIKOU TPV KOl HMETA TV €pdUTEUGCH.
JuyKekpluévol petaypadikol mapdyovieg eival amoapaitntol ywa T Sladopomoinon
SLopopETIKWV EUPPUIKWVY KUTTAPKWY OELpWV. H emIBAGOTN TPOKUTTEL LETA TNV eUdUTEUON,
amo TNV E0WTEPLKNA KUTTAPLKN pala (ICM) (1).

Ta gpuPpuika BAaotika kuttapa (ESCs) Tou movtikou mpogpxovtal amod tnv
€0WTEPLKA KUTTAPLKA pala tng BAaoctokVotng (ICM) mou poKUTITEL EMELTA ATIO TIEVTE
aUAOKWOELG Tou {uywtol (2). Ta ESCs 6ev elval opoyevng mAnBuopog, kabwg
napouaotalouv ETEPOYEVELA OTNV EKPpachn yoviSiwv-SelkTwy Tou gival Turikol yla
outd. H etepoyévela autn eival mbavo va mapouclaoTel akOpa Kal OVAUECH OTA
kOTTOpa TG (dlag amoukiag (3-6). Eva amo ta XopaKTnpLoTIKA yvwpilopata twv ESCs
elval n avto-avavéwon (self-renewal), 6nAadn n duvatdtntd toug va udiotavral

OUMMETPIKEC KUTTAPLKEC OSlapéoelg xwplc va Sladopomolovvtal PE OKOTO TNV
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TIAPOYWYr TIOVOUOLOTUTIWY BuyaTtpkwy KUTTapwy. Emiong, ta kUTTtapo autd sivat
moAubduvapa, SnAadni umopolv va Sladopomolouvtal Kol ota TPlo yeEvNTIKA
oTpwpata (germ layers), To ekt0depua, TO LECOSEPUA KOL TO EVOOSEPUA KOL EXOUV TN
Suvatétnta va cuvelopEPouv 0 OAOUG TOUG KUTTAPLKOUC TUTIOUG Tou epBpuou
KATOT €UdUTEVONG TOUG 0 EUPPUA-EEVIOTEG (7). Zuvenwg, Eva BAAOTIKO KUTTAPO
umnopel va Statpebel cuppetpka (Ewk. 2 A) mapdyovtag SU0o mavouoloTua BuyaTpLka
kOTTopa ) acuppetpa (Ewk. 2 B), mapdyovtag éva BAAOTIKO KUTTOPO Kal Eva KUTTAPO

niou Ba StadpopormoinBei (8).

A @i‘sm 5 @
% e

cell

@ @@ @)

Ewkova 2 : ZUPHETPLKA Kal ASUUETPN Slaipeon TwV BAACTIKWV KUTTAPWV.

Onwg avadépetal kal mapakdtw, ta MESC (mouse Embryonic Stem Cells) kat ta hESC
(human Embryonic Stem Cells) diadEépouv wC TMPOC TIG OMALTAOEL TOUC OFE
€€WTEPLKOUC TTAPAYOVIEG TIPOKELUEVOU va SlatnpnBolv moAuduvapa. Mia mbavi
e€nynon ywa TOo Yeyovog auTO €lval OTL Ta KUTTOPA OUTA OQVIUTPOCWTELOUV
Sladpopetika avamtuélaka otadla, kabwg ta MESC avrlotolouv oto KUTTAPA TNG
EO0WTEPLKAG KUTTAPLKAG Malag (ICM), evw ta hESC avtiotolyouv oto otddlo tng
emBAGoTNG, ToU eivat Kat 1o oo otadio (9). Ta hESC potdlouv mMeplocOTEPO LE
€vav aAAo TUTo BAAOTIKWVY KUTTAPWYV TOVILKOU, Ta EpiSC, mou mpoépxovtal amno to
otadlo g emPAactng tou epPpuvou Tou TovtikoUu (Ewk.1) kal Tta omoia

kKaAAlepyouvtal mapoucia Fgf2 kat AktiBivng énwg kat ta hESC (10).

BaolkO XOpaKTNPLOTIKO TwV BAACTIKWVY KUTTAPWV £lval OTL Bplokovtal o€ pia
“gv duvauel” katdotacn, n omola 6ev xopaktnpiletal amd TNV E€kdpoon
OUYKEKPLUEVWV YoviSiwv (Ewk. 3a). AvtiBeta, Ta fAacTtokUTTApA Uopel va ekdppalouv

o€ xapnAd enimeda moAAa Siadopetikd yovidia (Ew. 3B) kat katd tn Sldpkela TG
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Sladpopomoinong smAéyetal n £kPpacn OPLOPEVWY A0 OQUTA TIPOKELUEVOU TO

KUTTOpO va akoAouBroeL évav cuykekpluévo xapaktripa (cell fate) (11).

o0 @
@@
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Ewdva 3 : Motifa yovisLakng ékdppaong Katd tn Hetdpoaon evog BAACTIKOU KUTTAPOU OE
Mia o wpepen Kataotaon. a) ZUpdwva e To mTPwTo Hotifo, éva PAACTLKO KUTTAPO BplokeTal
ot pa “ev Suvapel” katdaotacn Kal n dwodopomolincr Tou Cuvemayetal Thv €kdpaocn
OUYKEKPLUEVWYV YoVvISiwv (rmou urtodeikvuovtal amo npoefoxEC SLUPOPETIKWV XpwHATWY) B)
pla avtiBetn miBavotnta eivat ot ta BAacTika KUTTopa ekdpalouv TIOAAG yovidla o€ xapnAd
enimeda (ULKPEC TPOEEOXEC) KOl OTL N EKkdpaon TTOAAWY aTtO OUTA HELWVETAL KATA T SLAPKELA
¢ Swadopomoinong, He TV ékdpoon MLOG HIKPAG opadag yovidiwv va auv&avetal
(urtodetkviovtal and PeyAAeg PoeEoXEC)

Jtnv PBAaoctokuotn, Ta moAuduvapa BAaoTika KUTTopa £Xouv TOAU apyo
pUBUS oA amMAacLaooU, He xpovo SutAaclacpou 64-65 wpeg (12). MapoAa auta, n
avamntuén Toug emtayUVETAL PETA TNV €udUTELON KAl O XPOvoG SUTAACLOCUOU
pewwvetal og 11-12 wpeg tnv nuépa 5.5 (E5.5), 9-10 wpeg tnv E6.0 kat 4-5 wpeg TNV
E6.5 (13). Ze ouvBnkeg amoucoiag opol, Ta MESCs moAAamAaoidlovtal oAU apyd
OTIWG TA KUTTAPA TNG ECWTEPLKAG KUTTOPLKAC palag (ICM) otnv apxn tng KaAALEPYELAG,
OAAG N avVATITUEN TOUG ETUTOXUVETAL UETA TOV OXNUOTIOUO HLKPWVY OTOLKLWYV TIEPLTOU
TEVTE NUEPEG apyotepa  (14). Ymo Wbavikég ouvOnkeg, ta mMESCs Stapouvral
CUMMETPKA KABE 12 wpes. Ta BAAOTIKA KUTTAPA £XOUV VA TaXU KUTTOPLKO KUKAO LE
uio aouvnBlota pikpn paon G1, mbBavov Aoyw amouaoiag Ekdppacng Tou yovidiou Tou

petwvoBAactwpatog (Rb) (15).
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Metaypadikoi mapdayovteg mov naifouv poAo otn dratipnon tng

noAvduvapiog twv BAACTIKWY KUTTAPWV

Oocov adopd otoug efwyevelc MAPAYOVIEG TOU AMALTOUVTIAL KATA TNV
KaAALEPYELD TwWV PAACTIKWY KUTTAPWY TIPOKELUEVOU auTd va Slatnpouvtal
noAudUvapua, €xouv avayvwplotel dUo dladopeTikég ouvOnkeg KaAALEpyelag: 1) ot
KaAALEpYELEC TToU e€apTwvtal amno tov LIF (Leukaemia Inhibiting Factor) kot tov BMP4,
0 omoilog PBplokeTal otov opd Kol 2) oL KAALEPYELEG TIOU €EQAPTWVTAL OO TOUG
napayovteg Fgf2 kat TGFB/Activin/Nodal (Ewk. 4). Ta mESC e€aptwvrtal amo Tig

OUVONKeG TNC MPWTNG Katnyopiag, evw ta hESC amnd tig ouvBnkeg tng SeuTtepn .

MNna ta mESCs o mapayovtag LIF mailel tov kUpLo pOAO GTNV avaoToAn TNG
Sladopomnoinong (16,17). O LIF avriKel OTnV OLKOYEVELD TWV LVTEPAEUKIVWV-6 Kal
npoodévetal o Evav etepodiuepr) urtodoxEa mou anoteAeital anod tov untodoxéa LIF-
B (LIFRB) ko tnv umtopovada gpl30. H mpdcodeon otov umodoxéa Tou TPOKAAEL TNV
gvepyoroinon tou povornatol Jak/Stat. O Stat3 cuvepydletal Pe TOUC TAPAYOVTEG
Oct4, Sox2 kat Nanog puBpuilovtag tnv moAuduvauia (18,19). EnutAéov, o BMP4, nou
gvepyorolel T Smadl/5/8, pubuilet tnv £kdppaocn twv helix-loop-helix (HLH)
avaotoAéwv tn¢ dtadopomoinong Id1-3 (Inhibitor of differentiation) kataotéAAovtag
™ OSwadoponoinon (20). Metayevéotepeg peléteg €dsi€ov OtL ot Smadl/5/8
ouvepyalovtal E€miong HME TOUG KUPLOUG TapAyovie¢ Tou kabBopilouv TNV

noAubuvapia Oct4, Nanog, Sox2 kat Stat3 (18).

Elval onuavtikd va avadepBel 6tL 0 c-Myc eivat évag mBavog otdxog Tou
Stat3 (21). O HLH petaypadikog mapayovtag c-Myc ivat yvwoto OTL emtayUVEL TOV
KUTTOPLKO KUKAO, Spwvtog HEow TNG HeTaypadlkng evepyomoinong tng KukAivng E
gnmayovtag tnv petapaocn amd tnv G1 otnv S ¢paon (22). H unepékdpaon piog
OUOTOOLOKA EVEPYNG HOopdNAG Tou c-Myc kaBLotd t SuvaTtotnTa TG AUTO-AVAVEWGCNG
Twv MESCs avefaptntn tou LIF. AvtiBeta, n umepékdpaon plag emikpatoloag

0PVNTIKAG Hopdrc Tou c-Myc emayel T dtadopormoinon (21).

20



I Mouse ES Cells | I Human ES Cells/ mEpiSCs

ﬁctivin Activin  IGF

LIF BMP odal BMP Nodal Insulin  FGF2
A s s
JAK  PI3K l l l PI3K RAS
Smad1/5/8 Smad2/3 Smad1/5/8 Smad2/3 |

A @ &
K gg%wal L—

Self-renewal ——

Ewkdova 4 : INUOTOSOTIKA HMOVOMATIA TIOU E€AEYXOUV TNV OUTO-QVAVEWGHN Kol Th
Stadoponoinon twv mESCs ko hESCs (23).

O uetaypadikog mapayovrtag Oct4, mou kwdikomoleital amd to yovidio
Pou5f1, eivat emiong €vag {wtikAg onuaciag puBuotig tng moAuduvapiag (24).
Mpokelévou va datnpnBel n moAuduvapia eival anapaitntn pia kpioln mocotTnTA
tou Oct4, kaBw¢ n avénon NG €kdppacng tou kKatd OSUo opEG TPOKAAEL
Sladopormoinon mpog apxéyovo evoodepua Kal LECOSEPUA, EVW N KATAOTOAR TOU
nipokaAel Tnv anodladopornoinon npog tpodosktodepua (Ewk. 5). Qotdéco, o poAog
tou Oct4 eival neploodtepo epimiokog kabBwg ocuvepyaletal pe dtddopoug AAAoUG
TLAPAYOVTEG OTIWG ToV Sry-related Sox-2 kat tov Rox-1. H moootnta tou Oct4 og ox€on
HE aUTOUC TOUG MOPAYOVTIEC eival kpiowun. MapoAo mou o mapayovtag LIF sival
amapaitntog ywa tnv moAvduvapia, dev dpa dtatnpwvtag tnv ékdppaocn tou Oct4,
KaBwg ta kutTapa dadopomolovvrtal pev anouvcia LIF, ta enineda ékppaong Opwg
tou Oct4 Swatnpouvtat. H adaipeon tou LIF B n avénon tou Octd €xouv
TLOVOLLOLOTUTIEG CUVETIELEG YLOL CUYKEKPLUEVA YOVISLO-0TOXOUC KL apa yLa To eTtimedo
Sladpopormnoinong Twv Kuttdpwv. Eival mbavo otL n evepyomoinon tou Stat3 amod tov
LIF eival amopaltntn ylo TNV emoaywyn te €kdpacnc evog cupmnapayovta tou Oct4

Omwg Tou Rox-1. H 6éopeuon autol Tou mapdyovta amno tnv nepiocosia tou Octd 4 n
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KOTO.OTOAN TOU Ttou akoAouBel tnv adaipeon tou LIF 0dnyel oe mapopolo anotéAeopa
OXETIKA pE To eminedo moAuvduvapiag twv kuttdpwv. O mapdyovtag Octd dpa wg

“gatekeeper” mou kataotéAel tn Sltadopomnoinon kat “kKAESWVEL” TNV LKAVOTNTA yLa

noAvduvapia (25).
4
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EwkOva 5 : ZUOXETIOMOG METOED Twv erunmédwv €kdpaong tou Octd kot tou Babpou
noAvduvapiog (25).

To yoviblo Nanog kwdikomolel éva petaypadLko mapdyovta mou ekdpaletal
og 6Aa ta moAuduvapa kuttapa tng ICM. H unepékdpacn tou Nanog, 0mwg cuppaivel
Kall pe to yovidio KIf2 (26), oe mESCs pmnopet va ta Statnprjoel moAuduvapa anovoia
LIF (27). H ékdpaon tou Nanog eAéyxetal ev pépel amo tov Oct4d kat tov Sox2 (28) kat
npoodévetal oto yovidiwpa ot (Sleg BEoelg pe autoug toug mapayovieg (29). H
Aettoupyia tou Nanog dev meplopiletal otnv avactoAn tng Stadopomnoinong mpog
evb0deppa, kabwg to Nanog pmopel va avaoTtelAel TN VEUPLKN KAl UECOSEPUIKN
Sladopomnoinon umo Sladopetikég ouvOnkeg kaAALEpyelag (20,30). Exel avadepBetl
otL To Nanog aAAnAemiSpd pe tnv Smadl mpokeléVoU va KaTaoTeAEL TNV Ekdpaon

Tou Brachyury kal twv yovidiwv-otdxwv Tou BMP (31,32).

O petaypadlkog mapayovtag Sox2 Katéxel pia onpavikn 6€on oto Siktuo
TWV petaypadkwy mapayoviwy mou kabopilouv tn Slatipnon tng moAuduvauiag,

KaBwg n Asttoupyla Tou eivat va dlatnpriost ta anapaitnta eninedo tov Oct4 (33,34).
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Ta meploootepa yovidla mou eival edikad ylo ta BAAOTIKA KUTTOPOA TIEPLEXOUV

EVIOXUTEG e B€oelg mpoodeang yla tov Oct4 kat Tov Sox2 (28,35).

Ot Takahashi kat Yamanaka avadépouv OtL n emaywyn NG €kdpaong Twv
petaypadlkwyv mapayoviwv Octd, Sox2, c-Myc kat KIf4 og ocwpatikd kuttapa
(woBAdoteg) elxe WG OMOTEAECUO TNV TAPAYWYH EMAYOUEVWV TIOAUSUVOUWY
kuttapwv (iPS). Eveon autwyv Twv KUTTApWVY o€ BAACTOKUOTEG TTOVTLKWY 08 ynoe otn
Snuoupyla xwpatplkwy euPpuwv (36). To yovidlo KIf4 eival oykoyovidio kat n
unepekdpaon Tou o€ MESCs HELWVEL TNV LKOVOTNTA TOUG va StadopormolnBouv mpog
eUBpUikA ocwpatia (ta euPpuikd cwpatia-EBs-eival odatlplkol oxnuatiopol mou
Snuoupyouvtal otav ta eUPpuikd KUTTOPA KOAALEPYOUVTOL OE EVOLWPNHO, KoL
niepléxouv Sladopomotnpuéva KUTTaPA Kol TWV TPLWV PAACTIKWY oTpwHdTwy) (37). OL
TECOEPLG auTol mapadyovteg Bewpeital OtL eykablotouv tnv moAuduvauia o€
CWHATIKA KUTTapa KaBwc To c-Myc enayeL tnv avtypadr tou DNA, xaAapwvovtag tn
doun ¢ xpwpativng, mpaypa mou emtpénel otov Oct4 va mpooeyyioel ta yovidila-

OTOXOUC TIOU EMAYOUV TNV moAuduvapia.

Ta iPS €xouv mapopoLo yovidLako mpodiA pe ta mESCs. Eivat evéladépov otL
to Nanog 6ev amatteital e€wyevwg mpokelpévou va emaxBel n moAvduvapia aAla
emiong ev evepyomoleital mAVTA and auToUG TOUG TECOEPLG TAPAYOVTEC. MNpodavwg
n ouvelwopopd tou Nanog otn datripnon tn¢ moAuduvapiag e€aptatal kabe dopa
oo o MEPLPAAAOV. ZXETIKA LE TO ONUATOSOTIKO povordtt tou TGFB, €xel avadepBOetl
OTL N KATAoToAr TNG Smad2 urtokaBlotd tnv e€wyevr avaykn yla c-Myc kat Sox2, aAAa
oxL kaL Twv Svo, katd TNV mapaywyn iPS kuttdpwv amnd woPAdoteg ovtikou (38).
JuvoAikd, ta yovidia Oct4/Sox2/Nanog mailouv Kupiapxo polo otnv emthoyr Tou
OUVOAOU TwV Yovibiwv mou ekdpdlovtal ota PAaCTIKA KUTTAPA, EVW 0 c-Myc puBpuilel

TNV amoS0TIKOTNTA UE TNV omola ta yovidla autd petaypadovtal (29).
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BAaoTika KUTTOPO KOl KOLPKIVOG

Onwc¢ elval yvwoto Tta KopKLIKA BAaotikd kuttapa (cancer stem cells-CSCs)
elval KOpKWIKA KUTTOpa TOU £Xouv LOLOTNTEC TwV (PUOLOAOYIKWY BAACTIKWY
KUTTApWY, dnAadn tnv Kovotntad ylo auto-avaveéwon kat diadopomoinon. Eivat
mbavo OTL autd Ta KUTTAPA TIAPAUEVOUV OTOV OYKO, QTTOTEAWVTAG VOV SLOKPLTO
MANBUOUO, KoL TIPOKAAOUV UTIOTPOTH KoL HETAOTOON TOPAYOVTOG VEOUG OYKOUG
(15,39,40). Ta kuTtapa P-19 mou xpnotponolndnkav otnv napovoa Siatplpn, eivat
BAoOTIKA KUTTAPA TIOU TIPOEPXOVTOL ETiONG amd oyko. Eival eupéwe yvwotd otTL Ta
CSCs potpalovtal KOLWVEG LOLOTNTEG e Ta GUCLoOAOYIKA BAAOTIKA KUTTAPQ, OTWG TaxL
puBUO TOANATMAOCLACUOU, TIOPOUOLEG UETAPBOAIKEG QVAYKEG, OVOOTOAN TNG
Sladpopomnoinong, ENewn avaoTtoArg AOyw KUTTOPLKNG EMadNC, YEVWHULKN aoTABsLa,
onw¢ emniong uPnAn evepyotnta teAopepaocng, uPnAn €kppacn oykoyovidiwv Omwg
To c-Myc kat To KIf4 kol onUOVTIKEG OPOLOTNTEG 0TO CUVOALKO HoTiBo ékdpaaong, otnv
ékdppaon xopoaktnplotikwv microRNA (miRNA) koBwg Kol OTO EMLYEVETIKO TOUG
npopih (41). Qotoéco XpelAleTal TEPLOCOTEPN EPEUVA  TIPOKELUEVOU Vol
SlooadpnvioTolV TEPLOCOTEPO QLUTEC OL OUOLOTNTEG. AESOUEVWY TWV TTAPATIAVW, ELVOL
mBavo ol SUo KuTTaplKOL TUTOL TTOU Xpnoluomownkav otnv mapovoa Statppn
6nAadn ta puctoAoyikd epuPpuikd BAaotikd kUTTapa CGR8 kal ta KAPKIVIKA BAACTIKA
kOTTopa P-19 va €xouv opoloTNTEG Kat o€ enimedo petaypadkng pubuiong, omwg Ba

SoU e mopakatw yla Ta yovidia tng RhoA kat tng RhoB.

Ta moAuduvapa BAaoctikd KUTTapa eival Suvntikd oykoyova, mapayoviag
KOKONBELG OYKOUG KOL TEPATWHATA OTOV EVIOVTAL OE OVOOOKATECTOAUEVA TTOVTiKLa. H
SuvatotnTa AUTH €lvol KoL TO TILO OKPLBEC TEOT yla va amoSelXTel OTL Ta KUTTApA £ival
moAuSuvapa. O EMAVAPOYPAUUATIONOC (reprogramming) TwV CWHATIKWY KUTTAPWY
o€ moAudUvapo BAAOTIKA KUTTOPO LETA OTTO EMOYWYH OE QUTA OYKOYOVLSLWwV OTwG TO
c-Myc kat to KIf4 umodnAwvel emiong tnv Kowvr) mPoéAeuon Twv BAACTIKWY KOL TWV
KOPKLVLKWV KUTTAPWV (42). OAo Kal meplocoTePeG £pEUVEC 06NYOUV OTO CUUMEPACUA
OTL oL OYKOL TEPLEXOUV KUTTAPO TIOU €Xouv SuvaTtoTnTa QAUTO-AVOVEWONG OE
Stadpopoug mMANBuopoULC. H KAk onpacia twv CSCs evioxVeTal amo UEAETEC TTOU

amodelkviouy OTL ta CSCs ival avBekTikd otnv cupBatiki xnueloBepameia Kal TLg
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oktwvoBolieg. Eival mBavo otL ta CSCs slval n mNyn Twv KOPKLVIKWY LETOOTACEWY,
TIAPAYOVTIAC TEPLOCOTEPA PBAAOTIKA KUTTOpA TIOU Topapévouv adladopomointa
HEOW TNG aQUuTO-avavéwong. Meta Tt xnueloBepameia  Kkamowol aoBeveig
UTIOTPOTILALOUV AOYW TOU EUTTAOUTIOMOU Twv CSCs Ttou eival avBekTikd otn Bepaneia.
Juvenwg, ta CSCs Bewpolvtal €vag ONUOVIKOG OTOXOG YL VEEG OVILKOPKLVIKEG

Bepaneieg (43).

Owoyévela Twv pikpwv RHO GTPaocwv

Rho uno-otkoyévela

TNV eupuTEPN OLKoyEVELX TwV Rho meplhapfavovtal 22 péAn ou anoteAouy
8 umoolkoyéveleg. OL Rac, Cdc42 kat Rho umoolkoyéveleg eival oL mio KaAd
HeAeTnUéEveg (44).0t Rho GTPaoceg amoteAoUv upia €EXxwPLOT OLKOYEVELA TNG
UTIEPOLKOYEVELOG TwV Ras pikpwv GTPacwv Kal evtomnilovtal o€ OAQ TA EUKAPUWTLKA
kUttopa. MNepimou to 1% Tou avOpWILVOU YOVISLWUOTOG KWALKOTIOLEL TTPWTEIVEG oL
omoleg eite puBuilouv eite puBuilovtal amod ta HEAN TNG olkoyEvelag Twv Rho. To
OOUIKO XapaKTNPLOTIKO Tou Slaxwpilel ti¢ Rho mpwteiveg amd Tt AAAEG HLKPEC
GTPaoeg eivat n “Rho insert domain” mou Bploketal avapeoa oTo MEUMTO B MTUXWTO
dUAO KoL TNV TETaptn a éAka. OLeploodtepeg Rho mpwrteiveg eival pkpég (190-250
opwvogéa) katl armoteAolvtal PoOvo amnod TNV mepLoxn tg GTPAONG KoL Amo TLG UKPES
OULVOTEAIKEC Kol KapBofuteAlkég TeploxeC. MapoAa outd Kamolwo HEAN TNG
OLKOYEVELOG TIEPLEXOUV ETIMAEOV TIEPLOXEC KOL WUTMOPEL va armotelouvtol oo

neplocotepa amo 700 apwoléa (44).
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OL npwrteiveg RhoA, RhoB kat RhoC £xouv unAn aptvoéikn opoAoyia (~85%)
HE TN peyaAltepn amokAlon va epdaviletal oto kapBofuteAikd akpo. Ooov adopd

otnv meploxn tg GTPAong €xouv mepimou 30% apwvoélky opoAoyia pe TG Ras

Arf1 Ran1

Rab1A

RhoBTB-3

Miro-1
RhoH/TTF

Miro-2

Rac1
Rac2
Rac3 Rnd1
- \ =
TCL RhoE/Rnd3
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Chp/Wrch-2

Ewkova 6 : AvBpwrniveg Rho GTPaoceg. Duloyevetiko 6évipo twv Rho GTPacwv Kal
EKTIPOCWIIWYV KAToLlwV Ras GTPacwv. QUAOYEVETIKA avAAUGH TWV OULVOELKWY aAANAOUXLWY
TWV 22 pehwv tNG olkoyévelag Seixvel OTL n olkoyévela pmopei va SlalpeBel adpa oe €L
KUpLoug kKAGdoug (51).

npwrteiveg kat 40-95% opoloyia pe ta AMa HEAN TNG olkoyévelag. Mapd TIg
OMOLOTNTEC TOUG, £XOUV KATIOLEG AELTOUPYLKEG SLadOpEG ,KUplwg Adyw Twv Sladopwv

TIou cuvavtwvtal ota 15 apwvoééa g kapBofuteAlkig Toug teploxng (44).

Ta meploootepa HEAN TNG OLKOYEVELAG OpouvV WG Hoplakol SLaKOmTeg,
puetafaivovtog amd tnv GTP-evepyny otnv GDP-avevepyry popédn Ttoug. Otav
evepyomnolnBoulv, oL Rho GTPaoceg npoodévouv Sladopa poépla-teheotég (effectors)
KOl TIUPOSOTOUV ONUOTOSOTIKA HOVOTIATIA TIou e€A€éyxouv OLAdOPEC KUTTOPLKEG
AELTOUPYLEG OTIWG N ATOMTWON, O KUTTAPLKOC KUKAOG, N KUTTAPLKA TTPOCKOAANGN, N
puetaypadlkn pubulon, n PUOUION TOU KUTTAPLKOU OXAMOTOC KOl N KUTTOPLKN
HUETAVAOTEVON HECW AANAYWY OTOV KUTTAPOOKEAETO TNG aktivng (45). EumAékovtal,

enmiong, otn pUBUON TNG TOAKOTNTAG TWV KUTTAPWVY, OTIC OLOUKUTTOPLKEC
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oAnAerudpaocelg aAAd Kal otnv aAANAETidpacn Twv KUTTAPWY LE TO UTOCTPWHUA
TOUG, OMWCG eMmiong KaL otn pubulon tng evdokUTTWOoNG Kal TNG e€wkuTTwong (46).
Akopa, ot Rho GTPaoceg mailouv poAo o€ TMABOAOYIKEG KATAOTACELS OTMWE OTN
HETAVAOCTEVUON TWV KUTTAPWVY KAtd TN S1nOnon Kal Tn LETAOTAON OTOV KApKivo, oTn

dAeypovn Kal TNV EMOUAWON TWV TpAUATWV (47).

To apwvoteAkod akpo Twv Rho mpwteivwy meptAapuBAavel TV MAELOVOTNTA TWV
OULVOEEWV TTIOU EUMAEKOVTAL OTNV MPOcdean kat otnv udpoAucon tou GTP kabwg Kat
TG mepLox€G Switch | kaw Il mou amoteAovvtat and Suo BnALEG (loops). OL Sladopég otn
Slapopdwon avapeca otnv GTP- kat tnv GDP-mpocdedepévn popdr eviomiletal
KUPLWC O QUTEG TLC TIEPLOXEG, LE TIC omoleg aAANAETLOPOUV ¢ OL IPWTEIVEG-TEAEOTEC.
Atilel va onuewwBel OTL Ta apwvoféa TOU €lval CNUAVIIKA ylot TNV KATOAUTIKA
gvepyotnta Twv Rho GTPacwv €lvat cuvtnpnuéva Kol oTig TPELG LoopopdEC Twv Rho

(48,49).

Yrniapyouv 20 yovidia mou kwdikomolouv yia TG Rho GTPaceg oto avBpwrivo
yoviSiwpa (50). 2tov avBpwTto, ToV apoupaio Kal To MOVTiKL Ta yovidia Twv Tplwv Rho
evionilovtat oe Sladopetika xpwpoowpata (51). To yovidio tng RhoA eival
HEYAAUTEPO KAL TIEPLEXEL TIEPLOCOTEPA EEWVLA KAL ECWVLA aTto auTo ¢ RhoC, yu' auto
Tov Aoyo €xeL mpotaBel OtL to yovidlo NG RhoC mpoékuPe Adyw ateAolg
Suthaotacpol tou yovidiou tng RhoA. To yovidio tng RhoB eivatl katd moAv pikpotepo
KL TLEPLEXEL LOVO Eva e€wVLO, KABWG pogku e MIBavwg amo avtiotpodn petaypadn

(52).

MEAETEC YL TOV KUTTAPLKO evtoTlopd GFP-onupaocpévwy Rho mpwrteivwy os
{wvta kuttapa odAynoav otnv mapatipnon OtL akoua Kol oAU ouyyevikéc Rho
uropet va evromilovtol o€ TOAU SlAPOPETIKA TUAMOTO TOU KUTtapou (44,45).
MNapad tnv uPnAn apwollkn opoloyia toucg (¥85%), oL Rho mpwrteiveg €xouv
OL0DOPETIKEG AELTOUPYLKEG LOLOTNTEG, €V UEPEL, AOYW TNG SLadOPETIKAG KUTTAPLKAG
Touc evtomiong. H RhoA eivat kupilwg KUTTOPOTTAQCHOTLKA KoL EV LEPEL TIPOCSESEUEVN
OTNV KUTTOPLKN HEUPBpAvN, n RhoB eival mpoobedepévn otnv KUTTapIkn pepPpavn (F-
popdn) kot ota evéopepBpavikd kuotidla (GG-popdn), ocuykekplpéva ota oPLua
evboowpata (53,54). H RhoC eival kuttapomAaopatik) Kol Oxetiletol pe
TLEPLITUPNVIKEC SOUEG.
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Mevik@, o poAo¢ Twv Rho mpwteivwy gival va peTad£pouv Ta orjpata anod tnv
€EWKUTTAPLA OUCIO HEOW TWV LVTEYKPLVWVY KOL TOU KUTTAPOOKEAETOU TNG OKTivNnG.
Eniong, ouppétexouv otn dAon TNG KiTwong EMSPWVTOG OTA VNUATLO TG AKTVNG Kall
OTNV 0pYAvVWon TwV UKpoowAnviokwv (55). H RhoA emdyel To oxnuatiopo widiwv tou
OTPEG KAl E0TIWV TPOOKOAANGNG €AEYXOVIAG TNV OCUCTOATIKOTNTA TNG  OKTLWVO-
pHuooivng. Na avtd to Aoyo, N RhoA puBuilel To KUTTAPLKO OXAUA, TNV TTPOCKOAANGN
Kall TNV Kvntkotnta. To mRNA kat n npwteivn tng RhoB sival kat ta §vo aotabn, o€
avtiBeon pe avtd tng RhoA. H ékdpaon tng RhoB auvfavetal katd tn Stapkela twv G1
Kal S dAcEwv aoKwvtaG poAo oTtov KUTTaplko TmoAAamAactacpd. Eivai, emiong,
YVWOTO OTL N RhoB €€l oyKOKATAOTAATIKO pOAO Kal OTL N €Kdpaon TNG Elval LELWUEVN
otov Kapkivo (44). Ze moAAoU¢ Oykou¢ Ta emineda tng RhoB pelwvovtal Katd tnhv
nopeia €€EAENG TOu OYKOU, VW N UTIEPEKPPACK TNG Umopel va avaoteilel tnv
HUETAVAOCTEVUON TWV KUTTAPWYV, TNV Sleioduon Kal Tn HETAOTOON. ZUYKEKPLUEVA, N
RhoB-GG popdry elval auty Tou aokel TNV QVOOTOA} TOU  KUTTAPLKOU
oA amAaclacpou Kal tnv anontwon (54). H RhoB nailel pdAo otov KUTTapLkO KUKAO
KataoTtéAAovtag tnv KUKALvn B1 kat tnv avtiotoyn kwvaon Cdkl (56). AvtiBeta, n RhoA
KataoTEAEL TNV ékPpaon tou yoviSiou p21WAFL ou suBUvVeTaL yLa TNV AvaoToAr Tou

KUTTOPLKOU KUKAOU (57).

PUOMLON TG evepyoTNTaC TWV Rho Mpwteivwv

H pUBuion twv Rho mpwteivwy e€aptatat and Toug mapdyovteg avtaAlayng
voukAeotidiwv youavivng (GEFs, guanine nucleotide exchange factors) ot omoiot
EMAYOUV TNV avilkotaotaon tou GDP pe GTP kal TI¢ SUO0 OLKOYEVELEG KOATOUOTOAEWV:
TIC TIPWTEIVEG TOU €VeEpPYOTOLOUV TNV evepyotnta tng GTPaong (GAPs, GTPase-
activating proteins) kal Toug avaotoAeic amodéopeuong VoukAgoTdiwy youavivng
(GDIs, guanine nucleotide dissociation inhibitors) (Ewk. 7). Ot GAPs gmdyouv tnv
udpoAucon tou GTP, evw ol GDIs mpoodévouv to KapPofuteAikd akpo (C-terminal
prenyl group) Twv Rho mpwrteivwyv mou eivat cuvdedepéveg pe GDP gpumobdilovrag tnv

oAAnAemidpaocr) Toug Pe TNV LEUBPAVN, ATIOLOVWVOVTAG TEC OTO KUTTAPOTTAQCHO KOl
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eunobilovrag £tol tnv aAAnAemidpaor) Toug He Ta popLla-otoxous. Ot GEFs kat ot GAPs

npoodévovtal oTi¢ tepLloxEg Switch | ka Il

Growth factors and
integrin engagement

l

@ Activation

RHO-GDP ) <— (RHO-GDP /RHO—GT? —— Cytoskeleton and
@ \--_v,/ ) cell regulation
Sequestration ./;5\

o)
Inactivation

Ewkdva 7 : OL Rho GTPaoceg Spouv wg poplakoi Siakomrteg. Ou GEFs emdyouv tnv
avtikataotacn tou GDP pe GTP, evw ot GAPs kat GDIs §pouv w¢ kataoToAsic twv Rho (57).

H owoyévela twv GEF amoteAsital amno nepinou 70 HEAN KAl N OLKOYEVELD TWV
GAP amoteleital amo mepimou 80 pEAN. EmumAéov, €KTOC TWV XOPAKTNPLOTIKWV
neploxwv tou¢ (GEF/GAP domains), autég ol mpwrteiveg mapouolalouv HeEYAAN
nowhopopdia otnv aAAnlouxio Toug aAAd Kal otn SOopN QUTWV TWV TIEPLOXWV.
AKOUQ, UTIAPXOUV TPELG KaAA xapaktnplopéveg RhoGDIs (a-y), kot tpoteivetal OtTL Kat
HEPLKEG AAAeC MpwTeiveg €xouv dpaon GDI yia ti¢ Rho mpwrteiveg. Ot GDIs €xouv
Sladopetiki ouyyévela olvdeong yla Tig dtadopetikég Rho kat eival yvwoto otL éva
HEYAAO HEPOC TwV Rho mpwTeivwy mou umdpyouv og €va KUTTOPO TIPOCSEVOVTAL KOl
arnevepyomolouvtal anod T GDIs. Emiong, apketég nmpwteiveg deopevouv tig GDIs
puBuilovtag €tol tn olvbeor toug He TG Rho, ameleuBepwvovtdg Tteg, yla
mapAadeLyUa, o€ TEPLOXEG TNG HEUPBPAvVNC Omou xpetdlovtal. Auth n owlopopdia
avtikatontpilel to yeyovog Ot ot Rho GTPdaoceg puBuilovtar  pe moAAoUG

Slapopetikoug Tpomouc (44,58).

OL Rho mpwrteivec pmopouv va TMPeVUALWOOUV HETA-PETAPPACTIKA OTO
KapBoEUTEAIKO TOUC AKPO. ZUYKEKPLUEVA, N TAElovotnta twv Rho €xouv oto
KapBofuteAlkd Ttoug dkpo pioe CAAX aAAnlouyxio (C=kuoteivn, A=aAeldatiko,
X=omolwodnmote auwvoll) n omola LoOMPEVUALWVETAL AUTO TOUG ETULTPEMEL va
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ouvdeBoUlv pe TNV MAACHATIKA HEUBPAvN Kol £Tol va aAANAEMIOpACOUV HE GANEG
TMPWTEIVEC KaL vaL TIG evepyoTtoljoouv. OL ATSIKEG opddeg mou mpootiBevral otig Rho
elval ta woompevoeldny geranylgeranyl (GG) kau farnesyl (F). Zuykekpluéva, otn
npwteivn RhoB pmnopet va npooteBel eite pia F gite pia GG opada, evw ot RhoA kat
RhoC npwrteiveg Bplokovtal povo otn -GG popodn (48). MapoAo mou n mpocBrkn uiag
GG opadog emdyel pla mO oXuprny ouvdéeon HE TN MEUPPAvVn, O TUTOC TOU
LoompeovoeLldoUG dev daivetal va ouvelopEPEL 0TN AELTOUPYLIKOTNTA TNG TIPWTEIVNC,
EKTOG (OWG amo tnv nepintwon tng RhoB. H woonpevuliwon dgv eival and povn g
OPKETA yLa va KaBoploeL TOV KUTTAPLKO eviomiopnd Twv Rho. Qotdoo, n loonpevuAiwon
¢ RhoB kaBopilel Tov xpovo nuicelag Lwng TG MPWIEIVNG, KABWE N HETAAAQYHEVN
™G Mopdry Tou eV  LOOMPEVUALWVETOAL KOL €lvOol KUTTAPOTAACUOTLKA €lval

afloonueiwta o otabepn and tnv avtiotolyn ayplou tunou (46,59).

Kamowo HEAN TpoOMoOMoloUVTOL EMUTPOCHETA amod TNV TPocOnkn &vog
TIAALLTIKOU 0€£0G oTa KataAouta KUoTeivng ou Bpiokovtal akplBwe mpLv To otolxeio
CAAX oto kapPBofuteAilko akpo. H mpoobrkn tou MoApLTIKOU 0€€0¢ Umopel emiong va
EMNPEACEL TNV avayvwplon amno TG GDIs, énwg otnv nepimtwon t¢ RhoB omou
eunobilel tnv avayvwplon tng amo tnv RhoGDI-a kat, emopévwg, emnpedlel tn B€éon
NG oto kuttapo. Kamnoteg Rho otepouvtal tou otolxeiou CAAX, mpaypo TTOu EVIOYUEL
ETLONC TNV AELTOUPYLKN TIOLKIAOOpdLa TTOU XapaKTNeilel akOpa Kal TIOAU GUYYEVIKEC
Rho mpwteivec. To oUvolo Twv mapanmdvw Tpomomnmojoewv ywa tn  RhoB
Sikaloloyeital amod to yeyovog otL to mRNA tng eival aotabég, Kal emopévwe eival

anapaitntn n vPnAol Babuoul peta-petadpaotiki puBULON TG (60).

ZUpdwva pe maAaloTtePeS LEAETEG, XL SeLXBel n cuppeTox upnVIKwv GEFs
otnv evepyonoinon Twv Rho mpwteivwv wg andavinon oto yovotoflkd otpeg (61-63).
OL GEFs Ect2 kat Netl eivat umevBuveg yla tnv evepyonoinon tng RhoB kat tnv
EMAywyn TG anmontwong wc anokplon os BAaBn tou DNA og KapKvikad KUTTapo
pootou kat tpaxnAou (63). H Netl, emiong, evepyormolel tnv RhoA w¢g amokplon oe

BAaBn tou DNA o kUTtapa Hela kat HEK293 (61,62).

IXETIKA e TNV puBuLon t¢ RhoA, €xet dexBel otL n éNewdn tou mapayovta
p53 oe eUPpuikoUC LVOPBAAOTEG TTOVTIKOU €MAYEL Hia peTABoon amo €vav €MUAKD,
OTPOKTOELS) KUTTAPLKO TUMO o0t 0aPlKO OTov ormoilo mapatnpsitat vPnAn
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onuatodotnon tou povoratiol RhoA-ROCK kaBwg kat auénuévog SleloSuTIkOC
dawotunog (64). EmutAéov, n GEFH1, pia GEF mou evepyomolel tv RhoA,
EVEPYOTIOLE(TOL O€ KUTTOPO OOTEOCAPKWHOTOG T omola ekppalouvv uia
HeTAAAQYHEVN popdn TOU p53, emITayUVOVTOG TOV TTIOAAQTTAQCLOOUO TWV KOPKLVLIKWY
KuTtapwv (65). TEAog, To yovidlo hPTTG1 (human pituitary tumour-transforming gene

1) evepyomnolei tnv GEFH1 06nywvrtag o€ LETACTACN OTOV KAPKivo Tou paotoU (66).

IXETIKA UE TNV MPWTEIVIKN puBuLon tng RhoB, éxel exBel OTL 0 avBpwmva
NIOTIKA KAPKLVLKA KUTTapa, To povomnadtt neddylation-CRL aAAnAemudpad pe tnv RhoB
KOl EMAYEL TNV OUBLKITWVIWOT Kal TV amotkodounor tng (67). e HEK293T kat Hela
kOttapa, n BAaBn tou DNA evepyorolel to ATR/Chkl povomdtt odnywvtag oe
amotkodopunon tg Smurfl Alydong Kot wg €k TOUTOU, 0TNV CUCCWPELON TNG RhoB kat
oTNV €maywyn ¢ amontwong (68). Akopa, to PCA (Protocatechuic acid), évag
QVTLOEELO WTLKOG TapAyovTac, KATaoTEAAEL To povoratt Ras/Akt/NF-kB av&avovtog ta
TMPWTEIVIKA emineda Kal TNV evepyotnta tn¢ RhoB og avBpwriva KUTTapa yO.oTPLKOU

KAPKLVWHATOG 08NYyWVTA 0TNV aVOOTOAN Tn¢ Hetaotaong (69).

Mia aképa tpomomnoinon tTwv Rho GTPacwv mou €xel kataypadel eivat n
yAukoluAiwor touc. Ot yAukoluAlwpéves Rho-GTPaoeg sival mpoodedepéveg ue GTP
kat &ev umopouv va mpoodeBolv otov kKuttapomAacpatiké GDI-I omdte Kkal
TIAPOHEVOUV OTLC LepBpavec. H otaBepotnta twv Rho mpwteivwy e€aptdtal amno tov
SL0bOPETIKO EVIOTIOUO TOUG OTa HEUPBPAVIKA cwpatidla. H povoyAukoluAiwon twy
Rho amo tig toiveg TcdA (clostridium difficile toxin A) kot TcdB oérynoe og avénon
Twv mpwteivikwyv emumédwv tng RhoB oe NIH 3T3 wofAdoteg, evw avtiBeta

anoteAéopata apatnenonkav yla tnv RhoA katomny enidpaong pe TedB (70).

Metaypadikn puOuLon Tng RhoA

‘Evag petaypadikog mapdayovtag mou £xel SexBel otL puBuilel tnv ékdpaon
Tou yovidiou ™G RhoA eival o mapdyovtag Myc. O Myc oAAnAerudpd He TOV

napayovta Skp2 yia tnv emaywyn tg petaypadng tng RhoA emotpatevovtag Toug
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napayovteg Mizl kat p300 oTov UTIOKLVNTH TNG. YIEpEKDPAON TOU CUUITAOKOU Myc—
Skp2—-Mizl €xeL BpeBel o€ petaotTatikoUG KApKivoug Kal oXeTIleTal Pe TNV Ekdpaon
¢ RhoA. H éMewpn oautwv Twv oToElwV emMnpedlel tnv €kdpacn TNG Kal
OVOOTEAAEL, ETTLONG, TNV KUTTOPLKN LETOVAOTEUOH, SLONON KAl LETAOTACN OE KOPKIVO
paotoU. Ot Chan et al €6el€av otL 0 Myc mpocdévetal ota SVo gyyug E-boxes tou
umokwnth t™¢ RhoA oe kuttapa 293T. Emiong, n amocwnnon tou Myc pelwoe tnv
€kppaon tng RhoA oe kuTttapa Ratl, evw n unepékdppaon tou odnynoe o av&nor Tng
o€ kuttapa MDA-MB-231 (71).

AUO AaAMoL petaypadikol mapdyovieg mou eAéyxouv TNV ékdpacn tn¢ RhoA
elvaL ol STAT6 kat NF-kB. Ot Goto et al (72) £6&l€av OtTL PeTAANGEELG OTLG EYYUC BEOELG
npoodeonc Twv mapayovtwy STAT6E kat NF-kB peiwaoe tnv evepydtnTa TOU UTTOKLVATA
¢ RhoA, umodelkviovtag otL ot STAT6 kat NF-kB €ival onpavtikol yla tTnv enaywyn
¢ ékdpaong Tng amo tnv IL-13 kat tov TNF-a og avBpwriva Aela puikd kuttapa
Bpoyxwv. Kat ot U0 amoteAovv Kutokiveg peilovog onpaociag otnv maboyéveon tou
oAAepykoU Bpoyxikol aopatoc. Mapopola amoTeEAECUATA TTAPOUCLACTN KAV OO TOUG
Chiba et al (73) oL omoiot €6&l€av 6tL 0 UTtOKLVYNTAG TNEG RNOA oToVv EMipU TTEPLEXEL pia
B€on mpocdeong yla tov mapayovta STAT6 kat otL n ékdpaon tng RhoA oxetiletal
mbavwg e 1o povonartt IL-13—JAK1-STAT6 otoug Aciloug pueg twv PBpoyxwv o€
aoBuatIkoUg EMIUVEG.

O petaypadikog mapayovrag GCF2 (GC-binding factor 2) Asttoupyel wg
HETAYPADIKOG KaTAOoTOAEag Tou Tpocdévetal o€ GC TAOUOLEG TEPLOXEG TwWV
umokwvntwyv. O mapayovtag autdg dpa otn pubuon tng ékdppaong tng RhoA pe
amoTéAeoa TNV anmodlopydvwon Twv WISlwv TN¢ akTivng o€ KapKVIKa kottapa (74).
O ATF-1 (Activating Transcription Factor 1), emiong, mpoo&£vetal oto gyyu¢ oTOLXElO
CRE (cAMP-response element) tou umokwvntr TG RhoA endyovtag tnv €kppaach Tng
oe Swiss 3T3 woBAdoteg Kol aopTikd Asia puika kuttapa (75). Ou Kaarbg et al
avadEépouv OTL n €vepyoTtnTa TOU UTOKWVNTH TNG RhoA aufdvetal katd TN
Sladopomoinon  eUBpUIKWY  KOPKLVIKWY  KUTTAPWVY TIPOG  KapdlopuokuTtapa
umoypappilovtag otL mMoANA otoeia mpoodeong petaypadikwy mapayoviwv (FLI,
TG1F, E2F, AHR-ARNT, AP4, H1F-1, AP2, ZF5 kat NF1) mou avixvevovtal oTov
umokwvnTh TG RhoA gpmAékovtat eite otnv mpwipn kapdlakn avamntuén site/kal otnv

npwipn euPpuoyévecn (76). TéAog, umapyxouv kamola MiRNAs mou otoxeUouv tn
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RhoA, 6nwg ta miR-31, miR-125a-3p, miR-133a kot miR-155 (77-81), evw to miR-151
KATaoTEAAEL TNV €kdpaon tnG RhoGDla, pe amotéAeopa tnv auénuévn evepyomoinon

™¢ RhoA (82).

Metaypadiki puBOuion tng RhoB

H RhoB, og avtiBeon pe t RhoA kat tnv RhoC, ouvBwg unoskdpaletal oe
avBpWTMLVOUC KaPKIvOUG KoL N €KPpaact TnG oXeTileTal aviloTpOPwe avaloya Ue Thv
eruBeTikOTNTA TOU Kapkivou. H RhoB 6pa wg oykokataotoAéag kabwg evepyomoleitatl
WG amokplon og moAa epebiopata otpeg 6mwe N PAaBn tou DNA 1 n umtofia kat €xel
avadepOel OTL aAVAOTEANEL TNV AVATITUEN TOU OYKOU, TNV SL1NONGCN Kal £XEL ATIOTTWTLKA
S6paon. Exel BpeOel OTL peTaoXNUATIOREVA KUTTAPA TTOU €x0uV EAAeLn otnv RhoB &ev
odnyouvrtal o anmontwon Hetd ano PBAABN oto DNA, evw n ektomikn €kdppacn tng
npwteivng Staowlel to dawvotumo. MBavwg o polog tng RhoB otnv amontwon
ooKeltal péow NG avaoTtoAng Tng Kwvaong Akt (protein kinase B) mou emayel tnv
emBiwon twv kuttapwv (54,83,84). H ékdppaong tng RhoB pubuiletalr amo
ewkuttapilka epebiopata onmwe n unepwdng aktwvoPolria (85-87), oL avéntikol
TLOPAYOVTEG (0 EMIOEPULKOC QUENTLKOG TTAPAYOVTAC KOL O AUENTIKOG TapAyovTag TwV
awomnetaAiwy o wvoBAdoteg Rat-2) (88), ol kKuTokiveg kal ta oykoyovidia (84-88). H
RhoB givat oxetikad aotabnig pe xpovo nuicetag {wng yta to mMRNA 20 Aemttd Ko 2 WPES
yla tnv npwteivn (60,89).

O umokwvntA¢ TG RhoB puBuiletat anod tig Rho GTPAoeg. Ot pikpég GTPAoeg
Rac aufavouv tnv evepyodtnta tou umokivnt tng RhoB oe wofAdoteg, svw n
ocuotaolaka evepyr) RhoA tnv kataotéAAeL. To yovidlo tng RhoB umdkeltal emiong os
autoppubuion, kabwg n aypiou tomou RhoB kataotéAAeL tnv evepydtnta TOU
uToKLVNTA TNC. QoTto00, N Cdcd2 Sev emnpedlel TNV EVEPYOTNTO TOU UTIOKLVNTH EVW N
Rho-GDI tnv endyet évtova (85).

O TGFB-1 emayet tn petaypadrny ¢ RhoB péow evepyomoinong twv
KuttapomAaopatikwy Smad3/4 kot MEK/ERK povomatwwv oe avBpwriva HaCaT
KepatwvokUttapa. H gvepyoroinon tou povoratiol MEK/ERK amatteitat yio thv

npoéodeon tng Smad3 o€ pia véa, pun kKAaowkn, B€on mpocdeong oTov eyyug UTIOKLVNTNA
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¢ RhoB, n omoia aAAnAoeTKAAUTITETAL HE Eva pUBLLOTIKO oTtolxeio CCAAT oto omnolo
TIPOOSEVETOL CUCTOOLAKA O peTaypadlkog mapayovtag Nuclear Factor Y (90). O NFY
(Nuclear transcription factor Y) amoteAel éva tpiuepég oupmAoko (NFYA, NFYB kot
NFYC) mou mpocbévetal ota otolxeia CCAAT Twv UTIOKLVNTWV TIOAAWV yovidiwv. H
npoacbeon tou oto DNA xapaktnpiletal and uPnAn eldikdtnTa Kat cuyyevela. O NFY
Spa kabloTwvTag TNV XPWHATIVN TIPooBAactin o€ GAAOUG HETAYPADLKOUG TTAPAYOVTEG
(91,92). Ot pwrteiveg C/EBP (CCAAT enhancer binding brotein) aAAnAsrudpouv eniong
HE To otolxeio CCAAT (93).

To otolxeio CCAAT nailelL emiong poAo otn puButon tn¢ RhoB kat amd dAAoug
TIAPAYOVTEG, OTIWE OTNV KOTAOTOAN TNG OO TNV AMOAKeTUAACN TG Lotovng 1 (HDAC1)
KalL oTNV €Maywyn tng amod tov ATF-2 kat tnv p38 MAPK. H p38 MAPK emotpatevel
TOoug Tapayovteg c-Jun kot p300 oto CCAAT box kat odnyel otnv emaywyn Ing
£€kppaong tng RhoB peta and enibpaon pe UV aktivoBoAia (83,87,94).

H RhoB emnadyetal, akopa, anod Eéva cUVOAO QVTIKAPKLVIKWY GAPUAKWY OTWG
to KR28, toug avaotoleic FTIs (farnesyltransferase inhibitors) kat GGTIs
(geranylgeranyltransferase inhibitors), tov mapdyovta NSC126188 kot tnv TSA mou
amoteAel avaotoAéa tng HDAC (95-102). To iSto ocupPaivel pe GAPUAKEUTIKOUG
napayovieg énwe n N-methyl-N-nitrosourea (MNU), n olwomAativn, n udpofuoupia, n
S6e€apeBalovn kat to yoAAiko ofL (86,103). H ékdppaon tng RhoB pubuiletat emiong
a6 oykoyovidia ta omoia tnv katactéAAouv. Tétola yovidia eivat ta H-Ras, N-Ras, K-
Ras, EGFR kot ErbB2 (84,104). Emiong, avadépetal otL n unepékdpaon tng RhoB
uropel va mailel kamowo poAo otn e€EAEN TOUu KapKkivou TOU MPOOTATN O uia
ave€aptntn and ta avdpoyova popdn (105). Afilel emiong va onuewwBel oOtL 0
UTTOKLVNTAG TNG TEPLEXEL TTOLKIAO aplBuo Stadoxikwyv enavoaAnPewv (VNTR) oL onoleg
daivetal va nailouv poAo otn petaypadikn kataotoAr tou yovidiou (106). Emiong, n
XpwHaTwikn doun tou umokwvnth tTn¢ RhoB aAAdlel katd tn SLApKeLa TNG YAPAVONG
LE LOTOELSIKO TPOTO, pEow TG Spdong tng HDACL (107). TéAog, ta miRNA-21 kot miR-
19 kataotéAouv tnVv ékdppacn tng RhoB (108-111).
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Rho npwteiveg ko BAaOTIKA KUTTAPA

OL Rho GTPases ¢aivetat va mailouv €va ONUAVIIKO pOAO KOTA TNV
eUBpuoyEveDN EAEYXOVTAC TNV 0PYAVWOT TOU KUTTapookeAeToU (112,113). H anwAesla
NG evepyotnTag Twv Tplwv Rho péow tng RhoGDI mpokaAel epuPpuikd Bavato otoug
TIOVTIKOUC KaTA TNV eUPpuiki nuépa E7, Adyw atelolg yaotpldiwong kat aduvapiog
HETAVAOTELONG TWV KUTTAPWV. AvTiBeta, oL movtikol mou €xouv €AAeudn tng RhoB
npwTteivng eivat Buwotpot kat yovipot. Ot movtikol autol mapouoialouv mpoPAnuata
otnv avantuén tou audPAnotpoeldoug kat dev eival TGG0 yoviuoL 0G0 oL aypiou
Tumou. Qotdoo, bev eival akopa yvwotd £av ol Sladpopeg autéC odellovtal oe

nMpoBARUATA OTN PETAKIVNON 1) 0TNV eMBiwon Twv KUTtdpwv (48).

Jta BAaotika kuttapa ta emnineda €kppoaong tng RhoA kabopilouv tnv
nopeia tng dtadopomnoinong toug (lineage commitment) kaBwg n RhoA pubuilel to
KUTTOPLKO oxnua (76,114). e malaitdtepn peAétn eixe SexBel 6tL n RhoA eival
adBovn oe adladopomnoinTta HECEYXUUATIKA EUBPUIKA KUTTAPA TTOVTIKOU KOl OTL T
enineda tng méPtouv Katd tn SLApKeLa TNEG pUoyEveonc. H uPnAn ékdppaon tng RhoA
elval anapaitntn yta tn dtatrpnon tou otpoyyuAou oxnuatog twv adladopomnointwy
Kuttapwyv (115). Emiong, avoadépetal OTL n HeETAKiVAON TWV KUTTAPWV TNG
tpodoPAAGOTNG Kal N TPOOKOAANoN TNG oto evdountplo e€aptatal amo TG Rho
npwrteiveg kal, kupiwg, amdé tnv  RhoA. H katactoArq tng RhoA eumodilel tn
HLETAVAOTEVON TWV KUTTAPWV TNG TpodofAdotnG. Ol eotieg mpookOAAnonG LeTafL TG
tpodoPAdctng KkaLtou evbountpiou meptéxouv unAég moootnteg RhoA kat F-aktivng
KOVTA OTNV MAQOUATIKI HEpBpavn. Zuvenwc, n RhoA mailel onuavtiko poAo Katd ta
npwta otadla ¢ epdutevong otov avBpwro (116). TEAog, ol Rho mpwrteiveg eivat
ONUAVTIKEG Katd tnv OSwadikaoia ocuumtuéng tou epPplou (compaction) mou
ocupPaivel oto oTASL0 TWV OKTW KUTTAPWY Tou eUPpUoU Tou TovtikoU Kabopilovtag

TNV KUTTAPLKNA TIoAlkoTnTa (117,118).
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Rho npwteiveg kKo KapKivog

Elvat yvwoto otL ol Rho mpwrteiveg eumAékovtal otnv Kapkivoyéveon. H o
ouvnBlopévn Statapaxn avadoplkd e Ti¢ Rho GTPAoeC eival n umepékdpaaor) Toug,
n omola e€aptatal amno Ta SLPoPETIKA UIKPOTIEPLBAAAOVTA TWV OYKWV Kal YL aUTO TO
Aoyo eival avaotpePun (119). NapoAro mou pubuilovtal avotnpa, ivatl mBavo n
puBuLoN Toug va Slatapaxtel otov kapkivo. H Tpomomnoinon tng evepyotntdg Toug
umopel va odnynoeL oe PeTAOTACN SLATAPACOOVTIAG TN CUVEXELX TNG EMLONALAKAG
doung, auvfavovtag £T0L TNV KWNTIKOTNTA TWV KUTTAPWV KOl EMAYOVIAC TNV

anowkodounon tng e€wkuttaplog palag (57).

ITa KaPKWIKA KUTTapa, n ékdpaocn Kal n evepyotnta twv RhoA, B, kal C
oANaleL pe SladopeTikolC TPOTOUC. YIIAPXOUV OToLXEla TTou Seixvouv OTL N ékdpaon
™¢ RhoA kat g RhoC aufdvetal oe éva peydalo aplBud avBpwmivwv Kapkivwv
(58,120). H amoowwnnon tou yovidiou tng RhoC og POVTEAO MOVTIKOU PELWVEL TNV
KLVNTIKOTNTA TWV KUTTAPWV Tou OYKou Kal Tn petdotaon (121). Emiong, €xel
napatnpnOst avénuévn RhoC os maykpeatikd adevokapkivwpa (122) kat pali pe tnv
RhoA og kapklvwpota wobnkwv, KaBwg KAl 08 HETAOTATIKOUG Kal OYpou otadiou
oykou¢ (123). H RhoA auéavetal oe Stadopoug avBpwrivoug OyKoug OTWE aUToUC
TOU EVTEPOU, TOU HAOTOU KAl Tou Tvel Lova OTtou N eEEALEN TOU KapKivou cuvodeuetal

ano avénon tng mpwieivng tng RhoA (124).

Qg yvwotov n kataotaon tng moAuduvapiog (stemness), mou xapaktnpilel ta
BAaoTika KUTTOPA, €lval pia KUTTAPLKN KATAOTAON TTOU OVAKUTITEL ETONG KAl OTOV
Kapkivo. Mia €vdelln mou ouvdéel tnv O6pdon tng RhoA pe tnv Katdotoon
noAuduvapiag eival n emayopevn anod tnv RhoA dwodpopuldiwon tou Stat3 (Ewk. 8). O
Stat3 eival o kUplog mapdyovtag LEow Tou omoiou Spa o mapdyovtag LIF, o omoiog
elval amapaitntog Katd TNV KaAALEPYELX TwV BAACTIKWY KUTTAPWY TIPOKELLEVOU QUTA

va dlatnpouvtal moAuduvapa (58).
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Ewova 8 : H RhoA ¢wadopuhiwvel tnv Stat3. Mia miBavrh ocuvdeon tng RhoA pe tnv
Katdotoaon moAuduvapiag eival n dwodopuliwon tou Stat3 (58). Zuyxpovwg, sival yvwotd
oTL 0 mapdyovtag Myc puBpuileL tnv ékbpaon tng RhoA (71).

H owoyéveila tov TGF

ApAoELG TNG olKoyEveLaG Tou TGFB

H olkoyévela tou TGFB neplhapPavel mepioootepa ano 30 péAn: tov TGFRB,
v AktBivn (Activin), tov mapayovta Nodal, tou¢ BMPs (Bone Morphogenetic
Proteins), tnv AMH (Anti-Miillerian hormone) kat toug¢ GDFs (growth and
differentiation factors). Mpokettal ywa kKutokiveg pe supeia Spdon mou eumAékoval
otn popdoyéveon TOAAWY OpyAVWY KOl OTNV OUOLO0TAON EVAAKWY LOTwV. Ta péAn
TNG OLKOYEVELAG, TIoU PBplokovtal TOCO ota OMoVOUAWTA 00O Kol ot acTovOUAa,
ekppalovtal oe SdLadopoug LoToUC Kal AELToupyolV KOTA T TPWTA otddla Tng
avantuéng aAAa kat kab’ 0An tn Stapketa TG LwNg MPOKOAWVTAC TTOLKIAEG BLOAOYLKEG
amokpioelg. MNailouv onUAVTIKO pPOAO OTNV AUTO-avavEwWon Twv eUPpuikwyv
BAooTikwy  KuTtapwyv, otn  yaotptdiwon, otnv  Siadopomoinon,  otov
noAamAaoclacpd, otn datrpnon tng moAuduvauiag kal otnv opyavoyEveor. Emiong

nailouv pOAO OTNV OHOLOOTACH TWV EVAALKWY LoTwV (125).

O TGFB puBuilel tnv kuttaptki pookoAAnon kat dpa mpooeAkUovtag Tt
HOVOKUTTOPO KOL TO PaKpodaya. AeSoHEVNC TNG eupeiag SpAcnC Tou, N EAATTWHATLKA

€kppaon tou oxetiletal pe Eva Peydlo UPog MABOAOYLKWY KATAOTACEWV OTIWG Ol
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OlUTOAVOOEG, OL KAPSLAYYELOKEC, Ol LVWTIKEC aoBEvVeLeg, KaBWCE Kal o KapKivog (125).
Elval yvwoto otL otov kapkivo o TGFB €xet S1Ttd poAo KaBwe €XEL KATAOTAATIKO pOAO
O€ TPWLKA 0TASLA TNG KAPKLVOYEVEDNC KAl OYKOyovo Spaacn o€ mio oYLpa otadla Tou
KapKivou, adoU KATAOTEAEL TO OVOOOTOLNTIKO olotnua. Amd Tt HoOpla TIOU
CUUUETEXOUV OTO Hovomatt Tou TGFB, autd mou eival mo ouxvad PeTalAayuéva o
avBpwrvoug Kapkivoug eivatl n mpwteivn Smad4, kat o umodoxéag tumou . Ot
O6paoelg tou TGFB eapTwvtal amod Tov KUTTAPLKO TUTo KaBwe Kal To mepLBaAlov Tou

Kuttapou (126).

To onpatodotikd povonatt tov TGFB

Ta péEAN NG owkoyévelag tou TGFB umokewrtal oe €Aeyxo o€ TMOANATAQ
enimeda. OAa to HEAN TNG OLKOYEVELOG PeTOPPAlOVTAL WG LEYAAUTEPO TIOAUTIENTIOLAL.
OL npodpopeg popdég (latency associated proteins r} LAPs) kAmolwv pHeAwy, Omwg oL
TGFBs, ta koBlotoUv avevepyd Kal emayouv Ttnv aMAnAenidpoor) Toug UE

KATAOTAATIKEG TpWTEiveG (latent TGF binding proteins i LTBPs) (127).

H petaywyrn TOU GAUOTOC OTOV TUPNVA VIVETAL HECW TOU OXNUATIOMOU EVOC
CUMMAEYATOC TTOU amoteAeital amo toug untodoxeig tumou | (TRI/ ALK 5) kat tumou I
(TRII). O vumoboyxeic amotedolv Kvdoeg oepivng/Bpeovivng. Ymdpyouv entd
umodoyxeig tumou | kat mévte tumou Il. Metd amnd Siéyepon e tov TGFB, o ouvbETng
€pxetal o emadn pe tov TRIl Kal oTn CUVEXELA TO CUMMAeyUO UTIOSOXEQ-CUVEETN
€pxetat oe enadn pe tov TRI. Me autdv tov TPOmo SnULoUpYELTAL £va TETPAUEPEG
ouumAoko omou o TRII dwodopuAwwvel Tov TRI kat Tov evepyorolel. AkoAoUBwG o TRI

dwodopulwvel T Mpwteiveg Smads (Eik. 9).
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Ektog amo tic mpwteiveg Smad, o TGFB evepyorotel kot al\a, aveédaptnta
povoratia (Ewk. 10). To povomatt Ras—Raf-MEK—Erk MAPK evepyormoleital ano tov
TGFB péow tupoowikng dwaodopuAiwong tng ShcA amoé tov TRI xdpn otn SutAn
eldlkoTnTa KIvaong tou urmodoxéa. O TGFB emiong enadyel tn onuatodotnon amnod Tig
p38 Kkat JINK MAPK kwvaoeg. EmutAéov, puBuilet tn Spdon twv pikpwv GTPacwv Rho,
Rac kat Cdc42 mou puBpilouv TNV opydvwaon Tou KUTTOPOOKEAETOU Kal TNV yoviSLaKn
€kppaon. Tédog, o TGFP emayel Tnv evepyomoinon tng Akt péow tng PI3K, n omoia
OTN CUVEXELX EVEPYOTIOLEL LOVOTIATLA TTOU Tai{ouv POAO OTNV KUTTOPLKA ETPBlwaon Kot

avarmntuén, otnv petavaoteuon Kat otn Stadikacia tng dtnBnong (40).

TGF-f Receptor-mediated Signaling Pathway

Ewkova 9 : Znuatodotikd povondtt tov TGFB. OL cuvbETeg mpoodévovtal oToug UTIOSO)XE(S
tou TGFB, o untodoy£ac tumou |l dwodopullwvel Kal evepyormolel Tov urmodoxéa Tumou |, o
ormolog pe TN oslpd Tou dwWodwWPUALWVEL Kal evepyomolel TG R-Smads.
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non-Smad pathways

Ewova 10 : O TGFB evepyormolel Kot AAAQ ONUATOSOTIKA OVOTIATLA £KTOG Twv Smad (40).

Y& mponyoupevn HEAETN TOU gpyaoctnpiou pag (90) €xel Sewbel otL o TGFB
pubuilel TNV avadlopydvwon TOU KUTTAPOOKEAETOU TNG OKTivNG eite aueca
gvepyormolwvtag to povomatt RhoA/B/ROCK/LIMK2/cofilin, eite pakpompoBeopa
€Mayovtag To yovidlo tng Hikpng RhoB GTPaong and Smad kat non-Smad (MEK/ERK)

povormadtia o€ tvoPAaoteg kat HaCaT kepativokuTtapa.

O npwteiveg Smad

OL mpwrteive¢ Smad xwpllovtal O€ TPELG UTIO-OLKOYEVELEG OvVAAOya HE T
Aettoupyia Toug: Tig Smad mou puBuilovtal anod tov untodoxéa (R-Smads), Tig Smads
Stapeoohapnong (Co-Smads), kat T avaotaAtikéc Smads (I-Smads). KaBe R-Smad
€XEL €va potTiBo SXS oto KkapPofUTEAKO TNG AKPO Kol KABE KATAAOUTO OepPivNng
amoteAel otoxo tou TRI Avapeoa oti¢ R-Smads, ot Smad2 «kat Smad3
dwodopuAiwvovtat anod toug ALK4, TRI(ALKS), kat ALK7 kal peTdyouv Ta oipaTa Twv
TGFB kot Activin/Nodal. Ot ALK1, ALK2, ALK3, kat ALK6 svepyorotloUv TG Smadl,

Smad5 kot Smad8 mou GUUUETEXOUV OTO ONUATOSO0TLKO LOVOTIATL Tou BMP.

Metd tnv evepyomnoinon amnd tov TGFB, ot R-Smads oxnuatilouv éva TpLUEPES
ouumAoko pe tnv Co-Smad, Smad4. Ztn ouvEéXEla TO CUUMAOKO CUCCWPEVETAL OTOV
nupnva, omou pubuilel tnv ékdpaon Saddpwv yovidiwv-otdoxwv tou TGFB. H
ékppaon twv I-Smads, dnAadn twv Smad6 kat Smad7, emayetal anod ta PEAN TNG

olkoyévelag tou TGFB. Ot I-Smads epmodilouv g R-Smads va pwodopuAiwBouv amnod
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tov TRI, teppatilovtag £tol To onpatodotikd povomatt tou TGFB. H Smad7 aokel
ovaoTtoATikr 6pacn téoo oto povomndtitou TGFB 6oo kat oto povomndti tou BMP, evw
n Smad6 umAokdpel HOVO TO OeUTEPO. JUYKEKPLUEVA, N Smad7 MmAOKApPEL Tn
dwodopuliwon twv R-Smads amd tov TRI kat odnyel otnv oufikiTviwon Ttou
uTodox€a KOl OTNV QMOLKOSOUNC Tou amd TG Alydoeg ouikitivng Smurfl kal

Smurf2.

Ta apwvoteAka dkpa twv Co-Smad kat R-Smad (neploxé¢ MH1) pmopouv va
npoobebouv otnv 5’-AGAC-3’ aAAnAouyxia tou DNA, yvwotr wg Smad Binding Element
(SBE). Edboov oL Smads amd HOVEG Toug €xouv aoBevr) ouyyEvela POCGOECNC OTO
DNA, sivat anapaitntot kat Aot peTaypadlKol TapAayovTeC yia TNV aAAnAenidpoaon
pue to DNA. Emeldr) ol cupmAnpwpatikol autol mapayovieg £xouv SLadopeTLKN
Aewtoupylo avaAoya HPE TOV KUTTOPLKO TUMO, oL Mpwrieive¢ Smad pmopolv va
puBuioouv tn petaypadrn MARBoug yovidiwv pe StadopeTikol TPOMOUG. EmumAéoy,
EKTOG TWV HETAYPAPLKWVY TTapayoviwy, ot Smads pmopolv va aAANAemdpacouv Kat

LLE TPOTIOTOLNTEC TNC XpWHATIVNG (128,129).

Ot R-Smads kat n Smad4 meplappavouv 800 TMOAU KAAG GUVTNPNUEVEG
nepLoxég, 1 MH1 (Mad Homology Domain 1) kat MH2, ot omoieg Bpiokovtal oto
OULVOTEAIKO Kal KapBofuteAiko dkpo avrtiotolxa (Ewk. 11). Ot 8U0 QUTEC TEPLOXEG
Xwpilovtol amo pia AlyoTePo ouvTNPNUEVN CUVOETIKN TLEPLOXT) TTAOUCLA O KATAAOLTQ
nipoAivng (linker region). Ektog amnd tnv Smad2, n omnoia dev unopet va poodebel oto
DNA, oL teploxéc MH1 twv Smad eivat umevBuveg yla Tnv mpoodeon toug oto DNA. H
evélapeon neploxn dwodopuAlwvetal anod Kwvaoeg onwg ot MAPKs, n GSK3b kal ot
CDKs kot PE autov Tov Tpomo petadépel epebiopata amd Ao onuatodoTika
povordtia. H meploxn MH2 pecolafel otig aAAnAemibpdoelg avapeoa otig Smads pe
tov umobdoxéa 1 pe OAAAec Smads, eite pe petaypadlkolC TOPAYOVTEC,

OUVEVEPYOTIOLNTEC Kal cUVKaTaoToAeig (130).

IXETIKA He TNV Smad4, daivetal va £xel 8Laitepo polo avapeoa otig Smads
AOyw €vo¢g otolxeiou MAoUGCLOU O KatdAouta POAivNG 0TV CUVOETLKN TEPLOX TNG
[Smad4 activation domain (SAD)], To omolio eival urmtevBUVO yla TN GuVOPUOAOYNON

Kal TN petaypadlky evepyoroinon dtapopwv cupumAokwv Smad-DNA. H §pdon tou
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SAD, enutAéov, e€aptatal and tnv aAANAETidpacn Tou Ue TNV aKeETUAOTpavopEPAON

p300 (131).
A R-Smad Co-Smad I-Smad
Smad1, Smad2 Smad6
Smad3, Sn4ad5, Sn4ad8 Smad4 Smad7
Kinase sites
’ PY motif - NES: SAD PY motlf
X
@5% ' %4?
MH1 MH2 [ MH2
m ’ ‘ b o /// it r,/*'/
Basic Hydrophobic
pocket corr?dor pocket
B Ligands Type ll Type |
(examples) Receptors Receptors R-Smads Co-Smad
BMP2/4/7 ——» BMPR-Il ALK2 (ActR-IA) S
BMP7  — ActR-IllIB ﬁ ALK3 (BMPR-IA) Smad5 8
AMH  —> AMHR-I ALK6 (BMPR-IB) Smad8 4 @&
. 4 Ll Smad4
TGF — TRR-I
Activin, Nodal —— ActR-llll ALK (TRR:1) — L
i :::::‘; (ActR-IB) Smad3 RSmad-Smadé4 complex

Ewova 11 : Ou npwteiveg Smad kat ta dopka toug otowyeia. (A) OL mpwrteiveg Smad
anoteAouvtal ano SUo cuvtnpnuéveg eploxeg, MH1 kat MH2, kat pia petapAntr) cuvSeTikN
nieploxn}. Ot RSmads kat n Smad4 nepléxouv otnv MH1 meployn pia B-EAKa ylo tnv mpocdeon
toug oto DNA. Ou I-Smads otepoUvtal tng meptoxng MH1. Itic R-Smads kat I-Smads n
OUVSETIKN Tteploxn MePLEXEL éva poTifo PY (Pro-Tyr) To omoio avayvwplletal amno tig Alyaoeg
ouBKitivng. H cuvdetikn meploxn tng Smad4 mepléxel éva potifo mupnvikng e€66ou (NES). H
nieploxi MH2 aAAnAemiSpa e tov TRI (basic pocket) otnv nepimtwon twv RSmads, aAAd ival
umeBUVN KaL YLoL TOV OALYOUEPLOUO TO00 PeTafl Twv RSmads 6o kat petafd RSmad/Smad4.
Ytnv neploxy MH2 twv RSmads umdpyel pia udpodoPn meploxn mou xpnoluevel wg Bon
moAamAwyv aMnAemiSpdcswv. (B) Nopadeiypata peAwv tng okoyévelag tou TGFB kat n
oxéon Touc pe toug umodoyxeic tumovu I, timou |, Ti¢c RSmads kat tnv Co-Smad. To oxAua
OIEeLKOVITEL £va eTEpOTPLUEPEC oUUMAOKO Twv Smad mou amoteAeitatl anod 0o RSmads kat pia
Smad4 (daivetal pévo n meploxn MH2) (132).

O poAog tou TGFB otnv EMT

Elvat yvwotd otL o TGFB aokel Betikd poAo otnv Swadikacia tng EMT
(Epithelial Mesenchymal Transition). H EMT pmopei va BswpnBel wg pia Stadikacia
Sladopomoinong n popdoyéveong pEow TG omoiag dnuioupyolvial KAtd Tnv
guBpuoyEveon VvEoL TUTOL LOTWV. Zuyxpovwe n EMT cupBdarAel otnv maboyéveon
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000eVELWV OTTWE O PETAOTATLKOC KAPKivog Kal n ivwon. O TGFB emayel tnv EMT, kata
NV omola ta otevd ouvdedepéva HETAU Toug emBnAlakd KUTTOPA XAVOUV TNV
TIOALKOTNTA TOUG KOL OTTOKTOUV ECEYXUMOTLKO KL LETAVAOTEUTIKO patvotuTo (125).
Ze OAa ta in vitro povtéAa yla tnv EMT o TGFB kataotéAAel Stddopeg emBNALOKES
MPpWTEiveg, onwg n E-cadherin, n ZO-1 ko KATIOLEG KEPATIVEG KL ETAYEL TNV EKPpaon
HUECEYXUMATIKWY TIPWTEIVWV OMWG N GLUTPOVEKTIVN, N 0-0KTvVN TwV Aslwv MUKWV
KUTTAPpWV Kal n Puuevtivn. Emiong, cUpudwva UE HOVIEAQ TIOVIIKWY, TA KOPKLVLKA
KOTtapa ekkpivouv aocuvnBlota uPnAég b8b6oelg evepyol TGFB, o omoiog
gvalobntomnolel TG00 Ta KOPKLVIKA 000 KAl TA YELTOVLKA KUTTApA. AUTO ETUTPETEL OTA
KOTTapa va EedpUyouv amo tnv apxLkd KATaoTaATIKA enidpaocn tou TGFB, odnywvtag

otnv EMT (133).

Kata tnv g€€AEn tou kapkivou, n dtadikaoia tng EMT mpoodidel kakonBelg
LOLOTNTEG OTA KAPKLVIKA KUTTAPA CUUTEPAAUBAVOUEVNG TNG KLVNTIKOTNTAG KAl TNG
Slelodutikotntag. Ta GUOLOAOYIKA KOl TA HETACXNUATIOHEVO €MIONALOKA KUTTOpA
Tou €xouVv unootel EMT amoktoUVv 8LotnTeg PAACTIKWY KUTTAPwWVY. AuTr n olvdeon
avapeoa otnv EMT kat Tt BAAOTOKUTTAPIKEC LOLOTNTEC ATIELKOVIIEL TOV TPOTIO UE TOV
omoio eivat mbav n dnuioupyia kakonBwv PBAACTIKWY KUTTAPWVY OTOV KOAPKivVO

(134,135).

O poAog tou TGFB otn dwadikacia tng dtadopomnoinong

O poAog tng EMT otn dadikaoia tng Stadopomnoinong

Onw¢ avadépOnke kat mapandvw, n dtadikaocia tng EMT ocuvbéstal e Tnv
EMAYWYN TNG HETAOTAONG OTOV Kopkivo. Qotdoo, katd tn OSladkacia TG
euBpuoyéveonc n EMT eival amapaitntn yla tov Kaboplopd Tou KUTTopLlkoU TUTOU
(cell fate determination) mpokewévou va emiteuxBetl n opyovoyéveorn. MNPwWTOYeVNC

EMT cupBaivel KOTA TNV MPWLN ELBPUOYEVEGDN, AKOMN KAL TIPLV OO TNV eUdUTEVON,
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KQTA TO OXNUOTIOUO Tou AsupLkoU evdodépuatog (Ewk. 12) (136). Ztn cuvéxela EMT

TipaypaTomnoleital oto otadilo tng yootpidiwong (Ewk. 12).

Parietal endoderm Mesoderm formation

Primitive

l endodermal
cells

Early mesoderm

Ewova 12 : EOnALOLECEYXUATIKE HETABOON KATA TNV EUPpPUOYEVEDT. MpwTtoyevic EMT
OUMBaLveEL VWPIG KAt TNV EUPPUOYEVEDN, QKO KOl TIPWV TNV €UdUTEUON OTWG KATA TOV
OXNMOTLOMO Tou TIAEUpLKOU evdodépuatog (parietal endoderm) oto movtikl. H mpwtn EMT
META TNV epdUTEVON Elval AUTA TTOU cUBALVEL ATIO TA LECOSEPWLKA TIPOYOVIKA KUTTOPOL KATA
™ yaotpdiwon (136).

Apxlka oxnuatiletal pia mapodikn dour mou ovopaletal apxLkn ypauun (primitive
streak) kotd PNKOG TNG omolag petavactevouv Un Sladopomolnuéva KUTTapa TG
eMPBAAOTNG KaL eykaBioTavtal o VEEC TIEPLOXEC TOU EUPpUOU oL omoieg Oa e€eAixBolv

o€ peoodeppua Kat evdodepua (Ewk. 13).

Hensen’s node primitive streak

epiblast (ectoderm)

endoblast

. endoderm
migrating cells displacing
mesoderm endoblast

[Jectoderm  [] mesoderm [ ] prospective endoderm [ endoblast

Ewova 13 : METavAOTEUON TWV KUTTAPWYV TNG EMPBAACTNG YLA TOV OXNHATIOUO TOU
pecodépparog (pol) kot tou evéodéppartog (kitpvo).
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H mapaywyn tou pecodépuartog kat Tou evdodépuartog e€aptatal and TNV emLtuxn
olokAnpwon t¢ EMT Kol Tn HETAVACTEUCON TWV KUTTAPWVY HAKPLA ATtd TNV apXLKN
ypopuun. Méow tn¢ EMT ta moAwpéva emBNALOKA KUTTOPO LETATPETIOVTAL OE KLVNTIKA
kuttopa (137). Ta kOttapa mou Ba mapapeivouv otnv enipAaotn Ba dwoouv to

ETULPAVELAKO KOL TO VEUPLKO ekTOSepUa (138).

H omioBia, n péon kat n mpoobLa mepLloxr TNG apxXLKAG YPAUUNAE apouotalouV
Sladopetikn yovidlakn Ekppacn KabBwg Kot SLadpopeTKEG AVATTUELOKEG SUVATOTNTEC.
To evdodeppa avamtuoostal anod Ta KUTTapa NG eMPAACTNG TTOU UETOVAOTEUOUV
otnv T TPOcBla meploxn NG apxkng ypauung (Ewk. 14). Ie avtiBeon pe tO
HecOSeppa Kal To evOOSEPUQ, TO EKTOSEPUA TIPOEPXETAL ATIO TNV TIPOCOLA TtEpLOXN

NG eEMPAACTNG TIOU SEV ELOEPXETOL OTNV APXLKN YPOLUL).

Ewova 14 : Atadoponoinon euppuikwv BPAACTIKWY KUTTAPWV TtovTikou. A. adladopormnointa
ES B. mpwtoyevn evdodepuika kuttapa I mAsuplkd evoodeppika kuttapa A. tpodoBAaoTIKA
kUTtapa (trophoblast giant cells) ZT. tpodoPAaoctika kUTTapa (trophoblast stem cells) (1).
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AvoAUoelg Ekdpaong €xouv Seifel OTL Ta HEAN TNG olkoyévelag tou TGFP elvat
ONUAVTLKA Yl Ta Tapandvw avantuélokd otadla. H owkoyévela tou TGFB mailel
ONUAVTIKO poAo 100 ot dlatrpnon tng moAuduvauiog Twv PAACTIKWY KUTTAPWY 000
Kal otn Sdtadopormoinocr Toug mpog S1adopous KUTTAPLKOUG TUTIOUG EAEYXOVTAG TNV
€kdpaon KUPLWV pUBULOTIKWY yoviSiwv (23). EmutAéov, n Katd TOMoug ékdpaon Twy
QVAOTOAEWV TOU HovomaTol cuvelohEpel otn puBULoN Tng dadopomoinong Twv

TPLWV BAAOTIKWY OTPpWHATWV (7).

TéAog, elval yvwoto otL n kataotoAn Tou TGFP eival amapaltntn MpoKeUEVOU
va tapaxBouv emayopeva moAuduvapa BAaotika kuttapa [induced pluripotent stem
cells (iPSCs)]. Ot wopAdoteg, mou eival amotéAeopa EMT, pmopouv va
ETIAVOTTPOYPOUUATIOTOUV TIpoC iPSCs péow e€wyevwv HETAYPADIKWY TTAPAYOVIWY
(E. 15). O emavampoypaAUUATIONOC amattel tnv avtiotpodn OSladikacia
(MET:mesenchymal-to-epithelial transition) mou mpokUTTEL Amd TNV KATACTOAR TNG
EMT. Ma va ylvel auto, eivat anapaitntn n KataoTtoAr tng ékppaong tou TGFR1 kat
Tou untodoyéa tou TRIl. AeSopévwy TwV apamavw, n avoaotoAr tou Alk5 kat n Smad?7
UTOPEL VO UTTOKATACTAOEL TOUG TOPAYOVTEG SoX2 Kal c-Myc KaTd TnV mapaywyn Twy

iPSCs (139).

Ewova 15 : O emovanpoypopatioplog woBAactwy npog iPSCs amattei Tnv KOTooToAn g
EMT. E€wyeveic mapayovtec kataotéAlouv tov TGFB gpnodifovtag €tol tnv EMT (139).
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O poAog tou TGFPB otov KaBopLopo tou KuttaptkoL tumnou (cell fate determination)

Onwg avadépBnke Kal MPONYOUUEVWG, Ta HEAN TNG OKOYEVELAG Tou TGFB
geUmMAEKovTal otn Stadlkacio TG MPWLUNG gUBpUOYEVEDSNC KAl oTn Slatrhpnon g
moAubduvapiag twv eUPpUIkWV PAAOCTIKWY KUTTAPWVY. ZUYKEKPLUEVA, OpOuUV WG
Hopdoyova mapExoviag MANPodopileg yla Tov KABoPLoPO Twv afovwy, apxikd, oAl
KOLL TOU TUTTOU TWV KUTTAPWV Ttou Ba oxnuatiotolv otn cuvéxela (cell fate), Twv lotwv
Kal OAOKANPwWV Twv opyavwv (128). O kaBoplopog Twv afovwy e¢aptatal anod tnv
TIOOOTNTA, TOV XPOVO KOl TOV TOTO €kKplong (Stafabuion kAlong) Twv mapayoviwy
outwyv. To onuatodotikd povomatt tou TGFB aokel katd kUpLo Adyo petaypadiko

€\eyxo o€ opoLOOTATIKA Yovibla.

O pOAOG TWV HEAWV TNG OLKOoyEvelag Tou TGFB amodelkvUetal o€ TOANEG
ueAéteg Stadopomnoinong (Ewk. 16). Na nmapadeypa n mpoodrikn BMP o cuvbnkeg
amouciag opol 06Nynce OTO OXNUOTIOUO  HECOSEPULKWV Kuttapwv (134). H
evepyonoinon tou Nodal énetta and npoobrkn AKTiBivng MPokAAECE TOV OXNUATIOUO
KUTTOPWY TNG TPOOoBLOG TEPLOXNC TNG QAPXLKAG YPAUUNAG, KAl TOV €makoAoubo
OXNUOTIOUO €vOOOEPUATOGC 1 MECOSEPUATOC avAAOya HE TN OCUYKEVIPWON TNG
AktiBivne. To pecoddeppa oxnuatiletal mapoucia BMP kol pecaiwv emumédwv
AxtiBivng kat Nodal, evw avtiBeta n dtadopormoinon mpog evdodepua emayetaL anod
vpnAa enineda AktiBivng kat Nodal amoucia opou. Mapad tov poAo tng AKTLBivng Kat
tou Nodal otn Swatripnon tng moAuduvapiag twv ESCs, oL mapayovteg avtoi Sdpouv
emayovtag tn OSlwadopornoinon mpo¢ peosvdOSepupa, TOV KOWO TPOYovo TOu
pecodéppatog kal tou evdodbépuatog (140). e avtiBeon He TOUG TOPAYOVTES

AktiBivn/Nodal, o BMP emdysl tov oxnuatiopd tou ormicbou mAnbuopol twv

KUTTAPWV TNG APXLKIG YPAUUAG.

Ta veupika kUTTapa KaBwe Kal to dépua pogpyovtal amo to ektodepua. O
OXNUOTLOUOG TOU EKTOSEPUATOC avadEpPeTaL cUXVA wE TO “poemileyuévo” (default)
HOVOTIATL, 0oV TO VEUPOEKTOSEPUA OVANMTUCOETAL QUTOMOTO armouciot opoU N
omoloudnmote emaywywou Tmapayovta. H ouvepylotiky 6pdon tou Noggin
(avootoAéag tou BMP) pe tov SB-431542 (avaotoAéac tng AktiBivng, Tou TGFB Kkat

tou Nodal) apkel yia va emayel ™ veupkn Stadopomnoinon oe hESCs kat iPSCs
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(141,142). >uykekpiuéva yo tov BMP eival yvwoto OTL avaocTEANEL TNV VEUPLKN
Sladpopormnoinon ota mpwipa otddla tng yootpldilwong, evw TNV EMAYEL OE TLO 0P LU
otadia. Emiong, evepyomolel To OXNUATIOUO EMISEPULKWY KUTTAPWV oo mESCs (149).
TEANOG, OXETIKA e TOV pOAo tou BMP katd tnv epPpuoyéveon, avadépetal OTL
movtikia xwplg tov umodoxéa Ttou BMP (ALK-3) mapoucialouv HELWHEVO

TIOAAQITAQCLOO O TWV KUTTAPWV TNG eTBAaotng (143).

peed NEUTE]

— SKiN

Hematopoietic
Ivascular
- Cardiac

Others
(skeletal etc.)

Pancreas

> Liver

Others
(lung etc.)

Ewova 16 : O polo¢ twv HEAWV TNG OlKOyEvewng tou TGFB otn Siatfipnon Kot
Stadoponoinon twv ESCs. Ta BEAN Tpo¢ Ta AVW UTTOSELKVUOUV TNV EMAywWYN, EVW T BEAN
TPOC T KATW TNV OvaoTOA amo Ta PEAN TNG olkoyévelag otn Swatrpnon (M) kal ot
Sladopormnoinon (D) Twv ESCs kal Twv mapaywywv touc (134).

H rmapaywyn kapdlopuokuttdpwy amnod euPfpuikd BAaotika kuTTapa Bploketal
OTO ETUKEVTPO TOU evdladEpovtog MOAWY €peuvnTiKwY opddwy, kabwg Ba €xel
HEYAAN KAWVIKA onpaocia yla tn Bepameia KapSlokwv aoBevelwv ONwE To Epdpayua
Tou puokapdiou. H AktiBivn kat o BMP4 £xouv xpnotuomnolnBet yia tn Stadopomnoinon
hESCs mpoc kapSlopuokutrapa (144) kaBwc eMAyouV TOV OXNHUATIOUO LECOSEPULKWV
KUTTAPpWV Ta omola otn cuvéxela Ba diadopomoinbolv npog kapdlakad kuttapa. H
6paon Toug eival KaBopLOTIKN G onuaociag Otav MPooTiBevtal og MPWLHO oTAdLo TNG
Stadopomnoinong. Emiong, o mapayovrag Nodal palli pe tov TGFB2 emdyouv tov
OXNUATIOUO TIPOSPOUWV KOPSLAKWY KUTTAPpWY amod euBpuikd BAAOTIKA KUTTOPA OE

TPWLYO otadio (145).
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AKOUN, umapxouv Alyeg HeAETeC oxetika pe tn Spacn tou TGFB ota
noAudUvapa BAaoctikd kuttapa CGR8 kat tn Swadopormoinon autwv TPOG
kapdlopuokuttapa. Emwaon twv CGR8 pe TGFR1 1 BMP2 oénynoe oe auénuévn
EKPpOon HECOSEPUIKWY Kol KapSLaKwV Yovidiwv-8elkTwy, Onw¢ Tou Yyovidiou
Brachyury (16,134,146). X &AAN peA€tn, o TGFB2 kat oxtL ot TGFR1 kat TGFB3, avénoe
Tov ToAAamAaclaopo euppuocldbwyv cwpatdiwv (EBs) omwg emiong kot Tt
Slapopormnoinon toug og pubuka kUTTopa. X 17 nuépeg, To 49% twv EBs mou eixav
enwaotel pe tov TGFR2 gudavicav pubuo (147). TéNog, n evepyomnoinon tng Smad2
amnd toug napayovteg Nodal/Cripto sival amapaitntn yla tTnv enaywyn TG TPWLUNG
evbobepULknG Kal pecodepuikng Stadopomoinong. AvtiBeta, oe oo otadlo ot
napayovieg TGFB/AktBivn puBuilouv apvnTikd TNV KAPSLOHUOYEVESH HECW TNG

gvepyormnoinong tng Smad2 (148).

IXETIKA PE TN Sdladopormoinon nmpog evdodepua, ol Gouon-Evans et al. (149)
dnuoupynoav évav mMANBUCUO eVEOSEPULKWY TIPOYOVIKWY KUTTAPWY KOAALEPYWVTAG
mMESCs mapouoia AktiBivng Kal amouacia opol Kal Stadoponoincav MeEPALTEPW TA
KOTTapa 1pog nratikd pe BMP4, AktiBivn kat FGF (fibroblast growth factor). Emiong,
ot Shiraki et al. (150) métuxav O&ladopomoinon NPOC TAYKPEATIKA KUTTApA

xpnotpomnowwvtag BMP4 kat Aktiivn oe Stddopa BrApata tng Stadikaciag.

Awadopég otn Spdon Twv peAwV TG otkoyévelag tou TGFB otov avlpwmo

KOLL TO TLOVTiKL

To av ta ESCs Ba mapapeivouv moAuduvapa i oxtL e€aptatal and evOoyeveig
oM@ Kol e€wyevelc TTapAyovTeG. IToug evOOYEVEIG TapAyovTeg ephapBavovtal n
peBUAiwon tou DNA, oL TPOMOMOIACEL TWV LOTOVWV KoBwG Kal Kuploapyot
petaypadlkol mapayovieg onwg ot Tcf3, Nanog, Oct4, kat Sox2. Ou efwyeveic
TIAPAYOVTEG, WOTOCO, Tou kaBopilouv tnv dlatipnon tng moAuduvapiag dtadépouv
HeTafL Twv MESCs kat hESCs. Mo ta mMESCs elval amapaitntol ot mapdayovteg LIF kat
BMP (Ewk. 17, 18), evw ta hESCs xpeltalovral tov mapayovta FGF (fibroblast growth
factor) kat tn onuatodotnon Aktiivng/Nodal (151).
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Jta. mESCs o LIF kataotéMAel tn Sladopomoinon mpog HecOSeppa Kal
evb0depua, evw o BMP kataotéAAeL T Stadopormoinon mpog veupoektodepua (20).
To onueio oUykALoNg Twv dVo Mapayoviwy eival n puBuion tou ERK (extracellular
signal-regulated kinase). H 6pdon tou ERK eivat onuavtiki otn pubuwon tng
Sladopomnoinong kabwg xapnAn evepyotnta Slatnpel TNV KAvVOTNTA OQUTO-
avavéwong Ttwv ESCs (152), evw uyPnAn evepydotnta tou ERK odnyel o¢
Stadpopomnoinon (Ewk. 17, 18) (153). Zuykekplpéva, o LIF evepyormolel To povomatt tou
ERK péow tou gpl30 ota mESCs (154) kat o BMP to avaotéAAeL emayovtag tnv
€kppaon tng Dusp9 odnywvtag oe pia Looppomnuévn evepyotnta tou ERK kat

Staodalilovrag £toL tnv moAvduvapia Twv kuttapwy (Ewk. 17) (155).

Juvenwg, o BMP eival onpavtikog yia tn Slatripnon tng moAuduvauiog povo
ota movtikia. Ot avtiBetol poAot tou BMP ota gufpuikd KUTTAPA TOU TIOVTIKOU Kol
Tou avBpwmou odeilovtalt mBavwg ota avantuflokd otadla ta  omola
QVTLTPOOWTEVOUV Ta KUTTapa autd. Ta hESCs Bewpouvtal avtiotolya e Ta KUTTopa
™¢ erPAaotng, evw ta MESCs poldlouv MEPLOCOTEPO LE TNV ECWTEPLKA KUTTAPLKNA

pala mou Bewpeltal pia o apxéyovn kataotaon (naive state) (22).

LIF FGF BMP
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Ewova 17 : O LIF ko 0 BMP cuvepydovrtal yla va SLathpoouV TV oUTO-avVavEWGT TWV
mESCs. OL UTtoS0XE(G TUPOGLVLKAC KLvAong, Omwcg ot FGFs, evepyomoloUv TUTILKA TO OVOTTATL
MAPK/ERK kot emdyouv tn Stadopomnoinon. O BMP enayet tic Smad1/5/8. Evag amd toug
KEVTPLKOUC oTdxoug Tou eival pia pwaodatdon tou ERK, n Dusp9. H Dusp9 KataoTtéAAEL TNV
gevepyotnta tou ERK vumootnpilovtag tnv moAubuvapio. Méow TNG TOUTOXPOVNG
gvepyoroinong tou yovidiou Id amd tov BMP kat tou STAT3 amd tov LIF, autoi ot Suo
TIAPAYOVTEC EMAYOUV TIEPALTEPW TNV TOAUSUVapic avaoTEANOVTACG TNV VEUPOEKTOSEPULKH Kl
peoevbobepuikn Stadopomnoinon avtiotowa (127).
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Ewova 18 : H AktBivn, o Nodal ko to povomdtt PI3K/Akt ouvepydlovtor yio vo
Siatnprioouv tnv toAvduvapio ota hESCs. Ou AktiBivn kat o Nodal emdyouv tic Smad2/3 kat
£va yoviblo-kAe1di yia ta ESCs, to Nanog. H evepyomoinon tou PI3K/Akt smtuyyavetal péow
aUENTLKWV TTapayovIwy onwe FGF kat IGFs, mpdyua rmou odnyet o€ kataotoAr tou ERK. Otav
n onuatodotnon peow PI3K/Akt pewwvertat, o ERK evepyomoleitat ko KOTaoTEAAEL TNV KvAon
GSK3b. Autd odnyel otnv otaBeponoinon g B-katevivng, n omoia aAnAsrudpd UE TIC
pSmad2/3-Smad4 sndyovtag tn petaypadr yovidiwv mou endyouv tn Stadopornoinon (127).

Apdon twv Smad npwteivwv otn dtadikaocia tng Stadoponoinong

2tn BBAoypadia umdpxouv apkeTeG LEAETEC ou emiBefalwvouv Tov polo
Twv Smad mpwteivwyv otnv euBpuoyéveon. EuBpua movtikwy ota omoia gixe yivel
arnoocwwninon t™¢ Smad 4 euddvicav eAATT MOAAATMAACLOOUO TWV KUTTAPWVY TNG
emBAGoTNG Kal kaBuotepnuévn avamntuén tng ICM (156). OL mpwteiveg Smad2 kat
Smad3 ekppalovtal oTo EUBPUO TOU TTOVTIKOU OO TO OTASLO TWV TEGOAPWV KUTTAPWV
kal kaBopilouv tnv mopeia tn¢ OSladopomnoinong pe docoefaptwpevo TPOTO.
JUyKeKpLéEva, N Smad2 ekdpaletal o TOAU PEYAAUTEPEC TTOCOTNTEG OTO TIPWLLLO
€uBpuo amd O, Tt n Smad3. Movtikia Al yla TI¢ Suo Mpwtelveg otepouvTal

HECOSEPUOTOC KAL OTTOTUYXAVOUV VA UTTOUV 0To oTddlo TG yaotpldiwong (157-159).

Ye avOpwmiva PBAacTKA KUTTOpA KOATA TN OLAPKEW TNC TPWLUNG
Swadopomnoinong, n onpatodotnon arnd tig Smad 2/3 pelwvetal evw n onuatodotnon
and tg Smad 1/5 evepyonoleital. Emiong, éMewdn tou unmodoxéa tou TGFB mou

pneocolaBel tn onpatodotnon amod tic Smad 1/5 npokaAel HELWUEVO TTOAATTAQCLACUO
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TWV KUTTApWV NG emPAdotng oto movtikt (158). H dwaodopuliwon twv Smad2/3
EMAYEL TNV €kdpaon Tou yovidiou Nanog kat elval amapaitntn yla tn dtatipnon tng
ICM tou epPpuou tou movtikoU. Qotdco, avadEPETAL OTL N EVEPYOTOLNOT Tou Sev
elval anapaitntn ya tn dtatipnon tng moAvduvapiog Twv mESCs, aAAd n avaotoAn
TOU povomatioU amd tov SB-431542 eixe wG AMOTEAECUA TN HUELWMEVN €KPpacn
yovibiwv-6eiktwy moAuduvapiag (158,160). Ou Vallier et al. avadépouv mwg n
AxtiBivn kat o Nodal evééxetat va diatnpouv tnv moAuvduvapia o hESCs xwpig va
EMAyouv tn pecevdodepuikn dtadopomnoinon. MeTA TNV aAvaoTOAn TOU LOVOTIATIOU
amo tov SB-431542, napatripnoav otL avédavetatl Eéviova n €kppaon tou yovidiou SIP1
(Smad-interacting protein 1). Otav to povomndrtt eivat evepyo, ol Smad2/3 pall pe to
Nanog kat tov Oct4 kataotéAAouv TNV Ekppaacn Tou SIP1. AvtiBeta, Otav To povomaTtt
KATaoTEAAETAL, N auEnuévn SIP1 KOTAOTEANEL TEPALTEPW Ta UPLOTANEVA EMIMESA TNG
AxtiBivng kat tou Nodal, pewwvovtag £tol TNV KOVOTNTA TOUG Vo EMAYOUV TN

Sltadopomnoinon (160).

O napayovtoag Nodal epumAéketal emiong otn SLaTHPNON TWV XAPOKTNPLOTIKWY
Twv ESCs. Zto movtiki, o Nodal ekdpaletal oe 0An TNV EMPBAAOTN TIPLV TO OTASLO TNG
yaoTpldilwong Kal oTn oUVEXELA TIEpLOPLIETOL TAXEWC OTO OTicOLo TUAUa Tou epBplou
onuaivovtag £ToL TNV EPLOXN IOV Ba oXNUATLOTEL N apXLKA YPoUUn (primitive streak)
(157). EpBpua movtikwyv eAAeUTTIKWY yla tov mapdyovta Nodal i ywa tig¢ Smad2/3
oxnuatilouv pia moAU pikpn emPAdotn pe oAU xapnAd enineda ékppaong tou Octd
(10,14). >ta hESCs n onpatodotnon and toug Nodal/pSmad2/3 kot n avaoTtoAr g
GSK3b eival emapkeig yia tn dtatrpnon tng moAuvduvapiag (161).

TéNog, o GAAN peAétn, n avaotoArn tou povoratioy AktiBivng/Nodal/TGFB
a6 tnv Smad7 ) tov SB-431542 peiwoe Spapatikd tov mOAAAMAACLOCUO EUPPUIKWY
KUTTOPWV TIOVTIKOU XWPIC va HELWOEL TNV MoAuduvapia Toug. AvtiBeta, n avaotoAn
Tou BMP 6ev eixe mapopola amoteAéopata. e KaAAlEpyela amoucia opoU n
npoodnkn AktiBivng 1 Nodal, aA\a oxt TGFB n BMP, auénoe tov moAAamAacLlaopo
TWV KUTTApwV Xwplc va ennpealel tnv moAuduvapia toug, umodnAwvovtag OtL ol
evboyeveic mapayovteg AktiBivn kat Nodal mpodyouv tnv auto-avovéwon Twv

Kuttapwy (162).
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2TOXOI THz NAPOYZzAz AIATPIBHzZ

Jtoxo¢ NG mapouca¢ SwatpPric Atav n Slepelivnon TWV UNXOVIOUWV
HeTaypadlkng pubuwong Twv Uikpwv Rho GTPacwv RhoA kat RhoB. Zuykekpipéva
pueAetnOnkav ta enineda ékdpaong Twv dVo yovidiwv oe pucloloyikad (CGR8) kat
KapKWiKA (P-19) BAaotika KUTtopa KaBwg Kol o€ SLADOPEG KOPKIVIKEG KUTTOPLKEG
oelpéC. Emiong, emuxelpnBnke pia Asltoupylkr) avaAuon Twv UTOKWVNTWY Twv SUo
yoviblwv TIPOKELUEVOU VO €VTOTLOTOUV TiBava pubULoTIKA oTtolxelor mou eival
ONUAVTIKA Yyl TNV Hetaypadlk) toug pubuion ota PAactikd kUttapa. TEAOG,
SlepeuvnBnke n mBavotnta petaypadlkng avtoppuBuiong twv RhoA kot RhoB
yoviSiwv.

‘Evag akopa otoxog tng mapovooag StatplBig Atav n PeAETn tou mubavoul
pOAou Tou onuatodotikol povomatiol Tou TGFB otn puBULon TNG €kdpacng Twv
RhoA kat RhoB yovibiwv ota BAaotika kuttapa. Apxlkd HeEAETAONKE n mBavotnta
gvepyormnoinong tou yovidiou t¢ RhoB amd tov TGFB ota ¢ucloloyikd BAaoTika
KOTTOpa. ITn ouvéxela dlepeuvnBnKav ol ouvlnkeg uUMO TG omoieg o TGFB ntav
duvatdv va emayel tn dlodopormoinon tTwv BAACTIKWY KUTTAPWV Kal, OKOUA, Ol
mBavég petaforéc otnv ékdpacn Twv RhoA kat RhoB yovibiwv katd 1tn

Sladpopomnoinon.
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YAKQ

Ta Bpentikad vALka KnockOut DMEM , a-MEM , Dulbecco’s modified Eagle’s
medium (DMEM), ta aupwoééa NEAA, n L-glutamine, ta avtplotika
penicillin/streptomycin, n B-mercaptoethanol, n trypsin/EDTA , to éviupo DNase |
(Amplification Grade) kat ta dNTPs ayopdaotnkav amnd tnv Thermo Fisher Scientific
(Carlsbad, CA). O opog Hyclone Research Grade Fetal Bovine Serum, South American
Origin ayopdotnke amo tnv GE Healthcare kat o kowdg opdg Fetal bovine serum (FBS)
ayopaotnke amo tnv SIGMA-ALDRICH. To Attractene Transfection Reagent
ayopdotnke amo tnv Qiagen. Ta mneploplotikd €viupa kot n T4 DNA ligase
ayopaotnkav ano tnv Minotech (HpdakAelo, EANAada) 1} anoé ta New England Biolabs
(Beverly, MA). To évlupo Go Tag DNA moAupepadon, to luciferase assay system, to Cell
culture lysis 5x reagent kat n M-MLV Reverse Transcriptase ayopdotnkav amnd tnv
Promega (Madison, WI). Ta NucleoSpin Gel/PCR Clean-up system kat NucleoBond PC
yla kaBapopd mAacuidiakov DNA ayopaoctnkav amo tnv MACHEREY-NAGEL. To
RNAiso Plus reagent yia tnv amopovwon RNA kat ot Random Primers ayopdotnkav
a6 v Takara. To KAPA SYBR FAST gPCR Master Mix ayopdotnke ano tnv Kapa
Biosystems  (Wilmington, MA). ©OAa ta umoAouta  oAlyovoukAeotidia
KOTOOKEUAOTNKAV OTO €PYOOTNPLO UIKPpOXNHUElAC Tou Ivotitoutou MOPLOKNAG
BloAoyiag kal Biotexvoloyiag (IMBB) tou ITE 4 amd tnv Eurofins genomics. O
kataotoAéag C3 transferase ayopaotnke amo tnv Cytoskeleton, Inc. (Denver). O
Recombinant Human TGFB1 ayopdotnke amnd tnv R&D Systems. To avticwpa Nanog
ayopaotnke amnod tnv Cell Signaling. O avaoctoAéag SB-431542 ayopdotnke amod tnv

SIGMA-ALDRICH.
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M£Bodot

KuttapokaAAiépyeLeg

Ta epBpuikad BAaotikd kKUTTapa tovtikol CGR8 rtav euyevikin mpoodopd tng
Ap. A KpetooBaln, ITE, HpakAelo) kaAAiepynOnkav oe KnockOut DMEM (Thermo
Fisher Scientific) mapoucia 15% opou (Hyclone), 1% NEAA, 2 mM L-yAoutapivn,
nevikilivn/otpentopukivn, 0.1 mM B-pepkantoatBavoln and Leukemia inhibitory
factor (LIF, 2ul/ml) oe tpuBAia enmwaopéva mponyoupevwe pe 0.1% StdAvpa
lelativne. Ta kuttopa apatwvovtayv (split) kabe 2-3 nuépeg pe xpron StaALpATOG
toudivng (trypsin-EDTA). lNa tnv enwoon pe tov avaotoAéa C3, kuttapa CGR8
kaAAtepynOnkav amouvoia LIF yia 48 wpeg. O C3 (0.1 pug/ml) mpootédnke ywa 4h (26h
HETA TNV amopdkpuveon tou LIF) ) ywa 18h (30h peta tnv anopdkpuveon tou LIF). Ta
EUPBPUOVIKA KOPKIWVIKA KUTtapa P-19 ntav euyevikn mpoodopd tng Ap. M.
Nanaladeipn, Tunua Blodoyiag, EKMNA, ABrva). Ta P-19 kaAAilepynOnkav oe a-MEM
(Thermo Fisher Scientific) mapouvoia 10% opou, 1% NEAA, 2 mM L-yAoutapivn,
TeviKIAivn/otpentopukivn. Ta kUTTapa apatwvovtay (split) kabe 2-3 nuépeg.
Ta nmatikad kuTtapa HepG2 kabwg Kat ta vedppika kuttapa nibrikou COS-
7 kaAAepynOnkav oe Dulbecco's modified Eagle's medium (DMEM high glucose) pe
10% FBS kot 2% mevikilivn/otpentopukivn. Ta emBOnAiakd kuttapa pactov MCF 10A
kaAAlepyrnOnkav ce DMEM/F12 pe 1% L- yAoutapivn, 1% mevikihivn/oTpentopukivn,
5% heat-inactivated horse serum, 100 ng/mL tofivn tng xoAépag, 10 mg/mL
tvoouAivn, 20 ng/mL EGF and 0.5 mg/mL udpokoptilovn. Ta MCF7 kUttapa Tou
ipoépyovtal amno adevokapkivwpa paoctol kaAAlepynOnkav oe high glucose DMEM,
10% FBS, 16 ng/ml vaoulivn kot 1% mevikihivn/otpentopukivn. Ta KapKVIKA KUTTOpO
paotou MDA.MB.231 kaM\epynOnkav oe high glucose DMEM, 10% FBS kat 1%
nievikihivn/otpemtopukivn. Ta Kapkwikd kottapa tou mpootdtn DU145 kot tou
naxéog evtépou HCT116 kaMAepyrOnkav ce RPMI 1640 pe 10% FBS kot 1%
nievikilivn/otpentopukivn. Ta KopKvikd kottapa nvevpova H1299 kaAAlepyrnOnkav
oe high glucose DMEM pe 10% FBS kat 1% mevikihivn/otpentopukivn. OAeg ol
KUTTOPLKEC OELPEC KaAALlepynOnkav og 37 °C kat 5% COa.
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Napaywyn LIF

H napaywyn tou LIF éywve pe empoAuvVon Tou MAACHLSIOU TTIOU TIEPLEXEL TO AVTLOTOLXO
yovidio og kuttapa COS-7 pe tnv uéBodo tng Attractene. e 300.000 kuttapa COS-7
npootiBevtat 10 ml BOpemtikov. Mapaockevdletal peiypa mou meptéxel 300ul
Bpemntikol Xwpilg avtiBlotikd, 15 pl Attractene Reagent kat 4 ug DNA to omoio
adnvetal os Beppokpaocia dwpatiov yia 10 min. 2tn cuvéXeLa TO Pelypa mpooTiBeTal
otaydnv ota KUTTtapa. Tnv eMOUeVN HéEpa yivetal aAAayn Tou Bpemtikol, mpoobnkn 5
ml véou BpeMTIKOU KoL Ta KUTTapa oiprivovtal o€ cUVONRKEC KAAALEPYELAC YLaL 5 NUEPEC
XWPLG Kapla mepattépw aAlayn Tou Bpemtikol. To UypO TTOU GUAAEYETAL TTEPLEXEL TOV

LIF. To uypo ¢puyokevipeital kat pAtpapetal. Alatnpeital otoug -80°C.

Anopdvwon RNA (RNA extraction) ané kuttapa OnAaotikwy

H amopovwon tou RNA mpaypatomnoteitat pe RNAiso Plus reagent cUpdwva pe to
MPWTOKOAAO NG etatpeiog Takara. Ol mMoootTNTEC Twv avidpaotnpiwv adopouv
anopovwon amno tpuBAio 6-well.

— Adaipeon tou Bpemtikov

MpooBnkn 1ml 1x PBS kpUoU, ATTOCTELPWHUEVOU KL ATIOLAKPUVON

— MpooBnkn 1ml RNAiso Plus

— Opoyevomoinon Twv KUTTAPWV UE TIWTETA Kol peTadopd o€ cwAnvakia 2ml
— Enwaon ywa 5 min og Beppokpacia Swpoatiouv

— MpooBnkn 200 ul CHCl3

— 'Evtovn avakivnon yla 15 sec

—  Enmwaon yta 5 min

- Quyokévtpnon: 12000 rcf yia 15 min otoug 4 °C

-  Metadopa tng vdatikng paong (~500 pl) o cwAnvakt 1,5ml

— MpooBnkn 0,5ml LoompomnavoAng Kat avakivnon

— Enwaon yta 10 min og Bgppokpacio Swpatiou

—  Quyokévtpnon otig 12000 rcf yia 10 min otoug 4°C kai adaipeon tou
UTIEPKELUEVOU

— MpooBnkn 1ml 75% Et-OH ko cuvtoun avakivnon
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—  Quyokévtpnon otig 7500 rcf yia 5 min otoug 4 °C, adaipeon Tou UTIEPKELUEVOU
—  2Téyvwua ¢ MeEAAETAC OTOV amaywyo yla 5 min
— Emavadiaiuon og 50 pl WFI

H ouykévtpwon tou RNA petpatal pe pwrtopérpnon ota 260 nm OTO pnxavnua

Infinite M200 PRO multimode reader (TECAN).

Avtidpaon DNdaong

MNna va anodevyBel n mbavotnTa va umtdpxel evamnopeivav yevwpikd DNA oto RNA
mou amnopovwBnke, ta Seiypata RNA enwalovtal pe DNaon mpwv tnv avtidpaon
avtiotpodng petaypadnc. Zupdwva pe To MPWTOKoAAo tng etatpiag (Thermo Fisher
Scientific) , mapaokevaletal otov mayo piypa amo : 1ug RNA, 1 pl 10x DNAase |
Reaction Buffer, 1 pl DNase | kat WFI péxpt teAikov dykou 10 pl. To piypa emwaletot
yla 15 min o€ Beppokpaocia dwuatiou. MpootiBetal 1 pl EDTA oe kaBe deiypa Kal to

€viupo amnevepyomnoleitat otoug 65°C yta 10 min.

Avtidpaon avtioctpodng petaypadng (reverse transcription)

H avtidpaon avtiotpodng petaypadnig €ywve cupudwva Pe tig odnyieg tng Promega

yla tn xprion tou evlupou M-MLV Reverse Transcriptase.

Avauién:
o 2 pugRNA
o 1 ugRandom Primers 1} Oligo dT
o H;0 péxpt teAkol oykou 13.4 pl
— 5 min otoug 70°C
— Z0VTOouN EMWOON OTOV TAYO
— ZUvtopn duyokévtpnon
— MpooBnkn:
o 5 ul 5x buffer
o 5l dNTPs (10mM)
o 0.62 pl RNase OUT

o 1 pul M-MLV Reverse Transcriptase
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— Avautén kot cuvtopun puyokévipnon

— 60 min otoug 40°C

OAeg oL emwaoelg yivovtal og pnxavnua PCR (thermal cycler). O teAlkdg Oykog TG
avtibpaong eivat 25 pl. To cDNA mou mopdyetat amdé Tnv avtibpoon

anoBnkevetal otoug -20°C.

PCR
H PCR o€ thermal cycler xpnotpomotiBnke yla tnv apxtki avixveuon tng ékppaong
Twv yovidiwv RhoA, RhoB, tubulin, Brachyury. To piypa tng avtidpaong nepleixe:
80 ng cDNA, 1 ul amoé tov kaBe ekkwvntr (10 pmol/ul), 5 pl X Green GoTaq
Reaction Buffer, 1.5 pl MgCl; (25mM) , 3 ul dNTPs (2mM), 0.3 pl GoTaq G2 Flexi
DNA Polymerase, ddH;O0.
To mpOypap A TTOU XpNoLlomoLOnke Atav to akoAoubo :
1.94°Cywa 4 min
2.94°Cywa 30 s
3.58-60°Cywa 30 s
4.72°Cyw 20 s
5. 31-37 dop£g emavainyPn Twv otadiwv 2-4
6.72°Cywa 5 min
7.4°C
Ma tnv RhoA, tnv RhoB kal tnv toupmnouAivn n Bepuokpacia tou annealing Atav

60°C, evw yla to Brachyury 58°C.
Real Time PCR

Ou Real Time PCR mpaypatomnowifnkav oto pnxavnua Step-OnePlus Real-Time
PCR system (Applied Biosystems) kot To AOYLOWLKO TTOU XPNOLUOTIOLRONKE NTav TO
StepOne Software v2.3. To mpoypappa mou akoAouBnbnke NTav 1o MapaKATW:

1. 95°Cywa20s

2. 95°Cyw 0.03s

3. 60-62°Cywa 0.30s
4

EmavaAnyn twv Bnudtwy 2-3 yia 44 KUKAOUG
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5. 95°Cyw 0.15s

lNa to yovidio tng mRhoA n Bepuokpacio touv annealing tav 61 °C, yia tnv mRhoB

62 °C kot yla OAa ta urtoAourna yovidia 60 °C

To pilypa tng avtidpaong nepleixe: 2 ng cDNA, 0.15 pl amo tov kaBe ekkvntn
(10 pmol/pl), 7.5 pul KAPA SYBR Green Mix, 2.2 pl WFI.

Ta oxetka enimeda OAwv twv yovidiwv mou petpndnkav pe Real Time PCR
KavovikomowOnkav pe Baon ta enimeda €kppaong TG TouumouAivng (yia ta
yovila Tmovtikou) kot TG aktivng (yia ta avBpwmiva yovidia). Ot
Kavovikomolnpuéveg Tipég Ct (threshold cycle) opalomowu®nkav pe Pacn t™n
ouvOnkn eAéyxou (control) yia kabe delypa. Ta oxetika eminmeda £kdppaong
npoodloplotnkav xpnolgomowwvtag tnv pEBodo AACt. Ot aAAnAouxieg twv

EKKLVNTWV ¢aivovtal otov Mwvaka 1.

Nivakag 1 :
‘Ovopa eKKLVNTH AAAnAouyia
mRhoA Fw TTTCTGTCCAAATGTGCCC
mRhoA Rev TGCCATATCTCTGCCTTCTTC
mRhoB Fw ATAAGCGAACTTTGTGCCTG
mRhoB Rev CACTGGGTGTCAAACAATGG
mTubulin Fw CCGGACAGTGTGGCAACCAGATCGG
mTubulin Rev TGGCCAAAAGGACCTGAGCGAACGG
hRhoA Fw CTCGTTAGTCCACGGTCTGG
hRhoA Rev CAGCCATTGCTCAGGCAAC
hRhoB Fw TGCAACTGACTTGGGGAGG
hRhoB Rev GACAGGCACAAAGTTCGCTT
hActin Fw CGGCATCGTCACCAACTG
hActin Rev GGCACACGCAGCTCATTG




NopoSIKEG EMUOAUVOELG KUTTAPLKWV CGELPWV

(transient transfections)

Ot mopodIKEG ETPMOAUVOELS  €ylvav  apxlka pe TN HEBoSO NG
ouykatakpnuviong Cas(P0a); pe Ta ekdotote Kat@AAnAa mAaopidia : ta CGR8 kuttapa
apatwvovtat og 300.000 kuttapa ava well Tnv mponyoupevn PEpa TNG ETULUOAUVONG.
To KUTTOPO LETPWVTAL PE aLLOKUTTOUETPO Neubauer, Tng etatpeiag Hauser Scientific.
Ma TNV eMUOAUVON KUTTAPWV Tou kKaAALepyouvtal o€ 6-well (xpnouonolovvtal oto
luciferase assay) mapaokevAleTal HIyHO TOU TEPLEXEL KATAAANAN moootnTa
maocudiwv avadopdg kat €kdppaong r/kat DNA cupmAnpwong (pcDNA), 2 pug
mAaouidiouv mou Pépel To yovidlo ¢ B-yaraktooidaong, 31ul CaCl2 2M kat 195 pl
ddH20 (WFI). H mocotnta tou cuvoAikol DNA Sev umepPaivel ta 12 pg. e KAbe
TeEPUMTWOoN, To piypa mpootiBetal unod ouveyn avadeuon o ioo oyko Hepes Buffered
Saline (HBS) (2x HBS: 42 mMHepes pH 7.1, 274 mM NacCl, 10 mM KCI, 1.5 mM
Na2HPO47H20, 12 mM dextrose). To StdAupa adrvetal o Beppokpacia Swuatiou
yla 10-15 Aemta, yla va tpootebel akoAoUBw¢ otaydnv oto TpuPAio e Ta KUTTAPO.
TNV NePIMTwon ouykatakpriuviong oe 6-well, kaBe Selypa polpaletal loomooa o€
6uo wells. AkolouBel emwaon otoug 37°C yia 16-18 wpeg, aldayr Bpentikol Kat
enwaon yla AAAeCG 24 wpEG.

Metd tnv aAAayr Tou Kowvou opoUl o€ FBS (Hyclone) to omolo ftav £181ko
yla tnv KoAALEpYELD TwV PBAACTIKWY KUTTApwWvY, ATav amapaitntn n oAAayn tng
TEXVIKNAC TAPOSIKAG EMUOAUVONG. ZUVEMWC, OTO UEYAAUTEPO TUNUA TNC SLatpLBng
xpnotporowtnke n texvikn tng Attractene. Ta CGR8 kat P-19 kUttapa apalwvovtal
o€ 100.000 kuttapa pe 1.5 ml Bpemntikov ava well (6-well) Tnv mponyoUlevn pépa tng
€MUOAUVONC. MNa TNV EMUOAUVON TWV KUTTAPWV TTOPACKEUATETAL LiyLOL TTOU TIEPLEXEL
1.2 ug cuvoAikoU DNA, 4.5 pl attractene kat 100 pl Bpemtikou. MNa tnv Kavovikomoinon
™¢ anodoong tn¢ emtpdAuvong npootiBetat oto piypa 0.4 pg tou mAacutdiov mou
dépel to yovidlo ¢ B-yaAoaktoolddong. To plypa enwaletal oe Bepuokpaocia
Sdwpatiou yia 15 min kat, Katomy, poaotiBetal otaydnv oto TpuPALo pe Ta KUTTApPA.
AkolouBei emwaon otoug 37°C yla 16-18 wpeg, aAlayr BpenTikol Kal EMwWACH yLo

AA\eG 24 wpeG.
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M£00b0o¢ kavovikonoinong B-gal

o TNV KAVoVIKoTtoinon tTng anodoong tng EMLULOAUVONG O TIELPAUATA LETPNONG TNG
avtiépaong tng Aouoipepaong, xpnolponolidnke n pEBodog kavovikomoinong B-
yaAaktooldaong. Mo Tov OKOMO autd TO HiyHa TG €MUOAUVONG TEPLEXEL Kal
mAacopiblo-dopéa tou yovidiou TNG PB-yalaktooldAong UMO TOV UTOKLVNTH TOU
Cytomegalovirus (pCMVpB-gal). H B-yalaktooiddon ival éva éviupo mou Slaomad T
Aaktoln og yAukoln kat yalaktoln. To ONPG eival éva Souikd avaAoyo tng Aaktolng,
To omoio Staomartal anod tn B-yaAaktoowddon Sivovrag éva Kitpvo mpoiov. MNa tnv

HETpNON autr akoAouBrnbnke n mapakdtw Stadikacia:

€KIMAUON TWV KUTTApwWV He 1ml kpUo PBS (n ékmAuon yivetal otov mayo)

— mpoaoBbnkn 150 ul 1x Cell Culture Lysis Buffer (Promega)

— OUAOYN TWV KUTTAPWV LE EVOTPO Kal TOMOBETNON OTOV MAYOo

—  enwaocn Twv delypdtwy otouc -80°C yta 20 min Kal, KATOTLYV, TOTOBETNO TOUG

OTOV TAyo HEXPL va Eemaywaoouv (~25 min)

— ¢uyokévtpnon yla 5 min otig 13000 otpodEg otoug 4°C
Mo TNV HETPNON TNG OMTIKAG Ttukvotntag (OD) xpnowomnotidnkav 30 pl Kuttaplkou
ekyUAlopatog (urtepkeipevo) kat 170 pl piypatog mou amoteAsitot amo 149 pl P-buffer
(0.1 M sodium phosphate buffer, pH 7.3), 44 ul ONPG (8 mg/ml o-nitrophenyl-B-D-
galactopyranoside o€ 0.1 M sodium phosphate buffer) kat 2 ul Salt 100x (3M KCI, 1M
MgCly, B-pepkamrtoatBavoAdn , H.0). Ou tég amoppodnong twv Selypdtwv
AapBavovtal ota 410 nm kot Bacn autwv umoloyileTal n cuykévipwon tng PB-
yaAaktoowdaong. H dtadikaoia yivetal oto unxavnua Infinite M200 PRO multimode

reader (TECAN).

Métpnon tng avtidpaong tng Aovoipepaong (Luciferase assay)

H ektipnon t¢ petaypadikng evepyomoinong ToU UTTOKLVNTH YIVETAL e TN HETPNON
™¢ avtidpaong ¢ Aovoiwdpepaong (Luciferase assay). H ektiunon auth yivetal pe
xpnon evlupikng avtidpaong, OmMou HeTpatoLl N SpactikotnTta Tou evIUPOU TNG

Aouoidepdong mou mpoépxetal amnod tnv nuyolaunida (fire fly) kot mou ekdppdletat
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ota KUTtapa Tou emipoAuvOnkav. Mo kabe avtibpacn xpnolpomotouvtol 60l
KUTTapPKOU ekxUAlopatog kot 60ul umootpwpatog Aouoidpepdong. H T Ing
uetaypadlknGg evepyomoinong o€ KaBe Oelypa UETPATAL OTO  AOUHLVOUETPO

(illuminometer).

HAektpodopnon DNA os niktwpa ayapolng (agarose gel)

MNa TG nAektpodopnoelg xpnolpomolndnkav mnktwuoata ayopolng 1-2%. H
Stadkaoia mou akoAouBrBnke eivat n €N : 2 KwVIKA GLAAN Twv 200 ml pépovtat
100mI TAE 1x (50xTAE : 2M Tris HCl pH 7.5, 2mM EDTA, 0€1k6 o€0 yLa puBpuion tou pH)
kat 1-2 g ayapolng. To peiypa Bpaletal péxpl va StaluBel n ayapdln, adrvetal va
KpUWOeL, onote Kat mpootiBevtal 3 pl Midori (yia tn xpwon tou DNA), kal ekyUveTal
oe €lOIKO ekpayeio. Adol TO TAKTWHA oOTepeomolndel, ¢dEpetal o0 OUOKEUN
nAektpodopnong mou mepléxel 1x TAE w¢ puBulotikd StdAvpa - dopéa Tng
nAektpodopnong. H nAektpodopnon yivetal ota 100 Volt.

Kataokeun mAacpdiwy

Ta mAaopidia avadopds mou PEpouv TEPLOXEC TOU UTIOKLVNTH TOu avBpwrivou
yoviSiou tn¢ RhoA : (-819/+166) RhoA-luc, (-594/+166) RhoA-luc, (-493/+166) RhoA-
luc, (-334/+166) RhoA-luc, (-202/+166) RhoA-luc, (-103/+166) RhoA-luc, (-76/+166)
RhoA-luc, (-58/+166) RhoA-luc «kat (-39/+166) RhoA-luc katookevaotnkav

akoAouBwvtag Ta MapaKATw Brpata:

TOAAMAQOLAOUOG TwV AVTIoTOYWV TUNUatwv (inserts) pe tn PBonbela

aAvoldwtn¢ avtidpaong moAvpepaocnc (PCR)

—  nAektpodopnoN TWV TPOIOVTWY OE TIAPUOKEUAOTIKO TIRKTWHA ayapolng Kal
adaipeon Twv WVwv oo To MNKTWHA KE Tt BonBela xelpoupytkng Aemidag
(meplypadetal mapakdtw)

— PCR clean-up (meplypadetal mapakdatw)

- AutAl méPn Ttou dopéa pGL3 basic pe ta €viupa  Kpnl-Hindlll*,

nNAekTpodOpNON, AMOUOVWON Ao TO THKTWHA ayapolng kat/r PCR clean-up
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AutAn mEPN TV TUNUATWY Tou untokvntn (inserts) pe ta éviupa Kpnl-HindllI1*
ko PCR clean-up

Avtibpaon ocuvbeong (meplypAdeTal MOPAKATW)

Transformation pe to mpoiodv tn¢ avtidbpaong oA Kal Le To mpoidv TG mEPNG
(control)

Mini prep

MNéPn Twv mpoidovtwy mou mpoékuav amo To mini prep Kot nAektpodopnaon
Transformation ylwa mapaywyr peyoAUtepng moootntag mAaoudiov (midi
prep)

AutAn méPn yla To mpoiov tou midi prep

Direction of transcription Symheth IDO|y(A) )
signal / transcriptional
P pause site
(for background
Amp’ reduction)
Gene conferring Ampicillin
resistance in E.Cali
Kpnl 5
- flor Sacl 11
cn ot epair Miul |15
filamentous phage Nhel 21
. Direction of ssDNA Smal 28
ori pG L3-Ba3|c strand synthesis )E()hcl)||| gg
origin of

replication Vector H?ndll | 53

in E. coli (4818bp)

Sal Ncol 86
2010|5a e+
2004 |BamH| Narl 121
cDNA encoding the
modified firefly luciferase
SV40 late
poly(A) signal

(for luc+ reporter)
Hpal 1902 Xbal 1742 Direction of transcription

Ewova 19 : O nAacpidlakag popéag pGL3. Ta cDNA tn¢ ayplou TUTOU Kal TNS HETAANAYHEVNG
popdng tng RhoA kAwvorownOnkav otig Ooetg Kpnl kat Hindlll. Ta tuAuota -76/+166 kat -
58/+166 tnc RhoA kAwvornow|0nkav otig O¢oetg Nhel kat Hindlll.

* yla tae mAaiopidla -76/+166 kat -58/+166 n méPn tou popéa Kal TOU TUAHUATOC TOU

umokvNTA €ywve pe ta évlupa Nhel kot Hindlll
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To mpoypappa tng PCR yla tov MOAQMAQCLOOUO TWV TUNUATWY TOou umokwvntn (-
594/+166), (-493/+166) kal (-334/+166) eival to akoAoubo:
1. 94°Cywa 4 min
94°Cyua 30s
58°Cywa 45 s

2
3
4, 72°Cywa 1 min
5. 34 popég emavainyn twv otadiwy 2-4
6. 72°Cywa 5 min
7. 4°C
Mo ta TuRpata tou umokwnth (-202/+166) kat (-39/+166) to mpoypapua NTav:
1. 94°Cywa 4 min
94°Cywa 30 s

61°Cywa 45 s

2

3

4. 72°Cywa23s
5. 35 ¢popéc emavainyn twv otadiwy 2-4
6. 72°Cywa 5 min

7

. 4°C

To piypa tng avtidpaong nepteixe: 100 ng DNA [w¢ uTtOoTpwHA XpNOLUOTIOBNnKE TO
rmAaopiblo (-819/+166) RhoA-luc], 1.5 pl amnd tov kaBe ekkivntA (10 pmol/pl)[eite 1
ul ya ta tuRpata (-202/+166) (-103/+166) kat (-39/+166)], 2.5 pl 10X Taq Reaction
Buffer, 1.5 pl MgCI2 (25mM)[eite 1 pl yia to tuApa (-39/+166)], 2 pul dNTPs (2mM),
0.2 ul Taq Polymerase (Thermo), ddH20.
Ot aAANAOUXIEG TWV EKKLVNTWV TIOU XPNOLUOTIOLRONKAV yLa ToV TTOANQTTAQGLACUO TWV
TUNUATWYV TOU uTtokLvntr tnG RhoA ¢aivovtal otov Mivaka 2.

Ta mAaopidia avadopdg yla Tov umokivnt tou avBpwrivou yovidiou Tng
RhoB : (-1605/+86) RhoB-luc, (-726/+86) RhoB-luc, (-227/+86) RhoB-luc, (-85/+19)
RhoB-luc, (-53/+19) RhoB-luc kat (-726/+86) CCAAT mut RhoB-luc £€xouv meplypadel
nmiponyoupévwe (90).

310 mAaouiblo avadopds (-819/+166) RhoA-luc eloixbnoav onueLlakEg
puetaAAaéelc oto otoleio CCAAT pe tn xprnon eikwv PCR ekkivnTwyv. OL EKKLVNTEC

oxeblaotnkav “back-to-back”. O mpodoblog ekkvnNTAG TEPLEXEL pia  SUTAR
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QVTIKATAoTAON, N onola meplypadnke mponyoupévwe (90), kataotpedovtac £ToL TO

CCAAT box.
Nivakag 2 :
‘Ovopa eKKLVNTA AAAnAovyia
-594/ hRhoA-Fw AATGGTACCGCCCACGGAGGTTCGTA
-493/ hRhoA-Fw AAAGGTACCCACCAACCACAGCAGCAG
-334/ hRhoA-Fw CTTGGTACCGGGGTACTGTCACCGTAGT
-202/ hRhoA-Fw CAGGGTACCGGAGTATTAAAACCGCGCAC
-103/ hRhoA-Fw AAAGGTACCGGAGTTCCCGTGATGCCC
-76/ hRhoA-Fw TGCGCTAGCCTGCAATGATTGGTTAAGGGT
-58/ hRhoA-Fw TGAGCTAGCGGTTTTGCTTTTAGGGCGTG
-39/ hRhoA-Fw TAAGGTACCGGACGGGCTCCTGAGCAATA
+166 /hRhoA-Rev GCGAAGCTTACCAGACCGTGGACTAACGA
hRhoA mut CCAAT- Fw CGGCTGCAATGAGTcGTTAAGGGTTTTGC

E¢aywyn DNA ano gel ayapolng

OL mAaouidiakol ¢opeic (vectors) aAAa kot ta evBépata (inserts), ta omoia

MPoKUTITOUV  Uotepa amod TEPELG PE TA KATAAANAQ €viupo  TIEPLOPLOUOU,

NAekTpodopoUVTAL OE TAPACKEVAOTIKO MRKTWHA ayapolng kat oL {wveg adatpouvtal

oo TO MAKTWHA LE TN BonBeta xelpoupytkng Aemidag (vuotépt) pe xprion Adumog UV.

AkoAouBouvtal Ta TapakdTw Brpata:
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Z0ylon Tou TUAMOTOC Kal peTadopd Tou og Kabapo tube

MNpooBnkn 200 ul dtaAvpatog NTI yia kdBe 100 mg gel ayapdlng < 2 % (yia gel
ayapolng > 2 % duthaoclaletal o Oykog Tou dtaAlpatoc)

Enwaon tou delypartog yia 5-10 min otoug 50 °C

Avadeuon (vortex) tou delypatog kabe 2—-3 min pgxpL tnv mAnpn StadAluon tou

gel



ITn ouvéxela akoAouBouvtal ta Bripata mou meplypddovTal MTOPAKAVW YLla TOV
kaBaplopd PCR mpoiovtog and to otddlo tng tonobetnong tng koAwvag PCR Clean-

up o€ tube ocuA\oyng (2 mL).

KaBapiopdg PCR npoidvrog (PCR clean-up)

O kaBaplopodg mpoioviwv PCR yivetal ocUpdwva PE TO TTPWTOKOAAO TNG eTalpiog

(MACHEREY-NAGEL):

— T moAU pkpa Seiypoata (< 30 pl) mpootiBetal vepo péxpt ta 100 pl.

AvaputyvieTtal évag 0ykog delypatog pe 500 0ykoug Stahvpatog NTI

— TomoBétnon piag koAwvag PCR Clean-up oe éva tube ouAloyng (2 mL) kat
tomoB£tnon 700ul Selypatog

—  OQuyokévtpnon yla 30 s otig 11.000 otpodég

—  Anoppuwpn tou umoAeumdpevou Stahvpatog (n Stadikaoia emavalappavetal av
UTIAPXEL EMUTAEOV TTOOOTNTA SElypaToc)

— MpooBnkn 700ul Stalvpoatog NT3 (x2)

—  @uyokévtpnon yia 30 s otig 11.000 otpodég

—  Anoppun Tou UTIOAELTOUEVOU SLOAUATOC

- Quyokévtpnon yla 1 min otig 11.000 otpod£C yLa TnV amopdKpuven Tou
StoAUpatog NT3

— Enwaon tng koAwvag yia 2—5 min otoug 70 °C pe avolyto KaTtakL

— TomoB£tnon tng koAwvag o véo tube (1.5 ml)

— MNpooBnkn 20-30 pl StaAvpatog NE (20 ul yia ta inserts kat 30 pl yia tov dopéa)

— Enwaon og Bepuokpaocia Swyatiov ywa 1 min

—  OQuyokévtpnon yla 1 min otig 11.000 otpodEg

Avtidpaon ouvdeong (ligation reaction)

OLavtibpaoelg ouvdeong mpayuatomnolionkav o TeAKO 6yko 10 pl. To cuvoAiko DNA
Kupawotav ota 20-30 ng ywa to dopea Kal, oavaloya e Tn oxéon HeyEBoug

dopéa/insert, mepiooela DNA tou insert. To pelypa tng aviidpaong nepteixe to DNA
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Tou mAaoptdlakou popéa kot Tou insert, éviupo T4 DNA ligase kot 1x Tou avtiotolyou

puBulotikov StaAvpartog. H avtidpaon sixe Stapkela ~16 wpeg (overnight) kat €ywve

otouc 4 °C.

Competent cells

MNa tnv mapaockeurp Twv competent cells, ta omola eival emdekTikd oTOV

HETAOXNUATIONO, akoAouBnBnkav Ta mopakatw Brpata:
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KaAAépyela piag amoikiog (single colony) oe 5 ml Bpentikov LB otoug 37 °C
yla 16-18 wpeg und avadeuon

Metadopa 2.5 ml autig os véa pAdoka pe 150 ml Bpentikov LB

Avadeuon otoug 25 °C péxpl TNV KATAAANAN TR OMTIKAG TIUKVOTNTAC
(ODe600=0.4), mepimou yLa 6 wWPeg

TomoB£Tnon Twv KUTTAPWV oTov Ttdyo yia 10 min

Metadopa o katwvoupla falcon

Quyokévtpnon otig 4.000 rpm yia 10 min otoug 4 °C

Anoppupn tou UTEPKEipevou Kal emavadldAluon tng meAAétag o 75 ml
naywpévo TB (10 mM Pipes-KOH pH 6.7, 15 mM CaCl,, 0.25 M KCl, 55 mM
MnCly)

TomoBétnon otov nayo yia 10 min

Quyokévtpnon otig 4.000 rpm yia 10 min otoug 4 °C

Anéppupn ToU UTIEPKELLEVOU

EmavadiaAuon tng meAlétag os 15 ml naywpévo TB

MNpoobrikn 1.125 ml DMSO

TomoBétnon otov nayo ywa 10 min

TomoB£Tnon Twv KUTTApwV o€ Hikpotepa tubes (aliquots), Puén pe vypo alwto

Kal amoBrikeuon otoug -80 °C



MetaoxnHaTtiopog Baktnplakwv kuttapwv DH10B E.coli (transformation)

MNapaokevaletal piypa 50ul Baktnplakwv kuttadpwv DH10B (competent
cells) ( 100 ul og mepintwon avtidpaong cuvdeonc) Kal Tou CUVOAOU TNG aviidpaong
ouVSEeaNC 1 TNG KATAAANANG TOCOTNTAC O patlwHEVOU TMAaoULSLakoU DNA tou B€Aoupe
va TtoAAarmAaoLldoou e, To piypa adrvetal otov tayo yla 30 min. Katomv vdiotatal
Bepuko ook otoug 42°C yia 45 sec. Itn CUVEXELD, OTO Uelypa pootiBevral 900 pl
BpemntikoL LB (LB : 1% bactotryptone, 0.5% bactoyeast extract, 1%NacCl). To tpufAio
Perti pe Opemtikd LB-dyoap kot ovtiBloTiko aprikiAAivy (100pg/ml) omou 6Oa
avamtuxbel n kaAAEpyela, €xel n6n tomobBetnbel oe enwaoctipa 37°C yua va
OUTIOKTHOEL TNV KATAAANAN Bepuokpaoia. 2tn mepimtwon tou MAacudiou amAwveTal
100 pl kaAAépyelag oto TpuPAio pe tn BonBela anootelpwpévng yuaAvng paBdou.
Itn mepimtwon tng avtibpaong ovvdeong to delypa duyokevipeital ot 3000
otpodéc ywa 5 min, adatpolvtat ~900 ul LB kat 10 WUnNuO TWV KUTTAPWV
eMAVASLIHAVUETOL OTO BPETTIKO TTOU €XEL MELVEL KAL KATOTILV aMAWVETAL 0Tto TPuPBAio.

AkolouBei emwaon otoug 37°C yia 16 - 18 wpeg (overnight).

Anopdvwon nAacpidtakol DNA anod Baktnplakég KAAALEPYELEG Lecaiag KALHOKOG

(Midi prep)

KaBe amoikia AapBavetal ano 1o tpuPAilo, omou €xel yivel to striking 1 o
HETAOXNUATIONOG, HE amootelpwuévn odovtoyAudida kal kaAAlepyeital o€
Baktnplako yuaAlvo cwAnva o omoiog mepléxetl 2 ml LB-apmikiAAivn, yla 5-7 wpeg,
otou¢ 37°C uno ouvexn avadeuaon. TN CUVEXELX N ULKPN KOAALEPYELO LETAPEPETAL OE
KWVLKA dAdoka pe 200ml LB-apmuikiAAivn kat emwaletal yla 16-18 wpeg otoug 37°C.
H kKaAALEpyELa KATAVEUETAL O€ TTAAOTLKOUG OWANVEC Twv 50ml Kal dpuyokevtpeital yla
30 min otoug 4°C ot 3500 otpodéc. MNa tnv amopovwon mAacuidiakol DNA
xpnotwporot®nkav  koAwvec MACHEREY-NAGEL, pacet twv odnywv NG
KOTOLOKEUAOTPLAC ETOLPELOG OL OTIOLEG CUVOTTIKA €lval oL €€AG :

— Jtnv neAéta npootibevral 4ml StaAvpatog S1 (MACHEREY-NAGEL) to omolo

nieplExel RNase A
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EmavadiaAuon tng MeANETAG UE TILTETOL

MNpooBnkn 4ml dtaAbpatog S2 kat avakivnon 6-8 ¢popEg

Enwaon tou SltaAlpatog og Beppokpacia dwuatiov yla 2— 3 min

MNpooBnkn 4ml SaAvpatog S3 (4 °C) kat avakivnon 6-8 ¢opEg pEXPL va
SnuloupynBel €va opoLOYEVES piypa

Enwaon tou SlaAlpatog otov mayo yla 5 min

E€looppomnon tng koAwvag pe to StdAupa N2, to onoio adrivetal va S1EABeL
amno TNV KoAwva

Quyokévtpnon tou Baktnplakol StaAupatog yia 10 min otig 13000rpm oToug
4°C

TomoBétnon ¢piAtpou oe xwvi kat StaBpetn Tou pe otayoveg amo To StaAvpa
N2

To Baktnplako dtaAupa adrvetat va StEABeL amnd to dpidtpo

To kaBapo SLaAupa GopTWVETAL OE KOAWVA

MAUGLUO TS KoAwvag pe 10ml StaAUpatog N3 yia 2 dopEg

‘ExkAouon tou StaAvpatog pe 5ml StoAUvpatog N5

Mpoacbnkn 3.5 ml LoompomavoAng Kat avakivnon

To piyua polpaletal o 6 pkpotepa tubes

Quyokévipnon yia 30 min otig 13000 rpm otoug 4 °C

Anoppuin TOU UTIEPKELUEVOU

MpooBrkn 0.5 ml 70% aBavoAng/tube kat avadsuon

Quyokévtpnon yla 10 min otig 13000rpm

Adaipeon TOU UTIEPKELUEVOU KOL OTEYVWHA TNG TIEAETAG OTOV amaywyo yla 10
min

ErnavadidAuon og 20ul Stadbpatoc TE/tube

H ouykévipwon tou mAacuwdiouv petpdrtal pe ¢wtopetpnon ota 260 nm oTo

unxavnua Infinite M200 PRO multimode reader (TECAN).



Antopovwon nAaopdiakol DNA amno Baktnplakeg KAAALEPYELEG MLKPNG KALLAKOG

(Mini prep)

KaBe amowkia AapBavetar amd 1o TPUPAlo, OmMou €xeL yivel to striking i o

UETOOXNUOTIONOG, ME amooTelpwpévn  odovioyAudida kat kKoAAlepyeital o€

Baktnplako yudAlvo cwAnva o omoiog meptéxel 2 ml LB-apmikiAAlvn, yia 16 -18 wpeg,

otou¢ 37°C umo ouvexn avadeuon. ZuvnBwc emiAéyovtal 6-10 ATIOLKIES. 2T CUVEXELD

akoAouBouvral Ta MapakATw BrRuata:

Metadopd 1 ml og véo tube kat puyokévipnon otig 13000 rpm yia 1 min
Amoppun Tou UTEPKELUEVOU

EnavasdidAuvon og 0.3 ml S1 (MACHEREY-NAGEL)

Mpoacbnkn 0.3 ml S2 kat ra avadeuon

Enwaon tou Stalvpatog o Beppokpacia Swuatiov yla 5 min

Mpoacbnkn 0.3 ml S3 kat Rma avadsuon

Enwaon tou Stalvpatog otov rayo yia 5-10 min

Quyokévtpnon yla 10 min otig 13000 rpm

MpoacBnkn 0.8 ml LloonponavoAng os véa tubes

MpooBnkn Tou UTtEPKELEVOU oTa tubes Tou MEPLEXOUV LOOTIPOTIAVOAN

‘Hria avadevon kat eEmwaoon otov Tdyo yla 5 min

Quyokévtpnon yla 15 min otig 13000 rpm

Amnéppupn TOU UTIEPKELUEVOU

MNpooBnkn 0.5 ml 70% aBavoAng o kaBe tube kal avadeuon
Quyokévipnon yta 5 min otig 13000 rpm

Anoppuin TOU UTIEPKELUEVOU e TIMETA Gilson

ITEYVWHA TNG TEANETOG OTOV amaywyo yia 10 min

EnavadiaAuon oe 40ul Stalvpatog TE kat eAadpu xtumnua (flicking)

ATIOHOVWOT MPWTEIVIKWVY EKXUALOHATWV

H ouAM\oyn Twv KUTtapwv Ta ormola eite emwdaodnkav pe TGFP mapoucia i pun

ovaoToAéwv €lte emipoAUvOnkav Tapodikd pe mAacuidlakol ¢dopeic Ekppaong
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nmpaypatonoleital pe tnv €€ng Sladikacia : Mlvetol €KMAUCH TwV KUTTAPWV UE
maywpévo PBS StadAupa kat otn ouvéxela adol mpooteBel 1ml PBS, amokoAAnon
auTtwv pe Euotpo AkohouBel duyokévipnon twv delypdtwy ot 5000 otpodég yia 5
Aemtd otoug 4°C, avappodnon Kat mpoobnkn KatdAAnAng moootntag SLHAUUATOC
Abong CO-IP (20 mM Tris-HCl pH 7.5, 150 mM NaCl, 10% glycerol, 1% Triton-X-100,
Tapoucia avaoToAEéwv TNG MpwTteoAuaonc). Ta Seiypata agrivovial va avaklvouvtal
yla 30 Aentd otoug 4°C Kal Katomwv ¢puyokevipouvtal ot 13000rpm yla 5 Aemtaq,

otoug 4°C.

Métpnon oAlkwv npwteivwv katd Bradford-Lowry

H HETpNON TNG CUYKEVTPWONG TWV TMPWTEIVWV TOU €KAOTOTE Selylatog £yLVE OTO
unxavnua Infinite M200 PRO multimode reader (TECAN) cUudwva pEe TO TPWTOKOAAO
¢ etatpiag (Bio-Rad). MNa kaBe deiypa mapaockevaletal piypa 5 pl dsiypatog, 25 pl
SlaAUpatog A (oto omoio mponyoupévwg €xel mpooteBel to Stdhvpa S: 20 pl
StaAUpartog S ava 1 ml dtalvpatoc A) kot 200 pl Stadvpatog B. To piyua adrvetat o

OKOTELVO TtepLBaAAov yia 15 min kat akoAouBel pwtopétpnon ota 750 nm.

AvaAuon npwTteivikng ékppaocng-Avoocoanotiunwon

(Western Blot)

loeg MOOOTNTEG MPWTEIVIKWY EKXUALOUATWY amod KUTTAPA TIOU €XOUV EMLUOAUVOEL,
umokewvtal oe SDS/PAGE nAsktpodopnon. e kaBe Seiypa mpootiBetal KatdAAnAn
noodtnta amno to 4X SDS Loading Buffer [0.25M Tris-HCl pH 6.8, 8% w/v SDS, 20%
glycerol, 0.04% w/v bromophenol blue, 0.4 M DTT] kot ta Seiypata enwalovral ylo
10 min otoug 100 °C. Xpnoiwuomowndnkav TNKTwHOTo TOAUAKpUAauidng 10.%
[Stacking gel: ddH20 1.8 ml, 30% acrylamide 0.45 ml, stacking buffer (Tris 0.5 M, SDS
0.4%, pH 6.8) 0.75 ml, 10% APS 30 ul, TEMED 1.5 pl. Running gel: ddH20 4 ml, 30%
acrylamide 3.3 ml, running buffer (Tris 1.5 M, SDS 0.4%, pH 8.8) 2.5 ml, 10% APS 100
ul, TEMED 3.5 pl]. H nAektpodopnon yivetal og Stalvpo 1x TGS (1L 10x TGS : 30.3 g

Tris, 144.2 g Glycine, 10 g SDS, pH 8.3), ota 25 mA Kkall pe xprion tn¢ cUokeUng Bio-Rad
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Protean electroblot. H 6o cuokeur xpnolpomolnOnke Kat yla T peTtadopd Twv
npwtelvwy o€ pepPaveg vitpokuttapivng pe Transfer Buffer [H20, 10% 10x TGS, 20%
methanol]. AkoAouBel o OpLOUEVEG MEPUTTWOELS XPWON TWV TPWTEIVWY UE XPWOTLKNA
Ponceau S (0.1% w/v Ponceau S, 5% Acetic acid) yia. 5 min og Beppokpacia Swpatiou
Kal ékmAvon pe dtaAluvpa TBS-T [1x TBS, 0.05% Tween-20] [1 L 10x TBS: 90 gr NaCl, 250
ml Tris-HCI 2M pH 7.3]. Ot un €181kég B€aeLg TPOOSEONG TWV MPWTEIVWV UITAOKAPOVTAL
HE EKTMAUOELG HE SLaAupa 5% nulanofoutnpwpévou yalaktog og TBS-T yia 1 wpa o€
Bepuokpaoia Swuatiou. ITn CUVEXEL, OL HEUBPAVEC VITPOKUTTAPIVNG enwalovtal
O/N L& TO avTIoWUA, TIOU aVIXVEVEL TOV ETIOUUNTO MiTOMO , 0 KATAAANAN apaiwon
oe SdlaAlupa yahaktog. AkoAoUBwc, ot pepPpaveg ekmAévovtal 3 Gopég Pe StaAupa
TBS-T, 10 min tn ¢opqd, oe Beppokpacia dwyatiov. H emwaocn Twv pepPpavwyv oe
kataAAnAo, Seutepevov avticwpa HRP apatwpévo 1: 10.000 og TBS-T yivetat Kat taAL
yla 1 wpa o Beppokpaocia Swuatiov. Katomv yivovral 3 ekmAloelg Twv 10 min n
kaBe pio pe TBS-T, kat pia ékmAuon Twv 5 min pe TBS, 0Aeg oe Bepuokpacia
Swpatiou. H avixveuon twv TPWTEIVWV YIVETAL XPNOLUOTIOLWVTAC TO CUOTNUA
xnueopwodoplopou (ECL Western blotting kit) kot ekBétovtag TG pepBpAveC
VITpoKUTTApPivng oto pnxavnua ChemiDoc™ XRS+ System (BioRad) yiwa Siadopa

XPOVIKA Staotripata.

Kataokeun AévTi-Lwv

H mapaywyn Twv wv €ywve oe kuttapa HEK 293T. Ta kUTtapa otpwvovTtal
oe TpuPAia p-100 KoL TNV EMOUEVN LEPA EMLHOAUVOVTAL LE TN PEBoSo tn¢ Attractene
HE HElypa TwV KATAAANAWY MAQCULSLWV. ZUYKEKPLUEVQA, TO HELYUO OTOTEAE(TOL OTTO TO
mAaopidlo mou ekdpalel to RhoB shRNA, to pVSV-G (rmou ekdppdalet tnv VSV-G
MPwTeivn Tou UKoU ¢akéAou) kot To pA8.1 (Tou meplEXel Ta Soulkd yovidla mou
QUTTOLTOUVTOL YLOL TO TTAKETAPLOUA Tou oU) (Ew. 20). O dopéag tou RhoB shRNA eivat

To mAaouidio pTRIPZ (Ewk. 21).
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Ewova 20 : Kataokeun Aévti-lwv. Kuttapa HEK 293T emipoAUvovtal pe to mhaouidio pVSv-
G, to ormoio ekppalel TNV VSV-G mpwrteivn Tou wkou dpakéAou, to pA8.1 (packaging plasmid),
TO OToio TEPLEXEL T SOUIKA Yovidla TTou ammaltoUVTaL YLa TO TIAKETAPLOMO TOU LoU Kol TO
construct, to mAaouidio mou ekppdalel to RhoB shRNA.

IRE uBC
RRE —I@.ﬂ.[nms - res R were

N
shRNA

pTRIPZ

Ewkova 21 : IXnHaTKA avanapaotoor Tou Aevil-tkoU mAacpidiov pTRIPZ. TRE: Tetracycline-
inducible promoter (UTtOKIVNTAG eMayOpevVoc amd TV TETpakukALvn), tRFP: TurboRFP reporter
(yoviéio TurboRFP yLa TOV OTTIKO EVTOTILOMO TNG SLapdAuvonG Kot Ttng ékppacng tou shRNA),
shRNA: microRNA-ntpocappoopévo shRNA (Bactopévo oto miR-30) yila yoviSlakr otoxeuon,
UBC: Human ubiquitin C promoter (umokwvntic yla otabepr] ékppaon tou rtTA3 kal tou
yoviSiou avtoxng otnv moupopukivn). rtTA3: Reverse tetracycline-transactivator 3 (yia tng
gfaptwpevn omd TNV TETPAKUKALVN emoywy tou umokwnt TRE), PuroR: Puromycin
resistance (yoviSLo avtoxng otnv TOUpPOUUKivn yla emhoyn Kuttapkol mAnBuopou). IRES:
Internal ribosomal entry site (emutpémel tnv ékdpoon tou rtTA3 kalL tou yovidiou
TIOUPOUUKIVNG o€ éva petdypado) 5' LTR: 5' long terminal repeat, 3' SIN LTR 3' self-inactivating
long terminal repeat (yla avénuévn Aevti-ukr aodadalela), W Psi packaging sequence (yia to
TIAKETAPLOMO TOU LLKOU YOVISLWUATOG E TN XPROoN AEVTL-UKWY CUCTNUATWY TTAKETAPIOUATOC),
RRE: Rev response element (emaufdvel to uko TtitAo), WPRE: Woodchuck hepatitis
posttranscriptional regulatory element (mpodyelL Tnv €kdpacn Tou transgene oto KUTTAPA
otoxouc) Dharmacon™.
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Tnv enopevn pépa yivetal aAlayn tou BPemMTIKOU KoL TO UTEPKEIPEVO TNG
KAAALEPYELOG TIOU TIEPLEXEL TOV LO OUAAEYETOL O€ 24 KoL 48 wpeg amod tnv aAlayn. To
unepkeipevo ¢tpapetal pe odidtpo 0,45 um kat ¢uldacoetat otoug -80°C. To

XPOVoSLAYpaUUA TNG KATAOKEUNG TOU LoU GalvETAL OTNV EKOVA 22.
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Ewova 22 : Aladikaoia mapoywyng tou ou.

MNa tn dtadkaoia tng poAuvong, kuttapa CGR8 otpwvovtal oe 6-well kat
okoAouBoUv 800 SLadoxIKEC LOAUVOELG LE TOV LO TIOU GUAAEXONKE oTLG 24 Kal oTIG 48
wPeC. Ol POAUVOELG yivovTal avad €LKOOLTETPAWPO. MeTA TNV TeAsuTtaia pOAuvon
yivetal aAhayn e armAo BpemTiko yla AAAEC 24 WPEC KaL OTN CUVEXELA YiveTaL ETUAOYNA
TWV KAWVWV TIoU £X0UV HOAUVOEL pe ToupopUKivn. APoU mepdoel KATAAANAO XPOVIKO
Sldotnua, £€ToL WOTE oL amolkieg va eivatl oe katdAAnAo péyebog, yivetal ouAloyn
HEUOVWUEVWYV ATIOKLWV KoL avakoAALEpyela autwy oe 24-well. Mpénel va onuelwOetl
ebw otLto mAaouiblo mou dpépel to RhoB shRNA mapéxet tnv emayoduevn ékdppacr tou
napouoia SofukukAivng kabBwg ¢épel éva tetracycline response element (TRE).
Zuyxpovweg pe tnv ékppaon tou shRNA, to TRE emdyel eniong tnv €kppaocn tou
yovidiou TurboRFP. To TurboRFP kat to shRNA amoteAoUv pEPOC €VOC KOLVOU
HETAYPADOU, ETUTPEMOVTAC ETOL TOV OMTIKO EAEYXO TWV KUTTAPWV TIou ekppalouv To
shRNA. To xpovodiaypappa tng dadlkaociag tng pHoAuvvong twv Kuttdpwv CGR8

daivetal otnv elkova 23.
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Ewkova 23 : Aladikacia POAUVoNG TWV KUTTAPWV e Tov Aévti-10 TRIPZshRhoB.

JTNV KUTTOPLK OElpA TIOU TapAxOnke HE TOV TMOPATAVW TPOTO
napatnpnOnke amocwwrninon tou yovidiou tng RhoB katd 50% Emelta amod enwaon

TWV KUTTAPWV He S0EUKUKALVN (2pug/ml) yia 48 wpsc.

‘EMpecoG avooopOopLoHOG MPWTEIVWV ONUACHEVWV LE EMLTOMO

(Indirect Immunofluorescence)

Ye kaBe meipapa avoocodBoplopol akoAouBeitol N MOPAKATW TPOETOLHACIA TWV
Kuttapwv (o€ tpuPAia 6-well):

— Amnooteipwon tng kaAumtpidag kat tng AaBidag oe 100% Et-OH kat pAoya Kat

tomoBétnon tn¢g kKaAumtpidag oto mnyaddki

-  Enwaon pe Staluvpa Zehativne 0,1% yia ta kuttapo CGRS

— Adaipeon tou StaAvpatog (aspiration)

— MAUGoO pe BpemTIKO

— MpooBnkn Bpemtikol Kot Koata@AAnAou aplBuol kuttapwv (~300.000

kOttapa/well)
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Ma tnv aviyveuon TOU KUTTOPOOKEAETOU TNG OKTLVNG TMPOyYUOTOTOLONnNKE Xpwon
podapivng-paAdoidivng : PETA Ao EMWAON TWV KUTTAPWYV YLa KATAAANAQ XPOVLIKA
Slaotuata akoAouBel n Sladikacia tng xpwong (oL moodtnteg avadEpovtal os 6-
well). Ta kuttapa ekmAévovtal pe PBS kat akoAouBel povipomnoinon Twv KUTTapwy
(fixing) pue 1.5 ml SwaAVpatog 3% n-formaldehyde (PFA) oe PBS ywa 20 min o€
Bepuokpaoia dwuatiou, xwpig avakivnon. Ol HEUBPAVEC TwV KUTTAPWY Yyivovtal
Stamepatég pe xprion 1.5 ml StaAvpatog [0.3% Triton-x-100 (10x Buffer 1 : 137 mM
NaCl, 5 mM KCI, 1.1 mM Na2HPO4x2H20, 0.4 mM KH2PO4, 5.5 mM glucose, 4 mM
NaHCO3, 2 mM EDTA, 2 mM EGTA, 20 mM MES, pH 6.0-6.5), 0.3% BSA oe PBS] ywa 5
min o€ Beppokpacia dwuatiov (xwpic avadeuon). AkoAouBoUv SUo ekmAUoELG e 1.5
ml dtaAUpatog [20 mM yAukivng, 1% BSA og PBS]. 2tn 6gUtepn €kmMAUCH adriVOULLE T
KUTTOpa e To StdAupa yia 15 min. AkoAouBouv 600 ekmAUoEeLg pe Stalupa 1% BSA
oe PBS kat blocking pe to 610 dtdhvpa (1.5 ml) yia pia wpa oe Bepupokpacia
dwpaTtiou. Itn cuvéxela ta Kuttapa enwalovrat pe 200 ul podapivng- daAroidivng,
n omolia €xel apawwBei 1:100 oe dtahupa 1% BSA oe PBS yia pio wpa o Bepuokpacia
Swpatiou og okoTeWO Kal uypo TepLBaAlov. AkoAouBouv 3 ekmAUOELG e Slalupa
PBS-BSA. 3Xtn OUVEXEld OL KAAUTTPLOEG ME TA KUTTAPA QMOKOAAWVTOL Kol
TOMOOETOUVTAL OE QVIIKELLEVOPOPOUC, OTIG OTOLEC €xeL MpooteBel pio otayova

SloAUpatog poviponoinong DAPI.

MNna tnv aviyvevon twv npwteivwv E-cadherin, ZO-1 kat a-SMA akoAouBnBnke n

TapoKATW Stadlkacia KATOTLY TN EMWOoNE TwV KUTTapwyv pe TGFR1:

AkoAouBouvtal ta rApata mou neplypadnkay mapandvw €we to otdadlo tou blocking
KOLL OTN CUVEXELX TOL KUTTOPA EMWAOVTAL yla Lo wpa LE TO AVTIOTOLXO aVTioWUa o€
apaiwon 1:100. AkoAouBouv tpelg ekmAUOELG pe StaAupa PBS-BSA kat emwaon yla

pio wpa pe avtiowpa FITCH (1:200) ywa pia wpa og oKOTEWO mepBaiiov.

Ma tnv avixveuon tn¢ npwteivng Nanog akoAouBnBnke n mapakatw Stadikaoia:
— Avappodnaon tou Bpemtikov
— 'ExkmAuon ue PBS
— MpooBnkn 4% PFA ywa 5 min o€ Beppokpacia dwuatiou (xwpic avadevon)
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— ‘ExkmAuon twv Kuttapwv pe PBS 3 x 3 min og Bepuokpacia dwuatiov unod
ouvexn avadsuon

— MpoaoBnkn PBS-Triton 0,5% ywa 5 min oe Bepuokpaocia dwuatiov (xwpeig
avadeuon)

— 'ExkmAuon twv KuTttapwv pe TBS-Tween 0,05% 3 x 3 min o€ Beppokpacia
Swpatiov umo cuvexn avadeuaon

— MpooBnkn uiypatog blocking 5 % BSA og TBS-Tween 0,05%

- Enwaon ywa 1 wpa o Beppokpacia Swuatiou

- Enwoaon pe to 1° avtiowpa os 2.5% BSA os TBS-Tween 0,05% O/N otoug
4°C og apaiwon 1:1000

— 'ExmAuon twv kuttapwv pe TBS-Tween 0,05% 3 x 3 min og Bepuokpaocia
dwpatiou

—  Enwaon pe to 2° avtiowpa Alexa-Fluor 550 o 1x TBS o€ apaiwon 1:500 yia
1 wpa oe Beppokpacia SwHatiou o€ oKOTEWVO TtepLBArov

— 'ExmAuon Twv kuttdpwv pe TBS-Tween 0,05% 3 x 3 min og Beppokpaocia
Sdwpatiou

Ze KkdaBe Tmepimtwon Ta Opla  emadng kKaAumipidag -  avrtikelwevodopou
oteyavormolouvtal pe Manot. Ta delypata eivat kaAo va peivouv yla 30 min-pio wpa
oe Oeppokpaocia dwpatiou. Itn cuvéxewa Slatnpouvtal otoug 4°C, o€ OKOTEWO
neplBAaANoV, VW N apaTHpnor Toug YIveTal o ikpookomio ¢pBoplopou LEICA DMLB
Kal n pwrtoypddnon toug pe LEICA DC 300F digital camera xpnoluonolwvtog Zeiss
Plan-neofluar 40x/0.75 ¢akouc.
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ZYTKPIZH OYZIOAOIIKQN KAI KAPKINIKQN BAAZTIKQN KYTTAPQN

Ztnv mapouvoa dtatplpn xpnowtomnowdnkav dUo Tumol BAACTIKWY KUTTAPWV:
ta pucloroyikad euPpuika PAaotikd kuttapa CGR8 (Ewk. 24 A) koL T KOPKLVIKA
BAaotika kuttapa P-19 (Ewk. 24 B). Ta CGR8 mpoépyovtal amd TNV €0WTEPLKN
KUTTAPLKN Hala €vOG apoeVIKOU gUBpUou oTo Po-eUPUTEUTIKO otadlo nAkiag 3.5
nuepwv (163). H dtadopomnoinon twv CGR8 avaotéAAetal, onwc avadepOnke Kot

T(PONYOUHEVWG o Tov Ttapayovrtal LIF, kat kaBopiletal petaypadikd and toug

Ewova 24 : BAaotika Kuttapa ovtikou. (A) CGRS, (B) P-19.

napayovteg Oct4, Sox2, and Nanog (Etk. 25). Ta kUTTapa ival pikpa kot oxnuatilouvv
OTpOoyYUAEG, BoAwtég, “Slablaoctikec” (refractile) amowkieg otig omoieg ocuvdéovtal

otevad. Emiong, n kaAALEpyela Twv CGR8 amattel tn xprion umootpwpatog ({eAativng).

H kuttapikn ospad P-19 (Ewk. 24 B) xpnollomnoleital w¢ PLOVTIEAD PEAETNG TNG
oVANTUENG TWV  KOPKWIKWY  Kuttapwv (164). AmoteAsitat amd kuttapa
TEPUTOKAPKIVWHATOC TIOU TIPOEPXOVTIAL amo €UPPUIKO KapKivwpa TOVTIKOU Tou
oteAéxoug C3H/He (165). Eva €uPBpuo moviikoU nAkiag 7.5 nuepwv gpudutelBnke
OpXLKA OE OPXELG EMAyovTag TN dnuoupyla Oykou. ITn ouveéxela, adltadopomnointa

kUTTapa, ta omola eival ta P-19, amopovwOnkov amnod autdv ToV apxLko OyKo.
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Ewova 25 : Eppecog avooodBoplopdg yla tnv aviyveuon tng mpwrteivng Nanog.
Mpokelpévou va emiPePawbdel otL ta KUTTapo PBplokovtal oe koatdotaon moAuduvapiog
TipaypatomnolBnke éupecog avooodBopLlopodc yla Thv avixveuon tng mpwreivng Nanog mou
amnote)el kKAaowko Seiktn moAuduvapiag Twv euBpuikwyv PAACTIKWY KUTTAPWV.

Ta P-19 Sladoponolovvtal pe toug (6loug UNXavIopoUG UE TOUG OToloug
Sladpopomolovvtal Kot ta ducololoyikad euPpuika kUTTOpa Kol gival moAuvduvopua
epooov pmopouv va SadopomoinBolv kat ota tpia PAaoctikd dépuata, dSnAadn
evd0deppa, pecodepua Kal ektodepua. Emiong, €ival n mo KaAd XopaKTnPELOUEVN
KUTTOPLKN OElpd €UPpuikol KOPKLVWHATOG Tou pmopel va SiadopomownBel oe
KapSLaKA KoL VEUPLKA KUTTOpA EMELTA OO SLadOPETIKEG KAAALEPYNTIKEG OUVONKEG
(76,166). Ta P-19 exkdpdlouv emiong KUPLOUG HETAYPAPLKOUG TIAPAYOVIEG TIOU
eAéyxouv tnv noAvduvapia onwc ot Oct4 kat Nanog. Akoun, Sev xpelalovrtal l61koUg
KAAALEPYNTIKOUG TtApAyovteG OAAQ OUTE KoL UTOoTpwua {eAativng yla va
napoapeivouv moAuduvapa. Avadépetal otL n aAAnAsnidpacn Twv KUTTAPWVY HUE TO
UTIOOTPWUA Toug Tta Slatnpel os adladopormointn KATAoTacn amouacia eEWTEPIKWV

epeblopdtwy (167). TéAog, os avtiBeon pe ta CGRS, €xouv emiBnAlakn popdoloyia.

MNapa tic StadopEg Toug, eival yvwoto OTL 0Aa ta PAACTKA KUTTOpa gival
duvntika oykoyova. Kamola BAAOTIKA KUTTAPO UMOPEL va SnULOUPYROOUV OYKOUG

KQTOTILV PETAMOOXEVONG. Elval tpodaveg 6tLn dotnta tng moAvduvauiag ExeL apeon
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OX£0N HUE TO OXNUOTIOUO OYKWV L&Laitepa TNV MEPIMTWON TWV EUPPUTKWY BAACTIKWV

KUTTAPWV.

IXETIKA e TN popdoroyia Toug, Ta CGR8 peyalwvouv mpog ta mavw (Ek. 24
A) oxnuatifovtag odixtd SeUEVEG ATOLKIEG LE ATIOTEAECHA T KUTTOPO VA UV €lval
oe Béon va PeETAVAOTEUOUV, TOUAAXLOTOV UTO TNV mopoucia tou LIF ywa 6co
napapévouv moAuduvapa. Ta KUTTapa Xavouv tTnv moAuduvauio Toug Kot amoktouv
TIEPLOCOTEPO ATPAKTOELSH popdn otav kaAAlepyouvral amouaia LIF touldylotov yla
36-48 wpeg (Ewk. 51). Ze autn TNV KotAotacn eival Mo evalodBnta o EwtepIKOUG
TIAPAYOVTEG OTIWE AUENTLKOL TOPAYOVTEG, OL omoioL emayouv tnv dladopomnoinon n
avaotoleic onwg n C3 tpavodepdon (168). Avtibeta, ta P-19 €xouv atpaktoeldn
pnopdn (Ew. 24 B), dev oxnuatilouv oPLXTEC amoLkieg kol 6ev HeyaAwVoOUV TPOG Ta
navw. EmumAéov, Bplokovtal oe mo oPpo otadio tng Siadopomnoinong epdoov
Tipogpxovtal and euduteuon guPpvou 7.5 nuépag oe avtiBeon pe ta CGR8 mou
T(POEPXOVTAL OO E0WTEPLKN KuTTaplk pala 3.5 nuepwv. Emiong, ot Vo kuttapkol
TumoL adopolVv o€ SLadOPETIKO KUTTAPLKO LOTO Kal, Apa, HKpomepLBaiAlov adol ta
CGR8 mpogpyovtat amd tn PAaoctoklotn evw Tta P-19 mpoépyovral amnod

TEPATOKAPKIVWHLA OPXEWV.

METAIPA®IKH PYOMIZH TQN RHO NPQTEINQN ZITA BAAZITIKA
KYTTAPA

Z0ykplon emunédwv ékdppaong twv yovidiwv RhoA kat RhoB ota BAaotikd Ko

KOPKLVLKA KUTTOPOL

ApXKQ, HeTPNONKav Ta oXeTIKA emtineda €ékdpaong twv RhoA kat RhoB otig
SU0 kuTtapkeg oelpec: CGR8 kat P-19. Onw¢ dpaivetal (Ewk. 26) ta emineda mRNA tng
RhoA eivatl onpavtikd upnAotepa anod autd tng RhoB kat otig U0 oelpéc (n avadoyia
RhoA/RhoB mRNA eivat 38 kat 172 ota CGRS8 kot ota P-19 kUttapa avtiotoya). Mo

™V mepattépw Olepelivnon auTnG TNG OXEONG, UETPAONKAV Ta OXETIKA emimeda
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£€kPpaong Twv SU0 YoviSiwV Kot o AANEG KOPKLVIKEG OeLlpEG (ELk. 27), kat Bp£Onke oTL
ta enineda ékdppaong tng RhoA eival onupavtikd vnAotepa anod autd tng RhoB otig
TIEPLOOOTEPEC OELPEG TTOU €€ETAOTNKAV. ETONG, LETPONKOV OL OXETLKEG EVEPYOTNTEG
TWV UTOKLWVNTWV Touc. Onwg daivetar (Ewk. 28) o (-819/+166) RhoA umokvntig
napouotlalel peyaAltepn evepyotnta amo tov (-726/+86) RhoB kal ot &vo
KUTTAPLKEG OELPEG. Elval mubavo otL n RhoA ekdpaletal oe unAotepa enineda oe
oxéon ue tn RhoB, ev pépel, Adoyw tTwv Stadopwv oTIG EVEPYOTNTEC TWV UTIOKLVNTWV

TOUG.
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Ewova 26 : Zuykpltiki avalvon tg ékdpoaong Twv yovidiwv twv Rho oe BAaoctikd kuttapa.
Kottapa CGR8 (A) kat P-19 (B) kaAAiepyrOnkav e duclohoyikéG CUVONRKEC, €YLVE AMOUOVWON TOU
ouvolilkoU RNA kat petpndnkav ta emnineda mRNA twv RhoA, RhoB kat RhoC pe RT-PCR. Ta
enineda mRNA kavovikomotnOnkav pe Baon to avtiotolyo mRNA tn¢ ToupmouAivng. Itnv wkéva
napatiBetal n péon twun (¥SD) amnod tpia avetdptnta netpapata (***, p < 0.001).
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Ewova 27 : Zuykpttiki avaAuvon tng ékdppacng Twv yovidiwv RhoA kat RhoB o€ BAaotikd
KUTTOPOL KOLL KOLPKLVLKEG KUTTAPLKEG OELPEG. (A) ITNV ELKOVO TAPATIOEVTAL TOL OXETIKA EMinMEeda
€kdppaong Twv SUo yoviSiwv. To cuvoAko RNA armo TIC KUTTOPLKEG OELPEC TTOU UTIOSELKVUOVTAL
amopovwOnke Kal petpndnkav ta enineda twv RhoA kat RhoB mRNA pe RT-PCR. Ta emnineda
MRNA kavovikorotfnkav pe Baon to avtiotolyo MRNA tng ToupmouAivng otnv mepintwon
Twv MESCs Kal TNG aktivng og OAeg TI¢ AANEG avBPWITLVEG KUTTAPLKEG OELPEC. To Staypappo
Selyvel tn péon twun (£SD) amo tpia avefdptnta newpapata (B) H avaloyia RhoA/RhoB mRNA
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napatibetal wg n péon TN (£SD) and Tpla avetdptnta nelpaparta (*, p < 0.05, **, p < 0.01,
*%% 1< 0.001).
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Ewova 28 : Zuykpttik avaiuvon twv RhoA kat RhoB unokivntwv ota BAAOTIKA KUTTOPO.
Kottapa CGR8 kat P-19 emipoAlvOnkav mapodikd pe ta mAaopidia avadopadg (-819/+166)
RhoA-luc kot (-726/+86) RhoB-luc (0.05 pg) pall pe évav dopéa £kdpaong tng B-
yaAaktoowdaong (0.4 pug) mou xpnowuomnolnénke oe Kabe Selypa yLa TNV KAVOVLKOTIoinan tng
TMOWKIAOTNTAG TNG E€MmOAUvVoNnG. 2to Sldypappa daivovial oL TIEG TNG % OXETIKNG
SpaoctikdtnTtag TG Aououdepdong TOU AMOTEAOUV TOUG MECOUG Opoug (+SD) tpuwv
TOUAGXLOTOV QVEEAPTNTWY TIELPAATWY, TIOU TTpaypaTonoonkay €1 Suthouv ( *, p<0.05, **,
p < 0.01*** p<0.001).

O unokwvnTng TN RhoA puBpiletal and éva cuveuaoHo aPVNTIKWY Kot OETIKWVY

PUOULOTIKWY oToLXElWV oTta BAAOTIKA KUTTAPA

MpokeLpeVoL va xaptoypadrooue TIG TEPLOXEG TOU UTtoKLVNTH TNG RhoA mou
elval onuavtikég otnv petaypadikr) tou dpdcn, KATAoKEUACAUE TAAoUidLa Tou
£€depav Ta MOPAKATW TUAMATA TOU urokwnth tng RhoA : -819/+166, -594/+166, -
493/+166, -334/+166, -202/+166, -103/+166 kot -39/+166 o cuvTNEN LE TO YovidLo
™¢ Aouoiwpepaong (Eik. 29 A) ta omoila Kol Xpnoldomowdnkav o TElpApOTL

mapoSkwy empoAUvoswy. Onw¢ daivetal otnv Ewkéva 29 B n amalowpry tou
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TUAMOTOC LETOEL TWV VOUKAEOTISLWY -594 Kal -493 Pelwoe avaAOYLKA TNV EVEPYOTNTA
TOU UTIOKLVNTA amo 65% o€ 45% avtioTolyo o€ OXEON E TNV EVEPYOTNTA TOU TUAHOTOC
-819/+166 ota kuttapa CGR8 uMoSEeLKVUOVTOC TNV TAPOUCL BETIKWY PUBULOTIKWY
otolyelwv otnv meploxn -819/-493. Mepattépw amaioidr) TOU UMoKLNTA otn Béon -
334 avfnoe TNV €vepyoTNTA TOU UTOKLWVNTH UTOSelkvUovtag OTL N amoAoldn
QTOMAKPUVE aPVNTIKA pUBULOTIKA OTOLXELD TNG YOVISLOKAG €kdpaong. Mia onuavTikn
TITWOoN TNE EVEPYOTNTAC opatnpnBnke pe tnv analowdn tng neploxns -103 €wg -39,
umodnAwvovtag OtL eivat mBavo va UTIAPXoUV BETIKA pUBULOTIKA OToLKEla OE auTH
™V neploxn. Mapopola anoteAéopata mapatnpendnkav Kol otnv KUTTOPLKY CELpA P-

19.
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Ewova 29 : H gyy0¢ nieploxn petal twv voukAeotidiwv -103 kat -39 sival anapaitntn yio
NV gvepyotnta tou umokwnt t¢ RhoA ota BAaoctikd Kuttapa. (A) Ixnuatiki
avanapdotacn twv S5'eMeidpewv Ttou (-819/+166) umokwnti ¢ RhoA mou
Xpnollomnolnénkav ota Mepapata napodikng enMuoAuvong Tng elkovag B (B) Kuttapa CGR8
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Kot P-19 emipoAbvOnkav napodika pe ta RhoA-luc mlaouidia avadopdg mou unodeikviovtot
(0.1 pg). Zto Slaypappa daivovtol oL TIHEG TG % OXETIKAG SpaoTLKOTNTAC TNG Aouaidepdon .
H kavovikomoinon tng emuoluvong £ywve pe tnv Soklpacia tng P-yoAaktooldaong mou
ekdpaletal ano tov mMAacuLdlakd dopea pCMVB-gal (0.4 pg), ue tov omolo empoAUVONKe
KaBe Oelypa mou avaAlBnke. OL TIUEG amoTeAOUV HECOUG OPOUG TPLWV OVEEAPTNTWV
TELPOLATWY , TIOU TIpayHOTonolnonkayv €t Sutholv ( **, p<0.01, ***, p < 0.001).

To eyyUC TUAMA TOU UTIOKLVNTH TNG RhoA mepLEXEL oTOLXELO TTPOGSEDNC YLOL TOUG
petaypadikoug mapayovteg NF-kB, STAT6 kat c-Myc. AUTd Ta OTOLXEla €lval apKETA

ouvinpnuéva otov avBpwro kat oto movtikt (Ewk. 30). H dla mepLoxn mepLéxel emiong

hRhoA
mRhoA

hRhoA
mRhoA

hRhoA
mRhoA

-100
[

GAGTACAAAATAGCAACCAGGTCTTTTATAGCCCCGGAGTTCCCGTGATGCCCCACGCGG
GAGGATAAAATAGCAACTCGCTCTTTTATAGCCCCGGTGTTCCCGTCATGCTCCACGCGT

NF-kB STAT6 c-Myc

-50
|

CTGCAATGATTGGTTAAGGGTTTTGCTTTTAGGGCGTGGACGGGCTCCTGAGCAATAGTG
CTGCCATGATTGGTTAAGCGTCTAGCTCTCAGGGCGTGGATGCGTTCTTGAGCAATCGTG

CCAAT box

+1
|

GATGAGCTGTGAGTGCGEGCGCGCGTGCGCGGEECCGCGACCTGTGCCGGCTCGAGCCCGLT
GCTGAACTGAGAGTGTGCGCGCGTGCGCGGGGCCGCGACTGGCGCCAGCTCGAGCCCGCA

Ewova 30 : OpoAoyia TnG KOVTIVAG TEPLOXIG TOU UTIOKLVNTH Tou yovidiou tnG RhoA otov
AvOpwWMo KoL TO MOVTIKL. TNV €lKOVA ONUELWWVOVTAL oL BE0elg MPOOdeoNC yla TOuGg
napayovreg NF-kB, STAT6, c-myc kaBwg Kal to aveotpappévo CCAAT box.

€va aveotpappévo CCAAT box otn Béon -68/-64 mou amoteAsl kal O£on mpododeong
yla tapayovteg onwg ot NFY kat ot C/EBPs. Exel 6eixBel maAaldtepa OTL 0€ AUTO TO
CCAAT box mpoobdévetal pe xapnAn ouyyévela o petaypadikog mapayovrac NFYA
(90). H mpocbdeon twv mapayoviwv NFYA, NFYB, CEBPB kat CEBPD otov umokivnti

™G RhoA emiBefatwvetal kat ano nelpapata ChiP-seq (Ewk. 31).
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Ewova 31 : BwomAnpodopiky avaAucn tng meploxn -819/+166 tou uTmOKLVNTA TOU
avBpwrniivou yovidiou tng RhoA. MNa va avayvwplotolv ol petaypadlkol mopayovieg mou
npocadévovral otov umokvnth tng RhoA xpnotpomnotiOnke to UCSC genome data. Ta ChlIP seq
data Af¢Bnoav amd to mpoypappa UCSC browser xpnoipomowwvtag to ENCODE with
Factorbook Motifs project. Mo tnv avdAuon xpnotponowidnke to Feb. 2009(GRCh37/hg19)
genome assembly. UCSC link: http://genome.ucsc.edu/

Onwg daivetal kot otn €kéva 32 B, amaloidpr) tng MEPLOXAG TOU UTIOKLVNTH TIOU
TEPLEXEL Ta onpela tpdodeon  yia toug mapayovieg NF-kB, STAT6 kat c-Myc odrjynoe
o€ pelwon NG evepydTNTAC TOU UTTOKLVNTN Katd 60%, evw n analowpr tou CCAAT box
o6nynoe o€ MepaALTéEPW Uelwon katd 75%. Mapopolo potifo mapatnprnOnke Kal ota

kOTtapa P-19.
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Ewova 32 : OLBéoeig mpoodeong twv napayoviwv NF-kB, STAT6, c-Myc kaBwg kot to CCAAT
box cuvelopEpouv otnv evepyomnoinon tou unokvntr tng RhoA ota BAactikd kUttapa. (A)
Ixnuatik ovamapdotacn twv 5'eMeipewv tou (-103/+166) umokivnt tng RhoA mou
Xpnolonolénkav ota Mepapata napodikig eMpoAuvong tng elkovag B (B) Kuttapa CGR8
Kot P-19 emipoAuvOnkav napodika pe ta RhoA-luc mAaouidia avadopdg mou unodeikviovtol
(0.1 pg). To Saypappa deixvel Toug PEOOUG OPoUG (£SD) TPLWV avedpTNTWY TIEPOUATWY ,
TIOU TIpOyHaTOTOONKav €1G SUTAOUV, TWV KOAVOVLKOTIOLNUEVWY TIUWV TNG % OXETLIKAG
Spaotikotntag tng Aouoidepaong (***, p < 0.001).

Mapd Ta TOPATIAVW EUPAHOTA, TEWPAUATA ETLHOAUVONG HE TAaouidlo
avadopdg yla tov uTtokvnth TG RhoA mapoucia popéwv Ekdpaong Twy mapayoviwv
c-myc, STAT6, C/EBPa, C/EBPB kot NFY (Ewk. 33 B, I') 8ev mpokdAeos alhayr otnv
EVEPYOTNTO. TOU umoklvnti. H povn mepimtwon otnv omoila mapatnpnbnke

EVEPYOTIOINON NTAV KOTA TNV UTEPEKPPACN Twv Tapayoviwv p65/50, n omoia
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TIPOKAAECE QUENON TNG EVEPYOTNTAG TOU UTtOKLVNTH Katd Suo ¢opég (Ewk. 33 A). OL

P65 KoL p50 amoteAoUV UTIOPOVASECG TOU cUUITAOKOU Tou NF-kB.
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Ewkova 33 : H unepékdpaon twv rtapayoviwv NFkB, STAT6, NFY kat C/EBPs 8gv npokdAeoe
oAAayr) oTnv evepydtnta Tou urtokvnth ths RhoA, mAnv twv napayoviwv p65/50. Kittapa
CGR8 empoAuvOnkav mapodikd pe ta NFkB-luc kot RhoA-luc mAaouidia avadopdg mou
umnodetkvuovtal pali pe dopeig ékppaong yia tov NFB (A), Toug mapayovteg STAT6, NFY (B)
ko C/EBPs (I).
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MetaAlaéelg oto CCAAT box peiwoav tnv BAoLKr EVEPYOTNTA TOU UTTOKLVNTH TNG
RhoA

To aveotpappévo CCAAT box oto gyyUg TUAMA Tou uTtokvntr t¢ RhoA otn
Béon -68/-64 ceival ouvtnpnuévo ota BnAaotikd (Ewk. 34 A). MNpokewwévou va

SlepeuvnBel o pohog autol Tou otolxeiou otn puBulon tou yovidiou Tng RhoA ota

A -0 -70 -60 -50 -40 -30
human ECACGEGGCTGCAATGATTGGT TAAGGGTTTTGET TETAGEGCETGGACEGGCTCCIGAG
mice CCACGEGTCTGCCATGATIGGT TAAGCGTCTAGETCICAGGGCETGGATGCGTICTIGAG
chimpanzee CAGAACAGTTGCTGAAATTGGCTCTCCCGAGCTCCTICTTGGGEGCTGAGCTAGGCICAG
canis CCACGCGGCTGCAGTGATTGGT TAAGCGCCCTGETATTAGGGCGTGGACGCGCTCCIGAG
rabbit CCACGCGGCTGTAATGATIGGT IGAGCGTCTTGCT TITAGGGCGTGGACGCGCGCCIGAG

-80 -70 - - -4 -30

B | | 6|0 SIO .‘l:) 31
human AGETCAGCCGGCTGGTTTCCCATIGGACGECTATATTAAGAAAGT GGCCEGACTCTITAR
mice AGCTCAGCCCTATIGGCITCCCATTIGGGTGGCTATATTAAGAAAGTGGCCGGACTCITTAA
chimpanzee AGCTCAGCCGGCIGGTITCCCATIGGACGGCTATATTAAGAAAGT GGCCGGACTCTTITAA
rat AGCTCAGCCCTGIGGCTTCCCATIGGGTGGCTATATTAAGAAAGT GGCCGGACTCTITAA
canis AGCTCAGCCGGCTICGCTITCCCATTIGGCCGGCTATATTAAGAAAGTGGCCGAACTCTITTAA
bos AGCTCAGTCGGCTTGCTTCCCATIGGACGGCTATATTAAGAAAGT CGCCGAACTCTTTAA
felis AGCTCAGTCGGCICGCTTCCCATTGGGCGGCTATATTAAGAAAGT GGCCGAACTCTITAA
chicken GACCTCACTCCCIGCCTTCCCATTIGGCT GGCTATATTAGGAAAGT CGGAGAGCCTITARA
sheep AGCTCAGTCGGCTTGCTTCCCATIGGACGGCTATATTAAGAAAGT CGCCGAACTCTTITAA
pig AGCTCAGTCGGCICGCTTGCCATTGGGCGGCTATATTAAGAAAGT CGCCGAACTCTITAA

- - o e e e e - - -

Ewova 34 : To otoiyeio CCAAT box sivar ouvtnpnuévo ota OnAaotikd. (A) Opoloyia tng
TeEPLOXNG -84/-25 Tou umokvnTh TG RhoA otov GvBpwrto, To MoVTiKL, Tov Xturatlr, Tov okUAo
Kat tov Aayo. (B) Opoloyia tng meploxng -82/-23 tou umokivnth tTng RhoB otov avBpwro, to
TovTikL, Tov Xwunatln, Tov apoupaio, Tov OKUAO, TNV ayeAdda, Tn YATa, TO KOTOMOUAO, TO
nipoBato kot to youpoUvL. Ta aveotpappéva CCAAT boxes otig Béoelg -68/-64 yia tn RhoA kat
-61/-57 ywa tn RhoB umnoypappilovtal otnv elkova.

BAaotika kUTTOpQA, elonxBnoav oe auto dUo VoukAeoTIOIKEG avTikataotaoelg (Ewk. 35
A). Ot petaAlagelg oto CCAAT box pelwoav Tn Bactkr EVEPYOTNTO TOU UTIOKLVNTA KOTA
55% kal 82% avtiotolya otig SUo KuTTaplkeg oelpég (Ewk. 35 B). Zuvenwg, sivat mbavo
OTL OTO OTOLXElO AUTO MpPooSEvovTal MOPAYOVIEG TIOU UTopel va mailouv BeTiko
puBuLoTIKG pOAo otnv ékdpaon tou yovidiou tn¢ RhoA ota suPpuikd BAaotikd

kOTTOPAL.
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Ewova 35 : To CCAAT box maileL onpavtikd poAo 0TV EVEPYOTIOINOCN TOU UTIOKLVNTH TNG
RhoA. (A) ZxnUaTIKA avamopaotacn Tou ayplou Tumou (-819/+166) unokivnth tng RhoA kat
TOU avtioTolou TUAUatog Tou ¢épel petoArdfelc oto CCAAT box. AUO VOUKAEOTIOLKEG
OVTLKOTAOTAOELG UTIOSELKVUOVTAL e aoTePiokou. (B) Kuttapa CGR8 kat P-19 emipoAuvOnkav
napodika pe ta RhoA-luc mhaopiSia avadopadg mou unodeikviovtat (0.05 pg). To Staypappo
Selyvel Toug pEooug 6poug (1SD) TpLWV aveEAPTNTWY TELPAUATWY, TIOU TIPAYHUATOTIONONnKav
£1¢ SUTAOUV, TWV KOVOVLIKOTIOLNEVWV TLUWV TNG % OXETIKNG SpACTIKOTNTAC TNG AouoldbepAong
(***, p <0.001).
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H rteploxn petagl Twv voukAsotidiwy -85/-53 ival amapaitntn yo

petaypadikn evepyonoinon tng RhoB ota BAaoctikd KUTTapQ

Mpokeluévou va OlepeuvnBel TOLEG TEPLOXEG €lvVOL ONUOVTLIKEG yla TNV
€VEPYOTNTO TOU umoklvnt tnG RhoB, xpnolponow}Onkav mAaocuidia avadopdg pe
SladoxIkEG amaholdEg Tou 5’ dkpou Tou umtokvntr T RhoB otig B€oelg: -1605, -726,
-227, -85 kat -53 (Ewk. 36 A). Ta mAaouidla autd kataokeudotnkav amo tnv E.
Baow\akn ota mAaidia tng St6aktopikng tng Statplfnc. Ta mAaouidia ewonxdnoav ota
KOTTOPA UE TNV TEXVIKN TNE Mapodikn ¢ empoAvuvone. Onwg daivetal otnv ewkova 36
B, n amaAoidn tng meploxng HeTafl Twv VOUKAeoTISlwy -1605 kat -227 Sev eixe Kauia
eMidpacn otnVv evepyoTnNTA TOU UTIOKLVNTA. AvtiBeta, anaiowdn otn B£on -85 kat -53
HUEIWOE ONUAVIIKA KOL KATAPYNOE TNV EVepyoTnta TOu UToKlvnt tng RhoB
avtiotolya, umodelkvuovTtag OTL N Teploxn METAEL Twv VoukAeoTidiwv -227 Kal -53
elval anapaitntn ywa ™ petaypadikry evepyomoinon tou yovidiou ota BAaoTikd

kUttapa. MNapopola anoteAéopata AndOnoav kat yia ta kuttapa P-19.

+1 +86
[ (~1605/486) RhoB-luc
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Ewova 36 : H eyyUg meploxn HeTay Twv VoukAeotiSiwv -85 kat -53 ival anapaitntn ywo
TNV gvepyotnta Ttou umokwntl tn¢ RhoB ota BAaoctikd kuttopa. (A) IxnUaTKA
ovamopdotaon twv  5'eMeidewv Tou (-1605/+86) umokivnt tng RhoB mou
Xpnotpomnotndnkav ota mepdapota napodikig emtpoluveng Ttng etkovocg B (B) Kuttapa CGR8
Kot P-19 emipoAvvOnkav rapodikad pe ta RhoB-luc mAaouidia avadopdg mov unodeikviovtat
(0.1 pg). To Sidypappa Ssixvel Toug pécoug 6poug (+SD) TPLWV avetdpTNTWY MEPAUATWY,
TIoU Tpaypatonoldnkay €1 SUTAOUVY, TWV KAVOVIKOTIOINUEVWY TWWV TNG % OXETLKNG
SpactikdtnTag tng Aouatdepaong (*, p < 0.05, ***, p < 0.001).
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O umokwntn¢ TG RhoB nepiéxet 6o CCAAT boxes otig B€oelg -109/-105 kat -
60/-56 ta omola eival mMANpwG cuvtnpnuéva ota OnAaoctika (Ewk. 37). Ze mponyoUu evn

HEAETN Tou epyaotnpiov pag (90) eixe dexBet OtL peTAAAEN TOU EYYUC

-200
|
hRhoB AGAGCCCCGCAGCGGCAGCAGCAGCGCGGACTCCCCGGTCGCTGCCTCTCCCAGCCCGGL
mRhoB ACAACCCCACGGGGCGGGTCGCCGCGCAGACTCCACAGTCAACGCCTCTCCCAGCCCCGC
hRhoB GGCCTGGGCCGTCAATCAAGCTGGCCCTGCCCCGCCCTCGGGCTGCAGGGGGCGGCCAAT
mRhoB GGACAGGGCAGTCAATCAAGCTAAGGCGAACCCGCCTTCGGACTGCAGCGGGCGACCAAT
CCAAT box
-100
|
hRhoB CAGAGCTAAGCTCCGCAGCGATGAGCTCAGCCGGCTGGTTTCCCATTGGACGGCTATATT
mRhoB CGGAGCCAAGCTCCGCAGCGATGAGCTCAGCCCTATGGCTTCCCATTGGGTGGCTATATT
CCAAT box

+1

|
hRhoB AAGAAAGTGGCCGGACTCTTTAAATAGCGGGCGCTAGGGCCGCAGCCCTCATCTGCCACC
mRhoB AAGAAAGTGGCCGGACTCTTTAAATAGCGGGCGCTAGGGCCGCAGCCCGCATCTGCCACC

Ewova 37 : Opoloyia TG KOVILVRG EPLOXKG TOU UNOKLVYNTH Tou yovidiou tng RhoB otov
AvOPWTO KOl TO MOVTIKL. 2TNV ELKOVA OnUELWvVovTaL oL B€oelg Twv SUo CCAAT boxes.

CCAAT box peiwoe onuavtikd tn Baoik evepyotnTa TOU UTOKLVNTA oTa KUTTOpA

HepG2. Emiong, otnv (dta peAétn emiBefatwbdnke n mpocdeon tou napayovta NFY oto
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otolxeio CCAAT. H mpoodeon twv mapayoviwyv NFYB kat CEBPB unootnpiletal emiong

arno ChlP-seq data (Ew. 38).

SREBF1
CHD2
RFXS SHL
FEX3 L ___ [
NFIC
JUND I L
FOS
CREB1
E2F4 4]
REST I, L
MED4
SP1 |
CEEFE |
ATFT
JUN
GTF2B
GTFaF1 I
has! 3
IRF3

Ewkéva 38 : BiomAnpodopikri avaluon tng meploxfc -1605/+86 tOu UTOKWVNTH TOU
avOpwrniivou yovidiou tng RhoB. MNa va avayvwplotouv ol Petaypadlkol Tapayovieg mou
npoacdévovral atov umokvnth tng RhoB xpnotuomotdnke to UCSC genome data. Ta ChIP seq
data ANndBnoav amd 1o mpdypappa UCSC browser ypnoipomowwvta¢ to ENCODE with
Factorbook Motifs project. Ma tnv avaAucon xpnotpomnotidnke to Feb. 2009(GRCh37/hg19)
genome assembly. UCSC link: http://genome.ucsc.edu/

MetaAAagelg oto CCAAT box peiwoav tTnv Aok EVEPYOTNTA TOU UTIOKLVNTK) TNG
RhoB

MNna va dtepeuvnBel o polog tou CCAAT box otn pUBULON TOU UTIOKLVNTH TNG
RhoB, elonxBnoav ota kUTtapa mAacuidia avadopadg nou £depav Tov aypiou TUTOU
-726/+86 RhoB umokivnTH ] To avTioToL o TUHLO TTOU TIEPLEIXE ONUELOKEG UETOANAEELG
oto otolxeio CCAAT. Ta anoteAéopata (Ewk. 39) €del€av OtL Kal oTlg SUO KUTTAPLKEG
O£lpEG oL peTald€elc oto CCAAT box pelwoav onUavTika tn Baoikr EVEPYOTNTA TOU
urokvnth (kotd 85% kat 91% ota CGR8 kat P-19 avtiotoya). Onwg paivetal emiong
Kall amod To Melpapa TN elkovag 36, n onuaocio twv CCAAT boxes otnv petaypadikn
gvepyomoinon tou umokivntA tng RhoB daivetal katl and tnv pelwaon g EvepyoTnTog
Tou 0koAouBel Tnv amaiowdr TNG TEPLOXNE TIOU TEPLEXEL auTd Ta SUo oTolEla.
JUVOALKQ, TO QITOTEAECHATA TTIOU TIPOKUTITOUV OO TN MEAETN Kol TwV SUO UTIOKLVNTWV

Seiyxvouv otL ta uo yovidla evééxetal va puBuilovtal amnd kowoug petaypadikolg
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TIAPAYOVTEG oL omoiol mpoadévovtal ota otolxeioe CCAAT TOU UTIAPXOUV KAl OTOUC

600 UTOKLVNTEG.

A‘ -66 TTCCCATTGGACGGC -52 RhoB wt
x K
-66 TTCCCAGTCGACGGC -52 RhoB mut
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Ewova 39 : To CCAAT box mailel onpaviikd poOAo otV EVEPYONOLNOCN TOU UTOKLVNTH TNG
RhoB. (A) Ixnuatikn avamopdotacn tou aypiou tumou (-726/+86) umokivntr tng RhoB kal
TOU avtioTolyou TUAUatog Tou ¢épel peTaAAdgelg oto CCAAT box. AUO VOUKAEOTLOIKEG
QVTLKOTAOTACELG UTIOSELKVUOVTAL e aoTEPiokoUG. (B) KUttapa CGR8 kat P-19 emipoAuvOnkav
napodika pe ta RhoB-luc mhaopidia avadopdg mou unodetkviovtal (0.05 pg). To Staypappa
Selyvel Toug péooug 6poug (SD) TPLWV aVeEAPTNTWY TEPAUATWY, TIOU TIPOYUATOTIOLRONKAV
€1¢ SUTAOUV, TWV KAVOVIKOTIOLNUEVWY TIUWYV TNG % OXETIKNAG SpaoTIKOTNTAG TNG AoucidepAong
(***, p <0.001).

Ta yovidia twv Rho undkewvtal o avtoppuOpon ota BAaoTika KUTTOPO

MNna va dtepeuvnBel to evdexouevo autoppuBuLong Twv yovidiwv twv Rho ota
BAaotika kuttapa, KUTtapa CGRS8 kat P-19 emipoAlvOnkayv mapodikd pe to mAaouidlo

avadopadg (-726/+86) RhoB-luc mapouacia kat amouvcio mMAaoULSiwV €kdpacng Tou
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aypilou tUMou tn¢ RhoA kal tng emikpatovoag apvntikng popdns RhoAN19. Onwg
daivetal kat otnv elkova 40 A, n umtepékdpaon ¢ aypiou Tumou RhoA katéotelle
EVW N UNEpEKPpPAON TNG EMIKPATOUCAE APVNTIKAG Hopdng tng RhoA avénoe tnv

gvepyotnta Tou umokvnth tn¢ RhoB ota CGR8 kat P-19 kuttapa.

A (-726/+86) RhoB-luc B (-819/+166) RhoA-luc
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Ewova 40 : Ta yovisia RhoA kat RhoB undkewvtal og autoppUBpion ota BAaCTIKA KUTTOPA.
(A) KUttapa CGR8 kat P-19 empuoAUvOnkav mapobikd pe tov aypiou turmou (-726/+86)
umokwntr TG RhoB (0.05 pg) pali pe miaoudiakoug dopeic ékppaong yia tnv RhoA kat tnv
gnkpatovoa apvntiki popoén tng RhoA N19 (0.75 mg). (B) Kuttapa CGR8 kat P-19
ETHOAUVONKaV Ttapodikd pe mAaopisdio avadopdg RhoA-luc (-819/+166) (0.05 ug) mapouacia
1 anoucia evog dopéa ekppaong yla tnv RhoB (0.75 pg). Ta Staypdppota SelYvouv Toug
HEooug Opoug (+SD) TpLwv avedpTNTWV MEPAPATWY, TIOU TIPAYUATONOLRONKav €1 SmAouy,
TWV KOVOVLKOTIOLNEVWY TLUWV TNG % OXETLKNG dpaoTIKOTNTAS TNG Aoucibepdaong (*, p < 0.05,
*%% 1 <0.001).

O umnokivntig tng RhoA puBuiletal, emiong, and tnv RhoB. H umepékdpacn tng
aypiou tUmou RhoB &¢ev eixe kapia enibpaon otnv evepyotnta tou (-819/+166) RhoA
umokivntA ota kuttapa CGR8 (Eik. 40 B), evw avtiBeta, n unepékdpaon tng RhoB ota

kOttapa P-19 avéotelhe tnVv evepyotnta tou (-819/+166) RhoA unokwvnth (Etk. 40 B).

Y1Tn ouvéxela, SlepeuvnOnke o mBavog polog Twv kovtvwv CCAAT boxes otn
Stadkaoia avtoppuBuLoNng Twv yovidiwv tng RhoA kat tng RhoB. H untepékdpaon tng

RhoB avéaotele tnv evepyotnta tou umokivnth t¢ ota CGR8 kat P-19 kuttapa pe
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Sdocoefaptwpevo tpomo (Ewk. 41), evw n petaAlaén oto RhoB CCAAT box bev eixe
Kapia enidpaocn otn dtadikacia tng auvtoppuBulong ota CGR8 aAAd Katdpynoe TNV
autoppuBulon ota P-19. MNapopoiwg, N RhoA avéotelhe tnv evepydtnta tOU (-
819/+166) RhoA umokivntr ota kuttopa CGR8 pe doocoefaptwpevo tpomo (Eik. 42)
KOl LUTA N KATAOTOAN ATav Mo €vtovn ota kuttapa P-19. H petaAagn tou CCAAT box
otov unokwvntA t™¢ RhoA Sev eixe kapia emibpaon otnv avtoppuBuion tng RhoA oe

Kapia amo tig Suo KUTTapLKEG oelpEg (Ewk. 42).
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Ewova 41 : O poAog tou ototxeiou CCAAT otnv autoppuBuion tng RhoB. Kuttapa CGRS8 kat
P-19 emuoAlvOnkav mapodika pe ta RhoB-luc mAaouidia avadopdg mou unodelkviovtot
(0.05 pg) pall pe av€avoueveg moodTnTeg eVOC dpopéa EKPpacng tng ayplou TUTTOU HopdNg
t™¢ RhoB (0.35 pg kat 0.75 pg). Ta Staypappata Seiyvouv toug pécouc 6poug (xSD) tplwv
ove€dpTNTWY MEPAPATWY, IOV Tpaypatonolndnkay 1§ SUTAOUV, TWV KOVOVIKOTIOLNUEVWY
TLUWV TNG % OXETIKAG SpaoTikoTtnTag TG Aouaidepaong (***, p < 0.001).
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Ewdva 42 : O poAog tou otolxeiov CCAAT otnv autoppuOuon tng RhoA. Kuttapa CGR8 kat
P-19 empoAuvOnkav mapodikd pe ta RhoA-luc mAaouidia avadopdg mou umodelkviovral
(0.05 pg) pall pe av€avopeveg moooTNTEC £VOG Popéa Ekdpacng TnG aypiov tumou popdng
™¢ RhoA (0.35 pg kat 0.75 pg). Ta daypappata Seixvouv toug pécoug opoug (+SD) tplwv
QVEEAPTNTWY TIEPAUATWY, TIOU TIPOYHOTOTIOINONKOVY 1§ SUTAOUV, TWV KAVOVLIKOTIOLNUEVWY
TWWV TNG % OXETIKNG dpaoTikdTnTag TNG Aouoidepaong (*, p < 0.05, **, p < 0.01, ***, p <
0.001).

Mpokelpévou va SlepeuvnBel edv n avtoppuBuLon Twv Rho anattel 6pdon
GTPaong, xpnowormnow)nke o kataotoAéog tTwv Rho C3 tpavodepaon (169). O
kataotoAéag C3 kataotéAlel tn 6pdon twv Rho péow ADP piBoluAiwong tng
Aomapayivng 41 n onoia eivat cuvtnpnuévn Kot otig TPELS Rho. e madadtepn PeAétn
avadépetal 6tL o C3 peiwoe TNV Slakuttapikn enadn Twv P-19 Kuttdpwv Katd TN
Sladkaoia TNG VEUPOYEVEDNC TTIOU EMAYETAL OO PETIVOIKO o0&V (RA). Mapola auta,
oUTO To Patvopevo dev mapatnpnOnke otav ta kuttapa dev enwdactnkayv Pe RA. Autd
onuaivel OtL mapapévovtag MoAuduvapa, Ta KUTtapa £UdaAvicav avtiotaon otn
Sldomaon Katd tnv EMwacn Pe Tov kataotoAéa C3 (168). Aedopévou autou, Kal o€
oUTA TN HEAETN eTUAEXONKE va yivel n emwaon Twv BAACTIKWY KUTTAPWV Ue Tov C3 o€
ouvbnkec dladopomnoinong (amoucia LIF). Onwg ¢aivetatl otnv swkova 43, o C3
avaotoAéag npokaAeoe avénon twv emunéSwv MRNA tn¢ RhoB aAAd 6xL tng RhoA ue

Xpovoefaptwevo Tpomo. Mo €vtovn ATav n avénon twv emumédwv tne RhoB ota
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kOTtopa P-19, evw n ékdpaon tng RhoA dev emnpedotnke. OL mMOpATNPAOELS AUTEC
oupudwvolv pe T Tapamavw Oebopéva, emiPefalwvoviag TOV  UNXAVIOUO
autoppuBuLoNG otnv ékppacn tnG RhoB tdc0o ota pucLoAoyLkd 000 KAl OTA KAPKLVLKA

BAaoTiKA KUTTOPOQ.

A, CGR8 B. P-19
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Ewova 43 : H autoppuBuion twv RhoA kat RhoB anattei tnv dpacn GTPaong twv Rho.
Kuttapa CGRS8 (A) 1 P-19 (B) emwaotnkav pe tov avactoAéa twv Rho C3 (0.1 pg/ul) yiad h i
18 h. AnopovwOnke to cuvoAlkd RNA twv KUTTApwWV Kat Ta enineda twv RhoA kat RhoB mRNA
petpnOnkav pe qPCR. O TIHEG KavovikomolBnkav oe oxéon pe ta MRNA emineda tng
toupumouAivng. Ta Slaypappata dsixvouv toug pHEooug 6poug (£SD) tplwv avefaptntwv
nelpapdtwy (*, p < 0.05, **, p < 0.01).
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O POAOZ TOY TGFB 2TH AIAOOPONOIHZH TQN BAAZTIKQN
KYTTAPQN : H PYOMIZH TQN RHO FONIAIQN

Evag amd toug okomoug tng mapoucag Statplpig Ntav va UeAeTndel o
SuvNTIKOG poOAog Tou onuatodotikol povomatiou tou TGFB otn pubuion tng

€kdppaong Twv avBpwrvwy yovidiwv tng RhoA kat tng RhoB ota BAaotika KuTtOapa.

Enwaon twv kuttdpwv CGR8 pe TGFB1 kat/n unepékppaon tTwv Smad 3/4 und

KOVOVIKEG ouvOnKkeg KaAALEpyeLag (mapouoia LIF)

Y€ mponyoU eV HEAETN TOU gpyactnpiou pag (90) eixe amodeyBel n emaywyn
¢ €kdpaong tou yovidiou tng RhoB oe woPAdoteg kat HaCaT kepativokuttapa.
Agdopévou auTou, ETIXELPNONKE KoL TNV apouoa UEAETN N evepyomoinon tng RhoB

oo tov TGFB kat ota epBpuika BAaotika kuttapa CGRS.

Onwcg ¢aivetal otnv ewkova 44, n unepekdpacn Twv mapayoviwv Smad3/4
OMETUXE VOL EVEPYOTIOLNOEL TOV UTtoklvnt tng RhoB ota kuttapa CGR8 (A), os
avtiBeon pe tnv evepyormoion mou mapatnpnbnke ota kutTtapa HepG2 (B). Qotoco, ot
napdayovteg Smad3/4 nétuxav va auvénoouv ota kUttapa CGR8 tnv evepyotnta TOU
ouvBetikoL umokivnti p(CAGA)12, o omoiog dpépel 12 Stadoxikeg BEoelg mpoodeang

(CAGA) Twv npwteivwv Smad ().

Aebopévou OtL 0 TGFB1 egumAéketal otn Sladikacia tng Stadopomoinong
(40,128,134) emuyelpnBnke n emaywyn tne dtadopomnoinong kat ota kuttapa CGRS.
Ta kUTTapa enwaotnkav o€ dtddopeg cuykevipwoelg TGFPR1, alAd kal og dLadopeg
ouvOnKec opoU TIPOKELUEVOU va emiteuxBel kamolou Babuou Swadopormoinon.
ZUYKEKPLUEVQ, TO KUTTApA enwaotnkav pe 2.5-5 ng/ml TGFB1 oe 3.5% FBS ywa 24h
EVW TIPONYOUUEVWG eixav KaAAlepynOel o 3.5% , 7.5% 1 15% FBS. Ot S1adhOpETIKEG

OUYKEVIPWOELG 0pol eTUAEXBNKAV TIPOKELUEVOU Ta KUTTOpA va KaAAlepynBouv oe
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ouvOnkec amouaiag opol (serum starvation) adevog, kot adetépou eneldy o opog

elval évag mapayovtag mou eNAyEL oo Povog tou dtadopomnoinaon.

A. (-726/+86) RhoB-luc B . (-726/+86) RhoB-luc r, p(CAGA)12-luc
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Ewkdva 44 : Ita BAaoctikd Kuttapa to yovidio tng RhoB 8ev evepyomolisitol amod tig
npwrteive¢ Smad. (A, ) KOttapa CGR8 kat (B) HepG2 emipoAuvOnkov mapodikd e Ta
mAaouidia avadopdc mou umodelkviovtal pall pe popeic Ekppaong Twv Mpwreivwv Smad
3/4.

Ye Koplo amo aUTEG TIC meputtwoelg dev dlamotwdnke dtadopormnoinon agdou dev
napatnpnbnke alhayn ota enineda ékdppaong Tou yovidiou Brachyury, mou amoteAet
yovidio-deiktn tn¢ Stadopomnoinong (170) aAAd kot Tou yovidiou Jun-B, mou amoteAet

beiktn €kppaong tou TGFP1.

JT¢ (6lec ouvOnkeg mpaypatonolOnkav TMoPOoSIKEC EMLUOAUVOEL, TWV
eUBpuikwy BAaoTikwy Kuttdpwv CGR8 pe to mMAaouidlo avadopdg yla Tov umokLvnTn
™¢ RhoB mapoucia TGFP. Tuykekplpéva, Ta KUTTapa avamtuxdnkav yio 24 wpeg o€
3.5 % FBS napoucia 5ng/ml ; 10ng/ml TGFR1 (Ew. 45 A). Katd ta MEPAUATA AUTA O
TGFB 6ev avénoe tnv evepyodtnta ToU umokvntA tn¢ RhoB. EmpdéAuvon Twy KUTTApwV
HE To MAaopidLo avadopdg tou cuvBetikol umokvnth p(CAGA)12 noapoucia 5ng/ml
A 10ng/ml TGFB €ixe wg amotéAeopa pia Arma av€non tng EVEPYOTNTAS TOU UTIOKLVATH

(Ewk. 45 B). Zuv-emuOAUVON TWV KUTTAPWV UE TMAACUISL0 EKdpaong yLa TOV tapayovta
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NFY napoucia 10ng/ml TGFB dev avénoe, emiong, TV evepyotnta tou urtokvnth (ELK.

45T)
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Ewova 45: To yovisio tng RhoB &gv evepyonoleital and tov TGFB ota BAacTikd KUTTOPO.
KOttapa CGRS8 emipoAvOnkav apodikd pe to mhacpibio avadopds (-726/+86) RhoB-luc (A)
kat p(CAGA)12-luc (B) mapouoia avéavousvwy rtocottwyv TGFR1 (5 ng/ml kat 10 ng/mil). (I)
Kottapa CGR8 emipoAuvOnkav mapodikd pe to (-726/+86) RhoB-luc mAacpiblo avadopdg
napouocia evog popéa ékdppaaonc yia tov NFY kat mapouvcio TGFR1 (5 ng/ml).

Alilel edw va avadpepbel oOtL to yovidlo PAI-1, mou amoteAel Seiktn
evepyotntag tou TGFP1, dev ekdpaletal ota gufpuikd PAaotikda kuttapoa CGRS.
TéAog, elval onUAvVTIKO va onuelwBel OtL n mpoomdaBela va peAetnBel o
KUTTOPOOKEAETOC ota kUttapa CGR8 6ev Atav eUKoAn, kabwg Tt KUTTAPQ
HEYaAWVOUV £1¢ UPOC e AMOTEAECHA VAL LNV Elval SLakpLtd Ta vidla tng aktivng (Eik.

46). H xpwon yia Seikteg tng emBnAlopeceyxupatiking petafaong (EMT), onwg n E-
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cadherin, ZO-1 kat a-SMA mapouocia kat amoucia TGFR1 Sev elxe emiong kAmowo

ONUAVTLKO OTOTEAECAL.

Ewdva 46 : Xpwon tn¢ aktivng pe podapivn-paiiodivn os kuttapa CGR8. Ta kuttapa
HEYaAWVOUV €16 UPOC Pe aTTOTEAECSHA VA NV elval SLaKPLTEG TBAVEG aAAayEC oTa VidLa TG
aKtivng.

Enwaon tTwv Kuttdpwv CGR8 pe TGFB1 kai/r unepékdppaon twv Smad 3/4 unod

ouvOnkeg dtadoponoinong (amovoia LIF)

TN OUVEXELD TWV TELPOUATWY TIPEMEL va avadepbel OTL oL TAPOSLKEG
ETUUOAUVOELG €ylvav e TN HEBobo tng Attractene. Emiong, n kaAAEpyela yiveTal pe
NV npocBnkn Uikpotepng mocotntog LIF (2 évavtl 4 pl/ml) oto péco KaAALEpyELaG.
AKkOpQ, TIPOKEIPUEVOU va evepyomolnBel to povomatt tou TGFB, eAattwOdnke
TEPALTEPW N TIPO0ONKN Tou mapdyovta LIF oto péco kaAAEpyelag katd tn SldpkeLa
TWV TMELPAPATWVY. ZUYKEKPLUEVA Ta KUTTAPpQ avartuxOnkav yia 24 1 48 wpeg o€ 3.5 %
FBS napouoia 3.5% LIF (5nAadn 0,07 ul/ml) kat enwdaotnkav pe 5ng/ml TGFB yia 24
wpeC. EmpoAuvon twv kuttdpwv pe To MAaouiblo avadopd¢ tou ouvOeTikoU
urmokivnt p(CAGA)12 eixe w¢ amotéAeopa tnv avénon tng evepyotntag Tou
UTIOKLVNTA KaTd 2.5 dopEg otnv mepintwon tng 48wpng amopdkpuvong tou LIF (Ewk.

47-ume Slaypappa).
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Ewdva 47 : H anopdkpuveon tov tapayovta LIF anod to kaAAepynTtiko HEco enEtpePe TV
gvepyonoinon tou povomatiol tov TGFB ota PAaoctika kuttapa. Kuttopa CGRS
oavarmntuxOnkav ya 24 katl 48 wpeg oe 3.5 % FBS mapouoia 3.5% LIF (dnAadn 0,07 pl/ml) kat
enwaotnkav pe 5ng/ml TGFPR1 ywa 24 wpeg. EmMpoAuvon Twv KUTTOPWY UE TO MAACULSL0
avadopadg tou ouvBeTkol umokvnt P(CAGA)12-luc elxe wg amotédeopa tnv avénon tng
EVEPYOTNTAC TOU UTTOKLVNTH KATd 2.5 pop£g otnv nepinmtwon tn¢ 48wpng amoudkpuveng Tou
LIF.

AkoAoUBwC, uTo TIG (BleG oUVONKEG N EMWAON TWV KUTTApwV pe TGFR1 (5ng/ml) ya
24 WPeG KoL N UTEpEKPPAON TwV mopayoviwv Smad3/4 métuxav pio Ara aAlG
OTATLOTIKA ONUAVIIKA avénon Tng evepyotntag tou umokwvnt tng RhoB (Ewk.48).
Eniong, empdAuvon pe mlaouibia avadopdc mou dépouv OAeC TIc eAAelELG Tou
umokwvnt tnG RhoB mapoucia TGFR avénoe oe OAeg TIG MePUTTWOELS (MANV TOU
TUApatog -227/486) tnv evepyotnta tou umokvnt (Ewk. 49). To 8o amotéAeopa

napatnPnOnKe Kal KAtd tnv ulepékdpaon Twv mapayoviwv Smad3/4.

Elvat yvwotd ott o TGFB emayet OSladopeTIKEC ATOKPIOEL OTOUC
S10hOpPETIKOUG TUTIOUC KUTTAPWY OVAAOYa HE TOUG UETAYPADIKOUG TTAPAYOVIEC WE
Toucg omoloug ouvepyaletal. Eival yvwoto emiong otL n Smad3 katoaAapBavel 1o
yoviSiwpa pall pe tov Octd ota epPpuikd BAaotikd kuttapa (171) kat étL n Smad4
TIPOOSEVETOL OTOV UTIOKLVNTH Tou yovidiou Oct4 (146). Zuykekplpéva avadEpPeTal OTL

o Oct4 obnyel Tnv mpocdeon tng Smad3 ota yovidla-otoxoug tou TGFB. Qotdoo, n
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CUVETILMOAUVON TWV KUTTAPWV He Tov Ttapdyovia Oct4 dev avénoe mepaltépw TNV

EVEPYOTNTO TOU UTIOKLVNTH.
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Ewova 48 : H anopdakpuvon tou ntapayovta LIF anod to KaAAepyNnTIKO pEco eNETPEYPE pial
Arma evepyomnoinon t¢ RhoB amd tov TGFB1 ota PBAaoctika kuttapa. Kuttapoa CGRS
avartuxbnkav ya 48 wpeg oe 3.5 % FBS mapoucia 3.5% LIF (6nAadn 0,07 ul/ml) kot
enwaotnkav pe 5ng/ml TGFR1 yia 24 wpeg, ite empoAlvOnkav pe dopeig Ekbpaonc yLa Tig
npwteiveg Smad3 kat Smad4 (*, p < 0.05).
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Ewdva 49 : EmpoAuvon twv Kuttdpwv CGR8 pe mAacpisia avadopdg yla Tov UIoKLnTh
¢ RhoB mapoucia TGFB1l. H emyuoAuvon Twv KUTTAPWY OE OUVONKEG YOUNANG
ouykevtpwong LIF (0,07 pl/ml) pe mhaopidia ou dpEpouv tic 5’ ANl ELG TOU UTTOKLYATH TNG
RhoB mapouoia TGFB1 (5ng/ml) alénos os OAeg TG mMepUTTWOELS (TTANV TOU TUAMATOC -
227/+86) TNV EVEPYOTNTA TOU UTIOKLVNTH.

TéAog, mapodikn empoAuvon Twv BAACTIKWY KUTTAPWVY HE TO TAACULSL0
avadopag RhoA-luc (-819/+166) mapoucia 5ng/ml TGFPR1 ywa 24 wpeg £6elée AmLa
av&non ¢ evepyOTNTAC TOU UTIOKLVNTI), TIOU OPWE €V ATAV OTATIOTIKA ONUAVTIKN
(Ek. 50). To (6o amotéAeopa mopatnPAONKE KOl KOTA TNV UNMEPEKPPOOH TwV
napayoviwv Smad3/4. H Smad2 &ev daivetal va emdpd otnv evepyotnTta TOU
uToKLVNTA. Ta MELPAMATA TTpAYHOTOTOBNnKav uttd cuvOnkeg KaAALEpyeLag 3.5 % FBS

kat 3.5% LIF yia 48 wpeg.
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Ewkova 50 : To povonarti tou TGFP &gv evepyonolei tn RhoA ota BAactikd kUTTapa. KUttapa
CGRS8 emipoAlvOnkav pe 1o RhoA-luc (-819/+166) mAaouidlo avadopdg Kal Tautoxpova EyLVe
unepékdpaon Twv mapayoviwv Smad, napoucia kat anouvcia TGFR1 (5ng/ml). To neipapa
£ylve o€ ouVONKeC XaUNANG ouykévipwong LIF (0,07 ul/ml).

Enwaon Twv KUTTApwv HE Tov avaoctoAéa SB-431542 anouvoia LIF

Elval yvwoto and tnv BiBAoypadia 6tL o TGFB enayel tnv dtadopomnoinon
MoAUSUVOUWY PBAQOCTIKWY KUTTAPWY TPOC Hecodepulkd kuttapa (16,146-148).
Mpokeévou va emiteuxBel n kuttapkn Stapopomoinon and tov TGFB, ta kuTTOPQ
enwaotnkav ylo 48 wpeg napouvasia 15% FBS kal mAnpoug amouaiag LIF, mapouoia
DMSO 1 SB-431542 (10uM). O SB-431542 eival avaotoAéag Tng onuatodotnong tou
TGFB, tng AktiBivnc kat to mapayovta Nodal. Katd ta newpdpata autd napatnprnonke

Swatripnon tng popdoloyiag tTwv BAACTIKWY KUTTApwWY Tapoucia tou SB-431542
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umodnAwvovtag OTL N avacoTtoAr Tou onpatodotikol povomatiol tou TGFB odnyetl

otnv dlatrpnon tng noAvduvapiag twv BAaotikwv kuttapwy (Ewk. 51).

DMSO SB-431542 (10pM) LIF

Ewkova 51 : O avaotoAéag tou TGF SB-431542 srutpénel tn Swatripnon tng moAuduvaypiog
ota BAactika Kuttapa. Kuttapa CGR8 enwdotnkav yla 48 wpeg napoucia 15% FBS kot
TAnpoug anovaoiag LIF, mapouvsia DMSO 1 SB-431542 (10uM). Napoucio Tou avactoléa SB-
431542 ta kuttapa Slatnpolv tThv popdoloyia TTOu €XOUV UTIO KOVOVIKEG CUVONKEG
KoAALEpyeLag mapouaoia LIF.

To mapamdvw egvUpnua umootnpiletal kal and ta emnineda ékdppaong yovidiwv-
Sdektwyv Sladopomnoinong omwe ta Brachyury, Ffg5 kat a-SMA (Ewk. 52) kaBwg Kat
yoviSiwv-8etktwv moAuduvapiag Nanog, KIf2 kat Rex1 (Ewk. 53) (6,26,172,173). Onwg
daivetal Kal amo TIG EIKOVEC, Ta enineda ékdppaong Twv yovidiwv mou unodnAwvouv
Sladopomnoinon HelwONKaAV MAPOUGCLO TOU OVACTOAEQ, EVW TO AVTIBETO GUVERN yLa Ta
yovidia mou umodnAwvouv moAuduvapia. ITo meipapa avto gaivetal OtL mapd TV
emnitevuén kamolov Babuouv Sladopomnoinong, ta enimeda €kppaong TWV yovidiwv tng
RhoA kat tng RhoB &gv aA\alouv (Eik. 54 A). Emtiong, empoAUvVon TwV KUTTAPWYV LE T
mAacpidia avadopdg -1605/+86 kat -726/+86 yia tov unokvnt tng RhoB napouocia
TOU QVOOTOA£Q UTO TIG Mapanmavw ouvinkeg odnyel oe pla Arua avénon tng

gvepyotntag tou umokvntn (Ew. 54 B).
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Ewdva 52 : O SB-431542 avaotéAAel tn Stadikaoia tng Stadoponoinong ota PBAACTIKA
KUttapa CGR8 onwg daivetar and ta enineda £ékppacng Twv avriotoywv yovidiwv-
Sewktwv. Ta KUTTOpO ENWAcTNKav yla 48 wpeg mapoucia 15% FBS kat mAnpoug anouvoioag LIF,
napoucia DMSO f SB-431542 (10uM). To cuvoAikd RNA amopovwBnke kal ta enineda mRNA
twv yovibiwv Ffg5, a-SMA kot Brachyury petpndnkov pe RT-PCR. Ta emimeda mRNA
Kavovikomotnenkav pe Bdon to avtiotolyo MRNA tn¢ ToupmouAivng. To Staypappa Seixvet
TOUG PEooUC Opou¢ (SD) TpLwv aveldaptnTwy nelpapdtwy (*, p<0.05).
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Ewova 53 : O SB-431542 euvosi T Statfipnon tng nmoAuduvapiag ota BAAoTIKA KUTTApO
CGR8 onw¢ daivetal ano ta enineda £ékppacng TwWV AVIICTOLXWV YovVISiwv-SekTwy. Ta
KUTTOpO eEMwactnkay yla 48 wpeg mapoucia 15% FBS kat mAnpoug anouciag LIF, mapouoia
DMSO 1 SB-431542 (10uM). To ouvoAwkd RNA amopovwBnke kot ta enimeda mRNA twv
voviSiwv Rex1, Nanog kat KIf2 petpri®nkav pe RT-PCR. Ta emnineda mRNA kavovikonoténkav
pe Baon to avtiototyo MRNA tng ToupmouAivng. To Staypappa Seixvel Toug LECOUG OPOUG
(£SD) tpuwv avegdptntwy mepapdtwy (*, p<0.05).
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Ewova 54 : H katootoAn] tou povornatiol tou TGFB 6ev mpokalei aAdayn ota enineda
ékppaong twv yovidiwv RhoA kat RhoB. (A) KUttapa CGR8 emwaoctnkav yla 48 wpeg
napouvcia 15% FBS kal mAnpoug amouotiag LIF, mapoucia DMSO 1y SB-431542 (10uM). To
ouvoAlkd RNA amopovwOnke kat ta enimeda mRNA twv RhoA kat RhoB petpidnkav pe RT-
PCR. Ta enineda mRNA kavovikonotenkav pe Bdaon to avtiototyo mRNA TG ToupdmouAivng.
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(B) KUttapa CGR8 emipoAUvOnkav pe mhaouidia avadopdg yla Tov unokvntr tg RhoB uno
TLC TOPOTTAVW CUVONKEC. 2To SLaypappa Gaivovtal oL THEG TNG % OXETIKAG SPOOTIKOTNTAG TNG
Aouaoipepdong mou anoteAolV Toug PEGOUC Opoug (£SD) TpLwv aveldpTNTWY TEPAUATWY,
TIOU Tpaypatonoonkav 1§ SumAouy ( *, p<0.05, **, p < 0.01).

To nmapanavw neipapa enavalnddnke ota kuttapa P-19. Qotoéoo n enwaon
HE Tov avaoTtoAéa SB-431542 dev eixe enidpaon otn Stadikacia Stadopomnoinong o
auta ta kuttapa (Ewk. 55). H xpion tou katactoAéa Oev eixe ocadn enibpaon ota
enineda  é€kppaong Twv  yovidlwv-8elktwv TG TMoAuduvapilag Kol - TNG
Stadpopomnoinong. Emiong, n xprion tou SB-431542 Sev enédepe kapia aAlayr otov
KUTTAPOOKEAETO Twv Kuttdpwv P-19 (Ewk. 55 T). BePaiwg, ta KUTTOpO QuUTA
OVTUTPOOWTEVOUV €va TILo 0P Lo oTddlo TG epPpuoyéveang, EMOUEVWC ival Bavo
va amnatteital peyaAuTtepo Xpoviko Staotnua yia tn dtadopomnoinon Toug aAld Kal n
xpnon dtadopeTikwv yovidiwv-6eiktwy, Aoyw ¢ SladopeTIKAC TTPOEAELONC AUTWV

TWV KUTTApWV oAAQ Kol Tou otadilou tng epBpuoyéveanc oto omoio adopolv.
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Ewova 55 : H kataotoAr) tou povonatiol tou TGFB ota kUttapa P-19 Sev ennpéace tn
Stadkaoia dtadoponoinong toug. Kutrapa P-19 emwadoctnkav yla 48 wpeg napoucsia DMSO
1 SB-431542 (10uM). To cuvoAikd RNA amopovwBnke kal ta enineda mRNA twv RhoA, RhoB
(A) kat Ttwv yoviSiwv-6ewktwv (B) petpnBnkav pe RT-PCR. Ta emineda mMRNA
Kavovikormotenkav pe Baon to avtiotoxo mRNA tng toupmnouAivng. () Xpwon tng aktivng
pe podapivn-parloldivn.
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Anocwwrninon tng RhoB

Téhog, mpokelpévou va SlepeuvnBel n mBavry cuppetoxy ¢ RhoB otn
Swadkacia g Sladopomoinong Twv PAACTIKWYV KUTTAPWY, EMXEPAONKE n
KATaoTtoAn TNG Héow Aévti-lwv (Ew. 56). Me tnv emipudAuvon twv kuttapwv CGR8 pe
Aévti-loug mou €depav To €8O ShRNA vy tnv amocwnnon tng RhoB
Snuoupynoape dvo otabepoug CGR8 kKAwvoug (Ewk. 56 A) otoug omoioug n ékdppacn
™G RhoB pewwvotav katd 50% mapoucio dofukukAivng (Ew. 56 B). Ztn ocuvéxela
TIPOKELUEVOU va peAetnBel o mBavog poAo¢ tng RhoB otn Swadikacia g
Sladopomnoinong, HeAetnOnkav Tta emineda  ékdpaong Sadopwv  SeKTWY
noAuduvapiag mapoucsia kot amoucia S0EUKUKALVNG, SnAadr) umd KOVOVIKA Kal
HEWwMEVN €kdpaon t™¢ RhoB avtiotoya (Ewk. 56 T). Qotoéco, amd ta emnineda
€kdpaong Twv Selktwyv dev NTav Suvatov va Se€axbel kamoLo aoPaAéG cCUUMEPATHAL.

Qaivetar ot n amoownnon tng RhoB &gv emnpealet tn Swdkaoia NG

Stadopomnoinong.
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Ewova 56 : H anocwwnnon tng RhoB &gv ennpeadlel tov Babuod diadopomnoinong twv
BAaotikwv Kuttdpwv CGRS8. (A) Avaluch avocoanmotUnwong o€ KUTTapa Ta omola eiyav
enwaotei pe 2 pg/ml SofukukAivng yla 48 wWPeg Hetd ammd poAuvon pe Aévt-lolg yla To
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RhoB shRNA. loe¢ moodtnteg detypdtwy amd Vo SladopeTikoug KAWvoug avaluOnkav
HE TN XPRON QVILOWHATWY T omola avayvwpilouv tic mpwteiveg tng RhoB kat tng
TOUUTIOUALVNG. To ouvoAiko RNA amopovwBnke kat ta enineda mRNA tng RhoB (B) kabwg
KOl TwV yoviSiwv-6elktwv ¢ moAuvduvapiog (M) petpndnkav pe RT-PCR. Ta enineda
MRNA kavovikono|nkav pe Baon to avtiototyo mRNA tnG toupmouAivng (**, p < 0.01).
(A) EmiBeBaiwon tng éxdpaong tTou WU oto avaotpodo pLKPookoTo ¢Boplopou.
MNapoucia dofukukAivng emayetal, ektoc ano to RhoB shRNA, n ékdpoaon tou yovidiou
TurboRFP kaBlotwvtag £ToL SuVaTO TOV OTTIKO EAEYXO TWV KUTTAPWV TIoU ekdppdlouv To
shRNA. Ta kUttapa rtou daivovtal otny elkOva eiyav mponyou LEVwe emwaotel pe 2 ug/mi
S80&UKUKALVNG yLa 48 wpEG.
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METATPA®IKH PYOMIZH TQN RHO NPQTEINQN 2TA BAAZTIKA
KYTTAPA

TNV mapouoa UEAETN ETUXELPNONKE OpPXIKA Hia AELTOUPYLK aAVAAUCH TWV
UTIOKLVNTWV Twv avBpwrnivwv yovidiwv tg RhoA kat tng RhoB mpokewuévou va
SlepeuvnBoulv pubULOTIKA OTOLKELA TTOU €lval CNUAVTLKA YLO TNV HETAYPODLK TOUC
puBuLoN ota BAaoTika KuTtapa. Evag Baolkog otoxog ntav va dtepeuvnBouv mibaveég
opolotnNTEC Kal Stadopég otn pubuion twv duo yovidiwv ota ducloloyika (CGRS8)
EVOVTL TWV KAPKWIKWV (P-19) euPpuikwv PAACTIKWY KUTTAPWY, OTWGE EMIONG KOL Vo
aloloynBel o pucLoAoyLlkOC pOAOG PUBULOTIKWY OTOLXELWV TIOU ELXAV TIPONYOUUEVWE
OVOYVWPLOTEL 08 GAAQ KUTTOPLKA GUCTHHOTA.

Onwg elvat yvwoTto, Ta KOPKLIVIKA BAAOTIKA KUTTAPA £lval KOPKIVIKA KUTTOpa
mou potpalovtol 8LOTNTEC Twv ¢GuUCLoAOYIKWY PBAaoTikwv Kuttdpwv. OL Suo
KUTTAPLKEG OElpEC SladEpouv oe TMOAAG onueia. Ta pucloloyika epBpuika KUTTOP
CGR8 mpoépxovtal amd TNV €0WTEPLKN KUTTaplk pala evog apoevikol epPfpluou
nAkiog 3.5 nuepwv (163) kat n Swadopomoinon Toug AVOOTEAAETAL QMO TOV
napayovtal LIF. AvtiBeta, n kuttoplkn oepd P-19 amoteAeital amd kUTTOpQ
TEPATOKAPKIVWHATOC TIOU OVAKOUV O€ €va Tio oo otadlo tng eUPpuoyEveong
(165). Qotooo, kaL oL duo kuttapikoi tumol Sladopormolouvtal UE Toug SLoug
UNXOVIOHOUG Kal amoteAouvtal amd moAuduvapa kUTtapa €Ppocov pmopolv va

StadopomoinBouyv kat ota tpia PAacTtika dépuata.

Enineda ékdppaong twv yovidiwv RhoA kat RhoB ota ¢puctodoyikd kat ota

KOPKLWVIKA BAQOTIKA KUTTAPA

IXETIKA Pe Ta Baoika emineda €ékppaon Twv SUo yovidiwy, BpéBnke oOtTL Ta
enimeda tn¢ RhoA nNtav uvPnAd, sevw ta enineda t™¢ RhoB ntav oxedov un
avixveloLlua. Zuykekpluéva, n avaioyia RhoA/RhoB mRNA ota CGR8 kat ota P-19
kOTTopa ntav 38 kat 172 avtiotoya. NoapodAa autd, auth n onuovtiky dtadopa ota
oxeTka eminmeda ékdpaong Twv dVo yovidiwv dev daivetal va eival €161k yla Ta
BAaotika kUTTOpa, EdpOoOV apatnpeital Kat og AAAEC KAPKIVIKEC OelpEC (Ewk. 27). Ta

EUPAMOTO AUTA CUUPWVOUV Kal PE HUEAETEC TTOU delyvouv OTL N ékdpacn tng RhoA
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givat vPnAn, evw n €kppaon t¢ RhoB pelwvetal otov Kapkivo. JUYKEKPLUEVQ, N
€kppaon ¢ RhoA eival uPnAn oe éva olUVoOAo avBpWTVWV KOPKIVWV OMWE TOU
EVTEPOU, TOU HAOTOU KOL TWV MVEUUOVWY (124). Ta entineda ékdpaong tou mRNA, tng
OUVOALKAG TPWTEIVNG KoL TNG evepyotnTag tnG RhoA og eMTA YOOTPLKEG KAPKIVIKEG
KUTTAPLKEG OELPEG Kal o€ adladopormnointa Selypata LoTwV YaoTpLlkou KapKivou eival
onuavtika uPnAotepa o€ OXEON LE TA QVIiOTOLXQ UN KOPKWIKA (174). H RhoA
unepekdpaletal emiong oe MAAKWON KOAPKLWIKA KUTTOPA TIOU TPOEPXOVIOL OO
avOpWTTLVOUG LOTOUG TNG TIEPLOXN G TOU KEDOALOU Ko Tou Aatpou (175). Emiong, n RhoA
elvat uPnAn oe dykoug BAOOTIKWY KUTTAPWY Opxewv (germ cells), evw ot RhoB kat
RhoC 8ev aviyvelovtal 6 autoUG TOUG OYKOUG, TIPAYHA TIOU TIOPATNPELTAL EV UEPEL
Kall oTtnV mapovoa peAETn (176). Eival onuoavtiko 6w va onuelwBel otL To epPfpuiko
KapKivwua elval ouxva mopov oe OyKoug 0pxewv (177) kot OTL TA YEVVNTIKA KUTTAPA
(germ cells) pmopouv va emMavampoypopUATIOTOUV TTIPOoG TTOAUSUVAHA KUTTAPA XWPIg
YEVETIKN Tpomomnoinon (6). Akopa, n RhoA Umopel va evepyomoLoeL TOV tapayovia
STAT3, péow tou omoiou dpa o mapayovtag LIF, oe epPfpuikolg voBAACTEC TOVTIKOU
(MEFs) (178). TéAog, avadEpetal OTL n uTtepekdpacn Tou c-Myc tpoodidel 8LoTnTEG
0€ KOPKLVIKA KUTTAPA ToU opoLalouv He autég tng RhoA (179).

JuyxpOvwE, UTIAPXOUV OpPKETEC avadopéc mou emiBefawwvouv ta upnAa
enineda ékbppaong twv Rho, kupiwg tng RhoA, kat ota BAaotika kuTtapa. H RhoA €xel
ubnAn ékdpaon ota mpwipa otadla tNg eUPpuikng avamtuéng kabwg Kol ot
anodladopomnolnuéva podpopa kuttapa (115). To yeyovog 0tL n Ekbpacn tng RhoA
gilvat uPnAn TG00 oTA KAPKIVIKA 000 Kal ota BAACTIKA KUTTApO £XEL 08NYNOEL OTNV
umoBeon tng MpoéAeuong Twv Oykwv amod BAactikd kuttapa. Eivat mbavo otL n
€kppaon twv Rho eivalt vPnAn oe adladopomointa, HETAOTATIKA KUTTOPA Kol
HeElwveTal TapaAAnAa pe tn Swadkaoia tng Stadopomoinong (58). Mia akopa
OMOLOTNTO OVAUECO OTO KOPKLVIKA Kot Ta BAaoTIKA KUTTapa avoadoplkd pe tig Rho
eival ta yapnAa emnineda tng RhoB. Eival gupéwg yvwotd otL n RhoB dpa wg
OYKOKOTOOTOAEQG KalL N €KbpaoT) TNG LELWVETAL LE TNV TIPO0S0 NG £EEALENG TOU GYKOU
(180). H umepékdpaon TNG aviaywvileTal TNV KUTTAPLKA LETAVACTEVCN, TNV QVATTTUEN

TOU OYKOU Kall Tn petaotaocn (120).
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O Aoyoc yla tnv avénuévn ékdppacn the RhoA ota BAaotika kKutTapa sivat
OKOUO AyvwoToC. Oa urmopouoape va utoBEooupe OtL ta uPnAd entimeda Ekppaong
¢ RhoA ota adtadopomointa BAactikd kUTtapa odeiletal otnv EANeWPn idiwv tou
OTPEC OE OUTA O€ CUYKPLON HE Ta Sladopomolnpéva KUTTaPa ToU €XOUV EVav KaAd
OVETTUYHEVO KUTTAPOOKEAETO. Onwg oupPaivel kKal ota mpodpopa KUTTApA TwWV
Aglwv puwy (115), ta PAaoTika kKUTTapa Bplokovtal og pia katdotaon “stolpotnrag”
(“stand-by” state) yLo vt LETOVOLOTEUOOUV TIPOKELEVOU VAL ETTOLKCOUV TNV OPXEYOVN
ypouun (primitive streak) kat va SiadopomowinBolv kata tn Sladikaoia tng
yaotpldiwong. Zuvenwg, ta auénuéva enimeda t¢ RhoA Ba pumopovoav va tapExouv
ota BAaOTIKA KUTTOpA TNV SUVOTOTNTA VA AMOKTAOOUV WiSla Tou OTPEC yla va

HETAKIVNOOUV AUESA KATOTILV TOU KATAAANAOU gpeBiopartog.

PuBpotika petaypadika ototxeia twv yovidiwv RhoA kot RhoB

Xpnolpomnolwvtag €va cUVOAO TAACHLS LWV yla TOUG UTTOKLVNTEG Twv RhoA Kkat
RhoB, eniBeBatwoape OtL N HeTaypadLki EVveEpyomoinon Twv yovidiwv autwy amoattet
TG eyyug meploxeg (-103 /-39) kau (-85/-53) twv umokvntwyv tng RhoA kat tng RhoB
avtiotolya. Onwg avoadEépBnKe Kal TPONYOUUEVWE N KPR KovTwvr Teploxn (-103 /-
39) tou umokwvntl t™n¢ RhoA mepllauPavel otoxeia mpdodeong yla TOUG
petaypadikoug mapayovteg STAT6, NF-kB kot Myc (71,72) onwg emiong, Kot €va
aveotpappévo CCAAT box T10 omoio amoteAel Béon mpocbdeong yla TOUG
petaypadikolg mapayovtec NFY kat tig C/EBPs. Qotdoo, Kaveévag amd auTtoug TOUG
mapayovieg dev av€énoe TNV €vePyoTNTA TOU UTOKWVNTH NG RhoA, mAnv twv
Tapayoviwy p65/50. IXETIKA WE TNV TIEPLOXN) TIOU QTTALTELTAL YLOL TNV EVEPYOTIOLNON
TOU uTtokvntn t™¢ RhoB, n rteploxn (-85/-53) mephapBavet éva aveotpappévo CCAAT
box. Ze mponyoupevn HEAETN TOU epyaotnpiou pag, eixe dewyBel 6tL n dLa eploxn
elval amapaitntn Kal EMOPKNC yLa TNV LETAYpa LK EVEPYOTIOLNGCN TOU UTIOKLVATA TNG

RhoB amno ti¢ npwteive¢ Smad og HepG2 kuttapa (90).
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O poAog tou otolxeiou CCAAT

‘Eva amo to OTOLXELQ TTOU GUVAVTWVTOL TILO CUXVA O UTIOKLVNTEG KOLL EVLXUTEC
yovibiwv edikwv ywa ta PAaoctikd kuttapa eivat to CCAAT box (181).
Xpnollomolwvtag uia UeEYAAn oelpd MAAoOULSiwvV TIou TePLElyOV TUAMHATA TWV
umokwnTwv tng RhoA kat tng RhoB, emiBefaiwdnke OTL oL eyyUG MEPLOXEG KAl TwV U0
UTTOKLVNTWV TIEPLEXOUV PUBULOTIKA OTOLXELQ TTOU ElvalL amopaitnTa yLo TNV EVEPYOTNTA
Toug ota BAaotika KUTTapa. Kat ot 8U0 UTOKLVNTEG TtepLEXOUV aveoTpappéva CCAAT
boxes mou amnoteAolv BEoelg mpoodeong yla mapdyovteg onwe ot NFY kot CEBP (Etk.
Chip 31, 38). lNa va avaAuBei mepattépw o podog twv CCAAT boxes otnv petaypadikn
puBuLoN twv Rho, elonxBnoav 800 onNUELOKEC LETAANAYEG OE QUTA T OTOLXELO KOl
Bp€OnKe OTL AUTEC OL LETAAAAEELG PHeElwaav TNV EVEPYOTNTA KO TWV U0 UTIOKLVNTWV
ota ¢uololoyilkd aAAd Kal ota Kapkwikd PAaotika kuttapa (Ewk. 35, 39). Ta
gupnuata autd Bpiokovtal o€ CUPPWVIO PE ATIOTEAECUOTO TIPONYOULEVWVY LEAETWV
Tou gpyaotnpiou pag (90) omou ot ibleg petaAAdéelc katéoTtellav TOo0 tn Bactkn 600
KOl TNV EMAYOUEVN o TIG MpwTeiveg Smad evepyomoinon tou umokwvnt t¢ RhoB
oe avBpwriva kUTtapa nmatofAactwuato¢ HepG2. Emiong ot petaAAdgelg oto
CCAAT box avéoteldav tnv mpocdeon twv Smad3 kat NF-Y mopayoviwv otov
UTIOKLVNTA KATAOTEAAOVTAG ETOL TNV EVEPYOTIOLNON TOU UTIOKLVNTH OO aUTOUG TOUG
TLOPAYOVTEG.

Kat dAAeg peréteg, emiong, emBefatwvouv Tov onuavtikd poAo tou CCAAT box
otnv petaypadikn puduion tng RhoB : a) n petardaflyéveon tou eyyug CCAAT box
EUMOSLoE TNV eMaywyn tnG Ekbpaong TG RhoB amod yovotollkd otpeg o€ VOBAAOTEG
NIH 3T3 (87) B) to eyyug CCAAT box eival onuavilikd yla TNV KATACTOAN TNG
petaypadng tng RhoB amoé tnv HDAC1 (histone deacetylase 1) og kUttapa Kapkivou
ToU Tveuova (83) y) n emayopevn ano tnv urteplwdn aktivoBolia ékppaon tng RhoB
peoohaBeital anod tnv npodécdeon tou ATF2 (Activating Transcription Factor 2) péow
tou NFY oto gyyug CCAAT box tou unokivntr tn¢ RhoB og kUTttapa Jurkats (94) kat §)
n p38 MAPK gumA£KeTal otnv emaywyn ¢ ékppaonc tng RhoB amod T SpacTikég
HopdEg oEuyovou (Reactive Oxygen Species, ROS) péow twv CCAAT boxes og kUTTOpa
Kapkivou tou mpootatn (95). Me tov (8lo Tpomo, emniong, n p38 MAPK puBuileL tnv

enayouevn anod v UV aktvoBolia ékdpaon tng RhoB, n omoila Stapecolafeitat
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amo tnv mpoodeon ¢ c-Jun kot ¢ p300 oto amopakpuopeévo CCAAT box tou
umokKvNTA o€ kuttapa Jurkat (94).

Ye avtiBeon pe to CCAAT box tn¢ RhoB mou eival kaAd xopaktnplopévo, To
CCAAT box tng RhoA 6ev €xel peletnBel. Itnv mapovoa PeAETn emiBefatwvetal OtL
QUTO TO OTOLXELO MalEL ONUAVTLKO pOAO 0Tn pUBULON TNG RhoA ota BAaOTIKA KUTTOPA.
Ol mapAyovteg mou PocaSEvovTal O QUTO TO OTolXElo ota PAaoTikd KUTtapa Sev
elval yvwotol. Meléteg mou €xouv kataxwpnbet oe ChiP-Seq Bdoeslg dedopévwy
Selyvouv otL oL mapayovteg NFY kat CEBP mpoodévovtal o autr) tnv neploxn (Ek. 31).
AtileL ebw va onuewwbdet ot oL Dolfini et al (181) €xouv deiel otTL Ta enimeda NG
HKPNG Loopopdng tou NF-YA (NF-YAs) eivat upnAd ota epufpuikd BAaoTtika KUTTOpO
TWV TIOVTLIKWV Kal Pelwvovtal peta tn diadopomnoinon. Eniong, avadépetal otL n
npoacbeon tou NF-Y eival anapaitntn yla tTnv npocdecon tou mapdyovia Nanog oto
DNA.

ExeL evoladpEpov OTL g mponyoU eV UEAETN Tou gpyactnpiou pag (90) €xel
SexBel OtL amd povn ¢ n alnAouyxia CCAAT &ev eival apket yia uPnAig
ouyyévelag mpoodeon tou NFYA kot OtL yU' auto eival amapaitnteg, emutAéov,
napakeipeveg (flanking) akoAouBilegc. To cupmépacpa autd TpPogkue amod T
oUYKPLON TwV VOUKAgoTISIKwV aAAnAouxlwv mou meptBarlouv ta CCAAT boxes otov
umokwvntA t™¢ RhoB kat tng RhoA. BpéBnke 6tL n cuyyévela tou NFYA yia to RhoB
CCAAT box (5" GTCCAATGGG 3’) eivat kata moAu upnAdtepn and avtrv yla tov CCAAT
box tng RhoA (5 AACCAATCAT 3’) (90). ZUudwva pe Ta mapamdavw, Aoutov, sival
TOavo StadopeTikol mapayovieg, eL8LKOL yla ta BAAOTIKA KUTTAPQ, Vo TtpoadévovTal
oto CCAAT box twv dUo umoklvnTwy Kat va pubuilouv tn 6pdon Toug w¢ amavinon

o€ SLPOPETIKA EOCWTEPIKA KAl EEWTEPLKA epeBiopata.

Ta yoviéia twv Rho undkewvtal o avtoppuOuon ota BAacTtika KUTTOpOL

Itnv nopovoa UeAETN, Selfape OTL n evepydTNTA TWV UTIOKLVNTWV TNG RhoA
Kal TnG RhoB umokeltal os avtoppuOuon amnod tig Rho nmpwteiveg. OL mapatnpAoELg
obnynoav ota €€N¢ cupnepacpata: a) n unepékppacn tnG RhoA avaotéAAEL Ty

€VEPYOTNTO TOU UTOKWVNTH TNG RhoB kat tng RhoA kat aut n avaoTtoAn sival mio
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€vtovn ota P-19 kuttapa B) n unepékdpaon tng RhoB avactéAAel tnv evepyotnta
Tou unokwNnTA TG RhoA povo ota kuttapa P-19 kat tng RhoB €icou kal otig Suo
KUTTAPLKEG oeLlpEG y) To CCAAT box Tou umokwvnti Tng RhoB sival anapaitnto yia tnv
autoppuBuion povo ota P-19 kuttapa evw to CCAAT box tou urtokwvntr Tng RhoA bev
dalvetal va mailel onUAvilikd poAo otnv autoppUBULon. ZUVOALKA, TA TAPATIAVW
anoteAéopata Selyvouv OTL TO KUTTOPLKO TeEPLBAAAOV aAAA KOl OL TTAPAKEIUEVESG OTO
CCAAT box aAAnAouyieg Tou umokLvnTr €ivatl kaiplol mapdyovteg mou kabopilouv Tov
BaBbuo kat tnv el8IKOTNTA TNG awTtoPPLBULONG Twv Rho og petaypadikd eninedo.

Mpokelpévou va SlepeuvnBel MepaltéPpw O PNXOVIOUOG autopplLBULoNg,
xpnolpomnondnke o avactoAéag C3 exoenzyme, pia tofivn TOU MPOEPXETAL ATIO TO
Baktpo C. Botulinum kot avootéAAel tnv evepyotnta twv Rho péow ADP
ptBoluAiwong toug (169). O avaoctoAéag C3 avénoe ta emnineda mMRNA tou yovidiou
™¢ RhoB, aAAd 6xtL tng RhoA, pe xpovo-e€aptwpevo tpomo. MNeplocdtepo €viovn ATov
n avgénon twv emunmédwv g RhoB amd tov avactoAéa ota kuttapa P-19 svw n
€kppaon tng RhoA bev al\ale. Ze cupdwvia pe Tnv mapoloa UEAETH, UTIAPXOULV,
ETONG, KATOLEC UEAETEG TTOU avadépouv auénuéva enimeda £kppaong tng RhoB
Katomw enwaong pe C3 (97,182). Ailel va onpelwBOel OTL, OMwg mapatnpnonke kat
otnv mepimtwon Twv BAACTIKWY KUTTAPWY, O OVOOTOAEQC TIPOKOAEL aAAayr Tou
OXNUOTOC TWV KUTTAPWV Of €va TIlo OTPOoYYuld oxnua (97,183) Adyw 1Ing
amoSLopyAvwaonG TOU KUTTAPOOKEAETOU TNG AKTLVNG KAl TNG OMWAELAC TIPOOKOAANGNG
TWV KUTTAPWV OTO UTOOTpWUA toug (117,184,185). Ze malaldtepn MEAETN, TEAOG,
avadépetal 6tL 0 C3 pelwoe TNV SLakUTTAPIKN emadn Twv P-19 KUTTApwWV KATA TN
Sladkaoia ¢ veupoyéveong Kal OtL n umtepékdpaon tng RhoA ota kUTTOpa autd
ATV APKETH yla va avtaywviotel tnv enmidpacn tou C3 (168). ZuvoAikad, Ta mopanavw
OTOTEAECUOTO UTTOPOUV, TOUAAXLOTOV €V HEPEL, va SIKOLOAOYROOUV T XOUNAd
enineda ékdppaong tng RhoB oe kUTTapa ou ekdpalouv og uPnAad entimeda tnv RhoA
onwc ta CGR8 kat ta P-19.

Ta cupnepaopata moU MPOoEKUP AV OXETIKA PE TNV autoppLBulon Twv Rho
OUMPWVOUV Kal PHe AANEG HEAETEC OMIWC aUTH TwvV Fritz et al oL omolot avédepav OTL n
€kppaon tng RhoB puBuiletal amnod tv Rac edpdoov n unepékdpaon Tng aypiou TUMOU
Rac mpokaAeoe avénon ¢ evepyotnTog Tou umokivnth tne RhoB katd 3.5 popEc, evw

n umepekdpacn piag LBlootatikad evepyous nopdng tng RhoA kabwg emiong kat piag
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aypiou tuTou popPn¢ TG RhoB KatéoTelle £viova TNV EVEPYOTNTA TOU UTIOKLVNTA TNG
RhoB og woBAdoteg movtikou. EmumAéov, ouvempoAluvon tng Rho-GDI, n omoia pa
WG KAataoTtoAéag Twv Rho mpwrteivwy, mMpokdAeoe avénon Tou umokwvntr tng RhoB
Katd 6.4 ¢popég (85). Ou Ho et al avédepav otL n anocwwnnon tng RhoA npokdAeoe
€viovn avfnon TNG OUVOAIKAG OAAQ KoL TNG €VeEPYNG TMpwteivng tng RhoB o€
adevokapkivwpa paotou, n omoia auvénon OiapecoAafribnke amoé tnv GDP-
npoodedbepévn popdn tng RhoA. Ta auénuéva emnimeda ¢ RhoB mpwrteivng
odeilovtav otnv dlapecoaBoupevn amno tnv RhoGDla avénon tou xpovou nuicelag
{wn¢ tng mpwteivng (186). TéAog, oL Vega et al avédepav OTL N HELWUEVN EvepYOTNTA
¢ RhoA auénoe ta enineda tng RhoB nmpwteivng oe PC3 npootatikad kat MDA-MB-
231 KaPKLVLKA KUTTAPA LooToU (182). ZUVOALKA Ta AP ATtAvVwW EUPNUATA, CULGWVOUV
LE T AMOTEAECUATA TNG MOPOUCAG HEAETNG Kal emBeBatlwvouy OTL 0 UTIOKLVNTH TNG

RhoB puBuiletal ano tig Rho GTPACEC Kal UTIOKELTAL CUYXPOVWE OE auToppuBuLon.

O POAOZ TOY TGFB 2TH AIAOOPONOIHZH TQN BAAZTIKQN
KYTTAPQN KAI 2TH PYOMIZH TQN RHO FONIAIQN

Evag amo toug otdxoug tng mapouvocag SiatplBig Atav va peAetnBel o
duvntikdg poAog tou onuatodotikol povoratiou tou TGFB otn puBuilon tng
ékdppaong twv avBpwrivwy yovidiwv tng RhoA kat tng RhoB ota BAaoctikd kuttapa.
Ze ponyoUUEVN LEAETN TOU gpyactnpiou pag BpéBnke OTL To Yovidlo tng RhoB, aAAd
oxL Tn¢ RhoA, eival apecog petaypadikog otoxog tou TGFB. Exel amodeyBel otL n
HOKPOTIPOBETUN avadlopydvwaon ToU KUTTAPOOKEAETOU TG aktivng aro tov TGFB o€
wvoBAdoteg kal HaCaT kepatwvokuttapo Tep\apBAVEL TNV €vepyoToincn Tou
yovidiou tng pikpng RhoB GTPaong amo Smad kat non-Smad (MEK/ERK) povonadrtia
(90). AsSopévou autoU emxelpnOnke n diepevivnon ¢ mbavng evepyomnoinong tou

yovidiou tng RhoB amé tov TGFP ota epPpuika PAaotikda kuttapa CGRS.

Onwg avadEpBnKe KoL TponyouUEVWE, cUpPwva pe TV BLBAoypadia o TGFB

enayeL tnv Sladopomnoinon twv moAvduvauwv PAactikwv Kuttdpwv CGR8 mpog
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KapSlopuokutTapa. Itn HeAEtn twv Behfar et al kUttapa CGR8 enwaotnkav yia 24
wpeG pe TGFP1 (2.5 ng/mL) n BMP2 (5 ng/mL) og cuvBrkeg opol 3.5%, mapouaoia LIF.
AkolouBnoe avaluon RT-PCR n omoia €6el€e avénon twv emumédwv mRNA
pHecodepuikwy Kol kapSlakwv yovidiwv-deiktwyv (16). Mapopoilwg, emwacn Twv
kuttapwv CGR8 yia 24 wpeg pe TGFR1 (5 ng/mL) anouacia opol 0drynoe o avénon
Twv emmedwv ékdpaong tou yovidlou-deiktn tng Sladopomoinong Brachyury
(134,146). e aM\n peAétn, o TGFB2 kat oxt ot TGFB1 kat TGFB3, avénoe tov
noAAamAaolaopo  euPpuocldbwy  cwpatdiwv  (EBs) omwg emiong kat Tt
Sladpopormnoinon toug oe pubuika kuttapa. e 17 nuépeg, 49% twv EBs mou eixav
enwaotel pe tov TGFB2 eudavicav pubud. To avtiotolo mMocooTd TWV KUTTAPWY
eAéyxou ntav 15% (147). Téhog, avadEpetal OTL n evepyomoinon tng Smad2 eivat
amapaitntn ylwa TNV e€moywyn TNG TPWLUNG €VOOSEPULKAG KAl HUECOSEPULKNG
Slapopormnoinong (148).

Qotooo n emavaAnn MapOUoLWY MEPARATIKWY cuvOnkwv, SnAadr n emwaon
TWV KUTTAPpWV HE 2.5-10 ng/ml TGFB1, og ouvbnkeg mapouaoiog 1 anouaciag opou, oE
TIOLKIAQL XPOVIKA SlooTUOTO AamETUXE va odnynoeL Ta kKuttapa o Sladopomnoinon
oAAG Kal va evepyomolnoet to yovidlo tng RhoB ota BAaotika kuttapa. Mapodikeg
ETUMOAUVOELG TwV KUTTApwWYV CGR8 pe MAAOUISI0 avadopds yla TOV UTIOKLVNTH TNG
RhoB mapoucio TGFB1 n/kal unepékdpaon Twv mpwieivwv Smad 3/4 und T
mapanavw ocuvonkeg dev odnynoe, emiong, o€ avénon Tng evEPyOTNTAC TOU UTIOKLVNTA
¢ RhoB. MNopdouolo ATav To amoTEAECUO KOTA TNV EMIUOAUVON TWV KUTTAPWV LE TO
mAaouidio avadopdc p(CAGA)12 eite KATOMIV CUV-EMIUOAUVONG TWV KUTTAPWV LE

mAaopidlo Ekppaong yla tov apdayovta NFY mapoucia TGFB1.

Elval yvwoto amnd tn BBAoypadia (2,3,32,38,40,127,128,134,145,157,187-
189) ot o napayovtag TGFB1 nailel poAo otn Stadikaaoia tng euPpuoyEveang in vivo,
oAAG kat otn Sladikacia ¢ Stadopomoinong KUTTAPLKWY CEPWV EMAYOVTA TNV
£KPpoon oUYKeKPLUEVWY yovidiwv mou kabopilouv tnv €€€EAEN TwWV KUTTAPWVY OE
OUYKEKPLUEVO KUTTApPLKO TUTTO (cell fate determination). Aedopévou autou e€staotnke
n xpnon tou TGFB1 aAAd Kol Tou avactoAéa Tou SB-431542 oe KOAALEPYNTIKES
ouvOnkec mou enétpenav tn dladopormnoinon. MNpokewevou, dnhadn, va davel n

enidpaon tou TGFR1 ota BAaoTikd KUTTOPA, AUTOG Ba Empene va SpAoeL o€ GUVONKEG
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Omou Ta Kuttapa Ba elyav mponyoupevweg pmel oe Stadikacio dtadopomoinonc.
Jupdwva pe autn tnv untoBeon o TGFB1 Ba odnynoel o mepattépw Stadopomnoinon,
6nhadny otnv  emaywyn TNG HECOSEPUIKNG  Sladopomoinong  Evavil TG
Sladopomnoinong mpog evbodepua kat efwdepua. Daivetal OTL UTIO KOVOVIKEG
(standard) ouvBnkeg kaM\épyslag o mapayovtag LIF Siatnpel ta kutTOpa
noAudUvapua, Kal apa OxL evaicbnta oe e€WTEPLKOUC MAPAYOVTIES TIOU Elval TBavo
va odnynoouv otn &ladopomoinor) Toug. Zuyxpovwg, UTIAPXOUV UEAETEG TOU
avadépouv OTL eival mBavo n dwodopullwpévn popdry tg STAT3, n omola
gvepyormoleltal and tov mapayovta LIF, va aviaywviletal tn HecOSEPUIKN Kol
evbobeputkn Sladopomnoinon, aAANAEMISPWVTAG Kol aAVACTEAAOVTAG TO CUUTTAEYUQ
Twv npwteivwv Smad (3,15,190). Ymdpxel, akoua, pia avagdopd cUpdwva UE TNV
omola ta euPpuika BAACTIKA KUTTOPA TOU TOVTLIKOU ekppalouv og uPnAad emineda Tig
MPpwTeive¢ Smad2/3 kat TTOAAA POPLOL TTOU EUMAEKOVTOL OTO HOVOTATL Tou TGFB onwcg
tov mapayovta Nodal, pe amotédeopa va eivat SUOKOAO va “XelpLoTel” Kaveig T
onuatodotnon tou TGFB adou n mpoodrkn AKTLBivnG 0To KAAALEPYNTLKO LECO UMOpPEL
Vo TIPOKAAEDEL HoOvo pia Aria avénon otnv evepyotnta twv Smad2/3 (191).

TeAlkd, mpoKeléVOU Ta KuTtapa va odnynBouv oe Sladopomoinon, n
KAAALEPYELQ TOUC EYLVE UE TNV TIPOOONKN ULKPOTEPNC TtoootnTac LIF (2 pl/ml). Akoua,
ehattwOnKe Mepaltépw N mpooBrikn tou nmapdyovta LIF oto HEco KAAALEPYELOG KATA
TN SLAPKELA TWV TIEPAUATWV. YTIO QUTEG TIC CUVONKEG N EMUOAUVON TWV KUTTAPWV HE
To MAaouiSLo avadopds p(CAGA)12 sixe wg amotéAeopa TNV alénon TnG evepyoTnTag
TOU UTIOKLVNTH Katd 2.5 dopéc. AkoAoUBwg, UTO TIG (6LlEC OUVONKEC, N EMWaACN TWV
Kuttapwv pe TGFP1 (5ng/ml) katn umepékdppacn Twv mapayoviwv Smad3/4 nétuyav
pio Ama oAAG OTATLOTIKA ONUAVTIK a0€énon NG evePyOTNTAC TOU UTIOKLVNTH TNG
RhoB. AfilelL edw va avadepbel pia peAétn otnv omnola to yovidio tng RhoB amoteAel
€vav AMmaG anokplong petaypadikd otoxo tou TGFB ota PAaCTKA KUTTAPO TOU
movtikol koBwg eilval mBavov n €kdpacry TNG va €AEYXETOL KAl OO QA
ONUATOSOTIKA povomatia. H emwaon Twv KUTTAPWV UE Tov avaoTtoAéa SB-431542 eixe

WG AMOTEAEOHA Hia ATLa peiwon Twy emnedwy ékdppaong tng RhoB (191). Avadopika
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LLE TNV evepyoTtioinon tou yovidiou tng RhoA, davnke OTL KAl O QUTEG TIG CUVONKEC O
TGFB1 6ev odnynoe o€ onuavtiki avénon t¢ EVEPYOTNTAC TOU UTIOKLVNTH TNC.

21N OUVEXELD TWV TELPAUATWY SlepeuviBOnke n SpAdon Tou KATAOTOAEQ TOU
povoratiol Tou TGFB, SB-431542. Mpokelpévou va StepeuvnBei o poAogtou TGFB otn
Sladopomnoinon, ta KUTTApPA enwdoctnkav yla 48 wpeg mapoucia 15% FBS katl
TAnpoug anouaoiag LIF, mapouoia Tou avaotoAéa. Mia onUavTikh mapathpnon Kata
™V enwoon Twv PAACTIKWY KUTTAPWY UTO TNV Tapoucia tou SB-431542 Atav n
Slatripnon tg popdoloyiag Toug oe oTpoyyUAEG amolkieg (Ewk. 51). H popdoloyia
oUTA ouvavtatal otav Ta BAacTikA KUTTapa Bpiokovtal o Katdotaon moAuSuvauiag,
pla katdaotacn n omola o€ puUCLOAOYIKEG cUVONKeG MPOUTOBETEL TNV TApousia Tou
napayovrta LIF oto KaAALepyNnTIKO HEco. QOTOCO, N mapaATipnon auth odnynaoe otnv
UTOBEGCN OTL N AVOOTOAN TOU ONUATOSO0TIKOU povomatiol tou TGFB emutpémel tn
Statripnon tn¢ moAuduvapiog Twv BAACTIKWY KUTTAPWV aKOUA Kal arnoucia LIF.

Na va emPefawdel n moapamdavw umobeon, efetaotnkav ta enimeda
€kppaong yovidiwv-Sektwy tn¢ dtapopomnoinong 6nwe ta Brachyury, Ffg5 kat a-SMA
KaBwg kat yovidiwv-6eiktwyv tng moAuduvapiag onmwe ta Nanog, KIf2 kat Rexl.
EruBefatwvovtag to yeyovog tng dtatrpnong tng moAuduvapuiag amno tov SB-431542,
ta enineda ékdppaong Twv Sektwyv NG Stadopomnoinong NTav xoaunAd oe cuvOnKeg
napouoiag SB-431542, evw 1o aviiBeto ouvéPn pe toug Oeikteg moAuduvapuiag.
Qot000, OXETIKA pE Ta enineda ékppaong TNS RhoA kat tng RhoB Sev mapatnpnbnke
Kapuia oAAayn. AkOUd, T OMOTEAECHOTA QUTA ATav €l0KA yla to PuUCLOAOYLKA
BAaotika kuttapa CGRS8, kaBwe n enwoon Twv KAPKLWIKWY KUTTApwv P-19 pe tov
kataotoAéa dev davnke va aAAAdleL Tov GaLvOTUTIO TWV KUTTAPWV.

IXETIKA UE TNV eMLBoAr cuvOnkwv dtadopormnoinong ota kuttapa, SnAadn tnv
amopakpuvaon tou napayovta LIF, mpénetl va avagpepOei 6tL o LIF amopakplvOnke amno
TO KAAALEPYNTLKO UEDO yla 48 wpeg KabBwe ival yvwoto amod tn BipAoypadia 6tL n
OTOUAKPUVOH TOU eival pn avaotpedun mépav twv 36-48 wpwv (4,17,21,170).
Eniong, elval yvwoto otL n avamntuén epppuostdwv cwuatiwv (embryoid bodies), ta
omoila  eival ocvoowpotwpata  Stadopormolnuévwy  PAOOCTIKWY  KUTTAPWY,
oxnuatilovtal katomw adaipeong tou mapadayovra LIF (21). TéAog, cUudwva e TN
duololoyikn Stadikaoia tng epPpuoyeveonc, n dadopomnoinon Twv MOAUSUVAUWY

euBpuikwyv kuttapwv (Ek. 57) nuépag 3.5, onwg eivat kat ta CGR8, pog HECOSEPULIKA
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KOTTOpa Xpelaletal TouAdxlotov SU0 NUEPEG. AuTtog elval aAAog £vag AOyoc Tou
anattiOnke n kataotoAn Tou povomatiol tou TGFP yia 48 wpec.

Avadoplkd pe tn xpron tou avaotoAéa SB-431542 éxeL SexBel 6tL o SB-
431542 avéotelle ONUOVTIKA TOV TIOAAAMAQCLAoUO eUPBPUIKWY PAACTIKWY KUTTAPWY
movtikoU. To meipapa €ywve pe mMPoobnkn Tou avaotoléa yla pio efdopada oe
ouykévtpwon 3-10 pM (162). e A&AAn HeAETn, €miong, O QVOOTOAEdG E€XEL
xpnowuorotnBel yia Vo NUEPEC TapoUCia OpoU YL VO AVOOTEIAEL TNV EMAYOUEVN
amno tov TGFB Stadopomnoinon veuplkwv BAAOTIKWY KUTTAPWVY O€ MUIKA. Z€ QUTH TN
Sladikacia onuaviikd polo enaige n RhoA evioxlovtag tnv ¢wodopuliwon Twv

Smad npwTteivwv.

morula mid late early

&
eight-cell blastocyst blastocyst § postimplantation ~ gastrulation
E25 E3.75 E4.5 & E5.5 E6.5
| 1 . &Q I I time
parietal endoderm (PE)
° primitive endoderm
O trophectoderm (PrE)
-\ early o visceral endoderm (VE)
-/ blastomeres
o inner cell mass
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° O mesoderm <
/ \ S o ectoderm
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“~DE
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Ewova 57 : IXnUATIKR avamapdotoon twv otadiwv diadoponoinong oto €uppuo Tou
movtikoV. Katd tnv epPpuikn nuépa 3.5 (E3.5), to €uPpuo amoteleitat amd Tto
tpodoektOSepua (MPAowo) Kal TV sowteplkny Kuttapkn palo (ICM, pwp). H ICM
Sladoporoleital otnv moAuduvoun emiPAAoTn (KOKKLVO) KoL OTO TPWTOYEVEG evdOdeppa
(umAe). To mpwrtoyeveég evdddepua otn cuvéxela Sladoporoleital oto mAeuptkd (PE) kot
omhaxviko (VE) evbodeppua kal n emtBAGotn oto teAikd ev8odeppa, To pecoddeppa (BENog) Kot
10 ekTOSeppa. H kuttaptkr oelpd CGR8 (kUkAoG) Snuioupyndnke armd tnv ICM evog opoevikoy
guBpUoU movtikou nAtkiag 3.5 nuepwv (192).
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H anoowwninon tng RhoA avéotelle Tnv petaypadikr evepyomoinon tou yovidiou p21,
mou amoteAel kAaowo beiktn tou TGFB (172). Emiong, otnv 8la HeAETN,
Sladopomnoinon enituyxavetol ite pe tnv npoodnkn TGFB (5 ng/ml) amouaoia opo,
elte amouoia TFG-B mapoucia opol. ESw afilel va onuewwBel otL Vo KuploL
napayovieg mou kabopilouv tov Babuo Stadopomnoinong Twv PAACTIKWY KUTTAPWY,
EKTOC PUOLKA Ao TNV MPOoOKn auENTIKWY TTapayoviwy, ival n mopouacia r} OxL Tou
napayovta LIF aAAd kat n mpooBnkn opou (15,193). H mapoucia tou opou oto
KOAALEPYNTIKO UECO €lval apKeTn yla va mpokaAéoel dtadopomoinon. Na autd to
AGyo, AA\wOTE, 0 0pOC TTOU XPNOLUOTIOLELTAL YL TNV KAAALEPYELA BAACTIKWY KUTTAPWV
elval eldIko¢ yla ) Xpron auth. e cupdwvia e T TTApATAVW BpLloKeTal Kal pia
£PY0OLA OYETIKA LE TOV EMAVATIPOYPAUUATIONO TIPOG BAAOTIKA KUTTOPA. QG YyVWOTOV,
N Unepékppaon Twv Tmapayoviwv Sox2, Oct4, kat KIf4 elval wkavy va
ETIAVOTTPOYPOUMOTIOEL CWHATIKA KUTTapa Tpo¢ PBAaotikd. Z0udwva MPE TNV
TOPOMAVW HEAETN, €va amd Tta popla (E-616452) mou Oa pmopouces va
OVTLIKATAOTHOEL TOV Tapayovta Sox2 o autnyv tn dtadikacia Spa KataoTEAAOVTAC TN
Spaocn tou TGFP e amotéleopa TN emaywyr) tou yovidiou Nanog (194).
Yuvoyilovtag, o TGFB mailel pev poAo otn Swadkaoia tng dtadopomoinong
TwV BAaotikwv kuttapwv CGR8, ocuykekpluéva umd ouvOnkeg amouoiag LIF, aAAd dev
ennpealel TNV €kppaon Twv yovidiwv RhoA kat RhoB katd tn didpkela autng tng

BloAoyikng Aettoupylag.

2YMNEPAZMATA

Aebopévou OTL Ta duclodoyikd BAacTikd KUTTapo HolpAlovtol OPKETEC
OMOLOTNTEC UE TA KAPKLVIKA 0TOV KUKAO {WN ¢ TOUG, TIEPLUEVOLE VA BPOULE OUOLOTNTEC
Kal ot Sadilkaoieg petaypadlkng pubuiong Omwg outég Tou kabopilouv tn
petaypadn Twv yovidiwv twv Rho. Ta oxetika emnineda ékppaong Twv RhoA kat RhoB
elval Ta (dla koL oL eyyUg MEPLOXEC TWV UTIOKLVNTWY TOUG ELVOL ONUAVTIKEG YLOL TNV

hHeTaypadlk TOUG evepyomoinon kol otlg SU0 KUTTApPLKEG oOelpéC. Emiong, n
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EVEPYOTNTA TOUC €€apTATOL QO TOPOUOLOUC HETAYPADIKOUC TIOPAYOVTEC OTIWG O
NFY. A’ tTnv @AANn pePLd, woTdo0, oL SUO KUTTOPLKEC OELPEG SladEPOuV ONUOVTIKA 0TO
OXNUO TWV KUTTOPWYV, KoL EMOMEVWE OTOV KUTTOPOOKEAETO TOUC. ZUVEMWC, €lval
OVOUEVWHUEVO VO €vromotoUv Olopopég ota  yovidla mou  eAéyxouv Tov
KUTTAPOOKEAETO. Mo mapadelypua, n avtoppubuion tng RhoA ntav mio évtovn ota P-
19, evw n enidpaon pe tov avaotoléa C3 eixe W QMOTEAECHUA TNV EMAYWYN TOU

yovidiou tng RhoB mou rtav opwc mo évtovn, emniong, ota kuttapa P-19.

Avadoplkd HE TO oNUATOSOTIKO povomatt Tou TGFB ota ¢ucloloykd
BAaoTika KUTTApPA, GAVNKE OTL AUTO AVTAYWVIIETAL TO LOVOTIATL TOU Ttapadyovta LIF to
omoio dtatnpei tnv moAvduvapia Twv PAACTIKWVY KUTTAPWV. Ta U0 povomaTia £XouV
QVTIBeTEG AELTOUPYILEG KL £TOL, TIPOKELUEVOU VA EVEpYOTIOLNBOEeL To povomatt tou TGFB
Ba MpEMEL va YIVEL KATAOTOAR TNG MOAUSUVAULIAG TWV KUTTAPWVY. TUYKEKPLUEVA, OF
oxéon He TO poOAo tou TGFB otn petaypadikn pubuion twv Rho yovidiwy,
napatnpnbnke OtL n evepyonoinon tou yovidiou tng RhoB amd tov TGFB katéotn
duvatn KATomv eAdTtwong tou mapdyovia LIF. Tuyxpovwg, n amopdkpuvon Tou
napayovta LIF tav anapaitntn mpokelpévou va yivel emaywyr tn¢ Stadopomnoinong
arno tov TGFB. Emiong, n mAfipng kataotoAr Tou povormatiol tou TGFB o cuvbuaoud
HE TNV MARpPN amouaia tou mapayovta LIF emétpee tn Statripnon tng moAuSUvaung
KOTAOTOONG TwV BAACTIKWY KUTTAPWV Ttapd TNV amouacia tou LIF, emiBeBatwvovrag
OtL 0 TGFB emadyel tnv pecodepukn Sladopomnoinon twv PAACTIKWY KUTTAPWV.
QoTt000, UTO QUTEG TIC ouVONKeCg Sev mapatnpnOnke Kapia petaBoln otnv ékdpaon
Twv yovidiwv ¢ RhoA kat tng RhoB.

H katavonon twv pnxoavicpwyv puBuiong twv Rho GTPacwv ota BAACTIKA
KOTtopa €lval TOAU ONUOVTIKA TIPOKELUEVOU va amoocadnviotel o poAog Twv
TPWTEIVWVY OUTWV OTIC AELTOUPYIEG TOOO TwV PBAAOCTIKWY OCO KAl TWV KOPKLVLIKWY
KUTTapwv. Elval onuavtikod va dtepeuvnBei o poAog twv Rho GTPacwv otn Stadikacia
¢ Stadopomoinong Twv BAACTIKWY KUTTAPWY TOOO in vivo Katd Tn SLApKELA TNG
guBpuoyEveong 000 Kal in vitro umo TNV eMibpaon AUENTIKWY APAYOVIWV OTIWG O
TGFpB. Aebopévou otL n dadikacia tng Stadopomnoinong nailel onuavtikd polo otnv
OVTOYEVEON TOU Kapkivou, n avak@Auyn pNXovIopwv Tou puBuilouv TN

Sladopormnoinon Ba cuvteAéoel otnv avantuén BepaneuTikwy LEBOSwWV.
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1. Introduction

Approximately 1% of the human genome encodes for proteins
that regulate or are regulated from small GTPases [1]. Small
GTPases of the Rho family regulate a variety of cellular processes
including apoptosis, cell cycle progression, cell adhesion, tran-
scriptional regulation and migration [1—3]. RhoA, B and C exhibit
significant amino acid sequence identity (~85%) but they have
different functional properties [4]. In contrast to other small
GTPases which are relatively stable, RhoB is turned over quickly and
its synthesis is rapidly upregulated by a variety of stimuli such as
cytokines or growth factors [5,6]. RhoB is post-translationally
modified by the addition of lipid moieties which enable RhoB to
bind to cell membranes [7]. RhoB is often down-regulated in tu-
mors and its expression inversely correlates with tumor aggres-
siveness whereas RhoA promotes the formation of stress fibers and
focal adhesions through actin-myosin contractility control thereby
regulating cell shape, attachment and motility [8]. Modulation of

* Corresponding author. Laboratory of Biochemistry, Division of Basic Sciences,
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E-mail address: kardasis@imbb.forth.gr (D. Kardassis).
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Rho protein activity can promote metastasis by disrupting
epithelial-sheet organization, increasing cell motility and promot-
ing the degradation of the extracellular matrix [9]. There is evi-
dence showing that RhoA and RhoC are upregulated in a high
number of human tumors [10].

One transcription factor shown to regulate the RhoA gene is c-
Myc. Myc binds to two proximal E-boxes of the RhoA promoter
whereas c-Myc knockdown decreased RhoA mRNA expression [11].
Two other transcription factors controlling RhoA expression are
STAT6 and NF-«B which bind to the proximal region of the RhoA
promoter [12,13]. Transforming growth factor- (TGFp) signaling
upregulates RhoB transcription via activation of Smad3/4 and MEK/
ERK pathways in human HaCaT keratinocytes. Activation of the
MEK/ERK pathway is required for recruitment of Smad3 to a
nonclassical binding site in the proximal RhoB promoter which is
overlapping with a CCAAT box that binds nuclear factor Y (NFY)
[14].

In the present study, we aimed to investigate the transcriptional
regulation of RhoA and RhoB genes in mouse embryonic stem cells
(ESCs).
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2. Materials and methods
2.1. Cell cultures

Mouse CGR8 ES cell line (provided by Dr A. Kretsovali, IMBB-
FORTH, Heraklion) was cultured in KnockOut DMEM supplemented
with 15% fetal bovine serum, 1% NEAA, 2 mM L-glutamine, peni-
cillin/streptomycin, 0.1 mM B-mercaptoethanol and Leukemia
inhibitory factor (LIF, 2 pl/ml our own production) on gelatinized
dishes. The mouse P-19 embryonal carcinoma cell line (provided by
Dr P. Papazafiri, Faculty of Biology, NKUA, Athens) was maintained
in a-MEM supplemented with 10% fetal bovine serum, 1% NEAA,
2 mM L-glutamine, penicillin/streptomycin. All cell lines were
maintained at 37 °C in a 5% CO, humidified environment.

2.2. Transient transfections and reporter assays

Transient transfections were performed using the attractene
method. Luciferase assays were performed using the luciferase
assay kit from Promega Co. Normalization for transfection effi-
ciency was performed by B-galactosidase assays.

2.3. RNA isolation, reverse transcription and quantitative PCR
(qPCR)

Total RNA was prepared using RNAiso Plus reagent according to

the manufacturer's instructions. One pg RNA was reverse tran-
scribed by M-MLV Reverse Transcriptase using random primers.

A =

The cDNAs were used for quantitative PCR (qPCR) on a Step-
OnePlus Real-Time PCR system (Applied Biosystems) using KAPA
SYBR FAST qPCR Master Mix. The expression of the RhoA or RhoB
genes was normalized to the expression of the housekeeping genes
tubulin or beta actin and the normalized Ct (threshold cycle) values
were calibrated against the control condition for each sample. The
relative gene expression levels were determined using the
comparative AACt method as described in Applied Biosystems
Guide. All oligonucleotide sequences used as primers in qPCR ex-
periments are shown in Table S1.

2.4. Statistical analysis

Results are expressed as mean + S.D. Statistical significance was
determined using two-tailed Student's t-test. Differences with
p < 0.05 were considered to be statistically significant. Analysis was
performed using GraphPad Prism software (GraphPad Software
Inc., La Jolla, CA).

3. Results

3.1. Relative expression of RhoA and RhoB genes in stem and cancer
cell lines

We measured the relative RhoA and RhoB mRNA levels in two
cell lines: the mouse embryonic stem cell line CGR8 [15] and the
mouse embryonic teratocarcinoma stem cell line P-19 [16]. As
shown in Fig. STA-C the mRNA levels of RhoA were significantly
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Fig. 1. The short proximal region between nucleotides -103 and -39 is essential for RhoA promoter activity in stem cells. (A) Schematic representation of the 5’-deletion
fragments of the (—819/+166) human RhoA promoter that were used in the transactivation experiments of panel B. (B) CGR8 and P-19 cells were transiently transfected with the
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higher compared with the mRNA levels of RhoB in both cell lines
(RhoA/RhoB mRNA ratio 38 and 172 in CGR8 and P-19 cells
respectively). For comparison, we measured the relative mRNA
levels of RhoA and RhoB genes in various cancer cell lines and found
that the levels of RhoA were significantly higher than the levels of
RhoB in all cell lines tested (Fig. S1C). We also measured the relative
activities of the promoters of the two genes in stem cells. This
analysis showed that the (—819/+166) RhoA promoter is stronger
than the (—726/+86) RhoB promoter in both CGR8 and P-19 cells
(Fig. S2). The combined data of Fig. S1 and S2 indicate that RhoA is
expressed at very high levels compared to RhoB in stem cells and in
cancer cell lines at least in part due to differences in the activities of
their corresponding promoters.

3.2. The RhoA promoter is regulated in stem cells by a combination
of negative and positive regulatory elements

We mapped the regions of the RhoA promoter that could
contribute to its transcriptional activity in stem cells. For this pur-
pose, we generated the truncated RhoA promoter/luciferase fusion
plasmids shown in Fig. 1A and used them for transient trans-
fections. We found that deletion of the RhoA promoter to
positions —594 and —493 caused a step-wise decrease in its activity
to 65% and 45% respectively relative to the —819/+166 promoter in
CGRS cells suggesting the presence of positive regulatory elements
inside the distal —819/-493 region (Fig. 1B). Further deletion to
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nucleotide position —334 increased RhoA promoter activity sug-
gesting that this deletion removed regulatory elements with an
inhibitory role in RhoA gene regulation. A significant drop in RhoA
promoter activity was observed when the —103 to —39 region was
deleted suggesting the presence of strong positive regulatory ele-
ments inside this region. (Fig. 1B). Very similar results were ob-
tained in P-19 cells (Fig. 1B).

The proximal RhoA promoter contains binding sites for the
transcription factors NF-«kB, STAT6 and c-Myc (Fig. 2A) [11,12].
These sites are well conserved between humans and mice (Fig. S3).
The same region also contains an inverted CCAAT box at
position —68/-64 which could serve as a binding site for CCAAT box
binding factors. We had shown previously that this CCAAT box
binds with low affinity transcription factor NFYA [14]. Binding of
NFYA, NFYB, CEBPB and CEBPD to the RhoA promoter is supported
by ChIP-seq data (Fig. S4). As shown in Fig. 2B, deletion of the RhoA
promoter region containing the NF-«B, STAT6 and c-Myc sites was
associated with a reduction in RhoA promoter activity by 60%
whereas the deletion of the CCAAT box reduced further RhoA
promoter activity to 75%. A very similar pattern was observed in P-
19 cells (Fig. 2B).

3.3. Mutations in the CCAAT box reduced basal RhoA promoter
activity

The inverted CCAAT box present in the proximal region of the
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Fig. 2. The binding sites for NF-kB, STAT6, c-Myc and the CCAAT box contribute to RhoA promoter activation in stem cells. (A) Schematic representation of the 5'-deletion
fragments of the RhoA promoter that were used in the transactivation experiments of panel B. (B) CGR8 and P-19 cells were transiently transfected with the indicated RhoA-luc
reporter plasmids (0.1 pg). Normalized relative luciferase activity values are shown as the average (+SD) from at least three independent experiments performed in duplicate. (C)
Schematic representation of the wild type —819/+166 human RhoA promoter construct and the corresponding construct bearing mutations in the CCAAT box. Two nucleotide
substitutions are indicated with the asterisks. (D) CGR8 and P-19 cells were transiently transfected with the indicated RhoA-luc reporter plasmids (0.05 pg). Normalized relative
luciferase activity values are shown as the average (+SD) from at least three independent experiments performed in duplicate. ***, p < 0.001.



E. Nomikou et al. / Biochemical and Biophysical Research Communications 491 (2017) 754—759 757

RhoA promoter at position —68/-64 is fully conserved in mammals
(Fig. S5A). In order to examine the contribution of this CCAAT
element in RhoA gene regulation in stem cells, we introduced two
nucleotide substitutions (Fig. 2C). The mutations in the CCAAT box
reduced basal RhoA promoter activity by 55% and 82% respectively
in the two cell lines (Fig. 2D). These data suggested that factors that
bind to this CCAAT element may play a positive role in RhoA gene
regulation in ESCs.

3.4. The —85/-53 region of the RhoB promoter is crucial for its
activity in stem cells

A5’ deletion analysis was performed to identify regions that are
important for the activity of the RhoB promoter in stem cells. The
RhoB promoter fragments shown in Fig. 3A were transfected into
CGRS8 and P-19 cells and their activity was measured. As shown in
Fig. 3B, deletion of the RhoB promoter region between —1605
and —227 had no effect on the activity of this promoter. In contrast,
deletion to nucleotides —85 and —53 reduced significantly and
abolished RhoB promoter activity respectively suggesting that the
region between nucleotides —227 and —53 is essential for the
transcription of the RhoB gene in stem cells. Similar results were
obtained in P-19 cells (Fig. 3B).

The RhoB promoter contains two CCAAT box elements at
positions —109/-105 and —60/56 which are fully conserved in
mammals (Fig. S5B and S6). We had shown that mutagenesis of the
more proximal CCAAT box of the RhoB promoter reduced signifi-
cantly basal promoter activity in HepG2 cells [14]. Binding of NFYB
and CEBPB to the RhoB promoter is supported by previous ChIP-seq
data (Fig. S7). To examine the contribution of this CCAAT box in
RhoB promoter regulation in stem cells, luciferase reporter plas-
mids bearing the wild type —726/+86 RhoB promoter or the cor-
responding promoter bearing point mutations in the CCAAT

sequence (Fig. 3C) were transfected in CGR8 and P-19 cells. The data
(Fig. 3D) showed that in both cell lines, the CCAAT box mutations
reduced significantly the basal activity of the RhoB promoter (by
85% and 91% in CGR8 and P-19 cells respectively). The combined
data of Figs. 1-3 suggested that the expression of the RhoA and
RhoB genes may be coordinated by common transcription factors
that bind to the CCAAT box elements present in both promoters.

3.5. Rho genes are subject to autoregulation in stem cells

To investigate potential autoregulation of Rho genes in ESCs, we
transfected CGR8 and P-19 cells with the (—-726/+86) RhoB-luc
reporter plasmid in the presence and in the absence of expres-
sion vectors for wt RhoA and the dominant negative form RhoAN19.
As shown in Fig. 4A, overexpression of wt RhoA inhibited whereas
overexpression of dominant negative RhoA stimulated the activity
of the RhoB promoter in CGR8 and P-19 cells. The RhoA promoter is
also subject to negative autoregulation. As shown in Fig. 4B, over-
expression of wt RhoB had no effect on the activity of the (—819/
+166) RhoA promoter in CGR8 cells. In sharp contrast, over-
expression of wt RhoB in P-19 cells inhibited the activity of the
(—819/+166) RhoA promoter.

We investigated the contribution of the proximal CCAAT boxes
in the transcriptional autoregulation of the RhoA and RhoB genes.
Overexpression of RhoB inhibited the activity of the RhoB promoter
in both CGR8 and P-19 cells in a dose-dependent manner (Fig. 4C)
whereas mutagenesis of the RhoB CCAAT box had no effect on
autoinhibition in CGR8 cells but abolished autoinhibition in P-
19 cells (Fig. 4C). Similarly, RhoA inhibited the activity of the (—819/
+166) RhoA promoter in CGR8 cells in a dose-dependent manner
and this inhibition was more pronounced in P-19 cells (Fig. 4D).
Mutagenesis of the CCAAT box in the RhoA promoter had no effect
on RhoA autoinhibition in either CGR8 cells or P-19 cells.
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Fig. 3. The crucial region for RhoB promoter activity in stem cells is the short proximal region between nucleotides -85 and -53. (A) Schematic representation of the 5'-
deletion fragments of the (—1605/+86) human RhoB promoter that were used in the transactivation experiments of panel B. (B) CGR8 and P-19 cells were transiently transfected
with the indicated RhoB-luc reporter plasmids (0.1 ug). The normalized, relative luciferase activity (+SD) calculated from three independent experiments performed in duplicate is
presented. (C) Schematic representation of the wild type —726/+86 human RhoB promoter construct and the corresponding construct bearing mutations in the CCAAT box. Two
nucleotide substitutions are indicated with the asterisks. (D) CGR8 and P-19 cells were transiently transfected with the indicated RhoB-luc reporter plasmids (0.05 ug). Normalized
relative luciferase activity values are shown as the average (+SD) from at least three independent experiments performed in duplicate. *, p < 0.05; ***, p < 0.001.
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To investigate whether RhoA and RhoB autoregulation requires
the GTPase activity of the Rho proteins, we used the pan-Rho in-
hibitor C3 transferase [17]. As shown in Fig. 4E, the C3 inhibitor
increased the mRNA levels of the RhoB but not of the RhoA gene in a
time-dependent manner. A more pronounced upregulation of the
RhoB gene by the C3 inhibitor was observed in P-19 cells whereas
the expression of RhoA was unchanged (Fig. 4F). These data are in
line with the transactivation data of Fig. 4A—D supporting a
mechanism of autoregulation in RhoB gene expression in both
normal and cancer stem cells.

4. Discussion

In the present study we have undertaken a functional analysis of
the promoters of the RhoA and the RhoB genes to identify regula-
tory elements that are important for their transcriptional control in
ESCs. Our objective was to identify potential similarities and dif-
ferences in the regulation of RhoA and RhoB genes in normal
(CGR8) versus cancer (P-19) embryonic stem cells as well as to
validate the physiological role of regulatory elements that had been
identified previously in other cell systems.

We found that the mRNA levels of RhoA were significantly high
in both stem cells lines used whereas the mRNA levels of RhoB were
almost undetectable. However, this drastic difference in the relative
levels of expression between the two genes does not appear to be
specific for stem cells since it was observed in all cancer cell lines

tested. The data are in line with previous studies showing that
RhoA is highly expressed whereas RhoB is downregulated in tu-
mors [18—20]. The reason for the observed RhoA upregulation in
stem cells is not yet known. We could hypothesize that elevated
RhoA provides stem cells the ability to form stress fibers and
migrate very quickly upon the appropriate signaling cues.

Using a large panel of RhoA and RhoB promoter constructs, we
established that the proximal regions of both promoters contain
regulatory elements which are essential for their activity in stem
cells. Both proximal promoters contain inverted CCAAT boxes which
serve as binding sites for CCAAT box binding factors such as NFY and
CEBP family members (ChIP-Seq experiments of Fig. S4 and S7).
Point mutations in these regulatory elements decreased the activity
of both promoters in normal embryonic and cancer stem cells. Our
findings are in agreement with previous data from our lab in which
the same mutations abolished both the basal as well as the Smad-
mediated transactivation of the RhoB promoter in human hepato-
blastoma HepG2 cells [14]. Other studies had also provided strong
evidence in favor of the significance of the CCAAT box for RhoB gene
regulation [21—24]. In contrast to the RhoB CCAAT box, the RhoA
CCAAT box has not been studied previously. We report here for the
first time that the RhoA CCAAT box plays an important role in RhoA
regulation in stem cells. We had shown in a previous study [ 14] that
the CCAAT sequence itself is not sufficient for high affinity binding of
NFYA and that additional flanking sequences are required. This was
concluded by comparing the nucleotide sequences of the proximal
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Fig. 4. RhoA and RhoB genes are subject to autoregulation in stem cells. (A) CGR8 and P-19 cells were transiently transfected with the (—726/+86) RhoB-luc reporter plasmid
(0.05 pg) along with expression vectors for RhoA and RhoA dominant negative mutant N19 (0.75 pg). (B) CGR8 and P-19 cells were transiently transfected with the (—819/+166)
RhoA-luc reporter plasmid (0.05 pg) in the presence or in the absence of the RhoB expression vector (0.75 pg). The normalized relative luciferase activity is presented with his-
tographs. Each value of luciferase activity represents the average (+SD) from at least three independent experiments performed in duplicate. (C) CGR8 and P-19 cells were
transiently transfected with the indicated RhoB-luc reporter plasmids (0.05 pg) along with increasing amounts of an expression vector for wild type RhoB (0.35 pg and 0.75 pg). The
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expressed as mean (+SD) from at least three independent experiments and shown as a histograph. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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CCAAT boxes of the human RhoB and RhoA promoters and finding
that the affinity of NFYA for the RhoB CCAAT box is much higher than
its affinity for the RhoA CCAAT box [ 14]. This suggested that different
stem cell factors may bind to the CCAAT box elements in the RhoA
and RhoB promoters and regulate their activities in response to
different external or internal cues.

In the present study we showed that the activity of the RhoA
and RhoB promoters is subject to auto-regulation. Specifically, we
showed that a) overexpression of RhoA inhibits the activity of the
RhoB promoter and of the RhoA promoter and this inhibition was
more pronounced in P-19 cells; b) overexpression of RhoB inhibits
the activity of the RhoA promoter only in P-19 cells as well as of the
RhoB promoter equally well in both cell lines; c¢) the CCAAT box of
the RhoB promoter is essential for the autoregulation only in P-
19 cells whereas the CCAAT box of the RhoA promoter does not
appear to play a critical role in autoregulation. The combined data
indicate that the cellular and the promoter context are very critical
factors that determine the strength and the specificity of RhoA and
RhoB autoregulation at the transcriptional level. We showed that
the C3 inhibitor increased the mRNA levels of the RhoB gene in a
time-dependent manner but not of the RhoA gene. A more pro-
nounced upregulation of the RhoB gene by the C3 inhibitor was
observed in P-19 cells whereas the expression of RhoA was un-
changed. These data could also explain, at least in part, the low
levels of expression of RhoB gene in cells that express high levels of
RhoA such as CGR8 and P-19.

Our findings are in line with a previous study [25] which re-
ported that overexpression of constitutively activated RhoA or
wild-type RhoB strongly inhibited RhoB promoter activity in mouse
fibroblasts. Furthermore, cotransfection of Rho-GDI, which is an
inhibitory molecule for Rho proteins, caused a 6.4-fold increase in
the RhoB promoter activity [25]. Ho et al. [26] reported that
silencing of RhoA in human breast adenocarcinoma cells induced a
strong up-regulation of both total and active RhoB protein levels
that was mediated by the GDP-bound form of RhoA. Finally, Vega
etal. [27] reported that reduced RhoA increased RhoB protein levels
in PC3 prostate cancer cells and MDA-MB-231 breast cancer cells.

In summary, in the present study we show that despite the
difference in the levels of expression of the RhoA and RhoB genes in
mouse embryonic stem cells, their promoters are regulated by
common mechanisms and similar regulatory elements. However,
certain aspects of RhoA and RhoB regulation, especially their
autoregulation, differ among normal and cancer stem cells. Un-
derstanding the mechanisms that control the transcription of Rho
GTPases in stem cells may shed new light into the still unknown
roles of these proteins in stem cell functions as well as in cancer
cells that share many features with stem cells.
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Abstract

Rho GTPases are highly conserved proteins that play critical roles in many cellular processes including actin dynamics,
vesicular trafficking, gene transcription, cell-cycle progression, and cell adhesion. The main mode of regulation of Rho
GTPases is through guanine nucleotide binding (cycling between an active GTP-bound form and an inactive GDP-bound
form), but transcriptional, post-transcriptional, and post-translational modes of Rho regulation have also been described. In
the present review, we summarize recent progress on the mechanisms that control the expression of the three members of the
Rho-like subfamily (RhoA, RhoB, and RhoC) at the level of gene transcription as well as their post-transcriptional regula-
tion by microRNAs. We also discuss the progress made in deciphering the mechanisms of cross-talk between Rho proteins
and the transforming growth factor  signaling pathway and their implications for the pathogenesis of human diseases such

as cancer metastasis and fibrosis.
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ATF-1 Activating transcription factor 1

BSMs Bronchial smooth muscles

PKG cGMP-dependent protein kinase

EC Endometrial carcinoma

EMT Epithelial-to-mesenchymal transition
ERK Extracellular signal-regulated kinase
FTIs Farnesyltransferase inhibitors

GGTIs Geranylgeranyltransferase I inhibitors
GAPs GTPase-activating proteins

GDIs Guanosine nucleotide dissociation inhibitors
GEFs Guanosine nucleotide exchange factors
HCC Hepatocellular carcinoma

HDAC1  Histone deacetylase 1
HOXD10 Homeobox D10
HIF Hypoxia inducible factor
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IL-13 Interleukin 13
miRNAs  MicroRNAs
MAPK Mitogen-activated protein kinase

Mizl Myc-interacting zinc finger protein 1

NO Nitric oxide

NF-xB Nuclear factor kappa B

NF-Y Nuclear factor Y

PARP-1  Poly(ADP-ribose) polymerase-1

PMA Phorbol-12-myristyl-13-acetate

ROS Reactive oxygen species

STAT6 Signal transducer and activator of transcrip-
tion 6

siRNAs Small interfering RNAs

Skp2 S-phase kinase-associated protein 2

SDF-1 Stromal cell-derived factor-1
TGFp Transforming growth factor 8
TNFo Tumor necrosis factor o

Introduction

Rho proteins are members of the Ras superfamily of
small GTPases that play critical roles in many cellular
processes including actin dynamics, vesicular traffick-
ing, gene transcription, cell-cycle progression, and cell
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adhesion [1]. Rho GTPases are highly conserved from
lower eukaryotes to plants and mammals. In mammals, the
family includes 22 members, divided into eight different
subfamilies [2]. The Rho-like subfamily consists of three
highly homologous isoforms: RhoA, RhoB, and RhoC.
Rho GTPases are molecular switches cycling between an
active GTP-bound form and an inactive GDP-bound form.
This cycling is regulated by numerous cellular proteins,
namely guanosine nucleotide exchange factors (GEFs) that
facilitate the exchange of GDP for GTP, GTPase-activat-
ing proteins (GAPs) which regulate the GTP hydrolysis
of Rho GTPases, and the guanosine nucleotide dissocia-
tion inhibitors (GDIs) that bind to the C-terminal prenyl
group, preventing the association of Rho to the membrane
and sequestering them in the cytoplasm, inhibiting their
access to downstream targets. The topic of Rho regula-
tion by effector proteins has been the subject of numerous
excellent and very thorough reviews [3—7]. Due to the high
amino acid sequence homology among the three Rho-like
isoforms especially in the insert region which has been
shown to be critical for interaction with GEFs and other
effector proteins [7], Rho GEFs and GAPs that show iso-
form specificity are very few. One example is XPLN, a
GEF that belongs to the Dbl-Rho GEF family which shows
activity toward RhoA and RhoB but not RhoC due to an
amino acid difference at position 43 at the N-terminus of
Rho isoforms (Ile vs Val) [8, 9]. Importantly, a RhoC-143V
mutant had increased ovarian cancer cell invasion potential
compared to wild type RhoC [9]. Another example of an
isoform-specific RhoGEF is SmgGDS which specifically
activates RhoA and RhoC but not RhoB or a large panel
of other GTPases [10]. Rho GAPs that are able to differ-
entiate among the three Rho-like isoforms have not been
identified yet, but specificity of GAPs for Rho versus other
members of the Ras family has been reported [11, 12].

In humans, rats and mice Rho-like genes are mapped on
different chromosomes and differ in size [13]. The RhoA
gene is longer and contains more exons and introns than
the other Rho genes, whereas the RhoB gene contains only
one exon, possibly derived from reverse transcription [14].
The primary sequences of Rho-like proteins are around 85%
identical, with most divergence close to the C-terminus [1].

In addition to their important roles in cell physiology
[15], Rho-like proteins also contribute to pathological pro-
cesses such as cancer cell migration, invasion, metastasis,
fibrosis, inflammation, and wound repair [2].

In previous studies, we have revealed the critical role
of RhoA and RhoB as well as the downstream effectors
(ROCK, LIMK, Cofilin) in TGFp signaling leading to actin
cytoskeleton reorganization [16-21]. We have also shown
that RhoB, in contrast to RhoA, is a direct transcriptional
target of TGFp that mediates the long-term effect of TGF
in actin cytoskeleton [21].

@ Springer

In the present review, we summarize recent pro-
gress made on the mechanisms that control the expression
of Rho-like proteins (RhoA, RhoB, and RhoC) at the level of
gene transcription as well as post-transcriptionally by micro-
RNAs. We also review progress made in deciphering the
mechanisms of cross-talk between Rho proteins and TGFf
and their implications in the pathogenesis of human diseases
such as cancer and fibrosis.

Transcriptional regulation of the RhoA gene

The role of Rho proteins in cancer and metastasis has been
the subject of intense investigation during the past decades
[22]. Constitutively active tumorigenic mutations in RhoA
are much less common than mutations in the Ras gene,
but few of them were identified recently in gastric cancers.
In one study, Wang et al. [23] performed whole-genome
sequencing and a comprehensive molecular profiling in 100
tumor and non-tumor paired samples from intestinal-type
gastric tumors (IGC) and diffuse-type gastric tumors (DGC)
followed by resequencing in a larger DGC cohort. RhoA
mutations were identified in 14.3% of DGC tumors but not
in IGC tumors. Similarly, Kakiuchi et al. [24] performed
whole-exome sequencing within 30 DGCs followed by rese-
quencing in another 57 cases and identified RhoA mutations
in 25.3% of the cases. These findings were in agreement
with the data from The Cancer Genome Atlas (TCGA) pro-
ject evaluating 295 primary gastric adenocarcinomas [25].
The consortium identified mutations in the RhoA gene in 16
cases which were clustered in two adjacent amino-terminal
regions that are predicted to modulate signaling downstream
of RhoA [25]. Mutations in RhoA were also identified in a
genome-wide association screen of patients with pediatric
Burkitt lymphoma [26] and in angioimmunoblastic T-cell
lymphoma (AITL), a common type of mature T-cell lym-
phoma of poor prognosis [27].

Upregulation of RhoA mRNA and protein levels has been
well documented in various types of human malignancies
[28-30]. Furthermore, the activity of RhoA can be compro-
mised in tumor cells via different mechanisms including its
phosphorylation by protein kinase A (PKA) that causes its
dissociation from the plasma membrane [31], the protea-
somal degradation by E3 ubiquitin ligases [32], inhibition
of RhoA GEFs and stimulation of GAPs [33, 34], or the
interaction of RhoA with cell-cycle inhibitors that prevent
binding of effectors [35].

The functions of RhoA in cancer cells can also be modu-
lated at the transcriptional level. The mechanisms that con-
trol RhoA gene expression during metastasis have been
explored by Chan et al. [36]. They focused on the onco-
genic Myc protein, a transcription factor that binds to E-box
motives present in target gene promoters and regulates
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transcription by cooperating with auxiliary factors such as
the Myc-interacting zinc finger protein 1 (Miz1) and various
coactivator complexes/histone acetyltransferases [37]. The
authors showed that Myc cooperates with the E3 ubiquitin
ligase S-phase kinase-associated protein 2 (Skp2) to induce
RhoA transcription by recruiting Mizl and p300 to the
RhoA promoter independently of Skp1-Cullin-F-box protein
containing complex (SCF)-Skp2 E3 ligase activity (Fig. 1a).
Myc knockdown decreased RhoA mRNA levels in Ratl
fibroblasts, whereas Myc overexpression induced RhoA
expression in MDA-MB-231 breast cancer cells. Impor-
tantly, increased levels of the Myc—Skp2-Miz1 complex can
be found in metastatic human cancers, whereas deficiency of
these proteins not only results in impaired RhoA expression
but also inhibits cell migration, invasion, and breast cancer
metastasis [36]. In summary, this study revealed, for the first
time, the role of the ubiquitin ligase Skp2 in RhoA gene
transcription and in cancer metastasis.

RhoA has been implicated in the pathogenesis of allergic
bronchial asthma because its upregulation causes Ca** sen-
sitization of bronchial smooth muscles (BSMs). However,
the mechanisms and the transcription factors that medi-
ate this RhoA upregulation were poorly understood. Goto
et al. showed that RhoA gene expression and the activity
of the RhoA promoter were induced by treatment of BSMs
with the pro-inflammatory cytokines Tumor necrosis fac-
tor a (TNFa) and interleukin 13 (IL-13) [38]. A promoter
deletion analysis showed that the proximal RhoA promoter
between nucleotide position -112 and the transcription start
site contains binding sites for the transcription factors signal
transducer and activator of transcription 6 (STAT6) at posi-
tion — 78/— 70 bp and nuclear factor kappa B (NF-kB) at
position — 84/— 74 bp. Mutations in these sites abolished
the upregulation of the RhoA promoter by the two cytokines
suggesting a critical role of the two pro-inflammatory tran-
scription factors in RhoA gene regulation during asthma.
Similar results were found by Chiba et al. who showed that
the rat RhoA gene promoter contains an STAT6-binding
region and that RhoA expression may be regulated by the
IL-13-JAK1-STAT®6 signaling pathway in BSMs of asth-
matic rats (Fig. 1a) [39].

It was reported previously that cells that were resistant to
the chemotherapeutic drug cisplatin had decreased levels of
RhoA, disorganized cytoskeleton, and as a consequence, dis-
played with reduced uptake of drugs from cell-surface trans-
porters [40]. However, the mechanism that could account
for RhoA gene downregulation in cisplatin-resistant cells
remained unknown. In a follow-up study, the same group
showed that the transcription factor GCF2 (GC-binding
factor 2) is a transcriptional repressor of the RhoA gene
[41]. Specifically, they showed that overexpression of GCF2
abolished RhoA expression and disrupted the actin—filamin
network; and as a result, membrane transporter MRP1 was

translocated from the cell membrane to the cytoplasm ren-
dering cells resistant to cisplatin. In contrast, sSiRNA-medi-
ated silencing of GCF2 restored RhoA expression and actin
microfilament organization [41].

Nitric oxide (NO) plays an important role in vessel wall
homeostasis via many functions including the transcrip-
tional activation of target gene in endothelial or smooth
muscle cells [42]. Sauzeau et al. [43] showed that in arte-
rial smooth muscle cells, RhoA mRNA and protein levels
were increased by treatment with agents that serve as pre-
cursors for NO (sodium nitroprusside) or raise the intra-
cellular cGMP [8-(2-chlorophenylthio)-cGMP] and this
upregulation was inhibited by the cGMP-dependent pro-
tein kinase (PKG) inhibitor (Rp)-8-bromo-phenyl-1,N2-
ethenoguanosine 3:5-phosphorothioate. Promoter analysis
revealed that the NO/PKG pathway triggered the phospho-
rylation of activating transcription factor 1 (ATF-1) and its
binding to a cAMP-response element present on the RhoA
promoter (Fig. 1a). In agreement with these findings, they
showed that chronic inhibition of NO synthesis decreased
RhoA mRNA and protein expression in the aorta and the
pulmonary artery of rats and this was associated with inhibi-
tion of RhoA-mediated Ca®* sensitization. These data sug-
gested a critical role of a NO/PKG/ATF-1/RhoA signaling
pathway in vascular smooth muscle cells [43].

Transcriptional regulation of the RhoB gene

RhoA and RhoC proteins are often upregulated in human
tumors and their expression correlates with tumor aggres-
siveness whereas the levels and functions of RhoB in human
cancers are context-dependent. Although expression of
RhoB inversely correlates with disease progression in sev-
eral epithelial cancers, recent data suggest that RhoB may
support malignant phenotypes in certain cancer types includ-
ing T-acute lymphoblastic leukemia [44], lung adenocarci-
noma [45], and glioblastoma [46, 47].

It has been proposed that RhoB can work as a tumor sup-
pressor as it is activated in response to several stress stimuli
including DNA damage or hypoxia; and it has been reported
to inhibit tumor growth, cell migration, and invasion, and
have proapoptotic functions in cells [48, 49]. In addition,
we have shown previously that RhoB, similar to RhoA, is
a major membrane androgen receptor effector regulating
actin cytoskeleton and apoptosis in various tumor cells
[50-53].

RhoB expression is further regulated by extracellular
stimuli such as UV irradiation [54-56], growth factors (epi-
dermal growth factor and platelet-derived growth factor in
Rat-2 fibroblasts) [57], cytokines, and oncogenes [54-58].

The two CCAAT boxes (proximal and distal) that are pre-
sent in the RhoB promoter mediate RhoB gene regulation
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by genotoxic stress (Fig. 1b). It was shown that NFY that
binds to the proximal CCAAT box of the RhoB promoter
mediates RhoB gene induction by the binding of activating
transcription factor 2 (ATF-2) and inhibition of histone dea-
cetylase 1 (HDAC1) [49, 56]. More recently, it was shown
that the p38 mitogen-activated protein kinase (MAPK) regu-
lates the recruitment of the proto-oncogene c-Jun and the
histone acetyltransferase p300 to the more distal CCAAT
box of the RhoB promoter leading to upregulation of RhoB
gene expression and induction of apoptosis of UV-irradiated
human T lymphocyte (Jurkat) cells [59].

The p38 MAPK/ATF-2 complex is also responsible for
the upregulation of the RhoB gene by the piperazine alkyl
anticancer compound KR28 in human prostate carcinoma
PC-3 cells and this upregulation was shown to require p300
and the CCAAT box of the RhoB promoter (Fig. 1b) [60].
HDACI is also involved in the upregulation of the RhoB
gene by farnesyltransferase inhibitors (FTIs) and geranylge-
ranyltransferase I inhibitors (GGTIs). Specifically, treatment
of cancer cells with FTIs and GGTIs resulted in HDAC1
dissociation, HAT association, and histone acetylation of
the RhoB promoter, which led to increased RhoB expres-
sion [61].

Several studies focused on the mechanism by which the
piperazine alkyl derivative NSC126188 induces apoptosis in
several cancer cell types (Fig. 1b). In one study, it was shown
that in stomach carcinoma NUGC-3 cells, NSC126188
induced the activity of the RhoB promoter by increasing the
expression of p300 and c-Jun in a poly(ADP-ribose) poly-
merase-1 (PARP-1)-dependent manner [62]. The signaling
pathway that was activated by this drug involved the MAP
kinases MKK4/7 and p38 and the transcription factor c-Jun
[63]. In another study, it was found that NSC126188 induced
apoptosis in prostate cancer PC-3 cells by interfering with
membrane recruitment of AKT, resulting in dephosphoryla-
tion of AKT and of the forkhead box transcription factor
FoxO3a, which increased the transcription of the RhoB gene
[64]. NSC126188 also induced apoptosis of the cervical car-
cinoma HeL a cells by inducing the transcriptional activation
of RhoB [65].

Pharmaceutical agents including the alkylating agent
N-methyl-N-nitrosourea (MNU), the cytostatic drug cispl-
atin, hydroxyurea, and dexamethasone elicited RhoB gene
induction in NIH3T3 cells [55]. Gallic acid was shown to
inhibit gastric cancer cell metastasis and invasive growth
via increased expression of RhoB through suppressing the
PI3K/AKT pathway [66]. Aloe emodin (AE), a natural anth-
raquinone compound, was reported to have antiproliferative
activity in various cancer cell lines. AE suppressed the
phorbol-12-myristyl-13-acetate (PMA)-induced migration
and invasion of tumor cells and downregulated RhoB gene
expression indicating the involvement of RhoB in the anti-
migratory property of AE in colon cancer cells [67].

RhoB transcription is also negatively regulated by onco-
genes including H-Ras N-Ras, K-Ras, EGFR, and ErbB2
in NIH 3T3 cells and human cancer cell lines derived from
lung, pancreatic, and cervical tumors [58, 68].

The transcription of the RhoB gene is regulated in a tis-
sue- and age-specific manner. Yoon et al. [69] measured the
RhoB mRNA levels in 4-week-old mice and observed high
transcriptional levels in liver, skeletal muscle, kidney, and
lung with the highest levels of expression in the brain. Fur-
thermore, the RhoB mRNA levels gradually decreased with
age in lung and skeletal muscles but not in the other tissues.
These changes in RhoB expression were not due to altera-
tions in DNA methylation but rather due to the differential
binding of HDAC1 to the CCAAT boxes of RhoB promoter.
Specifically, histone H3 and histone H4 acetylation levels
of the RhoB CCAAT boxes decreased; histone H3 lysine 9
trimethylation levels and recruitment of HP1b (heterochro-
matin protein 1b) increased, whereas histone H3 lysine 4
demethylation levels gradually decreased with aging [69].
It was concluded that the chromatin structure of the RhoB
promoter gradually changes during aging in a tissue-specific
manner [69].

Transcriptional regulation of the RhoC gene

Similar to RhoA, RhoC was found to be upregulated in many
types of tumors and it was proposed that inhibition of RhoC
could be a promising antitumor strategy [70-72]. RhoC is an
essential factor for invasion and metastasis [73]. Overexpres-
sion of RhoC in breast cancer cells indicates poor prognosis.
In a very recent study Xu et al. investigated the possible
anticancer potential of small-interfering RNA (siRNA) tar-
geting RhoC in breast cancer cells [74]. The authors showed
that the RhoC-specific siRNA inhibited cancer cell prolif-
eration and invasion, increased cell apoptosis, and induced
cell-cycle arrest. Furthermore, intra-tumoral injection of the
RhoC siRNA inhibited tumor growth and increased survival
rate in BALB/c-nu mice [74].

At the transcriptional level, there are very few studies
addressing the mechanisms that control the regulation of
the expression of the RhoC gene. In one study, it was shown
that the RhoC gene is induced by various genotoxic agents
in cancer cell lines and that activated p53 binds to a consen-
sus p53-binding element present in the second intron of the
RhoC gene (Fig. 1¢) [75]. Thus, RhoC is a direct p53 target
gene that is induced during genotoxic stress to mediate the
pro-survival functions of p53.

RhoC is also involved in epithelial-to-mesenchymal tran-
sition (EMT). It was shown that the levels of RhoC expres-
sion and activity are induced during EMT in colon cancer
cells and that its expression can be regulated by the Ets-1
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transcription factor which binds to multiple sites on the
RhoC promoter (Fig. 1c) [76].

The expression of RhoC is significantly increased in
hepatocellular carcinoma (HCC). Hepatitis B virus (HBV)
was shown to upregulate RhoC expression through enhanc-
ing the activity of its promoter [77]. It was subsequently
shown that the HBV proteins, HBx and HBs, induced the
expression levels of Ets-1 which activated the RhoC pro-
moter (Fig. 1c) [78]. These findings provide a novel insight
into HBV-induced HCC metastasis.

In a very recent study, Luo et al. [79] found that the
mRNA levels of RhoC are increased in Jurkat acute lympho-
blastic leukemia cells by stromal cell-derived factor-1 (SDF-
1) signaling which is important for the maintenance and pro-
gression of T-cell acute lymphoblastic leukemia. In addition
to inducing RhoC expression, SDF-1 activated RhoC signal-
ing towards reactive oxygen species (ROS) production and
the subsequent cytoskeleton redistribution and assembly
which are important for cell migration [79].

Hypoxia and hypoxia-inducible factors (HIF) play critical
roles in pancreatic cancer metastasis. In a recent study, Zhou
et al. [80] investigated the mechanism by which HIF-3a con-
trols invasion and metastasis in pancreatic cells. They found
that HIF-3a overexpression increased RhoC mRNA levels
and promoted tumor cell invasion in transwell and wound
healing assays which was compromised by siRNAs targeting
RhoC. Using chromatin immunoprecipitation and luciferase
reporter assays, they found that endogenous HIF-3a binds
to various regions on the promoter of the RhoC gene under
hypoxic but not under normoxic conditions (Fig. 1c). It was
proposed that targeting the HIF-3a/RhoC signaling pathway
may be a novel therapeutic approach for the treatment of
pancreatic cancer invasion and metastasis [80].

Phagocytosis via phagosome formation of macrophages
plays an essential role in the host defense mechanism and
in tissue remodeling. Very recently, using live-cell imag-
ing combined with RNAi-based knockdown and CRISPR/
Cas-mediated knockout (KO), Egami et al. [81] showed that
RhoC is implicated in the regulation of phagosome forma-
tion in macrophages by modifying actin cytoskeletal remod-
eling via mDial.

Regulation of Rho genes by the transforming
growth factor 3 (TGF@) and TGFB/Rho
signaling cross talks

In a previous study, we showed that the transforming growth
factor p (TGFp) upregulates RhoB transcription via acti-
vation of cytoplasmic Smad3/4 and MEK/ERK pathways
in human HaCaT keratinocytes [21]. Activation of the
MEK/ERK pathway by TGFp as well as functional p53
was required for the binding of Smad3 to a non-classical
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binding site in the proximal RhoB promoter which over-
laps a CCAAT box that constitutively binds nuclear factor
Y (Fig. 1b) [21]. Importantly, we showed that TGFp/Smad
signaling had no effect on the RhoA gene despite the fact
that both RhoA and RhoB are critical for the rapid non-
genomic cell responses to TGF toward actin cytoskeleton
reorganization [21].

In a follow-up study, we showed that short-term TGFf
treatment of HaCaT keratinocytes induced the RhoA-spe-
cific guanine nucleotide exchange factor Netl isoform?2
(NetlA) [18] and this induction was essential for the acti-
vation of RhoA GTPase activity by TGFp. The signaling
pathways that were found to facilitate Net1 A upregulation by
TGFp were the Smads and the MAPK/ERK kinase (MEK)/
extracellular signal-regulated kinase (ERK) pathway. Fur-
thermore, we showed that miR-24 was a post-transcriptional
regulator of NetlA expression. miR-24 was found to be
implicated in the regulation of the EMT program in response
to TGFp and was shown to be directly involved in the TGFf-
induced breast cancer cell invasiveness through NetlA regu-
lation. It was concluded that Netl isoform 2 plays a critical
role in the short- and long-term TGFp-mediated regulation
of EMT [18].

Recent work has extended our understanding of how
TGFp/Rho signaling operates in multiple cell models. In one
study, the role of Rho/Rock in TGFp1-induced lung fibro-
blasts differentiation was examined [82]. They showed that
Rho/Rock and TGFf/Smad inhibitors suppressed TGFp1-
induced lung fibroblast differentiation. RhoA, RhoC,
ROCKI1, Smad2, and tissue inhibitor of metalloproteinase-1
were upregulated by TGFp1 stimulation. The Rho/Rock
inhibitor downregulated Smad2 expression and the TGFp/
Smad inhibitor downregulated RhoA, RhoC, and ROCK1
expression. Therefore, the Rho/Rock pathway and Smad
signaling were involved in the process of lung fibroblasts
transformation, induced by TGFf1 to myofibroblasts [82].

In another study, the role of small GTPases Racl and
RhoA in the NADPH oxidase 4 (Nox4)-dependent genera-
tion of ROS during TGFp1-induced kidney myofibroblast
activation was investigated [83]. It was shown that TGFf
induced the expression and the activity of Nox4 as well as
the expression of a-smooth muscle actin (SMA) and the
fibronectin variant Fn-EIITA in kidney myofibroblasts in an
RhoA-dependent manner. Downregulation of RhoA using
siRNAs or inhibition of ROCK compromised the effect
of TGFf1 on the expression of the above genes, whereas
inhibition of Nox4 inhibited TGFp1-induced a-SMA and
Fn-EIIIA expression, indicating that RhoA is upstream of
ROS generation. RhoA/ROCK also regulated polymerase
(DNA-directed) d-interacting protein 2 (Poldip2), a newly
discovered Nox4 enhancer protein, suggesting that induc-
tion of redox signaling in kidney myofibroblast activation is
mediated by RhoA/ROCK upstream of Poldip2-dependent
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Nox4 oxidase. The findings may have broad implications in
the pathophysiology of renal fibrosis [83].

Very recently, the involvement of Nox4 in epithelial-to-
amoeboid transition in the highly metastatic hepatocellu-
lar carcinoma was investigated [84]. Crosas-Molist et al.
showed that Nox4 gene deletions are frequently found in
HCC patients correlating with higher tumor grade. They
found an inverse association between Nox4 expression and
the levels of RhoC and Cdc42 in HCC, and the low Nox4/
high RhoC phenotype was associated with worse cancer
prognosis. Importantly, overexpression of Nox4 caused a
downregulation in RhoC and Cdc42, it maintained paren-
chymal structures, increased cell-substrate adhesion and
suppressed actomyosin contractility. [84].

Bravo-Nuevo et al. [85] examined the potential involve-
ment of RhoB in thymocyte development using RhoB-
deficient mice. The showed that mice lacking RhoB were
characterized by thymic atrophy, i.e. small thymus weight
and cellularity, beginning as early as 5 weeks of age. These
mice also had enhanced expression of TGFp receptor type
II (TGFBRII) in thymic medullary epithelium as well as
enhanced fibronectin. These data support a role of RhoB in
the regulation of thymus development through inhibition of
TGFp signaling in thymic medullary epithelium [85].

Epithelial-mesenchymal transition (EMT) is one of the
critical steps in cancer metastasis and is regulated by multi-
ple factors including TGFf and the small Rho GTPases [16,
86]. The molecular mechanisms that control this cellular
transformation are not yet clear. Toward this goal, Men-
ezes et al. [87] showed that silencing of MDA-9/syntenin
(SDCBP) in mesenchymal metastatic breast cancer cells
triggered a transition to a more epithelial-like morphology
which was confirmed by changes in EMT markers. In con-
trast, overexpression of MDA-9 in epithelial cells induced
EMT, cytoskeleton reorganization and invasion. Importantly,
they found that MDA-9 upregulated both RhoA and Cdc42
via TGFf1, and they showed that MDA-9 binds to TGFf1
via its PDZ1 domain. Finally, they showed that silencing the
expression of MDA-9 resulted in decreased lung metastasis.
These findings support the importance of MDA-9 in EMT in
breast cancer and suggest that MDA-9 could be explored as a
potential therapeutic target against metastatic diseases [87].

Mechanisms of autoregulation of RhoA
and RhoB genes

In a recent study, we showed that the activity of the RhoA
and RhoB promoters is subject to autoregulation [88]. Spe-
cifically, we showed that overexpression of RhoA inhib-
its the activity of the RhoB and RhoA promoters and that
the CCAAT box of the RhoB promoter is essential for this
autoregulation (Fig. 1a). We also showed that the pan-Rho

inhibitor C3 increased the mRNA levels of the RhoB gene in
a time-dependent manner but not of the RhoA gene. These
data could also explain, at least in part, the low levels of
expression of RhoB gene in cells that express high levels
of RhoA such as the stem cell lines CGR8 and P-19 [88].
Similar type of Rho autoregulation has been observed in
mouse fibroblasts [54], in adenocarcinoma cells [89] as well
as in PC3 prostate cancer cells and MDA-MB-231 breast
cancer cells [90].

Post-transcriptional regulation of RhoA,
RhoB, and RhoC genes by miRNAs

MicroRNAs (miRNAs) function as modulators of gene
expression at the post-transcriptional level and play a wide
range of physiological and pathological roles [91, 92]. They
are small non-coding RNA molecules that bind to comple-
mentary mRNAs expressed from target genes and inhibit
their translation by the ribosomes or enhance their deg-
radation. Several microRNAs were shown to regulate the
expression of small Rho GTPases including RhoA, RhoB,
and RhoC, and to affect the functions of different cell types.
These miRNAs are discussed below.

MiR-31 was identified as one of the highly upregu-
lated miRNAs during osteoclast development and controls
cytoskeleton organization in osteoclasts for optimal bone
resorption activity by targeting RhoA [93]. miR-125a-3p
functions as a tumor suppressor that inhibits the migra-
tion and invasion of lung cancer cells [94]. miR-125a-3p
decreased the RhoA protein levels, while the levels of RhoA
mRNA remain unchanged. Negative regulation of RhoA pro-
tein expression has also been demonstrated by miR-133a in
cardiomyocytes [95] and human bronchial smooth muscle
cells [96]. The microRNA miR-151 suppresses expression of
RhoGDI A, resulting in increased basal activation of RhoA,
Racl, and Cdc42 [97] in hepatocellular carcinoma, while
RhoA protein expression is negatively regulated by miR-155
in breast cancer cells [98] (Fig. 1a).

Sabatel et al. [99] showed that miR-21 acts as a negative
modulator of angiogenesis. miR-21 overexpression reduced
endothelial cell proliferation, migration, and the organiza-
tion of actin into stress fibers. They showed that RhoB gene
expression and activity is decreased in miR-21 overexpress-
ing cells and that RhoB silencing impaired endothelial cell
migration and tubulogenesis, thus providing a possible
mechanism for miR-21-mediated inhibition of angiogenesis
[99]. In another study, Connolly et al. [100] showed miR-
21 targets the 3’ untranslated region of the RhoB gene and
that loss of miR-21 is associated with an elevation of RhoB
in hepatocellular carcinoma cell lines Huh-7 and HepG2
and in the metastatic breast cancer cell line MDA-MB-231.
Using in vitro models of distinct stages of metastasis, they
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showed that loss of miR-21 also causes a reduction in migra-
tion, invasion, and cell elongation which could be mimicked
by overexpression of RhoB [100]. Finally, Liu et al. [101]
showed that the expression of miR-21 in HEK293 and sev-
eral colorectal cancer cells was inversely correlated with
the levels of RhoB expression. miR-21 overexpression mim-
icked the effect of RhoB knockdown in promoting prolifera-
tion and invasion and inhibiting apoptosis (Fig. 1b).

Glorian et al. [102] showed that miR-19 regulates the
expression of RhoB in keratinocytes upon exposure to UV
radiation. miR-19-mediated regulation requires the binding
of human antigen R (HuR), an AU-rich element binding
protein, to the 3-untranslated region of the RhoB mRNA.
It was suggested that downregulation of RhoB by miR-19
potentiates UV-induced apoptosis (Fig. 1b) [102].

Two papers demonstrated the role of miR-138 in cancer
migration and metastasis via RhoC downregulation. In one
paper, Jiang et al. [103] showed that miR-138 suppressed
migration and invasion of tongue squamous cell carcinoma
(TSCC) cells by directly targeting the 3’ untranslated region
of RhoC mRNA. Reduced expression of RhoC was associ-
ated with morphological changes including reorganization of
the stress fibers to a round bleb-like shape as well as the sup-
pression of cell migration and invasion whereas knockdown
of miR-138 in TSCC cells enhanced the expression of RhoC
and accelerated cell migration and invasion. In the second
study, Islam et al. [104] showed similar roles of miR-138 and
RhoC in head and neck squamous cell carcinoma (HNCCC)
cells. They also showed that inhibition of RhoC by miR-138
caused the downregulation of FAK, Src and Erk1/2 signaling
molecules (Fig. 1c).

Liu et al. [105] examined the role of miR-372 in the
pathogenesis of endometrial adenocarcinoma (EC). They
showed that miR-372 levels are lower in EC than normal
endometrial specimens and that miR-372 overexpression
reduced the expression of RhoC via its 3" untranslated region
and suppressed cell proliferation, migration, and invasion
suggesting that miR-372 could be a novel therapeutic target
in EC (Fig. 1c).

Another miR that regulates RhoC gene in various can-
cer cells is miR-10b. Recent studies showed that miR-10b
was highly expressed in metastatic breast cancer cells and
enhanced cell migration and invasion via a mechanism
that involves activation of miR-10b expression by the tran-
scription factor Twist and the subsequent repression of the
translation of the messenger RNA encoding homeobox D10
(HOXD10) which is an inhibitor of RhoC [106] resulting in
increased expression of RhoC [107, 108]. RhoC regulation
by miR-10b via HOXD10 was reported in the case of colo-
rectal cancer cells [109] and in malignant glioma cells [110].

The role of RhoC in the pathogenesis of ovarian cancer
was studied by Wu et al. [111]. They found that the lev-
els of RhoC in ovarian cancer cells were increased by the
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overexpression of the long-coding RNA ABHD11-AS, and
the two molecules were co-immunoprecipitated suggesting a
direct interaction. They also showed that silencing of RhoC
compromises the cancer-promoting effects of ABHD11-AS,;.
The findings suggested a potential role of this long-coding
RNA in anticancer therapies. In the same cancer type (ovar-
ian cancer) Sang et al. [112] showed that miR-519d binds
directly to the 3' UTR of the RhoC mRNA and inhibits its
expression suggesting that the RhoC mRNA is a direct target
of miR-519d. A negative correlation between the levels of
miR519d and RhoC was also found in vivo using the nude
mouse xenograft model [112] (Fig. Ic).

Zhou et al. [113] showed that levels of miR-493 were
strongly downregulated in gastric cancer and were associ-
ated with clinical stage and the presence of lymph node
metastases. They found that upregulation of miR-493 inhib-
ited the proliferation and metastasis of gastric cancer cells,
in vitro and in vivo and that miR-493 directly targeted RhoC,
which resulted in a marked reduction of the expression of
mRNA and protein. This effect, in turn, led to a decreased
ability of growth, invasion and metastasis in gastric cancer
cells (Fig. 1c¢).

Yau et al. [114] established an orthotopic hepatocellular
carcinoma (HCC) metastasis animal model to identify miR-
NAs that could associated with the development of metas-
tasis in vivo. They found 15 miRNAs, including miR-106b,
which were differentially expressed in 2 metastatic cell lines
compared with the primary tumor cell lines. They showed
that miR-106b enhanced cell migration and stress fiber for-
mation by inducing the expression of the small GTPases
RhoA and RhoC and these effects were associated with
activation of epithelial-mesenchymal transition (EMT). A
role of miR-106b in RhoC regulation was also found in epi-
thelial ovarian cancer (Fig. 1c) [115]. Table 1 summarizes
the transcriptional and post-transcriptional Rho modulators
the mechanisms involved, the associated diseases and the
relevant cell types in which these mechanisms were studied.

Conclusions

In conclusion, investigation of the mechanisms that control
the expression of RhoA and RhoB small GTPases in various
cell types and conditions during the past decade revealed
the existence of a core group of transcription factors and
coactivators that are involved in different cellular responses
such as genotoxic stress, cytokines, and drugs. These factors
are the nuclear factor Y, the leucine bZip proteins c-Jun and
ATF2, and the coactivators p300 and HDACs. Formation
of protein complexes on specific regulatory elements of the
RhoA and RhoB promoters, including the CCAAT boxes,
appears to coordinate the regulation of their activity and to
increase (in the majority of the cases) the mRNA levels of
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the two genes. Dysregulation of RhoA, RhoB and RhoC
gene expression or inhibition of their expression by a vari-
ety of microRNAs can be causal to pathological conditions
such as cancer and asthma. Positive or negative cross talks
between Rho GTPases and TGFf have been shown to regu-
late cell responses to TGFp such as EMT, migration, myofi-
broblast activation and thymus development. Understanding
in depth the mechanisms that fine tune the expression of Rho
GTPases and their cross talks with other signaling pathways
combined with the critical roles that these proteins play in
disease pathogenesis will lead to the development of novel,
optimized therapies for the treatment of devastating disease
such as cancer, asthma or fibrosis.
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