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AvtimpoAdyov,

H mapovoa Sidaktopikn Statpiffn ekmoviOnke ota mAaicwa tov [poypdppatog
Evioxvong tov Epsuvntikov Avvapikot (ITENEA)-2003, # 688 oto Epyactiplo
Bloynpetag tov Tunqpatog latpkng tov IMavemotyuiov Kpnng. Oa 1beda va
evyaplomow Bepua tov Kabnynt Xpnoto Ztovpvapa yla Thv vKalpia Tov pov
Edwoe va gpyactw WG SISAKTOPIKOG @oltnTg Lo TNV emifAeyn) touv oTO
epyaotiplo Blioynueiag. H kaBodynon kot emotnuoolvn tou NTav SLapKwg
SimAa pov 0Aa autd ta xpovia. Tov euyxaplotw emiong ywx T cupfoAn Tov eixe
0T SLIAUOPPWOT TOU VONTIKOU OXNLATOS TNG PLA0GO@IAG TNG ETLOTHUNG KOO WG
EMIONG KAL Yl TIG SLAPKEIG KAL ETMITUXNUEVES TIPOOTIADELEG TOV VA BPEL ETILTIAEOV
TN YEG XPNULATOSOTNONG TIG OTIOLES TIAPELXE OE AVAAWO LA Kol HoBovg.
Evxaplotw emiong toug kaBnyntés Anuntpn Kapddon kot Xpnoto
Toatodvn yla T cuppeToxn Toug otn cupovAeuTikn emttpoty). H cupfoAr tov
kabnynt| Anuntpn Kapddon ntav kabBoplotikdtatn eite pe v kabodiynon
TOU 0€ OAEG TNG EVSLALECEG CUVAVTNOELG EVIILEPWOTG TNG TopElag TG SatpLfng
LoV E(TE PE TNV @LAKNY Kal VALK LTTooTipEn Tov epyaoctnpiov tou. Evyaplotw
T LEAT TNG EEETAGTIKNG EMITPOTNG YLK TNV TLUT) TIOV LOV KAVOUV VA GUUUETEXOVV
oe autn). Tov kabnynt [pafavn AxAAéa ywx tmv vmootpl€l] TOU OTIS
evllapeoeg ouvavtnoelg, tov kabnynt Zovpfivo I'wpyo kat v kabnyntpla
Evayyeiia [TamakwvotavTr) yla TNV adlAKOT GUVELCQOPAE TNG 0€ BewpMTIKO Kal
TpakTikd emimedo. Emiong, euxaplotw Slaitepa tov kabnynt Apn Movotaka
ywx ™ Stapkn) Kot Bepedtwdn cvpfoAn tov ot Statpif1y pov. Tov euyaplotw ya
™V euKalpla OV HOU €8wWOE va €PYAOTW OTO EPYAOTNPLO TOu oto Ludwig
Institute for Cancer Research, Uppsala Branch kat va épBw o€ ema@n pe aAAovg
ETLOTIUOVES KAl VEEG TeXVIKEG. H akatamavotn Bonfeld Tov o€ MEPAUATIKO Kal
ovYypa@ko emimedo, 0 (MAOG yLa TNV EMOTNUN, ] KKAOGUVYT KL 1] avOpwTILd TOV
KaBw¢ Kat 1 eupLTNTA TOL TIVELHATOS TOV B pe cuvoSevovV yLa TAVTA.
Evxaplotw Beppotata 6da ta péEAN Twv gpyaotnplwv ¢ TTEPuyas Yl
™mv mpoBupia, ™ Bonbela kol TI§ avtoxég Tous. ISaitepa evyaplotw: ™ Aiva
Bap8ouAn yla v kaBodnynon Kat TV LVTOHOV TNG OTIS TIPWTEG Kol OXL LOVO

OTIYUEG TNG ETAENG MOV HE TO €PYNOTNPLO, 1| OLUBOAN TNG omolag eival



avektiuntn, ™mv EAca [Mamadnuntpiov ywx v ocvvepyaocia kot aAAnAofonbeia
oTa TAaioLa Tov KowvoU HaG TTPOYPAUUATOS, TN BdAla AvayvwoTomovAou ylx thv
guxaplot Swabeon mov mavta pov evemvee, T Natodia [TamadomovAov yia ™)
Stapkn mpobupla kat TN ovvepyaoia pag, v EAsvBepla Baowlakn ywa ™
ouvuBoA ™G oe mMePAATIKO emimedo kat T laddteia KaAAépyn yua ™
LTOoTNPLEN TNG OTO SeEKIVUA TNG EPYNOIOG OV KAl TN HETETMELTA GUVEPYATI
nog. EATiCw 1 Sikn pov ouvelo@opd va ntav avtaéla twv Sikwv oag. Evyaplotw
emiong toug @iAovg pov Anuntpn KavéAin, Mapila Aumtpddn, Makn KaméAdio kat
MuyaAn Zaitdkn yia ™ @uloevia.

TéAog, Ba NBeAa va evyaploTow Tov adep@o pov Niko Kol TOUG YOVe(lg
nwov ‘EAeva kot MTGumn ylx tnv aydmn, v KaTavonor KAl TNV EUMLOTOoUV
TOUG OAx auTd T Xpovia. H owkovouikn toug Bonbela amotédece kavny Kol

avaykalo cuvON KN TPOKEPEVOL Va ekTTovn Ol 1 SL8aKTOPLKT) Hov SlaTpLf3n.
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H Suvapikn ¢ avadlopyavwon§ Tou KUTTAPOOKEAETOV TNG AKTIVNG vTTOOTNPILEL
Kal oVVTOVIleL Eva VPV EACUA CNUATOSOTIKWY HOVOTIATIWV TA OTIOlot EAEYYXOUV
TOV KUTTAPLKO TOAAATAQOLACUO, TN Sla@opoToinon Kol Tn peTavaotevot. H
TAACTIKOTNTA TOU KUTTAPOOKEAETOU PBACILETAL OE TOAV-TIPWTEIVIKA CUUTTAOK
Ta omola puBuilovv TOV TOAUUEPLOHO TNG QKTIVNG, TN OTABepOTNTA TOU
KUTTOPOOKEAETOU KL TNV OAANAemiSpaor) Tou HE TNV pvocivn. Ald@opot
aQUENTIKOL TAPAYOVTIEG TAPEXOUV TNV AMAPALTNTN oNpatodotnon mn omolx
ouvtovifel TNV Suvaulkn TNG avadlopydvwong TOU KUTTAPOOKEAETOU TNG
aktivng. Mia tétolx ooyévela auinTikwy mapayovtwy eivat autn tov TGF-B
(transforming growth factor ) n omoia meplapfavel ekkpvopeva mToAVTENTIS LA
o6mw¢ ot BMPs (bone morphogenetic proteins) kat ot activins. H mapovoa
Statppn Seiyvel 6tL | onuatodotnon tov BMP-7 mepilapufavel tig Smadl, p38
kat p44/44 (Erkl/2) MAP xivaoeg KaBw¢ Kal TNV EMAywyr TOU TIOAUVUEPLOUOV
™G aKTiVNG Kal TNV avadlopyavwon TwV CUUTAOKWY TwV TAAK®V TIPOCG@PUOTG
oe Swiss3T3 vofAdaotes kol Sla@opeg GAAEG KUTTAPLKEG OEPEG TOOO
amoteleopatika 600 kat o TGF-B. EmmA¢ov, o BMP-7 emayel T petavactevon
Towv Swiss3T3  wofAacTwV  a@NVOVTAG AVEMNPEACTO  TOV  KUTTOPLKO
TOAATAXCLAOUO KAl TNV amomtwon. ‘Evag onuavtikdg pubulomms g
avaSLopYAvwonG Tou KUTTapookeAeToV TG aktivng, 1 ROCK kwvdon, mpokaAet
Katd T onuatodotn tov BMP-7 aAdayeg otn Suvapkny g avadlopyavwong
TOU KUTTAPOOKEAETOU TNG AKTIVNG, KABWG aUTOG 0 AVENTIKOG TTAPAYOVTAG ETAYEL
™ ypnyopn evepyomoinon twv RhoA kat RhoB GTPacwv pe tavtoxpovn
amevepyomoinon g Cdc42. lMapdAAnAa, o BMP-7 emayel kat tnv €k@pacn Twv
RhoB xat Smad6 yoviSiwv TopEXovTag TauToXpovws évav BeTikd Kol évav
QAPVNTIKO aVTIOTOLYA UNYAVIOUO avaTPOo@OoSOTNoNG otV (Sl TN onuatodotnon
Tov BMP-7. H evepyomoinon twv Rho GTPacwv amd tov BMP-7 kot emouévwg
™¢ ROCK kabodikd, ovoyxetileTal pe TNV EMAYWYN NG Q@WOPOPLAIWONG TNG
eAa@pLag aAdvoidag ™G pvoaoivng ot oepivn 19, aAA& 0L pe TNV evepyoTioinom
™m¢ LIMK1. O egeldikevpuévos avaotoréag tng ROCK «kwaong, Y-27632
QVUOTEAAEL TOV TIOAUUEPLOUO TNG AKTIVIG Kol TEPLOPIlEL TN HETAVAOTEVTIKN
IKavOTNTA Tov o@eldetar otov BMP-7. EmumpooBétwg, pnxoaviotikd, o (81og
avaotoAéag ¢ ROCK kwvdong avaoTéAAel 1 @Wo@OPLAIWGOT NG EANPPLAS

aAvoidag ™G puooivig otn oepivn 19 katd 1 onuartodotnon touv BMP-7.
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Amoclwmmon tov evdoyevols TEMTIS0L ™G Aa@PLAG aAvoidag TG pvoaciving
eMiONG aAVAOTEAAEL TNV avaSLOPYAVWOT) TOU KUTTAPOOKEAETOU TNG AKTIVNG TTOV
mpokaAeital amd tov BMP-7. ’Etol, kat’ eméKTAON aUTO TO VEO LOVOTIATL pLBNIleL
N UETAVACTELON TWV WWOBAACTWV XWPIS va emnpedlel TOV TTOAAATIAQGLACHO
TOUG. ZUUTEPACUATIKA, oTnV Tapovoa dSwatpnn o BMP-7 @aivetatr va
evepyoTolel OxL povo to Smad kat To Agyopevo non-Smad povormdatt Twv MAP
KWvaowv, cAAa kat to povordtt Rho/ROCK/MLC. H evepyomoinon autov Ttovu
HovoTatiov pubuilel TNV avadlopydvwon TOU KUTTAPOOKEAETOU NG OKTIVNG

QAAG KaL T petavaotevon twv Swiss3T3 wofAactwv.
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2. Abstract
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Actin cytoskeleton dynamics support and coordinate a large number of signaling
events that control cell proliferation, differentiation and migration. Cytoskeletal
plasticity is based on multi-protein complexes that regulate actin polymerization,
stability and assembly with myosin. Growth factors provide essential signals that
govern cytoskeletal dynamics. One such growth factor network is the
transforming growth factor  (TGF-) that includes secreted polypeptides such
as bone morphogenetic proteins (BMP) and activins. Here, it is demonstrated
that BMP-7 signals through Smadl, p38 and p44/42 (Erk1/2) MAPKs and
induces actin polymerization and focal adhesion remodeling in starved
fibroblasts and various other cell lines as potently as TGF-f3. Moreover, BMP-7
induces migration of Swiss3T3 fibroblasts letting at the same time proliferation
and apoptosis unaffected. An important regulator of actin remodeling, the kinase
ROCK1 mediates changes of actin dynamics by BMP-7, while this growth factor
induces rapid activation of RhoA and RhoB GTPases with concomitant
inactivation of Cdc42. In parallel, BMP-7 induces RhoB and Smad6 expression
providing with a positive and a negative signalling feedback simultaneously.
Activation of Rho GTPases and the downstream ROCK1 kinase by BMP-7
correlate well with induction of phosphorylation on Ser19 of the myosin light
chain, but not with LIMK1 kinase activation. ROCK inhibitor Y-27632 blocks actin
polymerization and reduces migration capacity induced by BMP-7. Furthermore,
the same ROCK inhibitor blocks the myosin light chain phosphorylation of Ser19
during BMP-7 signalling. Depletion of endogenous myosin light chain also
inhibits the actin remodeling induced by BMP-7. Thus, in a next step, this novel
pathway regulates fibroblast migration without affecting cell proliferation.
Taking everything into consideration, here it is established not only that BMP
signals through Smad and, the so-called, non-Smad pathway of MAPKs, but also
through Rho/ROCK pathway which targets myosin light chain during actin

remodeling and migration of Swiss3T3 fibroblasts.
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3. Elsaywyn
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3.1. H oixoyévela tov TGF-p.

H owoyéveix touv avBpwmwvouv TGF-f (Transforming Growth Factor f)
amoteAeltal amd 33 péAT, Ta TEPLOCOTEPA ATIO TA OTIOLX EKPPAlOVTAL WG SLuepT,
EKKPLVOUEVA TIOAUTIETTISIA KAl €AEYXOUV TNV AVATTULEN, ATO TO OTASIO TOV
YaoTpLSiov Kol TNV AOVUPETPIO TOU CWUATIKOU GEova HEXPL TN LOPQOYEVEDT
0pYAVWYV KAl TNV OLOLOCTHOT] TWV LOTWV TWV eVAKwy. Extdog amd tov TGF-B n
owoyévela ocupmepliappavel tovg BMPs (Bone Morphogenetic Proteins), GDFs
(Growth and Differentiation Factors), activins kat nodal. H owkoyévela avtn givat
OLUVTNPNUEVT HETAED TWV PETA{WWV. L€ KUTTAPLKO EMITESO, OL TAPAYOVTES QXLTOL
puBuifouv Tov TOAAATIAXGLAGO, SLAPOPOTIOINOT), TPOGEPLOT], LETAVACTEVOT] Kal
Bavato avaioya pe TO avamTUEHKO OTASIO0 Kol TOV KUTTaplkd tumo. [N
mapadetypa o TGF-B ouvnBwg avaoTéAdel, OAAQ KATIOLEG (POPEG EMAYEL
KUTTAPIKO ToAAamAaclaopudl. EmimAgov, o nodal peplkég opeg avaoTEAAEL, VW
o BMP emayet Stapopomoinon, m.x. ota apxEyova epfpuikd kOttapa. Apwvtag
e TTOAVTAOKO TPOTIO 0€ SLAPOPOVG KUTTAPLKOUG TUTIOVG, Ol TTAPAYOVTEG QUTOL,
mai{ouv poAo kaL oe Sld@opes avBpwmiveg aoBHeveleg, amd auTodvooo Kol
KapSLayyelaKa voonjuata péEXpL Tov KapKivos 4,

H avantuéin twv afdvwv Kol TG AOVUHETPLOG 0TO CWHX TWV EURPUWY
efapTaTal ATIO TNV EVTOTILOUEVT) SPACT) EEWKVTTAPIKWY TTAPAYOVTWY, OTIWG TWV
Wnt, nodal kat BMP. H ovuykévtpwon twv mapamdvw mapayoviwv, GAAoL
€EWKUTTAPIKOL PUOULOTEG KAL O AVTAYWVIOUOG TWV VTIOSOXEWV TWV KUTTAPWV
Talouy ONUAVTIKO POAO0 KATA Tn HOPQOYEVESN TwV LOTWV> 6. MEAN 1ng
owkoyévelag tov TGF-B ocvpfarouvv otn Sapdp@won Twv oTwV Kol glval
onuavtikol puBUIeTEG TG AvavEéwong Kal SLa@opoToinonG Twv apYEYOVWV
eUBpuikwv kuttdpwv 7. 0L Ttapdyovtes autol mepllapufdvouv moAvaplOpa
eKkpwvopeva  kat ovvimpnuéva moAvmentidia  ([Mivakag 1), Ta oTmoia
ep@aviovtal otis apxés TG (wNG TOAVKUTTAPLKWY 0pYAVIOUWY (UETATw)S.
AopKA, 1 OlKOYEVELR YopoaKTNpilleTtal amd pia ouyKeKpLUEVT TpLoSldoTatn
avaSimAwon Kal amd éva GUYKEKPLUEVO aplOpd KAl €VTOTILOUO KATAAOITWY
KLOTEVNG 0TO KapBofu-TeAKO GKPO TOV WPLUOV TIOAVTETTIS(0V. Ol TTPWTOTUTIESG
toopopés tov TGF-B (TGF-B1, B2, B3), xat ot inhibins B SwaBétovv evvéa
XAPAKTNPLOTIKEG KUOTEIVEG, Ol OKTW QATO TIG OTO(EG OSMUIOVPYOUV TECGEPLS

€VOOHOPLaAKOVG S160VAPLSIKOUG SEGUOUGE, EVW £VAG SLOOVAPLOIKOG SEGIOG EVWVEL
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Ta 8Uo povopepn. Ot inhibin o, BMPs kat GDFs éxovv emtd kvoTeiveg, ol €€L amo
TIG OTIOLEG SNLOVPYOVV TPELS EVEOUOPLAKOVS SLE0VAPLSIKOVG §EGOUG Kal 1) pia
éva Swapoplako. Ou vmorowmeg, GDF-3, GDF-9 kat BMP-15A SwaBétouv €81
KUOTEVEG 0TV WPLUN aAANAovyia TOUG Kol AElTeEL 0 SLOOVAPLSIKOG 8T OG TTOV
evwvel Ta povopept). H éAAewdm opolomoAikot §eopov PETAED TwWV HOVOUEPWV
Tapéxel puOpoTIKY eveAldia, yax Tapadetypa, n lefty Snpovpyel un opolomoAko
Sdeopnd pe tn nodal kat deopevetar otov GDI (glycosylphosphatidylinositol)-
anchored ocvv-umodoxéa t¢g EGF-CFC (epidermal growth factor-Cripto/FRL-
1/Cryptic) owoyévelag, odNywvtag oTnV AVACTOAN TNG ONUATOSOTNONG TOU

nodal®.

3.2. TGF-B/BMP kat apxéyova epfpuikd kOTTOpQ.

Ta apxéyova eufpuikd kOTTOpa SLKBETOLY SUVATOTNTA AVTO-AVAVEWONG KAL
TOALSUVAULKOTNTAG OTNV Snpovpyla Std@opwv eufpuikwv Kal @KWV
KUTTAPLIKWOV TUTIWV TOU CWUATOG VOGS peTalwovll, AuEntikol Tapdyovteg OTIwG
o TGF-f kot o FGF puBuifouv tnv auto-avavéwon Kot Tn Slu@opoToinon twv
apxéyovwv  eufpvikwv  kuvttapwv. O  FGF2, o mo Sadedopéva
XPNOLUOTIOLOVIEVOS QUENTIKOG THPAYOVTAG O OToloG vTmooTtnpilel TV auTo-
avavéwon twv ESC (embryonic stem cells) movtikol kat avBpwtov o€
KaAALEpyELa, emayel T §paon Twv TGF-B/activin kot katacTéAAeL T Spdomn Twv
BMP-like povomatiwv!l 12, EmTPocBETwG, @APUAKEVTIKOlL OVAOTOAES NG
olkoyévelag twv vmodoxéwv tumov I tov TGF-B/nodal kataotéAdel TV avto-
avavéwon twv ESC movtikol kat avOpwtovl2, I'evikd, o TGF-B avactéAdel ™
SlapopoToinon Twv MoAVSVVAUWY TIPOYOVIKWV KUTTAPWY, Evw 0 BMP emayel ™
Slaopotoinon tovs. I'a va TpowBNnoel v avto-avavéwon twv ESCs, o TGF-
B/nodal evepyomolel Ti¢ Smad2 kot Smad3, ot omoleg emdyovv amevbeiag TV
ék@paon Tov Nanog, Evav amd TouG KPIGLHOUG LETAYPAPLKOVG TIAPAYOVTEG TWV
apxéyovwv kuvttapwvis. Ta povomatia twv TGF-f kot FGF ovuvepyalovtal
mpowbwvtag v déopevon twv Smad otov vmokwnty tov Nanog. O NANOG
amoTeAEl Eva aVTAYWVLIOTIKO HopLako onpeio aAAnAemi§paong petagd tov TGF-f
(avavewTikog mapdyovtag) kat BMP (tapayovtag Stagopotmoinong) ota ESCs. O

NANOG mpoodévetat ot Smadl, avacTEAAOVTOG TNV UETAYPAPLKY TNG
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LKavOTNTA Kal meplopilel T onuatodotnomn tov BMP yuax mpwiun pecodeppikn
Slaopotoinon 1 OTOEWSIKY  SLPOPOTIOINON O HETEMEITA  AVATITUELAKO
otadlol4, Ze autn TN A0YIKN EMUTAEOV PUBULOTEG TNG AUTO-AVAVEWOTG KL TNG
Staopomoinong twv ECSs pmopolvv va mpokvPouv amd TN OGAPWOT TOU
YOVISIOHATOG VL0 HETAYPAPIKOVUG KAL ONUATOSOTIKOUG TTAPAYOVTEG AUTWV TWV

LOVOTIATLWOV1S,

3.3.’/Ekkplon kot eEwkvTTapikn puduien tov TGF-.

‘OAa ta péAn tov TGF-B ocuvtiBevtatl wg mpodpopa popLa pe Eva TpocBeTO apLvo-
TEALKO TIPO-TIETTIO0 akoAoUBOoVEVO aTO Eva PIKPOTEPO KapBodu-TeEAKO WPLUO
ToAVTIETTIS1016, Alapoplakol SLoovA@LSikol Seopol Evwvouy Ta SIHEPT] AUTWYV
TV TPOSPOUWY HECW OCUVTINPNUEVWY KATOAOITIWV KUOTEIVIG OTIS TIPO-
TEMTISIKEG KAl WPLUEG TEMTISIKEG aAAnAov)ies. Emeldr) ol mpodpopeg mpwteiveg
Bplokovtal oto povomdtt TG ékkplong, furin-like mpwtedoeg mpwteOAVOLY TO
Tpo-menTiSlo Kot To Staywpifovv amd tnv wpiun aAAnAovyia. To TGF-f mpo-
mentidio, LAP (latency-associated peptide), cuveyilel va LETAPEPEL TO PIKPOTEPO
WPLUO TEMTIO0, AELTOUPYWVTAS WG OULVOSOG KATA TNV eEWKUTTWON TOV
ovumAdkov. Emiong, pecorafel otnv amdébeon tov TGF-B otnv ECM (extracellular
matrix) péow TNG OpoloTOALKNG Tou ouvdeong pe tig LTBPs (latent TGF-B-
binding proteins), kat pe ECM-binding mpwteiveg, 60Twe n fibronectin kot 1
fibrillin-117. H ameAevBépwon Twv wpuwv KapBolu-teAlkwy SIHep®V Ao TETOLX
oVvuTAOKX oTNPIleTal 08 SLAPOPES TIPWTEACES, OTIWGS Ol EAAOTACES (Ol OTOlES
mpwteoAVvovv N fibrillin-1), Mpwtedoes ¢ owkoyévelag BMP-1/Tolloid (ot
omoleg mMpwteoAVouvv T LTBPs) kat petaddlompwtedoes, omwsg 1 MMP-2 (ot

omoleg mpwteoAvovy tig TGF-/LAPs)16.

H wavotnta tov TGF-B-LAP va Statnpel Toug mpoodétes o€ pia avevepyn
Hop@1 elvat cvvtnpnuévn HeTadd Twv TPOGSETWV TNG owkoyévelag tov TGF-f,
O0mw¢ Twv GDF-8 kat GDF-1118 19, Ta pomemntidia Twv nodal, BMP-4 kot BMP-7
Sev 8pouv WG eEEWKLTTAPLIKOL AVTAYWVIOTES, AAAQ pLBUilovy ™ oTaBEPOTN T KAl
EVEPYOTNTA TWV WPWWY TPOCSETWY, ovumepAapufavouévng Kat Tng
QTOLKOSOUNONG OTA AUCOOWHATA, IOV TEPLopilel T SlaBecudTTA TOVG20-22,

[Tapopoiwg, To mpo-memtidio Tov nodal deopevetal otov Cripto cuv-uTodoyxea
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HECH OTA EKKPLTIKA KLOTISI Kol SIMAd 0TV €MPAVELN TWV KUTTAPpWVZ3, O
Cripto Snuovpyel ovumAoka kot pe Tov wpluo nodal kat evioyVel ™
oNUATOSOTNON HECW TOU CUUTAOKOU TOU uTodoxéa KivaongZt, To ocUumAoko
Cripto-nodal-umodoyéa akoAovBel éva GUYKEKPLUEVO LOVOTIATL EVEOKUTTAPWOTG
To omolo yapaktmpiletat amo v mpwTteivn flotillin, MBavov odnyovuevo oe
amowkodounon. AAdot TGF-B mpoodeteg amevepyomolovTal 0TOV €EWKUTTAPLO
XWPO ATMO QAVTAYWVIOTEG, OTwG O noggin kat o chondrin, ot omolot
amevepyomolovv BMPs kot o follistatin, o omolog amevepyomolel activins2s: 26,
Avtol oL gfwkuttaplkol avtaywvioteég Bonbolv ot Swapdpewon ng
OUYKEVTPWONG QUTWVY TWV TAPAYOVTIWV TIOU EMNPEACOUVV TNV AVATITUEN TWV

eUBPOWVZ7.

3.4. TGF-B vrtodoxeic.

‘OAa ta peAn tov TGF-B emidpovv ota kKOTTAPA PE TNV TPOGSEST TOUG GTOUG
vmodoyelg tomov I kot Il ot omolot dnuovpyovv etepo-TeTPAUEPT KATA TNV
aAAnAemiSpaon Toug pe Ta SiuePN TwV MPOCSETWV. YTIAPYXOUV TEVTE VTTOSOXE(S
tomov II kat emtad vmodoyeis TOTOL I oTOV AVOPWTO KL 08 GAAX ONAQCTIKG Kol
xapaktnpilovtal amo pia KUTTAPOTIAXGUATIKY TIEPLOXT] LLE LOXLPT) SpAon Klvaong
oeplvng/Bpeovivng  kat pe  mo  adVvatny  Spdaom  Kwwdaong tupocivng,
KATATACOOVTAG TOouG o€ vumodoxeis OimAng efedikevong (IMivaxkag 1). O
vmodoyxeic Tomov I eivar emiong yvwotol wg ALKs (activin-like kinases). Ta uéin
™G owkoyévelag tov TGF-B aAAnAemiSpovv Kat pe ocuvv-umodoxelc MOV AAAOTE
EVIoYVOLV Kl GAAOTE TEPLOPILOVV TN ONUATOSOTNON TWV VTIOSOXEWV KLVAOTG.
AM\ot ovv-vmodoyelg ou puBuiouv ™ onuatodotnon twv TGF-B mpoodetwv
ota OnAactika eivat ot vrtodoyeig Tumov IlI, 6Twg o endoglin kat o TRRIII (TGF-
BR3 kat proteoglycan betaglycan), kaBw¢ kot 1 otkoyévela tov RGM (repulsive

guidance molecule, yvwotd¢ kat wg Dragon) (ITivakag 1).

H §éopevon Twv pooSeTwV 6ToUG SLapKWS EVEPYOUS VTTOSOYXELS TUTIOU 11
TPOKAAEL TN CUUTTAOKOTIOMOT) TOUG e TOUG LuTtodoxeis TOTOUL I, emitpémovtag
otoug vmodoyxeig Tumov Il va ewo@opuvAlwoovv Toug vrodoyeis TOTov [ otV
KUTTAPOTAQOUATIKY TEPLOXN juxtamembrane, odNywvVTag oTNV €VEPYOTIOiNOM

™m¢ SpaoctikdTTAg Kvdone. Il.y. ovvdeon touv TGF-B otov TRRII (TGF-BR2)
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dnuovpyel TIg TpovmoBETELS IOV XpelalovTal yia TN otpatoAdynomn tov TRRI
(ALK5, TGF-BR1). Aopikég avaAloelg Twv ouumAdkwyv mpocdetwv TGF-B kat
BMP pe T1g eEWKUTTAPIKEG TEPLOYES TWV AVTIoTOLXWV VTToSoxEwv TUTOL I Kart 11
delyvouv ot ot TGF-B mpoodéteg ocuvdéovtal kal otoug dU0 OoXVPA, EVW Ol

efellktika apyalotepol BMP mpoodéteg Seopsvovtal mo yaAapd otouvg 00

r
vTodoxeig2s,
H. sapiens
Pathway BMP GDF Activin TGFB AMH Inhibitors
Ligand BMP2, 4 GDF5, 6, 7 Inhibin BA TGFB1 AMH (MIS) BMP3
BMPS, 6, 7 GDF9b Inhibin B TGFB2 Inhibin o
BMPS8A, 8B GDF10, 11 Nodal TGFB3 Inhibin BC
BMP9, 10 GDF15 (MIC1) Inhibin BE
------------------ LEFTYA
GDF1, 3 LEFTYB
GDF8 (MYO)
GDF9
RIl BMPRII BMPRII ActRIIA TRRII AMHRII N/A
ActRIIA, ActRIIB ActRIIA, ActRIIB ActRIIB
RI BMPRIA (ALK3) BMPRIA (ALK3) ActRIB (ALK4) TBRI (ALKS) BMPRIA (ALK3) N/A
BMPRIB (ALK6) BMPRIB (ALK®6) ALK7 e BMPRIB (ALK6)
ALK2 ALK2 ALK1 ALK2
ALK1 e ALK2
ActRIB (ALK4) BMPRIA (ALK3)
ALK7
TBRI (ALK5)
RINl RGMa, b, ¢ (+) Cripto 3 (+) Cripto 3 (-) TRRIN (+) ? TRRIN (=)
Cripto 1 (+) Endoglin (+) Cripto 3 (-)
Cripto 3 (-)
R-Smad SMAD1, 5, 8 SMAD1, 5, 8 SMAD2, 3 SMAD2, 3 SMAD1, 5, 8 N/A
SMAD2, 3 SMAD1, 5, 8
Co-Smad SMAD4 SMAD4 SMAD4 SMAD4 SMAD4 N/A
I-Smad SMADS, 7 SMADS6, 7 SMAD7 SMAD7 SMADS, 7 N/A
D. melanogaster C. elegans
Pathway BMP Activin Other Sma/Mab Dauer
Ligand Dpp dActivin Mav DBL-1 DAF-7
Gbb Daw Myo
Scw
RII Put Put ? DAF-4 DAF-4
Wit Wit
RI Tkv Babo ? SMA-6 DAF-1
Sax
RIIl ? ? ? ? ?
R-Smad Mad dSmad2 ? SMA-2 DAF-8
SMA-3 DAF-14
Co-Smad Medea Medea ? SMA-4 DAF-3 (?)
I-Smad Dad ? ? TAG-68 (?) TAG-68 (?)

Mivakag 1. Movomatia tov TGF-B o H. sapiens, D. melanogaster xau C. elegans. Ot
vmodoyeis mapovaoidlovtal wg tomov II (RII), Tomov I (RI) kot tomov I (RII) cuv-umodoyeig. Ot
Slakekoppéves ypaupés Staxwpifouv katnyopieg mpoadetwv Kot vmodoxéwv Baclopévol 6To
Staxwplopd peta&y BMP kat TGF-B/activins-like povomatiwv. [lposdéteg, vtodoxeis tomou I kat
R-Smads sivat ypwpatiopévor: yoardlio, BMP-like povomdtia kat kdkkwvo, TGF-B/activins-like
povomatia. Ta epwtnuatikd cupfoiifovv dyvwoteg onpatodotikég oxéoetg. Ot GDF-8 kat GDF-
15 Tapovoidlovtal pe Ta eVOAAAKTIKA TOuG ovopata [myostatin (MYO) kot macrophage
inhibitory cytocine 1 (MIC1)] ta omoia givat o cuvnBiopéva otn BiBAoypapia. Ot LEFTYA kat
B eivat emiong yvwotoi wg LEFTY2 kat 1 avtiotoya. O cuv-vmodoxéag TRRII eival yvwotdg wg
betaglycan. Ot Cripto 1 xat 3 givou emiong yvwotol wg TDGF-1 kat TDGF-3 avtiotoiya. Zto RII

oudda, (+) kot (-) cupBoAilovy BETIKEG KoL APVNTIKEG ETMISPACELS AVTIOTOLXA, GTT ONHATOSATNON
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amod Tov kabe cuv-vmodoyxéa. N/A, not applicable. [Inyr mivaka: Moustakas, A. & Heldin, C.H. The

regulation of TGFbeta signal transduction. Development 136, 3699-3714 (2009)2°.

3.5. Okoyévelx Twv Smad.

OL evepyomoumuévol vToSoxelg TUTOL I PEWOEOPLALWVOLY TIPWTEIVEG TG
owkoyévelag Twv Smad oto kapBolu-tedkd akpo toug (Ewkdves 1, 2). Ot Smad
amoteloVvtal amd tpelg meploxés: (i) pla MH1 (N-terminal Mad-homology 1)
TEPLOYN M omola pumopel val aAANAeTIOp G e AAAEG TpwTEVEG Kal peta@epel NLS
(nuclear localization signals) kat pia meploxn mpdodeong oto DNA, (ii) pia
Heoala oUVSETIKI TEPLOXN 1 OOl OAANAETSPA e LOOUEPATEG TIPOAIVIG Kol
Alydoeg oufkuTivng, TepLlEXEL TTPOALVEG KaBWG Kal oeplveg Kat Bpeoviveg Tov
ewo@opvAiwvovtal kot (iii) pla MH2 (C-terminal Mad-homology 2) mepioxn n
omola Tpoodévetal oTous vodoyeic TUTIOL I KAl pmopel va aAANAeTIOpAOEL e
aAAes mpwTeiveg Kabws emiong kat va Snulovpyei Smad opo- kal €tepo-
OALYOUEPT) LECOAXPBWOVTAG GTNV EVEPYOTIOMOTN TWV TUPNVIK®OV HUETAYPAPLIKDV
ovumAdokwyv (Ewova 2). H gwo@opuiiwon tov kapBolu-tediko dkpov twv R
(receptor-activated)-Smad Tig emiTpémnel va aAAnAemidpovv pe tnv Co (common-
mediator)-Smad, Smad4. To cUUTTAOKO TIOU TIPOKVTITEL, AEYETAL OTL ATOTEAELTAL
amd 6Vo R-Smad kat pia Smad4 (mx. Smad2-Smad2-Smad4 oaAAd& kat Smad2-
Smad3-Smad4), To omolo 6N cuvEXela peTatoTileTal oTOV TTUPNVA. T TTVPNVIKA
ovumAoKa Twv Smad TPosSévovTal TN XPWHATIV] KL HE TN CUVEPYELX AAAWV
HETAYPAPIKWV TIHPayovTwy pubuifouv v £k@paon yovidiwv otoxwv30 31

(Ewova 1).
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Latent TGFB Follistatin/Activin Noggin/BMP
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\ mRNA mRNA

Ewova 1. TGF-B kat BMP onpatoddtnon. (A,B) Ta povormdrtia twv TGF-B kat activin/nodal

(A) xat BMP (B), pe Tig avtiotoyes Smad TpWTEIVES KL TOUG UNXAVIGHOUG AVAGTOANG aTo TiG I-
Smads (Smad6/7). Ilapovoiafovtat To cuumAoko Tov TGF-B Kot ot eEEWKUTTAPIKOL AVTAYWVIGTES
follistatin (mpodedopévn ov axtifivn) kat noggin (mpoocdedepevn otov BMP). (C) Non-Smad
onuatodoTikd povordtia kaBodika twv TGF-B vmodoxéwv [RI, TBRI (ALK5) and RII, TRRII
(TGFBR2)]. Z& k&He pHOVOTIGTL TTAPOVGLALOVTAL TA TIVPNVIKA CUPTIAOKK TwV Smad TTov 0dnyovVv o€
yoviSiakn pvOuion. Ta tpluepn ocvumioka autd twv Smad cuvBws amotelobvtal amd Vo R-
Smad (6powa 1 6x1) kat éva Co-Smad. EmmpooBétwg, o TGF-B evepyomoielt BMP R-Smads o€
ouykekpluéves mepimtwoelg. BMP (bone morphogenetic protein), Erk (extracellular signal-
regulated kinase), LIMK2 (LIM domain kinase 2), JNK (Jun N- terminal kinase), p38 (p38 MAPK),
PARG6 (partitioning-defective 6 homolog), Rho (Ras homolog), ROCK (Rho-associated, coiled-coil-
containing protein kinase), SHCA (SH2 domain-containing sequence A), Smurf (Smad
ubiquitination regulatory factor), Src (Rous sarcoma virus oncoprotein), TGF-f (transforming
growth factor (), TAK1 (TGF-B-activated kinase 1), TF (transcription factor), TRAF6 (tumor
necrosis factor a receptor-associated factor 6). [Inyrn ewkdvag: Moustakas, A. & Heldin, C.H. The

regulation of TGFbeta signal transduction. Development 136, 3699-3714 (2009)2°.

Ta e€eldikevpéva obumAoka twv Smad emayouvv TV €k@pactn Twv I
(inhibitory)-Smad, Smad6 kat Smad7 (Ewkéves 1 kot 2), ot omoieg pvBuilovv
QPVNTIKA TNV €vtaon Kol T SLApKEL TNG oNUATodOTNoNG, SNULoVPY®wVTaS £TOL
évav punxaviopo apvntikng avadpaong32. H onpatoddtnon mapayoviwy autig
™G owkoyévelag yxwpillovtar oe TGF-B-like kat BMP-like onpatodotnom, pia
katnyoplomoimon PBaciopévny otnv aAAnAemidpaon petafd g L45 loop twv
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vmodoxeéwv tuTov I kot ¢ L3 loop g MH2 meploxns twv R-Smad (Ewova 2).
To TGF-B/activin povomatt xpnowpomotei Tig¢ Smad2 kat Smad3 evw to BMP/GDF
povomdatt ti¢ Smadl, Smad5 kat Smad8. IapdAa autd, o0& HA TOWKIALX
KUTTOPIKWOV TUTWV 0 KOAALEPYELR, OTIwG &v8oOnAlakd, abavatomompéva
evOoONALAKA, o8EVOUATIKG Kol KapKWikKG KOTTapa okopa kot NIH3T3
wofAaotes kat xovdpokvuttapa33-36, o TGF-B evepyomolel akopa kat ti¢ Smadl
kat Smad5. O TGF-B Seopevetal oe SVo vmodoxeig Tumov I, £ToL evepyoTolel Tig
Smad2 kot Smad3 péow touv TRRI kat ti¢ Smadl, Smad5 kot Smad8 péocw tov
BMP vmodoxea tumouv I, Alkl (ACVRL1). O Alkl ek@pdletar kuplwg o€
evéoOnAlakda KOTTAPQ, OTIOL 1] oNuaTtoddtnon Twv Smad2 kat Smad3 avacTéAdel
evw, Twv Smad1 kat Smad5 emdyel TOV TOAAATTAQGLAOUO KAL T LETAVAGTEVOT3S,
Qotooo, o TGF-B pmopel va evepyomomoet Tig Smadl kat Smad5 péow 600
akopa punyaviopwv. Ipwtov, oe abavatomompéva emOnAtakd kuttapa EpH4
TOVTIKOU Kol avBpwmiva Kapkvika kottapa MDA-MB-231, o TGF-f emayetl
@WoEOPLVAIwoTN Tov kapPolu-tedlkoy akpov Twv Smadl kat Smad5 péow
Snuovpylag etepopepwV oLVUTAOKWY vTTodoxéwv petagd TPRRII kat TRRI, kabwg
kat petadV TPRRII kot Alk2 (ACVR1) kat BMPRIA (Alk3)33. AsOtepov, 0€ KAPKIVIKA
kUTTapa paoctov 4T1 movtikov, o TGF-B odnyel oe pwo@opuAiwon Twv Smadl
kat Smad5 ywpis va amatteitar BMP-like vmodoyxéag tomov I, emedn o TRRI
Svvatat va @wo@opvAlwoel amevbeiag T Smadl kat Smad536. Avtd T«
ELVPNUATA TPOTEIVOLY pia eTaveKTIUNon ™G onpatodotong tov TGF-B péow
™G Stevkpiviong Twv vmodoyxéwv TUTOL | Kat Twv Smad mov cuppeTeQovy o€

OUYKEKPLULEVA (PUCLOAOYLKA KL AVATITUELAKA oTAdLA.
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Ewodva 2. H owoyévela Twv Smad. AmAdomompéveg Soués twv oktw avlpomvwv Smad
xwplopéves oe (A) Receptor-activated (R) Smads, (B) common-mediator (Co) Smad xat (C)
inhibitory (I) Smads. Me yaA&{lo mapovaidlovtat ot cuvtnpnpéves N-terminal Mad-homology 1
(MH1) meproxég kat pe mpaowvo ot C-terminal MH2 meployég. Emiong, @aivovtatl ta NLS (nuclear
localization signal) (kdBeta Siaxekoppéva mAaiowa), Ta §Vo povadikd evOépata tng Smad2
(Tpiywva), To 8eVtepo amd avtd avtiotolxel oto eEwvio 3 (e3), n B-hairpin meployn n omoia
mpocdévetar oe DNA (B-h, pavpo mAaiolo), To potifo mpoAivng-tupocivig (PY) otn ocuvdetiky
Teploxn M omola avayvwpiletal amd mv WW meploxn twv Smurf, n SAD (Smad activation
domain) ota dpla cuvdetikig kaw MH-2 meploxns, to NES (nuclear export signal) (Staxywvia
Stakekoppéva mAaiow) kat L3 otpoen otnv MH-2 mepoxn. S/T* vmodeikviouv katdAotma
oeplvng kot Bpeoviving ya ta omola €xel SeiyBel 4Tl wo@opvAiwvovtal evw Ta (S/T*)
VTOSEKVUOUY cuvTNPNUéVa KaTtdAolma pe TpofAemopeva poTifa @wo@opuAiwong ta oToia
xpifouv mepapatikig emiPBePaiwons. Ot kapPoEu-TeAkEG aePiVES OL OTIOIEG PWEPOPLALDVOVTAL
and toug vmodoxeig tumovu I @aivovtat pe mpdowo (S*VS*, S*MS*), koxkkwa S/T katdAoima
ewo@opuvAtwvovtat amd v MAP kwvaon Erk1/2, ka@é S/T KaATGAOLTTA QWO @OPUALDVOVTAL ATO
v PKC (protein kinase C) kat calmodulin-dependent kinase, yoAdalia S/T xatdAoima
pwo@opvAtwvovtat amd Ttnv CDK (cyclin-dependent kinases) kat paVpa S/T katdAoima
ewo@opvAltwvovtatl amd tnv GSK3-fB (glycogen synthetase kinase 3f). ZovpovAiwon (Sumo),

ovBkutliwon (Ub), peburiwon (Me) kot axketvdiwon (Ac) amewkovilovtal HE XPWHATIOTA
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Bedakia. TImyn ewkdvag: Moustakas, A. & Heldin, C.H. The regulation of TGFbeta signal
transduction. Development 136, 3699-3714 (2009)2°.

3.6. Non-Smad onpatodotnon tig owkoyéverag tov TGF-B.

Ext66 amo ti¢ Smad 1 onuatodotnomn tng owkoyevelag tov TGF-B eumAékel kat
aAes mpwteivegd’. O TPRRII pwo@opvAiwvel v PAR6, 1 omoia pubuilel v
amowkodounon ¢ pkpns GTPaong RhoA n omola eAéyyel T ouvapuoAdynon
TwV 0TeEVWV ouvdéopwy (tight junctions) oe kOTTapa OnAaotikwv3s. Kata v
QTOCUVAPUOAOGYTOT TWV CTEVWV GUVSECHUWY, 1] APXLTEKTOVIKN TWV ETONALAK®OV
KUTTAPWV KATACTPEPETAL, CUVOSEVOUEVT] ATIO PiA ATtO-SLa@OPOTIOiNoN YVWwoT
w¢ EMT (epithelial-to-mesenchymal transition), pla onpavtikny Stadikacio katd
™MV avamtudn kKal TV gp@Aavion voowyv, n omoila pubuietat amoé tov TGF-f39.
Kata v EMT, ektd¢ amd TOuG 0TEVOUG GUVOEGUOUG, KATAGTPEPOVTAL KL Ol
ovvdeopol mpoo@uong (adherens junctions) kat Ta SeocpoCoWHATA TWV
TOAWUEVWY ETONALAKWOV KUTTAPWY KL EMAVASIAUOPPWVOVTAL £TCL WOTE VA
SNUOVPYNOOVY  HECEYXUUATIKOU TUTIOU KUTTAPA TA OTolx Tapovolalovv
QUENUEVN KIVNTIKOTNTA KAl KavOTNTA €l6oANG. [IEpav Twv avwTépw AUECWV
UNXOAVIOUWY ATTOGUVAPUOAOYNONG TwV 0TeEVWV ouvdéopwv o TGF-B mpoxkaAel
EMT kat péow tng onuatodotnong twv Smad, odnywvtag otnv €K@pact
eCELOIKEVIEVWV ETTAYWYEWV QUTHG TNG Sladikaoiag StagopoToinomngo.

[Taporo mov to povormatt TGF-B-PAR6 amowkodopel tomikd v RhoA oe
EMONALaKA KOTTOPA HOOTOV, TTAPOVCLAlETAL Kol evepyoToinon Twv Rho amd
TGF-B kat BMP oe &ud@opa kuvttapika ovotiuatatl. O  unxaviopog
evepyomoinong twv Rho amod toug vmodoxeis tov TGF-B mapapével dyvwotog av
Kal TTOA) TTPOCEATA ATOTEAECUATA EUTAEKOVV GTOV UNXAVIOUO QUTO TNV Src Kot

tov GEF (guanidine exchange factor) Vav242,

0 vmodoyéag TOmov I Touv TGF-B pwo@opvAlwvel KatdAolma cepivng Kot
Tupooivng tov ShcA (Shcl), o omoilog ot cuvéxela otpatoroyel v GRB2 kot
tov GEF SOS (son of sevenless) oe k0Ttapa dniactikwv43. Autd, odnyel oty
evepyomoinon twv Ras-Raf-MEK-Erk MAP kwvaowv, ot omoieg puBuifouv tov

KUTTAPLKO TTOAAATIAXG OGO KL LETAVACTEVOT).
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H Src xwaon tupooivng umopel va @wo@opviiwoet v Thr284 1ng
KuTTapomAaopatikig meploxng tov TRRIL, odnywvtag otn oTpatoAdoynon twv
GRB2 kat Shc kat evepyomoinon tov p38 MAPK povomatiov*t. H pwo@opuiinon
tov TBRII amd tnv Src pubuilel Tov MOAAATAXCLACHO KAl TNV KAVOTNTO
ELOPOANG KAPKIVIKWV KUTTAPWV UACTOV, TOAVOV Ywpi§ va emmpedlovtal ol
Smad*.

O TGF-B oTtpatoAoyel OTOV ETEPO-TETPAUEPT) VLTOSOYEX TNV Alydom
ovBwvutivng TRAF6 (tumor necrosis factor a receptor-associated factor 6) kat
OUYKEKPLUEVA OTNV  KuTTapoTmAaopatikyy meploxny tov TPRI oe kiTTOpQ
tnAaotikwv (Ewova 1C). O TRAF6 ovBikutiliwvel kat evepyorotel tnv TAK1
(TGF-B-activated kinase 1), odnywvtag otnv evepyomoinon twv p38 kat JNK, mov
puOUilouY TNV ATOTITWOT KL TNV KUTTAPIKA PETAvVAoTeLoN*e 47, H gvepydtnta

kwaong tov TPRI eivat emovolwdng ylax avtn ) Stadikacia.

3.7. PUOuLon kKt ev8okUTTWON TV vIodoyxéwv tov TGF-L.

H pwo@opuriwon twv vmodoxéwv tov TGF-f elvat onuavtikn yo thv petaywyn
TOU ONHATOG, OHWG KL 1] ATO-QWO@POPUVALWOT] TOUG Tallel €MIONG ONUAVTIKO
poro. Ou vmodoxeis twv TGF-B/nodal puvBuilovtar apofaia amd tig Vo
toopop@ég Ba kat BS, g B vmopovadag g PP2A (protein phosphatase 2A). H
PP2A mov SwaBetel v Ba vmopovdda pubpuifel Betikd, evw avtn mov Stabétel
v BS vmopovada puBuifel apvntikd, tn onuatodotnon twv vmodoxEwv oTo
¢uBpuo touv Xenopus kat o€ kKTTApA ONAaotikwv4s. Ot poplakot otoxol tng PP2A
Kal T KatdAouma oepivng 11 Bpeovivng TOU ATIO-PWO@OPUVALWVOLV XP1{ouV
TEPALTEPW EPEVVAG.

EmumpooBétwg, o TRRI umopel va covpobAwbel o kOTTApPA ONAACTIKWV
(Exxéva 3A) amd ayvwotn Atydon, TPAypa To oTolo emiotpatevel T Smad3
oToV UTOSoXEN Yot PWO@OPLAIWOT Kal evioyVeL TN onpatodotnomn tov TGF-49.

OL evepyomompévol vmodoxels evSokuTTApWVOVTAL HECW KLOTLSIWV
KQAVUUEVWY pe KAaBpivn ota evdoowpata, 60Tov aAAnAemidpolv pe tn SARA
(Smad anchor for receptor activation), n omoia otpatoloyel Ti¢ Smad2 kot
Smad3 otov TBRI yia pwo@opviinwon® (Ewova 3A, B). H SARA mpoodévetal
otig Smad2 kot Smad3 aAAa& Oxt otig BMP-R-Smads, kabwg xat otov TBRI. H
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endofin, opdAoyn ¢ SARA, mailel Tapdpolo péoAo oto BMP povomatis! (Ewova
3D, E). Qotdoo, n endofin cuppetéxel kat oty aAAnAemnidpaon petafV Smad2,

Smad3, Smad4 kat TBRI52.

Ita Ondactika mn SARA oAAnAemiSpa pe tnv cPML (cytoplasmic
promyelocytic leukemia), n omola otaBepomoiel To ocvpmAoko SARA-Smads3
(Ewova 3B). Ze avtn ) Stadikacio epmAéketal kat 1 PCTA (PML competitor for
TGIF association), n omola poodévetal otnv TGIF (5'TG3'-interacting factor) kat
Statnpel v cPML evtdg tov mupnvas. O TGF-B odnyel oe amedlevBépwon Tov
cPML am6 tov PCTA, 1 omola HETATOTI(ETAL OTO KUTTAPOTANOUQ KOl
aAAnAemidpa pe t SARA mpowbwvtag étol n onuatodotnon tov TGF-.

H evéokOTTwon twv umodoxéwv eA€yxel Tn porn TNG onuUATodOTNONG
kaBwg emiong kat ) Stabeootnta tov TGF-B. In vitro kintikn avaivon g
Stabeopotntag tov TGF-B €6ei&e 6TL ouveyng evSokvTTwomn touv TPRRII pewwvel
mv meplooelx tov TGF-B5° emtpémovtag ota kuTTapa va kabopilouv T

ONUATOSOTNOT TWV AVENTIKWOV TIHPAYOVTWV.

Cytopl

Nucleus

Ewdva 3. EvSokitTtwon kat anotkodopnon twv TGF-B vtodoxéwv. (A,D) Ta cOpmAoka Twv
vmodoyxéwv twv (A) TGF-B kxat (D) BMP. RII, vmodoyxeigc tumov II, RI, vmodoyxeig tumov 1.
ToupovAiwon (S) tov TRRI emnpealel Oetikd ) onuatodotnon twv Smad. (B) Ot vtoSoyeis Tou
TGF-B evSokuttapwvovtal amd Ta evéoowuata pe v mapovoia thg SARA kat ™ ¢ puBuLoTIKiG

cPML. Ot vmodoxeis pwo@opuvAiwvouv Tig Smad2 kat Smad3 ot oToieg cUUTAOKOTIOLOVVTAL LE
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v Co-Smad kal peta@épovtal 6Tov Tuprva 0TIoV TPocsdévovtal oTn XpwuUativr. Pubuiotikés
TpwTeiveg KAeWSld Tov epumAgkovtal ot Sadikacia  evEOKUTTWONG TwWV UTOSOXEWV
mapatiBevtal SimAa amd ta BEAN Tov Selyvouv TNV por| TG evSoowikng kKukAogopiag. (C) To
HOVOTIATL TNG amolkodounons twv vmodoxéwv Tov TGF-B péow caveolae, To oTol0
xapaxktnpiletat amd v mapovaia g CAV1 (caveolin 1) kot ot puOUIOTIKEG IPWTEIVEG KAELSLG
evTOG Tou kOkKivou mAatsiov. (E) To avtioTolyo HoVOTATL EVEOKUTTWONG TWV VTIOSOXEWV TOU
BMP pe v endofin eivat Atydtepo katavonto. (F) To avtioTolyo HovOTATL ATotkoSOunong Twv
vmodoyéwv tov BMP péow caveolae mapapével dyvwoto (?). Ot pubpoTikég TTpwTeives KAESLA
(PavovTaL EVTOG TOU KOKKLVOU TAdloiov. BMP (bone morphogenetic protein), cPML (cytoplasmic
promyelocytic leukemia protein), HSP90 (heat-shock protein of 90 kDa), RAP2 (Ras-related
protein 2), RIN (Ras-like protein expressed in neurons), SARA (Smad anchor for receptor
activation), SIK (salt-inducible kinase), Smurf (Smad ubiquitination regulatory factor), TGF-
(transforming growth factor (). [Inyn ewoévag: Moustakas, A. & Heldin, C.H. The regulation of
TGFbeta signal transduction. Development 136, 3699-3714 (2009)2°.

3.8. Apvntik1) pUOHLoN Twv vodoxéwv tov TGF-B kat I-Smads.

To ovumloko vmoSoxéa-mpoodétn pmopel va evlokLTTWOEl pHEow KuoTISiwy
(lipid rafts) kat va oamowkoSounBeli ota Avcoowpata’® (Ewova 3C). H
KUKAO@opia Twv vTodoxewv HEcw caveolae eival cuvu@aopévn pe tig I-Smads
kat Smurfl 11 Smurf2 Atyaoeg ovfikutivng, oL omoieg puBuifovv apvnTika ™
onuatodotnon. Ot avaotadtikés Smad, Smad6 kat Smad7, Seopedovtal 6TOUG
vmodoxeic TOTOV I, KaL £ToL avaoTEAAOLY TV WO EOPUALwoT TwV R-Smad péow
QVTAYWVLIOHOU KL OTPATOAOYOUV Pwo@ATAoeS Kat Smurf Atyaoeg ovfikutivng
oL omoleg puvBuifouy apPVNTIKA TNV TOCOTNTA KOl TN AELTOUpyld TWV
vmodoxewv32. Evw n Smad7 avactéAdel 1t onuatodotnon tov TGF-B kat tou
BMP, 1 Smad6 avaotéAAel emAekTIKA TN onuatodotnon tov BMP (Ewova 1) kat
Selyvel PEYaAUTEPT EMAEKTIKOTNTA 0TOUG LTOdoxelg TuTov I Ttou BMP Alk1,
Alk2, AlIk3 kat Alk6 og kOTTapa OnAaotikwy. EmimAgoy, 1 Smad6é mpoodévetal pe
UEYAAVTEPT) CUYYEVELX OE KATAAOLTIX AULVOEEWY TNG TIEPLOXNG Klvaons Twv Alk3
kat Alk6 mapa twv Alk1 kot Alk257. Avtifétwg, 1 Smad7 mapovotdlel evpVTEPN
EMAEKTIKOTNTA ooV SeGUeEVETAL 0 OAOUG TOUG VUTOSoxelS TUTOL [ péow

OUYKEKPLUEVWV KaTaAoITTwY Avcivng otnv MH2 meploxmnss.

AVo pnyaviopol mOU TPOAYOUV TNV OUBKUTIAIWOT KL TNV 0PV TLKN
puOuLon Twv vmodoxewv tou TGF-B mov mpokaAeital amd ™ Smad7 @aivovtal

otV ewova 3C. H HSP90 (chaperone protein) deopevetal otoug TRRI kot TRRII
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TPOOTATEVOVTAG TOUG KATA QUTOV TOV TPOTO amd OUPIKUTIAwOoN amoe v
Smurf2, cuppetéyovtag BeTikd TPog ™ onuatodotnon tov TGF-B59. Avtifétwg,
n SIK (salk-inducible kinase) kwvdon mou puBuiletat amé AMP, emdaystal kot
ek@paletal oe emimedo mRNA kat mpwTteivng avtiotoya amd tov TGF-B,
TAUTOXPOVWG UE TNV emaywyn Twv Smad7 kat Smurf260, H SIK Seopedetal otov

TBRI kat ot Smad7 pvBuilovtag apvnTika Tov VTTOSoXEQ.

[TapoAo ov 1 Smad7 Spa oto emimedo Tov vTodoxéa TUTOV I, amavtatal
EMIONG KL 6TOV TTUPVA, KAl @alveTAL OTL Seapevetal 6To DNA Kal 0T TTUPNVIKA
ovumAoka Twv Smad2, Smad3 kat Smad4, avaoTEAAOVTAG TN LETAYPAPLKI] TOUG

Spaotnpomtad! (Ewova 4).

3.9. PUOpLon ™G kukAo@opiag Twv Smad PHEGW KV TIPLOV TIPWTEIV®OV.
Kata@ v evlokOttwon twv vmodoxéwv Ttov TGF-B ot R-Smads
PWOEOPVALWVOVTAL aTd TovG VTodoxelc TUTIOV | KAl CUYKEVTPWVOVTAL OTOV
mupnva. 61600, ot Smad, OTIWG KAt oL VTTOS0XE(S, TTHPOVGLAlOVY UL SUVALKY)
LOOPPOTIA LETATOTIL{OUEVOL EVTOG KL EKTOG TOV TIUPTVA AKOUX Kal OTav Sev elval
EVEPYOTIOMUEVOL®Z. H KUTTAPOTANGUATLKT] KUKAO@OPIX TWV VTTOSOXEWV KAL TWV
Smad ovuyxvad TPAYUATOTIOLE(TAL HECW  KWNTNPWWV  TPWIEV®WV TV
HIKPOOWANVIOK®WV Ol 0Tioleg Ti{ouV ONUAVTIKO POAO TPV KOl HETA TNV
ewo@opLAlwon twv R-Smad oto kapBofu-teAkod dkpo.

Ot Smad oAAnAemiSpovv pe Tnv Kinesin 1, n omola ocvykekpluéva
otpatoAoyel T Smad2 oto ovumAoKO TOUL UToSoxéx TOU Xenopus Kal
BnAaotikwve3. Ot Smad amodeopevovtal amo Toug vtodoxeic 0Tav Seopevovtal
O0TOUG WKPOOWANVIOKOUG, ATIO TOUG OTIOL0VG UTTOPOVV ETIOTG VA ATTOSEGUEVTOVV
Héow mYy. NG connexin 43 (GJal), n omola avrtaywviletal TOUG
HIKPOOoWANVIoKoUGS Yl TN Séopevon Twv Smadét. AAAeg KvnTipleg TPWTEIVES,
omwg 1 dynein light chain km23-1 (DYNLRB1), mtpowBovv emiong tn petatomnion
Twv Smad Tpog ToV TupvVa 0€ KUTTAPA ONAACTIKWVOS.

H Smad1 n omola €xel pwo@opuvAiiwdel amdé Erk MAPKs otn ouvdetikn
TIEPLOYN] UETAKLVEITAL TIPOG TO KEVIPOOWUN UECW TWV UKPOCWANVIOKWY, OTIOU
Kal amowkodopeital ota MpwTeoowpatatt, Katd to TéAog NG pitwong

EUBPLIKWV Kol €ENPIKWV KUTTAPWYV ONAACTIKOV 0AAG Kol BAXCTOSEPUIKWY
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KUTTApwv Drosophila, m @wo@opvAlwpuévy Smadl kat TO OGUUTAOKO
QTOLKOSOUNONG TOU KEVIPOOWUATOS Slaxwpilovtal oe éva povo amo ta 600
Buyatpkd kOTTOapace. 'Etol, 1 kukAo@opia kat o Staxwplopds s Smadl ota
Buyatpikd kOTTOpPa PLOUIleTAL e €EESIKEVPEVO TPOTIO KATA TH AVATITUELANKA
otadia. e éuBpuva Xenopus to ocvpmloka Smad2-Smad4 otpatoroyovvtal ot
Xpwuativn og kaBe KuTTapiKn Slaipeot, OTav SLAAVETAL 0 TTUPNVIKOG PAKEAOGE.
Kat oe avt Vv mepintwon to moapamdavw ovpfaivel povo UeTd amd eva
OUYKeKPLUEVO avamTuilakd otadlo (mid-blastula transition). Emumpoobétwg, n
Smad3 puBuilel v €lcod0 0TV AVAPAOT KATA TOV KUTTAPLIKO KUKAO KUTTAPWV

ONAACTIKWVOS,

3.10. Metakivnon twv Smad Sia pécw Tov TVPNVIKOV PAKEAOV.

H petagopa twv Smad otov mupnva ylvetal péow twv nucleoporin, ot
omoleg Pplokovial o©TOUG TUPNVIKOUG TOPOVLG, KAl omd TG importins,
UETAPOPLKEG TIPWTEIVEG oL omoleg aAAnAemiSpoUv pe TI§ nucleoporins kot TIg
cargo®2. ‘OAeg ot Smad €youv pia cuvtnpnuévn NLS meploxn otmv MH1 meploym
toug (Ewéva 2), n omoia aAAnAemibpa pe €€elSikevpéves importins, O0TwG 1
importin  (Smad1, Smad3) kat 1 importin o (Smad4). AAAeg importins eival n
Msk, n omoia petagépel T Mad oe S2 xOttapa Drosophila kot Ta op86A0yd NG
ota OnAaoTtikd importin 7 kot 8, oL omoleg petaépovv tTig Smad2, Smad3 kat

Smad4 péoa otov upnvacd 79,

Ot Smad é€yovv yapaktnpiotika NES (nuclear export signals) otig MH2
(Smad1 kat Smad3) 1 otig ouvdetikeg (Smad4) meploxeg (Ewova 2). Ot teployeg
auTég aAAnAemidpolv pe e€eldikevpéveg exportins, exportin 4 yia tnv Smad3 kat
exportin 1 ywa ti¢ Smadl kat Smad4 xkat n €£060¢ TOUG ATO TOV TLPNVA
kataAvetal and v pkpry GTPaon RAN. H RANBP3 (Ran-binding protein 3)
avayvwpilel amo-@wo@opLAlwpuéves Smad2 kot Smad3 kal TI§ HETAPEPEL OTO

KUTTApOTAQO AL,

3.11. PUOpuion ¢ petakivinong twv Smad otov Tupnva.

H petakivnon twv Smad &vtog kL €KTOG TupNva vTOKeLTal o€ pvbuion. H

oVYKEVTpwON Twv Smad2 kat Smad4 otov mupnva Tov mpokaAeital amd TGF-B
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QVTAVOKAG pia aAAayn oty tooppoTia HeTaED TNG KUTTAPOTANCHATIKTG KAL TNG
TIUPTVIKIG CUYKEVTPWONG TOUG 1) oTola o@eidetal o peiwon ¢ €§060v TwV
Smad amd tov mupnva’2. Katd t Stdpkela g onpatodotnong, wotoco, HeTadl
GAAwV ol TUPNVIKEG Pwo@atdoes Twv R-Smad eEaoc@arifouv v €§odo Twv
Smad amo6 tov mupnva’2.

H xvkAo@opia twv Smad Sev puBuiletal povo amod 1 @wo@opLAinon
TOUG 01O KapPou-TeAlkd AKpo TouG amd Toug vTodoxels TUTov I koL v amo-
@WOEOPVAIWOT] TOUG OTO TIG TUPNVIKEG @WOQATACES3, aAAA Kol aTd
ooLVPOUAlwOoN Kol ouBKUTIAlwoT. ZovpoUAiwon t¢ Smad3 amd tnv PIASy
(protein inhibitor of activated Stat y) coupo-Atyaon emayet v €€066 TG amo
Tov TTupnva’4 LovpovAiwon and ) Medea emiong, emayel ™M €§080 NG ATO TOV
Tupnva euPpLikwVY KLTTAPWY Drosophila PELWVOVTAG TOV AVTAYWVIOUO TNG UE
™v Dpp7°, unxaviopog o omoiog potadel e To poAo g covpoLAiwong g Smad4
aro v PIAS Atydon ota OnAactikd’e.

H Smad4 pmopel va povo-ouBikutidiwBel’? amd v mupnvikny TIFly
Atyaom oufBikutivng, 1 omola eTtdyel TNV €§080 ATTO TOV TTUPTVA KAL AVAOTEAAEL TN
Snuovpyla TUPNVIKWVY CUUTIAOKWV PETaV Twv Smad2, Smad3 kat Smad478. Tnv
Hovo-oufBkuTIAlwoT akoAovBel €§080¢ g Smad4 amd tov Tupnva’?, 6ToL 1
FAM (fat facets in mouse) Vv amo-ouBKUTIMLWVEL TPOWOWVTAG £TOL TNV CUVEXT
KUKAo@opia TG evtog KL ekTOG Tupnva og Drosophila, Xenopus kat avOpwtiva
KUTTOapa’s.

Etepopepn opumioka petaty Smad2, Smad3 kat Smad4 Seopevovtal oTov
TAZ (transcriptional co-activator with PDZ-binding motif) evtég tov mupniva
KUTTAPWV ONAACTIKWV KAL 0TN GUVEXELX OTPATOAOYOUVTUL OTN XPWUATIVI] HECW
AWV Ttapayovtwyv 6mws o ARC105 (activator-recruited co-factor 105)80. O TAZ
pubuiletal péow EWOEOPLAIWONG Kol amd TNV oAANAemidpaocr) Tou UE
TAPAYOVTEG TNG OlKOYEVELRG 14-3-3 TOU €AEYXOUV TNV TAPAUOVI] TOU GTOV
mupnva. Ektog amd ™ pubuion g kukAo@opiag Twv Smad 1 @wo@opuAiwon
TOU KAPEOEU-TEALKOU GKPOU, 1] PWO@OPVALWON TNG CUVSETIKNG TEPLOXTG KAL 1)
OVBIKVTIAWON EUTIAEKOVTAL KL GTNV APV TIKY pUOULON TNG ONUATOSATNONG TWV

Smad (Ewxoveg 2 kat 4).
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3.12. Ta povomdatia Twv Wnt kat MAPK £youv apvntikég emSpacels otn

onuatodotnon tov BMP/Smad povomatiov.

H onuatodémon twv vmodoxéwv touv BMP katoAnyel otn petagopd
evepyomomuévwyv Smad otov mupnva. Evepyomoinon twv MAPK kat Wnt
HovoTatiwv odnyel oe pvbuon TG onuatodotnong tov BMP péow ng
amolkodounong ¢ Smadl ota mpwteocwuUATASL.

MAP kwaoeg 6Ttwg ot Erk, Jnk kot p38 £xet SeixBel 6TL @wo@opuAiwvouv
T Smads (pSmad1MAPK) in vivo kat in vitro avactéAdovtdg teg82-85, Ou MAP
KWVAOEG (PWO@POPVALWVOUV CUVTNPNUEVA KATAAOITTA oEPiVNG Kol Bpgovivng o
oLVSETIKY TEpLoy) Twv Smad mov evwvouv Ti¢c MH1 kot MH2 meployég. Avti
PWOEOPVAIWOT HELWVEL SPAUATIKA TNV CLYKEVIPpWOT Twv Smad otov Tupnva
Kal eumodilel TV Ek@paon Yovidiwv otoxwv Touv BMP. Q)¢ AetToupykr) GUVETELQ,
N onuatodotnon twv FGF/MAPK emdyel 1t Swa@opomoinon twv eufpuikwv
KUTTAPWV TOU Xenopus Kol TwV TPOSPOUWY VEVPLK®YV KUTTAPWYV XPoupaiov o€

VEUPWVIKA TIApOAN TV QVAOTAATIKY Spdom Touv BMP86 87,

H E3 Awydon g ovufikutivng Smurfl Seopevel e€eldikevpéva Tig
PWOQEOPVALWUEVEG O0TN OUVSETIKY Teploxny Smads®® mpocBétovtag popla
oUBLKUTIVNG KoL TIG 0dNYEL 0€ ATIOLKOSOUTOT] OTA TIPWTEOCDUATAB?,

Ma va odnynBel n Smadl oe amowkodounomn amatteitat oxL pHovo m
@wo@opVAlwon amd Tig¢ MAPK aAAd m tavutoxpovn @wo@opuAiwon o€
SLPOPETIKA KATAAOLTTA TNG CLUVOETIKNG TtepLoyNS amo tnv GSK3 (pSmad165K3)90,
Evepyomoinon touv Wnt povomatiov 1 amevepyomoinon g GSK3 odnyel ot
Tavon TG avaotoAng ¢ Smadl. AvtiBeta, o Sapkota et al. mpoteivel 6TL 1
@wo@opvAlwon ™¢ Smadl amdé v GSK3 evioyvel v Séopegvon kol v
ovBikutiAimwon g Smadl amd v Smurfl aAAd Sev elvat amapaitnnss.

Ze KOTTOPA TPOOTATN £xeL ava@epBel OTL N @EWo@opUAlwoTn TNG
ouveTIKNG TtepLoxnG ™G Smadl amd v Erk emitpénel tnv aAAnAemiSpaon) tng
ne vmodoxelg avépoyovwy (AR) Spwvtag wg HETAYPAPIKOG CUV-KATACTOALNS.
Auvt) 1 aAANAemiSpaomn KATOANYEL OE €VOV QVIAYWVIOHO TOU KUTTAPLKOU

TOAAATAXGLAG OV TIOV TIPOKAAELTAL aTtd arvEpoyova kot BMP91,
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TéAog, €xel avagepBel pwo@opuviiwon g MH1 meploxng g Smad1l/5
amd v Nemo Kwdaom 1 omolot oTapatd Ty ouykévtpwon s Smadl/5 otov

TUpNVaZ,

3.13. AAAnAenidpacn petagd tov TGF-B/BMP kot GAA®V HOVOTIATLOV.

H @uolodoywkn Aettovpyia tov povormatiov TGF-B/BMP efaptatar amd
OUVEPYELX KAL TOV OVTAYWVIOUO TOAAWV HOVOTIATIWV OTwG auTtd tTwv MAPK,

PI3-K/Akt, Wnt, Hedgehog, Notch kat Interleukin/Interferon-y/TNF-o°3.

Evepyomoinon twv Erk kat JNK and RTKs odnyel oe @wo@opuAiwon twv
evboyevwv Smad2/3 oe kUTTapa OnAaoTikwv Ywpic va emmpealovv
OUYKEVTPWOT TOUG OTOV TUPNVA KAl TNV SpAcN TOUG WG UETAYPAPLKOL
Tapayovteg?49%., 'Exouv mpoodioplotel tpia katdAowma (Thrl78, Ser203 kot
Ser207) g ouvSeTIKN G TTEPLOXNS TNG Smad3 ta omoia pwo@opuvAlwvel ) Erkl/2
in vivo kot in vitro avacTEAAOVTAG TNV HETAYPAPLKI] TNG EVEPYOTNTA OAAQ OXL
KAl TNV OUYKEVIPWOT TNG oTov mupnva’’, mMPoTelvovtag TNV VUTapén &vog
AYVWOTOU UNXAvIopoy avacoToAng Tng Smad3 péow NG @wo@opLAIWONG NG
0TI OUVSETIKN TEPLOXN. ZTA avOpOTIVA KAPKIWVIKA KUTTOpa poaotov MCF-
10CA1h n ROCK (Rho-dependent kinase) kot 1 p38 MAPK @wo@opuAiwvouv ta
(Sl katdAotma oepivng (203 kot 207) Kot TPOKAAOVY, TTAPA AVAGTEAAOLY, TNV
KUTTAPLKN avénom mov mpokoAeitat and TGF-B%. EmmpooBétwg, n GSK3-B n
omola potadel Sopikd pe Tig MAP Klvaoeg @wo@OPUALWMVEL ETAEKTIKA TNV OEPLVN

203 ™ ¢ ouVSETIKN G TEPLOXTG TNG Smad39°.

Ot MAP «kwdoeg é€xel avagepbel otL ekt6¢ amd Ti¢ R-Smads
@wo@opuAlwvouy tnv Co-Smad, Smad4 kat Tnv I-Smad, Smad7. H Ras mpokaAel
ueéow MEK/Erk peliwon tng otabepdmmrtag tg Smad4100. Ou JNK kat p38
@AVETAL VX (WO POPVALWVOUV ETIIAEKTIKA TN HETAAAXYHEVT Smad4 o€ KAPKIVIKA
KOTTAPA KL va TIPowBoUV TNV TPWTEOCWIKNY amolkodounotn tglol, Tédog, Exel
avapepBOel epmAokn twv Erk, JNK kat p38 ot petaypa@kn pvOuion g Smad7
emnpealovtag éppeca tn onpatodotnon tov TGF-[3102-104,

Av xal n onpatodotnon tov BMP cuviBws kataotéAAetal anod tov FGF,
Ta 600 pOVOTATIH UTOPEl Vo €XOUV KOl OUVEPYOTIKO OTMOTEAECUN. XZE

OUYKEKPLUEVA OTASI QVATITUENG TOU KOTOTOUAOU T SlA@OPOoTomon Twv
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NTMATOKVTTAPWY O€ EMONALAKA KOTTAPA XOANG HECW EKPPACTG CUYKEKPLUEVWY

yoviSiwv emayetat amd BMP kat anaitel evepyd FGF/MAPK povomati10s,

Ot MAP KWvAce§ (WOEOPUALOVOLY ETIONG Kl UL TAELASA TTUPNVIKWYV
UETAYPAPLIKWOV TAPAYOVTWY TOAAOL aTO TOUG OTOl0VG AAANAETILOPOVV UE TIG
Smads kot puBuilovv TV amokplon Twv kKVTTApwv o€ TGF-B/BMP. Ot o KaAd
XAPAKTNPLOUEV]  Katnyopia  Tétowv  mpwteivwv  elivat 1 AP1,
ovumepAapfBavopévwy peAwv twv Jun, Fos, Maf kat ATF106,

Te SLpopoug KUTTAPLKOUG TUTIOUS £xeL SelyBel OTL 1 evepyomoinom tou
PI3K/Akt povomatioV amd woovAivn, IGF, vtepAevkivn-6 KoL VUKEG TIPWTEIVES
QVOOTEAAEL TNV QTMOTTWOT KAl TN SLKOT] TOU KUTTAPLKOU KUKAOU TIOU
mpokaAeital and TGF-B107-111 H Smad3, kat 6yt n Smad2, @aivetal va eival o
TPWTAPXIKOG 0TOX0G Twv PI3K/AKt, piag kot 11 Smad3 epmAékeTal otnv Tpo-

QmOTTWTIKN dpdor touv TGF-B112,

Ta povomdtia twv TGF-B/BMP kat Wnt aAAnAemiSpolv oe Siagopa
enimeda?3. [lpwtov, pubuifouv apofaia ™MV TApAywWYN TWV TPOCGSETWV, TPAYHX
To omolo elvat Kplowo katd v eufpuikn avamtun. AehTEPOV, GTOV TTUPNVA, TO
ovumdoko Smad/B-katevivn/Lef puvBuilet v ék@pacn yovidiwv oTOXWV
ouvvBw¢ pe ovvepyatikd tpomo. Tpitov, €gouvv Tapatnpndel AAANAETSPACELS
KUTTAPOTIAQOUATIK®OV TPWTEIVOV TwV 600 UHOVOTIATIWV TOV €mMnpedlovv N
onuatodoTnotn Toug OTWS avth ™S Smad7 pe TN B-katevivnll3 aAA& kat g
Smad7 pe v Axinl14,

Kata v avantuén kabwg kat v oykoyéveon ta Hedgehog (Hh) xou
TGF-B/BMP povomatia Suvatal AUEcH Vo EMMPEACOVV TO EVA TIG ON|HATOSOTIKES
TpwTEiveg Tov GAdov. Emiong, o TGF-B1 pmopel va emayet v €k@pacn Twv
Notch mpoodetwv. e KATOL KUTTAPLIKA CUCTHHATA TA V0 AUTA HOVOTIATIX
SpouV CULUVEPYATIKA OTNV £KEPAOT YOVISIWV OTOXWV, EVW OFf KATOLEG
meptmtwoel to Notch Spa avtaywviotikda tov TGF-B/BMP9. EmumA¢ov, ot
embpaocels tov TGF-B 010 AvoGOTOMTIKO GUOTNUA QVATIOPEVKTA TIPOKAAEL
aAAnAemidpaocels pe tig wrepAevkives (ILs), Ttov TNFa kat v wvtepepdvn-yils
116, O TGF-B puBuilet ™ SLaBeCUOTNTA AUTWV TWV KUTOKIVOV KABWS Kal Ta
ONUATOSOTIKA LOVOTIATIX TTOV EAEYYOUV. [TOIKIAOTPOTIWG PE TN OELPA TOUG auTOl

oL TapAayovteg emnpealovv v evepyotnta touv TGF-B. TéAog, Exouv avapepOel
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SLaopa oNUATOSOTIKA HOVOTIATIA T oTtolar aAANAemiSpoVv pue avtd tov TGF-
B/BMP cuumepAapfavopévmwy Twv TUPNVIKWY VTTOS0XEWY, TG ATIOTITWOTG, TOU
uetafoAlopov ¢ evépyelag (mpdoAnym/xatavaiwon yAvkolng, AMPK, mTOR)
kat Tov NO (povo&eidio tov alwtov). H oxetikd mpdo@atn avakaAvym OtL To
TGF-B/BMP/Smad povomartt puBuifet tTnv ék@paon microRNA avoiyel éva véo

medlo épevvagll?,

3.14. Smad kat peTtaypa@ikn pudpon.

[ToAAol elvat oL petaypa@ikol Tapayovteg Tov aAANAemiSpovv pe Tig¢ Smad yla
va puBuiocovv T petaypa@r yovidiwviis (Mivakag 2). Ta Tupnvikd cOUTAOKX
Twv Smad deopevovtal pe pikpn ovyyevela ota SBEs (Smad-binding elements)
touv DNA3L H mo xown woopop@n ™ Smad2 Sev Seopevetatl ota SBEs e€attiag
1L akoAovBiag evtog g eploxng mpoodeong pe to DNA 1 omola utapxeL otnv
MH1 meploxn 6Awv twv Smad (Ewova 2). H Smad3 avayvwpilel v akoAovbia
5-GTCTG-3" wg SBE. Avtifeta, oo BMP-Smad kat n Smad4 avayvwpi{ouv
aAAnAovyieg mAovoleg oe GC oL oToleS £xouv AlydTEPO cLVTNPNUEVA LOTIRo dAAG
opotdlouv kamoles @opés pe SBEs. Tevika, 1 otpatoAdynon cuumAdokwv Smad
oTn  XPWHATIVI] €EapTATal omod TNV  Gueon oAANAETiSpaoct) TOuG e
HETAYPAPLKOVGS TIAPAYOVTEG OL OTIOlOL £X0UV HEYXAVTEPT CLYYEVELA TIPOGEEDTG
oto DNA (Ewxéva 4).

Kata v aAAnAenidpaon twv Smad pe to DNA kot dAAoug
HETAYPAPIKOVG TAPAYOVTEG OTPATOAOYOUV OUV-EVEPYOTIOUTEG KOL OKETUAO-
TPAVOPEPATES TWV LoToVvwY, 0Tws 0 p300, o CBP (C/EBP-binding protein) kat o
P/CAF (p300/CBP-associated factor), evepyomowwvtag £toL v €vapén Tng
uetaypagng3l. To cbumioko p300/CBP aketvAwwvel Tig¢ Smad2/3, aviavovtag
™MV Kavotnta TPocdeons toug oto DNA oe kOttapa OnAactikwvlld 120,
AVTIBETA, ATO-AKETUAACGEG TWV LOTOVWV OVACTEAAOUV TNV UETAYPAPLKY)
evepyomnta TG Smadl kKatd T VEUPWVIKY Sla@opomoinon eufpuikwv
EYKEQPUALKWV KUTTAPWV TOVTIkoV!2l, Qotd00, AUEOT) AKETVAlwOM 1 ATO-

akeTVAlwon twv BMP-Smad Sev éxel SeiyOel.

‘Exel mapatpnOel Betikn pvOuion g onpatodotnong twv Smad otov

TUPNVA HECW OVPIKLTIAIWONG o€ EUfpua TTOVTIKOU KAl KUTTApa OnAaotikwviz2,
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Me v emidpaom TPoadETN Ta TUPNVIKA CUUTAOKA TwVv Smad deopevovtal otV
arkadia Atyaon ouvfBwkutiviig (RNF111) mpowbBwvtag tv ovfikutidiwon kot
amolkodounon  Twv  ouv-KatactoAéwv  Ski kat  SnoN  (SKIL) movu
AAANAETIEpoVVIZ3-125, AUTOG 0 PUNYAVIOUOG ETILPEPEL APOT) TNG KATAGTOANG Kal
ETAY WY TNG HETAYPAPNG YOVISiwV oTOXwV amd Tig Smad otov mupnva (Ewova
4). H amowkodounon tou SnoN oTa TPWTEOOWUATA EEAPTATAL ATO TN
@wo@opvAlwon touv amd tnv TAK1 (Ewova 1C)26, H arkadia emiong
ovfwuTillwvel TV avaotaAtikny Smad7127, xwplg va elval yvwotd av autd

ovpBaivel 6TOV TTLPTVA 1) 6TO KUTTAPOTIAAC Q.

Méow avaAvomng pikpoovoTtolylwv €xel SetxBel aAAnAemiSpaon petagd
twv Smad kat twv ETS1 kat TRAP2a (transcriptional factor activating enhancer-
binding protein 2a)28, eviy péow genome-wide screen aAANAemiSpaoT pe TNV
BRG1 (SWI/SNF family chromatin remodeling protein Brahma)l29. 'Exel
avapepBel otL ot Smad mouv Seopevovtal otn Xpwpativy Sev pmopovv va
EVEPYOTIO{OOLVV TN HETAYPAPN ATOVCIA OAAWV ATApATNTWV TAPAYOVTWV
o0mws o BRG1 kat o ARC10531, O evtomiopdg touv ARC105 oe Sta@opeg mepLoxEg
™G xpwuativng pvbuiletat amo tov TAZSO,
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Synex.
Pathway Smad Co-factor Gene Regulation Cell-tissue type group Reference
Smad1/4 GATA1, 5,6 Smad7 Induction Mouse osteoblasts (Benchabane and Wrana, 2003)
Smad1/4 GATA4 Nkx2.5 Induction Mouse cardiomyocytes (Brown et al., 2004)
Smad1/4 B-catenin, Tcfd c-Myc Induction Human renal carcinoma (Hu and Rosenblum, 2005)
Smad1/4 B-catenin, Lef1 Msx2 Induction Mouse ES cells (Hussein et al., 2003)
Smad1/4 ? Id1 Induction Mouse myoblasts (Katagiri et al., 2002; Korchynskyi and ten
Dijke, 2002; Lopez-Rovira et al., 2002]
a Smad1/4 B-catenin, Lef1 1d1 Repression Mouse myoblasts (Nakashima et al., 2005)
5 Smad1/4 Notch ICD Hes1, Hey1 Induction Mouse myoblasts (Dahlquist et al., 2003)
Smad1/4 Notch ICD Herp2 Induction Human endothelial cells (Itoh et al., 2004)
Smad1/4 Sizn1 ChAT, VaChT Induction Mouse myoblasts, mouse (Cho et al., 2008)
cholinergic neurons
Smad1/5/4 Runx2, Menin ostepontin Induction Mouse osteoblasts, mouse bone (Sowa et al., 2004; Zhang et al., 2000)
marrow cells
Smad1/4 OAZ, Runx2 Smad6 Induction Human embryonal carcinoma, (Ku et al., 2006; Wang et al., 2007)
Smad3/4 Sp1, TFE3 Smad7 Induction Universal (Brodin et al., 2000; Hua et al., 2000)
Smad2/3/4 Sp1, FoxO, p53, p21’ Induction Human keratinocytes, gastric FoxO, (Chi et al., 2005; Cordenonsi et al., 2003;
Notch1, Meox2, epithelial cells HHM Ikushima et al., 2008; Koinuma et al., 2009;
Runx3, SRF, Ets1, Lee, H. J. et al., 2007; Niimi et al., 2007;
TFAP2A Pardali, K. et al., 2000; Seoane et al., 2004;
Valcourt et al., 2007)
Smad2/3/4 Sp1, Miz1, FoxO, p15ma Induction Human keratinocytes FoxO, (Feng et al., 2000; Gomis et al., 2006a; Gomis
C/EBPB HHM et al., 2006b; Ikushima et al., 2008; Seoane
etal., 2001)
Smad3/4 FoxO GADDA45p Induction Mouse hepatocytes, human FoxO (Gomis et al., 2006a; Major and Jones, 2004;
keratinocytes Yoo et al., 2003)
Smad3/4 Runx3 Bim1 Induction Human gastric epithelial cells (Yano et al., 2006)
Smad3/4 E2F4/5 c-Myc Repression Human keratinocytes HHM (Chen, C. R. et al., 2002; Ikushima et al., 2008)
Smad2/3/4 Olig1 PDGFB Induction Mouse mammary epithelial cells, HHM (Bruna et al., 2007; Ikushima et al., 2008)
human gliomas
Smad3/4 HMGA2 Snaill Induction Mouse mammary epithelial cells (Thuault et al., 2008)
Smad3/4 HIF1a VEGF Induction Human endothelial cells (Sanchez-Elsner et al., 2001)
Smad2/3/4 Sp1 LIF-1 Induction Human glioma stem cells (Pefiuelas et al., 2009)
Smad3/4 FoxO, Ets1 CTGF Induction Human mesangial cells, human FoxO (Chen, Y. et al., 2002; Gomis et al., 2006a; Van
keratinocytes, mouse fibroblasts Beek et al., 2006)
Smad3/4 FoxO, MAN1 MAN1 (LEMD3) Induction Human hepatoma cells, human FoxO (Cohen et al., 2007; Gomis et al., 2006a;
(LEMD3) keratinocytes, mouse endothelial Ikushima et al., 2008; Ishimura et al., 2008;
cells, mouse ES cells Ishimura et al., 2006; Lin et al., 2005; Pan et
al., 2005)
_ Smad2/3/4 FoxO, IKKa Ovoll Induction Human keratinocytes, human FoxO (Descargues et al., 2008; Gomis et al., 2006a;
3 breast carcinomas Kowanetz et al., 2004)
g Smad3/4 HNF4 apolipoprotein Induction Human hepatoma (Chou et al., 2003)
£ a
s
t Smad3/4 GATA3 ILS Induction Mouse T helper cells (Blokzijl et al., 2002)
3
& Smad3/4 GATA4 inhibin o Induction Human granulosa cells (Anttonen et al., 2006)
2 Smad3/4 B-catenin gastrin Induction Mouse pancreatic cells (Lei et al., 2004)
Smad3/4 Sox9 al1(ll) collagen Induction Human mesenchymal stem cells (Furumatsu et al., 2005)
Smad3/4 SRF SM22a Induction Mouse mesenchymal cells (Qiu et al., 2003)
Smad2/4 pS3 o-fetoprotein Repression Human hepatoma cells (Wilkinson et al., 2008)
Smad2/4 Mutant p53, p63 Sharp1, cyclin Induction Human breast carcinoma cells (Adorno et al., 2009)
G2
Smad3/4 HNF3, Nkx2.1 surfactant B Repression Human lung epithelial cells (Li et al,, 2002)
Smad3/4 ATF3 1d1 Repression Human keratinocytes (Kang et al., 2003)
Smad3/4 Pax8 sodium/iodide Repression Human thyrocytes (Costamagna et al., 2004)
symporter
Smad2/3/4 Runx2 1A, IgCa Induction Human B lymphocytes (Hanai et al., 1999; Pardali, E. et al., 2000;
Zhang and Derynck, 2000)
Smad3/4 NF-xB p52 JunB Induction Human tumor cells (Lopez-Rovira et al., 2000)
Smad3/4 TFE3, Sp1, Olig1 PAIT Induction Human epithelial, mesenchymal, HHM (Datta et al., 2000; Hua et al., 1999; Ikushima
mouse mammary epithelial et al., 2008)
Smad3/4 Max PAIT Repression Human cancer cells (Grinberg and Kerppola, 2003)
Smad3/4 Notch ICD Hes1, Hey1 Induction Mouse myoblasts, mouse (Blokzijl et al., 2003; Zavadil et al., 2004)
keratinocytes
Smad3/4 Ski Pax3 Repression Mouse melanocytes (Yang et al., 2008)
Smad3/a MyoD, MEF2C myogenin Repression Mouse myoblasts (Liu et al., 2004)
Smad2/3/4 ? Nanog Induction Human ES cells (Xu, R. H. et al., 2008)
Smad2/4 FoxH1, Nkx2 Pitx2 Induction Lateral mouse plate, visceral (Shiratori et al., 2001)
endoderm
Smad2/4 FoxH1 nodal, Lefty2 Induction Early mouse embryo (Saijoh et al., 1999)

Mivakag 2. Tovidia otdyol TG owkoyévelag Tov TGF-B kat epmAekOpEvoL HETAYpA@LKOL

mapayovtes. Ta gpwTtnuatikd Seiyvouv OTL 1 eumAOKY £VOG GUYKEKPLUEVOU HETAYPAPLKOV

mapayovta eivar acaeng. ATF3 (activating transcription factor 3); Bim1 (Bcl-2-interacting

mediator 1); CTGF (connective tissue growth factor); ChAT (choline acetyltransferase); E2F4/5
(E2F transcription factor 4); FoxH1 (forkhead box H1); GADD45f3 (growth arrest and DNA-

damage-inducible

B); GATA (GATA binding protein); Herp2 (homocysteine-responsive

endoplasmic reticulum-resident ubiquitin-like domain member 2 protein); Hes1l (hairy and

enhancer of split 1); Hey1 (hairy/enhancer-of-split related with YRPW motif 1); HIF1a (hypoxia-

inducible factor 1a); IgCa (immunoglobulin Ca); IgA (immunoglobulin A); IL5 (interleukin 5);
HNF4 (hepatocyte nuclear factor 4); Lefl (lymphoid enhancer-binding factor 1); LEMD3 (LEM

domain containing 3); LIF-1 (leukemia inhibitory factor 1); MAN1 (M antigen 1); Max (Myc-

binding protein Max); MEF2C (myocyte enhancer factor 2C); Meox2 (mesenchyme homeobox 2);
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Miz1l (Myc-interacting zinc-finger protein 1); NF-kB (nuclear factor k B); Nkx2.5 (NK2
transcription factor related, locus 5); Notch ICD (Notch intracellular domain); OAZ (O/E-
associated zinc finger protein); p15"k4 (cyclin-dependent kinase inhibitor p15); p21Cirt (cyclin-
dependent kinase inhibitor p21); PAI1 (plasminogen activator inhibitor 1); Pax8 (paired box 8);
PDGFB (platelet-derived growth factor B); Pitx2 (paired-like homeodomain 2); Sizn1l (Smad-
interacting zinc finger protein); SM22a (smooth muscle 22a); Sox9 [SRY (sex determining region
Y)-box 9]; SRF (serum response factor); Sp1 (stimulating protein 1); Tcf4 (transcription factor 4);
TFE3 (transcription factor binding to IGHM enhancer 3); VaChT (vesicular acetylcholine
transporter); VEGF (vascular endothelial growth factor). IInyn mivaka: Moustakas, A. & Heldin,
C.H. The regulation of TGFbeta signal transduction. Development 136, 3699-3714 (2009)2°,

TGFB
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Nucleus
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Smurf2
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Chromatin

Proteasomal
degradation

Ewdva 4. ToviSiakn pUOmon tov mupnvikov ouvpmAdkov twv Smad. Metd v
evepyomoinon Twv Smad amd tov vmodoxéa tov TGF-f ta evepyomomuéva Smad cvumAoka
HETATOTI{OVTOL OTOV TUPNVA OTIOU QAANAEMISpoUV pe GAAovg mapdyovtes [pe yaAado, TF
(triangular transcription factors)] kot v@ioTavtal HETA-PETAPPAOTIKEG TPOTOTOWOELS. (A,
acetylation; U, ubiquitination; S, sumoylation; P, phosphorylation). Ta pavpa BéAn vodeitkviouy
OETIKT ETPPON TWV HETA-UETAPPACTIKWV TPOTIOTON|CEWV 0TI HETAYPAPT] TIOU TIPOKAAEITAL ATTO
1§ Smad kat ta kOkkwva T-B€An vmodeikviouv apvnTiky emidpaot. (Aplotepd) AmaAowpr g
KATAOTOANG Twv YyoviSiwv otéxwv Ttwv Smad otav ot SNON/SKI ocuv-kataoToAeis
QTIOKOSOHOVVTAL OTA TIPWTEOCOHUATA LETE TNV TPocONKN poplwv oVPLKUTIVIG amd TIG Alydoeg

ovBwutivng arkadia, SMURF2 v} APC/CDH1. APC/CDH1 (anaphase-promoting complex kat 1
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vmopovada  Atyaon ovBikutivng CDH1), BRG1 (Brahma-related gene 1), ETS1 (v-ets
erythroblastosis virus E26 oncogene homolog 1), HHM (human homolog of Maid), IKKa (1kB
kinase a), SMURF2 (Smad ubiquitination regulatory factor 2), TFAP2A (transcription factor
activating enhancer-binding protein 2a), TGF-B (transforming growth factor ). [Inyn ewoévag:
Moustakas, A. & Heldin, C.H. The regulation of TGFbeta signal transduction. Development 136,
3699-3714 (2009)%.

3.15. H oixoyéveiax twv Rho GTPacwv.

Ot Rho GTPaoeg amotedovv pia EexwploT) KaTnyopia TG UTTEP-OLKOYEVELASG TWV
Ras pikpwv GTPaowv Kol amavTovTal 0 OAd Ta EVKAPVWTIKA KUTTapa. 'Exouv
meplypa@el meplocotepa amd 20 yovidia ta omoia kwdikomolovv Rho GTPaoceg
ota OnAaotika: Tpelg Rho woopopeég A, B, kat C, Tpelg Rac woopopeés 1, 2, kat 3,
Cdc42, RhoD, Rnd1, Rnd2, RhoE/Rnd3, RhoG, TC10 kot TCL, RhoH/TTF, Chp kat
Wrch-1, Rif, RhoBTB1 kat 2 kot Miro-1 kat 2130, O Qupopvkntag Saccharomyces
cerevisiae SwaBétet 5 Rho mpwtelveg (Rho 1, 2, 3, 4 kau Cdc42), evw
Caenorhabditis elegans xav Drosophila melanogaster mpofAémetatl va €xouvv 10
kat 11, avtiotoya. ‘Omwg kat ot vroAoineg GTPaoeg Aettoupyolv w¢G poplakol
Stakomreg €xovtag evepyn (GTP-bound) kat avevepyn (GDT-bound) poper). Avt
1 evepyotnTta toug eAgyxetal amo (i) GEFs (guanine nucleotide-exchange factors)
ot omtoieg avtikaBlotoVv to GDT pe GTP evepyomowwvtag €tol Tig GTPaoeg!3?, (ii)
GAPs (GTPase-activating proteins) ot omoieg evepyomoloUv Tnv evdoyevn
evepyotnta GTP&ong wote va Tig amevepyomomoovy evtéAel!32 kau (iii) GDIs
(guanine nucleotide-dissociation inhibitors) ot omoleg pe v aAAnAemidpaon
Tovug epumodifouv v evepyomoinon Twv GTPacwv133. EmmA¢ov, ot Rho GTPaoceg
UTIOKEWVTAL OE PWO@POPLAIWON Kal oVPIKUTIAlwon 34 135 TpoToToM|oEl TwV
omolwv o0 poéAog 8ev elval MANpwG yvwotds. H  onpatoddmmon toug
TPAYUATOTIOLEITAL HECW ELOIKWV XAANAETISPACEWVY TNG EVEPYNS HOPPTS TwV Rho
GTPaowv pe puBulotikeg mpwteives. ‘Exouv xapakmmplotel mavw amd 50 tétoleg
puBulotikés mpwteiveg yia T Rho, Rac kot Cdc42 ocvumeplapfavopevwv
KWvaowv oepivng/Bpeovivng, Tupooivng kat Amidiwv, Almacwy, 0eldacwyv Kot

GAAWV.
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3.16. Rho GTP&0£C KAl KUTTAPOOKEAETOC AKTIVTG.

H evepyomoinon twv Rho, Rac, xat Cdc42 odnyel otn dnuovpyla cLGTAATWV
WISlwV aKTIVopLoGivng, AapeAAtmodiny kat @lomodiwv avtiotoyal3e, AuTtég ol
eelSikevpuéveg  Aettovpyleg  TOu  GTOXEVLOUV  OTNV  OPYAVWOTN  TOV
KUTTAPOOKEAETOV TNG AKTIVNG EAEyXOVTOL a0 KGOE pia pikpn) GTPaon kat ekTOg
amd ™ Snuovpyia emmpedlovv KAl TNV 0pyavwon Twv wisiwv ¢ aktiving. Ot
Rac kat Cdc42 evepyomoloVv v Arp2/3 péow twv WAVE kat WASP avtiotoya
TPOKEHEVOL Vo dnpovpynBel éva SlaxkAadilopevo Siktvo wisiwv. AvtiBeta ot
Rho evepyomolov tig formins powBwvTAg £TOL TNV YPAUULKY ETMUNKUVOT TWV

wisiwv.

Ext6¢ amd to eidog¢ TnG emuniKuvong oL SKPLTEG AAAAYEG TOU
KUTTAPOOKEAETOU TG AKTIVNG TOU TpokaAovvtal and T Rho, Rac kat Cdc42
QTALTOVV Kol TN 6WOTH TOTOAOYLKY 0pydvwon Twv widiwv. Katt tétolo €xel
XAPAKTNPLOTEL Yl TN SNovpyla Twv CUCTAATWVY WISIWVY TNG AKTIVOHVOCvNG
amd 11§ Rho, n omola mpaypatomoteitar amd v ROCK. Av kat autr) 1 Klvaon
oeplvng/0Bpeovivng ExeL TTAEIOTA VTTOOTPWUATA, KABOPLOTIKY @aiveTal va elvat N
@wo@opuvAlwon ™¢ MLCP (myosin light chain phosphatase) mov oényet otnv
amevepyomoinon ™m¢i37. To yeyovog autd pe TN oelpd Tou odnyel o€ auinuévn
@wo@opvAlwon ™¢ MLC, n omola mpodayel TV oAlobnon ™¢ pvocivng Il ota
widta ™G aktivng. Atyotepa eivar yvwotd ya to mwg Rac kot Cdc4?2
0pYQAVWVOLV Ta WISLa TG akTivG og StakAadi{opeva 1 un Siktua avtiotoya. Ta
un StakAadilopeva ISt aKTIvG IOV ATAVIWVTAL OTA EAOTIOSIA PAIVETAL VO
Snuovpyovvtal amd Eva apyikd StakAadiopévo Siktuo aktivg Touv omoiov M
dnuovpyla ogeidetal otnv evepyomoinon g Arp2/3 amo tnv Cdc42138. T
OUVEXELN, UETAOXNUATIONOG TOUG 0 @UAOTIOSLI YiveTal pue to ouvvdvaoud (i)
QAVOOTOANG TNG ETIKAAVYNG TWV AKPWV TWV WISIWwV TIOU 08NYEL 0€ EMUNKLVON
Toug kat (ii) dnuovpyiag TapdAAnAwyv deopwv Twv WISiwv NG aKTiviG HEow

TPWTEIVWV OTIWG 1) fascin139,

3.17. KUTTApPOOKEAETOGC - AKX CUGTATIKA.

Ot Baokég TpwTEiveg OV ATAPTI(OVV TOV KUTTAPOOKEAETO CUVAPUOAOYOUVTAL

Kal  Snuovpyolv  UEYOAVUTEPEG OVTOTNTEG OL  OTOIEG  aVAAOYWS  TNG
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OUVOPHOAOYNONG  €XOUV  SLX@OPETIKEG  LSLOTNTEG, UMOPOUV VA QTIO-
ouvvappoAoynBovv kAL  va  EmMAVA-cLVAPUOAOYNOOUV  SMULOVPYWVTAS
SLPOPETIKEG SOPEG avaAoya HE TIG OAAAYEG TIOU TPEMEL VA EMITEAECOHOVV.
YTpxouV TPELG TUTIOL KUTTAPOOKEAETIKWV TIOAVHEPWV: TA VISl TNG aKTIVNG, Ol
HIKpoowAnviokol kat Ta evdlapeoa wvidia. Ta tpla auta moAvpepn pall eEAeyxouv
TO OXNHX KAl TN HUNYOVIKI] TWV EUKAPUWTIKWV KUTTAPWY, OPYAVWOVOVTAL CE
SIKTLA T OTTOLA AVTIOTEKOVTAL OTLG UNYXAVIKESG TIECELG ALK HTTOPOVV WOTOCGO VX
EMAVA-SLOPYAVWOVOVTAL OF OTOKPLOT EEWKUTTUAPIKWY SUVAUEWV KAl €XOLV
ONUAVTIKO poA0 oTn Snuovpyla Kot Slxtnipnomn G aKEPALOTNTAG TWV
EVOOKLTTAPIKWVY Sopwv. [ToAVUEPLOUOG Kal ATO-TIOAVUEPLOUOS TwV WISIWY NG
aKTIVNG Kol TWV HIKPOOWANVIOK®WYV QOKOUV OTOXEVUEVEG SUVAUELS OL OTIOLES
odnyolv oe aAAAyEG TOU OYNUATOG TWV KUTTAPWY KOl UE TN OULVEPYELX
KLV TNPLWV TIPWTEIVOV 0L 0TIOES KIVOUVTAL KATA UKOG TWV WISIWV TG aKTIvNG
KAl TWV HIKPOOWANVIOK®WV €AEYXOUV TNV OPYAVWOT OTO E0WTEPLKO TOV
kuttapov. H apxltektovik twv SIKTOwV Tov  oynuatifovrtal omod To
KUTTOPOOKEAETIKA TOAUUEPT EAEYXETAL OTO SLAPOPES OUASEG PUOULOTIKWY
TPpwTEIVWV: nucleation-promoting factors, ot omoieg &ekivolv TO0 CYMUATIONO
widlwv, capping proteins, oL oToleg TepUATI(OVY TNV ETMUNKLVOTN TWV WISIwWY,
TIOAVUEPAOESG, OL OTIOlEG TIPOWOOVV YP1YOPOTEPO KAL CUVEXT TIOAVUEPLOUO TWV
WiISlwy, TAPAYOVTEG ATO-TIOAVHEPIOUOV KoL severing proteins, ot oToleg
amodlopyavwvouy ta widia kat crosslinkers kot mpwteiveg otabepomoinong, ot
OTIOLEG OPYAVWVOUV KL EVIOXVOUV avwTEPES SIkTuakEG Sopeg. EEwtepikeg 1
EOWTEPLKEG UNYOAVIKEG TILECELG UTTOPOVV VA ETINPEACOVV T1] SPACTIKOTNTA AVTWV
TWV PUOUIOTIKOV TOPAYOVTWY KOL OTI] GUVEXELQ, TNV TOTIKN OLKTLAKY)
opyavworn Twv wisiwv. Ot To oNUavTIKEG Sla@opés PETaly Twv TPLWV
KUTTOPOOKEAETIKWOV TOAVUEPWV TIOU SLAKPIVOUV TNV QPXLTEKTOVIKY Kol TN
Aettovpyla Twv SIKTVWV Ta OTolX TAPAYOLV Elval 1 EUNYAVIK) akapyic, 1
SuvaplK) NG GUVAPUOAGYNONG, N TOAIKOTNTA KoL 0 TUTOG TWV KN Tnplwv
TPWTEIVWV LE TIS 0TIO(EG oLUVEPYALOVTAL

0 KUTTAPOOKEAETOG TNG aktivng emiteAel TPelg gupeleg Aettovpyleg:
OPYOVWVEL UOP@POAOYIKA T GUOTATIKA TWV KUTTAPWY, GUVEEEL (PUOLKA Kal
Bloynmuikd to KOTTAPO UE TO EEWTEPIKO TEPLBAAAOV Kol TTAPEXEL GTO KUTTAPO TN

SuVATOTNTA GLUVTOVIOUEVNG SUVAUNG WOTE VA KIVEITAL Kt va aAAalel oxnua. I'a

50



Vo TETUXEL TA TOPATAV®W, 0 KUTTAPOOKEAETOG TNG AKTIVNG XPTOLUOTIOLEL Eva
TAN00G ATtO KUTTAPOTAACUATIKES TIPWTEIVES Kt opyavidia. O KUTTAPOOKEAETOG
™G aktivng 8ev amotelel pla oTatikn Soun N Asttovpyia TG omolag Umopel va
katavonBel pepovwpeva. Avtifeta, amotelel pia Suvapikn kat Tpocapuolopevn
doun NG omolag TA OULUOTATIKA TOAUUEPT KOl Ol PUOUIOTIKEG TPWTEIVES
Bplokovtar oe OSwapkn kivnon. I[loAAGd Poaoikd OSOUIKA OCULOTATIKA TOU
KUTTAPOOKEAETOU NG aktivig £xouv TavTomomBel kKat yapaktnplotel in vitro,
mpoodiopiovtag pe akpifela tnv TomoAoylx kal TN SUVAULKI] QUTWV TWV
KUTTOPOOKEAETIKWOV TPWTEIVWV KATA TN OSldpkeln Sladikaolwv OTwg M
KUTTApPLK Kivnon kat Swaipeon. [eplocdtepeg amd 150 mpwteives Exouvv Ppedel
oL oTroieg SLaBéTouv TepLoXEG TPOGSEONG TNG AKTIVNG, 1) oTola TToAVpEpileTaL Y
va dnuovpynoel widial40. Mia opdda pLOUOTIKGOV TPWTEIVWV TNG AKTIVNG
Snuovpyel éva pakpopoplakd ovumioko, to WAVE, to omoio mpowbel ™
ovvBeon WISIWV aKTIVIIG OTO TPOTIOPEVOUEVO AKPO TWV KUTTAPWV TOU
kwovvtal4l, To @owopevo autd eixe mapatnpndel ot mpoefoxég
AEVUKOKLTTAPWV o€ kKivnon!4Z, KuttapookeAeTikés Souég aktiviig oL oToieg
TAPATNPOVVTAL in VIiVo Umopovv va avatapaxBolv in vitro amd éva pikpd povo
apLOUO ATTOUOVWUEVWV TIPWTEIVDV.

Ta widila ¢ oaxtivng elvat  AlyOTEPO  GKAUTITA MO  TOUG
HUIKPOOWANVIOKOUG aAAd, N Ttapovoia Twv crosslinkers mov deopegvovtal otV
aKTivn) 0g UEYAAN OUYKEVTPWON TPOKAAOUV TN GUVAPUOAOYNOT AKAUTITWY
Sopwv VIMANG opydvwong eplapfavovtag Siktva OTwg Ta isotropic, bundled
kat branched. Ta SeVtepa oxnuatifovv mpoefoxés evBLYpAUUOUEVWY VISTWY
(@ omodla), oL oToleg TPOKAAOUV UL OGUVTOVIOHEVN Kivnomn Tpog pia
avavopevn xmuikn Swafabuion  (chemotaxis) kat kavouv Suvaty TNV
EMKOWVWVIA PETAE) TWV KUTTAPwWV. AvtiBeta, Siktua pe StakAadilopeva wisla
VTIOOTNPIJOVV TO TIPOTIOPEVOUEVO GKPO TWV KUTTAPWV € Kivnom Kat TTapEYouv
TIG SUVAUELG EKEIVEG TIOV EPTIAEKOVTAL OTNV AAAXYT] OXTHATOG OTIWG AUTEG KATA
™V @AYOKVUTTWOT). Agv LVTIAPYEL EVOAAAYT] HETAEY CUYKEKPLUEVWV KATAOTACEWV
TOAVUEPIOUOUY KAl OTMO-TIOAVUEPLOHOV TNG OKTIVNG OTwG YIVETAL HE TOUG
UIKPOOWANVIOKOUG, OAAQ ETILUNKVUVOVTOL OTAOEPA PE TNV TIAPOVGIA LOVOUEPWV.
Avut 1 otabepn emunkuvon ackel T Svvaun 1 omola eival amapaltnT) OTO

TIPOTIOPEVOUEVO  (AKPO TWV KUTTAPWYV KATA Tn petavactevon4s, O
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KUTTOPOOKEAETOG TNG  QAKTIVIIG OUVEX®WG OULUVOPUOAOYElTAL KAl  oTO-
OUVOPLOAOYELTAL OE ATOKPLOT) ONUATOSOTIKWV €PEBIOUATWY 0 avtiBeon pe
QUTOV TWV ULKPOCWANVICKWYV 1) APXLTEKTOVLIKI] TOU 0Tolov kKabopiletal amd évan
80U0 cuvnBws opyavwTika kévTpa. Ta StakAadillopeva idla akTivig, OTTWG AUTA
TWV AEUKOKUTTAPWY IOV €PTIOVV, TTOAVUEPLI{OVTAL GTO TIPOTIOPEVOUEVO AKPO OE
QamOKPLoT ONUATOSOTNONG TWV UEUBPAVIK®WY VTTOSOXEWY AGYWw XMUELOTAENGL44,
[Tapopoiwg, oe wofAdoteg dnpovpyla WISIwWV TOU OTPEG TPOKAAEITAL TOTIKA
amdé TNV evepyomoinon Twv wTeyKpvwvl4s, Katd 1o TeEAkO oTddlo NG
EVOOKUTTWONG TTPOKAAEITAL TOTILKA CUVAPHOAOYNON WISIWV akTivng, fonbwvTtag
QUTY] TNV TEPLOXT NG UEUPPAVNG va €0WTEPLKEVOEL oav éva eVOOKULTTAPLKO
kvoTtiblo. ITo mepimlokeg Sladikaoies cuppaivouy OtTav Ta Widla TG AKTIVNG
AAANAETILEPOVV PE TTAPAYOVTES ATTO-CGUVAPUOAGYNONG OTIWS UEAT TG OLKOYEVELNG
NG KOPIAIVNG KoL TIOAVUEPATGES OTIWG UEAT TNG OLKOYEVELAS TNG POPUIVNG.

Ta widia ¢ aktivng, OTWG KAl oL UIKPOCGWANVIOKOL, €lval TTOAWHEVA
TOAVUEPY, TPAYHX TIOU ONUAIVEL OTL OL VUTOMOVASES TOUG Eelval SopKd
QOUUUETPEG OE pOPlaKO emimedo. Q¢ AMOTEAEOHA QUTNG NG  SOULKNG
aoVUUETPlaG, Ta TTOAVpEPT) SPOUV oAV GLENPOSPOULKES PAYES YL TIG KLVITHPLES
TPWTEIVEG Ol 0TOlEG KIVOUVTAL ETMIAEKTIKA TPOG pia katevBuvorn. T toug
ULKPOOWANVIOKOUG, KIVNTHPLEG TIPWTEIVES Elval Ol KIVEGIVES Kal oL SUVEIVEG, eV
yw Ta widla ¢ aktivig eival ol TpwTEVEG TNG HUOCivnG TAl{oVTAG ONUAVTIKO
POAO OTNV 0PYAVWOT TOU KUTTAPOOKEAETOU. To StakAadillopevo SikTLvo NG
aKT(VNG OV OLKOSOUEL TO TIPOTIOPEVOUEVO AKPO PAIVETUL VX CUVAPHOAOYELTAL
xwpilg T Ponbelx KNTNPLWV TPWTIEIVWY, EVW TO OUOTAATO GKPO TIOU
vToAelmeTal xpelaletal T SpacTikOTNTA TG Hvooivng. H puooivny Spa emiong
OoTa WiSla TOU OTPEG EMTPEMOVTIAG OTO KUTTHPO VO CUCTEAAETAL KOl VX

QVTATIOKP(VETAL 0TO EEWTEPLKO TIEPLBAALOV.

3.18. 0pyavwo1) TOL KUTTUPOOKEAETOV TG AKTIVNG.

To ovumloko  Arp2/3 (amoteAoVpEVO atmo EMTA  TPWTEIVES,
ovumepAapfavopévwy twv Arp2 kat Arp3) Seopedetal oTnv aktiviy Kal
TpoKaAel TN Snuovpyla véwv wiblwv aktiviig amd Tpovmapxovta widly,

Tapayovtag £€tol éva SIKTuo pe StakAadwoelg PeETaly Twv widlwvi4e, Aut) 1
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Stadwkacio  mpokoAeital  amd nucleation-promoting factors ot omolot
mpoodlopifouv Towo Ba elval TO TPOTOPEVOUEVO GKPO TOU KUTTAPOV,
ETLTPETOVTAG TN SNHLlovpYia VEOU TAEYHATOG WVISIWV PHOVO TIPOG TV KaTevBuvon
™G HEUPBPAvNG Tou ev A0Yw akpovl47. 148, Teppatiopd ¢ Stadikaociag autng
TPOKAAOUV ol capping proteins ol omoieg eumodilovv TNV mepeTAipw TPOcONKN
Hovopepwv aktivig49, Emavailapfavopeva otadla empunkuvong, StakAadwong
KAl TEPUATIOUOV 08MYyoUV oTn Snpovpyia SIKTUOV WIKPOUETPLKNG KAILOKAG ME
StakAadilopeva  widlia aktivng, Tta omola Tallouv ONUAVTIKO pOA0 OTNV
kwntikdmta. Katd v amo-ovvappoArdynon amodopeitar to Siktuvo kot ta
LLOVOLLEPT] TG AKTIVNG AVAKUKAMVOVTAL KAL ETTAVOYPTOLLOTIOLOVVTLLSO,

H yewpetpla kot 1 xwntikn] TG SEOUELONG KATOLWV TPWTEIVWV
emnpealovv ™ SoUN KAl TNV 0PYAV®WOT] TOU KUTTAPOOKEAETIKOU SIKTUOU TNG
aktivng. H fascin emidektikd otabepomolel TapdAinAes Séopeg widiwv, Y.
@euomodia, eattiag g akapPiog petadd twv ouvvdéoewv tng fascin pe v
aktivn. Avtifeta, n a-actinin, ™g omolag Ta onpela cVvEeceg pe TV aktivn
umopoVV va TEPLOTPEPOVTAL TLO €AgVBep, HMOPOLUV va oTABEPOTIOLOVV
opfoywvia mAéypata (OTwG autd Tov vmootnpilovv Tn pHeuPfpavn Twv
KUTTAPWV) 1 TAPAAANAEG SE0UEG. ZE qUTN TNV TEPITITWOT), 1] APYLTEKTOVIKY] TOV
Sikthov kabopiletal amd TNV KWNTIKN TNG aAAnAemiSpaocng. Av o puOuog
ATMOSECEVONG TWV TIPWTEIVWV AUTWV ATIO TNV akTivn elvat vPmAdg, Ta wisla
Snuovpyovv Séopes. Av o puBuog amodéopevong eival xaunAdg, ta widla
otafepomolovvtal o€ pla MO TuXala Kataotoonlsl,  Ymapyxouv  kal
KUTTAPOOKEAETIKEG BOUEG OL OTIOlEG eKTiVOVTAL TTEPA ATIO TIG SLKOTACELS EVOG
TUTILKOU KUTTAPOU, TEPLEXOLV VISl akTivng, Holalouv PE POTIOSLA, PTAVOUV
0€ UNKOG HEPIKWV MALUETPWY Kol €EUTNPETOVV TN ONUATOSOTNON METAEY
KUTTAPWV1ISZ,

[aporeg TS Slaopég otTig 810TNTEG Kol ota Siktva Ta omola
Snuovpyovv, Ta TTOAVUEPT] TOU KUTTAPOOKEAETOV aAANAETISpOoUV peTtad Toug. H
0pYAVWOT] KAl TO OPXLTEKTOVIKO OTMOTEAEOUN QUTWV TWV OAANAETIOPACEWV
mai{ouv KaBoploTIKO POAO OTN HETASOON KOl OVTATOKPLON OTIS UNYXOVIKES
miéoelgls3, AAMnAemSpAocel TwV  TOAUHEPWV  TOU  KUTTOPOOKEAETOU
TAPATNPOVVTAL OXL LOVO HETAED TOUG AAAX KOl UE AAAEG UTIOKUTTUPLKEG SOUES

EBIKA (LEOW TIPWTEIVWV IOV EVWVOLV VISl vOG TUTIOV e WiSla dAAov TUTIOV)
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N un (oTepKES Kal unxavikeg aAAnAemidpaocels). I'a mapdadetypa, 1 TPWTELVM
WHAMM aAAnAemipa Oxt pOvo pe Ta widla aktivng aAAd KAl UE TOUG
HIKPOOoWANVIoKOUG Katl TN pepfpdvnt>* kot n Racl GTPd&on evepyomoleitatl amo
™V EMUNKUVON TWV HKPOOWANVIOK®WV 1 oTolx TIPOKAAEl UE TN OEPA T™NG TN
Snuovpyla AapeAAmodiwviss, Avutiy n Swtapkng Staovvdeon Sivel 6To KUTTAPO
éva HEow aloBnone kal HETAS00NG TWV ECWTEPIKWV KAL EEWTEPIKWV UNYAVIKWDV

TIECEWV.

3.19. Rho GTPdoeg kat EK@pact) YyoviSiwv.

Ekto¢ amoé v emidpaon otov kuttapookeAetd ot Rho GTPdoeg puBuilouv
SLapopa oNUATOSOTIKA HOVOTIATIH T 0TIl 081 YOUV o€ aAAAy] 0TV EK@PAOT
yoviSiwv. SRE (serum response elements) éxouv Bpebel o€ TOAAOUG VTTOKLVI TEG,
ouuUTEPAAUBAVOUEVWY KOl QUTWV TwV YoViSiwv TwV OCUCTATIKWOV TOU
KUTTAPOOKEAETOU OTIWG 1 akTivn. AVo peTaypa@lKol TapAayovteg Spouvv oTa
SRE: (i) o TCF (ternary complex factor) puBui{opevog amd 10 HOVOTATL TWV
Ras/MAPK xou (ii) o SRF (serum response factor) o omoilog puBuifetol amo to
povotatt Twv Rho. O teAevtaiog amattel kat évav cuv-evepyomomtr), Tov MAL, o
omoio¢ petatomieTal amd TO KUTTAPOTAACUX GTOV TTUPNVA O ATIOKPLOT TNG
evepyomoinong twv Rho!%6, O MAL mpocdévetal ot povopepn G-aktivn Kal o
TOAVUEPIOUOG NG aKTivng odnyel oe petatomion tov MAL otov mupnva,
Selyvovtag €toL 6TL 0 MAL pmopel va eival évag aobntpag g pelwong Twv
EMMESWV TNG KUTTAPOTIAACUATIKNG HovopuepoLs aktivig. Ot Rho, Rac kat Cdc42
Svvartal va evepyomomoovy ta povomatia Twv JNK kat p38 MAPK, yeyovog to
omolo 8ev yevikeVeTAl Kol €EAPTATAL QMO TOV KUTTAPLKO TUTIO KoL TO
TePLBAAA0VIS7159, TovAayiotov téooeplg MAP xwvaoeg (MAPKKK) elvat aueoot
otoxol Twv Rho GTPaowv: ot MLK2, MLK3 kot MEKK4 aAAnAemiSpolv pe Tig
Rac/Cdc42, evwo n MEKK1 oaAAnAemidpd kor pe Rho kat pe Rac/Cdc42, oe
Stapopetikd onuela déopevongled-162, Or ovvdetikég (scaffold) mpwteiveg
Tai{ouv oNUAVTIKO pOA0 OTOV €AEYX0 TNG EVEPYOTIOINONG Kal NG e§eldikevong
TV povomatiwVv Twv MAP kivacwv. TouAdxlotov Tpelg TPWTEIVEG OTOXOL TWV
Rho GTPacwv, ot POSH, CNK kot MEKK1, Aetitouvpyolv w¢ tétolegle3. H POSH
aAAnAemidpa pe tig MLK2 /3 (MAPKKK), MKK4/7 (MAPKK) kot JNK (MAPK) kat
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amatteltal Kata v egaptwpevn amd Rac evepyomoinomn tov JNK povomatiot oe
vevpwves katd v éAAenmn NGF, evw 1 CNK aAAnAemidpa pe tig MLK2/3 kat
MKK7 xat amatteital kata v egaptwuevn and Rac evepyomoinon touv JNK
LOVOTIATIOU KATA TNV emidpaom opov oe kOTTapa HELA64 165 Or Rho, Rac kat
Cdc42 éxeL avagepbel 0tL evepyomoloVv Tov NFkB og amokplon kutokivwviee, e
Ti§ Rac xat Cdc42 va evepyomoloUv v €k@pacn ROS (reactive oxygen species)
KOl KUTOKIV®WV TIOU OXETICOVTAL PE PAEYHOVT], TTOU SUvaTal va glval kat ta 0o
evepyomomteg tov NFkB167-169. Ou Rho GTPdoeg emmpedlovv mAN00¢ AAAwV
npwteivwv (ITivakag 3). AAAeg epmAgkovtal 0ToV HETABOALOUO TwV ATSiwvl70

KAl GAAEG GTNV avaSLlopYAV®WOT) TOU KUTTAPOOKEAETOV TNG aKTivnGl7L,

Enzymatic activity | Effector protein GTPase References
Lipid metabolism | PI4P 5-kinase Rho, Rac 172
PI-3-kinase Rac, Cdc42 173
DAG kinase Rho, Rac 174
PLD Rho, Rac, Cdc42 175
PLC Rac, Cdc42 176
ROS generation NADPH oxidases Rac 177

Mivakag 3. Ald@opeg TpwTEiveG oL omoieg pvBuifovral ané Rho GTPaoeg. IInyr mivaka:
Jaffe, A.B. & Hall, A. Rho GTPases: biochemistry and biology. Annu Rev Cell Dev Biol 21, 247-269
(2005)178,

3.20. Rho GTP&oeg Kat KUTTAPLKOG KUKAOG.

0 KUTTOPIKOG KUKAOG GTOVUG EVKAPUWTEG ATOTEAEITAL ATIO TN PAON S, KATA TNV
omola yivetat n avtiypagn tov DNA, amd ™ @aon M katd v omoia o TTupnvag
Kal To KUTTapo Slapovvtal kat amd ¢ evdildueoes @aocels Gi kat Gz. Ot Rho
GTAdaoeg emnpedalovv TNV €VEPYOTO(NON TWV KLVOOWV TIOU EEXPTWVTAL ATIO
KUKA(VEG Katd TV G1 @AOCT) KAl TNV 0PYAVWOT TWV UKPOCWANVIOKWY Kol TOV

KUTTAPOOKEAETOV TNG aKTIVNG KaTd TV don M (Ewova 5).
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Ewodva 5. Rho GTPdoeg kot kuttapikog kOkAog. Ot Rho GTPdoeg eAéyyxouv Siag@opa otdSia
Twv @doewv M kat Gi émov @aivovtal Kot Ta oNUATOSOTIKA HOVOTIATIO TIOU EUTAEKOVTAL
[Ipdowo: pKpoowAnviokol, KOKKIVO: akTivr, UTAe: xpwpoowpata. [nyn exovag: Jaffe, A.B. &

Hall, A. Rho GTPases: biochemistry and biology. Annu Rev Cell Dev Biol 21, 247-269 (2005)178,

AvaotoAn] Twv Rho, Rac kat Cdc42 avacTéAAEL TOV KUTTAPIKO KUKAO
otn @aon G1 o€ pla TMANBWPA KLTTAPWV BNAACTIKWY, AAAQ 0 UNXAVIOUOG [LE TOV
0TI0(0 TIPAYUATOTIOLELTAL EEAPTATAL ATIO TOV KUTTAPLKO TUTOL7% 180, H mrpdodog
™G @dong Gi eAgyxetatl amd SV0 TUTOVG KIVACWVY EEAPTWUEVEG ATIO KUKAIVEG
(Cdks), tig¢ Cdk4/Cdk6 kat Cdk2, ot omoleg evepyomoloVvtal amd TG KUKAiveg D

kat E avtiotoya, kat avaotéAdovtat amo tig INK4A kau Cip/Kip. Avtol ot
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EVEPYOTIONTES KAL AVAGTOAE(G TNG TTPoOS0ov NG dong Gi EAEyYOVTaL LLE TN OEPA
TOUG ATIO AUENTIKOUG TIHPAYOVTEG KAL TTPWTEIVES TNG EEWKVTTAPLKNG U TPAS.

Ta emimeda petaypa@ns g kKukAivng D emnpealovtal amd T Spdon
QUENTIKWV TApayovVTwy pécw touv Ras/Erk povormatiov!sl, Mo ovykekpluéva,
avuénon petaypa@ns TG KukAivig D1 éxel avagepbel 0TI ovuPaivel katd v
eXTOTIKY €k@pacn Rac kat Cdc42 kal o€ pia TOVAG)LOTOV TIEPITITWOT pecoAafel
o NFkB182 183 3¢ NIH3T3 wofAdactes n Rho elvat amapaitnt yla v ék@paon
™G KUKAIvNG D 1 ool TaAL e€aptatal amd tnv Racld4, Ze aqutnv v mepimtwon
N Rho xata tn Sldpkela ToL KUTTAPIKOU KUKAOU Spa OTE VA AVAOTEAAEL TN
Sdpdom ™¢ Rac kat va tpowBet v Stapkn evepyomoinom g Erk, yeyovota ta
oTola elval au@OTEPA ATAPALTNTA YA TO CWOTO XPOVIKO EAEYXO TNG EKQPACTG
™G KUKAlvnG D. XN Swapkn evepyomoimon g Erk gpumiékovtar ot ROCK kot
LIMK xaBwg emiong kat 1 dnuovpyla widlwv Tou 0TPES, EVM 1) KATAGTOAT TNG
Rac eivat ave§dptntn TG aktivngl®s, Xe evbobnAlaka kOTTApPA 1) EvEPYyOTIOinON
WTeEYKPIVG elval amapaltntn ywx tnv evepyomoinon touv Rac povomatiol To
oTolo eAEyXEL TNV HETAPPACT TNG KUKAIVNG D1186, 'Oc0ov a@opd TV €k@paom NG
KUKAIVG E autn éxel avapepBel 6TL evepyomoteital amd v Cdcd2 péow ng
Kwvaong p70 S6 katd to TéAog TG @aons G1187 kot elval aveEaptn amd v
evepyotnta g Rholss,

Ot Rho GTPdoeg pubuifouv emiong ta emMIMESA TWV AVAGTOAEWVY TNG
Cdk2, p21cirl ko p27%irl, 'Exel ava@epbel 0tL evepyomoinomn tng Ras mpowBOel tnv
OLYKEVTpwOT VYNMAwv emmédwv p219rl mpdypa to omolo e§aocBevel amod ™
Sdpdom ¢ Rho eite péow avaotoAng g petaypa@ng tg p21crleite mbavov
amd amolkodounon clss 189, ¥e (voPAAOTEG KAl KAPKIVIKA KUTTOPA TIAXEWG
EVTEPOV, TO amotédeopa autd eivatr avetaptnto ™¢ ROCK, evw oe dAAoug
KUTTAPLIKOUG TUTOVS @aivetal mws 11 ROCK epmAéketarl®0 191, H pOBuion g
p27kirl qamdé T Rho elval peta-petaypa@ikn, TopOAd aUTA UTIAPYOLV
Tapadelypata ot oOTolo PAIVETAL VA TIPAYUATOTIOLEITAL LECW ATIOKOSOUNONG 1)
HeThppaonclo2 193,

Kamoleg amo tig emidpdoelg twv Rho otn mpododo g @aong Gi
@AIVETAL VO AVTAVOKAOUV TO GNUAVTIKO POAO TNG ONUATOSOTNONG oV EapTaTal

atmd TV TPOG@LON Kol EMNPEAOVV TOV KUTTAPLIKO TToAAaTAacLlacpud. H éAdenym
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TPOoELONG elval Eva aTO TA XAPAKTNPLOTIKA TOU KAPKIVOU TIPAyUA TO OTolo
Selyvel TV mMOAVY] ONUAVTIKOTNTA TNG AmopVOULONG TWV HovoTaTtiwy Twv Rho

GTPaocwv otnVv mpoodo Tov kapkivoulos,

3.21. Rho GTP&oeg katd T pitwon.

To cOumAeypa TG akTvopvoaoivng vmod Tov éAeyxo ths ROCK éxel avagepbel otL
EUTAEKETAL OTNV TOTOBETNOT TWV KEVIPOOSWUATWVI?, eV 0L PIKPOGWANVIoKOL
éxel SeyBel otTL emmpedlovv Ti¢ Rho GTPdoeg pe mBavy TOTIKY avacTOAN TNG
Rho kot kat’ eméktaon ¢ cvotaAtotntagloe. Eto C. elegans ot Parl-6 kat aPKC
(atypical protein kinase C) eival amapaitnTteg yioao TV aoVUUPETPN SLXOTOUNOT)
Tov Quywt. O (8leg MPWTEIvEG elval AOVUUETPA KATAVEUUEVEG UE TIG
Par6/aPKC/Par3 oto mpocOio akpo kat tig Parl/Par2 oto omicBo dxpo,
kaBopilovtag £tol T B€om NG ATPAKTOU WOTE va MPokUYPouv SV0 AVIGOU
ueyébovg Buyatpika kOTTapa. H Par6é eival otoxog g Cdcd2 (n omola sival
amopalt) ywo TNV aoVppeTpn diyotounont??) mpokaAwvtag oAiaynq ot
Stapdpewon ¢ kat evepyomolwvtag tnv aPKC198-200, Tédog, 6to oUUTAOKO TOV
KlvnTtoxwpov ovumepAauBavetar kot 11 mDia3. AvaotoAn tng Cdc42 0
QTMOCLWTN O TNG TPOKAAOUV AVAGTOAN TOU KUTTAPLKOU KUKAOU Kol KATOLX

XPWUOCOHUATH SEV TIPOGSEVOVTAL CWOTA GTOVG UIKPOOWANVIoKovG20L,

3.22. Rho GTP&oeg Katd THV KUTOKiVNOM).

H xvuttapwkn Swaipeon oapyilel 0TO TEAOG TOU WMITWTIKOU KUKAOL HEOW TNG
oUVAPUOAGYNONG TOU oVOTAATOU SakTuAlov 0 omolog amoteAeital amd widix
aktivng kat pvooivng II. H Rho mailel onuavtikd poéAo otn Aettovpyia Tov
ovoTaATov Saktuiiov kat evromiletal pali pe tig ROCK, Citron kinase kot mDia
KATA pNKoG Tou SakTtuAiovz0Z, H pvooivn evepyomoleital péow g
EWOEOPVAIWOTNG NG EAAPPLAS TS aAvoidag otig Thrl8 kat Serl9, yeyovog to
omoio 0dnyel ot cLOTOAN TOL SakTuAiov203.204 H Citron @wo@OPLALWVEL AlECA
™ MLC o€ auta ta Vo kataAeimazs, AvactoAn tng Citron aAAa oxt tng ROCK,
OTOUATAEL TNV KuTokivnon ota Hela, evw, e GAA0ovG KUTTOPLKOUG TUTIOUG N
ROCK eivat emiong onuavtikn pe ta knock out yia tnv Citron movtikia va givat

Blwopa206-208, O S0 aVTES KIvaoeg ival TBavo va ai{ouv SLla@opeTikd Kat/m
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€V UEPN OULUTANPWUATIKO poAo. EEwyevic éx@paon tng Citron pmopel va
avtikatactioel T ROCK katd v ocuvappoAdynomn twv widiwv touv otpeg2os,
Eival, télog, evliagépov 1o yeyovog otL ot vmevBuves GEF (Ect2) kot GAP
(MgcRacGAP) ywx ™) pvbuion twv Rho kata tn Sidpkela g kutokivnong209-211
elvat (LEG e AQUTEG OV EAEYYXOUV TIG TIPOGSETCELS OTOV KIVNTOXWPO UHECW TNG

Cdc42 xatd ) pitwon?i2,

3.23. Rho GTPAac£g kKoL LOP@POYEVEDT] - KUTTAPLKT AAANAETiSpaon).

H aA\nAeniSpaon petadd ouumAOKwV TwV  OUVVOEOUWV  TIPOGEPUONG
SLPOPETIKWV KUTTAPWV KAL O TAUTOXPOVOG KABOPLOPOG TNG TOAKOTNTOG
KaBopillovv TV HOPPOYEVEDT] G€ TTOAAOUG KUTTAPLKOUG TUTIOUG. XTA EMONALAKA
kUTTapa ot E-cadherins, pédog ™G olkoyévelag Twv aoBeCTLO-EEAPTWUEVWY
SLAUEUBPAVIKWOV TIPWTEIVWY, CUUUETEXOVV OTNV AAANAETISpaon opoilov TUTIOV
KUTTAPWV UETAEY TOUG UECW TNG OTPATOAGYNOTG EVOOKUTTAPLKWV TPWTEIVWV
(6mwg oL a- kal B-catenin) KoL TOU KUTTAPOOKEAETOU TG aktivng. Kabe pia amo
Tig Rho, Rac kat Cdc42 sumAékovtal oTn OUVAPUOAOYNON TWV GUVEECUWYV
TpdoPUoNG.

H aAAnAeniSpaon twv ocuvdéopuwyv mpoc@uong Hetadl dU0 KUTTAPWY
@aivetal Twg odnyel otV TomKY SNUovpyia @oTodiwv Kat/1 AapeAAToSiwy
Ta omolar 08Mnyovv oTnV O0AOKANPWUEVT] GUVEESTN OMOIOV TUTIOU YELTOVIKWYV
KUTTAPpWV HETAED TOUG213-215, H Snuovpyla TOTK®WV TPOEKBOA®Y pmopel va
opeldetal omv apxkn aAAnAemiSpaon petady twv cadherin oL omoieg
evepyomolovv TNV Rac kat (owg kat tmv Cdc42, oL omoleg pe TN oEPA TOUG
Snuovpyovv pia Betikn avatpo@odotnon s Swadikaciag?le, Qotdco, pia
evaAdakTIk) TOavotnta elvat auty Twv nectins. Elvat SwapepfBpavikég
TPpwTEiveg avefaptnTtes acfeotiov oL omoieg Snuovpyolv Sla- Kol €TEPO-
HOPLAKEG XAANAETILOPACELS YEYOVOS TIOAVWG ATIAPALTITO YLt VO KOAOVOTOEL 1)
aAAnAemiSpaon PETAEY TWV GUUTAOKWV TWV CLVSECUWV TIPOCPLOTG2L7. 218, QL
aAAnAemidpaocels petadd Twv nectins evepyomolovv Tig Cdc42 kat Rac, yeyovog
To omolo Suvatal va mpokaAéoel TNV Snulovpyia TPoeKPoOAwVY oL 0ToileG 0T

OLVEXELX VA SLEVKOAVUVOLYV T1) oUvdeon péow cadherins219,
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3.24. Rho GTP&o£C KAl KUTTAPLKTY) HETAVHOTEVOT).

0 TOAVUEPLOUAG TNG AKTIVIG KL 1] EMUNKLUVOT TwV WISIwV 610 TPOcOL0 dKpo
KQL 1] GUGTOAN TWV WISIWV TNG AKTIVOUVOGIVNG 6TO 0TIiGO10 AKPO EVOG KUTTAPOL
elvat ot PBacikOTeEPeG SUVAUELS TIOU EUTAEKOVTOL OTNV HETAVACTELON TWV
KUTTAPWV oTa OnAactikd. Ot V0 auTéG SUVANELS UTTOPEL VA EP@avioToVV Tuxaia
0€ KATOL0 KUTTAPO HIXG KOAALEPYELAG, YEYOVOG TO OTOlo €lval cUVTONO Kal
odnyel oe TLVEAY petavactevon. In vivo, N KUTTAPLKY] HETAVACTELON Elval
KATEVOLVOUEVT] KAl EEWKVTTAPLKOL TIAPAYOVTEG TTOAWVOUV TOV TIOAVUEPLOUO TNG
aktivng avaloya pe To Tapamavw epéBiopa. KatevBuvouevn kat otabepn
HETAVACTEVON arattel EMTPOOOETES KUTTOPLKEG aA QY€
OLVUTIEPAAUBAVOUEVWY TIOAWOT] TOU KUTTAPOOKEAETOU TWV HKPOOWANVIOKWY

KL TWV EKKPLTIKWOV LOVOTIATLWV220,

3.25. Rho GTP&oeg kat kivnon.

H Rac Spwvtag péow twv WAVE kat Arp2/3, elval amapaitntn ywa Tov
TOAVUEPIOUO TNG OKTIVING OTO TPOTOPEVOUEVO GKPO TWV KUTTAPWV OE
HETAVAOTEVON WOHWVTAG £TOL TNV UEUBPAvVN TPog autn TV KatevBuvor. ZTo
TPOTIOPEVOEVO Akpo evtomiletal 1 evepyn GTP-Rac. Kata ™ xnuelotadia ota
oV8eTEPOPA QUTY) T €vepyoToinon Tapapével otabepr] pHEow OETIKNG
avatpo@odotnong twv PI3-K kat touv mapdywyoy 1tng PIP3221-223, ¥e
Dictyostelium kol o0uLSeTEPOPAX aUT] T ovykévipwon TG PIP3 oto
TIPOTIOPEVOLLEVO AKPO EVIOXVETAL ATIO TOV TIAAYL0 Kot oTtioBlo, 6oV agopa tnv
ToToAoylot TOU KUTTAPOU O€ peTavAotevon, evtomiopd tg PTEN Aumidukng

PWOoEATAOTN G224 225,

H Rho Spa oto omicBlo Aakpo €VOG KUTTAPOU O HETAVACTELOM
TAPEXOVTAG SUVANELS GUOTOANG HECW TNG PWO@POPVAIwonG g MLC amd 1
ROCK wbBwvtag pe autov 1o TpOTOo To KUTTUPO TP Ta euttpog3’. H ROCK €xel
ava@epBel OTL avaoTEAAEL TNV aveTBOUN TN SNHLoVPpYiX TAEVPIKWVY TIPOEKBOAWY
moOavov pEow TOU  TEPLOPLOMOV  SNUOVPYIRG OCUUTAOKWVY TIPpOcSeon§
wTeykpivngZ26, Qotdoo, €xel avagepBbel O0TL avactoA] ™ ROCK emdayel
KUTTAPLKY peETavaotevon??’. Emmpoofétwe, 1 Smurfl, E3 Atydon ovfikutivng,

EVTOTIL(ETAL 0TO TPOGOL0 AKPO KUTTAPWYV OE HETAVAGTEVOT) 135,
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[Tlo MPOoEPATEG UEAETEG UETAVACTEVLONG KAPKIVIKOV KUTTAPWV OF
UNTPES TPLWV SLKOTACEWY ATOKAAVPAV EKTIANKTIKEG SLAPOPEG ATO AUTEG OE
TATAH KaAALEPYElnG SV0 SlaoTdoewv, YEYOvOg To oToilo Svvatal va €xel
ONUAVTIKEG  ETUMTWOEL 0T HeTAoTaon. Kamowx kapkwika kOTTOpQ
Snuovpyovv TpoekPoAEG oTo TTPOGOL0 AKPo OTWG elval AVUUEVOUEVO OAAL O€
@aivetal va elvatl amapaitt oVvte 1 Rho oUte 1 ROCK?228, [TiBavov va vapyel
€vag  SLaPOPETIKOG  UNXOVIOHOG O OTOol0G TPOKAAElL TN OUCTOAN TNG
akTwopvooivng oto omicOlo dkpo. AmO v AGAAN, plax Sevtepn Katnyopla
KAPKIWIK®WV KUTTApwV Snuovpyel kvoteg pe Tt Rho xat ROCK va eivat

amapaitnteg. H Rac elvat amapaitn kot 6Tig 500 AQUTEG TTEPLITTWOELGE2S,

Ot unxaviopol pe Toug omoloug eEwtepika epediopata katevBLVoOLV ™
Rac kat v evepyomoinon ¢ Arp2/3 oto TPOcHlo AKPO Kol KAT EMEKTAON
kaBopilouv Vv katevBuvon NG pETAVAOTELONG Oev  elval  TANPWS
XAPAKTNPLOUEVOL, 0AAG 0€ KATIOLEG TEPLTTWOELS EPMAEKeTAL 1] Cdc42. Ot TpwTES
evdelgelg 0tL M Cdcd2 ouvdéel Ta eEWKVTTAPIKA gpeBlopaTa [LE TNV KUTTAPLKN
TOAKOTNTA TipoNABe amd peAéteg oVleving UUNG o€ ATOKPLOT PEPOLOVAYV,
Yeyovog To omoio emPBefaiwbnke apydtepa kal o {wK& KOTTAPQA
XPNOLUOTIOLWVTAS EITE TNV TTHPATNPNOT KIVNONG HELOVWUEVWV KUTTAPWY TIPOG
éval  XMUELOTOKTIKO TapAyovTta ouiavopuevnG KAlpakag, eite v  kivnon
O0AOKANPWV KUTTAPIKWVY UETWTWV 0 SOKIHAGIEG EMOVAWONG TPAVUATOGZ27 229,
230, T mapadetypa, 1 Cdc42 eival amapaim ywx v KatevBuvouevn
UETAVAOTEVON HOKPOQAYWV TPOG TOV XMNUELOTAKTIKO Ttapdayovta M-CSF1, otav
OUWG avaoTEAAETAL 1] SpAcn TNG, Ta KUTTapa eEakoAovBoUV va KIvoUvTal 0AAK
oe Tuxala katevBuvon?2?. AvaotoAn ¢ Rac ota (Sia kOTTOpa avaoTéAAel
TAN PWG TN HETAVAOTEVOT). Opoiwg, 1 Cdc42 elvat amapaltn yLo ToV TTEPLOPLOUO
TOU TOAVHEPLOHOV NG aKTivg Tov eEaptdtal amd tn Rac oto mpocOlo dxpo
wofBAacTtwv oL oTolol MHETAVHOTEVOUV O0€ SoKlpHaoia TPAUPATOG  ULAG
novootiadag kuttdpwvz3l, Tomikd, n Cdcd2 @aivetal va evepyoToleltal omo
efwteplka gpebiopata (XMNUELOTAKTIKOUG TAPAYOVTEG 1) ATIWAEL TNG ETAPNG
KUTTAPWV) KOl 0TI CUVEXELX VA EVEPYOTIOLEL €val LOVOTIATL TO oTolo KaBopilet
Tov &vTomilopd NG evepyns Rac. Lta oudetepd@lla TpoTeivetal OTL GTOV

TAPATIAV®W UNYXAVIOUO EUTIAEKETAL O EVTOTIONOG TG a-PIX, SnAadn &vog
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e€edkevpevou GEF ya ™ Rac kat g PAK 1 omola Spa wg ouvSeTIKOG Kpikog
TAPA WG KLVAOT) 224,

H xoatevBuvopevn petavaoTtevon eumAEKEL KAl TNV TOAWGCY TOV
KUTTOPOOKEAETOU TWV HUIKPOCWANVIOKWV HECW TOU TPOCAVATOAGHOU TOU
KEVTPOOWUATOG SIMAa otov Tupnva avtikpilovtag v katevBuvorn Tng
uetavaotevone. H Cdc42 puBuilel Tnv KUTTAPLKT TIOAIKOTNTO XPNOLUOTIOLOVTAS
UNXOAVIOUOUG TIOU EUTEPLEXOVUV KOLWVA UOVOTIATIA UE QUTA TNG TOAWONG TWV

KUTTAPWYV KATA T1 LOPPOYEVEST] KL TNV ACUUUETPT KUTTAPLKN Staipeon.
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4. ¥T0Y0¢ TNC AlaTpLB1¢
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[Ipéoata €xel mapovolaobel éva paydala auiavouevo evola@EPOV Yl TOUG
UNXAVIOUOUG PUOULOTG TOU KUTTOPOOKEAETOU TNG AKTIVIG KAl TOV POAO TwV
ukpwv GTPaocwv ¢ owoyévelag Rho otnv petaywyn Tou onuatog amo Tov
TGF-B. Avtifeta, Atydtepa eival yvwotd ylax Ty enidpaon twv peAwv BMP mpog
TOV KUTTAPOOKEAETO TNG AKTIVIG OTIWG KAL YLt TOV POAO TwV TPwTeivwv Rho o1
onuatodotnomn anoé BMP. To yeyovog auto épxetal o€ avtiBeomn pe TO YEYOVOS OTL
o TGF-f kat ot BMP avikouv otnv (Sl UTEP-OLKOYEVELX EEWKUTTAPIKWV
HLOPQOYEVETIKWOV TAPAYOVTWY, KAl €MTAEOV ONUATOS0TOUV  TAPOUOLES
EVOOKUTTAPLEG 080UG OTIG OTIOIEG CUUUETEXOVV SLAKPLTA HEAN TNG OLKOYEVELNG
Smad OTwWG ava@EépONKE TPONYOUUEVWG. ZUYKEKPLUEVA, oL pepPpavikol
vmodoxeic Tov TGF-B evepyomolov Tig Smad2 kat Smad3, evw ot vTTOSoYEIS TWV
BMP evepyomotovv Tig¢ Smad1, Smad5 kot Smad8.

0 puéxpL omuepa yvwotog poiog Ttouv BMP ot pUBuiomn  tovu
KUTTOPOOKEAETOU NG OKTIvNG elval  €UUECOG KAl  ATOCTIACUATIKOG.
Tuykekpuéva, katd tn onpatodotnon tov BMP 1 RhoA é€xel SeyyBel otL
EUMAEKETAL OTNV PUOULON TNG KUTTAPLKNG TIPOCGPUOTG KAl 0TV Snuovpyla Twv
Kpaviakwv Souwv tov Xenopus in vivo 232, In vitro, o€ KUTTAPIK& HOVTEAQ, O
BMP-2 Seixbnke OTL emayel opyAvwon WiISIwV TOU OTPES 0€ KAPKIVIKA KOTTAPA
Tov mvevpova A549, éva @ALVOUEVO TIOU OUCYETIOONKE HE TNV ETAYWYN
KATAOTOANG TNG KUTTOPIKNG avénong amd tov BMP-2233, Mia oelpa
OUOTNHATIK®OV oVAAVGEWVY YOVISLAKNG €K@pacns péow texVikwv RT-PCR kat
ULKPOOUOTOLYLWV OE VEVPOETIONALAKA KUTTAPQA, KUTTApA Aglov HUOG TOU
QYYELOTIO TIKOU GUOTUATOG KL XOVEpoKUTTAPQ, £S5V OTL ONUAVTIKA YoViSla
IOV KWSIKOTIOLOVV PUOULOTIKEG TIPWTEIVEG TOU KUTTAPOOKEAETOU AKTIVNG KL TO
yovidio ¢ RhoB puBuifovtatl amd péAn twv BMP234-236, O @uoloAoyikog poAog
TOV YOVISLKOU QUTOU EAEYXOV TIApaAPEVEL avesepevvnTog, Le eéaipeon v RhoB,
1 oTolat CLUVELCPEPEL oTNV egapTwievn and BMP amo@Aoiwon kat petakivnon
VEUPOETIONALKWV KUTTAPWV ATO TOV VEUPLKO CwANvVA KAt TtV eufpuikn
avamtuin?3s. EmmAgov, €xet Bpebel 6tL o vmodoxéag tumov Il twv BMP
aAAnAemidpa dpeoa pe v LIMK1 pe amotédeopa v amevepyomoinon teg237.
Evepyotmoinomn tov vodoxéa amd BMP-4 a@’ evog emayel @wo@OpLAIwoT TwV
Smad, a@’ etépov ameAevBepwvel v LIMK1 wote va emayel pvOuion ng

KO@WAIVNG Kal TEAKA TNG 0PYAVWONG TOU KUTTAPOOKEAETOU TNG AKTIVIG. ZTOV
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UNXOAVIOUO aUTO 1) EUTAOKT TwV Rho MpwTeivwv Tapapével Ayvwaotn, 0w Kol
QYVOELTAL oV 0 UNXAVIOUOS auTOG e€nyel KATOW O TA EAGXLOTA YVWOTA
Tapadelypata @uoloAoykng pvBuong g aktivng amd BMP. Ilpdéceata, €xel
SeyBel evepyomoinon twv Racl, Cdc42 kat Rho GTPacwv ané BMP-4 1 omola
TOavOV elval vTTeELOLYN Y TNV AVENUEVT TTPOGELOT, KLV TIKOTNTA KAl ELG0AY)

KAPKIVIKOV KUTTAPWV woO1KN G238,

MeAéteg €xouv Oeiel O0TL oe emBnAlakd KOTTAPA UACTOU TA OTOlX
v@lotavtal embnAlo-peceyyvpatikny eEaddayn oe amokplon mpog tov TGF-f
aAAa Oxt mpog Tov BMP-7, kat ot 800 mapayovrteg emayouvv Taxela
avaSlopyYavwon TOU KUTTAPOOKEAETOU aKTivng23? 240, H mapatipnon avt
ovoxetiletal emiong kat pe TV kavotnta tov TGF-B, aAAa 6xt twv BMP va
EMAYOVV KATAOTOAN TNG EMONALAKNG KUTTAPLKNG avénone. Katd cuvémela eival
ONUAVTIKO VA avaALBEl HE CUCTNUATIKO TPOTIO 0 POAOG Twv BMP atnv pvbuion
™G Aettovpylag G aktivig Kot tou mBavoy poAov Touv MAI{OUV Ol WIKPES

GTPd&oeg g okoyévelag Rho.

Me Baon ta Tapandvew ota TAaiola ¢ mapovoag Statplfns Ba avaivbel
0 HUNXQVIOHOG TOoU oLVOEeL T Opdorm Ttou BMP pe Tov KUTTAPOOKEAETO TNG
aktivng. ‘Etol, Ba efetacbolv  popia mouv mOavov  eumAékovTal  oTN
onuatodotnon tov BMP 6mtwg Smad, MAP kwvaoeg, Rho GTPdoeg, kivaoeg kat
UTIOOTPWUATA TIOV EUTIAEKOVTAL OTNV AVASIOPYAVWOT] TOU KUTTAPOOKEAETOU TG
aktivng, omwg ta {evyn LIM xkwaon - ko@udivny, ROCK/MLC xwéon - MLC.
EmumAéov, Ba OiepeuvnBel o poOAOG KATOWWV OPVNTIKWV PUOULOTWV TNG
onpatodotnong tov TGF-B 0TwG 0 avacTOAENG TOU KUTTAPLKOU kUKAoL p21 n
KUTTAPOTAQGUATIKY] HOPPY] TOV oTtolov avaoTéAAel aueoca tnv ROCK24L 242 ko
odnyel otV apvntikn pvduion s 0600 RhoA/ROCK/LIMK/ko@Aivny/aktivny243
kat 1 Atyaon E3 ¢ ovBikutivng, Smurfl, nf omola puBuilel v mpwtedALOT TWV
RhoA135, Smad kat twv vmodoxéwv twv TGF-B kat BMP244 245, T yoviSia autwv
TWV TPWTEIVWV ExeL SelxOel OTL EMAYOVTAL LETAYPAPIKA AUECA ATIO TNV 000 TWV
Smad, o€ amokplon emONAlaKwV KUTTApwV T0c0 o€ TGF-B 660 kot oe BMP.
Baowkol otoxol ™¢ Swxtpiffnig elvat 1 oLOTNUATIKY ovAAvoTM TNG
(PUGLOAOYIKNG PUOULONG TOV KUTTAPOOKEAETOU TNG AKTIVNG KL TNG AELTOVPYiaG

™G oNUAToS0TIKNG 080V TwV piKpwv GTPacwv Rho amé BMP, o xapaktnplopog
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VEWV popiwv 1/xat 08wv onuatodotnong tov BMP mpog pBuion g Suvapikng
0pYAVWOTG TOU KUTTAPOOKEAETOU TNG aKTivNnG Kol 1 Ttbavr) emidpaon twv Rho
GTPaocwv, ™ ROCK kwvaong, kaBws Kol Twv vEwv popilwv mTouv mbavov va
TPOKVYPOUV O (PUOLOAOYIKEG KUTTAPLKEG AELTOVPYIEG OTIWG 1) AvaASLOPYAVWOT)

TOU KUTTAPOOKEAETOU TNG AKTIVNG KL 1) LETAVACTEVOT).
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5. YAuka kot M€0odot
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5.1. Kdttapa

Swiss3T3 (American Type Culture Collection, Manassas, VA, USA)
NIH3T3 (American Type Culture Collection, Manassas, VA, USA)
HaCaT (American Type Culture Collection, Manassas, VA, USA)
MCF7 (American Type Culture Collection, Manassas, VA, USA)

MEF (Evyevikn mpoo@opa touv Dr. R. Heuchel, Ludwig Institute for Cancer
Research Uppsala, Sweden.)

DU145 (American Type Culture Collection, Manassas, VA, USA)

MCF 10A wild type (Evyevikn mpoo@opd tov Dr. A. Movotaka, Ludwig Institute
for Cancer Research, Biomedical Center, SE-751 24 Uppsala, Sweden.)

MCF 10A p21-/- (Evyevikn mpoo@opd tou Dr. A. Movotdaka, Ludwig Institute for
Cancer Research, Biomedical Center, SE-751 24 Uppsala, Sweden.)

5.2. AvENTIKOL THPAYOVTEG

Bone Morphogenetic Protein: Recombinant Human BMP-7 (R&D SYSTEMS #354-
BP). TeAwr) ovykévtpwon: 30ng/mL

Transforming Growth Factor: Recombinant Human TGF-f1 (R&D SYSTEMS
#240-B). TeAwn ovykévtpwon: 5Sng/mL

5.3. Avticopata

5.3.1. [IpwTOYEVH] QVTIOWUATA AVOCOXTIOTUTIWONG

Mouse Anti-Actin: 1:1000 (Millipore #MAB1501)

Rabbit Anti-Phospho-Smad1: 1:1000 (Homemade LICR)

Rabbit Anti-Smad1: 1:1000 (Epitomics #1649-1)

Rabbit Anti-Smurf1 1:500/5% milk (Santa Cruz #sc-25510)

Mouse Anti-a-Tubulin 1:1000 (Santa Cruz #sc-8035)

Rabbit Anti-Phospho-p38 MAPK: 1:1000/5% BSA (Cell Signaling #4511)
Rabbit Anti-p38 MAPK: 1:1000/5% BSA (Cell Signaling #9212)

Rabbit Anti-p44/42 MAPK (Erk1/2): 1:2000 (Cell Signaling #9102)

71



Rabbit Anti-Phospho-p44/p42 MAPK (Erk1/2): 1:2000 (Cell Signaling #9101)

Rabbit Anti-Phospho-Myosin Light Chain 2: 1:1000/5% BSA (Cell Signaling
#3671)

Mouse Anti-Myosin (Light Chains): 1:200 (Sigma #M4401)
Mouse Anti-RhoA: 1:100 (Santa Cruz #sc-418)

Rabbit Anti-RhoB: 1:100/3% milk (Santa Cruz #sc-180)
Mouse Anti-Cdc42: 1:100 (Santa Cruz #sc-8401)

5.3.2. ASUTEPOYEVN QVTLOWUATA AVOOOXTIOTUTIWONC

Anti-Mouse: 1:10.000 (Millipore AP124P)
Anti-Rabbit: 1:40.000/3% milk (Millipore AP132P)

5.3.3. Avtioouata avooco@8oplopon

Mouse Anti-Vinculin: 1:500 (Sigma #4505)

FITC-conjugated rabbit anti-mouse IgG: 1:200 (Chemicon)

5.4. AvtiSpaoctiplax auecov @0opLopnov
PoSapivn - ®aAroidivn: 1:100 (Invitrogen #R415)
DAPI: ProLong® Gold AntiFade Reagent with DAPI (Invitrogen)

5.5. AvaoTtoAeig

ROCK (Rho Associated Kinase) avaotoAéag: Y-27632 dihydrochloride
monohydrate (Sigma #Y0503). TeAikn ovykévipwon: 10uM

MLCK (Myosin Light Chain Kinase) avactoAéag: ML-7 (Sigma [12764). TeAwkn
OVYKEVTpwOT: S5SuM
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5.6. RT-PCR kKl TEG

OL ekknTég ya v avtiotpoen petaypa@n twv RhoA, RhoB kat GAPDH
uetaypd@wv (Microchemistry lab, IMBB, FORTH) ftav pia gvyevikr tpoo@opa
Tov gpyactnpiov Boynueiag tov kadnynt Kapdaon Anunten (Mivakag 4).

Exkwntig AAAndovyia
mRhoA sense 5" CCAGACTAGATGTAGTATTTTTTG 3’
mRhoA antisense 5" GAGCCAGACCCTGCAGTCCAG 3’
mRhoB sense 5" CCCACCGTCTTCGAGAACTA 3’
mRhoB antisense 5 CTTCCTTGGTCTTGGCAGAG 3’
GAPDH forward 5" ACCACAGTCCATGCCATCAC 3’
GAPDH reverse 5" TCCACCACCCTGTTGCTGTA 3’

Mivakag 4. EKKLVNTEG TTOU XP1CLULOTO0NKAV YA TV QVTICTPO@N LETAYPAPT).

5.7.siRNAs

siMLC: (Eurofins Mwg Operon): 5-GAGAAGGGCAGGAGCGGAA-3' (sense strand)
0L Baoelg avtég avtiotolyovv otig Baoelg 114 pe 133 tou MLC mRNA puog
(accession number XM_914902), petpwvtag ws Baon 1 mv A amd 1o KwSkovLo
évapéne AGT.

siSmurfl: (Dharmavon RNA Technologies): 5'-GCACUAUGAUCUAUAUGUUUU-3’,
GGAGGAGACCUGCGGGUUUUU-3', 5-GAUCGACAUUCCACCAUAUUU-3" kot 5'-
AAGAAUACGUCCGGUUGUAUU-3". ON-TARGETplus SMARTpool L-007191-00-
0010, Human Smurf1 (accession number NM_181349)

Silencer negative control (Ambion).
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5.8. AlcAVpata

PuOuiotiko Siadvua @wo@opikwv (PBS) 10X pH 7,2 (1L)

80g NaCl

2g KCI

14,4g NaoHPO4
2,4g KH2PO4

30% AxkpuAauidio (100mL)

29,2g Acrylamide
0,8g Bis-acrylamide
dtpaplopa - Amobnkevon otoug 4°C

Awcdvpa Staywplopov pH 8,8 (100ml)

18,165g Tris (1,5M)
0,4g SDS (0,4%)

dtpaplopa - Amobnkevon otoug 4°C

Awcdvpa semiotoifaéne pH 6,8 (100ml)

6,05 Tris (0,5M)
0,4g SDS (0,4%)

dtpaplopa - Amobrkevon otoug 4°C

Y1epBetiko Apuuwvio (APS) 10% (10mL)

1g APS
ZuumAnpwon £wg ta 10mL

AmoBnkevomn otoug 4°C
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AwdAvpa HAexktpo@opnong 10X pH8,3 (11)

30,3g Tris
144,2g Glycin
10g SDS

AnoSwtaktikd AtdAvpa 4X pH 6,8 (20mL)

0,6057g Tris

1,6mL [-mercaptoethanol

1,6g SDS
1mL Glycerol
8g Bromophenol Blue
[Mktwpa Alaywplopov EmiotoiBagng
[Tocootd 10% 12% 2,5%
dH:20 4mL 3,3mL 1,8mL
30% AkpuAapidio 3,3mL 4mL 450uL
[Mktwpa 2,5mL 2,5mL 750uL
APS 10% 100pL 100pL 30puL
TEMED 3,3uL 3,3uL 1,5uL
Total 10mL 10mL 3mL

Mivakag 5. EVEEIKTIKEG TIOGOTNTEG TIEPLEXOUEV@V TINKTIG TOAVAKpLAQuLSiov.

Addvpa petowopdc (5L)

500mL Electrophoresis Buffer 10X (10%)
1000mL Methanol (20%)

3500mL dH20 (70%)
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PuOuiotikd SitdAvua Tris ue Tween (TBS-T) 10X pH 7.6 (21)

48,4g Tris (0,2M)
160g NacCl (1,37M)
20mL Tween-20 (1%)

Addvpo amoudkpuvong (Stripping buffer) pH 6,7 (500ml)

3,75g Tris (62,5mM)
10g SDS (2%)
3,5mL B-mercaptoethanol (100mM)

H pepBpavn epfamntifetal oto StdAvpa amopakpuvong kat Bepuaivetatl yia 30
Aemta otoug 50°C. AkoAovBouv SVo mAVoelg pe TBS-T kot emavainym tng

Sadikaoiag avoooaviyvevong.

Ta avaALTIKNG KABAPOTNTAG KOLVA AVTIOPACTIPLA TWV OTOIWV 1) TIPOEAEVOT) SEV
AVAPEPETAL TIAPATIAV®W TIPOEPXOVTAL ATO TIG eTatpeleg Sigma-Aldrich (St. Louis,
USA), Merck (Darmstradt, Germany), Biorad (Palo Alto, CA, USA) kat Serva (New
York, USA)

5.9. KaAALépyeLra KUTTAPp WV

Ol KUTTAPLIKEG OELPES SLATNPOVVTAL OE LOVOOTIRASES HECA OE TTAAOTIKEG (PAAOKEG
emupavelag 75 cm?, oe emwaot)pa (Forma Scientific, Ohaio, USA) pe vypn
atpoc@apa ovotdoews 5% CO2 - 95% aépag kat Beppokpacia 37°C. To
OPEMTIKO HECW KOAAALEPYELXG avaVEWVETHL KABe 48 1) 72 wpeg. Q¢ Baoikd peco
KaAALEpyelag  xpnowlomoleitat  to  DMEM  gumioutiopévo  pe  10%
adpavotmompévo (Oéppavon otous 56°C yia 30 Aemttd) opd epfpuov Bodg (FBS),
50IU/mL mevikidiv kat 50mg/mL otpemtopvkivi). Otav ot KaAALEPYELES
@Tacovv oe TANPN avantuén (100% MANPOTNTA TNG ETMPAVELAG TNG PAACKAG)
yla TNV avakoAALEpYELd Toug ekTiBevtal og StdAvpa tpuPivng (0,25% tpuyivy,
5mM EDTA o¢ puBuiotikd StdAvpa @wo@optkwv) yia 1-2 Aemtd. 21N GUVEXELQ,
TO KUTTOPA TIAPAAXUBAvovTal e BPETTIKO KAAALEPYELAG KL LOLPALOVTAL OE VEEG

@PAAOKEG otV emBLUNTY aApaAiwon Kol CUUEWVA HE TIG AVAYKEG TOU KAOE
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TEPAUATOG  OTIWG  TEPLYPAPOVTAL TAPAKATW. Ilpwv amdé v  emidpaon
OTIOLAOSNTIOTE 0V IAG TA KUTTAPA KAAALEPYOUVTAL Yl 24 WPEG OE OPETTIKO HEGO
amovoia opoV. ' HOPEOAOYIKES TIHPATNPNOELS TA KUTTAPA KAAALEpyoUVTAL
TAVW 0€ YVAAWvEG KaAuTTpideg. Ta v katdPuin Twv KUTTAPWY, oLWPNHL
(1x10¢ kVTtTtapa/mL oe BpemtTikOd UECO KAAALEPYELAG) CUUTANPWVETAL PE 5%
DMSO kat kAdopata tov 1-2mL tomoBeTovvtal auéows o€ ATOCTEPWUEVOUS
owANVeS kal @uiacoovtatl otoug -85°C. TN v amdPuén twv KLTTAPWV, TO
katePuypévo KAdopa Oeppaivetal oe Bepuokpacia SWUATIOU Kol OUECWS
@uyokevipeitat oe 1500 rpm ywa 5 Aemtd. MeTtd TNV AomMOUAKPUVOT TOU
UTEPKELPEVOL SloAvpatog, Ta KOTTAapa emavadlaAvovtal o€ Opemtikd péco

KAAALEPYELAG aKOAOVOEITAL KAAALEPYELX OTIWG TIEPLY PAPETAL TIUPATIAVW.

5.10. HAekTpo@OpnoN TMPWTEIVOV 0 TNKTWHA TOAVAKPLAQSiov vTto

ouvvOnkeg anodiataing (SDS-PAGE) - Western blot

ITa MPWTEIVIKA Selypata TpooTiBeTal (00G OYKOG amoSlaTakTikoy SLIaAVUATOS
2x (ue mpooOnkn DTT (dithiothreitol) o€ teAkn ovykévtpwon 100mM) kat ot
ovvéxela Beppaivovtatl otoug 95°C yla 5 Aemtd, wote va emitevyOel 1 AN PG
Hetovosiwon Twv MpwTeivwv. H mANpNns amodiataln tTwv MpwTEivoV KAl 1
KAAVYT Ttoug pe SDS €xel WG CLUVETELX 1) NTAEKTPOPOPTTIKY TOUG KLV TIKOTNTA
HECH OTO TMNKTWHAX TOU TIOAVAKPUAXULSI0U Vo e€apTATAL HOVO OO TO HOPLAKO
TouG BAPOG, HE ATOTEAECUA TO SLXWPLOUO TOU KATA UIKOG TOU TNKTWUATOG UE
Baon To poplakd Papog. Ta Selypata tomoBetovvtal ota MNYASIA TOU
TNKTOUATOG Kol  oTto  OSoxelo TG OUOKELNG TpooTiBetal  StaAvpa
NAekTpo@OPNONG 1X. ZTa WIKPOU UEYEOOUG TNKTWUATH £QAPUOlETAL oTAOEPT)
Tdom 100V (150V ywx ta pecaiov pey€0ouvg mMKTOUATA) EWG OTOV T SElypaTa
€L0£A00VV 0TO TKTWUA SLXWPLOUOV 0TIOTE KAl avEdveTtal taon 150V (250V yx
T HECAIOV HEYEDOUG TINKTWHUATA). ZTN CUVEXELA, TIPAYLXTOTIOLEITAL ) LETAPOPXL
TWV TPWTEIVOV 0€ pePfpavn vitpokutTTapivng. Metall Vo c@ovyyaplwv TG
OUOKEUNG UETA@OPAS TomobeTovvtal kKatd oelpd éva yapti Whatman, to
TKTOUA, N HEPPpdvn kot Eava éva yapti Whatman, 60Aa spfamtiopéva oe
SLaAV A HETAPOPAS XWPIS va SnptovpynBoVv @uoaAibeg HeTadl TWV GTPWOEWV.

H mAaoTtikr 6MKkn HE TO TTEPLEXOUEVO TWV OTPWOEWV TOTODETEITAL GTN GUOKELT
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uetaopas mpwteivwv (Biorad 11 Amersham Pharmacia Biotech), 1 omoia
TEPLEXEL SLAAVUA PETAPOPAS, LE TN UEPLA TOU MNKTWHATOS TPOG TNV K&Bodo
(apvnTik6g TOAOG). Eappoletal nAektpikd medio mepimov 800mA ya 1,5 wpa.

Katda ) Sidpkela g HeTA@OPAEg 11 cuokeun Slatnpeitat otoug 4°C.

5.11. [Ipoc8LopLondG TG CUYKEVTPWOTG TPWTEIVIKOV SLaAVHATOC

Ma ™ pétpnomn ™G OAKNG OGUYKEVTPWONG TPWTEIVWV O &va KUTTAPLKO
eKYVALOLX TO OTIOLO TIEPLEXEL ATIOPPUTIAVTIKO XPMOLHOTIOLElTAL TO cVoTHUA Bio-
Rad protein assay (Bio-Rad Laboratories, Palo Alto, CA, USA), To omoio Baciletal
oe otn péBodo Bradford?46, cvpwva pe TIG 00NYleg TNG KATACKEVAGTPLAG
etalpiag. H omtikn MUKVOTNTA TWV SELYPHATWV UETPATAL oTa 595nm. ylax tov
UTIOAOYLOUO TNG CUYKEVTPWOTG TWV TPWTEIVWV 0T SElypaTa XPMoLLoTIOLELTOL
TPOTUTI KAUTUAN 7 oTola Snulovpyesital HE TN HETPNON TNG OTTIKNG
TUKVOTNTAG SELYHATWVY YVWOTHG OLYKEVTpwONG NG mpwteivng BSA (Bovine

Serum Albumin)

5.12. AVomn KUTTAP®VY - AVOsoQmoTUTI™OoN

1. Zémlupa pe PBS+/+ (x2).

2. [IpooBMkn emiBuuntov dykov ice cold Lysis Buffer (20mM Tris pH7.5, 150mM
NaCl, 1% TritonX-100, 1x Inhibitor Coctail).

3. Amo&eomn KuTTAPWV.

4. Metaopd tov ekxvAlopatog oe eppendortf.

5. Sonication (av elvat amapaitnto yix 10 Sevtepdrenta).

6. duyokévtpnomn 14800rpm yix 10 Aemtd otovug 4°C.

7. Meta@opa vmepkeipevov o€ véa eppendorf.

8. Amobnkevon otoug -20°C 1 -80°C yia peydAa xpovika Staotiuata. (Kabe fripa
TPAYUATOTIOLEITAL OE TTAYO XPTCLULOTIOLWVTAG TIYWHEVA SLAAVHATA).

9. [1pooSL0pLoPOG OAIKNG CUYKEVTPWOTG TPWTEIVIKOU SIAAVUATOG Kal TarpaAdaf3n
(ONG TPWTEIVIKNG CUYKEVTPWONG SELYUATWV.

10. HAextpo@opnon.

11. Western Blot.
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12. [TAVom ™ ¢ pepfpavns pe PBS yua 1 Aemto.

13. Blocking ywx 1 wpa og Beppokpacia Sdwpatiov 1 O/N otoug 4°C oe 5% non-
fat milk/TBS-T (yia axtivn).

14. [TAOom pe TBS-T 15 Aemta (x1) kot 5 Aemta (x2).

15. Enwaon pe to mpwto avticwua ya 1 wpa o Oepuokpacia Swpatiov.

16. [TAVom pe TBS-T 15 Aemta (x1) ko 5 Aemta (x2).

17. Enwaon pe to §evtepo avticwpa yia 1 wpa og Beppokpacio Swuatiov.

18. [TAVom pe TBS-T 15 Aemta (x1) kot 7 Aemtd (x3).

19. Enwaon og ECL yia 1 AeTto.

20. Epgavion tov film.

21. Emelepyacia Twv amotelecpudtwv pe to mMpoypappa Tina Scan v2 av

ATIALTELTAL

5.13. Avoco@Bopiopog

Swiss3T3 wofAdoteg (Passage 10-20) ywpilovtar oe 6-well mata (pe
KaAvmtpides oe kabe mnyadl) pe 100.000 kOttapa (0-4 wpeg emwaong) Kot
80.000 xvttapa ava mnyadt (24-48 wpes emwoaong), NIH3T3 woBAdoteg
(Passage 10-20) pe 150.000 kOtTtapa ava Tmyadt, evw HaCaT kepativokvtTapa
kat MCF 10A embnAaka kuttapa pactov pe 100.000 kOTTOpa ava Tnyddt
Apnvovtat oe Bpenttikd xwpic FBS/FCS ywx 24 wpeg kat emwalovtat e TGF-B1
(2ng/mL) kot BMP-7 (30ng/mL) ywx kdBe xpovikd Stdotnua mou ava@Epetal
oTLG elkOveS. Ta KOTTAPA TIPO-EMWALOVTAL 1] OXL LE TOV EEELOIKEVUEVO AVAOTOAEX
™¢ ROCK kwéong, Y-27632 (10uM) kot g MLCK, ML-7 (5uM) ywa 45 Aemtd
Tpwv v enwaocn Twv TGF-B1 kat BMP-7.

1. [TAOom pe PBS+/+ yua 5 Aemtd (x2).

2. Movipomoinon pe 3% (w/v) mapa-@oppoAdeiion yla 30 Aemttd o€ Beppokpacia
dwpartiov (ImL ava myadt) xwpic avadevon.

3. [TAOon pe PBS+/+ yua 5 Aemta (x2).

4. Anuovpyla Slamepatng pepfpavns twv kuttapwv pe 0,5% (v/v) Triton-X-
100/PBS ywx 30 Aemtd o€ Oepuokpacia Swpatiov xwpic avadevon.
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5. IA0on pe 1,5% FBS/PBS+/+ ywx 5 Aemta (x2).

6. Blocking pe 5% FBS/0,1M T'Aukivn/PBS+/+ ywa pla wpa oe Begppoxpacia
Swpuatiov pe avadevon.

7. MAVon pe 1,5% FBS/PBS+/+ yua 5 Aemta (x2).

8. E@appoyn mpwtov avtiowpatos oe 5% FBS/PBS+/+ yu pia wpa oe
Beppoxkpacio Swpatiov Kal o€ OKOTEWO Kt VYpd TePLBAALOV xwpis avadevon.

9. M\Won pe 1,5% FBS/PBS+/+ ywa 5 Aemtta (x4).

10. Epappoyn 8evtepov aviiowpatos oe 5% FBS/PBS+/+ ywx pon wpa ot
Beppokpacio Swpatiov KaL 6 GKOTEWO Kal vypo TepBdAdov xwpic avadevon.
11. [TAvom pe 1,5% FBS/PBS+/+ ywa 5 Aemtd (x4).

12. E@appoyn podaupivng - @oroidivng (1:100) ot 1,5% FBS/PBS+/+ ywx 40
Aemttd o€ Beppokpaoia SwWUATIOV KAl 0€ OKOTEWVO Kal VYpO TepBAAAOV Ywplg
avadevon av amalteital

13. [TAVom pe PBS yua 3 Aemtta (x4).

14. E¢mAivpa pe ddH>O0.

15. Meta@opd Twv KAAVTITPISWY O€ AVTIKELLEVOQOPOUS Kal KAelowo pe Pro -
Longed Gold Anti - Fade Reagent with DAPI.

16. ATtoBnkevon otoug 4°C.

17. MikpookoTia.

Kabe emwaon yivetar pe 100ul ava kaAvmtpida. I'a toug NIH3T3 wofAdaoteg

akoAovBovvtal povo Ta PuaTa TOU AUECOU POOPLOUOY WHETA OO TNV

empoAvvon pe siRNA 1§ oyt kat Tnv embuun T emwaon.

5.14. MMoocoTikn HETPNON KAl SLAYWPLOROC TOU KUTTAPOOKEAETOU TNG

aKTIVNG 6€ SLaAVTO Kat un StaAvto KAdopa

Swiss3T3 wofAdoteg (Passage 10-20) ywpiovtal oe 6-well mata pe 80.000
kOttapa ava mmyad, MEF wofAdoteg (Passage 8-12) ywpilovtat oe 6-well
plates pe 80.000 kuttapa ava mnyadt, MCF7 embnAiakda kottapa (Passage 12-
20) ywpilovtat pe 150.000 xvttapa (15-30 Aemta emwoaong) kat 100.000
KOTTapa ava mnyadt (24 wpeg emwaong) kat DU145 kapkivika kOTTOpA

mpootatn (Passage 65-72) ywpilovtal o 6-well plates pe 150.000 xottapa (1
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wpa emwaong) kat 100.000 kuttapa ava myadt (24 wpeg emwaong). I
OUVEXELX UTEG OL KUTTAPLKEG OELPEG a@nvovTal o€ Bpemtikd xwpis FBS yia 24
wpes kat emwalovrat pe TGF-B1 (2ng/mL) kat BMP-7 (30ng/mL) ywax xd&Be
XPOVIKO SlA0TNUO TOU TPOAVAPEPETAL O0TOUG Tivakes. Ta kOTTOpA TIPO-
emwalovtal 1 OxL pe Tov e€eldikevpévo avaotoAréa tng ROCK kwvaong, Y26763,

45 Aemtd mpwv v emwaon pe TGF-B1 kot BMP-7.
1. [TAOon pe TBS-T ywax 1 Aemto.

2. Enwaon twv kuttapwv oe 500 pL Stadvpatog ekyVAong 0,3% Triton-X-100
(5mM Tris, 2ZmM EGTA, 300mM Sucrose, 400uM PMSF, 10uM Leupeptin, 2uM
Phalloidin) ywx 5 Aemtd pe v empdvela tov 6-well o mayo (KAdopa Ts) Meta
TNV ATMOUAKPUVOT TOU SLaAVUATOG €KYVALONG, oL StaAutég oto Triton-X-100
KUTTAPOTIAQOUATIKEG TIPWTEIVEG TOU TEPLEXEL (OTIG OTIOlEG CLUUTIEPIAAUPBAVETE
KaL M povouepN s aktivn) katakpnuvidovtatl pe ico dyko (500uL) StaAdvuatog PCA
(Perchloric Acid).

3. Ot addAvteg oto Triton-X-100 mpwTtelveg mou Tapapévouv oto 6-well
katakpnuvi¢ovtal oe 1mL StaAdvpatog 3% PCA kat amopakpOVovTaL Ao QUTO PE
amoéeon (KAaopa Ty).

4. Ta §Vo kAaopata @uyokevtpovvtal yia 5 Aemtd, 12.000rpm kat to ({nua

StaAvtomoteitat oe 100pL NaOH 0.1N.

5. AapBavovtal (oot dykol amd KGBe KUTTAPIKO KAAOUX KoL UETA TNV AVAULEN
TOUG pE (00 OYKO SLAVUATOG peETOVOiwonG 2X, akoAovBel 1 Stadikacia g
NAEKTPOQOPNONG 0 TMKTN ToAVaKpLAauSiov 10% kal TNG UETAPOPAS TwWV
TPWTEIVWV 0€ HEUPPAVN VITPOKLTTAPIVNG.

6. [TAVom pe PBS yia 1 Aeto.

7. Blocking yux 1 wpa o€ Bgppoxpacia Swpatiov 11 O/N otoug 4°C oe 5% non-fat
milk/TBS-T.

8. [TAvon pe TBS-T 15 Aemtd (x1) kat 5 Aemta (x2).

9. Emwaon pe 1o mpwto avticwpa (anti-actin 1:1.000/0,02%NaN3/TBS-T) ywx 1

wpa o€ Beppokpacia Swpatiov.

10. [TAVom pe TBS-T 15 Aemta (x1) kot 5 Aemta (x2).
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11. Emwaon pe to devtepo avticwpa (HRP-mouse 1:10.000) yia 1 wpa o€

Bepuokpacio Swuatiov.

12. [MAVon pe TBS-T 15 Aemta (x1) kot 7 Aemtd (x3).
13. Enwaon og ECL yia 1 AeTto.

14. Ep@avion tov film.

15. Eme€epyaoia twv amotedeopdtwy pe to mpoypappa Tina Scan v2.

5.15. Katakpipuvien evepywv Rho GTPacwv

Swiss3T3 wopAdoteg (Passage 10-20) xwpilovtal oe p100 mata (2 mata ava
ouvvOnkn). Tnv emopevn pépa a@nvovtal oe Bpemtikd xwpis FBS yla 24 wpeg kat
emwadovtal pe BMP-7 (30ng/mL).

1. ZémAvpa pe Taywpévo PBS.

2. MlpooBNkn emBuunto 6ykov Cell Lysis Buffer (50mM Tris pH7,5, 10mM
MgClz, 0,3M NacCl, 2% Igepal, 10pg/mL Aprotinin and Leupeptin, 1mM PMSF and
Na3VO4, 25mM NaF).

3. duyokévtpnon 14.000rpm, 4°C ywx 5 (PAK-GST Protein Beats) 1 15 Aemta
(Rhotekin-RBD Protein GST Beads).

4. Aéopevon 50uL yia Selypo 0OAK@WV TIPWTEV®V.

5. MlpooOnkn 20uL (20mg PAK-GST Protein Beads kat 60mg Rhotekin-RBD
Protein GST Beads) o€ (coug 0YkoUG UTtEpKEIPEVOV.

6. Avadevon otoug 4°C yia 1 wpa.

7. ®vyokévtpnon 8.000rpm ywx PAK-GST Protein Beads kat 5.000rpm yia
Rhotekin-RBD Protein GST Beads, otoug 4°C ywx 1 Aemto.

8. Eémlvpa twv beads pe 500ul. Wash Buffer (25mM Tris pH, 30mM MgCl,,
40mM NacCl, 10pg/mL Aprotinin and Leupeptin, 1ImM PMSF and NazVO4, 25mM
NaF) (x3).

9. EmavadidAvon twv beads oe 25uL 2X Sample Buffer yia PAK-GST Protein
Beads kat 30uL yiax Rhotekin-RBD Protein GST Beads.

10. @¢pupavon otouvg 100°C yua 10 Aemtd. Amobnkevomn otovg -20°C av

ATIALTELITAL
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5.16. AvocokaTakpiuvien kKot in vitro Sokypacia @wo@opuviiwong
kwaong LIMK

Swiss3T3 wofAdaoteg (Passage 10-20) xwpilovtatl o p100 mdta (2 mdta ava
ouvvOnkn). Tnv emopevn pépa agnvovtal oe Bpemtikd xwpis FBS ya 24 wpeg,
eMwalovtal 1 0xL HE TOV avaoToAéa Y-27632 yia 45 Aemtd koL ev TEAN
emwafovtal pe BMP-7 (30ng/mL).

1. ZémAvpa pe Taywpévo PBS (x2).

2. llpoobnkn 300uL Cell Lysis Buffer (50mM Tris-HCI pH7,6, 150mM NaCl, 1%
NP-40, 10% Glycerol, 2pg/mL Aprotinin and Leupeptin, 1ImM PMSF and Na3VOq,
10mM NaF ywa LIMK1 xat 50mM Tris-HCI pH7,6, 0,5M NaCl, 1% Triton-X-100,
10% Glycerol, 2pg/mL Aprotinin and Leupeptin, 1mM PMSF and Na3VOs, 10mM
NaF, 25mM B-glycerophosphate ywax LIMK1).

3. Emwaon yia 20 Aemtd oTov Tidyo.

4. duyokévtpnon 13.000rpm yla 2 Aemta.

5. Métpnomn oAlkwv TpwTeivwv. Aéopevon 50uL yia Selypa oAtkwv TpwTeivwv.

6. Ipo-emwaon pe 20uL A-protein Agaroze Beads ywa 1 wpa otoug 4°C pe
avadevon.

7. duyokévtpnomn 13.000rpm yia 2 AemTa.

8. Emwaomn tov vmepkepévou pe 2pg LIMK1/2 (10puL) yia 2 wpeg otoug 4°C pe
avadevon.

9. [IpooBnkn 20uL A-protein Agaroze Beats kol emwaon ylia 2 wpeg otoug 4°C pe
avadevon.

10. ZémAvpa pe 500ul Cell Lysis Buffer (x3) kat emavadidivon twv Beads o€
20uL 2X Sample Buffer. I'a 1 Sokipacia avto@wo@opuiiwong to EEmMAvua
yivetau pe 500uL Kinase Buffer (50mM Hepes pH7,2, 150mM NacCl, 5mM MgCl,,
2mM MnClz, 1mM NazVO4, 10mM NaF ywx LIMK1 kot 50mM Hepes-NaOH pH7,5,
5mM MgClz, 5mM MnClz, 1mM NazVO4, 10mM NaF, 25mM (-glycerophosphate).
11. @¢pupavon otouvg 100°C ya 10 Aemtd. Amobnkevomn otouvg -20°C av

amoatteital I'a ) doklpaoia auto@Pwo@opuiimwong emava-Sltadvovtal Ta Beads

o€ 20uL Kinase Buffer pe 15uM ATP kat 5uCi [32P]-ATP. Emwaon otoug 30°C ywx
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20 Aemtta. TpooBnkn 13,3ul. 4X Sample Buffer. ©éppavon otovg 100°C ywa 10

AeTITA.

5.17. Avtiotpo@n petaypa@n) - AAvoidwtn avtidpacn ToAvpuepaong
Swiss3T3 wofAdoteg (Passage 10-20) kat HaCaT kepatvokvttapa xwpilovtot
oe p60 mata pe 50.000 kat 100.000 kOTTApa ava muato avtiotoxa. Tnv
ETMOUEVT UEPQ aupivovTal o€ BpemTIKO Xwpis FBS yia 24 wpeg kat emwalovtal pe
BMP-7 (30ng/mL).

1. ZémAvpa pe oteipo PBS+/+

2. [Ipoobnkn 1mL Trizol.

3. At6€eon kat mumetaplopa. Metag@opa Tov ekyvAiopatog oe eppendort.

4. Emtwaomn ywx 5 Aemtd o€ Ogppokpacia Swpatiov.

5. llpooOnkn 200uL. CHCI3, Blawm avadevon ya 10 dsutepoienta, emwaon yia 3

AETTA.

6. duyokévtpnon 12.000rpm yia 15 Aemtd otovug 4°C.

7. Meta@opd ™G L8ATIKNG @&omnG o€ véo eppendorf.

8. [Ipoabnkn 500uL woompomavoAng, avadevon.

9. Enwaon ywax 10 Aemta o€ Oeppokpaocia Swpatiov.

10. dvyokévtpnomn 12.000rpm yia 15 Aemtd otovug 4°C.

11. Améppudm vmepkeipevou kat mpoodNkn 1mL 75% a®avoAng, avadsvon.
12. dvuyokévtpnon 7.500rpm yia 5 Aemtd otovug 4°C.

13. Atoppudm vmepkeipevov.

14. Ztéyvwpa Tou INUaTog 3 AETTA OTOV ATAYWYO.

15. [IpocONkn 35uL @ Atpapiopévouv WFI.

16. O¢puavon otovg 65°C yia 15 Aemtd wote va StaAvBel To ((nua.

17. MeTa@opd TV SEYUATWV AUECWS GTOV TIAYO KAl 0T GLVEXELA 6TOVG -80°C.
18. Métpnon moootnTag RNA.

19. Apaiwon RNA oe 200ng/pL.

20. RT-PCR: 1mg RNA, 300ng Random Primers, 0,5mM dNTPs, dH:0.
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21.65°C ywa 5 Aetmta.

22.Tpnyopn HETAPOPA GTOV TIAYO.

23. llpooOnkn 5x Buffer, 0,1M DTT.

24.25°C yla 2 Aemta.

25. TlpooBnkn 200U /uL avtiotpoen petaypagaon, 40U/uL RNAse.
26.25°C yia 10 Aemrta, 42°C yia 50 Aemrta, 70°C yix 15 Aemtd.

27. PCR. 5x Buffer, 25mM MgClz, 10mM dNTPs, 10mM Reverse and Forward
Primers, 5U Go Taq, cDNA, WFL

28. HAextpo@opnon.
29. Emeepyacia Twv amotelecudtwv pe to TMpOoypaupa Tina Scan v2 av

ATIALTELTOL

5.18. Aokpacia kiwvntikotntag (EmovAwon tpavpatog, wound healing

assay)

1. Swiss3T3 wofAdoteg (Passage 10-20) xwpilovtat oe 6-well miata.

2. Avapovn €éwg 6tov Ta kUTTapa kaAvouv 100% tnv EMQAVELX TWV TINYASLWV.
3. 24 wpeG eMwaoT o€ OPEMTIKO XWPIS 0po.

4. Anuovpyla Tpadpatog, €kBeon otov  emMBULUNTO  TAPAYOVTA  KOL
pwtoypdenon (t=0h).

5. dwtoypdenon otis 6 wpeg emwaong (t=6h).

6. Pwtoypdenon otis 12 wpeg emwaong (t=12h).

7. dwTtoypdenon otis 24 wpeg emwaong (t=24h).

8. dwtoypdenon otis 48 wpeg emwaong (t=48h) av amatteitaL

9. Emeepyacio amoteAeopatwy pe To Ipoypapupa Imaje] 1,42q.

5.19. Aokpacia moAdanmdaoctacpov (MTT assay)

1. Swiss3T3 wopAdoteg (Passage 10-20) xwpilovtal oe 96-well mato pe 12.000
KOTTOpa ava Tyasdt

2. 24 wpeg emwaon o€ OPeMTIKO XWPLS 0po.
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3. 24wpmn €kBeon oToV EMOLUNTO TTAPAYOVTAL.

4. 4 wpeg TPV TO TEAOG TOL 24wpPov aAdayn Ttou BpemtikoV, tposOnkn 100uL
MTT 5mg/mL (teAkr cvykévtpwon 0,25mg/mL) kot emwaon yiax GAAeG 4 WpEg.
5. ATopdxpuvon Bpemtikov kat tpooOnkn 200uL DMSO. IIimetdaplopa.

6. dwtopétpnon oe Model 680 Microplate Reader (Bio-Rad Laboratories (UK)
Ltd). Measurement Filter 550nM, Reference Filter 655nM.

5.20. AoKlHaoiX ATTOTITWONG

1. DU145 kapkwika kuttapa mpootdtn (Passage 65-72) ywpiovtal oe 96-well

plate.
2. Avapovn éwg 6tou Ta kUTTapa kaAvPouv 100% tnv empAvELR TWV TINYASLWV.
3. 24wpmn €kBeon ooV EMOLUNTO TTAPAYOVTA GE HECO LE OPO.

4. Tlpoobnkn 5ul. APOPercentage Dye oe kaBe mmydadt 30 Aemtd mpwv v
0AOKAT|PWOT) TOV EMOUUNTIG SLAPKELAG TNG EMWACTG.
5. Amopdxpuvon Bpemtikol péoov kal xpwoTiknG. [MAVon pe 200uL PBS yua 2

AETTA (X2). AN UIKPOPWTOYPAPLODV AV ATIALTEITAL

6. [Ipoobnkn 100uL. APOPercentage Release Dye og kdBe mnyasdl. Avadevon yux

10 AeTrT

7. 6. dwtopétpnon o Model 680 Microplate Reader (Bio-Rad Laboratories (UK)
Ltd). Measurement Filter 550nM, Reference Filter 655nM.

5.21. EmyuoAvvon pe pkpa kataotaAtikd RNA
5.21.1. NIH3T3

1. NIH3T3 woBAdotes xwpilovtal oe kaBe mmyadt 6-well matov wote TNV

EMOpEVN pEPA va LTIapyeL 50-60% emikdAuvym Tov TILATOV.

2. Atodvetar 1,33ug siMLC oe 100uL Opti-MEM kat 5ul Lipofectamine 2000
emiong oe 100puL Opti-MEM. Metd and nmia avadevon a@nivovtat yia 5 Aemtd o

Beppokpacio Swpatiov.

3. Avauidn twv Stadvpévwv oAtyopepwv pe tn StaAvpévn Lipofectamine 2000,

Nma avadevon kat emwaon yla 20 Aemta o€ Oepuokpacia Swuatiov.
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4. TlpooBNKkN Tou SlaAVpaTOG oAtyouepwv-Lipofectamine 2000 oe k&Be mnyadt

Tov TrepLExel ImL Opemtikd xwpig avtiflotika. ‘Hmia avadevon.

5. Emwaon ya 24 wpes.

5.21.2. HaCaT

1. Xwpilovtatl 100.000 HaCaT kepativokOTTOpa avd mnyadt oe 6-well iato €tot

woTe va vTtapxeL 15% emkdAvm tnv TOUEVT HEPQL.

2. Amopakpuvon tou Bpemtikov 30 Aemtd TP TNV empuoAvvon. [pooHnikn

1,25mL/3%FBS Bpentikov (xwpis avtiflotikad) o kdbe nyasdt.

3. [IpooONkn oe 6Vo eppendorfs mov mepteyovv 125ul. Opti-mem To kKabéva
2uL/5uL SilentFect oto mpwto kat emBuunT) MocdTNTa SiRNA oto Sevtepo
(TeAkn) ovykévtpwon oTo T yadt 5nM).

4. AvapeiEn tov Staivpévou SilentFect kat siRNA. Emwaon ylx 20 Aemtd.

5. [IpooBnkn Tov petypatog oto 3%FBS Bpentiko.

6. i SumAn empdAvvon emavadapfavetol 1 Stadikaoia TIG ETOUEVEG LEPES.
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6. ATTOTEASONATA
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6.1. O BMP-7 mpokadel avadlopydvwotl] TOU KUTTAPOOKEAETOU TNG
aKTivg.
Apxika avaAvbnke n amokplon wofAactwv Tovtikov (Swiss3T3, MEF kot
NIH3T3), avBpwmivwy emibnilakwv kuttdpwyv paoctov (MCF7 kat MCF 10A
aypiov TOTOoL KaBws kot p21 null), embepuidag (kepatvokvtrapa HaCaT) kat
KAPKLVIK®WV KUTTApwV Tpootatn (DU145), e BMP-7 kat TGF-B1, amovoia opov,
HE TIG TEXVIKEG TNG WKPOOKOTILXG (PBOPLoHOV KAl TNG TOCOTIKNG HETPNONG TWV
Stodvtwv (Ts) kot ToAvpeptopevwy [un Stodvtwy (Ti)] KAAoHATWY TG AKTIVNG.
Aoklpaoleg xpovoeEdptnong OTov ouykplONKay HECW HIKPOOKOTIIAG
@Boplopov 1 emidpaon twv TGF-B1 kat BMP-7 otoug Swiss3T3 woBAdoTeg
¢deléav o0tL o BMP-7 o6mw¢ kat o TGF-B1 mpokaAel dueom, évrtovn kal
TOUPATETAUEVT]  AVASIOPYAVWOT] TOU KUTTAPOOKEAETOU TNG QKTIVIG OTOUG
LVOBAACTEG OL 0TIO(0L TIPO-ETTWACTNKAV Yo 24 wpeS amovoia opov (Ewova 6A).
Meta amo6 24 wpeg éxkBeong twv woPractwv oe TGF-f1 kot BMP-7
TapaTNPNONKe U@V aAAayr] TNG HOPEOAOYING TwV KUTTAPWV AOYw TNG
KOPU@WONG TOU TIOAVUEPLOHOV TNG akTivne. [locoTikomoinon Tov ToAvpePLoUOV
™m¢ aktivng mpaypatomomnke Saywpilovtag to SaAvtd (Ts) kAdopa g
aktivng amo to pun StaAvto (Ti)?47. Zuykekpipéva, o TGF-B1 emayel pla otadioakn
uetwon tov Adyou Ts/Trotal, EVvd 0 BMP-7 Ttpokadel éva o GUeEGO TTOAVUEPLOUO
NG AKTIVIG 0 OTIOL0G TTAPAUEVEL HEXPL KL TIG 24 WPES EMWACTG TWV WVOPBAXCTWYV

(Ewova 6B).
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A - 15 min 30 min 1 hour 2 hours 24 hours

TGF-B1

10.40 £ 0019 0.37 40.014 0.35.+ 0.01D

TGF-p1 BMP-7

0.41

)
=
-

Ts/Ttotal
-
{5
Ts/Ttotal
e b
—_—
P
—_—
I
-

033

0.29 0.29

Control  15min  30min 1h Zh 24ah Control  15min  30min 1h 2h 24h

Time Period Time Period

Ewdva 6: Ot TGF-B1 kat BMP-7 mpokaAoUv dpeon Kat TapateTapévi) avadiopyavwon) tov
KUTTOPOOKEAETOU TNG aktivig otoug Swiss3T3 woPAdoteg. (A) Ta xUTTapa Tpo-
EMWATTNKAV 24 WPES amovoia 0pov Kal eEMwAcTNKav ot cuvéxelx e TGF-B1 kat BMP-7 yua ta
XPOVIKA St Trpata Tov umodeikviovtal. AKoAOUOWS HOVILOTIOW BN KAV KL TIpoy LATOTO|ONKE
emMonuavon pe podapivn-@aroidivn (koxkiwvo) kot DAPI (umie). (B) Zta ypaghpoata
QVTITIPOCWTEVOVTAL OL LEGOL OPOL + TO TUTILKO GPAAUA TwV AOYWV Ts/Trotal TPLOV aVEEAPTNTWV
mepapatwyv (¥, p<0.05 and **, p<0.01). Ot (8ot pécor OpoL @aivovtal &vtog Twv

HIKPO@WTOYPAPLOV.

[ToAVPEPLOPOG TNG OAKTIVNG E€TIONG TAPATNPNONKE UE TNV TOCOTIKN
HETPNON SLKAVTWV Kol aSIGAVTWYV KAAOUATWV TNG akTivng kot otoug MEF
wofAdaoteg petd amd 24wpn €kbeon toug oe TGF-f1 kat BMP-7 pe mo
EKTETAUEVO TIOAVUEPLOUO VA TipokaAeital amod tov BMP-7 (Ewova 7A). ‘Evtovog
TOAVUEPLOUOG TNG aKTivnG TtapatnpnOnke kot ota MCF7 emBnAlakda kottapa
HootoL PeTd amd ékbeor) Toug yia 24 wpeg oe BMP-7 kat TGF-B1, evw oplaka
QUENUEVOG TTIOAVUEPLOUOG TIHPATNPELTAL OTNV (Sla KUTTAPLKN CEPA YLo ULKPTG
Suapxkelag (15-30 Aemta) emwaot toug pe TGF-B1 kat BMP-7 (Ewova 7B). TéAog,
EKTETAUEVOG TIOAVUEPLOUOG TNG AKTIVNG Tapatnpeital kat ota DU145 kapkivika
KUTTAPA TPOOTATN META amd €kBeon toug yia 24 wpeg oe TGF-B1 kat BMP-7,
evw Sev Tapatnpeltal TOAVUEPLOUOS TNG AKTIVNG HETG amd €kBeot) Toug vl 1

wpa tooo o€ TGF-B1 600 kat oe BMP-7 (Ewova 7T).
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Treatment

TGF-B1
BMP-7

Treatment

TGF-B1
BMP-7

Ewova 7: Ot TGF-B1 kot BMP-7 tipokaAoVv ToAvpepLopd tn¢ aktivng o (A) MEF woBAdoteg, (B)
MCF7 smOniakd kOttapa pactov kot (I) DU145 kapkwvikd kOttapa mpostaty. Ta kittapa
TPO-EMWACTNKAV 24 Wpeg amovsia 0pov Kal eEMwAcTNKav o1 cuvéxela pe TGF-B1 kat BMP-7 yux ta
XPOVIKA StaoTipata Tov vodeikviovtat. Ot TIHEG 0TOUG THIVAKES AVTITIPOCWTEVOUY TOUG HEGOUG GPOUG

+ TO TUTIKO 0@AAUA TwV AOYWV Ts/Troral TPV (B-15 kat 30 Aemtd, ') 1 tecodpwv (A, B-24 wpeg)

MEF
24 hours
0.80 £ 0.027
0.74 £ 0.017
0.67 £0.042
DU145
j',,h,o,",’f,, | 24hours
072+ 0005 I
0.71+0.040 0.55+0.033
0.70 £ 0.003 0.54 £0.023

AVEEAPTNTWV TIEPAUATWV.

24h

Ewova 8: 0 BMP-7 tpokaAel avadlopydvmon Tov KUTTapooKeAETOV TG akTivig otovug NIH3T3
woPBAdoTeG. Ta KUTTAPA TIPO-EMWACTNKAV 24 (PEG attovsia 0pol KAl EMWACTNKAV 0TI CUVEXELX UE

BMP-7 ywx GAAeg 24 wpes. AKOAoVOWG povipomomOnkav Kol TPAYUOTOTIOW|ONKE ETOUAVOT UE

podapivn-@aroidivn (kokkvo) kat DAPI (umAe).

MCF-7
Treatment 15 min 30 min
0.79 £ 0.019
BMP-7 0.75 £ 0.045 0.74 £ 0.020
Treatment 24 hours
0.79 £ 0.019
TGF-B1 0.59 £ 0.016
BMP-7 0.56 £ 0.018

BMP-7

Metd amdé 24 wpeg €kBeong twv NIH3T3 woflactwv oe BMP-7

TapaTNPNONKE HECW WIKPOOKOTIOG @BOPLoHOU €VTOVOG TOAVUEPLOUOS TNG

aktivng (Ewxdéva 8).
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[Mapopoiwg, petd amd 72 wpeg €kBeoNS TwV ayplov TUTIOV AAAX KAl TWV
p21-/- MCF 10A emibnAlakwv KUTTaApwv paotol pe BMP-7 mapampeital péow
HIKpookoTiaG @Boplopol ep@avig moAvpeptopos e aktiving (Ewova 9). Ta
p21-/- MCF 10A xpnowomombnkav ywx va SiepguvnBel to Katd TOGO 0
QAVOOTOAEQG TOU KUTTOPLKOU KUKAOU p21 emmpeadlel v avadlopydavworn Tov
KUTTAPOOKEAETOV TNG AKTIVIG HLXG KL EXEL AVAPEPOEL OTL M KUTTAPOTIAACUATIKNY
TOU pop@1 avactéAAeL dpeoa v ROCK24L 242 1 omrola elvat 0 dpecog tedeotng
™m¢ evepyomompévng RhoA. H éAdewym avtov tou mibavol apvntikov puBuiot)
€VOG HOVOTIATIOU TIOU €XEL ONHAVTIKOTATY €MISPAOT OTNV avaSlopyavwaot) Tou
KUTTAPOOKEAETOU TNG AKTIVIIG avapevotav OTL (ow¢ odnynoel o€ éva To
EKTETAUEVO N/KOL PEYAAVTEPNG SLAPKELAG TOAVUEPIOUO NG akTivie. ITapoia
autd, 1 emidpacn Tov BMP-7 xat otig 800 KUTTAPIKEG Oelpés Sev €8elle

ONUAVTIKEG SLUPOPES 0T LOPPOAOYIX TOU KUTTAPOGKEAETOU TNG AKTIVNG.

TGF-B1 BMP-7
Wild Type

. . . .

Ewodva 9: Ou TGF-B1 kat BMP-7 mpokaAoVv avadlopyavmwor ToU KUTTAPOOKEAETOU TG

aktivng ota MCF 10A semBnAlakd kOTTApA HAGTOV aypiov TUTOL Kat p21-/-. Ta kOTTOpQ
TPO-EMWACTNKAY 24 WPEG amovsio 0pov KAl EMWATTNKAV 0T cuvéxela pue TGF-B1 kat BMP-7
v 72 wpeg. AkoAoVBw¢ povipomomOnkay Kol TpAyHaTtoTomOnke emonuaven pe podapivn-

@oAoidivn (koxkivo) kot DAPI (pmAe).
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Meta amo éxBeon 72 wpwv twv HaCaT kepatwvokuttdpwv oe BMP-7
aAla kat TGF-B1 moapatnpnBnke péow UIKPOOKOTIAG @OOPLOUOD EUPOVIG
Snuovpyla wisiwv TG aktivng 1 omola avaoTéAAeTal ue T xpron tov GW6604
avaotoAéa touv vmodoxéa Alk5 tov TGF-B1 (Ewoéva 10). Evo n avaoTtoAn tov
TOAVUEPLOPOU TNG akKTivG amo tov TGF-B1 pe T xprion autov TOU AVACTOAEN
elval QVOPEVOLEVT, ] AVAGTOAT] TOU TIOAUUEPLOUOV TNG AKTIVIG Kat amd Tov BMP-
7 mpokaAel EkmAngn. To yeyovog autd pag odnyetl otnv umdbeon OTL TO TEALKO
ATMOTEAECUA TNG AVASLOPYAVWOTNG TOU KUTTAPOOKEAETOU UETA ATO TN WAKPAS
Sudpkelag emwaon (72 wpwv) twv kKuttapwv pe BMP-7 lowg ogeidetal o
EMaywyn, Ek@paon kat ékkplon TGF-B amd ta kOTTapa Hag Kol To yovidlo Tov
TGF-B elvat otdxos ™G onuatodotnong tov BMP. H mbavr) avty €kkpilon tov
TGF-B SVvvatat va dpa ek véou Kal va emnpedlel TOV TEALKO @ALVOTUTIO OGOV

Q@OPA TNV TIAPATNPOVHUEVO TIOAVUEPLOUO TNG AKTIVIG.

- TGF-p1 BMP-7
- . - .

Ewkova 10: Ot TGF-B1 kot BMP-7 mpokadoUv avadilopydvwor Tov KUTTAPOGKEAETOU TNG
aktivng ota HaCaT kepatwokvttapa. Ta kOTtapa mpo-enwdotkav 24 opeg amovoia 0pol
Kal emwdotkav otn ovvéxela pe TGF-B1 kat BMP-7 yiua 72 wpeg mapovoia 1 6xtL tov GW6604
avaoctoiéa tou Alk5 vtodoyxéa touv TGF-B. AkoAoVBwS povipoTow KAV Kal TTPAYLATOTIOWONKE

eMonpavorn e podapivn-@aioidivny (kokkwvo) kat DAPI (pmAe).
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H avadlopydvwon Tou KUTTAPOOKEAETOU TNG aKTiVIIG ouviBwg
ouvvodeVeTal amo TNV Snuovpyla MAAKWV TPOGEOUONG OTNV  KUTTAPLKN
uepBpavn. T'a to Adyo autd €AéyxOnKe 0 EVTOTIOUOG TNG PLVKOUALVNG, €VOG
KEVTPLKOU OUOTATIKOU TWV OUUTAOKWV TWV TAAK®V TPOCEUONG HECW
avoco@Boplopol TMaAPAAANAQ  pE TOV  QUECO  @BOPLOMO  TNG  AKTIVNG
XPNOLUOTIOLWVTAS TIG (5lEG CUVONKEG PE AUTEG TNG LEAETNG TNG AVASIOPYAVWONG
TOU KUTTAPOOKEAETOU NG aktiving oe Swiss3T3 woPAdoteg (Ewdva 11).
[Ipayparty, emwaon twv Swiss3T3 woPAactwv pe BMP-7 yua 24 kat 48 wpeg
TPOKAAEL oLOOWPEVOT TNG PBVKOUVAIVNG OTIG TAGKEG TIPOG@PUOTG OL OTIOlES
EVTOTIL(OVTAL 0T AKPA TWV WISIWwV TOV 0TPES, OTIWS oupPaivel kat pe tov TGF-
B1.’Etol, amd T TApATAV® GUUTEPAIVETAL OTL 1] onuatodotnorn twv BMP-7 kat
TGF-B1 €xouv mapopola AMOTEAEGUATA OCOV APOPE TNV avadlopyavwor Tov

KUTTAPOOKEAETOV TNG AKTIVNG 6TOVG SWiss3T3 tvoBAdoTEG.

TGF-B1 BMP-7

Ewodva 11. Ot TGF-B1 kot BMP-7 e£mmpealouv TOV £VTOTIGHO TNG BLVKOVAIVIG 6TOUG
Swiss3T3 wvoBAdactes. Ta KOTTAPA TPO-ETWACTNKAV 24 DPEG ATIOVGIX 0pOV Kol EMWEOTNKOY
otn ovvéxela ya 24 kat 48 wpeg pe TGF-B1 kat BMP-7. AkoAoUBwg povipomombnkav kot
TPAYUATOTOMONKE EMONUAVOT UE AVTIOWHA KATA TNG PvkovAivng (mpacivo), podapivn-
@oaAoidivn (kokkwvo) kat DAPI (pmle). Mapatmpeitat avinuévn cvcowpevon BVKovAivng ota
akpa twv wisiwv ¢ aktivng téc0 peTd amd 24 wpeg 660 KAl Yl 48 MPEC EMWDACNG TWV

woBAaotwv pe TGF-B1 kat BMP-7.
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6.2. 0 BMP-7 £mdystl TNV KUTTAPIKN HETAVAOTEVON XWPIC v eTnpedleL

TOV TOAAXTAXGLAG O KL TV ATIOTITWOT).

Mia  @uowdoylk] ouvvémelr TG SUVAUIKNG  avadlopyavwong  Tov
KUTTAPOOKEAETOU TNG OKTIVNG OF AMOKPLON QUENTIKWOV TApayovIwyv eival m
KUTTAPLKN HeTavaotevon. [l 1o Adyo autd eAéyxbnke m HETAVACTELOM
Swiss3T3 woAacTwv XpNoIHOTIOLWVTAS T SOKIHAGIA ETOVA®OTNG TPAVUATOS
(Eoéva 12A). Ou wofAdoteg eAAelPel 0povy HETAVACTEVOUV QAPYA YLt TNV
EMOVAWON TANYNG HECH OE Eva XPOVIKO Sldotnua 24 wpwv. Me v TTapdAAnAn
OMwG  emwoaon Tovg upe BMP-7  mapatnpnifnke onpovtikd  avinuévn
HETAVAOTEVTIKOTNTA OTIWG @aiveTal amd Tov Babud tou KAewoipatog ¢ (Slag
mAnyns. H mapatnpnon avt) elval o€ cup@wvia pe v avadlopyavwon Tou
KUTTAPOOKEAETOU TNG AKTIVNG OV cUUBaiVEL O0TIG 24 WPES EMWAONG TWV (SLwv

wvofAactwv ue BMP-7.
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Ewdva 12. Emppor) Tov BMP-7 6T HETAVAGTEVGT] KOl TO TOAAXTAXGLAG O TwV Swiss3T3
WOBAXGTOV KAL TNV aANOTT™won Towv DU145 KapKvik®v KuTTdpwv tpostaty. (A) O BMP-
7 emdyel T petavdotevon Twv Swiss3T3 woBAactwv. e povootidda KuTTApwV 1 oToia Tpo-
EMWACTTNKE 24 Wpeg amovsia 0pov SnpovpynBNKe Tpadpa Kol EMWACTNKE 0T CUVEXELD Yo 24
wpes mapovoia 1 O6xt BMP-7. 0L pkpo@wtoypa@les Tapousidlovv Tnv Tpoodo g

HETAVAOGTEVONG TWV WVOBAACTWV Yl TA XPOVIKA StaoTipata Tov vrodekvoovtat. H mapovoia
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BMP-7 eu@avws mpokadel petavaotevon Ttwv Swiss3T3  woBAactwv kal ypnyopotepn
emoVAwoN Ttou Tpavpatog. (B) O BMP-7 8ev emnpedlel tov moAdamiaciaopd twv Swiss3T3
woBAaoTtwv. Swiss3T3 voBAGOTEG TTPO-EMWACTNKAV YIX 24 )pES amovsia 0povy, EMwAcTNKAV
otn ovvéxela pe TGF-B1 xat BMP-7 yia 24 wpeg pe v mapdAinAn mpoodnkn MTT yua tig 4
TeEAeVTAlEG WPES KL TEAOG HETPNONKE N xpwpaTkY évtaoT Tov Whpatos Evw, o TGF-B1 emayel
Tov ToAAamAactlaopo Twv Swiss3T3 wofAactwv, 0 BMP-7 mapovoialet pia eAdylotn emaywyn
TOU TIOAAATIAXGLAC OV HETA aTiO 24 WPES ETWAONG. To YpAPNUX TIAPOVGLALEL TOUG HEGOUG OPOUS
+ TO TUTIKO O@AANA TNG aToppo@nong £EL aveaptwy melpapdtwy (**, p<0.01). (I O BMP-7
Sev emnpealel v amomtwon Twv DU145 kapkvik®wv KuTtadpwv mpootdtn. Ta kiTTapa
emwaotnkav pe TGF-B1 kat BMP-7 mapovaia 1 6xt Twv avactoréwv Y-27632 (e€elSikevpévog
avaotoiéag s ROCK) kat kutoxadacivng (avaotoréag Tou TOAVUEPLOUOV TNG aKTivig) Yia 24
wpes. To ypdenua Tapouctdlel TOUG HECOUS OPOUG + TO TUTILKO G@AEAN NG amoppod@nong §U0

QVEEAPTNTWV TEPAUATWV.

Ot Soklpaoiles eMOVAWONG TANYNG TOAAEG OPEG ouvuTioAoyilouv TNV
LKOVOTNTA TWV KUTTAPWY VA HETAVAOTEVOUV OAAX KoL VO TIOAAATAQGLALOVTAL.
[Na autév to Adyo petpnOnke 1 Suvatdotnta tov BMP-7 va emdyel KuTTapiko
TOAAATAXCLAOUO KATW amd TIS (8leg akplpws ovvOnkes (Ewova 12B). Evw o
TGF-B1, omov 8w xpnowomombnke wg Oetikd control, emdysl ToOV
moAAamAaclacpd Twv wofAactwv, o BMP-7 8ev mpokadel KATOW OMUAVTIKY

QAAayn) 0TOV TTOAAATIAQGLAG O TOUG.

ZuvumoAoyifovtag Ta TApATAV®W EVPNHATA CUUTIEPALVETAL OTL 0 BMP-7
TPOKOAEL Pl EKTETAUEV] avASLOPYAVWOT TOU KUTTAPOOKEAETOU TNG AKTIVNG
otoug Swiss3T3 wvoBAGoTEG 1) oTtolor GUGXETICETAL UE TNV HETAVAGTEVOT) XAAL OXL

ILE TOV TOAAATIAXGLAG O TOVG.

Te KOTTAPA TIPOOTATH £XEL Ava@ePOEl OTL T KATAGTOAY TNG ATIOTITWONG 1)
oTola TPOKKAE(TAL ATIO TNV €VEPYOTIOINON VTTOSOXEWVY avEpoyovwy puBuiletal
amdé TV avadlopyavwon TOU KUTTOPOOKEAETOU TNG OKTIVIG HECW TOU
novotatiov Rho/ROCK/actin?48 kat amod pia oelpd AAA®WVY TPWTEIVWV OV §pouV
KaB0dIKd Twv vTodoxewv Twv avépoyovwvz4, T va edeyxBel n mBavoTnTA
TPOKANONG ATOTMTWONG ATO TN onpatodotnon tov BMP-7 xpnopomomOnkav ta
DU145 KapKWIK& KOUTTOPA TIPOOTATH O0€ P SOKIHAOIA ATTOTITWONG TAPAAANAX
ne TGF-f1 mapovoia 1 Oxt twv  avaotoAéwv Y-27632 (e&elSikevpévog

avaotoréag TG ROCK) kat kxutoyxaiaocivng (avaoToA£XG TOU TTOAVUEPLOUOU TNG

98



aktivng). Toco o BMP-7 660 kat o TGF-B1 aveaptnta amd tnv mapovoia 1 6xL
TWV aVaoToAéwv 8ev emdyouvv amomtwon ota DU145 kapkvikd kKOTttapa

mpootatn (Ewova 121IN).

6.3. 0 BMP-7 emayet ™ onupatodotnon twv Smadl, MAPK kot Rho

GTPacwv KatL v éK@pact) Tov RhoB yovidiov.

Ma va epevvnbel o pnyaviopog pe tov omoio o BMP-7 emdpd oto
KUTTAPOOKEAETO TNG AKTIVNG, LEAETNONKAV [l GEPA ATIO YVWOTES TPWTEIVES OL
omoleg evepyomolovvtal amd Tov vmodoxéa touv BMP. Apyikd avaAvbnke n
Smad1, pla améd ti¢ Smads ot omoieg evepyomoloVvTal Ao TN GNUATOSATNON TOV
vmodoxéa tov BMP kat ot MAPK (mitogen activated protein kinases) p38 kat
Erk1/2, ol omoieg eivat emiong yvwotol amodékTeg TG onuatoddtnong kabodika
TwVv vodoxéwv tov BMP250, EmmpooBétwg, peAetnOnke kat 1 emidpaon tov
BMP-7 omnv evepyomoinon twv pikpwv GTPacwv Rho, pag kat avtég ot
TPWTEVEG €lval oL KUPLOL PLOULOTEG ™G SUVAULKNG avaSlopydvwong Tou
KUTTAPOOKEAETOU TNG AKTIVNG 0€ SLA@OpA KUTTAPLKA cLoTUATo*L 251,

Kata tig 4 mpwteg wpeg petd v emwaon Swiss3T3 wofAactwv pe
BMP-7 mapatnpnbnke Quect, oYupn KOl TOAPATETAUEVY] EVEPYOTIOMOT TNG
Smadl, péow ™G @wo@opvAiwons ¢ (Ewova 13A). To avticwpa Tov
XPNOLLOTIOWONKE Yl TNV AViXYVELOT TNG, avayvwpllel TV @wo@opuiiwor Vo
kapBodu-tedlkwv kataAoimwy oepivng TG Smadl ta omola @wo@opLALWVOVTAL
amevBelag amd tov vmodoxéa tOTOL I Tou BMP, kot mapatiBetar w¢g dpeon
évdelén g onuatodotnong tov vmodoxéa. To pHeEYLoTo EMITESO PWOPOPUALWOTG
TapatnpnOnke 16N amo ta 15 mpwta Aentd enwaong pe tov BMP-7, evw Sev
emnpealdovtal Ta eMimMeSa TNG OALKNG TOCOTNTAS TNG Smadl € QUTA TA XPOVIKA
Staotiuata. MapdAinda, emifBeBaiwbnke kol n evepyomoinon ¢ Smadl ota
HaCaT kepativokOtTapa pia wpa HeTA TNV enidpaot tov BMP-7 6g autd.

0 BMP-7 emiong emdyel ™ @wo@opuAiwon ¢ p38 MAPK pe kopO@won
1 wpa petd v emwoon. AvtiBeta, mapoAn v 24wpn EAAewm opol TwV
woBAaoTwv Tapovotalovtal avinuéva emineda @wo@opuviiwong tg Erkl/2
MAPK o¢ kavovikég ouvOnkes. O BMP-7 mpokadel peiwon g @wo@opuiinwong

™¢ Erk1/2 pla wpa PTG TNV eMwaon TwV KUTTApwV pe BMP-7, evw ta emimeda
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™G OAKNG TMPWTEIVNG Tapapévouv otabepa (Ewova 13A). Ao Ta mapamavw
ovumepaivetal 0tL 1 emidpacn tov BMP-7 6TO KUTTAPOOKEAETO TNG OKTIVNG
umopel va ovoxetiletal pe v evepyomoinon t¢ Smadl kat mBOavov pe tnv
evepyomoinon tng p38 MAPK kat tnv amevepyomoinomn ¢ Erk1l/2 MAPK otoug

Swiss3T3 wopAdoTteg.
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Ewdva 13. INUatodoTikd povondtia Tov emnpeafovtatl and tov BMP-7 6tovg Swiss3T3

Erk1/2 Cdca2-GTP

Actin

woprdotes kat ota HaCaT kepatwokvtrapa. (A) O BMP-7 emnpedlel tnv @wo@opulinon
Twv Smadl kat twv p38 kat Erkl/2 MAPK. AvTITTpOCWTEVTIKEG AVOGOATIOTUTIWOELS SElXVOLUV
™V £KTaoT TS @wo@opuAiwong Twv Smadl, p38 kat Erk1/2 petd amd emwaon 1 oyt Swiss3T3
wofAaotwv kat HaCaT kepaTvoKLTTAPWY, TIPO-EMWACHEVWV amovcia opol yia 24 Wpeg, U
BMP-7 ywx ta xpovika Staotipata mov vmodeikviovtat. (B) O BMP-7 emdyel tnv evepyotoinon
Twv RhoA kat RhoB kat v amevepyomoinon tng Cdc42. AVTITPOCWTEVTIKEG AVOGOXTIOTUTIWOELG
Seiyvouv v éktaon g @optiong pe GTP twv RhoA, RhoB kat Cdc42, tpooSioplopévn péow
GST avoooKATOUKPNUVIONG UETA amod emwaon 1N 0xL Swiss3T3 wofAacTwv, TPO-EMWACTUEVWV
amovcia 0pov Yl 24 wpeg, pe BMP-7 yux ta xpovikd Stactipata mov vmodeikviovtal. Emwaon
Twv woPAaotwv Y 15 Aemtd pe BMP-7 mpokadel @option tg RhoA pe GTP. To evtovdtepo
onpeio @opTIoNG Tapatnpeital petd and 1 wpa emwaong pe BMP-7 yux tn RhoA kat otig 2 ka4
wpes yia ) RhoB. Katd ta 15 kat 30 Aemtd emwoaong twv woPAactwv pe BMP-7 mapatnpeital
amo@option G Cdcd2. Ot TIpéG PHETAEY TWV AVOCOATOTUTIWOEWY SE(XVOUV TTIOGOTIKOTIOMUEVT|
™MV aAAayn @WTEWVOTNTAS TWV {WVOV TV @OPTIoHEVWY GTPAoWV KAVOVIKOTIOUEVEG TIPOG

QAUTEG TWV AVTIOTOY WV {WVWOV TWV OALK®OV TIPWTEVWV.

[MapaAAnAa pe tig Smadl kot p38, o BMP-7 odnyel otnv ypriyopn Kot
apKeTa oyvpn evepyomoinon twv RhoA kat RhoB otoug Swiss3T3 wofAdoteg

(Ewova 13B). H evepyomoinon tng RhoA yivetat eppavig amd ta mpwta 15
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AETITA TNG EMWAONS TwV WoAactwv pe BMP-7, auidvetal otadiakd pexpL v
1n wpa KoL 0T oVVEXELA PELWVETAL ATIO TNV GAAN, 1 RhoB mapauével oxedov
QVETMPENCTI OE QUTA TA APXLKA XPOVIKA SLHOTNUATH KOl EVEPYOTOMON TNG
EL@OVITETL 2 KL 4 WPEG LETA TNV EMWACT TWV KUTTAPWV pe BMP-7. AvtiBeta, n
Cdc42 mapovoidlet vmAa emimeda @optiong pe GTP oe kavovikég ouvOnkeg

XWPIG ETWAOT TA OTOLX EAATTWVOVTAL APESA [E TNV eTiSpaoT Tov BMP-7.

It ovvéxela eAéyxOnke 1 Suvatdémmta tov BMP-7 va emnpealet v
ék@paon Twv RhoA kat RhoB mRNA otoug Swiss3T3 wofAdaoctes. Ipaypart,
uéow RT-PCR mapatnpnbnke avénon twv emimédwv tov RhoB mRNA petd amo 1
€W KL 4 wpeg emwaon Twv wvofAactwv pe BMP-7 (Ewkdva 14A,B). AvtiBétwg,
N éx@paon tou yovidiov ¢ RhoA Tapapével avemmpéaotn KATw amo TiS (8leg
ouvvOnkes. Tédog, TTapatnpnONKe EKTETAUEVT] EKQPAOT) EVOG YVWOTOU YoviSiov
0TOXO0V NG onuatoddtnong tov BMP, autd g avaotaAtikig Smadé (Ewova

14T ,A).
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Ewdva 14: 0 BMP-7 endyel Tv ék@paocn Twv RhoB kat Smadé yoviSiwv otovg Swiss3T3
woBAdotes. (AT) Avumpoowmeutikd amotedéopata RT-PCR Ssiyvouv ta emimeda twv RhoA,
RhoB kot Smad6 mRNA peta amd emwaocn 1 0xt Swiss3T3 wofAactwv, TPO-EMWACTUEVWV

atmovcia opov ya 24 wpeg, pe BMP-7 yi ta xpovikd Staotipata mov vrodewvoovtat. (B,A) H
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EWTEWVOTNTA TNG K&Be {wvng cDNA kavovikomomBnke mpog auty NG avtiotoyns {wvng Tou
GAPDH cDNA xat Tapouotaetal 0Ta ypa@nUata ws HEcog 6poG = TO TUTIKO c@dAua Twv RhoA,
RhoB kol Smadé Tov ek@pdaotnkav o€ Tpia aveEdptnta mepapata. (¥, p<0.05 and **, p<0.01).
IMapdéAro mov o BMP-7 8ev mpokadel kdmowa onuavtiky aAlayn ota emimeda tou RhoA mRNA,
eMayeL avénomn tTwv emmedwv Twv RhoB (1-4 wpeg emwaong) kat Smadé (1-24 wpeg emwaong)

mRNA.

Me v (Swa Aoyikn eAéyxbnke i Suvatotnta tov BMP-7 va emmpeadet v
éx@paon twv RhoA kat RhoB mRNA ota HaCaT kepatwvokvttapa. [Ipayparty, kat
o€ aUTO TO KUTTAPIKO ovotnua pécw RT-PCR mapatnpnbnke avénon twv
emmedwv tov RhoB mRNA petd amdé 1 €wg kot 6 wpeg EMWAONG TWV
kepatwokuTtapwv pe BMP-7 (Ewova 15A,B). AvtiBeétwg, 1 ék@paom Tov
yovisiov g RhoA mapapével avemmpeéaotn Katw amo Ti§ (Steg ouvOnkes. TéAog,
TapaTNPNONKe eKTETAUEVT) EK@PACT TNG Smad6 pe KOPUEWOT AUTH TN POPA
UETG aTO 2 WPEG EMWAONG TWV KEPATVOKUTTAPWY pe BMP-7 xat otadiak)

uelwon ot ovvéxela (Ewcova 15T,4).

RhoA

o I = - 1 I RhoB

Fold Increase
U

45 T

. -

10 —

—

Fold Increase

0.5

Control  1h 2h 3h ah &h

Time Period

Ewova 15: 0 BMP-7 endyet tqv ék@paon twv RhoB ko Smadé6 yoviSiwv ota HaCaT
kepatwokvTTapa. (Al Avunpoowmeutikd amotedéopata RT-PCR Seiyvouv ta emimeda twv
RhoA, RhoB xai Smad6 mRNA petd amd emwaon 1 Oyt HaCaT kepatwokuvttdpwv, Tpo-
EMWOOUEVWY amoucia opoV Yy 24 wpeg, pe BMP-7 yia ta xpovikd Siaotipata mou

vmodewkvuovtat (B,A) H pwtewvémta g kdbe {wvng cDNA kavovikomomOnke mpog auty g
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avtiotong {wvng tov GAPDH cDNA kol TapoucolaleTtal oTa YPpA@ENUATA WG HECOS 0POG + TO
TUTILKO 0@AApX Twv RhoA, RhoB kaL Smad6 mov ek@pdaotnkav og U0 aveiaptnta mepdpata. (¥,
p<0.05 and **, p<0.01). IapéAo mov o BMP-7 Sev mpokalel KAmOW ONUAVTIKY QAAXyY| oTa
emimeSa tov RhoA mRNA, emdyet abvénon twv emmédwv twv RhoB (1-6 wpeg emwaong) Kot

Smadé6 (1-6 wpeg emwaong) mRNA.

Tuumepaopatikd, o BMP-7 emaysel Tt onpaToSOTIKA HOVOTATIX TWV
Smad1 kat p38 MAPK. EmimAéov, emdyet ) @option s RhoA pe GTP, mpdaypa to
0To{0 8&V TPAYUATOTIOLEITAL HECW HETAYPAPLKOV UNXAVIOUOU TIOU O@EIAETAL
oTo povomatt Twv Smad. [IiBavdov, auty N TPpWTAPXIKY evepyoToinon tns RhoA
amdé tov BMP-7 va eAéyxel ta avtioTola apxXlKA XPOVIKA oTASIA TNG
avaSlopyavwons TOU  KUTTHPOOKEAETOU TNnG oaktiving. Tavtdxpova, N
LETAYPAPLKY] EvEPYOTIOiN oM TOL RhoB yoviSiov kat 1 emakoAovBn evepyoToinon
™mM¢ RhoB (owg va eléyxel Ta HETAYEVESTEPA XPOVIKA OTASIL TNG
avaSLopYAvwonG TOU KUTTAPOOKEAETOU TNG aktivie Ta evpniuata g eKOVAS

9A evioyVouv To TPoPIA evepyomoinomng twv RhoA xat RhoB ¢ eikévag 8B.

6.4. H ROCK1 kwaon gumAékeTtar oTHV  avadlopydvwon Tov
KUTTAPOOCKEAETOV TNG AKTIVNG 1) OTIola TpoKaAeiTal amo BMP-7.

Omws avagépbnke mapamavw, o BMP-7 mpokaliel dueon evepyomoinomn tng
RhoA, n omoia ot ovvéxela mOAVOV £xel WG AEITOUPYIKO ATIOTEAEGUA TOV
TOAVUEPLOUO TNG aKTivG O AUECOG YVWOTOG ATOSEKTNG TNG EVEPYOTIOUEVNG
RhoA eivat 1 ROCK1 kwaon?5L, ‘Etol, mapepufaivovtag otnv evepyomoinomn g
ROCK1 Kwv&ong avapéveTal Vo avaoToAEL 1] €V AOYW ETTAYWYT] TOV TIOAVUEPLOUOV
™G AKTIVTG.

[lpdypaty, ovv-emwaon Twv woPAactwv pe BMP-7 ko Y-27632
(e€eldikevpévog avaotoréag g ROCK1) avactéddel mMANpwg TN Snuiovpyia
KEVTPLIKWV WISIwV aktivig (Ewkova 16A), evwd Ta TEPLPEPELAKA VISLA AKTIVNG
OV EVTOTI(OVTUL OTNV E0WTEPLKN TAELPA TNG HEUPPAVNG TAPAUEVOLY
QVETMPEACTA, TIPAYHUAX TO OTIOLO Elval 0€ CUHPWVIA [LE TIPONYOVUEVES AVAPOPES
ywx ™ dpdom tov (5lov avactoAéa o avBpwTivous tvoBAdoteg akpoBuotiag FS-
133252, H emiSpaomn tov avactoAéa Y-27632 emiBefaiwOnKe kal Le TNV TTOCOTLIKY)

HETPNON SLKAVTWV KAl ASLAAVTWV KAXCUATWY TNG aKTIVG KATW amo TIS (8leg
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ouvvOnkes (Ewova 16B). OuL mapamavw mTapatnpnoels ywr Tn Spacmn Tov
avaotoAéa Y-27632 ot onuartodoétnon tov BMP-7 pe amodéktn Ttov
KUTTAPOOKEAETO TNG AKTVNG ouvadouv e TN 6pdom Tov {510V AVACTOAEN TNV

avaioyn onupatodotnon tov TGF-f1247,

15 min 30 min 1 hour 2 hours 24 hours

B r Control BMP-7 Control/Y-27632 BMP-7/Y-27632

0.45

Ts/Ttotal
-

0.35

H N N -
0.30

& 12h
24h Treatment

24h

Ewdva 16: O avaoctoriag Y-27632 avactéAdel THV emaydpevny amd tov BMP-7
avadlopyavmon Ttov KUTTAPOGKEAETOV TG aKTivNG oTovg Swiss3T3 wvoBrdotes. (A) Ta
KOTTapA TIPO-EMWACTNKAV YIdt 24 OPEG ATIOVGIA 0pOV KL OTN CUVEXELX EMWACTINKAV APYIKA UE
Tov avaotoréa Y-27632 ywx 45 Aemtd kot pe BMP-7 ywx ta xpovikd Sxotripoata TOU
uTtodeLlkvUovVTaL AKOAOUO®WE HoVLHOTIOM BN KAV KAl TTPayLATOTION|ONKE eI Laven Ke podapivn-
@oA0iSivn (kokkwvo) kat DAPI (umAe). (B) ZTo ypd@nua avTimpoowmevovTal ol HéGoL 6poL = TO
TUTILKO 0QAAUA TV AOYWV Ts/TTotal TPLOV AVEEAPTNTWV TEPAUATWV YIX TNV 240PT EMWACT] TWV
woPAact®wv pe BMP-7 (*, p<0.05 and **, p<0.01). (I') O avactoAréag Y-27632 emnpedlel TV
entaydpevn ané tov BMP-7 petavdotevon towv Swiss3T3 wofractwv. e LovootiBddes
KUTTAPWV Ol 0ToleG TTPO-EMWACTNKAY 24 WPEG amovsia opov, SnulovpyBnke Tpavua KAl oTN
OGUVEXELA EMWACTNKAV APYIKA HE TOV AVAOTOAEX Y-27632 1 Oyt yia 45 Aemtd Kot akoAovbwg ya
24 wpeg mapovoia 1 6xt BMP-7. Ou pikpowTtoypagies mapovoidlouv tnv mpoodo Tng
HETAVAOTEVONG TWV WVOBAQCTWOV Yl T XPOVIKA SlaoTripata Tov vmodeikvuovtal. H mapovaoia
Tou avaoTtoAéa Y-27632 mpokaAel peiwon TNG TUKVOTNTAG TWV VOBAACTWV O€ HETAVAGTEVON

EVTOG TNG TEPLOXT|S TOU TPAVUATOG.
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H moapovoia tou avactoAéa Y-27632 mMapAAANAQ avaoTEAAEL Kol TN
petavaotevon twv Swiss3T3 woAactwv 1 omola TTpokaAeitat and tov BMP-7
KATA TN SoKIHaoio EMOVAWOTG TPAVHATOS KATW ATO TIG (81e¢ CUVONKEG 0L 0TTO(ES
meptypa@dnkav oty ekoéva 7A (Ewova 16I). Iapovoia touv avactoréa Y-
27632 mapatnpeltal pla €REAVODG HELWHUEV] TUKVOTNTA HETAVAOTEVOVTWV
wofAacTwV eVTo¢ TNG TEPLOXMS Tov Tpavpatos. ‘Etol, @alvetat 6tL 1 dpdon g
ROCK1 kwvdong elvat kaBoploTiki) yla 11 oNUATOoSOTNON TIOU EXEL WG ATTOSEKTN
TOV KUTTOPOOKEAETO TNG AKTIVNG, YEYOVOG TO OTO(0 UTOPEl va PETA@PAOTEL

TEPALTEP®W KAL OTNV LKAVOTNTA TWV WVOBAAGTWV VX LETAVAGTEVOLV.

[Na va eAeyxBel av o avaoctoréag tng ROCK1 kwvdong Siatapacoesl ™
onuatodotnon tov vmodoyxéa tov BMP mpog tTig Smadl, p38 kot Erkl/2
EMAVAAN@ONKAV TA TEPAUATA AVOCOATOTUTIWOTNG TIOU TEPLYPAPNKAV OTNV
elkOva 8A KATw amo TIS (6lEG oLVONKEG TTapovsia 1) OXL TOU avaoToAéa Y-27632
(Exéva 17). 'Etol, ovv-emwaocn twv woPAactwv pe Y-27632 kot BMP-7 8ev
ELPAVIoE KAl HETPNOLUN EMIMTWON OTO TPOPIA NG KWNTIKAG TNG
@wo@opvAlwong twv Smadl, p38 kat Erkl/2 o6mwg kat avapevotav. Ev
KATAKAEISL, @ailvetal 0TL 0 avaoToAéag Y-27632 Spa kaBodikd tTwv Smadl, p38

kat Erk1/2, emmpedlovtag mbavwg povo m dpactikotnta g ROCK1 kivaong.

BMve-7 ¥-27632 & BMP-7 ML-T & BMP-T
A 'l L

I 1 I 1 I 1
Conpal iSrmein 30 e 1 %er 3haen 4 houn Cormp 15 min Nren 1 howr 2 houn A bours Cormral 15mn Nren 1 howr I haen dhaen

Ewdva 17. Ou avactoAeig Y-27632 ¢ ROCK kat ML-7 tng MLCK 8ev emmpedlovv to

TPOPIA TNG KLVNTIKNG TNG Pwo@opLAimwong Twv Smadl, p38 kot Erk1/2 mov o@eidetal
otov BMP-7 otoug Swiss3T3 wWoBAGGTEG. AVTITTPOCWTEVTIKEG AVOOOXTIOTUTIWOELS Seiyvouv
OTL TA TTPOPIA TNG KWWITIKNG TNG @wo@opLAiwons twv Smadl, p38 kat Erkl/2 petd amd enwaon
N o0xL Swiss3T3 woBAXCTOV, TPO-EMWACHEVWV ATIOUGIN 0poV Yl 24 MPEG, apylkd UE TOUG
avaotoAels Y-27632 kot ML-7 ywx 45 Aemtd kou ot ovvexewa pe BMP-7 yia ta xpovika

Slaotpata mov vmodekvoovTal §ev ep@avifouv Kapia aArayn.
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6.5. 0 BMP-7 TipokaAel AUECT] KAl TAPATETAUEVT] PWOPOPVALWGT TNG
eAa@pLag aAvoidag tng pvooivng (MLC).

H onupatodomon g ROCK1 pmopel va katevBuvOel mpog S1a@opeg KIVAOES
ovumepAapfavopévwy peEAwv Twv owkoyevelwv Twv PAK kot LIMK kat
TEPULTEPW OE VMOOTPWHATA OTWG 1 KO@Wivn kat 1 MLC253-258, T va
StaxwploBovv auTA T CNUATOSOTIKA HOVOTIATLH LETAEY TOUG XPNOLUOTIOWONKE
0 avaotoAéag Y-27632 tng ROCK1 kot BewpriOnke 6t o BMP-7 Spa péow avtrg
™G Kwadong. Apxika, yvwpilovtag 6tL 1 LIMK Swadpapatifel facikd poio otn
onuatodotnon tov BMP o€ vevpwveg, ve@pilka kKOTTApa Kal puofAdcteg23?. 259,
260, gAeyxOnke n evepyomoinon tng LIMKI1. Méow pag in vitro Sokipaciog
AQUTOPWOPOPVAIwoNG NG evloyevoug LIMK1 pe poadievepyd ATP  kat
AVOCOKATOKPNUVIONG NG amd Swiss3T3 woBAdoTteg OV €YOoUV EMWACTEL UE
BMP-7 @aivetal 6Tt 0 BMP-7 tpokaAel onpavtikny ad&non g ewo@opuiinong
¢ LIMK1 (Ewéva 18A). IMapadoéws, ouv-emwaon Twv WVOBAAGTWV UE TOV
avaotoAéa Y-27632 mpokadece avénomn g @wo@opuiimwong tg LIMK1 ota
emwaopéva kat pn kOttapa pe BMP-7. H @wo@opuvAiwon t¢g LIMK ota
Swiss3T3 kOttapa mov o@eidetal otov BMP-7 emayetal dueca kal TapapEVeL
HEXPL Kot 3 wpeg petd v apxikn enwaon (Ewdova 18B), yeyovog to omoio
ovpuBadilel pe TIG TAPATNPNOELS 0 GAAX KUTTOPIKA ocLOTHpaTAZ3?. 259, 260,
Q0T000, TO YEYOVOG OTL 0 avaoToAEaS Y-27632 Sev avaoTéAAel aAAd PAAAOV
evioyVel v evepyomoinon tng LIMK1 katd tng onuatodotnon touv BMP-7
vmodnAwvel ottL 11 LIMK1 {owg Sev elvat 0 kUpLog puBuoTtig 0 omolog emidpd

TNV avadlopyavwaoT] TOU KUTTAPOOKEAETOU TNG AKTIVNG.
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V257638
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Ewova 18. 0 BMP-7 emdyst Gueon Kal TAPATETAUEVT] @WO@OpLAiwon Twv LIMK1 kot

MLC otovg Swiss3T3 wofAdctec. O avactoréag TG ROCK, Y-27632 pokadel avacToAn
™G W @opLAiwonG TS MLC kal Tapaddimwg, emaywyt) TG @wo@opvAimong tn¢ LIMK1
oV TpokaAeital and BMP-7. AvtimpoowmevTikd melpdpata avtopadioypagiag (A: [32P]-yATP
in vitro Sokwpacia autoEwWo@opvAiwong) kat avocoamotUimwong (B-A) pe e€etdikevpéva
QVTIOWHATA YL TI§ @wo@o-LIMK1/2 (T508/505) kat ¢wao@o-MLC (S19) Seiyvouv to Babud g
@wo@opvAiwong Twv LIMK1 kot MLC petd amd emwaocn 1 0xt Swiss3T3 wofAactwv, Tpo-
EMWaoUEVWY amoucio opoV yia 24 wpeg, ue BMP-7 (A: mapovoia touv avactoréa Y-27632) ya ta
Xpovika Staotiuata mov vmodeikvoovtat Ot TIHEG HETAED TwV AVOCOATOTUTIWOEWY SElXvouv
TOGOTIKOTIOMUEVT] TNV QAAAYT Q@WTEWOTNTAS TWV {WVOV TWV @wo@opLAlwuévwy LIMK1 kat
MLC KavoviKOTIOMUEVES TIPOG AUTEG TwV avTioToywy {wvav ¢ aktivne. (E) O avactoAéag
¢ MLCK, ML-7 avactéAAeL TNV avadlopydvmwon Tov KUTTAPOGKEAETOU TG AKTIVIG IOV
mpokadeitat and BMP-7 peta anod 24 wpeg 6toug Swiss3T3 woBAaoteg. Ta kOTTOPA TIPO-
EMWACTNKAV 24 MPEG ATOVGIN 0POU KL GTN CUVEXELA EMWACTNKAV APXIKA LE TOV AVAOTOAEN
ML-7 ywx 45 Aemta kot pe BMP-7 yux ta xpovika Staotipata mov vmodetkviovtat. AkoAoUBwg
HOVIHOTIOMBNKaV Kol TpAypatomomonke emonuavorn pe podapivn-@oaAoidivn (kOkKvo) Kot

DAPI (umAe).

It ovvexela, eEAEyxBnke 1 evepyomoinon s MLC, n omola Stadpapatilel
KaBopLoTIKO pOAO KATA TNV avadlopyAvwor TOU GCUUTAOKOU TNG OKTLVO-

HLOGIVNG LE AUECO AVTIKTUTIO OTNV KWWNTIKOTNTA TWV KUTTAPWV258, [Ipayuaty, o
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BMP-7 emdyel otoug Swiss3T3 wvoPAdoteg apeon @wo@opuiiwon s MLC oto
kataAoumo Ser19 n omola Stapkel Ewg kat 4 wpeg peta Vv enwaot (Ewkova 18T),
evw 1 ovv-emtwact BMP-7 kot Y-27632 éxel wg amotédeopua v TopeUToOSion
autng S @wo@opuvAiwong (Ewova 18A). ‘Etol, ouvumepaivetat oOtL M
onuatodotnon tov RhoA/ROCK1/MLC povomatiov eival onpavTIKY Yot TV
avVaSLOpYAVWOoN TOU KUTTAPOOKEAETOU TG AKTIVNG TTOV TTpoKaAe(TaL amd BMP-7

otoug Swiss3T3 wofAdoTeg.

6.6. H @wo@opvAiwon ¢ MLC mailer Bacwkd poAo katd TNV
aAVaSLoPYdvmwon TOV KUTTAPOGKEAETOU TG AKTIVI)C IOV TIPOKAAELTAL ATTO

BMP-7.

['a va agloAoynBel o Aettouvpylkog poAog TG @wao@opLAiwong thg MLC 1 omola
emayetat and tov BMP-7 mpaypatomombnke avaotoAn ¢ MLC kwdong
(MLCK) n omola @wo@opvAiwvel dueoca tnv MLC kat amoocwwtnon tg MLC
xpnowpomowwvtag siRNA. Zuv-emwaorn Swiss3T3 woBAaoctwv pe BMP-7 kat tov
e€eldikevpevo avaotoAréa tng MLCK, ML-7 8ev mpokaAel kamola oaAAayr oTo
@ALVOTUTIO TNG AVASIOPYAVWONG TOU KUTTAPOOKEAETOU TNG OKTIVIG ATO TA
TPWTA AETTA TNG EMWAOTG TOUG HEXPL KL 2 WPES apyoTepa. AvtiBéTws, o ML-7
QAVUOTEAAEL ELPOAVODS TNV AVASLOPYAVWOT] TOU KUTTAPOOKEAETOU TNG OKTIVNG

IOV ETIAYETAL LETA ATIO 24wPN ETWAOT) TwV voffAactwv pe BMP-7 (Ewkova 18E).

Katd avaioyo tpoTo e quTOV IOV XPNOLUOTIOONKE Yl TOV AVAOTOAEX
Y-27632, xat mpokelpévou va edeyxBel av o avaotoAéag tg MLC kwdong
Sltatapaoaoel T onpatodotnomn tov vmodoxéa tov BMP mpog ti¢ Smad1l, p38 kat
Erk1l/2 emavaAi@Bnkav ta TEPAUATA AVOCOATIOTUTIWONG TIOU TEPLYPAPNKAV
otV ekova 13A katw amd Ti§ (8leg ouvONKeS TTapovaia 1 OXL TOU AVACTOAEX
ML-7 (Ewova 17). Etol, ovv-emwaon Twv wofAactwv pe ML-7 kat BMP-7 8gv
EUPAVIOE Kaplo PETPNOWUN EMMTWON OTO0 TPOPIA NG KWNTIKAG TNG
@wWo@opvAlwong Twv Smadl, p38 kat Erkl/2 omwg kat avapevotav. Etol,
@aivetal 0TL Kot 0 avaotoréag ML-7 Spa kabodika twv Smad1l, p38 kat Erk1/2,

emnpealovtag mOavws povo tn Spactikotnta ts MLC kivaong.

Me v 8ia Aoyikn, amoocwwnwvtag tmv evdoyevr) MLC otoug NIH3T3

LVOBAAOTEG, OL OTO(OL TPO-EMWACTNKAV amovcia 0poV yla 24 wpeg, UECW
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e€eldikevpévou yua v MLC siRNA, kateotaAn n Suvatotnta tov BMP-7 va
EMAYEL avaASLOPYAVWOT] TOU KUTTAPOOKEAETOU TNG OKTIVNG HETA amo 24wpn
enwaon (Eova 19A). Etig kavovikég ouvOnkeg to (8to siRNA yix v MLC 8ev
emnpealet 1 PBLOOOTNTA TWV  KUTTAPWYV KAl TO  PALWVOTUTIO  TOU
KUTTAPOOKEAETOU TNG oKTiviGg. H amodoTikdOtTnTat NG AmoolwmMnong Tng
evdoyevous MLC otoug NIH3T3 wofAdoteg jtav peyaAdtepn amd 85% (Ewova
19B), evw 0tav 1 (8l peBodoAoyia amooLwTNoNG PAPUOCGTNKE 0TOVS Swiss3T3
wofAaoteg n amodotikoTnTa dev Eemépaoe to 20 pe 30% Kot yia autd To AOYO

mpotymOnkav ot NIH3T3 woBAdoteg yia To Tielpapa TG ATTOCLWOTNOMG.

A Control SIMLC siControl

BMP-7

AT T —

Ewdva 19. Amocwwmnon tng £v8oyevovg MLC avaoctéldst THv avadiopydvwon Tovu
KUTTAPOGKEAETOV TNG aKTIVvNG oV enmdyetal anté BMP-7 otovg NIH3T3 wvoBAdoteg. (A)
NIH3T3 wofAdoteg emipoAvvOnKav 1) oxL pe egeldikevpévo ya v MLC siRNA 1 apvntikd control
(siControl) ywx 24 wpeg, TMPO-EMWACTNKAV omovcia opol Yy 24 wPeG KAl OTN OUVEXELX
emwaotnkav pe BMP-7 1 0xt yia dGAAes 24 wpeg. AkoAoUBwG Ta KOTTAp POVIHOTIOWONKAY Kot
TpaypatomomOnke emonuaven pe podapivi-@aroidivn (kokkwvo) kot DAPI (umAe). (B)
AVTITIPOOWTEVTIKEG AVOCOATIOTUTIWOELG ATIO TElpapa amootwmnong ts MLC katw amo Tig (Sieg

GLVOTKEG, TTaPOoVGLATOVTAS TIG 0ALKEG TTooOTNTEG MLC Kat aktivng.

109



ZuvuaoTiKd, Ta melpapuata avactoAns s MLCK kat g amoolwmnong
™m¢ MLC vmodewkviouv otL 11 pUBuon TG Aettovpyiag g MLC eival évag
KploWoGg 0ToX0G Kata v emidpacn touv BMP-7 0TOV KUTTAPOOKEAETO TG

aktivng.

6.7. POAog ™G Smurfl Atydong ouBLKUTIVIIG KXTA TNV avadLlopydvwon Tov

KUTTOPOOKEAETOV TNG AKTIVNG IOV eMayeTal ano BMP-7.

H 8paon ¢ Atyaong E3 ¢ ouBikutivng, Smurfl, £xel ouvdebel pe T Aettovpyia
Twv Smad, Twv vmodoxéwv twv TGF-B kat BMP, twv pikpwv GTPacwv tg
owkoyévelag Rho kat kat' eméktaon pe ™ SUVAULKY 0PYAVWOT TNG aKTVNG.
Zuykekppéva, 1 Smurfl ovBIKUTIALWVEL TIG TAPATIAV® TIPWTEIVES KAL TIG 08N YEL
0T TIPWTEOCWUATA VIO ATOLKOSOUN 01135 244, 245 "ET01, QmOCL®OTNOoN AUTOU TOU
QPVNTIKOU pUOULOTH MG TAELASOG TPWTEIVWV TOU €XOUV ONUAVTIKOTATN
emiSpaon otnv avadlopyavwor Tou KUTTAPOCKEAETOU TNG AKTIVNG aVapeEvoOTAv
O0TL lowg odnynoel o €vav MO EKTETAUEVO T)/KAL HEYAAVTEPNG OLAPKELXG
TOAVUEPLOUO TNG aKTivnG. EAEyxOnke 1 amodoTikdTNTA TG ATMOCLWTNONG TNG
evdoyevous Smurfl ota HaCaT kepativokUTTOpa KATW atmd SLe@opeg cLVONKES
(Exéva 20A) kot emidéyxOnke n o ikavomomntikn ([IpwtdkoAAo tng Dharmacon,
oAtyovouvkAeotibio ¢ Dharmacon, telikn ouvykévtpwon 5nM). IMapdro, To
YEYOVOG OTL 0TI AVOOOQTOTUTIWOELS TO avTiowua tng Smurfl Aettovpyel oe
TOAV (KVOTIOMNTIKO Babud, Sev Tapouvotdlel avTtioTOLX0 ATIOTEAECUA KOTA TN
Slapkela avooo@BoPLoHOY KATW ATO TIS (SLEG TTEPAUATIKEG GUVONKEG WOTE VA
a&loAoynOel n emibpaocn tou otV aAvaSlOPYAVWOT) TOU KUTTOPOOKEAETOU TNG

aktivng mov enayetat and BMP-7 (Ewova 20B).
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A SilentFect (Dharmacon) HiPerFect (Qiagen)

SIRNA D D D Q Q SIRNA D D D Q Q
siControl siSmurf1 siControl siSmurf1
A
[ 1 [ 1
15nM 5nM 15nM 5nM 15nM 15nM 5nM 15nM 5nM 15nM
'
Smurf1 - - Smurf1 — -
4 .
a-tubulin R — o — B IU N — . ——— —.
B - siControl siSmurfl

BMP-7

Ewova 20. Atociwmnon ths ev8oyevoug Smurfl ota HaCaT kepativokVttapa. (A) HaCaT
KEPATWVOKVTTAPA EMPOAVVONKav 1 OxL pe e€elbikevpévo ya v Smurfl siRNA 1 apvntiko
control (siControl) XPNOLLOTIOLWOVTOG Stdpopoug ouUVSLAGHOUG TPWTOKOAAWY,
O0ALYOVOUKAEOTISIWV Kol TEAk®WV ovuykevtpwoewv (SilentFect: mpwtdékoAdo Dharmacon,
HiPerFect: mpwtdkoAAo Qiagen, D: oAtyovoukAeotiSio Dharmacon, Q: oAtyovoukAeotiSio Qiagen)
Y 24 ®PEG, TPO-EMWAGTNKAV ATOUCIA 0poV yla 24 (MPEG KUL 0TI GUVEXELQ EMWACTNKAV UE
BMP-7 1 Oyt ywx GAAeg 24 wpeG. AVTITPOOWTEVTIKEG QVOCOATOTUTIWOELS Seiyvouv TNy
ATOTEAEOUATIKOTNTA NG amoowwtnnong tng Smurfl otoug Sa@opetikols cuvdvacpols
oLUVONKWV Kal Ta eTimeda TG a-TOUUTTOVAIVNG va Tapapevouy avemnpéaota. (B) Kata tov i8to
Tpomo HaCaT kepatwvokittapa emipoAUvOnkav 1 oxt pe e€edikevpévo yia v Smurfl siRNA 1
apvnTiko control (siControl) yia 24 wpeg, mpo-emwactnkav amovcio opol yia 24 wPeG KoL 0N
ouvéxela emwdotnkav pe BMP-7 1 Oyt yw dAdeg 24 wpeg. AkodovBwg Ta kUuTTOpQA
HOVIHOTIOMON KAV Kal Tpaypatomomnke emonpavon pe To avticwpa kata ¢ Smurfl

(mpdowo), podapivn-@aroidivn (kdkkivo) kot DAPI (umAe).
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7. Xv{nmon

113



114



Ta amoteAéopata Tng mapovoag SwatpPny Selxvouv OTL €va HEAOG TNG
owkoyévelag tov TGF-B, o BMP-7, evepyomolel éva vEo onUATOS0TIKO LOVOTIATL
TO 0To{0 EMEPA OTNV AVASLOPYAVWOT TOU KUTTAPOOKEAETOU TNG AKTIVNG. AUTO
TO HOVOTIATL £XEL KOLVA XOPAKTNPLOTIKA LLE TO AVTIOTOLYO TIOU £XEL TEPLYPAPEL
amd to epyaotnplo pag yw tov TGF-B1 otoug Swiss3T3 woPAdotegZ6l, 'Opwg
Slamotwvovtal TapdAANAa oNUAVTIKEG Sla@opés otn Spdon tov BMP-7 o¢
oxéon pe avty touv TGF-B. Etol, ouvvdvdlovtag ™ Spaom egelSikevpuévwyv
QVOOTOAEWV  KWVAOWV Kol SOKIHACLWV Ol OTOolEG METPOUV TO EMimMeESO
EWOEOPVAIWOTG KIVAOWV KAL UTTOCTPWHATWYV, TipoTeiveTal 6TL 0 BMP-7 emdyel
™ onuatoddémmon tov péow Ttwv Rho GTPacwv kot tg ROCK1 kwvaong
OTOXEVOVTHG TEAIKA o1 pubulotiky vmopovada tng pvooivng (MLC)
eMNPeAlOVTAG KATA QUTO TOV TPOTO TNV AELTOLPYIX TOU GUUTAGKOU TNG
aktwopvooivng. H evepyomoinon Aomdév Tou oNUATOSOTIKOU HOVOTIATLOU
Rho/ROCK/MLC  oényel ommv  mMapatnpoUUeV]  avadlopyavwon  Tou

KUTTAPOOKEAETOV TNG AKTIVIG.

H emppon ™m¢ onuatodotnong twv vmodoxéwv tov BMP ot Suvapuikn
0pYAVWOT) TOU KUTTOPOOKEAETOU TNG OKTIVNG EXEL avaePOel TTOAAQKIGZ37, 259, 260,
'Etol, apyika emBefatwbnke n §pdon tov BMP-7 aAda kat tov TGF-B1 oty
avaSlopYAvwon TOU KUTTOPOOKEAETOU TG AKTIVING 0€ WWOPAAOTEG TOVTLKOU
(Swiss3T3 - Ewova 6 , MEF - Ewkova 7A kat NIH3T3 - Ewova 8), avBpwmiva
emONAlaka kottapa poaotov (MCF7 - Ewova 7B kat MCF 10A aypiov tumov
kaBws kat p21 null - Ewova 9), embepuidag (kepativokttapa HaCaT - Ewova
10) kot kKopkwikd kottapa mpootatn (DU145 - Ewoéva 7I). Kowdg
TAPOVOUAOTNG OF OAEG TIG KUTTAPIKEG OEPEG elval 0 TOPATIPOVUEVOS
TOAVUEPLOUOG TNG AKTIVNG HETA amd 24 1) 72 wpeg emwaong pe BMP-7, o omolog
TEKUNPLWVETAL E(TE HEOCW HKPOOKOTILXG dpecov @Boplopov (Ewkdves 6, 8, 9, 10)
elte péow TG BLOXNUKNG HETPNONG TWV SLKAVTWV (HOVOUEPNG aKTIVN)) Kal
adloAvTwy (ToAvpepng aktivn) kAaopdtwv TG aktivig (Ewoveg 6, 7). X
OUVEXELX TTAPATNPNONKE 1 IKAVOTNTA QUTWV TWV QUENTIKWV TIHPAYOVIWY VX
TPOKAAOUV 0LUCCWPEVOT BIVKOVAIVIG 0TS TTAAKEG TPOGPLONG 6ToVG Swiss3T3
woBAaotes (Ewova 11). Mpaypat, o BMP-7 aAAd& kat o TGF-B1 mpokaAolv
OVOOWPELVON PBLVKOVAIVNG OTIS TTAAKEG TIPOGPLONG, SEXVOVTAG TN YEVIKOTEPN

avaSLopYAvwon TOU KUTTAPOOKEAETOU TNG AKTIvNG Tov cupfalvel TTEpAV TOV
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moAvpepLopov. ‘Etot ot Swiss3T3 wofAdotes katéoOnoav vtooxopevo epyaieio
yla v TEPATEP® UEAETN NG onpatodotnong tov BMP-7 mpog Tov
KUTTOPOOKEAETO TNG AKTIVNG.

It mapamavw avagopes 1 LIMK1 eival évag xowodg evlilapecog
ONUATOS0TIKOG PUOULOTNG, @WOEPOPVALOVOVTAG AUECK TNV  KO@ALvN e
amOTEAECUA VU EAEYXEL TOV TIOAVUEPLOUO TNG akKTivig. MoAovoTL peTpnONnKe
evepyomoinon g LIMK1 peta amo éxkBeon Swiss3T3 woBAactwv ce BMP-7
(Exxéva 18A, B), n xpnon tov avactoAéa ¢ ROCK1 o omoiog katd ta GAAQ
avaoTéAAel Ty emidpaon tov BMP-7 610 oUumAoko TNnG akTvopvooiving kal
OTNV KWNTIKOTNTA TwV KUTTdpwV (Ewkéva 16), evioxvoe katd mapadofo tpoTmo
™mv evepyomoinon ¢ LIMK1 (Ewdva 18A). Auto To amotéAeopa 081 ynoe 6Tov
amokAelopd ¢ LIMK1 wg puBuiot) g avadlopydvwong Tou KUTTAPOOKEAETOU
™G aktivng Tov pokaAeital amé BMP-7 otoug Swiss3T3 wvoBAdotes. [TapoAo to
yeyovog ott n LIMK1 éxer kaBiepwBel wg evdidpeocog pubuotg g
onuatodotnong twv BMP-2 kat BMP-7 og vevpwveg, ve@plka emibnAlakd
KOTTapA Kol PHUOBA&oTEG237: 259, 260 kauiot ATO TI§ TAPATAVW AVAQOPESG SEV
TeKUNplwoe éva Aettovpylkd poro ot LIMK1 dcov agopd v avadiopydvwon
TOU KUTTAPOOKEAETOU NG aktivng avth kabavth. Kaboplotikny €xel avagepbel
o1t elvat ) LIMK1 kata tn 8evépltoyéveon o€ KaAAEPYELAZSY, evw in Vivo HEAETES
o€ Xenopus mapovotalovv 0tL f LIMK1 eivat onpavtikn ywa ) dnulovpyia tov
agova Kot OxL yla Tn 8evdpLtoyéveon26Z, SelxvovTag £TOL TNV TTOAVTIAOKOTNTA TG
Aettovpylag mov pmopel va €xel pla kat povo mpwTteivny, omws n LIMK1 oe
SLPOPETIKA KUTTAPIKA cvotipata. H povn ava@opd péEAoug TnG OLKOYEVELXS
Twv LIMK 1o omolo dpa kaBodikd twv TGF-f kat BMP kot embpa dueca oty
avaSlopYAvwon TOU KUTTAPOOKEAETOU TNG aKTivng eival avtr ™¢ LIMK2 n
omoia Spa kaBodika tov TGF-B261, 'Etot, o akping porog g LIMK1 kabodika
Twv vnodoxéwv Ttou BMP mov odnyel otnv  avadlopyavwon Tov
KUTTAPOOKEAETOU TNG AKTIVIG ATALTEL TTEPALTEPW UEAETT).

[Ma mpwTn @opd OpwWG amoSISETAL ONUAVTIKOG AELTOUPYIKOG POAOG OTA
emimeda @wo@opuvAiwong ™¢ MLC katd Tn onuatodotnom evog UEAOULS TG
owkoyévelag twv TGF-B/BMP, ovykekpwéva touv BMP-7 (Ewova 18T). H
@wo@opuvAlwon TG MLC amdé v MLCK elvat évag unxaviopuog mov eAEyyeL ™

AgLTOVPYlA TOU CUUTIAOKOU TNG AKTIVOHUOG(VIG 0 PUIKA KAl un KOTTapa2ss: 263,
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[Tapodo mouv &ev petpnbnke aupeca n Spaoctikotnta TG MLCK kata T
onuatodotnon tov BMP-7, n xpnion tov e€eidikevpuévou avaotoréa s MLCK,
ML-7 xat n Sokipaoia amoowwtnnong s MLC (Ewoéveg 18E, 19) g amodiSovv
ONUAVTIKO  pUOUOTIKO  pOADO,  AVACTEAAOVTOG TNV UAKPOTPOOeouUn
avVaSLOpYAVWon TOU KUTTAPOOKEAETOU TNG QAKTIVNG TIOUL TPOKAAE(TAL ATO TOV

BMP-7.

Kata mapopolo tpomo, pe tn Xpnomn Ttov eCelSIKEVUEVOU AVAOTOAEX TG
ROCK1, Y-27632 (Ewoéva 16A, T' kat Ewova 184), ywia mpwtn @opa
kataypagetal 1 ROCK1 wg o amodéktng ¢ evepyomoimons twv Rho GTPacwv
Kal KATA TN onpatodotnon tov BMP-7 pog tov kuttapookeAetd ¢ aktivng. H
ROCK1 &Uvatal va evepyomomBet €& ioov amd tn RhoA-GTP kat tnv RhoB-
GTP251 253, gvepyomoinon Twv omolwv Aapfavel xwpa Vo TV enidpacn BMP-7
otoug Swiss3T3 woBAdotes (Ewxkéva 13B). EmumAgoy, ) mapatpnomn 6t o BMP-7
puBuilel v ék@paon tov RhoB mRNA aAdd 6L kat avtd touv RhoA (Ewoveg 14,
15), vmodnAwvel mOavny Sa@opomoinon Twv POAWYV AUTWV TWV UIKPWV
GTPaowv kata t onpatodotnon tov BMP-7. Ipayupati, ovvduvdlovtag tnv
KLVNTIKN TG evepyotoinons twv RhoA kat RhoB mpwrteivwv (Ewkova 13B) kat
NV KWWNTIKN NG €k@paons Twv RhoA kat RhoB mRNA (Ewoveg 14, 15), @aivetal
O0tL 1 RhoA spmAéketal otn Bpayvmpdbeoun emidpaon (15 Aemtd - 2 WPES) TOV
BMP-7 0TOV KUTTAPOOKEAETO TNG OKTIVNG, €V 1) HETAYPAPLKN EMAYWYN TOU
RhoB yoviSilov pe tnv emako6Aovdn evepyomoinon avtg ¢ uikpns GTPd&ong
lowg eAéyxel ™ MakpompoBeoun (2-4 wpeg) emidpaon touv BMP-7 otov
KUTTAPOOKEAETO. [TapaAAnAa, emaywyrn TG €k@paons tov RhoB xal 0xL Tov
RhoA mRNA mapatnpndnke kat ota HaCaT kepativokOTTAPQ, EVIOXVOVTAG AUTO
TO TIPOTUTIO HETAYPAPLKNG ETTAYWYNS TOU RhoB yoviSiov Tov o@elAeTal 6TOV
BMP-7 (Ewova 15). [Tapopola petaypa@ikn emaywyn Tov yovidiov tng RhoB kat
oxL Tov yovidiov TG RhoA €xel SeiyBel ota HaCaT kepativokuttapa pHetd amd
¢xBeon toug ya 1 €wg 24 wpeg oe TGF-B1264 Seiyvovtag OTL TO CUYKEKPLUEVO
TPOTUTO PETAYPAPNS TwV RhoA kot RhoB yoviSiwv Tapouctdlel opolotnTeS O)XL
HOVO HETAED SLAPOPETIKWV KUTTAPIKWOV CEPWV OAAA Kol HETAED SLAPOPETIKWV
HeAwv G owkoyévelag tov TGF-B. Tédog, avtiBeta pe tov BMP-2 o omoiog
TPOoKaAElL evepyotoinon TG Cdc42 og veupwves Kat pvoPAdcteg2sd 260, o BMP-7

@aivetat va puvBuilet apvntika avty ™ Mkpy GTPaon otouvg Swiss3T3
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wofAaotes (Ewova 13B) omwg kot o TGF-B1 ota HaCaT kepatwvokvttapa
avtiotolya (Tpéxovta dedopéva Tov epyactnpiov). Exel avagepOel 6TL 1) Cdcé2
elval amapaltntn ywr TNV KATEVOUVOUEVT] UETAVACTEUON HAKPOPAYWV EVW
TAPOAT TNV AVAGTOAN TNG SpAcN G TNG TA KUTTAPA £§akoAovBoUV v KivouvTal
TPOG TUXUlA OPWGS KatevBuvon?29. Kata mdéoo aut 1 StaopoToinomn o@eidetal
OTNV KUTTAPLKI CEPA 1) 0TN SLaKPLT SpACT] TWV HEAWV TNG OLKOYEVELAG TOU
BMP kot kot emékTaoT TNG EvEPyoToinong Twv vmodoxewv tov BMP mapapével
AyvwoTo.

Onwg €xet mpoavagepbet m Rho péow g ROCK emayst 1
@wo@opuAlwon TG MLC mapéyovtag SUVANELS CUOTOANG 0TO OTIioO10 AKPO EVOG
KUTTApoL ot petavactevon3’. EmmAéov, ot BMPs emdyouvv v éx@paon
uvocivng X (Myo 10) oe evéoBnAlakd KOTTAPA KAL TTPOKAAOUV T LETAVAGTEVOT)
TOUG KATA TNV AYYELOYEVEDT 265, T auTd Ta KUTTapa, 1 Myo 10 evtomiletal ota
@LOTIOS I KAl 1] GUVAPUOAGYNOT TWV @EOTOSIWV TOV TPOKAAE(TAL ATIO TOV
BMP-6 eEaoBevel O0tav pewwvetatr n ék@paon g Myo 10. MdAlota 1 veo-
oxnuatioBeioa pvooivn X ovvevtomiletal pe tov vmodoxéa tomov I touv BMP,
Alk6 ota @UOTOSI, KAl TO OCUUTTAOKO aUTO OCUUUETEXEL oTnVv Kivnom. H
Stadikaoia autn eival amapaltnTn yia 11 Slapkn evepyomoinorn twv Smad o€
amokpLon TG onuatodoTnong tov BMP, odnywvtag oe ap@idpoun evioyvon tng
onuatodotnong tov BMP kot ¢ KUTTApooKeEAETIKN G KvnTiKOTNTAS. Kotd v
onuatodotnon tov BMP-6 o Alk6 kat 1 Myo 10 petatomiletal Slapkws ota
@omodla. EmmpocBétwg, yia v evepyomoinon twv Smad amd tov BMP-6
amatteitar 1 Myo 10, Seiyvovtag OTL emmAéov NG AelTovpyiag g ota
@LoTOS1a 1 Myo 10 GUMMETEXEL KAL OTNV AVATPOPOSOTNON TNG ONUATOSOTNG
tov BMP otig Smad. H mapovoia tou avaoctoAéa Y-27632 €kTO6G amod v
avaSlopyavwon TOU  KUTTOPOOKEAETOU TNG OKTIVNG HELWVEL Kol TN
HETAVAOTEVTIKN IKavoTnTa Twv Swiss3T3 woBAactwv 1 omola o@eideTal otov
BMP-7 (Ewova 16T - 24 wpeg) kata tnv omoila paAtota Sev mapatnpeiton
moAamAaclacpds Twv wofAactwv (Ewdva 12B). ‘Etol, @aivetat otL n dpdon
™¢ ROCK1 kwaong eivat kaboplotikny yla T onNpatodOTNon TOU EXEL WG
QTMOSEKTN TOV KUTTOPOOKEAETO TNG OKTIVNG, YEYOVOG TO OTO(0 UTOpPEl v
UETOPPAOTEL TTEPALTEPW KAL OTNV LKAVOTNTA TWV LVOBAACTWV VA LETAKLVOUVTAL

H mpoavagepBeica cuppetoxn TG puooiving otn Asttovpyia Twv @AOTOSIwY
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KL OTNV avatpo@odotnon g onpatodotnong tov BMP mpog tig Smad, {owg
EMSPA KAL OTNV OVAOGTOAN TNG avadlopyavwong TOU KUTTHAPOOKEAETOU TG
aKTIVNG €V LEPT KAL KATA TNV amoolwtnon g evéoyevous MLC otoug NIH3T3
WoBA&OTES.

Ot voBAGOTEG OL OTIO(OL TIPO-ETTWACTNKAV UE TOV EEELSIKEVUEVO AVACTOAEN
™¢ ROCK, Y-27632, mapovciaoav €VTovn AMWAELN TWV KEVTPIKWOV KAl HOVO
WISlwVv Tov otpes. Ta TMEPLPEPELAKA VISLO EPEVOY AVETIAQA KOL TO CYNUO TWV
KUTTApwV 8gv Tapovciaoe kAol oot aAlayn. Avtifeta amoteAéopata
mapatnpnOnkav otav ot Swiss3T3 WoPAGOTEG TPO-EMWACTNKAV WUE TOV
e€eldikevpévo avaotoréa s MLCK, ML-7, yix k&Be xpoviko SLAoTnia €ws auto
TWV 2 WPWV PE TA KEVTPLKA VISt qu T TN POopPA va Tapapevouy avema@a. H (Sia
SlapopoTtoinon €xel mapatnpnOel pe TV Xpnon tTwv (Slwv avaoTOAEWV KAl O
avBpwmivous wofAdaotes akpofuvotiag FS-133252, ¥e Balb/c wofAdoteg €xel
avapepBel mo ovykekpéva 0Tt N ROCK epmAéketal otn Snuovpyia twv
KEVTPLKWV WISIwv Tou otpeg, evw 11 MLCK Asttoupyel oy TEPLPEPELA TOV
KUTTAPOULZ66, XTto KEVIpo Twv kuttdpwv 1 ROCK eAéyyxet OxL povo v
@wo@opLVAlwon ™G MLC, @wo@opuAlwVoVTAaS TNV dueca 1 Sta, aAAQ Kal TV
ATO-PWO@OPLVAIWON TNG, @wo@opvAltwvovtag tnv MBS (myosin binding
subunit) ¢ MLCP pe amotédeopa tnVv avactoAr ¢ Spaong s MLCP. e autnv
™mv mepimtwon n MLCK 8¢ @aivetal va mailel poAo ot @Wo@OPLAIwON TNG
MLC. A6 ™ A&AAn, otV meplpépela Twv wvofAactwv o porog tng ROCK
meplopileTal oto va  €AEyXEL HOVO TNV  ATO-Q@Wo@opLAiwon Tng MLC
@WOoEOPLALWVOVTAS Kol avacTéAdovtag Tnv MLCP. H MLCK (owg eivat vtehBuvn
Y ™v @wo@opuiiwon s MLC auty ™ @opd xwplis va emmnpedleTal amo To
pnovomatt Rho/ROCK puag kot o e€etdikevpévog avaotoréag g ROCK Sev

EMNPEALEL TN SOUT TWV TIEPLPEPELAKWV LVISIWV.

Emtiong, ota DU145 kapkivika kOttapa tpootdtn ot BMP-7 xat TGF-f 8ev
emayovv amonmtwon (Ewxéva 12T émweg Ba avapevotav amd v KUTOOTATIKN
KQl QTOTITWTIKN AetTovpyla o gp@avifel o TGF-B245. Auto pumopel va o@eldetal
oTn UEWUEVT gvaobnoia TwV KAPKIVIKWV KUTTAPWV TOU TAPOLOLA{ovV o€
KUTOKIVEG, KAl LAALOT OE CUYKEKPLUEVEG HETAAAGEELS 0TO YOViSLo TOL VTTOSOXEX

tomov [ touv TGF-f mov £xouv evtomioBel o€ KUTTAPA TTAYKPEATOGZE7,
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'OTw¢ TAPOVOLALETAL KOL ATIO TIPONYOVUEVES aVaPOPEG237. 259, 260 koTA TNV
kwntomoinon tov Rho/LIMK povomatiol, mapatnpeital apyikn evepyomoinon
™¢ Smad1l amd toug vmodoxeis Tov BMP. IapaAAnia, eival yvwoto 0tL 1 0pbn)
Aettovpyla Tov povoratiov TGF-B/BMP yevikotepa eaptatal amo 1n Slapkn
EMKOWVWVIA HE GAAA ONUATOSOTIKA HOVOTIATIAX O8NYWVTAG OE CGUVEPYELA M
avtaywviopo. ‘Etol, mapatnpeltal Kivntomoinon kal Twv KAaookwv non-Smad
novomatiwv tTwv MAPK, mou mpokaAeitat amd tou vmodoxel§ TNG OLKOYEVELAG
touv TGF-B (Ewkéva 13A). Omdte, eKTOG amo TV @wo@opuAlwotn ¢ Smadl oto
kapBo&u-teAkd ™G dkpo, 0 BMP-7 emdayet apeon @wo@opuAiwon s p38 MAPK
Kat amo@wao@opuAiwon ¢ Erkl/2 MAPK (Ewova 13A) xwpic va emmpealetal n
KW TIKOTNTA QUTWV TWV QWOPOPVALDCEWY ATIO TN XPNOT TWV AVAeTOAEwVY Y-
27632 xat ML-7 (Ewxéva 17). llapapével AyvwoTtog 0 pOA0G aUTWV TWV KIVAGWV
otV evepyomoinon twv Rho GTPacwv, éva onuatodotikd Priua To omoio
OUYKOATAAEYETAL OTA ALYOTEPO YVWOTA KATA TN ONUATOSOTNON TWV UTTOS0XEWV
™G owkoyévelag tov TGF-B Tpog TOV KUTTAPOOKEAETO TNG akTivng Agv €xel
StadevkavOel akopa av ot pkpés GTPaoes tng owkoyévelas twv Rho
gvepyoTolovvtal amevbelag amd toug vmodoxeic tov TGF-B/BMP 1 péow twv
Smads 1 amnoé kamolwx ano6 tig MAPKs ot omoieg evepyomolovvtal aueocatl. H PI3-K
emiong €xel ava@epbel OTL eumMAEKETAL 0TI PUOULON TNG AVASLOPYAVWONG TOU
KUTTAPOOKEAETOU TNG AKTIvNnG amd tov BMP-2260, O pnyaviopog pe to omoio ot
vnodoyeig tov BMP gvepyomoiovv v PI3-K 1 o tpomog pe tov omoio avtn 0
Kwaon puvbuilet ) dpdon twv Rho GTPacwv kaBodikd tou BMP mapapével

eMioNG AyvwoTtog, KaBLoTWVTAG TO TESIO ONUAVTIKO Yot LEAAOVTLIKN €pEVVaL.

Ev katakAeidt (Ewova 21), o BMP-7 onupatodotel péow g
evepyomoinong twv Smadl, p38 MAPK, RhoA, RhoB, LIMK1 kot MLC kat
TAPAAANAQ pEow TNG amevepyoToinong tTwv p44/42 MAPK (Erk1/2) kat Cdc4?2.
Emtdyel v éx@paon twv RhoB xat Smad6 yoviSiwv. [Ipokadel avadiopyavwon
TOV KUTTAPOOKEAETOV HECW TIOAVUEPLOUOV TNG AKTIVNG KAL TNG GUVAPHOAGYNONG
TV TAQK®WV TPOCEPUONG KAl HETAVACTELON TwV WOLBAXCTWY, BLOAOYIKES
emdpacels TG omoleg avaotéAdel o e&elSikevpevog avaotoréag s ROCK, Y-
27632 pelwvovTag TapaAANAa v @wo@opuiinwon ¢ MLC. Tédog, xprion Tov

eelbikevpévou avaotoréa ™G MLCK, ML-7 (kabw¢ kKal amoclwmnon Tng
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evboyevols MLC), mpokaAel emiong avactoAn G avadlopyavwong Tov

KUTTAPOOKEAETOV TNG AKTIVNG IOV EMAYETAL ATtd TOV BMP-7.

Extracellular space BMPRII

\ v o ; Migration
0, A >
/ '

Shecnvaraaiing

Ewkova 21. TYNUATIKY] QVATIAPAGTACT] TWV TPOTEWVOUEV®WV UNXAVICU@DV pUOULGNG TG
PWOPOPVAWOTG KoL £KQPACTC TIPWTEIVAV, TNG AVASLOPYAV®OTG TOV KUTTAPOGKEAETOV
TNG AKTIVIG KL TNG RETAVAGTEVGTNG TwV SWiss3T3 woBAacT®V OV TpoKaAovvTaAl ATl
BMP-7. Ta xavovikd BéAn umodeikvliouv TEPapaTikwG emBefatwpéva  povormdtia. Ta
Stakekoppéva BEAN UTIOSEIKVUOUV TEWPAUATIKWDG ETOANOEVHEVA oNUATOSOTIKA Pripata pe
ayvwota evdidpeoa otadia. Emiong, vmodewkviovtal ta onpela §paong Twv avacToAEéwy Tov
xpnowomowmdnkav. Iy eikdvag: Konstantinidis, G., Moustakas, A. & Stournaras, C. Regulation of
myosin light chain by BMP signaling controls actin cytoskeleton remodeling. Cell Physiol Biochem.
Accepted on Sep 2011.
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8. Zvumepaouata
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Elvat yvwoTto 0Tl €KTOG amd TN IKavOTNTA VA ETTAYOLV T1 Snulovpyia 00Twv oL
BMPs gival Tapdyovteg TOU EMIEPOVV OTN LOPPOYEVEDT KAL GTNV AVATITUEN €VOG
HEYAAOV (PACHATOG LOTWV KAl KUTTAPIKWV TUTIWV. Ol EMEPACELS AUTEG AAAOTE
elval KoweEg PeTadl Twv peAwv NG otkoyévelag tov TGF-B, dAdote amodidovtal
o€ &va WIKPO UTIOGUVOAO TAPAYOVIWV TNG OLKOYEVELNG KAl GAAOTE elval
HOVOSIKES Yl Evay Kol HOVO TTApAyovVTa. ZTNV mapovoa Slatpifn peAetOnke oe
HOPLOKO Kol @aVOTUTILKG emimedo 1M emidpaon touv BMP-7 kupiwg otnv
KUTTAPIK oelpd  twv Swiss3T3  wofAactwv. ‘Epgacn 86Onke oty
avaSlopyYAvwon ToU KUTTAPOOKEAETOU TNG AKTIVNG TIOL TPOKAAElTal amd TOV
BMP-7 kat 6TOV UNYavIioHo 6Tov 0Toio o@eidetal avt 1 avadiopyavwon. Etot,
@Aavnke OTL KaBoploTikdg eivat o poAog tov povoratiov Rho/ROCK/MLC. Io

OVOAUTIKA:

1. O BMP-7 mpokaiel avadlopydvwon TOU KUTTAPOOKEAETOU TNG OKTIVNG
EMAYOVTAG: ) TOAUVUEPLOUO NG aktivng o Swiss3T3, MEF kot NIH3T3
wofAaoteg, MCF7 kat MCF 10A embniiaka kuttapa paoctov, HaCaT
emONAlakd kOTTapa embeppuidag kat DU145 kapkvikd KOTTOpA TPOOTATH
kal 3) otpatoAdynomn ¢ BVKOVAIVNG 0TI TAGKEG TPOCPLOT G TwV Swiss3T3
wofAactwyv.

2. 0 BMP-7 emdyel TNV KUTTOPLKY HETOVACTEVON XWPIG va emmnpedalel Tov
ToAAamAaclaopud otovg Swiss3T3 wofAdotes kal TV amomtwon ota DU145
KAPKLVIKA KOTTAPA TTPOCTATY).

3. H onupatoddémon tov BMP-7 mepldapfavet: a) @wo@opuiiwon twv Smadl
kat p38 MAPK kxabwg kat evepyomoinon twv RhoA kat RhoB GTPacwv.
AvtiBeta, TpokaAsl amo@wo@opvAiwon TG p44/42 MAPK (Erkl/2) kot
amevepyomoinon ¢ Cdc42 GTPdaong otoug Swiss3T3 wofAdotes, f)
éx@paon Twv RhoB kat Smad6 yovidiwv oe Swiss3T3 wvoBAdoteg kat HaCaT
emOnAlakd kottapa emdepuidag kat y) ewo@opuiiwon twv LIMK1 kot MLC
otoug Swiss3T3 wofAdoTeg.

4. O avaotoAeéag Y-27632: a) avaoTEAAEL TOV E€MayoOpuevo omd tov BMP-7
TOAVUEPLOUO NG akTivg tpoadidovtag ot ROCK kwvdon onpavtikd poAo
KATA TNV avadlopyavwon Tou KUTTapookeAeTtov. EmimAéov autov, o (81og
QVUOTOAEQS aVAOTEAAEL €v uépn TNV emayopevn amd BMP-7 kuttoapiki

uetavaotevon Twv Swiss3T3 woBAlactwv kot ) TPOKAAEl avacToAn NG
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@wo@opvAlwong ™¢ MLC otoug Swiss3T3 woBAdotes. IMapaAinia, xpnon
Tov avaotoAéa TG MLCK, ML-7 xaBwg kat amociwtmnon t¢ evoyevous MLC
avaoTéAAeL Tov long-term moAvpeplopo g aktivig, o€ Swiss3T3 kot NIH3T3
wofAdaoteg avtiotoa, kabiotwvtag t MLC onpavtikdo pubuioty tng
avaSLopYAvVWonG TOU KUTTAPOOKEAETOU TNG AKTIVIG TTIOU TPOKUAE(TAL ATIO
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Abstract

Background/Aims: Actin cytoskeleton dynamics support and coordinate signaling events that control cell proliferation,
differentiation and migration. Growth factors provide essential signals that act on multi-protein complexes that regulate
actin assembly with myosin. We previously analyzed the action of the transforming growth factor § (TGF-B) and now
extend our studies to the bone morphogenetic proteins (BMP) 7, an important regulator of stem cell function and bone

differentiation.

Methods: Using a well-established cell model of actin dynamics, Swiss3T3 fibroblasts, we applied cell biological and

biochemical approaches to monitor the pathway that links the BMP-7 receptors to the acto-myosin complex.

Results: We demonstrate that BMP-7 induces actin and focal adhesion remodeling in starved fibroblasts as potently as
TGF-B. BMP-7 mediates changes of actin dynamics via the kinase ROCK1 and induces rapid activation of RhoA and RhoB
with concomitant inactivation of Cdc42. These molecular events correlate well with induction of phosphorylation on
Ser19 of the myosin light chain, but not with LIMK1 kinase activation. Depletion of endogenous myosin light chain
inhibits actin remodeling induced by BMP-7. This novel pathway regulates fibroblast migration without affecting cell

proliferation.

Conclusion: We establish a BMP-Rho-ROCK1 pathway, which targets myosin light chain to control actin remodeling in
fibroblasts.

Introduction

Signal transduction pathways control the local and global architecture of actin microfilaments, which is a critical
process supporting cellular morphogenesis and differentiation, proliferation, motility and secretion [1, 2]. In many cell
types, signaling by various cytokines initiates a rapid reorganization of the actin cytoskeleton. Small GTPases of the Rho
family play critical roles in transmitting the signals that target dynamic changes of the actin microfilament [3]. In a well-
established signaling scenario, signaling receptors from the plasma membrane induce phosphorylation of guanine
exchange factors, which results in the loading of a Rho family GTPase with GTP, thus locking the enzyme in its active form
[4]. The activated Rho GTPase induces the kinase activity of the Rho coiled-coiled kinase 1 (ROCK1) [5] or alternatively
can induce the p21-activated kinase 1 (PAK1) [6]. Downstream of the PAK1 and ROCK1 Kkinases act the related kinases
LIM-kinase 1 and 2 (LIMK1 and LIMK2), which can be directly phosphorylated by their upstream regulators respectively
[7]- A critical target of the LIMKs is cofilin, which is inactivated after phosphorylation, a condition required for actin
polymerization to occur [8, 9]. The functional impact of the actin microfilament network on cell motility is controlled by
its association with the myosin chain and regulatory enzymes that control the activity of myosin, such as myosin light
chain kinases [10]. In summary, a coordinated cascade of GTPase and kinase activities control the assembly and
contractility of the acto-myosin filaments in non-muscle cells, ensuring proper motility under the guidance of growth

factors.

The transforming growth factor § (TGF-B) family of cytokines plays major roles in many different cellular
processes, including proliferation, cell apoptosis, immune response and differentiation [11]. This family includes several
cytokines, including bone morphogenetic proteins (BMPs) and activins. Misregulation of signaling in this family is
involved in several diseases, including cancer [12, 13]. Like other ligands in the TGF- family, the BMPs signal through
binding to two types of transmembrane serine/threonine kinase receptors. Ligand binding allows the constitutively
active type II receptor to phosphorylate the type I receptor at its Gly-Ser juxtamembrane domain, thus activating the
kinase activity of the type I receptor [14]. Activated BMP type [ receptors phosphorylate receptor-regulated Smads (R-
Smads), Smad1, Smad5 and Smad8 at the carboxy-terminal Ser-X-Ser motifs where after they form complexes with the
common-mediator Smad (Co-Smad; Smad4) [14]. Together with Smad4, Smad1/5/8 accumulate in the nucleus and bind
to the promoters of target genes to regulate their transcription. In addition to Smad signaling, the BMP receptors activate

other signaling effectors such as TAK1 (TGF-activated kinase 1), p38 MAP kinase and JNK (c-Jun N-terminal kinase) [15].

The control of cell motility by TGF- is important during wound healing and cancer cell invasiveness [16, 17]. An
important mechanism that mediates motility changes by TGF-B is the regulation of the actin cytoskeleton by TGF-f, a
process that is currently understood in good detail [16, 18]. However, the role of BMP signaling in mediating changes on

the actin cytoskeleton and acto-myosin contractility remains less explored [16]. A signaling pathway has been studied in
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pulmonary cells and during dendritogenesis of neurons, whereby the long cytoplasmic tail of the BMP type II receptor
binds directly to LIMK1 and sequesters it from regulating cofilin [19, 20]. Upon BMP signaling, LIMK1 dissociates from
the BMP receptor and phosphorylates cofilin, thus affecting actin polymerization. During dendrite formation, the BMP
type II receptor also binds to the c-Jun N-terminal kinase, which mediates the stabilization of microtubules, an event
required for dendritogenesis concomitant to the actin remodeling [21]. A BMP receptor-LIMK1-microtubule (but not
actin) pathway has also been delineated during neuronal synaptic stabilization in Drosophila [22], while in Xenopus
retinal ganglia, LIMK1 was shown to be activated by the BMP type II receptor in axons but not dendrites [23]. These
studies suggest a complexity and cell-type or species specificity of the BMP-LIMK1 pathway. In C2C12 myoblasts that
undergo differentiation into osteoblasts in response to BMPs but also exhibit enhanced motility, BMP-2 was shown to
initiate signaling via the Cdc42 small GTPase and the phosphoinositide-3’-kinase, which affected the activation of several
PAK isoforms and LIMK1 [24]. This pathway had a critical impact on the actin cytoskeleton reorganization induced by
BMP-2 in the motile myoblasts.

We have previously shown that TGF-f signals in Swiss3T3 fibroblasts via its canonical type I receptor to elicit
activation of RhoA and RhoB, and subsequent phosphorylation of LIMK2 and cofilin, as critical events during
reorganization of the actin cytoskeleton [25]. We have now expended this work to the BMP signaling system and
demonstrate that similar to TGF-B, BMP-7 induces activation of RhoA and RhoB, however, this correlates with
phosphorylation of ROCK1 and not of LIMK1/2. A consequence of this new pathway is the regulation of the myosin light
chain (MLC) during BMP-induced remodeling of the actin network.

Materials and Methods
Reagents and transfections

Mouse Swiss3T3 and NIH3T3 fibroblasts were obtained from the American Type Culture Collection. Recombinant
mature human TGF-f1 was from R&D Systems Inc., and mature recombinant BMP-7 was a gift from K. Sampath (Curis
Inc.). ROCK inhibitor Y-27632 and MLCK inhibitor ML-7 were from Sigma. RT-PCR primers for RhoA, RhoB and Gapdh
transcripts (Table 1) were from the Microchemistry lab, IMBB, FORTH (kindly provided by Dr. D. Kardassis). Mouse MLC-
specific siRNA, 5'-GAGAAGGGCAGGAGCG GAA-3’ (sense strand) corresponding to nucleotides 114-133 (Genbank ID:
NM_016754), by numbering as nucleotide 1 the A of the ATG translational start codon was from Eurofins MWG Operon.
The Silencer negative control siRNA was from Ambion. Transient transfection of NIH3T3 cells in 6-well plates using
1.33pg siMLC or Silencer negative control and 5uL Lipofectamine 2000 transfection reagent (Invitrogen) per well was

performed according to the manufacturer’s instructions.

Direct Actin Fluorescence and Immunofluorescence Microscopy

Swiss3T3 cell monolayers were serum-starved for 24 h and then treated with 5 ng/mL TGF- 1 or 30 ng/mL
BMP-7; alternatively, cells were pretreated for 45 min with ROCK and MLCK inhibitors (10 uM Y-27632 and 5 pM ML-7
respectively) and then treated with 30 ng/mL BMP-7 as indicated in the corresponding figure legends. Cells were
prepared as previously described [25]. Rhodamine-phalloidin was from Molecular Probes, Inc. (1:100 dilution); mouse
monoclonal anti-vinculin (Clone VIN-11-5 1:500 dilution) was from Sigma-Aldrich; FITC-conjugated rabbit anti-mouse
IgG (1:200 dilution) was from Chemicon. Slides were mounted using ProLong® Gold antifade reagent with DAPI
(Invitrogen). Photomicrographs were obtained with a Leica DMLB microscope equipped with fluorescence illumination
and photographed with Leica DC 300F camera, using the Leica Germany 40/0.75 HCX PL FLUOTAR objective lens and
photographing at ambient temperature in the absence of immersion oil. Images were acquired with the camera’s Leica IM
50 software and, using the Adobe Photoshop software, image memory content was reduced and brightness-contrast was

adjusted.

Immunoblotting Analysis

Total protein extracts were analyzed by sodium dodecyl sulfate/polyacrylamide gel electrophoresis/Western

blotting as described previously [25]. For immunodetection, mouse monoclonal anti-RhoA (26C4, 1:100 dilution), rabbit
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polyclonal anti-RhoB (119, 1:100 dilution), mouse monoclonal anti-Cdc42 (B-8, 1:100 dilution), rabbit anti-pLIMK1/2
(Thr508/505 1:100 dilution), goat anti-LIMK1 (C-18 1:100 dilution), were purchased from Santa Cruz Biotechnology,
Inc., mouse anti-myosin (light chains) (clone MY-21 1:200 dilution) from Sigma-Aldrich, rabbit anti-phospho- p38
(Thr180/Tyr182 1:2000 dilution), rabbit anti-p38 (1:2,000 dilution), rabbit anti-phospo- p44/p42 MAPK (Erk1/2)
(Thr202/Tyr204 1:2,000 dilution), rabbit anti-p44/p42 MAPK (Erk1/2) (1:2,000 dilution), rabbit anti-phospho-Myosin
Light Chain 2 (Ser19 1:100 dilution) from Cell Signaling Technology, mouse anti-actin (Clone C4 1:1,000 dilution) from
Chemicon International, rabbit anti-Smad1 (1:1,000 dilution) from Epitomics and rabbit anti- phospho-Smad1 (1:1,000
dilution) was produced in house (Ludwig Institute for Cancer Research). Secondary anti-mouse-IgG and anti-rabbit-IgG
coupled to horseradish peroxidase were from Amersham Biosciences (1:10,000 dilution). Anti-goat-IgG coupled to
horseradish peroxidase was from Santa Cruz Biotechnology, Inc. (1:8,000 dilution). The enhanced chemiluminescence
detection system was purchased from Amersham Biosciences. Protein band intensity was quantified using the Tina Scan
v.2 software for image analysis. For biochemical determination of the ratio of soluble actin to total actin after desired
stimulation as indicated in the corresponding figure legends, Swiss3T3 cells were incubated for 5 min in 0.3% Triton-X-
100 lysis buffer (5 mM Tris, 2 mM EGTA, 300 mM sucrose, 400 uM phenylmethylsulfonyl fluoride, 10 uM leupeptin, 2 pM
phalloidin) and precipitated with equal volume of 6% perchloric acid [Total soluble cluster (Ts)]. Insoluble proteins were
scraped and precipitated with 3% perchloric acid [Total insoluble cluster (Ti)]. Pellets were diluted in 0.1 M NaOH. Equal
volumes of Ts and Ti clusters mixed with 2x sample buffer were analyzed by sodium dodecyl sulfate/polyacrylamide gel
electrophoresis/Western blotting and band intensity of Ts cluster were divided with the summary (total) of the band

intensity of Ts and Ti cluster.

Rho-GTP assay

For affinity precipitation with Rhotekin-RBD Protein GST Beads and PAK-GST Protein Beads (Cytoskeleton),
Swiss3T3 cells were serum-starved for 24 h and then stimulated with 30 ng/mL BMP-7 as indicated in the corresponding
figure legend. The cells were then washed with ice-cold Tris-buffered saline and lysed with cell lysis buffer (50 mM Tris
pH 7.5, 10 mM MgCl;, 0.3 M NaCl, 2% IGEPAL ((Octylphenoxy)-polyethoxyethanol), 10 pg/mL aprotinin, 10 pg/mL
leupeptin, 1 mM phenylmethylsulfonyl fluoride, 25 mM NaF, 1 mM NasVOs and 1 mM dithiolthreitol). Cleared cell lysates
were incubated with 60 pg of Rhotekin-RBD Protein GST (glutathione S-transferase) beads for RhoA and RhoB and 20 pg
PAK-GST Protein beads for Cdc42 at 4°C for 1 h and washed with wash buffer (25 mM Tris pH 7.5, 30 mM MgClz, 40 mM
NaCl, 10 pg/mL aprotinin, 10 pg/mL leupeptin, 1 mM phenylmethylsulfonyl fluoride, 25 mM NaF, 1 mM Na3V04 and 1 mM
DTT). GTP- bound Rho was detected by immunoblotting using the appropriate antibody. Protein band intensity was

quantified using the Tina Scan v.2 software.

In Vitro Kinase Assay

Swiss3T3 cells were serum-starved for 24 h then treated or not with 10 uM Y-27632 for 45 min and stimulated
with 30 ng/mL BMP-7 for the time periods indicated in the corresponding figure legend. Then cells were washed with ice-
cold Tris-buffered saline, suspended in lysis buffer (50 mM Tris pH 7.5, 1% Triton X-100, 500 mM NacCl, 10 mM NaF, 10%
glycerol, 25 mM glycerophosphate, 1 mM Na3V0Os , 1 mM phenylmethylsulfonyl fluoride, 2ug/ml aprotinin, 2 pg/ml
leupeptin) and incubated on ice for 30 min. Cleared lysates were pre- adsorbed to A-protein-agarose beads (Santa Cruz
Biotechnology, Inc.) for 1 h at 4°C and centrifuged, the supernatants (equal amounts of protein) were subjected to
immunoprecipitation using the goat anti-LIMK1 antibody described above and protein A- Agarose beads.
Immunoprecipitated LIMK1 beads were washed three times with kinase buffer (50 mM Hepes/NaOH pH 7.5, 25 mM f3-
glycerophosphate, 5 mM MgClz, 5 mM MnClz, 10 mM NaF, 1 mM NazV04) and incubated for 30 min at 30°C in 20 pl of the
kinase buffer containing 15 pM ATP and 5 pCi of [32P] ATP (5,000 Ci/mmol, Amersham Biosciences). Proteins were
resolved by 11% polyacrylamide gel electrophoresis (0.4% w/v sodium dodecyl sulfate), transferred onto nitrocellulose,

and 32P-labeled proteins were visualized by autoradiography on X-ray films.

Migration and Proliferation Assays

Wound healing
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100% confluent Swiss3T3 cells were serum-starved for 24 h, then treated or not with 10 uM Y-27632 for 45 min,
scratched and stimulated with 30 ng/mL BMP-7 for 24 h. Photomicrographs were obtained as described at

Immunofluorescence Analysis and as indicated in the corresponding figure legend.

MTT assay

12,000 Swiss3T3 cells per well of 96-well plate were serum-starved for 24 h, stimulated with 30 ng/mL BMP-7
for 20 h, and incubated with 0.25 mg/mL tetrazolium for 4 h. Then, insoluble purple formazan crystals were solubilized
by the addition of 200 puL. DMSO and color quantified by Model 680 Microplate Reader (Bio-Rad Laboratories (UK) Ltd)

using measurement filter at 550 nm and reference filter at 655 nm.

RT-PCR assay

Swiss3T3 cells were serum-starved for 24 h then stimulated with 30 ng/mL BMP-7 as indicated in the
corresponding figure legend. Cell lysates were processed for total RNA extraction using Trizol reagent (Applied
Biosystems) according to the manufacturer’s instructions. The first cDNA strand was synthesized using Superscript II
Rnase H-reverse transcriptase (Invitrogen). Amplification of mouse RhoA and RhoB cDNA were performed using the
primers indicated in the Table 1. Normalization of cDNA production was performed by amplifying the mouse
housekeeping glyceraldehydes-3’-phosphate dehydrogenase (Gapdh) gene. The quantification of the results was

performed by measuring the intensity of the bands using the Tina Scan v.2 software.

Statistical analysis

Quantitative experimental data derived from actin solubility assays, proliferation assays and RT-PCR assays were
analyzed statistically based on a standard two-tailed t-test for samples with unequal variance. Significance is indicated

with p values as reported in the figure legends.

Results
BMP-7 induces rapid and sustained reorganization of the actin cytoskeleton

We previously delineated a mechanism that controls actin cytoskeleton reorganization downstream of TGF-§ in
Swiss3T3 fibroblasts [25]. We then asked whether the same or a distinct molecular pathway could regulate actin
dynamics downstream of the related cytokine BMP-7. Time course experiments where TGF-f1 and BMP-7 were
compared side-by-side revealed that BMP-7 was equally potent as TGF-f1 in inducing rapid, robust and sustained actin
reorganization in serum-starved Swiss3T3 cells (Fig. 1A). The architectural effect on actin microfilaments was quantified
by measuring the Triton-X-100-soluble (Ts) and insoluble (Ti) levels of actin from the cells using quantitative
immunoblotting [26]. As expressed in the sets of Fig. 1A and graphed in Fig. 1B, TGF-B1 induced a gradual reduction in
the Ts/Total actin ratio, which is equivalent to an increase in polymerized (insoluble) actin, while BMP-7 induced a more

rapid induction in actin polymerization that sustained for up to 24 h post-stimulation.

Actin reorganization is usually associated with formation of focal adhesions at the plasma membrane. We
therefore co-stained the stimulated cells for polymerized actin and vinculin, a central component of focal adhesions (Fig.
2). BMP-7 potently induced large numbers of brightly stained focal adhesions localizing at the tips of actin stress fibers,
similar to TGF-B1. We therefore conclude that BMP-7 signaling is equipotent to TGF-f signaling in mediating actin

reorganization in fibroblasts.

BMP-7 promotes cell migration without affecting cell proliferation

A strong physiological corollary of dynamic actin reorganization in response to growth factor signaling often is
cell migration. We measured Swiss3T3 cell migration using a wound healing assay (Fig. 3A). Cells slowly migrated into
the wound over the course of 24 h under serum starvation conditions. Upon stimulation with BMP-7, cell migration was

significantly accelerated as visualized by the degree of wound closure (Fig. 3A). This finding agrees with the observed
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actin reorganization occurring in the cells during the same time interval of 24 h.

Wound healing assays often measure the combined ability of cells to migrate and proliferate. For this reason we
also measured the potential of BMP-7 in modulating cell proliferation under the same conditions (Fig. 3B). In the
Swiss3T3 system, while TGF-B1 could potently stimulate cell proliferation as established before (and here used as
positive control), BMP-7 failed to score significantly in any of the proliferation assays performed. These data suggest that
BMP-7 stimulates a genuine actin reorganization that correlates with cell migration but not with any significant

proliferative response of the target cells.

BMP-7 induces Smad1, MAPK and Rho GTPase signaling

In order to investigate the mechanism by which BMP-7 elicited its effects on the actin cytoskeleton, we assayed
for a number of signaling proteins that are known to act downstream of the BMP receptors. Namely we focused on
Smad1, the major Smad protein signaling downstream of BMP receptors, and on the mitogen activated protein kinases
(MAPK) p38 and Erk1/2, which are also well-established as signaling downstream of BMP [15]. Finally, we also assayed
the impact of BMP-7 on the activation of Rho GTPases as these enzymes are the best upstream regulators of dynamic

actin reorganization in various cell systems [3, 18].

Analysis of the events occurring during the first 4 h after BMP-7 stimulation revealed immediate-early, robust
and sustained induction of phospho-Smad1 levels (Fig. 4A). The antibody used recognizes phosphorylation of the two C-
terminal serine residues of Smadl that are directly phosphorylated by the BMP type I receptor, and serves as
measurement of direct receptor signaling activity. Peak levels of phospho-Smad1 were achieved as early as 15 min post-
stimulation with BMP-7 in this cell system. BMP-7 stimulation did not appreciable affect the total levels of Smad1 protein
as expected (Fig. 4A).

BMP-7 also induced the phosphorylation of p38 MAPK with a peak of phosphorylated levels at 1 h post-
stimulation (Fig. 4A). In contrast, the phosphorylated Erk1/2 levels were high in Swiss3T3 cells, despite the starvation
from serum and BMP-7 did not appreciable affect those at the immediate-early time periods (30 min), however, the levels
of phospho- Erk1/2 decreased gradually after 1 h of stimulation, whereas the total levels of Erk1/2 proteins remained
constant (Fig. 4A). We conclude that the time-dependent effects of BMP-7 on actin reorganization best correlate with the
activation of Smad1l and also possibly with the activation of p38 MAPK and deactivation of Erk1/2 MAPKs in Swiss3T3

cells.

In addition to Smadl and p38 MAPK, BMP-7 stimulation gave rise to immediate-early and robust levels of GTP-
loaded RhoA and RhoB (Fig. 4B). The elevated levels of RhoA- GTP were evident within 15 min, remained up to 1 h post-
stimulation and then gradually decreased. Interestingly, RhoB-GTP activation remained almost unchanged during short-
term BMP-7 stimulation then it was clearly elevated within 2 h post-stimulation and remained active for at least up to 4 h.
In contrast, the related small GTPase Cdc42 exhibited strong GTP-loaded levels in control serum-starved and not-

stimulated cells, which were rapidly reduced in response to BMP-7 (Fig. 4B).

We have recently described a transcriptional mechanism based on which TGF-f signaling, via Smads induces
expression of the RhoB, but not of the RhoA, gene [27, 28]. We were therefore interested in testing whether BMP-7 could
affect in a similar manner expression of RhoA or RhoB mRNA. RT-PCR assays demonstrated that indeed BMP-7 could
induce reproducible, albeit weak levels of RhoB mRNA during the early phase (1-4 h) of the time course (Fig. 4C). In
contrast, BMP-7 had no effect on RhoA gene expression. The induction of RhoB mRNA by BMP-7 was weaker than that
recorded after TGF-B1 stimulation [28], and also significantly weaker than the induction of a well-established target gene
of BMP signaling [29], the inhibitory Smad6 (Fig. 4D). Finally, the total protein levels of RhoB did not change appreciably
during the 4-hour time course (Fig. 4B), suggesting that the weak regulation at the mRNA level may not be translated at

the protein level.

We conclude that BMP-7 initiates a signaling pathway that involves both Smad1 and p38 MAPK. In addition, it
induces robust RhoA-GTP levels, which cannot be mediated via a transcriptional mechanism mediated by the Smad
pathway. It is assumed that early RhoA activation by BMP-7 controls mainly the early actin reorganization. In parallel,
RhoB-GTP activation may govern the long-term actin reorganization events. These findings corroborate the RhoA/B

GTPase activation profile shown in Fig. 4B.
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The kinase ROCK1 mediates actin reorganization downstream of BMP-7

GTP-loaded RhoA is best known to induce the enzymatic activity of the kinase ROCK1 [3]. We therefore reasoned
that if BMP-7 had an immediate impact on RhoA-GTP levels, which had functional significance, then interfering with the
activity of the ROCK1 kinase should block the effects of BMP-7 on the cytoskeleton.

Indeed co-treatment of serum-starved cells with BMP-7 and the ROCK1 low molecular weight inhibitor Y-26763,
completely blocked the potential for central actin stress fiber formation (Fig. 5A) while the peripheral actin structures
remained unaffected. This is in line with previously reported effects of Y-26763 on the actin cytoskeleton of human
foreskin fibroblasts [30]. The inhibitory effect of Y-26763 was quantified using soluble to insoluble actin immunoblotting
and proved significant inhibition (Fig. 5B). The effect of the ROCK1 inhibitor against BMP-7 signaling that targets the actin

cytoskeleton, is in good correlation with the effect of the same inhibitor against TGF-B1 signaling [25].

The same ROCK1 inhibitor was also potent in blocking cell migration in response to BMP-7 in the wound healing
assay (Fig. 5C). There is a smaller wound closure and also additionally a lower density of migratory cells in the wound
area when cells were treated with ROCK1 inhibitor. Thus, the ROCK1 activity is critical for mediating signals to actin,

which can physiologically be translated to the ability of the cell to be motile.

In control experiments, we verified that the ROCK1 inhibitor did not perturb the activity of the upstream
signaling by the BMP receptor, as measured by activation of phosphorylated levels of Smad1, p38 and Erk1/2 (Fig. 6).
Indeed, co-treatment of cells with Y- 27632 and BMP-7 had no measurable impact on the kinetics or accumulation of C-
terminally phosphorylated Smad1, or on the profiles of phospho-p38 and phospho-Erk1l/2 MAPKs, as expected. We
conclude that the Y-27632 inhibitor acts downstream of the Smad1l and MAPK signaling proteins and probably acts in a
specific manner by limiting the activity of the ROCK1 kinase.

BMP-7 induces rapid and sustained myosin light chain phosphorylation

Signaling downstream of ROCK1 can be directed towards various kinases, including members of the PAK and
LIMK families and further downstream substrates such as cofilin or MLC [5-10]. In order to rationally discriminate
between these parallel signaling pathways, we made use of the ROCK1 inhibitor and theorized that for a specific pathway
to be of relevance BMP-7 had to induce its activity and the ROCK1 inhibitor should block its activity. Based on the
previously established critical role of LIMK1 downstream of BMP signaling in neuronal, kidney and myoblastic cells [19,
20, 24], we first tested for LIMK1 (Fig. 7A). Using an in vitro kinase assay with radioactive ATP and immunoprecipitates of
endogenous LIMK1 from the BMP-7-stimulated cells, we could measure that BMP-7 induced a significant (3.5- fold)
increase of LIMK1 phosphorylation (Fig. 7A). Unexpectedly, co-treatment of the cells with the Y-26732 inhibitor
dramatically enhanced both control and BMP-7-stimualted levels of phosphorylated LIMK1 (Fig. 7A). A time-course
experiment also demonstrated that phosphorylation of LIMK1 was induced rapidly and sustained for up to 3 h post-BMP-
7 stimulation (Fig. 7B). These experiments reproduce the previous observations from different cell types [19, 20, 24].
However, the ability of Y-26732 to enhance LIMK1 activation by BMP-7, suggested that LIMK1 may not be the critical
regulator that mediates the positive effects on the actin cytoskeleton. For the above reason, and based on failed attempts
to measure significant effects on PAK family kinases (data not shown), we directed our attention on phosphorylation of
MLC, an event with critical functional impact on acto-myosin remodeling associated with cell motility [10]. BMP-7
induced a rapid and time-dependent activation of phosphorylated (on Ser 19) MLC levels that sustained up to 4 h (Fig.
7C). Co-treatment of the cells with BMP-7 and Y-27632 effectively blocked the BMP-7-indiced phospho-MLC levels (Fig.
7D). We therefore conclude that the BMP-7-RhoA-ROCK1 pathway may be responsible for the regulation of the MLC

protein, during BMP-7-mediated actin reorganization.

Phosphorylation of MLC is a critical event during BMP-7-induced actin remodeling

In order to evaluate the functional impact of MLC phosphorylation downstream of BMP-7 we took two
complementary approaches, inhibition of the kinase that phosphorylates MLC, MLC kinase (MLCK), and direct knock
down of MLC using RNAi. The MLCK inhibitor ML-7 had no impact on the actin cytoskeleton integrity in control serum-
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starved cells (Fig. 7E). In contrast, ML-7 completely blocked the actin reorganization induced by BMP-7, which was
especially evident after 24 h stimulation (Fig. 7E).

As indicated for the ROCK inhibitor, we verified in control experiments that the ML-7 inhibitor did not influence
the activity of the upstream signaling by the BMP receptor, as measured by activation of phosphorylated levels of Smad1,
p38 and Erk1/2 (Fig. 6). From these findings we conclude that the ML-7 inhibitor acts downstream of the Smad1 and

MAPK signaling proteins and probably acts in a specific manner by limiting the activity of the MLC kinase as expected.

In a similar manner, depleting NIH3T3 cells from endogenous MLC using a specific siRNA prohibited BMP-7 from
inducing effects on the actin cytoskeleton (Fig. 8A). The efficiency of knock down of endogenous MLC in these
experiments was better than 85% (Fig. 8B). Under control conditions without BMP-7 stimulation, the same siRNA
targeting MLC had no obvious impact on cell viability or actin cytoskeleton during the prolonged starvation applied in all
these experiments (Fig. 8A). The same experiment, when performed in Swiss3T3 cells gave much weaker efficiency of

knock down (less than 30%) and for this reason the NIH3T3 cell system was analyzed.

The combined experiments of MLCK inhibition and MLC siRNA convincingly establish that regulation of MLC

function is a critical downstream target of BMP-7 signaling during actin remodeling.

Discussion

We present a new signaling pathway that mediates effects of a prominent member of the TGF-f3 family, BMP-7, on
the actin cytoskeleton (Fig. 9). This pathway resembles to some extent a pathway that we previously established
downstream of TGF-B1 in the same fibroblast system [25]. However, the BMP-7 pathway diverges significantly and
emphasizes possible unique signaling outputs that are pathway-specific. Based on evidence where specific kinase
inhibitors were combined with assays for measuring phosphorylated levels of kinases and target substrates, we propose
that BMP-7 signaling via Rho GTPases and the ROCK1 kinase eventually targets the regulatory subunit of the myosin

complex, MLC, functionally impacting on the assembly of the acto-myosin cytoskeleton.

Signaling by BMP receptors in regulation of actin dynamics has been examined by a few recent reports [19, 20,
24]. A common signaling intermediate established from these reports has been the kinase LIMK1, which directly
phosphorylates cofilin and thus controls the dynamic polymerization of actin. While we were able to measure activation
of LIMK1 kinase activity after BMP-7 stimulation (Fig. 7A), much to our surprise, the ROCK1 inhibitor that blocks all
effects of BMP-7 on the acto-myosin system and on cell motility (Fig. 5), it enhanced LIMK1 kinase activity (Fig. 7A). This
result led us disqualify LIMK1 as a functionally relevant kinase that mediates cytoskeletal reorganization in response to
BMP-7 in Swiss3T3 cells. However, the establishment of LIMK1 in the BMP-2 and BMP-7 pathways studied in neurons,
kidney epithelial cells and myoblasts [19, 20, 24], does not all allow us to consider LIMK as a signaling mediator of lesser
impact. However, it must be noted that the previous studies failed to establish a functional role of LIMK1 in cytoskeletal
reorganization per se. LIMK1 was shown to be critical for dendritogenesis in cells in culture [20], while in vivo studies in
Xenopus have demonstrated that LIMK1 is important for axonogenesis and not for dendritogenesis [23], introducing the
complexity of functions a single protein, such as LIMK1 may exhibit in different cell types. The only direct demonstration
of the role of a LIMK member downstream of a member of the TGF-B/BMP family and affecting directly actin
reorganization has been for LIMK2, which mediates signals downstream of TGF-B [25]. Thus, the precise role of LIMK1

downstream of BMP receptors leading to actin remodeling requires further detailed analysis.

This study emphasizes regulation at the level of MLC phosphorylation downstream of BMP-7 (Fig. 7C). While MLC
phosphorylation by MLCK is a widely established mechanism that controls the assembly of the acto-myosin filaments in
muscle and non-muscle cell types [10, 31], its functional role during physiological events driven by TGF-3/BMP family
signaling has not been previously addressed. Although, we did not measure directly kinase activity of MLCK downstream
of BMP-7 signaling, the evidence based on the MLCK inhibitor ML-7 and the RNAi experiments targeting MLC (Fig. 7E, 8),
convincingly place this kinase and its substrate MLC as functionally important regulators of acto-myosin remodeling in

fibroblasts responding to BMP-7.

Based on several experiments of pharmacologic inhibition of ROCK1 kinase (Fig. 5A,C, 6D), we place for the first
time ROCK1 as the upstream kinase that mediates the effects of Rho GTPase activation in response to BMP-7. ROCK1
could be equally well activated by RhoA-GTP and RhoB-GTP [3, 5], and we found both of these small GTPases activated in
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response to BMP-7 (Fig. 4B). However, we have not determined whether these two small GTPases play redundant roles in
the process of actin reorganization. The possibility that these two small GTPases might function during distinct phases of
the BMP-7 response deserves further detailed analysis. In addition, we failed to measure positive activation of Cdc42 by
BMP-7 in the fibroblasts, whereas BMP-2 has been shown to induce this small GTPase in neurons and myoblasts [20, 24].
Whether the difference is based on the cell type or the specific ligand that activates the BMP receptors remains unknown.
Finally, as all previous studies primarily monitored Smad1 activation by BMP receptors during mobilization of
the Rho GTPase/LIMK pathway [19, 20, 24], we also monitored the classical, so-called, non-Smad pathways of various
MAPKSs that are usually rapidly activated by TGF-f family receptors (Fig. 4A). In addition to C-terminally phosphorylated
Smad1, BMP-7 induces rapidly phosphorylation of p38 MAPK and dephosphorylation of Erk1/2 MAPK (Fig. 4A). The
impact of these kinases in mediating activation of Rho GTPases remains unexplored. In fact, this is one of the least
understood steps in the cascade of signaling events that link TGF-f family receptors to the regulation of actin dynamics.
In other words, we do not understand whether small GTPases of the Rho family become directly activated by the TGF-
3/BMP receptors or via the Smads or any of the rapidly induced MAPKs [18]. In addition, the phospho-inositide 3’-kinase
has been implicated in the regulation of the actin cytoskeleton by BMP-2 [24]. However, the mechanism by which BMP
receptors activate the phospholipid kinase or by which this kinase regulates Rho GTPases downstream of BMP remains
unclear. This is an important area for future investigations.
In summary, we present novel evidence that links for the first time two well-established regulators of acto-
myosin assembly to the BMP pathway. One is the ROCK1 kinase acting downstream of Rho GTPases, and the other is

MLCK and its substrate MLC, that regulate myosin function in the acto-myosin contractile fibril.
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Table 1

Primer

Sequence

mRhoA sense

5' CCAGACTAGATGTAGTATTTTTTG 3’

mRhoA antisense

5" GAGCCAGACCCTGCAGTCCAG 3’

mRhoB sense

5" CCCACCGTCTTCGAGAACTA 3’

mRhoB antisense

5' CTTCCTTGGTCTTGGCAGAG 3’

GAPDH forward

5" ACCACAGTCCATGCCATCAC 3’

GAPDH reverse

5' TCCACCACCCTGTTGCTGTA 3’

Table 1. Primers that were used to amplify the transcripts of RhoA, RhoB, Smad6 and Gapdh genes.
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Fig. 1. TGF-B1 and BMP-7 induce rapid and sustained reorganization of actin cytoskeleton in Swiss3T3 fibroblasts. A.
Swiss3T3 fibroblasts serum-starved for 24 h were stimulated with 5 ng/mL TGF-1 or 30 ng/mL BMP-7 for the indicated
time periods. Cells were then fixed and direct fluorescence labeling with rhodamine-phalloidin and DAPI was carried out.
A bar represents 10 um. B. The ratios presented in bar graphs are showing mean values * S.E. of Ts/Total of three distinct

experiments (*, p<0.05 and **, p<0.01). The same ratios are also indicated within the microphotographs (low right

corner).
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Control TGF-B1 BMP-7

Fig. 2. TGF-B1 and BMP-7 affect the distribution of vinculin in Swiss3T3 fibroblasts. Swiss3T3 fibroblasts were serum-
starved for 24 h, then stimulated for 24 h and 48 h with 5 ng/mL TGF-f1 or 30 ng/mL BMP-7. Cells were then fixed and
direct fluorescence labeling with rhodamine-phalloidin (red) and DAPI (blue) and immunofluorescence labeling with
anti- vinculin (green) was carried out. There is extensive localization of vinculin at the ends of actin filaments (yellow

spots) after 24 h and 48 h TGF-f1 and BMP-7 stimulation. A bar represents 20 pm.
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Fig. 3. Regulation of cell migration and proliferation. A. BMP-7 induces migration in Swiss3T3 fibroblasts. 100% confluent
Swiss3T3 fibroblasts serum-starved for 24 h scratched and stimulated with 30 ng/mL BMP-7 for 24 h showed induced
migration activity. A bar represents 25 um. B. BMP-7 does not induce proliferation in Swiss3T3 fibroblasts. Swiss3T3

fibroblasts serum-starved for 24 h were stimulated with 5 ng/mL TGF-f1 and 30

22ng/mL BMP-7 for 20 h. Then cells were incubated for 4 h with MTT reagent and the color intensity was recorded on a
plate reader. TGF-B1 treatment induces proliferation of Swiss3T3 fibroblasts, however BMP-7 has a more moderate effect

in proliferation. The bar graphs are showing mean values * S.E. of fold increase proliferation of six distinct experiments
(**, p<0.01).
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Fig. 4. Signaling pathways and gene regulation induced by BMP-7. A. BMP-7 affects the phosphorylation of Smadl and
MAPK in Swiss3T3 fibroblasts. Representative blots are showing the amount of Smad1, p38 and p44/p42 MAPK (Erk1/2)
phosphorylation from 24 h-serum-starved non- stimulated (Control) and BMP-7-stimulated (30 ng/mL) Swiss3T3
fibroblasts for the indicated time periods. B. BMP-7 induces rapid GTP loading of RhoA and RhoB and GTP loss of Cdc42.
Representative blots are showing the amount of active GTP-bound RhoA, RhoB and Cdc42, determined by a GST pull-
down assay, from 24 h-serum-starved non- stimulated (Control) or BMP-7-stimulated (30 ng/mL) Swiss3T3 fibroblasts
for the indicated time periods. BMP-7 stimulation for 15 min led to GTP loading of RhoA and RhoB. The most extensive
GTP-loading occurs at 1 h of BMP-7 stimulation for RhoA and at 2 and 4 h for RhoB. Interestingly, there is GTP loss of
Cdc42 at 15 and 30 min of BMP-7 stimulation. Numerical values between the immunoblots indicate densitometric fold
change measurements of GTP-loaded band intensity normalized to the corresponding total protein band intensity. C and
D. Representative RT-PCR experiments showing the amount of mRNA levels of RhoA, RhoB and Smadé from non-
stimulated (Control) and BMP-7-stimulated (30 ng/mL) Swiss3T3 fibroblasts for the indicated time periods. The ratios of
band intensity of the specific cDNA normalized to the Gapdh cDNA are presented in bar graphs as mean values * S.E. of
the expressed RhoA, RhoB and Smadé of three distinct experiments (*, p<0.05 and **, p<0.01) and are shown below each
set of DNA gels. Although BMP-7 does not induce significant increase of RhoA mRNA levels, it does induce increased

mRNA levels of RhoB (1-4 h treatment) and Smad6 (1-24 h treatment).
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Fig. 5. The ROCK inhibitor Y-27632 blocks BMP-7-mediated actin reorganization. A. Swiss3T3 fibroblasts serum-starved
for 24 h were stimulated with 30 ng/mL BMP-7 for the indicated time periods after pretreatment with 10 pM Y-27632 for
45 min. Cells were fixed and stained with rhodamine-phalloidin and DAPI. A bar represents 10 um. B. The ratios
presented in bar graphs are showing mean values + S.E. of Ts/Total of three distinct experiments of BMP-7-stimulated
(30 ng/mL) Swiss3T3 fibroblasts for 24 h (*, p<0.05 and **, p<0.01). C. The ROCK inhibitor Y-27632 affects BMP-7-
induced migration in Swiss3T3 fibroblasts. 100% confluent Swiss3T3 fibroblasts serum-starved for 24 h were scratched
and then were stimulated with 30 ng/mL BMP-7 for 24 h after pretreatment with 10 uM Y-27632 for 45 min. Photos were
taken for the indicated time periods. Y-27632-treated cells show much lower density at the healed area of the wound.
The percentages under the low right corner of last line of the microphotographs are showing mean values + S.E. of the
wound closure of three distinct experiments. (¥, p<0.05 and **, p<0.01). # represents the statistical analysis comparison

between BMP-7 and BMP-7/Y-27632-induced closure of the wound (#, p<0.05). A bar represents 25 pm.
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Fig. 6. The ROCK inhibitor Y-27632 and MLCK inhibitor ML-7 do not affect the BMP-7-induced phosphorylation of Smad1
and MAPK in Swiss3T3 fibroblasts. A. Representative blots are showing the amount of Smad1, p38 and p44/p42 MAPK
(Erk1/2) phosphorylation from 24 h-serum-starved non-stimulated (Control) and BMP-7-stimulated (30 ng/mL)
Swiss3T3 fibroblasts for the indicated time periods after pretreatment with 10 uM Y-27632 and 5 pM ML-7 for 45 min.
Total protein levels for Smad1, p38, Erk1/2 and actin are also shown. B. The ratios presented in bar graphs are showing
the band intensity of pSmadl normalized to the total Smad1l of untreated or Y-27632 and ML-7-co-treated fibroblasts as
mean values * S.E. of three distinct experiments. The kinetics of Smad1 phosphorylation of untreated or Y-27632 and ML-

7-co-treated fibroblasts follows the same pattern.
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Fig. 7. BMP-7 induces rapid and sustained LIMK and MLC phosphorylation in Swiss3T3 fibroblasts. A-D. ROCK inhibitor

Y-27632 unexpectedly leads to an induction of LIMK1 phosphorylation and to a dramatic reduction of BMP-7-induced
MLC phosphorylation. Representative experiment showing the amount of proteins from 24 h-serum-starved non-
stimulated (Control) and BMP-7-stimulated (30 ng/mL) Swiss3T3 fibroblasts for the indicated time periods. Protein
levels were determined by autoradiography (A: [32P]-yATP in vitro kinase assay) and immunoblotting (B-D) with
antibodies specific for phospho-LIMK1/2 (T508/505) and phospho-MLC (S19) (upper panels). The blots were analyzed
by densitometry, and the intensity of the protein bands was normalized to the intensity of the corresponding actin band
(lower panels B-D) and reported between the blots. E. MLCK inhibitor ML-7 blocks 24 h-BMP-7-mediated actin
reorganization. Swiss3T3 fibroblasts serum-starved for 24 h were stimulated with 30 ng/mL BMP-7 for the indicated
time periods after pretreatment with 5 uM ML-7 for 45 min. Cells were fixed and stained with rhodamine- phalloidin and

DAPI. A bar represents 10 um.
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Fig. 8. Depletion of endogenous MLC using siRNA inhibits the actin reorganization induced by BMP-7. A. NIH3T3
fibroblasts were left untreated (Control) or transiently transfected with specific siMLC or negative control siRNAs for 24
h, then serum-starved for another 24 h and finally were stimulated with 30 ng/mL BMP-7 or not (-) for a final 24 h. Cells
were fixed and stained with rhodamine-phalloidin and DAPI. A bar represents 10 um. B. Corresponding immunoblot from

the same cells treated as in panel A, for the MLC and control actin proteins.
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Fig. 9. Schematic representation of proposed mechanisms regulating protein phosphorylation and expression, actin
cytoskeleton reorganization and migration in Swiss3T3 fibroblasts following BMP-7 stimulation. Solid arrows indicate
experimentally confirmed pathways. Dotted arrows indicate experimentally verified signaling steps with unknown
intermediate components. The dotted arrow leading to RhoB mRNA expression signifies the verified, albeit weak, effects

of BMP-7 signaling on RhoB mRNA accumulation. The action points of the pharmacological inhibitors used are also

indicated.
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