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Evyoaprotieg

H oloxMpwon piag ddaxtopikng dworpiprg anotedel mpoxion. Drévovrag
070 TEAOG €VOC TETO0V PEYAAOD GTOYOL GLVELINTOMOLELG OTL YWPIC TNV Tapovsia, TV
vrooTNPEN KOl TNV OVEKTIKOTNTO KAmowwv avlporwv ot Oo Mrav dvvaty n

vAomoinom avTNG. L& GAOVS AVTOVG TOVS OVOPMOTOVG YPOCTA® £Va. LEYAAO EVYAPIOTO.

o Nfesho va evyaplotio® Kotapynv Ttov  emPAémovro  AvomAnpwot)
Kabnynm k. Twopyo Tlavaxdakn 7y v evkaipio €kndvnong g TopovsOg
TP, KoM Kot Yo TV EMGTNHOVIKT TOL K0B0dYNoN, TNV ETOKOOOUNTIKT TOL
KPLTikn kot v Nk tov cvunapdotoct. Evyopiotd emiong, ta étepa 600 pEAN g
Tppuerovg emrpomng tov Kadnynm k. Niko Kapopdvo yio 1 cvvepyacio kot tnv
molvmAgvpn Pondeld tov, ko Tov Emikovpo Kabnynt k. AAEEavdpo Zapelpomovro
Yl TO TOAVTILO GUUPOVLAEVTIKO TOL £pY0, TNV OUEPIGTN EMIGTNLUOVIKY| Kot NO1KN Tov
vroopiEn. Oa NBela axoun va guyapiotion tov Kadnynm k. [Nopyo Xaikiaddkn,
tovg Avaminpotéc Kanyntég k. Ztdbn Zrabomovro, Anuntpn Mavpovdn kot tov
Enikovpo KaOnyntm k. Idpyo Xovpfivo yio v wpobupio T00G Vo GUUUETAGKOVY

otV aloAdynon g tapovcag dSTptPig.

Agv o pmopovoo Pefaimg va pnv guxopiotiom Wilaitepa to HEAN TOL
gpyaomnpiov Iotoroyiag Yo 10 e€apeTikd KAILA cuvepyasiog, To ELUAMKO TePBaAlov,
TNV EMOTNUOVIKY, TEYVIKN kol Nk ovumoapdotacn kKol OAn 1t Odpkelo g
EMOTNUOVIKNG aTNG Tpootadetoc. Evyapiotd Beppd v Ap. Dragana Nikitovic yia
TIC TOAVTIHES GUUPOVAEC Kal TV Eumpaxtn Pondewd ™c. ‘Eva peydho evyopiotd
opeihm oty Ap. Katepiva Mrepotdxn yio OAN ) Ponrifeta, T cvumapdotocn Kot Tig
YVOGELS TOV LoV TPOGEPEPE, KaBmG eniong omnv Ap. EAévn @Bevov kou otnv ['ovin
XOoAKIOOGK OV GLUTOPEVTNKAUE OTN OVGKOAN OAAL TOLTOXPOVO, OLOPPT| OLTN
nmpoonadeia ta TeAevtaia Tpia ypovia. Evyapiotd axoua m Ap. Mapia Acodvtn, ™
Ap. Mopia Enedxn, ™m Xapd Zvpoyidvvn, ™ Kartepiva Kovpion xor ™ Mapia
Kepapdpov yro v vrootpién Kot T QIAKN Toug d1dfeoT).



"Eva. guyopiotd otov avOpmmo mov £puye avamavieyo Kot Tpdmpa ond Kovid
pag, tov IMévvn Ztelakdkn, pe v mapdtpuvon Tov omoiov Eekivnoe avty M

EPEVVNTIKT TPOCTAOELD.

"Eva tepdotio evyapiot®d opeilm otovg yoveig pov, Povda kot Miydin, mov pe
éuabav va ayovifopot Kol va Koviy® to Ovelpd pov pe a&lompémela, kabmg emiong
Yoo TV NOIKN Kol OIKOVOUIKY] DTOGTAPLEN TOLG KOl TNV TOVIOTIVY aydnr tovs. Eva
HEYOAO €VYXOPIOTA EMIONG XPWOOTA® oTN Yayld pov I'ewpyia, mov givol movia ot
oKEYM OV, KOl GTOV OOV oL Agmvida Yo TNV aydnn Tovg Kot v Kdbe €idovg
vrootNPIEY] TOVg 6T0 PEYdA®UE pov. Evyoplotd Kot Tt yoytd Kot Tov Tomnmol Hov,
Baokela kot I'bvvn, kabodg kot v mpoywoyd pov, Mapia, yio v aydan tovg. Oa
Nbeha emiong va evyaplotHo® TV owoyéveln Atlepdv, v Ko. Apyvpd Kot T
Noéha yia v vrooTpiEn Kot TV ayamn Tovg, kKabdg Kot Tov XTéEPOVo TTov Ogv

Eeyxvape TOTE.

Téhog, opell® €va peydAo gvyaplot® 6t0 GUVIPOPO pov ['dpyo Yo v
aydmn tov, TG ThvTo TOAVTILEG GLUPBOVAEG TOV Kot TNV VIOSTHPEN TOL OAL VT Ta

YPOVIQL.

Inuewwvetor 6tL M gpyocio ovtn  omoteAel PEPOG TOL  EPELVMTIKOV
npoypappatog 03EA375, to onoio vAomomnke ota mAaicia tov «IIpoypdppotog
Evioyvong Epevvnrikov Avvapikovy (IIENEA) kot cuyypnuatodotmOnke katd 75%
™m¢ Anpocuog Aamdvng and v Evporaikn ‘Evoon - Evponaikdé Kowvovikod Tapeio
(EKT), xatd 25% g Anpoociog Aoamdvng and to EAAnvikd Anuodcio — Yrmovpyeio
Avantoéng - T'evuen Ipoappateio ‘Epgovag kar Teyvoloylag kot amd tov Idiwtikd
topéa oto miaicto tov pétpov 8.3 tov E.II. Aviayovictwomrta — I Kowortikd

[MTAaico Zmpiénc.



Iepiinyn

O kapxivog Tov max€og eviépov amoterel v tpitn katd cepd artia Bovdtov
TOYKOGHIMG OV TPOEPYETAL OO Kakonbelg veomlaoieg kot apopd eEicov Avopeg Kat
yovaikes. H maBoyéveld g e§okorovbel va eivar dyvootn, motdco £xel deybel ot
otV avamTLEN TG VOGOV, TToL givan pio ToAvdtdoTtatn dtadikacio Kot EEKVA amd To
oYNUATIoUO TOV TOALTOO®MV €mMG TV EUEAVIOT dmOnTKod kapkivov, cvupdilovv

yeveTIKol Kot TePBaALOVTIKOL TaPAYOVTES.

Inuovtikd poro oty avarntuén Kot Ty EEMEN TV OYK®V £Y0uV o1 GUVOETEG
AAMNAETIOPACES HETOED TOV KOPKIWVIK®OV KLTTAp®V, NG eéokvuttdplog Oespélog
ovciog (ECM) kot Tov YEItovikav @ucstoloyikav kuttdpov. H ovotaon g ECM
emnpedlel oNUAVTIKES AEITOVPYIEG TOV PUGIOAOYIKAOV KOl TV KAPKIVIK®OV KLTTAP®V,
OM®G 0 TOAAATAAGLOGHOG, N TPOGKOAANGT), 1| LETOVACTELGN KOl 1 SLPOPOTOINCT).
"Eva amd ta KOplo cueTaTikd Tov eEMKVTTAPIOL YMOPOL Kot TNG KVTTAPIKNG LEUPPpavng
elvar ov mpwteoyAvkdveg (PGs), ol omoiec péow 1OV TPMOTEIVIKOL TOVS KOPUOD 1
dwpécov tv yivkolopwvoyivkavikav (GAGs) tovg aAvcidowv, eivol Kavég va
OAANAETIOPOVY e HOKPOUOPLE TOV EEMKVTTAPLOL YDPOV, OTMG TO KOAAXYOVO, Ol
avENTIKOL TOPAYOVTES, Ol LTOJOYEIG TOV ALENTIKOV TOPAYOVI®V KOl TO HOpLo
TPOGKOAANCNG, GUUUETEXOVTOS LE TOV TPOTMO OVTO oTN PLOUION TOV KLTTOPIKAOV

AELITOLPYIDV.

H vnapyovca yvoon oyetikd pHe TO HOPLOKE  YOPOKTNPIOTIKO TMV
KOPKIVIK®OV KUTTAP®V TOL TTAXE0S EVIEPOL Kol O1ATEPA TOV CTPMUATOS TOVS, KaODG
Kol 1| CLGYETION TOVG pe TV eEEMEN ¢ vooov, sivanl mepropiopévn. H pedétn g
dopng kat Tov porov Twv GAGs/PGs mov mapdyovtatl amd To KopKIvike KOTTOPO TOL
TOYE0G EVTEPOL OAAG KO OO TOL KVTTAPO TOV JUKPOTEPPAAALOVTOC TOVS TaPpOLGLALEL
eCapeTiKd  evolaPEéPOV  KaBMG OCLUUETEYOLY otV avamtuén Tov  Kokonfwv
veomAacldv. H perétn tov aAAAemidpdcemv TOV KOPKIVIKOV KLTTAPOV KOl TOL
e€OKVTTAPLOL YOPOV &xel ®C okomd TNV ovolTNoN T OTOTEAECUOTIKOV

Bepamevtikov mopepPfacewv oe acbeveic pe kapkivo Tov moK€0g EVIEPOL.



Yto. TAaiclo TG TOPOVGOS £PpEVVaG HEAETNONKE 1 oVVBEST Kot 1 KaTOovOoun
Tov GAGSs 610 DAMKO KOAMEPYEWS Kol otV KLTTOPIKY pepPpavn tov HT29 ko
SWI1116 avBpdmiveov KapKIVIKGOV KLTTOPIKOV GEPOV TOV TaxEog eviépov. Ta
amoteAéopato 0150V OTL AUPOTEPES Ol KVTTAPIKES GEPES, Ol OTOieg EKPPALOVY TOV
ototpoyovikd vrodoyéa ERP, mapdyovv varovpovikd o&H (HA), eEmxvttdpleg ko
pepPpavikég yoraktolapvoyivkaves (GalAGs) kabag kot Oetikn nrapavn (HS). Ta
HT29 xotrapa cvvBétouv HA, GalAGs ko HS e onpovtikd peyoldtepeg moocoOTNTES

oe ovyKkplon pe to SW1116 xottopa.

MeletOnke eniong n emidpaon g yevioteivig (genistein) otn ocvvheon TV
TOPATAvVe eKKpvopevav Kot pepfpavikav GAGs, KoOmG Kol 6TOV TOAATAAGIAGHO
tov HT29 xou SW1116 kvttédpov. O punyoviopuds dpaons tng YEVIGTEIVIG €l TOV
KLTTOPIKOV HETABOMGHOD, HECH TNG AVOIGTOANG TNG TPOTEIVIG KIVAGT TG TVPOGIVIG
(PTK) xovn ¢ aANAETOpacnS TG LE TOVG 016Tpoyovikovs vodoyeic (ERs), etvar
yvootos. H docosfaptdpevn avooToltiky €midpocn NG YEVIOTEIVNG TOCO OTN
obvBeon TV ekkpwvopevov kot tov  pepPpavikov GAGs/PGs tov SWI1116
KLTTAP®V, 060 Kol 610 PLOUO avamTLENG ToLg, glonyovVTaL TN cLppetoy evog PTK
unyoaviopot. Amd v GAAn pepid, n ovvleon twv GAGs/PGs and ta HT29 kottapa
TAPOLGIO TNG YEVIOTEIVNG EMNPEALEL TOV TOTO KoL TNV KOTOVOLY] TOVS, VITOONADVOVTOG
™V evepyn] cvppetoyn tov ERs, yeyovog mov evioyvOnke kot amd v avénorn tov
TOAMATAQCIOCUOD TV KLTTAP®V HETE TN YOPNYNON YOUNADV GLYKEVIPMOOEWDV

YEVIOTEIVIG.

‘Exer deyfel 011 MOWOTIKEC 1| TWOCOTIKEG OAAAYEC OTNV TAPAY®YN| TOV
GAGs/PGs ka1 cvvenmg arlayég e cvotaong s ECM umopel va emnpedcovv v
avanmTuEn opIoUEVOV KAPKIVIK®OV Oykov. Emopevoc otdéxoc Mrtav 1 pehétn g
EMOPAONG TOV €VOOYEVOV Kot ToV gEmyeveg mpootiféuevav GAGs otov
molaniactocpd Tov HT29, SW1116 kot HCT116 kapKivik®v KuTTAP®V TOL TOYE0G
eviépov tov avOpomov. Xpnowomomdnkav eE®yevdg TPOoTIOEUEVEG AAVGIOES
Betikng  yovopoitivng (CSA), Oetiknig deppotavne (DS), nmopivng (heparin),
VAAOVPOVIKO 0ED, avaoToAéns TG ovvBeonc Towv evdoyevdv GAGs/PGs kot €101kEg
YAVKOO0AGES Yo TNV omopdkpuvern tov pepppovikav GAGs. Ta amoteAéopata

€0€1Eav 0Tl 0 MOAAATANGCIOCUOG TMV KOPKIVIKGOV KLTTAP®V TOV TOYEOS EVIEPOL
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avéavetor omd v e&myevn mpooOnkn nmopivng, eved dgv emmpedletal amd TNV
napoyoyn tov evdoyevav GAGs/PGs, yeyovog mov oyetiletor pe to potifo g

Beimong Toug.

[ToAvapiBpot pnyavicuol yu t dpdon g nmopivng Exovv tpotabel, OTMOC N
pOBLIoN TOWIA®Y OLENTIKOV TOPAYOVIOV Kol TOV VTOJ0XEMV TOVG, N pLOLON ™G
JpPaCTNPOTNTOG TOV TPOTEWVIKOV KIVAGAOV OV EVEPYOTOLOLVTAL OO TOYOVA
(MAPKSs) kabBhg war m owapopomoinon g €EEMENG TOL KLTTAPIKOV KOKAOUL.
Yvykekpéva, ot HSPGs/mmopivn éxer amodeyybel 6t avébdvovv v kavotta
npdcdeong tov Pactkov avéntikov mapdayovia tov wvoPiactov (FGF-2) otovug
vrodoyelg tov, FGFRI1-4, Aertovpymvtag wg cvuvumodoyels. O evepydg porog tov
FGF-2 povomatiod onpoatoddtnong oto apyikd otddio TG 0YKOYEVESTG TOL TOEOS
eviépov gival yvmotoc. Emiong, éxer avapepbei 611 o1 aivoideg HS av&dvovv tov
TOAMOTANCIOCUO TOV  KOPKIVIKOV KLTTAP®V TOL TOYEOS EVIEPOVL UEC®  EVOG
unyoviopod mov  oyetietar pe TV avEnpévn EKEPACT) TOV LTOOOYEWMV  TOL
emdeppkod avéntkod mapdyovta (EGF). Xxomdg g mapovcag gdong e HeEAETNG
nrav va efetaotel n mBavy ovppetoy] tov FGF-2 kot EGF onuotodotikav
LOVOTOTIOV GTOV EMAYOUEVO OO TNV MNIOPiv) TOAOTANGIOIGUO TOV KOUPKIVIKDV
KUTTOPOV TOV TTay€0g eviépov. H yopnynom ota k0TTOpe €101KOV OVIIGMOUATOS TOV
eumodilet ) dpdon tov FGF-2, kabmg kot n yprion €101kod avacsTorén TG OpAcNS
tov vrodoyéa tov EGF, £0eiEe Ot1 n deyeptikn| emidpaon g nmmapiving otov
molaniactocpd tov HT29, SW1116 kot HCT116 kapKivik®v KuTTAP®V TOL TOYE0G

EVTEPOL OEV TPAYLOTOTOLEITOL PEGH TOV GNUATOOOTIKAV Lovoratidv Tov FGF-2 kot

EGFR.

21 ovvéreld, AapPavovtog vToY Tov 1o YVeoTd pOAO TNG GNUOTOSOTNONG
tov MAPKs omv oavintuén Tov KoapKVIKOV KOUTTEP®V TOV TOYE0G EVIEPOV,
eetdoape T ocvppetoyn Tov MAP kivacdv ot putoyovikn opdon g nrapiving. Ta
amoteAéopato  £0eiEav  OTL M OleyepTiky| emidpacn g nmopivng otov pubud
AVATTUENG TOV KOPKIVIKOV KLTTAPOV TOL ToxE0g eviépov oyetiletor pe v
gvepyomoinon ¢ p38 kwvdone. H yoprymon ewikov avoactoAréo g p38 kwvaong
OVECTEILE OMUAVTIKO TOV ETOYMOUEVO oo TNV Nrapivn moAlariaciocpud tov HT29,

SWI1116 ka1 HCT116 wvttapwv, o€ avtifeon pe touvg avoaotoAels tov JNK kot



MEK1/2 xwvacdv mov dev elyav kapia enidpacn. Emiong, n nmopivn péom evog p38-
eCAPTAOUEVOL  UNYOVICUOD TPOTOTMOINCE TNV  EKEPOCT TOV YOVOIOV KOl TV
npoteivov p21 WAF/cipl, p53 kot kokAivinig D1 mov oyetiCovion pe tov Kuttopikd
KOKAO, EVIGYVOVTOG TOV TOALOTAOCIUGUO TOV KOUPKIVIKOV KLTTAP®V TOL TOEOS
evtépov. Emmiéov, mapatnpnonke 6tt 1 nrapivn avédvel 10 T0G0GTO TOV KLTTAP®V
ot @domn S tov KutTOPKoD KOKAOL Kol Tpodyel v €£EMEN Tov péow €vog p38-
eCaptdpevov pnyoviopov, eved doev emmpéalel to pvOud ™C AMOTTOONG TV
Kuttdpov. H pedétn avt eiodyet £vay kovovplo porio g nrapiving otn pvbuion tov
TOAALOTAQGLOGHOD TOV  KOPKWVIKOV KUTTAP®V TOL TOYE0G EVIEPOL HECH TOV

oNUATOd0TIKOV povoratiov g p38 MAP kvaonc.

Vi



Abstract

Colon cancer is one of the leading causes of cancer-associated death among
men and women worldwide. It has been shown that genomic instability, as well as
environmental factors can be correlated to the risk of colon cancer however, the
pathogenesis of the malignancy still remains unknown. Many colorectal cancers are

thought to arise from adenomatous polyps in the colon.

The complex interactions among the cancer cells, their extracellular matrix
(ECM) and the surrounding normal cells are thought to play a pivotal role in tumor
development and progression. The composition of the ECM affects various cellular
functions, such as proliferation, adhesion, migration and differentiation.
Proteoglycans (PGs), major constituents of the ECM, through their core proteins or
via their glycosaminoglycan (GAG) chains are able to interact with collagens, growth
factors, growth factor receptors and adhesion molecules and through these
interactions may participate in the regulation of many cellular events.

The molecular characteristics of colon cancer cells and their stroma, as well as
their association with the development and the progression of the malignancy have
not been adequately studied. The structural analysis and the role of GAGs/PGs that
are produced by colon cancer cells and the surrounding cells may contribute to the
better understanding of these glycocomplexes, which participate in the regulation of
numerous cellular events, as well as in the cell malignant transformation. The
understanding of the interactions among cancer cells and their microenvironment may

contribute to colon cancer treatment.

In this study, the synthesis and the distribution of GAGs among the cell
membrane and the culture medium by two human colon cancer cells, HT29 and
SW1116 were examined. The results demonstrated that both estrogen receptor-
positive (ER+) cancer cell lines produced hyaluronan (HA), both extracellular and
membrane-associated galactosaminoglycans (GalAGs) and heparan sulfate (HS), with

the HT29 cells producing all GAG fractions at significantly higher rates.

VI



The effects of genistein on the synthesis of these secreted or cell-associated
macromolecules, as well as on the growth of HT29 and SW1116 cell lines were also
studied. It is well known that the soy isoflavone genistein can affect cell metabolism
by specifically inhibiting protein tyrosine kinase (PTK) and/or interacting with the
estrogen receptors (ERs). The observed dose-dependent inhibitory effect of genistein
on the synthesis of both secreted and cell-associated GAG/PG by the SW1116 cells,
as well as on their growth, was suggestive of a PTK mechanism. On the other hand,
the synthesis of GAGs/PGs by HT29 cells in the presence of genistein was dependent
on their type and localization which implies the active participation of the ERs, which
was further supported by the observed growth stimulation at low concentrations of

genistein.

Quantitative and qualitative changes in GAGs/PGs production, and
consequently in the ECM composition, have been suggested to have a role in the
development of some types of cancer. Therefore, the effects of endogenous and
exogenously added GAGs on the proliferation of HT29, SW1116 and HCT116 human
colon cancer cell lines were examined. For this purpose exogenously added GAGs
(chondroitin sulfate-CS, dermatan sulfate-DS, hyaluronan-HA and heparin), an
inhibitor of endogenous GAG sulfation and specific glycosidases to cleave cell-
associated glycosaminoglycans were utilized. The obtained results showed that colon
cancer cell growth was exclusively stimulated by exogenously added heparin and
insensitive to endogenous GAGs/PGs production, in a sulfation pattern-related
manner. Numerous mechanisms of heparins’ action have been postulated including
the regulation of growth factors / growth factor receptors, mitogen activated protein
kinases (MAPKS) activities or the modulation of cell cycle progression. Specifically,
HSPGs/heparin have been demonstrated to increase the affinity of FGF-2 to its
respective, FGFR1-4, receptors. The active role of FGF-pathways has been suggested
in the early stages of colorectal tumorigenesis. Moreover, it has been shown that HS
chains stimulate the proliferation of colon cancer cells via a mechanism involving
increased expression of tyrosine kinase receptors of EGF. Aim of this study was to
examine the possible involvement of the FGF-2 and EGF signaling on the heparin-
induced effect on HT29, SW1116 and HCT116 colon cancer cell lines. Treatment of

Vil



the tested cell lines with the FGF-2 neutralizing antibody or an EGFR tyrosine kinase
inhibitor showed that the stimulatory effect of heparin on the cells’ growth was not
FGF-2 or EGFR dependent.

In view of the fact that MAPKSs signaling involvement on colon cancer cell
growth is well established, three major MAPK pathways, JNK, ERK1/2 and p38,
were examined for their participation on the mitogenic effect of heparin. The results
showed that heparin-induced stimulation of colon cancer cell growth was correlated to
increased phosphorylation of p38 MAP kinase. Treatment with a highly specific p38
kinase inhibitor significantly inhibited colon cancer cell heparin-induced growth,
while administration of JNK or MEK1/2 kinase inhibitors had no significant effect.
Furthermore, heparin through a p38-dependent mechanism modulated the expression
of p21WAF1/cipl, p53 and cyclin D1 cell cycle regulators in a manner supportive of
colon cancer cell proliferation. Heparin treatment also promoted cell cycle
progression in cells with increased S-phase entry via a p38-dependent mechanism. On
the other hand, treatment with heparin did not appear to affect HT29, SW1116 and
HCT116 cell apoptosis rates. This study introduces a new role of heparin in the

regulation of colon cancer cell proliferation through p38 MAP kinase signaling.
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1 Ewoayoyn
1.1 oy évrepo

To moayv évtepo, punkovg mepimov 150 cm, amoterel T cuvEKELD TOV TEMTIKOD
oMV HETA TO TEAOG TOV AEMTOL EVIEPOL KOL OVOTOMIK®MG OLUPEITAL GE TLPAO,
KOAOV (aviOV, £YKAPGC10, KATIOV Kol GLYHOELDES) Kot 0pBo. Ot facikéc Aettovpyieg Tov
elval n amoppdPNo”M vEPOL Kol NAEKTPOALTMOV Atd TO YLVAO GTOV GLAO TOV EVIEPOVL,
KaBdg Kot 1 amofKeELGT TOV KOTPOVMOOOLG VAIKOV LEYPL Vo Yivel eEDBNoTN ToL pécm
TOV TPWOKTIKOV GOANVA TPog T0 eE®TePKO mepidiiov. To toiympa tov Mmoo
EVIEPOV, OTMC KO TOL VTOAOUTOL YOGTPEVIEPIKOV CWOANVA, ATOTEAEITOL OO HECH
TPog T £E® amd T€0oEPLS OoTIPAdES, TO PAevvoydvo (emBniio, xOpro, PAevvoydvia
Ptk oTada), Tov voPAevvoydVIo, TOV HLIKO Kol TOV 0poyovo yrtdvo. To amid
KOAMVOPIKO 1 KOAVKOELDEG EMBNAL0 TOL PAEVVOYOVOL TOV TOE0G EVIEPOL oTnpileTan
amd to XOplo, £vo GTPOUA XOAAPOD GLVIETIKOV 16TOV TAOVGLO GE GLLOPOPO ayyeia,
AEHQIKA  KOTTOPO, HOCTOKVTTOPM, TANCUOTOKOTTOPO, HOKPOQAYQ, KOAAOYOVO,
OKTVOTEG tveg kot wvoPAdoteg péoa oe eEmkvttapia Ogpédor ovsio mAovo o€

yivkolapvoyivkaves (Iaradnuntpiov, 2001; Fenoglio-Preiser et al., 1989).

1.2 Kapkivog Tov may£og evTEPov
1.2.1 I'evika

O kapKivog Tov Tax€og eVIEPOL amoTeEAEL T GLYVOTEPT HOPEN KOPKIVOL TMV
omAbyvoV pe gupeia SoKOUOVOT TG GLYVOTNTAS TOL aVE TOV KOGHO. ZLVIGTH TNV
tpit ortia Bovatov amd kokonOn VEOTAAGUATO GTOVG AVOPES, EVAO GTO YLVOIKELO
TAnBoopd avaeépeTol g 1 OELTEPN G€ cLYVOTNTA outiol BovaTov amd Kokonon 6yKo
(Serrano et al., 2004; Xu et al., 2006). H mBavomta eppdviong tov kobictoton
ovyvoTEPN HETA TNV MAKia tov 50 et@v. Movo 6% éwg 8% twv mepmtdOoE®V
KapKivov TOL Ta£0g EVIEPOV AVATTVCCOVTOL TPV amd TV NAkia Tov 40 eTdOV, Evo M
EUQPAVION TOL O©€ KPOTEPN MAIKIOL o@eidetor evoeyOUeEVa GE  KANPOVOUIKN

npodidfeon. Ta tpla TETAPTA TOV TEPUTTOCEMV TOV KOPKIVOL TOV TOEOS EVIEPOV



evromilovtal 6To 0pBO Kol TO GLYHOEWES, EVD TO 25% 010 TLEAO Kol TO OVIOV KOAOV

(ITamadnuntpiov, 2001; Agridon, 2001).

To peyoddtepo HEPOG TV OYKOV TOL To€og eviépov Oewpeitar Oti
mpoépyxetor amd TNy Kokonon efoAlayn TOV  OOEVOUATOOMV TOAVTOOMV 1)
AdEVOUAT®V, TOL GLVIGTOVV KaAoNON veomldouato tov PAEVVOYOVOL TOL TOEOC
eviépov kot eppaviCovior ®¢ pilo vréppetpn  ovamtuén  (vmepmiocio) TV
EMONAOKOV  KUTTApOV KOTA pNMKkog Tov  1010¥. [lopdAinia mopatnpodvton
dvomlaciec dmwg N dwtapoyn TG TOOTNTOG NG TAPUYOUEVNS PAEVVOG Kot TG
TOMKOTNTOG TOV KVTTAP®V. Me TNV TAPodo Tov ¥pOVOL TO AOEVAOLATA OVEAVOLY GE
péyebog, v cuyYpPOVMS VOIGTAVTOL TPOOOEVTIKES OAAAYEC GT) LOPPOAOYIO TOVS Kot
eupaviCouv peyoldtepov Pabpod SVOTANCTIKEG OALOIDGELS WHEYPL TEAIKMG VO
eCadaybobv oe «koapkivo (Tanaka, 2009; Davidson, 2005). Am6 v
TOOOAOYOOVATOUIKT TOIKIALD TV KOPKIVOV TOV TaXE0S EVIEPOV, TO AOEVOKAPKIVOLLX

enpaviCetot pe peyalutepn cuyvotnta.

1.2.2 Aitwo Kol TOpayovTEG KIVOUVOL

H o1todoyio Tov Kapkivov Tov Tay€og eviEPOL givarl £m¢g GNUEPE AYVMOOTY.
Meléteg  éyovv  OumG ovoyeticel TV avATTLER TOV  UE  YEVETIKOVG KOl

TEPPAALOVTIKOVS TAPAYOVTES.

"Eva mocoot6 mepinov 5-10% 100 cuvOLlov TV KapKivmY Tov Toy€og EVIEPOL
opeilovtal o KANPOVOUIKY] TPodtafeon Kol GUYKEKPIUEVO OTI] GLGGMPEVLOT
TOAMATAGV YEVETIKOV UETOAAEEWY. Eva amd ta mAéov kahd pedetnuéva, cOVOPOLLX
elvar T0 OUOVOPOHO TNG OKOYEVOVDS OdEVOUATOO0VS moAvmodioong (familial
adenomatous polyposis-FAP) mov opeileton oe PETAAAAEN TOV OYKOKOATAGTOATIKOD
yovidiov APC, 6mtwg kot ta cvyyevn mpog to FAP ovvdpopo Gardner, Turcot kot
attenuated adenomatous polyposis coli 6to omoio. GLVVLTTAPYOLY Kol VEOTANGLOTO
Glov  opyavov. To oOvopopo Peutz-Jeghers, pe petdAraln oe  éva
OYKOKOTOGTOATIKO YOVIOl0 TOL Kmdkomolel o Kwdon g ogpivng/Opeovivng,

yopaxtnpileton amd TV avénuévn emimtwon Kapkivov Tov ToyE0S EVIEPOL, KABMS



EMIONG TO GUVOPOUO TNG OKOYEVOLG Veavikng moAvmodiaong (familial juvenile
polyposis syndrome) kot 1o ocOvopopo Cowden. Emiong, vmdpyovv mepmntdoelg
KANPOVOLIKOD KOPKIVOL TOV TTaE0G EVIEPOL TTOV OEV GLVOEOVTAL LE TOALTOSIOGT KOl
GULVIGTOVV TOV KANpovoukd, un cvvovalopevo pe morvmodiaor kopkivo (hereditary
nonpolyposis colorectal cancer-HNPCC) 11 cOvdpopo tov Lynch, émov vrevbuveg
elvar ot KAnpovoukés petaArdéelg tov emdopbotikadv tov DNA yovidiov, kot
ovykekpéva towv yovidiov hMSH2, hMLH1, hPMS1, hPMS2 ko1 GTBP/hMSH6
(Cetta & Dhammo, 2007; Rustgi, 2007; Jo & Chung, 2005; Jaiswal et al., 2005).
Awtoapayés tov yovidiov pS3 kot ras €yovv mapoatnpndel ota Oyipo 6TaAdo TG
SadIKaGiog TNG KOPKIVOYEVEGNS TOV TOE0G EVIEPOL, GLUPAAAOVTOG GTNV KoKoN oM
eEaAlayn Tov adEVORAT®OOVS ToAVTOdN o€ KapKivo (Joyce & Pintzas, 2007; Lynch
& Hoops, 2002). Ot ypdvieg AEYUOVOIELG TOONGELS TOV EVIEPIKOV GOANVO, OTMG 1
EAKOONG KOAlTOO Ko 1 vOcog tov Crohn, amotelohv 16mG TIC LOVOIIKEG TEPITTMOCELS
mpooldheons Y EUEAVIOT KOPKIVOL TOL TOYEOS EVIEPOL Y®PIg TNV VIOPEN

molumdowv (Gersemann et al., 2008; Collins et al., 2006; Ullman, 2004).

Ov mepummtdoelg Kapkivov TOL TAXEOC EVIEPOL OTNV TMAEOVOTNTO TOVG
YopaxTNPiloviotl ¢ oTopadIKES, OOV OIVETAL VO GUUPBAAAOVY Ol TVYOIEC COUATIKES
peTaALAEELG, ot mePPAALOVIIKOL TOPAYOVTEC KOL TO VTOAEWTOUEVO YOVIOLOKA
YOPOKTNPLOTIKA. Ot SotpoPikég cuVNBEEG OmMOTEAOVY Eva oNUAVTIKO TEPIPAALOVTIKO
mopdyovta. oty maboyévelww NG  ovykekpyévng  vocov.  Ilepapatikéc,
EMONUIOAOYIKES KOt KMVIKEG LEAETES OElYVOLV OTL 1| ALENUEVN KOTOVAA®GT KOKKIVOU
KPEATOG Kol A{MOUG, M HEWOWUEV KATOVAAMGN QULTIKGOV WOV KOl 1 OVETOPKNG
TPOCANYN QLAAKOV 0EE0C OLEAVOLV TOV KIVOLVO EUEAVIONS KOPKIVOL TOV ToE0GC
evtépov (Forte et al., 2008; Johnson & Lund, 2007; Ahmed, 2003). AALot Top&yovTEG
OV ELVOOLV TN EUEAVIOT TNG VOoOL &lvarl M Tayvoopkia, Kabmdg Kot 1 amovsio
copatikng doknong (Pan & DesMeules, 2009; Giovannucci, 2003). Emiong, ot
KOMVIGTEG QOIVETOL VO £(0VV UEYOADTEPO KIVOLVO EUEAVIONG TNG CLYKEKPLUEVNG
kakonBelog (Nishikawa et al., 2004; Massarrat, 2008). AvTipatikd amoteAéouota
vdpyovv ywo. T Opdon twv opuovav (Schindler, 2007; Dietel et al, 2005), evd

TPOCPOTES UEAETEG OVOQPEPOLY TNV TOAVY TPOGTATEVTIKY OPAoT) TNG ACTIPivG Kot



GAA®OV U1 GTEPOIBDV OVTIPAEYLOVMOOIDV PUPLAK®OV GTOV KOPKIVO TOL TOYE0G EVIEPOL

(Iwama, 2009; Lai et al., 2008; Chan, et al., 2007).

1.2.3 Kviké copnt@pato-Awdyvoon

Yto apykd otédle 0 Kapkivog TOL TaE0S eviEpov cLVNOMG dev TPoKaAel
BopvPmon ocvurtoOpate kol ovevpiokeTon TVl o€ gvdookomkd Eleyyxo. Ta
CLUTTOUOTO TOlKiIAoVY avdAoya pe 1tn 0éomn tov Kapkvodpatoc. To cvyvotepo
counTopa givol 1 mopovsio aipatog ota KOTpava Ady® ooppayiog tov dykov. H
AavBdvovca owoppayio pmopel va Exer TN popen  pEAovag 1 amoPoAng
Conpdypopov aipatog avaroyo He TNV VTOmIoN TOL GYKOL, Kol 00NYEl 6 LTOYP®UN
OONPOTEVIKT OVOLIO GUVOOEVOUEVT] OO adVVOpio, EVKOAN KOT®OT, dVOTVOLNL Kot
CaAn. H oAhayn tov eviepikdv cuvneidv pe m Hoper] SUGKOIALOTNTAG 1] CTLOVIOTEPL
dppotag, N HETAPOAN TG SIAUETPOL TV KOTPAV®V, O TEWVEGHOG KOl TO KOMKOEDES
GAy0oC amoTEAOVV EMIONG CLUTTAOUOTO TOL GYETILOVTAL HE TOV KOPKIVO TOL Tary€0g
EVIEPOV Ko 0QEIAOVTOL GLVIOMG GE ATOPPAEN TOV EVIEPOV. L& UETUYEVETTEPO GTAOLN
™G VOGOV TTAPOTNPOVVTIOL GLVIOME KOl TO YEVIKG CUUTTMOUOTO TOAADY KOKONOMV
VEOTANGLOV, OM®G 0 TVPETOS, M ovopeEia kot 1 amdiew PBapovc. H mopamdvo
CLUTTOUOTOAOYIO UTOPEl VoL efvan EVOEIKTIKY] TOV KOPKIVOL TOL TTOYE0G EVTEPOL AAAG
Kol piag oepds dAlov madnoewv, OTMG TNG EKKOATOUOTITIONS, TNG LOYOLUIKNG
KOAITIONG, NG OyYELOIVOTANGIONG, TNG GAEYLOVMOOOLS VOGOV TOVL EVIEPOL KOl TMOV

KaA0N 0wV TOAVTOd®V.

H dwyvootikn perlém tov mayéog eviépov mepthapufavel daktolkn e&étaon
T0V 0pBoy Kol OTN GLVEXEWD GLYHOEDOGKOMNON 6€ ouvdloud pe Paprovyo
VTOKALGHO OMANG OKLOYPAPNGEMS TOV OTOKOADTTOVV TEPITOV TO £val TPITO TOV
oykov. XT1¢ mepintmwaoelg mov Ppebel Hrwomtn aAloiwon 1| TOL OV LAPYOVY EVPTILOTOL
aAAG M KAviKN voyia gival woyvpn, N e&€tacn ekioyng etvar 1 KoAovookomnon. H
e&étaon avt eivor akpPng, gvaicntn kot dvvatar va AneBodv Proyieg amd Tig
BraPeg ko va  apaipeBovv  vmapyovteg moAvmodec. Emiong, to  evooopbikd
vepnyoypaenuae M 1 moeAk] MRI otadiomolodv tovg opBikodg kapkivovg pe

axpifero. H a&ovikn korovoypaoio (virtual colonoscopy) eivan pior pun emepPortikn



TEYVIKY Y10 TN Odyvoon Oykwv kot peydiov toivnddwv. H pétpnon tov CEA oto
aigo 1 o GAAO COUOTIKA VYPA Umopel va GUUPAAAEL GTNV TPOIUN OVOYVAOPIoN
HUETOOTAGEMY 1] TOTIKNG VITOTPONNG TOV VEOTAACSUOTOS. Metd tnv emPefaimon g
OmapEng dykov oto moyh évtepo avalnteiton 1 €KTOoT TNG VOOOL LE OKTIWVOAOYIKO
éheyyo (oktwvoypopiec, afovikn M payvntikny topoypagia) (Davidson 2005;
[Mamadnuntpiov, 2001; Fujimori et al., 2009; Maras-Simunic et al., 2009).

1.2.4 O¢poneia-Ilpoinyn

H Oepomevtiky] OVIYETOMON TOL  KOPKIVOL TOL  TOXEOS  EVIEPOL
dlpopormoleital avaAoyo e To o6Tdo0 TG vocov. H yepovpywn aeaipeon tov
oykov poll pe emopKr] EKTOUN TOV OPIOV TOL KOl TOV TEPIKOAMK®OV AEUPAIEVOV
amotedel TNV KOPLAL HEBOSO OVTILETOTIONG TNG VOGOV, EVA TOAD GLYVA @aproleTat
CUUTANPOUATIKY]  Ogpameics pe HOVOKAOVIKG — OVIIGOUOTO, OKTWVOPOAlo Kot

ynueobepaneio (Wilkinson & Scott-Conner, 2008; Wolpin & Mayer, 2008).

H mpdiun ddyvoon tng vooov kot 1 TpOANYY TG HE TNV 0Qoipeon Twv
TPOKOPKIVIKOV PAAPOV-TOADTOSES TOV EVIEPOV HEGH TOV TPOANTTIKOD EAEYYOL
oyetileTon pe gvvoikotepm poyvoon (Hegde ef al., 2008). H mevtaetic emPioon tov
acBevov pe dayvoopévo Kapkivo mayxeog eviépov etvarl mepimov 50%. Enpovrikn
oLUPOA o aVTO £xouv Ol PBEATIOUEVES YXEWPOVPYIKEG TEYVIKEG KOL TO, CUYYPOVA
ANUEWODEPATEVTIKA CYNUATO GE GLUVOLICUO TAVTOTE UE TIG OVENUEVEG OLVATOTNTEG

aveHPEOG KAPKIVOL TOV TTOLYEOC EVTEPOL GE APYIKA GTAA.

1.3 I'hwkolapvoyrlvkdves (GAGS) / IIpoteoyrlvkaveg (PGs)

H eEoxvttdpuon Bepéha ovosia (ECM) amotedel évo moldmAoko OikTvo
pokpopopiov mov Kafopilel TV apYLTEKTOVIKN T®V 10TMOV TOL KAOE 0pydvov Kot
TapPEXEL OTOL KOTTOPA TANPOPOPieS o€ PloAoyikd kot pnyaviko enimedo. H cvotaon
™™g ECM meprhapfavel dopkég mpoteives, Onwg KOAoydvo Kot EAacTiv, dopKd Kot

Aertovpyikd ovumloko pokpouopla, O6mwg ot mpwteoyAvkaves (PGs), kabog won



dopkég yhvkompmteiveg, Omw¢ M Aopwvivin kot 1 wovektivn. To diktvo TV
paxpopopiov mépa amd 10 doukd Tov pOAo, 0 omoiog Kuvpiwg eotidleTal oTn
oNuovpyiot LITOSTPOUATOS YOl TNV OVOATTVEN TOV KLTTAPWV, TOUlEL OMNUOVTIKO
Broroyo poro. Ta poakpopdpla ovtd pecorafodv otic aAlnienidpdoels petald twv
KuTTdpov Kot s ECM emnpedlovtag Gueca 1 EUUESO KUTTOPIKES AElTovpYies, Omwe
N KLTTOPIKN TPOCKOAANG, N UETOVAGTEVGT], O TOAAATANCIOCUOG, 1| SlpOopOTOinom
Kol 1 amont®on. Ot ONUOVTIKEG OVTEC KLTTOPIKEG Agttovpyieg eivan cuvdptnomn g
oVGTAONG KOt TNG OOUIKNG opydveong Tov pokpopopiov s ECM. Katd cuvéneia, 1
ECM Bewpeitar og éva Proroyikd evepyd Oiktvo mov GLUUETEXEL Kot puOuilet
(QULGLOAOYIKE KVLTTOPIKA YEYOVOTO, OAAL Kol TNV avAmTuéEn-e£EMEN maboloyikdv

Broynuikov-poploxdv petoformv (Aumailley ef al., 1998).

1.3.1 I'vkolapvoyrvkaves (GAGs)

Ot yhvkolapvoyivkdveg (GAGs) elvar ypappikd, Osiopéva Kot apvntikd
(QOPTICUEVO  TTOAVUEPT] OTOTEAOVUEVO OO  EMOVOAUUPAVOUEVEG  OIOAKYOPITIKES
LOVAdES OV TEPLEYOVV £va 0LPoVIKO 0&D (D-yAvkovpovikd 1 L-1dovpovikd o&o 1§ D-
yYoAoktoln otV mepinTmon g Beukng kepatdvng) kot pa e&olapivn/aptvosaxyapo
(D-yoroaktolapivn 1| D-yAvkolopivn) (Gandhi & Mancera, 2008; Salmivirta et
al.,1996; Turnbull et al, 2001). Ou e£olapiveg cvvdéoviar yAvkolitikd pe to D-
yAvkovpovikd, L-1dovpovikd o0& M pe D-yoroxtdln Kot otn SGOKYOPITIKY TOVG
povéoa evromiCovtar N-axétvio, O- 1 N-Beukég opddec. O aplBpog twv
SICOUKYOKYUPITIKMOV LOVAS®V OV AOTEAOLV ol YAVKOLOMIVIKY aAVGida KupoiveTot
ocuvnBmg otovg 50 doakyapiteg Kol 6T TEPIMTOON TOV LOAOVPOVIKOV 0EE0G PTAVEL
o¢ pepikég ymaodes. Ot GAGs dwpépovv wg mpog tov Tomo ¢ e€olapivne, g
e€0lng N ToV oVPOVIKOL 0&E0G, KOOBMS Kol 6N Ye®UETPia TOL YALKOLITIKOD OEGHOD

HeTAED TOV LOVAO®V QVTMV.

O1 GAGs givat Beiopéva Kot GUVETHS LYNAL opVNTIKA POPTICUEVA LOPLAL TTOV
evromilovtatl 6t UGN, £(0VTOG Ve SIGAKYOPITIKT] LOVAOD Eva apvNTIKO (opTio omd
70 0&IKO avidv (COO_ ) Kan ¢ téooepa omd T Beukn| pila (SO4_ ). Ot GAGs xvpimg

evtomiCovtar erevBepeg otnv ECM 1] oty €medvelo TV KUTTAP®V OHOLOTOAKA



ouvoedepéveg pe Tov mTpotevikd kopud tov PGs. To péyebog ko m modtnta twv
yAvkolapvoyAvkovikov (GAG) oivcidwv eivor mov mpoodidovv ot PGs tig
YOPaKTNPOTIKEG  TOuGg  Asttovpyies. Otr  GAGs  ocopuetéyovv, UHECH  TOV
aAANAETIOPACEDV TOVG pe TANODOPO TPOTEIVAOV, GE QUCIOAOYIKEG Kot TOBOAOYIKES
KUTTOPIKEG  Aertovpyieg-yeyovota, Ommc 1 Olpopomoinct, 1 oyyeloyévesn, o
TOAMATAACIOCOUOG, 1 LETAVACTEVOT Kol 1] TpookOAAnon. Ot GAGs dwukpivovtol o€
d00 KOHPLOLG TLTOVG, TIC UN BEIIEVES OOV KOTATAGGETOL TO VaAOLPOVIKO 0 (HA)
kot T¢ Beiopéveg GAGs mov meprhapfdvovv tig Beuxn yovopoitivn (CS), Beuxn
deppatavn (DS), Bsukn kepatavn (KS), Osuxn nrapdvn (HS) kou nrapivn (Heparin).

1.3.1a Yarovpoviko oo (HA)

To vaiovpovikd o0&y (HA) eivar évog ypoppikos, apvntikd QopTiGUEVOS,
LLEYOAOLOPLOKOS, PUGIKOG TOAVGAKYAPITNG TOV ATOTEAEITOL OO EMAVOAAUPAVOUEVEG
doakyopttikég povadeg B-D-yAvkovpovikov o&€og kot N-axetvio-D-yAvkolopivig (D-
GlcA-B1,3-D-GIcNAc-B1,4), ot onoieg cuvoéovtal amokielotikd pe B-yAvkolitikong
deopotc (Ewova 1.1) (Girish & Kemparaju, 2007; Kogan et al., 2007; Stern et al.,
2006; Tammi et al., 2008). O apOUOS TOV SCUKYOPITOV TOIKIAEL, avdAoyd e TOV
10T6 Tpoérevong kat Tig cvvinkeg, amd 2000 edg 25000 povadeg, TOv AVTIGTOL EL GE
poplakd Papoc petafd 2x10° kar 10x107 Da kat og pikog eog kat 25 um (Toole,
2002; Tammi et al., 2008). To HA evtomiletoan e OAOVG GYEOV TOVE 1GTOVG TOV
avBpdmvov chpaTog, Kabmg Kot 6e GAA 6TOVOLA®MTA, evd gival md apbovo otV
ECM tov cuvdetikob 16100 tov poiakadv popiov (Girish & Kemparaju, 2007; Kogan
et al., 2007). Xe avtiBeon pe tovg vroAomovg tvmovg Twv GAGs, 10 HA dev pépet
Oeukég opadeg Kt dev GLUVOEETAL OUOIOTOAKE [LE TPOTEIVIKO KOPUO, OU®G UTopel va
OAMNAETIOPACEL LE TIG TPMOTEOYAVKAVES KOl e GALEC TPOTEIVES YO TNV OPYAVMOCN
TOV TEPIKLTTAPLOV Kot e€wKkvTTdprov ywpov (Laurent & Fraser, 1992; Tammi et al.,

2008).

To HA, moapd v amkf tov doun kol evd opyikd OBewpeito ¢ adpaveg
HOPLoKO OTOLKEID TOV GLVOETIKOD 16TOV, EMNPEALEL PLGLOAOYIKEG KOl 1] KUTTOPIKES

Aertovpyieg Kol CLUUETEYEL oTNV opotdcTact TV 1ot®v (Toole et al., 2002; Kogan et



al., 2007). PuBpiler v evuddtmon kot TIg QUOIKEG WO0TNTEG TV 10TMV XAPLG OTNV
KavOTNTA TOL Vo TPOCOEVEL PeYEAa Tood vepoy €m¢ kot mepimov 1000 @opéc to
Bapog tov. Emiong, aokel emidpaon otig PloAoyikég Kol pnyovikés 1010TNTeS TOL
eEOKVTTAPIOL KOl TEPIKVTTAPIOL YDPOL OAANAETOpOVTAG pe e€oKkvTtTdplo popia,
omwg M ayypwkavn kor n Pepowdvn (Heldin, 2003). To HA evepyomoet
EVOOKVLTTOPIKA HOVOTATIO. KOt EMNPEALEL TNV KLTTOPIKN GUUTEPIPOPE HECH TNG
OECLELONG KO TNG OAANAETIOPOONG TOV HE VTOOOYEIS TNG KLTTOPIKNG EMPAVELNG,
omwg toug CD44, RHAMM, LYVE-1, HARE, LEC ka1 TLR-4 (Girish & Kemparaju,
2007).

Metd and mpdoeateg peréteg avayvopiletar o onuaviikdg porog tov HA
oV eUPPLOYEVEST], GTNV KLTTOPIKN TPOCGKOAANGY, SPOPOTOINCT|, LETOVACTELGN
KOl 6TOV KVTTOPIKO ToALOAaGLacpd. O Ploloyikdg pOAOg TV TOIKIA®Y ToAvUEP®DV
tov HA xoabBopiletar and 1o péyeboc tov popiov. Ilocotikég arhayég oo HA €xovv
napatnpnOel oe MOALEC TABOLOYIKES KATAGTAGEIS/ AGOEVEIEG, OTIMG GTN PEVLOTOELON
apBpitda, oe ypdvieg preypovég kat otov kapkivo (Heldin, 2003; Kogan et al., 2007;
Tammi et al., 2008). MeAéteg ava@Eépovy TV avarntuén Kot v eEEMEN embniakdv
KOPKIVOUATOV TOV TOYEOS EVIEPOL GE HIKPOTEPIPAALOV TOL GTPAOUOTOC TAOVGLO GE
HA. Ot aAniendpdoeic tov mepwcvttapiov HA kot tov CD44 vrodoyséwv tmv
EMONAOKOV  KOPKIVIKOV — KUTTAP®V  EVEPYOTOLOVV  KVLTTOPIKE — LOVOTATLO
onuUatoddHTNONG oNUAVTIKA Yoo TNV €EEMEN Tov OyKkov (Toole, 2002; Kim et al., 2004;
Misra et al., 2008).

1.3.1p Ocuxn yovopoitivn (CS)

To potifo ¢ emoavoropPavopevns SGOKYOPITIKNG HovAdag NG Oeuxng
yovopoitiving (CS) mov amotedeiton amd P-D-yAvkovpovikd o&h kot D-N-aketvlo-
yoraktolapivn (D-GlcA-B1,3-D-GalNAc-B1,4), umopel va tpomomombel amd Tig
Beukéc opddeg, ol omoieg evromilovrar kvpiwg otig 0écelg C-4 xovn C-6 ¢
yoraktolapivne ko otig Béceic C-2 1 C-3 tov yAvkovpovikoh o&éog (Ewkdva 1.1).
H CS mpoocdéveral oTig VTOLOVAIES TG CEPIVIG TOV TPOTEIVIKAOV KOPUAOV HEGH EVOG

YAvKOo{1TIKoU OGOV TECCAP®V CaKYAp®V OV amoteAeital amd EuAoln, dvo popo



yohoktolng kot yAvkovpovikd o&H (Asimakopoulou ef al, 2008; Lamari &

Karamanos, 2006; Lauder, 2009).

O advcideg CS givan dpBoveg otov avBpmmvo opyavicopd, kabmg kot og GAAL
ONAaoTiKG Kol 68 AOTOVOLAN, YEYOVOC TOV OVTOVOKAG TOV GNUOVTIKO TOVG POAO OTIG
Broroywcéc Asrtovpyies. Amotelel kVplo dopkd otoryeio Tov apbHpukcol xGvopov
napéxovtdg tov elaoctikétnta. H doun kot n Beiwon tov CS advcidwv mowilovv
avdAoyo pe TV TINYN TPOEAEVONG AOKMOVTAG ENiOpacT oTig Asttovpyieg toug (Lauder,
2009). Ermiong, n Beiwon mg CS petafdrrietor oe maBoloyikég KATOGTAGELS, OTW®G
ovpPaivel oty mepintwon g ooteoopHpitdag oy omoior aArGlel 1 Beimwon TtV
aAvcidmv CS 6to 16vopo kot oto apbpwkd vypd (Mankin & Lippiello, 1971; Plaas et
al., 1998; Lewis et al., 1999). Aopkég arlayés tov CS alvcidmv emnpedlovv Tig
Bloroywég 1010t teg Twv CSPGs. 'Exovv mapammpndel petaforéc omv doun g
Bepokdyng kot TG O10KOCULTIVIG GTOV KOPKIVO TOV TOXE0S EVTEPOL TOV AvVOPOTOL
o6mov ot aivcideg DS avtikobictavior and aivcidec CS mov mepiéyovv kupimg pn

Berwpévoug kot Bstmpévoug ot Béon C-6 dicaxyapiteg (Asimakopoulou et al., 2008).

Meléteg emonuaivovy 1o poéko ¢ CS oTOV TOAAATAOGIOGHO TV
(QULGLOAOYIKAOV OAAG KOl TOV KOPKIVIKOV KUTTAP®OV, KAB®G EMiong ot KvnTIKOTNTOA,
TPOGKOAANCT KOL TNV HETAVACTEVTIKY TOVG kavotnta (Aguiar et al., 2005; Fthenou
et al., 2006; Fthenou et al., 2007; Nikitovic et al., 2007; Sirko et al., 2007; Zou et al.,
2004).

1.3.1y Ogukn dgppatavn (DS)

H Beuxny depuatévn (DS), yvoom) kot g Osukn yovdpoitivn B (CS-B), eivar
EVOG YPOLUIKOG TOAVGAKYOPITNG TOV 0TTOI0L 01 SIGAKYAPITIKEG OUAOES OmOTEAOVVTOL
and o N-axetvho-yoraktolopivn kot €va ovpovikd o&h, 1o omoio umopel va
Bpioketor gite pe ) HopPn YALKOLPOVIKOV 0EE0G glte 100vpoviKoy o&éog (L-IdoU-
al,3-D-GalNAc-B1,4) (Ewova 1.1) (Rosenberg et al,1985; Choi et al, 1989). H
Tapovsio. Tov WovpovikoL o&éog oto popo ¢ DS mpocdidel eraoctikdTnTa 01N

Slpopemo g kot peydro apvnrtikd goptio (Comper et al., 1978; Sanderson ef al.,



1987). Ot aivcideg g DS tpomomotovvtar amd t Beiwon otig Béoeig C-4 ko C-6

g e&olapivng kat otn BEon C-2 tov Wovpovikov o&éog (Trowbridge & Gallo, 2002).

Melréteg avapépovy 0Tt aAlayéc otig DS alvoidec, mov agopovv to péyedog,
™ obvheon TV dcakyaprtdv Kot T Oeiwon, Kabopilovv TV KavOTNTA TPOGOECTG
™G KOl EAEYYOLV AETOLPYIKES OAANAemOpdoelg pe mbavd mTPOTEIVIKE pOpLo-
npocdéteg. H DS evromiletor o€ moALoOG 16TOVE TOL OvOPOTIVOL CAOUATOG, EVD
AmOTEAEL KUPLO GLOTOTIKO TOV OEPUOTOG KOl OMEAEVOEPDOVETAL GE UEYIAEG TOCOTNTEG
Kot TNV erovAwon tov tAnydv. H DS copuetéyet oe puoioloyikég kot maboroyikég
OmOKPICELS, O otV MNEN TOL AIUATOC, GTOV KVLTTOPIKO TOAAUTAOGIOGUO, GTIC
pnoivvoelg kot oty kapkwoyéveon (Trowbridge & Gallo, 2002; Denholm et al.,
2000; Westergren-Thorsson et al., 1993; Daidouji et al., 2002).

1.3.10 Oguxn kepatavn (KS)

H Oeuxn xepatdvn (KS) elvan éva ypoppikd moAvpepég amoteAOVUEVO Ao
emovolopuPovopeves  SIOOKYOPITIKEG  Hovadeg  yadaktolng kot N-akeTvlo-
yAvkolapivng evouéveg pe Bl—4 yilokolitikd decpd (D-Gal-B1,4-D-GlcNAc-B1,3)
(Ewoval.l). Ymapyovv eotepomomuéveg Oeuxég ouddec ot 0éon C-6 g
yoraktolng ko g yivkolapivng. To péyeBog g avBpaxikng g aAvcidag g
KS, kabdg emiong kot o Pabudg Beiwong g mowilovy pe amoTtéAEGUA TO HOPLOKO
g Papog va kopaivetor and 4-20 kDa (Hascall & Riolo, 1972; Murata & Yokoyama,
1987).

O tomot g KS mpocodopilovrar pe Pdon ™ doun tov deopod kot Oyt
avaroya pe tov 1616 mpoérevons. H KSI mpocdévetan péom N-yAvkolitikod decpov
OTNV 0OTOPAYiVY] TOL TPMOTEIVIKOD KOPLOL KOl EVIOMILETOL KLUPIWG OTOV KEPATOELON
YITOVO TOV pHotoD, KoOdg Kol ot pKpEG TAOVGIEG G ALKV TPMOTEOYAVKAVES
(SLRPs), 0mt®w¢ 1 Aovpukavn, n oykpikavr, 1 tVOHOOOVAIVY] KOl 1) 0GTE0AVTYEPIVN
(Ameye et al, 2002; Raouf ef al, 2002; Ninomiya et al, 2007; Funderburgh, 2000). H
KSII ocvvdéetor péow O-yilvkolitik®v decpudv ot oepiv 11 Bpeovivn  ToL

TPOTEIVIKOV Kopuol kot Ppioketor kvupimg oto yovdpo. ‘Evag tpitog tomog KS, n
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Eicaywyn

KSIII, éxetr meprypagel 0TI TPOTEOYAVKAVEG TOL EYKEPAAOVL, OOV Ot aAvcideg KS
Tpocdévovtal ot ogpivn/Bpeoviv) ToL TPOTEIVIKOD KOPHOV HECH €VOG HOpiov
navvolng (Funderburgh, 2002; Hoffmann et al.,1967; Choi et al.,1975). H tapovcia
peyaing mocottag KS otov kepatogdn yrtdvo oyetileror pe ) otinpnon g
EVLOATMOONG TOL 1GTOV OV €ival KPIGIUN Yo TN SaPAvELR TOV KEPOTOEWOVS. Oumg,
ot alvcideg KS evromilovtar kot o€ GAAOVG 16TOOC OOV QaiveTtal vo EYouvv
AEITOVPYIKO POAO GTNV KLTTOPIKY] OVOYVAOPLOT| TOV TPOTEIVOV-TPOCGOETEG KOl GTNV

Kivntikomta tov Kuttdpov (Funderburgh, 2000).

Glycosaminoglycan Disaccharide units Features
Hyaluronic acid H Molecular weight 4-8000 kDa
~ Non-sulphated non-covalently attached to proteins
0 in the ECM; also found in bacteria
HO Usually found in synovial fluid, vitreous humour,

ECM of loose connective tissue

Excellent lubricators and shock absorbers
D-GlcA- f(1— 4)-D-GlcNAc-o(1— 4)

Chondroitin sulphate 080,- Molecular weight 5-50 kDa

Most abundant GAG in the body
O—. Found in cartilage, tendon, ligament, aorta

OH

~—H Bind to proteins (like collagen) to form

NHCOCH, proteoglycan aggregates
D-GlcA-f(1— 3)-D-GalNAc4S-f(1— 4)
Dematan sulphate H 0S0,~ OH Molecular weight 15-40 kDa
~o H HO H— Found in skin, blood vessels, heart valves
) 0—
L T,
HO—¥00- OH NHCOCH, "
H H H

L-IdoA-o(1— 3)-D-GalNAc4S-f(1— 4)

Keratan sulphates | and Il OH Molecular weight 4-19 kDa
H =
H? ’ | ( 080, 0 Most heterogeneous GAG
H- HO ?’— \’/H / KS1isfound in the comea

f HO KS Il is found in cartilage aggregated with CS

/0 OH NHCOCH,
il H H

D-Gal-fi(1— 4)-D-GalNAc6S-f(1— 3)

Ewova 1.1. Enovolopfovoueveg dloakyopttikéc povddeg tov ylvkolapvoyilvkavav HA,

CS, DS xot KS (Gandhi et al., 2008).
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1.3.1e Oguxn nrapavn (HS) ko nrapivy (heparin)

H nmopivn kow n OBsukn mmapdvn (HS) eivor ypappukol kot oapvntikd
(QOPTIGUEVOL TOAVCOKYOPITEG, TOV OMOI®V 1 EMAVAAOUPAVOUEVT OIGOKYOPITIKY|
povada aroteieiton amd N-axetvAo-yAvkolapivn kot ovpovikd o0&, ite pe T Lopen
yYAvKovpovikod o&fog, eite Tov emepols Tov otn Béon C-5 Wovpovikov o&gog (D-
GlcA-B1,4-D-GlcNAc-al,4 7 L-IdoA-al,4-D-GlcN-al,4) (Ewéva 1.2).
Eotepomompéveg O-0suxég opddeg pmopovv va vmapEovv ot Béon C-6 g
yAvkolapivng kot otn Béon C-2 tov ovpovikov o&éoc. Emiong, dev eivar 1660 omavia
n O-Belwon otov C-2 100 oOvLpOVIKOU 0&EE0g kot tov C-3 g N-Osiwpévng
yvivkolapivng. H yivkolapivn pmopel va eivor N-axetolopévn 1 N-Osiopévn
YEYOVOG TOV OMOVPYEL TEPLOYEG VITOYNPLES Y10 TEPOUTEP® OOUIKES TPOTOTOUOELG
omv oivcida (Skidmore et al., 2008). To poprokd péyebog TV TOAVCAKYOPITOV

Kopaiveral ard 10-70 kDa, wotdéco cuvnBwg Ppiocketon kbtm amd 15 kDa.

Pripery Heparan alphase Hepan

Suiphate versus hemosamine content 0818 16824

2- 080ty -2 Auiphamal- 2 0 g LOip SOty A0-£0% 5%
oonent

24 - 2cd content I0-50% >10%

Sie of snthesis

Mass
Maor dssaharde repesing unts

Mrgr (erabie) dsscdharde repesting un
= Hor S0y, ¥=Ac, SG or H)

Exyaos s comporen? Lurd n the bessrmean! mermbers
srd & & chigutons comporent of cal surisoss
10-70 ke

H
D-GlcA-B(1—=4-D-GlcNAc-a(1-4)

H ox

M coo | ¢ 0

- 0 (-~
~ - - , \
0\~ H AT HN\ W

H 0 - | -OH

HO—) oX | O~/ NHY

H ~ M

inyaosliler component of mast oslly, egpecially in
the laer. hungs and i

10-12 kD&
H | 050,-
|| O
S~ —H .'
i 0 H
HO-¥Coo- \ HO~ o~
HI OSO:_” H

L-1doA25-a1 1 54 )-D-GIcNS6S-af( 1 —4)
H ox

Co0- g (
So{~J—T N=S—H\ «
H 0 \ 2~ -OH
HO: OX | no—} NHY
H H

H

Ewéva 1.2. Atagpopég petald arvsidwv Bsukng nrapdavng (HS) ko nrapivng (Gandhi et al.,

2008).

O1 dapopég petal&d e HS kon g nrapivng elvar kuplwg mocotikég kot oyt

TOL0TIKEG KoL £E0TiOG TNG SOUIKTG TOLG OUOLOTNTOG OEV Eivan €DKOAOG O S WPIGHOG
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toug (Ewova 1.2). Ov alvcideg HS mepiéyovv peyoldtepo TOCOGTO OKETLALMUEVNC
yAvkolapivng, eivar Aydtepo Belwpéves kol mopovcslalovv  UEYUAVTEPT OOLUKN
molKIMo 6e oyéon pe v nmoapivi. To 1ovpovikd o&L evromileton oe vYMAOTEPQL
emineda otnv Nuapivn, yeyovog mov v Kabiotd £viova Bslmpévn Kot TepiocdTEPO
apvntikd @opticpévn (Turnbull & Gallagher, 1991; Mulloy & Forster, 2000;
Salmivirta et al., 1996; Skidmore et al., 2008; Gandhi & Mancera, 2008). H nmapivn
ovvtifetol Kot amoOnKeLETAL OTO LOGTOKVTTOPO TOV GLVOETIKOV 16TOV, evtomileTon
O0TO NMTOP, GTOVG HVEG, OTO OEPUO, OTO EVIEPO, OTOLG AEUPOAOEVEC KOl GTOVG
nvevpoves, evd M HS ekppdletor oty kuttopikn emiedveln OAwvV oxeddv TV
KUTTApOV TV ONractik®v kot oty ECM pe mpoteoylvkavikn popen (Skidmore et

al., 2008; Gandhi & Mancera, 2008; Middeldorp, 2008).

H avtumkrikn 6paon g nropiving amotelel akpoymviaio Ao g Oepomeiog
Kol TG TPOANYNG ™S OpOuPmong yio TOAAEG OekaETiEC Kot dpa OECUEVOLEVT] GTNV
avtiBpoufivn péom evog mevtacakyopitn acvvnbiomg dounc. H déopevon g
nrapivng oty avtilBpouPivn I endyetr aAlayég ot otepE0ddTAEN TG DOTE QLT UE
™ oepd TG avaotéAdel T Bpoufivn kot GAAEG TPMTEACESG TOV GUUUETEXOVY GTNV

mén  Ttov  aipatog, O0mwg o mapdayoviag Xo (Middeldorp, 2008). Meléteg

Mivexag 1.1. Blioloyucég (un aipoototikég) wiotreg g nrapiving (Makpnig, 1999).

1. ovXoTOAL) TOU TOAAC AU SO0 TEY
Aelowv ey v,
(VIOTOAT] THS CHENOTYS TEV OKEAETIREWY

[E=]

T8

Lad

publjnoty TG ayyELOTEVEOT)C
4. SLEYEPOT) THG RETOVGTEDGTLS TEY AEDKO-
KUTTipEy,
5. [0V OO POIT OFDOAT) TLECT).
6. peloot) g evbobnhumy; Sureperdn-
O, PETE THY ERCVEOTYRP Oryy omodn o).
7. mpopiAaSh Qo TV CpTIpocKRTipuveT).
8. emibpoct) oty @b 60 P TO0 KA PH-
VO
9. vooTolT) TG AP OYETTS TS CAGMCTE-
povmc.
10, vaoTolf] TEV EALCTOOEY,
11. &eyeiper ™) pecolafnen g Elostiong
oV avies oAty g AT.
12, umlryer TV OOTE OmOPEoT).
13, exibpoot oty enolleot) TEW LAY EY.
14, vooTOAT] TV TEPIVEGEY,
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ATTOJEIKVOOVY OTL Ol OALYOCUKYOPITIKES aAAnAovyiec g Mmapivng dev oyetilovton
HUOVO pE TNV EMIOPOCT| TNG GTO UNYOVIGUO TNG OUOoTOONS, OAAA givor vtevBuVES Kot
Yoo TOAAOTAEG Prodoyikég dpdoelg g nrapivig, tovilovtag OTL 1 AVTITNKTIKY TNG
wmta degv givor avaykaotikd 1 kopuo opaon g (Ilivaxoag 1.1) (Maxprg, 1999;
Niers et al., 2007).

Ye in vitro peléteg €xer deydel O6TL M mmopivn kot ov oAvoideg HS
aAAnAemidpovv kol emnpealovv 1t dpdon evivpwv, Kutokivav, popiov g ECM
(wvovektivn, Aapwvivny), popiov mpookOAANong (wvteykpiveg, oelektiveg) Kot
HEUPBPOAVIKOV TPOTEIVOV O10pOpmv maboyovev pkpoopyovicpudv (Ilivakag 1.2)
(Powell et al., 2004; Taylor et al., 2006; Pelosi et al., 2007). Eniong, £xet amoderyBel 1
aAnienidpaon tov HS kot tg mmapivig pe mokiAovg avénTikovg mopayovieg
(FGF2, HGF, VEGF, PDGF-AA, uéin ¢ EGF owoyévelog) kavn pe Toug vodoyeic

tovg (ITivakag 1.2), cvoppetéyovtag pe tov Tpoémo avtd ot povbuion TtV

Mivekag 1.2. Mopio. Tov €£®OKLTTAPLOL YOPOV UE T 0Toie, dAANAETOPOVY o1 aAvcideg HS

ko 1 nropivn (Taylor & Gallo, 2006).

HS/Hep ligands, GAG sequence known: GAG sequence:

Antithrombin 111 GlcNAC(BR |-GleA-GIcNE(58) (687 )-Ido A 28)-Glc NS 65)
Basic FGF (FGFZ) GleNS-GleA-GLeNSIdoA(25)-GIcNS

Hepatocyte growth factor/scauer factor (HGF/SF) GleA-GLeNSdoA-GleNS1doA-GIeNSTdoA-GleNAC
Herpes simplex virus gD GleA-GleNSIdoAd 28)-G1cMN ( 35) (657 )-Gle A 257 )-GIcNS

HS/Hep ligands, GAG sequence unknown:

(zrowth factors: Cytokines/chemotines:
EGF family GM-CSF
FGFs 1-15 I8 (CHCLE)
IGF-11 IP-10
POGE-AA MCP-1 and MCP4
TCFR-1,-2 RANTES
VEGF TNFu
Extracellular matrix components: Adbvesion molecules:
Fibrin L-selectin
Fibronectin MAIC-]
Laminin N-CAM
Thrombospondin Pselectin
Vitronectin PECAM-1
Microbes and microlial products: Enzymes and inhibitors:
Prevdomonas aeruginosa Heparin cofactor [1
Slaphylococous aureus Lipoprodein lipase
Bordelelln pertussis Neutrophil elastase
Neisseria gonorrhoeae Plasminogen actvator inhibitor
Mycobacterium tuberowlosis Tissue plasminogen activator
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EVOOKLTTOPIKMY CTLLOTOOOTIKMY LOVOTOTIOV KOl KOT EMEKTACT € TOAAES PLOAOYIKES
Aertovpyieg, Omwg 1 eUPPLOYEVEST, 1 OTOTTOGN, 1| OVATTVEN, N LETAVAGTELGT Kol O
KLTTOPIKOG ToAlamAactlacpdg (Skidmore ef al.,, 2008; Taylor et al., 2006; Aguiar et
al., 2005; Flint et al., 1994; Wu et al., 2006; Sasaki et al., 2000; Forsten et al., 2000).

H nmapivn éyer deybel 611 cvppetéyel oe mowiha otadio G eEEMKTIKNG
dwdikaciog Tov kopkivov. Meléteg emonuaivouv TV avooToATIK) Opdorn TG
Nrapivg TNV TPOGKOAANGT KOL OTN HETOVACTELSN TOV UEAOVOKVTTAP®V Kol TOV
KOPKIVIKOV KLTTipov Tov moayéog eviépov (Bobek & Kovarik, 2004). "Evog
ONUOVTIKOS UNYOVICUOG TNG OVTILETAOTATIKNG dpdong tne nrapivng goaiveton va elval
N AVOGTOAN TNG OAANAETIOPAOTG TOV GEAEKTIVOV LLE TOVG TPOGOETES TOVG GTO OPYLKAL
otad ¢ petactatikng owdkaciog (Varki & Varki, 2001; Engelberg, 1999).
Eniong, n nmapivn €xet avapepBei 011 0dnyel To KOTTOPO TOL PWVOPOPVLYYIKOV
KOPKIVOUOTOS G€ amOnT®mor), puiuilovtac v €kepaocn yovidiov mov oyetiloviot pe

v amontotiky 086 (Li ef al., 2001).

AVTIQATIKE TEWPARATIKA OEOOUEVA VITAPYOLV Yo T OpAoT TNG NTapivng GTOV
TOAAOTAQGLOGHO TV KLTTOP®V. TToAAEG peEAETEC emOMUAiVOLY TNV OVOGTOATIKY|
dpbion TG MEaPivNng GTOV in Vitro MOAAATANGIOCUO TOKIA®V KUTTAPIK®OV GEPOV,
OTMG TOV AEIOV VKOV KVTTAPOV TOV AYYEI®V, TOV QUGIOAOYIKOV VOPAACTAOV, TV
LEGEYYVLOTIKOV KVTTAP®V, TV 06TEOPALUGTAOV KOl TOV KLTTAPWOV 0GTEOCUPKMDLATOG
tov avBpomov (Au et al., 1993; Ferrao & Mason, 1993; Westergren-Thorsson &
Persson, 1993; Nikitovic et al., 2005; Hausser & Brenner, 2004; Flint et al., 1994).
Yrdpyoov Opmc kol peAétec mov  dsiyvouv OtL 1 mmapivn  avEdvel  Tov
TOALOTAQGLOGHUO TOV EMONAMOKAOV KLTTOPOV, TOV KLTTOPOV ALLYOUIOS KOl TMV
KOPKIVIK®OV KUTTAp@V ToL otopdyov (Flint et al., 1994; Maurer et al., 1994; Wu et al.,
2006). H mmapivn oOteyeipel tov mOAAATAOGIOGUO T®V €vOOOMAOKOV KLTTAP®V,
yeYovOG TOL 0dNYEL GLYVA Gt BEPATEVTIKNY TG XPNON KOTE TG APTNPLOGKANPVVOTG,
EVO TOLTOYPOVA TTAPEUPAIVEL AVACTOATIKO GTNV AVATTLEN TOV AglOV PHLIKOV VOV
TV Toyyoudtov Tov ayyeiov (Makpng, 1999). Emiong, o moAhamiacloopuog tomv
AElOV PUIKOV KLTTOPOV TOV OyYEIOV KOL TOV TEPIKLTIAPOV TOV OyYeimv ToV
TVELUOVOV pEOVETOL amd TN dpdon g nrmapiving, m omoia dev emmpedler v

KUTTOPIKT OmOTTOON, 0AAG eumodilel T petdfaon and ) @edon GO ot edon S Tov
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KLTTOPKOD KOKAOL avéavovtog tnv ékepaoct tov p21 yovidiov (Castellot et al., 1985;
Khoury & Langleben, 2000). H avoaoctoAtiky emidpacn g mmopivng otov
TOAMOATANCIOCUO TOV AEl®V HUIKOV KLTTAP®V TOV ayYelov Tov apovpoinv Exet
EMIONG CLOYETIOTEL HE TNV OVOGTOAN TNG OpAoNG TOV TPOTEWVIKOV KIWVOGHV

gvepyomotovpeves and proyova (MAPKSs).

1.3.2 BroovvOgon TV YAVKOLGHIVOYAVKOVAY

O mpoteivikdg kopuods Ormv tov GAGs, pe eEaipeon 1o HA, mapdyston oto
a0pO EVOOTAAGLOTIKO SIKTVO KOl VOICTOTOL LETO-UETOPPACTIKT) TPOTOTOINGN A TIG
YAVKOGLATPOVGQEPAGES otn cvokevun (Golgi, 0mov o1 JoaKyAPITIKEG OUAOES TV
GAGs mpootifevioan oTOV  TPOTEIVIKO KOPUO MDOTE VO GYNUOTIOTOVV Ol
npoteoyAvkdves. H ProocvvBeon tov GAGs elvor otevd ocuvoedspévn pe tov

petafolopod g yAvkoing ota Onlaotikd (Grebner et al., 1966; Kjellen et al., 1991).

H évap&n g ProovvBeong tov GAGs cuvdéetal pe v mpocsbnkn tov
avayoyikod Gkpov ¢ EVAGING oTo KaTdAomo cepivig/Opeoviving TOV TPMOTEIVIKOV
Koppov pe 1t Pondewa tov evlvpov EvilocvAitpavopepdaon. E&aipeon amotedovv n
Beukn xepatdvn Kot to vaAovpovikd o&h. Ot aivcideg g KS mpocdévovion otov
TPOTEIVIKO KOpHo, eite péom g mpodcdeong N-aketvioyilvkolapivng (GleNAc) -
acmapayivng, eite N-aketvdoyaraktolopivng (GalNAc) - oepivng/Bpeovivng. To HA
ovvtifetor wg GAG, ywpic vo TPocdEVETOL OUOIOTOMKA G TPOTEIVIKO Kopuod. To
onpeio Tpodcdeong TG oepivng Yo Tov ToAvpeptopo g CS/DS kot g HS/mmapiving
evtomiletar o610 Owmentidolo NG oepivng-yAvkivig M og  emaVOAQUPOVOLEVES
alniovyieg 0Evav apvoéémv (Kolset et al., 2004; Grebner et al., 1966; Kjellen et
al., 1991; Sugahara et al., 2000; Sugahara et al., 2003).

H mpodt ¢@don tov molvpepiopod g CS/DS o e HS/Mmmapivng
OAOKANpOVETOL pE TO oynuotiond &vog tetpacokyapitn Xyl-Gal-Gal-GlcA. Ou
povéodeg g yoroktolng petagépovror and t UDP-yokaktdln oty apyikn oivcida
pe m Pondea tov evldpmv yoroktoovAtpaveeepdon I ko II, avtictorya. To

TeEAELTOIO0 HEAOG TNG OAYOCOKYOPITIKNG LOVADAS, TO YALKOLPOVIKO 08D, HeTOpEPETOL
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an6 10 UDP-GIcA pe 1o évlupo yAovkovpovurtpavoeepdon [ Xt ovvéyewa, n
npocOnkn N- axetvioyaraxtolopivng 1 N-axetvAoyAvkolapivng oty oivcida, and
ta. évlopa GalNAc 1 GlcNAc, odnyet oto oynuaticpnd CS/DS 11 HS/mmapivng,
avtiotoyo. H empnkovon tov aivcidov emtvyybvetor pe  Ponbeia evibuwmv
TOAVUEPACNC Beukng  yovopoitivng/depuatdvng (ChSy) Kot Beukng
nrapavng/mmapivnig (EXT1/2), ta omoia 7mpooHBETouv  SloaKyopitikés oudoeg
GalNACc/GIcA 1 GIcNACc/GIcA avtiotowya, pe ™ tovtdypovn Tpoctnkn Tov opddomv
Belov. O avoépyovog @mOGPOpoc evepyomoteiton pe 1t Ponbewn tov ATP oe
P®GP00dEVOCLAP®SPoDetikd (PAPS), mov divel ™ @®OQEOPIKH TOL OUAdD OTIG
GAGs. Ewwd évlopa, ot GouApotpavoepdoes, KOTOADOLV OUTH TNV OvTidpaom
dtvovtag t Oetikn opdda oe cvykekpluéveg Béoelg Tov povadmv eEolapnivng 1 Tov
Wovpovikoh 0&€og Kol mEPLoTAGLOKG TOL YAvKovpovikoy o&foc. H ProcvvBeon g
DS ¢aivetor va givar dpota pe avt g CS, pe v e€aipeon 61t T0 D-yAovkovpovikod
o0&y empepileton oe L-1dovpovikd o0&y (Kolset et al., 2004; Skidmore et al., 2008; De
Luca et al, 1973; Malmstrom & Fransson, 1975).

To kOp1o onueio drapopomoinong g Procvvleong g HS ko g CS givon n
amookeTvAimon kot n N-Bgiwon tov povadwv g eEolapivng. To évlvpo mov €xet
poro-kredl ot Proocdvbeon g HSMmmapivng efvar n N-covigotpavopepbon
(NDST) (Kolset et al, 2004). To mpoédpopo molvpepés omnv Procvvheon twv
HS/mmapivng apyikd tpomomoteital pécm amoakeTvlimong Kot Osimong Tov povadmv
GlcNACc v va dnuovpynet éva pepikmdg Betwpévo mpoidv 1o omoio avayvopilel wg
vrootpopa n CS-emyepdon Tov yAvkovpovikov o&foc. ' va avayvopiotel po
opada yAvkovpovikoh 0&Eog amd v emyepdon, amatteiton 1 Ymapén Beiwong oty
povada g GIcNAC mov Bpioketon cvvdedepuévn pe tov C4 tov GlcA. Tlepoartépm
tpomomomoelg mepthapPavovyv Beimon otic C2 tov IdoA kar C6 twv GIcNAc 1
GIcNSOs, oAAG av kot ondvio kor otov C2 tov GlcA kot tov C3 g GlecNSO3
(Sugahara & Kitagawa, 2002). H mapaywyn g nropivng tepthapPavel EKTETAPEVES
tpomonomoels. To Tpoidv avtd mepiéyel oxetikd Ayec povadeg GlcNAc kot GlcA, kot
peyora mocootd amd GleNSOs, IdoA kabmhg kot O-Osiopéveg Béoeils. Avtibeta, oty
HS n omola €xel dwopopetikn| dopr|, ot povades Tov Wovpovikov o&eog evtomifovtan

oT1g mepLoyég ne N-OBeimon kot otig meployég mov €yovv piypo N-Bgimong kot N-
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aKeTVAM®moN, 0AAG Oyl oe avtéc pe ocvveyoduevn N-axetvdioon (Hook et al, 1974;
Sasisekharan & Venkataraman, 2000). Metd and Sopkég avaAdoElS, paiveTotl OTL 1
nmopivn etvar vynid Betopévn, evdd n HS eivor éviova Beiopévn oe cuykekpluéveg

neproyés (Kolset et al., 2004).

Ot aivoideg g KS mpocdévoviar otov mpoteivikd wkopud péow N-
YAVKOQITIKOD 0EGUOV OTIS HKpoL poplokov Papovg PGs 11 péom O-yAvkolitikov
deopov otig peyahov peyébovg PGs. v mpdtn mepintwon ovvrifetor €vog
OAYOoaKYOPITNG CUVOEDEUEVOS LE EVOL MTTOEDEC, O OTTOT0G LETOPEPETAL GTI TPWOTEIVT
mov Ppioketar 010 pPoOcON. MEGH TV A-YAVKOGIOOCHV OITOTKOOOUEITAL LEPOG TOV
TPOJPOLOL OAryocakyapitn kot apyilet n mpoohnkn TV GoKYAp®V ®G SOUIKMOV
povadwv e GAG. Zmv 0e0tepn mePImTOON, 1 TEPLOYN cLVOEONC amoTeELEiTOL 0o
évav dokradlopevo oMyocsakyopitn GalNAc, cuvoedepévo PEocw €vog VTOAOUTOL
oepivng M Opeovivne pe tov mTpoteivikd koppd. H KS emunkdvetar pe m Ponbeia
evOOH®OV, YAVKOGLATPAVGPEPUCHV, TO OTOI0 TPOGHETOVY EVOALAEN Lot GLVOEOLEVN
pe ohkd o0&y yohoktoln kot po yoAokTolr OTO OVOTTUGCOUEVO TOAVUEPEG

(Funderburgh, 2002; Funderburgh, 2000).

Ye avrtiBeon pe tic vmoérowmeg GAGs, to HA ocvvtifeton otnv eocwtepikn
EMPAVELN TN TAACHOATIKNG LEPPPAVIG G Eva eAehBepo, Ypappkd ToALUEPES YOPIG
va elvar opotomolkd cuvdedepévo pe mpoteivikd koppd. Ta pudpie tov HA dev
nepEyovy OBeuxéc M eotepomompéveg opadec. Xto OnAaotTikd, i owoyéveln
dwpepppovik®dv yAvkocvAtpaveepacav, ot cuvBacec HASI, HAS2 ko HAS3,
pvOuilovv 1 Procvvieon Tov HA. Ot cuvBdoeg Tov HA petagpépovv eVOALOKTIKG TO
UPD-egmpunkvopévo  peyoropdpo oe  UDP-yilvkovpovikdé o0&y ko  UDP-N-
axeTvAoyAvkolapivny 6t cvvey®mg avamtvocouevn oivcido tov HA. Kabe HAS
woopopen emmpedlel o mepeyodpevo tov HA otnv ECM tov kvttdpov. Meréteg in
vitro €qovv dgi&el 0Tt ot HAST o HAS2 mpwteiveg molvpepilovv advcideg HA €wg
kot 2x10° Dalton, evéd n HAS3 cuvbéter odvoidec peyébovg tov 2x10° Dalton. Ze
avtifeon pe ahdeg GAGs, 1 ETUNKLVGT TOV VAAOVPOVIKOD YIVETOL e TNV TPOCHNKN
TOV COKYGAP®V GTO avay®ylkd GKpo Kol 6T cvuvéyelo 1o veoouvtiféuevo HA katd
KOPLO AOY0 EKKPIVETOL HECH TNG KLTTAPIKNG LEUPPEVNG OTNV EMPAVELX TOL KVTTAPOL

N omv ECM. TlapdAinio pe v ETUAKVVON TPOYLOTOTOIEITOL 1] EVOOAT®ON KOl 1
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doykmon tov  pakpopopiov  oynuatilovtag €va mepwvTTOpKd  oTpdpo. Ta
veoouvtiféueva  popo  katd T owpkew Mg ProovvOeong  eaivetor  OTL
KOTOKPOTOOVTOL GTNV KLTTOPIKY] EMPAVEID KOl OTO €vEPYO KEVTIPO TOL &vivuov,
xepnv S arAnAemidopacng tovg pe tov vmodoyéa CD44 tov HA. Mewwpévn
wKovoTTa  OEGLELONG TV  VEOSLVTIOEUEVOY pHoplv  oTOV  VTOdoYEN, OGS
mopatnpeital Enerta amd eoo@opvAinon tov CD44, éxel cav cuvéneia 10 dloy®pPIord
TOV VEOSLVTIOEUEVOY HOoplOV KOl TNV €mavevepyomoinon g ouvvBaong vy To
oynuaticpd véov oAivcidov. To HA oamodopeitar péc® TPLOV  SOPOPETIKMV
povormatidv pe tn Pondbewa twv vaiovpovidacodv (Hyals), mov amotelodv o
owoyévela evlopwv vrevbovn vy tov KatofoAiiocpd tov HA. Ta popie tov HA
molKiAovv o€ péyeBog Kol 1 OPOPETIKN EMOPOOT OTIS KLTTOPIKES AEITOLPYIEG
eaivetar va oyetiCovron pe to péyebog g arvsidag tovg (Girish & Kemparaju, 2007;

Stern et al., 2006; Stuhlmeier, 2006; Kolset et al., 2004; Itano & Kimata, 2002).

1.3.3 llpoteoyrvkaves (PGs)

Ot mpoteoyrvkdveg (PGs) etvar cOpmloka pokpopdpto Tov amoTeLovvVTIOL amd
pio M mePLocOTEPES YPAPMKES, Oetmpéveg oAvoideg GAGS OLOIOTOAIKA GUVOEDEUEVEC
pe évav TpoTeivikd Kopuo katl gviomilovral otnv ECM, oty Kuttapik| empdvela,
evd vmapyovv kot gvdokvttapleg PGs. To popiokd péyebog twv PGs mowciier
aviAoya LE TO HOPLaKO BAPOC TOL TPOTEIVIKOV KOPUOV Kol TOV apltBpd Twv aAvGiowmv
GAG, mpocdidovtag otic PGs povadikés Proloykés Kot QUOIKOYNUIKEG O10TNTES
(Kjellen et al.,1991; Kolset et al., 2004; Wegrowski & Maquart, 2004).

O1 PGs, g&attiag Tov vymAov apvnTikod @optiov Tovg, sival vrevhuves yio )
dwtpnon tov vepolh otovg 1otovc. Emiong, éxer deyybel 6Tt ov PGs, péow tov
TPOTEIVIKOV TOVG koppov 1M péow twv GAG oAvcidwv Tovg, HTOpPOVV Vo
OAANAETIOPAGOVY e aVENTIKOVG TTAPAYOVTEG KOUT| Ue VTOJOYEIS avTdv, pe popla
TPOCKOAANGONG KOl e TO KOALUYOVO, eMNPeAloVTOC TOIKIAES KLTTOPIKEG AEITOVPYIES.
[Towotikég | mocoTikéG aAlayEC oty Tapaywyn tov PGs &xovv onuoavtikd poro otnv
avamtuén kot v e£EMEN moADV TOTwV Kapkivov (Wegrowski & Maquart, 2004;

Fjeldstad & Kolset, 2005).
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Awkpivovtor dtopopetikéc Taéelg v PGs avaloya pe TV EVTONION TOVG GTO
KOTTOPO, TO £100¢ TV GAGS TOL TEPLEYOLV KOl TNV TPWOTOYEVT] OOUT TOV TPOTEIVIKOV

TOLG KOPLLOD.

1.3.30 E€oxvtTaprec IpmTEOYAVKAVES

O e€oxvttdpleg PGs mepthapufavouv Tic VOAEKTAVES, TIG UIKPOL HOPLIKOV BApovg

PGs mhovoieg oe Aevkivn (SLRPs) ko 11g PGs ¢ facikng pepfpavng.

1.3.3a(i) Yorektaveg

O vadektdveg amotedovv pio owoyéveln PGs mov aiiniemidpodv pe 1o HA
Kol TG Aektiveg. H owoyéveln tov volektavav meptapfdvel téooepa pEAN, T
Bepouchvn, TV ayypukdvn, T UIpePUcivn Kot T VEVPIKAVT, To. OToio. AmoTEAOVVTOL
amo TPELS TEPLOYES, TO N-TeAIKO dkpo ov amoterel T meployn déopevong tov HA, to
KEVIPIKO TunUa mov @épel T aivoidec tov GAGs kot 10 C-teMKO GKpo TOL
deopevetl TG Aektiveg. Ot VOAEKTAVES £YOLV KOWA YOPOKTNPLOTIKA OTN OOUN TOL
TPOTEIVIKOD TOVG KOPUOV, €V OOPEPOVY GTO KEVIPWKO TUNHO Tov @épet Tig CS
alvcideg. Mehéteg in vitro avoa@EPOLY TO0 PLOUGTIKO POLO TV VOAEKTOVAOV GTNV
OAANAETIOpaAOT TOCO PETOEL T®V KLTTAPWOV, 000 Kol TV KuTttdpwv pe v ECM,
kaBmg emiong ™ GLUUETOYN TOVS GTN PLOUIGTN TG AVATTLENG TOV VELPAEOV®Y TOV

vevpikov cvotnuatog (lozzo, 1998; Schmalfeldt ez al., 1998).

Bepoikavy. H Pepowavn amoterel 1 peyorvtepn CSPG g owoyévelng twv
VOAEKTAVOV Kol eVTOTileTal 6€ TOAAOVS 16T00G, OMWG oTo Aglo PLIKE KOTTAPO TOV
TOYOUATOV TOV oyYElOV, 6TO EMONALOKA KOTTAPO TOL SEPLOTOG KOl T KOTTOPO TOV
KEVIPIKOV KOl TOV TEPLPEPIKOV VELPIKOD GLOTNUATOC. AVENOM otV £KEpacn NG
Bepowkdvng, kabdg kol petafoiég otn doun g, Exovv mopatnpnbel oe KakonHelg
Ooykovg Tov maxéog eviépov tov avBpdmov (Theocharis, 2002; Lin et al, 2007).
[Ipdopateg peréteg emonpaivoov ) onuacio ¢ Pepowkdvng ot pvduion g

KUTTOPIKNG TPOGKOAANGCNG, TOL TOAAATAACIOCUOD KOU TNG HETOVACTELONG, EVO
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toviletal 0 oNUAVTIKOG TG POAOG GTNV OVATTUEN TOV 1I6TOV KaONDS Kol 68 TOlKileg

nmoboloykég kataotdoelg (Rahmani ef al., 2006).

O mpoteivikdg kopudg g Pepokdvng amoteieiton ond tpeic meproyés. H
nepoyn G1 Ppiokeron 010 N-teMkd GKpo TNG Ko amoteAeiton amd po aAiniovyio
mov powalel pe avocos@alpivi akoiovBovpevn omd dV0 SadOYIKES EMOVOAYELS
VITOUOVAd®V TOoL potdlovv pe TN OLLEVKTIKY TPMOTEIVI] Kol EUTAEKOVTOL OTN
npocdeorn Tov HA (HABR). H kevipikn meproyn G2 mepiéyet 1ig GAG-a kot GAG-
VIOUOVAdES 01 omoieg eivan vrevBuveg Yo T TPdcdeon £mc kot 30 aAvcidwv CS/DS,
kaBmng ko N-/O-ohyocsakyapitov. Téhog, 1 meproyn G3 amoteleiton and (o cepd
and emavorapfavopevo dopkd potifa opown pe avtd tov EGF, éva tpunua mov
powalet pe tov C-tomo Aektivng (CRD) kot po meptoyn mov potdlet pe ) pubuotikn
mpoteivn 0V cvpnAnpopatoc (CBP). To evailoxtikd pdatiopo tov mRNA g
Bepokdyng ©0T0 KEVIPIKO TUNUO TOV TPMOTEIVIKOD KOPHOV 7OV KMOOIWKOTOEL TNV
neployn mpocdeons v GAG aAlvcidwv odnyel otn dnpovpyic TEGGAP®V IGOHOPPOV
™ Pepowcavng, g VO, V1, V2 kot V3. H VO wwopopen g Pepoikdvng eépet 500
neployéc mpoodeong twv GAGs, tic CSa kot CSP, evd oTic pikpotepeg 1oopoppés V1
kol V2 amovoidlovv ot mepoyés CSa ko CSP, avtictorya. X V3 1copopon
amovctdlovv Ora ta mbovd onueio Tpdcsdeong tov GAGS kot GuVER®OG amoteAeiton
novo amd tig meproyéc G1 kot G3. To dapopeTikd HoTifo EKEPAONG TV IGOUOPPDOV
™m¢ Pepokdvng mOavda LTOdEKVOEL TOV OPOPETIKO TOVS POAO OTIS KLTTOPIKEG

Aertovpyieg (Iozzo, 1998; Wu et al., 2005; Rahmani et al., 2006; Wight, 2002).

Ayypixavy. H ayypikdvn amoteheitor omd Evav mpoteivikd kopuo 220 kDa otov omoio
npocdévovtar oivoideg CS kar KS. Exepdletor omd tar xovopokvTTOpO Kot M
KovOTNTA TG 0P’ eVOG LEV VO OEGUEVEL PEYAAEG TOGOTNTEG VEPOL KOl 0P’ ETEPOV VO
ovvepyaletor pe to HA, v xdvel vo mpocdidel otov aphpikd yovopo eANCTIKOTNTO
ot ovvauelg ovumieons. Emiong, M ayypwavn éxelt onpaviikd poéro otV
aAANAETIOpAON TV YOVOPOKVLTTAP®V HETAED TOVS KAOMG KOl TV YOVOPOKLTTAPMOV LIE
v ECM kot og €k TOVTOV G| LOPPOYEVEST] KOl OVATTLENG TOL YOVOPIVOL GKEAETOV

KOTA TNV 01 d1kacio TG avamtusn.
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O TPpOTEIVIKOG KOPUOG TNG ayYPIKAVNG omoTteheiton amd TPelg mePLoyES Kot
oyxetiletoar otevd M dopn TG HE owTOV NG Pepokdvng. Xto N-tehkd g dxpo
evromiCetan 1 meproyn G1 mov mepiéyet P aAAniovyio wov Hotdlel Le AvOGOGQALPiv
Kkt oto C-tehkd dxpo Ppioketow m  mepoyn G3  amoteAovpevn  amod
emovalopPavopeva dopkd potifo opota pe exeivo tov EGF, éva tufua mov powadet
pe tov C-tumo Aektivng Ko pio Teployn mov Hotdlel pe ) puOUIoTIKN TP®TEIVY TOL
oLUTANPOUATOC. Méow Tov TUNHaTOG oV opotdlel pe Tov C-tHmo g Aextivig, N
ayypuchvn eumiéketor pe tpoOmo eSapTOHEVO amd TO 10vVTO Ca** otn déopevon
oaKyapov, pe amotélecpa va moilel oNUOVTIKO POAO OTIG OAANAETIOPACELS TOV
eEOKLTTAPIOL YOPOL UE TIC KLTTAPIKESG emMPaveles. X meproyn G2 Ppickovror ot
0éoeic mpoodeong twv GAGs mov umopel vo eépovv péypt kot 100 advoideg CS,
ueyéBovug tov 20 kDa kafepio. Ot oadvcidec KS eivar Ayodtepeg, £mg 60 otov apfud,
Kat govv ovvnBmg pikpoTEPO UNKog. H ayypukdvn pumopel emiong va mepiéyetl mokilo
apBpd O- kot N-cvvdedepévov olyocakyaprtav (Luo et al., 2000; Kiani et al.,

2002; Iozzo, 1998).

1.3.3a(ii) Mikpég mhovoieg o€ Agvkivn TpwteoyAvkaveg (SLRPs)

Ot pikpég mhovoieg oe Agvkivn PGs (SLRPs) arotedotv pio opdda popimv g
ECM pe dopkr| kot Aettovpyikn oporoyio. O mpmteivikds Toug KOpUOG £XEL LOPLOAKO
Bapog 40-50 kDa xot éva kevipikd tunpo amotelodpevo amd potifo mhovcio og
Aevkivn (LRR), to omoio yopoktnpiCovtar omd KO HOPLOKY OPYLITEKTOVIKT
TPOGOPUOCUEVT] Y10, TIG OAANAETIOPAGELS LETOED TOV TPOTEIVAOV. XTI TEPICCOTEPES
SLRPs 1o kevipwkd tufuo (LRR) cvvopeder pe 1o apvnrikd gopticpévo N-tehkd
dxpo mov mePLEYEL pHopla BElUEVNS TVPOGIVIG KOt SICOVAPIOIKOVG OeGHOVS, KOOMDG
kot pe m C-tehik| meproyn otnv omoia gviomilovtar dVO cuvvrnpnuéva potifo
kvoteivne. TloAlég SLRPs @épouv ot N-tedikr| meproyn tovg GAG aivoideg pe
drapopetikn ynuUkn cvotoon, dmwg CS/DS, adrd kot KS aivoideg (Nikitovic ef al.,
2008; McEwan et al., 20006).
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Ta wopo péln g owoyévelag tov SLRPs ta&wopovvion pe Pdaon
(PUVAOYEVETIKT OVAALGN Kol TOV OPOUd TOV EMOVOAMYEDMY TOV HOPIOV KVOTEIVIG O
tpeig katnyopiec. H kamnyopia I mepihapfaver m owaxoourtivny (decorin) kot
dryAvkavn (biglycan), n katnyopia II 11g wvopodovAivn (fibromodulin), Aovpikdvn
(lumican), PRELP, kepatokdvn (keratocan) kot ooteoatyepivn (osteoadherin) kot m
katnyopia Il 11g emoukdvn (epiphycan) kot  ooteoyAvkivn/pipexdvn
(osteoglycin/mimecan) (Hocking et al., 1998; Fisher et al., 1989; Oldberg et al.,
1989; Blochberger et al., 1992; Bengstsson et al., 1995; Sommarin et al., 1998;
Friedman et al., 2000). Eniong mpdopata éxovv avakaivebei 1 ontikivn (opticin) ko
n aocmopivn (asporin) (Reardon et al., 2000; Lorenzo et al, 2001). Ot SLRPs
OLUUETEYOVY OTN PLOUICT] TOL GYNUOTICUOD TOV VOV TOV KOAAAYOVOL, KOS Kot
ot dopukn opyavwon s ECM. Mehétec avapépovv 1o onpoavtikd poro twv SLRPs
ot Proroyikég Asttovpyleg HECHO TOV OAANAETOPACEDY TOLG HE  OLENTIKOVS

napayovteg (Nikitovic et al., 2008; McEwan et al., 2006).

Awoxooputivy kou dryloxavy. H daxocputivn kot ) dtyAvkdavn, 600 popo mov  apyikd
EVIOTOTNKOV GTOV 0CTITN 16TO KOl GTO YOVOPO, TOPOLGLALOLY LYNMAT OLOAOYid GTNV
YOVIOLOKT] TOVG OPYAVMGT, oL OTével T0 57% oe mpwteivikd enimedo (Seidler ef al.,
2008; Bereczki & Santha, 2008). Té6co otn dakocttivi) 0G0 Kot 6T dtyAvKavn
umopovpe vo. dwakpivoope téooepig mepoyés, T I, 11, I ko IV. H meproyn 1
mepAopPavel To TENTIOKO GO Ko v TPOTENTIOWO TOL Omoiov 1 Agttovpyio dgv
elvar minpog yvoot (Fisher et al., 1989). Zmv neproyn Il evromilovtan ta onueio
npocdeong tov GAGs kot t€ocepa katarowra kvoteivng (Iozzo, 1998; Neame et al.,
1989). H meproyn I amotedeiton and 10 emavorapfovopeves meployés TAOVCIEG GE
Aevkivn, M KOpla Asttovpyio TG omoiog eival 1 déouevon Kot 1 GAANAETIdpaon LE
tvec koAhaydvov kot dAheg mpoteiveg (lozzo, 1999). Téhoc, otn mepoyn IV
evtormtiCovtar Vo Koatdrowma kvoteivng kot to C-tedikd dxpo tov popiov (lozzo,
1998; lozzo, 1999). Ot cuykekpéveg SLRPs gvtomiCovton kot og pun yAvkoloAtopévn
popon (Roughley et al., 1993). O Babuodc yAvkolvAioong kot to €idog g GAG
eoaivetal va Toilovv onuavtikd polo otnv 0oteoyEveon Kot tn yovopoyéveon (Rada

et al., 2000).
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O mpoteivikog kopuodg g otaxkooutiving, peyébovg 50 kDa, @épet oto N-
teMkd tov dkpo pia CS 1 DS alvoida avéroyo pe tov 1otd mpoéhevone. H
dukooptivn evtomiletor 6Tov GLVOETIKO 16TO Kot gR@avileTonl va «O10KOCUED TIg
tveg Tov koALayovov. Exkpivetor kupiog amd KOTTOpO LEGEYYVUATIKNG TPOELELONG
Kol CUUUETEYEL 0N pLBLoT TG opydvwong g ECM péom g aAinienidpacng g
HE TNV TPOMOEAACTIVY], 6TAHEPOTOIDOVTAG TIG TVEG TOV KOAAAYOGVOL KOl ETLTAYVVOVTOG
mv owdikacio acPeotomoinong. Emiong, m dwukoouitivy umopel va emnpedoet
KUTTOPKEG  Agttovpyieg, OMMG 1 TPOOKOAANGN, O TOAAMTAOGIUGUOS KOl T
uetavaotevon (Seidler et al., 2008; Zafiropoulos & Tzanakakis, 2008). MeAéteg
aVAPEPOVY T GLUUETOYN TNG OOKOCUITIVIG GTN S1POPOTOINCT TWV TOALTOSWV TOV
ToY£0G EVTEPOL, KOOMDG Kal OTL I Helmon NG EKQPOcT TG UTOPEL VO KOTAPYNGEL TNV
TPOCTOUTEVTIKY] OPACT TV KLTTAP®V TOV GTPMUOTOG KOl 1O EK TOVTOL TNV TPOAYMOYT
Kol avamTuEN TOAAGV TUTT®V KopKivov Tov moyéog eviépov (Augoff er al, 2008;

Adany et al., 1990).

H dwydvkévn amotedeiton amd évav mpwteivikd kopud 38 kDa otov omoio
Bpiokovion Tpocdedepéveg dvo arvcideg CS 1 DS (Bereczki & Santha, 2008). Kotd
T S1dpKELD TNG 00TEOYEVESNG 1) OyAuKAvVN (épeTal va £xel ahvcideg CS, evod otov
x6vopo arvcidec DS (Rada ef al., 2000). H dityAvkdvn evtomiletal oe OAOVG GYedOV
TOVG 16TOVE TOV OVOPAOTIVOU GMOUOTOG, OUMS OEV TOPOVGLALEL OLOLOLOPPT] KOTOVOLT
010 gowtePKd TV opydvav (Bereczki & Santha, 2008; Wadhwa et al., 2004). Ot
mopanave SLRPs, av kot éxovv Eexmpiotéc Aettovpyies, eivor OOKA TOPOLOLES Kot

umopovv vo. avtikadiotodv 1 pio tnv aAAn (Corsi et al., 2002).

Aovuirovy. O TpOTEIVIKOS KOpUOS TNG AOVUIKAVIG £xel pHoplakd PBdpog mepimov 40
kDa (338 apwvo&éa) kot dtabétetl 6-10 emavarnyelg mAovoieg o€ Aevkivn petald tov
N- ko C-tehkov tov dxpwv (Naito, 2005; Seya et al., 2006). H Aovpukdvn opyka
Yopaxtnpiotke o¢ pio omd Tig Kuprotepeg PGs tov KePOTOEdN YITMVA HE LYNAL
Belopéveg arvcideg KS. X ocvvéyela evromiomnke 1 £k@pact| g o€ moALoVS 16T00C,
OM®G 6TO OEPO, OTIG aPTNPIEG, OTOVG TMVEDUOVEG, GTO VEPPQ, GTO. 0CTA KOl GTO
YOVOPO. L& ATOVG TOVG 1GTOVC, 1| AOLLUKAVY] UTOPEL VO, VITAPYEL MG YAVKOTPMTEIV
QEPOVTOC OALYyooOKYaPiTEG 1 OTOYE/UN Betwpéveg alvoideg morlviaktolapivng (Seya

et al., 2006; Nikitovic et al., 2008). H Aovpkdvn Bempeitar £vag omd tovg KHplovg
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PLOUGTEG TOL GYNUATIGHOD TOV VAV TOL KOALXYOVOL, pio S1001KaGTio GTUOVTIKY Yo
TNV anOKTINGN Kol TN ST pnon TG SpAvELNS TOL KEPOTOEWN yrtava (Seya ef al.,
2006), kaBnh¢ Kot yio v opipavon Tov 0ote0e1d00¢ (Raouf er al, 2002). [TapdAinia
LE TN OOUIKY] 0pYAVOON TOV 10TMV, £YEL TPOTUOEL | GUUUETOYN TNG AOLLUKAVIG TN
POOUION KLTTAPIKAOV YEYOVOT®V, OTMG 0 TOALUTANCIAGUOC, 1 TPOGKOAANGN Kot M
LeTavVAoTEVOT) TV KLTTApWV (Seya et al., 2006; Nikitovic et al., 2008). H twyd 1 un
Oetopévn Aovpikdvn Tov ekEPALETOL GE KOPKIVIKOVG 10TOVC TOL TAXE0S EVIEPOL
evtomiletal oTo KOPKIVIKA KOTTOPO, KoOMG Kot oto emOnAtokd pe pétpiov Pabdpov
dvomhacio Kot 6Tovg WoPALoTEG YOP® OMO TO KOPKIVIKA KOTTOPO, YEYOVOS TOL

mhavov cupPdairel oty e£EMEN Tov Kapkivov tov mayéog evtépov (Lu et al., 2002).

1.3.3a(iii) [IpoTeoyrlvkaveg g Pacikig pepppdvng

Ta Aentd otpopota ™g ECM mov amotelobv 115 Pooikég pepPpiveg
dtympilovv Ta emBOnilokd, to vOoOMALOKA, TO HLIKA KOl TO. ATTdON KOTTOPA 0o
TOV YOP® GLVOETIKO 16TO KOl AEITTOVPYOVV O PPAYLLO. ETIAEKTIKNG OLOTEPATOTNTAS Y10
T pokpopopa (Jiang & Couchman, 2003; Kanwar et al., 1980). Ta kdpia cuotatikd
™¢ Paoctkng pepPpdvng etvar to koAhayovo tomov IV, n Aapwvivn, ot wvreykpiveg, to
widoyévo kar ot PGs (Jiang & Couchman, 2003). Meléteg €yovv Ocifel v
onuavtikn dpdon twv PGs g Pacikng pepPpdvng otov EAeyyo KOpLmV AEITOLPYUDY
TOV KOPKIVIKOV KLTTAP®V OT®G 1 S0popomoinot, 1n ayyeloyéveon Kot n omonon
(Bar-Shavit et al., 1991). Ztig PGs g Pacwkng pepPpévng avikovv ot mepiekdvn
(perlecan), ayxpivn (agrin) kot prapokdvn (bamacan), ot omoieg evromilovtat Kupimg
OTIG ayyelaKeg Ko emBnAlaxeés Pacikéc pepppdves. Ot dvo mpoteg pépouvv kuping HS

aAvoideg, evod 1 tpitn eépel CS alvcideg.

Iepiexavn. H mephexavn amoteiel v xopia HSPG tov Bacikdv pepppavav (Iozzo,
1994) ko gvromileTan 6€ TOAAG Opyava, OT®MG T KAPOLd, TOV TPOGTATY|, TAL VEPPA KoL
10 oy €viepo (Jiang & Couchman, 2003; Molist et al., 1998). O mpwteivikdg g
Kopuodg €xel péyebog mepimov 400 kDa xon ywpileton oe mévte mePLoyEg, ol omoieg
elval opoAoyeg pe GAAD LOPLOL TOV EUTAEKOVTOL GTO UETAPOMOUO TOV MDY, GTNV

TPOoGKOAANON Ko TV avdntuén tov kuttapov (Jiang & Couchman, 2003; Knox &
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Whitelock, 2006; Whitelock et al., 2008). H N-tehwkn neproyn I mepiéyer o SEA
VITOHOVAdN (TPMTEIVI] OMEPUATOC, EVIEPOKIVAONMG Kot ayypivng) kot tpion SGD
TMENTIOW, TOV OMOlV To KatdAouta cepiving amotelovv onueio tpocdeons tov GAG
arvcidwv. H meplexdvn ota Ondactwcd @épet xvpiog HS  alvoideg, Opoc
neploTactokd £xel mapatnpndel kot n vrapén CS/DS aivcidwv (Couchman et al.,
1996; Kokenyesi & Silbert, 1995; Jiang & Couchman, 2003). H mepoyn II
amoteAeiTol omd TECOEPLS EMOVOAMYELS TOL TUNUATOG TOL Vtodoyéa tng LDL (LA), pe
ToV 0moio Topovotdlel oporoyia, Kot (o oAANAovyio Tov Hotalet e avocospatpiv.
H meproyn LI mepiéyet tpio tunpato mov gival opdOAoyo e TUNHO TOV 0-0AVGIO®OV TNG
Aapuvivng kat okt® tunpoto woapopota pe tig EGF emavainyelg g Aapwvivng (LE),
evdd omv mepoyn IV evromilovion moAAég emavainyelc mov potdlovv pe v
avocos@pivy, 0TS Kot 610 TPookoAANTKO noplo N-CAM. H meproyn V eivan
ouodroyn mpog t G mePLoyN TG A-aALGIdag TG Aaptvivig Kot TePLEXEL Tpia TUNHOTO
kol téooegpo moapopow pe tov EGF (EG) (Jiang & Couchman, 2003; Knox &
Whitelock, 2006). H mepAekdvn coppetéyetl o molkileg KTTOPIKES AEITOVPYiES, OTM®G
N KLTTOPIKY] TPOCKOAANGN KOl M OMONTOGCTY, HECH TOV OAANAETOPAGEDY NG LE
avENTKoVe apdyovteg Kot dAdeg mpwteiveg g ECM (Knox & Whitelock, 2006;
Farach-Carson & Carson, 2007). To e£mkvttaplo mepipdrrov kabopiletl t dpdon g
MEPAEKAVNG KOl CLUVETMG TNV EMOPACT) TNG OTN OOUT| Kot TN Agrtovpyio Tov kdbe

opyavov (Knox & Whitelock, 2006).

1.3.3B Hp®TE0YAUKAVES EVOOKVTTAPLEG KON TS KUTTUPLKIG EMLPAVELOS

Ot PGs ¢ xuttapikng enwpdvelag meptlopudvouyv apketéc opdoeg popimv pe
molkideg Proroyikég Aettovpyiec, dmwg TG ovvdekdves (syndecans), TiG YALTIKAVESG
(glypicans), tov CD44, tv pretayivkdvn (betaglycan) kot ) Opopfopovioviivn
(thrombomodulin). Xt1¢ evéokvttapiec PGs aviket ) ogpyivkivn (serglycin), 1 omoia

eépetl aavaideg nrapiving 1 CS pe vymAd ernineda Beiwong.

2vvderaveg. H owoyéveln twv ouvdekavdv amoteleitonr amd Ttéccepa HEAN, TIC
ovvoekaveg -1, -2 (fibroglycan), -3 (N-syndecan) kot -4 (ryudocan/amphiglycan).

[Tpdkertan yro dapepfpovikég npmteiveg tomov I amotedovpeves and €va N-tehkod
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ONUOTOO0TIKO TEMTIO0, £VO EEMKVLTTAPLO TUNHO TOV QEPEL TAL CNUEIR TPOGOEGNC TMV
GAG oaAivcidowv, pio vOpoeofn dwopepfpavikn meproyn Kot éva cOviopo C-telkod
KuttapomAacpotikd tunuo (Carey, 1997; Woods, 2001). Ta owpepfpovikd wot
KUTTOPOTAACUATIKG TUNUOTO TOV GLVOEKOVMV EVOL KOAL GUVINPTUEVEG YOVIOLOKES
TEPLOYES, €V TO €EOKVLTTAPIO TUNUO TOLG TOPOVCIALEL TEPLOPICUEVY] OOMIKN
opowdtnta. Ot GAGs Tov GLVIEOVTOL GTOV TPMTEIVIKO KOPUO TOV GLVIEKAVAOV Elval
Kupimg aivcideg HS, ouwmg €xer derybel 611 o1 cvuvdekdveg -1 kal -4 pmopodv va
eépovv Ko aivcidec CS (Rapraeger er al, 1985; Shworak et al., 1994). O
ouvdekdveg aAAnAemdpolyv, kuping péow tov GAG alvcidmv Tovg Kot AlydTEpPO
HECM TOV TPOTEIVIKOV TOVS KOPUAV, LE QVENTIKOVS TOPAYOVTIES KOl TOVG VITOOOYELS
tovg, pe mpoteivec g ECM (wvovextivn, xoAhaydvo, tevaokivi) Kol pe pHOpLo
npockOAAnong (Carey, 1997; Lopes et al., 2006). To &vdokvttdplo TUNUO TOVLG

TPOGOEVEL TOV KUTTOPOCKEAETO TNG OKTIVNG.

H ocuvoekdvn-1 evromiletan xvpimg oto embniokd kottapa, kobmg emiong
KOl OTO UEGEYYLUO KATA TNV avAamTTuén, oto Tpo-B Agpeokidtrapa kot oTo KOTTOPO
Tov TAdopotog. H ouvdekdvn-2, mov amopovadnke apyikd amd tovg vofAdotes Tov
TVELLLOVOL KOL TO, NTATOKVTTOPA, ELPOVICETOL APOOVI GTOVE 1GTOVE TUPEYYVUATIKAOV
opybvav, O0Tmg to NMmop Kot ta veppd. H cuvoekdvn-3 Bpioketar kupimg 610 veupikd
1670, 0ALG Kot g UPPLIKOVS KOl VEOYVIKOVG 1GTOVG, EVA 1) GLVIEKAVN -4 TopoLGLalet
evpela kotavopn kot evromileton oto emniwokd, evoodniwokd kot Asio poikd
rkottapa (Carey, 1997; Woods, 2001; Salmivitra & Jalkanen, 1995; Bernfield et al.,
1999; Kojima et al., 1993). Atagopetikol TOTOL KVTTAP®V GLVOETOVV GUVOEKAVES LIE
drapopetikn doun TV GAGS Kol 68 PEPIKEG TEPIMTMOCELS LE OLOPOPETIKY AEITOVPYICL.
Emiong, moAlol tOomolr wvttdpwv ekepdlovv maved omd £vo TUTO GLVOEKAVNG, 1
éKkppaon tov omoiwv umopel vo aAAdlel KaTtd TN OpKE TNG AVATTLENG Kol TNG
dwapopornoinong twv kvttdpov (Elenius ef al, 1991; Carey, 1997). Mehéteg €xovv
dei&el Tov onUavTIKO POAO TOV GUVIEKOVMV GE TOIKIADL AEITOVPYIDOV PVGIOAOYIKMV
KOl KOPKWVIKOV KLTTAPOV, OTMOC TOV TOAALUTANGLOGUO, TNV TPOCKOAANGM, T
dwpoponoinon kot ) petovactevon (Carey, 1997; Woods, 2001; Lopes et al., 2006).

[Ipdopateg peréteg ava@épovv OTL N OVOACTOAN NG £KQPACNS TNG GLVOEKAVNC-1
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oyxetileTon e T QTOYN TPOYVAOGT GTO KOPKIVO TOV TOYXEMG EVIEPOL KOl TOL NTOTOG

(Beauvais et al., 2004 Sanderson, 2001).

I vmikaves. o, ONAOCTIKE 1 OIKOYEVELD TOV YALTIKOVAOV TEPAapPavel €€ HéEAN
(glypicans 1-6). O\eg o1 yAvmikdveg d1a0étovv Evav TpmTeivikod Kopud peyébovg 60-
70 kDa kot amotehovvtal and Eva N-telMkd eKKPVOUEVO oNUATOd0TIKO Tentido, 14
CLVTNPNUEVO KOTAAOUTO KUGTEIVIG OV 6TafEPOTOIOVV TN TPLTOTOYN SOUN TOLG Kot
éva C-telkd dKpo YAVKOGLAP®SPaTidvAotvosttoing (GPI-anchor) péow tov omoiov
TPOGOEVOVTOL OTNV KLTTOPIKY empaveln. Ot aAvoidec HS mov @épovv ot yAvmikdveg
TPOGOEVOVTOL GE GUVTIPNUEVES TTEPLOYEG TMV VITOUOVASI®V TNG KVOTEIVIG, Ol OTOlEG
evtomiCovtanr peto&h S Kevipikng mepoyng Kot tov C-telMKod GKpov, evad 1
ATOUAKPLVOT TOL KEVTPIKOV TUNUATOG 0dnyel oty mpdcsdeon arvcidwv CS (Filmus
& Selleck, 2001; Fransson, 2003; Chen & Lander, 2001). Ta eninedo ékepaong Tov
YALTKOVOV  HETARAAAAOVTOL OVAAOYO HE TO OVOTTLEWKO OTAS0 Kol TOV 1010,
YEYOVOG OV VITOJEIKVVEL TH GLUUETOYN TOLG 6T PHOLON TG popeoyéveonc. Emiong,
éxel emonuovlel o podhog Tovg ot PLOMION TNG ONUOTOSOTNONG OPIGUEVMV
avéntikov mopayoviov (Filmus, 2001; Su et al., 2006; Filmus & Selleck, 2001;
Cheng et al., 2008).

CD44. To CD44 eivor pio SwopepuPpoavikny mpoteivn tomov I kot Aettovpyel ¢
TPOCKOAANTIKO LOPLo Tov aAAniemdpd pe to HA. To péyebog tov kopaiveton peta&y
80 ka1 200 kDa avdroya pe t N-/O- yAvkolvAimon Kot 10 eVOALAKTIKO LATIGUO GE
eninedo mRNA (Marhaba & Zoller, 2004; Georgolios et al., 2006). To e&mkvtTdplo
tunpo tov CD44 adlniemdopd pe popia g ECM, evd 1 evOOKLTTOPIKT) TOVL TEPLOYN
TPOGOEVEL TOV KLTTAPOSKEAETO TG aktivng. Ot GAG aivcideg mov pépet elvan HS 1
CS. TTapéro mov to CD44 &yet yapoktnplotel o¢ KOpLog vrodoyéag Tov HA, éxet v
wKavOTNTO. Vo TPOGOEvEL Ko molkideg mpwteiveg g ECM, Omwg koAlaydvo,
Kutokiveg kou mpowtedoeg (Marhaba & Zoller, 2004; Nagano & Saya, 2004).
Exopaletatl oe moAL0US KLTTOPUKODS TOTOVS KOl GUUUETEXEL GE TOIKIAEG PUGLOAOYIKES
Kot wofoloykég Jldkacieg, OTMG TNV EVEPYOTOINGN T®V AEVKOKLTTAP®V, TNV
emdvodo (homing) TV AEUPOKLTTAP®V, TN UETAVAGTEVGT] KOl TOV TOAAATANGIOCUO
Tov kuttdpwv (Marhaba & Zoller, 2004; Nagano & Saya, 2004). ‘Exet deryfel ot ot

aAniemopdoelg tov CD44 vmodoyémv katr tov HA, mov Pploketar oe peydleg
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TOGOTNTEG OTO KPOTEPIPAAAOV TOV OTPAOUATOS TOV EMONMOKOV KOUPKIVIKOV
KUTTAP®V TOV TOXE0G EVIEPOV, £YOLV MG OMOTEAEGUO TNV gvepyomoinon tov HA-
ErbB2-PI3kinase/AKT-B-catenin-COX-2 onuotodoTikod HOVOTOTIOV 7OV 0oyl
OTOV TOAAATAQGLOGHO TMV PLUGLOAOYIK®V KOl TOV KOPKIVIKOV EMONAOKOV KVTTAp®V

T0V Taxéog eviépov (Misra et al., 2008).

1.3.4 Bloouvleon TV TpOTEOYAVKAVAOV

H BoocvvBeon tov PGs meprhapfdvel m ocvvleon evog mpmteivikod Koppov
TV GTOV OMOi0 TPOCTIOEVTOL TOAVGUKYUPITIKEG LOVAOEG LE HETO-UETOPPUOTIKES
dwowaociec. [T ovykekpuéva, 1o DNA petaypdoetor oe €0kdé mRNA mov
HETOQPALETOL GE TPOTEIVY Kol KOAOVOMG TO VEOGLVTIOEUEVO LOPLO LETAPEPETAL GTO
adpd evdomhacpotikd diktvo kot TeEMK®OG oto  ovumieypo  Golgi, O6mov
TPOYUATOTOEITOL 1] YAVKOLVAIWON TOV TPOTEIVOV Kol 1| TPOSHNKN TV Bstmpévov
GAGs avtiotorya (Esko & Selleck, 2002; Sugahara et al., 2003). Xt cuvéyela, ot
veoouvtiféueveg PGs petapépovtol omd to KuoTidow UETOPOPAS oTovV e£MKLTTAPLO
Y®Opo (dtokoouTivn, StyAvKAvY, AOLUKAVT, ayypikavn K.a), €i1€ oIV KLTTOPIKN
pepppavn (ocvvoekdveg, YALTIKAVEG K.0), €ite amoBnkevovior péca o610 KOHTTOPO

(ogpyhokivn).

1.4 AvEnTikoi TapayovTeS Kol KOPKIVOG TOV TOYE0S EVTEPOV

H p0Buion g kuttapikng avamtuéng elvarl amotéAespo 1060 TG PLoAoyikng
ooppomiag peta&y Tov avéntikav tapayoviov (GFs), tov vrodoyéwv toug kot Tov
EMUYOUEVOV GNUOTOOOTIKOV HOVOTATI®MV, 060 Kot TV mapaydviowv e ECM mov
nePPAALEL TOL KOTTAPO KOl TOV OAANAETIOPACEDY TOVG e HEUPPAVIKOVS VTTOdOYELS
(Kresse & Schoenherr, 2001; Lin & Bissell, 1993). Ot nepiosodtepol vrodoyeic Tmv
GFs odwbétouv  eyyevry evlopukn  dpoaotnpomnra.  Kwvdong Tupocivng oty
KUTTOPOTTAACUOTIKY) TOLG meployn. H evepyomoinon twv vmodoyéwv Kivdong
TVPOGIVIG amd TN JECUEVOT TOV AVENTIKOV TopayOVTOV £XEL OG OTOTEAEGUO TNV

avadlopydvmoon TOL  KUTTOPOOKEAETOD KOl TNV EVEPYOMOINGN  EVOOKLTTAPI®V
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OTUOTOSOTIKMY LOVOTOTIOV OV UETOPAAAOLY TN YOVIOLOKY EKQPOOCT] KOl GUVETMOG
mv avlmtuén Kot T dpopomToinocn TV GUCIOAOYIKOV 1 un kvttdpov (Lin &
Bissell, 1993; Perona, 2006). MeAéteg avapépouvv OtL 1) ovotact g ECM emnpedlet
TOVG UNYOVIGHODS OV EUTAEKOVTAL GTN HETAGTOOT KOl TOV TOAAUTANGLOOUO TOV
KOPKIVIKOV KLTTAp®V Tov Ttayéog eviépov (Ohtaka et al, 1996). TToAlol avéntucol
TOPAYoOVTEG, OMMG O Pooikdg avéntikdg mopdyovioc v wvoPAactdv (fibroblast
growth factor-FGF2), o woovAwopopeog avéntikdég mapdyovtag 1 (insulin-like
growth factor-IGF1), o avéntikdg mapdyovtag tov petocynpoticpov (transforming
growth factor-TGFB), o avéntkdg mapdyoviag twv nrotokvttdpov (hepatocyte
growth factor-HGF) kot o emdeppuikdc avéntikdc mapdyovrog (epidermal growth
factor-EGF), mailovv onuoavtiké porlo omn pHOuion Tov KLTTOPIK®OV YEYOVOT®V CE

EMONALOKA KOTTAPO TOL TTOYEOG EVTEPOV.

O Baokdg avEntikog mapdyovtag Tov wvoPractav (FGF-2/bFGF) elvatl péiog
piog peydAng owkoyévelag SopKA oyeTILOUEVOV TPMOTEIVAOV KOl amoTeAel oNUAVTIKO
puOoT| TG avAmTLENG, NG  OPOPOTOINCMG, TNG OYYEOYEVEONS KOl  TNG
HETOVAGTEVONG TOKIA®Y KVTTOPIKAOV TOTOV GE (QULGLOAOYIKEG Kol TOOOAOYIKES
kataotdoelg (Bikfalvi et al, 1997; Delrieu, 2000; Nugent & lozzo, 2000). H
wavotnta tov FGF-2 va mpocdévetar kot vo onpatodotel HECH TV HEUPPOVIK®OV
vrodoyxémv tov, FGFR1-4, ennpedletonr onpuaviikd amd v mopovsio Tov aAvcidmv
HS kot g nrapivng mov Aettovpyohv ¢ cuVLTOSOYELS EVIGYVOVTOS TNV TPOGIEDT
oL aVENTIKOD Tapdyovta. MeAETeg Exouv TEKUNPLOGEL TNV aAANAETiOpaon tov HS
arvcidovmrapivng pe tov FGF-2 ko1 tovg vymAng ovyyévelog vmodoyeic tov
(FGFR1-4) og éva tpiuepég cbumloko oy empdvelo. Tov kuttdpov (Ewdva 1.3)
(Forsten et al., 2000; Aviezer et al., 1994; Pellegrini, 2001; Fannon et al, 2000;
Harmer, 2006).

‘Exppaon tov FGF-2 kot tov vmodoyéwv tov &xer mopatnpnbel oe
QLOIOAOYIKO KOl GE KOPKIVIKO PBAevvoyovo, kabdg Kol 6 KOPKIVIKE KOTTOPO TOV
nay€og evtépov tov avBpaomov (Wilkinson ef al., 1993; Murgue et al., 1994; New &
Yeoman, 1992). Meléteg €xovv dei&el 011 1 mpocOnkn ewyevovg FGF-2 mpoxoaiet
avénon Tov TOAAATAACIOCHOD KOl TNG LETAVACTEVONG TOV KOPKIVIKOV KUTTAP®V TOV

To€0G eVTEPOL, eV Oev emmpedlel ™ owapopomoinor tovg (Jayson et al., 1994;
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Dignass et al., 1994). Emiong, éxer mopatnpndei peimon g oavamntuéng tov
KOPKIVIKOV KUTTAP®V TOV TAXE0G EVIEPOV WETE TNV OVOGTOAN TNG £KEPOCNS TOV
FGF-2, yeyovog mov avactpépeton pe v tpoohnkn eEwyevovg FGF-2 (Netzer et al.,
2001). O onpovtikds podrhog tov evdoyevmg mopayopevov FGF-2 éyxer deyybel oe
neipapota 6mov o FGF-2 mov mapdyston omd to KOPKIVIKA KOTTOPO TOL To(E0G
EVIEPOL TPOKOAElL avENom Tov PLOUOL AVATTLENG TOV KLTTAP®Y, KOOMDS Kol NG

petaotatikng toug wavotnta (Galzie ef al., 1997).

X/ FGF-2-FGFR-HSPC

— % . I Extracellular

| 1
D [_\ b ﬂ ) Ehi.’fﬂt't‘”h‘h”'

(b) FGF-2-heparin

<> ’ @ E Heparin
Q& / FGF-2-FGFR- heparin dﬁﬂ

Yy 'y W/

Heparin
binding

Extracellular

Intracellular
FGFR - heparin

sie

Ewova 1.3. Zynuotikn areikovion e oAnieniopaong petald tov HSPGs/mmapivng, FGF-2,

Kot TV VTodoXE®V Tov avéntikod Tapdyovta, FGFRs (Forsten et al., 2000).

To cVvomua T@V VGoLAVOLOPE®V aENTIK®VY TTapayoviav (IGF) amoteleitan
and Tpeic mpocdéteg (tvoovrivn, IGF-I kou -II), €€ vmodoyeig (vodoyEng VGoLVAIvIG

IRa o¢ éuPpua, IRP oe eviihikeg, IGF-IR, IGF-IIR, vBpidto IGF-IR/IRa, vBpidio IGF-
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IR/IRB) kot émg ko entd mpwteiveg mpocdeons (IGFBP1-7) (Sridhar & Goodwin,
2009). H owoyévewn toov IGF mailer onupovtikdé poAo 61ov mOAAATAAGIOCUO, T
SPOPOTOINGN, TN UETOVAGTEVGT, TV AVATTLEN Kot TV €£EMEN PLUOIOAOYIK®OV Kol
Kapkvik®v kuttdpov (LeRoith & Roberts, 2003; Sridhar & Goodwin, 2009). O IGF-
I elvan éva mentidio mov ekkpivetal Kupiwg amd T HIOP O ATAVINGT TOL OVENTIKOV
mopdyovta g vroéguong (GH) 1 g vyning Bepuidikng mpodcinyng kot dpd Katd
Kopto AO0yo péow tov IFG-IR, aAld kor twv vmodoy€wv Tng 1voOLAIVIG. XTnVv
KukAopopio o IGF-I Bpiloketar cuyvotepa cuvdedepévog pe v IGFBP-3, n onoia
pvouiler v ProdabecpdomTd TOL, emmpedlovtag pe TOvV TPOMO OAVTO TNV
aAnienidpaon tov IGF-I pe tovg pepppavikovg vrodoyeig tov (Sridhar & Goodwin,
2009; Davies et al., 2006).

O IGF-I ka1 o vmodoyéag tov, IGF-IR, cvppetéyovv omnv avantuén kot tnv
e€EMEN mowihwv TOHTOV KopKivov HETaED TV OToi®V Kol 0 KopKivog TOv TayE0og
evtépov (Sridhar & Goodwin, 2009; Bach, 1999; Reinmuth et al., 2002). Meléteg
&xovv Ogt&et 611 0 IGF-1 av&avetl Tov molhamraciooud kot puBuilel v petovioTevon
TOV KOPKIVIKOV KLTTAPOV TOL Tox€0g €vIEPOL, koBMOC emiong €xel mapotnpnOet
vepekppaon tov IGF-IR ota kapkvikd wOTTOpa TOL TOYEOS EVIEPOL KO
GUGYETICUOC OVTOV pe TO OTAO0 e£EMENG Tov OyKkov (Sridhar & Goodwin, 2009;
Davies et al., 2006). Emiong, n peiowon g ékepaong tov IGF-IR pe m ypnon
HLOVOKAMVIKOD OVTIGOUOTOG 001 YEL GE HEI®MON TOL TOALATAAGIOGHOD TOV KAPKIVIKDV
KUTTApwV T0V TOayEog eviépov (Lahm er al, 1994). 'Exel deybei o6t1t ov IGFs
TPoKaAoVYV avénon tov moAlamiaciacpov ™ LIM 1215 kapkivikng KuTtoptkng
OEPAC TOV TOYEOG EVIEPOVL, €V TAPOAANAG aLEAVOLY TNV  OTOTTOON TOV
ovykekpéEvov kuttdpov péow tov IGF-IR (Fu ef al.,, 2007). Avtifeta, og KapKivikd
KOTTOPO TOV TTOXEOC EVTEPOL ExEl avapepBel 0Tt  aAlnienidpaon tov IGF-I pue tov
IGF-IR pewover v amdémtoon kot Bondder ommv eEEMEN tOov OYKOL PEC® TOV
KutTopkod KOkAov (Giovannucci, 2001). Emiong, oe kopKivikég KOTTOPIKES GEPES
tov maxéog eviépov o IGF-I av&dver v mopaywyn tov VEGF mov amotelel

TOPAYOVTa AyYELOYEVESTG Kol EVIGYVEL TNV avATTTLEN TOL dykov (Warren et al., 1996).

EmnpocBHétmg, €xer deybei m ovvepyoaosia tov IGF-I pe tov avéntko

nopdyovta tov nroatokvttdpov (HGF) yw ™ petavdotevon tov KoOpKIVIKOV
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KUTTOP®V TOV TTALXE0G EVIEPOV TOV OVOPOTOV OV TPOYLOTOTOLEITOL TOPOVSIN TV C-
Met kot uPA/uPAR (Bauer ef al., 2005). O HGF sivol pio Kotokivn PHECEYYVUATIKNG
TPOEAEVONG LE LITOJOYEN KIVAGTG TVPOGivig, c-Met, Kol GUUUETEXEL GTNV KVLTTAPIKT
avantoén, ©TN HOPQPOYEVEGY, OTNV OYYELOYEVEGN KOl OTNV KIWNTIKOTNTO T®V
KUTTOP®OV TOAADV 0pYAV®V, GUUTEPIAAUPOVOLEVOV TOV ETONAMOKOV KUTTAP®OV TOV
yaotpevtepkoy cvotnuatog (Xiao et al, 2001). Meléteg avapépovv 6011 0 HGF
av&Avel TOV TOALOTANGLOGUO TOV EXONAIOKAOV KUTTAP®V TOV TOYEOS EVTEPOL KVPIMG

pésm tov PI3K/Akt povoratiov (Kanayama et al., 2007).

Ot 1peig 1oopopeéc Tov avENTKod Tapdyovia Tov petacynuatiopod (TGEFB
1,2 o1 3) aviKouv oTNV OKOYEVEWDL T®V KLTOKIWVAOV Kol puOpilovv omuovTiKés
Broroyikéc Aettovpyieg, OTMG O KLTTAPIKOG TOAAATAAGLOGHOG, 1] Ol0popoToinon Kot 1
ATOTTMGT, OVAAOYO LE TOV KLTTOPIKO TOTO Kot TV TpoéAevon tov onuatog (Siegel
& Massague, 2003). O TGFp exkpiveton og un evepyn popoen (TGFBR-LAP) mov pe
dpdon tov Tpmteac®V gvepyonoteital oynuatilovtag pio mpoTeivn-Olepég LOPLOKOV
peyéBovug 25 kDa (Munger et al., 1997). Oleg ot woopopeéc tov TGFB onuotodotodv
pécm NG OAANAETIOpacNC TOLG HE VO OUEUPPAVIKOVS LTOSOYELS KIvVAoNG TNG
oepivng/Bpeovivng, tovg vmodoyeig tomov I ko II (TGFPR-1, -2) (Derynck & Feng,
1997; Massague, 1998). Emiong n mpwteoylvkdvn, pmetaylokdvn, Aettovpysl g
GLVVTTOS0YENS TAPOLGLALOVTAG TOVG TPOGOETES 61O LITodoyéa thmov 11 (Blobe et al.,
2001). To TGFB onuatodotikd povomdrtt mepthapfavel v gvepyonoinon twv Smad
TPOTEIVOV amd Tov TOoL | vTodoyéa kot T dnuovpyio cuurAdkmy, Smad 2/3/4 wov
GLYKEVTIPOVOVTOL GTOV TLPNVA OTOL GE GLVEPYOSIO KOl PE GAAOVG LETAYPOPIKOVS
napdyovteg pvbuilovv v ékeppacn mokilwv yovidiov (Massague, 1998; Wrana,

2000; Heldin et al., 1997).

O TGFB éyer Wwitepo porlo otnv maboyéveon tov Kapkivov TOL TaXE0G
EVIEPOV. XTO TPOUO OTAOOL TNG VOGOL AEITOLPYEl OC KATOGTOALNS TOL OYKOU
LEUDVOVTOG TOV KVTTOPIKO TOAAATAAGLOGUO KOl TPOKOADVTIOS OTOTTMOY], EVD GTO
TEMKO OTAOWL TNG KOPKIVOYEVESTG VIEPEKPPALETOL Kol TPOAYEL TNV OVATTLEN TOV
OYKOL EVEPYOTOIOVTOS TN HUETACTOON, TNV OYYEOYEVEST KOL TNV KOTOGTOAN TOV
avocomomtikoy cvotnuatog (Ko et al, 1994; Conery et al, 2004; Derynck et al.,

2001; Baker et al, 2008). H &£éMEn 1ov Kopkivov TOL TOYEOG EVIEPOL E£)EL
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ovoyetiotel pe v otadlokn avénon g €kepaong tov TGFBRl ko TGFB2
woopopemv (Bellone et al., 2001). MeydAo pépog TV KOPKIVOV TOV TOEOS EVIEPOV
OVTIOTEKETOL OTNV OYKOKATOOTAATIKY €midpaoct tov TGFP, mov pmopel pepikog va
opeiheton og tpomomomoelg Tov TGFP onpoatodotikod povomatiov (Derynck et al.,
2001). Emiong, €xet derybel o onuavtikog porlog twv Smad 2, 3 kot 4 TpOTEIVOV GTO
TGFB onuotodotikd HoVOmATL TV KOPKIVIK®OV KLTTAP®OV ToL TTayEog eviépov (Li er
al., 2005). Merétec ava@Eépovy OTL GE MEPIMTMOGELS U1 KANPOVOUIKOV KapKivoy Tov
nayéog evtépov, N TGFB onupatoddtnon mpoceépel TAEOVEKTNUO GTOL KOTTAPO TOV
OyKov Yo T peTGPaon amd To EMONA0 GTO UEGEYYLUO KOl CUYKEKPLUEVO OO TO

povordtt TGF1R/pSmad3C oto INK/pSmad3L povordrtt (Matsuzaki et al., 2006).

O emdeppkdg avéntikog mopdayovtog (EGF) aviker omv 10w owkoyéveln pe
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Ewova 1.4. H evepyomoinon tewv vmodoyéwv erbB péow g mpdcdeong mowilmv
pokpopopiov tov e£mkutTdplov ymdpov, ueta&d TV omoimv kol M mmapivn, odnyel ot
OYEPIOUO, EVEPYOTOINGT TNG KIVAGNG TNG TUPOGIVIG KAl (OGOPOPLAIMOT] TOV LITOSOXEMV.
O1 evepyomomuévol VITOdOYELS OAANAETIOPOVV e UOPLO, GNUATOSOTNONG Kol HETAdId0VY TO
ONUO OTO €0MTEPIKO TOV KLTTAPOL Eemnpedloviag molKileg KLTTOPIKEG AgLTOovPYieg

(Normanno et al., 20006).
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g mpoteiveg TGFa, HBEGF, betacellulin, amphiregulin, neuregulins kot cripto, ot
omoieg mpoodévovtal otovg EGF vmodoyeic, EGFR/erbB1 kot erbB2-4 (Beerli &
Hynes, 1996; Harris et al., 2003). AwdpoapatiCovv onuaviikd poro o€ TOAAESG
Broloyucéc Aettovpyiec, OTMG 0 KLTTAPIKOG TOAAATAAGLUGHOG, 1) S1POPOTOINCT) KOTA
mv avantoén, n opowdotaon kot 1 oykoyéveon (Ewova 1.4) (Schneider & Wolf,
2009). Opiopévor amd tovg owéntikovg mapayovieg g owoyévews EGF mov
aAAnAemdpovv pe v nmopivn N pe HS popu, o6mog oo HB-EGF kou amphiregulin,
JeV UTOPOVV VoL GNUATOOOTHCOVY OOVGia TV aAVGidmv avtdv (Aviezer & Yayon,

1994; Schuger et al., 1996).

H owoyévea tov EGF €xet onpoavtucd poho 6tov kapKivo Tov moy€og eViEpov
puouilovtag Tov mMoOAAUTANGIOCUO Kot TN HETOVACGTELST TOV KVTTdpwv. H avénuévn
éxppaon tov vrodoyéa EGFR éyel ovoyetiotel pe ™ peTOOTATIKY KAVOTNTO TOV
KOPKIVIK®OV KLTTApmv tov mayéog eviépov (Radinsky, 1995; Saeki et al, 1995). H
gkppaomn tov vrodoyéa erbB2 gival og yapnAd eminedo 6TovV ELGLOAOYIKO 1GTO TOV
Toy€0G  €VTEPOV, €VM  OLEAVETOL  ONUOVTIKG OTO  O0EVOUOTO KOl OTO
OEVOKOPKIVAOLOTA TOV TTOXEOS EVIEPOL KOl VTOPOGPOPLAIDVETOL OITOVGI0 KATOLOL
npocoétn (Kapitanovic et al., 1997; Saeki et al., 1995; Lonardo ef al., 1990). Mehéteg
gyovv deiter 0Tt M ewyevag mpootBépevn nmopivn koar ot HS aAvcideg mov
TOPAYOVTOL OO TO NAATOKVTTAPO, OIEYEIPOLY TOV TOAAUTAAGIOGHO TOV KOUPKIVIK®OV
KUTTAP®V TOV TAXE0S EVIEPOV HEC® TNG EMAYOYNG TNG EKPPOACTG TOV LITOSOYEWMV
erbB2 kot erbB3 (Zvibel et al., 1998; Zvibel et al., 2001; Zvibel et al., 1998; Fishman
et al., 2002).
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Y K0m0g

YKomog Mg mopovoag  dwTplffg  MTOV 0 YOPOKTINPIOUOC TV
YAVKOLAHIVOYAVKOVAOY OV GUVOETOVV Ol OVOPOTIVEG KOPKIVIKEG KUTTOUPIKEG CELPEG
TOV TTAYE0G EVTEPOL KOl 1] EMLOPOACT TNG YEVIGTEIVNG OTNV TOPAYWDYT KOl TNV KATOVOUT
tovg. Emiong, otovg otdyovg NG €pELVNTIKNG HOG TPOTOONG MTOV 1) UEAETN TNG
emidpaong TV YALKOLOUIVOYAVKAVAOV/TPMOTEOYAVKOVAOV GTOV TOAAATAAGLOCUO TOV
KOPKIVIKOV KLTTAPOV TOV TOXEOS EVIEPOV, O POAOC TOV OLENTIKOV TOPAYOVI®V
o’ aVTOV Kot 1 depevvnon TV THAVAV EVOOKVTTAPI®V LLOVOTATUOV CNUUTOSOTNONG

OV EMOPOVV GTN PLOUIGT TNG CLYKEKPUEVIC KVTTAPIKNG AElTovpYiog.

O xapkivoc tov mOYE0G €VIEPOL amoTEAEL avapgoPnrTa £va TayKOGUO
TpOPANUa, 6vtag o Tpitog 6e cLYVOTNTA Kol OvynTOTNTO KOPKIvoc. TNV avATTLEN Ko
mv e£€MEN tov Oykov dadpopatilovy onuavTikd poOAo ot GOVOETEC AAANAETIOPAGELS
HeTAgD TOV KOPKIVIKOV KVTTAp®V, TG e£mKkuttdplag Bepédiog ovsiog Kot Tov yOpw
(PLGLOAOYIKAV KLTTAPWV, KaBmg emiong kot N cvotaon ¢ eEwkvttdplog Oepéiog
ovciog. Ot YALKOLOVOYAVKAVEG/TPOTEOYAVKAVEG G KUPOL GLOTOTIKA NG
eEokuttdprog Oepédog ovsiog aAANAETOPOHV, HEGHD TV TPOTEIVIKOV TOLG KOPUDV
N/Kal TOV VOATAVOPAKIKAOV TOVG OALGIOMV, WE TOIKIAO HOKPOUOPLOKE GUOTOTIKG
pvOuilovtag onuavtikéc Kuttapikég Asttovpyieg. H pedétn tovg €xel g otdHN0 TV
KATOVON O NG TOOOYEVELNG TOV KAKONOMV VEOTANGIOV TOV TOYE0S EVIEPOV KoL TNV
GvTAnom TANPOPOPLDOV IKAVAV VO GUVEIGPEPOLV GTNV £yKOpN Odyvmon g vOGou

KOL TV KOTOAANAT OVTIHETMOTION TNG.
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2 Y ka kor M£0ooor

2.1 Kvtropikég kaiMépyereg

2V Topovca LEAETN YPNOIUOTOMONKAY TPEIC KOPKIVIKES KUTTAPIKEG GEIPES
TOL TOE0G EVIEPOL TOL avBpamov, ot HT29 (ATCC No: HTB-38), SW1116 (ATCC
No: CCL-233) xar HCT116 (ATCC No: CCL-247). Ta xbOtrapa kodiepyndnkov
otovug 37 °C ko og atpoceapa CO;z 5% (v/v) og edég pAdoKes KarAépyetag. Ot
kuttopikésg oepéc HT29 ko SW1116 koihepyndnkav oe Opentikdé RPMI-1640
napovcio 10% (v/v) opov (FBS) xar 0.5% tlevtopvkiving. H xvuttopikr| cepd
HCT116 kaiiiepynOnke o Openticdé RPMI-1640 napovsio 10% (v/v) FBS kot tov
avtirotikov mevikiddivn (100 TU/ml) koar otpentopvkivn (100 mg/ml). H aAloyn tov
Opentikol KaAMépyelag yvotay Kabe ovo pépes. H amokOAANon TV KLTTAP®V 0o
TG PAACKES KOAMEPYELOS YvoTay pe Mo evoopkn katepyasio pe tpoyivn [0.25%
tpuyivn (W/v) o PBS 0.1% (w/v) Na;EDTA vy 5-15 Aentd otovg 37 °C. Metd v
npocOnkn €vog Gykov Opemtikod vy ) ANEN ™G evOLUKNG dpacTNPLOTNTAG,
akoAovBovoe @uyokévipnon tov kuvttdpov Yoo 10 Aemtd ot 1500 rpm,
EMOVAOIAAVOT] TOVG G€ OPENTIKO KOl e TNV KATAAANAT apoinon, KOAMEPYEWD TOVG O

VEeg PALOKEG.

2.2 Amopdvoon kKot QOTopéTpnon oAkod RNA ané kvtTopa

Ta kottopa HT29 (2 x 10°), SW1116 (4 x 10°) xou HCTI16 (2 x 10°),
otphbnkav oe mdata 24 omwv moapovoia 10% FBS yw 24 dpeg ko €nerta og
ovvOnkeg éAlenync FBS v 24 opeg. Metd and 0, 24, 48 11 96 dpeg yoprynong tov
TopayOovVTOV £ytve amopovoorn tov oAkohd RNA towv xvttdpov. H exydion tov
oAkob RNA mpaypoatomomnke pe t ypnon oviwpactpiov TRIzol (Gibco), to
omoio gtvar éva LOVOPOGIKO S1dAVLIO OIVOANG KOt 1G00E0KVAVIKNG YOUaVIdiviG TTOL
dtappnyviet Ta KOTTOPA Kot SIAVTOTOLEL TOL KUTTAPIKG GUGTATIKE, APNVOVTOS A01KTO
1o RNA. Ta xottapa opoyevomomOnkav moapovsioo tov TRIzol kot 1 ekydAion tov
RNA éywe pe m Bonbeia Yhopogoppiov. Akorlovnoce kataxpruvion tov RNA pe

xpAoN 1oompomavOAng, kaBopiopdc Ttov pe  amoivtn  abavorn  (100%) o
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emovadtdivorn tov oe 15-20 ul DEPC vepov. TIpocdiopiopog g kabapodtntog Kot
™m¢ mocdttag Tov oAMkov RNA éyve pe ootopetpikn pébodo pe pétpnon twv
derypdtov oto 260 kot 280 nm. Ao v amoppdenomn twv detypudtov ota 260 nm
npoodopiletar n mocoTa Tov RNA, evd o Adyog 260/280 nm kaBopiler tnv
kaBapotTd ToV (1.8 ¢ 2.0). To RNA amobniedtnke otovg -80 °C.

2.3 Avtiotpo@n petaypo@-civodmT) avtidopacn molvpepdons (RT-PCR)

‘Eva | mévie pg oAwkod RNA ypnowomomOnke ond kdébe oetypo yuo
obvBeon tov cvuminpopotikod DNA (cDNA) pe ™ ypnon tov cvothudtov
Thermoscript reverse transcription-PCR (RT-PCR) (Invitrogen) 7 DyNAmo ¢cDNA
synthesis Kit (Finnzymes). H mocotta tov oAtkod RNA poli pe tovg tuyaiovg
exkivntég (random hexamers), ta oAtyovovkAieotidww (dANTPs) kor 1o €évlupo
avaotpoen petaypapdon (RTase) Ogpuaivovar otoug 25 °C yia 10 Aemtd, £metto yio
50 Aemtd otovg 50 °C 1 30 Aentd otovg 37 °C ko 1éAog otovg 85 °C yio 5 Aemtd. To
c¢DNA anofnkevtnke otoug -20 °C.

2.4 Alvowot avrtidopaon morvpepaong (PCR)

H péBodoc PCR ypnopomombnke yo v aviyvevon mmg mRNA éxppoaong
TOV VIO peAétn yovidimv. Xpnowomomdnke to cbotua Platinum Taq polymerase
ThermoScript RT-PCR (Invitrogen) kot ot avtidpdoelg £yvov oe tedkd dyko 20 pl
ocOHe®VO pe TG odnylec Tov katackevaot. Ot eKKyNTEG OYEOAGTNKOAV WE TO
npoypoppo. OLIGO 4.0 pe Bdon v yovidwok®] okoAiovBioc tov €Bvikov kévipov
Bloteyvoroyiog (InformatioGenBank) 7 Ppébnkav amd ™ Piprloypaeio. To
npdypappa e PCR avtidpacng frav to €ng: 94 °C yio 15 Aemtd, 40 xdkAot 6Toug
94 °C 1 20 dgvteporenta, 55 °C yw 30 devtepdrento kor 72 °C ywo 10 Aentd.
Ta wpoidvta g avtidpaong, avarloya e T HOPLoKO Tovg BApog, nAekTpoopnOnkKay
o€ INKTEG ayapolng 2% 1N 3%. AkohovOnce ypdon TV TNKTOV pe Bpoptodyo obido
KOl QOTOYPAPNOT TOVG HE YNPLOKT punyovh kate and UV Aduma.
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2.5 Ahvordmti avtiopaon mtorvuepaocng tpaypotikov ypovov (Real Time PCR)

H pébodog Real Time PCR ypnopomodnke yio Tov 1060oTikd tpocdiopiopd
™m¢ mRNA ékppaong tov yovidiov mov peremOnkoav. H aviyvevon tov mpoidoviov
¢ Real Time PCR éywve pe m ypnon ewikng ypwotikng, tov SYBR Green
(QuantiTech SYBR Green master mix — Qiagen), 1 onoic. EVCOUATMOVETOL GTO TPOIOV
¢ avtidpaong kot ekméunel eOopilov oNUA TOL AVIXVEVETAL KOTA TN SLAPKELD TNG
avtidpaong. Apyikd €ywve mpoodlopiopds towv PEATIoTOV cuvinkdv ¢ Real Time
PCR, 6nwg n ocvykévipmon tov ekkivntav kot 1 Oeppokpacio Tpdcdec|g TOVG 6TO
DNA. Ot ovvOrkeg mov ypnotipomombnkay eivar ov mapoakdtm: 1x SYBR Green
Master Mix, 300 nM exkwvntég (primers) kot 100 ng cDNA oe 1ehikd 6yxo 20 pl. Ot
avtpdoelg mpaypoatomrombnkay oto Mx3000 Real Time Thermal Cycler
(Stratagene) pe to mOPOKAT® TPOYPOUUO: apykn OEpUHOveN TV SEIYUATOV GTOVLG
95°C yw 10 Aemtd yio TV omodldToEnN TOV OEIYUAT®V KOl TNV EVEPYOTOINGT TNG
noAvpepdong, 35 kokiot pe Béppavon otov 95 °C yuo 30 devtepdrenta, Beppokpocio
avadtdraing Tov ekkivntov (annealing temperature) 55 °C ywo 30 devtepdiento Kot
molvpeptopdg (extension) twv mpoidvimv g PCR avtidpaong otovg 72 °C ywa 30
devtepoienta. ‘Emeita ta dstypota vmoPAnOnkav oe otadloky avénomn g
Beppoxpaciog amd toug 55 °C emg toug 95 °C ya va mpaypatomomBei n avéivon g
KOUTOANG  omodidtaéng/onueiov mEemg (melting curve) pe okomd Ttov Apeco
YOPOKTNPIOUO TV mpoldvtemv. Xe kébe meipapo wor  yioo kdbe  yovido
ypnopomomOnkay Kaumoreg avaeopds ot omoiec ameikoviCouv tov kVkAo (Ct)
evavtia tov Aoyapibuov g apywng mpotumng opoimong (log dilution). H
TOGOTIKOTOINGN T®V YOVISIWV-0TOY®V £yve e BAOM TN CLYKEVTIPMOT TNG KOUTOANG
avagopdg (avtiypaga/Ct). Xtn cvvéyela, ta detypoto kavovikomomonkay pe faon to
emimeda EKppaocng tov yovidiov avapopds GAPDH kot vmoloyiotnke o pécog 6pog

TOVG.

2.6 Hiexktpo@opnon npoteivav (SDS-PAGE)

H mpoteivikn ovotaon Ttov Selyldtov €EETACTNKE UE MAEKTPOPOPNON OF

mkTope oakpviapdiov. To miktope akpvilopdiov amotedeitor amd TO TAKTOUOL
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emotoifaing tov mpoteivov pe cuykévpmon 4% (stacking gel) mov eacpoiilel v
OLLOIOLOPOPT EIGAYMYN TOV OEYUAT®OV OTO THKTOUA Sty ®plopov (separating gel) 8%
N 12%, avaroya pe to poprokd péyebog e vmd perémn mpoteivne. 20-30 pug olkng
TPOTEIVNG amd kBe delypa avapeiydnke pe 101K drdlvpa amodidtadng Kot Letd amod
5-10 Aemtd Ppacpod 10 pelypo QOPTOOMKE O©TO TAKTOUN OKPLAOSIOL Kot

niektpopopndnke ota 200 V yia mepinmov pia opa.

2.7 Avocoamotinmon kniidoag (Dot blot)

[No mv aviyvevon mpwtelvddv ota delypata ypnowonomdnke 1 pébodog
avocoamoTutmong knAidag. Ta wvttapikd ekyvAiopato (40 pl) kot pio KopmdAn
avaQopds HE YVOOTEG O00YIKES apoimoel g vmo peAétng CSA  aAivoidog
tonofetOnkav oe Betikd @optiopévn PVDF peufpdvn (Biotrace HP 0.45 pm,
Gelman Sciences) kot a@éOncov vo mpospoenbovv pe ) popen kniidag. Katomw
OKOAOVONGE 1M EMAOOCN HE TO OVIICOUOTO, OTMG TEPIYPAPETOL TOPOKAT® O7TN

SLodIKGI0 TG OVOCOOTOTOTTOGNG KOTE western.

2.8 Avocoomotvnmon kotd Western (Western blot)

O mpoteiveg petagépovtal ond 10 TNKTORO aKPLAOUOiov e pepppdvn
vitpokvtrapivng (0.45 um, Pierce) pe ) Ponbeio €101k1G GLOKEVNHG NAEKTPOPOPNOTG
Kol KATOAAANAoL puOuctikod doAvpatog. H nAektpopdpnon tpaypatomoteito yio 2-
3 dpeg, avdroya pe 0 poplakd Papog tng mpwteivng, ota 15 V. Tt cuvéyela, ot
e elBepeg mpwTEiVIKEG TEPLOYEG TG UHeuPpdvng oecpevovtar (blocking) péow
emmoong g pepPpdvne pe 5% (w/v) amofovtupwpévov yéiaxtog oe PBS/Tween
0.1% (PBS-T) yw 1 opa o Beppokpacio dopatiov 1§ otovg 4 °C yu 18-20 dpec.
‘Emeita, akolovBovv 10Aenteg mAvoewg g pepPpavng v pon opo pe PBS-T.
Koatoém, mpoctifetal 1o mpdto aviicopa apaiopévo oe dtdivpa PBS-T mov mepiéyet
1% vyéio xou emmdaocn ™G pepPpavne ywoo 1 opa oe Beppokpacia dwpotiov.
AxolovBovv 1pelg mAvoelg Tov 10 Aemtov kobepio Kot TposHKN TOV avTiGTOLoV

JeVTEPOV AVTICOUOTOS GE CLUYKEKPLUEVT] CLYKEVTIPMOOT] KOl EMMOCT) TG HEPPpdvng Yia

40



1 opa oe Beppokpacio dwpatiov. H pepPpdvn ot cvvéyela ekmiévetol Onme Ko
mponyovpévec. Télog, n nepPpdvn petd v endacn e Yo S Aentd pe 10 dtdAvpa
enpaviong ECL (Super Signal West Pico Chemiluminescent substrate, Pierce),
extifetol oe POTOYPAPIKO QAL OOV OMOTLIAOVETOL 1) EKTOUTT YNUELOPOTAVYELOS
amo TIC TPWOTEIVEC. XTr GUVEXELD, TO QAR eu@oviloviol og €WKO uUnyavnuo g
Kodak kot énerta capwvovor ynelakd. H mokvomta tov (ovav ¥pnooroteital g
TOCOTIKT TOPAUETPOC Kol VITOAOYILETOL e TNV AVAAVOT TG YNELOKNG EKOVOG LLE TO
npoypoppe Jimage. H numocsotikomoinon tov mpoidviov TpoyLoTOnoEITOL e TOV
VIOAOYIOUO TOV AGYOL TNG TLUKVOTNTOG TG {OVING TNG TPOTEIVIG-GTOYOV TPOG TNV

mokvoTTo TG LOVNG TG PB-aKTivig TOL Y¥PNCIUOTOLEITOL MG TPMTEIVY AvVapOPEC.

2.9 Avaivon TeV YAUKOLOMIVOYAVKAVOV Kol TPootopiopés Tov HS dicakyapit@v

O pepppavikég GAGs amopovabnkay pe ) fordeia StoAdaTog Tov TepLéyet
50mM Tris-HCI pH 8.0, 1% (v/v) Triton X-100, 0.1% (w/v) NaCl, avactoréa tmv
mpoteacwv g oepiving  (phenylmethanesulphonyl fluoride), vopoyrwpikd
Bevloudivng ko eovikd 0&H otn ovykévipoon tov 2, 5 kot 50 mM avrictoya
(Karamanos et al., 1995). H omoudévmon olokinpodnke peTd omd 2 ®dpeg MmOC
avadevone otoug 4 °C, ypnowomotdvtag 1 ml tov mapomdve SweAidpotog avé 10°
kottapo. To vrmepkeipevo TV KutTapoKoAMepyEldV cvpmukvalnke (1:100) pe
pepPpéves YM-10 Amicon (Millipore). H katakprjuvion tov GAGs €ywve pe v
npocOnkm 4 oykwv abavoing 95% (v/v) mov mepieiye 2.5% (w/v) o&wod vatpio. T
TV TANPN KOTOKpNuvion ypnolponomdnke og eopéag 40 pul CSA (0.2 mg/L).
AxolovOnoe endaon yio 30 Aemtd otovg 4 °C Kot QUYOKEVTPNGT TOV SEIYUATOV GTIC
10000 x g ywo 10 Aemtd. Xt cvvEyela £yve TEYN TOV KOTOUKPNUVIGUEVOV OEIYUAT®OV
ue mamoivn (2 units/ml) otovg 65 °C v 1 dpa og Sidiopa 100 mM PBS pH 7, 5 mM
Na,EDTA kot SmM vdpoyrwpikng L-kvoteivng (Karamanos, 1999). Ot gledBepeg
GAGs «xotakpnuviotnkav pe v zmpoocOnkn 10 oykwv 1% (W/Vv) yAoplovyov
ketvAmipdiov (CPC) oe Beppokpacio dmpatiov yo 1 dpa. Metd and guyokévipnon
o115 10000 x g yia 10 Aemtd, 10 inpa dStohvbnke oe 500 pl drodvpatog mpomoavorng-1
60% (v/v) ka1 CPC 4% (w/v) (Antonopoulos et al., 1961). 'Exneita éywve Eava
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Katakpnuvion tov elevbepov GAGs pe v mpocsHnkn 6 dyKov tov S10ADHOTOC
afavorng 95% (v/v) kar o&wov vatpiov 2.5% (wW/v). Axolovbnce mivon ue

aBavOAN Kol OTEYVOUN TOV KOTOKPNUVICUEV®V OEIYUATMV.

I"a tov mpocdiopiopd twv HA ko GalAGs (CS, DS) éyive emavadidivon tov
TopackeLacHaToV Tov GAGs cg vepd Kol TEYT QVTOV e ddALLE XOVIPOTTIVAOTG
ABC, ACII kot yovdpo-4 kot -6-covipatac®dv (0.2 units/mL) (Yamagata et al.,
1968). H amoudxpovon tov HS wor KS €ywve pe xatoaxkpnuvion oibovoing. Ta
vrepkeipeva avarvdnkav yio 1o HA xor toug A-dicaxkyapiteg tov GalAGs pe tig
teyvikéc HPLC xouw HPCE (Karamanos et al.,1995; Karamanos et al., 1994). O
npocdlopopds tov HS mpoypoatomomOnke petd v amopdxpovon tov KS pe
kepatavaon II (Hashimoto et al., 1988) ot ™ kataxpriuvion pe obovorn tov
derypatov tov GAGs mov dgv vméotnoov mEYN HE YOVOPOITIVAGES KOl YOVOPO-
COVAQUTACEG KO OTI GUVEYXELDL KOTAKPNUVIOTNKOY. XTN GUVEYXELN £YIVE TTEYN UE TIG
nrapwaoceg I, 1T xon 11 e cuvoacpd pe d1divpo 20 mM o&wod pH 7 kor 1 mMol
o&ikov acPeotiov otovg 37 °C y 90 Aemtd (Karamanos et al., 1997). To HS
SoaKYOPITIKO TEPLEYOUEVO TOV KVTTAPWOV YUPUKTNPIGTNKE KOl TOGOTIKOTOMONKE pE
™ pébodo HPCE pe v omoia draxpivovion ot Beiwpévol disakyapiteg N, 2-0, 4-O
Kot 6-O ekt6¢ Tov omaviov dcakyapitn 3-O mov cuvNBmg dev LVILAPYEL TNV NEAPiv).
g Oheg TIG TEPMTAOGELS, 1| TocoTNTa TV GAGS mposdiopiotnke and to UPfaddv g

KopLo1g TV A-dicakyaprtav tov GAGS.

2.10 Métpnon Tov KVTTUPLKOV TOAALUTAUGLAGHLOD

Ta kdttapo kodlepynOnkav oe mata KoAApyelag 96 ondv (Corning) ot
cuykévipoon tav 3 x 10° yio ta HT29 xat HCT116 kottapa kot tov 7 x 107 yio ta
SWI1116 kottapa ava onr] mapovsio 10% FBS ywo 24 @peg ko ot cuvéyeln oe
Opentikd amovoio opod (0%) Yo 24 dpec. ‘Enetta éytve yopnynon tov mopayovimv
ota kOttopa oe 0% Opentikd yuo 48 dpeg. Metd v mpocshnkn TV TOPAYOVI®V
nmpocdlopiotnke 0 aplBudg Tov {OVIAVOV KUTTAPOV UE TN QAOVOPOUETPIKT HEOOOO
CyQUANT cell proliferation Assay Kit (Molecular Probes-Invitrogen), couemva pe

TG 0dnyieg Tov KoTookevaoty. Me ™ péBodo avtn yivetaw pétpnon tov DNA
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nePLEXOUEVOL e T Tpdcadeon eBopilovcag xpmoTikig. [a v petaTponn TV THOV
@Bopopov 6e apBpd KLTTAPWOV YPNGLOTOMONKE KOAUTUAN 0VOPOPAS OLOOOY KDY
OPOLOCEDV YVOOTOU 0pluod Kuttdpov oamd Kabe wkvtrapikny oepd. OAeg ot

LLETPNGELG TPOYLLATOTOONKAV GE TPUTAETEC.

2.11 Métpnon g 0n0TTOGNG

Ta kdtrapa orpdbnkav ce mdbto 12 ondv mapovsio 10% FBS yia 24 opec,
gmerta £ywve ahdayn tov Openticov oe 0% yuo 24 @peg kKo axorovdnce n TpocsOnkn
TV Tapaydviov oe 0% Bpenticd yio 48 dpeg. H pétpnon g andntwong éywve pe
onuavon aveéivng V (annexin V-FITC) kot wwdodyov mpomdiov (PI) (BD
Pharminogen) oe xvttapopetpnt pong (FACS), ocopupova pe 11 odnyiec ToL
Kataokevaot. [lepinrrikd, éywve mivon tov kuttdpov pe kpbo PBS ko émerta
AmOKOAAN G TOVG pe €W0kd ddivpa (BB, binding buffer) ot telikn cvykévipwon
tov 10° kottdpov/ml. Tt cvvéyela npootédnke 1 aveliviy V (5 ul) kot o 1080030
mpomtidio (5 pl) og 100 ul/10° kdttapo kot enodotnkay yo 15 Aentd o Heppokpacio
dopatiov 610 6Kotddl. Metd v enmaocn &ywve mpocOnkn 400 pl BB kot avédivon
TV KuTthpov o pnyavnuoe Beckton-Dickinson FACSArray pe CELLQuest
(Beckton-Dickinson). Ta «bOttopa oto omoio yopnynbnke DNasel (3 U/ml)
ypnoporomOnkav wg delypa eA&yyov.

2.12 AoKipacio avaAvoNS TOV KUTTUPLKOD KOKAOL

o v avdivon g Katovopng TOV (AGE®V TOL KVLTTAPIKOD KOKAOL
ypnowonomdnke mn  xvttapopetpion pong (FACS). Metd 1t yoprynon 1oV
mopayovtov yuo 48 dpec, £ytve mADON TOV KLTTAP®V Kot amokOAANGY| tovg pe PBS.
AxolovOnoe puyoxévipnon otig 1200 rpm yuo 5 Aemtd, emavadldAvon TV KLTTapmV
oe kpvo owhvpa 1:1 PBS ko Mcllvaine’s, mposOnkn otayova-ctoydvo 2 dykmv
ToyOUEVNS abavoAng Kat enmdocn TV Kuttdpmv otoug 4 °C yio 1 dpa. Xtn cvvéysia
1o kottapa (10%ml) @uyokevtpiOnkav (10 Aemtd, 2000 rpm), mAOOMKaAvV pe
OTESTAYUEVO VEPO KOl ETMAGTNKAV 0T0 OtdAvpa ypdons (PBS, 100 pg/ml RNAse A,
10 pg/ml PI) yio 1 dpa otovg 37 °C. H pérpnon tov DNA éywve og pnyévnuo
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Beckton-Dickinson FACSArray. T'io tv avédivon Ttov Kuttapikod KOKAOL, TO

dBpotoua OAwV TV KuTTdpOV opictnke oto 100% kot TpocsdlopicTnKe 1N KaTOVOUN

toug ot GO/G1, S ka1 G2/M pdoelc.

2.13 raTioTiki avaivon

H extipnon g otatiotikng onuovtikotrog €ywe pe t-test kow ANOVA

YpNoonolwvtag To mpoypoupe Microcal Origin (version 5.0). H otoatiotikn

onuavtikotnTa opiotnke oto p < 0.05.

2.14 Avordpato

PuBuiotid SidAvpa dtaywpiopod tpmteivav (separating buffer): 1.5 M Tris-
HCI, 4% SDS(w/v), pH 8.8

PuBotikd o1dAvpa nkropatog emortoifadng mpwteivov (stacking buffer):
0.5 M Tris-HCL, 1.6% SDS(w/v), pH 6.8

Avddopo poptmong mpoteivov: S0 mM Tris-HCI pH 6.8, 2% SDS, 10%
yAukepoAn (glycerol), 1% pepkantooBavorn (B-mercaptoethanol), 12.5 mM
EDTA, 0.02% umAé vng Bpopogovorng (bromophenol blue)

Avddopo niektpoeopnong: 25 mM Tris-HCl pH 8.3, 250 mM yAivxivn
(glycine), 0.1% SDS

PuBotikd didhvpa petapopds npoteivov: 10 mM CAPS, pH 11, containing
10% methanol

Avddopo anodiatoing npoteivov (RIPA): Tris/HCL 50 mM, EDTA 0.5 M,
Triton X-100 1%, NaCl 0.1%, and protease/phosphatase inhibitors (PMSF
ImM, NEM 5 mM, benzamidin 5 mM, sodium cholate 1%, orthovanadate
ImM)

Avddopo ékmivong pepPpavav: PBS, Tween 1% (v/v)

Awddvpa Mcllvaine’s: 0.2 M Na,HPOy, 0.1 M citric acid, pH 7.5
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2.15 Exxwnrég

ERo,_F 5' AATTCAGATAATCGACGCCAG 3'
ERo,_R 5' GTGTTTCAACATTCTCCCTCCTC 3’
ERB_F 5' GTCCATCGCCAGTTATCACATC 3’
ERB_R 5' GCCTTACATCCTTCACACGA 3’

FGF-2_F 5 GAAGAGCGACCCTCACATCAAG 3'
FGF-2 R 5' CTGCCCAGTTCGTTTCAGTG 3'
FGFR1_F 5' ACAACCTGCCTT ATGTCCAGATC 3’
FGFR1 R 5' TGCGTCCTCAAAGGAGACATT 3'
FGFR2_F 5' GGTCACCA TGGCAACCTTGT 3’
FGFR2 R 5' TCTGGTTGAGAGATTTGGTATTTGG 3'
FGFR3_F 5' GGGCAATTCTATTGGGTTTTCTC 3'
FGFR3 R 5' GAAGCCCACCCCGTAGCT 3’
FGFR4 F 5' TCATCAACGGCAGCAGCTT 3’
FGFR4 R 5' CAGGACCTCCACCTCTGAGCTA 3'
p21WAF1/cipl_F 5' CTGCCCAAGCTCTACCTTCC 3’
p21WAF1/cipl R 5’ CAGGTCCACATGGTCTTCCT 3’
p353_F 5' CGTCTGGGCTTCTTGCATTC 3’

p33 R 5" AAGGCCTGCCCTGTGCAGC 3'

Cyclin D1_F 5' GCCCTCGGTGTCCTACTTCAA 3'
Cyclin DI_R 5' TCCTCCTCGCACTTCTGTTCC 3’
GAPDH_F 5' GGAAGGTGAAGGTCGGAGTCA 3'

GAPDH R 5 GTCATTGATGGCAACAATATCCACT 3’



2.16 Avticopato.

Ilpota avticouara Eraipio Apaiwon
anti-FGF-2 R & D Systems 0.1 pg/ml
mouse anti-heparitinase Seikagaku 1:500
stubs antibody(clone 3G10)
mouse anti-CSA Sigma 1:200
rabbit anti-p-EGFR Biosource 1: 1000
mouse anti-p21 SantaCruz Biotechnology 1:200
mouse anti-p53 SantaCruz Biotechnology 1:200
rabbit anti-cyclin D1 SantaCruz Biotechnology 1:200
rabbit anti-p38 Cell Signaling 1:1000
rabbit anti-p-p38 Cell Signaling 1:1000
rabbit anti-caspase 3 Cell Signaling 1:1000
rabbit anti-cleaved caspase 3  Cell Signaling 1:1000
goat anti-actin SantaCruz Biotechnology 1:200
Aevtepa avricouaza, Eroupia Apaiowon
anti-mouse SantaCruz Biotechnology 1:2000
anti-rabbit SantaCruz Biotechnology 1:2000
anti-goat SantaCruz Biotechnology 1:4000
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3 Anoteréopato

3.1 Meiétn g ovvleong Kol TG KUTAVORS TOV YAVKOLOMIVOYAVKAVOV/
apOTEOYAVKAVAV (GAGS/PGS) 010 600 KOPKIVIKES KUTTUPIKES GEPES TOL

TAYEO0G EVTEPOV

3.1.1 I'svika

O xopxivog Tov TaxEog eviépov amoteAel o and T KOpleg autieg Bavatov
oTIG SVTIKES YDPEG TOGO GTOVG Gvdpeg 60 Kot 6TIS Yuvaikeg (Serrano et al., 2004; Xu
et al., 2006; Jemal et al., 2008; Rougier & Mitry, 2003) kot givor o tpitog oe
ovyvoTNTO TOTOG Kapkivov otnv Apepikn (American cancer society, 2005). Melétec
ovvoéouv 11 yovidlokn aotdBela (Grady, 2004), Tic datpoikég cuvnBeleg Kat Tig
opuoéves ¢ mBovods KwdOVovg aviamtuéng Kopkivov Tov Toy€og  EVIEPOL
(Papapolychroniadis, 2004). H npdyveoon yw 11 Kakon0elg mabnoelg tov moyéog
eviépov givar ocvvnBog Ty, wWwitepo edv 0gv dYyVOCTOVV GE TPAOYLO GTASLO,
KaBMG 0 CLYKEKPUEVOS TOTOG KapKivov yopaktnpileTton omd LYNAO UETOCTATIKO
duvopkd (Saunders & Iveson, 2006). H petactatikny wavomto ToV KOPKIVIKOV
KUTTOPOV OmOTEAEL piot OO TIC KUPLOTEPES OUTIES LN OMOTEAEGHOTIKNG Bepameiog Tov
Kapkivov kot &xel g emakdAovBo 10 cvvtopo oxetikd Bavdtov Tov achevov (Gu et
al., 2005), yeyovog mov oyetiletan pe TNV KAVOTNTO TOV KOPKIVIKOV KUTTAP®V v
amodopovv v eEmkvttapo Oepéhe ovcia (ECM) kot ) Pacwkr] pePpbvn
(Aumailley & Gayraud, 1998; Nakajima & Chop, 1991). H ECM e&ivot éva cOvBeto
dikTvo amoteAoVUEVO KLPIMG Oomd KOAAAYOVO, WOVEKTIVI, Adpivivi, vOAEKTOvVI,
npoteoylvkdveg (PGs) xou 10 mepeyduevo e emmpedlel mowkideg KLTTOPIKEG

Aertovpyieg (Wegrowski & Maquart, 2004).

Ot PGs givar oopmioka poplo Tov amoTeAOVVTIOL omd EVaV TPOTEIVIKO KOPUO
Téve oTov omoio PpicKoVTaL OLOIOTOAIKA GUVOEOEUEVES i 1) TEPLGGATEPES AVGIOES
yivkolapvoylvkaveov (GAGs) kot evtomilovtar kvpimg omv ECM kot otv
KUTTOPIKT EMQAVELR, evd vrdpyovy Ko kdmoleg evookvttapleg PGs (Kolset et al.,
2004). Ot GAGs/PGs givat 1KovEC Vo 0AANAETIOPOVY LE OVENTIKOVG TAPAYOVTES KO/

LE TOVLG VLWOOOYEIC TOLG KOU WHEG® OVTAOV TOV OAANAETIOPAGEWV UTOPOLV VO
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EMNPEACOVV TTOIKIAEG KVTTAPIKES AELITOVPYIES OTWG O KLTTUPIKOG TOALUTAACIAGOC, 1
dwpopomoinon kot 1 petavactevon (Fjeldstad & Kolset, 2005). TMototikég ko
moooTIKEG oAAayéG otnv mapaymyn Tov GAGs/PGs éyel dwutvmmbel o0t1 mailovv
ONUOVTIKO pOLo otV avamtuén Kot v e£EMEN ToKiAwV TOT®V Kapkivoy 0TS TOL
0GTEGOPKMOUATOG, LEAOVOHOTOC, KOPKIVOL TOL HOGTOD KOl TOV OOEVOKAPKIVAUOTOS

ToV oo eviépov (Wegrowski & Maquart, 2004).

Mehétec, In Vitro kot in Vivo, ava@épovv 0Tt 1M Yevioteivn (genistein), évo
160QAAPOVOEIES TG 0OYLAG, Elval OVOGTOALNS TNG OVATTLENG TOWKIA®Y KOPKIVIKOV
OYK®V CLUTEPIAAUPAVOUEVOL KOl TOV KopKivov Tov mayéog evtépov (Sarkar & Li,
2004; Messina & Bennik, 1998). I'evikd, ot dpdoeilg g yevioteivng £xovv oyeTioTel
LE TN S1KOTH TOL KVTTOPIKoD KOkAov ot @don G2/M  (Pagliacci et al., 1994), evd
0€ OPIOUEVEG KLTTOPIKES GEPEC umopel va mpokaAéasel dtakom oto GO/G1 otddio
tov kvttopikoy kvkhov (Kuzumaki et al., 1998). H yevioteivny o yoauniég
ovykevipooelg (1-2 puM) €xet avaeepBel O6t1 umopel vo mpokaAécser avénon tov
TOAOTAOGLOGHOD TOV KOPKIVIKOV KVTTAP®OV TOL mayEog eviépov (Salti et al., 2000).
Emiong, mponyodueveg peréteg Exovv dei&el 0TL 1 YeEVIOTEIV €KTOC OO TOV KVLTTAPIKO
molMamAacloopnd emnpedlel ) ovvleon tov GAGs/PGs oe KLTTOPIKEG OGEPEG
avOpomvov pecobnldpatog kat koapkivov tov poctov (Tzanakakis et al., 1997,
Mitropoulou et al., 2002). Ot olloyég mov mapaTNPOHVIOL OTO. EMITESN TMV
GAGs/PGs @aivetoanr va oyetiCovior pe 10 pubpd tng KLTTOPIKNG TOLG OVATTLENG
(Nikitovic et al., 2005). TToAloi mBavoi unyavicpoi g dpaomng TG YEVIGTEIVNC 6T
Kapkvikd kotrapa £xovv mpotadel. 'Eyxet deyBel 611 1 yevioteiv anotelel avactoréa
m¢ kwaong g tupocivng (PTKs) (Akiyama et al., 1987), alinkemdpd pe
ototpoyovikovg vrodoyeic (ERs) (Polkowski & Mazurek, 2000), £xet avtio&eldmTIKES
1010t Teg ko avaotédel Ty DNA tonoicopepdon II (Salti et al., 2000).
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3.1.2 X10y0¢

21OY0G 0TS TNG LEAETNG MTAV O ULPOKTNPIGLOS TOV TOTTOV TMV GUVTIOEUEVOV
GAGs amd 300 KapKIVIKES KUTTOPIKES GEWPES TarxEog eviépov, HT29 kot SW1116, ko
N HEAETN NG EMIOPAONG TNG YEVIOTEIVIG OTNV TOPOY®YN KOL GTNV KOTOVOUT TOUG,

KaOMG Kol GTOV TOAOUTANGIOGO TOV TOPOTAVED KUTTAPM®V.

3.1.3 Amoteréopata

3.1.3a Mgiéty tnps ovvleons ko tns Katavouns twv GAGs ce KopKivikég
KUTTAPIKES GEIPES TOV TTAYEOS EVTEPOV TOV avOpdTOov

AVO avOpOTIVEG KOPKIVIKEG KUTTAPIKEG GEPEG TOV TOXEOS EVIEPOV WETPIOL
Babuov drapopomroinong, HT29 kot SW1116, ypnoorombnkov ce avtny m HeAET.
Apyikd epegvvnoape v ovvBeon kot t katavouny T@v GAGs 1660 610 VKO
KOAMEPYEWG OGO KOl GTNV KLTTOPIKN HEUPPAVI OVTOV TOV KLTTOPIK®OV celpdv. H
avédvon tov petoPoikd [PH]-emonpoopévov GAGs/PGs £8eiée 6t1 kat ot 8o
KLTTOPIKEG OElpES cuvlETovy varovpoviKd 0&H (HA), pepppavikég Kot EKKpIVOUEVES
yoraxtolapwvoylvkdveg (GalAGs), kaBmng ko Oetikn nrapdvn (HS) oe dapopetinég
nocotteg (Ewova 3.1A-E). Onwg gaiveror ko otov Ilivaxa 1, tao HT29 kdttapa
napdyovv 34% peyadvtepn mocdtta cuvolk®v GAGs og cvykpion pe o SW1116
KOTTOPO, YEYOVOS OV Oelyvel OTL 01 OVO OVTEC KOPKIVIKES KVTTAPIKES GEPES TOE0G
EVIEPOV €£YOLV OOPOPETIKA ProcuvOetikd mpopil. Zvykekpipéva, ta HT29 kidtrapa
ocvvBétovv péypt kar 300% meprocdtepo HA kar dotnpovv oty Kuttapikn peppévn
250% peyodvtepn mocodtto GalAGs oe cOykpion pe to SW1116 kottapa (IMivakog
3.1). Emiong, peta&d tov KuTTapik®V GEPOV TopatnpNOnKay SNUOVTIKESG O10POPES
OYETIKA LE TO TPOTLTO KATOVOUNG TOVL KAdopatog Tov HS. Xta HT29 kdtrapa, ot HS
evtomiCovtar kvpiwg oty Kvttapkn pepPpdvn (57%), evod ta SW1116 kottopa
eKKpivouv Kat Slotnpodv 610 KVTTOPO TEPIMOV 1GeC TOGHTNTEG TOV GLYKEKPLUEVOL
tomov GAG. Avrtifeta, ot GalAGs gpeavifovtal kupimg o¢ EKKPVOUEVA TPOTOVTAL
ota HT29 (62%) xaBag kot ota SW1116 (84%) xuttapa, evd Kot ot V0 KLTTOPIKES

GEPEG EKKPIVOLV GTO LITEPKEINEVO TEPLGGOTEPO amd 93% Tov mapaydpevov HA.
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Mivaxkag 3.1. Enineda kot katavopn twv GAGS, avALESH GTO VIEPKEILEVO TOV KOAMEPYELDY
KOl TNV KLTTopikn pepppdvn, mov cuvBétovv ot HT29 kot SW1116 kapkivikég KuTTapKES

oelpéc maéog eviépov Tov avlpdmov .

Cell line Fraction HA GalAGs HS

HT29 Medium 14373 (>93x)b 11330 (62) 80950 (43)
Cell fraction - 4383 (38) 106610 (57)

SWI1116 Medium 4494 (>93) 11090 (84) 61790 (49)
Cell fraction - 1766 (16) 64641 (51)

*Ta enineda exepalovron og [PH]-evoopotopévn podievépyeta otic GAGs

b r , ’ .
To 1060016 Katavoung v GAGs didetat oTIg TapevOETELS

3.1.38 Apacn ts yeviereivis oty cvvlson twv GAGs/PGs

X ovvéyew peremOnke 1 emidpacm NG yevioteivng ot ovvheon
exkpvopevov kot pepppavikaov GAGs/PGs. Ta oamotedléopata €0ei&av 0Tl 1
yveviotetvn emmpedaler v ovvleon tov GAGs/PGs oto HT29 wottopo pe tpdmo
eCaptmdpevo amd tov THmo tv GAGS Kot TNV KOTAVOUT Tove. Xvykekpuéva, to HT29
kOtTapa topovoia 10 pg/ml yevioteivng av&dvouv v chvOesn TOV EKKPIVOUEVOV
HS, evd 1 ovvBeon tov ekkpvopevov otov eEmkuttaplo yopo HA kot GalAGs dev
emnpedletar (Ewova 3.1A-E). H mopayoyn tov pepppavikeav HS peuwveton oty 61
ovykévipwon yevioteivng. Otav n yevioteiv ypnoponomdnke oe ovykévipwon 30
pg/ml, 1 ovvBeon TV ekkpvopevov HS peidbnke onpoavtikd e oxéon pe autn tov
10 pg/ml yevioteivng (Ewova 3.1D), evd mopdAAnio 1 ovvleon TOV GUVOAIK®V

GalAGs avénonke (Ewova 3.1B ko C).

H nmopayoyn tov GAGs ond to SWI1116 wotrapa emnpedleton amd tnv
YeVIoTeivn pe dopopetikd tpomo. Ta mocootd cuvbeong tov HA, aAhd kot avtd tev

exkkpwvopevov kot pepPpovikaov HS peidvovron pe docoesoptdpevo tpomo (Ewdva
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20000 - HT29 SW1116

15000 A

*k
*

10000 A
5000 I

B GalAGs medium C GalAGs cell fraction
20000 - HT29 SW1116 6000 - HT29 SW1116
15000 L
E akad 4000 A
10000 A
(&)
2000 -
5000 A
0 - 0
D Heparan Sulfate medium E Heparan Sulfate cell fraction
HT29 SW1116 HT29 SW1116
120000 - 160000 - *
*kk
*kk
90000 120000 * *%

80000 A ‘ hud
40000 A

0.
0 10 30 0 10 30 0 10 30 0 10 30

60000 A

30000 A

o -

Genistein (ug/ml)

Ewova 3.1. ZovBeon ekxpvopevov katl pepfpavikov HA, GalAGs, HS and Tig kuttapikég
oepég HT29 xar SW1116 ko emidpacn g yevioteivng. Ta anotedéopato ex@pdlovial g
[PH]-emonpacpévn padievépysta evoopotopévn pe v popeh [PH]-ylovkolopiviy ota HA
ko HS xat g [PH]-yohaktolopivi otic GalAGs. To amotedéopata eivol o PEGOG Opog TPLOV
avelapTNTOV TEWPAUATOV GE TPITAETEG. XTOTIOTIKG ONUOVTIKEG OlPOPEG UETAED TV
KUTTAP®V EAEYYOV KOl TOV KVTTAPWOV TTOL £Yve yoprnynon g yevioteivng (10 kot 30 pug/ml) :

*p <0.05, **p <0.01, ***p < 0.001.



3.1A, D kot E). H mopayoyn tov GalAGs mov ekkpivetal peudvetot HOvo pE TV
HEYOADTEPN CLYKEVIPM®OT| YeVIoTEIVNG Tov ypnowonomoape (Ewwova 3.1B), evd n

ouvBeon tov pepPpavikdv GalAGs dev ennpedletar onuaviikd (Ewova 3.1C).

3.1.3y Meléty ™S ékppacns Tty 016Tpoyovik@®y vmodoyéwv (ERa kou f) otig
KOPKIVIKES KOTTAPIKES GEIPES TOV TTAYEOS EVTEPOV TOV avOpdmov

AxoAo00mg e€TAGTNKE 1| £KOPOOT TOV OLGTPOYOVIKGV VITodoyémv (ERa kot
ERp) oe eninedo mRNA 0TI KOpKIVIKEG KUTTOPIKEG GEPES TOV TOYEOS EVIEPOV,
HT29 xon SW1116. Kot ot 600 kutropikég oelpéc ekppdlovv tov vodoyéa ERP oe
eninedo mRNA, evd elvar apvnTikég yio TNV EKEPACT] TOL OIGTPOYOVIKOD VTTOJOYEN
ERa (Ewova 3.2). Ta MCF7 kdttopa KopKivov Tov HOGTOD YPTGILOTOMONKIY MG

Betcd detypo avapopdg.

MCF7 HT29 SW1116

e
— — — =
e GAPDH

Ewoéva 3.2. 'Exoepaon, oe eminedo mRNA, towv ERa, ERB kot GAPDH otic HT29 «at

SW1116 kapkivikéc KuTTapIKEG oelpéG Tov TayEog eviépov petd and RT-PCR avaivon. Ta

MCF7 kopkivikd k0TTapo TOU HLacToD ¥pnoiporomonkay wg 0etikd deiypo avapopac.

3.1.36 Apdon THS YeVIGTEIVIIG GTOV TOLLATAAGIAGUO TV KOPKIVIKDV KOTTAPOV TOD
OYE0G EVTEPOD

Eneéepyocio tov HT29 xvttdpov pe 0.5 pg/ml yevioteivng odnynoe oe
OTOTIGTIKA ONUAVTIKY avénon ¢ Kuttoptkng tovg avimtuéng (Ewova 3.3A). Ou
ovykevipwoelg 1 wor 10 pg/ml  yevioteiviig dev  emmpedoav  tov  pubud

TOALOTAQGLOGHOD TMOV KVTTOPIKAOV GEPDV, EVO 1 LYNAOTEPN GLYKEVTIp®ON TV 30
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pg/ml mpoxdrese oplakn peimon (16%) (Ewdva 3.3A). Avtifeta, n eneéepyacia pe
OAeC TIG OOKIHAGUEVEG OCULYKEVIPMOELS TNG YEVIOTEIVIG OONYNOE GE GTATIGTIKA
onuavtikny peimon tov Pacikov emmédov moAlamAacioacpoy v SW1116 kuttdpov

(Ewova 3.3B).

A
*%
16000 -
@
2 12000 -
£
= 8000 -
o -
& 4000
0 -
B
*%k%*
*%k
*%k
« 10000 - ——**—W ‘
3
8000 -
€
= 6000 -
T 4000 -
(&
2000
0 -
0 0.5 1 10 30

Genistein (pg/ml)

Ewova 3.3 Apdorn g yevioteivng oto Pactkd eminedo TOAAUTANGLOGUOD KOPKIVIKMV
KUTTOPIKAOV GEPOV TOV TaX£0g eviEpov. Emidpaon g eEmyevidg npootifBépevns yevioTeivng
(0.5, 1, 10 ko 30 pg/ml) ota HT29 (A) kor SW1116 (B) xapkivikd xottapa Tov moyéog
evtépov tov avBpomov. (Means +/- SEM plotted; n=3)" Ztartiotikd onuovtkd : **p < 0.01,

*#kp < 0.001.
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3.1.4 Zointmon

H wovomta apedtepmv 10V KUPKIVIKOV KLTTOPIKOV GEPAOV TOL TOXE0S
evtépov, HT29 a1t SW1116, va cvuvBétovv GAGs/PGs ennpedletal onpovtikd amod
mv  wpocHNKn YeEVIOTEIVNG OTIC KuTTOplkég kKoAMEpystec. To  ovykekpiuévo
160QAaPOVOEEC Exel Oerybel OTL amotedel €10IKO OVOOTOALD TOV KIVOCOV 1TNG
twopocivng (PTK) kot 6t emdpd ehdyiota 6TV OOGPOPLAIMGT TOV KIVOGOV
Opeovivng kou oepivng (Akiyama et al., 1987; Sarkar & Li, 2002). Emopévac,
d000EEAPTOUEVT AVACTUATIKY dpAoT TNG YEVIOTEIVNG 6T GUVOEST TOV EKKPIVOUEVDV
Kol Tov pepPpavikd cvvoedepévov GAGs/PGs amd ta SW1116 xvttdpa pmopel vo
arodwBel ot Opdon mov ackel M 0w oto PTK povomdrtt onpatoddotnong. To
OVOOTOATIKO OMOTEAEGUO TNG YEVIOTEIVNG otV mopaymyq tov GAGs/PGs amd 1o
SWI1116 péow evog PTK pnyaviopotd Ppioketar ce copeovio pe mTponyoOUEVES
UEAETEC TTOV APOPOVV KVLTTOPIKES GEPEG avOpdTIVOL KakonBovg pecoAmdpatog
emOnAakng Kot capkopatd@dovg dtupopomomoens (Tzanakakis et al., 1997; Syrokou

et al., 1999), kabmg kot kutTapo ooteocapkdpatog (Nikitovic et al., 2003).

H yevioteivn ennpedlet tv ovvBeon tov GAGs/PGs ota HT29 kidttapa t6c0
otov TOmo TV GAGSs 060 KoL GTNV KATAVOUT TOVC. LVYKEKPIUEVA, 1 EKkplon tov HS
avénnke onuaviikd, evo 1N mTOPAy®YN TOV  UepPpovikd cvvdoedepéveov  HS
nmopovcioce Evrovn peiwon. Hoapampndnke pétpla evepyomoinomn g ovvheong twv
GalAGs, oAAd n mapayoy tov HA dev emmpedotnke amd TV TOPOLGIO TNG
vevioteivng. H dtapopetikn emidpacn tng YEVIOTEIVING oTa avTioTOro KAAGHOTO TOV
GAGs umopel pepikmg vo eEnyndel omd v ovaoTIATIKN TNG OpAcN GE EOKES
Kwvaoeg tupooivng. ‘Exet deybel 6011 ota HT29 wittapa m yevioteivn avootéAlel
gwwd tov vmodoxéo Tov avéntikod moapdyovra IGF-I, aAld dev emnpedler ™

onuotoddton tov EGF (Kim et al., 2005).

H yevioteivn avaeépetotl eniong g pUTOOIGTPOYOVO OV £YEL TAPOLOLN dOUN
LE TNV 01oTPadlOAN Kot aokel oloTpoyoviky enidpaocn (Arai et al., 2000) kvpimg pécw
™G aAMAemiopaonc g pe tov vodoyéa ERP, yia tov omoio n tkavotnta mpdcoeong
™G vevioteivng etvan mapopota (94%) pe avt tov owetpoyodvov (Sarkar & Li, 2002).

Ta owwtpoydva €xel avapepbel 6T1 dradpapatiCovv molkiAovg pOAOVS 6TV dadIKAGTN
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™G Kapkvoyéveong tov maxéog eviépov (Biglia et al., 2004; Xie et al., 2004), kobdg
emiong €xet oeybel OTL av&dvouv KAl HEIDOVOLV TOV TOAALOTANCIOUGUO T®V
KOPKIVIKOV KLTTApmv Tov Taysog eviépov (Biglia et al., 2004; Di Leo et al., 2001).
Kat ot dvo xvttopwcég oepés, HT29 xar SW1116, ekppalovv tov vrodoyéa ERP oe
eminedo mRNA kot givol apvntikég yuoo TNV €KQPOCT TOL OLGTPOYOVIKOD VITOJOYEN
ERa (Campbell-Thompson et al., 2001). Mekéteg €xovv dgifel OTL M YEVIOTEIVN
deyelpel ™ ovvheon TOV TPOTEOYALVKAVOV OTO avOpOTIVE KOPKIVIKE KOTTOPO
noaotod MCF-7 pe ER+, xafdc kot Tov KLTTOPKO TOLG TOAAATANGLOGUO
(Mitropoulou et al., 2002). Eropévmg, n mapatnpoduevn EKAEKTIKTY EVEPYOTOINGT TNG
ouvBeonc tov GAGs ota HT29 kbdtrapa, vmodeikviel avaioyn avioamdKpion He avTh
OV €YOVV OTA O10TPOYOHVA, YEYOVOS oL dgv 1oyveL Yoo oo SW1116 wottapa. Ta
OMOTEAECUATO OVTA TOAVAOS VO OVIOVOKAODV TN OlQOPETIKY EMIOPACT TOV
01GTPOYOVMV GTOVG ETEPOYEVEIG TANBVOUOVE TOV GLYKPOTOVV TOV KOPKIVIKO OYKO TOV
nmoéog evtépov. H evepyomoinon tov ER amd m yevioteivn ota HT29 wuttapa
EVIOYVETAL OO TO AMOTEAECUATO TOV TEPUUATOV TOV KUTTAPIKOD TOAALUTANGIOGLLOV
oT0 OTOl0L M YEVIOTEIVT] GE YOUNAEG GLUYKEVIPADGELS, OPAOVTOS THUVA MG O1GTPOYOVIKOS
EVEPYOTTOMTNG, OLEYEPE TOV TOAAOTAACIAGUO TMV GLUYKEKPIUEVOV KVLTTAP®V, OF
avtifeon pe ta SW1116 kdtropa oto omoior OAEG TIG CLYKEVIPMOELS TNG YEVIOTEIVIG
mov ypnoonomdnkav odnynoav ce cvveyn ueimon tov Pocikod emmEdOVL TOL

TOAMATANCUCUOD TOVC.

Ta amoteAéopato avtg ™G HeEAETNG £0€1Eav OTL 1 YevioTeivn emnpedlel TV
ovvleomn tov HA, GalAG kot HS tov d00 Kuttapik®dv Gelpmdv Tayms VIiEPOL TOL
ek@palovv o1aTpoyovikovs vrodoyeic. H mpootnkm g yevioteivng 10 ko 30 pg/ml,
OVECTEILE LE OOGOEEAPTMOUEVO TPOTO TNV GOVOESN TOV EKKPIWVOUEVOV KOl T®V
pepppavikadv GAGs/PGs am6d ta SW1116 kottapa kabdg Kot Tov ToOAAATAAGIOGHO
tovg, mhavotata pécw evog PTK unyoaviopov. H oovBeon tov GAGs/PGs amd ta
HT29 xottapa mapovsio yevioteiving epoavifetot va givar eEaptdpevn amd Tov TOTO
Kol tnv 0éom Ttovg, YEYOVOC TOL LWOJSEIKVOEL TNV THAVI] GLUUETOYN TOV
010TPOYOVIK®V LTodoyE®mv. H Aeitovpyio TV 0O1GTPOYOVIKOV VTOJOYEMV GTO
OLYKEKPIUEVO KOTTOPO EVICYVETAL KOl OO TNV EVEPYOTOINGT] TOV TOAAATAAGLOGLOD

TOVG TTOL TTALPOTNPNONKE LE TNV EMLOPACT YAUNADY CLUYKEVIPDCEMV YEVIGTEIVNC.
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3.2 Enidpaocn tov yrivkolopvoyAvkavov/apoteoyhokovov (GAGs/PGs)
o610 PLOUG avaTTVENG TOV KOPKIVIKAOV KUVTTAP®V TOV TaYE0S EVIEPOV TOV

avlpomov

3.2.1 I'svika

Ot PGs egivar paxpopdpia mov evromiloviol kKupimg otov e£mKLTTAPIO YDPO
KO OTNV KUTTOPIKT LERPPAVT, EVD DTLAPYOLV Kot Kamoleg evookvttdpleg PGs. Méow
TOV TPOTEIVIKOD TOVS KOPLOL 1 dtopécov TV yAvkolapwvoylvkavikdv (GAGs) tovg
aAlvcidwv, onwg g Beukng yovdpoitivng, kepatdvng, deppotdvng (CS, KS, DS) 7
Osukng nmapavng (HS), ot PGs eivor kavég va aAAnAemidpovv pe KoAAoyovo,
AVENTIKOVS TOPAYOVTEG, VIOSOYEIS TV VENTIKAOV TTapaydviov Kaddg kot pe pnopla
npookOAAnong (Fjeldstad & Kolset, 2005). Ot PGs péoo tov mapomdve
OAANAETIOPACEDY GLUUETEXOVY OTN POOIOT OPOPOV KVTTOPIK®OV AEITOVPYLOV,
OT®MG TOV TOAAATAAGIACUOD, TPOCKOAANONG M UETOVACGTELONG TOV KLTTAP®V
(Fjeldstad & Kolset, 2005; Wight & Kinsella, 1992). Mekétec avapépovv Ot
enidpaon twv GAGs/PGs otic kvttapikég Aettovpyieg kabopiletor oamd Tov
TPOTEIVIKO TOVS KOPWO, TN dour], cuykévipmon kat Osimon tov GAG aAvcidmv Toug,
TOV KLTTOPIKO TOTO, Kabmg Kot amd ) ovvOeon g mepifdrrovcag ECM (Wright et
al., 1989; Volpi et al., 1993; Volpi & Petrini, 1994; Aguiar et al., 2005; Syrokou et
al., 1999; Nikitovic et al., 2005).

Ot e&myevag mpootiBéueveg GAGs emdpodv 6NV avamTLEN PLGLOAOYIKMV
KOUT| LETOCYNUOTICUEVOV KUTTAPWOV G KOAMEPYELXL. ZVYKEKPIUEVA, Ol 0Avcideg DS,
CS ot 1 nrapivn €xel deybel OtL avacTEAAOLY TOV TOAAATAACIOCUO avOpOTIVEOV
Kuttdpov pelavouatog (Nikitovic et al., 2008). O aivoideg DS dieyeipovv v
AVATTUEN KLTTOPIKOV GEPOV avOpdTvov pecodnidpotog kot Asvyoipiog (Maurer
et al., 1994; Volpi & Petrini, 1994; Syrokou et al., 1999), evd kataoctéAlovv OV
TOAMATAAGIOCUO QUCIOAOYIKAOV ovOpdTvev voPlactdv mvevpova (Westergren-
Thorsson & Persson, 1993; Fthenou et al., 2007). Meléteg avapépovv 0Tt 01 GAVGIOES
CS éyovv dieyeptikn enidpacn oe kuttapo Agvyoiog (Maurer et al., 1994; Volpi &
Petrini, 1994) kot 6& puoioAoyikovs avOpmmvoug tvoPrdoteg mvevpova (Westergren-

Thorsson & Persson, 1993; Fthenou et al., 2007). To valovpoviko (HA) €xet deryei
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OTL avaoTEALEL TNV avaTTLEN KVTTAPOV avOpdmivov pecobniiodpoatog (Syrokou et al.,
1999), evad avtiBeta opa dieyeptikd otnV avATTLEN AVOPAOTIVOV KLTTAPIK®OV GEPDOV
Aevyopiog (Maurer et al., 1994). Tlapduolo avtiQoTikd omoteléopata  £xovV
avapepOel kol yuoo ) dpdon g nmapivne. Mekéteg emonuaivovv 0Tt M Nmopivn
aVOOTELMAEL TOV IN VIr0 TOAAOTAOGCIOGHO TOKIA®Y KUTTOPIKOV GEPOV, OTMG TMV
Aglov pokdv kuttdpov tov ayyeiov (Au et al, 1993), tov @ucloloyikdv
woPractov (Ferrao & Mason, 1993; Westergren-Thorsson & Persson, 1993), tov
ueogyyovpotikdv kottapov (Flint et al., 1994), tov oocteofractdv Kol TV
avOpomvav kuttdpmv octeocapkmpatos (Nikitovic et al., 2005; Hausser & Brenner,
2004). Ymapyovv Opmg Kot peAéteg mov Ogiyvouv 0Tl M mmapivn avédvel tov
nolamAloolacpud tov entbniokov kuttdpov (Flint et al., 1994), tov kvttdpov
Aevyoupiag (Maurer et al., 1994) kot TtV KVTTAPOV OVOPOTIVOL KAPKIVMOUOTOS TOV

otopdyov (Wu et al., 2006).

Mehéteg £xovv deiEer 0T 1 ECM mov exkpivetat amd o nmatokvuTTopo Kot To
CLYKEKPIUEVO O1 TPOTEOYAVKAVEG BEUKNG NIapdvng Tov vTomifovTol Hésa GE T,
Oleyelpouy 1OV TOAAATAOGIOGUO TOV KOPIKIVIKOV KLTTAP®V TOV TOYEOS EVIEPOL
HECM TNG EMAYWYNG OLTOKPIVAOV OVENTIKOV TOPayOVI®MV Kol TOV VITOO0YEMV TOVG
(Zvibel et al., 1998; Zvibel et al., 1999; Zvibel et al., 1998). Eivar yvwoto 611
optopévol avénrtikoi mapdyovieg 6nwg ot FGF-2 ka1t HB-EGF mov aAAniemidpodv pe
puopro Beukng nroapdvng, eV UTOPOVV VO EVEPYOTOU|COVV TO CUATOOOTIKA TOVG
povormdria amovoio Tmv oAlvcidov avtdv (Yayon et al., 1991; Aviezer et al., 1997). H
nrapivn 1 ot aAvcideg Beukng nmopdvng eival amapaitnTeg Yoo TV TPOGIEST] TOV
FGF-2 otovg vynAng ovyyévelog vrodoyeig tov, FGFR1-4, kot otn dnpiovpyia evog
OLUTAOKOL TOV 0OMYel OTNV €VEPYOMOINON TV EVOOKVLTTAPIOV OTNUATOSOTIKMV
wovoratidv (Yayon et al., 1991). Ilepapatikd €yl deybei 6tL M pOOUION NG
Aertovpyiog Tov FGF-2 amd v nrapivn eoptdror amd ta evdoyev eninedo HSPGs

TOL KLTTAPOL Kat od TV cvykévipman ¢ nropivng (Forsten et al., 2000).
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3.2.2 X16y0¢

2V mopovca Epguva TpoypaToromOnke apykd eneEepyocio pe eEmyevag
npootfépneveg GAGS aAvcides, 6T GLVEXELD OVAGTOAN TNG GUVOESG TV EVOOYEVMV
GAGs/PGs kat evlopukn eneEepyaciao yio v amopdkpoven tov pepppovikov GAGs
He okomd TN HEAETN NG emidpaocmg Tov kKuprotepwv Tommv GAGs (CS, DS, HA ko
nrapivn) 61OV TOAAATANGIACUO TPLOV avVOPOTIVOV KOPKIVIKOV KVTTAPIKAV GEPADV
Tay£0G EVTEPOL, VO peTpiov Pabduov dapoporoinong (HT29 ko SW1116) kot puog
eni TAéov yapnAov Badbuod dwapoporoinong (HCT116) yia akpiféstepn a&lordynon

K0l GUYKPLOT TOV ATOTEAEGUATOV.

3.2.3 AmoteréopaTa

3.2.3a Pélog tv usufpoviedyv kai twv evéoyevayv GAGs/PGs oty avartolny tov
avOpATIVOV KAPKIVIKDY KOTTAPIKAY GEIPOY TOV TAYEOS EVTEPOD

H mboavy ocvppetoy tov dweopetikdv empavelokdv GAGs/PGs oty
avamtuln TOV KLTTApOV avtdv  pehetOnke pe m yopnynon tov Eviuuwmv
yovdpoitvaon ABC kot nmoptrtivdon. H yopiynon g yovopoitvdong ABC ota
KOTTOpa ElYE MG 6TOYXO TNV amopdKpvven TV aAvcidmv CS kot DS, evd ot alvoideg
HS apapébnkav pe m yopnynom g nmopttvdong. H evlvpkn enefepyoacio tov
Kuttdpov pe yovopoitvdon ABC (Ewova 3.4A) dev elxe wovéva onuaviiko
anotélecua 6to Pactkd emimedo avENONG TOV TPV KLTTOPIKOV oelpav (Ewova
3.4C). O nmodamrooctacpog tov HT29, SW1116 kot HCT116 xvttdpov emiong dev
EMNPeAoTNKE amd TV amopdkpovven Tov aAvcsidov HS pe v nroapirvaon (Ewova
3.4B, C). Eniong, n agaipeon tov aivcidov CS, DS kot HS w¢ amotéhecpa g
GLVOVAGHEVTG YPNONG TV dVO eviDU®V Ogv elye kopia emidpacT o1o Pacikd eminedo
nolaniactacpod tov HT29, SW1116 kow HCT116 xvtrapikav ceipov (Ewdva
34C). To mopamdve omotedéopoto Oglyvouv OTL 0 TOAAATANCIOCUOS TMV
OLYKEKPIUEVOV KVTTAPOV givar aveEdptnToc amd 10 TEPLEYOUEVO TOV UEUPPOVIKDV

tovg GAGs.

X1 ovvéyela ypnoporomOnke Evag eE@YEVMOG TPOGSTIOEUEVOS OVOGTOAENS TNG

Beimong tov aivcidowv twv GAGs, t0 YAopkod vatpio (SC), yio v HEAETN TG
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Ewova 3.4. Apdon g yovdpoitivaong ABC, tng nmapitivaong, tov FGF-2 kot Tov yAmpikod
vaTpiov 0TOV TOAALATANGLOOUO TOV OVOPOTIVEOV KOUPKIVIKGOY KUTTOPIK®OV GEPDYV TOV TUYEOG

eviépov. A: Aviyvevon tev alvcidov CSA pe avocoamotommon kniidog (dot blot analysis).
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Av&avopevee ovykevipooel tov CSA (0.15 ewg 2.5 mg/mL) kot 40 pl kvtropikov
exyoMopatov ond ta HT29 wkottapo ota onoio €lye yivel emidpacn He TN YOovOopoiTvdon
ABC (0.1 U/mL) yia 0, 2, 24 ka1 48 odpeg axkwnromomdnkav o€ OeTikd QOpTICUEVES
pepppaveg PVDE. B: Kvuttapwd ekyviiopota amd ta HT29 wottapo petd and yopnynon
nroprtvaong (0.001 U/mL) yw 0, 2, 24 xor 48 dpeg, aviyveuTnkay HE TO HOVOKAWOVIKO
avticope 3G10 mov avayvopilel Tov EXITONO TOL SNUIOVPYEITAL HETA GO TNV TEYN LE TNV
nraprrvdon (Swdpoun 1: wkottopa eléyyov, dwdpopn 2: kOTTOPO UETE TN YOPNYNOoM
nrapITvaong yuo 2 dpeg, dadpoun 3: KOTTAPO PETE TN YOPTYNON NTAPLTIVACTG Y10 24 DPES,
dwdpoun 4: KOTTOPA HETA TN YOpNyNon nmapttvacng yo 48 apeg). C, D: Emidpacn g
yopnynong tov GAG Avacov kot tov yAopwov vatpiov (SC) (25 mM/well) otov
moAlomAactoopnd tov HT29, SW1116 kaw HCT116 kuttdpwv ko E: oe cuvdiaoud pe
yopnynon FGF-2 ota HT29 wdttapo. Ta amotehéopOTo OVIITPOCOTEVOVY TOV UEGO OPO
POV oveEapnTov TEPANITOV o€ TpimAétec. Means+S.E.M. plotted” oTotioTIKG OMNUOVTIKO:

##kp < 0,001

dpbong tv evooyevav GAGs otV avantuln TV KaPKIVIKOV KUTTAP®Y TOL TaXE0G
eviépov. Onmwg eaivetar otnv Ewova 3.4D, n e£myeving xopnynomn Tov YAmPLKov
vatpiov dev eiye emidpacn 610 Pacikd EMIMESO TOAALOTAACIAGUOD TOV TPLOV
KUTTOPIK®OV GEWPAV, YEYOVOG TOV VTOJEIKVVEL OTL ot Bsiwpévec PGs degv eivan
AmOPOITNTEG YO TNV AVATTUEN TOV CLUYKEKPIUEVOV KOPKIVIKOV KVTTOPIKOV GEPDOV
oV Tay€og evépov. Emmpocheta mepapota pe EVOLOpa-AvAceS 1 e YA®PIKO VATPLO
apywkd kot yopnynon tov FGF-2 ot ocvvéyswe mpaypoatomomdnkav ota HT29
KOttopa  pe okomd TNy emPefoimon g opBOTNTOG TOV TEWPAUATOV TOV
mponynOnkav kot oto omoio £ywve avactoAn tg ovvleong twv evooyevov GAGs

(Ewova 3.4E).
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3.2.38 Apdon tov wyeverv GAGS o6Tov moIAomiaciacué tov avipdmivev
KOPKIVIKOV KOTTOPIKOV GEPAY TOV TAYEOS EVTEPOD

21 ovvéyeln perembnke n emidpaon tov eEnyevag tpootifépevav GAGs
otov moAlamiactocpd twv HT29, SW1116 kot HCT116 kapkivik®v KuTttdpmv TOU
moy€og evtépov. H yopnynon tov alvcidmv CS 1 DS dev gilye otatiotikd onuavtikny
emidpaon o610 Pacwod eminedo morhamiaciacpov twv HT29, SW1116 kot HCT116
KUTTOPOV, G€ Kapio amd TIC GVYKEVIPMOGELS oL ypnoiponomOnkav (Ewova 3.5A, B).
[Mopopoimg, o pvBudg tov Pactkod emMTESOV AVATTLENG TOV TPLOV KLTTOPIKMOV
oelpav dgv GAlace TAPOLGCIK TOV YPNOUOTOIOVUEVOV GLYKEVIPMGE®Y 1oL HA
(Ewova 3.5C). AvtiBeta, 1 e€myevog mpootifépevn nrapivn eixe @ amoTEAEGHA T
docoeloptaopevn OEyepon ¢ avantuéng tov HT29, SWI1116 xou HCTI116
KOPKIVIK®OV KOTTAPV ToV Ttay€os eviépov (Ewova 3.5D). Zvuykekpipéva, n mopovsio
™G Mmapivng, otn cvykévipoon tov 10 pg/mL Kot 6e VYNAOTEPEC CLYKEVTIPMOOELS,
00NYyNoE G€ 00G0EEAPTMUIEVT aENoT Tov ToAlamAaclocpov twv HT29 ko SW1116
Kuttdpov. O pubpog avantuéng tov HCT116 kuttapmv ovéndnke onpoviikd petd m
yopnynomn 50 kot 100 pg/mL nmopivng, eved dev mapatnpndnke mapodpoo enidpaon
OTIG  YOUNAOTEPEG OULYKEVIPMOOELS 7oL  ypnolpomomdnkav. Kapia oamd T11g
OLYKEVIPMOELS TV 0ALGIdmV twv GAGS mov ypnopomomnkay dev eixe TOEIKN
enidpaom ota KOTTOp 1| OAAAYES 0T pHopeoroyia Tovg. TIpokeévou va amokAeiotel
N mBavoTTa TS VTOPENG EVEPYDV QVENTIKADV TOPAYOVI®OV IKOVOV VO GAANAETIOPOVV
pe v nropivn mpaypatoromOnke Ppocpos 610 TOPAKEVAGUA TNG NTOPIVNG TOL
ypnoporombnke. O Ppoaocupodg dev emnmpéoce TN Opacn G Mmapivng oTov

TOALOTAQGLOGLO TMV KLTTAPOV.

3.2.3y Ilpocowopicuos tns Osimons towv HS (GlcAGs) dicakxyapitik@®y uovaowv

TV KOPKIVIKOV KOTTOPIKOV GEIPOY TOV TAYEOS EVTEPOD

ITponyobpeves peiéteg €govv cuvoéoet ) Beiwon v GAG aAivcidwv pe Tov
KuTTOPKO ToAhamAactoopd. I[paypatomromnke Aomdv avdivon twv oivcidwv HS
ov mapdyovron and too HT29, SW1116 ko HCT116 xottapo. H avéivon HPCE

HeTd amd méyelg pe e10kd Evivpa £0€1Ee 0TL N ynkn ovvbeon tov egtalopevov HS

61



A. CS
12000

HT29 sSw1116 HCT116

8000

4000

B. DS

12000 HT29 SW1116 HCT116

8000

4000

HA

12000 ~ HT29 SW1116 HCT116

Cell number
(9]

8000

4000

D. Heparin

HT29 sSw1116 HCT116

20000
15000

10000
5000

011050100 0 11050100 O 1 1050 100
(Hg/ml)

Ewova 3.5. Enidopacn tov aivcidov (A) CS, (B) DS, (C) HA kot g (D) nrapivng ctov
molamhactocpd tov HT29, SW1116 xou HCT116 xopKivik®v KOTTOPIKOV GEPDV TOL
moyéog evtépov. Ta omoTEAECUATO AVIUTPOCMTELOVY TOV HEGO OpO TPLOV oveEdpnToOV
mepapatov o TpmAétec. Means+S.E.M. plotted” otatiotikd onuavtikd: **p < 0.01***p <

0.001.
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SpEPEL ONUAVTIKE HETOED TV KuTtapikdv oelpov (ITivakag 3.2). Zuykekpuéva, o
un-Ostopévog dtoakyapite (Adi-nonS) NTov 1 KOPLOL SIGOKYOKYOPITIKY HOVASO TOV
KutTapoovvoedevoy HS mov mapdyovion omd ta HCT116 kottapa. AvtiBeta, péypt
Kot 62% tov pepppavikd cuvoedepévav HS mov cuvBétovv ta HT29 wdtrapa ftav
povo-feiwpévol Adi-mono6S kot Adi-mono2S dioaxyapitec. Qg kbplo S1GaK OPITIKN
povada tov pepppovikov HS tov xouttdpov SW1116 aviyvevtnke n Adi-mono6S,
ov amotehel o 63% NG CLVOMKNG TOGOTNTAG TOV HEUPpaviKd cuvdedepevemv HS
alvcidwv tov kuttdpov ovtdv. [Hopatnpndnkav emiong ow@opés peTaEd TV
KUTTOPIK®OV CEPDOV 7OV  €EETACTNKAY OCOV  aPopd TS 7TocoTnteg Twv HS
doakyapttdv mov evromiloviar ot kuttapikn touvg pepppdvn. Ta HT29 kdtrapa
mopnyoyav 0.8ug avd 10° Kottapa, evo 0.4 and 0.5ug ava 10° KOTTOPO OV VEDTNKAY

ot pepuPpdévn twv HCT116 kou SW1116 xvttdpov.

Mivexkoag 3.2. Avaivon ¢ Ogioong tov HS Sicokyopitdv petd amd €0tkn eviuuikn

enetepyasio kot HPCE avdaivon.

Disaccharides HT29 SW1116 HCT116
Adi-nonS 38* 37 > 90
Adi-mono2S 26 - traces
Adi-mono6S 36 63 traces

* Ta omotehéopato TOPOLCIAloVIOL MG TOGOGTO TNG GUVOMKNG mocoHTNTAg TOV A-

dtoaxyaprtdv Tov aviyvevtnkayv aro tnv HPCE avdivon.

3.2.36 Ilpogii éxppacns tov FGF-2 ka1 twv vmodoyéwv tov — Hapéufacny oty
opdacn Tov avénTIKoV TapdyovTa

IMa va peremBet n mBavny cvppetoyn tov FGF-2 onuatodotikod povomotion
ot Opdon g Mmopivng, £ywve avaAivomn G EKEPOCNS TOL 1010V TOV AVENTIKOV
TOPAYOVT KOl TOV VTOJ0YEMV TOV GTIG GUYKEKPIUEVES KAPKIVIKES KUTTAUPIKEG GEIPES

TOV TOXEO0G EVIEPOV, TOGO GE LOPLOKO OGO KOl G€ TPMOTEIVIKO enimedo pe avaivon RT-
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PCR «a1 western blotting, avtictoyya. Onwg eaiveror kot oty 3.6A, too SW1116 ko
HCT116 xotrapa ekppalovv tov FGF-2 6e mRNA erinedo, evd 1 Kuttopiky] cepd
HT29 fjtav apvntikn Yoo TOV GUYKEKPIUEVO OVENTIKO TOAPAYOVTO GE HOPLOKO KOl GE
TPOTEIVIKO enimedo. Agv mapotnpndnke ailayn oto enimedo ékppacng tov FGF-2
mRNA petd v zmpoocOnkn mmapivng (50 pg/mL) ota HT29 wdtrapa. Oieg ot
Kuttopikég oepés ekppdlovv tov FGFR-2 vrmodoyéa oe emimedo mRNA, evd og
kapio amd autég dev Bpeédniav aviyvevoywo mRNA ernineda tov FGFR-4. H ékppaon
tov vrnodoxéwv FGFR-1 kot -3 ftav cvykekpyévn vy kabe kvttapikny oepd. O
FGFR-1 exppaletar and tig kutropkés oepéc SW1116 kot HCT116, aAdd oyt amd
ta. HT29 wdtrapa. Oleg o kuttapikég oepég Ppédnkav va exppalovv tov FGFR-2,
eved Kopio dev exepalel aviyvevoo eminedor FGFR-4. And t1g tpeig kuttapikéc
oelpég mov peretnOnkav, povo ta SW1116 wotrapo ekppdlovv tov FGFR-3 og
eminedo mRNA.

E&wyevng mpocOnkm tov FGF-2 (10 ng/mL) tpokdAiece oTatioTikd onpavTiKn
avénon tov moAlomAaciacpov povo tov HT29 xuttdpov (Ewdva 3.6B). T va
TPOGOLOPIOTEL 1] GLYKEVTPMOOT TOL avTio®partog anti-FGF-2 mov 6o ypnoipomomdei,
E&ywvav mdotikd mepapota pe too HT29 wottapa mov €0eiéav Oti n towtdypovn
xopnynon tov oviwoopatog anti-FGF ot ocvykévipoon tov 0.1 pg/mL 7N xot
LEYOADTEPMOV GLYKEVIPDOCEWDV OVECTEILE TTANP®G TOV emaymdpevo ond tov FGF-2
molaniaciocpud tov HT29 kuttdpov. Ta va eégtaotel n mbavotnta n nrapivn va
opé péom tov FGF-2 onpatodotikod povomation, yopnyndnke kot otic Tpeig
KUTTOPIKEG GEPEG TOL TTOYE0G EVIEPOL cLVOVACUOG TNG Napivng (50 pug/mL) kot Tov
avtiiloopoatog anti-FGF-2 ot ovykévipoon tov 0.1 pug/mL. H mpocOHnkm g
nrapivng mapovcio tov anti-FGF-2 avticopotog odnynoe og 61€yepon g avamTuENG
TOV KVTTAPWV OV glyav VTOoTEL emeepyosio e TO avTiompLa, 6To 1010 EMIMEDO UE TA
KOttopa ota omoia elxe yopnynOei nmapivn. Ta amotedéopato avtd deiyvovv OTL M
dpdon g mmapivng otov moAdamiaciacpd tov HT29, SWI1116 ko HCTI116

Kuttdpwv oev e&aptatal and 1o FGF-2 onuatodotikd povomdrt.
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Ewéva 3.6. (A) 'Exppoon, oe eninedo mRNA, tov avEntkov mapdyovia FGF-2 kot tov
vrodoyéwv tov (FGFR1-4) otig HT29, SWI1116 wor HCTI116 avBpomiveg Kopkivikég
KUTTOPIKEG GEPEG TOEOG €viépov, ovuemva pe t pébodo RT-PCR. H GAPDH
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ypnotpomominke g yovido avapopdc. (B) Enidpaon g eEwyevidg mpootiBépuevne nmopivng
napovsio tov anti-FGF-2 avticopatog. Xta HT29, SW1116 ko HCT116 «vttapa, o€
ouvOnKeg KaAMEPYELOG EAAEWYNG 0pov, yopnynOnke nrapivn (50 pg/ml) mapovcio tov anti-
FGF-2 avticopatoc (0.1 pg/ml) yio 48 dpeg. To amoteAéGLOTA AVIITPOCHORELOVLY TOV PEGO
opo tpuwv aveEdpntov mepopdtov oe Tpimiétec. MeanstS.E.M. plotted; otatiotikd
onuavtiko: ***p < 0.001 peta&d Kuttdpwv eA&yyov Kot kuttdpov ov £ywve yopnynon FGF-
2" 7F p < 0.001 peta&y xvtrdpov mov €xel yopnyndei FGF-2 ko xvttdpwv mov &ywve

yopnynon anti-FGF2/FGF-2.

3.2.4 Zolnton

Ot o0vleteg OANAETIOPAGELS TOV KOPKIVIKMOV KLTTAP®OV LE TO YELTOVIKA
QLOI0A0YIKE KOTTOPA Kot TNV e&mruTtdpla Bepéha ovsio Tovg Exel emonpuaviel 0Tt
dwdpopatiCouy onuaviikd poAo otV avantuén Kot v eEEMEN Tov dyKov (Zigrino
et al., 2005; Aguiar et al., 2005; Lin & Bissell, 1993). Ta xokonfn xvtTOpQ
Tpomonotovv gvepyd tn cvotacn s ECM toug @wote va guvonbei n avdrtuén tov
o6ykov (Pupa et al.,, 2002; Aguiar et al., 2005; Ricciardelli & Rodgers, 2006).
[Mapopoimg, ta yerTovikd KOTTAPO EKKPIVOLV TTaPAYOVTEG GTO UIKPOTEPIPAAAOV TMOV
KOPKIVIKOV KUTTAP®V OV UTOPOVV VO, EMNPEACOVY TNV OVATTLEN Kot TV eEEMEN
tov¢ (Morikawa et al., 1988; Doerr et al., 1989; Bosman et al., 1993). Ot GAGs/PGs
etvar KOpla ovotatikd e ECM kot €xel derybel 0tL cvppetéyovv otn maboyéveon
TOV OYK®OV HECH TOV TPOTEIVIKOV TOLG Kopumv Kol Tov GAG aAvcidmv Tovg

(Fjeldstad & Kolset, 2005).

21 ovykekpluévn peAén, to yAwpwkod vatplo (SC), £vac yvowoTtdg ovasToALng
™m¢ Beimong tov alvcidov tov GAGs, ypnoponomdnke yoo v ektignon g
dpdong tav evdooyevarv GAGS 6NV avAanTtuEn TOV KAPKIVIKOV KUTTOP®V TOL ToYE0S
evtépov. To SC avaotéddel ) Beimon Tov alvcidov tov GAGs pe amotéleoua v
mopay®yn avopois yYAvkolvAlopéveov PGs tov omolov n ékkpilon moapepmodileTo
HEPIKMOG OO TOLOTIKOVG UNYOVIGHOVS eA&yyov Ttov Kuttapwv (Fannon & Nugent,
1996). AvtoyoviCetar 10 6Oelo ot ovvBeon tov  3’-pwco@oadevocivn  5’-
BellkomoPOpo, mov ivar n nyn tov Beiov yo T Beiwon tov GAGS, ywpic Kapia

enidopaon o1 GAGs, ot cvvbeon TV TPOTEIVOV 1| 6TN PLOCILOTNTA TOV KVTTAPOL
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(Yip et al., 2002). 'Exet emiong ociyfel 011 dev mpoxodrel To&Kd QovOpEVO GTO
KOttapa obte petd omd mopoteTouévn yopriynon (Mendes de Aguiar et al., 2002;
Fannon & Nugent, 1996). IIponyovueveg peAréteg €xovv deiéel 0tL n peiwon g
Oelowong tov GAGs/PGs and 1w dpdon tov SC pewwvel t0 Poacikd eminedo
TOALOTAQGLOGHOD TOKIA®Y KLTTOPIKOV GEPDV, OTOG TOL WOCOPKAOUATOS, TNG
Aevyopiog kot tov pelavouatog (Alvarez-Silva & Trentin, 1996; Fthenou et al.,
2006; Nikitovic et al., 2008). H eEmyevig yoprynon tov SC dgv giye emidpacn o1o0
Boaowod eminedo morhamiaciacpod tov HT29, SWI116 ko HCT116 xvttépov,
YEYovog mov vmodekvdel OtL ot evooyevels OBsiwpéveg GAGs/PGs dev  eivar
AmOPOITNTEG YO TNV AVATTUEN TOV CLUYKEKPIUEVOV KOPKIVIKOV KVTTOPIKOV GEPDOV

TOL TTOYEOS EVTIEPOV.

Ewdwéc Mdoeg taov GAGs éyouv evpémg ypnoponoindel oe (ovtavd kKbtTapa
yio v perétn tov poéiov tov CSPGs kot HSPGs t¢ kuttopikng em@avelog
(Denholm et al., 2000; Lyon et al., 1997, Maeda et al., 1996, Milev et al., 1998;
Rapraeger and Yeaman, 1989). H amoudxpuvon tov pepPpovikdv oivcidov tov
CS/DS/HS pe ™ yopnynon mmaprtivacns, yovopoitivdong ABC 1 kot pe tov
oLVOLAGUO OVTAOV, MOTE VA ATOKAEIGTEL OOV 00POLGTIKY] TOVG dpdom deV EMNPEace
10 Pacwod eninedo moAramiaciacuod tov HT29, SWI1116 xar HCT116 kvttdpov,

amodekvoovTag Ot dev givar evaicOnta otig adlayég tov pepPpavikdv GAGs/PGs.

1 ouvvéyela, mopackevdopata Tov ailvcidwv CS, DS, HA kot ¢ nmopivng,
mov  giyav mponyovuévmg yapaktnplotel Proynuikd  (Nikitovic et al., 2005),
TPooTEIMKAY EEWYEVMG KO OTIS TPEIC KOPKIVIKEG KLTTOPIKEG GEPEG TOL TOYEOG
evtépov. Metd t yopriynomn g nrapivng o puBudg avdntuéng tov HT29, SW1116
kot HCT116 kvttdpov avéndnke onuavtikd, ce avtiBeon pe 1o TUpOCKEVAGHOT
tov vroloimwv GAGs mov dev elyov kapia emidpacn. Meréteg avapépovv
OlEYEPTIKY OAAG KOl TNV OVACTOATIKY] OpAcm TN NToapiviig 0ToV TOAAATANCIOCUO
TowKilwv Kuttapikdv tonmv (Syrokou & Tzanakakis, 1999; Nikitovic et al., 2005;
Fthenou et al., 2006; Au et al., 1993; Maurer et al.,1994). EmumAéov, €xet derybei 6t1
eEwyevag mpootiBépuevn nrapivn kot ot aAlvcidec HS mov mapdyovton and ta kdtropa
TOL NTATOG ENNPEALOVV TOV TOALATAAGIOGUO TOV KOPKIVIKOV KVTTAP®OV TOV TOYEOS

EVIEPOV HECH TNG EMAY®YNG TS EK@paomg Tov vrodoyéwv EGFR kot g erb-B
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owoyévelwag (Fishman et al., 2002; Zvibel et al., 1998). Eivau a&oonueioto 611 ta
nratokVTTOp IiN VIVO Ttopdyovy apketd peyain mocotnto tov HS (~ 0.08 mg ava
ypauudpto vypod mmatikod totov) (Vongchan et al.,, 2005). Emopévec, and tig
nopamdve perétes eaiveton 0Tt n nroapivn/HS mailet onpoviikd poro oty avamtuén

KOl T LETAGTACT] TV KOPKIVIKOV KUTTAP®V TOL TOXE0S EVTEPOU.

Meléteg emonuoivoov o0t 1 emidpaon twv GAGs otov  KLTTOPIKO
TOAAOTAQGLOGUO gival 6TeVA cuvdedepévn pe T doun Tov GAG alvcidmv Kot pe To
Babuod tc Beimong toug (Syrokou & Tzanakakis, 1999; Nikitovic et al., 2005). ‘Eyet
avaeepBel n deyeptikn emidpaon evoc Tpl-Betmpévon dcakyopitn o KOPKIVIKA
KOTTOpO  TOL  TOYE0G EVIEPOVL  UE  YOUNAO  UETOCTOTIKO OLUVOUIKO, EVAD O
TOALOTANGLOG OGS KUTTOPIKMY GEPAOV LE VYNAO HETOCTATIKO duVOLKO 0dNynOnKe ce
ueioon omd évav HS dicakyapitn pe dvo Oetikéc opddeg (Fishman et al., 2002). T
OKT HaG LEAETN PAVIKE OTL Ol TPEIC KAPKIVIKEG KUTTOPIKEG GEWPES TOL TOXEOG EVIEPOV
mov ypnoponomdnkov mapdyovv oivcidec HS amotedovpeveg and un Osiopévouc
Ko povo-fsiwpévoug dcaxyapiteg. Or HS olvoideg mov evromilovioar otnv
kuttopikn  pepPpavn tov HCT116 wuttdpov epgoaviCovior mAovolee o un
Beiopévoug ooaxyapiteg, evd ta HT29 ko SW1116 kdttapa mapovsidlovy vyniod
nepleyopevo oe Adi-mono6S and Adi-mono2S HS dwsoxyopiteg, kabdg Kot oe pun
Berwpévoug dcaxyapites. To yeyovdg avtd eivar a&loonueinto kabmg tpocdtopilet
011 0ot HS 0Avoideg Tov cLYKEKPYEVOV KUTTOPIKAOV GEPOV VO EXOVV XOUUNAO OAKO
eoptio kol Oeiworm. Ze mponyobuevee peAétrec  Exer  Oeybel  oOTL  TaL
petacynuoticpéva/adapoporointa HT29 kottapa égovv HS aAvoideg pe pikpotepo
Babuod Beimong oe cOyKpion pe to avtictoya dtapopomompéve kKottopa (Molist et
al.,, 1997). To mapackedacpa g Nrapivig mov ypnoiponodnke siye deydel oe
TPONYOVLEVN LEAETN TOL gpyaatnpiov 6Tt &xel vynAd emimeda Beimong (Nikitovic et
al., 2005), ue mepleydpevo HeyOANg mOGOTNTAS TPIC-OElMUEVOV  SloaKYaPITOV.
Tpic-Bswpévol dicakyapiteg, ov omoiot gviomifovior o€ peYOAEG TOCOHTNTEG OTIG
aAvcideg Tov HS mov mapdyovton amd to rap (Fishman et al., 2002), éyet derybel ot
dieyeipovv v IN VItro avantuén tov KoOpKIVIKOV KLTTAP®V TOV TTOYE0C EVIEPOL.
Enopévog, o moAAOTANGIOGUOS TOV KOPKIWVIKAOV KLTTOPOV TOL TOXEOS EVIEPOV

avéNdnke amd v nrapivn mov eivon TAOVCIO 68 TPIG-OE1UEVOVG S1oaKYOPITEG, EVD
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ot Tayd Betmpéves aAvcideg v HS mov mapdyovral and T KuTTopikés oelpég dev
emnpéacav tov puiud avdamtuéng tovg. To Kapkivikd kOTTOpO TOL TOKEOS EVTEPOL
oL pereTnoape oev emnpedlovtal amd ) opdon Tov evooyevov GAGs, yeyovdg mov
mbovd kabotd ™V avdmnTuén TV KLTTdpoV ovtdv T gvaichntn oe ofuota
npoepyoueva amd Tig ekkpvopeveg GAGs Tov KLTTAp®V TOV YOP® 10TOV KOUN oo

KOTTOPO TOV OPYAVOV-GTOX®V TNG LETAGTOCNC, OTTMS TOV NTOTOG.

"Evag onpavtikdg podog tov advcidwv tov GAGs givor 11 aAAnAenidpaon pe
TOVG AVENTIKODG TOPAYOVTEG KOl 1) ONUIOLPYIO. GUUTAOK®V, €MNPEALOVTOG LE TOV
TPOTO OVTO TN OPACT TOV ALENTIKOV TapayOVI®V €iTe TOPOLGLALOVTOG TOVS GTOVG
VT0O0YELG TOVG £lTE TPOGTUTEVOVTAG TOVG OO TNV TPWTEOALTIKTY amodounon (Saksela
et al., 1988; Berry et al., 2003; Chua et al., 2004). Eidwotepa, ot HSPGs/mmapivn €xet
deryBetl 0T aw&dvovv v wavotnta mpodcdeong tov FGF-2 otovg vmodoyeig tov
FGFR1-4, Aettovpymvtog wg cvvumodoyeig (Nugent & lozzo, 2000). Meléteg Exovv
TPOTEIVEL TNV EVEPYN GLUUETOYXN TOV ONUOTOdOTIK®OV povomatidv tov FGF ota
apYIKd oTAOL TG OYKOYEVESTG TOV TTOYEOS EVIEPOL KOOMDS Kol 6TV HETAGTACT TOL
(Netzer et al., 2001). Apywd peletnOnke 1 amdKplon TG AvATTLENG TOV KLTTAP®V
otV e€wyevn yopnynon tov FGF-2. H e€wyevic mpocsOnkn tov FGF-2 mpokdieoe
OTOTIOTIKG oNUAVTIKY] avénon tov moAlamiactocpod tov HT29 kuttépov, evd ot
SWI1116 koar HCT116 kvtropikés oelpég 0ev ennpedotnKoy omd TV Tapovsio. Tov
FGF-2. Qot600, 0 Day et al. é6ei&av ot1 1 yopriynon tov FGF-2 mpokadei avénon
Tov ToAlomAaclacpov Twv HCT116 xuttdpov Kot 0Tt 1] Topovsio TG Nrapltvaong
odnyel og onuavtikn peimon otov enayopevo and tov FGF-2 moAlamiaciocpd tomv
kuttdpov (Day et al., 1999). Avti n dwpopd umopel va e&nyndei and to yeyovog ot
ot perétn tov Day et al. ypnoyomombnkav d1apopetikég cuvOnKeg KAAMEPYELOG
tov kuttapov (5% FBS), kabog emiong kot dwapopetikn péBodog péTpnong twv
kuttdpov (MTT). o va pereBei n mbavn cvvepyacia g dleyEPTIKNG EMIOPAONC
™¢ Nropivng kot ¢ onuatoddmmons tov FGF-2 ypnowonombnke éva avticopo
(anti-FGF-2 neutralizing antibody) mov eumodiler v KovoOTnTO TOL OLENTIKOD
ToPAyovTa. Vo OEYEIPEL KLTTOPIKEG AETOVPYIEC, O TNV UETAVAGTELGN KOl TOV
nolamhootacud (Kurokawa et al., 1989). Avtd to avticodpata gvavtio otn dpdon

tov FGF-2 gumodifovuv tn déopevon Tov avEnTikov Topayovio GTOLS LYNANG
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ovyyévelng Vmodoxelg Ttov, OAAG dev  amotpémovv TV  KAvOTNTO TOL VO
aAniemdpdost pe v mmapivn (Kurokawa et al.,, 1989). H yopnynon tov
aviiocopotog avtov (anti-FGF-2) ota HT29, SW1116 xar HCTI116 xoapkivikd
KOTTOPO TOV TOE0S EVIEPOV, OV TAPOLGLALOVY SAPOPETIKO TPOPIA EKQPACTG TMV
FGF-2/FGFRs, é6e1&e 611 1 emidpaomn e nrapiving 6Tov TOAAATAAGIOCUO OQVTOV TOV

KLTTAP®V ivar aveEApTNTN 0o T0 oNUaTodoTkd povomdtt tov FGF-2.

Eivar yvootd o6tt m nmopivn pmopel va aAANAEMIOPACEL HE TOKIAOVG
avéntikove mapdyovtes, onwg ot HGF/SF, VEGF kai EGF, cuppetéyovrog pe tov
TpOmo  avtd o1 PVOUION TOV ONUATOSOTIKM®Y HOVOTOTIOV TOV  OVIIGTOL®V
avéntik®v mapayoviov. Hapodtt n nmapivn kot ot HS éyet deyyBel 11 aAiniemidpovv
Kot ennpedlovv ) Aertovpyio TOAADV TPOTEIVOV, OT®MG EVEOU®V, KUTOKIVAV, HOpimV
TPOGKOAANONG Ko cvotatikav s ECM gviovtolg, dev vmdpyovv €m¢ onuepa
Oed0OUEVA Y10 TOVG EVOEYOUEVOVS UNYOVIGHOVS HEG® T®V OToimVv 1 nrapivn puOuilet

Tov KutTapkd molhomhaciocpd (Powell et al., 2004; Taylor & Gallo, 2006).

SOUTEPAGUOTIKA, TO OTMOTEAEGULOTO TNG TOPOVCHG UHEAETNG £deEav OTL O
TOALOTAQGLOG OGS TOV KAPKIVIKOV KUTTAPWOV TOV TOE0S EVIEPOL ALEAVETOL OO TNV
e€myevn yopnynomn g Mmapivng, eved dgv emNPEAlETOl GO TNV TOPAYWOYT TOV
evooyevav GAGs/PGs, yeyovog mov umopel va eEnynbel and v avtictoyn Oeimon
touvg. Emiong ovumepoaivoope 6t1 M Oeyeptikny emidpacm G mmoapivng dev

TPOYUATOTOEITOL LEG® TOV ONUOTOS0TIKOV povoratioy Tov FGF-2.
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3.3 H nrapivy poBpiler Tov moALamTAOGLOGHO TOV KUPKIVIKOV KVTTAP®V
TOV TOYE0G EVIEPOV NECH HOVOTUTIAOV CNUATOOOTNGNS ECUPTONEVOV 0T

70 p38

3.3.1 I'svika

Kabe opyovo €xer ™ owm tov povadikn ECM, ot widtteg g omoiag
UTOpOLV €1TE€ VO HEWOGOLV €lte Vo aLENCOLV TN UETOACTOTIKY KOVOTNTO TV
KOPKIVIKOV KUTTAP®V, puOpilovtog Tov ToALOTAACIAGHE KOl T1 LETAVAGTEVGY| TOVG.
To Nmap amotehel 10 cvvnBéotepo onueio UETAGTAONG TOL KOPKIVOL TOL TLXEOGC
eviépov, Kot &xet oeybel 6Tt 1 ECM mov mpoépyeton amd To NmotokvTTopo ovEdvel
TOV TOAAOTAQGLOGHO KOPKIVIKOV KUTTOPIKOV GEPOV TOL Tayeds eviépov (Zvibel et
al., 2001). Zvykekpuéva, ot advcideg g HS mov anotehovv cuotatikd thg ECM tov
NTOTOC Kot SOUIKA TOPOUOLEG e TNV Nrapivn wov gival éviova Betmpévn (Lyon et al.,
1994), éyer mpotabel OTL evioyvoLvV TNV AVATTLEN TOV KOPKIVIKOV KLTTAP®OV TOV
noéog eviépov (Zvibel et al., 2001). Exniong, o poAoc-kAEWi TV pETABOMTOV TOV
npoépyovtal amd Tig aAvcideg g HS ot yéveon tov kapkivov tov moy£og eviEpov
EVIOYVETAL OO WEAETEG OTIC OTMOIEC OVOPEPOVTOL OTL 1] EKOPACT TNG MNTOPIVACTG
ovoyetiCetor pe v e£EMEN Tov cvykekpipévoy kopkivov (Nobuhisa et al., 2005;

Naomoto et al., 2005; Perreti et al., 2008).

[Tponyovueveg LEAETEG OVOPEPOVY TNV OVOGTAATIKT OpACT TG Napivig GToV
in vitro molomhoolacpud mowkilwv kvttapikev tomov, (Nikitovic et al., 2005;
Hausser et al., 2004; Au et al., 1993; Ferrao et al., 1993; Westergren et al., 1993;
Nikitovic et al., 2008). Yrdpyovv Ou®c OplopEVEC WEAETEC MOV ELGTYOUVTOL TN
duvarotnto TG Nmoapivn vo deyeipel v kuttopikn avamtvén (Flint et al., 1994;
Maurer et al., 1994; Wu et al., 2006). Awd pog omotedéopata £dei&av 6Tt 1 nEopivn
aLEAVEL TOV TOAAOTANGLOOUO TOV KOPKIVIKOV KLTTAP®V TOV TOYE0G EVIEPOL
(Chatzinikolaou et al., 2008), evdd mponyodueveg peAéteg mapovoiacav OTL Ol
doakyopiteg v ailvcidwv HS mov mapdyoviar omd to nratokhTTOpo avacTEAAOLY
Kot Oleyelpovuy TV avanTLEN KOPKIVIKOV KVTTAP®V TOV TOE0S EVIEPOL AVAAOYO LLE

10 Babud Osiwong tovg (Fishman et al., 2002).
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[ToAvapBpot pnyoviopoi eumiékoviar ot Opdon g mMmapivig O6mwg,
avéntikoi mapdyovieg Kot ot vrodoyeig tovg (Schlessinger 2000; Lyon et al., 1994),
KLTOKIVES, TPOTEIVIKES KIvaoeg evepyomolovpeveg amd prtoyoéva (MAPKSs) (Ottlinger
et al,, 1993) kabobg kot n e&éMEN tov kvttapikod kdkAov (Yu et al., 2006).
Emopévog, m nmopivn kot ot dopikd ovyyeveic olvoideg tov HS Spodv wg
eEokuttdplo epebicpato Kava vo EVEPYOTOU|COLV TOALAPIOUE  GNUATOOOTIKA

LOVOTATIOL TOV KLTTAPOL Kol ONUOVTIKEG KLTTOPIKEG Asttovpyieg (Rabenstein 2002).

H petayoyn minbopoc onudtov and 10 eEmtepikd TepPAAAOV TOV KLTTAP®V
TPOG TOV TLPNVOL TOVG YIVETOL UE TN HEGOAAPNON TOKIA®V TPOTEIVIKOV KIVACHV,
cvpmeptappavopévng g owoyévelos tv MAPKs (Nebreda & Porras, 2000; Zhai et
al., 2004; Juretic et al., 2001; Kim et al., 2007). Ot MAPKs &ivatl o otkoyévela
KUTTOPOTAUCUATIKOV TPMOTEIVIKOV KIVAGOV oepivinc/Opgovivng mov amotedeitan amd
Tpeig KOpleg ouddec kvacwv, ERKs (extracellular-regulating kinases), JNK (c-Jun
amino-terminal kinases) kot p38 MAPKSs, ot omoieg d1apépovv 610 vVIOSTPOUE TOVGS
Kol TIG 0mokpicelg Toug ota eEmkuttapikd epediopata. To povondrtia onpatoddTong
tov MAPKSs €yet deyfel 011 GUUUETEXOVY GE EVPV PAGLO KVTTAPIKMY AELTOVPYIDV,
OT®MG TOV MOAAATAAGCIOCUO, TNV omdnTon Kol T petavactevon (Ding & Adrian,
2001; Hecquet et al., 2003; Igarashi et al., 2000; McMullen et al., 2005; Tong et al.,
2005). Meléteg emonuaivouv 0Tt 10 povomdtt onuatodotnong tov ERK1/2 cuyvd
amoppuOuileton o TEPWTAOOEIS KOPKIVOL KOl EUTAEKETOL OTN OnUovpyio. TOL
Kapkivov tov mayéog eviépov (Balmanno & Cook, 2008), evd 1 kwvdon c-Jun NH2-
terminal kinase 1 owopapotiler onuaviikd  poA0 GTOV TOAAUTAOGIOCUO TMOV
KOPKIVIKOV KOTTApV Tov maxéog eviépov (Tong et al., 2007). Moiovott i Kivdon
p38 eiye apywad mpotabdel wg poo MAP xivdon mov cuppeTéyel oty dodKacion TG
OmOMTMOONG KOU GTNV KLTTOPIKY] OMOKPIOT] OTO GOTPEG, VLTAPYOLV GTOoEld amd
TPOCOUTES LEAETEG TOV dglyvouv OTL M gvepyomoinomn g p38 eivar amapaitntn yio
mv avamtuén kot v eEEMEN Tov Kapkivov Tov Tayéog eviépov (Comes et al., 2007,

Lim et al., 2006; Sun & Sinicrope, 2005).
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3.3.2 X10y0¢

YK0mog TG Tapovoag HEAETNG NTav 1| €£€TOCT TOV TOOVAOV UNYAVICUADV TOV
YPNoonolel n nmapivn, yo va. pubuicel Tov moAlamiaciocpd tov HT29, SW1116

kot HCT116 kapkivik®v KuTtépmv Tov moy€og EVIEPOL.

3.3.3 Anoteréopata

3.3.3a Emiopaon c1oikov avoctoiéwv twv MAPKs otov emayouevo amo tnv

NTTAPIVY TOLLOTAAGIAGUO TOV KAPKIVIKADY KOTTAPOY TOV TAYEOS EVTEPOD

Ta gvdokvtrapwcd povomdrtio tov MAPKSs givar onuavtikd yio v pvduon
oV KuTTopikoy Tolaniactacpol (Kim et al., 2007; Roux & Blenis, 2004; Welsh et
al., 2006) xor ovppetéyovv omv &EEMEN TOL KOPKIVOL TOVL TOYXEOS EVIEPOL
(Balmanno et al., 2008; Comes et al., 2007). H mOavn coppetoyn tov MAPKs otov
EMOYDOUEVO amd TNV NIapivi) puOUd avVATTLENG TOV KOPKIVIKOV KVTTAP®V TOV TOXEOS
EVIEPOL peAeTNONKE pe TN xpNoMn €WOIKAOV avacTorémv tov MAPKs. SP600125, évag
€101k6¢ avaotoréag Tov INK™ U0126, évag 1d01kog avacstoréag tov MEK1/2, o omoiog
gtvon evepyomontng Tov ERK1/2" kot ot SB203580 o SB202190 edikoi avactoreic
0V p38 ypnooToOMONKAY GE GLYKEVTIPMGELS TOV OV €MNPEALOVLY TNV HOPPOAOYia
TOV KLTTAP®V OTtm¢ emPePordveTon amd 10 poToviKO puKkpookonio. H yopnynon twv
SP600125 (5 uM) won U0126 (30 uM) dev &iye enidpaocm oTOV EMAYDOUEVO OO TNV
nrapivn moAranracacpud tov HT29, SW1116 koau HCT116 xvttapov (Ewova 3.7A-
C). Avtifeta, n enelepyasio TOV KLTTAPOV HE TOVG €OKOVS AVOOTOAELS TG p38
Kwvaong, SB203580 ka1 SB202190 ot ocvykévipoon tov 5 uM, kot tov SB203580
ot younAn ovykévipwon tov 0.4 uM (Lali et al., 2000) avéoteide onuavtikd TtV
emayopevn ond v mmapivn avértoé tovg (Ewova 3.7A-C), eve dev eiye
OTOTIOTIKG ONUOVTIK €midpacn o10 Pacikd eMimed0 TOAAATANGLOGUOD TV
kuttdpwv. To DMSO, ot10 omoio dtaAvovior ot avacTtoAels, oTlg cvvONKeS Tov
ypnopomombnke dev emnpéace tov moAlomiocioopd tov HT29, SWI1116 ot
HCT116 xvttépov (Ewdva 3.7A-C). Ta amotedéopata avtd deiyvovv Otl t0 p38
ONUOTOOOTIKO  HOVOTATL  EUMAEKETAL OTOV  EMOYOUEVO omd TNV  Mmopivn

TOALOTAQGLOGO TV KAPKIVIKOV KUTTAP®V TOL TOXEOS EVIEPOU.
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Ewova 3.7. Entidpacn tov avactorémv tov MAP kivacdv 6tov enayduevo and v nroapivn
TOAMUTAQGCIOGUO TOV KOPKIVIKOV KLTTAP®OV TOV ToE0¢ eviépov. Tomikn yopnynomn tov
SP600125 (5 pM), U0126 (30 uM), SB202190 (5 uM) xor SB203580 (0.4 v 5 pM)
(avactoleic tov INK, MEK1/2 ka1 p38 MAPK, avtictoyya) 1| cuvdlacudg avtdv He TV
nmopivn (100 pg/mL) otigc HT29 (A), SW1116 (B) kot HCT116 (C) KapKiviKég KOTTAPIKEG
GELPEG TOV TOYEOG EVIEPOV. XTA OLOYPAULOTO TOPOVGLALETOL O EMAYDUEVOG OO TNV NTapivy
pLOUOC aVATTVENG TV KLTTAPWV EKPPAlOUEVOS (OC TO TOCOGTO TOL AdYoL HETOED TMV
KUTTAp®V OT0 Omoio yopnyHONKav ol OVOGTOAElG KOl TOV KLTTAP®V TOL TOLG YopnyNHonke
GUVOLOGHOG TOV OVAGTOAE®V LE TNV NTOPIVIN 1| TOV KLTTAP®V TOL TOVS XopnynonKe nroapivn
Kot TV Kuttdpwv gréyyov (medium 1 DMSO). Zto Sidypoppo mopovoidlovior kol to
KOTTOpa eAEyxov mov Tovg yopnyndnke DMSO. To amoteAéOHOTO AVIITPOGOTEVOVY TOV
Héco 0po Tpudv aveapntov mepoudtov o TpimAéteg. Means+S.E.M. plotted’ otatiotikd

onuovTKo: ***p < 0.001 og ovykpion pe ta kKOTTOpa EAEyYov (medium ) DMSO).
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3.3.38 H nrapivy exnpedlel Ty pcpopviimeny s p38 Kivdong

Mo va devkpviotel 1 dpdiorn ™ nrapivng ot onuatoddTnorn Tov p38 ota
HT29, SWI116 wov HCTI116 «apkivikd «0OTTOpO TOV  TOYEOS  EVIEPOL
YPNOLOTOUONKAV AVTICOUOTO EVAVTIO, GTO GUVOAKO TEPLEYOUEVO TG P38 TPpWTEIVNG
(anti-p38) Kot TV eMIEd®V POSPOPLAIwSTG TG (anti-pp38). To pp38 avticompa, to
omoio avayvopilet ™ @oopopviioon ocepivng/Opeovivng otn 0éom 181/182 ¢
npwteivng p38, £o0eie OtL M Mmapivy avEdvel pe d0c0eSapTdUEVO TPOTO TN
eo@opvAimon tov p38 ota HT29, SW1116 xor HCT116 kdtrapa (Ewova 3.8A, B).
H evepyomoinomn g p38 MAPK dev gaivetat va oyetiletan pe aAhayég 6T0 GLVOAMKO
TPOTEIVIKO Tepleyopevo ¢ p38, kabaog m éxppoaon ¢ p38 mpwteivng odev
emnpedomke (Ewova 3.8A, B). Ta otoryeion avtd oeiyvouv 6tL 1 nmopivn wpokaiet
gvepyomoinon ¢ p38 Kvdong oto KOPKIVIKG KOTTOPO TOL TOYEOS EVIEPOVL. XE
mePApaTo EAEYYoL HEAETHONKE N EMidpaoT TS nopivng 6T POSPopLAiwoN TG p38
napovcio Tov ewdkov SB203580 avactoréa e p38 kwvaong, (5 uM) (Ewova 3.8C,

D), o onoiog katpynce v enay®UEVN Ao TNV NIapivn evepyomoinom g p38.

3.3.3y H nropivy poOuiler tov KTTOPIKO KUKLO 6TA KOPKIVIKG KUTTOPO TOV

OYE0S EVTEPOV UEGW EVOS P38-ECAPTOUEVOD UNYAVIGUOD

21 ovvéyelo, peAetOnke N Ekepaoct TPLUOV Yovidiov mov oyetiloviot e Tov
KUTTOPIKO KOKAO pHE OKOTO TNV OlEPEVVNOT TOV HOPOKAOV UNXOVICU®OV TOV
EUTAEKOVV TO HOVOTATL TOV P38 GTOV EMOYMOUEVO OO TV NITAPIVY TOAAATAACIOCUO
TOV KOPKIVIKOV KLUTTAPOV TOL mo€og eviépov. Apywkd, ta HT29, SWI116 ko
HCT116 wOtrapoa kadlepyndnkav yia 96 dpeg kot ekTiundnke 1 Ekepoocn Tov
p21WAF/cipl, p53 kot g kukAivng D1 ota ypovikd onpeio towv 0, 48 kot 96 wpodv
(Ewova 3.9). H avaivon realtime PCR £d€1Ee 0TL 1 €k@poion TOV HETAYPAPOV TOV
p21WAF/cipl kot p53 yovidiov avénbnke onpavtikd otig 48 kot 96 dpeg (p<0.001),
EVO Ta emimeda TV petaypdemv e kKukAivng D1 peiddnkav (p<0.001) oe cuykpion
HE TN XPOVIKY| oTiyun Tov 0 op®dv 6g OAES TIG KLTTOPIKEG oelpéc mov eEetdoape. Ta
amoteAéopaTo avtd Ogiyvouv OTL M €kepoon Tev eEetaldpeveov yovidimv mov

poOuilovv Tov KuTTOPIKO KOKAO GuoyeTilovTat Le TIG KaUmOAeg avantuéng tov HT29,
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Ewova 3.8. Enidpacn g nmapivng omv evepyomnoinom g p38 kivdong ota avlpdmiva

KOPKIVIKG KOTTOpO, TOL ToEog eviépov. (A) Evepyomoinon g pmcpopurioong g p38 ota



HT29, SW1116 xou HCT116 wdtropa petd t yopriynon 50 wor 100 pg/mL mmopivng
ooppova pe v ovdivon katd western. (B) Ilocotikomoinon towv (ovav, omnd tpia
aveEapTnTo TEPAWOTO, LLE TUKVOUETPIKT OVAAVGOT) TV EIKOVOV Kol TPOGOIOPIoUOS TOV AOYOU
™mg  emoopvAMouévne p38/olkng p38 (phospho-p38/p38). (C) Evepyomoinon 1ng
POOPOPLAIONG TNG P38 0T KOPKIVIKA KOTTOPO TOV TOXEOG EVIEPOVL UETA TN CLVOLNGUEVN
yopnynon nrapivng (100 pg/mL) kor SB203580 (5 pM) kot (D) mokvopeTpikn avaivor Tmv
Lovav. [Tapovoidlovtal avTImPOCOTEVTIKEG EIKOVES OO TNV (VOGOUTOTUTMGCT) KOTA western.

Means+S.E.M. plotted.

SW1116 kor HCT116 kvttdpwv. AkohoOBmg, peretioape v mbovy enidopacn g
nrapivng omv ékepacn tav yovidiov p21 WAF/cipl, p53 ko kukiivng D1, pe ™
yopnynom nrapiving, SB203580 11 cuvdlacud kot twv 6vo yuo 48 dpeg ota HT29,
SW1116 xon HCT116 xdtropa, oe eninedo mRNA kol mpwteivng. H nroapivn péow
evOg p38-££0PTMOUEVOL UNYOVIGHOD TPOTOTOINGE TNV KPP TOV YOVIOI®V Kol T®V
npoteivov p21WAF/cipl, p53 kot xvkAivng DI1. Zvykekpyéva, moapatnpndnke
évtovn peimon ota eminedo TV PETAYPAPOV Kol TV TpoTeivav p21WAF/cipl kot
p53 kot otig Tpeig kutTapkég oepés (p<0.001), evd 1 ékppaom ¢ kukiivng D1 og
mRNA kot mpoteivikd emimedo ovéndnke onupaviikd mapovoio TG Mmapivng
(p<0.001) (Ewdva 3.10A-C). Eniong, n avédivon tov xvttopuov kvkiov tov HT29
kot HCT116 xvttapov mapovsio e nrapivng (100 pg/ml) kavn tov SB203580 (5
uM) avaoctoréa pedetnOnke pe ™ péBodo ¢ kutrapopeTpiog pong. H yoprynon g
nmopivng eixe o¢ amotéAecua v onuovtiky adénon tov mocsootov twv HT29 o
HCT116 xvttdpov ot @don S tov Kuttapwkod kokAov (p<0.001), mov aveotdin
otav yopnynonke ovyypovog o SB203580 avactoréac (Ewova 3.10D). H avédivon
TOL KVLTTOPIKOL KOKAOL TV SW1116 Kuttdpwv dev mPocdlopicTnKe He TNV avOAvoN
FACS Aoyow g thong mov £yovv To GLYKEKPEVO KVOTTApO Vo, oynuatilovv
GLGCOUATONOTO. XVVOYIloVTaG, T ATOTEAECUATO VTE TPoTEivouy OTL M Mmapivn
CUUUETEYEL OTO LETAYPOUPIKO EAEYYO TOV YOVIOI®V TOV KLTTAPIKOD KOKAOL HEGH €VOG

p38-EAPTOUEVOL PUNYOVIGHLOD.
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Ewova 3.9. Avéaivon e mRNA ékepacng tov yovidiov p21WAF/cipl, p53 kot kokiivng
D1 oto ypovikd ddotnua tov 96 wpwv. ‘Exepacn ot eminedo mRNA tov yovidiov
p21WAF/cipl, p53 ko kokAivig D1 oto kapkivikd KOTTOpo Tov mo€og eviEpov LeTd amd 0,
48 ko 96 mpec KoAMEpyewg amovoia opov, O6mwg mpocdiopiletanr amd T HEBOdO TNg
OAVCIO®MTAC  avTidpoone G  ToAvpepdong  mpaypatikov  ypoévov  (real-time PCR).
Means£S.E.M. plotted” n=3. Ztatiotikd onpavikod: **p < 0.01, ***p < 0.001 o cOykpion pe

o, delypata eA&yyov Twv 0 wpdv.
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Ewoéva 3.10. Enidpaocn e nrapivig 6Tov KuTTapiKd KOKAO TOV KUPKIVIKOV KUTTAP®OV TOV
nayéoc evtépov. Exepaon oe eminedo mRNA kot mpwteivng tov p21WAF/cipl, p53 kot
KokAivng D1 petaypdoov ota HT29, SW1116 ko HCT116 kdtrapoa petd tm yopniynon
nrapivng (H) (100 pg/mL), SB203580 (SB) (5 uM) 1 ovvdwouov avtev (SB+H) yuo 48
mpeg, ovpeva pe T péEBodo TG AALCOMTAG AVTIOPACTC TNG TOAVUEPACNG TPAYLOTUKOD
ypovov (real-time PCR) (A) xor g avdivong xatd western (B). (C) H moxvopetpikn
avaAvon TV TPOTEVIKOV (ovov mapovctdletoar g tov AdYo pS3, p2l kor kuikhivn
Dl/axtivn. (D) Katavoun tev @dcemv tov kKuttapikod kvkiov tov HT29 kar HCT116
KUTTOp®V peTd TN yopnynon mnmapivig (100 pg/ml) wxovn SB203580 (5 uM), omwg
nwpocdopiletan e Tt ofpoven 1wdtovyov tpomidiov (PI) oe kutrapopetpnty pong (FACS).
[opovcualetor 10 T0c00Td TV KLTTAPOVY oTig EAacelg GO/G1, S and G2/M. Means+S.E.M.
plotted” n=3. Ztatiotikd onuavtikd: ***p < 0.001 oe cOykpion pe 10 avtictoryo Ogiyua
eléyyov (C) ko o deiypa mov enelepydotke pe Tov avootoléo SB203580° 7 p < 0.01, " p
< 0.001 wdtrapa mwov yopnynOnke nmoapivy ce cLYKPIOT HE KOTTOPO TOL Yopnynonke
nrapivn/SB203580.

3.3.30 Emiopaocn tHs pmapivis 6TNy OXOTTOCH TWV KAPKIVIKOY KOTTAPOV TOV

oYE0G EVTEPOD

H p38 MAP «wdaon yopakmpiletor og éva onuaviikd onueio eAéyyov tov
KLTTAPOL GTO HOVOTATL TOV OONYEL OTNV AMOTTMOOTN TOV KAPKIVIKOV KLTTAP®V TOV
nay£og eviépov (Comes et al., 2007). Tpaypatonofnke AoV Tpocdlopioiog Tov
Babpov g amdnTOONG TOV KAPKIVIKOV KVTTAP®V TOV Tay£0G EVIEPOL GTa Omoia elye
xopnynOel o avactoréag tov p38 (SB203580, 5 uM), nmopivny (100 pg/mL) 7
ocuvoloopog avtav (Ewdva 3.11A), pe ovykekpuévn dokiun g andntoone. H
avdivon FACS édeile 6tt o pvBudg g amodmtwong tov HT29 ko HCTI116
KOPKIVIKOV KVTTAP®V TOVL TTaXE0G EVIEPOL, OTIC 48 dpeg, dev enmpedotnke ond v
napovsio g Nropivng. O mpocsdiopiopds g andntmong ota SW1116 kdttapo dev
nrav ePktog pe v avaivon FACS A0yom tng tdong mov £(ouv T0. GUYKEKPIUEVA
KOTTOPO VO GYNUOTICOVY GUCCOUATMOUATO OTOV OTTOKOAAOVVTOL [LE UNYOVIKO TPOTO.

Mo 10 AOyo avtd peietiOnke, pe oviilvorn katd western, 1 €vepyomoinorn g
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oLVVOLAGLOV aWT®Y otV andntwor Twv HT29 kot HCT116 xuttdpwv petd and 48 dpeg
ENMAONG, 0N TPocdlopiletar amd T oNuavon TV KuTtdpov pe oveEivn V (annexin V-
FITC) kot iwdiovyo mpomidio (PI) kot v petémeita FACS avaivon. Kottapo ota omoia giye
xopnynOet DNasel (3 U/mL) ypnowomomdnkav o¢ Oetkd deiypa avagopdc. Ta enineda g
OTOTTOONG AVTITPOSMIEDOLYV TO TOGOCTO TV KLTTAP®V Tov emonudvinkoy pe aveéivny V.
(B) Hpwteivikn ékppaon g evepyomompévns Kaomdong 3 ota SW1116 petd omd 48 dpeg
emelepyaociog pe nmapivn ko SB203580, coppwvae pe v avaivon Katd western, Kot o
AOYOG TNG EvEPYOTOMUEVNC KAoTAoNG 3/aKTivi) LETA amd Ynoloky ETeEepyacio TNG EKOVIC.

Means + SEM plotted.

kaomdong 3 (cleaved caspase 3) mov amotelel ONUOVTIKO PLOMOTH TNG ATOTTOGNG
TOV KLTTapoVv Tov Inlactikdv. Onmng eaivetar omv Ewkdva 3.11B, o avoactoréag
SB203580 kot 0 cuvolaouOg TOL HE TNV NIopivi) avEAVOLY TV TPOTEIVIKY EKQPOoN
g evepyomompévng koondong 3 ota SW1116 kdttapoa, yeyovog mov cupgmvet pe ta

arotedéoparto s FACS avdivong yuo to HT29 kot HCT116 kottopa.

3.3.3¢ Emiopaon tng onuatodotnons puécw tov EGFR otov emaymuevo amo tnv

NOPIvY TOIAATAOGIACUO TV KAPKIVIKDY KOTTAPWY TOVD TOYEOS EVTEPOD

Ye mponyobueveg peléteg €xet deyBel 6T o1 ahvoideg HS ovppetéyovv ot
OEYEPON TOL TOALUTANGLOGLOV TOV KOPKIVIKOV KLTTAP®V TOV TTAXE0S EVIEPOV HEGM
TOV ONUOTOdO0TIKOD HovoroTioh mov Eekvd and tov vrodoyséa EGFR (Fishman et al.,
2002). Emopévac, to gefitinib (IRESSA, ZD1839), évag avactoléag tg dpdong g
Kivdong g tvupocivng tov vrodoyed tov EGF, ypnowomombnke yuo va peietndel
edv 0 emay®UEVOS amd TNV NIapivn TOALUTAAGIAGLOC TOV KOPKIVIKMOV KLTTAP®V TOV
moy€og eviépov efaptdtar amd T onuotoddtmorn pécm tov EGFR. ITilotwkd
nepdpata 0oy O6tL n yopnynom tov gefitinib avéoteildhe pe docoeapTdueVo
Tpomo 10 Pacikd eminedo g ewopopvAioong tov EGFR otic HT29 xow SW1116
rkuttopkég oepég (Ewova 3.12A, B). H mpocsbnkn tov gefitinib 6t cvykévipmon
tov 10 uM xotpynoe tov enayopevo omd tov EGF moAlamiacioopno oto HT29 won

SW1116 kvttépwv, eved nnroapivn moapovcio tov gefitinib odnynoe oe avénon tov
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Ewova 3.12. (A) AvEavopeveg mocodtnteg tov gefitinib (0, 0.1, 1 kou 10 uM) yopnyndnkav
ota HT29 war SWI116 «bOtropo o€ ocuvvOnikeg EAAelyng opod Kol GTN GLVEXELL
wpocdlopioTnKav o enineda ¢ emcopvAiinong tov EGFR ota npmteivikd exyvAiopota

TOV KLTTpwv, pe v uébodo avocoamotimmong katd western kot (B) vrmoloyiotnke pe
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TUKVOUETPIKT avdAvon o Adyog tov eoceopvilouéveav EGFR/aktivny. (C) Enidpoaon tov
EGF (50 ng/mL), nmapiving (100 pg/mL), gefitinib (10 pM) 1 ocvvdvacudg awT®Y GTOV
moAlamlacloopd tov HT29, SWI1116 kou HCT116 kopkivik@v KuTTdpmv TOL ToyE0G
evtépov. Ta amoTeAECHOTO OVTUTPOCHOTEDOVY TOV LUEGO OPO TPLDV avVeEEAPT®V TEPOUATOV

o€ tpimAéteg. Means£S.E.M. plotted” otatiotikd onpoavtikd: ***p < 0.001.

TOAALOTAQGLOGOD TOV TOPUTAVED KUTTAP®V GTO 1010 €MINESO e OVTO TOV KVTTAP®V
mov &iye yopnynOet uoévo nrapivn (Ewova 3.12C). O poAog TG oNUaTtod0TNoNG HECH
tov EGFR otov emayopevo amd v mmoapiviy pubud avémruéng tov HCTI116
KUTTOP®V 0V NTav £PIKTO va ekTiunBel, 01611 to gefitinib giye To&ikn emidpaom ota
OLYKEKPIUEVO KVTTAPO OTOC QoiveTon amd Tn Heiwon Tov Pacikod emITESOL TOL
molanAiactocpod tovg (Ewdva 3.12C) kot omd v muumocotikn  péBodo
OTOKAEIGHOD TNG YPWOTIKNG KuavoLuv Tov Tputaviov (% kvttapotofuotnta: 45.8%
gefinitib 0.1 uM, 58% gefinitib 1 uM, 71.4% gefinitib 10 uM). To Backd eninedo
noAlamAaclocpod tov HT29 kot SWI1116 xvttdpov dev emnpedotnke amd 1
yopnynon ¢ gefitinib, OmwG @aivetor amd TN HETPNON TOL  KLTTOPIKOV
molaniactocpuod (Ewdva 3.12C) kot eraAnBevtnke pe ) nébodo amokAeiopon g
YPOOTIKNG KLavoLV Tov Tpumaviov. Ta amoteAéopata avtd vrodnAdvovv OtL M
EMOYWYIKY EMLOPACT TS NTOPIVIG GTOV TOALATAOGIACUO TOV KOPKIVIKOV KVTTAP®V
TOL TOYE0G EVTEPOL TOV avOp®dTOL dev eaptdrTol amd TO HOVOTATL CNUATOOOTNONG

tov EGFR.

3.3.4 Zointon

H avantoén tov petacstatikov peaviCetal cuvnlwg o cuykekpiuéva dpyava
KO ONUOvVTIKOC Topdyovtag vrodeikvoetor 1 ECM tov opydvev avtov (Pupa et al.,
2002; Kouniavsky et al., 2002; Radisky et al., 2001). H ocbotacn g ECM 1ov ke
opybvov pUmopel va €xel OlEYEPTIKN 1| OVOCTUATIKY EMIOPOGCT GTOV TOAAATANGIOCUO
TOV KOPKWVIK®OV Kuttapov (Zvibel et al., 2001). Ot PGs/GAGs givatr popo-kAedid

mg ECM, 1o omoio €xet deyybel ot emmpedlovv v emPioon kot TOV
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TOALOTANGLOGHO TV Kopkvikdv kuttdpov (Fjeldstad & Kolset, 2005; Nikitovic et
al., 2008). Xe mponyoduevec peléteg €xer avaeepbei 0Tt or aivoidegc HS mov
TPOEPYOVTOL OO T MTOTOKVLTTOPO. £YOVV SEYEPTIKN €midpacn oTov In Vitro pvuod
AVATTUENG TOV KOPKIVIKOV KUTTAP®V ToV TTayéog eviépov (Zvibel et al., 2001). Awd
pog amotedéopato £6eiEav 0Tl M NEapiv avEdvel pe d0GOEEAPTMOUEVO TPOTO TOV
nolomAactacpd Tov HT29, SW1116 xor HCT116 kvttdpwv (Chatzinikolaou et al.,
2008). Emiong, £xet derybel 611 01 dtoakyapiteg twv advcsidowv HS avdioya pe t doun
Kot 10 Pabpd Beiwong Tovg, OyElpav GE KLTTAPOKOAAEPYELES UE VTOGTPOLLOL
WOVEKTIVIIG TNV  avamTuEn TV YOUNANG HETOCTOTIKNG KOVOTNTOG KOPKIVIK®OV
KUTTAP®V TOYEOG EVIEPOL e OeVTEPOTOEIS EVIOTIGELS GTO NITAP EVM, AVEGTEIAAY TOV
TOMOTANCIOCUO TOV  KOPKIVIKOV KUTTAPIK®OV GEPOV HE LYNAO UETOCTOTIKO
duvapukd (Fishman et al., 2002). To amoteréopoto aVTo EXTGNUAIVOVY TH GNUAGIA
TOV HOVOTOTIOV HEGH T®V OmoimVv ol aAvcideg HS ovupetéyovv oty avantoén kot

TN HETACTOOT TOV KOPKIVIKMOV KVTTAPWOV TOV TOYEO0G EVIEPOV.

AopBdavovtog vroyy TNV KoAd TEKUNPLOUEVT] GUUUETOYT] TNG GNUOTOSOTNONG
tov MAPKs oty ovdntoén tov KopKIvVIKOV KLTTAPp®V TOV TaXE0S EVIEPOL
(Balmanno et al., 2008; Tong et al., 2007; Comes et al., 2007; Welsh et al., 2006),
eetaomke 1 ovpPorn TV TPV KLpOTEpV povomatidv twv MAPKs, JNK,
ERK1/2 xou p38, om ptoyovikny dpdon g nmopivng. O emoydpevog amd v
nrapivn todromiociocpog twv HT29, SW1116 kot HCT116 xuttdpov peidbnke and
TNV OVOGTOAT TNG KIvAonG p38, evd 0ev EMNPEAGTNKE A0 TN dPAoT TOV OVOUCTOAEWDV
tov INK kot MEK1/2, yeyovog mov dgiyvel 0Tt n pitoyovikn dpdom g nropivng
TPOYUATOTOEITOL PEG® TNG onpatoddtong g p38 MAPK. Tlponyovueves peiéteg
&yovv deigel O6TL 10 povomdrtt g p38 MAPK dwdpapartiler kdpio polo oty
OHOLO0TOCY] TOV KOPKIVOL TOVL To€0G EVIEPOL GCULUUETEXOVTOG O  PLOAOYIKES
drdkacieg OT®MG 0 TOALUTAAGIOAGUOS, 1 SPOPOTOINCT] Kol O KVTTAPIKOS BAvaTog
(Comes et al., 2007; Cheung et al., 2008; Corona et al., 2007; Sun & Sinicrope 2005).
Emiong, n xopnynon tov SB202190 €1dwkov avactoréa Tov p38a/P Kivacmv odnynoe
o€ OWOKOT] TOL KLTTAPIKOD KOKAOL — ovToQayio Kol KLTTOPKO Odavato twv
KOPKIWVIKOV KOTTapov Tov mayéog eviépov (Comes et al., 2007). Xe GAAn pedétn et

avapepOel Tt o1 TOAVPAIVOAEG OO TO EAAIOANOO LELDVOLV T POCOOPLAMOT) TOL
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p38 aokmvtag apvnTikn eNIOPAOT GTOV TOALUTAACIAGUO TOV KOPKIVIKOV KUTTAPOV
tov Toyéog evtépov (Corona et al., 2007). Avrtifeta, to PEITC npokdiece avactoln
TOL KVLTTOPIKOV KUKAOL ot @don Gl pécm g evepyomoinong tov p38 povoratiov,
10 omoio eaiverol vo emnpedlel TV KEPOCT GNUOVTIKGOV PLOUIGTAOV TOL KLTTAPIKOD
KOKAOL TOV KapKivov Tov mayéog eviépov (Cheung et al., 2008). Emopévemg, ta
OTOTEAECLATO OVTE AVAOEIKVOOLV TN 6OvOeTn oyéon avapeca Tov p38 LovomaTiov,
OVOGTOANG TOV KUTTAPIKOD KOKAOL, TOAAATANGIOGHOD KOl ATOTTMONG TV KLUTTAPWV
oV Qaivetal va e£apTATOL Ao TO KVTTAPIKO TEPLEXOLEVO, TOV KVTTAPIKO TOHTO, Kot TaL

epediopata Tov EMOPOVV GTA GVYKEKPIUEVE KOTTOPA.

2y mopovca peAETn eEetdotnke M emidpacn g Nmapiving oty £KEpacn
TOV YOVIdi®mV ToL Kuttapikoy kukiov, p21WAF/cipl, p53 kot kukAivn D1, mov givan
ONUOVTIKA Yo TNV €EEMEN TOV KapKivov TOV TTayEog evIEPOL. To 0yKoyovidlo KukAivn
D1 elvan évag onuavtikdg puBuiotg g petdfaong and ™ edon G1 o edon S tov
KLTTOPWKOD KUKAOL KOTd TPOmO eaptdpevo omd ta eEmkuttapikd epebicpata
(Matsushime et al., 1991). H ékgppacn g xvkhivig D1 éxel cvoyetiotel e tov
KOKONON HETAGYNUATIOUO TOV KLTTAP®V TOV TOXE0G EVTIEPOL KOl [LE TN U OTOKPIoT
ToVGg ot ynueobepamevtiky aywyn (Liao et al., 2007). O avactoléag TG KUKALVO-
eCoptopevne mpmteivikng kwvaong p21 WAF/cipl mov coppetéyet otov €Aeyyo g
G1/S xor G2/M petdfaocng Tov KLTTOPKOD KOUKAOL £xel derybel 0Tt dadpapatilet
pOAO-KAEWL ot pLuOoN TOV TOAANTAOGIOGUOD TOV KOPKIVIK®OV KLTTAP®V TOL
nay£og eviépov (Wilson et al., 2008), evd 1 0yKOKOTAGTOATIKY TPOTEIVY P53 aokel
OVOGTOATIKY] OpAoN GTOV TOAANTANGLOGUO EVEPYOTOLOVTIOS 1| OAANAETOPAOVTOG LE
SPOPETIKA LOVOTTATIO. ONILATOSOTNONG, KOOMG 1 amoppubuion ¢ dpactnpldTnTig
Tov guvoel v e&éMén tov oykov (Damia & Broggini, 2004). Ta amoteléopata
delyvouv 0Tl M nmopivn péow evog unyoviopov egaptodpevov amd tnv p38 Kwvdon
emnpealel v mRNA Kot TV TPOTEIVIKN EKEPACT] TOV GLUYKEKPLUEVOV pLOGTOV
TOV KLTTOPIKOD KUKAOL EVIGYVOVTOAG TOV TOAAUMAAGIOGUO TOV KAPKIVIKMOV KUTTAP®V
oV TayEog eviépov. Emiong, n xopnynomn tg nrapiving odonyel oe onuavtikny advénon
oV T0606ToV Twv HT29 kar HCT116 xuttdpmv ot @dacn S Tov KuTTapikod KOKAOV,
yeYovog mov avactéldeton otav xopnyndet cuyypdvwg o SB203580 avactoréag. Ta

amoteAéopato dsiyvouv OTL 1 ropivn mpodyel TV e£EMEN TOL KLTTAPIKOD KOKAOL
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av&dvovtag Tov aplipnd Tv Kuttdpwv otn eaon S. H avartuén kot 1 Hetdotosn Tov
Kapkivov Tov ToyEog eviépov eivar yvootd ot eaptdron and 11g GAGs g
nepifarrovcag ECM. Enopévmg, mpoteiveton n vmapén evog KatvoOplov pnyovicron
mov ouvdéel Vv efwkvttdpe GAG nmopivn pe ™ pOOpon tov KVKAOL TOV

KOPKIVIKOV KLTTAP®V TOV TOYE0G EVIEPOU.

O xopkivog TPoKOTTEL OC OMOTEAEGHO TNG EAAEWNG 1ooppomtiag petald
KUTTOPKOD  TOALOTAACIAGHOY, dlapoponoinong kot amomtwons (Raff, 1992).
Meléteg avagépovy ) CLUPETOY] TOV povomatidv g p38 MAP kwdong otov
TOAMOATAACIOCUO Kol TNV €MPIOoN TOV KOPKIVIKOV KVTTAPWOV TOL TTAXE0S EVIEPOV,
KaOdG Kot 6TV TPOsTOGio TOV TOPEXOVY GTO KUTTOP VT EVAVTIO GTNV QVTOPAYioL
kot v omontoon (Comes et al., 2007; Chiacchiera & Simone, 2008). £t mapovoa
HEAETN, M YOpNYNO™M NG NTapivng OeV EMNPENGE TO TOGOGTO TNG OMOTTMONG TOV
KOPKIVIK®OV KUTTAPMOV TOV TOYEOS EVIEPOV. LVVETMGS, 1 EMIOpAoT NG NTapivig otnv
AVATTUEN TOV KAPKIVIKOV KVTTAP®V TOL TOXE0S EVIEPOL THUVOS VoL YIVETOL LEGM TNG
TOPOTNPOVUEVNG HLETAPOANG OTNV EKOPACT] TOV PLOUGTAOV-YOVISI®V TOV KVTTOPIKOV

KOKAOV.

[Tponyovueveg peréreg €dei&av Ot or alvoidec HS mov exkpivovror amd tao
KOTTOPO. TOV NTATOG, KAOMG ko ot eEwyevmdg mpootifépuevol doakyapiteg HS,
ALEAVOLVY TOV TOAALUTANGLOGUO TV KOPKIVIKGOV KUTTAP®V TOV TAXE0G EVIEPOVL UEGH
EVOC UMYOVICHOD TOV EUMAEKEL TNV ALENUEVT EKOPACT TOV VTOSOXEMV KIVAGNG
tupooivng g erbB owoyévelog (Zvibel et al., 1998; Zvibel et al., 1998; Fishman et
al., 2002). Mg Bdaon ti¢ mapamdve peréteg e£eTdotnKe 1 TOAVOTNTO, GUUUETOYNG TOV
onuotodotikod povoratiod tov EGFR vrodoyéa otov enaymdpevo and v nroapivn
TOALOTAQGLOGUO TOV KOPKIVIKOV KUTTAP®V TOL TTOYE0G EVIEPOV UE TN YPNOT EVOS
avactoAéa Kivdong tvpocivng tov EGFR, v gefitinib (Baselga & Averbuch, 2000;
Inoue et al., 2003). H cvvdvacpuévn yopriynon nropivng ko gefitinib otigc HT29 xon
SW1116 KopKVIKES KUTTOPIKEG GEPES TOL TAXEOG EVTEPOV £0EEE OTL 1) EMIOPOCT) TNG
Nnapiviig GTOV TOAAGTAQGLOGHO T®V KLTTAPOV aLTOV dev eEaptdtol amd 1
onpartoddtnon tov EGFR. Avtifétmg, n to&ikn enidpaon g gefitinib oto HCT116
KOTTOPO OV KOTEGTNGE £QIKTN TNV ektiunomn tov poéiov g EGFR onpatodotong

oTNV EMOYOUEVN omd TNV MTopiviy ovATTLEN] TOV GLUYKEKPIUEVOV KuTTapwv. H
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evepyomoinon tov EGFR £yet deyBel amd mponyodpevn perétn ot e€optdror amd ™
doun tov HS (Fishman et al., 2002). H é\iewyn g ovppetoyng tov EGFR ot
dpdion g Nrapivng, Ommg mapatnpOnKe otn HEAETN avTy|, TOAvdS vo oyeTileTon pe
mv oAinAovyia kor T Ogioon 1OV OGaKYUPITAOV TOL TOPAUCKELAGUOTOS TNG
nrapivig mov ypnowomomdnke, n omoio E£xer doeybel mponyovpévwg oE GAALL
ovotnuata-povtéda (Nikitovic et al., 2008). Eriong, dev pmnopei va amokAelotel 1
mlavoétta ot HS oAvcideg mov mopdyovtor omd cvykekpluéva Opyovo vo
YPNOOTOOVV TO TAPomdve p38 HOVOTATL ONUOTOddTNoNS Yo vo. puvBuicovy tov

TOALOTAQGLOGHO TV KAPKIVIKOV KUTTAP®V TOL TOXEOS EVIEPOUL.

SOUTEPAGLOTIKA, TO TAPOUTAVE® amoTeAécpata delyvouy 0Tt o eEmkuTTdpla
GAG, 1 nmapivn, umopel vo TPOTOTOMGEL TNV £KPPOCT] YOVIOI®V CNUAVIIKAOV Y10 TN
pOOUIoN TOL KOKAOL TO®V KOPKIVIKOV KLTTAPWOV TOV TOYEOS EVIEPOL WECH TNG
evepyomoinong g p38 kwvaonc. Emiong, o yeyovdg 6t1 n nmapivn dpd pécw tov p38
LLOVOTIOTION GTO KOPKIVIKG KOTTOPO TOL TOYE0G EVIEPOV UTOPEL VO AmoTEAEGEL GTOYO

Y10 LEALOVTIKEG OmOTELECUATIKES Oepameies.
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4 Yvlntnon

Avtikeipevo g mapovoag owTping vanple m peAéT TOL POAOL TV
YAVKOLAPIVOYAVKOVIKOV 0AVGIO®OV Kol TOV THAVOV UNYOVICUOV dpAcNS TOVS GTOV
TOAMOATAQGIOCUO TOV KOPKIVIKOV KLTTAP®V Tov Taxéog eviépov. O xapkivog tov
To€0G EVIEPOL amoTeAEl TNV Tpitn Kotd o£pd outio BavdTov omd kokonOelg
veomAaoieg moyKoopuing mopd TN onUovTiK) 7pdodo mov €xel onuelwbel ot
Bepanevtikn avtipetdnion tov (Xu et al., 2006). H cuyvotta gpedviong g vocov
oToVG Gvopeg katl oTIg yuvaikeg eivor mapopota (Jemal et al., 2008). I'eveticol kot
nmeparroviicol mapdyovteg €xel avagepfel 0Tl cvupeTEYOLY GTNV AvATTLEN TOL
KApKivov TOV ToY€0G EVTEPOL TOL GLVIGTA pia TOAVIIACTATY dadikacio Tov apyilet
LE TO GYNUOTICUO TOV TOAVTOI®V KOl KOTOANYEL OTNV EUOAVION NG KokonBovg

veomAaoiog (Zimbalist & Plumer, 1995; Li & Lai, 2009).

H Ymapén evdg moAvdidotatov SiKTHOL OAANAETIOPACE®V HETAED TV
VEOTAUGLOTIKOV KLTTAP®Y Kol TOL YOP® HWKPOTEPPAAAOVTOC TOVG €lval CNUOVTIKN
ywo. TV ovamuén ko v eEEMEN Tov Kapkivov (Zigrino et al., 2005). 1o Kopkiviko
ppomeptBEALlov Tov oTpdOUOTOS evtomiloviotl TolKiAol KuTTaptkol THmot, avEntikol
TAPAYOVTEG, KVLTOKives kot deBovn efokvttdpio Oepéla ovsion (ECM), n omoia
amoterel Eva cVVOETO JIKTLO ATOTEAOVIEVO KLPI®G atd KOAAAYOVO, YAVKOTPMOTEIVEG
kot mpoteoylvkaveg (PGs) (Li et al., 2007). Ta ofjuoto mov Tpoépyoviol omd Tnv
ECM pmopodv va ennpedcoovy TOAAES TTUYES TG KLTTAPIKNG GUUTEPLPOPAC, OTMG TN
JpopoToinct, ToV TOALUTAACIAGHO, TN LETOVACTELGN KOl TNV TPOCKOAANGT T®V
kuttdpov (Pupa et al., 2002). H obvotaon g ECM tpomomoteitan onuavtikd and ta.
KOPKIVIKG KOTTOPO OAAQ Kol om0 TO YOP® (QLGLOAOYIKA KOTTOPO, YEYOVOS TOL

emnpealel v ovamtuén Kot v €EEMEN ToV VEOTAAGULATOG.

Ot PGs givan k0pla 6uoTOTIKA TOL EEOKLTTAPIOL YDHPOL KOl TNG KVTTOUPIKNG
uepuPpévne, eved vdpyovv kot Kamoleg gvdokvttapleg PGs. Méow tov mpmteivikon
TOVG KOoppov 1 dtapéoov twv yAvkolaptvoyAvkavik®v (GAGS) tovg aAvcidwv, Omw
¢ Beuxng yovopoitivng, kepatdvng, deppatdvne (CS, KS, DS) 11 Bsuxng nmopdvng
(HS)mmapivn, ot PGs eivor kavég vo aAANAETIOpOOYV pe KOAAAYOVO, ovéENTIKOVS

TOPBEYOVTEG, VITOJOYEIS TOV QVENTIKOV TaPayOVT®V Kot popla Tpookoiinong. Ot PGs
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HEC® TOV TOPOTAVED OAANAETOPACE®Y GULUUETEYOVY ot pOOon  Pacikdv
KUTTOPIKOV AEITOVPYIDOV TOV KOPKIVIKOV KOl TOV QLGLoOA0YIK®V Kuttdpmv (Fjeldstad

& Kolset, 2005).

To mpmdTo Prpa g dTpPnc TV 0 YoPaKINPIoHOS Tov TOmov Twv GAGS
nov moapdyovtal ond Tic petpiov dwapoponoinong HT29 war SWI1116 kapkivikés
KUTTOPIKEG GEPES TOV TOYEOG EVIEPOL TOV AVOPAOTOL. AUPOTEPEG Ol KLTTOPIKES
oelpég ovvhétouv HA, pepPpovikés kot ekKpvOUEVEG  YOAUKTOLOMVOYAVKAVES
(GalAGs) kot HS og dwgopetikéc mosottes. To ProcuvOetikd mpoid twv 600
KOPKIVIK®OV KUTTAPIK®OV Cep®V opépel, pe 1o HT29 xittapa va mapdyovv
ueyardtepeg mocodttec HA wot pepppovikov GalAGs ce ovykpion pe to SW1116
kottopa. Ot ohvoideg HS evtomilovior ommv kuttapikn pepPpdvn tov HT29
KutTdpmv, eved T SW1116 xottapa ekkpivouv Kot dtatnpodv 6to KOHTTOPO TEPITOL

ioeg mocOTNTEG.

21 ovvéyeln LEAETNONKE M EMIOPOAOT] TNG YEVIOTEIVNG GTNV TOPAY®OYT KOl TNV
katavopy twv GAGs/PGs, kabmhg kot otov molhomiaclocpd tov kvttapov. H
YeVIoTEiv glval éva 160QAABovoEdEC TS 6dYLaG Yo TO omoio £yovv Tpotabel moArol
mOavol unyoavicpot dpaons oto KapKvikd KOTTopa, OT®g 1) 0VOGTOAN TNG OpAonS TG
Kwaong g tvpooivng (PTKSs), n aAAnAenidopacn g HE O1GTPOYOVIKOVG VITOSOYELS
(ERs) xor n avactoAn; tng DNA tonoicopepdong II (Peterson, 1995; Polkowski &
Mazurek, 2000). H yevioteiv avéoteile pe 0060eE0PTOUEVO TPOTO TNV GUVOEST] TV
EKKPVOUEVOV Kot TV peuPpovikd ocvvdedepévov GAGs/PGs amd ta SWI116
KLTTApO, KaBmG Kol T0 POCIKO EMIMESO TOAALUTANGIOAGLOD TOVG, TOAVOTATO HECH
evoc PTK pmyaviopov. H avoaotoAtiky] enidpacr g yeEVIOTEIVNG ot cuvleon tov
GAGs/PGs péom g PTK givar 6e copowvio pe mponyodueveg LeEAETEG TOV APOPOLY
KUTTOPIKEG  oepég  avOpamivov kokonBovg pecodmidpatog emBnAlokng Kot
COPKMOUATMOOOVS  OlOPOPOTOMMGEMG,  KOPKIVOL  TOL  HOOTOD Kol KLTTAP®V
ooteocopkmpatog (Tzanakakis et al., 1997; Syrokou et al., 1999; Nikitovic et al.,
2003). Emiong, peléteg €xovv dei&el Tov avaoTaATIKO POAO TNG YEVIOTEIVNG OTNV
avamtuén ToAA®V Kokonfwv veomAacu®v, HETAED TV OMoiMV Kol 0 KOPKIvVOg TOL
nayéog eviépov (Messina & Bennik, 1998). Xto HT29 kottapa, 1 yevioteiv odynce

oe onuovtiky avénon ¢ éxkpiong twv HS, évtovn peiwon tov mapayouevov
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pepppavikddv HS kor pétpia evepyomoinon 1tng obvvBeong tov GalAGs. Ta
amoteAéopata £0e1Eay pia eKAEKTIKY gvepyomoinom g ocvvBeong tov GAGs and ta
HT29 xbdtrapa mapovsio g yevioTeivng, pe 1pomo e£aptdUeEVo omd TOV TUTO TMV
GAGs ka1 TV KaTavOoUn TovG, YEYOVOG TOL VIOOEIKVIEL TV TOAVT] GUUUETOYN TMV
OlGTPOYOVIK®V Lodoyéwv. H yeviotelvn avagépetol Kot ®¢ @UTOOIGTPOYOVO TOL
AGKEL TNV 01GTPOYOVIKY TNG EMOpacn Kupiwg pécw tov vrodoyéo ERP (Sarkar & Li,
2002). To owotpoyovo €xel oeybel o0t emmpedlovv 10 pLOUd avdmTuéng TOV
KOPKWVIKOV KUTTApoV Tov Ttoéog eviépov (Biglia et al., 2004; Di Leo et al., 2001).
H mBovomta ta HT29 kittapa, mov ekepdlovv tov ERP, va amokpivovior edkd oe
£va OVAAOYO TOVL O1GTPOYOVOL EVIGYVETOL OO TO, OTOTEAEGLLOTO TOV TEPUUATOV TOV
KLTTOPIKOD TOALATAAGIAGHOD OTTOV 1) YEVIOTEIVN GE YOUNAEG GUYKEVTPAOGELS OPOVTOG
mbovd ®G 01GTPOYOVIKOG gvepyomontng Odleyeipel Tov  mOAAATAAGIOCUO TOVG.
Meléteg €yovv emiong MOPOLGLACGEL TN OlEYEPTIKN EMIOPAOT) TNG YEVIOTEIVIG OTN
ovvBeon tov GAGS/PGs kot otov TOAAOTANGIOOUO KOPKIVIKOV KLTTUP®OV TOL
naoctov (MCF-7), mov exppdlovv ERs (Mitropoulou et al, 2002). Xvvoyilovtog, ta
amoteAéopaTo  Ogiyvouv TO OPOPETIKO PlOCLVOETIKO TPOPIA TOV KOPKIVIKOV
KUTTAPOV TOV TTay€og eviépov oe GAGs, T JQOPETIKY EMIOPACT TNG YEVIGTEIVIG
OTOV TUTO KOl TNV Katavoun Tov mopayopevov GAGs/PGs kot otov moAlamlociooud

TOV KVTTApoV péow evog PTK pnyavicpov kovn Tov 016TpoyoviK®V DTOS0XEMV.

Endpevoc otoy0g g datpiPig vanpée n pehétn g enidpacng Tov aAvcidwv
GAGs o10v TOAAOTANGLOGHO TOV KOPKWVIKOV KLTTAP®V TOL TOE0G EVIEPOVL.
[Tepapotucd  dedopéva vrootnpilovv 01Tt o1 eEmyevidg mpootifépeveg GAGs
emnpedlovy TV avamTuE QUOIOAOYIKOV KoY UETACYNUATICUEVOV KUTTOP®OV OF
kaAAiépyeta (Nikitovic et al., 2008; Fthenou et al., 2007; Maurer et al., 1994; Volpi et
al., 1994). H yopnyynon tg nrapivng gixe ¢ amotéAecpo T oNUAvTIKY avénon tov
nolamiaclacpod  tov  HT29, SWI116 ko HCTI116  (youniod Poabuov
JPOPOTOINGCNG) KOPKIVIKMOV KLTTAP®V TOV TOYE0G EVIEPOV, O avtifeon e TG
alvoideg CS, DS ko HA mov dev giyov kapia emidpaocn. Eivor yvootd ot n nmopivn
EYEL AVOOTOATIKY dpdoT otV avarntvén mokidwv kuttopikdv tomev (Au et al., 1993;
Flint et al., 1994; Hausser & Brenner, 2004), opumg vmdpyovv UHEAETEG TOL

emonuaivouy Tn SlEYEPTIKN NG OpACT GTOV TOAAUTANGCIOGUO TOV EMONALUK®OV
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kuttdpov (Flint et al., 1994), tov kvttdpov Asvyoiog (Maurer et al., 1994) kot tov
KOPKIVIKOV Kuttdpmv tov otoudyov (Wu et al., 2006). Emiong, éyet deyybel ot1 M
eEwyevag mpootiBéuevn Mmapivn kot ot aAdvcideg HS mov mapdyovion amd to
nratokvLTTOPe EMNPEALOVV TOV TOAAATAQGIOGUO TMV KOPKWVIKOV KLTTAP®V TOV
nayéoc eviépov (Zvibel et al.,, 1998). T ovvéyswn peletnOnke o porog TV
evooyevav kot tov pepppavikedv GAGs/PGs otov puBud aviamtuéng tov HT29,
SW1116 ka1 HCTI116 wxvttdpov. To Pacikd emimedo TOAAATAOCIOGUOD TV
KUTTOPOV 0V EMMPEASTNKE amd TV eVOLUIKY| EMEEEPYOTIO TOV KLTTAPMOV UE EOTKES
Avdoeg mov amopakpovvouy T aAvcideg CS/DS kot HS, ovte amd mv e€wyevn
YopNyNnon €vog avactoréa g Oeiwong Tov aAvcidmv tov GAGs, vrodeikviovtag 0Tt
ot aAAayég Tov pepPpoavikeov GAGs/PGs kat ot evooyeveic Ostopéve GAGs/PGs dev
emnpedlovy kol 0ev glval amapoitnTeg Yoo TOV TOAAATANGLOGUO TOV KOPKIVIKOV

KUTTAP®V TOL TTAXE0G EVTEPOL.

Mehétec cuvodouv v enidpaon tv GAGs 6Tov KUTTOPIKO TOAATAOGLOGHO
pue t doun, T ovykévipmon kot to Pabud Beimong tov GAG aAvcidwv, TOV
KLTTOPKO TOTO Kot T ovvBeon e ECM (Aguiar et al., 2005; Nikitovic et al., 2005;
Syrokou et al., 1999). Aaupdavovtag vroyiv Ta Tapamdve, TPUYUATOTOmONKE avalvon
TV aAvcidmv HS nov mapdyovron amd too HT29, SW1116 war HCT116 xottopa. Ta
amoteAéopato £0€1Eav OTL OAeC Ol KLTTAPKEG oelpég mapdyovv HS alvoideg pe
YOUNAO oMKo @optio ko Ogimon, Kot cvuykekpyéva advcideg HS amotedodueveg amd
un Osiopévoug kavn povo-feiwpévovg ooakyapites. H Proynuikny avéivon tov
TOPOUCKEVAGLOTOG TNG NTapive, GE TPONYOVUEVT] LEAETT TOV epyacTnpiov, £0e1Ee OTL
éxel vymMAAQ emineda Oeimong kot peydAn mocoOTTO TPIG-OEIOUEVOV SICUKYOPLTOV
(Nikitovic et al., 2005). TTapatmphnke Aowmdv pior avénon Tov TOAAATAAGIOGHOD
TOV KOPKIVIKOV KUTTAP®V TOL TOYE0G EVIEPOL amd TNV Nmopivn mov lval TAovola 6
TpIc-Oetmpévong dioakyopite, evdd ot @Ttoyd Beiwpéveg aivcideg twv HS mov
TOPAYoVTOL amd TIC KVUTTOPIKES GEPEG Oev emnpéacay Tov puiud avamntuéng Toug.
Tpic-Bsiwpévol dicaxkyapiteg, or omoiol evromilovtal o€ PEYAAEG TOCOTNTEG OTIC
aAvcideg Tov HS mov moapdyovtar and to frop £xet dsrybel ott dieyeipovv tnv in vitro
AVATTUEN TOV KOUPKIVIKOV KUTTAP®OV TOL TOYE0S EVIEPOL UE XOUNAO UETACTATIKO

duvapkod, evd HS doaxyapitng pe ovo Oetikég opdoeg £xel avacoTOATIKN €Tidpoon
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OTOV TOAAATAOGLOGUO KVTTOPIKAOV GEP®V e VYNASG petaotatikd duvapkd (Fishman
et al., 2002). Enuavtikd CUUTEPAGLLO. TNG CVYKEKPIUEVIG PAOTG TN MEAETNG Elvar OTL
TO, KOPKIVIKG KOTTOPO TOV TToXEOS EVIEPOL TOV HEAETHOAUE Oev emnpealoviot amd ™
dpdon tov evdoyevorv GAGs, yeyovog mov mbava kabotd v avdmtuén tov
KUTTAPOV auTdV o gvaicOn oe onuata tpoepyoduevo ond tig ekkpvopeveg GAGs
TOV KLUTTAPOV TOV YOP® 10TOV KAl omd KOTTOPO TGOV OpYAveOV-GTOY®OV TNg

LETAGTOOTG.

21N GLVEYELD TNG EPELVNTIKNG aLTNG Tpoomdbelng e&eTdotnKay OplGHEVOL
unyaviopoli mov mhavog va ypnotpomolel n eEkuTTdplo YAvKoLoptvoyAuKav,
nrapivn, yw va pvbuicel tov morromiactoopd tov HT29, SW1116 xor HCT116
KOPKIVIKOV KUTTAp®V ToL Taéog evtépov. H nrapivn eivor yvootd ot1 pmopet vo
aAANAemdpdoet pe mowkiAovg avéntikovg mapdayovies, onwg ot FGF-2, EGF, VEGF,
HGF/SF, ko1 péoom ovt®v tov oAANETOPACE®Y VO GUUUIETEXEL 0T pLOUION TOV
OTULOTOOOTIKM®Y TOVG HoVOTaTdV. 'Evag amd toug md KaAd Tekunplopévong poAovg
¢ Nrapiving/HSPGs elvar 1 adénon g kavottag npdcsdeong tov FGF-2 otoug
vroooyeic tov, FGFR1-4 (Nugent & lozzo, 2000). MeietOnke Aouwrdv n mbovn
GUUUETOYY] T®OV CNUATOOOTIKMOY HOVOTOTIOV TOV BActKov avéntikov Topdyovio TV
woProoctov (FGF-2) kot tov emdeppkov avéntikod mapdyovta (EGF) otov
EMOYDOUEVO AT TNV NTOPIVY] TOAATAAGIOGHO TOV KOPKIVIKOV KLTTAPWOV TOV TOXEOS
eviépov. H yopnynon avticopatog evavtia otn dpdomn tov FGF-2, mov gumodilel
OECLELCT TOL AVENTIKOV TOPAYOVIO GTOLG VYNANG GLYYEVELNS LITOOOYELS TOV, GAAL
deV AMOTPEMEL TNV IKAVOTNTA TOL v aAAniemidpdoet pe v nrapivny (Kurokawa et
al., 1989), édeige 6t M Opdomn g Nmopivng otov Torlhamiaclacpd tov HT29,
SW1116 kou HCT116 xopKivik®v K0TTAP®OV TOL TaXE0S EVIEPOL, TOV TOPOVGLALOVV
SpopeTikd TPoeid Ekppaong tov FGF-2 kot twv vrodoyémv tov, dev e€aptdtor amd
10 FGF-2 onpatodotucd povomdrtt (Eucova 4.1). Meréteg €govv mpoteivel v evepyn
CUUUETOYN TOV ONUOTOSOTIKGOV povomatidv tov FGF-2 ota apyikd otddio g
OYKOYEVEOT|G TOL TOXEOG EVIEPOV, KaOMG kal otnv petdotacn tov (Netzer et al.,
2001). H ovvovaouévn yoprynon nrapivng ko gefitinib, evoc avactoréa g Kivaong
Tupocivng tov vrodoyxéa tov EGF (EGFR), 611g kapKivikég KLTTOPIKES GEPEG TOV

Tay€0G eVIEPOL €0e1Ee OTL 1 emidpaomn NG NTOPivg OTOV TOAAATANGLOGUO TMV
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KUTTOpOV avtdv dev gaptdton amd 1 onuotodotnon tov EGFR (Ewoéva 4.1).
[Tponyovueveg peréreg €xovv deiEel 0t o1 aAvoidegc HS mov exkpivovtar amd ta
KOTTOPO. TOL NTOATOG Kot €Ivol SOMIKA TopOpoLeg pe TNV évrova Betopuévn nmopivi,
kaBog kot ot eEmyevog  mpootBépevol  dwoakyopitec HS  avEdvouv  tov
TOALOTAQGLOGUO TOV KOPKIVIKOV KOUTTAPWV TOL TOXEOS EVIEPOL HECW®  €VOG
UNYOVICHOD TOV EUTAEKEL TNV OENUEVT EKPPOCT TOV VTOO0YEWV KIVAGNG TVPOGTVIG
¢ owoyévelog tov EGF (Zvibel et al., 1998; Zvibel et al., 1998; Fishman et al.,
2002). H é\iewyn g ovppetoyns tov EGFR ot dpdon g mmapivng, Omemg
napatnpNOnKe otn peAétn autr, mbavdg vo oxetileton pe v aAAnAovyio kot T

Beimon TV 100K aPITOV TOV TOPACKEVAGULOTOS TN NOPIVNG TOV XPNCIULOTOONKE.

AopBdavoviog vréyy Tovg TOALAPIOUOVS PNYAVICUOVS TToV £XOVV TPOTadEel
ywo. ™ Opdomn ¢ nmapivng (Schlessinger 2000; Lyon et al., 1994; Ottlinger et al.,
1993; Yu et al., 2006), peletnOnke 1 GCLUUETOYT TOV LOVOTOTIOV TOV TPOTEIVIKMOV
KIVAGOV Tov gvepyomolovvtol amd putoyove (MAPKSs) otov emayopevo amd tnv
nrapiv) TOALOTAAGCIOGUO TOV KOPKWVIKOV KLTTAPOV TOV Toy€og &viépov. H
OIKOYEVELL TOV KLTTOPOTAUCUATIKOV TPOTEWVIKOV KWvaochv ogpivng/Opeovivng,
MAPKSs, mov eumiéketar otn HETAO00N TOKIA®V onuatwv omd Tov e£OKLTTAPLO
YOPO GTOV TLPNVO TOV KLTTAP®V, AmoTeELElTOL and TPelc KUPLEG OUAOES KIVAGAY,
ERKSs (extracellular-regulating kinases), JNK (c-Jun amino-terminal kinases) kot p38
MAPKSs, ot omoieg dtopépovv 0G0V apopd TO LVTOSTPOUA TOVS KOl TIG OMOKPIGELS
tovg oto eEwkvuttapikd epebiouata (Kim et al., 2007; Nebreda & Porras, 2000; Zhai
et al., 2004). Megléteg €MONUOIVOLV T GUUUETOYN TOV HOVOTATIOV GNULOTOdOTNONG
tov MAPKSs cg mowiieg kuttapikéc Aettovpyieg (Ding & Adrian, 2001; Hecquet et
al., 2003; McMullen et al., 2005), kaOdg Kot 6TOV TOAMATAACIAGHO Kot TV avamTuén
TOV KOPKIVIKOV KVTTAp®V ToV Ttoyéog eviépov (Balmanno & Cook, 2008; Tong et al.,
2007). Ta amoteréopota £0et&ov 0Tt M Nrapivn pvOuilel Tov ToALUTAACIAGUO TMV
KOPKIVIKOV KUTTAP®OV TOV TOYE0S EVIEPOV HECH TOL GNUATOSOTIKOD LOVOTATION TNG
p38 MAP xwéong (Ewova 4.1). H xwvdon p38 eiyxe apywkd mpotadel wg pio MAP
KWVOOT 7OV OCULUUPETEXEL OTNV OlOOKAGIO TNG OMOTTMONG KOl OTNV  KLTTOPIKN
amOKPION OTO OTPES, OUMG oTolxelo omd TPOoQOTES WEAETEG OEiyvouv OTL M

evepyomoinon ¢ p38 eivor amapait yuo v avantoén kot v eEEMEN TOL
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Kapkivov Tov Tayéog eviépov (Comes et al., 2007; Lim et al., 2006; Sun & Sinicrope,
2005).

YVYKEKPEVO, TO OTOTEAEGLOTO, QLTS TNG PACNG TG MeAETNG €0etav OTL 1
nmoapivn evepyomolel v p38 kwdom, av&dvovtog pe 00GOEEAPTMOUEVO TPOTO TN
owspopvrioon g, oto HT29, SW1116 xar HCT116 kapxivikd kdttapa Tov moy€og
evtépov. O enay®UEVOS amd TNV NPV TOAAATANGLOGHOG TOV KLTTAP®V HEIDOONKE
amd TNV OVOOTOAN NG Kwdong p38, evd dev emmpedotnke omd tn opdon Ttov
avactoAéov tov JNK kot MEK1/2 kivaocdv, yeyovog mov delyvel OTL 1 LUTOYOVIKY
dopbon ¢ nroapivng mpaypatomoleitor péow g onuatoddtnong g p38 MAPK
(Ewova 4.1). Ilponyodueveg peiéteg avadeikvoovv n obvvBetn oyéon tov p38
LOVOTIOTION KO TNG OVOGTOANG TOL KLTTOPIKOD KUKAOV, TOV TOAAOTAAGIUGHOV, TNG
andnTOong, pe tpdmo mov mhava va e€aptdror amd TO0 KLTTOPIKO TEPIEXOUEVO, TOV
KLTTOPIKO TOmo kat to. epebiocpato (Welsh et al., 2006; Thamilselvan et al., 2002;
Comes et al., 2007; Cheung et al., 2008; Corona et al., 2007).

AxoAoVB®G, Y10 Vo XOPOKTNPIGTOVV Ol LOPLOKOT UNYAVIGHOL TOL EUTAEKOLV
T0 povomdtt Tov p38 OTOV EMAYOUEVO OO TNV MIOPIVN TOAALUTAAGIOGUO TMV
KOPKIVIK®OV  KLUTTAP®V TOV  Tox€0G  €VIEPOL, peAetnOnke m  ékppoacn ToV
p21WAF/cipl, p53 ka1 kvkiivng D1, mov amotelovv onpoavtikods puOUIoTég tov
KLTTOPKOD KUKAOV Kol GUUUETEYOVV GTNV €EEAEN TOV KOPKIVOL TOL TTaYE0G EVIEPOV
(Liao et al., 2007; Wilson et al., 2008; Damia & Broggini, 2004). H nropivn péow
evoc p38-e&aptdpevon punyaviopov tporonotel v £kppacn tov p21WAF/cipl, p53
kol kukAivng D1, oe eminedo mRNA «xou 7wpwteivng, evioydoviag Tov
TOALOTAQGLOGHO TOV KOPKIVIKOV KUTTAP®V TOV TOXE0G EVIEPOL, KOOMG TPOAYEL TNV
e€EMEN TOV KLTTAPIKOV KUKAOV avEAVOVTaG ToV aplBpd Tov KuTTtdpwv ot @don S.
Enopévemg, eivor mbovn m vmoapén evog unyavicpod mov cuvogel Ty eEmKuTTapla
GAG nmopivn pe ™ pOOO”N 10V KUKAOD TOV KOPKIVIKOV KLTTAP®V TOV TAXE0G
evtépov. Agdopévov o0t 1 p38 MAP xwdon oyetiCetan pe v andnTOon TOV
KOPKIVIKOV KVTTApOV Tov moxéog eviépov (Comes et al.,, 2007), pelenOnke

emidopacn g Nropiving mov Opme dev UETEPAAE TO TOCOOTO TNG OMOMTOONG OTO
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Ewoéva 4.1. Apdon g nmapivng otov morlhaniactocpo tov HT29, SW1116 kot HCT116
KOPKIWVIKOV KOLTTApOV Tov Tax€og eviépov. H emaywywn emidpaom g mmapiving otov
TOALOTAQGIOGUO TOV KLTTAPp®V  @aivetoar vo eivar  oveEdptnn TV  ONUOTOSOTIKOV
povomatiwv tov FGF-2 kot tov EGFR. Xt0 oynuo amewcovileton, emiong, m mboavn
ouvepyacio TG HUTOYOVIKAG 0pdcng TG nrapivig Kot tng onpatodotnong tov MAPKs. To
p38 onuatodotikd pHOVOmATL QOIVETOL VO EUTAEKETOL OTOV EMAYMUEVO Omd TNV mmapiv
TOAALUTAQGCIOCUO TOV KOPKIVIKOV KUTTOP®V TOV TOXEOG EVIEPOV, TPOTONOIDVING TNV

£KPPOOT YOVISI®OV CTUOVTIKAV Yl Tr) pOOLIGT TOL KLTTAPIKOD KOKAOV.
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HT29, SWI1116 xou HCT116 wOttapa. Zvvendc, n emidpacn g mmapiving oty
avATTLEN TOV KOPKIVIKAOV KUTTAP®V TOV TOYE0S EVIEPOL TOUVAOS VO YIVETOL LEG® TNG
TOPATPOVUEVNG HETAPOANG TNV EKQPOCT TOV PLOUIGTOV-YOVISI®V TOL KLTTOPIKOD

KOKAOV.

Yvvoyilovtog, To amoTEAECUATO OVTHG TG PACNS TNG LEAETNG £0&1&av OTL pia
eEokruttdpro yAvkoloptvoyAvukdvn, 1 nroapivr, UTOpEl Vo TPOTOTOMGEL TNV EKQPAOT)
YOVIOI®V CMUOVTIKOV Yo Tr] pOOUION TOV KUKAOL TMV KOPKIVIKOV KLTTAP®V TOV

ToY€0G EVIEPOL PEGM NG Evepyomoinong g p38 Kivdong.

SOUTEPAGUOTIKE, TO GUVOMKA OTTOTEAEGLOTA TNG TOAPOVCOG LEAETNG QLPOPOVV
TOo AemtTopepn PoynUikd Kot HOPLOKO YOPOKTNPIGUO TOV EVOOYEVAOS TOPOUYOUEVOV
GAGs, v enidpaon tov eEoyevong tpoctifépevov GAGs kot Waitepo TG NTopivng
OV OMOTEAEGE TO TAEOV OPUCTIKO HOPLO, GTOV TOAAUTAOCIOCUO TMV KOPKIVIK®OV
KUTTAP®V TOL TTAXE0G EVTIEPOL TOL AVOPOTOL HEG® TNG TPOTOTOINONS TNG EKPPOONG
TV yovidiov mov puBuilovv tov Kuttaptkd kokAo. To yeyovog 6Tt n nmoapivn péow
tov p38 povomatiov pvOUilel TOV TOAAATAAGIOGUO TOV KAPKIVIKOV KLTTAP®V TOL
Toy€0G eviépov TV kobwotd mOavd otoéxo Yoo HEAAOVTIKEG OMOTEAEGUOTIKES

Oepamneiec.
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Protein Tyrosine Kinase and Estrogen Receptor-dependent
Pathways Regulate the Synthesis and Distribution of
Glycosaminoglycans/Proteoglycans Produced
by Two Human Colon Cancer Cell Lines
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Abstract. The soy isoflavone genistein can affect cell
metabolism by specifically inhibiting protein tyrosine kinase
(PTK) andjor interacting with the estrogen receptors (ERs).
Glycosaminoglycans (GAG) |proteoglycans (PG) may participate
in tumor development and progression. The synthesis of GAG by
two human colon cancer cell lines, HT-29 and SW-1116, and the
effects of genistein on their production and distribution between
culture medium and cell membrane were studied. The mitogenic
activity of genistein on both cell lines growth was also examined.
Metabolic labeling, sensitive high pressure liquid chromatography
(HPLC) techniques and fluorometric cell proliferation assays
were utilized. The results demonstrate that both estrogen receptor
B-positive (ERB+) cancer cell lines produced hyaluronan (HA),
both extracellular and membrane-associated galactosamino-
glycans (GalAG) and heparan sulfate (HS), with the HT-29 cells
producing all GAG fractions at significantly higher rates. The
observed dose-dependent inhibitory effect of genistein on the
synthesis of both secreted and cell-associated GAG/PG by the
SW-1116 cells, as well as on their growth, was suggestive of a
PTK mechanism. On the other hand, the synthesis of GAGs/PGs
by HT-29 cells in the presence of genistein was dependent on
their type and localization which implies the active participation
of the ERs, which was further supported by the observed growth
stimulation at low concentrations of genistein.

Abbreviations: (GAGs) glycosaminoglycans; (PGs) proteoglycans.
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Colorectal carcinoma is one of the leading causes of cancer
death in both sexes in Western countries (1) and the third
most common type of cancer in the U.S.A. (2). Previous
studies have shown that genomic instability (3), as well as
environmental factors such as diet and hormones, can be
correlated to the risk of colon cancer (4). The prognosis for
colonic malignancies is usually poor, if not diagnosed at an
early stage, as this cancer type is characterized by a high
metastatic potential and recurrence rate (5). Tumor
invasion and metastasis formation are a major cause of
treatment failure and death in cancer patients (6) and are
correlated with the ability of cancer cells to degrade the
surrounding extracellular matrix (ECM) and basal
membrane (7, 8). The ECM is a complex network mainly
consisting of fibrillar collagen, fibronectin, laminin,
vitronectin and proteoglycans (PG), the content of which
affects various cellular functions (9).

Proteoglycans (PGs) are macromolecules composed of
linear sulfated glycosaminoglycan (GAG) chains covalently
attached to a protein core and they can be located in the
ECM, associated with the cell membrane or in intracellular
granules (10). GAG/PG are able to interact with growth
factors and/or growth factor receptors and through these
interactions may affect various cellular functions such as
proliferation,  differentiation or migration (11).
Furthermore, quantitative and qualitative changes in
GAGs/PGs production have been suggested to have a role
in the development of some types of cancer, such as
osteosarcoma, melanoma, breast carcinoma and colon
adenocarcinoma (9).

The major soy isoflavone genistein is an active growth
inhibitor for many tumor types including colon cancer, as has
been previously demonstrated in both in vitro and in vivo
studies (12, 13). Generally, its actions have been associated
with a G2/M cell cycle arrest (14), although genistein has also
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been suggested to induce arrest at the GO/G1 phase in some
cell lines (15). On the other hand, at low concentrations (1-2
uM) genistein may also increase colon cancer -cell
proliferation (16). Moreover, previous reports have
demonstrated that, in addition to proliferation, genistein
affects the biosynthesis of GAG/PG in various human cancer
cell lines (17, 18) and that changes in PG/GAG levels may be
correlated to cell proliferation rates (19).

Several possible mechanisms of genistein action in tumor
cells have been proposed. Thus it has been demonstrated
that genistein specifically inhibits protein tyrosine kinases
(PTKs) (20), interacts with the estrogen receptors (ERs),
(21), has antioxidant activities and inhibits DNA
topoisomerase II (16).

The possible effects of genistein on the synthesis of
GAGs/PGs by human colon cancer cell lines have not, to our
knowledge, been examined. The purpose of this study
therefore was to characterize the types of GAG synthesized
by the two colon carcinoma cell lines, to examine the effects
of genistein on the synthesis and distribution of GAG/PG
between the culture medium and the cell membrane as well
as to investigate the effects of genistein on their proliferation.

Materials and Methods

Materials. Fetal bovine serum (FBS) and RPMI-1640 medium
were from Gibco-Invitrogen (Paisley, UK) whereas penicillin,
streptomycin, gentamycin, amphotericin B and L-glutamine were
all obtained from Biochrom KG (Berlin, Germany). D-
glucosamine hydrochloride-[6-3H (N)] was provided by DuPont
de Nemours (Dreiech, Germany). Genistein, bovine insulin, CS-
4-sulfated (CSA) whale cartilage (grade I), heparin lyase II
(heparinase II, no EC number) from Flavobacterium heparinium,
chondroitinase ABC from Proteus vulgaris (EC4.2.2.4),
chondroitinase AC II from Athrobacter aurescens (EC4.2.2.5),
chondro-4-(EC 3.16/9) and -6-sulfatases (EC3.1.6.10) from
Proteus vulgaris and 2 x crystallised papain (EC3.4.22.2) were
supplied from Sigma Chemical Co. (St Louis, MO, USA).
Heparin lyases III and I from Flavobacterium heparinium (EC
4.2.2.7 and EC 4.2.2.8, respectively) and keratanase II was
obtained by Seikagaku Kogyo Co. (Tokyo, Japan). The
fluorometric CyQUANT cell proliferation Assay Kit was obtained
from Molecular Probes (Eugene, USA). Other chemicals used
were of the best available grade.

Cell cultures. The HT-29 and SW-1116 human colon adenocarcinoma
and MCF-7 breast cancer cell lines were obtained from ATCC. The
HT-29 and SW-1116 cells were grown in a humidified atmosphere
at 37°C, 5% (v/v) CO, in RPMI-1640 medium supplemented with
10% FBS and 0.5% gentamicin. The MCF-7 cells were cultured in
DMEM supplemented with 10% FBS, 4 mM L-glutamine, 2 g/l
sodium bicarbonate, 100 IU/ml penicillin, 100 mg/ml streptomycin
and 0.01 mg/ml bovine insulin. The cells were cultured in 75 mm?
tissue culture flasks and the culture medium was changed every
other day. Confluent cultures were first washed with phosphate-
buffered saline (PBS) and then harvested by trypsinisation with
0.23% (w/v) trypsin in PBS containing 0.1% (w/v) Na, EDTA for
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15 minutes at 37°C and 1 vol. of medium was added to terminate
enzymic activity. Centrifugation at 200 xg for 15 min was used for
the collection of the cells and they were counted utilizing Hank’s
balance solution, using a Coulter particle counter (Hialeah, FL,
USA). Prior to RNA and protein extraction the cells were serum
deprived for 24 and 48 hours, respectively.

The effects of genistein on GAG synthesis were examined by
treating the cells for 48 hours with 10 or 30 ug/ml of genistein in
serum free medium. The metabolic labeling of GAGs was
performed by supplementing the cultures with D-glucosamine
hydrochloride-[6[3H(N)] (10 uCi/ml) for 16 hours before the end
point of the experiment (22).

Fractionation and determination of GAGs. Cell-associated PGs
were extracted with 50mM Tris-HCI pH 8.0 containing 1% (v/v)
Triton X-100 and 0.1% (w/v) NaCl and phenylmethanesulphonyl
fluoride proteinase inhibitor, benzamidine hydrochloride and
hexanoic acid at a final concentration of 2, 5 and 50 mM,
respectively (23). The extraction was carried out for 2 h under
mild shaking at 4°C, using 1 ml of the extraction solution per 100
cells. The culture medium was concentrated to 1:100 of its
original volume on a YM-10 Amicon membrane, Millipore
(Billirica, USA). The precipitation of PGs was achieved by the
addition of 4 vol of 95 % (v/v) ethanol containing 2.5 % (w/v)
sodium acetate. To ensure complete precipitation of the PGs, 40
ul CSA (0.2 mg/L) was added as a carrier. The solutions were left
for 30 minutes at 4°C and centrifuged in a Beckman microfuge
(10,000 xg for 10 minutes). The precipitates of PGs were digested
with the proteolytic enzyme papain at 65°C for 60 minutes using
2 units/ml in 100 mM phosphate buffer pH 7.0 containing 5 mM
Na, EDTA and 5 mM L-cysteine hydrochloride (22). The
liberated GAG were precipitated by the addition of 10 vol 1 %
(w/v) cetylpyridium chloride (CPC) and the solution was left for
60 minutes at room temperature. Following centrifugation at
10,000 xg for 10 minutes, the pellets obtained were dissolved in
500 ul of 60 (v/v) propanol-1 containing 4% (w/v) CPC (24). Re-
precipitation of the liberated GAGs was carried out by the
addition of 6 vol. of 95 % (v/v) ethanol containing 2.5% (w/v)
sodium acetate. The precipitates were then washed with ethanol
and left to dry.

In order to identify the HA and GalAGs (chondroitin sulfate,
dermatan sulfate), the GAG preparation was dissolved in water and
digested with an equi-unit mixture (0.2 units/mL) of chondroitinases
ABC, AC II and chondro-4- and -6-sulfatases (25). The removal of
the chondroitinase-resistant GAGs (heparan sulphate (HS), keratan
sulphate (KS) was carried out by ethanol precipitation, and aliquots
from the supernatant were analysed by ion-suppression high-
pressure liquid chromatography (HPLC) for hyaluronan (HA)- and
galactosaminoglycan (GalAG)-derived A-disaccharides using
radiochemical detection (26) as well as by reversed polarity high
pressure capillary electrophoresis (HPCE) (23).

HS was determined in the chondroitinase-resistant GAGs
recovered by the ethanol precipitate after treatment with
chondroitinases and chondro-sulfatases. This was achieved by
removing KS by digestion with keratanase II (27) followed by
ethanol precipitation. Another digestion step was performed with
all heparin lyases I, II and III in combination in 20 mM acetate
buffer pH 7.0, containing 1 umol calcium acetate at 37°C for 90 min
(28). In all cases, the amount of GAGs was determined from the
integrated peak area of the GAG-derived A-disaccharides.
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RNA isolation and polymerase chain reactions (PCR). Total
ribonucleic acid was isolated with the TRIzol method Gibco-
Invitrogen (Paisley, UK) according to the manufacturer’s
instructions. One g of total RNA was used for cDNA synthesis using
the ThermoScript™ reverse transcription-PCR (RT-PCR) System
(Invitrogen, Paisley, UK). Specific oligonucleotide primer pairs were
designed for ERa (F: AATTCAGATAATCGACGCCAG, R:
GTGTTTCAACATTCTCCCTCCTC), ERp (F: GTCCATCGCCA
GTTATCACATC, R: GCCTTACATCCTTCACACGA) and
GAPDH (F: GGAAGGTGAAGGTCGGAGTCA, R: GTCATT
GATGGCAACAATATCCACT) using published literature or
sequence information contained in the National Center for
Biotechnology InformatioGenBank database with OLIGO 4.0
software. Reactions were performed in 20 pl aliquots using the
Platinum Taq DNA polymerase ThermoScript™ RT-PCR System
(Invitrogen) according to the manufacturer’s instructions.

Proliferation assays. Exponentially growing cells from non-confluent
cultures were harvested and seeded in a flat-bottom 96-well black
plate (Corning, USA) at a density of 10x103 HT-29 or SW-1116 cells
per well in 0.2 ml of RPMI (10% FCS). Prior to all growth assays, the
cells were serum starved for 24 h and the treatment was performed in
0% FCS medium. Genistein was added at concentrations of 1, 10 and
30 pg/ml of culture medium and the cells were incubated for 48 h.
After treatment, the number of living cells was determined using the
fluorometric CyQUANT cell proliferation Assay Kit (Molecular
Probes-Invitrogen) according to manufacturer’s instructions.

Statistical analysis. The grade of dependence of GAG synthesis on
genistein was evaluated by the use of the #-test and the one-way
completely randomized variance analysis (ANOVA) using the
Microcal Origin (version 5.0) software. The independence/
dependence between characteristics was regarded as significant at
p=0.05.

Results

Synthesis and distribution of GAG. The analyses of the
metabolically [*H]-labelled GAG/PG synthesized by the
colon HT-29 and SW-1116 cell lines demonstrated that
they produce HA, GalAG and HS (Figure 1A-E). As
presented in Table I, HT-29 cells produced 34% higher
amounts of total GAG as compared to SW-1116 cells
indicating that the two colon cancer cell lines had different
biosynthetic patterns. Specifically the HT-29 cells
synthesized up to 300% more HA and at the cell
membrane retained 250% higher amounts of GalAG as
compared to the SW-1116 cells (Table I). Furthermore,
major differences were noted in the distribution pattern of
the HS fraction between the HT-29 and SW-1116 cells. HS
was mainly retained membrane by the HT-29 cells (57%)
whereas the SW-1116 cells secreted and retained
approximately equal amounts of this GAG type in the cell.
On the other hand, GalAG were mainly secretory products
in both the HT-29 (62%) and SW-1116 (84%) cells,
whereas both cell lines secreted into the medium more
than 93% of the HA produced.

Table 1. Levels and distribution of GAGs between the culture medium
and the cell layer in the human colon cancer HT-29 and SW-1116 cells®.

Cell line Fraction HA GalAGs HS

HT-29 Medium 14373 (>93)b 11330 (62) 80950 (43)
Cell fraction - 4383 (38) 106610 (57)

SW-1116 Medium 4494 (>93) 11090 (84) 61790 (49)
Cell fraction - 1766 (16) 64641 (51)

aLevels are expressed as [3H]-incorporated radioactivity in GAGs;
bThe percent distribution of GAG is given in parenthesis.

Effects of genistein on the synthesis of secreted and cell-
associated GAG/PG. Genistein affected the GAGs/PG
synthesis of the HT-29 cells in a manner specific to the
GAG type and distribution. Thus, when genistein was
present at a concentration of 10 pg/ml, the HT-29 cells
significantly increased the synthesis of exported HS, whereas
the synthesis of HA and GalAG secreted to the medium was
not affected (Figure 1A-E). The -cell-associated HS
production was down-regulated at the same concentration
of genistein. Interestingly, when genistein was present at 30
ug/ml, the synthesis of secreted HS was significantly
suppressed in comparison to that with 10 ug/ml genistein
(Figure 1D), whereas the synthesis of total GalAG was
increased (Figure 1B and C).

The GAG production of the SW-1116 cells was affected in
a different manner by genistein. The synthetic rates of HA as
well as of both extracellularly-secreted and cell-associated HS
were dose-dependently suppressed (Figure 1A, D and E). The
production of GalAG destined for export was suppressed only
at the higher concentration of genistein (Figure 1B) whereas
the synthesis of cell-associated GalAG was not significantly
affected (Figure 1C).

Estrogen receptor (ERa and ) expression by HT-29 and SW-
1116 cells at the mRNA level. SW1116 and HT-29 cells were
negative for ERo mRNA (Figure 2A). MCF-7 cells were
used as a positive control (Figure 2A). Both the HT-29 and
SW-1116 colon carcinoma cells were found to express ERf
at the mRNA level (Figure 2A).

Effects of genistein on the proliferation of the HT-29 and SW-
1116 cells. Treatment of the HT-29 cells with 0.5 pg/ml
genistein caused a statistically significant increase in cell
growth (Figure 3A). At 1 and 10 pg/ml genistein did not
affect their proliferation rates, whereas the higher
concentration of 30 ug/ml caused a marginal suppression
(16%) (Figure 3A). In contrast, treatment with all tested
concentrations of genistein significantly inhibited SW-1116
cell proliferation (Figure 2B).
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Figure 1. Effects of genistein on the synthesis of secreted and cell-associated, HA, GalAG and HS by the HT-29 and SW-1116 cell lines, measured at
the level of 100 cells. The results were expressed as [SH]-labeled radioactivity incorporated as [SH]-glucosamine in HA and HS, and as [SH]-
galactosamine in GalAG. The results are expressed as the average of three experiments in triplicate. Statistically significant differences between control
cells and the two genistein-treated groups (10 and 30 ug/ml) are shown by *p<0.05, **p<0.01, ***p<0.001.

Discussion

The ability of both colon cancer cell lines to synthesize
GAG/PG was significantly affected by the addition of
genistein to the cultures. This isoflavonoid has been shown
to specifically inhibit protein tyrosine kinases (PTK) with
little effect on threonine/serine phosphorylation (20, 29).
Therefore, the dose-dependent inhibitory effect of genistein
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on the synthesis of both secreted and cell-associated
GAGs/PGs by the SW-1116 cells may well be attributed to
its action on PTK. The PTK-mediated inhibitory effect of
genistein on the production of GAG/PG by the SW-1116
cells is in accordance with previous results obtained for both
epithelially-differentiated and sarcomatous human
malignant mesothelioma (18) as well as for SAOS-2
osteosarcoma cell GAG/PG production (30).
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Figure 2. mRNA expression of ERa, ERB and GAPDH in MCF-7 (lane
1), HT-29 (lane 2) and SW-1116 (lane 3) cell lines as determined by RT-
PCR analysis. The MCF-7 cells were used as positive control.

The synthesis of GAG/PG by the HT-29 cells in the
presence of genistein, appeared to be dependent on their
type and localization. Thus the secretion of HS was
significantly stimulated whereas cell-associated HS
production was strongly suppressed. GalAG synthesis was
modestly stimulated whereas HA production did not appear
to be affected by the presence of genistein. The selective
effect of genistein on respective GAG fractions may be
partially accounted by specific inhibitory effects of genistein
on distinct PTK. It has been demonstrated that genistein
specifically inhibits insulin-like growth factor receptor, but
not epidermal growth factor signaling in the HT-29 colon
cancer cell line (31).

Genistein is one of the major phytoestrogens that are
structurally similar to estradiol and possesses estrogenic
effects (32) mainly perpetrated through binding with
ERp, for which the affinity of genistein is similar (94%)
to that of estrogen (29). Different roles for estrogens in
colon carcinogenesis have been suggested (33, 34) and
estrogen has been reported to both stimulate and
suppress colon cancer cell growth (33, 35). Both the HT-
29 and SW-1116 colon cell lines express the ERf mRNA
subtype and are negative for ERa mRNA expression
(36). Previous reports have shown a stimulation of GAG
synthesis by genistein in the ER-positive MCF-7 breast
cancer cell line (17). Therefore, the observed selective
stimulation of the HT-29 cell GAG/PG synthesis suggests
that these cells in vitro specifically respond to an estrogen
analog, an effect not duplicated in the SW-1116 cells and
possibly reflecting differential in vivo effects of estrogens
on heterogeneous colonic cell populations in a tumor
lesion. The activation of ER by genistein in HT-29 cells is
supported by data obtained in proliferation experiments
where it was shown that genistein at low concentrations,
and presumably acting as an estrogen agonist, stimulates
the growth of these cells, in contrast to the SW-1116 cells
which were constantly growth-suppressed at all genistein
concentrations.
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Figure 3. Effects of genistein on human colon adenocarcinoma cell
proliferation. Effects of exogenously added genistein (0.5, 1, 10 and 30
ug/ml) on HT-29 (A) and SW-1116 (B) colon cancer cells. Statistical
significance: **p<0.01, ***p<0.001.

Conclusion

The results of this study suggest that genistein affects the
synthesis of HA, GalAG and HS by the two estrogen
receptor positive colon cancer cell lines. In the SW-1116 cell
line, genistein had a dose-dependent inhibitory effect on the
synthesis of both secreted and cell-associated GAG/PG as
well as on cell growth, mediated probably through a PTK
pathway. The synthesis of GAGs/PGs by HT-29 cells in the
presence of genistein was demonstrated to be dependent on
their type and localization, which may partly be explained
by an ER-mediated mechanism. ER function in these cells is
further supported by the observed stimulation of their
growth at low genistein concentrations.
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Summary

The cancer microenvironment and the interactions between
cancer and surrounding tissue cells are thought to play a piv-
otal role in tumor development and progression. Glycosamino-
glycans (GAGs)/proteoglycans (PGs) are major constituents of
the extracellular matrix, the composition of which may affect
various cellular functions. In the present study, the effects of
GAGs on the proliferation of HT29, SW1116, and HCT116
human colon cancer cell lines were examined using exogenously
added GAGs, an inhibitor of endogenous GAG sulfation and
specific glycosidase digestions. Our results demonstrate that co-
lon cancer cell growth was exclusively stimulated by exoge-
nously added heparin and insensitive to endogenous GAGs/PGs
production, in a sulfation pattern-related manner. Treatment of
the tested cell lines with the FGF-2 neutralizing antibody
showed that the stimulatory effect of heparin on the cells’
growth was not FGF-2-dependent. Responsiveness of colon can-
cer cell lines to exogenous heparin/heparan sulfate may play a
role in their growth and metastasis. © 2008 IUBMB
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INTRODUCTION

Colorectal cancer remains one of the leading causes of can-
cer-associated death worldwide in spite of the major advances
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in treatment (/). The extracellular matrix (ECM) surrounding
the cells is a complex network consisting mainly of collagens,
glycoproteins, and proteoglycans (PGs). The signals originating
from the ECM can actively affect many aspects of cell behav-
ior including differentiation, proliferation, migration, and adhe-
sion (2, 3). Tumor cells interfere with the normal ECM biosyn-
thesis to promote their progression and malignance (3, 4). PGs
are macromolecules that can be located to the ECM, cell mem-
brane-associated or in the intracellular granules. Through their
core proteins or via their glycosaminoglycan chains (GAG),
i.e., chondroitin/keratan/dermatan sulfate (CS/KS/DS) or hepa-
ran sulfate (HS), PGs are able to interact with collagens,
growth factors, growth factor receptors, and adhesion mole-
cules (5). Experimental evidence suggests that the effects of
GAGs/PGs on various cellular functions are defined by their
protein core, the structure and the sulfation pattern of their
GAG chains, the cell type, as well as the surrounding ECM
composition (3, 6, 7).

Exogenously added GAGs can exert growth-regulatory
effects on cultured normal or transformed cells. DS, CS, and
heparin have been found to inhibit the proliferation of human
melanoma cells (8). DS suppresses the growth of human lung
fibroblasts, whereas CS exhibits significant proliferative activity
on human lung fibroblasts (9). Similarly, several studies have
shown that heparin inhibits the in vitro proliferation of vascular
smooth muscle cells (/0), normal osteoblasts, and human osteo-
sarcoma cells (7), or that it promotes the proliferation of epithe-
lial cells (/1).

In the present study, treatment with exogenous GAGs and
inhibition of endogenous GAGs/PGs synthesis and specific en-
zymatic digestions to cleave cell-associated GAGs were uti-
lized, in order to examine the effects of the main types of
GAGs, i.e., CS, DS, HA, and heparin on the proliferation of
three human colon cancer cell lines (HT29, SW1116 and
HCT116).
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EXPERIMENTAL PROCEDURES

Materials

CS (C-9819), DS (C-3788), heparin (H3933), sodium chlo-
rate (SC), heparinase I, II, IIT (H2519, H6512, H8891) and the
monoclonal anti-mouse CSA primary antibody were obtained
from Sigma (St. Louis, MO). HA (Healon) was from Pharmacia
AB (Uppsala, Sweden). Chondroitinase ABC (100330), hepariti-
nase (100703), and the anti-heparitinase stubs antibody clone
(3G10) were purchased from Seikagaku (Tokyo, Japan). Poly-
clonal antibody against the protein core of actin as well as the
anti-mouse and anti-goat HRP-conjugated secondary antibodies
were purchased from Santa Cruz Biochemicals (Santa Cruz,
CA). The fluorometric CyQUANT cell proliferation Assay Kit
was obtained from Molecular Probes (Invitrogen, Carlsbad,
CA). Recombinant FGF-2 and the FGF basic neutralizing anti-
body were purchased from R&D Systems (Minneapolis, MN).

Cell Cultures

HCT116, HT29, and SW1116 human colon adenocarcinoma
cell lines obtained from ATCC were grown in RPMI-1640
medium supplemented with 10% FBS, 0.5% gentamycine, or
100 TU/mL penicillin and 100 mg/mL streptomycin.

RNA Isolation and RT-PCR

Prior to RNA extraction the cells were serum-deprived for
48 h. Total RNA was isolated with the TRIzol method (Gibco).
Five micrograms of total RNA was used for cDNA synthesis
using the ThermoScriptTM RT-PCR System (Invitrogen). Spe-
cific oligonucleotide primer pairs were designed for FGF-2
(F:GAAGAGCGACCCTC ACATCAAG, R:CTGCCCAGTTC
GTTTCAGTG), FGFR1 (F:ACAACCTGCCTT ATGTCCAGA
TC, R:-TGCGTCCTCAAAGGAGACATT), FGFR2 (F:GGTCA
CCA TGGCAACCTTGT, R:TCTGGTTGAGAGATTTGGTAT
TTGG), FGFR3 (F:GGG CAATTCTATTGGGTTTTCTC, R:G
AAGCCCACCCCGTAGCT), FGFR4 (F:-TCA TCAACGGCA
GCAGCTT, R:CAGGACCTCCACCTCTGAGCTA), and GAP
DH (F:GGAAGGTGAAGGTCGGAGTCA,R:GTCATTGATGG
CAACAATATCCACT). Reactions were performed in 20 uL
aliquots using the Platinum Taq DNA polymerase ThermoScript
RT-PCR System (Invitrogen).

Western Blot

The assay conditions for the chondroitinase/heparitinase
treatments have been performed as previously described (8, 72).
In short, cells seeded in 24-well plates were serum-starved for
24 h and then treated with heparitinase (0.001 U/mL) or chon-
droitinase ABC (0.1 U/mL) for 2, 24, and 48 h in 0% FBS
medium. The cell extracts treated with heparitinase were elec-
trophoresed on 8% polyacrylamide Tris/glycine gels and trans-
ferred to nitrocellulose membranes. Cell extracts (40 uL) treated
with chondroitinase ABC and a standard curve using dilutions
(10 pL) of purified CSA chains (0.15 up to 2.5 mg/mL) were
spotted on a positively charged PVDF membrane (Biotrace HP

0.45 um, Gelman Sciences) using a dot blot device (Bio-Dot
apparatus, BIO-RAD). After blocking, the membranes were
incubated for 1 h at room temperature with primary antibodies
[mouse anti-heparitinase stubs antibody (clone 3G10), 1:500;
goat anti-actin, 1:200; and mouse anti-CSA, 1:200]. The
immune complexes were detected after incubation with peroxi-
dase-conjugated anti-goat or anti-mouse antibody, 1:4,000 or
1:2,000, respectively, with the Super Signal West Pico Chemilu-
minescent substrate (Pierce).

Proliferation Assay

Cells were seeded in a flat-bottom 96-well black plate
(Corning) at a density of 3 X 10° cells (HT29 and HCT116) or
7 X 10° cells (SW1116). Prior to all growth assays, the cells
were serum-starved for 24 h and the treatment was performed
during 48 h in 0% FBS medium supplemented with heparin,
CSA, DS, or HA at concentrations of 1, 10, 50, and 100 pg/mL
or SC (25 mM), chondroitinase ABC (0.1 U/mL) or heparitinase
(0.001 U/mL) or these enzymes’ combination. In some experi-
ments, the effect of exogenous FGF-2 (10 ng/mL) as well as of
the anti-FGF-2 antibody (0.1 pg/mL) on cell growth was exam-
ined. After treatment, the number of living cells was determined
using the fluorometric CyQUANT cell proliferation Assay Kit,
which measures the DNA content using fluorescent dye binding.
For converting sample fluorescence values into cell numbers, a
reference standard curve was created using serial dilutions of
known cell number of each cell line.

Determination of HS Disaccharide Composition

HT29, SW1116, and HCT116 cells were cultured in 0% FBS
RPMI during 48 h. The harvested cells were centrifuged and
the pellet was treated with a mixture of heparinases I, II, and
III. The disaccharide content was characterized and quantified
by reversed polarity high-performance capillary electrophoresis
(HPCE), which is able to distinguish disaccharide N, 2-0, 4-0,
and 6-0 sulfation variants, with the exception of the rare and in
heparin virtually nonexistent 3-0 variant (/3).

Statistical Analysis

The statistical significance was evaluated using the t-test and
the one way completely randomized variance analysis, using the
Microcal Origin (version 5.0) software. The independence/
dependence between characteristics was tested at a significant
level of P < 0.01.

RESULTS

The Role of Endogenous GAGs/PGs on Colon
Cancer Cell Growth

One poorly and two moderately differentiated human colon
cancer cell lines, HCT116, SW1116, and HT29 respectively,
were utilized in this study. The specific digestion of cell-associ-
ated CS/DS with chondroitinase ABC (Fig. 1A) or cell-associ-
ated HS with heparitinase (Fig. 1B) or both CS/DS/HS chains
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Figure 1. Effects of chondroitinase ABC, heparitinase, FGF-2 and sodium chlorate treatment on human colon cancer cell prolifera-
tion. A: Detection of chondroitin sulfate A chains by a dot Western blot analysis. Increasing concentrations of CSA (0.15 up to 2.5
mg/mL) and 40 uL of HT29 cell lysate of cells treated with chondroitinase ABC (0.1 U/mL) for 0, 2, 24 and 48 h were spotted on
a PVDF membrane. B: HT29 cell extracts, treated with heparitinase (0.001 U/mL) for 0, 2, 24 and 48 h, were immunoblotted with
the monoclonal antibody 3G10 which recognizes a neoepitope generated by heparitinase digestion (lane 1: non treated; lane 2: 2 h
heparitinase-treated; lane 3: 24 h heparitinase-treated; lane 4: 48 h heparitinase-treated cells). C, D: Effects of GAG lyases and SC
(25 mM/well) treatment on HT29, SW1116, and HCT116 cells’ growth and E: on FGF-2 treated HT29 cells. The results represent
the average of three separate experiments in triplicate. Means = SEM plotted; statistical significance: ***P < (0.001.
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Table 1
Sulfation pattern of HS estimated after specific enzymatic
degradation and HPCE analyses

Disaccharides HT29 SW1116 HCT116
Adi-nonS 38* 37 >90
Adi-mono2S 26 - Traces
Adi-mono6S 36 63 Traces

*The results are expressed as a percentage of total A-disaccharides recov-
ered by HPCE analysis.

with the enzyme combination did not affect their proliferation
(Fig. 1C), suggesting that these cells’, growth is independent of
their cell-associated GAGs content. In continuation, SC, a
known inhibitor of GAG chain sulfation, was used. As pre-
sented in Fig. 1D, SC treatment likewise did not affect the basal
proliferation level of any of the three cell lines, thus demon-
strating that sulfated PGs are not essential for the growth of
these human colon cancer cell lines. In some experiments,
HT29 cells were treated with GAG-degrading lyases or SC, fol-
lowed by FGF-2 stimulation, to assure the functionality of the
endogenous GAG inhibition experiments (Fig. 1E).

Effects of Exogenously Added GAGs on Human
Colon Cancer Cell Proliferation

Incubations with CS, DS, and HA revealed that these GAGs
had no significant effect on HT29, SW1116, and HCT116 cells’
proliferation at any of the concentrations tested (Figs. 2A-2C).
In contrast, treatment of HT29 and SW1116 cells with heparin
at the concentrations of 10 ug/mL and higher caused a signifi-
cant dose-dependent stimulation of their growth rates (Fig. 2D).
HCT116 cells’ proliferation was upregulated in the presence of
50 and 100 pg/mL of heparin, whereas this effect was not
observed at the lower concentration. In order to exclude the
possibility that the utilized heparin preparation contained active
heparin-binding growth factors, a heat treatment was applied.
Heat treatment did not affect the activity of heparin on the
cells’ growth (data not shown).

Sulfation Pattern of Colon Cell-Derived HS
(GIcAGs) Disaccharides

HPCE analysis after specific enzymatic digestions revealed
that the chemical composition of the tested HS significantly dif-
fered among the cell lines (Table 1). Thus, the nonsulfated
disaccharide (Adi-nonS) was the major disaccharide unit of the
cell-associated HS produced by HCT116 cells. On the other
hand, up to 62% of the cell-associated HS synthesized by HT29
cells were found to be monosulphated Adi-mono6S and Adi-
mono2S disaccharides. The main disaccharide unit of SW1116
cell membrane HS (up to 63%) was the Adi-mono6S. Differen-
ces were also observed in the amounts of HS retained at the
cell membrane, as HT29 cells produced 0.8 ug per 10° cells,

whereas 0.4 and 0.5 ug per 10° cells were detected at the
HCT116 and SW1116 cell membrane.

FGF-2 and FGF Receptors Profiles—Effect of
Anti-FGF Neutralizing Antibody

In order to examine the possible involvement of the FGF-
signaling on the heparin effect, the expression profile of FGF-2
and its respective receptors in these human colon cancer lines
were examined by RT-PCR. As shown in Fig. 3A, SW1116 and
HCT116 cells were found to express FGF-2 mRNA, whereas
the HT29 cell line was negative for this growth factor at both
the mRNA and the protein level. No change in the expression
levels of FGF-2 mRNA was observed after the addition of hep-
arin (50 ug/mL) in HT29 cells (data not shown). All colon can-
cer cell lines were found to express FGFR-2 mRNA, whereas
none of them expressed detectable mRNA for FGFR-4. FGFR-1
and 3 expression pattern was cell line-specific.

The addition of FGF-2 (10 ng/mL) significantly stimulated
the growth of just HT29 cells (Fig. 3B). To establish the work-
ing concentration range for the anti-FGF-2 antibody, pilot
experiments with HT29 cells demonstrated that the simultane-
ous addition of the anti-FGF antibody at the concentration of
0.1 pg/mL and higher completely inhibited FGF-2-stimulated
HT29 cell growth. To address the possibility that heparin may
act through the FGF-2 signaling pathway, the three human co-
lon cancer cell lines were treated with the combination of hepa-
rin (50 pg/mL) and the FGF-2 neutralizing antibody at 0.1 ug/
mL. The addition of heparin in the presence of anti-FGF-2 anti-
body stimulated the growth of the anti-FGF-2-treated cells to
the level of the heparin-treated controls, thus demonstrating that
the heparin-induced effect on HT29, SW1116, and HCT116
cells’ growth is not FGF-2-dependent.

DISCUSSION

The complex interactions among the cancer cells, their
ECM, and the surrounding normal cells are thought to play a
pivotal role in tumor development and progression (/4). GAGs/
PGs are major constituents of the ECM and have been shown
to participate in tumor pathogenesis through both their protein
core and GAG chain components (5).

SC specifically inhibits the sulfation of the GAG chains,
resulting in the production of undersulfated PGs, whose secre-
tion is partially prevented by the quality control mechanisms of
the cell. In this study, we have used a specific inhibitor of GAG
chain sulfation, SC (/15), to assess the necessity of endogenous
GAGs/PGs on human colon cancer cells growth. Upon SC treat-
ment, the basal proliferation level of HT29, SW1116, and
HCT116 cells was not affected, suggesting that endogenous
sulfated GAGs/PGs are not essential for their growth.

Specific GAG-degrading lyases have been widely used to
examine the activities of cell-associated CS/HSPGs (8, 12, 16).
Degradation of membrane-bound CS/DS/HS chains by treatment
with either heparitinase, chondroitinase ABC, or their combina-
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plotted; statistical significance: ***P < 0.001 control vs. FGF-2 treated cells; 1P < 0.001 FGF-2 as compared to anti-FGF-2/FGF-

2 treated cells.
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tion, in order to eliminate possible additive effects, had no
effect on the basal level of proliferation of HT29, SW1116, and
HCT116 cells, demonstrating that they are not sensitive to
changes in cell-associated GAGs/PGs.

CS, DS, HA, and heparin preparations, which had previously
been biochemically characterized (7), were exogenously applied
to the three studied colon cancer cell lines. Heparin stimulated
HT29, SW1116, and HCT116 cells’ growth, in contrast to the
other GAG preparations which had no effect. Previous studies
have reported both stimulatory and inhibitory effects of heparin
on the growth of different cell types (6, 7, 9, 10, 17). Moreover,
exogenous heparin and HS-chains secreted by liver cells were
found to affect colon cancer cell proliferation through a mecha-
nism involving increased expression of tyrosine kinase receptors
of the erb-B family (/8, 19). It is noteworthy that liver cells
produce significant amounts of HS in vivo (~0.08 mg per gram
of wet liver tissue) (20). These earlier studies therefore suggest
that heparin/HS may have a critical role in colon cancer growth
and metastasis.

The effects of GAGs on cell proliferation are closely related
to the fine structure of the GAG chain and the sulfation type (6,
7). It has been reported that a low metastatic colon cancer cell
line was stimulated by a three-sulfated disaccharide, whereas a
highly metastatic cell lines’ growth was inhibited by a HS-
disaccharide with two sulfate groups (/8). In this study, the HS
chains associated to HCT116 cell membrane were abundant in
nonsulfated disaccharides, while HT29 and SWI1116 cells
appear to have a high content of Adi-mono6S and Adi-mono2S
as well as nonsulfated HS disaccharides. This is noteworthy, as
it defines the respective HS chains of the tested cell lines to be
of low total charge and sulfation content. It has earlier been
described that transformed/undifferentiated HT29 cells show a
lower HS sulfation degree as compared to their differentiated
counterparts (2/). The utilized heparin preparation was charac-
terized to be highly sulfated (7), with a high content of three-
sulfated disaccharides. Three-sulfated disaccharides, previously
reported to be abundant in the liver HS chains (/8), have been
shown in vitro to stimulate colon cancer cell growth. Therefore,
the growth of colon cancer cell lines was stimulated by three-
sulfated disaccharide rich heparin; whereas the low sulfate con-
tent HS chains produced by the colon cancer cell lines did not
affect their growth. The nonsensitivity of colon cancer cells to
endogenous GAGs may make them more susceptible to growth
signals originating from GAGs secreted by surrounding tissue
cells and/or metastasis target organs such as liver.

An important and well-defined role of HSPGs/heparin is to
increase the affinity of FGF-2 to its respective, FGFR1-4 recep-
tors (22). The active role of FGF-pathways has been suggested
in the early stages of colorectal tumorigenesis as well as in
organ metastasis (23). Initially, the growth response of the cells
to exogenously added FGF-2 was examined. The addition of
exogenous FGF-2 significantly stimulated the growth of HT29
cells, whereas the SW1116 and HCT116 cell lines were not re-
sponsive to FGF-2 treatment. However, Day et al. have previ-

ously shown that HCT116 cell line responded to FGF-2 treat-
ment with increased cell proliferation and that heparitinase
treatment of FGF-2 treated cells resulted in a significant reduc-
tion of their growth (24). This discrepancy may be explained by
the fact that Day et al. utilized both different cell culture condi-
tions for the assay (5% FBS), as well as a different method to
assess cell number (MTT). In order to examine the possible
cooperation between the stimulatory effect of heparin and the
FGF-signaling, we utilized FGF-2-neutralizing antibody that
blocks the ability of FGF-2 to stimulate cellular responses (25).
Treatment of HT29, SW1116, and HCT116 human colon cancer
cells that exhibit different FGF-2/FGFRs expression profiles
with the specific FGF-2 antibody demonstrated that the heparin-
induced effect on these cells’ growth is independent of the
FGF-2 pathway.

Heparin is known to bind several other growth factors, such
as HGF/SF, VEGF, and EGF, and by utilizing this ability may
participate in the regulation of the respective growth factors’
signaling cascades. Even though heparin and HS have been
shown to bind to and influence the activities of many proteins,
including enzymes, cytokines, adhesion molecules, and ECM
components, data on the prospective mechanisms by which hep-
arin regulates cell proliferation are up to date, lacking (26, 27).

In conclusion, our results demonstrate that colon cancer cell
growth was exclusively stimulated by exogenously added hepa-
rin and not sensitive to endogenous GAGs/PGs production,
which may be explained by their respective sulfation patterns.
The stimulatory effect of heparin was not perpetrated through
the FGF-2 pathway. Currently, experiments are performed in
our laboratory in order to examine whether the effect of heparin
is related to the EGFR signaling pathway or is mediated by
other target proteins.
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Abstract. Objectives: Heparin acts as an extracellular stimulus capable of activating
major cellular signaling pathways. Thus, we examined the putative mechanisms

utilized by heparin to stimulate HT29, SW1116 and HCT116 colon cancer cell

©CoO~NOUTA,WNPE

growth. Materials and methods: The possible participation of mitogen activated

13 protein kinase (MAPK) cascade on heparin-induced HT29, SW1116 and HCT116
15 colon cancer cell growth was evaluated by utilizing specific MAPK cascade

18 inhibitors, western blot analysis, real-time quantitative PCR and FACS apoptosis

20 analysis. Results: Treatment with a highly specific p38 kinase inhibitor, SB203580,
significantly (50-70%) inhibited colon cancer cell heparin-induced growth,

25 demonstrating that p38 MAPK signaling is involved in their heparin-induced

27 proliferative response. Heparin-induced stimulation of colon cancer cell growth was
shown to be correlated to increased (up to 3-fold) phosphorylation of 181/182

32 threonine/tyrosine residues on p38 MAP kinase. Furthermore, heparin inhibited

34 cyclin-dependent kinase inhibitor p21WAF1/cip and p53 tumor suppressor gene and
37 protein expression up to 2-fold or 1.8-fold, respectively and stimulated cyclin D1

39 expression up to 1.8 in these cell lines through a p38-mediated mechanism. On the
41 other hand, treatment with heparin did not appear to affect HT29, SW1116 and

a4 HCT116 cell apoptosis rates. Conclusions: This study demonstrates that an

46 extracellular glycosaminoglycan, heparin, finely modulates the expression of genes
crucial to cell cycle regulation through the specific activation of the p38 MAP kinase

51 to stimulate colon cancer cell growth.
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Introduction

Colon cancer is one of the most commonly diagnosed types of cancer among men and
women worldwide (Jemal et al. 2008; Rougier et al. 2003). Cancer progression
requires a continually evolving network of interactions between neoplastic cells and
the surrounding microenvironment (Pupa et al. 2002; Zigrino et al. 2005). Distinct
organs have unique extracellular matrix (ECM) properties which by regulating tumor
cell proliferation and migration can either attenuate or stimulate their ability to
metastasize. Liver is the major colon cancer metastasis target, and importantly
hepatocyte-derived ECM was reported to stimulate the proliferation of colon cancer
cell lines (Zvibel et al. 2001). Specifically, the heparan sulphate (HS) component of
the hepatocyte ECM, structurally similar to highly sulfated heparin (Lyon et al. 1994),
was suggested to enhance colon cancer cell growth (Zvibel et al. 2001). Furthermore,
the key role of heparan sulfate-derived metabolites in the tumorigenesis of colon
cancer is supported by reports correlating heparanase expression with colon cancer
progression (Nobuhisa et al. 2005; Naomoto et al. 2005; Perreti et al. 2008).
Inhibitory effects of heparin on the in vitro proliferation of many types of
cells, including normal osteoblasts and human osteosarcoma cells (Nikitovic et al.
2005; Hausser et al. 2004], vascular smooth muscle cells (Au et al. 1993), normal
fibroblasts (Ferrao ef al. 1993; Westergren et al. 1993), and human melanoma cells
(Nikitovic et al. 2008) have earlier been reported. On the other hand, some reports
show that heparin can stimulate cell growth (Flint et al. 1994; Maurer et al. 1994; Wu
et al. 2006). In our recent study, heparin was demonstrated to stimulate colon cancer
cell growth (Chatzinikolaou et al. 2008), whereas previously liver HS derived
disaccharides were shown to both inhibit and enhance colon cancer cell proliferation

in a sulfation pattern dependent manner (Fishman et al. 2002).
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Numerous mechanisms of heparins’ action have been postulated including the
regulation of growth factors / growth factor receptors (Schlessinger 2000; Lyon et al.
1994), cytokines, mitogen activated protein kinases (MAPKSs) (Ottlinger et al. 1993)
activities, or the modulation of cell cycle progression (Yu et al. 2006). Thus, heparin
and the structurally related HS act as extracellular stimuli capable of activating key
cellular signaling pathways and consequently key cellular functions (Rabenstein
2002).

The transduction of signals from the cell surface to the nucleus is mediated by
several protein kinases, including the family of MAPKs (Nebreda et al. 2000; Zhai et
al. 2004; Juretic et al. 2001; Kim et al. 2007). MAPKs are a family of
serine/threonine kinases constituted by three major classes: extracellular-regulating
kinases (ERKSs), c-Jun amino-terminal kinases (JNKs) and p38 MAPKSs that differ in
their substrate specificity and responses to extracellular signals. MAPKs signaling
pathways have been implicated in a wide range of cellular functions, such as
proliferation, apoptosis and migration (Ding et al. 2001; Hecquet et al. 2003; Igarashi
et al. 2000; McMullen et al. 2005; Tong et al. 2005). Importantly, ERK1/2 cascade is
frequently disregulated in cancer and implicated in colon cancer tumorigenesis
(Balmanno et al. 2008), whereas c-Jun NH2-terminal kinase 1 plays a critical role in
colon cancer cell proliferation (Tong et al. 2007). Although, p38 has been proposed
primarily as a MAP kinase participating in apoptosis and the cellular response to
stress, there is evidence that p38 activation is required for colon cancer cell growth
and survival (Comes et al. 2007; Lim et al. 2006; Sun et al. 2005).

In this study, we investigated the possible mechanisms that the extracellular
glycosaminoglycan, heparin, utilizes in order to regulate HT29, SW1116 and HCT116

colon cancer cells’ growth.
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Materials and methods

Materials :

RPMI-1640 medium, fetal bovine serum (FBS), penicillin, streptomycin and
gentamycin were obtained from Gibco-Invitrogen (Paisley, UK). Heparin (H3933),
the p38 (SB202190) and JNK (SP600125) inhibitors were obtained from Sigma (St
Louis, MO, USA). The p38 inhibitor SB203580 was purchased from Calbiochem (La
Jolla, CA, USA). The MEK1/2 (U0126) inhibitor, anti-caspase 3, anti-cleaved caspase
3, as well as polyclonal antibodies specific for p38 and phosphorylated p38 MAPK
were obtained from Cell Signaling Technology (Beverly, MA, USA). Anti-p-EGFR
(pY1068) was obtained from Biosource International (Camarillo, CA, USA).
Polyclonal antibody against the protein core of actin, anti-cyclin D1, anti-p53, anti-
p21, as well as the anti-rabbit, anti-mouse and anti-goat HRP-conjugated secondary
antibodies were purchased from Santa Cruz Biochemicals (Santa Cruz, CA, USA).
The fluorometric CyQUANT cell proliferation Assay Kit was obtained from
Molecular Probes (Invitrogen, Carlsbad, CA, USA). EGF was from R&D Systems
(Minneapolis,MN, USA). The MAPK inhibitors were dissolved in DMSO according
to the manufacturers’ instructions. All other chemicals used were of the best available

grade.

Cell culture :
HT29, SW1116 and HCT116 human colon adenocarcinoma cell lines were obtained
from ATCC. The HT29 and SW1116 cells were grown in a humidified atmosphere at

37°C, 5% (v/v) CO,in RPMI-1640 medium supplemented with 10% FBS and 0.5%

Cell Proliferation
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gentamycine. HCT116 cell line was grown in RPMI-1640 supplemented with 10%

FBS, 100 IU/ml penicillin and 100 mg/ml streptomycin.

Real-time PCR:

Total ribonucleic acid was isolated with the TRIzol method (GibcoBRL) according to
the manufacturer’s instructions. Five micrograms of total RNA was used for cDNA
synthesis using the DyNAmo cDNA synthesis Kit (Finnzymes, Finland) according to
the manufacturer’s instructions. The primers were mRNA specific to avoid
misleading results from traces of DNA contamination p21WAFI1/cipl (F:
CTGCCCAAGCTCTACCTTCC, R: CAGGTCCACATGGTCTTCCT), p53 (F:
CGTCTGGGCTTCTTGCATTC, R: AAGGCCTGCCCTGTGCAGC), cyclin D1 (F:
GCCCTCGGTGTCCTACTTCAA, R: TCCTCCTCGCACTTCTGTTCC), GAPDH
(F: GGAAGGTGAAGGTCGGAGTCA, R: GTCATTGATGGCAACAATATCCAC
T). For the real-time PCR reaction we utilized the QuantiTech SYBR Green master
mix (Qiagen) in a total volume of 20 pl. Standard curves were run in each optimized
assay which produced a linear plot of threshold cycle (Ct) against log (dilution). The
real-time PCR reactions were carried out in an Mx300P cycler. The amount of each
target was quantified based on the concentration of the standard curve and was
presented as arbitrary units. The quantity of each target was normalised against the

quantity of GAPDH.

SDS-PAGE and Western Blotting :
Growing cells from non confluent cultures were harvested and seeded in 24-well
culture plates and allowed to rest overnight in RPMI supplemented with 10% FBS.

The cells were serum-starved for 24 hours and then treated with heparin (50 and 100

Cell Proliferation
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pg/ml) or/and the specific MAPK inhibitors or gefitinib for 30 minutes and 1 hour,
respectively. Following the treatment, cells were lysed with SOmmol/L of Tris-HCI,
0.5 mol/L of EDTA, 1% Triton X-100, 0.1% NaCl and protease/phosphatase
inhibitors (1 mmol/L phenylmethylsulfonyl fluoride, 5 mmol/L NEM, 5 mmol/L
benzamidine, 1% sodium chlorate and 1 mmol/L orthovanadate). The cell extracts
were electrophoresed on 8% polyacrylamide Tris/glycine gels and transferred to
nitrocellulose membranes. The membranes were blocked with PBS containing 0.1%
Tween 20 (PBS-T) and 5% (w/v) low-fat milk powder, overnight at 4°C. Incubation
with primary antibodies, rabbit anti-p38 (1:1000), rabbit anti-phospho-p38 (1:1000),
rabbit anti-p-EGFR (1:1000), rabbit anti-cleaved caspase 3 (1:1000), mouse anti-p53
(1:200), rabbit anti-cyclin D1 (1:200), mouse anti-p21 (1:100) and goat anti-actin
(1:200) in PBS-T and 1% (w/v) low-fat milk powder was done for 1 hour at room
temperature. The immune complexes were detected after incubation with peroxidase-
conjugated anti-rabbit (1:2000 or 1:4000), anti-mouse (1:2000) or anti-goat (1:4000)
antibodies, diluted in PBS-Tween, 1% low-fat milk, with the Super Signal West Pico

Chemiluminescent substrate (Pierce), according to the manufacturer’s instructions.

Proliferation assay:

Exponentially growing cells from non confluent cultures were harvested and seeded
in a flat-bottom 96-well black plate (Corning, USA) at a density of 3 x 10° cells
(HT29 and HCT116) or 7 x 10° cells (SW1116) per well in the presence of 10% FBS
for 24 hours. Cells were serum-deprived for 24 hours prior to treatment with heparin
(100 pg/ml) in serum free culture medium. The utilized heparin preparation has
previously been finely biochemically characterized (Nikitovic 2005). In experiments

using SP600125 (5 uM), U0126 (30 uM), SB202190 (5 pM) and SB203580 (0.4 or 5

Cell Proliferation
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uM) inhibitors, cells were preincubated with the respective inhibitors 1 hour prior to
the addition of heparin. As the utilized MAPK inhibitors were dissolved in DMSO
according to the manufacturers’ instructions, the equivalent DMSO vehicle controls
were used to rule out any non-specific DMSO effects. After 48 hours of treatment, the
cells were lysed and their number was determined using the fluorometric CyQUANT
cell proliferation Assay Kit, which measures the DNA content using fluorescent dye
binding. A separate standard curve for each cell line was used to convert fluorescence

units to cell numbers. All measurements were performed in triplicate.

Assay of cell cycle regulator genes expression:

Colon cancer cells (HT29, SW1116 and HCT116) were plated on flat-bottom 24-well
plates at a density of 2 x 10° (HT29 and HCT116) or 4 x 10° (SW1116) cells per well
as described above. After 0, 48 and 96 hours of treatment with heparin (100 pg/ml)
and/or SB203580 inhibitor (5 uM), total RNA was isolated with the TRIzol method
(Gibco) and p21WAF1/cipl, p53 and cyclin D1 expression was determined utilizing

Real-time PCR analysis.

Apoptosis and cell cycle analysis assay:

HT29, SW1116 and HCT116 cells were seeded in 12-well plates in the presence
of 10% FBS for 24 hours. The cells were serum starved for 24 hours whereupon
the medium was replaced with fresh supplemented with heparin at a
concentration of 100 pg/ml. In the experiments using the SB203580 (5 pM)
inhibitor, cells were preincubated with the respective inhibitor for 1 hour before
the addition of heparin. Apoptosis was quantified with annexin V-FITC and PI (BD

Pharminogen Cat.No. 556547) according to the manufacturer’s instructions. Briefly,
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cells were washed twice with cold PBS and then harvested in binding buffer (BB,
provided in the kit) at a concentration of 10° cells/ml. Annexin V-FITC (5 ul) and PI
(5 ul) were added in 100 pl / 10° cells and incubated for 15 minutes at room
temperature in the dark. After the incubation, 400 pl of BB was added and the cells
were analyzed at a Beckton-Dickinson FACS Array apparatus (Beckton-Dickinson,
Franklin Lakes, NJ) with the CELLQuest (Beckton-Dickinson). DNasel (3 U/ml)
treated cells were used as a positive control. Flow cytometry was also used to analyze
cell cycle phase distribution. Following 48 hours of treatment, the cells were washed
and harvested in PBS. After centrifugation (5 minutes, 1200 rpm), the cell pellet was
resuspended in 1 ml of cold 1:1 mixture of PBS and Mcllvaine’s (0.2 M Na,HPOy,,
0.1 M citric acid, pH 7.5) consecutively, two volumes of cold ethanol were added
drop by drop whereupon the cells were incubated for 1 hour at 4°C. The cells (10°
cells/ml) were then centrifuged (10 minutes, 2000 rpm), washed with distilled water
and incubated in staining solution (PBS, 100 pg/ml RNAse A, 10 pg/ml propridium
iodide) for 1 hour at 37°C. DNA content was measured at a Beckton-Dickinson
FACSArray apparatus. The sum of all cells in the cell cycle analysis was set to 100%

and the distribution into GO/G1, S and G2/M was determined.

Statistical analysis:

The statistical significance was evaluated using the 7-test and the one way completely
randomized variance analysis (ANOVA) using the Microcal Origin (version 5.0)
software. The independence / dependence between characteristics were tested at a

significant level of p < 0.01.

Results
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Effect of specific MAPK inhibitors on heparin-stimulated colon cancer cell growth

MAPKSs intracellular pathways are crucial in the regulation of cell
proliferation (Kim et al. 2007; Roux et al. 2004; Welsh et al. 2006) and implicated in
colon cancer progression (Balmanno et al. 2008; Comes et al. 2007). We examined
the possible participation of MAPK cascade on heparin-induced colon cancer cell
growth by utilizing specific MAPK cascade inhibitors. SP600125, a specific inhibitor
of JINK; U0126, a specific inhibitor of MEK1/2, which is an upstream activator of
ERK1/2; as well as two independently-acting specific inhibitors of p38 (SB203580
and SB202190) were utilized in concentrations that did not affect cells
morphologically as verified by light microscopy (data not shown). The administration
of 5 uM of SP600125 or 30 uM of U0126 had no effect on heparin-induced HT29,
SW1116 and HCT116 cells’ proliferation (Figure 1A-C). On the other hand, treatment
with the highly specific p38 kinase inhibitors, SB203580 and SB202190 at the
concentration of 5 uM, and SB203580 at the low concentration of 0.4 uM (Lali et al.,
2000) significantly inhibited their heparin-induced growth (Figure 1A-C) but did not
have statistically significant effects on their basal cell proliferation (data not
shown). In order to establish the net heparin-induced growth effect the values of
the media growth rates were substracted from just the heparin treated;
SP600125 (5 pM) were substracted from the heparin-SP600125 (5 pM) co-
treatment; U0126 (30 pnM) were substracted from the heparin-U0126 (30 pM)
co-treatment; SB202190 (5 pM) were substracted from the heparin-SB202190 (5
uM) co-treatment; and SB203580 (0.4 or 5 pM) were substracted from the
heparin-SB203580 (0.4 or 5 pM) co-treatments and the resulting data expressed
as percentage of just heparin induced growth. DMSO vehicle controls

demonstrated that this solvent under utilized conditions did not affect HT29, SW1116

11

Cell Proliferation



©CoO~NOUTA,WNPE

Cell Proliferation Page 13 of 35

and HCT116 cells’ growth (Figure 1A-C). These results indicate that p38 MAPK

signaling is involved in the heparin-induced colon cancer proliferative response.

Heparin modulates phospho-p38 activation

In order to elucidate the effect of heparin on p38 signaling in HT29, SW1116
and HCT116 human colon cancer cell lines antibodies against total p38 protein
content (anti-p38) and phosphorylation levels (anti-pp38) were utilized. The anti-pp38
antibody, which specifically detects the phosphorylation of serin/tyrosine 181/182
residues, demonstrated that heparin in a dose-dependent manner stimulates p38
activation in HT29, SW1116 and HCT116 cells (Figure 2A, B). The increase in p38
MAPK phosphorylation was not related to changes in total p38 protein content as p38
protein expression was not affected (Figure 2A, B). These data demonstrate that
heparin induces activation of p38 in colon cancer cells. In control experiments, the
effect of heparin on p38 phosphorylation was examined in the presence of the highly
specific p38 kinase inhibitor, SB203580 (5 uM) (Figure 2C, D) which abolished

heparin-induced p38 activation.

Heparin regulates colon cancer cell cycle through a p38-dependent mechanism

To characterize the molecular mechanisms involving the p38 pathway on the
heparin-induced colon cancer cell growth the expression of three cell cycle related
genes was analyzed. Initially, HT29, SW1116 and HCT116 cells were grown during
96 hours (at which point they reached growth arrest) and p21WAFI1/cipl, p53 and
cyclin D1 expression was evaluated at 0, 48 and 96 hours points (Figure 3). Real-time
PCR analysis demonstrated that p21WAF1/cipl and p53 transcript expression was

significantly increased at the 48 and 96 hour time point (p < 0.001) whereas the levels
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of the cyclin D1 transcripts were significantly decreased (p < 0.001) as compared to
the 0 hour time point for the three cell lines. These results demonstrate that the
expression of examined cell cycle related genes correlates well with HT29, SW1116
and HCT116 cells growth curves. To investigate the possible effect of heparin on
p21WAFl1/cipl, p53 and cyclin D1 expression, HT29, SW1116 and HCT116 cells
were treated with heparin, SB203580 (5 uM) or their combination during 48 hours
and p21WAFI/cipl, p53 and cyclin D1 mRNA and protein expression was analyzed.
Heparin in a p38-dependent manner modulated p21WAF1/cipl, pS3 and cyclin D1
expression. Specifically, p21WAF1/cipl and p53 transcripts and protein levels were
strongly reduced in all three cell lines (p < 0.001), whereas cyclin D1 expression both
at mRNA and protein level was significantly increased in the presence of heparin (p <
0.001) (Figure 4A-C). Furthermore, the cell cycle distribution of HT29 and HCT116
cells under heparin (100 pg/ml) and/or SB203580 (5 uM) treatment was analyzed by
flow cytometry. Heparin treatment caused a significant increase in the percentage of
HT29 and HCT116 cells in S phase of the cell cycle (p < 0.001), an effect which was
inhibited when the cells were co-treated with the p38 inhibitor SB203580 (Figure
4D). The cell cycle analysis of SW1116 cells could not be reproducibly determined by
FACS analysis due to their tendency to form clusters. Collectively, these results
suggest that heparin is involved in the transcriptional control of cell cycle genes

through a p38-dependent mechanism.

Effect of heparin on colon cancer cell apoptosis
p38 MAPK is defined as a key cellular check-point in the cascade leading to
colon cancer cell apoptosis (Comes et al. 2007). A specific apoptosis assay was

utilized to asses rates of apoptosis in colon cancer cells treated with a p38 inhibitor
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(SB203580, 5 uM), heparin (100 pg/ml) or their combination (Figure SA). FACS
analysis demonstrates that at the 48 hours time point the apoptotic rates of HT29 and
HCT116 colon cancer cells were not affected by heparin treatment. Since the
apoptosis of SW1116 cells could not be reproducibly determined by FACS analysis
due to their tendency to form clusters when harvested mechanically, western blot
analysis was used to examine the cleavage of caspase 3, a key mediator of apoptosis
of mammalian cells. As shown in Figure 5B, SB203580 and heparin/SB203580
treatment resulted in increased cleaved caspase 3 protein expression in SW1116 cells,

which correlates well with the FACS analysis results for HT29 and HCT116 cells.

Effect of EGFR-mediated signaling on heparin-stimulated colon cancer cell growth
Previously, heparan sulfate has been specifically implicated to stimulate colon
cancer cell growth through the EGFR signaling pathways (Fishman et al. 2002).
Therefore, gefitinib, a specific inhibitor of the PTK activity of EGFR, was utilized to
address the possibility that heparin-stimulated colon cancer cell growth may be
dependent on EGFR signaling. Pilot experiments showed that gefitinib treatment
inhibited dose-dependently basal EGFR phosphorylation in HT29 and SW1116 cell
lines (Figure 6A, B). The addition of gefitinib at the concentration of 10 uM abolished
EGF-stimulated HT29 and SW1116 cell growth (Figure 6C), whereas heparin in the
presence of gefitinib stimulated the growth of HT29 and SW1116 cell lines to the
same level as that of the just heparin-treated control (Figure 6C). Since, gefitinib had
a toxic effect on HCT116 cells, as indicated by their decreased basal proliferation
level and the semiquantitative method of trypan blue dye exclusion assay (%
cytotoxicity: 45.8% gefinitib 0.1 uM, 58% gefinitib 1 uM, 71.4% gefinitib 10 uM),

the role of EGFR signaling on the heparin-induced cell growth could not be estimated

14

Cell Proliferation



Page 16 of 35

©CoO~NOUTA,WNPE

Cell Proliferation

(Figure 6C). The basal proliferation levels of HT29 and SW1116 cells were not
affected by gefitinib treatment as demonstrated by the cell proliferation assay
(Figure 6C) and verified with the trypan blue dye exclusion assay (data not

shown). These data indicate that the heparin-induced effect on human colon cancer

cell growth is not dependent on the EGFR signaling pathway.

Discussion

Site-specific metastasis is strongly dependent on the local environment
prevalent in the organ to be colonized by metastatic tumor cells, in particular the
extracellular matrix (ECM) of these organs (Pupa et al. 2002; Kouniavsky et al. 2002,
Radisky et al. 2001). The organ-specific ECM may have either a stimulatory or an
inhibitory effect on tumor cell proliferation (Zvibel et al. 2001). Proteoglycans /
glycosaminoglycans are key ECM molecules which have been shown to affect the
survival and proliferation of cancer cells (Fjeldstad er al. 2005; Nikitovic et al. 2008).
Previously, hepatocyte-derived HS was found to stimulate colon cancer cell
proliferation in vitro (Zvibel et al. 2001). In a recent study, we have shown that
heparin dose-dependently stimulates HT29, SW1116 and HCT116 cells’ growth
(Chatzinikolaou et al. 2008). Furthermore, in liver-colonizing colon cell lines HS
disaccharides were found to stimulate the growth of weakly metastatic and to inhibit
the growth of strongly metastatic colon cancer cell lines on fibronectin substrate
depending on their structure and sulfation pattern (Fishman et al. 2002). These data
highlight the importance of HS-dependent pathways on colon cancer cell growth and

metastasis.
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In view of the fact that MAPKSs signaling involvement on colon cancer cell
growth is well established (Balmanno et al. 2008; Tong et al. 2007; Comes et al.
2007; Welsh et al. 2006), three major MAPK pathways, JNK, ERK1/2 and p38, were
examined for their participation on the mitogenic effect of heparin. Heparin-
stimulated HT29, SW1116 and HCT116 colon cancer cell proliferation was inhibited
by p38 inhibition, while it was not modulated by the MEK1/2 or JNK inhibition, thus
demonstrating that the mitogenic effect of heparin is perpetrated through p38 MAPK
signaling. Previously, p38 MAPK pathway has been established as a central mediator
of colorectal cancer cell homeostasis involved in processes such as proliferation,
differentiation and cell death (Comes et al. 2007; Cheung et al. 2008; Corona et al.
2007; Sun et al. 2005). Thus, treatment with the SB202190 inhibitor specific for
p38a/P kinases causes cell cycle arrest; autophagy and cell death of colon cancer cells
(Comes et al. 2007). In another study, olive oil polyphenols were found to inhibit p38
phosphorylation initiating anti-proliferative effects in human colon adenocarcinoma
cells (Corona et al. 2007). In contrast, PEITC induces G1 cell cycle arrest through the
activation of p38 pathway which appears to involve the modulation of major colon
cancer cell cycle regulators expression (Cheung et al. 2008). These data therefore,
indicate that the relationship of p38 MAPK pathway with cell cycle arrest,
proliferation and apoptosis is complicated and may be dependent on the cellular
context, cell type and stimuli.

In the present study, the effect of heparin on cyclin D1, p21WAF1/cipl and
pS3 cell-cycle related genes important in colon cancer progression, was examined.
Cyclin D1 is an oncogene that drives G1/S cell cycle progression in a manner
dependent on extracellular stimuli (Matsushime et al. 1991). The expression of cyclin

D1 has been correlated to colon cancer cell malignant transformation and resistance to
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chemotherapy (Liao et al. 2007). Cyclin-dependent kinase inhibitor p21WAF1/cipl
involved in the control of G1/S and G2/M transitions is suggested to have a key role
in the regulation of colon cancer cell proliferation (Wilson et al. 2008), whereas p53
tumor suppressor protein exerts its growth inhibitory activity by activating and
interacting with diverse signaling pathways and deregulation of its activity supports
tumor progression [Damia et al. 2004). Our results demonstrate that heparin through a
p38-dependent mechanism modulates the mRNA and protein expression of these key
cell cycle regulators in a manner supportive of colon cancer cell proliferation.
Furthermore, heparin treatment caused a significant increase in the percentage of
HT29 and HCT116 cells in the S phase of the cell cycle, an effect which was inhibited
when the cells were co-treated with the p38 inhibitor SB203580. The results indicated
that heparin promoted cell cycle progression in cells with increased S-phase entry.

Colon cancer cell growth and metastasis is well established to depend on the
glycosaminoglycan content of the surrounding ECM. Therefore this study proposes a
novel mechanism directly linking the extracellular glycosaminoglycan, heparin, with
the regulation of colon cancer cell cycle.

Cancer results from an imbalance between cell proliferation, differentiation
and apoptosis (Raff 1992). Previously, p38 MAPK-dependent pathways have been
determined to support colon cancer proliferation and survival and to confer these cells
with protection against autophagy and apoptosis (Comes et al. 2007; Chiacchiera et
al. 2008). In this study, treatment with heparin did not appear to affect colon cancer
cell apoptosis rates. Therefore, the observed effect of heparin on colon cancer cell
growth is most likely perpetrated through the demonstrated modulation of cell cycle

regulators expression.
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Previous studies have shown that HS chains secreted by liver cells, as well as
exogenous HS disaccharides, stimulated the proliferation of colon cancer cells
through a mechanism involving increased expression of tyrosine kinase receptors of
the erbB family (Zvibel et al. 1998; Zvibel et al. 1998; Fishman et al. 2002). The
possibility that EGFR signaling affects heparin-induced colon cancer cell proliferation
was examined using an EGFR tyrosine kinase inhibitor, gefitinib. The combined
treatment of HT29 and SW1116 human colon cancer cell lines with gefitinib and
heparin demonstrated that the heparin-induced effect on these cells’ growth is not
dependent on EGFR signaling. On the other hand, gefitinib had a toxic effect on
HCT116 cells disabling us to evaluate the role of EGFR signaling on heparin-induced
growth of these cells. Previously, EGFR activation was shown to be dependent on
fine HS structure (Fishman et al. 2002). The lack of EGFR involvement in the
heparin-induced effect demonstrated in this study could well be correlated to the
disaccharide sequence and fine sulfation pattern of the utilized heparin preparation as
previously shown in other model systems (Nikitovic et al. 2008). Furthermore, the
authors can not exclude the possibility that specific organ-derived HS chains may
utilize the demonstrated in this study p38 MAP kinase-dependent pathway to regulate
colon cancer cell growth.

In conclusion, these novel results demonstrate that an extracellular
glycosaminoglycan, heparin, may modulate the expression of genes crucial to colon
cancer cell cycle regulation, promoting increased S-phase entry through the specific
activation of the p38 MAP kinase. Furthermore, the discovery of heparin-mediated
p38 MAPK pathway on colon cancer cells growth may provide a target for future

effective therapy.
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Figure legends

Figure 1. Effect of MAPK inhibitors treatment on heparin-induced colon cancer cell
proliferation. HT29 (A), SW1116 (B) and HCT116 (C) human colon cancer cell lines were
treated with SP600125 (5 uM), U0126 (30 uM), SB202190 (5 uM) and SB203580 (0.4 or 5
uM) (JNK, MEK1/2 and p38 MAPK inhibitors, respectively) or the MAPK inhibitors in
combination with heparin (100 ug/ml). In order to establish the net heparin-induced
growth effect the values of the media growth rates were substracted from just
the heparin treated; SP600125 (5 pM) were substracted from the heparin-
SP600125 (5 pM) co-treatment; U0126 (30 pM) were substracted from the
heparin-U0126 (30 pM) co-treatment; SB202190 (S pnM) were substracted from
the heparin-SB202190 (5 pM) co-treatment; and SB203580 (0.4 or 5 pM) were
substracted from the heparin-SB203580 (0.4 or 5 pM) co-treatments and the
resulting data expressed as percentage of just heparin induced growth. Also
presented are the DMSO vehicle controls. The results represent the average of three separate
experiments in triplicate. Means + SEM plotted; statistical significance: ***p < 0.001

compared to control and the DMSO vehicle.

Figure 2. Effect of heparin on human colon cancer cell p38 activation. (A) Western blot
analysis of pp38 activation in HT29, SW1116 and HCT116 cells treated with 50 and 100
pg/ml heparin. (B) The bands, from three separate experiments, were quantified utilising
image analysis software (ImageJ 1.4.3.67 Launcher Symmetry Software) and used to
calculate the ratio of phosphorylated p38/total p38 (pp38/p38). (C) Activation of pp38 in
colon cancer cells treated with heparin (100 pg/ml) in combination with SB203580 (5 pM)
and (D) densitometric analysis of the resulting bands. Representative blots are presented.

Means + SEM plotted.

Figure 3. Analysis of p21WAF1/cipl, p53 and cyclin D1 mRNA expression during 96
hours. p21WAFl1/cipl, p53 and cyclin D1 mRNA expression in human colon cancer (HT29,
SW1116 and HCT116) cells after 0, 48 and 96 hours of serum starvation, as determined by
real-time PCR Means + SE plotted; n=3. Statistical significance: **p < 0.01, ***p < 0.001

compared to 0 hours control.

Figure 4. Effect of heparin on human colon cancer cell cycle. p21WAF1/cipl, p5S3 and
cyclin D1 mRNA and protein expression in HT29, SW1116 and HCT116 colon cancer cells
treated with heparin (H) (100 pg/ml), SB203580 (SB) (5 uM) or their combination (SB+H)
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for 48 hours, as determined by real-time PCR (A) and western blot (B) analysis. (C) The
bands were densitometrically analyzed and the ratio of p53, p21 and cyclin D1/actin are
presented. (D) Cell cycle distribution of HT29 and HCT116 cells after 48 hours treatment
with heparin (100 pg/ml) and/or SB203580 (5 uM), as determined by propidium iodine
staining and subsequent FACS analysis. The percentage of cells in GO/G1, S and G2/M
phases are indicated. Means + SE plotted; n=3. Statistical significance: ***p < 0.001
compared to respective control (C) and SB203580 treatment: ™ p < 0.01, "™ p < 0.001
heparin as compared to heparin/SB203580.

Figure 5. Effect of heparin on colon cancer cell apoptosis. (A) Apoptotic effect of heparin
(100 pg/ml), SB203580 inhibitor (5 M) or their combination on HT29, SW1116 and
HCT116 cells after 48 hours of treatment, as determined by annexin V/propidium iodine
staining of apoptotic cells and subsequent FACS analysis. DNasel (3 U/ml) treated cells were
used as a positive control. The apoptosis rates were calculated and expressed as percentage of
cells stained with annexin. (B) Expression of cleaved caspase 3 protein after 48 hours of
heparin and/or SB203580 treatment in SW1116 cells, as determined by western blotting, and
the ratio of cleaved caspase 3/actin measured after digital image analysis. Means + SEM

plotted.

Figure 6. Effect of EGFR-mediated signaling on heparin-stimulated colon cancer cell
growth. (A) Serum-starved HT29 and SW1116 cells treated with 0, 0.1, 1 and 10 uM of
gefitinib were lysed and equal amounts of protein/lysate were analyzed for phosphorylated
EGFR by western blotting and (B) the ratio of phosphorylated EGFR/actin measured after
digital image analysis. (C) Effects of EGF (50 ng/ml), heparin (100 pg/ml), gefitinib (10 pM)
treatment or their combination on HT29, SW1116 and HCT116 colon cancer cells’ growth.
The results represent the average of three separate experiments in triplicate. Means + SEM

plotted; statistical significance: ***p < 0.001.
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