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IIpoAoyog

H exmovnon tg 0waktopixng OtatpiPrg amoteAet yia tov kabe vrmoyrn@lo Sidaktopa éva
MIPOOMITKO TASIOl TIPOG TNV EMIOTNHOVIKI] KATAPTION AAAA KAl TNV IPOO®IIKY] OAOKALP®OTL).
2V Iapodod evotntd, atofavopdt TV avdaykn) vd eDYaploTr|owm, OAODG O0OL NTAV avayKdaio va
OLPPETEXOLY, PE TOV évav 1] ToV al\o Tpomo yia va oAoxkAnpwbel To mapov OdaKtopiko,
emPePaiwvovtag pe Tov KaAdtepo dovato TPOIo N®¢ To Tadidt g yvaoong dev TeAelmVEL MHOTE.
Kat onwg oAa ta tadidia, akopa Kat Ta Mo pPoVAyKd, €10t KL avTo edm, andpdaitnto oLOTATIKO
TOL €Xel TOLG OLVOOOUIOPOLS. Ze OAODG ALTOVG, MOL diywg avtodg de Ba ta eiya Katagépet,
APLEPOVETAL TO TIAPOV KOPHATL.

Katapyds, viwbe tnv avdaykn va ek@paocm Tig €AKPLVEIG HOD €LXAPLOTiES, OTOV
kabnyntr) pov, k. TCavaxdaxn l'ewdpyto, yiati pov £dwoe TV evkaipia va acyoAno pe eva tooo
evdlagepov Oépa, pe epmotedTKe yia T OEKIIEPAImOL] £VOG ONHAVTIKOD Yl TO €PYAOTHPLO
EPELVNTIKOL TPOYPAPNATOG KAt pe kabodrjynoe pe vmopovyy oe OAn 1) Owapkela g
araoyoAnong pov oto gpyaotrpto. Tov evxaplot® yia Ty eKnadevTik) poag aAAnAenidpaor)
KAl TNV EUILOTO0LVI) TIOL pov £delle oe Kabe OPAOTNPLOTNTA TOL €PYACTNPLOD, EPELVITIKI KAt
exntatdevtikr). H mapapovi) pov oto epyaoct)plo eixe, AOy®m daLIOV TOV YEYOVOT®V, Kdt
nadaymyiko xapaxtpd. AKOpa, o@eil® éva peydho enYaplot® otny emnikovpn kabnynrpta xa.
Niwkitopirg Ntpaykava, oo eixe apeorn) enifAeyn tov SdAKTOPKOL KAl (Tav mavia mpodoun
va ov{ntroovpe otdnmote agopovoe T HeAétn pag. Emiong v evyapote yia Tig
IIAPATNPIOELS NG, TV enokodopnTkr) Kabodnynorn tng 0To KOPPATL TOL OXedAopoDd Kat TV
kaboplotikr| g oLPPOAL] Katl ovvepyaoia otr ovyypdQr) 1@V Onpootevoe®yv. Tnv eoyaplot®
IIOAD y1d TO XPOVO IOV KATAVAADOE Y1d ONEG TIG OXETUKEG Je TO HOAKTOPIKO dpaoTnPlOTITEG 1A
KAl yld TV DIOPOVI] TG OTO KOPMATL TG EKIAiOeDONg oL Ot OLYYPAQr), IOL IHTav
kaboplotiko ywa péva. ‘Eva peydlo eoxaplotw, opeil® otn petadidaxTtopiki) epevvTpla Kat
@iAn Ap. Mmepdudkn Awatepivy), yia OAn ) Porjfeia ov pov MPooéPepe IAVIOTE ATINOXEPT,
yla v vrootr)pién Kat v kabodr)ynor), 6mote avtod 1Tav arnapaitnro.

Axopa, viobo Vv avaykn va eoxaplotjon, Oeppd, tov kabnynt) x. Kapapdvo
NwoAao, pélog tmg TPpeAodG COPPOVAEDTIKIG EMTPOIING TOL OOAKTOPKOL POv, Yla TV
VIOOTHPISN —EMOTNHOVIKI] KAl OWKOVOPLKI)- 0¢ OAn 1) Sudpkela g dratpifrg, kabmg Kat yia

TNV €0KALPLA ITOL POV £0WOE VA COUPPETAOY® OF EVA EPELVITIKO HMPOYPAppa peydloov peyeboog,



0 OLVEDPLA KAl OLVAVTIOELG TOL TIPOYPUPPATOG ITOL LINPEAV ITOAD EKITALOELTIKA yid peva. Tov
EDYAPLOT® AKOMA, KAl Yid TI) OORBOAL| TOL 0TI CLYYPAPI) T®V ONOOIEDCEMDV.

Eoyaplot® péoa amod v kapdid pov, oAa ta péln g eSeTAOTIKIG EMTPOMIS TOV
OOAKTOPIKOL POV, TIOL pe TIPNOAV KAt dEXTNKAV VA OLHPETEXOLY OTHV ASIOAOYNON POL: TOV
avam\npetr kabnyntm x. Kpaoayaxkn Keovotavtivo, mov ovppetéxel Kat otV TPpeAr)
ovpPovAeLTIKY| emtpomr] pov, Tovg kabnynteg k. XaAxkwaddxn lewpyto kot x. Mavpoodr)
Anpntpto, Vv avamnpotpia xadnynrpwa ka. TCapdr Mapia, tov emikovpo xkabnyntr x.
Towaovon Ioavvn.

Eva peydlo eoyaplot® 0Tovg OLVAOEAPOLG POL OTO EPYACTHPLO IOV EKAVAV THV
kabnpepwvotnta poo Wiaitepa evydapiotn): v Ap. KooPidn Katepiva, tm Ap. ®Oevod EAévn kat
m Ap. Xahxkwaddaxn Tewpyla mov pe Porjdnoav tov mpmdTo Kaipd oto epyaotnptlo. Tnv
ayamnpévn poo @iAn: Kapaon Pagagha- Mapia, mov ekave v kdbe pépa eoydaplotn pe myv
KAAI] TG KOOPEVTA KAl TNV LIOPOVI] NG 000 &ypd@d AaAd Kat 000 JOLAeLA OTOV IAYKO.
Eoyaplot® tov ayamnpévo pov ¢ilo, yiatpo Kevotavtivo Kexayida, toco yia tig pépeg moo
MEPAOApE EDXAPLOTA OTO EPYAOTIPLO OOVAEDOVTAG, OO0 KAl Yl TG PEPES €6 arto avto, alAa
Kat yia ) Porjfela Kat Tig Iapatnprjoelg ToL OTo EL0AYDYKO pepog g dtatpiPrig. Evyapiote tig
potttpleg: [NappavtQuadn Zogia, [Titowdiavdxn Ioavva xat Otika ZtavpovAa yia 1) Porjeia
TOVG OTA MEWPAPATA, OTA TAAIOWX TOV OUIA@PATIK®V ePYAot®V TovS. Evxaplote tnv texviko Ka.
Mrnovpavta Mapia, yia tn oovelopopd TG oTo Helpapatko pépog. Evyaplotm, akopa, v Ap.
Zmoptdaxy) Iodvva xat v ka. Koxkivaxn Eopidixn yia 6oa pov mpooé@epav otnv Koy pag
kabnpepwotta oto gpyaotrpto lotohoyiag. TéNog, evXaAPLOT® TOLG IIPOITLXIAKOVG (POITHTEG
(xkata ) dapkela tng OwatpiPrg): Mwpaity Pevata, Avieviadov Kevotavtiva, atayava
Epnvy, @avovpaxn T'eyw, Kpaocavdxkn Godwpr] kat Kmotodpo Aviovn, yia v Oopopen
aTpoo@alpd Kat t) Snpovpyikr) aAAnAenidpaor) oo eiyape oto epyaotrplo.

Eoyaplot® OAn v epeovntikr] opdada tov mpoypdppatog «@alng» yla xabe eidoog
Borfeia (texViK), YPAPEIOKPATIK), EMOTNHOVIKL) KAt 0iwg tovg Ap. KAétoa Anpurtpn, Ap.
Oeoxapn Axi\\éa, Ap. ZxavOodaln Zmopo, Ap. I'aleAr) Xpvoootoun xat Ap. Agpatn Nixo.
IStattepeg evyapiotieg oto ovvdadedgo pov Ap. Mmovpn Ilavaywwtn, yia wmy mapoxn teov
KOTTAP®V oL xprotponoumbnkav oto pépog I' tng Statpifrig kat yia 0Arn t) ovvepyaoia Katd )
duapketa tov mpoypappatog. H ooppetoyr) poov oto npodypappa vrmpde yia péva mpaypariko

oxolelo otov koopo g épevvag. Evyaplotm axopa, to epyaoctrpto tmg toSikoloyiag ng



Iatpwng ZxoAng tov Ilavemotypiov Kprtg xat mpoowmika tov kabnynt k. Toatodaxn
Aploteidn yua ) ovvepyaocia oe emimnedo AVAA®@OP®V DAIK®OV, IOV Yprowponoudnkav otn
dapkera tov SOAKTOPLKOD.

Ewdwr) pveta, adiel oto otevo oKoyevelaxko pov neptPaliov, mov pe T otpiln Tov oe
kabe eninedo pe Porbnoe va gépw eg népag v amootoAny avty). H Porjfeia tovg vmrple apwyog
oe xabe pov Pripa, pikpo kat peyalo, kab' oA ) dapkeia g (onig pov. Evyapiotm tovg yoveig
pov: Niko kat Kalr, yati poo napeiyav tyv elevbepia tov emAoyov pov Kat oovdapd Tty
ao@dAeta ot Ba Ppioxovtatl Simha pov oe kdbe xivnon. Tov natépa pov yati pe vrootnpidet
OLKOVOHIKA KAl WYOXOAOYIKA, IIAVTA Kot OANEG POPEg MAPATIAV® arId 000 HIOoPEel, aANd Kat
yiati pe épabe ot ot {wr) Oa mpemnet va O0LAeDELG KAt Va HANEVELS KAl T PNTéPa pov yuartl
ornpSe TAvIa PPAx0g OTO OINiTL, VA Pag DIOPEVEL, He T1) @POovIida Tng Hapexoviag pov
ao@dAeta Kat npepia oe OAn v eknadevTike) poov nopeia. Evyopat va yive évag yoviog oav ki
avtovg. Tov adeppd pov: Anprytprn, yiati 0co Bopdpat tov eavtod pov eivat Oimha pov oe kdbe
Prjpa ywa va avotiyet to dpopo mov Ba daPo, pe  PeParotnra ot omov Oa eipail eyw, Oa
Bpioketatl xat avtdg, 000 paxkpld Kat av eipaote. Akopa, tov avfpmmno pov kat covodouIopo
ot Con: INavaywwtn, oL pe v ateppovn) aydmr Tov KAt TV vropovr) Tov pe Ponda va
OANOKANPOV® OTL KU AV SEKIV®, Td TEAeDTAlA —vIEPOYa- OEKA XPOVLdL.

[Staitepeg evyapiotieg otov ayannpévo pov ¢ilo, yatpo: Iamadnpdato Zmbdpo yia v
ITOADTIN Porfeta TTOL POV TIAPELYE, He TANPOPOPIEG KA YVMOELG OXETIKA HE TO ATPLKO KOPPATL,
IOV dQOPA TOV KAPKIVO TOL paotov Kat yia v mpoboptia mov eiye mavta va pe Porndnoet,
aKOpa KAl 0g HEPEG TIOL TO MPOYPARHPA TOL NTav Papd, Katd T SIPKELd TOL ayPOTIKOD TOD.
ESaM\ov, otovg ayammnpévoog @ilovg pov Ianadnpdato Zmdpo kat I'tdvvo Iwpyo, opeil® éva
PEYANO EDXAPLOT® YA TO ELXUAPLOTO HOADMPO KAl HETAPECOVOKTIO Opadiko Sidfaopa xat v
DIIOHOVI) TOVG KATA T1) SIAPKELT T1)G OVYYPAPLS TOL OOAKTOPIKOD HOD.

Téhog, evyapilote tovg ayarmpévoog poo gilovg: IToAvpepdxn Anprtprn, MmovppmovAn
Mapa, Avyovotr) Nikn kat Avaotaciov Avactaoida yid TV YoxoAOYIKr] DIIOOTHP1S KAt yid Ta
ooa pov épabav exetvot 000 Kapod eym padawva yia my €peova poo.

Eoyaplot® OANovg, ekelvovg IOV IMOTEWPAV O€ HEVA... «YylaTi 0' dOTO TOV KOOHO IIOD

oloéva otevedet o kabevag pag xpetadetatl Kat OAODG TOLG YOP® TOD...».
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O xapkivog ToL PaAcTOv évag amo TOLG IO OLYVOLG KAPKIVOLG, AIOTEAEl TN
devtepn attia Bavatov otig yovaixkeg naykooping. Evdeiktikd avagepetat ott oto
Hvopevo Baoilelo, avtinpoowmmedet 1o 20% TV OOVOAK®OV MEPUITOOEDV KAPKIVOL Kt
etvat n mo kowr) attia Oavatoo tev yovakev niwiag 35-55 etov. H otadlonoinon tev
KAPKIV®V TOL paoctod, totonaboloywkd, AapPdvet o’ oyv v Iapovoia Kdat Td
erineda éx@paong twv ototpoyovikwv vrodoyéwv (Estrogen Receptors - ERs), tov
vrodoxéwv g mpoyeotepovng (Progesterone Receptors - PRs), ala xat tov
vrrodox¢mv Tov emdeppikov avdntikov napayovta (Epidermal Growth Factor-Receptor
- EGFR).

Ot avdnmukoi mapayovteg Insulin-like Growth Factor-I, (IGF-I), Epidermal
Growth Factor (EGF) xat 1 oppovn Owotpadiohn- Estradiol (E2) Swadpapatifoov
ONUAVTIKO pOAo otV e§ENEN KAt T PLONOYIKI) COPIIEPIPOPA TOV KAPKIVIK®DV KOTTAPMDV
TOL PAOTOL. VXV, 1] TPXOTN OepATIEnTIKY] AVTIPETMIIOT TOL KAPKIVOL PAoToL eivat 1)
oppovobeparieia. Qot000, 08 MEPUIT®OELS AVOEKTIKOTTAG TOV OYKOV O dLTOL TOL
eldovg 1 Oeparieia, evepyorolovVTal eVAAAKTIKA ONPATOOOTIKA POVOIIATIA AOSHTIKOV
napayoviev, movo oopnepthapPavoov v IGF-I/EGF  onpatodotnon xat £tot
datnpeitat n emPimon 1OV KAPKIWVIKOV KOTTAP®V Tov pactod. H alAnAenidpaon tov
onpatodotikov povomatwv IGF-I/EGF xat E2 elvar peydlng onpaoiag xat
11 OlepebVION T®V OPUOEM®Y TOLG 08 KOTTAPIKO EMITIEDO lval ONPAVTIKI) Y1 TOV KAPKIVO
TOL paotov. Baowkog epevvnTIKOG OKOIIOG T1)g Iapovodg StatpiPrig etvat 1 peAétn) g
alnAenidpaong T@v poplakav onpatodotikev povornatwv tov IGF-I/EGF xat E2,
OTNV HPOOKOAANOI] TOV KAPKIVIKOV KOTTAP®V TOL PAoToL, KAabdg KAt 1 Hmepattép®
dtepedvnon TV Tpomwv  Opaong tovg  (evOoxvrtapwkoi  SiapecolaPnreg).
EmuAéov, otovg otoyovg g peAétng oopmeptAapPavetal n peAet) g entdpaong Tov
OYKOKATAOTAATIKOD YOVISIOD p53 OtV KOTTAPLKI] AELTOLPYIA TG IIPOOKOAANONG Kat
omv onpatodotmorn tov vrodoxéa tov IGF-I (IGF-IR). Telog, 1 peletn g enidpaong

NG KaQeivng, pag kabnpepvd xPnOLHOIIOl0VPEVNS 0LOLAg, oL ennpedlet ta Paoka
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onpatodotika popia twv IGF-I/EGF kat E2, otig Aettovpyieg ToV KAPKIVIK®V KOTTAP®V
TOL PacToL, COPNANP®VEL Tr) otoxobeoia tng dratpiPrs.

Ov avénuikot mapayovteg IGF-I/EGF xat n oppovn E2 pobpifoov moAAég
Poloyikég  Aettovpyleg  T@V  OPHOVO-eCAPTOHEVOV — KAPKIVIKOV  KOTTAP®YV,
OOPHEPINAPPAVOREVOV T®V AEITOLPYIOV TOD KOTTAPIKOL MOANAIAACIAOHOD KAl TG
kwvnukomtag. H avamtodn tov xottdpev Pploketat vmo v oOxeTikr) enidpaon tov
neptPalloviog  otpopatog. Aot 1 aMnlemidpacn T®V  KOTIAPOV  HE  TO
pwponeptpalov tovg, v efowxovttapia Oepelta ovola, Oewpettar xpiown xat
kaboplotikn) ywa v kapkwvoyeveorn. Etot, toxov alayég oty eoxottapia Oepeha
ovota KAt ot AAANAEMOPACELS TOV HOPLOV TG HE TA KAPKIVIKA KOTTAPA TPOIIOIIOLOLY
KOTTAPLKEG AETTOVPYIEG. ZOYKEKPIPEVA, TA OLOTATIKA TG eSwKuTTApPLag Oepéliag ovoiag,
EUIAEKOVTAL O TIOANEG ALLTOLPYIEG TOV KODTTAP®V T®V OYK®V, ennpedalovtag €tol, N
dadikaoia g petdotaong Kat KAt engktaon v kotrapikyy 5Nl . H wovektivy,
oLOTATIKO TTOL Pploketat oe agbovia oy eSoxovttdpla OepéAia ovoia TOV KAPKIVIK®OV
KOTTAP®V TOL PAOTOD, elvatl pid peyaAov poplaxkol PApovg YADKOIP®TEIV), TTOL €xel
xapaxtnpiotet deiktng embetikottag yua t) Proaboloyia Tov Kapkivov Tov pactoo.
v napovoa peletn, éxet detybei ott tooo ot IGF-I/EGF o6oco xat 11 E2 evioyboov
onpaviika v mpookoAnon tov MCF-7 KapKivik®v KOoTtdp®v TOL HAOToL oOe
vrootpapda wvovektivng. Emum\eov, o Baoikog vrmodoyéag (Receptor) tov IGF-I, o IGF-IR,
elval anapaitntog yid v enaywyt) mg npookoAAnong amo tovg IGF-I/EGF xat E2. Ot
ev AOY® TIAPAYOVTEG PALVETAL VA EMAYOLV EVOOKDTTAPIKA ONPATOOOTIKA HOPLd IIOD
pobpifovv Aettovpyleg OXETIKEG Pe TNV KAPKLVOYEVEODL), ON®OG O MOAAIAACIACHOG, 1)
IIPOOKOANANON]  Kat 1  KWNTKOINTAd TV  KOoTtdpwv. Teétotot  evdokvtrapikol
Siapecolafnrtég eivar to Extracellular signal-regulated kinases (Erkl/2) (avrket ot
onpatodotnon Mitogen- Activated Protein Kinase (MAPK) xat to Phosphatidylinositol
3-kinase (PI-3 kinase). Ze evOokvTTapko eminedo, 1 avaotoAr] Tov Erkl/2 epmodilet v
IGF-1/EGF/E2- eCaptopevn npookoAnorn tov MCF-7 xottapwov, katadeikvoovtag ott
o Erkl/2 eivat onpaviikog evooxkvTtaplog dtapecolafntr)g onpatog T®V Hapayoviov

aovTev yla T ovykekpipevn xottapikn) Aettovpyia. O Erkl/2 éxet derybei, axopa, va
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Tpororniotet to mpo@il ex@paong tov (full designation) IGF-IR. Zvykekpipeva, 1
avaotolr] Tov Erkl/2 onpatodotikod povoratiov epnodilet TO00 TV EKPPAOT), 000 Kt
Vv evepyoroinorn tov IGF-IR vnodoyéa. Aoonpeimtn eivat 1) evioxotikn dpdon tov
EGF xat E2 oty éx@paon tov IGF-IR oe emnedo mRNA kat oe np@teiviko eminedo.
Emnpoobeta, dedopéva ovveotiakr)g pikpookoriag, anmédetSav ot yoprynon IGF-I kat
EGF enayet avadopydavoon tov widiov axtivng tov xottapookeletov ota MCF-7
KAPKLVIKA KOTTapa tov paotov. H avadiopyavwon aotr @aivetat va tpomomnoteitat
aro v avaotoArn tov Erkl/2, moo eivat o Pacikog kottapikog OtapecoAafntrg Tov
IGF-I xat EGF. Ztn pelét) g IPooKOANONG ONpAavIko POANO €xel 11 KWVAon TG
eotiakr)g npookoAnong Focal Adhesion Kinase (FAK), n omoia evepyomoteitat (pe
POOPOPLALMOT)) KATA TNV IPOOKOAANOIN TOL KLTTAPOL Oto LHoOoTPp®pd. EvOiagpepov
rapovotalet To dedopévo ot i yoprynor) tov IGF-I endayet 1o oov-evtomopo tov IGF-IR
kat FAK, mov eivat opatdg kopimg Kovid otig Kottapikeg pepPpaveg tov MCF-7
kottdpwv. Ta 6edopeva avtda katadeikvooov ott o IGF-IR etvat onpeio oovavinong ya
v IGF-/EGF- xat E2- efaptopevn Kottapikr] IPOOKOAANON O OHOOTPOUd
WVOVEKTIVIG.

Emuipoofetwg, otnv mapovoa diatpiPr) exet diepevvnbet o mbavog porog tov
OYKOKATAOTAATIKOD YoviOiov pb3 otV npookoAntiky ikavotnta tov MCF-7 kottapov
Tov paotod. Me Paon ta dedopéva tng ovykekprpevng pelétng, o IGF-IR dwadpapartilet
POAO KAe1Ol 0TIV KOTTAPIKI] IIPOOKOAANOI) TV €V AOY® KOTTAP®V. 01000, 1 Aettovpyla
TOV OYKOKATAOTAATIK®OV yovidiwy, emmpeadet ta onpata tov IGF-IR kat 11 §pdoeig tov
0¢ KAPKWIKA koTtapa Tov paoctod. H petaypagr tov IGF-IR yovidiov, pobpiletat
apvnTKa aro MPOTEVIKA apay®yda OYKOKATAOTAATIKQOV yovidinv,
OLPIIEPINAPPAVOPEVOV TOL YOVIO0 TOL KAapkivoL tov paotov-1 (BRCAI) xat Ttov
OYKOKATAOTAATIKOD p53. Emupoofetmg, 1) ENAenyr) ot Aettovpyia tov p53 yovidiov, exet
deryOel ot tpomonotel v éxgpaorn tov IGF-IR. O pnyaviopog avtodg, wotodco, Oev
nep\apPavet evbeia mpoodeon oto DNA, dnAadr) otig alAnlovyieg TOL DIIOKLV T TOV

IGF-IR yovidiov. ZOp@mva pe Ta AIOTEAEOHATA TG IAPOLOAG HEAETNG I EKPPAOT] TOD
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IGF-IR &ev aM\alet amo tov pd3. Axopa, OoKipeg MPOOKOAANONG O LHOOTPOPA
wovekTivng edetlav 0Tt o p53 Oev emnmnpeddet T COYKEKPIPEVT] KOTTAPIKL] AetTOvPYidL.
210 m\atowo tng napovoag datpiPrg, éxet pedetn el akopa, o poAog tng Kageivng oe
Aettovpyleg KAPKIWVIK®OV KOTTAP®YV ToL paotov. O xagég elvatr eva evpémg
XPNOWHOIIOOLPEVO  POPNHA  MAYKOOPI®G KAl Katavalwovetat Kabnpepwva amo
EKATOPPLPLA avOp®I®V. Xe O,TL AQOoPd TI) OLOXETION TG KATAVAADONG KAPE KAl TOD
KWvOOVOL epPAVIONG KAPKIVOD TOL paotov, ta 0edopeva notkiloovv. H etepoyévela g
VOOOL KAl 1] KATYOPlOIOoiNon T®V KAPKIVIK®V OYK®V ToL paoctov oe ER+ xat ER-
dragpoporiotet TIg OPATELS TOL KAPE, AVAPOPLKC e TOV KIVOLVO ERPAVIONG KAPKIVOD TOD
paotoo. [Ipokettat ywa ) xnpiki ovoia 1,3,7-tpipeboloaviivr, mov oto avtiotoryo
KOpHpATt g dtatpiPrg avtrg £xet xpnowporowmet, oe xabapr) pop@r), oe KOTTAPd,
Hpokelpévov va peletnel o polog tng oe Ploloyikeg Aettovpyieg TOV KAPKIVIKOV
KOTTAP®V Tov paotov. H yoprjynon xageivig oe KapKivikég oepeg Tov paotod £6e18e
Ott emnpedalet TV MOMAMIAJOWIOTIKI] KAVOTNTA TOV KOTTAPOV. ZOHPOVA e Td
armoteAéopata JdAMeV  peletav, 11 Kageivn ep@avifel avti-KapKivikég 1d10tnTeg,
pewwvovtag myv avdnon tev kottapeav MCF-7 (ERa+) al\a xat tov (ERa-) MDA-MB-
231. Qg 1Ipog ToV pnYaviopo dpdong tg, ot epevvnTég vIrootnpilovv OTL 1) Kageivn Opa
ON®G TA AVTI-0L0TPOYOVA KAl TPomrorolel ta puOpiotikd yid ToV KOTTAPIKO KOKAO
povonatia ER/cyclin D1 xat IGF-IR/pAkt. 2to avtiotoiyo pepog tng S10aKTOpIKIg
datpiPn)g avtrg, éxoov ypnotporodel Kapkivikeg oelpeg pe dragopetiko ER mpo@i
EKQPAONG. ZUYKEKPIPEVA KAPKIVIKEG OEPEG TOL PACTOL, MOV €xovv MPoeNDel amo
petaoynpatiopeva MCF-7  xottapa (stable transfected), eAAumr oe éxgpaon
ERa amoxkalovpeveg wg MCF-7/csh (negative control) xat MCF-7/SP10(ERa-). Me
Bdon ta amotedéopata g StatpiPrig, 1) kageivn Oev emnpedlel TOV IMOAATIAAOCIAOPO
TOV KAPKIVIKOV KOTTAP®V TOL PACTOL, aveSapt)teg mpo@il éxppaong t@v ERs, eve
patvetal va TPOIOMIOLel TV KOTTAPLKI AetTovpyid TG IPOOKOANNONG, HEC® HOPL®V IOV
oxetiCovrat pe ) onpartodotnon IGF-1/EGF kat E2.

Zovoyifovtag, 1 ovykekppevr dratpPr) mpoteivetl 0Tt 0 IGF-IR eivat onpavtikog

ya tig Opdoelg TV poplakav onpatodotikeov povoratieov tov IGF-I/EGF xat E2, oty
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Aettovpyla TG KOTTAPIKYG IPOOKOAANONG, IOV elvat emiong MOAD ONPAVTIKI) yld TV
eGEMEN TOV OYK®V KAt OTteva oovOedepevn HeE TV KWNTIKOTOTA TOV KOTTAP®DV.
[Tapovowaler dedopéva yia T O0xE0n TOL OYKOKATAOTAATIKOD yovidiov p53 kat tng
Proloyikrg Aettovpylag tov xottapav. Emiong mepiéxet dedopeva yia 1o poAo g
KAQEIVIG TOOO OTIG AEITOLPYIEG TOV KAPKIVIKOV KOTTAP®V TOL HAOCTOL 000 KAl OTd
EMPEPOLG pOpLa ov AapPdavoov pépog oty poptaxn onpatodotnon towv IGF-1/EGF.
Evdeyopévmg oto peAov, ta amnotehéopata g napovoag didaxkropikng datpiPrig va

(PAvVoOLV XPI|Od 0TI OTOXELHEVT DepATIEDTIKI] AVTIPET®ITION TOL KAPKIVOL TOL PACTOO.
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ABSTRACT

Breast cancer is one of the most common types of cancer. On a global scale, it is
the second most responsible cause for female death. Indicatively, in United Kingdom
breast cancer represents 20% of all cancer types and is the main cause of death of
women at the ages between 35-55 years old. In order to characterize different stages of
this disease types the expression levels of Estrogen Receptors (ERs), Progesteron
Receptors (PRs) as well as Epidermal Growth Factor Receptor (EGFR) are evaluated
utilizing histopathological assessment.

Indeed, Insulin-like Growth Factor-I (IGF-I), Epidermal Growth Factor (EGF) and
the hormone Estradiol (E2) have an important role in the development and biological
behavior of breast cancer cells. Usually, the fist therapeutic step for breast cancer is
hormone therapy. However, in hormone resistant tumor, cancer cell survival is
promoted by developing alternative growth factor signaling pathways. Such a
candidate signaling pathway is the IGF-I/EGF crosstalk. Moreover, particularly
important for breast cancer is the interaction between the IGF-I/EGF axis and E2
signaling pathway which is a focus of study at a cellular level. The principal aims of the
present PhD thesis include the investigation of IGF-I/EGF and E2 signaling pathways,
breast cancer cell adhesion capability assessment and also, the identification of putative
intracellular signaling mediators. In addition, the role of tumor suppression gene p53
was studied on cell adhesion and as a mediator of IGF-I receptor (IGF-IR) signaling.
Finally, caffeine, a widely consumed substance, known to affect basic downstream
signaling molecules of IGF-I/EGF and E2 pathways was investigated.

IGF-I/EGF and E2 regulate several estrogen- responsive breast cancer biological
functions, including cellular proliferation and motility. Cell growth is influenced by the
cellular microenvironment, the extracellular matrix (ECM). ECM interactions are
fundamental for carcinogenicity. Thus, ECM modifications and molecular interactions
between the ECM molecules and cancer cells modulate cellular functions. To be more
accurate, ECM components are involved in cellular functions of tumor cells, affecting
metastasis and consequently, cancer development. Fibronectin, an abundant ECM
component in breast cancer tissues, is a high molecular weight glycoprotein and has
been characterized as a crucial biomarker of aggressiveness. In the present study, IGF-
I[/EGF and E2 were demonstrated to increase adhesion of MCEF-7 cell line onto
fibronectin. In addition, IGF-I/EGF and E2 mediated adhesion required IGF-I
Rparticipation. The above factors were shown to activate intracellular cancer-related
signaling molecules which affect functions like proliferation, adhesion and motility.
Such signaling mediators include Extracellular signal-regulated kinases (Erk1/2) that
belong to Mitogen- Activated Protein Kinase (MAPK) family and Phosphatidylinositol



I[MTEPIAHWYH

3-kinase (PI-3 kinase). Intracellularly, Erkl/2 inhibition prevents IGF-I/EGF/E2-
dependent MCF-7 adhesion, indicating the importance of Erkl/2 as an intracellular
signaling mediator of IGF-I/EGF/E2 mediated adhesion. Moreover, IGF-IR expression
profile can be altered by Erkl/2 (full designation). Specifically, Erkl/2 pathway
inhibition prevents both the expression and the activation of IGF-IR. Furthermore, IGF-
IR mRNA and protein expression are sytongly enhanced by EGF and E2 action.

In addition, data using confocal microscopy showed that incubation with IGF-I
and EGF induced microfilament reorganization of the MCF-7 actin cytoskeleton. This
reorganization seemed to be modified by the inhibition of Erk1l/2, which is the main
cell mediator of IGF-I and EGF. Focal Adhesion Kinase (FAK), which is activated
through phosphorylation during adhesion onto a respective substrate, was designated
to play a crucial role in this adhesion study. It is important to mention that incubation
with IGF-I induced the co-localization of IGF-IR and FAK, which was visible close to
the cell membranes of MCF-7 cells. The later indicated that IGF-IR may be considered as
a meeting point for the IGF-/EGEF- and E2- dependent cell adhesion onto fibronectin.
Additionally, the possible role of the tumor suppressor gene p53 on the adhesion ability
of MCF-7 breast cells was examined. Results of the present study showed that IGF-IR
plays a key role in these cells’ adhesion. However, the activities of tumor suppressor
genes can affect IGF-IR signaling and its role in breast cancer cells. The transcription of
IGF-IR gene is negatively regulated by protein products of tumor suppressor genes,
including the breast cancer 1 gene (BRCA1) and the p53 gene. Furthermore, the p53
gene loss of function has been shown to modify the expression of IGF-IR, and this
mechanism did not include a direct binding on DNA. According to the present study,
p53 did not modulate the expression of IGF-IR. Moreover, p53 did not affect the
adhesion capacity of these cells onto fibronectin.

This PhD thesis also investigated the role of caffeine in breast cancer cell
functions. Coffee is a beverage daily consumed on a world scale. Data that correlate
coffee consumption and danger of breast cancer occurrence are controversial. The role
of coffee concerning the risk of breast cancer occurrence differs due to the heterogeneity
of the disease and ER expression based breast cancer categorization. Caffeine, whose
chemical identity is 1,3,7-trimethylxanthine has in this study been used in its original in
order to investigate breast cancer cell functions.

Previous studies have shown that treatment of breast cancer cell lines with
caffeine affects cell proliferation. Caffeine was shown to exhibit anti-cancer properties,
by decreasing growth of MCF-7 (ERa+) and MDA-MB231 (ERa-) cells. Moreover, it has
been argued that caffeine acts as an anti-estrogen and modulates cell cycle pathways
including ER/cyclin D1 and IGF-IR/pAkt. Thus, in the third part of the present thesis,



I[MTEPIAHWYH

cell lines with different ER status have been used. More specifically, the cell lines used
were stably transfected MCF-7 cells that lack ERa expression, denominated MCEF-
7/SP10 (ERa-) cells and transfected with vector control MCF-7/csh cells (negative
control). The results of the present study indicate that caffeine in a manner independent
of ER status did not affect cell proliferation, but appeared to modulate cell adhesion
though molecules that are related to IGF-I/EGF and E2 signaling pathways.

To summarize, the results of the present thesis suggest that IGF-IR plays a crucial
role in IGF-I/EGF and E2 signaling pathways which modulate cell adhesion, function
that is closely correlated to cell motility and cancer development. Furthermore, the
thesis presents data associated to the role of the tumor suppressor p53 gene on breast
cancer cell behavior. Data on the effect of caffeine on breast cancer cell functions and on
the modulation of molecules that participate in the IGF-I/EGF and E2 signaling
pathways are also shown. The presented data, may contribute to the development of
targeted therapeutic methods for the treatment of breast cancer.
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EIZATQTH

1. EIXATQI'H

1.1. O KAPKINOX TOY MAXTOY

O kapxivog Tov paoctov elvat o Mo OLXVOG KAPKIVOG Kt 1) 0evTepr) attia avdtov
otg yovaikeg naykooping (Turkoz et al., 2013). Evlewtikda avagépetat Ot oto
Hvopevo Baoilelo, agopd 10 20% TV OOVOMK®V IEPUIT®OED®V KAPKIVOL KAl eivat 1
mo kowr) attia Bavatov teov yovaikev nAkiag 35-55 etov (O'Mahony et al., 2017). Ze
IIOAD OIAVIEG MEPUITOOELG IAPATNPELTAL AVOPIKOG KAPKIVOG TOD pHaoTtov, eve Bempettat
0Tt oLVOpPOpPA, TTOL OXETI(OVTAl pe XPOPOODHULKEG AVOPAAIEG PUAETIKOV XPOHOCHUATOV,
aofavoov v mbavotnta avdmntodng avopikov kapkivoo tov paotov (Gomez-Raposo
et al., 2010).

BipAoypagikeg mnyeg ava@épooy T CLOXETION AVAIITLSNG KAPKIVOD TOL PaoTOD
pe ovyKekppévoug rapdyovteg kivovvoo (Ondrusek et al., 1999; McPherson et al., 2000;
DeSantis et al., 2014; Arthur et al., 2017; Balakrishnan et al., 2017; Playdon et al., 2017).
ITwo ovykekpipéva, To ONALKO POAO KAt N mpoy@PNpevn NAkia ovoyetifovtat Betikd pe
Vv avarrtovdn Kapkivoo tov paotod (DeSantis et al., 2014). Axopa, avinpévo kivoovo
OLVIOTOLV 1] TIPWIHL EPHNVAPXL] KAl 1] OYIHL PPN VOIIALOT), eV 1) TEKVOIIOIN O KAt 1)
yalooyia oe pikpr] nAia, amoteAovv MOAPdyovieg IIOL HEW®VOLV ToV KivOvvo
eppaviong tng vooov (Ondrusek et al., 1999; McPherson et al., 2000; DeSantis et al.,
2014; Balakrishnan et al., 2017). EmPapovtikodg napayovteg otV ep@Aavior KApKivoo
TOL PAOCTOL OLVIOTOLV 1] MAXLOAPKIA T)/Kal ot KAakeg Satpo@ikeg ovvrdeleg, evem
avagépetat avlnpévog Kivoovog ep@Aaviong oe IaxLOAPKeS HETEPHIVOIIAVOLAKES
YOVAIKEG, O yOVaiKeg IOL KAVOLV KATAXPNOL aAKOOA Kat oe xamviotpieg (Ondrusek et
al., 1999; McPherson et al., 2000; DeSantis et al., 2014; Al Otaibi, 2017; Playdon et al.,
2017). H @uAfj xat 1 KOW®VIKO-OKOVOpiKY) 0O¢on) g yovaixkag éxet Ppebel va
ovoxetiCetat pe v avamtodn kapkivoo tov paotov (Ondrusek et al., 1999; McPherson
et al.,, 2000; Arthur et al., 2017). [Tio cvykekpipeva, yovaikeg DYnAoL HOPPOTIKOD

EImIIEdOL KAt e100dPATOS, AV® TOV 45 ETOV, TIOL AVIKOLV 0TI AELKI) PUAL), eppavifoov
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aofnpevo kivOovo va voorjoovv amo Kapkivo tov paoctov (Ondrusek et al., 1999;
McPherson et al., 2000). EmurAéov, napdyovteg KivoOVoL yla TV avdairtodn KapKivoo
TOL HAOTOD OLVIOTOLV: I €VPECI ATLIMV VIEPIAAOWWV OF IIPONYOLHEVEG [loyieg
PaOTOD, 1 PAKPOXPOVIA XOPIYNON AVTICOANITIK®V YAII®V Kdt 11 oppovobeparneia
vnokatdaotaong (Ondrusek et al.,, 1999; McPherson et al.,, 2000; Arthur et al., 2017;
Balakrishnan et al., 2017; Playdon et al.,, 2017). Ztnv epgdavion TG vOOOL DIIAPXEL
Sexabapn xAnpovopikn mpodiabeor, xabmg 1 MAPOLOIA OIKOYEVEIAKOL 10TOPLKOD
OXETIKOD M€ TOV KAPKivo TOL paoctod Oewpeitatr mapdyoviag oynlod KivdOVoo
(Ondrusek et al., 1999; McPherson et al., 2000; DeSantis et al., 2014; Arthur et al., 2017).
Teldog, onpavikd polo oy avdamtodn Kapkivoo Tov paoctod maifet 1 vrmapln
petal\aypévev yovidiov oto yovidiopa, onag etvat 1o BRCAI, to BRCA2, to p53 xat
10 PTEN (Futreal et al., 1994; Rosianu and Tudose, 1998; Wang et al., 2000; Dumay et al.,
2013; Zhang et al., 2017). Evlewta avagepetat ott oto 20-30% tov Kapkivov tov
paotob vrapyetl Kamowa petalAaypevn pop@r) too p53 (Petitjean et al., 2007).

Aopikd, o paotog ovviotatat anod Ta AoPia, ta onota yapaxtnpifoviat amo v
vnapdn adevov kat evooAoPiav nopev (Tanis et al., 2001). Ta Aopra daywpifovtat amo
Vv ovnapdn Sta@paypati®ov wokoAayovadovg 10tod, Kat SIapHop@®VOVIAl amd To
repBallov otpopa. Ot adéveg AroteAodV TO EKKPITIKO HEPOG KAl Ol IOPOL €XOLV
Aettovpyla mapoyxétevong. H popgoloyia tov paotikov adévev oxetietal pe éva
\1100G apPayovI®y, Iov APOoPOovV, KLPLWG, TV £kOeor) ToL palikov adéva oe OLaPopeg
OppoOveg Katda TV Owdpkela g (wr)g. TtV IPAaypatikot)tda, oxedov 0ot ol KapKivot
TOL PAOTOL elval adeVOKAPKIVOHPATA, IOV IIPOEPXOVTAL AIlo emONAlaKd KOTTAPd TRV
alévav 1] TOV HOP@V TOLG,.

O kapxivog tov paotod diakpivetrat oe OOnTKo kat pry OuwdnTko (Frykberg et
al., 1987; Lagios, 1990; Weigelt et al., 2008; Vuong et al., 2014). O 6pog pun SnOnTIKOG
onpatvel 0Tt Ta kakorn0n xottapa etvat Kalwg oplopéva eite otovg adéveg, ite OTOVG
Opovg TV AoPilav, xoplg evdeilelg Ou)Onong tovg, otig faocwkeg pepPpaveg (Stevanovic
et al., 2006). Yrapyoov dvo oot pr) dundnTikov KapKIVOPATOV: TO adeviko KApKivopda

in situ xat to mopoyevég kapkiveopa in situ (Frykberg et al., 1987; Lagios, 1990). Anio v
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alAn mAevpd, ta dndnTika kapkiveopata yapaxkinpifovtat anod diappndn mg Paoikrg
pepPpavng. Ot Paokotepot TOIOL TV OONTIKOV KAPKIVOPAT®V €lval TO TTOPOYEVEG
(x@pig ovykekppevo TOIO), Ta AoPlaxd, Ta PAevvmdrn), Ta owAnvoeldr) kat Ta OnAmon
kapkwvopata (Vuong et al., 2014).

O kapxivog Tov paotov propet va dndet tomkd (apeon dacmopd Katda ovvexeld
10TOV) 1) va pebiotatat o Mo AIoOPAKPLOPEVA ONPEId TOL OOPATOG, AEPPOYEVAOG, PEOD
TOV paocxaAai®ov aAAd kat AV Aep@adévev (mapaotepvikoi, vrrokAeidlot), ala Kat
AAToyeV®G, OIVOVTAG PETACTAOELS, KATA KOPLO AOYO, OTOLG IIVELHOVEG, OTA 00T, OTOV
eykegpalo xat oto fjuap (Lee, 1983; Shaffrey et al., 2004; Suva et al., 2009).

Ze O,TL aPOopd TNV AVIXVELOI] TG IP®ING VOOOL 08 AOVPITOPATIKO IANO0opo
X0pig avdnpévoog napdayovteg Kvdvvoo (screening), avty) meptAapPavet KAVIKO Kat
aktwoloyiko éleyyxo. H paotoypagia Oewpeitar n «gold standard» eSetaon yua
screening, 1 omota Bewpettatl 0Tt elvat Kalo va émetat g KAWVIKIG eg€taong amo edKo,
0UTOG WOTE VA €0TIAOTEL O TOXOV KAWVIKA evprjpata kat av kpel amapaimmto va
ovpnAnpwdel ano vmoepnyoypagnpa, payvinukn topoypagia (MRI), rj/xat PET scan
(Haberthur et al., 1990; Melnikow et al., 2016; Zhang and Ren, 2017). H avtoeSetaorn éxet
HKPO aAAA LIIOAOYIOIHO AVTIKTLIIO OTNV HP®Hn aviyveoon tng vooov (Grady, 1992).
e nAikieg petadd 20 xat 40 etov ovviotatat KAvikr| eetaon kabe tpia xpovia, eve oe
nA\ikieg ave tov 40 ovviotatar emjowa paoctoypagia xat e§gtaon amo eowko (yia
yovaikeg xoplg owoyevelako 10topiko). Loto0o, 1 eSatopikevorn Oempeital avaykaia
otov é\eyxo, Kabmg oe yOVAIKEG PE OWKOYEVELAKO 1OTOPIKO, Olapépel 0 EAeyXOG KAl 1|
ooxvotta TV egetdoemv. H tedikr) O1dyvmor) Tov KapKivoy Tov pactol yivetrat mavta
pe Proyia (Yen et al., 2005; Melnikow et al., 2016; Zhang and Ren, 2017).

H mpoyvwon g vooovo efaptatat amd to péyebog kat v EKTaor Tov
npOTonadodg OyKov oe OLVOLAOHO PE TA HOPLAKA XAPAKTPLOTIKA TOV KAPKIVIKGOV
KOTTAP®OV (EKQPAOI] TOV OlOTPOYOVIK®YV LIOdOYE®mV - vIepékppaor tov Human
Epidermal growth factor Receptor 2- HER2), 1 du)0non tov pacyaliaiov Aeppadevaov
Kat To Padbpo mg oroloykng dtagopomnoinong tov oykov (Vuong et al., 2014; Kasangian
et al., 2017; Poirier et al., 2017).
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A1 10 1990 xat peta n Ovntotnta exel petwbet AOy® ToL screening xat TG taong
Tou npatpov kapkivoo (Kelsey, 1993; DeSantis et al., 2014). [a to petactatiko Kapkivo
TOL PAoTOL £XOLV yivel HIKPEG IIPO0d0L, aAd Dempeital, wg onpepd, pr WOHOG.

Ze poplako emiredo, 1 OAKPON TOV KAPKIV®V TOLv paoctov Paociletat oty
napoovoia/ amovola Kat ota emineda €KPPAong TOV DIIOOOXEDV TOV OlL0TPOYOVOV
(Estrogen Receptors- ERs), tov vrodoycwv tng mpoyeotepovng (Progesterone Receptors-
PRs), aM\d kat T@v vrodoxémv tov emdeppikod avintkov napdyovia (Epidermal
Growth Factor- EGFR) (Iglehart et al., 1990; Perou et al., 2000; Jensen and Jordan, 2003).
Ot oykot talwvopovvtat oe 3 opdadeg, tovg oppovobetikovg, Tovg BeTikovg OTOV
VII0d0YEA TOL EMOEPUIKOD AVENTIKOL IAPAYOVTA (HE £VA ITOCOOTO OLVLIIAPSIG AVTMOV
TV O0O) KAl TOLG TPUIAA APVITIKOVG,. X¢ eminedo 10TONOYIKIG d1aPOPOIIoinong ot OYKoL
tadivopoovvtat oe: Grade A: xaAn) dwagopornoinorn, Grade B petpra Swagoporoinon xat

Grade C mtoyn Stagoponoinon (Bloom and Richardson, 1957; Theissig et al., 1990).

1.2 KAPKINIKO MIKPOITEPIBAAAON

H avammoln tov xottapev  Pploketat bvmd T ovvexr) emdpaocn Too
neptparlovtog otpopatog (lozzo and Murdoch, 1996; Geiger et al., 2001; Geiger and
Yamada, 2011; Gialeli et al., 2011; Afratis et al., 2012). Etot, eivat yvooto Ott 10
PKponePPANOV TOV KAPKIVIKOV KOTTAPOV Otadpapatifel onpaviikd polo otnv
nopeia tov oykov (lozzo and Murdoch, 1996; lozzo and Schaefer, 2010; Theocharis et al.,
2010; Afratis et al., 2012; Nikitovic et al.,, 2014b; Nikitovic et al.,, 2014c). Ta
ONPAVTIKOTEPA YAPAKINPIOTIKA TOV KOTTAP®V yld TNV avdamtodn Tov Oykov eivai o
KOTTAPIKOG TOAATIAACIAOPOG, 1] KOTTAPLKT] IPOOKOAATNO1), 1) Ou)0non TV KOTTAp®OV OF
aMovog 1otodg, Kabwg Kat 1) PETAVAOTELOr Tovg Ot dANa onpeia tov avipomivoo
oopatog. Ot 1010t1eg avtég pobpifovial amd aAnAemoOpaoelg T®V KOTIAP®V He Td
ovotatika tov pikponeptPaliovtog tovg (Dickson and Lippman, 1987; Cheskis, 2004;
Nikitovic et al., 2008; Iozzo and Schaefer, 2010; Chalkiadaki et al., 2011a; Chalkiadaki et
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al., 2011b; Gialeli et al., 2011; Kouvidi et al., 2011; Afratis et al., 2012; Curran and Keely,
2013; Nikitovic et al., 2013; Nikitovic et al., 2014a; Nikitovic et al., 2014b).

2V HEPUIT®ON TOL KAPKIVOL TOL HACTOL TO OTPOHA dAIOTEAEiTal aro
eSoxvtrapla Bepéha ovoia mhovowa (Extracellular Matrix- ECM) oe xoAMayovo xat
KOTTAapd TOL OTPOPATOS, OH®G eivat ot voPAdoteg, KOTTAPA TOL AVOCOMIOU|TIKOD,
Amokottapa kat evdobnAiaxka xovttapa (Ronnov-Jessen et al., 1996). H eSoxvttapia
Oepehia ovotla amotedel pua «deSapevi)», yepdtn amo mbavovg dapecolapnteg-
pLOpOTEG TG polpag T®V KOTTAp®V. Avdntikol Hapdyovieg, YALKOIP®TeiveC,
NP@TEOYALKAVEG Kat évippa (PETAANOIPAOTEIVAOEG KAII) OLVOETOLV TV €KOVA TOD

KapKvikoL pikponeptparlovrog (Frantz et al., 2010).

1.3 EEQKYTTAPIA ©OEMEAIA OYZIA (ECM)

H eSoxottapia Oepéhia ovoia mapéyet pnxavikr] aAd kat BloAoyikr) vrootr)pidn
ota KOTTapa Kat etvat napovoa oe kabe 1010 kat kabe Opyavo tov avlpeImvov copatog
(Rozario and DeSimone, 2010; Tsang et al., 2010; Geiger and Yamada, 2011). ITwo
OLYKEKPEVA, bHOoOoTPIfel pryavika Kabe e100¢ KDTTAPOL KAl TALTOXPOVA OLHHETEXEL
ot petafifaon Kplowpov POXNUIKOV ONPATOV, IOV dIIATOOVIAL Yid TOAANEG
Aettovpyleg ONWG 1) HOPPOYEVEOH TOV 10T®V, 1) KOTTAPIKI] Ola@oporoinon Kdat 1)
opowootaon (Rozario and DeSimone, 2010; Tsang et al., 2010; Geiger and Yamada, 2011).

Kata xdpto Aoyo 1) e§oxottapia Oepéia ovoia anoteleitat amod vepod, mpmteiveg
KAt IoAvoakyapiteg, eve Kdabe 10tog éxer eSokotrapia OepeAdta ovola pe povadikn
ovotaot), eI yua avtov Kat dapop@upeévn pe Pdorn ta xapaktplotikd tov (Frantz
et al., 2010). H eSoxovttapia OepeAia ovoia etvat mhodola oe IPTeiveg, IPMTEOYADKAVES,
widwkég mpwteiveg (KoOAAayovo, ehaotivr, wovektivi, Aapivivi) xabwog emiong xat
yAoxkoCapivoylokdaveg (Jarvelainen et al., 2009; Frantz et al., 2010; Schaefer and Schaefer,
2010). Tn obvotaon g copIAnP®VoLY dlalvtol avinTikol mapayovteg Kat evQopa oo

poOpiloov xuttapikeg Aettovpyieg (Frantz et al., 2010).
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Ot Paoikotepeg widkég pateiveg g ECM etvat to koAayovo, i ehaotivy, 1)
wovekTivn kat ot Aapviveg (Frantz et al., 2010).

To xoAayovo etvat i mo agbovr widikn) npwteivny g eSoxvTraplag BepeAiag
ovolag kxat amotedet to 30% TOL OLVONOL TOV MOPDIEVOV TOV IMOAVKOTTAP®V
opyaviopaov (Rozario and DeSimone, 2010). To koAayovo kat ot didagopot TOIot Tov,
elvat Pactkd ovotatikod TOL e{OKLTTAPIOD XMPOL KAl MAPEXEL HPNXAVIKI] OTrPwn),
poOpiler TV KOTTAPWKI] MPOOKOAANON Kat vmootnpifet v ynpeotadia xatr
PETAVAOTELON TV KOTTAPwV, pobpifovtag v avamtodn tov wotov (Rozario and
DeSimone, 2010).

H wovextivn (Fibronectin- FN) eivat pua yAokonpeteivy) moo meptapPdverat
otV X®Podtatad: Kat otnVv opydaveorn) g eSokottaptag Oepeiag ovoiag xat £xet poAo-
KAe1dl 0TV IPOOKOAANON TOV KOTTAP®V OtV emxoTtapta Oepéia ovota tovg, kabdmg
Kat oe aA\eg Aettovpyleg t@V Kottdpav (Schwarzbauer and Sechler, 1999; Pankov and
Yamada, 2002). Aopikd 1 wvovektivi aroteleitat aro 2 peydleg vropovadeg, IIov
ovvdeovTatl petaly Toug pe d100VAPIOIKovG deopovg. Kdabe vropovada amotelettat amo
pa  oepd  Asttovpylkov Topéwv  (domains), mov ywpifoviar amo  eoAvyloTEQ
roAorrentidikég alvoideg (Schwarzbauer and Sechler, 1999; Pankov and Yamada, 2002).
Ot 7topelg amotedodvtatr amd pkpoOTepeg vropovadeg, kabepid amod Tig ormoieg
KOOWKOTIOEITAl AIIo £va OLa@oPeTIKO e§®VIO TOL YOVIOIO T1)g VOVEKTIVIG. Q0TO00, OAeg
Ol HOPQEG TG LVOVEKTIVIG Iapdyovtat amo éva peydAo yovidlo, mov Swabetet 50 eSovia
kat kdabe 1oopop@r) etvatr mapdywyo evalaktikod patiopatog tov RNA, moo
napayetat amod 1) petaypagry tov (Schwarzbauer and Sechler, 1999). ISaitepo
evolagépov mapovotdlel o PONOG TNG VOVEKTIVIIG OTNV IIPOOKOANOI T®V KOTTAP®DV
otV eSwkovtrapa Oepéia ovola Kat otV opydveor T®V KOTtapav oto xopo (Pankov
and Yamada, 2002). ITeproxeg mpoodeong pe ta KOTTAPA, PE TO KOAAYOVO, pe TV
noapivn) aA\d kat pe aA\Aa popla wvovektivig mepA\apPavovtal og DIIOPOVADEG TOL
poptov (Schwarzbauer and Sechler, 1999). Baowko Xapaxinplotiko T®V IEPLOX®OV
1poodeong etvat 1 napovoia tmg RGD aAlnAovyiag. Ilpokettat yia pra aAAnlovyia moo

amoteheitat and pa edwr) 1pdada apwosemv (Arg- Gly- Asp) (Schwarzbauer and
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Sechler, 1999). Ot aA\nhovyieg avteg avayvepiloviat amno Np@teiveg g pepPpavng
TOV KOTTAP®V (OIIOG O IVTEYKPIVEG) KAl ETOL EMITVYXAVETAL IPOCKOANNON T®V KOTTAP®V
otV wovektivny (Geiger et al., 2001, Pankov and Yamada, 2002). H npooxoAAnon),
®OTO0O0 dev elval amotéAeopa pOvVo avtrg g mpoodeong alda xat aAnAemdpaocemv
petadd AA®V poplmv.

IToANég  @opeg 11 LVOVEKTIVI] EMPNKOVETAL IIEPA AIIO TO HMIKOG TNG Kdat
Sedunhwvetat, eSattiag tacewv €Agng, mov g nmpoxkalovv ta kotrapa (Smith et al,
2007). Aot 1) taorn) oo napovotdadet n wvovektivr va aAAdadet ) otepeoOtapopPmon) g
Kat oo e§aptatat arnod OLVANELG IOV TI§ AOKOLV Ta KOTTAPd, TV ®0ovv oto va exbetet
«KpOPEG» Beoelg IpOodeong PE vTeyKpiveg, TIOL PBPlOKOVTAl E0MTEPIKA TOL popiov, Kat
avTo £XEl MG ATIOTENEOPA PETAPOAEG OTNV KOTTAPIKI) OOUIIEPLPOPU, AOY® AAAAY®V IOV
EMEPYOVTAL KAl OTO OXNHPA TOV KOTIAPpwV, mov kabiwotoov mv FN efoxotrapiko
pnxaviko pobpiotr) (Smith et al., 2007). H wvovektivn elvat emong onpavtiki) yua tmyv
KOTTAPLKI] PETAVAOTEDON KATA T OWIpPKEld Trg avdmtodng, KAt OLPPETEXEL TOOO O
naboloyikég kataotdaoelg onwg 1 dnpovpyla kapdiayyelakov mpoPANpdIev, 000 Kat
OTIV KAPKLVOYEVEDT), 101MG OTO KOPPATL 1§ KV TIKOTNTAG TV Kottdpav (Rozario and
DeSimone, 2010; Tsang et al., 2010). Axopa, i tvovektivr, OI®G Kat dANeg IPWTELVEG NG
eSoxvtraplag BepeAtag ovoiag m.y. 1 tevaoivn (tenascin) ermekteivoov T OpAon TOVG Oe
ITOA\EG KOTTAPIKEG Aettovpyleg, ovprmepAapPavopevng Kat g HETAVAOTELONG TOV
KOTTAP®V KATtd TV enovAworn tpavpatav (Trebaul et al., 2007; Tucker and Chiquet-
Ehrismann, 2009).

Eva daMo, onpavtikd ovotatiko tng eoxottapiag Oepeliag ovotag eivat ot
npoteoyAvkaveg. Ot mpwteoyAvkdveg KatalapPavoov To HeyaAdTtepo OyKO TOL
e§OKDTTAPLOD XDPOV, OXNPATIOVTAG OLOLAOTIKA éva HMAEypd OLIpEOcOD T®V 10TOV KAl
epmAékovtatl oe MOANEG Bloloyikeg Aettovpyleg, ON®G I OPYAV®OOL] TOL eSOKLTTAPLOD
Xopov, 1 amobnkevon aviNTIK®OV OAPAYOVIOV KAl 1] KOTTAPLKI] IIPOOKOAANON)
(Jarvelainen et al., 2009; Sarrazin et al., 2011).

Ot npwteoyAvKAveg aAIOTEAODVIAL AMO €vd IPOTEIVIKO KOPHO ovvOedepévo

opotoroAikd pe yAvkolaptvoyAvkavikeg alvoideg (GAGs) (pe eSatpeor) o DaAOLPOVIKO
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oSy, To omoto amoteAet ehevBepn yAoxkolapivoyAvkavy)) (lozzo and Murdoch, 1996;
Schaefer and Schaefer, 2010). Ot mpwteoyAvkaveg tadivopoovtat pe Pdaon Tov
MPOTEIVIKO KOPPO Tovg, T Béon Tovg Kat T obLOTAo! TV YADKOJAPIVOYADKAV®V IOV
dwabétoov (Iozzo and Murdoch, 1996; Schaefer and Schaefer, 2010). Ot
yAokolapivoyAvkaveg — elvat  ypappikot  Oewwpévor,  apvnUIKA  QOPTIOPEVOL
MIOADOAKXAPITEG, IOV AIIOTEAOLVTAL amod enavalapPavopeveg SOAK)APITIKEG Opadeg
ovpovikobL o&eog kat eSolapivng. Baowotepeg opadeg yAvkolaptvoyAvkavev etvat n
Oetir) nmapavr), n Oetikr) xovdpoitivy, n Oelir) kepatavry/ Oeppatdvy) Kt 1) Noapivy
(Schaefer and Schaefer, 2010). H ovotaon tov yAvko{apivoyAvKavik®v aAvoidmv
oxetifetatl apeoa pe Tig 10T Teg TOV IPDOTEOYADKAV®V, KAOmG 11 0LVOEeOT) SLAPOPETIKMV
YAOKOCApIVOYADKAVIKOV aALOIO®V O évav NPOTEIVIKO KOPHO, IIPoodidel dlapopeTikeg
010N TEG OTNV AVTIOTOLXT) OXNUATICOpEVT) TIPOTEOYAVKAVT. AvaAoya pe tr) O¢or) Tovg, ot
3 Paowotepeg OKOyEVeElEG TOV MPMOTEOYADKAVOV €lval ol eKKPLVOHEVEG TIPOG TNV
eSokovtrapla Oepeha ovola, ot oxetil{Opeveg pe TV KOTIAPLKI pepPpdvi) Kat ot
evdokvttapikeg. Ot exkpivopeveg Olakpivovial Oe HIKPEG IAOLOlEG Ot AeDKiVH
npoteoyAvkaveg (Small- Leucine Rich Proteoglycans- SLRPs) (Lumican, Decorin), oe
npoteoyAvokaveg g Paowkng pepPpavng (Perlecan, Collagen XVIII, Agrin) xat Tig
valextiveg (Versican, Neurocan, Aggregan, Brevican). Ot mpwteoyAvkdveg, Mmoo
oxetifovtal pe Vv KOTTApiKr) pepPpavi dakpivovtatl oe oLVOEKAVES Kal YADIIIKAVEG.
Té\og,  povn yvwotr) evooxvttdpila mpeteoyAvkavn etvat n oepyAvkivn (Schaefer and
Schaefer, 2010). Ot mpwteoyAvkaveg epnAékovtat oe MOANEG BloAoyikég Aettovpyieg,
OII®G 1] OPYAVOOT] TOL ESHKLTIAPION XDOPOV, 1] AIIOONKELO] ALSNTIKOV IAPAYOVIDV KAl
1] KOTTAP1KI) IPooKOAnon (Sarrazin et al., 2011).

H efoxvttapia Oepedta ovola, péom tov ovotatikev g, Onplovpyel éva
dovapko ovotpa petadvp KoTtdp®Vy Kat KOTTapikov pikporneptpailovtog (Frantz et al.,
2010). Etot, tpomomnoujoelg ot Oopr)/ APXLTEKTOVIKI] aANd Kl Ot ODOTAOL TG
eSokvtraplag Bepelag ovotag eivar mbaveg xat oyetifovrar pe  maboloyixég
KATAOTAOELS, PETASL T®V omoilmv eivat kat o kapkivog (Afratis et al., 2012; Kouvidi et al.,

2014; Nikitovic et al., 2014a; Nikitovic et al., 2014b; Nikitovic et al., 2014c).
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14 O POAOX THX EEQKYTTAPIAY OEMEAIAY OYXIIAY XTIX
AEITOYPITEX KAPKINIKQN KYTTAPQN TOY MAXTOY

O xapkivog yapakmpietat amd ENAewyn otV OPYyAV®Ol TOL 10TOL KAt
KOTTAPLKI] COPIEPLPOPA OV SlaPEPEL A0 TIG PUOLONOYIKEG KOTTAPLKEG Aettovpyieg. O
HPETAOXNUATIOROG TOV (PUOOAOYIKOV KOTTAPOV Of KAPKIVIKA O@EIAeTAl TOOO OF
YEVETIKEG PETANNASELG, OO0 KAl O EIMYEVETIKEG TPOIOMIOU)OElG. AKOPA, Ol KAPKIVIKOL
oykot potaloov pe “tpavpata’ mov éxovv amotvxet va ernovAmboov (Bissell and
Radisky, 2001). Etot 1o Kapkiviko pKpomepPAANOV, OCLHIEPUPEPETAL ONIMG €VAG
TPAVUATIOREVOG 10TOG, XAPAKTNPOPEVOG yid TTapddetypd amo avinpévy) okAnpot)ta,
og 0X¢01) pe €va PLOLOAOYIKO KOTTApkO mepParlov (Ronnov-Jessen et al., 1996; Bissell
and Radisky, 2001). T¢toleg tpomomnou|oelg erndyovtat amnod alayég, otV Tomodetnon
KAl OV HOOOTNTA TOV OLOTATIK®V TG €SOKOTTAPLAG OLOLAG, ON®G EIMong KAt O
aAAayeg OTIg EKKPLTIKEG AetTovpyleg TV voPAaotav mov ta napdyoovv (Butcher et al.,
2009; Levental et al., 2009).

To xottapkd pikpomepPAANOV KAl Ol TPOIOIOU)OES TOV OLOTATIKOV TIG
eSoxvtraplag OepéAtag ovotag oxetifovtal apeod pe Tov Kakonon petacxpatiopo tov
KOTTAP®V KAl pe 11§ alayég rmov ovpPaivoov oe OAA Tta OTAdA T1)G HETAOTATIKIG
dadkaoiag (Afratis et al.,, 2012; Nikitovic et al., 2014a). AN®oTe eivatl yvooto ot ta
KAPKIWVIKA KOTtdpd Oev o@lotavidl ®¢ HEHOVOMEVEG OVTOTTEG, OGANA HAvVId
EPLOTOLI{Opeva amo £va MAODOO HIKPOIEPBANOV, MOL TOovg MApPExel PLOAOYIKI)
vrroot)Pen.

Etoy, toxov allayég ot ovotaon g eSoxottaplag Oepéhiag ovotlag xat
aMnAemoOpaoelg TV Popi®V NG HE TA KAPKIWVIKA KOTtapa pobpiloov KOTTapikég
Aettovpyleg TV KUTTAP®V T®V OYK®DV, OIKG EvAl O MOANANIAACLAOPOG, I HETAVAOTEDOT),
1] IPOOKOAANOn), ennpedlovtag 1ot T dadikaoia tg PETAOTAONG KAl KAT EMEKTAON)
v Kottapiknyy tovg ovprepupopd (Chalkiadaki et al., 2011a; Kouvidi et al., 2011;
Nikitovic et al., 2013; Nikitovic et al., 2014a; Nikitovic et al., 2014b; Trotter and Yang,
2016). H e€oxotrapia Oepérta ovota opotalet pe pia deSapevr), oo nepiéyet mnbopa
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popilav- OtapecoAafntov MOALAPOHOV KOTTAPIKOV AELTOLPYI®Y, OHKG elvat ot
aonTikol Mapdayovieg KAt ot KuTOKiveg, mov pmopet va Pplokovtat eite ehedbepot oe
dtalvtr) katdotaor), eite poodedepévol oe dAa Oopikda ototyela Tng eSwxvTTAPLag
Oepeliag ovoiag (Kirkpatrick and Selleck, 2007).

Baowa ovotatika g e§oxotraptag OepéAiag ovotag, Onwg eivat 1) VOVEKTivY)
KAt To KOAayovo Bempovvtatl moAd onpavikd yia v el tov kapkivoo (Pankov
and Yamada, 2002; Imamichi and Menke, 2007; Kirkland, 2009). ITio cvoykekpipéva, n
aodnpevn £k@paon g wvovektivyg Bempeital deiktng vynAng embetikottag (Pankov
and Yamada, 2002; Wu et al., 2015). Akopa, i1 wovektivn agbovel otnv eSoxovtrdpla
OVLOLA TOV KAPKIVIK®V KOTTAP®V TOL paoctoL Kat Oempeitat deiktng yia ) dadikaoia
TOL HETAOYNPATIOHOL TV emBnlakov Kottdpev oe peoeyyopatkda (Ignotz and
Massague, 1986; Ioachim et al., 2002; Park and Schwarzbauer, 2014; Bouris et al., 2015;
Wu et al., 2015). H éx@paon g wovektivng €xet ovoyetiobel Oetika pe aoinuévn
emOenKOTTa KAl TV eNAy®Y] €vVOg MO0 “KvnTikod” @aivotdIov O KAPKIVIKA
kOttapa too paotov (Edderkaoui et al., 2005; Bouris et al., 2015, Wu et al., 2015). H
aAAnAemidpaotn TG VOVEKTIVIG e P®TEIVES TG KOTTAPIKNG pepPpdvng, pobpilet v
IIPOOKOANNTIKI] KAl HETAVAOTEVTIKI] IKAVOTNTA TOV KOTTAP®V Tov paotov (Pankov and
Yamada, 2002). Axopa, 1 ékppaon tng wvovektivng pvOpiletat amd tov vmodoxéa g
owotpadiodng a (Estrogen Receptor a- ERa), ovyxexkpypéva xottapa eAAumy oe ERa
exkppaloov avnpevn moootnta wovektivng (Bouris et al., 2015). Emiong xapxivika
KOTTapd TOL MAOTOL IOL elval avlektikd otV tapodipaivn (avlexktikd otig
oppovoleparieieg) eppaviCoov avinpévy obvvOeon tvovekTivng, aMd KAt AAN@V
peoeyyopatikav deiktaov (Kim et al., 2015).

Ot yAvkoCaptvoyAuKdveg Kat ol IPMTEOYADKAVEG TOV ECOKDTIAPLOD XDPOD, £XEL
deryOel 011 kabopifovv 1) coppetéxovv oty PLOPION TOA®V KOTTAPIK®V AELTOVPYIDY,
On®¢ 0 TOAAIAaclacpog, n Sujdnorn Kat 1 PETAVAOTELOL), TOOO OPAOVTAG WG IIPOOOETEG
MGV Hapayovi®v, 000 KAl ®G IPOOCOETEG TOV LIIOOOYEWV TOLG €MOPOVTAG OTn
Prodrabeopotnta tovg, mov eivatl kaboprotiky) ywa ) dpaon toog (Mitropoulou et al.,

2004; Nikitovic et al.,, 2008; Schaefer and Schaefer, 2010; Chalkiadaki et al., 2011a;
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Chalkiadaki et al., 2011b; Afratis et al., 2012; Mytilinaiou et al., 2013; Nikitovic et al.,
2014a; Nikitovic et al., 2014b; Nikitovic et al., 2014c; Kouvidi et al., 2016). Ta edwa
OOPIKA XAPAKTINPIOTIKA TRV IPOTEOYADKAV®OV, IIOD d@QOPOLV ElTe TOV IPMTEIVIKO
KOPpO, eite ta €idn t@v yAvko{apivoyAvkavike®v alooidwv, mov dabetovv, napexoov
) Pdon ya v mAnfopa Tov Plodoyik®v Aettovpylmy, otig omnoieg nephappfavovtat
dpwvtag eite 0a SOPIKA CLOTATIKA OTNV OPYAV®OO! TOV 10T®V, 000 KAl 0av puoptoteg
NG KOTTAPKIG ovprepipopdag (Afratis et al., 2012; Nikitovic et al., 2014a).

H owoyévela tov ovvdekavev aroteleitat amo tn) oovOekavy 1, ) oovOexavr) 2,
T ovvdekdvn 3 Kat tr) ovvOeKav 4 Kat elvat dSapepPPAViKeg IPOTEOYAVKAVEG OeliKr|g
nuapavng (Bernfield et al., 1992). Ot oovdekaveg Stadpapatifoov onpavtikd poAo otnv
IIPOOKOAANOI] KAl OTNV KOTTAPIKI] ONUAtodotnorn Opavtag odav ovv-bIIodoyeilg Ttav
WIEYKPWVOV T1)G KOTTAPIKIG pepPpavng Kat popiev tng mpookoAAnong (Beauvais and
Rapraeger, 2004). Q¢ mpwteoyAvkaveg Oetikr)g nmapavng alnAemopovy péown TV
GAGs oo dwafétoov, 1000 pe avdnTiKovg MAPAYOVTEG TOL ECOKDTTAPIKOD XDPOL, 000
KAl PE TIG WTIEYKPLVEG TOV KOTTAPIKOV HEPPPAVAOV, COPHETEXOVTAS OTNV IIPOCKOAANON
TV KottdpoV (Bernfield et al., 1992; Beauvais and Rapraeger, 2004)

210 oTpopa OmONTIKOV KAPKIVeOV Tov pactod éxet mapatnpndet avinpevn
ékpaor) oovoekavng 1 (Stanley et al., 1999; Leivonen et al., 2004; Maeda et al., 2004). H
aoinuevn exk@paon g oovoekavng 1, 1000 ota emONAaKd KAPKIVIKA KOTTAPA TOL
paotob, 600 KAt oto otpwpa Dempeitat OeikTg KAKIG MPOYV®ONG KAt emOeTikOT)Tag,
Hlag Kat oxeTieTal pe yprjyopn avartodn Kat avdnpevo péyedog tov oyxkov (Stanley et
al., 1999, Barbareschi et al.,, 2003; Lendorf et al., 2011). Ze in vitro pehétn mov €xet
npaypatonowfel oe KAPKIVIKA KOTTAPA TOL paotod £xet derybel ot 1 ovvdekavn 1
erdyel aofnpévo kouttapikd moAAamlaowaopo (Maeda et al., 2004). Aettovpyka
Oempettat ot n oovdexkavn 1 dpa wg ovv-vIOdOYXEAG, TTOL EVEPYOIIOLEL T ONPATOdOTNON
aviNTIKOV DAPAayovIimV Kdat Katd oovenewa poOpifel v ayyeloyEveor), TV KOTTAPIK)
npookOoA\non xat v xwnukomnta (Bernfield et al, 1999). Tevika, oe xapxivika
KOTTApd TOD HAOTOL dPVITIKA ®G IIPOG TNV EKPPAOL TOV OLOTPOYOVIKOV DIIOOOXEWMV

mov yapaktnpifovtar amo tayela avdmtodn n oovdekdavn 1 kat n oovdekavn 4
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vrnepek@palovtat (Baba et al.,, 2006; Malavaki et al., 2013). Qotoco, dA\n peletn £xet
EMONMAVEL PEWOPEVT) €KPpaon TG ovvdekavr 4 oe kakonbelg 10TodG TOL HAOTOL
(Mundhenke et al., 2002).

H Prodabeopomta tov avintikev napayoviov IGF-I (Insulin- like Growth
Factor) xat EGF (Epidermal Growth Factor), moo Oewmpoovvtar popra-kAeiduda, oto
PKpomePPAANOV T®V KAPKIVIK®V KOTTAP®V ToL paoctov (Milani et al., 2014) xat
ernpealoov v e§ENEn TG VOOOL, TPOMOMOlEl TO PALVOTLIIO TOV KOTTAP®V, T
YOVIOlaKI) €K@paon Kat Tov pubpd MOAAIAAOIAOPoD TOV KOTTAP®DV OLYKEKPIHEVOV
tpuwAd apvntikev (TNBC) oykev (Voudouri et al., 2015).

Ta ovotatika g eSoxovtrdplag Oepéiag ovoiag TPOONIOoLVIAL Ao TIg dPUOoELg
MIOA\®V IPOTEACOV KAl YAOKO(Oaomv, mov diadetet 1o KOTTAPIKO pikporeptBaliov Kat
avTo &xel oav anotéleopd, alayég Tooo otr) OopI) TOL OTPOPATOS TOL OYKOL, OO0 KAl
ot Prodabeopotta moMwv OwapecolaPntov (Gialeli et al., 2011). Ilpaypaty, n
NP@TEONVTIKY) Opdon MoAM®V evlbdpwv upmopeit va tpomomotel 1 PBrodwabeopotta
Sa\vTOV aviNTIKOV IAPAYOVI®MV, Ol OO0l HECH TG EVEPYOIIONO)G OVYKEKPIHEVOV
EVOOKDTTAPIK®OV ONUATOOOTIKOV povordtiov, pvbpifoov onpavtikég Aettovpyieg tov
KOTTAP®V, ONI®G O ITOAAIAACLAOPOG KAt 1) petavaotevor). Evieiktika avagépetat, ot n
OLKOYEVELWD TOV PETANNOIIPOTEIVAOHV TOoL otpopatog (MMPs) mov amoteleitat amod 24
(yvooteg) evdomentiddoeg @pépetatl va dtadpapartifel poho KAedl oty avadlopydvmon
¢ eSwkvTraptag Oepéiag ovotag mov oopPatvet Katd t) SdpKela TG KAPKIVOYEVEOTG
(Gialeli et al., 2011).

AvTd Ta onpavtika ovotatikd g eSwkovttdplag OepéAtag ovoiag Tporonotovy
TNV KW TIKOTNTA TOV KOTTAP®V emnped{ovtag TV IIPOOKOANNTIKI] KAl HETAOTATIKY

wavotmta Tov kottapev (Chalkiadaki et al., 2011b; Mytilinaiou et al., 2013).

1.5 TIIPOXKOAAHXZH

Ta xbttapa nDpookoA@vtat oty  eSOKLTTAPIA  OLOIA  PE  TPOIIO IOV
dapecolafeitatr amd SwapepPpavikeg mpateiveg ota onpeta mpookoAAnong. Ot
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wTeykpiveg etvatl StapepPpavikeg IPOTeiveg IIOL AELTODPYOLV MG YEPLPA OLVOLOVTAG Ta
popla g eSoxvtraplag Oepéiag ovoiag pe ta widia g aktivig TOL KOTTAPOOKENETOD,
poOpilovtag To ox1pd, TOV IPOOAVATOAMOPNO Kat TNV Kivnon tev xottapav (Geiger et
al., 2001; Harburger and Calderwood, 2009). Zvoykexkpipéva 1) eSoxotTdapla vropovada
TOV  WIEYKPWQOV  (OIapepPPaAVIKOV HPKDTEIV®OV), OLVOEETAL He HId  IPWDTEIVIKI)
VIIOPOVAOA EVOG OLOTATIKOD TIG ESOKDTIAPLAG OLOLAG, OIIMG ELVAL I] WVOVEKTLVI), VM 1)
evOOKLTTAPLA LITIOPOVADA OLVOEETAL EPPECHDG PE TV AKTIVI] TOV KOTTAPOOKEAETOD, HECM
EVOOKDTTAPIKOV MPOTEIVOV ayKupoPoAiag, Omn®g 1 TaAivi, 1) d-aktwvivi) Kat 1)
PvkovAivr (Schwarzbauer and Sechler, 1999; Geiger et al., 2001; Geiger and Yamada,
2011). Me tov TpOmo avto, 1) IPOCKOAAN O] IIPAYHATOIIOELTAL AIIO TI) OLVOEOT) OTolYElOV
TOL KOTTAPOOKEAETOD pe oTotyeia tng eSwxuttdplag Oepéiag ovotag kat mepthapPavetat
ot Swadikaota koTtapikr)g petavaotevong (Schmidt and Friedl, 2010).

Ot meploootepeg onpatodotikeg Aettovpyieg TG IPOOKOAANONG KAl TOV
wieyKpwov, diapecoAafoovtat amnd pia KOTTAPOIAAOPATIKI HP®TEIVI] pe evepyoTnta
KLWVAONG T1g TOPOOIVIG, TTOL ovopdletal Kwdon TG eotwakng mpookoAnong (Focal
Adhesion Kinase- FAK) xat Ppioketat xovta oty kottapikr] pepPpavn (Hanks and
Polte, 1997). H FAK eivat n mo xowr mnpeoteivi) mov Pploketat ot — eotieg
IIPOOKOANo1G, OnAadt), ota onpeld enagng, PEO® TOV OMOI®V, TO KOTTAPO IIPOOPLETAL
omv efokottapia Oepeha ovoia (Hanks and Polte, 1997). ‘Otav ot wvteykpiveg
“maxketapovtar” ot eotieg MPOOKOAANONG KOTTAPOL-eSOKLTTAPLOL Y®pov, ot FAK
“otpatoloyovvtal” ota onpeia avtd amo evOOKLTIAPLEG MP@Teiveg ayKkvpoPoliag, Omwg
elvat 1 talivi), moo oovoéetal otV LIOPOVASA B T®V WIEYKPWV®V 1] 1) HASAVI] TTOD
oovOéetat oty vmopovdda a (Hanks and Polte, 1997; Chhabra and Higgs, 2007). Ot
eviuapeoeg Ipwteiveg aykvopoPoAiag 1 talivy), 11 BrvkovAivn kat dAAeg, ovvdéovtat pe
NV axtivy tov kottapookeletov (Geiger et al., 2001; Chhabra and Higgs, 2007; Geiger
and Yamada, 2011). Ta ovykevipopéva popiwa FAK otig eotieg mpooxkOoAAnong
PWOPOPLALOVOVTAL, O CLYKEKPIHEVA KATAAOUIA TOPOOLVI|G, EVEPYOHOI®VTAG KATAVT
np@teiveg g owoyévelag Sre, Kabwg xat aAeg evooxvtrapikég npwteiveg (Hanks and

Polte, 1997; Harburger and Calderwood, 2009).
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Ot ovvOexaveg Ppilokoviat OTlg pePPPAVEG TOV IMEPLOCOTEPDOV KOTTAPDV Kl
dpovv wg vrodoyeig yla npwteiveg tov otpwpatog (Beauvais and Rapraeger, 2004).
Eivat mapovoeg ota onpeia MPOOKOAANONG T®V KOTTAP®V KAl TPOIOIIOOLV Tig
Aettovpyleg OV WTeyKPWV®V, KAOmg aAANAemOpovV pe TV WovekTivn amod v
eCOKLTTAPIA MAELPA KAl TIG EVOOKDTTAPIKEG MPWTEIVEG AIIO TNV KOTTAPOIAACOHATIKY
(Bernfield et al., 1999). ITio ovykekpwpeva, 1 oovdekdavny 1 poBpilert xvtTrapka
ONUATodoTIKA povordtia nmov oxetifovral, napadootaxd, pe wieykpiveg (Fears and
Woods, 2006; Lambaerts et al., 2009; Theocharis et al., 2010), StapecoraPwvtag étot v
KOTTAPLKI] HETAVAOTELON, He T Onpuovpyla pag Oovapikng obLvdeong petadd
eSokovtraplag Oepéhiag ovolag Kat KOTTAPOOKEAETOD, AOK®VIAG EAeyXO OtV
evepyoroinon tng FAK (Ewova 1). Ilpdaypaty, éxet mapatnpndel ott oe KapKivika
KOtTapa tov paoctod MDA-MB-231 n oovdexdavny 1 aAnlemdpa ¢oowkda pe v FAK
(Ibrahim et al., 2012). EmumAéov, 1 oovdekdvn 1 poBpilet tnv evepyomoinon tov
wieykpwov davPs kai/n avPs. H evepyomoinon aotr) Oteyelpet Vv  KOTTAPLKI)
IIPOOKOANNo1 Kat 1 Saomopd TV KOTIAP®V, emnpealoviag, pe oagry TPOmo, tnv
ropeia tov kapkivoo tov paotov (Beauvais and Rapraeger, 2004). Axopa, ) oovdekdvy
4 @aivetat va ooppetéxet ot Odnpovpyla OLPMAOKOL TIPOOKOAANONG ota onpeia
€0TIAKI)G IMPOOKOAANONG aAAd KAl OtV KATAviy onpatodotnorn IoL EOdyel T

11pookOA\non) (Baba et al., 2006).
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Ewova 1: O poAog Tov IPOTEOYADKAV®VY OTNV KIVITIKOTTA KAPKIVIKOV KOTTAP®V ToL paotod. (A) O
OXTHATIOROG COPIAOKOD PETASD vTeyKpivig avPs Kat oovOekavng 1 evepyorotel v KIvAor TG E0TLAKIG
IPOOKOAANONG, S1EDKOADVOVTAG 1)V S1AOTIOPd T®V KAPKIVIK®OV KOTTAP®V Tov paoctov. (B) H oovdeon g
OLVOEKAVIG 4 OTNV VOVEKTLVI] EVEPYOIIOLEL TV KIVAOL) T1)G E0TLAKI)G IIPOOKOAANONG KAl TV IPMTEIVIKI)
Kwvdor) tov aoPeotiov (PKCa) Sieyeipovtag tnv mpookoAAnon).

H oovlekavn 4 @aivetat va ooppetéxet ot Onpiovpyld  OOPIAOKOD

IIPOOKOAANONG OTAd Onpeld €0TAKN)G IPOOKOANONG aAAd Kat Oty KAtdvT)
onpatodoTon oL eMdyel T MPookOAAnon) (Baba et al., 2006).

1.6 O POAOX TQN AYEHTIKQN ITAPATONTQN IGF-IJEGF KAI THX
OIXTPAAIOAHZ (E2) ZTON KAPKINO TOY MAXTOY

H avdmmoln tov kapkivoo tov paotov pubpifetat tooo amd tnv evdoyevr)
IAPAYDYL] TO®V ALUSNTIKAOV IAPAYOVI®Y, Ao Td KOTTAPA TOL PAoToL, 000 KAl amod T
dpdon avinTKaV mapayoviev mov xoov napaydei oe aA\a opyava tov avipomvoo
oopatog (eSwyevawg) (Dickson and Lippman, 1987; Beckmann et al., 2007). Ot avdntikot
IIAPAYOVTEG, AAAA KAl Ol OTePOoeldelg OpHOVEG, OM®G elval 1] 00TPAdIOAn, HIOPOLY va
EIIdyoLV MOANAIAAOLAOPO 1)/Kal Slaomopd TOV KAPKIVIK®V KOTTAPOV TOL HAOTOD.
(Dickson and Lippman, 1987; Milani et al., 2014; Skandalis et al., 2014; Voudouri et al.,
2015). H otoxevon too ERa ovvnbietal, wg Oepamevtixi) mpooLyylon otov OpHOVvO-
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eCaptopevo kapkivo tov paotov (ER+) (Milani et al., 2014). Ot mepurtooelg tov
KAPKIVOV aoutov, yapaktnpifoviat amd Kalr IPOyveon KAt I AdVTIIPET®IIoN TOLG
otpiletat, katd kopto AOyo, oe oppovobepareia. Qo0toco 1 MAetovoTnTd TV acdevav,
oo vrnoPdallovtat oe oppovobeparneia ep@avifer, IPOOdeLTIKA, AVOEKTIKOTTA OTn
Oepameia aovt) (emikmtn avlektikotnra), eveo éva nocootd aobevov  Oev
avtanokpivetat e€apxng otnv Oeparneia (de novo avlextikotnra) (Milani et al., 2014). H
avarroln g avlektkotntag avtig propet va avdnoet v embetikOTTA KAl TV
avarrtodlaky) avotnta Tov Oykov (Barrios et al., 2012). Antokpioelg TV KOTTAP®V, OTd
otepoetdr), £xovv ovvdeDel AettoLPYIKA, pe eVOOKDTTAPIKA ONPATOdOTIKA POVOIATLd,
ovprep\apPavopévoo Tov c-Src KAl T®V DIOOOYEWV He evePyOTnTA Kvdong Tng
topootvng (Receptor Tyrosine Kinase) (Shupnik, 2004; Milani et al., 2014; Skandalis et
al., 2014). H avtiotaon to@vV KAPKIVIKGOV KOTTAP®V TOL PAOTOL OtV oppovobepareia
é¢xet ovoyetiobel pe TV evepyoroinon dM®V, eVAMNAKTIKOV — ONHATo00TIKOV
povornatey, oneg avto tov IGF-I kat tov EGF (Milani et al., 2014). H avtiotaon otig
oppovobeparieieg exel 0xe0n He TNV LIEPEKPPAOT] HOPL®V IOV €XOLV POAO- KAeldl OTn
HOPLaKI] ONpatodotnorn TV avdnTK®V HApdayoviev davtev, onag eivat ta IGF-IR,

EGFR, HER2 kat c-Src (Shupnik, 2004).

1.7 OIKOTI'ENEIA TOY AYEHTIKOY ITAPATONTA IIOY OMOIAZEI ME
THN INXOYAINH (INSULIN-LIKE GROWTH FACTOR)

Ot Proloykég dpdoelg TV MAPAYOVI®V IIOL OLHHEPAApPAvoviatl otV
OWKOYEVELD TOV ADENTIKOV IAPAYOVIMV IIOL Opotd{ovv pe v wvoovAivn (Insulin-like
Growth Factor- IGF) 6ev emmpedlovv, povo, v KAvovikl] avdamrtodn ToV Opyaviop®y,
al\da epnAékovTal otny oykoyeveor), podpifovtag moAég oxetikég Stadikaotieg (Baserga
et al., 1997; LeRoith and Roberts, 2003). H owoyévela avtr] amoteleital amd toog
rpoodeteg IGF-1I, IGF-II (Insulin-like Growth Factor I & II), toog StapepPpavikodg tovg

vriodoyetg (IGF-IR, IGF-IIR xat IR) xat pia opdda npeteivov mov mpoodevoviatl otovg
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napdayovteg nov opotdafoov pe v wvoovAivy (Insulin-like Growth Factor- Binding
Proteins- IGFBPs) (LeRoith et al., 1995).

Aopikd, 1) wvoovAivr anoteleitat amnod 6vo nentidwa (A xat B), eve ot mapdayovteg
IGFs anotehovvtat amo pia, povr) akvoida, mov diatnpet To oovdeopevo nerrtioto C mov
Bpioketat petadoy teov nentdiov A xat B ot dopr) g npoivoovAivng (Daughaday and
Rotwein, 1989). Ot IGFs napayovteg Swadpapatifoov MOAD OnNpaviikd poAo OTov
Kapkivo kat pdAwota, oynAa enineda IGF-I otnv xokAogopia tov aipatog, cvviotovv
IIAPAYOVTA KvOOVOD yid TV avAarntodn KaApKivov ToL HAaotol, TOL IIPOOTATH), TOV KOAOV
kabwg xat tov nvevpova (LeRoith et al., 1995).

A&oonpeiwto etvat ot 1 ex@paon tov IGF-I Bempeitar deiktng yia v nopeia
KAt TV Ipoyv®or tov kapkivov tov paotov (LeRoith and Roberts, 2003). Ot prtoyoveg
KAt avTil- anortetikeg dpdoetg tov IGF-I Stapecolafovvtat, koping péowm Tov vrodoyea
tov IGF-IR (LeRoith et al, 1995; Sepp-Lorenzino, 1998). H evepyomoinon xat 1
vniepék@paot) tov vrodoyéa IGF-IR epmiékovtat oe moAvdpiOpeg Frodoyikég Aettovpyieg
TOV  KAPKIWVIK®V  KOTTIAP®V, OLPIEPINAPPAVOPEVOV — TOV  AELTOLPYIOV TG
PETAVAOTELONG, TOL MOAAIAACIAOROL AN Kat dAA@V Stadikaoiav, mov oxetifovtat
pe Tov Kakor)0n gawvotono tev kottdapev (Baserga et al., 1997; Surmacz, 2000; Bohula et
al., 2003).

O IGF-IR etvat pua etepo-tetpapepr)g, OapepPpavikr] yYALKOIP®TeLvH IIOD
reptAapPavet dvo a kat 6vo P vmopovadeg (azP2). Ot vopovadeg a Swabétoov v
Kavotnta ovvoeong otov mpoodEtr) Kat ot bIIopovadeg B drabétoov evepyotnta Kvdong
¢ topooivng (Ullrich et al., 1986; Baserga et al., 2003). H oovOeor) tov poodéty otov
IGF-IR em@épet al\ayr) ot OTePeOOIAPOPPDOI TOL KAl ADTOPMDOPOPLAIDOT OTa
katdloura topooivrg 1131, 1135 xat 1136 ng meproxn)g mov Owabétel evepyomta
kwvdorg (Kato et al., 1994). H nmpoodeon) tov IGF-1 otov IGF-IR mpoxalet t) poptaxi)
“otpatoloynon” moA®vV mp®TeEivav, Ol OIoieg AavIKOLV, KATd KOPto AOyo, otnv
OLKOYEVEL TOV IPATEIVOV- DIIOOTPOHATOV TOL vIIodoYEA TG vooLAivne. Ot mpwteiveg
AVTEG AVTOPDOPOPLALWVOVTAL OAPECOD THG KDTTAPONAAopatikyg meptoxt)g tov IGF-IR,

pe emaxkolovbo TV evepyomoinon KAatdvi) OnNpAatodoTIK®V HOpi®V OI®G eival Ta
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Shc/Grb10 (Craparo et al., 1995; Ricketts et al., 1996), Ras/Raf-1, MAPK/Erk xat PI-
3K/ Akt (White and Kahn, 1994; Nguyen et al., 2000).

1.8 MOPIAKH XHMATOAOTHXH AYEHTIKOY IIAPATONTA IIOY
OMOIAZEI ME THN INXOYAINH (IGF signaling) XTON KAPKINO
TOY MAXTOY

Ta péAn tng owoyevelag tov IGF avntikov napdyovta (copmephappavopévoo
tov IGF-I) vriepekppalovtatl otovg KapKivovg Tov paoctod kat éxet detybet 0Tt fonbovdv
omVv emPioon TOV KOTTAPOV dANd KAl OtV avdamtodn tovg, péom mnAndmpag
onpatodotikav evdokvttapik®v povonatiwv (LeRoith and Roberts, 2003). Ta
Baowkotepa onpatodoTIKA pOPld yila T petay®yr tov onpatog tov IGF-I etvat ta
MAPK xat PI-3kinase (Ahmad et al., 1999; Adams et al., 2000; Martin et al., 2012). Ta
OLYKEKPIHEVA ONpAtodoTikd povomdatia £xoov kaboplotikr) onpaocia, tO00 yia Tov
oA anAaoctaopo tov kottdpev (McCubrey et al., 2006; Whyte et al., 2009; Jeong et al.,
2010), 6o0 kat yta aiAeg Paotkég 910t TeEG TOLS, ONKG eivat 1) mpookoAnon (Voudouri
et al.,, 2016). Emu\éov, emotpovikd dedopéva Kavoov AOYo yla Tr) COPHETOXT] TOL
Erkl/2 (MAPK44/42) otwv avtiotaon twv MCF-7 xottdpov oty  KOTTAPKI)
Amomt®or), YEYyovog Imov @avepwver T onpaocia tg Erkl/2 onpatodotnong otnv
Hapatetapevn empPinon tov Kottdpeov avtov (Jeong et al., 2010). Amo tv dAAqy
m\evpd, Onpootevpéva  dedopéva kavoov AOyo yia  apvnuiky] pobplon  1ng
onpatodotnong tov IGF otov moAanm\aotacpo 1@V KAPKIVIK®OV KOTTIAP®V TOL PAoToD,
arno 1 c-Jun N-apwvotedkr) xkwaor (c-Jun N-terminal kinase- JNK) (Mamay et al.,
2003).

H meovomta teov Opdoeswv tov IGF-I otig xottapikég Opaotnplotnteg
drapecolafeitatl amod 1o Paokotepo pOplo-KAedl g onpatodotnong Tov, mov ivat o
vrodoyeag tov: IGF-IR (LeRoith et al., 1995). H evepyomoinor tov IGF-IR ano tov IGF-I
EMPEPEL TNV ADTOPDOPOPLALDOT TOL LIIOOOXEA O OCLYKEKPIHEVA KATANOUIA TOPOOLVIG

(Kato et al., 1994; LeRoith et al., 1995). Z1n ovvéxela, o evepyonoupévog IGF-IR apéowg,
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POPOoPLALVEL dA\a vrootpwpatd, onag to IRS-1, IRS-2, IRS-4 (Myers et al., 1994a).
Otav evepyonowfet nj IRS-1 diver o orjpa avayveplong yta dAla popia, oapéxovtag
KAl pda Ieploxr) npoodeong ya npwteiveg mov dwabétoov SH2 vnopovada (Myers et al.,
1993). Metda ) @wo@opvAimon g IRS-1, moAd katdavtn evOOKODTTAPIKA ONPATOO0TIKA
POPLa EVEPYOIIOIODLVTAL EMAYOVTAG TG HLTOYOVeEG Opdoelg tovg. Tétowa onpatodotika
povondatia etvat to MAPK xat to PI3-k (Skolnik et al., 1993; Coppola et al., 1994; Myers
et al., 1994b). AN\a vriootpopata oo paogopvAiwvovtat arod tov IGE-IR etvat ot She
(src-homology 2/collagen -a proteins) (Giorgetti et al., 1994), n npwteivny 10 moo
npoodévetat oe vrodoxeilg avintikwv napayoviav (Growth Factor receptor- binding
protein 10) (Morrione et al.,, 1996), n xwaon g eotwakng npookOoAAnong (Focal
Adhesion Kinase- FAK) (Baron et al., 1998)xat n xappoSoteAkr] src kwvaon (Carboxyl-
terminal src kinase- CSK) (Arbet-Engels et al., 1999).

H onpaota mg IGF onpatodotnong otov Kapkivo tov paotov éxet toviotel aro
peAéteg oo amodeikvooov ot 1) Opdor tov IGF-I ota MCF-7 xbttapa otapatd pe tmv
npoofnkn avaotoléa ya to PI-3K, tooo oe o1t agopd tov moAanAaciacpo (Zhang et
al., 2005), 6oo xat otV npookoAAnon (Voudouri et al., 2016). To idto napatnpeitat xat
oe nelpapata napovoia avrti-oworpoyovev ICI 182780 (Zhang et al., 2005). Ot Ahmad et
al., éxoov mpoteivel 0Tt 0 Akt evOOKLTTAPIKO ONUATOOOTIKO pOPlo elvat Paocikog
drapecolaPnrrg, 1000 TG onuatodotnong g olotpadiodng, oco xat tov IGF-I ota
oppovo-edaptopeva MCF-7 kdttapa (Ahmad et al., 1999). EmuiAéov o IGF-IR, péow
evepyomoinong tov PI-3k/Akt onpatodotikod povomatiov, avddaver tov Cyr6l, pa
npateivn g owoyévetag twv CCN pe ToAd onpavtiko poAo otV eGeAtdn) Tov KapKivo,
n omnota yapaxkmpiletat amo TV HOAPOLOId MHOWKIA®DV OHONOY®DV IIEPLOXDV,
oopreptapfavopévng g mepoxrg npoodeong pe tov IGF-1I (Sarkissyan et al., 2014).
Avt) i1 avdnon oty Cyr6l odnyet oe enaywyr] tng dubnrikotmrag, aAAd kat Tov
NOANAIAACIAOPOD TOV KAPKIVIKGOV KOTTAP®V Tov paoctod (Sarkissyan et al., 2014).
Emnpoobeta, n avaotoAr) tov MAPK xat PI-3k mpwv 1) dieyepon tov xotrapev pe IGE-

I anotpénet v ek@paor) eldKOV oyKOKaTaoTtaATikov miRNAs. Evdeiktika avagépetat
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ot éxet npotabet ot 1) IGF-I onpatodotnon pobpilet v éxgppaor edwkov miRNAs ota
ER+ MCF-7 xottapa tov paotoo (Martin et al., 2012).

H napepnodion too IGF-IR onpatodotkod povonatiod, pEo® avaoTtoAr)g Tng
Aettovpylag tov IGF-IR (xprjon elOKoV pPOVOKAGVIK®OV avTIOOPAT®V) exet Oetxbel ot
napepriodifel TV evePYOIION O KATAVTI ONPATOO0TIKGV pHopl®V, O1wg etvat to Akt xat
10 MAPK (Burtrum et al, 2003). Onwmg eivat Aoywko, Katomyv ToOTOL 1)
noManiaotwaotiky Opaon tov IGF-I avaotéMetat onpaviwka (Burtrum et al.,, 2003).
Emnipoo0eta, peléteg £xovv deiet OTL O MOVTIKIA pe KAPKIVO 1] eAAUIG EKPPAOT) TOL
IGF-IR ovvodevetal ano pet@pevn) TOAAIAACIAOTIKY] KAl HETAVAOTEDTIKY] KAVOTTA
tov oykov (Yakar et al., 2005), amodidovtag évav kevipko polo ywa tov IGF-IR otig
KOTTAPLKEG AELTOLPYIEG KAPKIVIKOV KOTTAP®V TOL paotov. Emumléov, emotnpovika
dedopéva avagépoov ott 11 KataotoAr] tov IGF-IR avddavet tv KOTTtapikyy arnontmon
twv MCF-7 xottapav, péom too p38, oo eivat pépog too MAPK povonatiod (Mendoza
et al., 2011). Ilpog 1o mapdv wotoco, avtd Oev Exel peTaAppaoctel Oe KAIOL0
AIIoTeAeOpaTiko KAviko evpnpa (Yee, 2012).

Emupoofetmg, 11 Aettovpyid T®V OYKOKATAOTAATIKOV yovidiwv, ermmpedlel ta
ofjpata tov IGF-IR kat tig 6pdoetg Tov oe Kapkivikd kvttapda tov paotov (Pollak et al.,
2004). H petaypaen tov IGF-IR yovidioo, pobpiletat apvnuikd damod MP@TEIVIKA
MAPAYDYA OYKOKATAOTAATIKOV Yovidiov, oopmep\apBavopévev tev: yovidlo tov
Kapkivoo tov paotov-1 (BRCA1), p53, xat n Wilms' tumor protein-1 (WT-1)
(Abramovitch and Werner, 2003; Sarfstein et al., 2006). Ot pohot tov BRCA1 xat BRCA2
omv &Sl Kat otV ImPOyveOoI TOL KAPKIVOD TOL HAoTov eivat ImOAD KaAd
Tekpnpwwpévol (Wang et al., 2000). Meléteg oe dia@opa MEPAPATIKA POVTEAD, OGS
elval Td MOVTiKid, 10Tol arnd OYKovg @OONK®V, aAAd Katl KOTTAPLKEG KANAIEPYELEG, EXOVV
Oeifet o1t to BRCA1 mapepmodilet ) 6pdorn tov IGF-I (Shukla et al., 2006; Hudelist et
al., 2007). Emopévmg, 1 éENAewym) too BRCAI pmopet va odnyrjoet oe avinpev) €K@paon
OLYKEKPIHEV®V popilwv mov coppetexovy oto IGF-1 onpatodotiko povonartt (Shukla et
al., 2006; Hudelist et al., 2007). Avto £xel wg amotéAeopa, peTdANady 1) eNewyn oto

BRCA1 va odnyei oe avlnpévn evepyotnta tov IGF-I, pe o1t avtd ovvendayetat yia tig
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KOTTAPIKEG  AELTOLPYlEG  TOV — KAPKIVIKOV — KOTTAPp®V Tov paotov. To  pb3
OYKOKATAOTAATIKO yoviOto £xetl Ppebet va pobpifet moAAa yovidia kat petalAadelg oo
oxetiCovtatl pe moAovg tornovg xapkivov (Di Agostino et al., 2006). ITépa amod avto, n
ENewyn ot Aettovpyla oL pS3 OYKOKATAOTAATIKOD Yyovidiov, €xet amodetybel oOTL
avfavet v ékppaorn tov IGF-IR (Webster et al.,, 1996, Werner and Maor, 2006). O
PNXAVIOROg avtog, wotooo, dev mepthapPdvet evbeta ipoodeor oto DNA, dnAadr otig
alAnlovyieg tov vrooxwvnt tov IGF-IR yovidiov (Sarfstein et al., 2006). Axopa éva
TeTol0 mapdadetypa, etvat 1 ENAenyn ot Aettovpyia too PTEN, evOg OYKOKATACTAATIKOD
yovidiov, mov K®OWKOIOtel Pld POOPATAOT, 1] OHOold OTAPATA TI] ONUATOdOTN O oD
IIPOEPXETAL aro LIIOOOYELG pe evepyoTnTa Kivdong topooivng, omnwg eivat o IGF-IR

(LeRoith and Roberts, 2003; Pollak et al., 2004).

1.9 OIKOI'ENEIA TOY EIIIAEPMIKOY AYEHTIKOY IIAPATONTA
(EPIDERMAL GROWTH FACTOR)

O poAog TV peAmV g okoyevelag tov emdeppikov avinrikov napayovta (EGF
family) eivanl apxetd xald pelempévog oty nmaboyeveor TOL KAPKIVOL TOL PAOCTOD
(Riese and Stern, 1998). H owoyévela tov emdeppukod avdnrikov napdyovta (EGF)
aroteleitat and tov emdeppiko avinuikd napayovia EGF, tov petaoynpatiotiko
avinuko napdayovta- a (Transforming Growth Factor- TGF-a), tov emOeppiko
aovinTiko mapdayovta mov mpoodevetat pe v nuapivy (Heparin Binding- Epidermal
Growth Factor- HB-EGF), tnv amphiregulin (AR), tv epiregulin (EPR), v betacellulin
(BTC) xat 1ig neuregulins (NRGs) (Hynes and Stern, 1994; Meyer and Birchmeier, 1995).
OAa ta péhn g OLYKEKPLPEVNG, LOPLAKI|G OKOYEVELAG AIIOTEAOLVTAL AIIO HPOOPOHES
dopég mov aykvpoPolodv otV KOTTAPWKY] pepPpdavr kat T eSoTepkég TOLG
vropovddeg oovdedepeveg yia va amelevbepwoovy, T Stalvtr) pop@r) Tov Tapdyovid,
g erakolovbo pag npwteolvtiki)g dadikaoiag (Massague and Pandiella, 1993; Riese

and Stern, 1998).
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H owoyevela tov ErbB vmodoxéwv, mov oxetiletat Oopikd pe Tov vrodoyed tov
emdeppikov avdnrikov mnapdayovta (Epidermal Growth Factor Receptor- EGEFR),
aroteleitat ano tov ErbB1 (yvwotog emiong wg EGFR 11 HER2), tov ErbB2 (HER2/Neu),
tov ErbB3 (HER3) xat tov ErbB4 (HER4) (Hynes and Stern, 1994; Holbro et al., 2003).
Aopka ot vriodoyeig ErbBs anotedodvtat ano pia eSoxuttaptla vropovada nTAovota oe
KATtaloura Kooteivng, pia dapepPpavikiyy meploxr] Kat pua peydln evOooxvttdpla
vropovada (Riese and Stern, 1998). ‘'O\ot o1 1poodETeg TV LITOOOYEMV AVTWV EXOLV pld
vropovada mov powdlet pe TOv emOgpHIKO avinTIKO MAPAYOVIA Kl £xel HeydaAn
KAvVOTTa IPOodeong otovg vriodoxeig avtovg (Pinkas-Kramarski et al., 1996; Holbro et
al., 2003). H eSoxvttapta vropovdada Srabétet ikavotta mpoodeong pe Tovg avinTikodg
Hapayovteg (IPoodEteg), eva 1) eVOOKDTTAPLA €Xel EVEPYOTNTA KIVAOLNG TIG TOPOCLVIG.
A0 mAevpdg PNXAVIOpoL, 1) oLVOeon Tov IPoodétn otov vrodoxéa, odnyei oe
dpeplopd TOL KAt emdKOAOLON AVLTOPD@OPOPLAIWOT] TOL Ot OLYKEKPIPEVA APIVOSIKA
KATAAOUId topooivng, dapeoov, g KOTTAPOIMAAoPATIKrg Tov vropovadag (Holbro et
al., 2003). Avtég ot Oopwkég alkayeg, evepyomolovv  AAAeg  ONPATOOOTIKEG
KOTTAPONMAAOPATIKEG TIPMTEIVEG Ol OIOlEG, Pe TI) OEPA TOLG IIPOKAANODY EVEPYOIIOLNON
KATAVTL ONPatodoTIK®V HOVOIIATI®™V, o0mg eivat ot Mitogen- Activated Protein Kinases
(MAPKSs) xat ot PI-3kinase (pe pia Swadwaocia mov powalet pe viopwvo) (Hynes and
Stern, 1994; Olayioye et al., 2000; Yarden and Sliwkowski, 2001).

110 MOPIAKH XIHMATOAOTHXH EIIIAEPMIKOY AYEHTIKOY
ITAPATONTA (EGF signaling)

Ot vodoyeig ErBbs oyetiCovtat Oetikd pe v kapkivoyéveon Kat v eGeAlrn) too
Kapkivoo tov paotod (Bucci et al., 1997; Skandalis et al., 2014). Avtot evepyomotovvtat
amo tov EGF, o onoiog Oempeitatl prtoyovog mapdyovtag kat eivat o factkog mpoodetng
auteVv TOV vrIodoXewV, 10lng ot kuTTapa mov vraepke@paloov tov EGFR (Stern et al.,
1986; Dong et al., 1991). Ot vrodoxeig tng owoyévelag ErBb éxoov ) dovatotnra va

ALTOPMOPOPVALOVOVTAL 1) VA POOPOPLA®VovVTat arno aleg xwvaoeg (Holbro et al.,
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2003). Ot evepyomoupevor ErBbs ovmodoyelg 1mpoodévoov — evOOKLTTAPIKOLS
dapecolaPnrtég, mov Ppiokovral MAPAKAT® OTN HOPLAKY] ONpatodotnorn Tovg, ONmg
etvat ot Grb2 kat Sos kat avto éxet ®g AMOTENEONA, TNV EVEPYOIIOINOL) EVOOKDTTAPIKMV
ONpatodoTik®V povornatwy, onwg eivar ta Ras/Raf, MAPK xat PI-3k/Akt, movo
ooprep\apfavovtatl otV KOTTAPIKY] AVAITodn, Vv drnontoorn), t) oudnon xat
PETAVAOTELOL] TOV KAPKIVIKOV KOTTAP®@V ToL paotov (Olayioye et al., 2000; Yarden and
Sliwkowski, 2001; Levin, 2003; Fu et al., 2013). Eidika o oxnpatiopog OOpImAOKoL
EGFR/Grb7-Ras evioyxbdet Tov TOAAIAAOIAOPO T®V KAPKIVIKOV KOTTAP®DV TOL PLAOTOL
(Chu et al., 2010).

O poAog- xkAewdt oo éxet o EGFR otnv avamntodn tov KapKIVIKOV KOTTAP®V TOL
paotov, yivetat eDKOAA avTANIITog Ao TV avIl-IOAAIAAOIA0TIKI) OPdor) IOV £xel 1)
XOP1 Y101 HOVOKA®VIK®V AVTIIOORAT®OV, eOK®V yid tov vrodoyéa avtov (Mendelsohn
and Baselga, 2000). Emur\éov, vmdpyoov melpapatikda dedopéva yia Tn ovvelopopd
npotetvov mov evepyorowodv tov EGFR, oty EGFR-eSaptopevyy avlnon too
nioMar\aotaopod (Gaucci et al., 2013). I'a napadetypa, 1 ERp57 npwteivn, pélog g
OLKOYEVELAG TOV OIO0VAPIOIKOV 100PEPACDY, COPHETEXEL OV evepyormoinon tng EGFR
onpatodotnong KAt OtV TPOIOMIOINoI TG €0ay®YI)g TOv LHOdOYEA OTO KUTTAPO,
odnywvtag oe avinpevo moAamiaotaopo (Gaucci et al., 2013). Akopa, 1) enaywyr) Tov
noAManAactaopov péow evepyomoinong tov EGFR mpowbel tnv amodopnon tng
npwteivng Fhit (mpoiov tov oykokataotaltkov yovidioo FHIT) (Bianchi et al., 2006).

H 8pdon tov EGF otov kapkivo Tov paotod @atvetat va oxetifetatl Kat pe
ovykévipwon tov napayovia (Filmus et al., 1985; Grant et al.,, 2002a; Adams et al.,
2009). Evtovtowg, o EGF oe ovykevipwoelg moo éxet derybet Ott Oteyeipel Kdmoteg
KOTTAPLKEG OElPEG, eMOnpaivetat 0Tt HPoKalel pel®orn otov MOAAIAAOLAOHO T®V
MDA-468 xapxivik®v kottapav tov paotov (Filmus et al., 1985). Exet npotabet emiorg,
pa Ottt Spaor yia tov EGF otov moAanm\actaopo KapKivikov KOTIIP@V TOD PAoTov,
onov 1 Src Aettovpyet oav daxomtg g EGF poplaxr)g onpatodotnong, pe 1pomo moo
eCaptatat amno ) ovykévipwor) tov EGF (Zhang et al., 2012). Emurhéov, o EGF deiyvet

va ENdayel avaotoAr] TOV HOAMANAAOIIOPOL HEC® TNG OEYEPONG HAG VTEPAEDKIVIG
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Tonov 6, g oykootativng M, toco oe ER+, 0ooco xat oe ER- xapkivika xottapa tov
paotoo (Grant et al., 2002b). Qotooo, évag katvovpytog polog yia tov EGF exet mpotabet
aro tovg Adams et al. 2009, oo ¢yovv npoteiver 0Tt 0 EGF evepyomotet v éxgppaon
tov miRNA-206 (microRNA-206) oe MCF-7 xottapa, Kdat avto £xel ®¢ aroTEAeOpa To
PEOPEVO TTOAATIAAOIAOHO, TV au{Npévn] KOTTAPLKI] AIOITOON KAl TV Hel®orn otnv
EK@QPAoT) TV YoVidimv Iov avrtarnokpivovtat ota owotpoyova (Adams et al., 2009).
Avtifeta, n EBP50 (Ezrin- radixin- moesin- binding phosphoprotein-50), eivat
Pl IP®TEIVI] TIOL PELOVEL TOV KOTTAPKO HoAamlaoctaopo. Ileipapatika dedopéva
deiyvoov ott, 1 EBP50 priopet va xataoteilet tov EGF- enayopevo nmoAan\actacpo tov
KAPKIVIK®V KOTTdp®V Tov paoctov epnodifovrag v EGFR ¢@wogopvulioon xat

avaoteA\ovtag to Katdavtr onpatodotiko povordatt too EGER (Yao et al., 2012).

111 OIZTPAAIOAH (E2)

Ta poowag mapayopeva ootpoyova 17p-owotpadioln (E2), owotpion 1 (E1), xat
ototpovn 3 (E3) etvar otepoedr), mov mapdyovtatl aro 1 YoAnotepoAn (Gruber et al.,
2002). Ot npwtoyevelig myeg oloTPadloAng yia Tig yovaikeg etvat ta Kottapa g Orxng
Kat Ta KOKK®On Kottapa tov wobvlakiov (Gruber et al., 2002). H E2 nipogpyetar, eite
aro v enidpaon mg P450 apopatdong otV 1E0TO0TEPOVT, €1TE AIIO TNV HPETATPOIL
g ototpovng (Gruber et al., 2002).

Ot vriodoyeilg TV oloTPoyOveV elval péAN HIAg DIIEPOIKOYEVELAG VP VIKMOV
vrodoxemv oppovev mov aptpet mepimov 150 péAn. Ot vmodoxelg T@V 010TPOYOVHOV
diabetovv tOOO vmopovada mov mpoodévetatr oto DNA, o6co kat vropovdada oo
Xpnowponoteitat ywa v mpoodeon tng oppovrg (Gruber et al., 2002).

Yniapyoov 600 DIIOTLIIOL OLOTPOYOVIK®V DIIOOOXEMV KAOMG emiong KAt 100POPPEG
TOVG 1)/ Kat IPoloVTa eVAAAAKTIKOD patiopatog yia kdbe vmotdno. O mpmtog DIIOTOIT0G
etvatl o KAaoowkog vrodoyeag t@v owotpoyovav a (Estrogen Receptor a- ERa), o onoiog
KA@vorou|fnke yla npwtn gopa 1o 1986, evw o devtepog votdHOG eival o vrodoxeag
TV owotpoyovev B (Estrogen Receptor B- ERP), moo tavtonoujdnke to 1996 (Green et
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al., 1986; Kuiper et al., 1996). ITapoAo mov 1) vmopovada rmpoodeong oto DNA epgavilet
OpOLOTNTEG PETASL TV OLO vHOdOXEWV, 0 PBabpog opoloylag tovg dev etvat peyalog.
AvTtO ogethetat katda KOPO AOyo ot Ola@opd HeTald T®V DIOHOVAO®V IOV
npoodévoov v oppovr (Witkowska et al., 1997). Kat ot dvo vmotonot epgpavioov
KaAvOTTa Ipoodeong pe Tovg id1ovg MPoodéteg, aAd e OaP®S OLAPOPETIKY] XNHIKI)
ooyyevela (Gruber et al, 2002). H owotpadioln evepyomotel petaypa@rn yovidiov-
otoxwv 1poodedepévny) otov ERa, ala @épver avtifeta petaypagikd amotedéopata

otav etvat npoodedepévn otov ERP (Paech et al., 1997).

112 MOPIAKH ZHMATOAOTHZXH OIXTPAAIOAHZX (E2 signaling)

H E2 Oweyeipet Vv IOAAIAAOIAOTIKI] KAVOTNTA TOV OPHOVO-ESAPTOPEVOV
KAPKIVIK®V KOTTAP®V TOL HAOTOL KAt aMnAemdpd, oe poplako eminedo pe ta
onpatodotika povornatwa Twv IGF/EGF (Ahmad et al., 1999; Gee et al., 2005). Ot
OTePOELOELG OPPOVEG, OIG 1) OLOTPAOIONN, HETAPEPOVTAL OTOV IILPIVA TOL KOTTAPOD,
orov 1poodévovtat oe LII0OOXelG TOVG, TIOL Be@POVVTAL EVEPYOTIOUPEVOL PETAYPAPIKOL
MIAPAYOVTEG, IIPOKEPEVOD VA EVEPYOIIOUW|OODV TI| PETAYPAPI) YOVIOIWV- OTOX®V KAl Va
npodyoov v kottapiwkr) avdmrtodn (Ali and Coombes, 2000; Milani et al., 2014;
Voudouri et al., 2015).

[To ovykexppéva, 1 6pdon TV OoTPOoYOvVV @aivetat va eivat dirty. O évag
TPOII0G HPAOIG APOPU TO YEVOHLKO POVOIATL (KAAOOIKO POVOIIATL), oL IepAapPavet,
NV eSAPT®HEV] amd TOV IIPOOOETL), EVEPYOIIOUOL] TOV DIIOOOXEMV T®V OLOTPOYOV®V.
Avalvtikotepa, ot b1IIodoXelS TOV O10TPOYOVRV Bpiokovtat Stalvtol petadd moprva Kat
KOTTAPONAAONATOg Kat ovvOedepevol ovvifwg O KOTTAPOMAAOHATIKEG IIPMTEIVEG-
poplakég oovodovg (toamepoveg) (Smith and Toft, 1993). Metd wmv eoayoyr Tov
Ol0TPOYOV®V OTO KOTTAPOIAAOCHC, Ol DIOJOXELG AroX®PIfovTal TG HOPLAKEG IP®TELVEG
oLvOoOOLG (TOAIEPOVEG) KAl IIPOCOEVOLV TA Ol0TPOoyovad OxNpatifovtag OLPIAOKA
010TPOYOVO-0L0TPOYOVIKOG DIIOO0XEAG. ADTA TA OLPIAOKA, €L0EPXOVIAL OTOV HMUPHVA

TOL KOTTAPOL Kat Ipoodevovtatr oe edwkég meproxég tov DNA, moo Aéyovrai
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alnlovyieg amnokplong T®v otwotpoyoveyv (Estrogen Response Elements- ERE)
(Pettersson et al., 1997). Zovenwg, pobpifoov minbwpa yovidiov mov Owabétoov
alnlovyieg ERE xat oyetiCoviat pe Vv Kapkivoyeveon. AkOpda, Td olotpoyova
poOpiloov kat yovidia mov de dwabetoov ERE peow pobpiong mov ackovv oe dANovg
petaypagkovg napcayovteg (Gruber et al., 2002).

O 8ebTEPOG TPOIIOG OPAOTG, AVAPEPETAL MG HI] YEVOHIKI] dpdon KAl apopd TV
aveSapTtog IMPOCOLTI] €VEPYOIOUNON T®V OLOTPOYOVIK®V vrodoxémv. IToAot
EVEPYOIIOWTEG TMPMTEIVOV HE evepyoTnTd Kvdong TG TLPOOoIVNG, OH®G &lval ot
avnTKol IapayovTeg, PIopovy va odnyrjooov oe avesaptntn g E2 evepyomnoinon tov
ERs (Shao and Lazar, 1999). H evepyomnoinon avtov tov eidovg, propet va emttevydet,
PEO® peEpPpavik®y DIIOOOXE®V e evePyOTNTA KIVAOTG TN TOUPOOLVG, AANd KAt KATOIV
evepyorioinong tov evOokvttapikod MAPK (Shao and Lazar, 1999). Axopa,
OLYKEKPIHEVEG ATIOKPLOELG OTEPOEIODV €XOVV, AEITOVPYIKA, oLVOeDEel pe evOoKLTTAPIKA
ONMUATOOO0TIKA POVOIIATIA COUIEPINAPPAVOHEVOV TOV HOVOIIATI®OV TOV DIIOOOXEDV He
evepyoTNTA KvAong tng topooivng 1) to c-Src. Ot otepoetdeig oppoveg, onwg n 17-p-
olotpadionn (E2), mpoodévovtatl oe KOTTAPOMAAOPATIKOVG 1) pepPpavikong vriodoyeig,
éxet derybel va evepyoriolodv dpeod, eVOOKLTTAPIKA ONPATOO0TIKA POVOIIATIA OM®MG TO
Erkl/2, to PI-3K xat ta STATs (Fox et al, 2008). Avtoit ot “onpatodotikot
KATAPPAKTEG” IOV EVEPYOIIOLOLVTAL AIO TV OOTPAOIOAL), COVELCPEPOLY OTNV AAAAYT)
KOTTAPIK®OV AELTOLPYIRV, ON®G eivatl 1) MOAMANAACIAOTIKI] KAl HETAVAOTELTIKI)

wKavotta tov kottapev (Fox et al., 2008).

1.13 AAAHAEIIIAPAXH IGFEGF KAI E2 XHMATOAOTIKQN
MONOIIATIQN

H Oepamneia mov otoyevet otov ERa, etvat oovrifwg, 1) mpmtry anonetpa Oepareiag
OTOV KAPKIVO TOD paotoL. Q0T000, ot actevelg aviaIiokpivovidal HePLOPLOPEVA OE aDTO,
eattiag v avamtoooopevng aviektikotntag otnv oppovobeparneia (Ali et al., 2011;

Barrios et al., 2012). H avantoooopevr avbektikotnta otnv oppovobeparneia, odnyet oe
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aveSEAEYKTO KUTTAPIKO MOANAIAACLAOPRO KAl 0¢ dlacmopd T®V KAPKIVIKOV KOTTAP®V
Tov paotov (Barrios et al., 2012). Emi tolg ovolag, ta kapkivika xottapa Pplokoov
TPOIIOLG VA AMOPELYOLV TNV oppovobepareia, datnpwviag T (OTIKOT)TA TOLG.
Evtooutolg, ot akpiPeig pnyaviopol moo odnyovv oe evOOKpviki) avriotaor, Ogv eivat
AroADT®OG YVOOTOL KAt 1] avakaloyr) tovg Bempeitat vynAr|g mpotepatotntag.

Tooco n xataviy onpatodotnon tov IGF-I, 6co xat tov EGF emnnpedlet v
opyavaor tov kottapookeAetod (Guvakova et al., 2002; Mezi et al., 2012), oo eivat
IIOAD ONMAVTIKY] Yl TV KOTTAPLKI] IPOOKOAANNON, TV KIVNTIKOTHTA Kat 1) OunOntikn
KAVOTTA TV KoTtap®v. EmuiAéov, oe emimedo xvttapikav Asttovpywwv, 1 E2 oe
oovdvaopo pe toug IGF-I/ EGF, enayoov avdnpévo moAAnm\actaopo 1oV KAPKIVIK®OV
KOTTAP®V TOL PAOTOD, 08 DIOOTPOHA WVOVEKTIVIG Kat KOAAayovoo tomov I (Woodward
et al., 2000). H aAnAenidpaon avt®v 1@V onpatodoTik®v poplev, ennpeddet ) oxeon
TOL KOTTApoL pe Vv eSoxvTtapta Oepéha ovola, TPONMONOIOVIAG TNV EmPAveld
alnAenidpaong petadd toog kat pobpifovtag €Tot TV KOTTAPLKT] OOPIIEPLPOPA KAl TV
ropeta tov oykov (Mitropoulou et al., 2004; Skandalis et al., 2014).

ITwo avalotikd, peydAog OyKog HNePAPATIK®V Oe00HEVMV DIIOOEIKVDEL PITOYOVA-
OYKOYOVa ~ ONpatodoTiKd HOVOIATLA, IOV €VEPYOIIOoLVIAL OTl§ IEPUITMOELS
evOOKPIVIKIG avtiotaong. Xe avtd Ta onpatodotika copnephappavovtat ot IGF-IR,
EGFR, HER2, c-Src xat ERs (Dufourny et al., 1997; Alexaki et al., 2004). ITpaypatt, oe
KAPKWVIKA KOTTapa Tov paotod aviektika otov avtaywovioty tov ER fulvestrant
napatnpettat avnuevn evepyotnta tov EGFR kat tov evioxkvttapikot Stapecohapntr
tou Erkl/2. EmmAéov, o EGFR éxet tavtonomfet og eva amno ta mo Pacikd yovidia moo
oxetifovial pe pr- OPHOVOECAPTM®HEVODS OYKODG OTOV KAPKIVO TOv pactod (van
Agthoven et al., 2009). H poptaxi) onpatodotnon g ototpadioAng alAnAemopd pe ta
onpatodotika povorndtia te@v IGF-I xat EGF, oe diagopa emineda, mapadetypartog
XAapv p€om TG ypryopng evepyomoinong tov vrodoxenv IGF-IR xat EGFR kat péow trg
enakolovbng evepyonoinong evOOKLTTAPIK®OV ONuATodoTIK®V popleov onwg to MAPK,
og KapkKwvikd kotrapa tov paotov (Kahlert et al., 2000; Pietras, 2003; Song et al., 2010).

H E2 xat o EGF Bewpovvtat mapayovteg avaykaiot yida KOTTApPKO TOANAIAACIAOPO KAt
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gatvetat va éxoov ovvepyatikn) Opaon (Shupnik, 2004; Fox et al., 2009). EmuiAéov, n
avaotoln] mg Opdong tov EGFR (11 tov IGF-IR) xatapyet tov E2- emayopevo
MOANAIAAOIAOPO O€ MOVTIKIA KAl IIAPOPOl®S, 1] avaotoAr] tng evepyotntag too EGFR
kataoté\Aet v noAaniaoctaotiky) Opaon tng E2, in vitro (Hall et al., 2001; Fox et al,,
2008). Emupoobfetmwg, 1 xprion €OK®V avaoToAe®V KAl 1) Pelmon TG EKppaong
(knockdown) xat t@v 6vo vrodoxéwv katapyet v E2- eSaptopevn evepyomnoinon too
MAPK xat pmhokdapet ) dpdon tg E2 (Song et al.,, 2007). Exet npotabet ot nj E2
deyelpel v éxppaon Tov IGF xat EGF kat tov avtiotolyev vrmodoxémv tovg, T000 o
otovg, 0oo kat oe avipomveg xottapikég oelpég (Faulds et al, 2004). Qotoco, ot
proyoveg dpdoetg tov EGF, 6e drapecolaBoovtat amno toog ERs, al\a Oewpeitat ot 1)
ovvepyaoia ota onpatodoTikd povondtia propet va oopPel peom AV prxaviopov
(Gehm et al., 2000). A&iCet va onpewwbet 0Tt 1000 Ta EGFR 000 xat ta c-Src- enayopeva
ONMATOO0O0TIKA HOVOIIATIA MIIOPEl VA EMPEPOLY €VEPYOIIOINON €VOG HETAYPAPIKOD
napayovta STATS5, o onoiog etvat avaykatiog otnv E2- eSaptopevn kotrapwkr) dwaipeor),
oe melpapata kotrapwkev oepwv (Fox et al., 2008). H evepyomoinon twv ERs mov
Sapeocolafeitatr amd avlntikovg mapdyovieg eivat 1 Paowkotepn o000¢ ywa va
datnprjoovy TA KAPKIVIKA KOTTAPA TOL PAOTOL 11 Pl@otpoTnTtd TOLG AIEVAVTL 0TV
oppovobBeparneia (Hawsawi et al., 2013). Onwg avagépetat kat naparndve, KAtd TN
diapxela g yevopikng dpaong mg E2, ) npoodeon tng E2 otov ERa exet wg anotéeopa
TNV £VEPYOIIOLNOT] TOL TEAEDTALOD, PEO® TOL ATIOXWPLOROL TOL AIIO TV POPLAKI] OLVOOO
npwteivyy Heat Shock Protein 90 (Hsp90). To evepyo dipepég ER-E2 mpoodévetatr eite
apeoa, eite eéppeca oe yovidwa mov OSwabétoov alnlovyieg amoxplvopeveg o
owotpoyova (ERE genes- Estrogen Response Elements genes) (Nilsson et al., 2001). Ao
MV dA\\n, 1 P Yevopikr) dpdorn g ootpadlolng odnyel oe yprjyopr evepyoroinon
AMoV aveSdptTeOVv oNPIAatodoTik®V povoratiav, onmng avtd tov IGF-IR kat tov EGFR,
oL eapt@vtat amo v Kottapko tomo (Yee and Lee, 2000). Zta MCE-7 xottapa ta
owotpoyova oovppetexoov otn dpdon tov IGF-I xat omy IGF-IR onpatodotnon moo
npokalet avnpevo xottapko noAaniaoiwaocpo (Dupont et al., 2001). Ewdwotepa, o

ERa npoodeverat otov IGF-IR xat evepyorotet v katavin onpatodotnor) tov (Song et
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al., 2004). Exet akopa avagepbet ott 0 IGF-I enayet ) goowr) ovoyétion IGF-IR xat ERa
(Yu et al., 2013). Emmpoobeta, o ERa pobpier ta onpatodotika povoratia tov IGF-I
péo® pwogpopvlinong tov Erkl/2 xat tov Akt, omoo n alnAenidpaon IGF-IR kat ERa
odnyet oe avnpevo xottapikd noAaniaotaopo (Yu et al., 2013). Ewdwol avaotoleig
tou IGF-IR (1] tovo EGFR) pewwvoov myv E2- eCaptapevy evepyomnoinon too MAPK xat
PIAOKAPOLY  TI§ HiTOyoveg Opdoelg Trg oloTtpadlolng emPefaimvoviag Ttnv
alnAenidpaor tev onupatodotikmv povonatiov 1@V IGFE-IR, E2 xat EGFR (Song et al.,
2007). EmuiAéov, 1n owotpadioln éxer Ppebet va xpnopomotel éva onpatodoTiko
povordatt  mov  mepthapPaver TG aMnAemdpdoelg  petald  ERa, IGF-IR,
petalonpateivacov kat oo EGFR, npoketpévoo va evepyonourjoet to MAPK (Alexaki
et al., 2004). Mwa aAAn pelétn) orodeikvoetl 0Tl 1) petaypa@ikr) dpaotnpotnta tov ER,
AKOHPA Kat OTav avtog eivat eAedBepog amod mpoodetn, eivat wavr) va vroPondnoet
prroyovo dpdaor tov IGF-IR- emayopevng evepyonoinong tov PI-3k/Akt (Gaben et al.,
2012). Ao v aA\n, exet mpotabdet ott o IGF-I petwvet tov moMamaotaopo towv MCF-7
KoTTdp®V evepyorolnvtag To JNK (pépog too MAPK povonatiod), péowm enaymyrg tng
Ek@paong pag paoartdaong, mg SHP1 (Amin et al., 2011).

ITepinov 1o 15% TOV KAPKIVIK®V OYK@V TOL PLACTODL £ival apvnTikol @G Ipog tnv
OIIapdn TV OL0TPOYOVIK®V DIOOOXE®MV KAl KATIYOPLOMOIODVIAL G TPUIAA APVI|TIKOL
kapxivot too paotov (Triple Negative Breast Cancer- TNBC), 6pog mov vrmodnAwvet v
arovoia LHOJOYE®V TWV OlOTPOYOV®V KAl TIG IIPOYEOTEPOVIG KAD®G Kol pelmpevn
rapovoia tov HER? (Stevens et al., 2013). Evtodtotg, ot TNBC aobeveig 6ev pmmopoov va
dextoLV oppovobeparetia 1) kdmola aAAn otoxevpeévn Oepaneia, Aoym g EANNeWYng TV
OXETIKOV DIIOOOXEWV, HE AMOTENEOPA TNV IT®XI) YEVIKA MPOYV®OI TOV MEPUITOOEDV
TouG. XapakKtplotikd, ot aobeveig avtoi exppaloov tov vrmodoxéa EGFR xat tig IFGBP-
3 (Insulin-like Growth Factor Binding Protein- 3) (Probst-Hensch et al., 2010), a\\a
ep@avifoov avieKTIKOTNTA O€ AVAOTOAElG T®V DIIOOOXEDV JE EVEPYOTNTA KIVAONG TG
topooivng (Receptor Tyrosine Kinase Inhibitors- RTKs inhibitors) xabwg xat oe
avaotoleig too EGFR. Ilpog to mapov, exoov npotabetl diagopot prnyaviopotl yia tmv

AaVvTLOTAo! OTOLG AVAOTOAEL T®V DIIOJOXEMV ALT®YV, oL nmep\appavoov aveSaptnoia
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arnd tov EGFR, petal\alelg otov EGFR kxat aMev popi®v Mmov Ouppetéxovv ota
evdokvttapika onupatodotika povondatia tov (Bellizzi et al., 2015). Ot egpevvntixég
npoondabeieg éxovv emkevipmbel o pla emepyOpevi) avtiotaorn O OTOXELHEVEG
Oepameieg. Ze mepurtwoelg TNBC, xwvaoceg g owoyevelag Src (Src Family Kinases-
SFKs) emmpealoov ) petagopa too EGFR otov moprva, evioyvovtag £tot v
avarrtodl] T®V KAPKIWVIK®V KOTTAp®v Tov paotod (Brand et al, 2014). Méoa otov
nopnva, o EGFR pmopet va dpa wg petaypagkog mapdayovtag, pobpiloviag v
Ek@paorn yovidl®v mov epmAékovtat oty oykoyeveon (Brand et al., 2011) xat éyoov
ovoyetiobet pe avlextikotta omyv EGFR otoxeopévn Oepancia (Huang et al., 2011).
Eivat onpavtiko va onupewwbet o1t o EGFR ovvelopéper otnv ynpeto xat myv padio-
avbektikotnra evioyvovrag v emdopbwon tov PAapov too DNA (DNA damage
repair) (Huang et al., 2011). H nmapepnodion tng petagopdg too EGFR otov moprva,
oOnyel 0g OLOOW®PELON TOL OTNV MAJOPATIKI] PEPPPAVI), PE CLVENAYOPEVI] ALENPEVD
evatoOnota to@v TNBC xottdapav ot Oepamneia oo otoyevet tov EGFR (Brand et al,,
2014). Evtoototg, 1) otoxevorn) g poptakng onpatodotnong too EGFER, eite avtr) yivetat
péo® TOL mopnva, elte Owapécov TG KAAOOIKIG 0000 HEO® TOL KATAPPUKT
EVEPYOIIOUNONG TO®V MPOTEIVOV OTO KOTTAPONAAOPA, aIOoTeAel pua  adlomot)
Oepamevtikr) mpooeyyton. Emm\éov, éxet Bpebet ot ) mpwteivy ikpiwparog NHERF1 oe
oykovog evntabeig otv EGFR- eCaptopevn avamtoln, ennpealet v Kvi ko) Ta Kat
v dnpovpyia npooekPolwv tov kvTtapomhdaopatog oe kapkivoog TNBC (Bellizzi et
al.,, 2015). H avaotoAr] tov onpatodotikov povomnatiod tng IGFBP-3 (Insulin-like
Growth Factor Binding Protein-3) péow puag xivdong mov ovopdletat sphingosine
kinase-3 xafwota evaioOnta ta TNBC xvttapa oe avaotoAr)] oo EGFR (Martin et al,,
2014). Axopa, n avaotolr) g avvedivng 2 (annexin-2) (piag npwteivng eSaptopevn amno
To aoPéotio, mov mpoodévetal oe Pmopoluridia kat PBpilokerat otig pepPpaveg TV
TPUWIAA APV TIK®V KAPKIVIKOV KOTTAPOV TOL PLAOTOD) HE T1) XPI)O1) E01KOD avTIoOPaTOg
kataote et v EGF- eSaptopevn paopopolinon xat v evookvttdapworn tov EGFR.
Xopnjynon, MHAVI®G, aAVIIO®PAT®V emong KataotéMet tv  EGFR-eSaptopevn
evepyomoinon tov PI-3k/Akt xat Ras-MEK-Erk onpatodotikev povonatiov xat
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em@epet pelwon tov noAamiaoctaotikov pobpov tewv xottdpwyv (Chaudhary et al,
2014). Ot Paocikotepot prxaviopoi mov oxetifovrat pe Ta onpatodoTKd POVOIIATIA IO

evepyorioovv ot IGF/EGF oe kapkivikd K0OTTapa ToL paoctol, avarndplotavidl otnv

skova 2.
EGF GF-1
@
@ 4

[l‘l
53

Cell proliferation

Ewova 2: Zynupatikr) avanapdotaon tng aAnAenidpaocng tv onpatodotik®v povornatov tov IGF-
I/EGF xat ERs. H npoodeon) tov IGF-I otov IGF-IR 0dnyet otnv evepyoroinorn Tov Kat oty emakoloodn
evepyomoinon tov evdokvttapkkev OwapecohaPntov Pl-3kinase xou Erk. H EGF-eSaptopevn
evepyomoinorn tov EGFR ¢xet wg anotédeopa v evepyomnoinon tov Erk xat pmopet va odnyrjoet oty
ENAYy®YI] €KQPAONG YOVIOIOV OXeTK®V je Tov moAAam\aociaopo, kabwog o evepyomoupévog EGFR
etoayetat otov mopnva. H mpoodeon g E2 otov ERa odnyyet oe yprjyopr) evepyomnoinon tov EGER xat/1)
tov IGF-IR.
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1.14 KA®EINH KAI KAPKINOX TOY MAXTOY

O xageg etvat 1o mo OtadedopEvVo POPNPA MAYKOOPIDG. ZTATIOTIKEG HENETES
EKTIPOVLV OTL 1] IAYKOOPA MIAPAY®Y) KAPE avépyetal oe 7,4 Otoekatoppvpla KA
xpovia (ototyeta amno to International Coffee Organization). To pognpa tov xage eivat
éva pelypa Kageivng Kat MOADPAIVOA®V (APOPATIK®OV EVOOEMV), EVM IIEPLEXEL PUTO-
XNpwkég kat avtodeldmtikeg ovoleg (Scalbert and Williamson, 2000; Halvorsen et al.,
2006; Fukushima et al., 2009).

H xatavalwon xagé €xet ovoxetiobel pe tov KivOovo ep@aviong voonpuatav,
ON®G 0 KAPKIVOG. Q0TO00, 0 KAPEG PAiveTal va £xel OITTO PONO: eiTe MG KAPKIVOYOVOG
IIaPAyovTag, mov eprodilet Toug pnyaviopoong emdiopbwong too DNA eite wg dteyéptng
ToL MOA\an\aolacpov tev Kottapav (Minton et al., 1979; Tavani et al., 1998), aA\d xat
®G AVTIKAPKIVIKOG- IIPOOTATELTIKOG IIAPAYOVTAS pe avtioseldmtikég dpdoelg (Lee and
Zhu, 2006). Me Bdon 1 PipAoypapia, gatvetat va ennpedadet IEpa arro Tov KOTTAPLKO
MOAMANAaoLaopo Kat dAeg BroAdoyikég dlepyaoieg, Onmg T KWV TIKOTTA, 1) AIOITOO!)
Kat 1) avto@ayia tov kottapov (Saiki et al., 2011; Dumit and Dengjel, 2014; Mathew et
al., 2014; Pietrocola et al., 2014).

Ze OTL agopd 11 OLOXETLON TG KATAVAADOTG KAPE KAl TOL KIVOOVOL €HPAVIONG
KAPKivov tov paotoy, ta Oedopeva mowkilovv. H etepoyévela tg vooov kat n
KATIyOPLOHOIN 0l TV KAPKIVIK®V OYK®V TOD HAOTOD, avdaloyd pe To IPo@Pil Ekppaong
tov ERs, dtagoporiotel t1g Opdoetg Tov KA@pe, avagopikd pe tov KivOovo ep@aviong
KAPKLVOL TOL HAOTOL. YIAPYXOLV HEAETEG MOL AVAPEPOLV HUNOEVIKI] OLOXETION TG
KATAavaA®ong ka@é xat tov kwvdvvoo avtov (Folsom et al., 1993; Michels et al., 2002;
Arab, 2010). Ot Fagherazzi et al.,2011 avagepoov 0Tt Oev vIIAPXEL OLOXETION PETASD TG
IPOOANYPIG KAPEIVIg KAl TOAyloL KAt ToL KwOLVODL yld EHQAVION KAPKIVOL TOL
paotod, aveSaptjtog Tov IPOPIN EKPPAONG TV LIOOOXEMV T®V OPHOVOV OTd
kapkwika kottapa (Fagherazzi et al., 2011). Ao tnv aA\n mAevpd, ot yovaikeg, oo
Pplokovtatl otnv ePpNVOIADOL), AVAPEPETAL OTL 1] DYNAL] NHEPTOLA KATAVANDOL KAPE

EXEL APVNTIKI] OLOYXETION M€ TOV KIvOOVO ep@AVIONG KAPKIVOL TOL HAOTOL, Kdt
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OLYKEKPIHEVA KAPKIVV 1oL yapaktnpilovtat ano eéANewr tov ERs (Li et al., 2011;
Jiang et al., 2013; Bohn et al., 2014). To dedopévo Thg apvnTik)g OLOXETIONG EVIOYDETAL
KAl dIio aAAeg €PEVLVEG, TIOL AVAPEPOLV OTL 1) DYPNAL KATAVAADON Ka@e oxeTiCetat pe
pewpevo xivoovo epgpaviong tng vooov (Nkondjock, 2009; Tang et al., 2009). Mia alAn
¢pevva, emonpaivet OTL 1] APVITIK] OLOXETION avty) dev agopd TNV Kageivi, alla
yevika v xatavaloon xa@é (Lowcock et al., 2013). Evtovtotg, exet avagepbei, 0Tt 1)
DYPNAIL] KATAVAADOI KAPE avSdvel TOV KIvOLVO eRPAVIONG KAPKIVOD TOL HAOTOL, TNV
10l OTLypr] MOV O VTEKA@PEIVE Kageg KAt to Todl de oxetiCoviat pe Tov KivOovo
ep@AvVIoNg Kapkivoo tov paotov (Ganmaa et al., 2008). Katadewvdovtag éva polo ya
NV Kageivr otov Kivoovo avamtodng tng vooov. Onwg yivetat avtiAniato, Aoye® TG
onapdng MoKiA@vV 0edOpEV®Y, IIPOKEWEVOL va Olaoa@nvioTtovy ot Opdoelg TG
Ka@eivng anatteitat nepattépm depevvnon.

O xageg etvatl éva piypa ovowwv, pe Paoikr) ovoia tnv kageivr). H napovoa
peAétn eotalet otn xpron g KAPeivig, ©¢ PEHOVOPEVIIG OLOLAG, IPOKEIPEVOL VA
dtepeovnovv ot Prodoyikég emdpdoelg g OTa KAPKIVIKA KOTTApa Tov paotov. Ta
dedopéva mov apopovy 10 PLOAOYIKO PNXAVIOHO dPAoNg TG KAPEIVIG 08 KAPKIVIKODG
10TO0VG elval oapmg Alyotepd, OLYKPLTIKA pe Ta emonploloyka Oedopéva, yla v
katavaloon kagé. Ot Rosendahl et al., 2015, OSoxipacav Tt xpron xageivng oe
KAPKLVIKEG OELPEG TOL HAOTOL KAl HEAETNOAV TV MOANAIAJOIAOTIKI] TOVG KAVOTNTd.
ZOPP®OVA PE TA AITOTEAEOPATA TN PEAETNG AVTHS, 1] KAPeiv ep@avifel avti-KaApKIvikeg
010N TES, PELOVOVTAG TOV MOAAIAAotaopo 1oV Kottap®v MCF-7 (ERa+) al\d xat tov
(ERa-) MDA-MB-231 (Rosendahl et al., 2015). Qg mipog tov pnxaviopo 8pdon Ing, ot
gpevvnteg vrmootpifovy OTL 1) Kageivy Opa ON®G TA AVTIL-010TPOYOVA KAl TPOIIONOLEL Ta
pobpotikd yia tov kottapko kvxkho povomdtia ER/cyclin D1 xat IGF-IR/pAkt
(Rosendahl et al., 2015). H xageivn pipeitat tig Opdoelg yvo@OTOV AavTl-Ol0TPOYOV®DYV,
onwg etvat n fulvestrant xat 1 tamoxifen, ta omoia epmodifovv TOV OlOTPOYOVO-
eCAPTOPEVO  KOTTAPIKO TMOAANAIAAOIAOHO, aviay®vifopeva Tnv HOpoodeon TG
olotpadioAng, otovg ERs (Oliveira et al., 2003; Wu et al., 2009; Rosendahl et al., 2015).

[Tapott 1 dpdaon tng kageivng avagepetat va etvat oxetkn pe ta ER+ onpatodotika
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povonartia, enexteiveral kat oe ER- xotrapa, dedopevo mov xprifet diepevvnong xat
oxetiCetal pe ala evdokvtrapikd onpatodotika povonatia (Rosendahl et al., 2015).
Emm\eov, mpootatevTikr)- AVIHETAOTATIKY] dpdon g Kageivng éxet Ppedet xal oe
kottapa pehavopatog (Gude et al., 2001; Lu et al., 2007). Emiong, oe natoxoTtapiko
Kapkivo, éxet Oeixbel OTL 1 kKageivn pewwvel Tov MOAAIAACIAOPO T®V KOTTAP®V,
OTAPAT®VTAG TOV KOTtapiko kOKAo oty Go/G1 @aon (Okano et al., 2008). H idwa peAetn
IPOTELVEL €va HNXAVIOPO, HAPJAANAO KAt aveSdptnto TG dPVNTIKIG Yld TOV
noA\an\actaopo dpdong tng Kageivng moo agopd evepyomnoinon tov Erkl/2 xat
enakolovbn avinorn g exppaong tov EGFR ano avt)v (Okano et al., 2008).

Me dedopévn v enidpaor tng kageivng oe popira tng napovoag perétng (IGE-IR,
EGFR) oo ovoppeteyoov ot popraxrn) onpatodotnon tov IGF-I/ EGF (Rosendahl et al.,
2015), Ba ntav xprjowo va dodpe Nwg ot pnyaviopol avtol empedfovtat amo tnv
ka@eivn. Me dedopévr) ) onpaocia Tov eOKLTTAPIOD YOPOL OTOV KAPKIVO TOL HACTOL
KAl T OOPHETOXT] IPDOTEOYADKAV®V, OIS Ol OLVOEKAVES, O 1O10TNTEG TTOL OoXeTi(ovTal
HPE TNV KWITIKOT)TA TOV KOTTAP®V, EMmyelpeital ot napovoa OwatpiPry n peét) g
enidpaong g Kageivng ota popla avtd, mpog OlepebdVNOn TOL TPOIOL OPAONG TNS.
AMaoote, 11 exkgpaon tov IGF-IR xat too ERa ovvdeetar pe v €k@paon tov
ovovdekavev (Kousidou et al., 2008), apa eivatr mBavo n kageivn va poOpilet
BloovvlOeon TV poplav avtov.

2TV Oapovod HeNETn) gPeLVATAL O TPOIOG dPAONG TG KAPeivng Ot Aettovpyieg
KAPKLVIK®V KDTTAP®V TOL PAOTOD KAt 1) enidpaot g ota popLa oL COPHETEXOVV OTd

onpatodotika povonatia tov IGF-I/EGF.
1.15 XTOXOI THX AIATPIBHX

H peAétn too xapkivoo tov paotod, amotedel Papvvovoag onpaoiag Oepa xat
IIPOTEPAIOTTA OtV HAayKOoplda épevva, edattiag tng Ovnopottag mov mpokdaAet 1)
V000G, 0g PeYAaAo Koppdtt tov mAnboopov. H xatnyoplonoinon tov KAPKIVIKGOV OYK®OV
Tov paotov, ylvetat pe Pdon WV Hapovoia Kat ta emineda EKQPAcng TV

olotpoyovikav vrodoxewv (Estrogen Receptors - ERs), tov vmodoxéwv g
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npoyeotepovng (Progesterone Receptors - PRs), aMda xat tov ovmodoxémv Tov
emdeppikov avdnrkov napayovta (Epidermal Growth Factor-Receptor - EGFR). To
HPOPIA EKPPAOTG T®V LIIOOOYEMV TWV OLOTPOYOVOV €lval MOAD XAPAKTINPLOTIKO Kdt
KaboploTiko ya v Ipoyvmor) g vOooo.

Ot avdnmkoi mapayovteg Insulin-like Growth Factor-I, (IGF-I), Epidermal
Growth Factor (EGF) xat n oppovn owotpadioAn- Estradiol (E2) dwadpapartifoov
ONUAavTiko polo otV eSENEN Kat T PLONOYIKI] OCOPIIEPLPOPA TOV KAPKIVIK®OV KOTTAP®V
TOL paotoL. ZovOwe, 1) TP®TY OePATIELTIKY] AVTIPET®IILON TOL KAPKIVODL PAOTOL eivat 1)
oppovobeparieia. 0t000, TOAEG QOPES, Ot MEPUITMOELG AVOEKTIKOTNTAG TV OYK®V OF
aoToo Tov &tdovg 1) Oepareia, evepyorrotodVTAl EVAANAKTIKA ONPATOO0TIKA PLOVOIIATIA
aodnuikav napayoviav, mov ocopnephappavoov v IGF-I/EGF onpatodotnon xat
Bonboovv ot Swatpnon TG {OTIKOTNTAG TO®V KAPKIVIK®OV KOTTAP®V Tov paoctov. H
aMnAenidpaon tov onuatodotikov povonatiwv IGF-I/EGF xat E2 etvatr peydAng
onpaoiag xat 11 OlepebVNON TOV OPUACEDV TODG O KOTTAPIKO erminedo eivat onNpaviky
yla Vv Hopeia g voooo.

Baowog epeovnTikdg oKomog Ttng mapovoag OowatpiPrg eivar 1 pelétn g
alnAenidpaong T@V poplakev onpatrodotikov povornatwv tov IGF-I/EGF xat E2,
OtV IIPOOKOAANOI T®V KAPKWVIKOV KOTTAPOV TOL HAOTOL, KAO®g Kal 1) Hepattépw
dtepedvnon 1tV Tpommwv Opdong Tovg. AKOpa, otoxog eivat va eleyyfovv ot
evdokvTtapikol dapecolaPntég T@V avinTK®V MAPAYOVIOV Kal TIG Ol0TPAOlOAn,
KATd MV £0alo0ntomnoinon T®v KoTtdpmV dIo avtovg, OTI) AETovpyld ThG KOTTAPIKIG
IIPOOKOAANO1)G.

Xe ONOLG TOLG TOIOLG KAPKiVOL, PAOCIKO POAO HAifOLV TA OYKOKATAOTAANTIKC
yovioia. MetaA\ayég oe OyKOKATAOTAATIKA yovidia, eDOOVOVTAL yld TV KAPKIVOYEVEOT)
KAl TPOIOIIOIODY TIG KDTTAPIKEG AEITOVPYIEG TV KAPKIVIK®V KOTTAP®DV. ZOPP®VA HE TN
PipAoypagia, oV mEPUIT®ON] TOL KAPKIVOD TOL HAOTOL  ONUAVTIKO  POAO
dadpapartifoov to yovidlo tov xkapkivov too pactov-1 (BRCAI), to p53, xat n Wilms’
tumor protein-1 (WT-1). H Aettovpyla t@V OYKOKATAOTAATIKGOV YOVIOI®V aLT®OV,

ernpeadet ta ofpata tov IGF-IR xat 11g dpdoeilg Tov 0 KAPKIVIKA KOTTAPA TOL PAOTOO.
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H petaypaerny tov IGF-IR yovidiov, pubpiletatl apvnTikd amno DPp®TEVIKA Hapaymyd
OYKOKATAOTAATIK®V YOVIOL®V, OOPIEPIAAPPAVOpPEVOVY TMV: YOViOlo TOL KAPKIVOL TOL
paotov-1 (BRCA1), p53, xat n Wilms” tumor protein-1 (WT-1). Zoykekpipeva, 1o p53
OYKOKATAOTAATIKO yoviOto £xetl Ppebet va pobpifet moAAa yovidia kat petalAadelg oo
oxetiovtat pe moAAobg Torovg kapkivoo. [epa ano avto, n eNewyn) ot Aettovpyila too
p53 OYKOKATAOTAATIKOD yovidiov, éxet amoderyOei ott aviavet v éxppaon too IGF-IR.
O pnyaviopog avtog, wotoco, Oev nepthapfPavet evbeia mpoodeon oto DNA, dnAadr)
otig alnAovyieg too vmoxkwvnty tov IGF-IR yovidiov. 2tovg OTOXOVG TG HEAETNS,
ooprep\appavetat n peAet) g emdpaot|g TOL OYKOKATAOTAATIKOD yovidiov p53 otnv
KOTTAPKY] Aettovpyla Thg IMPookOANong. Axopa, Paocikog okomog etvat i dtepedvnon
g entdpaong tov p53 oty onpatodotnon tov vrodoyea IGF-IR.

210 tedevtaio pépog g datpiPrg peletOnke n emidpaon g Kageivng, piag
Kadnpepvd, evpvTATA XPNOPOIIOIODHEVTG ODOLAG, OTLG IO10TNTEG KAPKIVIK®OV KOTTAP®V
Tov paotob. ITapolo, oL o0 Ka@ég elvatl To POPNPA pe T HEYAALTEPY] AIMXNOl OTO
KATAVAA@TIKO KOWVO, 1] €midpAon TOL Of KUTTAPLKEG OElPEg KAl O POANOG TOL OTOV
KApkivo, dev exetl OepevvnOet extevag. Epelg peetrjoape tnv enidpaon g xageivng oe
KAPKIVIKA KOTTApa ToL paotod, kabwg ovpgava pe ) PpAoypagia, n ovoia aotn
Tporornotel TV MOAAIAAOLIAOTIKY] KAVOTNTAd TOV KOTTAP®V KAl TPOIOIOlEl TNV
EKQPAOT] TOV HOPI®V ITOL ouppeTeéXoLY ot onpatodotnon tov IGF-I/EGF xat E2. Etot,
1| otoxobeota g StatpiPrg ovpmAnpwvetat pe ) peletn g emdpaong g Kageivng
OTNV KOTTAPIKI] Aeltovpyla TG MPOOKOAANONG KAPKIVIKOV KOTTAP®V TOL HAOTOO.
ZopneplhapPaveray, axkopa, 1 Oepedvnon g emidpaong TG Kageivng ota
onpatodotika povordtia t®v IGF-I/EGF xat o tpomnog dpdong g oe popia- kheda
IO AQOPOLY TNV KOTTAPIKI] IPOOKOAANON KAt OXeTI{OVTAl pe TOvg eV AOY® au{nTIKOLG

IIAPAYOVTEG,.
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2. YAIKA & MEG®OAOI

21 ANTIAPAXTHPIA: XHMIKA, BIOXHMIKA KAI ITAPATONTEX

O IGF-I (Insulin-like Growth Factor) ayopdaotnke amo v R&D Diagnostics MN
KAl IIPOETOPAOTKAV dalvpata pe apyiky) ovykevipworn (stock solutions) 10pg/ml,
dralvovrtag IGF-I oe anmootelpopevo PBS (Phosphate Buffered Saline). O mapdyovtag
EGF (Epidermal Growth Factor) ayopdaotnke, amno ) Sigma Chemicals (I'eppavia) xat
dalvpata pe apyiky) ovykevipwor 5pg/ml mpoetotpaotnkav dwakvoviag EGF oe
anootepapévo PBS. H owotpadioln (E2) ayopaotnke eniong amo ) Sigma Chemicals
(Teppavia). Awaivovtag v E2 oe Opentikd vAO, dnpovpyrfnkav dalvpata pe
apxwn] ovykevrpworny 200nM, mpog xprjon. Ot alootepikot avaotoleig tov IGF-IR xat
tov EGFR (AG1024 xat AG1478, avtiotolya) ayopdotnkav, €miong amo ) Sigma
Chemicals (I'eppavia). Ta apyxikd OtaAOpATA TOGV AVACTOAE®V ALTOV, QPTIAYTHKAV
dralvovrtag tovg oe DEPC vepo. Edwkog avaotodéag yia tov evooxkvttapiko Erkl/2
(UO126), ayopaotnke amo tv Life Technologies xat xpnoipomoujdnke omwg
HEPLYPAPNKE Ot Iporyovpeveg dnpootedoelg tov epyaotnpiov (Kouvidi et al., 2011;
Kouvidi et al., 2016). Eidikog avaotoAéag tov Pl-3kinase (LY294002) ayopdotnke aro
v Cayman Chemical. ®pertikd vAwko Dublecco’s Modified Eagle Medium (DMEM)
high glucose xat avtiplotikd mevikiAAivi- oOtpemtopvKivi) amoxktbnkav amd v
Biosera. Opog Fetal Bovine Serum (FBS) amo ) Gibco CA xat wvovektivnyy avBpamivoo
m\dopatog (human plasma fibronectin) Img/ml, an¢ v Millipore. H xageivy
ayopaotke amno 1 Sigma Chemicals (I'eppavia) xat apawwOnke pe DEPC vepod oe

KATAANAEG GLYKEVTPWDOEL.

2.2 KYTTAPIKEX XEIPEX KAI XYNOHKEX KYTTAPOKAAAIEPTEIAX

Zta tpnpata A xat B mg peletng, ypnowpomnou|Onkav MCF-7 (ERa+), ZR-75-1
(ERa/ERB+) xat MDA-MB-231 (ERa-/ERPB+). T'a 1o tpito pépog tng peAétng
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Xpnowponouw|fnKav KapKivikd KOTtapa Ttov paotov nov npornAbav amnod xottapa MCE-7
Katomy povipng dapolovorg (stable transfection) pe shRNA yia 1o ERa yovidio. Etot
xpnowponouwdnkav xotrapa npogpyxopeva amno ta MCF-7 Siapolvopeva pe apviTiko
shRNA (control sh) moo xalovvrtat csh kOttapa kat kKOTTapa MIpogpxOpeva amo td
MCEF-7 dwapolvopéva pe shRNA edwko yia 1o ERa, mov xaloovtat spl0. kapkivika
kottapa too paotod (Engel et al, 1978). Ta xottapa xal\epyndnkav otovg 37°C,
napovoia vypaotag xkat COz 5% v/v. Ta xdttapa kalAepyrfnkav oe IAAOTIKEG
PAdaokeg 75cm? xat kalepyrOnkav napovoia DMEM high glucose, epmAovtiopévo pe
opo FBS 10% v/v xat avipikpoPlakovg Hapdyovieg MeVIKIALVI- OTPENTOHDKIVY
(100IU/ml mevukiivn, 100pg/ ml otpemtopovkivn).

[Ipwv amo ta mepdpata ta KOTtapd KalAepyooviav yla 24 opeg KAt otn
ovvéxela OAa Ta nelpapata oedryonoav oe oovirkeg xmpig opo. Adilet va onpetmbet ot
1 xopnynon tov IGF-IR avaoctoléa (AG1024) 1pM ywotav 30 Aertd mpwv T Xopr)ynon
IGF-I (10ng/ml), EGF (5ng/ml), E2 (10nM) xat nj yoprjynon tov Erkl/2 avaotoAéa
(5pM) ywotav 1 wpa npwv ) xoprjynon IGF-I (10ng/ml), EGF (5ng/ml), E2 (10nM), yia
48 wpeg. Emiong melpapata éywvav pe xottapa ota omoia eiye yiver dtapolvvon pe
siRNA e101k0 yua mv FAK (siFAK) xat yua tov IGF-IR (siIGF-IR) xat apvntuko Oetypa
e\éyyoo pe alAnrovyia siRNA apvntkn) (control- siscramble), ota omoia ot ovvéyela
xopnynbnke IGF-I (10ng/ml), EGF (5ng/ml), E2 (10nM) ywa 48 opeg. H enmaon g
kageivng (0,01mM, 0,03mM kat 0,05mM) ywvotav yua 48 wpeg.

2.3 ANOZOAIIOTYIIQXH KATA WESTERN

Metd 1o mépag 48 mpwv amo Ta avtiotolya Helpdpatd, mpaypatorno)onke Avor
TOV KOTIdp®v pe v emidpaon Owahvpatog Ripa. Ta mnpoteivikd Oetypata
nAektpoopridnkav oe 8% mKTOPA TOADAKPLAAPIOIOD KAl KATomy petagepdnkayv oe
pepPpavn vitpoxvttapivng, napovoia dtalopatog CAPS pH=11 xat 10% pebavoing.
21g pepPpaveg akolovbnoe enwaon katd T dwdpkela puag voytag, otovg 4°C,
napovoia dwaloparog PBS 0,1% Tween xat 5%v/v ydAa pe xapnAd Autapd, ywa va
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arogevyfoov ot pn ewdikeg mpoodeoels. Katomv, ot pepPpaveg enwactnkav oe
Oeppokpaocia dwpatiov pe npwta avrioopata: avti-IGF-IR (1:1000) (Millipore), avti-p-
IGF-IR (Tyr 1165/1166) (1:200) (Millipore), avti- Erk1/2 (1:1000) (Millipore), avti-p-
Erk1/2 (Thr 202/Tyr 204, Thr 185/ Tyr 187) (1:200) (Santa Cruz Biotechnology), avti-
FAK (1:200) (Sant Cruz Biotechnology), avti-p-FAK (Tyr 397) (1:200) (Acris), avti-EGFR
(1:1000) (Millipore), avti-pEGFR (1:1000) (Millipore) xat avti- actin (1:250) (Millipore),
dalvpeva oe PBS 0,1% Tween xat yala pe xapnAd Autapd 1%v/v. Ta dnpiovpyovpeva
AVOOONOYIKA OLUIAOKA aviyvevOnkav pe oeonpaocpéva pe ovrepoetdaon Oevtepa
avtioeopata avti -goat, avti- rabbit kat avti-mouse (avaloya pe to {HO 0To oroto 1Tav
Kkataokevaopéva ta npwta) (1:10000) (Millipore) dialopéva oe PBS 0,1% Tween xat
1%v/v yala pe xapnAd Autapd xat t) xprjon vnootpopatog Super Signal West Pico

Chemiluminescent (Pierce, IL).

24 AOKIMAZIA ITOAAAITAAXTAXMOY

I'a tn doxipaocia MOAATIAAOIAOHOD 01 KOTTAPLKEG OELPEG TTOV X PT|OIpoIom0nKay
ntav MCF-7, ZR-75-1 xat MDA-MB-231, ot onoieg kaAAepyr)Onkav oe MAAoTIKA mata
96 omav (Corning, USA) oe Owagopetikeg ovykevipwoelg (2.500, 5.000, 10.000)
rpoxelpévoo va emAexet o katdMnlog apdpodg yia ta PeAtiota amotehéopatd g
Texvikng. Ot apifpot mov emAéxOnkav @aivovtat ota amnotehéopata tng perétng (MCF-
7 xat ta ZR-75-1 xotrapa apidpog ioog pe 10.000 xottapa/ omr) xat yia ta MDA-MB-
231 apBpog ioog pe 5.000 xdTrapa,/ om.

Ta xotrtapa xal\epyrOnkav yia 24 opeg mapovoia 10% opov. Zin
ODVEXELA ENMUAOTNKAV Y1d 48 mpeg xmpig 0po 1) KATOmV akopd 24 @pav xopnynonkav ot
avtiototyot mapayovteg. O teAkog aptfpog Tov KoTtdpmy Ipoodlopiotnke pe 1) Xprjon
pBopropetpov kat avtdpaotpiov CyQUANT (Molecular Probes), obppova pe Tig
odnyleg tov xataokevaotr. O @bopiopog perprnbnke oe @Oopropetpo (Biotek),
xpnowponowvtag ékbeon ota 485/528nm @iltpa exmopmrg. Ia tn petatpomr) tov
@Boplopod tev detypdrov o apldpd xottdpwv, Onpovpynonke mPOTLIN KAPIOAN
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avagopds, pe T Xpnorn dadoxKaVv apdi®oemV yvootov aplipod xottapev. Ola ta
nelpapata OOKIP®V MPOOKOANONG enavaln)@OnKav TOLAIYIOTOV TPEWG QOPES, He TN
xpron Tpwadwv yia kdabe detypa.

2.5 AOKIMAZIA ITPOXKOAAHXHX

I'a ) doxpaocia mpookOAAnong xprnotponow)dnkav nhaotikd mata 96 onwv (96
well plate), otov onoi®v o matog T®v onav Kalvgbnke pe wvovektivy (5pg/cm?) kat ta
mata enedotmkav yua 1 opa otovg 37°C, mpoketpévoo va dnpovpyndet to vriootpopa
wovektivng. Ot pn eduég mpoodéoelg anogevydnkav pe ) xpron dtakvpartog 1% BSA
yia 30 Aerrta oe Oeppokpaocia dwpatiov. Ta MCF-7, ZR-75-1, MDA-MB-231, csh, sp10
KOTTapa KaMepyndnkav kat é&yive Xeplopog Tovg, ON®G MEPLYPUAPETAl  OTNV
vmoevotnta «Kotrapwkég Zelpég katr  ZovOrkeg kaMigpyewag». Ta xottapa
artokoAA1Onkav amno g TAaotikeg PAAokeg KaA\epyetag pe ) xprjon SmM PBS/EDTA
kat 6.000 xottapa petprifnkav xatr ortpodnkav oe xkdabe omr), owmv omoia eiye
dnpovpynbet vmootpopa vovektivyg, ya 1 opa. O aplpog tov Kottdpmv mov
xpnowonoumdnkav kabmg kat o xpovog IMPOooKOAnong emeéxOnkav xatomv
EPApdtev PBeAtiotonoinong mg texvikng. Ta kottapa mov dev mpookoAnOnkav oto
VIIOOTPWHUA AIIOPAKPLVONKav, kavoviag dvo mAvoelg pe Opertikd LAKO, YwpPig 0po.
OAa ta mepdpata npaypatonou)dnkav emiong oe omég otlg omoleg Oev vHI|PYE
VITOOTPWHUA VOVEKTIVIG, aA\d eixe yivet mpoolrkn- emxdaloyrn pe BSA (apvntka
detyparta). Etol, vmoloyilotnke, o appog tov xottdpmv, mov eiyav mpookoAAnOet
eldKd 01O LHOOTPOHA TNG WVOVEKTIVIG, APAP®VTASG TOV dPOpd TOV KOTIAP®V, HOD
etyav mpookoAnOet otig omeg pe vootpepa BSA, amo tov apilfpd tov Kottdp®y mov
eiyav mpookoAMnfet otnv wovektivi. Ot apifpol tov KoTtdpov Imov eiyav
IpookoAnOet petprdnkav pe 1) xprjon edopiopetpov kat avudpaotnpiov CyQUANT
(Molecular Probes), copgova pe tig 00nyieg tov xataokevaotr). O gpbopropog petprdnke
oe @boplopetpo (Biotek), xpnowponowwvtag ékbeon ota 485/528nm @iltpa ekmoprg.
Ia ) petatporr) tov PHoplopod TV detypdt®v oe apldpo Kottdpwy, Onplovpyronke
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MIPOTOLII KAWPIIOAL ava@opdag, He T XPHon dadoxikov apdi®oem®y yvootod aptdpoo
Kottdpwv. ‘OAa ta nelpdpata OOKIHOV IPOOKOAANONG enavaln@dnkav TovAdytotov

TPELG POPES, HE TN XP1O1) TPLAd®V yia Kabe detypa.

2.6 RNA AIIOMONQXH KAI REAL TIME PCR

To ovvodiko RNA anopovebnke amd ta xottapa pe T xpron Trizol
(Invitrogen), obppwva pe T1g odnyleg tov kataokevaot). 1pg ovvoAwkod RNA
xpnowornouwdnke ywa ) ovvbeon too cDNA ypnowponowvtag Takara kit avtiotpogng
petaypagng (Takara, Japan), oopgava pe t1g 0dnyleg ToL KATAOKELAOTL).

I'a to Real time PCR xpnowpomnou)fnke Mx3005P xkoxAomoutrg (Stratagene). To
KAPA SYBR® FAST Universal qPCR kit (KAPA Biosystems) ypnowomnou)0nke yia to
real time PCR, oe teAiko oyko 20pl pe xkatdAnAoog exxivrtég. (ITivakag 1). Ot oovOrikeg
g PCR fjtav ywa v anodiatadn 94°C ywa 15 Aenrtd xat katomy 40 xkvkAot otoog 94°C
yia 20 devtepolerrta, 55°C yia 30 Sevtepolenta kat 72°C ya 30 devtepoAenta. [Tpotomeg
Kapmmoleg oxedaotnkav kat ypnowporou)dnkav ywa kdabe PeAtiotonmoupévo oet
HNEPAPATe®V (ava yovidlo) kat fTav pla ypappiky ovoxetwon (ypaenpa) threshold
cycle (Ct) oovaptroet Tov log (apaiwon). H moootnta xabe yovidiov moootukonouwjonke
OOPPMOVA HE TIG COYKEVIPOOELG TG IPOTLING KAPMVAING KA AVATIAPAOTAOL TG €YLVE HE
1 xprjon avdaipet®v povadwy petpnong oe ypaprjpatd. g yovidio deiktng moootntag
(housekeeping gene) xpnowpomnou)0nke GAPDH (ITivaxag 1).
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NovxAeotidikég alnloovyieg mov xprnowyponoujdnkav ywa real time-PCR
ITivaxkag 1 (primers)

T'ovidio ANplovyia

IGF-IR_F 5'-TCTCTTCTACCTGGCGCTGT-3'
IGF-IR_R 5'-AAGCAGCAGTCATCCACGAT-3'

FAK_F 5'-GTGCTCTTGGTTCAAGCTGGAT-3'
FAK_R 5'-ACTTGAGTGAAGTCAGCAAGATGTG-3'

Syndecan1_F  5-TCTGACAACTTC TCCGGCTC-3'
Syndecan1_R  5'-CCACTTCTGGCAGGACTACA-3'
Syndecan2_F  5-GAGTGTATCCTATTGATGACGATGACTAC-3'
Syndecan2_R  5'-CTCTGGACTCTCTACATCCTCATCAG-3'
Syndecan4_F  5'-CCATGATCGGCCCTGAAG-3'

Syndecan4_R  5'-TGCCCTCTCAGGGATATGGTT-3'

ERa_F 5'-TGCCCTACTACCTGGAGAACGA-3'
ERa_R 5'-TCGATTATCTGAATTTGGCCTGTA-3'
ERP_F 5'-AAGAATATCTCTGTGTCAAGGCCATG-3'
ERP_R 5'-GGCAATCACACCAAACCAAAG-3
GAPDH_F 5'-GGAAGGTGAAGGTCGGAGTCA-3'
GAPDH_R 5'-GTCATTGATGGCAACAATATCCACT-3'

2.7 ANOXZOPOOPIZMOX

Ta MCF-7 xbttapa kaliepynbnkav nave oe yodAiveg kalomtpideg, mov eiyav
tonobetnOel otov mATO MAACTIK®V MATOV 24 on®v. ApyiKd 1 KaAAEPYeld TOLG €yLve
napovoia DMEM pe 10% opo FBS, yia 24 wpeg. 48 wpeg petd ) Xop1)ynor T®V eKAoTOTe
MAPAYOVI®V, €YIVE HOVIHOINOINON TOV KOTIAP®V OTlg Kalomtpideg mapovoia 5%
PoppalOeddng kat 2% covkpodng (dtalvpévn oe PBS) (emmaon 10 Aerrtd oe Oeppokpaoia
dwpartiov). AkolovOnoav 3 dradoykég mvoelg pe PBS xat katomy npootédnke Triton
X, anoppvnavtikog Iapayovtag mov ONPovpyel omeég otV TAACPATIKY] PEPPPAVI) TOV
kottapav, ywa 10 Aemta oe Oeppoxpaocia Sepatiov. Katomv tovtov, ta xdtrapa
ENEOAOTNKAV yld pia opd, o Oeppokpaocia dopatiov, pe Ta IPOTA AVIIOOUAT, E01KA
ywa v wyvnoemorn g FAK (1:100) (Santa Cruz Biotechnology) xat too IGF-IR (1:100)

(Millipore). Metda v enmaor) éyvav tpetg dtadoyikég mvoelg Tov Kalomtpidwv pe PBS
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epmovtiopevo pe 1% opo (FBS). Axolovbnoe mpoobnkn tov dedtepmdv avIIOOPATOV
anti-goat (1:500) (Alexa Fluor 488) xat anti- rabbit (1:800) (Alexa Fluor 488) (Invitrogen),
va 1 opa oe Beppokpaocia dwpatiov kat okotddt. [a v nmapartrpnon T®v Iopnvev
TOV KOTTAP®V xpnotponoumdnke Topro-3 tov onotov 1 enwaorn dupknoe 20 Aerrtd, oe
oovOnkeg éNewyng gotiopod kat Oeppokpaocia dwpatiov. Ta widwa tng axtivng
aviyvevOnkav pe 1 xprion @bopilovoag @arioidivng (1:100) (Molecular Probes). H
enmaon yua tn gaiioidivny dupknoe 20 Aerrta. Télog, ot kaAvmtpideg tonobetr)Onkav oe
AVTIKEIPEVOPOPODG TINAKEG, HE TN XPNOn YADKePOANG kat mnapatnpndnkav oto

OLVEOTIAKO PIKPOOKOITLO.

28 SiRNA

Ta MCE-7 xottapa otpodnkav oe edukég gAaokeg T25 (25cm?) oe katdAAnAn
apainon, pe Opentikdo DMEM ywpig opd kat aviiBlotikd Kat eENOACTNKAV IIApovuoid
siRNA (100nM) alAnAovxiov edikov ywa to yovido g FAK (Hong et al., 2006;
Chalkiadaki et al., 2011a) xat too IGF-IR (ON-TARGET plus SMART pool siRNA by
Dharmacon) kat pe €00 apvntiko siRNA (siscramble). To e101k0 siRNA (Invitrogen)
kat 1 Autogextapivn (Lipofectamine™ 2000) (Invitrogen) oe ovyxévipwor) 1pL/50pL
Operrtikod vAKov Opti-MEM © (Invitrogen) ywa 5 Aemta oe Beppoxpaocia dwpatiov.
Katomy aovtrg g enmaong n Swahopévrn Lipofectamine xat to Sialopévo siRNA
avapeiyOnkav xat agednkav ywa 20 Aemma oe oovOnkeg RT, npoxkewpévoo va
oxnpatiotody ta ovpmloka siRNA- Mumoocopdteov kat va yivet n petagopd tov siRNA
evdokvttapikd. To Opermtikd VAKO mov mepteiye to siRNA 1) to apvntko siscramble
a@dnkav otig PAaoKeg KAAEPYELAG Y 6 ®PEG KA1 KATOIMY €Y1VE AVTIKATAOTAOL TOVG
amo veo Openmtikd LAKO amovoia opoL Kdat I €n®Acn ovvexiotnke Kavovikda. Ot
PéATioTEg OLVOT|KEG TOL TEPAPATIKOD IPDOTOKOANODL TG Srapolvvong emAexOnkav petda

1 O1eaymyr) ApYK®V IEPAPATROV.
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29 XITATIZTIKH ANAAYXH

Ia tov mpoodloplopd OTATIOTIKA ONPAVTIKOV Ota@opmv petald petaPAntov
xpnowonouwdnkav ta Student’s t-test 1} xabwg xat n one-way Analysis of Variance
(ANOVA) xat Turkey’s post hoc test. Ot otaTioTIKEG AVANDOELG EyLVAV HE TNV XPI)O1) TOL
Aoytopikov GraphPad prism (version 4.0).
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3. AIIOTEAEZMATA

3.1 MEPOX A: BEATIZTOIIOIHXEIX ITPQTOKOAAQN & MEAETH THX
EIIIAPAXHY TOY p53 XTHN IIPOXKOAAHXH KAPKINIKQN
KYTTAPQN TOY MAXTOY

3.1.1. BeAtiwotomou)oeig NPp@TOKOA®V

I'a ) deaywyr) g napovoag StdaxTopikr)g datpiPrg anapaitnt) kpildnke n
BeATtioTONOIN 0N TOV, IPOG XPIOL), TEXVIK®V KAl IPHOTOKOAGDV yid T1) Olao@AAon tng
adlomoTiag T®V AIOTEAEOPATOV NG,

v apyxy g dwdaxktopikng StatpiPrig, xpnotponou)dnkav 3 KaAPKIVIKEG OelPEg
TOD HAOTOL, HE OLAPOPETIKO MPOPIN EKPPAONG T®V OlOTPOYOVIK®V vrodoxeéwv. O
TPONIOG KAANEPYELAG TOV KOTTAP®V, IEPLYPAPETAL OTO TUNPA TV Hebodwv g

dratpiPrg. H popgpoloyia tav kottdpmv gatvetatl otv ewova 1.

.MDA.M-B_ZSHI' 0y X ~ P‘ -

Ewova 1: Mopgoloyia KOTTAPIK®OV CEp@V. TNV £KOVA Qaivetdl 1) popgoloyia tov kottdapav MCF-7,
ZR-75-1, MDA-MB-231 oe ovvOrkeg kaA\iepyelag napovoia Opentikod vAkov kat 10% opod, os TAaoTkeg
PAaoKeg KaAAAEpyeLag.

3.1.2. BeAtwotonoinon Odoxkipaciag MOAAIAACIAOP0D yla T KUTTAPIKEG OELPEG
MCF-7, ZR-75-1 xat MDA-MB-231

[Tpoxkepévov va epapPooTovV TeXVIKEG MOV eCeTACOVV TNV MOAAIIAAOIIOTIKY
KavoTTd TOV KAPKIVIKOV KOTTAP®OV TOL PaoToy, npaypatonou|dnke PeAtiotonoinon
NG SOoKIG MOANATIAAOIAOPOD KAl Yid TI§ TPELG KOTTAPIKEG OELPEG, IOV EMPOKELTO VA
xpnotponown0ovv oty Iapovod PENET). Ze Ap) KA HEPAPATA TG PEAETG, TA KOTTApa

MCF-7 (Ewova 2 A), ZR-75-1 (Ewxova 2 B) xat MDA-MB-231 (Ewova 2 C),
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vroPAnOnkav oe doxipr) TOANAAAcIaopov, Iov Ipaypatonou)dnke oe eldKA IAACTIKA
mata 96 omnwv, ylwa va emthexfet o xatalnlog apibpog xvttapwv. Me Paon ta
AroTeAéopata, Mov gaivovrat oy ewova 2, emiexonke yta ta MCF-7 xat ta ZR-75-1
kOTTapa appog ioog pe 10.000 xotrapa/ omr| (Ewova 2 A xat B) xat yia ta MDA-MB-
231 apBpog ioog pe 5.000 xvtrapa/ omny (Ewova 2 C).

(A) 16000 - (B) 18000 -
@ @
O £
% 8000 - % 9000 -
c c
] )
) - )
0 0 -
2.500 5.000 10.000 2.500 5.000 10.000
(number of MCF-7 cells platted) (number of ZR-75-1 cells platted)
(€)
60000 -
& 40000 -
Fe)
S
>3
c
20000 - I
S lm
0 2500 5.000 10.000

(number of MDA-MB-231 cells platted)

Ewova 2: Behtiotonoinorn doxipaciag moAamniaociaopod. (A) Ta MCF-7 xottapa xkarepyrOnkav yia 72
wpeg oe ovvlrKeg amovoiag opov, ot eWOKA NAAOTIKA MATd 96 onOV, 0t 3 OLAPOPETIKEG OVYKEVIPDOELG
(2.500, 5.000 xat 10.000 xottapa (B) Ta ZR-75-1 xdtrapa kalAepynbnkav yia 72 opeg oe ovvOrkeg
arovotag opov, oe eWOIKA NAAOTIKA mdta 96 onav, o 3 dragopetikég ovykevipmoelg (2.500, 5.000 kat
10.000 xotrapa). (C) Ta MDA-MB-231 xbttapa xkaiepynOnkav yia 72 opeg oe ouvOnKeg arrovoiag opov,
og e1KA NA\AoTIKA matd 96 onwv, oe 3 dlagpopetikeg ovykevipmoetg (2.500, 5.000 xat 10.000 kottapa). O
TEAKOG aplfpodg TOV KOTTAP®V oL elyav MOAAn\aotaotel mpoodtopiotnke pe pétpnorn eoplopod amod
1o CyQUANT assay kit (Molecular Probes). Ta amotedéopata avamaplotobv To péco O0po TPV
SlaPOPETIK®Y MEPAPATROV, TIOL €00V Mpayparonowdet pe 1) xprorn TpuAetov. To TomMKO oPaApa Tov

P€oov OpoL amelKoviCetal oTo ypa@njd.
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3.1.3. BeAtiwotomoinon doxipaociag npookOAAnong ywa tig xotrapikeg oepég MCE-7
Kat ZR-75-1

Baowr) texvikr) mov xprowpornoudnke ot COYKEKPIPEVT] PeAéTT), NTav 1) SoKijy)
IIPOOKOANNO1G 08 DIIOOTPMHA WVOVEKTIVNG. Ze apyikd mepapata tg peketng, ta MCFE-7
(Ewova 3), ta ZR-75-1 (Ewova 4) xat ta MDA-MB-231 (Ewova 5) kapkivikd kottapa
Tov paotov, vrnoPAnOnkav oe doxipr) IPOookOAAnong ya va emiexbet o xkataAAnAog
XPOVOg MPOOKOAANONG KAt 0 KAatdAAnAog aptdpog xottdpwv. Ztig ekoveg 3, 4 A £xet
deryBet 0TL 0 KATANANAOG APOPOG KOTTAPMV Yia T PEAETT) TG IPOOKOAANong etvat 6.000
kottapa/ omr yia ta MCF-7 xat ta ZR-75-1. Zmyv ewova 5 A emAéxOnke yia ta MDA-
MB-231 apipog ioog pe 3.500 xotrapa/ omr). Onwg @aivetat otig eikoveg 3, 4 B xatomy
dokij1)g IPOOKOAANONG Yid TNV €MAOYI) TOL XPOVOL MPOCKOAANONG yid Kabe KOTTAPIKI)
oelpd, exet ermeyet xpovog 1 wpa mpookoAAnong yua ta kottapa MCF-7 xat ta ZR-75-1,
eve yia ta MDA-MB-231 katdA\nAog xpovog mpookoAnong em\exOnkav ta 30 Aermta
(Ewova 5 B).
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Ewova 3: BeAtiotomnoinor) dokipaotiag mpookoAnong. Ta MCF-7 kottapa kalhepyrOnkav yia 48 wpeg oe
ovvinkeg amovotiag opov. (A) Katomyv otpmbnkav oe edwd nmhaotika mdara 96 onev, otd omnoia eixe
torrofetnOet vridoTpepa wvovektivng yia 30 Aerrtd oe 3 Sragpopetikég ovykevrpmoetg (3.000, 6.000 xat 9.000
kbvttapa) (B) 6.000 xottapa/omr) enoactnkav yia va mpookoAAnoov yua 0,5, 1, 1,5, 2, 3 opeg oe eldika
DAAOTIKA MATA 96 onov, e DIOOTP®HA ovekTivig. O apBpog TOV KOTTAP@V oL elyav mpookolAnOet
npoodopiotnke pe pérpnon @bopopodv amo to CyQUANT assay kit (Molecular Probes). Ta
AITOTEAEOPATA AVAIIAPLOTOLY TO HECO OPO TPLDV JAPOPETIKOV HEPARATOV, IOV £XOVV Hpaypatorotndet
He T xpron TpAéT®V. To TOmKO oQAApd TOL PECOL OPOL AIEIKOVICETAl OTO YPAPN .
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Ewova 4: BeAtiotonoinorn dokipaociag npookoAAnong. Ta ZR-75-1 kdttapa karepyr|fnkav yia 48 mpeg
oe ovvbrkeg amovoiag opov. (A) Katomyv otpembnkav oe eidikd mhaotikd mata 96 onov, ota onoida eixe
torroBetnBet vridooTP®pa wovektivng yia 30 Aerrta oe 3 Stapopetikég ovykevipmoelg (3.000, 6.000 xat 9.000
kbvttapa). (B) 6.000 xottapa/ omr) enoactmkav ywa va mpookolnfovv ywa 0,5, 1, 1,5, 2, 3 opeg oe eldika
DAAOTIKA MATd 96 onov, e DIOOTP®HA vovekTivig. O apBpog TOV KOTTAP@V oL elyav mpookolAnOet
npoodopiotnke pe pérpnon @bopopodv amo to CyQUANT assay kit (Molecular Probes). Ta
AITOTEAEOPATA AVAIIAPLOTOLY TO HECO OPO TPLHV JAPOPETIK®V HEPAUATOV, IOV £XOVV Hpaypatorotndet
He T xprion TpAét®v. To TOmKO oQAApd TOL PECOL OPOL AIEIKOVICETAL OTO YPAPN .
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Ewova 5: BeAtiotonoinon dokipaotiag mpookoAnong. Ta MDA-MB-231 xottapa xkaepynOnkav yia 48
wpeg oe ovvonkeg arovotag opov. (A) Katomyv orpmbnkav oe edwd maotikd mata 96 onev, ota onoia
etye TonofetnBetl vndoTppa vovekTivyg yia 30 Aerrtd oe 3 diagopetikeg ovykevipmoelg (2.500, 5.000 xat
10.000 xotrapa). (B) 3.500 xottapa/onr) enodotnkav yid va mpookoAAnboov yw 0,1, 0,5, 1, 2, 3 wpeg oe
el0IKA NAOTIKA mdtd 96 omev, pe vIOOTPOPA vovekTivig. O aplfpdg Tov KOTIapaVv oL eliyav
pookoAnOet mpoodiopiotnke pe pétprorn elopopov amo to CyQUANT assay kit (Molecular Probes).
Ta amotedéopatra avamapotodov To PECO OPO TPOV  OLAPOPETIKOV MEPAPAT®DV, IIOD EXOLV
npaypartonou)Oet e ) xP1on IPUNETOV. To TOMKO OQPAApa TOL HECOL OPOL ATIEKOVIETAL OTO YPAPIHd.

3.1.4. Enidpaor toov p53 otnv mpooKOAAN01 KAPKIVIK®OV KOTTAP®V TOV PHACTOD Kat
otnv ék@paon tov IGF-IR

O p53, YyVv®OTOg OYKOKATAOTAATIKOG IIAPAyovTdag, eivat Koplog pubptotg tov

KOTTapkov noAManhaotaopod (Rosianu and Tudose, 1998). Aedopéva malaiotepov
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pedetav, exoov Oeilet ovoyxetion petalop tov pd3 xat tov IGF-IR, oty avdmrtodn
KAPKIVIK®V KDTTAP®DV, HEO® TG yovidlakr)g pvOptong tov IGF-IR amno tov p53 (Werner
et al., 1996; Prisco et al., 1997; Werner and Maor, 2006).

Me Baon ta dedopéva avtd, diepevvr|onke n mbavr) pvOpton tov IGF-IR ano tov
P53, xabag xat o mbavog pohog tov p53 oty npookoAnorn twv MCF-7 kapxivikov
KOTTAP®V Tov paotov. H pelétn g emidpaong tov p53 oty éxgpaor tov IGF-IR éyive
pe ) xprjon edwov siRNA, yta 1o yovidio tov p53, mov deiybnke ot pewwvet, 1000 TV
napaymyn too mRNA, 6co kat g npwteivng (p<0,01) (Ewova 6 A, B, C). Zoppova pe
TA AMIOTEAEOpATA TG IApovoag peAétng, o p53 dev tpomonotet v ékppaon tov IGF-IR,
kabwg 1) pelwor tov pd3, dev npoxalet alkayeg oty éxkgpaor tov IGF-IR (Ewova 6 D,
E). Axopa, i) peiwon g éxkppaong tov pd3 Oev emnpeddet TNV IPOCKOANNTIKT] IKAVOTHTA

twv MCF-7 xottdpwv, oe vnootpopa wvovektivng (Ewkova 6 F).
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Ewova 6: O polog tov p53 ot v IPOOKOAAN O] KAPKIVIKOV KDTIAP®OV TOL HAOTOD KAl OTNV EKQPAOT TO
IGF-IR. Ta MCF-7 xottapa StapoAovOnkav pe pukpég eldikeg yua 1o pd3 arinovyieg mapepPoirig RNA
(short interfering RNA- siRNA) (sip53), apvntkég alAnlovyieg napepBoArg RNA (siscramble- siScr)
xpnowponoufnkav @g apvntiko Setypa eAéyyov (negative control). Ta xottapa kalepynOnkav yua 48
®peg oe ovvOnkeg armovoiag opov. (A) AVIUIPOOKIIEDTIKI] AIEIKOVION TOL HPOTLIOL (MVOONG TG
npoteivng p53 (53kDa). (B) Ot npateivikég {owveg tov p53 moootikomowjdnkav e Pfaon Ty moKvotta
TOLG, AVAALONKAV Kal KAVOVIKOIOU)OnKav fe 1) XPHol aKTivig Og IP®TEIVIKO delKTr) HooOTTaS TV
dertyparav. (C) H pekét g éxgpaorg tov p53 oe eminedo mRNA npaypatormou|fnke pe 1) xprjon Tov
real time PCR. (D) Ta xottapa xkaA\epynOnkav yua 48 opeg oe ovvirkeg anovoiag opov kat ta emineda
éxkppaong tov IGF-IR (95kDa) peAetiBnkav pe avocoanotvneoon kata Western. (E) Ot mpoteivikég (oveg
tov IGF-IR nocotikonou)fnkav pe Pdon v mokvotnta toug, avaiddnkav Kat Kavovikonouw nkav pe )
XPHon aKTtivi)g Og MP@TelVIKO Oeiktr moootntag tov detypdatav. (F) Ta xdttapa xkalepynOnkav yia 48
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®peg oe oLVONKeG ATOLOiag 0pol, CLAAEXONKAV KAl ENOACTIKAV yid IPOoKONnon yia 1 opa oe eldKd
DAAOTIKA MATa 96 onayv, pe vrooTpOpd wovektivig O aplfpog tov KuTtdapev 1oL eiyav mpookoAnOet
npoodloplotke pe pérpnon @bopropod amo 1o CyQUANT assay kit (Molecular Probes). Ta
AIIOTEAEOPATA AVAIIAPLOTODY TO HECO OPO TPLHV JAPOPETIKOV MHEPANRATOV, IOV £XOVV Ipaypatorotndet
pe ) xprion tpuAétev. To TomKo opaApa Tov pPEoov OPoL AmelKoVifeTal OTo ypd@nud.

3.2. MEPOX B: O IGF-IR QX KYPIO XHMEIO XYNANTHXHX TQN
SHMATOAOTIKQN MONOITATICN TOQN IGF-I/JEGF KAI THX E2,
XTHN ITPOXKOAAHXZH KAPKINIKQN KYTTAPQN TOY MAXTOY

3.2.1. H IGF-I/EGF xat E2- eaptopevy) npookOANN01 0 DIIOCTPOHA LVOVEKTIVIG
poBpiletar ano tov IGF-IR

AapPavovtag o’ oywv 10 podo tewv IGF-I, EGF  xat tov onpatodotikov
povoratiov tov IGF-IR, omv nmaboBroloyia tov kapkivov Tov paoctov, eCetaotnke 1
KAVOTTA TOV IAPAYOVI®V aLT®OV OTn pLOHIonN g KOTTAPIKIG IPOOKOAANONG TO00
twv MCF-7 xottdpmv, 0co kat tov ZR-75-1 (Ewova 7). H xprion thg Sokijrg KOTTAPIKIG
11pookOAnong £de1e (Ewk. 7 A xat B) o1t o IGF-I xat o EGF avdnoav onpavtika tmv
IIPOOKOAANO1] 0¢ LIOOTP®HA VOVEKTIvNg Kat otig 2 Kottapikég oelpeg (p<0,01 xat
p<0,001 avtiotoya). Xpnowponowwvtag tov AG1024, edkd avaotoléa yua Tov
vrnodoyea IGF-IR, tooo n evdoyevrig mpookoAn Tk wavotnta (p<0,05), oo xat n IGF-
I/EGEF- e€aptopevn mpookoAAnon ota MCF-7 xbttapa, pewwdnkav onpavtkd (p<0,01,
p<0,001). Opoiwg, ota xdttapa ZR-75-1, mapatnpndnke emiong, ott n IGF-I xat EGF-
EIayopevr] TPOOKOAANON, pewwverar mapovoia too AG1024 (p<0,01, p<0,001
avtiotowya).

Ta mapovta &edopeva Oetyvoov o1t o IGF-I xat o EGF tpomomotovv tnv
npookoAnTikI) wavotta v MCF-7 kat tov ZR-75-1 xoTtdpav, HEcm TOL KATAvT)
onpatodotikov povorartiod tov IGF-IR, mpoteivovtag étoy, v dmapln g
aMnAemoépaong TV HOPLWIKAV HNXAVIOP®V dpdong T®v mapayoviev aovtev. O

AG1024 eivatl avaotoleag, pe TOAD YApnAI wWavotnta Ipoodeong oe aANovg bIIodoyelg
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g WOOLAlvHg (onwg o IR) €rot o mapatnpovpeveg dPAoelg elvatl €OKEG yld TOV
vriodoyxea IGF-IR (Parrizas et al., 1997).

Me Baon ovpnAnpopatika Oedopéva Tng PEAETNG, O MEPAPATA  EAEYXOL
emPeParndnke ott 0 AG1024 eprodidet v evepyornoinon tov IGF-IR (ZopmAnpopatikr)
ewova 1). Akopa, ta Helpdapata tng IPOOKOAANONG £XOLV Yivel emiong Kat 24 wpeg, peta
NV Ipootnkn T®V Napayovieov pe ta idia anotedéopata (ZOPIANP@OPATIKY) ekova 1).
Emu\eov, éxet xprnowpomnowmet o AG1438, avaotoléag tov vmodoyxéa EGFR kat mapolo
nov Oev mapatnpndnke Opaon otv IGF-I- enayopevn nmpookoAAnorn), napatnprjonke
pelworn g Opaong g E2 otnv npookoAnon (p<0,01) (ZopmAnpopatiki) ewkova 2).

ITalawotepeg peleteg  éxoov  deilet v vmapln alnlemidpaong Twv
onpatodotkaVv povoratiev tev napayoviov IGF-I/EGF kat g oppovng E2 ota MCF-
7 xottapa (Masiakowski et al.,, 1982). Aappdavovtag om'oytv, TG YEVOHUIKEG Kdl
MPWTEIVIKEG opolotnteg, 1oL epgavifoov ta MCF-7 xdttapa, pe Tovg IPOTOYEVELG
KAPKLVIKODG OYKODG, EMAEXONKAV MG £VA AVIUIPOOMIIEDTIKO HOVTENO Y1d T HEAETH] TOD
OPHOVO-eSAPT®HEVOD KAPKivoy Tov paotov (Masiakowski et al., 1982; Neve et al., 2006).
2V napovod PEAETN, 1] OLOTPAOIOA Qaitvetdal va aviavel CHPAVTIIKA TV IPOCKOAAN 0N
1owv MCF-7 xottapwv, oto vnootpeopda tng vovektivng (p<0,01). EmmAéov, nj ooppetoxr)
tov IGF-IR @aivetatr va eivatr anapatmtn ya tv E2- emayopevn Kottapii)
IIPOOKONNO1), onwg amodewkvoetat amo 1 xpnon too IGF-IR avaoctoAéa (p<0,001)

(Ewxova 7 C).
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Ewova 7: O pohog tov IGF-IR oty IGF-I/EGF, E2- enayopevn npookOAANon KApKIviKeOV KOTTAP®V TOL
paotoo. (A) Zta MCF-7 xottapa yxopnynOnke IGF-I (10ng/ml), EGF (5ng/ml), AG1024 (avaoctoAéag tov
IGF-IR) (1pM) ya 48 mpeg, cuMEXOnKav Kat otpmBnKav ek véoo yid MPookoAAnon ya 1 wpa, oe edwa
mA\aotikd mata 96 omnov, pe ovnootpopa wovektivng. (B) Zta ZR-75-1 xottapa yopnyrfnke IGF-1
(10ng/ml), EGF (5ng/ml), AG1024 (avaotohéag tov IGF-IR) (1pM) yua 48 wopeg, ovMéxOnkav xai
otpobnkav ek véoo yia mpookoAnon yua 1 opa, oe eldikd DAAoTKA mata 96 on®v, pe LIIOOTP DU
wovektivng. (C) Zta MCF-7 xottapa yopnyriOnke E2 (10nM) xat AG1024 (avaotohéag tov IGF-IR) (1xM)
Kal oovOvaopog toug yia 48 wpeg, ovAAExOnKav xat orpmbnkav ek véoo yia mpookoAnon yua 1 opa, oe
el0KA NAAOTIKA mdtd 96 omev, pe vIOOTPOPA tvovektivig. O apBpog tov KoTtdpev Mmov eiyav
pookoAnOet mpoodiopiotnke pe pétprorn elopopov amd to CyQUANT assay kit (Molecular Probes).
Ta amotedéopatra avamapotoov To PECO OPO TPOV  OLAPOPETIKOV MEWPAPAT®DV, IIOD  EXOLV
npayparonowdet e ) xprjon TPuAETov. To TOMKO OPAARA TOL PHECOL OPOL AIEIKOVICETAL OTO YPAPIHCL
Ztatotika) onpaoia: *p<0,05, *p<0,01, ***p<0,001.
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3.22. Ta eA\umn oe IGF-IR xottapa dev amoxkpivovtatr otnv IGF-I/EGF xat E2
ENAaywWY1) T1g IPOOKONANong

ITpoxkewpévoo va diepevvnbet oe Pabog o porog tov IGF-IR oty mpookoAAnon
tov MCF-7 xottapav yxpnowpornoudnke siRNA edwo ywa to yovidio tov IGF-IR. H
dapolovon twv MCF-7 xottapev pe silGF-IR eiye wg amoté\eopa pia tKavomou) Tk
pelwon g éxgppaong tov IGF-IR (tng tadng tov 55%), oe emimedo mRNA xat oe
npeteiviko erninedo (Ewova 8 A, B, C). H peiwon otv éxkgpaon tov IGF-IR oovodebnke
arod evOoyevi] Hel®on TG MPOOKOAANONG T®V KOTTAP®V O LIOOTPOHA VOVEKTIVIG
(p<0,05) (Ewova 8 D, E, F). Emuihéov, 1 IGF-I/EGF xat E2- enayopevr mpookoAAnon,
pewwbnke onpavtika oe xkottapa eAN\u) oe IGF-IR (p<0,001, p<0,05, p<0,01, avtiotoiya).
Ta napovta dedopéva vrodeikvooov o1t o IGF-IR etvat onpeio ovvavinong ya

dpdaon tov avinrikewv napayovtev IGF-I, EGF kat g oppovng E2.
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Ewova 8: O porog tov IGF-IR oty IGF-1/EGF, E2- emayopev mpookoAAnorn KAPKIVIK®OV KOTTAP®V TOD
paotoov. Ta MCE-7 xbttapa Stapolovinkav pe pikpeg e1dikeg, yia tov IGF-IR, ahAnlovyieg mapepPolrg
RNA (short interfering RNA- siRNA) (silGF-IR), apvntikég alnlovyieg napepfoirig RNA (siscramble-
siScr) xpnowponou)dnkav g apvntiko deiypa ehéyxov (negative control). Ta xotrapa xaiiepynOnkav
yia 48 opeg oe ovvOrKeg amovoiag opov. (A) AVIUIPOCKOIEDTIKI| AIIEIKOVIOI TOD IPOTBIOL {HVKOONG T1)g
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npoteivng IGF-IR (95kDa). (B) Ot mpeteivikég (wveg tov IGF-IR moocotikonouw|Onkav pe Pdon v
IOKVOTNTA TOVLG, AavalvBnKav kdt Kavovikomowdnkav pe Tt Xpnon aktivig ©¢ MPOTEVIKO Oeiktn
noootntag v detypdatev. (C) H pedétn mg exppaong tov pb3 oe emimedo mRNA npaypatornow|0nke pe
) xprjon tov real time PCR. 24 opeg petd ) dtapolovor tov MCF-7 kottdapwv pe ) xprion siRNA yia
tov IGF-IR xopnynonke IGF-I (10ng/ml) (D), EGF (5ng/ml) (E) xat E2(10nM) (F) ywa 48 wpeg,
ovMexOnkav xat otpmOnkav ex véov yia mpookOAAnon yia 1 opa, oe eldikd mAaotikd mata 96 onwv, pe
VIOOTPGONA VOVeKTivig. Ta amoteAéopata avaraplotody 10 HECO OPO TPLOV SIAPOPETIKOV HELPAUITOV,
oo éyovv mpaypatonowdet pe ) xprion TpuAétov. To TomKko opdApa Tov péoov Opov arekoviletat
oTo ypagnpa. Ztatiotiki) onpaoia: *p<0,05, *p<0,01, ***p<0,001.

3.2.3. H emidpaon tov IGF-I, EGF xat E2 otnv ¢ék@paorn too IGF-IR

Ze mepdpata eleyxov, aA\d KAl Og OLpPGOVia pe Iponyovpeveg peAEteg
(Guvakova and Surmacz, 1997; Zhang et al., 2011) exet 6erxBet 0Tt Ta MCF-7 xdttapa
napovotaloov vynAa enineda éxpaong tov IGF-IR (Ewova 9 A, B) xat o IGF-I enayet
TNV POOPOPLALMON TOL LIIOJOXEA TOL Otd KaTdlourda Topooivng 1165/1166 (p<0,01). O
EGF xat n E2 avSavoov myv éxgpaorn tov IGF-IR, to00 oe eminmedo mRNA (p<0,01,
p<0,05), 600 xat oe mpwtelviko eminedo (p<0,05) (Ewova 9 C, D, E). Evtovtotg, 1000 10
Real-time PCR, 6co xat to western blot, ¢deifav ot 1 éxgpaon tov EGFR dev

ennpealetat amno toog IGF-I, EGF kat E2 (ZopnAnpopatikn) ewova 3).
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Ewova 9: Enidpaon IGF-I/EGF xat E2 otnv exgpaon tov IGF-IR. (A) Zta MCEF-7 xottapa yopnynonke
IGF-I (10ng/ml), yua 48 wpeg. [Tapovoiddetal aviUIpOO®IIEDTIKY] AIIEIKOVIOT] TOV IPOTLIIOD {HVOOIG TI|g
npateivng IGF-IR (95kDa) xat p-IGF-IR (95kDa). (B) Ot npwteivikég (wveg too IGF-IR kxat tov p-IGF-IR
noootikoromdnkav pe Pdon ty MoKvOTTa Tovg, avaibOnkav kat Kavovikormow|Onkav pe T xpron
aKTIVIIG ®©¢ TP®TEVIKO deiktr moootntag tov deypatav. (C) XZta MCF-7 xottapa xopnynonke EGF
(5ng/ml), E2 (10nM) ya 48 opeg. [Tapovoiddetal avIuipoo®IIELTIKI] AIIEKOVIOL] TOV IIPOTOIIOL {®VMONG
¢ npateivng IGF-IR (95kDa). (D) Ot npwteivikeg (oveg tovo IGF-IR moootwomnow|0nkav pe Pdaorn myv
IIDKVOTITA TOLG, AVAADONKAV KAl KAVOVIKOIIOUOnKav pe T1) XPLon aKTivig o¢ IMPOTEIVIKO Oeiktn
nooottag 1oV Oetypdatev. (E) IIpoodiopifovial ta emimeda mRNA éx@paong tov IGF-IR, xatomvy
xoprynong IGF-I, EGF, E2, pe ) xprjon Real-time PCR. Ta amoteAéopara avaraplotody to péco 0po
TPV JAPOPETIK®V MEPARATROV, IIOD £x0ovV IpaypatomnoOet pe 11 xprjon tpuiétov. To Tomko opaipa
TOD PECOL OPOL ATIEIKOVICETAL OTO YPAPN . ZTATIOTIKY) onpaocta: *p<0,05, **p<0,01, ***p<0,001.
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3.24. O Erkl/2 eivat o x0plog evOokvTTapikog drapecolafntng t@v Opdoewv TV
IGF-I/EGF xat E2 otnv kottapiki) npookoAnon kat otnv eék@paor tov IGF-IR
ota MCF-7 xottapa
H IGF-I- enayopevn evepyomnoinon tov IGF-IR pmopet va evepyomou)oet

eVOOKDTTAPIOLG  ONUATOOOTIKODG  PIYAVIOROLS,  COPHEPINAPPAVOHEVOV — TOV
Ras/Raf/Erk, moo ooppetéxoov otnv avamtodl ToV KAPKIVIK®OV KOTTAPOV TOL PAOTOD
(Baserga et al., 1997). Ztnv napovoa peAéty), KAt 08 COPPMOVIA PE ITANAOTEPES HEAETES, O
IGF-I xat o EGF avfavoov v evepyonoinor tov Erkl/2 (p<0,05, p<0,01, avtiotoiya)
(Ewova 10 A, B, C, D). Zoppova pe ta AHOTEAEOHATA THG IAPOLOAG EPELVAS, 1)
evepyorioinon aoty eSaptatat amno tov IGF-IR, xabwg 1 avaotolry tov IGF-IR
onpatodotikov povoratiov, pewwvet v IGF-I, EGF - enayopevn evepyoroinon too
Erkl/2 (p<0,01) (Ewxova 10 A, B, C, D). Axopa, i E2- enayopevr evepyomoinon tov
Erkl/2 pewwvetat ano v avaotoAr) tov IGF-IR (p<0,05) (Ewova 10 E, F).
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Ewova 10: Enidpaon tov IGF-IR omyv evepyomnoinon tov Erkl/2. (A) Zta MCF-7 xottapa xopnynonke
IGF-I (10ng/ml), AG1024 (avaotoréag tov IGF-IR) (1pM) xat ovvOvaopog tovg yia 48 dpeg.
IMapovoiadetal avTuIpOOMIELTIKI] AIEIKOVION TOL IPOTLIIOL (OV®OonG TG pwteivng Erkl/2 (42/44kDa)
kat p-Erkl/2 (42/44kDa). (B) Ot mpwteivikég (oveg tov Erkl/2 kat tov p-Erkl/2 nmocotwkonowfnkav pe
Bdon Vv mokvotta Tovg, avalbOnkav Kai KavovikonouwjBnkav pe T XPHorn dKTiviig ®¢ IP®TEIVIKO
Oeixtn) mooottag tov detypdtwv. (C) Zra MCF-7 xvttapa yopnynonke EGF (5ng/ml), AG1024
(avaotoréag Tov IGF-IR) (1pM) xat ovvdvaopog tovg yia 48 wpeg. Iapovoraletal aviuIpOOMIIELTIK)
AIEKOV1oT] TOL HIpoTbIov (Hveorg g npeteivng Erkl/2 (42/44kDa) ko p-Erkl/2 (42/44kDa). (D) Ot
npateivikeg (wveg tov Erkl/2 xat too p-Erkl/2 moootwonouibnkav pe Pdaorn v mokvottd Tovg,
ava\vOnkav xat xavovikomou)dnkav pe T XPHon axtivig ¢ IPOTEVIKO Oeikt HocoTTdg TV
derypatav. (E) Zra MCF-7 xottapa xopnyronke E2 (10nM), AG1024 (avaoctoiéag tov IGF-IR) (1nM) xat
oLVOLACHOG Tovg Yia 48 wpeg. [Tapovotdletal AVIUIPOOMIIEDTIKI] AIEIKOVIOL] TOL HPOTLIIOD {HV®ONG TG
npoteivng Erkl/2 (42/44kDa) ko p-Erk1/2 (42/44kDa). (F) Ot npoteivikég {oveg tov Erkl/2 xat tov p-
Erkl/2 noocotikomowfnkav pe Pdon v mokvotnta tovg, avaivdnkav kat kavovikornouw)fnkav pe )
XP101)] AKTIVIG G IPAOTEIVIKO OelKTr) Moot Tag TV Oetypdtev. Ta amoteAéopata avarapiotody To HEco
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OpO TPV OWIPOPETIKOV MEPAPATHOV, IOV éyovv mpaypatonoudel pe ) xpron TpuAétev. To Tomko
O@AApA TOL J1€00L OPOL ATIEKOVIETAl OTO YpaPnpd. Ztatiotiky) onpaoia: *p<0,05, **p<0,01, ***p<0,001.

Ta 6edopeva avtda odrjynoav 1 peAétn) ot Otepedvnon TG mbaviig COPHETOXNS
tov Erkl/2 otwyv IGF-I/EGF- e€aptopevn) mpooKOAANOn TV KAPKIVIKOV KOTTAP®V TOL
paotov. Onwg atvetat oty ewova 11 A, n xprjon avaotoléa yua v evOoKuTtapla
onpatodotikn) npwteivn Erkl/2 peiwoe onpavtikd, tooo v IGF-I (p<0,01), 600 xat tv
EGF (p=0,05) - e€aptopevn npookoAAnorn). Ta napovta amnoteAéopata npoteivoov Ot 1
IGF-I, EGF- eSaptopevny pobpion g KOTTApikng HPOOKOAnong Otapecolafeitat
evdokvttapia amnod tov Erkl/2. Emnuipoofeta, n avaotolry too Erkl/2 obnyet otv
pelwon tng E2- eSaptopevng mpookoAnong twv MCE-7 xottapev (Ewova 11 B)
(p=<0,001).

Emum\éov nepapata, €deiav ot n IGF-I- eSaptaopevn evepyomnoinorn tov PI-3K
eVOOKDTTAPLOL ONPATOOOTIKOD HOVOIIATIOD OLHMETEXEL, EMIONG, OTNV ENAy®Yl] NG
KOTTApPKg 1pookoAMnong tov MCF-7 xottapev (Ewova 11 C, D, E). H xpnon
avaotoléa tov PI-3K (LY294002), peiwoe 1000 1) Opaor) tov IGF-I (p<0,05), 600 xat
dpaon tng E2 (p<0,01) otV mpookoAAntikr) wkavotnta tov kottdpav (Ewkova 11 G, E).
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Ewova 11: PbOpion) g kottapikig mpookoAnong tov MCF-7 xottapov amo Erkl/2 xat Pl-3kinase. (A)
Zta MCF-7 xottapa xopnyronke IGF-I (10ng/ml), EGF (5ng/ml), Erkl/2 inhibitor (5pM) xat
ovvdoaopog toog yia 48 mpeg, oLANEYONKav kat otpabnkav ek veéoo yia mpookOAAnon yia 1 wpa, oe
el0Kd nmhaotika mata 96 onov, pe vrootpepa vovektivng. (B) Zta MCF-7 xbttapa yopnynonke E2
(10nM), Erk1/2 inhibitor (5pM) xat ocovovaopog tovg yia 48 mpeg, oLAAEXONKav Kat oTp®OnKav ek véoo
yia mpookoMAnon ywa 1 epa, os edikd mAaotikda mdara 96 onwv, pe vnootpepd wvovektivng. (C) Zta
MCE-7 xbttapa xopnynonke IGF-I (10ng/ml), LY294002 (avaotoléag tov PI-3kinase) (10pM) xat
OoLVOLAOHOG Tovg Yy 48 wpeg, oLAAEXONKav Kat oTpebnxav ek véov yia mpookoAnon ywa 1 epa, oe
el0Kd DAaoTika matd 96 onwyv, pe vnootpopa wovektivng. (D) Zta MCF-7 xottapa xopnynonke EGF
(5ng/ml), LY294002 (avaotoléag tov PI-3kinase) (10pM) xat oovdoaojiog Tovg yia 48 mpeg, culMeéxOnkav
Kal oTp@OdnKav ek véoo yia mpookoAnon ya 1 opa, oe eldikd TAaoTKd mdata 96 onev, jie DIOCTPOPA
wovektivng. (E) Zta MCF-7 xottapa yopnynonke E2 (10nM), LY294002 (avactoléag tov PI-3kinase)
(10pM) xat oovovaopog Tovg yia 48 wpeg, oLAAEXONKaV Katl oTpMOnKav ek véov yia mpookoAnon yua 1
®Pa, 0g e0KA TAAOTIKA MAtd 96 on®v, pe DIIOOTPAOUA VOVEKTIvIG. O apBpog TV KOTIAP®V IIoL eiyav
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npookoAnOet mpoodiopiotnke pe pétprorn elopopov amd to CyQUANT assay kit (Molecular Probes).
Ta amotedéopata avamapotoov TO PECO OPO TPOV  OLAPOPETIKOV TMEWPAPAT®DV, IIOD  EXOLV
npayparonowdet pie ) xprjon TPUIAETOV. To TOmMKO OQAApA TOD PECOL OPOL AIEIKOVICETAL OTO YPAPI AL
Zratotikn) onpaoia: *p<0,05, *p<0,01, ***p<0,001.

Eivat yvwoto ot n IGF-I enayopevn evepyomnoinon too MAPK povomatiod
(Chung et al., 1991), pnopet va copPdalet onpavtika ot dadikaota tng eSENENG TV
KAPKIWVIK®V OYK®V (Ruderman, 1993). Me Pdon ta dedopeva avtd, ot ovvexeld,
depevvr|Onke n mObavr) dnapdn evog pnyxaviopoov pvoptong petadd tov Erkl/2, katdavtn
evdokvtTaplov Otapecolafnty tov IGF-I enayopevov onpatodotikod povornatiov, Kat
g Ekppaong/ evepyormoinong tov vrodoxéa tov, IGF-IR. I'a ) ovykekpipévn pelét,
avaykaia ntav i xprjon avaotohéa tov Erkl/2. ITpdyparty, 1 Siepevvnon avtr) anedwoe
polo- xhewdi otov Erkl/2 yia wmyv ex@paorn/evepyonoinon tov IGF-IR, xabwg n
avaotolr] Tov Erkl/2 peiwoe onpavtika v ék@paorn kat v evepyornoinorn tov IGF-IR
(p<0,001) (Ewova 12 A, B, C).

(A) (B)
pIGF-IRD - - TS
.~ 0,6
= 2
iGF-Re-[ I L _95kDa 8
— . ) %g 03
Actinp a—ABkDa 8,13
£

Control  Erk inh

Control ' Erk inh

Arbitary units

Control Erk inh

Ewova 12: O pohog too Erkl/2 omyv ékgpaon) kat my evepyomoinor) tov IGF-IR. (A) Zta MCF-7 xdttapa
xopnynonxe Erkl/2 inhibitor (5pM) yia 48 opeg. Ilapovotdletal aviUIPOO®IIEDTIKY] AIEKOVIOL] TOD
npotbdnov (wveong g npateivng IGF-IR (95kDa) kat p-IGF-IR (95kDa). (B) Ot npoteivikég {wveg tov
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IGF-IR xat tov p-IGF-IR mocotwomou)fnxkav pe Bdon v HmOKvOT)Tad TOLG, avaldOnkav xat
Kavovikonou)Onkav pe ) Xprion axtivng mg Ip@Teiviko deiktn moodtntag tov detypatav. (C) Zta MCE-7
koOTtapa yopnynonke Erkl/2 inhibitor (5pM) yia 48 peg xat ta enineda mRNA ékgpaong tov IGF-IR
npoodloplotmkav pe ) xprion Real-time PCR. Ta amotedéopata avamaplotovy 10 [ECO Opo TPV
SlapopeTK®V MEPAPATOV, ITOL £X0oVV Ipaypatonowdet pe ) xprjon TpuNétov. To Tomko odApa too
P€oov Opov arelkovifetal 0To ypd@npa. Ztatiotiky) onpaoctia: *p<0,05, *p<0,01, **p<0,001.

3.2.5. H emidépaon v IGF-I/ EGF otnv opyavwor too kottapookeletod twv MCFE-7
Kottapwv egaprartat ano tov Erk1/2

O @avoTLrIog TOV KAPKIVIKGOV KOTTAP®V, Pacifetal Katd eva peyalo HEPOS,
otV avadlopydv®or)] OTOLXEI®V TOV KOTTAPOOKEAETOV KAt OLOXeTICeTal pe TV avamtody)
TOV KOTTAP®V, TV AIOTEAEOUATIKI] IIPOOKOANOI] KAl PETAVAOTELON TODG, OdNYDVTAG
0¢ AIIOTEAEOPATIKI] OLAOIIOPd TOV KOTTAP®V KAl HETAOTAON T®V KAPKIVIK®OV OYKDV
(Geiger and Yamada, 2011). Ztnv napovoa peletn, eSetdotnke 1) mbavi) ooppetoxn) 1oV
IGF-I/EGF otV opydvmor tg axtivig, 0o KAPKIVIKA KOTtapd Tov paoctov. [a v
aviyvevon tov widlev g aktivng (F-axtivn) xpnowonouwdnke xpoon @atzioidivng,
oovdedepévn pe podapivry. Zta kottapa mnov eiyav enwaotel pe tovg IGF-I xat EGF
napatnpendnke onpavtikr] avdnon otov HOADHEPIOPO NG AKTivhg (IIPACIVO YP®H)
(Ewova 13 C, E). Enurh\éov, n xprjorn 0LVECTIAKOD PIKPOOKOMIIOD KATEQEISE TV ENAYMYI)
evog MPOOKOANNTKOL @awvotoriov, amo toog IGF-I xat EGF, pe twm Onplovpyia
KOTTAPONMAAOPATIKOV dAno@udd®v Iov oynpatioviat amd ta widla TG axtivng
(Ewova 13 C, E). Onwg napatnpeitat xat oty ewova 13, ta xotrapa eAeyxov (xopig
napovoia  avNTKOV — HAPaAyovI®V) IAPovolalovy  ep@avmg  AlyoTepo  KAAd
opyavepéva widwa axtivng (Ewova 13 A). ASioonpeioto eivat ot 1 avaotoAr) tov
Erk1/2 otapata myv IGF-I xat mv EGF enayopevn avadiopydveon tov wvidiov g

axTivng.
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Control Erk inh

IGF-I Erk inh +IGF-I

EGF Erk inh + EGF

Ewova 13: O porog tov Erkl/2 omv opyaveon g axtivne Zta MCFE-7 kdttapa yopnyrOnke IGF-I
(10ng/ml), EGF (5ng/ml), Erkl/2 inhibitor (5pM) kat cvvovaopog tovg yua 48 wpesc. Ta xotrapa
KaMiepynOnkav oe yodAiveg kalomtpideg, povipornouw)Onkayv, éytvav Swamepatd otd avIloOHatd Kt
ToLg &yve mpoobnkn @alioidivng ywa va napatpnbovv ta widwa g aktivng (mpaowvo xpopa). Ot
noprjveg onpaivovtat pe ) xpron TO-PRO-3. Ta onpata amd tm ¢@alioidivn kat to TO-PRO-3
aMnAemka\veOnkav. Ta Odeiypata napatpndnkav kat avaiovdnkav pe T XPron OLVECTLAKOD
HIKPOOKOIILOD KAl Ol £1KOVeEG eAfjpOnoav xprotponowmvag peyédovor x 40.
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3.2.6. O IGF-I1 xat o EGF enayoov aoinon tng mnpookoAnong tov MCE-7
KAPKIVIK@V KOTTAP®V TOL PAOTOV, IOV €SAPTATAL AII0 TNV HAPOLOid KAl TNV
EVEPYOIIOiN 01 TN G KIVAOTG TG €0TLAKIG IPOooKOAANong (FAK)

H xwaon g eotwaxng mpookoAnong (FAK ) etvat pla xottapon\acpatir)
MNPWTELVY), He €VePYOTNTA KIVAONG THG TOPOOLVNG, TOL Tomobeteital KoOvtd OtV
DAQOPATIKY] PEPPPAvn), OTig €0Tieg MPOOKOAANONG TRV KOTTAp®V Kat Owadpapartilet
poAo xkAedl otig dradikaoieg TG IPOOKOAANONG, TNG KIVNTIKOTNTAG KAt Tng emPimong
Tov KoTtapov (Schaller et al., 1992; Weiner et al., 1993). Znpavtko eivar ot 1 FAK
etvatl kOprog StapecoAaPntrg g HOPLAKIG ONPATOOOTNONG T®V VIEYKPLVAV, IOV Elvatl
arapaitnteg ywa v otabepornoinorn Tov KoTtapookeAetoL g aktivng (Schaller et al.,
1992; Weiner et al., 1993). Ilpokeipévoo va eetaotet 1) mbavr) ooppetoxt) mg FAK otv
IGF-I/EGEF- eSaptmpevr) enaymyr) g IPooKOAANong, npaypatonou|dnke diapolovon
towv MCF-7 xottapeov, pe edwo siRNA yua myv peiwon tng exkgpaong tng FAK. To
ovykekpipevo siFAK, oxediaotnke kAt 1 epappoyr) ToV eKTEAEOTIKE COPPOVA HE TOLG
Hong et al., 2006 (Hong et al., 2006), agov deiyxOnxe ott etvat e1dwuo yia to yovidio g
FAK (Chalkiadaki et al., 2011a). Onwg @aivetat otnv ewova 14 (Ewova 14 A, B, C), n
rpoolrkn tov siFAK yia 48h, o0nynoe oe onpavtikn) peiwon g napayoyng mg FAK
(p<0,001), 1600 oe¢ emimedo mMRNA, 600 xat oe mpwteiviko eminedo. H pelwon g
ékppaong mg FAK, enegepe peiwon tng evOoyevodg MPOOKOANTIKIG KAVOTNTAG TOV
MCE-7 xottapwv (50%), ocoykpttikd pe ta Kottapda eAéyxov, ota omoia eiye yivet
drapolovon pe apvntikr) alnrovyia siRNA (siscramble) (Ewova 14 D, E, F). H IGF-],
EGF, E2- e€aptaopevn IpookOAAN o), petodnke onpavtikd ota KOTTAPd oL elvat eAAUI
oe ex@paon g FAK (p<0,001, p<0,01, p<0,001, avtiotoiya). Ta ovykekpipéva dedopéva
katéderav ot o n napovoia g FAK eivat anapaitn yia mv enayoyikr) 6pdorn tov

IGF-I, EGF xat E2 omv npookoAAnon tov MCF-7 xottapwv (Ewova 14 D, E, F).
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(A)

(B)

Integrated band
density
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G)

Ewova 14: O polog g FAK otnv mpookoAAnon 1ov KApKIVIKOV KoTtdpov tov paotov. Ta MCE-7
KOTtapa dtapoAvvOnkav pe pikpeg e1dkeg, yia ) FAK, alnAovyieg mapepfoirig RNA (short interfering
RNA- siRNA) (siFAK), apvntikég alnlovyieg mapepPolrlg RNA (siscramble- siScr) ypnowponouw)Onkav
®g apvnTko Oetypa ehéyxov (negative control). Ta xottapa kaiepynOnxav yia 48 opeg oe oovOrkeg
amovotag opov. (A) ITapovordletal avIUIPOOMIEDTIKI| AIEKOVIOL] TOL IPOTOIIOD {HVKONG TG HP®TEIVg
FAK (125kDa). (B) Ot mpoteivikég (oveg g FAK moootionou)fnkav pe fdon my Oukvotntd TOvG,
avalvbnkav Kat Kavovikormouwfnkav pe T XPron dKTivig ©¢ HP®TEVIKO Okt HoootTag eV
darypatav. (C) H pedétn g éxppaong too FAK oe eminedo mRNA npaypatornow|fnke pe t) xprjon Tov
Real-time PCR. 24 opeg petd ) dapoAvvor), ota MCE-7 xbttapa yopnyriOnke IGF-1 (10ng/ml) (D), EGF
(5ng/ml) (E) xat E2 (10nM) (F), ywua 48 opeg. Ta xottapa ooMéxOnkav xat orpobnkav ek véov yia
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1pooKdAANoN yia 1 Gpd, oe eldtkd MAAoTIKA MATa 96 omdV, e LIOOTPPA WovekTivig. O apdpog Tov
KOTTAP®V TIOD efyav mpookoAndel mpoodlopiotnke e pétpnon ploptopod amd o CyQUANT assay kit
(Molecular Probes). Ta aroTe\éOpaTa QVaIIaplotody 10 HE00 GO TPIHY SLAPOPETIKAY MEPAPATOV, TIOD
&xoov mpaypatoromPe pe ) xprion TPUéTeY. To oMK oPAAIA TOL PECOD GPOL ATEKOVIZETAL OTO
ypagna. Statiotikr) onpaoia: *p<0,05, *p<0,01, ***p<0,001.

21 ovvéxela, peletniOnke n dpaorn twv IGF-I/EGF oty evepyonoinon tg FAK
kat 11 mBavr) ooppetoxr) too Erkl/2 oe avtv. ITalaiotepeg peléteg, exoov deiel OTL N
evepyorioinon g FAK, propet va evepyorour)oet poplaxkda onpatodoTiKd HOVOIdTia
avinrikav napayoviwov (Parsons, 2003). Ztnv napovoa épevva, tooo o IGF-I, 6co xat o
EGF, enayoov mv pwopopvAimwon g FAK oto xatdahouro topooivng 397, pe otatiotika
onpavtko tpormo (p<0,001, p<0,01, avtiotorya) (Ewova 15 A, B). Emur\eov, anmodeiyOnke
ott 1 IGF-I/EGF - eaptaopevn evepyomoinon tg FAK, npaypatomnoteitat peom too
Erkl/2, evboxkvttapiov onupatodotikov popiov (Ewova 15 A, B), oe ovpgovia pe
aAalotepeg epevveg, oo £xoov Odeiert ott o Erkl/2 pmopet va poOpioet v
evepyoroinon tng FAK, oe dMa Brodoywd poviéda (Teranishi et al., 2009). Axopa, 1
xpron ewwov avaotodéa ywa v PI-3k &deife o011 11 katavin evepyoroinon Ttoo
onpatodotikov povoratiov PI-3kinase ooppetéxet ot pvbuon g evepyoroinon g
FAK ano tov IGF-I (Ewova 15 C, D). Ot wvteykpiveg kat kopiang 1) 1, éxet ammoderyOet ot
glvat o Koplog vrrodoyéag g MAACHATIKIG pepfpavng, mov oe ovvepyaoia pe v FAK,
ODPHETEXEL OTNV IIPOOKOAANOI), Of DIIOOTPOHA LVOVEKTIVIG. Xe IEPAPAtd eAEyXOD,
detyOnke o1t ot IGF-I, EGF kat E2 dev enmpedaloov ta emineda EK@paong g VIeYKPivng
Bl (ZopmAnpopatikr) ewkova 4).
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Ewova 15: O polog tov Erkl/2 oty evepyomoinor) tov FAK. (A) Zta MCF-7 xvttapa xopnynOnxe IGF-1
(10ng/ml), EGF (5ng/ml), Erk1l/2 inhibitor (5uM) xat oovdvaopog Tovg yua 48 wpeg. Ilapovowaletal
AVTUIPOOMIIEDTIKI] AIIELKOVIOT Tov Hpotomov {oveong tng npoteivig FAK kat tng p-FAK (125kDa). (B)
Ot mpoteivikég (oveg too FAK kat too p-FAK noocotwkomoufnkav pe Paon tnv mokvotnta tovg,
avalvnkav kat Kavovikormouwfnkav pe Tn XPron dKTivig ©¢ HP®TEIVIKO Ok HoootTag T®V
derypatav. (C) Zra MCF-7 xottapa xopnyrOnke IGF-1 (10ng/ml), EGF (5ng/ml), LY294002 (avactoléag
tov PI-3kinase) (10pM) xat oovdvaopog toog yia 48 opeg. ITapovotdletal aviuIpoOMIEDTIKI| AIIEIKOVIOT)
Tov npotovrov (wvwong g npeteivng FAK kat g p-FAK (125kDa). (D) Ot npateivikég {oveg too FAK
kat tov p-FAK noootwonou)fnkav pe Bdon v mokvotntd Tovg, avalbinkav kat Kavovikomnou)onkav
L€ T XP1)OI] AKTIVIG OG MPROTEIVIKO OelkTr) oooTNTAS TV Oetypdtav. Ta amoteléopata avarapiotody 1o
€00 0pO TPI®V SLAPOPETIKAOV IEWPARAT®DV, IOV £xovv Hmpayparonowudel pe 1 xpron tpuiétov. To
TUIMKO OQAAHA TOL PEOOL OPOL AIEKOVICETAl OTO ypA@npd. XTATloTiky) onpaocia: *p<0,05, **p<0,01,
***p<0,001.
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3.2.7. Xovevromopog IGF-IR xat FAK

AapPavovtag v’ oyv ta napandave dedopéva, mov Oelyvouv TV ovvepyaoia
IGF-IR xat FAK, ot poOpon tng mpookOoAAnong tov KOTIAP®V KAt T1 Oedopevn
evepyoroinon g FAK ano tov IGF-I xat ta xatavin onpatodotikd popid, oo enayet
1] EVEPYOIIOINOI] TOL ONPATOOOTIKOD TOL HOVOIATIOD, 08 OUPPMOVIA KAl pe MANOTEPEG
peAéteg (Andersson et al., 2009), peletr)Onke 1 xottapikr) tornobétnon 1@V ev AOYy®
popilav. Me ) xprjon pikpookoriag avooopbopiopon, dtamotmbnke i vbrapdn debovng
noootntag IGF-IR xat FAK, ota MCF-7 xbttapa (Ewova 16). O IGF-I enayet oov-
evtomopo tov IGF-IR kat FAK, xopiog xovta otig kotrapukég pepPpdveg tov MCF-7
kottdpwv (Ewkova 16). H avaotoAr) tov Erkl/2, mpoxkalel peiwon tng ék@paocng too

IGF-IR xat avaotolr) tov oov- evtortopov twv IGF-IR xat FAK.

IGF-IR IGF-IR + FAK Topro

IGF-I

Ewova 16: Zov-evtomopog IGF-IR xat FAK. Zta MCF-7 xottapa yopnynonke IGF-I (10ng/ml) kot
Erkl/2 inhibitor (5uM) xat covdoaopog touvg yia 48 aopeg. Ta xdttapa kalepyrfnkav oe yodAveg
kalomtpideg xkat poviporowdnkav. I'ia ) xpwon xpnowomnoufnkav ewdwkda ywa myv FAK (mpaowvo
xpopa) kat ywa tov IGF-IR (kokkivod xpopa) aviwoepata. Ot moprveg onpaivoviat pe TO-PRO-3. Ta
ofpata anod tmm FAK xat 1o TO-PRO-3 aMnplemxalvgOnkav. Ta Oetypata mapatnprdnkav xat
avalvOnkav pe m xprjor ovvesTIaKoL piKpookomiov. Ot ewoveg eArjpbnoav xprotponoioviag peyédovor)
x 40.
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3.28. XYMITIAHPQMATIKEX EIKONEX MEPOYX B

Ze nmepapara eleyyoo emPefaiwbnke 1n dpdon too AG1024 avaotoléa xat
ovyKekppeva motornou)Onke ot napepmnodietl v evepyonoinon tov IGF-IR (p<0,001)
(ZopnmAnpopatikn ewova 1). Akopa, ta meEpdpata TG IPOOKOAANONG £Xovv yivel
eriong xat 24 wpeg petd TV HNPOOONKN TRV HNAPAYOVI®V pe Td 10wa amnoteAéopatda

(ZopmAnpeopatikn) ewova 1).

(A) (B)
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Zopmnpopatikn) ewova 1: (A) AvaotoAr) too IGF-IR ano tov AG1024. AG1024 (1pM) (avaotoléag oo
IGF-IR) xopnyn0nke ota MCF-7 xdttapa, yua 48 opeg. [Tapovotaletatl aviuipoo®IIEDTIKI] AIIELKOVIOT] TOD
npotdrov  {wvwong g npateiviyg pIGF-IR (95kDa). (B) Ov mpoteivikég (wveg tov p-IGF-IR
roootikoromdnkav pe Pdorn v MokvoTTtd Tovg, avaivdnkav kat kavovikomowdnkav pe T xpron
AKTIVIG ®¢ MPOTEIVIKO Oeiktn mocottag v detypatov. (C) Aok mpookoAnong MCF-7 kottdpay,
napovoia IGF-I, EGF, E2. Zta MCEF-7 xottapa yopnynonke IGF-I (10ng/ml), EGF (5ng/ml), E2 (10nM)
yia 24 opeg, cLAAEXONKav Kat oTp@OnKav ek vEoL yia IPookOAAnon) yia 1 @pa, o KA IAAOTIKA Mt
96 onoyv, e LIOOTPOHA VOVEKTIVIIG. O aplBpog ToV KOTTIAP®V o elyav IPookoAAn el mpoodlopiotnke
pe perpnon ebopiropon amod to CyQUANT assay kit (Molecular Probes). Ta anoteAéopata avanapiotooy
TO €00 OPO TPV JAPOPETIKDOV MEPAPATOV, IOV €xouv mpaypatornomdei e ) xpron tpuiétov. To
TOIMKO OPAAPA TOL HEOOL OPOL dmelKovifetal oto ypdagnpa. ZTatoTikl onpaocia: *p<0,05, **p<0,01,
***p<0,001.
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2T OLPNANP®HATIKY eKova 2, xprowpomnou|dnke o AG1438, avaotoléag tov
vnodoxéa EGFR kat mapolo mov dev mapatnpnonke dpaon otnv IGF-I- emayopevn
PooKOAAnor), napatnpndnke peiwon g dpdong tg E2 oty npooxoAnon (p<0,01)
(ZopnAnpOPATIKI) EKOVA 2).
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Zopmnpopatikn ewova 2: O pohog tov EGFR owmyv IGF-I/EGF, E2- enayopevr mpookOAAnor
KAPKWVIKOV KOTTAp@V Tov pactod. Zta MCFE-7 xottapa yopnynonke IGF-I (10ng/ml), EGF (5ng/ml),
AG1478 (avaotoAéag too EGFR) (11M) kxat covdoaopog toog yia 48 apeg, colexOnkav kat otpmbnkav ek
VEOL yla MPOoKOAMnon yua 1 opa, oe edikd mhaotikd mdra 96 onwv, pe vnootpopd wvovektivng. O
appog TV KuTap®V Tov elyav mpookoAAnOel mpoodiopiotnke pe perpnon @boplopod amod To
CyQUANT assay kit (Molecular Probes). Ta amoteAéopara avamapiotovy To HECO OpPO TPV
OlAPOPETIKMV MEPARATAOV, TTOL £XovV Ipaypatonowdet pe ) xprjon IPUNETov. To Tomko o@dApa too
PE€ooD Opov amelkovidetal 0To ypda@npa. Ztatiotikn onpaocia: *p<0,05, *p<0,01, ***p<0,001.

21 ovvéxewa pelet)Onke ) éxgpaon tov EGFR oo mv enidpaon tov IGF-I, EGF
kat E2. Zopgava pe ta anotehéopata pag, 1) ékgpaon) too EGFR 0ev enmpealetat amno

toug IGF-I, EGF kxat E2 (Zopm\npopatikn ewova 3).
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Zopminpopatikn) ewova 3: Emidpaon tov IGF-I, EGF xat E2 omyv ékgpaon too EGFR. Xta MCEF-7
kottapa xopnynonke IGF-I (10ng/ml), EGF (5ng/ml), E2 (10nM) ywa 48 wpeg. (A) Ilapovoldaletat
AVTUIPOOMIIEDTIKI] AIIEIKOV1O TOL IPoTLIIoL {wvmorng g npateivng EGFR (125kDa). (B) Ot npoteivikég
C(wveg tov EGFR nocotuwonou)fnkayv pe Paon v IokvotnTa Toug, avalvdnkav Kat Kavovikorouw|onkav
HE T1) XP101 AKTIVIIG OG IPOTEIVIKO OelKTI) IOoOTNTAG TV Oetypatav. Ta anotedéopata avaraplotovy to
HECO OPO TPV JLAPOPETIK®V MEPAPAT®OV, IO €Yovv Hmpayparonou el pe 1 xpron Tpuiétov. To
TUIMKO OQPAAJLA TOL PECOL OPOL AIEIKOVICETAL OTO YPAPI .

Emuméov, oe mepdpata eléyyxoo, pelem)bnke 1 emibpaon TV avinTiKov
napayoviev kat g E2 omv ékppaon g wteykpivng B1 xat SetyxOnxe ot ot IGF-I, EGF
kat E2 Gev empealoov ta emimeda exkgpaong tmg wreykpivng Bl (ZopmAnpopartik)

ewova 4).
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Zopmnpopatikn) ewova 4: Enidpaon) tov IGF-1, EGF xat E2 otnv ékgpaorn) g wieykpivng Bl oe eminedo
mRNA. Zta MCEF-7 xbttapa xopnynonxe IGF-I (10ng/ml), EGF (5ng/ml), E2 (10nM) ywa 48 aopeg. Ta
emneda ex@paong tng wieykpivng Pl peletifnke pe w xprion real time PCR. Ta amoteléopata
AVAIaploTtovy To PE0O 0PO TPLHV SIAPOPETIKOV MEPAPAT®V, IOV €YovV Hpaypatonoindel pe ) xpron
TPUINETDV.

3.3. MEPOX TI: EIIIAPAZH KA®EINHX XTIZ IAIOTHTEX KAPKINIKQN
KYTTAPQN TOY MAXTOY & XTHN EK®PAXH MAKPOMOPIQN TOY
EEQKYTTAPIOY XQPOY

[a to tpito pepog g peATng XPNOWHOIOUONKAV KAPKIVIKA KOTTAPA TOL
paotod mov nponAdav amo xottapa MCF-7 xatomv povipng SwapoAvvorng (stable
transfection) pe shRNA yia 1o ERa yovidwo. Etot ypnowpomoujdnkav xovttapa
npoepyopeva amnd ta MCFE-7 dwapolvopéva pe apvniuko shRNA (control sh) moo
kaloovtat csh koTtapa kat kottapa mpogpyxopeva amd ta MCF-7 diapolvopéva pe

shRNA e101k0 ywa 1o ERa, mov xahoovrtat SP10.

3.3.1 Emidpaon xa@eivig oTig AEITODPYIEG KAPKIVIK®OV KDTTAP®OV TOD HAOTOD HE
Ola@opeTiko po@il eék@paorg tov vrodoyta ERa
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AapPavovtag om’ Oy TV TPOHOIOINON TOV KOTTAPIKAV AELTODPYIDV
KAPKIVIK®V KOTTAP®V TOL HaotoL pe v emidpaon kageivng (Rosendahl et al., 2015),
omv napovoa peletn OwepeovrOnke n mbavry) emidpaon g ovoiag avtyg otov
KOTTAPIKO MOAAINAACIAOPO KAl TNV KOTTAPIKI] IPOOKOANNON KAPKIVIK®V KOTTAPMV
TOL PAOTOV, O¢ LHOCTPWHA tvovekTivg. Me Baon ta anoteMéopata, n xageivr Oev
NnPoKaAel alAay1r] otov HOMANAAOLAOTIKO pLOPO TOV KAPKIVIKGOV KOTTAP®V TOL
paotov, 1000 ot enwaon 48 6co kat 72 wpwv (XpOvolr mov emexOnkav Katomv
BeAtiotonou|oemv Kat pe Pdon to podpd MOAAIAACIAOHOD TOV £V AOY® KOTTAPIKGOV
oelpav). Etvat eppaveg 0Tt ot 500 KOTTAPIKEG Oe1peg dtatpovvTatl pe daPopeTiko pvouo,
®WOTOO0 OXETIKA PE TNV emidpaor NG KA@Peivig, To AroTeAeopa eivatl aveSaptto g

rapovoiag tov ootpoyovikov vrodoxéa ERa (Ewova 17).
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(A) 48h
5000 -
4000 A
@
€ 3000 -
3 Hcsh
3 mspl0
© 2000 A
1000 4
0 A
Control caf 0,0lmM  caf 0,03mM caf 0,05mM
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Ewova 17: (A) Zta csh xottapa xopnynonke xageivy (0,01mM, 0,03mM xat 0,05mM) ka\epyriOnxav
yia 48 xat 72 mpeg oe ovvirkeg amovoiag opov, o e1d0Kd mhaotikd mdta 96 onwv (5.000 xottapa/ omr))
(B) Ta sp10 xottapa xopnyronke xageivn (0,01mM, 0,03mM xat 0,05mM), xkaA\iepynOnkav yua 72 opeg
oe ovvOnKeg arovoiag opov, oe eWdKA MaoTikd mata 96 onav (5.000 kotrapa/ omr). O tedikodg apBpog
TOV KOTTIAP®V IOV eiyav moAamhaotaotel mpoodiopiotnke pe pérpnon ¢bopiopod amod to CyQUANT
assay kit (Molecular Probes). Ta amotedéopata avarmapiotodv To péco Opo TPV OAPOPETIKOV
HEPAPATRV, IOV £xovv mpaypatonowel pe 1 xprjon puétov. To Tomko opdipa Tov pécov OpovL
aneKoviCeTtal oTo Y@L
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211 oLVEXEW NG HEAETG, 1) épevva emKeVIp®OnKe ot depevdVNOL) TG emdpPaAOg
NG KAPEIVIG 0TV IIPOOKOAANON TOV KOTTAP®YV, O DIIOOTPOPA VOVeKTivig. Onwmg éxet
avagepbel 1 IPOOKOANON elvatl 1 KOTTAPIKI] Aettovpyid- KAedl yla v mopeia g
Kapkivoyeveons, xabmg etvatr appnxta oovOedepévn pe T otabepotnra 1/xat mv
KWVITIKOTITA T®V KAPKIWVIK®V KoTtdpav (Pankov and Yamada, 2002; Humphries et al.,
2006; Harburger and Calderwood, 2009).

ZOPQ®VA e TA AIOTEAEOHATA TNG IIAPOVLOAg PeAETNG, 1) Kageivy) emmpedalet TV
IIPOOKOAANOL), TOOO OtV mepimt®on Twv csh, 6co xat tev spl0 xottapev. ITo
OLYKEKPIHEVA, OTA KOTTAPA oL eKppdfovv tov vrodoxea ERa n kageivn avldavetl v
11pookOAnon oe ovykevipwon 0,0lmM xat 0,03mM (p=<0,01), evar dev mapatnpeitat
alAayn) oe ovykevipoor 0,05mM kat ave. Zta spl0 kdttapa, moov dev ekppdfovv Kava
erineda ERa, 1 xageivy avlavetl v npookoAAnor), oe ovykevipaoor 0,01mM (p=0,05).
(Ewova 18).

2000
1500 +
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3
8 1000 - M csh
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e
©
<
500 +

Control caf 0,0lmM caf 0,03mM  caf 0,05mM

Ewova 18: O poAog g KAPeivig 0TV IIPOCKOAAI O] KAPKIVIK®V KOTTAP®V TOL Paotov. Xtd csh kat ota
spl0 xvttapa xopnynonke xageivy (0,0lmM, 0,03mM xat 0,05mM) yua 48 opeg, cvMéxOnkav xat
otpwlnKav ek véoo yua mpookoMnon yia 30 Aemtd, oe 10KA DAAOTIKA MATA 96 on®V, J1€ DIOCTPOPA
wovektivng. O apdpog tov Kottapav oo elyav mpookoAnbet mpoodiopiotnke pe petpnon edopiopod
amno to CyQUANT assay kit (Molecular Probes). Ta amoteAéopata avamaplotovy o péco 0po TPV
SlapopeTK®V MEPAPAT®V, oL €ovv npayparonowdet pe ) xpron TpwAetov. To TomKO o@aipa Tov
P€ooo 0pov amnekoviCetat 0To ypd@npa. Ztatotiky) onpaoctia: *p<0,05, **p<0,01, **p<0,001.
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3.3.2 Emidpaon xa@eivyg oty onpatodotnon twv IGF-I/EGF xat E2

Eivat yvooto, 0Tt 1 poplaxi) onpatodotnon- PeETay®yt] ONHATog TOV auinTIKOV
napayovieov IGF-I/EGF xat mg oppovng E2 npaypatonoteitat peom t@v ornodoyewmv
IGF-IR, EGFR xat ERs (Dickson and Lippman, 1987; Milani et al., 2014; Voudouri et al.,
2016). Axopa, eivat yveooto Ot 1] aAAnAemidpaorn T®V OnpATOdOTIK®V HOPIOV T®V
Hapayoviov — avtov, podpiet  mOANEG  amd T KOTIAPLKEG  AELTOLPYLES,
ooprep\apPavopévav Tov MOAANAACAOpoD Kat TG IpookoAAnong (Zhang et al.,
2005; Yu et al., 2013; Voudouri et al., 2016). Zopgova pe ta anoteAéopara tov pépoovg B
g tapovoag peletng, o IGF-IR vrodoyxeag etvat moAd onpaviiko poplo yia t) pvouon
NG KOTTAPIKIG IIPOOKOAANNONG KAl AIIOTEAEL ONPELO OLVAVTNONG Yld T1) ONUATOdOTNHON
twv IGF-I/EGF xat E2 (Voudouri et al., 2016). Aedopevoo ot 1 kageivr) éxet deryOel va
ernpeddet evOoKLTIAPLOLG dtapecolaPntég tav napayoviov avtev (Okano et al., 2008;
Al-Ansari and Aboussekhra, 2014; Rosendahl et al., 2015) npaypatornouOnke peAetn g
enidpaong g otov IGF-IR, otov EGFR, otov ERa kat otov ER.

ZOPQ®OVA pe TA AIOTEAEOPATA, OIS PALVETAL KAl otV ewova 19 n xageivn
evepyorotei Tov IGF-IR kat avdavet v napay®yr) Tov ota KOTtapd Iov eKQPalovy Tov
ERa (p<0,05 xat p<0,01 avtiotoya), evew @aivetat va mpoxkalel avinon g
EVEPYOIIONOG TOL KAl OTa KOTTapa nov eivat eA\urr) oe ERa, mapolo oo ta dedopéva
pag Oeiyvoov yapnAd emineda éxg@paong tov vrodoyea ota xvttapa avtda (p<0,05)

(Ewxova 19).

79



ATIOTEAEZMATA

(A)
PIGF-IRD _.& *. L —95kDa

IGF-IR}E . —95kDa

Actinp 43kDa

—_—

2]

~—
(=]
©

o
o

density

o
%
o
(=] w
%2,
7

Integrated band

N
Sl & &
o N 4
(C) o S0 DA
P O dﬁ;\ ]
0,16 +
2 o124
[~
b=
E 0,08
-
<
0,04
0+ N
(D)
(E) 4.
= &
Q 5,
IGF-IRp 8o
© G 02
m'c
Actinp £
0 L
> K} K
o‘\(\?@ Q"é\ Qﬂ"é\Q
O Y NV
P e

Arbitary units
=
o &
"

> Xy
o&‘ O N "9&
o S0 SIS
SN SN

S *

Ewova 19: O poAog g xageivrg omy evepyomnoinor tov IGF-IR e xapxivikd kottapda tov pactoo. (A)
Zta csh xottapa yopnynonke xageitvny (0,0lmM xat 0,03mM), yua 48 wopeg. Ilapovoialetat
AVTUIPOOMIIEVTIKI] AIEKOVION Tov Ipotvmov (wvwong g npateivng IGF-IR (95kDa) xat p-IGF-IR
(95kDa). (B) Ot mpoteivikég (oveg tov IGF-IR xat tov p-IGF-IR moootikomou)Onkav pe Pdon v
IIDKVOTITA TOLG, AVAADONKAV KAl KAVOVIKOIOUOnKav pe T1) XPLon axTivig o¢ IPOTEIVIKO Oeiktn
noootntag 1V Oetypatav. (C) Ta enineda éxgpaong tov IGF-IR ehéyxOnkav pe ) xprnorn real-time PCR
(D) Zta spl0 xvttapa yopnyndnxe xageivny (0,0lmM xat 0,03mM), ywa 48 opeg. Ilapovowaletal
AVTUIPOOMIEDTIKI] AIEIKOVION TOL IPOTLIIoL (oveong tng npateivng IGF-IR (95kDa) xat p-IGF-IR
(95kDa). (E) Ot mpoteivikég (oveg tov IGF-IR xat tov p-IGF-IR moootikonou)fnkav pe Pdon v
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IIDKVOTITA TOLS, AVAADONKAV KAl KAVOVIKOIOUjOnKav pe T XPLjon aKTiviig ©¢ IPATEIVIKO Ok
noootntag v oetypatav. (F) Ta enineda éxgpaong tov IGF-IR ehéyxOnkav pe 1) xprion real-time PCR
Ta amotedéopata avanaplotodv To pECO Opo TPLOV  OWIPOPETIKOV MEPAPATRV, IIOD €XOLV
npaypartonow) et e T xp1)on TPUIAET®V. To TOmKO oA TOL PE0OL OPOL ATIEIKOVIETAL OTO YPAPHCL
Zratotikn) onpaoia: *p<0,05, *p<0,01, ***p<0,001.

Avtiotoln pelétn mov npaypartonow)dnke yia t) emdpaoct) Tng KAPeivng otov
vrodoyéa EGFR, 0ev €de1le tporonoinon tng evepyoroinong 1) mg ekgpaong too EGFR
ota xuttapa SP10 (Ewova 20). Ztnv xottapikr) oglpd csh dev aviyvedthkav Kavda mpog

avalvor entreda too EGFR.
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Ewova 20: O pohog g kageivng oty evepyonoinor tov EGFR og kapkivikd kOTtapa tov paotod. (A)
Zta spl0 xottapa yopnynonke xageivn (0,0lmM xat 0,03mM), ywa 48 wopes. Ilapovowaletat
AVTUIPOOMIIELTIKI] AIIEIKOVION Tov mpotonov (ovwong tg npoteivg EGFR (125kDa) xat p-EGFR
(125kDa). (B) Ou mpwteivikeg (oveg too EGFR kat tov p-EGFR mocotikomouifnkav pe Paon v
IIOKVOTNTA TOLG, AvAADBNKav Kdt Kavovikomowfnkav pe T Xpron dktivig ©¢ MPOTEVIKO Oeiktn
noootntag TV detypatov. (C) Ta emineda ékppaong too EGER e\éyxOnxav pe ) xpron real-time PCR Ta

81



ATIOTEAEZMATA

AIOTEAEOPATA AVAIIAPIOTODY TO HECO OPO TPIOV SIAPOPETIKAOV HMEPARATOV, IOV £X0LV HIpayparonotdet
pe ) xprjon tpuAétoy. To Tomko opdApda Tov pE€oov 0poL AIEIKOVICETAl OTO YPAPN .

ZXETIKA pe TV enidpaon g Kageivng otovg otoTpoyovikovg vriodoyeic ERa xat
ERp, npaypatonou|fnke pelétng tng napaywyng tovg oe mRNA eminedo pe ) xpron
real-time PCR. Zta csh xvttapa, dev napatnprdnke alayn oty éxgpaon tov ERa pe
Vv emidpaon g xageivng. Zta kottapa SP10 ta emimeda eéx@paong tov ERa eivat
WOLattepmg YapnAd Aoy® g povipng StapoAvvorng oo tovg £xet yivet. H napaywmyr) too

ERp ntav noAv xapnAr) xat ta ernineda tov Oev (Tav Kavd yid avaloor).

3.3.3. Emidpaon Ka@eivig 0TV EK@PAOT] T®V OOVOEKAVAOV

Me Pdon ta anoteAéopara pag 1 KAageivn TPOIOIOlEl TNV IPOOKOANOI TV
KAPKLVIK®V KOTTAP®V ToL paotov. H avdnon mov npoxkalel i kageivn gaiverat va pn
oxetiCetat pe to mpo@il éxppaong tov vrodoyéa ERa.

H owoyévela tov ovvdekavev arotelettat amno tn) oovoekavn 1, tn) oovdexkdavn 2,
T ovvdekdvn 3 Kat Tt ovvOeKdav 4 Kat etvat dSapepPPavikeg mPOTEOYALKAVEG Oelikr)g
nuapavng (Bernfield et al., 1992). Ot oovOexdaveg eivat StapepPpavikeg mp®@TEOYADKAVES
oo dradpapatiCovv onpavtikod polo ot Aettovpyla g IPOOKOANong Kat dpoovv oav
ODV-DIIOOOXELG TOV VTEYKPLV®V T1G KOTTAPLKIG EMPAVELAG TOV KAPKIVIKOV KOTTAPDV
Tov paotov (Beauvais and Rapraeger, 2004). H avdnpévn éxppaorn g oovoexdvng 1
oxetiCetat pe avdnpevn embeTIKOTTA OTOVG KAPKIVIKODG OYKODG TOL PAOTOL KAt dpa wg
OLV-DIIO0OXEAG, IIOD  €VEPYOIOlEl T  ONUATOdOTNON  ALSNTIK®OV — HIAPAYOVI®V
pobpifovtag TNV KOTTAPLKI] HPOOKOAANOI] KAl TV KWVNTIKOTNTA TOV KOTIAP®V
(Bernfield et al., 1999; Stanley et al., 1999; Lendorf et al., 2011). I'evikd, oe KapKivika
KOTTAPA TOL HAOTOL APVNTIKA OG IIPOG TNV £KPEAOT] TOV OlOTPOYOVIK®DV DIIOOOXEMV
mov  yapaktnpifoviatr amod vYnAo moAAAmAaolaotikd pvdpod n oovvdexavn 1 xat 4

Bpebnke ot vrrepexppalovtat (Baba et al., 2006).
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AapPavovtag ooy ta naparnave dedopéva, peletr|dnke n emidpaon g
KAa@eivng oty £k@paon T®v oovvoekavayv, kabmg n pvbpion tovg amo v xageivn
LIIOOEIKVLEL EVOEXOPEV®G, VAV TPOIIO OPAONG TNG 0TV KOTTAPLKI IIPOOKOAANOT).

ZOoppova pe ta anoteAéopata g peAETns, 1 oovdekdavn-1 avdavetatl napovoia
ka@eivng (p<0,01), kat otig dvo ovykevtpwoelg, povo ota ERa+ xotrapa (Ewova 21 A),
vrodeikvoovtag povbpton mov oxetifetat pe TV OAPOLOLA TOL LIOJOXEA TWV
olotpoyovey, v idwa otypry mov ota kottapa eA\urovg éxgppaong ERa dev
napatnpettat alayr) (Ewova 21B). ITapopoa amoteheéopata eiyape kat oty peAet) g
enidpaong g xageivng otnv ékppaon g oovdekavng 4, orov napatnpronke avinon
napovoia xkageivng 0,01mM ota csh xottapa, eve dev napatnprfnke xkapia enidpaon
ota spl0 xottapa (Ewova 21 C xat D, avtiotoya). Aev mapeyovtat dedopeva OxeTiKa

pe T oovdekavn- 2 kabmg dev aviyvevdnkayv wavda emneda éKQpaong IPog avaivor).
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Ewova 21: Enidpaon g xagpeivng oty mRNA ékppaor ovvdexdavng-1 kat oovOekdvng-4 0oe KAPKIVIKA
KbOTTapa tov pactov. (A) Zta csh xottapa yopnynonke kageivn (0,01mM xat 0,03mM), yia 48 wpeg. Ta
emneda ek@paong tng ovvdekavng-1 peetOnkav pe ) xpnon real time PCR. (B) Zta spl0 xottapa
xopnynonke xageivy (0,0lmM xat 0,03mM), yia 48 wpeg. Ta emimeda éxpaong tng ovvOekdavng-1
peemOnkav pe 1 xpron real time PCR. (C) Zta csh xottapa xopnynonke xageivn (0,01mM kat
0,03mM), yia 48 wpeg. Ta emineda ékppaong tng ovvdekavng-4 peletOnkav pe ) xpnon real time PCR.
(D) Zta sp10 xottapa xopnyronke kageivy (0,01mM xat 0,03mM), yia 48 opeg. Ta enineda ékppaong g
ovvOekavng-4 peketr|Onkav pe 1) xpron real time PCR. Ta amotedéopata avamapilotovy to péco 0po
TPV JAPOPETIK®V MEPARATOV, IOV 0oLV Ipaypatomno)Oel pe 11 xprjon tpuiétov. To Tomko opaipa
TOL €00V OPODL AIEKOVICeTal 0T ypaPnpd. ZTatioTiky) onpaoia: *p<0,05, **p<0,01, ***p<0,001.
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3.3.4. Emidpaon xa@eivig otnv €K@PAoI KAt OTNV EVEPYOIOiNON TN KIVAONG NG
eotwakng npookoAnoyg (FAK)

Zta mhaiowa g Olepedvnong Tov TPOmov Opdong NG Kageivng otnv
NPOOKOAANOL), peletifnke 1 emidpaon Tng OtV EKPPAOL KAl THV EVEPYOIIOUON TG
KLVAONG T1G €0TIAKNG MPOOKOAANonG. Ot meptoodtepeg onpatoOoTIKég Aettovpyleg NG
MIPOOKOANNOG KAl TOV WVIEYKPVaV, diapecolafovvtal arnd pia KOTTAPOIAAOHATIKY
MIPOTELVY] PE EVEPYOTNTA KLVAONG TG TOPOOLVIG, TTOL OVORAeTal KIVAon TG €0TIAKIG
11pookOoA\nong (Focal Adhesion Kinase- FAK) xat Pploketat xovid otV KOTTAPLKI)
pepPpavn (Hanks and Polte, 1997).

'Etot Bewprifnke Papvvovoag onpaoctag 1 peAétn g entdpaong g Kageivng oto
popo avto, kabwg OwapecoAaPel v mPOOKOAAnNOn TtV kKottapev. Me Pdon ta
arnoteAéopata (ewova 22), 1n xageivn evepyorotei 1 FAK, aveSaptitwg mpo@ih
éxkgppaong tov ERa, emPefaiwvovtag ta amnotedéopata tng OOKIpr|g IIPOOKOAANONG O

vnootpopa wvovektivng (p<0,05 xat p<0,01 avtiotoiya).
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Ewova 22: Enidpaor) g kageivng otny evepyomnoinorn kat oty ékgpaor tng FAK, oe kapxivikd kottapa
ToL paotod. (A) Zta csh xottapa xopnynOnke xkageivn (0,01mM xat 0,03mM) yia 48 opeg. ITapovoraletat
AVTUIPOOMIIEDTIKI] AIIEIKOVIOI) TOD IIpoTdHov {wvworng g npateivng FAK (125kDa) kat p-FAK (125kDa).
(B) Ot mpateivikég Caveg tov FAK kat tov p-FAK mocotikonou)Onkav pe Bdon v MOKvOTNTA TOUG,
avalvnkav kat Kavovikormouwfnkav pe Tn XPNOI AKTIVIG O¢ IPMTEVIKO Oelktn IoootTag TV
datypatev. (C) Zwa spl0 xottapa xopnynonke xageivny (0,0lmM xat 0,03mM) yua 48 opec.
IMapovoiaetal aviuIPOOMIIEDTIKI| AIEKOVIO TOL IPoTLroL {Wwvaong g npateivig FAK (125kDa) kat
p-FAK (125kDa). (D) Ot npateivikeg {wveg tov FAK xat tov p-FAK nmoootikonouw|fnkav pe Paon tnv
OKVOTNTA TOLG, AvAADONKav KAt Kavovikomowfnkav pe T Xpnon JKTivig ©¢ HPOTEIVIKO Oelktn
nooottag v detypdtev. Ta amoteAéopata avaraplotody 10 HECO OPO TPV OLAPOPETIKMDV
HEPAPATOV, IOV £Xovv Ipaypatonondet pe tm) xprjon tpuAétyv. To TomkKo oaApa Tov péoov
Opov amewkovifetat oto ypagnua. Ztatotkr) onpaoia: *p<0,05, *p<0,01, ***p<0,001.
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4. XYZHTHXH

41. MEPOX A: BEATIZTOIIOIHXZEIX ITPQTOKOAAQN & MEAETH THX
EIIIAPAXHY TOY p53 XTHN IITPOXKOAAHXH KAPKINIKQN KYTTAPQN
TOY MAXTOY

Apywa mpaypatonou|fnkav PeATiotonou|oelg IPOTOKOA®Y, Ol OIoleg 1Tav
WOlaitepa XP1)opeg 0T OLVEXEW TG €pevvag, Kabmg ot PEATIOTeG oLVONKEG OTIG TEXVIKES,
daopalifoov adlomotia TV dHOTEASOPAT®OV. TNV IHIPOTN (PAon t¢g OwatpPrig
XPNOHOIIOO0DVTAV TPELG OAPOPETIKEG KAPKIVIKEG Oelpég tov paoctov: MCFE-7 (ERa+),
ZR-75-1 (ERa+/ ERpP+) (Engel et al., 1978), MDA-MB-231 (ERB+). H &oxuur)
noAan\aoctaopob PeAtiotoromidnke Kat eneAeéynoav KataAAnAot aptdpol Kottdpav Kat
yia g 3 oepéc. H doxipr) mpookoAnong peletrifnke 1000, g 1Ipog tov apldpod tov
KOTTAP®V IOV Xpnotpomnow)0nkav, 000 KAl ®¢ IPOog TNV €mAOYyl] ToL KATAAAnAov
XPOVOL IIPOOKOAANONG, IPOKEIPEVODL va AapBdvetdatl TO Mo aStOIoTo AIOTEAEOPRA KAt
yla TG 3 KoTrapikeg oelpeg. Katomy apyxikov nelpapdiov arno@aoctotnke 1) épeova va
eotiaotel omv kottapikr) oeypd MCF-7, owg n ogpd mov €6wve ta mo evolagépovia
ATIOTEAEOHATA, [l OTOXO VA HIOPECEL VA YiVEL TEPLOoOTePN Kat oe Pabog pehetn).

Axopa, oto mapov tpnpa peletionke 1 emdpaon TOL OYKOKATAOTAATIKOL p53
otV ék@paor) tov IGF-IR xat otnv IpooKOAANOr KAPKIVIK®V KOTTAP®V Tov paotov. To
P53 elvatl mpoiov Tng €KPEAONG TOL OYKOKATAOTAATIKOD Yyovidiov p53 xat Bewpettat
Baowkog poOpotr)g Tov KOTTAPIKOL HOAAATAACLAOPOD, KAO®MG em@eépel KOTTAPLKI)
anomtoon (Matlashewski et al., 1984). To p53 @atvetat va aoket poOpiotikd polo oe
IOA\A yovidia OXeTIKA pe TNV KAPKIVOYEVeoT], onag etvat avto tov IGF-IR (Sarfstein et
al., 2006). ITo ovykekpeva, 1 petaypa@r oo IGF-IR yovidioo, pobpiletat apvntikd
Ao MPOTEIVIKA IAPAYDYA OYKOKATACTANTIK®V YOVIdI®mV, COPIEPINAPPAVOPEVOV TOV:
yovidlo tov kapkivoo tov paoctov-1 (BRCA1L), p53 (Abramovitch and Werner, 2003;
Sarfstein et al., 2006). MetaA\aypeveg pop@pég Tov elvat OLXVEG OTOV KAPKIVO TOL HAOTOL

(Petitjean et al., 2007).
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Epevvntika 6edopeva vmootnpifovy 10 poAo Tov p53 0 KOTTAPIKEG AetTovPYieg
ONmG 0 KOTTAPIKOG MoAamhaoctaopog (Matlashewski et al., 1984; Di Agostino et al.,
2006; Chalkiadaki et al., 2011a). 'Etoti, pehetr)fnke o evdexopevog polog Tov OTnVv
IIPOOKOANNO1] T®V KAPKIVIK®OV KOTTAP®V TOL PAOTOL KAt Td aroteAéopata pag édetsay,
OTL 1] pelworn Tov pd3 dev emépepe TPOMOIIONOL OV IPOOKOAAN 0N TV KuTTdpwv. O
P53 pobpiler xoping popla oxeTka pe tov Kottaptko kokAo (Engeland, 2018). Emiong n
TEXVIKI] IOV ypnowponouwonke eivar eOwKn yla T HeAETH) TG MIPOOKOAANONG IIOL
eCapTATAl Ao TNV WVOVEKTiVY), €101 i0wg va pnv ennpeddetat aro v vaapdn tov p53,
kabmg Oev vriapyet PPAOYPAPLKT] COOXETION TOV POPLOV ADTAOV.

Axopa, PPpAoypagikd ovrdapyet oa@rg ovoxétion petasy tav pd3 xat IGF-IR,
eve meprypagetat pvopton tov IGF-IR vmoxwvntr ano to pdS3 (Webster et al., 1996;
Abramovitch and Werner, 2003; Sarfstein et al., 2006) xat ocoykekplpéva ava@épetat 0Tt
o p53 mpoxalet kataotoAr] tov vroxkivhty tov IGF-IR (Webster et al., 1996). Zwv
IIaPOovOod evotTd éytve 1 peletn g ekppaong tov IGF-IR katomy peiwong tov p53 pe
10 edwko siRNA, al\a 6ev mapatprfnke avdnor otov IGF-IR tov MCFE-7 xottapwv,

onwg exet ava@epbet oe aA\eg peetes.

4.2, MEPOX B: O IGF-IR Q¥ KYPIO XHMEIO XYNANTHXHX TQN
SHMATOAOTIKQN MONOITATION TQN IGF-I/EGF KAI THX E2,
XTHN ITPOXKOAAHXZH KAPKINIKQN KYTTAPQN TOY MAXTOY

v napovoa peletn €xet OeixOel ot ot IGF-I, EGF xat n E2 aoSavoov v
POoOKOAANTIKY) kavotnta Twv MCF-7 kottapwv, 0e DIIOCTP®HUA VOVEKTIVIG HE TPOIIO
eCaptopevo amo tov IGF-IR kat mv xatavin poplakr) onpatodotnorn Tov, Iov
nephapPavet ta Erkl/2, to ovv-eviomopo IGF-IR/FAK, mv avadiopydvwmorn tov
KOTTAPOOKEAETOD Tr§ axTivrg, Kabwg ermiong xat poppoloyikég alhayeg (Voudouri et al.,
2016). 2Ztov kapkivo tov paotod, ot avintikoi mapdyovteg IGF-1 xat EGF amotelovv
Paowkovg  pvOpOTEG  PLOAOYIK®V — KOTTAPIK®V — AELTOLPYI®V, OH®G elvat o
noAanAaotaopog, 11 du)Onon kat 1 petavaotevorn tov kottapov (LeRoith et al., 1995;
Baserga et al., 1997; Bucci et al., 1997). Emunipoobetwg, Bempeitat ot i froloyikr) toog
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enidpaon, oe OTL agopd TNV dlaTENON TOL KAKONOOLG PALVOTOIION TV KOTTAP®V,
Kabmg Kat TV Ipootacia evavtia otV anoItwor), eivat Bapbvoovoag onpaoctag yia my
nopeia g vooov (Baserga et al., 2003; Hart et al., 2005).

H xottapwki) mpookoAnor) eivat kpiowo Pripa otov xapkivo, kabwg xabopilet
TG Owadwkaoieg g Oubnong xar v petavdotevong (Cieply et al, 2015). H
KWVI|TIKOTTA TOV KAPKIVIKOV KOTTAP®OV TOL paotov, eSaptatat oe peyalo Pabpo, amo
TA OLOTATIKA TG HeptPalAovoag eSmxoTraplag BepeAag ovoiag (Nikitovic et al., 2014a;
lozzo and Schaefer, 2015). H wvovextivn elvat Pacikd ovotatiko Tr¢ eSOKOTTAPLAG
Oepeag ovoilag mov agbovel otov pkpomePPANOV TOV OYK®V TOL KAPKIVOL TOL
paotod kat epgpaviet dpeon ovoyétion pe v nopeia tg vooov (Pankov and Yamada,
2002; Edderkaoui et al., 2005).

v napovoa OwatpPr] anodewvoetat ot ot IGF-I, EGF xat E2 avSavoov v
EN- eSaptaopevn npookoAnon tov MCF-7 xottdpov, péoo tov dpdoemv tov IGF-IR
(Voudouri et al, 2016). Apywda, emPepawbnke ott ot IGF-I xat EGF avfavoov
onpaviika v evepyomoinon tov Erkl/2, mov eivat opotog evdoxvTTAplog
diapeocolafnrrg yia toog IGF-IR (Baserga et al., 1997) xat EGFR (Earp et al., 2003;
Adams et al., 2004). Ta 6edopéva pag 081 yodV 0T0 COPIIEPAOHA OTL 1) EVEPYOIIOLNOT] TOL
Erkl/2 amno tovug IGF-I xat EGF etvat eSaptopevn amo tov IGF-IR (Voudouri et al,
2016).

2T00G OPPOVO- eSAPT®HEVODSG KAPKIVOLG TOL HAOTOL, 1 00TPadtoAn nailet
ONPaVTIKO PONO 0g MOADAPOHEG KOTTAPIKEG AeLTOVPYiEG, IOV APOPOLY TNV emPimor) Kat
TOV HOMANAJOIAOPO T®V KAPKIWVIK®OV KOTTIAP®V 1oL paotod (Ahmad et al., 1999;
McDonnell and Norris, 2002). Ta onpatodotikda povondatia tov E2, IGF-I xat EGF
pobpifoov v mopeia tov kapkivoo tov paotov (Yee and Lee, 2000; Dupont et al., 2001)
Kat emtong ot podpton aotr) nepAapPdavetal Kat 1) EKQPAo] TOV PAKPOHOPI®V TOL
otpoparog (Mitropoulou et al., 2004; Skandalis et al., 2014). Emmpoobfeta, emotnpovika
dedopeva vrootnpifoov 01t 0 ERa ooppetéxet otnv ektog moprjva onpatodotnorn), e )
ODHPETOX] TOL OFf &VA TOAVIIPOTEIVIKO OLPIAOKO IIOD OLVOAKA ovopddetat

“signalosome” (owpa onpatodotong) (Levin, 2005). Ilpayparty, £xet mpotabei ott o
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EGFR, o ErbB2, xat o IGF-IR (0Aot vriodoyeig pe evepyotnta Kvaong TG Topooivig)
deopevoovv tov ERa otnv xottapixr) pepPpavi) Kat COpHeTEXOLY 0TI Prodoyikeg dpaoetg
g owoTPadloAng alAnAemdpwvtag pe to oopa onpatodotnong (signalosome) (Song et
al., 2004). Evowagépov apovotdlet to yeyovog ott, o IGF-IR xat o ERa cvyvda deiyvoov
NAapdAANAL VIIEPEKPPAOT) OTOV KAPKivo Tov paoctov, pe 1o IGF-IR - diapecolaPoopevo
ONUATodO0TIKO POVOIIATL, va IAifel onpuaviiko polo oty Broloyikn) Opdaon tng E2 (Song
et al., 2004). Avto to mpotomno g ekppaong yia ta IGF-IR/ERa emPePawwvetat otn
dwny pag peiétn ota xottapa MCF-7, xabwg xat ta dvo exppdlovtal oe peydleg
roootnteg. Ao v dAn, 1 ékppaon too EGFR oyetietat avtiotpoga pe Vv Ekppaon
tov ERa, onwg gatvetat tooo oty napovoa pelétn), 0oo kat oe taitotepeg (Bouris et al.,
2015; Voudouri et al., 2016). Qotooo, évag aptipog pedet®v amodeikvdel 0Tt Kat ot H0o
vriodoyelg ooppetéyoov ot pobpon TG AVAITLSNG TOV KAPKIVIKOV KOTTAPOV TOV
paotob, aveSaptnta amo o nolog ek@pdaletat katda Pdor) oe kabe nepimtoon (Klijn et al.,
1992; van Agthoven et al., 1994). Emm\éov, exet deryBet ot ) éxppaor) too EGFR amatrtet
ooppetoxn evepyoL IGF-IR, yia va emayet Tig HITOYOVEG KAl HETAOXIHATIOTIKEG
evepyotnteg tov vmodoxéa (Coppola et al, 1994). Zwmv mnapovoa OSwatpiPr)
arrodeikvoetat ott, 10oo o IGF-I, 600 xat o EGF enayoov avdnon oty éxgpaorn tov IGF-
IR, yeyovog mov, agevog odnyet oe avinpévn evepyotnta Tov evéoxkvtrapwov Erkl/2
KAt ag’ epov evioyLel Vv Kataviy onpatodotnon tov (Voudouri et al., 2016). Xe
na\aiotepeg peéteg, exet detybet ott ota MCF-7 xotrapa ot IGF-I, EGF evepyomotoov
tov A/B topéa tov ERa péow too MEK/Erkl/2 onpatodotikod povonatiod (Bunone et
al., 1996; Levin, 2005). Ta amoteMéopata g napovoag peletng, exoov deiet ot n E2
evioyvet mVv wavotnta Tov MCF-7 xottapev va npookoAAn0odv oto vnootpepd tng
wovektivng. EmuiAéov, 1 ovppetoxr) too IGF-IR eivatr anapattnm ywa wmyv E2-
EMIAaYOPEVI] TPOOKOANon, xabmg o edkog avaotoléag tov IGF-IR (AG1024) mov
xpnowponouw|Onke peiwoe v E2- eSaptopevn mpookoAAnon (Voudouri et al.,, 2016).
Zopgova pe malotepeg peleteg i1 Opaon tng E2 oopmepilapPaver tooo v IGF-IR
onpatodotnor, ooo kat v EGFR onpatodotnorn (Song et al., 2004). H proloyixr) dpdon
G 0woTPadloAng otnv mpookoAnon tov MCF-7 xottdpov eival xoppdtt tng pn-
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YEVOHKIG Opdong g, mov odnyet o ypryopn ¢aoopvAimon tov IGF-IR xat ovvenmg
o evepyoroinon Tov Katavty onupatodotikov povorartiov (MAPK xat Akt) (Yee and
Lee, 2000; Cheskis, 2004).

O ERa @atvetat va ooppetexet kaboplotikd ot pvopton Pacikov dot)tev yia
TA KAPKWIKA KOTTAPA TOL HAOTOL. 2ZOYKEKPpeva, éxet Oeybel oOtTl péom g
onpatodotnong tov Erkl/2 pobpilet Tig KivnTikég 1010 TG TOV KAPKIVIKOV KOTTAP®DV
tov paotov (Bouris et al., 2015). Qotooo, xat o polog tov ERP oty pobpion tng
KOTTAPIKNG OLPIEPLUPOPAg, Oev  elvatr apeAntéog otV Mepint®on Tov PACTOL
(Piperigkou et al., 2016). Opoiwg, pe Ta dikd pag amoteheopatd, epeovnteg exoov deilet
ot 1) IGF-IR eSaptopevn xivnuikotnta Kat ikavotnta du)fnong tov kottdpmv ardattel
Vv evepyornoinon tov MAPK kat PI-3kinase onpatodotikmv povonatieov (Metalli et al.,
2010). ITepattepm peletn oto poAo tov Erkl/2 onuato8otikod povoration otig dpdoetg
TV IGF-I, EGF xat mg E2, £de18e o1t 1) mapatnpovpevny adinorn tng IpookOAANong Tov
KOTTAP®V arId TOLG IAPAYOVTeg avTovg etvat eSaptmpevn) anod ) onpatrodotnon IGF-
IR/Erk1/2 (Voudouri et al., 2016). 2e pla malwotepn peletn €xet derybel Ot TLXOV
aA\ayég OTlg eKPPAOElg MPOTEIVOV, IOL aroteAovv Paocwkd ovotatkd tov IGF-I
ONUAatodoTIKOL povoratiov, evioyboov v MAPK evepyoroinon kat avtd €xet oav
arotedeopa tov avnpévo noAaniaotaopo twv MCE-7 xottapav (Yee and Lee, 2000).

O ER elval petaypa@ikog mapdayovtag mov mailet  polo-kAewdi otovg
OPHOVOESAPTOPEVODG KAPKIVOLG TOov paotov, pubpifovtag tr yovidiakn éxgpaon (Ali
and Coombes, 2000). Ze aotr) 1) peléty), COPIEPINAPPAVOVTIAL TOOO Ol YEVOHIKEG, OO0
Kdt ot pn-yevopikeg opdoetg tov ERs (Song et al., 2007; Zhang et al., 2014), xabwg 1) E2
detyvet va evepyonotei tov IGF-IR kat va avfavet ta emineda ek@paong tov, yeyovog
IToL OlELKOAVVEL TNV KAVOTTA TIPOoKOANong t@v MCF-7 xottdpov otV vovekTivn
(Voudouri et al., 2016). Ewdwotepa, 1 E2 evepyomnotet tov ERa, o onoiog pe ) oglpd too
evepyorotei Tov IGF-IR mov dwapecolafet péom tov Erkl/2 onpatodotikov povoratiov
otV IpookOoAAnon) te@v xottapav (Song et al., 2007; Zhang, 2015; Voudouri et al., 2016).

Emu\éov, peta tnv evepyonoinon evog MPOTEIVIKOD bIOdOoYea pe evepyotnta

Kwaong tng topooivng, onwg eivat o IGF-IR xat o EGFR, n PI-3kinase pmopet va
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emotpatevbel OtV KOTTAPIKY] peEPPPAvV KAl va IPOKANECEL TV EVEPYOIIONON AAN®V
KATAVTL ONUAatodoTikmv evOoKLuTtapiwy popiov (Lemmon et al., 1996). H mbavr)
OoLppETOXT) TOL onpatodotikov povorartiov PI-3kinase otig dpaoetg twv IGF-1I/EGF xat
E2, peetrOnke emiong otnv napovoa datpifr). ZOPP®VA He TA ATIOTEAEOPATA PAS, TO
PI-3k onpatodotiko popro, dapecolaPet otig Prodoywkég dpdaoelg twv IGF-I xat tng
Ol0TPAdIOAG OTNV IIPOOKOAANOT] TOV KAPKIVIKOV KOTTAP®V Tov paotov (Voudouri et
al., 2016). Zopnepaivoope, Aourov, ott to PI-3k onpatofotikd povomdati, COPHETEXEL
omVv IGF-I xat E2- eSaptopevn npookoAnon tov MCF-7 xottapav. Asdopeva armo
MAAQLOTEPEG PEAETEG, OXETIKEG PE Kakonbelg Oykovg mpogpyxOpevoug amod embnAakda
KOTTApd, DIIOOEIKVOOLV OTL 1] EVEPYOIIOU O] TOV ONPATOOOTIK®V POVOIIATI®V, KATOILV
evepyorioinong OtapepPpavike®v vIodoXEmV He evepyoTnTd KWVAONG T1G TLPOOivNg,
propet  va €yoov Oa@opetikég Opdoel, ¢ IIPOG T OTPATOAOYNOon AdAeV
evdokoTtapikmv popiwv, mépa amnod v MAPK xat mv PI-3K ooppetoyr) (Nguyen et al.,
2000; Lyu et al., 2016). Ao v al\\n mAevpd, 1 ékpaor) tov IRS-1, évav moAd Paowo
evdokvttapo Swafipaoty yia tov IGF-IR vmodoyxéa, mov Pploketal mapaxkdatem ot
onpatodoOTon Tov Kat etvat yvooto ot petaBipadlet onpata ota PI-3K/ Akt xat Erk1/2
povordatia, podpiletat ano myv evepyotnta twv ERs (Cesarone et al., 2007). Ot peléteg
aUTEG ATIOOEIKVDOLY Pld EMAEKTIKI] AANAEIMKAIAOYT) TOV ONPATOOOTIKOV POVOIIATI®V
Erk1/2 xat PI-3K ot p0Opion 1@V KOTTAPIK®V AELTOVPYI®V TOV KAPKIVIKOV KOTTAP®V
TOD PaAOTOD.

H avaoto)r) tov Erkl/2 pewwvet v éxkgpaon kat myv evepyomoinon tov IGF-IR,
vrrodelkvoovtag Vv vIapdn evog pnyaviopod avadpaong petalv IGF-IR xat Erkl/2
(Voudouri et al., 2016). Edwkotepa, o IGF-I evepyomnotet tov Erkl/2, péow pvOupiong too
IGF-IR kat tavtoxpova o Erkl/2 poOpidet 1 yovidaxy) éxgpaor) tov IGF-IR (Voudouri
et al., 2016). Eivat yvwoto ott o Erkl/2 pobpifet minfwpa yovidiov mov oxetifovtat pe
v e§ENEn tov kapkivov (Johnson and Lapadat, 2002). To yovidio IGF-IR otepettat
poOpotikng alnlovyiag TATA box (cis- pobptotikty aAAnlovyia tng petaypagr)g, Mmoo
Pploketat otov vrokivnt) T@V yovidinv) kat CAAT alAnlovoyiov mov anattovvtat yia

Vv akppn] pvoplon g petaypa@r|g, ENOPEV®OS TO OLYKEKPIPEVO YoviOlo propet va
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DITOKELTAl O MOA\AIAI pLOPLON PEo® eVOG, HOVAOIKOD HOTIPOL TOL LHOKLVITL] TOL
(Werner et al.,, 1992, Werner and Maor, 2006). Emui\eéov, ¢xet OeryOet, ott ota ERa+
KOTTapa ta avinpéva emnineda ekgpaong tov IGF-IR éyovv wg anotéAeopa ) petagpopa
TOL OTOV IMLPNVA KAt TV endakohoodn avdnpévn petaypagr) tov IGF-IR yovidiov
(Sarfstein et al., 2012). T'evikotepa, 1 éxkgpaon tov IGF-IR Oewpeitatr Paoiko
IIPOAIIAITOVPEVO Yia TNV IIPpoodo tng oykoyeveong (Werner and Maor, 2006). Emmumhéov 1)
yovidwakn) exkgpaon tov IGF-IR otov xapkivo tov paotod KAt OTov KAPKivo Tov
IIPOOTATH), elval evOeIKTIKI), yid To oTddio oto omoio Ppioketatl o kapkivog (Tennant et
al., 1996; Schnarr et al, 2000). Mrmopet va vmotebel emopévmg, OTL 1] EKTEVIG
ovnepék@paon tov IGF-IR o0e mpowa otadia g KApKvoyéveong, Impoodidet
XAPAKTNPLOTIKA TIOD S1VOLV IAEOVEKTNHA OTA PETAOYHATIOPEVA KOTTAPA.

H napovoia tov avdnTike®v Dapayovieov Kt 1) eVAANAy1] OTig IIPOOKOAAITIKEG
©O0TNTEG TOV  KAPKIWVIKOV  KOTTAPOV  EMPEPOLY  AANAYEG OV OPYAV®OI] TOL
kottapookedetov (Zigmond, 1996). Ta MCF-7 xvttapa eivat xottapa emOnAaxng
npoglevong kat Oewpoovratr yapnArng peraotatikng wavotrntag (Fillmore and
Kuperwasser, 2008). Zdppova pe Ta damotedéopdtd Tng mapovoag OwatpiPrg, n
aodnpevn mpookoAnorn twv MCF-7 xottdpmv, oty tvovektivr), nov em@epoovv ot IGF-I
kat EGF, oovodebdetatl and tporomnoinon tng opyavemong tov widl®v Thg dKTivig Tov
kottapookeletov (Voudouri et al., 2016). H dpdon avtov tov avntikev napayoviov
otV opydveorn g aktivng, eivat eaptopevny ano tov Erkl/2. H onpatodotnon tov
IGF-I xat EGF endyet ) 6u)0non tov KoTtdpmv, em@époviag £vav Mo IPOOKOANTIKO
@awotoIo pe Ta Kotrapa va detyvoov “tetapeva” amod tig dvvapelg mieong Tov widiov
TG AKTivi)g, TOL Oelyvouv &vav YAPAKINPLOTIKO @AIVOTDIIO PETACXI|HATIOHEVOD
Kapkivikob kottdpov (Voudouri et al., 2016). To yeyovog avto £xet wg amotéAeopd v
IKAVOIIOUTIKI] IPOOKOAANOI KAl HETAVAOTELOL] T®V KAPKIWVIK®V Kuttdpwv. H xwvaon
¢ eotwaxn)g mpookOAAnong (Focal Adhesion Kinase - FAK) eivat pla npwteivy) moo
Torofeteltal KOvtda OTNV KOTTAPK!] pepPpavn kat ndaifet poOpiotikd polo otnv
MPOOKOAANOL), TNV emiPimorn aAAd Kat TV KWV TIKOTOTA TOV KAPKIVIKOV KOTTAP®V TOL

paotoby (Schaller et al., 1992, Weiner et al.,, 1993). H gpwogpopoliwon tmg FAK, oto
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katalouto topooivrg Y397 (Hanks and Polte, 1997; McLean et al., 2005) xat n
enakolovdn ewopopvAinon aAAev Hpoteivav, mov covdeovtat pe v FAK, onwg n
naSi\ivyy (paxillin) xat 1 Cas (Schaller et al, 1992) emgpépoov allayég otov
KOTTapookeAetd Kat evepyoroinon twv Ras-Raf-MAPK xat PI-3K onpatodotikov
povonatwv (Hanks et al., 2003; McLean et al., 2005). Ztnv napovoa peAétr), éxet detyOet
ott 1000 o IGF-I, ooo xat o EGF evepyonotovv v FAK oto xatdalouto Y397 pe tpomo
Erkl/2 eaptopevo. ZOppova pe malaiotepeg PENETeG, MPAYHATL 1) ONpAtodotnon
aviNTIKOV Iapayovie®v propet va mpoxkaléost v evepyonoinon g FAK (Parsons,
2003). Emu\eov, n evepyoroinon tng FAK éxet mpotabet o1t dtapecoraPeital ano tov
IGF-IR oe wopAdoteg (Casamassima and Rozengurt, 1998) xat amo tov EGFR oe
kepatwvokvttapa (Eberwein et al., 2015). Eniong, mpornyodpeveg peleteg Oetyvoov OTL O
Erk1l/2 ovoppetéxer omyv evepyomoinon g FAK (Teranishi et al., 2009; Zheng et al,,
2009).

H @ouowr) oxeon aMnAenidpaong FAK kat IGF-IR éxet vopitepa, amoderyOel oe
IIAYKPEATIKA KAPKIVIKA KOTTAPA KAt KApKvika xkottapa yloiag (Liu et al., 2007; Liu et
al., 2008). Emut\éov, o1 Zheng et al., 2009, ¢dei§av o1t o FERM topeag g FAK propet va
npoodevetat oy B vnopovada tov IGF-IR (Zheng et al., 2009). H evepyomnoinorn tg
FAK etvat anapaitmtm yia v IGF-IR -6tapecohafovpevn dadikaoia petdantmong amno
Tov embnliako oto peceyyovpatikd @awotono (EMT) xat ywa 1 povbupon g
KWVITIKOTNTAG T®V TPWAA dPVNTIKOV KAPKIWVIK®V KOTTdp®V Tov paotov (Taliaferro-
Smith et al., 2015). v napovoa SwatpiPry, n FAK kat o IGF-IR BpéOnkav va oov-
evtomfovtat ota MCF-7 xkapkwvika xottapa tov paoctod (Voudouri et al., 2016).
Emumpoofétwg, o IGF-I Ppebnke va evioxydert 1o ovykekpipévo OuhO  onfjpa
arodelkvdovtag OTL O OLV-EVIOMIOPOG ITav  eSapt®PEVOg amd TV  KATdvn,
evbokottapia onparodotnorn tov IGF-IR (Voudouri et al., 2016). H avaotoAr tov
Erkl/2 enégepe Opapatikr] peimor) OTo OLV-EVIOMORO TV HOplev. ZOp@evVA e Ta
anoteAéopata tng perétng avtrg, o Erkl/2 péow pvOpiong g éxgpaong tov IGF-IR xat
FAK, xabwg xat péom TOL OYNPATIOPOL &vog mBAvoL OLUIAOKOL PETASL TOVLG,

emmpedlel ONPAavtika TV avadlopydveor ToV idl@v TOL KDTTAPOOKEAETOD TG
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AKTivN)g KAt TPOMHOMOotlel TV HPooKOoAAnTiki) kavotmta tov MCF-7 xottapev otnv
wovekTtivn (Voudouri et al., 2016). Avta ta evprjpatda, £vitoOTolg, £0aYOLV pid Ved
vnobeor, oopgpova pe v omoia, ot IGF-I/EGF xat E2 aMnAemdpooyv,
VIIOOTNPLLOPEVOL PNXAVIOTIKA AIIO TO KOTTAPIKO PIKPOIIEPIBANAOV TOL KAPKIVOL, KATA
1 Otdpkela g IPOOKOAANon Kat datnpwvtag v vrep-ék@paon tov IGF-IR, oo eivat
kaboplotikn) ywa ta npotpa otddia tov kapkivoo (Voudouri et al., 2016). Ot poAot tav
IGF-I/EGF kat n alMnAenidpaon tov pe v E2 oty mpookOAnon KapKivikov

KOTTAP®V TOL HaoTtoL napovotdfovtat oty ewkova 1.
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Ewova 1: O IGF-IR eivat Paowod onpeto oovavinong ywa v arAnAenidpaorn IGF-I/EGF xat E2 ot
pLOpLoN TG TIPOOKOAANOTG KAPKIVIKGOV KOTTAP®V Tov pactov. (A) ITpoodeon too EGF otov EGFR xat
evepyomnoinon tov teAevtaiov odnyet oe evepyonoinon tov Erkl/2 xat avinon tng éxkppaong tov IGF-IR.
(B) Etoaywy1) g ootpadiohng oto kuTtapomhacua svepyorotel tov ER mov pmopet va evepyoroujoet
EGFR xat IGF-IR (pn yevepwr) Opdon) 1) va petaxiviOel otov moprvd, OIOD ENAYEl HETAYPAPIKL
dpaompiotnta tov IGF-IR (yevopwr dpdon). (C) H npoodeon tov IGF-1 evepyomnotet tov IGF-IR xat
erakolovbwg evepyorotei v FAK kot oxnuartiCetat obpmoxo oo Oteyeipet v evepyoroinon too Erk
kat 1 eopopvAioon g FAK. Me avto 1o pubBpiotko pnyaviopo o Erk dwatnpet oynAd ta emneda too
IGF-IR. Ot aAAnAemdpdoeig TV HApAIIave HOVOIATI®V 081)yoby oe avuSnHEévT) KOTTAPIKI) IIPOOKOAAOT).
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2ovoyiCovtag, o IGF-IR ¢aivetat va etvat onpeto oovavinong ywa v IGF-
I/EGF- xat E2 emayopevn mpookoAnon tov MCF-7 xottapev, og ovnootpopd
wovekTtivng. Kowvol evOoxkvttapikol onupatodotikol Otapecolafnteég Kat pOVOIATLA,
oopnep\appavopévav tov Erkl/2 xat FAK, evepyomotovvtat xat emdpovv otnv
OPYAV®OT TOL KOTTAPOOoKeAeToD. O oxnuatiopog oopmokov petalp IGF-IR- FAK xat
ER dev priopet va amoxkAetotet, aAl\d xpr)let mepattepm PeAETn.

4.3. MEPOZ I': EITIAPAZH KA®EINHX ITIZ IAIOTHTEX KAPKINIKQN
KYTTAPQN TOY MAXTOY & XTHN EK®PAXH MAKPOMOPIQN
TOY EEQKYTTAPIOY XQPOY

H kageivny, pua ovola evpeéwg yprotpomolovpevnyy oe kabnpepwvr) Pdaon aro
exatoppvpla avipwriovg éxet ovoxetiobel pe Tov Kapkivo tov paotod (Ganmaa et al.,
2008; Saiki et al., 2011; Dumit and Dengjel, 2014; Pietrocola et al., 2014; Rosendahl et al.,
2015). Qotooo, mapda TV DAnfopa emONPIOAOYIKOV HEAET®V IOV APOPOLV TNV
KATavaA®orn kage xat myv mbavr) oxéon mg pe v avantodn tov kapkivoo (Folsom et
al., 1993; Michels et al., 2002; Arab, 2010), dev vricapxovv MoAAEG AN POoPopieg yia TN
Bloloyikr) g dpdon o KAPKIWVIKA KOTtdpd tov paoctov. Etoi, oto tpito pepog tng
rnapovodg pelétng, Otepevviinke o mbavog polog tng kageivng otlg Aettovpyieg
KAPKIVIK®V KOTTAP®V TOL PAOTOD, pe Ola@popeTikO MPopil £K@paong Tov vrodoxéa
ERa.

211 XPr)O1) OIolaodNIoTe 0LOLAG, ONUAVTIIKO PONO £xet 1) doon. Kata v évapln
TOV Hmepapdatov tov pépovg I, mpaypatonouidnke PipAioypapixn) peletn) alAd xat
MEPAPATIKEG OOKIPEG TTOD APOPOVOAV TIG COYKEVIPMOELS TIG KAPEIVIG IOV EMPOKELTO
va xpnowpomnowdoov. Metd anod avaokommor tng PipAoypagiag, Ppebnke 0tt ToANEG in
vitro PENETEG Y P1OHOIIOODOAV OVYKEVTP®OELG TG Tdlng twv 0,25- 10mM (Okano et al.,
2008; Ravi et al., 2008; Rosendahl et al., 2015). Qotooo, aA\eg peléteg emoOnPILOAOYIKOD
XAPAKTIPA AVAPOPIKA HE TIG OVYKEVIPWOELS TG KAPEivNg 0To avipmIvo mAaopa, petda

ano Katavalwon kagé avty xkopaivoviav mepinov oto 0,01mM (peon xatavalwon
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nepirov 2,12mg/L) (Cook et al., 1996; Leon et al., 2002). Me Bdaon ta dedopeva avtd 1)
PEAET) IPOCAPHOOE TG OLYKEVIPWOELS TNG Kageivig mov ypnowpomnoubnkav ota
kottapa ota 0,01mM- 0,05mM npoxetpévoo va mAnowddetl ta DPAaypatikd emneda g
Ka@eivng oto oopa, alda kat dedopevng g TOSIKOTTAG ITOL HAPATnPr|dnKe O ITOAD
oYNAd enineda Kageivng ota KoTtapd.

H xageivn éxer amodeiyfel o1t emmpedalet Tig Aettovpyieg T®V KAPKIVIK®OV
xkottdpwv (Saiki et al., 2011; Al-Ansari and Aboussekhra, 2014; Pietrocola et al., 2014;
Rosendahl et al., 2015). ITio ovykekppeva, N Ka@eivn endayet Vv AIONT®OL 08 KOTTAaPd
vevpoPAaoctoparog (Saiki et al., 2011), eve in vivo melpdpata oe ovtikia éxyoov Oeiet
ot oyetietat kat pe v avtoayia (Pietrocola et al.,, 2014). Axopa, oe wvoPAdoteg
oxetikooug pe tov kapkivo (Cancer- associated fibroblasts- CAFs) éxet derybel ot 1)
KA@eivI] KATtaoTeANel TOV KOTTAPIKO MOANATAAOIAORO, avSdvel OYKOKATAOTAATIKEG
npotetveg onwg eivat to plé, 1o p53 kat 1o p21 xat epnodilel T PETAVAOCTELOL TOV
KOTTAP®Y, pewwvovtag v evepyomoinon tov Erkl/2 xat Akt (Al-Ansari and
Aboussekhra, 2014).

2V napovoa peAETn eSeTAOTNKE O POAOG TNG OTOV KUTTAPIKO MOANATIAAOIAoHO
Kat aveSapt|twg mOPopil €k@paong TV LHOOOXEWV T®V  Ol0TPOYoOv®@v, Oev
napatnprdnke Tpomomnoinon tov MOAAIAACIAOTIKOD PLOPOL TOV KOTTAP®V. Ao TNV
AaM\n mAevpd, pia DaAaiotepn) pelétn) mov mpaypatonou|dnke oe KApKVIKA KOTTapd
TOL PAOTOD, He AVTIOTOL(O IPOPIN €KPPAONG TOV DIOOOXEWV TV OlOTPOYOV®V,
IPOTELVE  PEl®OI] TOL  IMOANAIAAOWIOTIKOL pobpov, peow povduwong g  ERs
onpatodotong Kat KUKAvev noo podpifoov tov xottapikd kokAo (Rosendahl et al.,
2015). EvOexopevmg, 1 Stagopd ot dpdon g ovoiag otov KOTTAPIKO IMOAAIIAACLAOHO,
va oyeti(etat pe T HEYAAn Sla@opd OT OLYKEVIP®OOELG IIOL XPNOUHOIIOLODVTAL.
Evtobtotg, pe Pdon ta anotedéopata pag, napatnprdnke ot 1 kageivn emmpeadet v
MPOOKOANNTIKI] IKAVOTNTA T®V KOTTAP®V, O DIOOTPOHLA LVOVEKTIVIG KAl OOYKEKPIHEVA,
NV avldavel, aveSapTitig IPOPIN EKPPAONG TOV DIIOJOXEDV TOV OLOTPOYOV®YV.

Meta ) dramiotmon Ott 1) KAQPeiv) TPOIOMIOLEL TV IKAVOTTA TOV KOTTAPDOV Va

IIPOOKOAN®VTIAL OtV vovekTivn, to endpevo Prjpa ftav n diepedvnorn Tov TPOIIoL
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dpaong g kat 1 evpeon mbavev OtapecolaPntov tng ot dpaon avtr). Me Pdon
nponyoovpeva amnotedéopatra g peAetng oto pépog B, o IGF-IR, poplo-xAedi otn
onpatodoton twv IGF-I/EGF, dtadpapatifet onpavikotato poAo otV IPooKOAANOT).
ZOYKeKPéva, pelwor tov vIodoxéd, ermepepe HelmOn TG evOOyevoyng IIPOOKOAANONG
TOV KOTTAP®V ToL paoctov. Etot peAetr)fnke o poAog tng kageivng oty Ekppact) Kat v
evepyoroinor) tov IGF-IR xat deixOnke ot ota csh xOvTTapa 1 kageivr avdavet 10co TV
EVEPYOIIOINON TOL, 000 KAl Ta emineda ekppaong. Xta spl0 xottapa deiybnke ot 1
ka@eivny evepyonotet tov IGF-IR (mapda ta xapnAd tov emineda ékgpaong otn oelpd
aotr)). Evtootolg, ot Rosendahl et al. 2015 eiyav Oeilel peiworn tov vrodoyea, pe I
Xoprynon tg kageivng oe moAv peyalvtepeg 600elg A0 AvTEG TG Iapovoag StatpiPrig
(Rosendahl et al., 2015).

ITapolo mov oto pépog B dev eixe derybetl oxéon petalo too EGFR kat ng
IPOOKOANO1G, eheyxOnke 1 enidpaon g xageivng otov vmodoxéa avtov, ®g Paciko
koppatt mg IGF-I/EGF onpatodotnong. Me Bdaorn ta anoteAéopata pag, otd Kottapd
spl0 (mov ex@paloov vynAa eminmeda EGFR (Bouris et al., 2015)) n xageivn dev
TPOIIOIIOLEL TNV evepyorIoinon 1)/ Kat Vv EKQPAor ToL v AOy® vrodoxéa. Avtiotoiyn
peAétn) Sev katéotn Svovaty ota kottapa csh AMoym tev eSatpetikd yapnAev emmédov
EK@QPAoTg ToL LIIOOOXEA AVLTOD.

Me &edopévn v alnlenidpaon TtV onpatodotikmv povomatiov tov IGF-
I/EGF pe toog ERs, eléyxOnke n emidpaon tng xageivng otoog vrodoxeilg Tmv
010TPOYOV®YV, ota IAaiola tg diepedvo1Gg TOL POAOD TG KAl TOV dAPECONAPNTOV TG,
H pelétn g enidpaong g kageivng oty ékppaor tov ERa npaypatomou)bnke povo
OtV KOTTAPIKY] oelpd csh kat dev €detle kapia emidpaor TOV CLYKEKPIEVOL DITOdOYEA
T®V owoTpoYyOvaV amo tv xageivy. H pelétn 6ev éywve ora xottapa spl0 Aoye g
povipng StapoAvvong mov eiye yivel yia peloon g eékgpaong tov ERa.

[Tapd 1 peyaln onpaoia mov @aivetat va €xet o ERP otig Aettovpyieg
KAPKIVIK®V KOTTapav Tov paotov (Piperigkou et al., 2016), dev xatéotn Ovvarty 1
PeAET g emiOpaong g Kageivng oe avtov, kabwg 1) real-time PCR dev £6e1le, wava

IIPOG AVAALOT), emineda EKPPAOTG TOL DITOOOYEA 08 KAPLA aIro Tig dVO OelPEg.
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Zta mlaiowa g mepattép® HeAETNG TOL TPOHOL dPAong NG Kageivng oty
KOTTAPLKY IIPOOKOAAN O peAetrifnke 1) dpdon TG OtV £VEPYOIIOON KAl OTNV EKQPAOT
g FAK, xabwg xat otnv ékppaon tev ovovdekavev 1 kat 4. Etvat yveootr) i oxeon tg
PookOA\nong pe v evepyomnoinon tg FAK, étol n evepyomoinon g amod tnv
Kageivny, emPePawwver 1 OleyepTiky) emidpaon TG otnv mpookoAnon. H oyxeon
KA@Qeivg KAt Hopl@v TOL eSOKLTTAPLOL XMPOL Ogv elval Olatépg HeAeTpév),
EVIOOTOL pta peAétn ot PAACTOKOTIAPA AVAPEPEL HEI®ON TOV IIPHOTEOYADKAVOV
Aovpkavng kat OtyAvkdvng omo tnyv emidpaon g kageivng (Jeon et al., 2013). Ot
oovdekdveg 1 kat 4 éxet Ppebel va OLPHETEXOLV OTNV IPOOKOAANNOI KAPKIVIK®V
KOTTdpwv Ttov paotov (Bernfield et al, 1992; Bernfield et al., 1999; Beauvais and
Rapraeger, 2004). H oovOexkavn 1 Bpioketal oto otpopa dunfnrikov KApKiveov Tov
paotob xat Bewpetrat Oeixtng embetikomtag (Stanley et al., 1999). Axopa, dpwvrag oav
OLV-DITOOOXEAG TV WVIEYKPLV®OV OLHPETEYEL OV IPOOKOAAnon (Beauvais and
Rapraeger, 2004). H oovdexavn 4 ooppetéyet otr) dnjpiovpyia COPIMAOKOL IPOOKOAANO1G
ota onpeia eotwaxng MPOOKOANong alAd xat ot onpatodotnorn IoL EIdyel TV
1pookOA\norn) (Baba et al., 2006). Exet avagepbei akopa n ovvepyaoia xat n dnplovpyia
ooprAoxov pe tov IGF-IR npog dtevkoAvvong g IPOOKOANONG KAPKIVIKOV KOTTAP®V
Tov paotov (Beauvais and Rapraeger, 2004; Afratis et al., 2017). Ztnv napovoa peAeén 1)
Kagetvn avddvet ta emnineda éKQpaong Tov yovidiov tng ovvdekdavng 1 (eSioov xat otig 2
OLYKEVTP®OELG) ota KoTtapda csh, eve dev ermpeadet v ékppaor) g ota xkotrapa spl0.
[Tapopowa dpdon @aivetal Kat ot peAéT) TOV eMUIEdDV €KPPAONG TG oovOeKkavng 4
omov 1 kageivy oe ovoykévipwor 0,01mM aoldvetr ) oovdexkavn 4, ota csh xottapa,
alAda Oev enmpeddet ta emneda ekppaong tg, ota spl0 xotrapa. [Mapatnpettat edo pia
ERa-e€aptaopevn 6pdon g Ka@eivng oty €K@PAon T®V OLDVOEKAV®V, HLAG KAl audavel
Ta emineda v ovovdekavav 1 kat 4 povo ota kvtrapa mov ekgppaloov tov ERa kat oxt
ota ERa apvntka xdtrapa. Zta ERa Oetikd xottapa éxet dexbet ot 11 éxppaon g
oovdekavng 4 poOpiletar amo 1w onupatodotnon tov IGF-IR (Tsonis et al., 2013;
Theocharis et al., 2015; Afratis et al., 2017), Tov omotov 1) €ék@pPaAOI KAt 1) EVEPYOIIOLNOn

aofavetat amo TV Kageivy) pe PAon TAd AMOTEAEORATA TNG HAPOLOAS HEAETNG.
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Evtootolg, o ERa- eSaptwpevog tpomog Opdong tng xageivng ypndet mepattépm
depevvnong.

ZOHUIEPACPATIKA PIIOPOVHE VA MOLHE OTL 1] KAPeivy avSdavel TV IPOOKOAAN 0N
TOV  KAPKIVIK®V KOTTAP®V TOL HAOTOL, aveSapttog mpo@il ex@paong tov ERa.
Axopa, n xageivn aoavet mv ékgpaon tov IGF-IR xat pe Paon ta dwka pag,
aroteAéopata, eivat mbavo va yprnotpomnotel tov vIodoxéa avtov yid Va ENAyel TN
dpdon Tng otnv MmPookOAAnon. Qotoco 1 avinon Iov IPOKAAel 1 KA@eivn OTig
ovvdekdveg 1 xat 4 deiyvel va eaptatat ano v vnapdr tov ERa.

[Teproootepn kat eig Pdabog peletny otov Tpomo Opdong g Kageivig otv
IIPOOKOANNTIKI] IKAVOTNTA TOV KAPKIVIK®V KOTTAP®V TOL HAOTOL, T1) evOeXOpevn
ooppetoxr) tov IGF-IR omyv enaywyr) tng IPookKOAANONg Ao Aoty KAt T0 POAO TV
ovvdekavwv Oa eixe peydAn onpacia oty Katavonorn g Aettovpylag 1oV KAPKIVIK®OV

KOTTAP®V TOL HAOTOD.

4.4. OEPAIIEYTIKH ITPOXEITIXH

H otoyxevon popiov mov ooppeteyovv ota onpatodotika povonatia tov IGF-
I/EGF éye1 xapaktmpiotel amno moA\ovg, ®¢ pia MOANA DIIOOYXOHEVI] TIPOCEYYLOL] OTI)
Oeparmeia Tov Kapkivov oL paotov. [ToAAEg epevVTIKEG OPADEG £XOVV EMKEVIPOOEL TG
peNETeG TOLG OTI) XP101 PLOKMV 1) OLVOETIKOV AVAOTOAE®V, KAO®G emiong Kat edOK®v
AVTIOOPATOV yid Ip@Teiveg g owoyévetag tov EGF al\da kxat tov IGF-1 og otpatnywr)
yla ) pei®orn) To0 TOAAIAAOIAOR0D TOV KAPKIVIKGOV KOTTAP®V ToL pactov (Ghosh et
al., 1999; Burtrum et al.,, 2003; Fattah et al., 2006; Zhan et al., 2012; Suh et al., 2013;
Flumalai et al., 2014).

[Tapadetypatog xapn, 1 gefitinib eivat évag avaotoléag xwvdaong g Topooivng,
o ormoiog £xet detyOel OTL pel®VeEL TOV KOTTAPIKO MOANAIAAOIAOPO KAl TV KOTTAPLKI
avarrodl] 0e KAPKIVIKEG KOTTAPLKEG OELPEG TOL PAOTOD AANd KAt 0 in vivo BLoAOyIKA

povteda, pe Swagopa mpo@il ékppaong yia tovg vrodoxeig EGFR xat HER2 (Anido et
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al.,, 2003). Evag allog Oepamevtikog Opopog mov &xet xpnowponoudei pe Oetika
aroTeNéopata elvat 1 XPron HOVOKAGVIKOV AVIIOOHATOV. AVIIOOpATd OH®G 1|
trastuzumab, 1 pertuzumab xat n ado- trastuzumabemtansine, movo yopnyoovvrtat
evOoPAEPia etvatl POVOKAGVIKA AVTIO®EATA IOV OTOXEDODY TOV £EMKLTTAPLO TOPEA TOV
ErbBs xat xpnowponotovvtat yua ) Oepaneia tov ErbB2 fetikov xapkivav too pactod
(Roskoski, 2014). Zyetika pe 1 otoxevorn too IGF-IR, mapolo mov ¢atvetat va eivat
évag ard toug MOAA DIOCYOPEVOLS VEODG BepaIIenTIKODG OTOXODG KAl KATIOW IPOTA
aroteAéopata KAVIKeV Ooxkipmv, 1mov otoyevoav tov IGF-IR, aveépepav evdeilelg
AVTAmokKplong, ot peyalvtepeg toyatornoupeveg aong Il doxipég Sev exovv deilet
KAIoo Sexafapo KAVIKO O@pelog arid T OTOXELOI] TOV OLYKEKPLPEVOD ONHATOO0TIKOD
povonartiov, oe ovykplon pe oopPatikég orpatnykeg (Yang and Yee, 2012; Yee, 2012).
Evtootolg, avagépetatr ot éxet mapartnpnbet n avrti-noAanlaotaotikr) dpdon yia
IMOMNA  QUOKA HIPOTOVIOV 1oL otoxevovov otov IGF- eSaptopevo moAamlactaopo,
Onwmg eival To sansum ant venom, dnAntrplo evog eidovg poppnykov, n deguelin eva
PLOKO MAPAYDYO IIOL AIOPOV®VETAL Ao dwagopa @utikda €idn, to Nimbolide éva
TePIeEVOedeg AAKTOVNG, IOV AIIOPOVMVETAL Ao 1o @uto Azadirachta indica (IvOwkr
[TaoyaAwd) xat 1) calycosin éva @LOWKO QLTO-010TPOYOVO IIODL €xel dopI] MAPOPOLA HE
aovt) tov owotpoyoveyv (Badr et al., 2012; Suh et al., 2013; Elumalai et al., 2014)

H obotaon tov vnodoyéwv tng KOTTAPIKNG HepPPpavng, TA MPOPiA €KPPAOng
Np@Telvav 1ov ovppetéyoov otn onpatrodotnon IGF-I/EGF xabwg emiong xat n
MAPAYDYT] TOV IPOCOLTOV- AUENTIK®V IAPAYOVIOV £YYEV®S, HIOPEL VA ENNPEACOVV T
Oepamevtiky) mopeia xat myv Opoyvwor g voooo (Byron et al., 2006; Gualberto et al.,
2011; Becker et al., 2012). Eattiag twmg mAnfopag tov popi®v al\d kAt Tov
aMnAemxaloyeov oty onparodotnon mOavov 11 TALTOXPOVI] OTOXELOI| TOAAGDV
ONPATodOTIKOV POVOIIATIOV elval IEPLoooTePo amo avaykaia xat ovowaotik) (Lluch et

al., 2014).
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4.5 XYMIIEPAXMATA

e To yoviOlaxo MpPoiov ToL OYKOKATACTAATIKOD p53, oo drabeétel polo- kAeldi ot
poOpon TOL KOTTAPIKOL KOKAOL, Oev emnpedalet TV  Aettovpyla Tng
MPOOKOANNONG TOV KAPKIWVIK®V KOTIAP®YV TOL HACTOL Of  DIOCTPOHA
LVOVEKTLVIG.

e O IGF-IR eivat onpeto ovvavinong ywa ta onpatodotikda povondtia tov IGF-
I/EGF xat E2, omv mnpookOANon KApKWVIK®V KOTTIP®V ToL paoctov. H
alnAenidpaon twv onpatodotikov povonatiwv v IGF-I/EGF xat E2 &xet
derybel, péow NG XPNONG KOWMV eVOOKDTIAPI®V OlapecoAafniov Iov
XPNOWOIO00VTAL 0TI PETAY®YI) ONIATOG TOV IAPAYOVI®V ALTOV.

e H xag@etvn aoldvel tnv IpooKOANTIKI] KAVOTNTA KAPKIVIKOV KOTTAPOV TOL
paotod kat v éxk@paon tov IGF-IR, aveaptrtog mpo@il Eékppaong Ttov
vrodoyéa ERa. Qotooo, n pobpion tmg otV €k@ppaon Tov ovbviekavmv eivat

ERa- e€aptopevn.

4.6 IIIGANEX MEAAONTIKEXZ KATEYOYNXEIX

H yepbpworn 1ng amodotaong petald Mpo-KAVIK®V HEAETOV KAl XPHOH®OV
KAWIK®V OTPATYIKOV XEPOP®V @atvetat va anattet Babovtepn xatavonon avtov tev,
1000 0LVOeTOV, POPLaK®Y ONUATOdOTIKOV Hpnyaviop®v. H avamrodn npoyveotikov
Podoyikav deiktov Kat PEATIOT®V MOPOOeYyioewv avdaotoAr|g, Tov  [BloAoyikod
ovotpatog tov avdntikev napayoviov IGF-I/EGF, 0a pmopovoav va ovvelogpepoov
OTOV KaADTEPO OXedIAOPO OTOXELPEVAOV DepaIIeldV yid TOV KAPKivo ToL pactod. AKoud,
1] enItOPAOT] OLOW®YV KABNPEPLVIG XPI)ONG, OIKG eival 1 Kageivn, iowg dwoet vea ototyela,
wattépwg, xpriowpa ot Pedtioon g mowwtmtag (g aAd kat ot Oepamevtix)
AVTIPETOINON aofevaV pe KapKivo ToL paotoo.

Telog, SetoAtyovtag to xooPdpt Twv aAAnAemdpdaoemv Petald TV KPIopav

HOPLOK®V ONPATOOO0TIK®Y HOVOHATI®V Ot Blodoyld Tov KAPKivov Tov pactov, Onmg
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auTd MOV OAg HAPOLOLACAE MAPAIIAV®, VORI{ovpe OTL IPOoOETOLE VEeG 10€eG yia TOV

0xXedLaopPo OLVOLACTIK®Y PePATIEDTIKOV OTPATIYIK®V.
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Breast cancer is the most common type of cancer for women worldwide with a lifetime risk amounting to a staggering total of 10%. It
is well established that the endogenous synthesis of insulin-like growth factor (IGF) and epidermal growth factor (EGF) polypeptide
growth factors are closely correlated to malignant transformation and all the steps of the breast cancer metastatic cascade. Numerous
studies have demonstrated that both estrogens and growth factors stimulate the proliferation of steroid-dependent tumor cells, and
that the interaction between these signaling pathways occurs at several levels. Importantly, the majority of breast cancer cases are
estrogen receptor- (ER-) positive which have a more favorable prognosis and pattern of recurrence with endocrine therapy being the
backbone of treatment. Unfortunately, the majority of patients progress to endocrine therapy resistant disease (acquired resistance)
whereas a proportion of patients may fail to respond to initial therapy (de novo resistance). The IGF-I and EGF downstream
signaling pathways are closely involved in the process of progression to therapy resistant disease. Modifications in the bioavailability
of these growth factors contribute critically to disease progression. In the present review therefore, we will discuss in depth how

IGF and EGF signaling participate in breast cancer pathogenesis and progression to endocrine resistant disease.

1. Introduction

Breast cancer is the most common type of cancer for women
worldwide. Its lifetime risk amounts to a staggering total
of 10% where approximately 15-20% of all breast cancers
are associated with genetic predisposition [1]. It is well
established that breast cancer growth is regulated by the
endogenous synthesis of polypeptide growth factors [2] and
by growth factors produced at distant sites [3]. Both growth
factors and steroids can stimulate proliferation of steroid-
dependent tumor cells, and interaction between these signal-
ing pathways occurs at several levels. Indeed, breast cancer
is categorized into histopathologic subtypes based on estro-
gen (ER) and progesterone (PR) hormone receptor status
and HER2/ErbB2 epidermal growth factor (EGF) receptors’
expression levels. Namely, about 75% of all breast cancers

are estrogen receptor- (ER-) positive [4]. This type of breast
cancer generally has a more favorable prognosis and pattern
of recurrence with endocrine therapy being the backbone
of treatment. Antiestrogens and aromatase inhibitors can
effectively induce tumor responses in a large proportion of
these patients. However, the majority of patients progress
during endocrine therapy to resistant disease (acquired resis-
tance) and a proportion of patients may fail to respond to
initial therapy (de novo resistance) [4]. Importantly, several
steroid responses have now been functionally linked to other
intracellular signaling pathways, including c-Src or tyrosine
kinase receptors [5]. Moreover, endocrine resistant breast
cancer has been correlated to the activation of other signaling
pathways, including insulin-like growth factor (IGF) and epi-
dermal growth factor (EGF) pathway [4]. Indeed, endocrine
resistance is associated with overexpression of IGF and EGF
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signaling pathway components, including EGFR, HER2, IGF-
IR, and c-Src [6]. Dissecting signaling pathways involved in
endocrine and targeted therapy resistant disease is critical for
developing novel, more efficient strategies.

2. Epidermal Growth Factors Family

The significant role of EGF family members and their respec-
tive ErbB receptors in breast cancer cell pathogenesis is well
established [7]. The EGF family consists of EGE, transforming
growth factor-alpha (TGF-«), heparin-binding epidermal
growth factor (HB-EGF), amphiregulin (AR), epiregulin
(EPR), betacellulin (BTC) and neuregulins (NRGs) [8, 9].
All family members are synthesized as membrane-anchored
precursors and their ectodomains cleaved to release the
soluble form of growth factor, subsequent to a proteolytic
process [7,10].

The ErbB family of receptors structurally related to EGFR,
is composed of ErbBI (also known as EGFR or HER1), ErbB2
(HER2/Neu), ErbB3 (HER3), and ErbB4 (HER4) [8, 11].
Structurally, the ErbB receptors are composed of an extracel-
lular domain rich in cysteine, a single membrane region and
alarge cytoplasmic domain [7]. All specific ErbB ligands have
an EGF-like domain that endows them with high binding
specificity [11, 12]. The extracellular domain is the ligand-
binding site of ErbB receptors whereas the cytoplasmic
domain has tyrosine protein kinase activity. Mechanistically,
the binding of ligands to ErbB receptors leads to their dimer-
ization and subsequent tyrosine phosphorylation of specific
tyrosine residues within the cytoplasmic tail [11]. These
structural modifications enhance docking of effector proteins
whose recruitment induces the activation of downstream
signal transduction pathways, including Mitogen-Activated
Protein Kinase (MAPK) and Phospatidylinositol-3 Kinase
(PI-3K) pathways [7, 13, 14].

2.1. EGF Signaling in Breast Cancer Cell Proliferation. ErbB
receptors are positively correlated with breast cancer cell
proliferation [15, 16]. They are activated by the EGF ligands,
EGE a potent mitogen, being the basic ligand of these
receptors, particularly in cells overexpressing EGFR [17, 18].
In addition the ErbB receptors can autophosphorylate or be
phosphorylated by other kinases [11]. The activated ErbB
receptors bind to Grb2 and Sos downstream mediators,
resulting in the activation of intracellular signaling path-
ways such as Ras/Raf, MAPK, and the PI-3K/Akt pathways
which are involved in cell growth, apoptosis, invasion, and
migration of breast cancer cells [13, 14, 19, 20]. Specifically,
the formation of EGFR-Grb7-Ras complex enhances breast
cancer cell proliferation [21].

The key role of EGFR in tumor growth is evident
from the antiproliferative effects of monoclonal antibodies
specific for this receptor [22]. Furthermore, there is evidence
that EGFR activator proteins contribute to EGFR-dependent
breast cancer cell proliferation. For example, ERp57 protein,
a member of the disulfide isomerase family, participates in
the activation of EGFR signaling and in the modulation
of its internalization leading to enhanced breast cancer cell
proliferation [23]. Moreover, the stimulation of proliferation
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through activation of EGFR promotes degradation of Fhit
protein (the product of tumor suppressor gene FHIT) [24].

A concentration-dependent effect of EGF on breast can-
cer cell proliferation has also been proposed [25-27]. Thus,
EGF at concentrations that stimulate most other cell lines
reduced the growth of MDA-468 breast cancer cells [25].
Additionally Zhang et al. [28] indicated a biphasic effect of
EGF on breast cancer cell proliferation and demonstrated
that Src functions as a switch of EGF signaling, depending
on EGF concentration. Moreover, EGF seems to induce an
inhibition of proliferation through the stimulation of an
interleukin 6 type cytokine, oncostatin M, in both estrogen
receptor positive and negative breast cancer cells [26]. A
novel role for EGF has been proposed by Adams et al. [27].
Specifically, it was found that EGF treatments enhanced miR-
206 (microRNA-206) levels in MCE-7 cells, which resulted in
reduced cell proliferation, enhanced apoptosis, and reduced
expression of multiple estrogen-responsive genes [27].

On the other hand, ezrin-radixin-moesin-binding phos-
phoprotein-50 (EBP50) suppresses breast cancer cell pro-
liferation [29]. Indeed, EBP50 can suppress EGF-induced
proliferation of breast cancer cells by inhibiting EGFR phos-
phorylation and blocking EGFR downstream signaling [30].

3. Insulin-Like Growth Factor
Family Members

The biological activities of IGF family not only affect the
normal development of the organism but have been strongly
implicated in tumorigenesis [31, 32]. This important signaling
family consists of the IGF ligands (IGF-1and IGF-I1), their cell
membrane receptors (IGF-IR, IGF-IIR, and IR), and a group
of IGF-binding proteins (IGFBPs) [33].

Structurally, whereas insulin is composed of two domains
denominated A and B, the IGFs are single-chain molecules
that maintain the equivalent of the connecting C-peptide of
proinsulin between A and B domains [34]. IGFs are reported
to play significant role in cancer progression and according
to LeRoith et al. [33] high levels of circulating IGF-I have
been indicated to constitute a risk factor for the development
of breast, prostate, colon, and lung cancer. However, further
clinical studies are needed to clarify these first indications.

Importantly, the expression of IGF-I is predictive of
breast cancer progression, prognosis, and outcome [32]. The
antiapoptotic and mitogenic actions of IGF-I are mediated by
its receptor IGF-IR [33, 35]. The IGF-IR activation and over-
expression have been implicated in many cellular processes,
including cell migration, proliferation, and attenuation of cell
survival and are related to the malignant phenotype [31, 36,
37]. IGF-IR is a heterotetrameric transmembrane glycopro-
tein. Structurally, it forms a «,f3, structure, the 3 subunits
endowed with intrinsic tyrosine kinase activity, whereas the
o subunits are the ligand-binding sites [38, 39]. Binding of
ligands to the receptor results in its conformational change
and a subsequent autophosphorylation of tyrosine residues
1131, 1135, and 1136 in the kinase domain, juxtamembrane
tyrosines, and C-terminal serines [40].
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IGF-binding proteins and their respective concentrations
regulate the bioavailability of the IGFs and IGF-induced
proliferation through IGF/IGFBP complex formation [41-
43]. Six high-affinity IGFBPs have been identified to date.
Specifically, IGFBP-1 to IGFBP-4 have similar affinities for
IGF-I and IGF-II, whereas IGFBP-5 and IGFBP-6 bind IGF-
II with higher affinity [44, 45]. All IGFBPs (six proteins) are
expressed in mammary tumors [46, 47]. Specifically, IGFBP-4
and IGFBP-5 are expressed in primary breast cancer [46, 47].
Thus, IGFBP-3 provides most of the IGF-binding capacity
of serum and greatly prolongs the circulating half-life of
the IGFs [48]. Generally, IGFBPs modulate the interactions
between IGF ligands and cell-surface receptors [48].

3.1. IGF Signaling in Breast Cancer Cell Proliferation. IGF
family members (including IGF-I, IGF-II, and their recep-
tors) are overexpressed in breast cancer tumor cells and were
shown to promote these cells’ survival and growth through
various signaling pathways [32]. The principal transduction
routes of the IGF signaling are MAPK and PI-3K pathways
[49-51]. It is noteworthy that the MAPK and PI-3K/Akt are
key mediators of cell proliferation [52-54]. Also, recent data
have shown that ERK (MAPK44/42) plays an important role
in the resistance of MCF-7 cells to cell apoptosis, which shows
the importance of ERK signaling in the extended survival of
breast cancer cells [54]. On the other hand, there is evidence
that c-Jun N-terminal kinase (JNK) signaling negatively
regulates IGF-I induced breast cancer cell proliferation [55].

The majority of IGF-I cellular actions are mediated by
the key signaling component of the IGF-I system, the IGF-IR
[33]. The activation of IGF-IR by IGF-I results in its autophos-
phorylation at tyrosine residues [33, 56]. Consecutively, the
activated IGF-IR directly phosphorylates other substrates
such as IRS-1, IRS-2, and IRS-4 [57]. Upon activation IRS-1
becomes a “docking” protein for other molecules, exhibiting
binding sites for SH2 domain-containing proteins [58]. As a
consequence, after IRS-1 phosphorylation, many downstream
signaling pathways associated with mitogenesis, such as PI-
3K [59] and MAPK cascade [60, 61], are activated. Other
substrates which are phosphorylated by IGF-IR are src-
homology 2/collagen-« proteins (Shc) [62], growth factor
receptor-binding protein 10 [63], focal adhesion kinase (FAK)
[64], and carboxyl-terminal src kinase (CSK) [65].

The importance of IGF signaling in breast cancer is
highlighted by reports showing that the IGF-I induced prolif-
eration of MCF-7 breast cancer cells is attenuated with the PI-
3K inhibitor LY294002 and the antiestrogen ICI 182780 [66].
In addition, Ahmad et al. [49] suggested that Akt is a down-
stream mediator of estrogen- and IGF-I-dependent prolifer-
ation in hormone-responsive MCF-7 breast carcinoma cells.
IGF-I also upregulates Cyr6l, a family member of CCN
family proteins with many roles in cancer progression, which
is characterized by various homologous domains, including
the IGF-binding protein domain, through activation of the
PI-3K/Akt pathway [67]. This increase in Cyr6l leads to
stimulation of breast cancer cell growth and invasion [67].
Furthermore, the inhibition of MAPK or Akt pathways prior
to IGF-I stimulation prevents the expression of specific tumor
suppressor miRNAs. In a novel report, [51] suggest that IGF-I

signaling regulates the expression of specific miRNAs in the
estrogen receptor positive MCF-7 breast cancer cell line and
indicate kinase signaling as a modulator of expression for a
small subset of microRNAs.

Burtrum et al. [68] show that the inhibition of IGF-
I signaling, via IGF-IR blockade (generation of specific
monoclonal antibody), inhibits the activation of down-
stream MAPK and Akt signaling pathways. As a result,
the proliferative potential effect of IGF-I and IGF-II was
reduced. Moreover, IGF-IR deficient mice show a reduced
rate of tumor growth and cell migration [69], indicating
the central role of IGF-IR in breast cancer cell proliferation.
Additionally, the IGF-IR suppression increases apoptosis
through p38MAPK phosphorylation in MCF-7 cells [70].
Preclinical findings however have not been translated to
date in effective treatment strategies [71]. The function of
tumor suppressor genes influences the IGF-IR signals and
their downstream proliferative effects on breast cancer cells
[48]. Transcription of IGF-IR gene is negatively regulated
by tumor suppressors, including the Breast Cancer Gene-1
(BRCAL), p53, and Wilms™ tumor protein-1 (WT1) [72, 73].
The role of BRCA1 and BRCA2 in breast cancer progression
and prognosis is well documented [74]. BRCA1 inhibits IGF-I
action, so BRCAI deficiency also leads to increased expression
of several IGF-I signaling pathway components in multiple
experimental systems, including mice, mammary tumors,
and cultured human cells [75, 76]. As a result, mutation
or deficiency of BRCAI leads to stimulated IGF-I activity
and, consequently, increased cell proliferation. Apart from
this, the loss of p53 tumor suppressor gene has also been
demonstrated to increase IGF-IR expression [77, 78]. This
mechanism however does not involve direct DNA binding
to IGF-IR promoter sequences [73]. Another example is loss
of function of tumor suppressor gene PTEN which encodes
a phosphatase that attenuates signals originating at tyrosine
kinase receptors such as IGF-IR [32, 48].

3.2. Insulin-Like Growth Factor and Epidermal Growth Fac-
tor Signaling in Endocrine and Targeted Therapy Resistant
Breast Cancer Proliferation. It is well established that both
steroids and growth factors stimulate proliferation of steroid-
dependent tumor cells and that the interaction between
these signaling pathways occurs at several levels [6, 49]. The
steroid ligands are transferred to the nucleus where they
bind steroid receptors, which are classified as ligand-activated
transcription factors, to activate target gene transcription
and cell growth. Several steroid responses have now been
functionally linked to other intracellular signaling pathways,
including tyrosine kinase receptors or c-Src. Steroids such
as 17 beta-estradiol (E2) via binding to cytoplasmic or
membrane-associated receptors were also shown to rapidly
activate intracellular signaling cascades including ERK, PI-
3K, and STATs [79]. These E2-stimulated phosphorylation-
mediated cascades can then contribute to altered tumor cell
function [80]. ER-« targeted therapy is routinely used to
treat breast cancer. However, patient responses are limited
by resistance to endocrine therapy [81, 82]. The develop-
ment of resistance to endocrine therapy often results in
uncontrollable growth and dissemination of breast cancer



[82]. Therefore, identifying mechanisms that drive endocrine
resistance is a high clinical priority.

A large body of experimental evidence indicates that
oncogenic signaling pathways underlie endocrine resistance,
including EGFR, HER2, IGF-IR, c-Src, and ER itself [6].
The crosstalk between estrogen, IGF-I, and EGF signaling
pathways and its involvement in endocrine resistance is
well documented in breast cancer [83, 84]. Indeed, breast
cancer cells resistant to the pure steroidal ER antagonist
fulvestrant demonstrate increased activation of EGFR family
members and downstream ERK signaling. Moreover, EGFR
has been identified as one of main genes conferring estrogen
independence to human breast cancer cells [85]. E2 signaling
interacts with IGF-I and EGF pathways, at different levels,
for example, through the rapid activation of IGF-IR and
EGFR receptors and with the consequent induction of MAPK
activation in breast cancer cells [86-88]. Thus, E2 and EGF
cues are obligatory in the proliferation of ductal epithelial
breast cancer cells and they have synergistic effects [5, 80].
Furthermore, the knockout of EGFR (or IGF-IR) abolished
the E2-proliferative response in mice, and the inhibition of
EGEFR activity suppressed the proliferative effect of E2 in
breast cancer cells in vitro [79, 89]. In addition, the selective
inhibitors or knockdown of both receptors diminished E2-
induced MAPK activation but also blocked E2-proliferative
action [90]. It is proposed that E2 stimulates the expression
of IGF and EGF ligands and receptors in rodent tissues
and human cell lines [91]. The ER suppression in breast
cancer cells prevents both EGF (and E2) stimulation of DNA
synthesis [92]. However, the mitogenic effects of EGF are not
mediated by ER, but it is suggested that the crosstalk between
the estrogen and EGF signaling pathways may occur by other
mechanisms [93]. Notably, both EGFR and c-Src stimulated
pathways can induce activation of a transcription factor
STATS5, which is needed for E2-induced breast cancer cell
proliferation, in some cell lines [79]. Growth factor mediated
ER activation is a major route through which breast cancer
cells exhibit endocrine resistance to antiestrogen therapies
[94]. During the genomic action of E2, binding of E2 to ER«
results in its activation through separation from heat-shock
protein 90 (Hsp90). Active ER-E2 dimer binds directly or
indirectly to ERE genes (genes containing estrogen response
elements) [95]. On the other hand, the nongenomic actions
of E2 lead to the rapid activation of independent signaling
pathways, such as IGF-IR and EGFR, depending on cell type
[96]. In MCEF-7 cells, estrogen potentiates the effect of IGF-
I on IGF-IR signaling in the promotion of cell proliferation
and protection against apoptosis [97]. Specifically, ER«x binds
to the IGF-IR and activates downstream signaling pathways
[98]. Moreover, Yu et al. [99] recently reported the IGF-I
induced association of IGF-IR and ER«. Furthermore, ERx
regulates the IGF-I signaling pathways through phospho-
rylation of ERK1/2 and Akt where the interaction of ER-
IGF-IR potentiates breast cancer cell growth [99]. Selective
inhibitors or knockdown of IGF-IR (and EGFR) decreased
E2-induced MAPK activation and blocked E2 mitogenic
effect, confirming crosstalk signaling between IGF-IR, E2,
and EGFR [90]. Moreover, E2 was found to utilize a signaling
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pathway which involves the interactions between ER«, IGF-
IR, matrix metalloproteinases, and EGF-R to activate MAPK
phosphorylation [88]. A consecutive study indicated that
the transcriptional activity of ligand free ER is sufficient
to complement the mitogenic action of IGF-IR-induced PI-
3K/Akt activation [100]. On the other hand, Amin et al. [101]
suggested that proliferation of MCF-7 breast cancer cells is
suppressed by IGF-I-activated JNK MAPK pathway, through
the induction of the SHP1 phosphatase expression.

Approximately, 15% of breast tumors are classified as
triple-negative breast cancers (TNBC), a term that denotes
their lack of estrogen receptor and progesterone receptor
and nonamplification of the HER2 [102]. Therefore, TNBC
patients cannot be treated with endocrine therapy or targeted
therapies due to lack of related receptors which results in the
poor prognosis. Characteristically, these patients overexpress
the EGFR and IGFBP-3 proteins [103] but are resistant to
tyrosine kinase inhibitors (TKIs) and anti-EGFR therapies.
Up to date different mechanisms have been suggested for
resistance to TKIs including EGFR independence, mutations
and alterations in EGFR, and its downstream signaling
pathways [104]. Efforts have focused on overcoming tar-
geted therapy resistance. Thus, in TNBC cells a Src Family
Kinases (SFKs) influenced EGFR translocation to nucleus
has been reported, which in turn enhances breast cancer
cell growth [105]. Within the nucleus, EGFR can function
as a cotranscription factor to regulate genes involved in
tumor progression [106], which has been linked to anti-EGFR
therapies resistance [107]. Importantly, EGFR contributes
to chemo- and radioresistance by enhancing DNA damage
repair [107]. Inhibition of EGFR translocation led to a
subsequent accumulation of EGFR on the plasma membrane,
which greatly enhanced sensitivity of TNBC cells to anti-
EGEFR therapy [105]. Therefore, targeting both the nuclear
EGFR signaling pathway, through the inhibition of its nuclear
transport, and the classical EGFR signaling pathway may
prove a viable therapeutic approach. Moreover, recently it
has been demonstrated that the scaffolding protein NHERF1
sensitizes EGFR-dependent tumor growth, motility, and
invadopodia function to anti-EGFR (gefitinib) treatment in
TNBC cells [104]. Inhibition of IGFB-3 signaling through
sphingosine kinase-1 sensitizes TNBC cells to EGF receptor
blockade [108]. Furthermore, the blocking of annexin A2 (a
calcium-dependent phospholipid binding protein, present at
the surface of triple-negative breast cancer cells) by a spe-
cific antibody suppressed the EGF-induced EGFR tyrosine
phosphorylation and internalization. Treatment with this
antibody also inhibited the EGFR-dependent PI3K-Akt and
Raf-MEK-ERK downstream pathways, resulting in reduced
cell proliferation [109]. The main IGF/EGF-related signal-
ing mechanisms in breast cancer disease are schematically
depicted in Figure 1.

4. Bioavailability of Growth Factors

The cellular microenvironment and modifications of extra-
cellular matrix components (ECM) are closely correlated to
malignant transformation and all the steps of the metastatic
cascade [110, 111]. Namely, the tumor cells do not exist
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FIGURE 1: Schematic representation of IGF/EGF signaling, crosstalk with ERs. IGF-I binding to IGF-IR results in its activation and the
consequent activation of PI-3K and ERK mediators. EGF-induced activation of EGFR activates the ERK and may lead to gene expression
of proliferative genes via internalization of activated EGFR to nucleus. E2-ER« binding leads to rapid activation of EGFR and/or IGF-IR. The

activation of IGF/EGF signaling pathways stimulates cell proliferation.

in isolation but rather subsist in a rich microenvironment
provided by resident fibroblasts, endothelial cells, pericytes,
leukocytes, and ECM components. Indeed, interactions with
the tumor microenvironment or stroma are recognized as one
of important “hallmarks of cancer.”

In addition the ECM is characterized as a big “tank”
containing various mediators including growth factors and
cytokine which are either soluble or bound into structural
ECM components [112]. We discuss here the fact that
bioavailability of EGF and IGF-I, provided by the tumor
microenvironment, modulates phenotypic plasticity, gene
expression, and the recurrence rate of certain TNBC tumors.
Combinatorial therapy with EGFR and IGF-IR inhibitors
prevents disease progression by interrupting paracrine inter-
actions between TNBC tumor cells and their microenviron-
ment.

The ECM turnover and remodeling are extremely active
in the tumor microenvironment [111]. The ECM components
are modified through the actions of various proteases and
glycosidases which results in altered ECM structure and
bioavailability of key mediators [113]. Indeed, the proteolytic
action of various enzymes modulates the bioavailability of
soluble growth factors which via the activation of specific
intracellular signaling pathways regulate critical tumor cell
functions, such as migration and proliferation. The matrix
metalloproteinase’s family (MMP) which consists of 24
(known) zinc-dependent endopeptidases has a key role in the
ECM reorganization that occurs during cancer progression

[114]. Specifically, the MMPs’ action in the tumor microenvi-
ronment creates space for cancer cell migration and regulates
their cell proliferation by proteolytical release and activation
of the ECM-stored growth factors [114].

5. Therapeutic Approach

Targeting of EGF/IGF signaling pathway components has
been characterized as a promising approach for breast cancer
treatment. Many research groups have focused on the uti-
lization of natural and synthetic inhibitors as well as specific
antibodies for EGF family proteins as a strategy to attenuate
breast cancer cell proliferation [115-117]. Gefitinib, a tyrosine
kinase inhibitor, has been shown to reduce cell proliferation
and tumor growth in breast cancer cell lines or in vivo con-
ditions in xenografted animals with different levels of EGFR
or HER2 expression [118]. Different combinatorial regimes
have been approached; thus, the combination of gefitinib
with calcitriol or their synthetic analogs resulted in a greater
antiproliferative effect than with either of the agents alone in
EGFR and HER?2 positive breast cancer cells. These effects
were due to downregulation of MAPK signaling pathway,
decrease of cells in G2/M phase, and induction of apoptosis
mediated by upregulation of BIM and activation of caspase
3 [119]. The utilization of monoclonal antibodies is a well-
documented approach. Thus, trastuzumab, pertuzumab, and
ado-trastuzumabemtansine, which are given intravenously,
are monoclonal antibodies that target the ErbB extracellular



domains and are used for the treatment of ErbB2-positive
breast cancer [120]. The effects of natural products on EGF
signaling have also been investigated. Indeed, HMQI6l1,
a taspine derivative, with anticancer properties, has been
shown to reduce the phosphorylation of EGFR and the
activation of its downstream signaling mediators ERK1/2
and Akt [117]. Additionally, extracts of Livistona chinensis
R seeds, with both anticancer and protein kinase inhibitor
activity, can attenuate EGF signaling events mainly through
EGFR modification [121]. Another agent, (+)-aeroplysinin-
1 (a natural metabolite from a type of marine sponge),
abolished the proliferative effect of EGF on breast cancer
cells and inhibited the ligand-induced endocytosis of the
EGFR in vitro [122]. However, even though anti-EGFR
or combinatorial treatments have been endorsed they are
unfortunately meeting with resistance. Current research is
focused on increasing our understanding on the mechanisms
of response and the discovery of predictive markers. Due
to overlapping and redundancy targeting several pathways
simultaneously seem essential [123].

Many research groups have endeavored to inhibit the
IGF-I signaling, via IGF-IR blockade [68, 124, 125]. This
strategy resulted in antiproliferative effects and conclusion
that IGF-IR blockade may provide a number of clinical
benefits [68]. Furthermore, the effects of natural products on
IGF-induced cell proliferation have also been widely studied
[124-126]. Thus, it has been reported that samsum ant venom
(SAV) inhibits the IGF-I mediated phosphorylation of ERK
and AKT, but not p38MAPK [126]. Moreover, deguelin,
a natural product isolated from several plant species, has
antitumor activity, targeting IGF-IR signaling pathway via
upregulation of IGFBP-3 expression [124]. Nimbolide is a
terpenoid lactone derived from Azadirachta indica (Neem
tree) displaying a variety of biological activities. Nimbolide
decreases the proliferation of breast cancer cells by mod-
ulating the IGF signaling molecules [125]. Calycosin, a
natural phytoestrogen with similar structure to estrogen,
successfully induced apoptosis of MCF-7 breast cancer cells.
Calycosin tends to inhibit growth by ER 3-induced inhibition
of IGF-IR, along with the selective regulation of MAPK and
phosphatidylinositol 3-kinase (PI-3K)/Akt pathways [127].
However, even though IGF-IR appeared to be one of promis-
ing new targets and early results from clinical trials that
targeted the IGF-IR and showed some evidence of response,
larger randomized phase III trials have not shown clear
clinical benefit of targeting this pathway in combination with
conventional strategies [71,128]. These findings may partly be
explained by the complexity of the IGF/insulin system. Thus,
surface composition of the receptors, preferential expressions
of IRS adaptor proteins, and expression of respective ligands
may affect therapeutic outcomes and disease prognosis [129-
131]. Therefore, assessment of above factors may be necessary
for identification of patients who would benefit from anti-
IGEFR therapy.

6. Conclusions

The bridging between preclinical studies and useful clini-
cal strategies seems to demand a deeper understanding of

Analytical Cellular Pathology

these complex pathways. Development of predictive molec-
ular biomarkers and optimal inhibitory approaches of the
IGF/EGF systems should yield better clinical strategies. In
conclusion, unraveling the interaction between the critical
signaling pathways in breast cancer biology including ER«,
EGFR, and IGF components should provide additional new
concepts in designing combination therapies.
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Abstract

Epidermal growth factor (EGF)/insulin like growth factor-I (IGF-1) and Estradiol (E2) can regulate biological
functions of hormone-dependent tumor cells. Fibronectin (FN) is a large glycoprotein abundantly expressed in
breast cancer extracellular matrices (ECMs) postulated to be a marker of aggressiveness during cancer
pathogenesis. In this study we demonstrate that IGF-I/EGF as well E2 strongly increase the adhesion of the
MCF-7 breast cancer cells onto FN. Moreover, IGF-IR is necessary for the IGF-I-/EGF- and E2-induced cell
adhesion. Erk1/2 inhibition abolished the IGF-I-/EGF-/E2-induced MCF-7 cell adhesion, suggesting that this
regulation of cell adhesion is perpetrated through Erk1/2 downstream signaling. Erk1/2 signaling was shown
to modulate IGF-IR status as its' inhibition attenuates both IGF-IR expression and activation. Notably, EGF
and E2 enhanced the mRNA as well as protein expression of IGF-IR in MCF-7 cells. Confocal microscopy
demonstrated that treatment of MCF-7 cells with IGF-I or EGF induced actin reorganization, which was
attenuated with Erk1/2 inhibition. Interestingly, IGF-I treatment induced a co-localization of IGF-IR and FAK,
which was evident mostly at the cell membranes of MCF-7 cells. In summary, IGF-IR was shown to be a
convergence point for the IGF-/EGF- and E2-dependent MCF-7 cell adhesion onto FN.

© 2016 Elsevier B.V. All rights reserved.

Introduction

Breast cancer is the most common cancer and the
second cause of cancer mortality among women
[1,2]. Indeed, breast cancer cells have an increased
ability to proliferate, invade the surrounding tissues
and metastasize [3]. The interaction of the cells with
their microenvironment, the extracellular matrix
(ECM), is a critical step in carcinogenesis [4,5].
Moreover, accumulating evidence indicates that
ECM components are strongly involved in the
processes of cancer metastasis [6]. Cancer cells
adhere to ECM components through specific binding
of their respective transmembrane proteins and this
process crucially affects their behavior. Focal adhe-

0022-2836/© 2016 Elsevier B.V. All rights reserved.

sions are highly organized contact points at the
cell-ECM interface, directly communicating with the
cell actin cytoskeleton [7].

Fibronectin (FN) is a large glycoprotein abundantly
expressed in breast cancer ECMs, which interacts
with different cell membrane proteins and thus
modulates cell adhesion and migration [8]. Important-
ly, FN has been postulated as a marker of aggres-
siveness during cancer pathogenesis [9]. Thus, in
breast cancer, expression of FN is positively correlat-
ed with increased aggressiveness and motile pheno-
type of cells [10,11]. Furthermore, the expression of
FN is regulated by estrogen receptor a (ERa), as ERa
depleted MCF-7 breast cancer cells show enhanced
FN expression [10]. Noteworthy, tamoxifen-resistant

Matrix Biol. (2016) 56, 95-113
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cells exhibit increased expression of FN and other
mesenchymal markers [12].

Both growth factors and steroids can activate
steroid-dependent tumor cells, thus; interaction
between these signaling molecules stimulates
growth and dissemination pathways at several levels
[13—16]. Importantly, the categorization of breast
cancer into histopathologic subtypes is based on ER
and progesterone (PR) hormone receptor status and
HER2/ErbB2 epidermal growth factor (EGF) recep-
tors' expression levels [17]. ERa targeted therapy is
commonly used for breast cancer treatment [14].

Fig. 1. IGF-IR affects IGF-I-/EGF-and E2-induced
cell adhesion.(A), MCF-7 cells were treated with IGF-I
(10 ng/ml), EGF (5 ng/ml), AG1024 (inhibitor of IGF-IR)
(1 pp) for 48 h before harvesting and reseeding for 1 h
on 96 well-plates coated with FN;(B),ZR-75-1 cells
were treated with IGF-l (10 ng/ml), EGF (5 ng/ml),
AG1024 (inhibitor of IGF-IR) (1 py) for 48 h before
harvesting and reseeding for 1 h on 96 well-plates
coated with FN; (C),MCF-7 cells were treated with E2
(10 nM), AG1024 (inhibitor of IGF-IR) (1 pu) and their
combination for 48 h before harvesting and reseeding
for 1 h on 96 well-plates coated with FN. The number of
attached cells was determined using fluometricCy-
QUANT Assay Kit (Molecular Probes). The results
represent the average of three separate experiments in
triplicate. Means + SEM plotted; Statistical signifi-
cance *p < 0.05, **p < 0.01, ***p < 0.001.

However, the majority of patients progress, during
endocrine therapy, to resistant disease (acquired
resistance) and a proportion of patients may fail to
respond to initial therapy (de novo resistance) [14].
Resistance may increase the aggressiveness and
bestow protection against apoptosis to breast cancer
cells [18]. Importantly, several steroid responses
have been functionally linked to other intracellular
signaling pathways, including c-Src or tyrosine
kinase receptors [14,15,19].

IGF-IR is a hetero-tetrameric transmembrane
glycoprotein that involves two a- and two 3- subunits;
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Fig. 2. IGF-IR downregulation affects IGF-I-/EGF- and E2 dependent adhesion. (A), MCF-7 cells were transfected with
IGF-IR short interfering RNA (silGF-IR) whereas scramble RNA (siScr) was used as a negative control. The cells were
cultured for 48 h before harvest. Representative blot of IGF-IR protein (95 kDa band) is presented;(B), IGF-IR protein
bands were densitometrically analyzed and adjusted against actin; (C), MCF-7 cells were transfected with IGF-IR short
interfering RNA (silGF-IR) with the use of scramble RNA (siscr) as a negative control. The cells were cultured for 48 h
before harvest and IGF-IR mRNA level expression was verified by real time PCR. Next, 24 h after transfection MCF-7 cells
were treated with IGF-I (10 ng/ml) (D), EGF (5 ng/ml) (E), and E2 (10 nM) (F), for 48 h before harvesting and reseeding for
1 h on 96 well-plates coated with FN. The number of attached cells was determined using fluometricCyQUANT Assay Kit
(Molecular Probes). The results represent the average of three separate experiments in triplicate. Means + SEM plotted;
Statistical significance *p < 0.05, **p < 0.01, ***p < 0.001.
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the a subunits are the ligand binding domains and
the B subunits have tyrosine kinase activity [20,21].
Ligand binding on IGF-IR induces its' conformational
change and autophosphorylation at tyrosine resi-
dues 1131, 1135, 1136 of kinase domain [22].
Binding of IGF-I to IGF-IR leads to recruitment of
adaptor proteins belonging to the insulin-receptor
substrate (IRS) family of proteins to autophosphory-
lated regions within the cytosolic domain of IGF-IR
with subsequent activation of downstream signaling
molecules including Shc/Grb10 [23,24], Ras/Raf-1,
MAPK/Erk and PI3-K/Akt [25,26]. In addition,
ECM-derived cues, including the small leucine rich
proteoglycan decorin, discretely regulate IGF-IR
signaling between physiological and pathological
cellular models [27]. Importantly, both IGF-I down-
stream signaling and EGF downstream signaling
affect the organization of the cytoskeleton [28,29],
which is critical for cell adhesion, motility and
invasion. Moreover, at the level of functional
properties, E2 in combination with IGF-I/EGF pro-
motes proliferation of breast cancer cells in the
presence of collagen type | and FN [30]. Indeed, the
crosstalk among these signaling pathways has been
suggested to modify the cell-ECM interface and
ultimately to regulate breast cancer cell behavior
[15,31].

Based on the above, we found of importance to
investigate the crosstalk between E2 and IGF/EGF
signaling pathways in breast cancer cell adhesion.
The obtained results clearly demonstrate that E2
and IGF-I/EGF are positive regulators of breast
cancer cell adhesion using IGF-IR downstream
signaling as a common conduit.

Results

IGF-I-/EGF- and E2-mediated cell adhesions onto
fibronectin are regulated by IGF-IR

Taking into account the well-established role of
IGF-I, EGF/ IGF-IR signaling in breast cancer
pathogenesis we examined the ability of these
mediators to regulate the adhesion capability of
hormone responsive MCF-7 and ZR-75-1 breast
cancer cells [32]. The utilization of a specific cell
adhesion assay, as shown in Fig. 1A and B,
demonstrated that IGF-I and EGF strongly increased
the adhesion of these cells onto FN (p <0.01;
p < 0.001). Utilizing the specific IGF-IR inhibitor,
AG1024, both basal (p <0.05) as well as the
IGF-l-and EGF-dependent MCF-7 cell adhesion
was abolished (p < 0.01; p < 0.001, respectively).
Likewise, both IGF-I- and EGF- dependent
ZR-75-1cell adhesion was strongly attenuated in
the presence of AG1024 (p <0.01; p <0.001,
respectively). These data show that IGF-1 as well as

EGF modulate MCF-7 and ZR-75-1 cell adhesion
through IGF-IR downstream signaling, suggesting
thus, the existence of crosstalk. The AG1024 has a
low binding affinity to other insulin receptors (IR),
hence ruling out their contribution in the shown
effects [33]. In control experiment AG1024 was
verified to inhibit IGF-IR activation (Supplemental
Fig. 1A & B). The adhesion experiments were also
performed at the 24 h time point with similar to 48 h
effects of IGF-I, E2 and EGF stimulation (Supple-
mental Fig. 1C). Moreover, utilizing the specific
EGFR inhibitor, AG1478, E2-dependent MCF-7 cell
adhesion was abolished (p < 0.01); whereas no effect
was evident in the enhancement of adhesion due to
IGF-I stimulation (p = ns) (Supplemental Fig. 2).

Earlier studies demonstrated the existence of
crosstalk among E2 and IGF-IR/EGF-R signaling in
MCEF-7 cells [34]. Therefore in continuation, taking
into account that they share genomic and transcrip-
tional features with primary tumor cells [35] MCF-7
cells were chosen as a representative model system
of hormone responsive growth [34]. In the present
study E2 significantly increases the ability of MCF-7
cells to adhere onto FN (p <0.01) (Fig. 1C).
Moreover, IGF-IR participation seems to be neces-
sary for the E2-induced cell adhesion (Fig. 1C), as
demonstrated through the use of a specific IGF-IR
inhibitor (p < 0.001).

IGF-IR-deficient cells' adhesion is not
responsive to IGF-I-/EGF- and E2 stimulation

To corroborate the direct role of IGF-IR on MCF-7
cell adhesion, we utilized siRNA specific for the
IGF-IR gene. Transfection of MCF-7 cells with
silGF-IR resulted in a satisfactory 55% decrease of
IGF-IR mRNA expression and protein expression
(p < 0.01) (Fig. 2A, B, C). Down-regulation of IGF-IR
expression correlated with a significant inhibition of
MCF-7 cell adhesion (p < 0.05) (Fig. 2D,E, F).
Moreover, the IGF-I-/EGF- and E2-stimulation of
MCF-7 adhesion capacity was strongly attenuated in
IGF-IR-deficient cells (p < 0.01;p < 0.05;p < 0.01
respectively) (Fig. 2D, E, F). These data verify that
IGF-IR is a convergence point in the regulation of
MCF-7 cell adhesion.

The effects of IGF-I-/EGF- and E2 on
IGF-IR expression

In control experiments and in accordance with
earlier studies [36,37], MCF-7 cells were verified to
highly express IGF-IR (Fig. 3A, B) and IGF-l was
found to induce the phosphorylation of this receptor
at the Tyr1165/1166 residue (p < 0.001). Notably,
EGF and E2 were found to enhance the mRNA
(p < 0.01; p < 0.05) as well as protein expression of
IGF-IR in MCF-7 cells (p < 0.05) (Fig. 3C,D,E). Onthe
other hand, mRNA and western blot analysis showed
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Fig. 3. IGF-I-/EGF- and E2 affect IGF-IR expression. (A), MCF-7 cells were treated with IGF-I (10 ng/ml) for 48 h. A
representative blot of IGF-IR protein (95 kDa) and p-IGF-IR (95 kDa) is presented; (B),IGF-I and p-IGF-IR protein bands
were densitometrically analyzed and adjusted against actin; (C),MCF-7 cells were treated with IGF-1 (10 ng/ml), EGF
(5 ng/ml) or E2 (10 nM) for 48 h and representative blot of IGF-IR (95 kDa) is presented; (D)Protein bands were
densitometrically analyzed and adjusted against actin; (E),IGF-IR mRNA expression after IGF, EGF and E2 treatments
were determined by real time PCR. The results represent the average of three separate experiments in triplicate. Means +
SEM plotted; Statistical significance *p < 0.05, **p < 0.01, ***p < 0.001.

that neither IGF-I/EGF nor E2 treatment affected the
expression of EGFR (Supplemental Fig. 3).

Erk1/2 is the downstream regulator of IGF-I-/
EGF- and E2-induced breast cancer cell adhe-
sion and IGF-IR expression and activation

Ligand induced activation of IGF-IR can initiate
several signaling mechanisms including the Ras/
Raf/Erk pathway implicated in receptor mediated
mitogenesis and transformation [38]. In this study
and in accordance with previous, IGF-I and EGF
significantly increased Erk1/2 activation (p < 0.05
and p < 0.01, respectively) (Fig. 4A,B,C,D). We
show that this activation was executed in an
IGF-IR dependent manner, as the inhibition of
IGF-IR downstream signaling strongly attenuated

both the IGF-I- and EGF-induced activations of Erk1/
2 (p <0.01 and p < 0.01) (Fig. 4A,B,C,D). Likewise
E2, induced activation of Erk1/2 was abolished upon
inhibiting IGF-IR downstream signaling (p < 0.05)
(Fig. 4E,F).

These data prompted us to further examine the
possible participation of Erk1/2 in IGF-I/EGF-/
E2-induced breast cancer cell adhesion. As dem-
onstrated in Fig. 5A, the use of Erk1/2 inhibitor
strongly decreased both the IGF-I (p < 0.01) and
EGF-dependent (p < 0.05) cell adhesions. These
results suggest that the IGF-I-/EFG-dependent
regulation of MCF-7 cell adhesion may well be
perpetrated through the Erk1/2 downstream signal-
ing. Moreover, as shown in Fig. 5B, Erk1/2 inhibition
resulted in the inhibition of E2-dependent MCF-7
cell adhesion (p < 0.001). In separate experiments
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Fig. 4. IGF-IR affects Erk1/2 activation. (A), MCF-7 cells were treated with IGF-I (10 ng/ml), AG1024 (inhibitor of
IGF-IR) (1 pp) and their combination for 48 h before harvest. Representative blots of Erk1/2 protein (42/44 kDa) and
p-ERK1/2 (44/42 kDa) are presented; (B), Erk1/2, p-Erk1/2 protein bands were densitometrically analyzed and adjusted
against actin; (C),MCF-7 cells were treated with EGF (5 ng/ml) and AG1024 (inhibitor of IGF-IR) (1 pp), for 48 h before
harvest. Representative blots of Erk1/2 protein (42/44 kDa) and p-Erk1/2 (44/42 kDa) are presented;(D), Erk1/2 and
p-Erk1/2 protein bands were densitometrically analyzed and adjusted against actin;(E),MCF-7 cells were treated with E2
(10 nM), AG1024 (inhibitor of IGF-IR) (1 pp) and their combination for 48 h before harvest. Representative blots of Erk1/2
protein (42/44 kDa) and p-Erk1/2 (44/42 kDa) are presented; (F), Erk1/2 and p-Erk1/2 protein bands were
densitometrically analyzed and adjusted against actin. The results represent the average of three separate experiments
in triplicate. Means + SEM plotted; Statistical significance *p < 0.05, **p < 0.01, ***p < 0.001.

IGF-I-dependent PI-3K downstream signaling was [40]. In continuation, we examined possible feed-
shown to participate in the regulation of MCF-7 cell ~ back regulation between Erk1/2 downstream sig-
adhesion (Fig. 5C, D, E). The utilization of naling and IGF-IR expression/activation utilizing a
LY294002 inhibitor of PI-3K, strongly decreased  specific Erk1/2 inhibitor. This approach demon-
both the IGF-1 (p <0.05) and E2-dependent strates a key role of Erk1/2 signaling on IGF-IR
(p < 0.01) cell adhesion (Fig. 5C, E). status as inhibition of Erk1/2 signaling attenuates

Itis well established that the IGF-I-induced MAPK both the IGF-IR expression and activation
activation [39], may mediate oncogenic signaling (p < 0.001) (Fig. 6A, B and C).
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Fig. 5. Erk1/2and PI-3kinase regulate MCF-7 cell adhesion. (A), MCF-7 cells were treated with IGF-1 (10 ng/ml), EGF
(5 ng/ml), Erk1/2 inhibitor (5 pp) and their combinations for 48 h before harvesting and reseeding for 1 h on 96 well-plates
coated with FN;(B), MCF-7 cells were treated with E2 (10 nM) and Erk1/2 inhibitor (5pp) and their combination for 48 h
before harvesting and reseeding for 1 h on 96 well-plates coated with FN. (C),MCF-7 cells were treated with IGF-I (10 ng/
ml)and PI3-kinase inhibitor (LY294002) (10 py) for 48 h before harvesting and reseeding for 1 h on 96 well-plates coated
with FN. (D), MCF-7 cells were treated with EGF (5 ng/ml) and PI3-kinase inhibitor (LY294002) (10 pp) for 48 h before
harvesting and reseeding for 1 h on 96 well-plates coated with FN; (E), MCF-7 cells were treated with E2 (10 nM) and
PI3-kinase inhibitor (LY294002) (10 up) for 48 h before harvesting and reseeding for 1 h on 96 well-plates coated with FN;
and The number of attached cells was determined using fluometricCyQUANT Assay Kit (Molecular Probes). The results
represent the average of three separate experiments in triplicate. Means + SEM plotted; Statistical significance *p < 0.05,

**p <0.01, *™p < 0.001.

IGF-I/EGF affects the organization of cytoske-
leton of breast cancer cells in an Erk1/2
dependent manner

The “transformed tumor cell phenotype” based on
specific cytoskeleton rearrangements and correlated
with their growth, efficient adhesion and migration,

results ultimately in successful metastatic dissemi-
nation [41]. Therefore, we examined possible effects
of IGF-I/EGF on breast cancer cell actin cytoskele-
ton arrangement. Rhodamine conjugated phalloidin
staining was used for F-actin detection. A significant
increase in actin polymerization (green color) is
evident in IGF-l and EGF stimulated cells (Fig. 7C,
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Fig. 6. The role of Erk1/2 on IGF-IR expression and activation. (A), MCF-7 cells were treated with Erk1/2 inhibitor (5 pp)
for 48 h before harvest. Representative blot of IGF-IR protein (95 kDa), p-IGF-IR (95 kDa) is presented; (B), IGF-IR and
p-IGF-IR protein bands were densitometrically analyzed and adjusted against actin;(C), MCF-7 cells were treated with
Erk1/2 inhibitor (5 pp) for 48 h before harvest and IGF-IR mRNA expression was determined by real time PCR. The results
represent the average of three separate experiments in triplicate. Means + SEM plotted; Statistical significance *p < 0.05,

**p <0.01, **p < 0.001.

E). Moreover, confocal microscopy demonstrates
that treatment of MCF-7 cells with IGF-I or EGF
resulted in the fully spread, adhesive phenotype with
the cells being stretched by the tensile forces of actin
stress fibers (Fig. 7C, E). In contrast, control cells
had less well organized actin stress fibers (Fig. 7A).
Importantly, Erk1/2 inhibition attenuated IGF-I/
EGF-dependent actin reorganization (Fig. 7D, F).

IGF-I-/EGF-induced increase in breast cancer cell
adhesion depends on the presence and activation
of FAK

Focal Adhesion Kinase (FAK) is a 125-kDa cyto-
plasmic tyrosine kinase protein localized at adhesion
sites with critical role in processes of cell adhesion,
motility and survival [42,43] and importantly is the
main transducer of the integrin signaling required to
stabilize the actin cytoskeleton. To examine the
putative participation of FAK signaling on the IGF-I-/
EGF-dependent adhesion, we transfected MCF-7
cells with FAK siRNA (siFAK) designed according to
Hong et al., [44] and demonstrated to be specific for
the FAK gene [45]. As shown in Fig. 8A, B and C,
treatment of MCF-7 cells with siFAK for 48 h resulted
in the statistically significant (p < 0.01) inhibition of
FAK at both mRNA and protein expression levels. The
inhibition of FAK expression decreases their adhesion
capability (50%) as compared to cells treated with
scramble siRNA (Fig. 8D, E, F). Notably, IGF-I-, EGF-

and E2-dependent adhesion was significantly inhib-
ited in FAK-deficient cells MCF-7 cells (p < 0.001;
p < 0.01; p < 0.001, respectively), indicating that the
stimulatory effect that IGF-I/EGF and E2 exerted on
MCF-7 cells is FAK-dependent (Fig. 8D, E, F). These
data demonstrate that active FAK signaling was
obligatory for the IGF-I, EGF- and E2-induced effects
on MCF-7 cell adhesion.

We examined the putative IGF/EGF effects on
FAK activation and the possible participation of Erk1/
2 in this action. It has been previously established
that the activation of FAK can be enhanced by
growth factor signaling [46]. In the present study both
IGF and EGF strongly induced FAK phosphorylation
at Tyr397 with a statistical significance of p < 0.001
and p < 0.01, respectively (Fig. 9A, B). Furthermore,
we demonstrate in MCF-7 cells that IGF-I- and
EGF-induced FAK activation was accomplished
through Erk1/2 signaling (Figs. 9A, B) well in line
with earlier reports showing that Erk1/2 can regulate
the activation of FAK in other model systems [47].
Utilization of a specific PI-3K inhibitor demonstrated
the participation of PI-3K downstream signaling in
IGF-I modulation of FAK activation (Fig. 9C, D).
Integrins, and particularly 1, have been demon-
strated to be major membrane receptors, which in
co-operation with FAK, participate in adhesion onto
the FN substrate. In control experiments it was
demonstrated that IGF-I, EGF and E2 do not affect
integrin B1 expression (Supplemental Fig. 4).
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Control Erk inh

Erk inh + EGF

Fig. 7. The role of Erk1/2 on actin organization. MCF-7 cells were treated with IGF-I (10 ng/ml), EGF (5 ng/ml) and Erk1/
2 inhibitor (5 pp) as well as their combinations for 48 h, seeded onto glass coverslips, fixed, permeabilized, and then
stained using phalloidin to visualize the actin filaments (green color). The nuclei were stained using TO-PRO-3. The
signals against phalloidin and TO-PRO-3 were superimposed. Slides were analyzed by confocal microscopy, and pictures
were taken using x40.

IGF-IR and FAK co-localization downstream signaling, in alignment with previous
reports [48]; we examined their cellular localization.

Taking into account, the above showed IGF-IRand  Utilization of immunofluorescence demonstrated an
FAK co-operation in the regulation of cell adhesion abundant deposition of IGF-IR and FAK in MCF-7 cells
and the demonstrated FAK activation through IGF-I (Fig. 10). IGF-I treatment induced a co-localization of
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Fig. 8. The role of FAK on breast cancer cell adhesion.(A), MCF-7 cells were transfected with FAK short interfering RNA
(siFAK) whereas scramble RNA (siScr) was used as a negative control. The cells were cultured for 48 h before harvest.
FAK mRNA expression was determined utilizing real time PCR; (B),Representative blot of FAK protein (125 kDa band) is
presented. FAK protein bands were densitometrically analyzed and adjusted against actin. (C), MCF-7 cells were
transfected with FAK short interfering RNA (siFAK) with the use of scramble RNA (siscr) as a negative control. The cells
were cultured for 48 h before harvest and FAK mRNA levels expression was verified by real time PCR. Next, 24 h after
transfection MCF-7 cells were treated with IGF-I (10 ng/ml) (D), EGF (5 ng/ml) (E), and E2 (10 nM) (F), for 48 h before
harvesting and reseeding for 1 h on 96 well-plates coated with FN. The number of attached cells was determined using
fluometricCyQUANT Assay Kit (Molecular Probes). The results represent the average of three separate experiments in
triplicate. Means + SEM plotted; Statistical significance *p < 0.05, **p < 0.01, ***p < 0.001.

IGF-IR and FAK evident mostly at the cellmembranes  Dijscussion

of MCF-7 cells (Fig. 10). Erk1/2 inhibition caused a

downregulation of IGF-IR expression and unattenua- In the present study, we show that IGF-1, EGF and
tion of IGF-IR and FAK co-localization (Fig. 10). E2 increase the capacity of MCF-7 cells to adhere
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Fig. 9. The role of Erk1/2 on the FAK activation. (A), MCF-7 cells were treated with IGF-I (10 ng/ml), EGF (5 ng/ml) and
Erk1/2 inhibitor (5 pu), for 48 h before harvest. Representative blot of FAK and p-FAK protein (125 kDa), are
presented;(B), FAK and p-FAK protein bands were densitometrically analyzed and adjusted against actin.(C), MCF-7 cells
were treated with IGF-I (10 ng/ml), EGF (5 ng/ml) and PI-3 K inhibitor (5 pp), for 48 h before harvest. Representative blot
of FAK and p-FAK protein (125 kDa), are presented; (D), FAK and p-FAK protein bands were densitometrically analyzed
and adjusted against actin. The results represent the average of three separate experiments in triplicate. Means + SEM
plotted; Statistical significance *p < 0.05, **p < 0.01, ***p < 0.001.

onto FN in a manner dependent on IGF-IR down-
stream signaling, involving Erk1/2, IGF-IR/FAK
co-localization, actin reorganization and changes in
cell morphology.

IGF-1 and EGF are significant regulators of breast
cancer cell biological processes; including cell
proliferation, invasion and migration [38,49,50].
Moreover, their contribution is critical for the main-
tenance of malignant transformation and protection
against apoptosis [21,51]. Cell adhesion is a critical
event in the migration/invasion step of cancer
progression [52]. Cancer cell motility is highly
dependent on components of the surrounding
extracellular matrix [53,54]. FN is an abundant
component of breast cancer cell microenvironment
directly correlated to this cancer type progression
[8,9]. In the present study we demonstrate that IGF-,
EGF and E2 enhance FN-dependent MCF-7 cell

adhesion through IGF-IR effects. Initially, we verify
that IGF-1 and EGF significantly increase Erk1/2
activation, common downstream mediators of
IGF-IR [38] and EGFR [55,56]. Our data suggests
that the IGF-I- and EGF-induced activation of Erk1/2
was IGF-IR dependent.

In hormone-dependent breast cancers, E2 plays a
significant role in numerous cell functions, such as
breast cancer cell proliferation and survival [57,58].
E2 and IGF-I/EGF signaling crosstalk have been
suggested to regulate breast cancer progression
[59,60] and expression of matrix macromolecules
implicated in cancer progression [15,31]. Emerging
evidence suggests that ERa participates in extranu-
clear signaling via formation of a multiprotein
complex collectively called a “signalosome” [61].
Indeed, it is suggested that EGFR, ErbB2 and
IGF-IR tyrosine kinase receptors “tether” ERa to
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IGF-IR + FAK

IGF-I

Fig. 10. IGF-IR and FAK co-localization. MCF-7 cells were treated with IGF-I (10 ng/ml), and Erk1/2 inhibitor (5 pp), for
48 h, were seeded onto round coverslips, fixed, permeabilized, and then stained using antibodies specific for FAK (green
color) and IGF-IR (red color). Alexa Fluor anti-rabbit and anti-mouse peptides were added for 1 h. The nuclei were stained
using TO-PRO-83. The signals against IGF-IR, FAK and TO-PRO-3 were superimposed. Slides were analyzed by confocal

microscopy, and pictures were taken using x40.

the cell membrane and participate in E2 biological
actions by interacting with ER “signalosome” [62].
Interestingly, IGF-IR and ERa often show parallel
overexpression in breast cancer with the
IGF-IR-mediated signaling pathway being important
in E2 action [62]. This pattern of IGF-IR/ERa
expression of MCF-7 cells was verified in the present
study, since they are both highly expressed. On the
other hand, the expression of EGFR correlates
inversely with the expression of ERa as it was
shown in the present study; and in accordance with
recently reported data [10]. However, a number of
reports demonstrate that both receptors are func-
tional in the regulation of breast cancer growth
regardless of which one is dominantly expressed
[63,64]. Furthermore, Coppola et al. [65] have shown
that EGFR requires the participation of an active
IGF-IR for its mitogenic and transforming activities.
Here we demonstrate that both EGF and E2
upregulate the expression of IGF-IR, which would
result in increased Erk1/2 activation and enhanced
downstream signaling. Noteworthy, it has previously
been shown in MCF-7 cells that IGF-I and EGF
activate the A/B domain of ERa via the MEK/Erk1/2
pathway [61,66]. In the present study, it was
demonstrated that E2 enhanced the ability of
MCF-7 cells to adhere onto FN. Furthermore,

IGF-IR participation was necessary for the
E2-induced adhesion, as the IGF-IR specific inhibitor
AG1024 decreased the E2-induced adhesion. Ac-
cording to earlier studies E2 action involves both
IGF-IR and EGFR signaling [62]. This biological
effect of E2 in MCF-7 cell adhesion is attributed to
non-genomic action of E2, which results in rapid
phosphorylation of IGF-IR and in the activation of its
downstream signaling pathways (MAPK and Akt)
[60,67].

A significant contribution of ERa, through Erk
signaling, in the regulation of breast cancer cell
motility properties has been suggested by Bouris et
al. [10]. Moreover, the same authors have recently
indicated a key role of ER in the regulation of breast
cancer cell behavior [68]. Researchers have shown,
in an urothelial cancer model system, that IGF-IR
dependent motility and invasion require the
Pl-3kinase and MAPK signaling activation [69].
Further focusing on the role of Erk1/2 signaling
pathway in the action of IGF-I, EGF and E2 in breast
cancer cell adhesion, demonstrated that the in-
crease of breast cancer cell adhesion by IGF, EGF
and E2 is dependent on the IGF-IR/Erk1/2-signaling
axis. In an earlier report E2 was shown to modulate
the expression of IGF-signaling pathway compo-
nents enhancing MAPK activation and this resulted
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in increased MCF-7 cell growth [60]. Thus, cross-talk
between IGF- and ER-signaling pathways results in
synergistic growth.

ER is a key transcription factor that drives gene
expression in ER-positive breast cancers [70]. In this
study both genomic and non-genomic ER actions
[71,72] are implied as E2 was shown to transactivate
IGF-IR as well as to upregulate and maintain high
levels of IGF-IR expression; which facilitate the
ability of MCF-7 cell to adhere onto FN. Specifically,
E2 activates ERa, which in turn transactivates IGF-IR
that mediates adhesion through Erk1/2 [72,73].

Additionally, upon activation of receptor protein
tyrosine kinases (RPTK) like IGF-IR and EGFR, the
PI-3K lipid kinase may be recruited to the cell
membrane to trigger activation of downstream
signaling pathways [74]. The possible participation
of PI3-kinase in the IGF/EGF and E2 action in
MCEF-7 cell adhesion was also investigated in this
study; and we show that PI-3kinase mediated IGF
and E2 signal activation in breast cancer cell
adhesion. These results suggest that PI-3K down-
stream signaling participates in the IGF/
E2-dependent MCF-7 adhesion. Data presented in
earlier reports on epithelial malignancies indicate
that RPTK downstream signaling may have differ-
ential requirements regarding MAP kinase and PI-3K
participation [25,75].0n the other hand, the expres-
sion of IRS-1, a major downstream signaling effector
for IGF1 receptors known to convey signals to PI-3K/
Akt and ERK1/2 pathways, is regulated by ER
activities [76]. These studies demonstrate selective
overlapping of Erk1/2 and PI-3K signaling in the
regulation of breast cancer cell function that is well
correlated to the present report.

The inhibition of Erk1/2 downregulates the expres-
sion and activation of IGF-IR, indicating the exis-
tence of a feedback loop between IGF-IR and Erk1/
2. Specifically, IGF-1 activates the Erk1/2 via IGF-IR
regulation and at the same time the Erk1/2 regulates
the gene expression of IGF-IR. It is known that Erk1/
2 regulates numerous genes associated with cancer
progression [77]. Importantly, IGF-IR gene lacks
TATA box and CAAT sequences which are required
for accurate transcription, thus the IGF-IR gene can
be subjected to multiple regulation through a unique
‘initiator’ motif [78]. Moreover it has been suggested
that in ERa-positive cells increased cellular IGF-IR
expression results in its nuclear translocation and
transcriptional upregulation of IGF-IR gene [79].
Importantly, it is generally well established, that
IGF-IR expression is a fundamental prerequisite for
the progression of oncogenesis [80]. Moreover,
IGF-IR gene expression in breast and prostate
cancer shows a strict correlation to the disease
stage [81,82]. It can be hypothesized thus, that the
protracted overexpression of IGF-IR at early stages
of carcinogenesis bestows advantageous traits upon
transformed cells.

The presence of growth factors and the alteration
in adhesive properties of cells can lead to changes in
the cytoskeleton organization [83]. MCF-7 cells are
poorly invasive and non-metastatic cells with an
epithelial profile [84]. According to the results of the
present study the increased adhesion by IGF-I and
EGF to FN was accompanied by modulation of actin
filament organization. The effect of these growth
factors on the cytoskeleton organization was Erk1/2
dependent. Thus, the IGF-I/EGF signaling induced
the fully spread, adhesive phenotype with the cells
being stretched by the tensile forces of actin stress
fiber characteristic of the “transformed tumor cell
phenotype” and resulting in efficient adhesion and
migration. FAK is a protein located near the cell
membrane with a regulatory role in breast cancer cell
adhesion, motility and survival [43,85]. Tyrosine
kinase phosphorylation of FAK at the Y397 residue
[86,87] and the subsequent phosphorylation of FAK
binding proteins, such as paxillin and Cas [85] cause
cytoskeletal changes and activation of Ras-MAPK
and PI3-kinase signaling pathways [87,88]. In this
study, we have shown that both IGF and EGF
activate the FAK at Y397 in an Erk1/2 dependent
manner. According to earlier reports, the activation
of FAK can be enhanced by the stimulation of growth
factor signaling [46]. Moreover, FAK activation has
been suggested to be mediated by IGF-IR in
fibroblasts [89] and by EGFR in keratinocytes [90].
Likewise, previous studies show that Erk1/2 partic-
ipates in FAK activation [47,91].

FAK and IGF-IR physical association has earlier
been demonstrated in pancreatic and glioma can-
cers [92,93]. Moreover, Zheng et al., [91] show that
the FERM domain of FAK can bind to the 8 subunit of
IGF-IR. FAK activation is necessary for IGF-IR
mediated regulation of EMT and regulation of motility
properties of triple negative breast cancer cells [94].
In this study FAK and IGF-IR were found to co-localize
in MCF-7 cells. In addition, IGF-I was found to
enhance the merged signal demonstrating that the
co-localization was dependent on downstream IGF-IR
signaling. Upon Erk1/2 inhibition the co-localization
decreased significantly. Thus, the results of this study
suggest that Erk1/2 through the regulation of IGF-IR
and FAK expression and a probable complex
formation significantly affects actin re-organization
and modulates MCF-7 cell adhesion onto FN. These
findings therefore introduce a novel “concept” where
IGF-I/EGF and E2 crosstalk facilitated by mechanistic
feedback from the cancer cell microenvironment,
during the adhesion process, maintain IGF-IR over-
expression essential for the early steps of cancer
progression. The roles of IGF-I/EGF and E2 crosstalk
on breast cancer cell adhesion phenotype are
schematically depicted in Fig. 11.

In summary, IGF-IR was shown to be a conver-
gence point for IGF-I-/EGF- and E2-induced MCF-7
cell adhesions onto FN. Common downstream
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Fig. 11. IGF-IR is a major conduit point for IGF/EGF and E2 crosstalk in the regulation of breast cancer cell adhesion.
(A), Binding of the EGF ligand activates EGFR and downstream Erk1/2 signaling to enhance IGF-IR expression; (B), E2
enters the cytoplasm to activate ER which may transactivate EGFR and IGF-IR (non-genomic action) or localize to nucleus
to transcriptionally regulate IGF-IR expression (genomic action); (C), Binding of the IGF-I ligand activates IGF-IR to
transactivate FAK and putative complex formation and/or to enhance Erk1/2 activation and resulting FAK phosphorylation.
Through feedback regulation Erk1/2 maintains high levels of IGF-IR expression. The crosstalk of above mentioned

pathways results in increased breast cancer cell adhesion.

mediators including Erk1/2 and FAK were activated to
affect the cytoskeleton organization. Complex forma-
tion among IGF-IR-FAK and ER cannot be excluded
and this is currently under study in our laboratories.

Materials & methods

Chemicals, biochemicals and reagents

IGF (insulin-like growth factor) was supplied by
R&D Diagnostics MN, stock solutions of 10 pg/ml
were prepared, by dissolving IGF in sterile Phosphate
Buffered Saline (PBS), EGF (epidermal growth factor)
was supplied by Sigma Chemicals (Germany), stock
solutions of 5 pg/ml were prepared, by dissolving EGF
in sterile Phosphate Buffered Saline (PBS), E2
(Estradiol) was supplied by Sigma Chemicals (Ger-
many), stock solutions of 200 nM were prepared, by
dissolving E2 in medium. Allosteric inhibitor of IGF-IR
and EGFR (AG1024 and AG1478 respectively)
supplied by Sigma Chemicals (Germany), stock
solutions were prepared, by dissolving inhibitors in
DEPC H,O. Selective inhibitor of ERK1/2 (U0126)
was supplied by Cell Signaling Life technologies and
utilized as previously described [95,96]. Selective
inhibitor of PI-3kinase (LY294002) was supplied by

Cayman Chemical. Dublecco's Modified Eagle Medi-
um (DMEM) High glucose and penicillin—streptomycin
were obtained from Biosera, Fetal Bovine Serum
(FBS) by Gibco CA and human plasma fibronectin
(1 mg/ml) from Millipore.

Cell line and cell culture conditions

In this study we used MCF-7 (ERa positive) and
ZR-75-1 (ERa/B) breast cancer cell lines [32]. Cells
were cultured as monolayers at 37 °C and humidity
of 5% v/v CO, Cells were seeded in 75 cm? plastic
flasks and cultured in DMEM High glucose, supple-
mented with Fetal Bovine Serum (FBS) 10% v/v and
antimicrobial agent (100 1U/ml penicillin, 100 pg/ml
streptomycin).

Prior to experiments the cells were starved for 24 h
and in continuation all experiments were conducted
in serum-free conditions. It is noted that treatment
with the IGF-IR inhibitor (AG1024) (1 pp) for 30 min
was made prior to the IGF (10 ng/ml), EGF (5 ng/ml),
E2(10 nM) and treatment with ERK1/2 inhibitor
(5 py) for 1 h was made prior to the IGF (10 ng/
ml), EGF (5 ng/ml) and E2 (10 nM) treatment for
48 h. Experiments were also performed by using
cells transfected with siRNA specific for FAK (siFAK)
or IGF-IR (silGF-IR) and control scramble (siScr)
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Table 1. Primer sequences used for quantitative RT-RCR.

Gene Primer Sequencing

IGF-IR_F 5-TCTCTTCTACCTGGCGCTGT-3'
IGF-IR_R 5-AAGCAGCAGTCATCCACGAT-3'

FAK_F 5-GTGCTCTTGGTTCAAGCTGGAT-3'
FAK_R 5-ACTTGAGTGAAGTCAGCAAGATGTGT-3'
GAPDH_F 5'-GGAAGGTGAAGGTCGGAGTCA-3
GAPDH_R 5-GTCATTGATGGCAACAATATCCACT-3

which were in continuation also treated with IGF
(10 ng/ml), EGF (5 ng/ml) and E2 (10 nM) for 48 h.

Western blot

After 48 h of respective treatments, the cells
were lysed with RIPA solution. The samples were
electrophoresed in 8% polyacrylamide gel and after
that transferred to nitrocellulose membrane in
10 mM CAPS, pH 11 and 10% methanol. Mem-
branes were blocked and incubated overnight at
4 °C with PBS containing 0.1% Tween and 5% v/v
low fat milk powder. After that, the membranes were
incubated for 1 h at room temperature with the
primary antibodies: anti- IGF-IR (1:1000) Millipore,
anti-pIGF-IR (Tyr 1165/1166) (1:200) Millipore,
anti-Erk1/2 (1:1000) Millipore, anti-pErk1/2 (Thr202/
Tyr204, Thr185/Tyr187) (1:200) Santa Cruz Bio-
technology, anti-FAK (1:200) Santa Cruz Biotech-
nology, anti-pFAK (Tyr397) (1:200) Acris and
anti-actin (1:250) Millipore in PBS containing 0.1%
Tween and 1% v/v low fat milk powder. The immune
complexes were detected after incubation with the
peroxidase-conjugated secondary anti-goat,
anti-rabbit and anti-mouse antibodies (1:10.000)
Millipore in PBS containing 0.1% Tween and 1% v/
v low fat milk powder with the Super Signal West
Pico Chemiluminescent substrate (Pierce, IL).

Cell adherence assay

For this assay we used 96-well plates that coated
with FN (5 pg/cm?) and incubated for 1 h at 37 °C to
create FN substrate onto the bottom of wells. The
non-specific binding sites of wells were blocked with
1% BSA for 30 min at room temperature. MCF-7
cells were cultured and treated as described in Cell
line and cell culture conditions section. The cells
were detached with 5 mM PBS/EDTA and 6.000
cells/well were seeded onto the FN-coated 96-well
plates for 1 h. The cell number and the time point
were chosen after preliminary experiments. Non
adherent cells were removed with two washes using
serum-free medium. All experiments were also
performed on BSA-coated plates, and we calculated
the cells attached specifically to fibronectin by
subtracting the number of cells attached to BSA

from the number of cells attached to fibronectin. The
numbers of adherent cells were measured using the
CyQUANT fluorometric assay (Molecular Probes,
Invitrogen) according to the manufacturer's instruc-
tions. Fluorescence was measured in a Fluorometer
(BioTek) using the 485/528 nm excitation and
emission filters. For converting sample fluorescence
values into cell numbers, a reference standard curve
were created, using serial dilutions of known cell
numbers. All adhesion experiments were repeated
at least three times and performed in triplicate.

RNA isolation and real-time PCR

Total RNA isolated by the use of Trizol reagent
(Invitrogen) according to the manufacturer's instruc-
tions. 1 pg of total RNA was used for cDNA
synthesis using the Takara Reverse Transcription
reagent kit (Takara, Japan) according to the manu-
facturer's instructions.

For Real-time PCR we used an Mx3005P cycler
(Stratagene). The KAPA SYBR® FAST Universal
gPCR kit (KAPA Biosystems) was used for Real-time
PCR in a total volume of 20 pl with suitable specific
gene primers (Table 1). The PCR conditions used for
amplification were: 94 °C for 15 min and then 40 cy-
cles at 94 °C for 20 s, 55 °C for 30 s, and 72 °C for
30 s, followed by 72 °C for 10 min. Standard curves
were run in each optimized assay, which produced a
linear plot of threshold cycle (Cf) against log (dilution).
The amount of each gene was quantified according
to the concentrations of a standard curve and was
presented as arbitrary units. As housekeeping
gene for the comparison between treatments,
GAPDH (Table 1) was utilized.

Immunofluorescence

MCF-7 cells were seeded onto glass coverslips in
24-well plates and cultured in 10% FBS DMEM for
24 h. After 48 h treatment the cells were fixed in 5%
formaldehyde and 2% sucrose in PBS (incubation
10 min at room temperature). After three washes
with PBS, Triton X permeabilizing agent was added
for 10 min at room temperature and washed before
the addition of primary antibodies anti-FAK (1:100)
(Santa Cruz Biotechnology) and anti-IGF-IR (1:100)
(Millipore) for 1 h at room temperature. After the
incubation coverslips were washed three times with
PBS 1% bovine serum and secondary antibodies
anti-goat (1:500) (Alexa Fluor 488), anti-rabbit
(1:800) (Alexa Fluor 488) (Invitrogen) were incubat-
ed for 1 h in the dark at room temperature. Topro-3
for the nucleus staining was applied for 20 min in the
dark. Actin filaments were detected using fluores-
cent phalloidin (1:100) (Molecular Probes) for
20 min. Finally, the coverslips were placed on slides
using glycerol and visualized by confocal
microscopy.
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siRNA

MCEF-7 cells in suitable dilution plated in T25 flasks in
serum and antibiotics free DMEM, and incubated with
siRNA (100 nM) sequences specific for the FAK
[44,45]and IGF-IR gene (ON-TARGET plus SMART
pool siRNA by Dharmacon)and with siRNA negative
control sequences (siscramble). Specific SiRNA (Invi-
trogen) and Lipofectamine™ 2000 (Invitrogen) (1 pl/
50 pl medium) were added to Opti-MEM®O (Invitrogen)
for 5 min at room temperature. After that incubation,
diluted Lipofectamine™ 2000 was mixed with diluted
siRNA for 20 min at RT to allow the formation of
siRNA-liposome complexes. Medium containing
siRNA or control siscramble were removed from culture
flasks after 6 h of incubation and replaced with fresh
DMEM 0% FBS containing antibiotics and incubation
continued. The optimal transfection protocol conditions
were chosen after primary experiments.

Statistical analysis

The statistical significance was evaluated by
Student's test or one-way ANOVA analysis with
Tukey's post-test, using GraphPad Prism (version
4.0) software.
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In this data article, the potential role of p53 tumor suppressor gene
(p53) on the attachment ability of MCF-7 breast cancer cells was
investigated. In our main article, “IGF-I/ EGF and E2 signaling
crosstalk through IGF-IR conduit point affect breast cancer cell
adhesion” (K. Voudouri, D. Nikitovic, A. Berdiaki, D. Kletsas, N.K.
Karamanos, G.N. Tzanakakis, 2016) [1], we describe the key role of
IGF-IR in breast cancer cell adhesion onto fibronectin (FN). p53
tumor suppressor gene is a principal regulator of cancer cell pro-
liferation. Various data have demonstrated an association between
p53 and IGF-IR actions on cell growth through its’ putative reg-
ulation of IGF-IR expression. According to our performed experi-
ments, p53 does not modify IGF-IR expression and does not affect
basal MCF-7 cells adhesion onto FN. Moreover, technical details
about the performance of adhesion assay onto the FN substrate
were provided.
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Specifications Table

Subject area Biology

More specific sub- Cell functions and signaling
ject area

Type of data Graphs, figures

How data was Adhesion assay, Real time PCR, Western blot
acquired

Data format Analyzed

Experimental Fibronectin as a substrate for the adhesion assay, transfection with siRNA spe-
factors cific for p53

Experimental Various numbers of cells were plated onto FN to optimize cell number and
features adhesion time in order to design a tailor-made adhesion assay for MCF-7 cells.

The attachment ability of cells and the expression of IGF-IR were assessed after
transfection of cells with siRNA specific for p53 gene.
Data source Department of Anatomy- Histology- Embryology, School of Medicine, University
location of Crete
Data accessibility ~ Data are provided with this article

Value of the data

® There is an established connection between p53 and IGF-IR activities in cancer; specifically p53
mutant forms are known to enhance IGF-IR gene expression (2-5). The assessment of p53/IGF-IR
interactions in breast cancer cell adhesion can be of value for research groups from related fields.

® These data can be compared to other scientific data addressing the connection between various
tumor suppressor genes and IGF-IR expression and/or to data of this interaction in other cell lines
and functions.

® These data facilitates other researchers to execute the optimum adhesion assay for the evaluation
of MCF-7 cell adhesion onto FN.

1. Data

This article contains graphs presenting data on the role of p53 tumor-suppressor gene[2-5] in IGF-
IR expression and breast cancer cell adhesion (Fig. 1). Furthermore, technical details for the perfor-
mance of the MCF-7 cells’ adhesion assay including number of plated cells and the adherence time for
the MCF-7 cell adhesion protocol, are included (Fig. 2). Utilized reagents are presented in Table 1.

2. Experimental design, materials and methods

In order to optimize the adhesion assay protocol we utilized various cell seeding numbers and
adhesion times. Cell lines and cell culture conditions are presented in [1]. In this article additional
technical features of cell adhesion assay are provided.

2.1. Real time PCR, Western blot, adhesion assay

Adhesion assay, siRNA transfection with siRNA specific for p53, real time PCR and western blot
experiments were designed to examine the role of p53 in MCF-7 FN-dependent adhesion. RNA
interference, Western Blot, Real time PCR and adhesion assay protocols were described in [1]. Here,
we provide extra information describing the characteristics of utilized siRNA specific for p53, p53
antibody and p53 primer (Table 1).
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Fig. 1. The role of p53 in breast cancer cell adhesion and IGF-IR expression. MCF-7 cells were transfected with p53 short
interfering RNA (sip53), where scramble RNA (siScr) was used as a negative control. The cells were cultured for 48 h before
harvesting. (A), Representative blot of p53 protein (53kDa) band is presented; (B) p53 protein bands were densitometrically
analyzed and adjusted against actin. (C), p53 mRNA levels expression was verified by real time PCR; (D), MCF-7 cells were
transfected with p53 short interfering RNA (si53) with the use of scramble RNA (siScr) as a negative control. The cells were
cultured for 48 h before harvest and IGF-IR protein levels were verified with Western blotting; (E), p53 protein bands (p53kDa)
were densitometrically analyzed and adjusted against actin. The results represent the average of three separate experiments in
triplicates. Mean + SEM plotted; (F), MCF-7 cells were transfected with p53 short interfering RNA (sip53) with the use of
scramble RNA (siscr) as a negative control. The cells were cultured for 48 h before harvesting and reseeding for 1 h on 96 well-
plates coated with FN. The number of attached cells was determined using fluometric CyQUANT Assay Kit (Molecular Probes).

2.2. Cell adherence assay- optimization of cell number and time to adhere

The 96-well plates were coated with FN (Milipore) (5 pg/ml) as described in (1). MCF-7 cells were
detached with 5 mM PBSEDTA. Cells at 3000, 6000 and 9000 cell/well were seeded onto FN coated
96-well plate. In this experiment, the cells were allowed to adhere or 30 min. The 6000 cells/well
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Fig. 2. Adhesion assay optimization. MCF-7 cells were cultured for 48 h in serum- free conditions, before harvesting and
reseeding on 96-well plates coated with FN for 30 min at three different concentrations (3.000, 6.000 and 9.000 cells/well) (A).
6000 cells/well seeded for 30 min, 1 h, 1,5 h, 2 h, 3 h on 96-well plates coated with FN for 1 h (B). The number of attached cells
was determined by fluometric CyQUANT Assay Kit (Molecular Probes). The results represent the average of three separate
experiments in triplicates. Mean + SEM plotted.

Table 1
Biochemical reagents utilized for the p53 experiment.

p53 antibody (Santa Cruz Sc-126
Biotechnology)
p53 primer (VBC- Biotech) F 5’- CGT CTG GGC TTC TTG CAT TC-3’
R 5’- AAG ACC TGC CCT GTG CAG C-3'
p53 siRNA 5'-CAGTCTACCTCCCGCCATA-3’

5'-GAAGAAACCACTGGATGGA-3’

approach was chosen as having the optimum seeded cells number | adhered cell number ratio. To
determine the optimum adhesion time the 6000 cells/well were allowed to adhere during 30 min,
1h,1,5h, 2 h and 3 h, respectively. The number of adherent cells was determined as described in (1)
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The consecutive stages of cancer growth and dissemination are obligatorily perpetrated through specific interactions of
the tumor cells with their microenvironment. Importantly, cell-associated and tumor microenvironment glycosaminoglycans
(GAGs)/proteoglycan (PG) content and distribution are markedly altered during tumor pathogenesis and progression. GAGs and
PGs perform multiple functions in specific stages of the metastatic cascade due to their defined structure and ability to interact with
both ligands and receptors regulating cancer pathogenesis. Thus, GAGs/PGs may modulate downstream signaling of key cellular
mediators including insulin growth factor receptor (IGFR), epidermal growth factor receptor (EGFR), estrogen receptors (ERs), or
Wnt members. In the present review we will focus on breast cancer motility in correlation with their GAG/PG content and critically
discuss mechanisms involved. Furthermore, new approaches involving GAGs/PGs as potential prognostic/diagnostic markers or

as therapeutic agents for cancer-related pathologies are being proposed.

1. Introduction

Cancer Microenvironment. It is now increasingly recognized
that the microenvironment plays a critical role in the pro-
gression of tumors. The consecutive steps of tumor growth,
local invasion, intravasation, extravasation, and invasion
of anatomically distant sites are obligatorily perpetrated
through specific interactions of the tumor cells with their
microenvironment. Free glycosaminoglycans (GAGs) and
proteoglycan- (PG-) containing GAGs, key effectors of cell
surface, pericellular and extracellular microenvironments,
perform multiple functions in cancer by virtue of their
coded structure and their ability to interact with both ligands
and receptors that regulate cancer growth [1-4]. Specifi-
cally, these extracellular matrix (ECM) components critically
modulate the tumor cell “motile phenotype” affecting their
adhesive/migratory abilities which are directly correlated to
the metastatic cascade [5, 6].

Glycosaminoglycans (GAGs) comprise a class of linear,
negatively charged polysaccharides composed of repeating
disaccharide units of acetylated hexosamines (N-acetyl-
galactosamine in the case of chondroitin sulphate and
dermatan sulfate or N-acetyl-glucosamine in the case of
heparin sulphate and heparin) and mainly of uronic acids (d-
glucuronic acid or l-iduronic acid) being sulfated at various
positions. The exception constitutes keratan sulphate whose
uronic acid is substituted by galactose. Based on the epimeric
form of uronic acid and the type of hexosamine in their
repeating disaccharide units, GAGs are classified into four
major types; hyaluronan (HA), chondroitin sulfate (CS) and
dermatan sulfate (DS), heparin and heparan sulphate (HS),
and keratan sulfate (KS). HA is synthesized in the absence
of a protein core at the inner face of the plasma membrane
and consequently found in the form of free chains whereas
other GAG types are covalently bound into protein cores
to form proteoglycans (PGs). With the exception of HA, all
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GAG types are variably sulfated which contributes to the
intricate complexity of their structures. Free GAGs chains
are secreted to the extracellular space and distributed both
in the pericellular matrix and extracellular matrix proper.
GAGs bound into PGs are located to the extracellular matrix,
basal membrane, and cell surface [7]. Cell type and tissue
specific alterations in fine GAG structure, which are strictly
predetermined [8-10], allow these molecules to modulate
with high specificity different cellular processes [7]. Cell-
associated and tumor microenvironment GAG content and
distribution is markedly altered during tumor pathogenesis
and progression [11, 12].

PGs, molecules which consist of a protein core that is
covalently modified with GAG chains, are distributed both
to the ECM “proper” associated with the cell membrane as
well as located to intracellular compartment. These main
PG groups are further classified into families according to
their gene homology, core protein properties, size, and mod-
ular composition. Thus, secreted to the ECM PGs include
large aggregating PGs, named hyalectans, small leucine-
rich PGs (SLRPs), and basement membrane PGs. Cell-
surface-associated PGs are distributed into two main families
(syndecans and glypicans), whereas serglycin is the only
intracellular PG characterized to date [13, 14]. The wide
molecular diversity of PGs is derived from the multitude
of possible combinations of protein cores and GAG chains.
Thus, PGs are also classified, regarding their GAG content,
into heparan sulfate PGs (HSPG), chondroitin/dermatan
sulfate PGs, (CS/DSPGs), and keratan sulphate PGs. The
specific structural characteristics of both the protein cores
and GAG types provide the structural basis for the plethora of
their biological functions which include acting as structural
components in tissue organization or dynamic regulators of
cellular behaviour [3].

2. Is the Expression of PGs/GAGs in Breast
Cancer Correlated to Disease Progression?

Importantly, ECM components, including PGs and GAGs,
are involved in the molecular events that are associated with
tumor progression. It is well established that during malig-
nant transformation, significant changes can be observed in
the structural and mechanical properties of respective ECM
components. Indeed, the alteration of cell shape and changes
in the interactions with the ECM are considered as important
hallmarks of cancer cells [15, 16]. Changes in the composition
and organization of ECM regulate cancer progression by
promoting cellular transformation and metastasis. Moreover,
altered expression of ECM molecules also deregulates the
behavior of stromal cells and promotes tumor-associated
angiogenesis and inflammation, leading to the generation of
a tumorigenic microenvironment [17-19].

HSPGs have been closely correlated to breast cancer
tumorigenesis. Major HSPGs members are the transmem-
brane proteins syndecans (SDCs), with the SDC family con-
sisting of four members: SDC1, SDC2, SDC3, and SDC4 [20].
A complex pattern describing SDCs’ expression in tumor and
stroma compartments during the progression of malignancy
is emerging. Most reports have focused on the involvement
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of SDCI, an epithelial marker, during the progression of this
insidious disease. Thus, increased expression of SDC1 was
demonstrated in the stroma of invasive breast cancer [21-
23]. Moreover, the expression of SDCI in both epithelium
and stroma may be a predictor of unfavorable prognosis in
breast cancer, whereas loss of epithelial SDCI was associated
with a more favorable outcome [21]. Importantly, SDCI has
also been linked with the promotion of proliferation of
human breast cancer cells in vitro [23]. The distribution of
SDCI to cell membrane has predominantly been described
in breast cancer; however, shed SDCI in other tumor types
has been directly associated with increased invasion and
cancer progression [24, 25]. Indeed in breast cancer, SDC1
is suggested to be a poor prognostic factor for breast cancer
since its upregulation at both the mRNA and protein levels
has been associated with higher histological tumor grade,
as well as increased mitotic index and tumor size [26]. The
expression of other SDC family members in breast cancer
tissues has also been studied. Thus, in estrogen receptor-
negative and highly proliferative breast carcinoma subtypes,
SDC1 and SDC4 were found to be overexpressed [27].
Similarly, the overexpression of these two PGs has been
demonstrated in a highly invasive breast cancer cell line
(MDA-MB-231) [28]. However, another report suggests that
SDC4 expression is downregulated in malignant breast tissue
[29]. The data on SDCI roles seem to be more uniform
as high expression of SDCI has been linked with increased
tumor aggressiveness and poorer prognosis in breast carcino-
mas [30]. Functionally, this correlates well with the proposed
role of SDCI as a coreceptor which activates mitogenic
growth factor signaling which in turn modulates tumor
angiogenesis, cell adhesion, and motility [31]. Moreover,
a study conducted in postmenopausal women with breast
cancer or dense-mammographic breast tissue demonstrated
that the distribution of SDCI changes from the epithelium
to the stroma [32, 33]. Interestingly, SDC1 expressing breast
carcinomas show decreased response to chemotherapy [34],
whereas it has also been indicated that the loss of SDCI
expression may be a potential predictive factor for response
to preoperative systemic therapy [35]. These data define SDCl
as a potentially significant therapy target.

The glypicans (GPCs) are HSPGs anchored through the
glycosylphosphatidylinositol (GPI) link to the outer layer
of cell membranes. GPCs have been shown to regulate the
binding properties of bone morphogenetic protein (BMP)
and fibroblast growth factor (FGF) [36]. Most of the studies
concerning the roles of GPCs in breast cancer progression
focus on the role of the GPC3 member. Intriguingly, the
GPC3 gene silencing has been identified in human breast
cancer cells, through a mechanism which involves the hyper-
methylation of the GPC3 promoter. Thus, GPC3 seems to
be a negative regulator of breast cancer cell proliferation,
since it was shown that its ectopic expression inhibited the
growth rates of 8 in a panel of 10 breast cancer cell lines
[37]. Furthermore, it has been established that GPC3 guides
MCEF-7 breast cancer cells to apoptosis through a mechanism
that involves the anchorage of the GPC3 core protein to the
cell membrane [38]. The role of the other members of the
GPC family in breast cancer pathogenesis has not been widely
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investigated. The up to now obtained data suggest that the
expression of GPC3 and GPC4 was negligibly increased in
tumor as compared to normal tissues, whereas the expression
of GPC5 and GPC6 was below the level of detection in both
normal and cancerous breast tissues. On the contrary, in
the same study GPCl was found to be strongly expressed in
human breast cancers with a low expression in normal breast
tissues [39].

The family of PGs secreted to the ECM and known as
hyalectans is comprised of versican, aggregan, neuroscan,
and brevican [12]. Versican seems to have a prominent role
in breast cancer progression due to its ability to interact
with molecules determined to be regulators of key cellular
processes [40]. Importantly, extracellular versican has been
found to be elevated in a variety of human tumors including
breast carcinoma [41-43]. The distribution of versican in
tissue samples is mostly allocated to breast cancer margins.
Indeed, the high expression of versican has been described in
the interstitium at the invasive margins of breast carcinoma.
Versican is suggested to be a prognostic marker as it has been
found to be predictive of cancer relapse, negatively affecting
overall survival rates of breast cancer patients [44]. On the
other hand, the increased expression of versican within peri-
tumoral stromal matrix was predictive of relapse-free disease
prognosis, in women with node-negative breast cancer. These
authors therefore propose that versican may be a predictor
for risk and rate of relapse, independent of tumor size in
patients with node negative disease [45]. Recently, various
histotypes of breast in situ carcinomas have been examined
in order to assess the immunohistochemical expression of
versican in the stroma and correlate these findings to disease
progression. This study provided evidence that versican is
strongly expressed in the perilesional stroma of a subclass of
ductal in situ carcinomas and that the extension of versican
immunostaining is statistically related to the high grade. On
the other hand, the expression of versican in the cases of clas-
sic lobular in situ carcinomas was confined to the anatomical
structures that usually contain this PG in adult breast tissues
[46]. Thus, Canavese et al. suggest that various histotypes
of breast in situ carcinomas could follow different pathways
of epithelial stromal interactions. Structure-function studies
focusing on versican suggest that its G3 domain is closely
correlated to breast cancer progression. Thus expression
of versican G3 domain both increases breast cancer cell
proliferation in vitro and in vivo and also enhances tumor cell
migration in vitro and systemic metastasis in vivo [47, 48].
The exogenous expression of a versican G3 construct in breast
cancer cell lines enhanced their resistance to anthracycline-
dependent apoptosis when cultured in serum free medium
by upregulating pERK and GSK-3b (S9P) [49]. On the
other hand, versican G3 promoted cell apoptosis induced
by C2-ceramide or Docetaxel by enhancing expression of
pSAPK/JNK and decreasing expression of GSK-3f3 (S9P).
Inhibition of endogenous versican expression by siRNA or
reduction of versican G3’s expression by linking G3 with
3'UTR prevented G3 modulated cell apoptosis. Thus, the G3
domain appears to have a dual role in modulating breast
cancer cell resistance to chemotherapeutic agents [49]. The
importance of versican in breast cancer pathogenesis is well

illustrated in a recent study by Kischel et al. These authors
demonstrate that all known versican isoforms as well as
new alternatively spliced versican isoform, named V4, were
significantly overexpressed in the malignant lesions [50].

The small leucine-rich proteoglycans (SLRPs) are charac-
terized by a relatively small protein core with leucine rich-
repeat (LRR) motifs into which GAG chains are covalently
bound [13, 51, 52]. These secreted proteins have the ability
to interact with collagen, modifying the deposition and
organization of collagen fibers in the extracellular matrix.
A study on SLRP expression in breast tumors showed that
lumican and decorin are the most frequently expressed
SLRPs, whereas biglycan and fibromodulin are rarely detected
[53]. Decorin is physiologically secreted by stromal fibrob-
lasts of normal breast tissue [54]. Indeed, the expression
of decorin, which is abundant in the stroma, can be used
as an indicator of tumor progression [55]. Specifically, low
expression of decorin has been correlated to large tumor size,
a shorter time to progression, and poorer survival [55]. In
a study by Reed et al., it has been shown that the primary
tumor growth was strongly diminished after treatment with
decorin protein core. In the same study, the utilization
of an adenoviral vector containing the decorin transgene
caused the elimination of metastases [56]. Decorin has
also been shown to decrease tumor growth in experiments
conducted in a rat model [56]. Moreover, it has been indicated
that decorin inactivates the oncogenic ErbB2 protein [57].
Another important member of the SLRP family, lumican,
is specifically expressed in breast cancer tissues, but not in
normal breast tissues. Furthermore, it has been proposed
that lumican is differentially expressed during breast tumor
progression [58]. The overexpression of lumican in breast
cancer tissues is associated with a high tumor grade, a low
estrogen receptor (ER) expression level, and young age of
patients [58].

Hyaluronan (HA) is an anionic, nonsulfated GAG which
differs from the other members of the GAG family as it
neither contains sulfate groups nor is it covalently linked into
a core protein [59]. This GAG is synthesized by three types
of integral membrane proteins denominated hyaluronan
synthases: HAS1, HAS2, and HAS3. The degradation of HA
within tissues, on the other hand, is performed by enzymes
known as hyaluronidases (HYAL). A significant number
of studies demonstrate that HA deposition is elevated in
various types of cancer tissues including breast cancer [60].
Specifically, immunochemistry revealed elevated amounts of
HA in the stroma of human breast cancer, correlating with
tumor invasion, metastasis, and adverse clinical outcome
[61, 62]. The magnitude of the HA accumulation in the
tumor stroma (breast, ovarian, and prostate cancers) strongly
correlates with an unfavorable prognosis of the patient, that
is, advancement of the malignancy [59]. HYALI and HYAL2
are found to be overexpressed in breast cancer tumors,
downregulating the expression of HA [63].

Taking into consideration all the above, it can be con-
cluded that PGs/GAGs, which are abundantly present in
the stromal compartment of breast cancer cells, play a
major role in several biological processes of carcinogenesis.
The overexpression of many of these molecules has been



associated with the malignant phenotype and with poor
prognosis. The de facto contribution of these molecules to
tumor cellS’ malignant properties defines them as relevant
therapeutic agents.

3. The “Motile” Phenotype

Tumors of solid organs (carcinomas, sarcomas, and central
nervous system tumors) kill patients mainly by dissemination
from the primary site as once the cells migrate beyond
the primary site into adjacent or distant tissue, they are
difficult to extirpate. This dissemination may take two forms:
(i) localized invasion throughout the tissue and into the
adnexa or (ii) metastatic dissemination [64]. An obligatory
component of the dissemination process is the obtaining
of a “motile phenotype” In order for the tumor cells to
efficiently migrate, specific cytoskeleton modifications must
be executed. First, actin cytoskeleton organization has a
well-established role in cell migration and is regulated
by a plethora of extensively studied molecular mediators.
Specifically, Rho GTPases, cAMP/PKA, and integrins were
found to have a central role in modulating the actin cytoskele-
ton alterations during migration and have been shown to be
closely regulated during epithelial to mesenchymal transition
(EMT) processes [65, 66]. Integrins are heterodimeric cell-
surface molecules that on one side link the actin cytoskeleton
to the cell membrane and on the other side mediate cell-
matrix interactions [67]. In addition to their structural
functions, integrins mediate signaling from the extracellular
space into the cell through integrin-associated signalling
and adaptor molecules such as FAK (focal adhesion kinase)
[68] or ILK (integrin-linked kinase) [69]. Intermediate fila-
ments (IFs) play a central role in maintaining cell structure,
stiffness, and integrity. The IF network of epithelial cells
comprises cytokeratins, while the mesenchymal IF network
is primarily constituted of vimentin. During EMTs, many
cytokeratins are downregulated and vimentin is upregulated
[70]. Overexpression of vimentin IFs in the breast carcinoma
model leads to augmentation of motility and invasiveness
in vitro, which can be transiently downregulated by treat-
ment with antisense oligonucleotides to vimentin. Addi-
tional experimental evidence suggests that the mechanism(s)
responsible for the differential expression of metastatic prop-
erties associated with the interconverted phenotype rest(s)
in the unique interaction, either direct or indirect, of IFs
with specific integrins interacting with the extracellular
matrix [71].

The “motile phenotype” of cancer cells is expressed only
through direct interactions with the tumor environment as
inevitably the tumor cells will respond to local stimuli. These
stimuli include cues for motility and migration, which nor-
mally appear in tissues undergoing formation, remodeling,
or healing. Carcinoma cells are likely to be sensitive to the
motility cues that normally regulate epithelial morphogenetic
movements such as ingression, delamination, invagination,
and tube or sheet migration [72]. Understanding how such
motility cues arise and act, in tumor tissue, may provide one
of the key “answers” in cancer research.
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4. The Role of Matrix Molecules
in Breast Cancer Cell Epithelial-to-
Mesenchymal Transition

The huge proliferative ability of tumor cells leads to genetic
diversity which facilitates their responsiveness to microen-
vironmental factors resulting in an increased degree of
phenotypic plasticity [73, 74]. Therefore, during primary
growth, some tumor cells can acquire traits that endow them
with a malignant phenotype that leads to increased tumor
cell motility, invasiveness, and propensity to metastasize [75].
Importantly, during epithelial-to-mesenchymal transition
(EMT), tumor cells acquire a phenotype that encompasses all
these traits as EMT is characterized by a loss of cell polar-
ity and adhesion and gain of motile characteristics. Thus,
the EMT promotes the detachment of cells from the primary
tumor, facilitating their migration and metastatic dissem-
ination [76]. Moreover, a strong link between EMT and
acquisition of a tumor-initiating phenotype is suggested [77].
Early studies suggested the involvement of EMT in aggressive
breast cancer behaviour as cells exhibiting a mesenchymal-
like phenotype (vimentin expression, lack of cell border
associated uvomorulin) show dramatically increased motil-
ity, invasiveness, and metastatic potential in nude mice [78].
Moreover, using an intravital imaging approach, Giampieri
et al. showed that single breast tumor motile cells that have
an active TGF-3-Smad2/3 EMT promoting signaling were
capable of hematogenous metastasis to distal organs, while
those lacking this signaling pathway were prone to passive
lymph metastasis [79]. However, EMT is not the “ultimate”
event as it involves various morphological and functional
alterations [80] and is not always correlated to a more
aggressive phenotype [81]. In addition, an apparent contra-
diction to the association between EMT and metastasis comes
from clinical observations that distant metastases derived
from a variety of primary carcinomas resemble an epithelial
phenotype.

Importantly the EMT as well as the mesenchymal to
epithelial transition (MET) is partly regulated through the
“crosstalk” between the tumor microenvironment and the
cancer cells [82]. Growth factor stimulation appears to be
a part of this “crosstalk” as epidermal growth factor (EGF)
leads to epitheliomesenchymal transition-like changes in
human breast cancer cells including upregulation of vimentin
and downregulation of E-cadherin. EMT was associated
with increased ability of these cells to adhere to ECM
molecules as well as to migrate [78]. Furthermore, TGF-betal-
mediated breast cancer invasion is associated with EMT and
matrix proteolysis [83]. Likewise, constitutively active type
I insulin-like growth factor receptor causes transformation
and xenograft growth of immortalized mammary epithelial
cells and is accompanied by an epithelial-to-mesenchymal
transition mediated by NF-kappaB and snail [84]. Inter-
estingly, TGF3-dependent hyaluronan synthase expression
(HAS2) expression, but not extracellular hyaluronan, has
an important regulatory role in TGFp-induced EMT [85].
Furthermore, when breast cells were induced to exhibit EMT,
there was a strong upregulation of HAS2 [86].
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Indeed, the implication of matrix molecules contribution
to EMT was evident even from early studies [87]. LOX is
a secreted amine oxidase that catalyses collagen and elastin
cross-linking in the extracellular matrix, previously shown to
regulate breast cancer metastasis, and is correlated to EMT
[88]. Enhanced tenascin-C expression and matrix deposition
during Ras/TGF-beta-induced EMT of mammary tumor
cells was reported [89]. Noteworthy, there seems to be a
shift in proteoglycans expression as significant correlation
was found between the loss of the HSPG, SDCI, and epithe-
lial expression during EMT. This loss was correlated with
increased SDCI stromal expression and a high grade of
malignancy (P = 0.011). Therefore, the authors concluded
that the loss of SDC1 epithelial expression was of strong
prognostic value in breast carcinomas [90]. Along the same
lines, SDCI coexpression with E-cadherin was found to be
synchronously regulated during EMT in breast cancer [91].

Importantly, the mesenchymal to epithelial transition
(MET) of metastatic breast cancer cells upon reaching
distant metastatic sites appears also to be regulated by
ECM molecules as a unique paracrine crosstalk between the
microenvironment and the cancer cells has been identified
[92]. Thus, versican stimulated MET of metastatic breast
cancer cells by attenuating phospho-Smad2 levels, which
resulted in elevated cell proliferation and accelerated metas-
tases. Analysis of clinical specimens showed elevated versican
expression within the metastatic lung of patients with breast
cancer [92]. Thus, mechanisms regulating both the EMT
and MET processes are dependent on PG/GAG participation
highlighting their relevance in breast cancer progression.

5. The Roles of GAGs/PGs in
Breast Cancer Cell Motility

Breast cancer is characterized by significant quantitative
changes of extracellular network constituents. Previously,
it has been well established that changes in unique ECM
properties of tumor cells and their microenvironment may
lead to changes in cell behavior during cancer progression
[12, 93]. The PG component of the ECM has been shown to
participate in and regulate key cellular events, acting either
directly on cells or modulating growth factor activities [94].

Thus, HSPGs are involved in multiple cellular events and
functions such as cell adhesion, ECM assembly, and growth
factors storage [95]. Their HS chains have the ability to bind
not only to numerous “heparin-" binding growth factors
and morphogens, [31] but also to “heparin-" binding sites
present in matrix ligands, including fibronectin, vitronectin,
laminins, and the fibrillar collagens [31]. The SDCs are
believed to have roles in cell adhesion and signaling possibly
as coreceptors with integrins and cell-cell adhesion molecules
[96].

Each of the four SDCs has been proposed to connect
to the actin cytoskeleton, via their cytoplasmic domains
[97, 98], for example, through ezrin in SDC2 and a-actinin
in the case of SDC4. For SDC1, SDC2, and SDC4 at least,
the external core protein can trigger integrin-mediated cell
adhesion events, which may be direct or, in the case of SDC4,
probably indirect [98].

Many studies indicate a strong correlation between the
expression of specific HSPGs and the metastatic and invasive
potential of breast cancer cells [26, 99, 100]. In fact, the
expression of SDC4 and the overexpression of SDC2 are
associated with the high invasive potential of MDA-MB-231
cell line [29]. Interestingly, estradiol (E2) as well as IGF and
EGF signaling pathways have significant roles in regulating
the expression of certain cell surface HSPGs, such as SDC2,
SDC4, and GPCl, which are crucial for cell motility [101].

SDCI participates in the generation of a proangiogenic
microenvironment, supporting tumor growth and metastatic
spread [11,12,102]. This HSPG, regulates downstream signal-
ing pathways that are traditionally associated with the inte-
grins [12, 103, 104], thus mediating cell migration by creating
a dynamic linkage between the ECM and the cytoskeleton
and by modulating Rho family members that control the
activation of focal adhesion kinase (FAK). Indeed, it has been
observed that in MDA-MB-231 human breast cancer cells
SDCI physically interacts with FAK [105]. Furthermore, SDC1
regulates the activation of avf33 and/or a5 integrins. This
activation stimulates adhesion, spreading, and migration of
tumor cells, with clear consequences on tumor progression
[106]. Beauvais and Rapraeger, [106] also demonstrated that
SDCI collaborates with avf33 integrin to initiate a positive
adhesion signal, which is integrin ligand independent. The
activation of f1 integrins is not required for SDCI mediated
cell spreading; consequently SDCI is sufficient for adhesion.
Actually, the inhibition of fI integrins activity induces cells
spreading presumably by attenuating the suppression of
SDCI binding perpetrated by integrins. Additionally, SDC1
participates in the IGF-I receptor (IGF-IR) signaling pathway
on adhesion. Specifically, it colocalizes with the integrin
and IGF-IR and regulates activation of avfB3 and avf5
integrins by coupling these integrins to the IGF-IR in human
mammary carcinoma and endothelial cells, resulting in the
activation of an inside-out signaling pathway [107]. There-
fore, SDCI is an obligatory component in the formation of
this adhesion complex [107]. Additionally, SDC1 expression
coordinates f-integrin dependent and interleukin-6 (IL-6)
dependent cell functions, such as cell adhesion, migration,
and resistance to irradiation, in MDA-MB-231 breast cancer
cells [108].

SDC2 has likewise been implicated in cell adhesion and
signaling [109] as well as in the progression of cancer [96].
The expression of SDC2 in breast cancer cells is regulated by
estradiol (E2) through the action of estrogen receptor alpha
(ERw) [110]. The increased levels of SDC2 after E2 treatment
may be connected with the ability of SDC2 to modulate the
tumorigenic and invasive behavior of breast cancer cells [110].

SDC3 has not been widely studied with respect to either
breast or ovarian carcinoma [111], but its aberrant upregu-
lation in vasculature associated with ovarian carcinoma has
been noted [112].

SDC4 is a focal adhesion component in a range of
cell types, adherent to different matrix molecules, including
fibronectin [113, 114] and mediating breast cancer cell adhe-
sion and spreading [103, 106]. The attachment of SDC4 to
fibronectin triggers intracellular signaling, including protein
kinase Ca and focal adhesion kinase activation, to promote



focal adhesion formation [115, 116]. SDC4 null cells are
deficient in phosphorylated FAK and show impaired cell
migration [116, 117]. When overexpressed, SDC4 promotes
excess focal adhesion formation resulting in reduced cell
migration [118]. Huang et al. [119] reported that tenascin-
C, an adhesion-modulatory ECM molecule [120], binds to
fibronectin (specifically to the FNIIII3 of the Hepll site),
thereby specifically blocking cell adhesion to fibronectin
through SDC4. This binding inhibits the coreceptor function
of SDC4 in integrin signaling [119]. Nevertheless, the role
of SDC4 on tumor progression needs more investigation, as
different facets of its actions remain unclear.

An important feature of the SDC molecule necessary
for signaling appears to be its ectodomain [96, 121]. Indeed,
depleting epithelia of cell surface SDCl alters cell morphology
and organization, the arrangement and expression of adhe-
sion molecules, and anchorage-dependent growth controls
[121]. Therefore, Kato et al. [121] suggested a regulatory role
for SDC1 ectodomain in the control of epithelial cell mor-
phology. Soluble murine SDC4 ectodomain competes with
the endogenous SDC4 for a critical cell surface interaction
required for signaling during cell spreading [122, 123]. The
ability of SDC4 to interact with molecules at the cell surface
via its core protein as well as its GAG chains may uniquely
regulate the formation of cell surface signaling complexes
following engagement of this PG with its extracellular ligands
[122, 123]. Moreover, shedding and membrane-associated
SDC1 play distinct roles in different stages of ERaa+ breast
cancer cell progression. Proteolytic conversion of SDCI from
a membrane bound into a soluble molecule marks a switch
from a proliferative to an invasive phenotype, with implica-
tions for breast cancer diagnostics and potential GAG-based
therapies [124].

A number of mutations related to SDCs have been
recorded in breast carcinomas [111]. The mutations may
influence the sequence of amino acids of the core protein
and the enzymes that are involved in GAG chains synthesis.
Importantly, these mutations may affect the interactions
between SDCs and growth factors resulting in altered behav-
ior of cells [125] including cell motility.

The expression of the GPCl gene in the MDA-MB-231
may be indicative of its higher metastatic potential [29].
The expression of GPC3 is silenced in human breast cancer,
but ectopic expression of GPC3 revealed that this molecule
can act as a negative regulator of breast cancer cell growth
[37, 39]. GPC3 may inhibit IGF and Wnt signaling, which
are critical for cell motility and tumor progression, indicating
that GPC3 may act as a metastasis suppressor [126, 127].
Another member of GPC family, GPC6, seems to have a key
role in promoting the invasive migration of MDA-MB-231
cells through the inhibition of canonical-f-catenin and Wnt
signaling and upregulation of noncanonical Wnt5a signaling
through the activation of JNK (c-Jun-N-terminal kinase)
and p38 MAPK (mitogen-activated protein kinase) [128].
Evidence suggests that GPCs are important in growth factor
and morphogens responses, whereas roles in cell adhesion
seem to be the prerogative of SDCs [111].

An important member of hyalectans, versican, is able to
interact with ECM components and to bind to the cell-surface
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proteins CD44, integrin f1, and epidermal growth factor
receptor (EGFR) [129, 130] to regulate cell processes such
as adhesion, proliferation, migration, and ECM assembly
[40, 130]. The expression of versican in breast carcinomas
has been correlated to invasiveness [131]. Moreover, versican
G3 domain enhanced breast cancer cell growth, migration,
and metastasis by upregulating the EGFR mediated signaling
pathways that contribute to a more metastatic phenotype
[48]. Also, versican enhances breast cancer cell metastasis in
mouse breast cancer cell lines, not only through facilitating
cell motility and invasion but also by inhibiting preosteoblast
cell growth and differentiation which supply favourable
microenvironments for tumor metastases [132]. Enhanced
understanding of the regulation and the involvement of
versican in cancer may offer a novel approach to cancer
therapy by targeting the tumor microenvironment [12].

The overexpression of decorin in the stroma of solid
tumors counteracts cell growth, indicating that decorin may
have a protective role in tumor progression [133]. Also, it
seems to be a negative regulator for EGF signaling. Decorin’s
binding to EGFR initially leads to receptor’s prolonged acti-
vation, followed by EGFR internalization and degradation,
eliminating tumor growth and metastases [134]. Iozzo et al.
[135] suggest that decorin loss may contribute to increased
IGF-IR activity in the progression of breast cancer, where
IGF plays a role on cell motility. Another member of SLRPs,
lumican, may act as an inhibitor of migration, angiogenesis,
and invasion by interfering with «21 integrin activity and
downregulating MMP-14 expression to induce apoptosis
[136]. Moreover, winter action of lumican with growth factors
affects mobility, adhesion, and cell growth [137, 138].

Serglycin is the only characterized intracellular PG found
in hepatopoietic and endothelial cells [12]. It carriers either
heparan sulfate or chondroitin sulfate chains depending on
cell type. Korpetinou et al. [139] have shown for the first
time that serglycin is highly expressed in an aggressive
breast cancer cell line (MDA-MB-231). The same authors
demonstrated that the overexpression of serglycin promotes
breast cancer cell growth, migration, and invasion [139].
Interestingly, overexpression of serglycin lacking the GAG
attachment sites failed to promote these cellular functions,
suggesting that glycanation of serglycin is necessary for
its oncogenic properties. This study suggests that serglycin
promotes a more aggressive cancer cell phenotype and may
protect breast cancer cells from complement attack support-
ing their survival and expansion.

HA is one of the principal ECM molecules and together
with its CD44 cell surface receptor, it is implicated in cancer
cell invasion and metastasis [62]. Indeed, high levels of
HA are documented in malignant tumors, not only to the
tumor stroma but also at the cell surface [62]. The elevated
levels of the HA degrading, HYALI seems to regulate cell
growth, adhesion, invasion, and angiogenesis of breast cancer
[63]. Basal-like breast cancers (BL-BCa) have the worst
prognosis of all subgroups of this disease. Indicatively, HA-
induced CD44 signaling increases a diverse spectrum of
protease activity including MTI-MMP and cathepsin K, to
facilitate the invasion associated with BL-BCa cells, providing
new insights into the molecular basis of CD44-promoted
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invasion [140]. Moreover, the cell surface HA, which is
secreted by breast cancer cells, increases the adhesion ability
of tumor cells, to lymphatic endothelial receptor (LYVE-1)
[132]. Importantly, the molecular weight of HA seems to
play a key role in the process of cell adhesion [141, 142],
and particularly low molecular weight of HA promotes cell
adhesion, while high molecular weight HA has no effect
[143]. Indeed, LMW-HA plays an important role in CD44-
TLR-associated AFAP-110-actin interaction and MyD88-NF-
kB signaling required for tumor cell behaviors, which may
contribute to the progression of breast cancer [143]. The roles
of PGs/GAGs on breast cancer cell motile phenotype are
schematically depicted in Figure 1.

6. PGs/GAGs Potential Targets
in Breast Cancer

In many in vitro studies breast cancer cells were treated with
various anticancer agents, including inhibitors of tyrosine
kinase receptors and other molecules, such as small peptides,
which are related to the expression of proteoglycans, in order
to observe changes in cell functions [29, 144, 145]. Thus, a
new generation of bisphosphonate, zoledronate (zoledronic
acid, Zometa), downregulates the expression levels of SDCI,
SDC2, and GPCl1 and upregulates the expression of SDC4

in breast cancer cells of low and high metastatic capability
[144]. Furthermore, the downregulation in the expression of
HA and its receptor CD44 which is directly associated with
the migration and matrix-associated invasion of breast cancer
cells was also observed [144]. Imatinib, a specific tyrosine
kinase inhibitor, which targets PDGFRs, had a similar effect
on breast cancer cells. Imatinib resulted in an inhibition
of the PDGF-BB mediated expression of HSPGs, which is
associated with its inhibitory effect on the invasive and
migratory potential of breast cancer cells [29]. A different
approach was utilized by Rapraeger [145]. These authors
used a small peptide, synstatin, to target SDCI. Thus, the
site in the SDC1 ectodomain that is responsible for capture
and activation of the avB3 or avfB5 integrins by IGFIR
can be mimicked by this short peptide which competitively
displaces the integrin and IGFIR kinase from the syndecan
and inactivates the complex. The blocking in the formation of
the receptor complex attenuates breast cancer cell metastasis
[145].

It has been demonstrated that degradation of HS chains
by heparanase 1 (HPSE-1) reveals cryptic HS fragments that
play a significant role in controlling tumor cell growth and
metastasis. It is thus likely that enzymatic degradation of
HS could be used as a potential treatment against car-
cinogenesis since HS chains are involved in fundamental
biological processes of both normal and metastatic cells [146].



Synthetic proteoglycans such as neoheparin and neoCS pro-
duced by carbodiimide (EDAC) conjugation of glycosamino-
glycan (GAG) chains to a protein scaffold reduce cell viability
by induction of apoptosis of myeloma and breast cancer cells
in vitro. These results demonstrate the anticancer activities of
this new class of GAG-based molecules [147].

In summary, this review focused on the roles of
PGs/GAGs on breast cancer motility in order to identify
possible therapeutic targets. The emerging mechanisms of
PG/Gas action could potentially be exploited for designating
discrete therapy targets for specific breast cancer grades.
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