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EYXAPIXTIEX

H moapotvoa didaktopikn datpiPn oty Lopen oV TopovctdleTol oTo EmOUEVO GOAAL
YOPTIOV €lval, 6T oKEYT OV, U0 NHTEANG TaPAcTOOoT), £Va “Bovaoiuo apdptnpe’”
[Mahatma Ghandi Ta entd Bavdcipo apoptipoto]. ATotedel TV KOTOYPAPT LG
oEPls  EPOTNUATOV  KOL OVTIOTOIY®V OWOVTINCE®Y UE KOTOL TO  Ouvatdv
eMoTNUOVIKOTEPA 0pBO TPOTO. QGTOGO GTEPEITAL TG OMOTHTWONG OAWDV EKEIVOV TOV
CLVOCONUATOV, TOV CKEYEMY KOl TOV CTIYUOV Tov £noo Kol LolpdoTnKa e GAOVG
T0V¢  GvBpomovg Tov  gpyactnpiov. v  TapovLoo  OWBAKTOPIKN  StoTpiPn|
Kataypaeetot 1 dtodikacio e épevvag (vmdBeon-neipapa-antotéAespa) yopic vo
yiveton Kapio ovapopd 6to TapdAAnAo cOUTOV TV cuvalcHNUdTeV Tov yevvhOnKay,
yuyoavtodnkav Kot xdonkov ommv mopeia g O evBovoiacpdc g vedbeone, M
adnpUovia Yo TNV ANYn OTOTEAEGUATOV, 1] YOPA 1 1| ATOYONTEVOT| OO T TEIPALOTOL,
N opnyovioe g epunveiog TOV OMTOTEAECUATOV KOl TEAMKG 1 KOvVOTOinom ng
OLVEIGPOPEG Oyl OTO AOPLOTO OKOSOUNUO TNG YVAOONG OAAG oTnv evioyvon Tng
mOavOTNTOS EVOC KOADTEPOL PEAAOVTOC amoTEAOVY TO GALD GO ALTOV TOVL YPOTTOV.
OMlo avtd ta cuvousOuaTo glval To amAPOiTNTO GLCTATIKO CTOXEID TNG AVOPMTLAC
7oV 611 cvveidnomn pov EayviCovv 10 “Bavdcipo apdpTua” e oTElPAG EMGTHUNG.

Mo oAdxAnpo avtd 10 cvvoBOAevpa yvodong kot cvvacOnuatov 6o ndelo va
EVYAPLOTACM WLiTEPA OAOVG TOVG AVOPOTOVS LE TOVG OTTOTOVG Elyal TV TYN KoL TNV
YOPA VO GUVEPYACT® OAQ OVTA T YPOVID. GTO EPYACTNPLO 16TOAOYIOG TPOEEAPYOVTOG
oV KaOnynt pov k. Tlavakdkn, yopic v auépiot Pondeia kot kabodnynon tov
omoiov Ba Mtav advvatn N exkmdvnon avtg ¢ datpPne. Oa NBera va exEPIc®
emiong T1g Oepuég evyopiotieg pov oy Tpern emrponn: K.k TCoavakdakn ['edpyro-
Kafnynm Avartopiog-Iotoroyiag, «.Katwovn INadro-Avarinpot) Kabnyntm
OpBomadikng kot K. Zapepomovio AréEEavopo-Emikovpo Kabnynt Avatopiog-
Iotohoyiag) kabmg emiong kot otig Dr Nikitovic Dragana-Aéxtopa Epppvoroyioc-
Iotohoyiag war Dr Bepowdxkn Awoatepivny v v ovolootiky] Pondei Kot Tig
TOADTILES GLUUPOVAEG TTOV L0V TPOGEPEPOLV.

Téhog Ba MBeha va ekppdom tnv Pabed €vuyvouosHVI] HOL GTOVG OIKOVG LOV
avOpOTOVG: XT1 UNTEPOA LLOV KOl TOV TPOMPA YOUUEVO TATEPO OV Y10 TIG APYES KoL TOV
TPOTO GKEYNG TOV LoV peTédmoay Kabmg Kot ot Mapia ywpig mv fondeta, vropovn
Kot oo10d00&ia TG omoiag Ba NTav adVVATO VO OAOKANPOO® 0VTO TO TOHVNLLOL.
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HHEPIAHYH

Ynofabpo: To 0ote06GpK®UO €ival 0 MO GLYVOG KAKONONG GYKOG TV 0GTAOV GTO
modld kot tovg epnpoug, pe cvyvotnta 4,4/1000000. Iopd v onuavtiky avénon
TOV TOGOGTOV EMPIOONG TV ACHEVOV e 0GTEOCHPKM®O TIG TEAELTAIEG deKaETiES,
YEYOVOG oL 0QeiheTon GTNV £yKaipn SLAYVOON Kol TNV ¥p1on TG xnHeodepaneiog, 1
KLTTOPIKN TaBoPLGI0A0Yio TOL dyKov TopapUEVEL o€ peyddo Pabud dyvootn kot M
napovcio petaotdosmv efakolovbel vo amotelel €va OMUOVTIKOTATO OPVNTIKO
TPOYVOGTIKO TOPAYOVTA.

INUovtikd poAo otV avantuén Kot TV €EEMEN TV OYK®OV £X0VV 01 GUVOETEC
aAMNAETIOPACEIS HETAED TOV KOPKIVIKOV KVTTAPWV, Tov e&mkuttapiov yopov (ECM)
KOl TOV YETOVIKAOV (LGOAOYIK®OV Kuttdpwv. H ovotaon tg ECM emnpedlet
ONUOVTIKEG AEITOVPYIEG TOV PUGIOAOYIKOV KOl TOV KOUPKIVIKOV KVTTAP®V, OTMG O
TOALOTAQGLOGOC, | TPOCKOAANGY, 1) LETOVAGTELGN Kot 1 dtapoponoinon. 'Eva amd
TOL KUPLOL GUOTOTIKG TOV £EMKLTTAPION YMPOL KOl TNG KLTTOPIKNG HePPpavng elvar ot
npwteoyAvkdveg (PGs), o1 omoieg HEGH TOL TPOTEIVIKOL TOVS KOPUOD 1 SAUEGOV TOV
yvAvkolapvoyAvkavik®v (GAGs) tovg aAvcidwv, eitval kavég vor OAANAETIOpOVV e
LLOKPOUOPLOL TOV EEMKLTTAPLOL XDPOV, OTWS TO KOAANYOVO, 01 avéntikol TapdyovTeg,
ol VMOJ0YElC TV OoVENTIKOV TOpayOVI®OV Kol  TO  HOpPlL  TPOCKOAANGNG,
CUUUETEYOVTOG LLE TOV TPOTO AVTO GTN POOLOT TOV KVTTOPIK®OV AEITOVPYLDV.

H mapaBoupeocidng oppovn eite og po vOoyevmg mapayOLeEVN opuovn €iTe ¢
évag  eEMYEVAOC  YOPMYOVLEVOS  OVTIOGTEOTOPMOTIKOG Tapdyovtag Oadpopatilet
KOUPKO poAo oTNV PLGIOAOYID TOL 0GTOV. 2GTOCGO TOPAUEVEL EV TOALOIG AyvmGTn M)
onNpacio TG OpAcNS TNG G TPMTOYEVIS OYKOVG TV 0GTMV OTMG TO 0GTEOCHPKMLLOL
2romog: M peEAETN NG emidpaong TUNUATOV NG Tapadupeosdovg opudvng otnv

LETAVAGTEVCT] KLTTOPIKMV GCEPDV OCTEOCUPKMOUATOG 0ovOp®OTOL KoONDS Kot O



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

TPOGOOPIGHOG TOV OAAXY®DV EKEIVOV TOV €EMKLTTAPIOV YDPOV OV EMAYOVTOL OO
LTIV KOl LETABAAOVY TNV HETAVOOGTEVTIKT IKOVOTNTO ALTAOV TV KVTTdpwv. Eniong n
dlepevvnon  t@v  mOavav  eEOKLTTAPIOV KoL EVOOKLTTOPLOV  LOVOTOTIDV
onuatoddTNoNG MOV  EMWOPOVV ot POOMION TG  GLYKEKPWEVNG  KLTTOPIKNG

Aerrovpyiog

Amoteiéopara: 1o TAAICIOL TG TAPOVGOS EPELVOG HEAETNONKE €dv Ol aALOYEG TOV
petafoiopod tov varovpovikod (HA) mov endyovion and ta memtidwe PTH ( 1-34)
kot PTH (7-84) g mapaBopuovng, o petpiog (MG63) kot KoAL S10popOTOMUEVES
(Saos 2) KuttopiKéc GEPESG 0GTEOGUPKDUOTOS, GUGYETILOVTOL LE TNV LETAVAGTEVTIKN
KovOTNTO, TOV KLTTAP®V outdv. Ta amotedéouatd HOG OmodElkviouy OTL 1)
dwdeirovca yoprynon PTH (1-34) odnqynoe oe onuavtiky avénon (P <0,01 ) g
peTavaoTevong Tov Kuttdpov MG63, adénon g kepaong g cvvldons tov HA,
HAS-2 (P <0,001) xou omnv evioyvpuévn evomdbeon vymiov poplokov Papovg HA
oTOoV TTEPIKLTTAPLO Ydpo. Téco N adbénon g evdoyevovg mapaywyng HA (P <0,01)
600 kol M &Ewygvg yopnynon vyniov popakov Papovg HA Ppébnkav va
ovoyetilovtar (P <0,05) pe pio onuavtikn avénon g LETAVAGTEVTIKNG IKAVOTNTOG
¢ Kuttopikng oepdg MG63. Empdivvon pe siHAS2 €6ei&e 6t n PTH (1-34),
Kuplog péow g HAS2, evioyvetl v moapaymyn tov HA kot puBpilel v xuttapikn
Kivntikdmra tov MG63 kuttdpov. Eivar evdiaeépov 6tL, 1 cuveyng xopnynon PTH
(1-34) deyeipet ota Saos 2 kvttdpa v Ekepacn s HAS2 (P <0,001) kou g HAS1
(P < 0,001 ) woopopeng, €vd OVOOTEAAEL TNV EKEPOCT TNG VOAOVLPOVIOACTG-2
(HYAL2) (P <0,001) ka1 evioyver pérpro ) petavdotevon tovg (P < 0,05). Qg ex
tovtov, 1 PTH (1-34) katd tpémo mov e&aptdton amd v péBodo yopnynong g
eoivetal vo, puOUILEL CNUOVTIKA TNV HETAVAGTEVTIKN KavoTTo TV MG63 Ko Saos2

KUTTOPIKAOV  GEPADV  OCTEOCUPKAOUATOG. ZUVUTEPAGUOTIKG, T OgdOpUEVO OV
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TPOKVTTOVV OvadEKVOOLY TV Vrapén poag puBuiotikng enidpaong e PTH (1-34),
KAt &va xpovikd e£apTdUEVO TPOTO YopNyNons, otov petofolopd tov HA yeyovodg
mov odnyel oe UETOPOAEG OTN UETAVAGTELGT TV KULTTAP®V OGTEOGUPKMUOTOG.
Katomy OeAncape vor EpELVIGOVE TNV GUUUETOYN KOl GAADV TOAVAOV LOVOTATIOV
dwpécov tov omoiwv n PTH (1-34) pvBuiler v HETOVOOSTELTIKY KOVOTNTO TOV
KUTTOP®OV TOL OCTEOCOPKAOUATOG TPpo&evmvtog HeTafoAég otnv obvbeon Tov
eEokuttapiov kol mepkvtTopiov yodpov. Etol, epeuvnoape v mibavi] cupupetoyn
™™g onuotoddtong tov FGF2 (avéntkog mapdyovtag wvopfractav 2) oty PTH (1-
34)-e£0pTOUEVT] KVTTAPIKY] LETOVAGTEVCT) TOV 006TEOGUPKMpatos. H yopnynon FGF2
o€ KOTTOPO, OCGTEOCOUPKMUATOS odnynoe oe onuavtiky avénon (P < 0,01) g
KUTTOPIKNG HETOvVAoTELONG TV MG63, Tapduota pe ekeivn TOL TPOKAAEITOL OO TV
PTH (1-34). H mRNA avdivon tng €k@paong Tov KVTTAp®V 6To omoin xopnynonke
PTH (1-34) édei&e pia évrovn avénom tov FGF2, oe eninedo petaypaeng (P =
0,0015). Eivan evowagpépov 611  tpocOnin tov FGF2 og kdttapa MG63 odnynoe oe
ONUOVTIKY] KOTAGTOAN TNG EKEPACTMG TNG OYALVKAVNG, WOG UIKPNG TAOVCLNG OF
Aevkivn TpwteoyAvkavng, t0co og eninedo mRNA (P < 0,0001) 660 kot o€ eninedo
npwteivng (60%). Ilpokeywévov vo eEetactel n onuacioa g OtyAvkdvng oty
KUTTOPIKY petavdotevon tov MG63 kuttdpmv mpaypotoromdnke empuoivvon He
siRNA edwdv yioo tnv dtyAvkdvn, pe amotédecpa t onpavtikn avénon (P < 0,01)
oV KAvOTNTO HETOVACTELONG TOV KOTTOPOV aLTOV. Xe avtifeomn, 1 e&mysvng
xopnynon oavlpdOTVIG  OvVOCLVOLOCUEVNG  OlYAUKAVNIG  OvESTElE évtova TNV
uetavdotevon avtdv tv kvttdpov (P < 0,01). Télog, damiot®Onke po dpeon
ovoyétion petald g opdong g PTH (1-34) kot ¢ ékppaong g dtyAvkdvng ue
onpoavtiky peioon (P < 0,01) og eninedo petaypagng g dtyAvkdvng ota KOTTOpO

ota omoio yopnyndnke PTH (1-34). Xvvontikd, n mapovoo PeEAETN 0modekviEL Eva
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véo ouvvepyikd pnyoviopd dpaong tg PTH (1-34) pe tov FGF2 mov odnyel oe
HeTAPOAEC TG TTaPOVGiaG TNG SIYAVKAVIG GTOV €EOKLTTAPLO YMDPO, Ol OTOIES e TNV
oelpd Tovg mpolevolv PeTABOAEC otn pOOWIOT TG KVTTOPIKNG UETOVAGTEVONG TOV
00te0c0pKMpatos. Aappdvovtag vroyny m onpacio tov TGFP ota 00t kabdg Kot
mv puluoTiKy]  emidpacn mov €xel M OYALKAVY GE OLTOV KOl TPOKEWEVOL Vo
dwmotwbel n avaykoaomta tov TGFB yio ™ petovdotevon tov KLTTAP®V TOV
0GTEOGOPKMUATOG dNpovpyndnkay kuttapo MG63 eAlmm o€ dryhvkdvn ota omoia
npooténke avticopa évoavtt tov TGFP. Awmotdbnke 6TL evd To KHTTOPO TOL TAV
e M) 6g StyAvkdvn mopovciacay avénon NG HETAVAGTELTIKNG OpacTnplOTNTOC
tovg (P<0.01), Ta el o€ dryAvkdvn KOTTapo oto omoia elye emiong mpootedel To
avticopo  anti-TGFBl  dev  katopbwoav va ovénoovv TNV HETOVOCTEVTIKY|
dpacTNPOTNTA TOVG YEYOVOG TOL Kotadvkvdel v onpacia tov TGFBRI oy
LETAVOOTEVTIKY KOVOTNTA TOVG. Adapfdvovtog vrdymv v onuocio mov €yl m
ouvoekdvn 4 oty Plodoyio SPOPETIKOV KOPKIVIKOV KLTTAP®OV KOODS Kol TNV
onpacic tov ovumAdkov FGFR/cuvdekdvn 4 omv emitevén ovtod tov poAov
BeAnoape vo SOMIGTAOCGOLVE TNV ONUOGT TG GUVOEKAVT 4 OTNV UETAVAGTELGT T®V
KUTTOPOV 06TE0CAUPK®OI0TOC MG63. 'ETol Tpoympnoope oty dnpovpyio KuTtdpmv
MG63 avemopkodv ce cuvoekdvn 4 (siSynd4) ota omoia yopnynoope FGF2 ko
JMOTAOCAE OTL QLTE OEV TOPOVCINCAV TNV OVOUEVOUEVT ODENCT] GTNV TKOVOTNTO
T0VG Vo petavaotevovv.Kata avtdév tov tpdmo deifape ott 1 ovvdekavn 4 amotelel
éva amopaitnto pHopo 6to punyovicpd pe tov onoio o FGF-2 emituyydvel tv avénon

NG KLTTOPIKTG HeTavVAsTELON G TV MG63 KuTTApOV.

2ovunepdouara: Me v mapovoo pehétn dwmiotobnkav 2 mBavoi pnyovicpol
dwpécov tov omoiwv n PTH (1-34) emtvuyydver ) dpdon G 6T UETOVAGTEVTIKN

KAVOTNTA TOV KVTTAP®V TOV 0GTEOGAPKADLOTOG,
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1°° Mnyoaviepog: H PTH (1-34) eléyyovtag tov petofoAMopd Tov voAovpovikon
oféog (HA) oav&aver ™ HETOVOOTEVLTIKY] 1KOVOTNTO T®V  KLTTAP®V  TOV

00TEOCOPKMLOTOC.

2% Mnyaviopog: H PTH (1-34) ehéyyovtag tqv ovvBeon g StyAvkdvng pe ™
dwapecordpnon tov FGF-2 katopbdvel va peTafdALEL TN LETOVAGTELTIKY IKOVOTNTO
TOV KUTTAPOV TOL 0GTEOGOPKMOUNTOS. Xe avtn T dpdon tov FGF-2 kpiciwo poro

&xelm ovvoekdvn 4.
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INEPIAHYH XTA AITAIKA (ABSTRACT)

Backround: Osteosarcoma is the most common malignant bone tumor in children
and adolescents, with frequency 4,4 / 1000000. Despite the significant increase in the
survival rate of patients with osteosarcoma over the past decades, due to early
diagnosis and the use of chemotherapy, the tumor cell pathophysiology remains
largely unknown and the presence of metastases continues to be a major negative

prognostic factor.

Complex interactions between cancer cells, the extracellular matrix (ECM) and the
adjacent normal cells play an important role in development and tumor progression
.ECM composition affects important functions of normal and tumor cells, such as
proliferation, adhesion, migration and differentiation. One of the main components of
the extracellular matrix and cell membrane are proteoglycans (PGs), through which
their protein core or through their glycosaminoglycans (GAGs) chains are capable

to interact with macromolecules of the extracellular matrix such as collagen, growth
factors, growth factor receptors and adhesion molecules , participating in this way to

the regulation of various cellular functions.

Parathyroid hormone (PTH) as either an endogenous produced hormone or an
administered antiosteoporotic factor plays a key role in the physiology of
bone. However it remains largely unknown the importance of PTH action in primary
bone tumors such as osteosarcoma

Aim: To study the effect of different parathyroid hormone peptides in the migration of
human osteosarcoma cell lines and to identify possible changes of the extracellular

matrix induced by PTH peptides that affect the migratory capacity of these cells.
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Moreover, the investigation of potential extracellular and intracellular signaling

pathways that may regulate this specific cellular function

Results: we investigated whether the changes of HA metabolism induced by PTH (1-
34) and PTH (7-84) peptides in moderately MG-63 and well-differentiated Saos 2
osteosarcoma cell lines, are correlated to their migration capabilities. Our results
demonstrate that intermittent PTH (1-34) treatment significantly (P < 0.01) supported
the migration of MG-63 cells, increased their HA-synthase-2 (HAS2) expression (P
<0.001), and enhanced their high-molecular size HA deposition in the pericellular
matrix. Both increased endogenous HA production (P < 0.01) and treatment with
exogenous high-molecular weight HA (P < 0.05) correlated to a significant increase
of MG-63 cell migration capacity. Transfection with siHAS2 showed that PTH (1-
34), mainly through HAS2, enhanced HA and regulated MG-63 cell motility.
Interestingly, continuous PTH (1-34) treatment stimulated both Saos 2 cell HAS2 (P
<0.001) and HAS1 (P <0.001) isoform expression inhibited their HY AL2 expression
(P <£0.001) and modestly (P < 0.05) enhanced their migration. Therefore, the PTH (1—
34) administration mode appears to distinctly modulate the migratory responses of the
MG-63 moderately and Saos 2 well-differentiated osteosarcoma cell lines.
Conclusively, the obtained data suggest that there is a regulatory effect of PTH (1-
34), in an administration mode-dependent manner, on HA metabolism that is essential
for osteosarcoma cell migration. Then we wanted to investigate the participation of
other potential pathways through which PTH(1-34) regulates the migratory capacity
of osteosarcoma cells, through regulation of the composition of the extracellular and
pericellular space. Thus, we investigated the possible participation of FGF-2 signaling

in PTH(1-34)-dependent osteosarcoma cell migration. FGF-2 treatment of



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

osteosarcoma cells resulted in a significant increase (P < 0.01) in MG63 cell
migration, similar to that caused by PTH(1-34). mRNA expression analysis of cells
treated with PTH(1-34) showed a strong increase in FGF-2 transcript levels (P =
0.0015). Interestingly, the addition of FGF-2 to MG63 cells led to significant
downregulation of small leucine-rich proteoglycan biglycan expression at both the
mRNA (P <0.0001) and protein (60%) levels. In order to examine the significance of
biglycan on MG63 cell migration, transfection with short interfering RNA specific for
biglycan was performed, resulting in a significant increase (P < 0.01) in the migration
capacity of biglycan-deficient MG63 cells. In contrast, exogenous human
recombinant biglycan strongly inhibited the migration of these cells (P < 0.01).
Finally, a direct correlation between PTH(1-34) action and biglycan expression was
established by the finding of a significant decrease (P < 0.01) in biglycan transcript
levels in PTH(1-34)-treated cells. To summarize, the present study demonstrates a
novel cooperative mechanism of PTH(1-34) and FGF-2 action that results in specific
alteration of the biglycan extracellular matrix content to regulate osteosarcoma cell
migration.. Taking into consideration the importance of TGFb in bone biology and the
regulatory effect of the biglycan on TGFb action, in order to determine the necessity
of TGF b for cell migration we created MG 63 biglycan-deficient osteosarcoma cells.
We treated these cells with an antibody against TGFb and we found that while
biglycan-deficient cells increased their migration capacity (P <0.01), biglycan-
deficient cells which were treated with the anti - TGFbl antibody failed to increase
their migration activity. These results show the importance of TGFbl in migration
capacity of MG63 cells .It has been shown that syndecan 4 plays an important role in
the biology of different tumor cells and that this role is achieved through complex

FGFR / syndecan 4 interactions. We sought to determine the importance of syndecan
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4 in MG63 osteosarcoma cell migration. We proceeded to create MG 63 cells
deficient in syndecan 4 (siSynd 4) in which we administered FGF 2 and found that
they did not show the expected increase in their ability to migrate. Thereby shown
that syndecan 4 is an essential molecule in the mechanism in which the FGF -2

achieves increased cell migration of MG 63 cells.

Conclusions: With this study we identified two possible pathways through which

PTH (1-34) achieves its action on migration ability of osteosarcoma cells.

st pathway: PTH (1-34) controlling the metabolism of hyaluronic acid (HA)

increases the migratory ability of osteosarcoma cells.

nd pathway: PTH (1-34) controlling the synthesis of biglycan through regulation of

FGF2 expression, manages to alter migration ability of osteosarcoma cells. Syndecan4

is an essential component for the action of FGF2 in this pathway.
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3. ATIOTEAEZMATA (1)

3.1

3.2

3.3

3.4
3.5

3.6

3.7

1% Mnyoviopdc: Emdpdosic twv nentiduwv PTH otnv kuttapikn
LETAVAGTEVGT) TOV OGTEOGOUPKMUOTOS OLOUECOV UETAPOADY GTOV
petafoiopd tov HA

Emdpdaoceig tov nentidiov PTH oty éxepaon tov 1copopedv g HAS

Emdpdaoeig tov nentdiov PTH oty ékppaon tov icopopeov g Hyal kot

CD44
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1 EIZATQI'H

1.1 OXTEOXAPKQMA

1.1.1 Tevika

To ooteocdpkopa givar o mo cvyvdg KakonOng OYKoG TV 00TMV GTO TodLd

Kot Toug €pnPovg pe ovyvomnta 4,4/1000000 (Mirabello et al 2009). ZvvhBwg
eupaviCetor kotd tn dgvTepn Oekaetio ™G NG Kot pe HKPOTEPT GLYVOTNTA OE
EVIAIKEG peyodlvTepng nAkiog. Ot dykol T@V 06TOV EKONAGVOVTOL KUPIOG He AAYOC
Kot oidnua og €éva 00td 1 og o dpbpwon. To copmtdpaTe GLYVE amodidovTol GE
afANTIKEG KOKMOOEL, €101KA otovg €pnPovs. H mapovsio vuytepvod ddyovug,
CUGTNUOTIKOV CUUTTOUATOV TS vOGou, 1 amwAsw PBdpovg M M eupévovoa
CLUUTTOUATOAOYIOL PETE OmO 0pKETEG EPOOUASES GLVINPNTIKNG OVIIUETOTIONS Oa
TPENEL VO, TPOELOOTOCEL TOV KAVIKO Y1OTPO Y10, Lol TTo GOBap1| VITOKEIUEVT attiol Ko
VO TOV KIVITOTOMGEL TPOKEEVOD VAL TTPOYMPTNOEL GE TEPOUITEP® JLUYVAOSTIKO EAEYYO.
To ooteochpkopo TOHAVOTOTO TPOEPYETAL OMO UECEYYVUOTIKA PAOCTIKG
KOTTOPO LE TOLAGYIOTOV UEPIKN OEGUEVLGN GTNV OGTEOPANCTIKN GEPH, OV Kol M
aKpIPNS TPOoEALELON TOV KLTTAPWOV AVTAOV givar acagns. AcBeveig pe KAnpovopko
petwvoPrdctopa, obvvopopo Rothmund-Thomson, ovOvdépopo Li-Fraumeni xot
ovvopopo Werner £€govv mpodldfeon otV avianTuén 0GTEOCUPKADUATOG, YEYOVOS TOV
VTOONADVEL OTL 01 0ALAYEG T YOVIdla Tov cuvdovTat pe aTég Tig otatapoyés (RB1,
RECQLA4, TP53 kot WRN, avtiotoiymg) pnopel va mailovv poéio otnv maboyéveln
m¢g vooov (Gorlick R 2009). Evtovtoic, m ovviputtiky 7Agloyneio TtV
0GTEOGOUPKMUATOV TPOKVTTEL G€ 0GOEVEIC TOV OV £XO0VV YVAOGTES KANPOVOUOVIEVEG
YOVIOLOKEG UETOAAAEELS. XE EMIMEOO KVTTAPOYEVETIKNG, TO OOCTEOGAPKMUA EYEL

eEAPETIKA TOAVTAOKOVG KAPVOTLTTOVG E TOAAEG aPIOUNTIKEG Kot SOKEG OVOUOALES.
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Qo1660, oG TOpa dev €xel avayvoplotel kamowo otabepd speavilopevn avopoiio.
Tpeig peiloveg vmdéTLTOL TOV GLUPOTIKOD 00TEOCAPKAOUATOG ovayvopilovat:
00Te0PAACTIKOG, YOVOPOPAACTIKOG KOl WOPAACTIKOG, YEYOVOG TOL avTiKaTomTpilet
™V Kupiopym poper| tov Pacikot otpmdpatog (Folpe 2010). H Bepoanecio ko 1 £kPaon
AVTAOV TOV VTOTVTTMOV OV TAPOVCIALEL dtopopéc. To TaposTIKG, TO KEVTIPIKO YOUNAOD
Babpov Kot To TEPLOGTIKO OCTEOGAPKMUA EVOL LOPPOAOYIKE KOt KAWVIKG SLOKPITES
VIOKATNYOPIEG 0GTEOCAPKMOUOTOS e PEATIOUEVN TPOYVOOT KOl amoTEAOVYV AyOTEPO
aro 10 5% TOL GLVOAOVL TOV TEPMTMOGEMYV TOV 0GTEOGOPKMUToc. H nhkia xatd v
TOPOVGIOGT) TOV TOPOGTIKOD KOl TOV TEPLOGTIKOV 0GTEOGUPKMUATOG Eival cuvinBmg M
TéTOpTn Kou 1M mEUmTN Oekoetio g C(omg. H pikpookomikn didyveon Tov
00TE0COPKMUATOG otnpileton o peydho Pobud oTOV TPOGIOPIGUO TNG TOPUYDYNG
TOV OOCTEOEWOVG OMd TO VEOTAAGUOTIKG KOTTOpA. Agv vrapyovv PonOnrtikés
OVOGOTIGTOYNUIKEG 1| LOPLOKES YEVETIKEG PEAETEG OV Vo BonBodV Gt JdyveoTn Tov

00TEOGOPKMLOTOC.

1.1.2 Xpopooopotikoi mtapayovreg

To oocteoclpropo mTopovotdleTor pe TOAVTAOKOVS KOPLOTLTOVG KOl £Vol
eCapetikd aotabéc yovidiopa mov gpeavilet 6yt poévo apuntikég oAAd Kot dopUIKES
ypopocouikés petapforés (Yang et al 2010). Zvykekpéva ot Bécelg 1p35, 1g23.1-
1g21.1, 6p22.1-6p21.31 kar 19p13.11-19p13.2 mapovcidlovion EVIGYLUEVES, EVD Ol
0éoeg 5q12.3-5q13.2, 5q14.3-5922.2 kan 13q13.2-13p14.3 mapovcidlovv dtaypa@Ec.
Avtég ot meproyég mepthapPdvoov 1162 yovidia mov eivor oe peydio Pobuod
evioyvpéva kot 146 pe dwypagés. Mepucée petaforés cvoyetiCovror pe KAWIKN

TPOYVOON 1 EUTAEKOVIOL OE ONUOVTIIKG CNUOTOOOTIKO HOVOTATIY, YEYOVOS TOV
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VITOONADVEL OTL gUmAEKOVTOL €V PEPEL 0TV OyKoyéveon 1 v eEEMEN Tov dykov

(Yang et al 2010, Yang et al 2011).

1.1.3 Ileprporrovtikoi mapayovreg

dvowoi, ynukoi kot Poroywkoi mapdyovieg €xovv mpotabel g mBovd
KOPKIVOYOVAL Y. TO  00TE0GApKmua. Meta&h avtdv, o pOAOC NG LAEPIHIOVS
axtvoPoliog kot ¢ oviCovoag aktvoBoiia gival o koAvtepa damicTopévoc. H
apyw] maboyevetiky] ohvdeon petald g €kbeong oty axtivoPfolio. Kot TOV
0GTEOCOPKMUOTOG TapatnpOnke o epyalopeveg otnv oporoyomotio (Polednak et al
1978). Evtovtolg, m £ékbBeon o€ oaktvoPoAio eumiéketar poéovo oto 2% TtV
TEPIMTOGEWV TOV ooteocapkmpatog (Picci et al 2007) kou dev Bewpeitor OTL el
oNUoVTIKO pOAo oe madtatpikovg acbeveic. ‘Eva didotnua tov 10-20 etdv €xet
napotnpnOel HeTaEy g ékBeong Kat TG epPaviong Tov ooteocapkopatog (Longhi
et al 2003). Otav n aktivoBepaneio ypnoponoteitan o€ Todd ®G péco Bepameiog yio
ocvumayeig 0ykovg, 5,4 % TV IOV oVATTOGGOVV EVO OEVTEPEVOV VEOTAAGLO KO
10 25 % avtdv eivan copkopota (Paulino et al 2005) .
Ot ymukol mopdyovieg TOL GLVOEOVTOL WHE TNV EUEAVIOT TOV OCGTEOCHPKMOTOC
neplopPavouy to pebvioyoravBpévio kat ta dAata ypopiov (Rani et al 1992), 1o
ofewiov tov PnpvAiiov (Dutra et al 1950), o wevddpyvpikd muptTikd PnpvAiio
(Mazabraud et al 1975), tov apiavro kot 11 Papég avikiving (Tan et al 2009).
[MoAodtepa , o UKAG apYNG AUTIOAOYIOL TOV 0GTEOGAPKAOUATOG giye TpoTabel. Avtn
nponABe omd v aviyvevon Ttov L mORkov 40 (SV40) oe KOTTOpO
00TE0GOPKMUATOS. Q26T000, 1 Topovsia Tov SV40 o avtd o KOTTOPA SOTICTOONKE
apyotepa OTL glval 1o omOTéEAEGHO NG mMopovsiog tov 100 SV40 oto eupdiio

TOAOHVEAITIONG TTOV avTtol ot acBeveic elyav AdPet (Mendoza et al 1998, Engels et al
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2005). Meléteg mov a&oroyovv tov poko tov SV40 oty maboyéveon Ttov
peconiodpartog £xovv mpoteivel 0Tt aviyvevon tov SV40 oe avBpdmivoug kapkivoug
umopel 6TV TPAYUATIKOTNTO VO, OQEIAETOL O EPYOCTNPLOKT HOAVVOT 0md TAAGUIO

nov meptEyovv aliniovyieg tov SV40 (Lopez-Rios et al 2004, Manfredi et al 2005).

1.1.4 Meraypogwkoi [lapayovreg

Ot mopdyovieg peTaypa@ng OlELVKOADVOLYV TNV OECUEVCT] TOL TPOAYWOYEQ
(promoter) GLYKEKPUEVOV YOVIOIOV DGTE VO EKKIVIGEL 1) S1OOTKOGT0 TNG LETAYPOUPNG.
Evo n petaypaer vrokerroar cuvifwg oe avotnpég puluicelg, n amopphbpon g
umopet vo. cupPel 6to ootEOGhpK®ULN, OTMG Kot o€ dAlovg Kapkivovug. H mepicoeia
TOPOUYOYNG TOV TOPAYOVI®OV UETAYPOUENS N M TOPOy®yn VOS VEOU LIEPOPAGTIPLOV
LETAYPAPIKOD TopdyovTa , UTopel va TpoKHYOLV amd avadidtasn tov yovidiov Tov.
To ovumhoko g mpwteivng evepyomomty 1 (AP-1) eivar évag pvBuotig g
LETAYPAPNS TOV EAEYYEL TOV TOAAATANGIOCHO, TN O10POPOTOINGN Kot TO HETOPOAIGUO
TV oot®v. To AP - 1 amoteAeitar amd Fos kot Jun mpwteiveg , ta mpoidvia tov c- fos
Kot ¢ -Jun mpwto-oykoyovidimv, avtictoiyws. Ta Fos kot Jun €govv Bpebet va elvan
ONUOVTIKA ovénuéva 6e VYNANG KokKONOEG 0GTEOCAUPKOUOTO GE GUYKPLON LE
KaAoN O ooteoPractikés Prafeg kot yoauning kokondewg ooteocapkopdto (Wu et
al 1990, Franchi et al 1998) kot ocvvdééovtar pe v Tdom Yoo TV ovamTuén
petaoctdoewv (Gamberi et al 1998). Xe Fos kot Jun duthd Siayovidiokd movtiKio
Bpénke va avamthHooviol 0GTEOGUPKMUOTO UE UEYOADTEPT GLYVOTNTO AT O,TL O
noévo c- Fos dwayovidrokd movrikio (Wang et al 1995) . Xe npocoateg pehéteg (Leaner
et al 2009) o@dvnke 01t M avactoAn ¢ AP-1-pecolafoduevng petaypaenc
TPOKAAESE UEIOUEVT] UETOVACTELGON, €GPOAN Kol HETAOTAOT O €vav HOVIEAO

0GTEOCAPKMUATOS TOVTIKOD.
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To Myc givat évag mapdyovtag HETOYPOPNG TOL OpO. GTOV TLPNVO KoL dlEYEipEL TV
KLTTOPIKY ovamTuén kot dtaipeon. H evioyvon g ékepaong tov Myc €xet epmhokel
oV TaH0YEVEST TOV OGTEOGUPKMUOTOG KOl TNV OVTIOTOOT GE YNUE0OEPATEVLTIKOVS
napdyovteg. H vrepékppaon tov Myc 6ta oTpOUOTIKG KOTTOPO LVELOD TV 0GTAOV
odnYel TNV aVATTLEN 0GTEOGUPKMUATOG Kol 68 anmdAEd TG Amoyéveong (Tan et al
2010). H xataoctoAn g ékppacng tov Myc evioyvoe v Bepamevtiky dpacTikdTnTo
¢ pebotpegdng évavtt Kutthpmv ooteocapkdpatoc (Scionti et al 2008). Ze MG63
KUTTOPIKT GEPA O0CTEOCOPKMUATOS, 1 EMUOALVOT e antisense Myc odnynoe oe
OlOKOT TOV KLTTOPWKOL KOKAOL Kot  evioyvpévn amomtoon (Xie et al 2006).
Xpnolpwomoldvtag £vo dtayovidlokd pHoviého movtikov (Arvanitis et al 2008).
dwmotdbnke o611 M adpavomoinon  Tov  Myc  TPoKAAEL  OVOOTOA  TOV
TOALOTAQGLOG OV KO TPOAYMYN TNG O10POPOTOINGNS TOV 0GTEOCHPKMLOTOC.

O petaypapikég mpoteives g otkoyévelag tov STAT (ENHatodoTikdg Hetaypapikog
KOl HETAPPOOTIKOC mopdywmv) ekepalovion emiong Wwitepa o 10T0OG
0GTEOCAPKMUATOG Kot oyeTilovtan pe petmpévn dtapopomoinon tov 6ykov, avénuéva
TOGOOTA HETACTAONG Kol YOUNAG Set mocootd emPiowonc. H xotactoAn g
éxppaong tov STAT3 001ynce 6€ avaGTOA TOL TOAAATANGIOCHOD KOl 6€ QLENUEVT
ATOTTOON G KVTTOPO 00TE0capKON0TOC. Ot emdpdoelc avtég oyetilovral pe v
OVOGTOAY TOV OVIL OTOTTOTIKAOV Yovidiwv, cvopmepltiappavopéveov tov Myc Kot

cyclinD1 (Liontos et al 2009).

1.1.5 Avénrwoi Hapdyovreg
Ta kOTTOPO TOL OGTEOGUPKMUOATOS TAPAYOLV 0. GEPA Amd oVENTIKOVG

TOPAYOVTEG TOV 0IGKOVV OWTOKPIVELG KOl TOPAKPIVELS EMOPACELC.
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H amopvOopévn €kgppaon tov avéntik®v mopayoviov, Ommg Tov  avéNnTiKov
napdyovta petocynpatiopod (TGF), tov avénrtikov tapdyovta g wveoviivng (IGF)
Kot Tov ovénTiKov mapdyovia tov cvvdeTkoy otov (CTGF) odnyel oe avénuévo
TOALOTAAGLOG O TOV KUTTAP®V. O1 VTOJ0YEIS TV AVENTIKMOV TapayOVTIOV UTopEl va
vrepekepdloviol kol va givarl dloovotatikd evepyomompévol. Ta onpatodotikd
LLOVOTATIO, EMIONG, TOL GLVOLOVTOL LE AVTOVG TOVG VITOJOYEIS Umopet emiong va eivat
vrepevepyomomuéva. O avéntikdg mapdyovioag petacynuaticpov Prta (TGF-P)
amotelel Lo LEYAAT] OIKOYEVELD OUEPDV TPOTEIVOV TOL EKKPIVOVTOL A0 TOL KOTTOPO
. Onwg apketol dAlor avéntkol mapdyovieg, enmpedlovv pio gupeion TOIKIALL
KUTTOPIKOV AELTOVPYLOV 0TS S0POPOTOINGNG, TOAAATANGIOCHOD, OTOTTMOONG KOl
napaywyng Oepeiiov ovcioc. Ot popeoyevetikéc mpoteiveg twv ootwv (BMP)
AmoTEAOVV oL peydAn vroopdda tng owoyévelag tov TGFE. Ta vynAng kakonBetogs
ooteocapkmpata Bpédnkav va exkppalovv TGF-B1 oe onuavtikd vynAdtepa mocd
amd o yopnAng kKakonbewg ooteocapkmpoata (Franchi et al 1998). O avtokpvig
poroc tov TGF-B dSiepevvnOnke oe 000 KLTTOPIKEG GEPES OOTEOGAPKMUATOG,
emdekvoovtag peiowon 30%-50% ¢ avantuéng 0Tav To KHTTOPO 0GTEOCAUPKMILOTOS
KaAMepynOnkay vd v mapovcio Tov avil-TGF-B avticopatog (Navid et al 2000).

Ov IGF1 xot IGF2 elvar avénrikoi mapdyovieg mov cuyvad vrepék@paloviol GTo
0GTEOGAPKMUA. AVTOT Ol TOPAYOVTEG GUVOEOVTAL GE OVTIGTOLYOVG VIOOOYEIS OTMC
IGF-1R, yeyovog mov odnyel oty gvepyomnoinom tov povordtiov PI3K kot MAPK.
Avt0, 01N OVLVEYELWD, EVIGYVEL TOV TOALOTANGIOGUO TOV KLTTAPOV KOl UEIDOVEL TO
pvoud ¢ andéntwong (Rikhof et al 2009). H otoyevon tov IGF-R1 pe siRNA
00NYNGE GE EVIGYVLUEVT YNUEOELAGONGIN TOV KHTTAP®Y TOL 0GTEOGAPKMOUATOG TNV

docetaxel kot ciomhativn (Wang et al 2010). H yprion HOVOKA®VIK®OV OVTIGOUATOV
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nmov otoxevovv tov IGF-R1 7tav emiong omoteleoupatikny ommv evioyvon g
amoKpIong TG ynueodepaneiog Katd tov dykov (Dong et al 2010, Kolb et al 2010).

O avéntikdg mapdyovtag tov cuvdeTikov 16100 (CTGF) oyetiCeton pe éva apBud
npoteivov ¢ owoyévewng CCN  (TGF/Cyr61/Cefl0/NOVH). H owoyévela
TPOTEVOV Qoivetol 0Tl Opo UEGM TNG ONUATOOATNONG TNG 0000 TOV WVIEYKPIVMV
(Lau et al 1999) ko 6mwg o TNF-B, mopovcialer éva @AGHO OPOPETIKMOV
Astovpyu®v,  coumepAapuPavopévig NG TPOOKOAANOMG,  UETOVAGTEVLOT|G,
TOALOTAQGLOG OV, EMPIOOoNG, ayyeloyéveong kal dtapoponoinong. Exet deybel ot
(Nishida et al 2000) o CTGF egivau évag 1oyvpdg d1eyEPTNG TOV TOALUTAAGIOGHLOD TOV
KUTTOpOV Saos-2, odnymvtag e avénuévn £Kepacn Tov kKoAlayovov tomov I, g
OAKOATKNG GOGOATACNG, TNG OCGTEOTOVTIVIG KOl TNG 0GTEOKAAGIVNG, TOV ATOTEAOVV
delkteg 00TIKNG dtopoponoinong kot mpipavons. Mw oyetikn mpwteivn, 1 CCN3,
Bpénke va  vrepek@PAleTOl GTO OGTEOGHPKMUO KO VO CUVOEETOL LE YEPOTEPN

npoyvwon (Perbal et al 2008).

1.1.6 PuvOmotéc TG KLTTOPIKIG METOVAGTELGNG (migration) ko omOnong
(invasion)

To ooteocpkmpo eivor évag loitepa  HETOOTATIKOG OYKOC, KOl Ol
TVEVUOVIKEG LETOOTAGELS €lvan 1) o Kown autia Bavdatov. H cepd tov yeyovotwv g
petdotaong TEPIAAUPAEVEL TNV ATOKOAANGT T®V KVTTAP®V TOV 0GTEOGOPKMUATOS OO
TOV TPOTOYEV] OYKO, TNV TPOSKOAANOT 0TV eEmKuTTapLa Bepédior ovsia, TNV TOTIKN
LETAVACTEVOT KOl OONoT HEC® TOV OTPMOUOTOS, TNV EVOOAYYEI®MON Kol TNV
e€ayyeloon. H wavoétto TV KOTTAPp®V 06TE0CAUPKOIOTOS Vo, LeBioTavtal Stopuécov

pog tétotag 000V Paciletal o cvuvOeTEG AAANAETIOPAGELS KLTTAPOV-KVTTAPOV KO
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KUTTOPOV-Oepédog ovsiog. MOplo TOLV GUUUETEXOVV OTH UETOVACTELGN KoL TNV
dmOnNon TOV KLTTAP®V TOL O0GTEOGOUPKMUATOS UTopel Vo amoteAécovy mBovoHg
Bepanevtikotg otdyovs. Ot Wan et al, 2009 avépepav 6T | wvteykpivn B4, n omoia
eKQPALETOL 10101TEPO GE KVTTUPIKESG GEPEG OGTEOGUPKMUOTOG KOl GE 1GTOTAOOAOYIKA
delypata OyKwv, TPodyeL TNV UETACTACT TOV 0GTEOGUPKMUOTOS KOl OAANAETOPA LE
v ezrin. H katactoln eite g ékppoong gite g Asttovpyiag g vreykpivng 4
NTOV EMOPKNG YOO Vo gUMOOicEL TNV EKONAMOTN TOL TOAPATPOVUEVOL VYNAOD
LETAGTATIKOV QOVOTUTIO OV TPOKANONKE amd ™ PeBLAO-VITPO VITP®IOYOLOVISIvN
oe avBpomvo ooteosapkmpa (HOS). A&iler vo onueiwbei 6T, 1 ezrin wepi€yet o
Béom déopevong yuo v p-yAvkompwteivy otig 0éoelg 149-242 g mpwrtetivine. H
Bepamevtikn otdyeLon ovtng TG Béong umopel va cvpuPdrel evoeyopévmg otV
OVTUETMTION TNG OVTOYNG 0T PApuaKa o€ acbevelg pe ooteosdpkmpa (Brambilla et
al 2012). H ezrin éyet emiong poAo oTIG OAMAETIOPAGELS KVTTAPOV-KLTTAPOV, OTN
LETAY®YY] ONUOTOC, OTN GUVOEST] UETAED TOV VNUATIOV OKTIVIG, Kol GE VTOOOYEIS
KUTTOPIKNG HeUPpavng Omwg elvar o CD44. Avénuévn €xkepoocn 1ng ezrin o€
0GTEOGAPKMUO TAOIKNG NAKiog oyetiletot pe peiowpévo ddotnua ehevbepo vOGov.
H peioon g éxepaong g ezrin o€ TEWPAUOTIKO HOVIEAO  ovOpdTIvov
0GTEOGAPKMUATOG £0€1EE OTL PEIDVEL TIG PETAOTAGELS 0ToVG Tveboveg (Khanna et al
2004). H Cyr61, mov amotelel €va véo ©TOXO TOV OTOTVAOV, €KEPAlETOl GE
VYNAOTEPQ EMIMEDD GTO 0GTEOCAPKMOMUA OO OTL GTO PLUGLOAOYIKO 0CTO Kol ALEAVETOL
TEPAITEP® OTOVG UETAGTOTIKOVS 16To0C. H kataoctoAr] tov Cyr6l oe kuttopikés
o€1PE€G 0OTEOCAPKMONUOTOS 00NYel o€ avénon Tov KuTToPKoD BavdTtov Kol PEIUEVT
petavaotevon Kot dmdnon tov kuttdpov (Fromigue et al 2011) .

Apywcég in-vitro peréteg €6ei&av 0Tt T0 povomdrtt Notch pewdver v

dwdikacio ooteofrlactoyéveons / 0oteoKAGTOYEVESTG Ko Tailel kpioio poAo oTo
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ooteosdpkopa. O pnyoviopog avtdg pmopel vor €xel KAMVIKY onuacio yio
oTOYELON TOV povomaToy onuotoddtnong tg Notch oto ooteocdpkmpa. H
KOVPKOLUIVY (SLOPVAETTAVOEOES TTPOEPYOUEVO OO TO @UTO turmeric) odnyel oe
G2/M mahon og KOTTOPA 0GTEOCAPKMIOTOC, KATACTEAALOVTAG LE QVTOV TOV TPOTTO THV
avamTuEN TOL. AVTN 1) AVOCTOATIKY EMIOPACT] GLVOSEVTNKE OO TNV KATOGTOAN TOV
Notch-1 kot tov popiov otdywv  TOV, OCLUTEPIAOUPOVOUEVOV TV
petaArlonpoteivacmv (MMPs), arotpémovtag €Tt v dmdnon tov kuttdpov. Etot,
N ¥pNoN NG Kovpkovuivng yo v peiwon g onuatoddtnong tov Notchl umopet va

etvar po ypnoun otpatnykn yo ) Oepaneio tov ooteocapkmpatog (Li et al 2012).

1.1.7 AmOnon-perdotacn Tov 6yKov

H dmBnomn tov 06T€060pKMUATOG GTOVS YOP® 16TOVG TEPIAAPAVEL ETTioNG TNV
amotkodounon g eEokvtrapiov Bepéiog ovsiac. Ot petodronpoteiviceg (MMPs)
KATO KOPLO AOYO GUUUETEYOLV TN ddomacn TG eEmkvttapiov Bepéiiag ovoiag. Ot
MMPs amotelobv pio owoyéveld WYeLdaPYLPOEEAPTOUEVOV EVOOTENTIONCMV TOV
EUMAEKOVTOL OE L0 GEPE amd ELGIOAOYIKEG Ol0dKacieg cVUTEPIAAUPOVOLEVNG TNG
QAEYHOVIG, TNG EMOVAMONG TOV TPAOUATOC, TNG EUPPLOYEVESTC, Kot THG TOP®ONG TMV
KOTOYUATOV. X€ QUGLOAOYIKOVUG 16T0o0¢, ot MMPs puBuilovior amd @uoukoids
avaotolel Omwg ot wotikoi avaotodels twov MMP  (TIMP), RECK «xo
a2macroglobulin  (Birkedal-Hansen et al 1993). X m¢epintwon 10V
00GTEOGOPKMUTOS, 01 MMPs amodopodv 10 e£@KuTTaplo KOALNYOVO, SIEVKOAHVOVTOG
™V €16PoAN TG0 TOV YKoV 0G0 Kol vooInAoKkdV Kuttdpmv. Ot MMPs pmopei va
avapépovtol ®¢ LeAativaoes, KOALOYEVAGES, 1| GTPOUATOALGIVES (stromeolysins). Ot
ZeAATIVOCEG OTOOOUOVV LETOVCIOUEVO KOAAAYOVO Kot KOAAayovo tomov IV. Ot

KoAlayevdoes amodopovv koAlayovo tomov I, tomov II kou tomov III kou ot
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OTPOUOTOAVGIVEG d106mOVV TpTEOYAVKAVEG (TOL Ppiokovtal Yo Ty oTov oapOpikd
16VOpo), koAlaydvo tomov III, tomov IV (oe pepPpaveg) kot tov Tomo V, kabhg kot
mv koletvn kot v euumpovektivn (Chakraborti et al 2003). Extoég omd tnv
onpovpyio €vOG LOVOTATION Y10 TNV EIGPOAT TOV KVTTAP®V TOV 0GTEOGUPKMUOTOG,
ot MMPs mnailovv evepyd poélo koi oty ayysoyéveon. H dwpopeoon twov
TOYOUATOV TOV Apoeopwv ayyeiov and 11 MMPs odnyel oty dnuiovpyia €vog
AEMTOO OAYLTOV OYYEWKOD OIKTOOV 7OV EMITPEMEL TO MEPUCUO TOV KOUPKIVIKOV
KUTTOpOV otV KukAoeopia tov aipatog (Oh et al 2001). Emutiéov, n MMP-9
anelevbepivel tov amobnkevpévo VEGF evtdg g e€okvttdprog Oepéiag ovoiog
(Bergers et al 2000) kot éto1 o VEGF givan o 0éom va puBpilet Beticd tny MMP-2
(Burbridge et al 2002). H daitepn onuacio tov MMP2 kot MMP9 oty €£€Mén tov
oykov éxer damotmbel oe pio in Vivo PEAETN, OOV  TOVTIKIOL HE GLVOLOCUEVT
avemdpkeln MMP2/MMP9 mapovciolov onUovTIKA HEWOUEVT] OyYEIOYEVEST KOt
wavotnta lfoAng/dmonong (Masson et al 2005) .

O evepyomomtig mAacpvoyovov ovpokivdong (VPA) amotekel évav dAlo
Bacikd puOoT TG EIGPBOANG TOV 0GTEOCAUPKAOUATOS TOV AAANAETOPA pe TiI¢ MMPs.
O vPA deopevetar otov vmodoyéa tov UPAR dote va evepyomomBel. MOAg
evepyomoindei, o VPA diaond 1o mhacspvoyovo oe maacuivn. H mhacpivny dtuond v
eCokvuttdpo Oepéla ovola, aAld emiong, evepyomnotei tig proMMPs (Choong et al
2003, Pillay et al 2007). O pérog Tov cvotnuatog VPA - uPAR éyet edparwbel oty
nafoyEVELL TOV 00TEOGOPKMOUATOG KAODS €xel amodeybel (o aviiotpoen oyéom
petald tov eminedov VPA kot tov ypovov emPiwong (Choong et al 1996). H
KataotoAn G ékepaong tov UPAR og éva  in vivo HOVTEAO OGTEOGOPKMUOTOS
00NYNCE OE UEWUEVT] OVATTVEN TOV TPOTOTAHOVS OYKOV KOl AYOTEPES HETACTAGELS

(Dass et al 2005).

10
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1.1.8 PvOmotég Tov KUTTUPIKOD TOAAUTANGLOGHOD KO TNG ATOTTMONG

Exet dwmotwbel o611 M ékepaocn TG 0AdOAAONG A, -dPOCEOPIKNG
epovktolng (ALDOA) 71 / kot covipotpavopepacdv 3A owkoyévelag, péiovg 1
(SULT1A3) nrav onuaviikd vymidtepn o€ aobevelg e OOTEOGAPKMOUN TOV
EUPAVIoOV WKPOTEPO YPOVO EMPIMONG, VTOSEKVOOVTOS OVTEG TIG TPWOTEIVEG ®C
apvnTkovg ogikteg emPimong tov ooteocapkmpotog (Chen et al 2012). Knockdown
¢ Polo-like xwvdong 1 (PLK1) mpokdiese avooTOA TOV KULTTOPIKOV KUKAOL TNG
pitoong ko 001 yNcE PHETEMELTA GE AVENUEVT ATOTTOOT GE OPKETES KVUTTOPIKEG CELPEG
OCTEOCOPKMUOTOS KOU  KOTESTEWLE TNV avamntuln  Tov  EEVOUOGYELUATOV
00GTEOCOPKMUOTOG GE avocoavemapkeic movtikovg (Yamaguchi et al 2009). H
Minibrain related kinase (Mirk 1} Dyrk1B), givon emiong éva mBavo onpoviikd popo
oV Tabopucioloyio Tov ooteochpkwpatoc. H cuvolikn emBioon tov achevav pe
VYN €kppacn Mirk ftav onpovtikd xapunAdtepn amod 6, Tt o€ achevelg e younin M
pétpua €kppaon Mirk. Emumiéov, | kataotodn g Mirk avéotetle v avamtuén kot
TNV ENOYOUEVN ATOTTO®ON G€ KOTTapo 0oteosopkmpatog (Yang et al 2010). To Bel-
XL ot n midkine oamotelovv emiong onuoviikd popw oty eEEMEN  Tov
0GTEOGOUPKMUATOG. Xe 0COEVEIG [LlE 0GTEOGAPKMLLO, TO VYNAAQ EMIMESQ EKPPOCNS TOV
Bel-x. mRNA oyetiovior pe @toyotepn emiPimon ce oOYKpIon e To YOUNAL
enmineda. H katactodn 1 avénon g ékeppaong Bel-xL 0dMynoe avtictoya o€ peimon
N aéNoN TOV KLTTAPIKOD TOAAATANGIAGHOD GE KOTTOPO, 06TEOGOpKMuatog (Wang et
al 2010). EmmAéov, n katactol tg Bel-xL elye og amotéhecpa tv onuovtikng
evioyvon ¢ ymuelogvaucHnciog kot axtivogvaicHnociog  TOV  KLTTAP®V
0GTEOCOPKMUOTOG in Vvitro, kot avtd Ba pmopovoe va oyetiletar pe avénuévn
dpactnpomta ¢ kaomions-3. H Midkine exepdleton 1dwaitepa o KOTTOPOQ

ooteocapkmpatos. H  katactody tg Midkine odnysi oe onuovtikd avénpévn

11
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amontwon, &ved 1 Ogpameio  pe  avacvvovacuévn midkine oe  avénuévo
TOALOTAQGLOG O TV KLTTApmv. H ypron Avti-midkine povokA®vikoy ovIic®UOTOG
KOTEGTEIAE TNV KLTTOPIKN AVATTLEN KO TNV HETAGTOGN TOV 0GTEOCUPKAOUATOG GTOV
TveEVUOVO, YEYOVOG TOv LmodNAmvel OTL €yl mbavi kevipiky 0éom oty

nafoucloroyia Tov ooteocapkdpotos (Sueyoshi et al 2012).

1.2 OEPAIIEIA OXTEOXAPKQMATOX

Mopd T1c KAWVIKES SOKIEG OPKETOV OEKOETIOV, LE TNV EPAPUOYN JAPOPOV
ANUEOOEPATEVTIKOV CYNUATOV, Ol TPOTLTOL YNUEWBEPATEVTIKOL TOPdyoVTES TOV
YPNOWOTO0VVTAL 6T BEpameio TOL 0GTEOGAPKMUATOG TaPAUEVOLV 1) peBotpesdtn, 1
doéopovfikivn (adplapvkivn), kot n ciomhativy (MAP) pe 1 yopis wooeauion. H
YEPOLPYIKN aaipecn OAov T0v Oykov (TpwTomaBohg €0TIOG KOl LETOCTACEMV)
arorteiton yuo ™ Oepamneia. Ot mepiocdtepotl acbeveic AapuPavovy CLUTANPOUATIKY
ynupeobepaneio mov akoAovdeitar amd yeipovpyikn enépPacn Sidomong Tov dkpov.
Me 1t ymueoBeponeion Kot T ¥EPovpykn enéuPact, N cVVOAKN emPiwon Kot
emPioon yopic cvuPdapota (EFS) yio acBeveig pe un petaoctatiky voco ovopévetot
va gtvan mepinov 75% ko 65%, avtictorya, oto S5 €t (Meyers et al 2008). Ot
ac0EVELG L TVEVHOVIKEG 1) OCTIKEG LETOCTAGELG £XOVV YEPOTEPN TPOYVMOT, LUE LOVO
25% éwg 50% emPimon ota 5 €t (Bacci et al 2006). Xe pedétn pe peydro deiypo
acfevdv TOV 0POPAE TOLG TPOYVOCTIKOVS TAPAYOVTIES, N BEom TOv OYKOL Kol TO
peyéboc, m mapovcio.  UETOOTACE®V, T VQPECT, TNG VOCOL UETE TN YEPOLPYIKN
OAVIWETOMION NG, KAODG KOl TO MOCOOTO NG VEKP®MONG TOL OYKOL HETH Omod
CLUUTANPOUATIKY] YNuE0Bepaneia £xovv avadelyBel ¢ o1 TEPIGGOTEPO ONUOVTIKOL
ave&apmnrol tpoyvootikol mapdayovteg (Bielack et al 2002). AAAot topeic Epgvuvag yiao

acBeveig pe petaotatikn voco Katd TV ddyvoon teptlapnpdvouy v tpocsOnkn Tov
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trastuzumab oto ynueoBepomevTiKd CYNUA 0COEVOV HE OYKOVG TOL EKQPALOVV
HER2/neu39 xabog kat tn ypnon dwpwseopikodv (Meyers et al 2011).

H evpeia yepovpywkn ektoun mopopével 1 kOp HEBOSOC YEPOVPYIKNG
Bepaneiog yio 10 ooteocdpkope. H mpdodog oty amewovion, T YEPOVPYIKES
TEYVIKEG KO TOL ELOVTEVOTA £XEL LEIDGEL OPAUATIKE TNV OVAYKN Y10 AKPOTNPOUO
Katd T1g televtaieg 3 dekaetiec. H avénon g emPioong coppadifet pe mv adénon
TOV TOGOGTOV dAc®ONG ToL TAoyovTog pEAovg (Ayerza et al 2010). H yspovpywkn
OVTULETMTMION TOV TOLOIKOD OCTEOCAUPKMUOTOS OMOLTEL TPOGEKTIKOVG YEPLoHOVS. Ot
TEPLGGOTEPOL OYKOL TPOKVITOVY GTO UETAPVGIOKO TUNIA TOV 0GTOV KOl EQATTOVTOL 1|
neplopPavouy Ty empuctok tAdka. 'Etot, n yeipovpyikn ektopun cuyvd odnyet o
OVICOOKEAD TOV GKPp®V KOTA TNV ovamtuén tov moudov. Mikpég amokAicelg oto
UNKOG TV GKP®V UTOPOLV VO OVIIUETOTIGTOVV UE EMYUNKLVOT KATO TO YPOVO TNG
EKTOUNG Kot TPOTMOTOMGELS 610 VodvpaTa. Ocov apopd to Toudid pe peyolvtepn
avapevOUEVT avicookela, £xovv dnpiovpynBei tpobécelg mov emitpémovy TV in vivo
EMUNKVVOT TOV GKEAOVG KOTA TNV Topeio avATTLENG TOL TOdoV. AV KO TO OPYIKA
CLGTNOTA OToLTOVoAY HEYEAD aplBpd emaveneufacemy Kot iyav VYNAG TOGOGTA
UNYOVIKNAG omoTuyiog, TOAAL vedTepa OYES EUQVTEVUATOV ETITPEMOLV TN UN
emepPotikn eméktaon pe m Pondein  ewtepikol payvntkod mediov (Neel et al
2003).

M pkpn pévo peoyneic  acbevov kpivovtal akatdAiniotr v Bepameio
AAoWONS TOV AKP®V, KUpimg AOY® NG £KTAONG TOV OYKOV, TNG LKPNG NAKING Kot
NG OVOUEVOUEVNG OVIGOOKEAIDG TV KAT® OKpwv, N v embopio yuoo LyYnAn
AerrovpywdtTo . Avtoi ot acbevelg avripetonifovion pe rotationplasty (epdcov ot
VEVPOAOYIKES OOUES Oev dmBovvTal amd Tov OYKO), N aKp®TNPLOoUO. AV Kot gtvat o

OPOUOTIKN Ao Amoyn €UEAVIoNS XEPOLPYIKY HEB0JOG, M rotationplasty mpooc@Epet
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eCOPETIKA  OYKOAOYIKGL  KOL  AEITOLPYIKO  OMOTEAECUOTO.  LE  QUGLOAOYIKN
yoyokowvovikny €&éMén (Fuchs et al 2003). Ocov agopd tovg acbeveic mov
aviyetonilovtal pe  akpotplacpd, ot mpoécpates efedifelg oto  Ydpo TV
TPOOETIKOV apOpOCEMV e PIKPOETEEEPYATTN £YEL 0OMNYNGE GE oNUAVTIKY PerTicoon
TOV AETOVPYIKAOV OTOTEAECUATOV GE GUYKPION HE TG ovuPatikéc mpobécels
(Highsmith et al 2010).

Iotopkd, 10 ooteocdprmpa Bempeitan aktivodvtoyog dykog. Iapdro avtd, 1
TPO0O0G GTNV AKTVOOEpATElD, TOV EMITPETEL TNV ACPOAN XOPYNOTN VYNAGDY dOGEMV
axtwvoPoAriog, omotehel g MOAAG  vmooyduevn péBodo yuoo Tovg aocBeveic pe
aveyyeipnto dyko N pe atedn extopn tov dykov otov a&ovikd okeretd (Ciernick et al
2011).

Onwg avaeéptnke Tponyovuévmg, 1 YEPOLPYIKN OPOIPEST TOV OYKOV UTOPET
va cvvovaotel e ynuetobepaneio kot aktvodepaneio. Qot6c0, 1 TOEKOTNTA Eivar
éva Koo mpoPAnua mov cvvdéetar pe v emBeTikn ynueodepomneio. Adyw TOL
Yool Bepamevtikod €HPOVG TV YNUEWOEPATEVTIKOV OYNUATOV, EAEYXETOL 1)
ATOTEAEGLOTIKOTNTO QOPUAK®V E GTOYO TNV avakdAvyn vEwV popimv. Ot véeg avTég
OepamevTiKég TPOCEYYIoEG EVOEXOUEVIOS VO EMTPEYOLV TN UEYICTONMOINGCT TOV
duvatotNTeV Oepameiog TOV 0GTEOCAPKMOUOTOS HE UEWWUEVEG TOEIKES emdpacels. To
YOPAKTNPIOTIKO OVTMOV TOV GTOXELUEVOV QOPUAK®OV glval 1 1KavOTNTA TOLG Vo
evtomilovv KOl VO KOTOOTPEPOLV TO, KOPKIVIKG KVUTTOpO Yopig va PAdmtovv ta
euoloroywkd kuttapa (Vasir et al 2005).

H wreppepdévn-y  eivor  yvootd Ot evioyvel v gvoucHncio  tov
0GTEOGOPKMUATOG G EVOV aPOUO YNUELOOEPUTEVTIKOV PAPUAK®OV, Kol TOLTOYPOVOL
dwdpapatiCer onuavtikd polo oty ayyeoyéveon (Ta et al 2009). Meléteg mov

debnynoav mpdoeato omédelEoy 0Tl 0 GLVOLOCUOG TNG WVIEPPEPOVNG-Y KoL
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SLVUPBATIKOV YMNUEBEPUTEVTIKOV TapayOvIiov Ommg 1 do&opovPikivn pmopel va
ypnowomomOel yio ) OepamevTIK TPOGEYYIOT TOV OCTEOGUPKMUOATOS LE EVEPYO
yovidlo p53 (Yuan et al 2007). 'Exet emiong amodeyBel 6tL M vrepeepdvn-y
evooOnTomolel  KVTTAPIKEG GEPEG OCTEOGOPKMUATOG HECGH NG ovEnong tov
vrodoyéwv Fas kot kaondong (Inaba et al 2004).

Ot wreprevkiveg (ILs) €xovv emiong ypnoipomomOel TEPAUOTIKE GE KOTTUPIKES
oelpég ooteocapkmpatos. H wrepievkivn-2 (IL-2) givar yvootd 611 dievkoAidvel v
TOPOUYOYN TOV 0VOCOGPUPIVAV KOl ETAYEL T SL0POPOTOINCT TV KLTTAP®V PUCIKMOV
eovéwv (NK) (Ta et al 2009).

Khvikd, n otoyevpévn @appokevtikn Oepameio pe trastuzumab (Herceptin)
vmpEe mOAD emituyng o€ aobevelg pe Kopkivo Tov paotod oL epedviiov
VIEPEKPPACT] TOV AVOPOTIVOL VTTOJOYEN TOV EMIEPUIKOD avénTiKod mopdyovto 2
(HER2/neu) (Hudis et al 2007). H éxppaon tov HER2 umopet va oyetiCeton pe v
TafoYEVEST] TOV 0OGTEOGUPKMUOTOG, KOl OC EK TOVTOV UTOPEl Vo amoTerel Eva aKOUN
BepamevTikd otdHY0 Yo TV aviipetdmion g vocov (Hughes et al 2004).

H owovyévela tov avéntikdv mapayoviov e wvooviiving (IGFs) suniéxeton
OTNV KLTTOPIKN Sopopomoinon katl TV avAamTtuén, 01Kd 6Gov apopd Tn GAcT NG
tayelog avdntuéng tov ootwv. H vrepékppaon tov IGF-1 kot IGF-2 Bpébnke og évav
HEYOAO apBUO KAPKIVIKMOV KUTTOPIK®OV GEPDV, TEPIAUUPBAVOUEVOV TOV TPMTOYEVMV
capkopdtov (ODay et al 2009). H ypnowdtto tov popiov mov otoxevovy tov IGF-
1 vodoyéa diepgvvdral emi TOV TAPOHVTOG, GE LA GEPA OO TPOKAVIKEG Kot KAMVIKEG
HEAETEG,.

O porOG T®V ONUOTOSOTIKAOV LOVOTATIOV O OPKETEC MEPUTAOCELS KOKONOwV
voowv €xel odnynoel oty avamtuén Sedpwv eopudkwv. Eivar yvoom 1 épevva

mov Oegdyetor ywo TNV Kotavonon TV ONUOTOSOTIKGOV — HOVOTATIOV OV
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EVEPYOTOIOVVTOL LE TNV TPOGIEST] TOV AVENTIKAOV TOPAYOVTOV GTOVG VITOJOYEIS TOVG,.
M 110100 TOAAL VTOGYOUEV TPOGEYYIoN €ivol 1 ¥pron Tng rapamycin ywo TV
KOTOGTOAN TV Kvao®v oepivng/Bpeoviving (mTOR) oto ooteocdprwpa (Ferrari et al
2007). To mTOR egivar pio Bacikn cuvieTdco TOV HOVOTTATIOH GNUATOIOTNONG TOV
AKT, 10 omoio Swdpapatifel onpovtikd poA0 6TV KLTTAPIKY] OVATTLEN Kol TOV
noAlomAacloopd. H avaotadtikn dpdon g pomapvkivig evaviiov KopKIvIK®V
KUTTOpOV £xel ovadelyfel oe HOVTELD TOVTIKOV WHE 0GTEOCHPKMOMUN, KOO®OS Kol Og
nodtatpikég KAvikég pedétec (Wan et al 2005, Houghton et al 2008).

O pdrog tov ayyelakol evoonitakol avéntikov mapdyovta (VEGF), o onoiog
vrootpilel TV ayyeloyEveon HEC® TNG OVOCTOANG TNG OMONTMONG, €Yl emiong
avapydet ot Ogpamcion Tov ooteocopkmdpatoc. IIpdoceata, o perétn yo Tov
AZD2171, évav €101kd avactorén Tov vrodoyéa VEGF, &yel deilel evBappuviikd
arotedéopota. O avactoréag AZD2171 delyvel pio avacTtodtikny Opdon enl oTEPEDV
KOPKIVIKOV EEVOLOGYELUATOV 00TE0capKO0TOS (Maris et al 2008).

O avéntikdg mapdyovtag tov kexpmopévov entdniiov (PEDF), og avtiBeon pe
tov VEGF, elvatl évag 1oyvp0g avactoAéag Tng oyyeloyéveons, Kot éva UELOUEVO
eninedo PEDF cuvdéetar pe moArovg tomovg oykwv (Clark et al 2008). MeAéteg mov
debynoav o KLTTOPIKEG GEWPEC 0oTEOsOpKOUOTog amédeiay 6t o PEDF
avaotéAdel TV ayyswyéveon amd v Katactod tov VEGF xov  emdyst v
ATOTTOON TOV EVOOOMAIK®V KLTTAPWOV HECH TNG 000V andntmwong Fas / FasL (Cai et
al 2006, Volpert et al 2002).

O vodoy€ag evePyOTOINTHG TOV TPOGOETN TOL TVPNVIKOV Ttapdyovta kappa-B
ligand (RANKL) eivor yvootd o1t mailer onpovtikd poilo otn PoAoyio tov
OCTEOKANCTAOV, EAEYXOVTOG TNV OOCTEOKANGTOYEVEGN KOL TNV  OCTEOKANGTIKN

dpactnpomta (O’Day et al 2009). Qg ek tovTOL, Ol avactoleig tov RANKL
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eppaviCouv BepoamenTikd aVTIKOPKIVIKG omoTeAéopato pHe AYOTEPEG OVETIOOUNTES
EVEPYELEG.

To Denosumab, éva HOVOKA®VIKO OVIICOUO TO ONOI0 OVOCTEAAEL TN
dpaoctikdtta tov RANKL, éxet deiel eAmidopopa amoteréopata ot Oepaneio tv
acOevAdV e 00TIKEG LETACTAGELS TOV KapKivov Tov poaotov (Lipton et al 2009). To
mBavd O6@elog oamd TN Y¥pNomn ovToD TOV OVIICOUATOS oTn Oepameio TOL
0GTEOGAPKMUATOS XPEBLETOL TEPAUTEP® EAEYYO KOl LEAETT).

Ot vodoyelg Tpaveeepivng, ot omoiot ekEpalovtol amd To. KOPKIVIKE KOTTOPa,
pumopet va ypnoipomoinfovv yi va. eVIGYOGOLV TNV OTOTEAEGUOTIKOTNTO TNG
yovidwokr|g Oepomeiog ywo TOV  Kopkivo. Xe OYeTkn pehétn efetdotnke 1
ATOTEAEGUOTIKOTNTO TOV YOVIdiov pS3 pe TV €160y®YyN TOL OE Mo avOpdTIvn
KLTTOPIKN oelpd ooteocapkapatog (HOSM-1) n onoia e&€ppale Tov vmodoyéa G
tpavoepivng (Nakase et al 2005). Auroocopoto pe TOV VTOSOYEN TG TPAVOPEPIVNG
ypnowomomdnkay y v moapddoon. Ta amotedécpota €31V TV OVOCTOATIKN
dpdon ™G TpavoPepivng Le TN UECOAAPNON MTOCOUAT®V GTO KOTTOPO TOL OYKOL,
YEYOVOS OV LTOONAMDVEL M0 OTOTEAECUATIKY] OTPOINYIK Yoo T Oepomeion TOL
00TEOCGOPKMLOTOC.

[ToAvdpBueg peréreg €xovv oeloybel yuoo va depevvnbel m emidpacn Tov
OLVOLAGHOD AVTOAOYWV PAUCTIKOV KLTTAP®V HE LYNAES d00ELG ynuetodepameiog
OTNV OAVIETONION TOL VoTpomalovtog ooteocapkapatos (Fagioli et al 2002). Av
Kol oVTéG ol peAéteg amétvyav va ogi&ovv PBeltimon oto mocootd emPiwong, o
OLVOLOGHOG TNG UETAUOOYELONG PAOCTIKOV KLTTAP®V Kol NG Ynueodepomeiog
VYNAGOV 00GEDV TOPAUEVEL LKL CNUOVTIKY OEPOUTEVTIKY] GTPOUTNYIKN Y10 TEPALTEPM

depevvnon.
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1.3 Tlvkolapvoyrvkaveg (GAGs) / Ilpmteoyivkaves (PGs)

1.3.1 IIpoTeoyrlvkdves Kol KOPKIvog

Eival yvoot) n ovppetoy t@v mTpmteoyAvkoavedv ot BloAoyic Tov Kopkivov
€0 Kol apKeTEG deKaeTies. Apykd, mapatnpnOnke amd TaBoA0YOAVATOKEG LEAETES
OTL OPOUEVE KOPKIVOUOTO ETAYOLV 0 OECUOTANGTIKOV VLIEPTAAGTIKOD TVUTOV
avtidpaoTn €viOg TOV GTPAOUATOS TOV TEPPAALEL Ta KOHTTOPOA TOV KOPKivOv. Xvyvd
aVTOL 01 AVTIOPAOTIKOT 16TOL fAPOVTOL He KATIOVIKES Bagic, Onwg umAie ™G Adoatiog
VIOOEIKVOOVTOS VYNAT GLYKEVTPMOT YAVKOLOUIVOYAVKAVAV KOl  TPMOTEOYAVKAVAOV
0TO TEPLEYXOUEVO TNG OECUOTANCTIKNG avTidpaons. AopuPavoviag vroyn 10 YEYOVOG
OTL M OEGUOTANCTIKY OvVTiOpaon ovuPaivel 68 GYKOVG HE OLOPOPETIKO 1GTOYEVETIKO
vrofabpo (Adany et al 1990), epaivetonr €dAoyo vo vmoBécel kaveig ott avty 1M
AVOUOAN EKQPOOT) TOV TPOTEOYAVKAVAOV givar €va €id0g YEVIKNG avTidpaons otnv
EGPOA] TOV KOPKIVIKOV KULTTAPp®V, He oTolyeio. mov €ite JELKOAVVOLV  &ite
KataotéAhovy Vv avantuén tov 6ykov (lozzo et al 1995). Mg v mpdodo g
LOPLOKNG Kot KVTTAPIKNG ProAoyiag, o pOAOG TV TpmTEOyALKAVAOV o1t froAoyia Tov
Kapkivov €xel oproBem el kaddtepa. [ mapddetypa, yvopilovpe TAéov 4L KAmoleg
npwteoyAvkdveg Beukng mmapdvng (HSPGs) dpovv wg mpo-ayysloyevetikol
TAPAYOVTEG OEGUEVOVTOS O1APOPOVS ALENTIKOVS Tapdyovteg Kol TopoLGLalovTdg
T0VG 6T0VG LIodoyelg tovg (lozzo 2001). Avtibeta, ta O-terminal tufpoata GAA®V
TPOTEOYAVKAVAOV £xel Ppebel 0Tt €£0VdeTEPOVOLV TNV OYYEOYEVETIKY SlodiKaGio
avaoTEALOVTOG TN OpacTNPLOTNTO OPKETAV WVIEYKPIVAV avayKaiov yio petokivnon
TV evoodniaxkmv kuttdpwv (lozzo 2005, Kalluri 2003). O npocdioptopodg g 0ouns
Kol NG Aswovpyiog TV TPMTEOYALKAVAOV Oeukng nmopavng g KLTTOPIKNG

HeUPpavNc Tic TelevTaieg dVO OEKOETIEG, £YEL OOMYNCEL OTNV KATOVONOT TOV POAOL

18



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

K01 TNG ONUAGIOG TOV £XOVV ATA TO HOPLOL GTNV KVTTAPIKY cLumeptpopd (Sanderson

2001).

Téoo o1 ovvdekdveg (syndecans) 660 kot ot yAvmikdveg (glypicans) €youvv
evoyomomBel wg puOuioTég ™ €EEMENG TOL KOPKiVOL Kol €mMTALOV UTOPOVV Vol
YPNOWEVLGOVY MG Prodeikteg Yo TV €ykaipn aviyvevon 1 tn coPfapdtnta g voGov
(Sanderson 2004, Filmus 2001). Eivotl evowagépov 1o yeyovdg otL vedtepa dedopéva
VTOOEIKVHOLV OTL 01 KUTTOPIKES TPMTEOYAVKAVEG BEUKNG NTOPAVNG EMPAVELOG PTOPET
va €OV S10POPETIKOVG POAOVS GTOV KOPKIVO Kol Vo, OpOLV €1TE MG OVOGTOAEIS 1| ™G
evepyomomtég g €EEMENG TV YKV, avAAOYo LE TOV TUTO KOl TO GTAOO0 TOV
kapkivov. EmmAéov, 1 Aertovpyio avtdv TV Tp®OTEOYAVKAVAOV UTopel vo LeToPANOEl
pe 6vo kotnyopieg vV evtdg Tov pKpomePPAALovTOS Tov dykov: 1) Avtd mov
UTOPOUV VO OTEAEVOEPMGOVY  TPMOTEOYAVKAVEG OO TNV KLTTOPIKY EMUPAVELD
(sheddases) kot 2) Avtd mov UmOpovV v TPOTOTOGOVY TN SOUN TOV OAVGIOWV
Beikng nmopdavng (Mmapoavaceg kot evoocovipatdoec) (Manon-Janson et al 2010,
Barash et al 2010). 'Etot, 1 ékppoon avtdv tov eviopov prnopel va Astrtovpyel mg
évag pnyavicpog yio Tov EAeyyo g B€omng Ko TG AEITOVPYING TV TPOTEOYAVKOVOV
KOl OG €K TOVTOV, TNG GLUTEPIPOPAS TV KLTTAP®V TOL 0YKoL (Sanderson et al 2008).
M GAAN kotnyopio  TPOTEOYAVKOVOV TOV GEPOVY KLPIMG Beukn deppatdvn M
Beukn yovdpoitivn, ot Aeydueveg WKPEG TAOVGLEG O AELKIVI) TPMTEOYALKAVES
(SLRPs), dpovv i¢ KATOOGTOAEIS TV OYK®V, 0VOGTEAAOVTAG TN OPAOT| TOV VITOJ0YEMV
Kwvac®v tvpociving 0nwg o EGFR kot Met (lozzo et al 2010). EmimAéov, opiopéveg
and 1 SLRPs oaAiniemdpodv pe tig wvreykpiveg kot tovg vmodoyeic Toll won

gAéyyovV TV TpookOAANon Ko TNV avooia (Schaefer et al 2010).
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1.3.2 Avyivkavn (BGN)

H dwyAvkdvn sivon éva péhog g koatnyopiog I g owoyévelng tov HiKpov
mhovowwv oe Aevkivn mpowteoylvkavedv (SLRPs) (Schaefer kai lozzo 2008). To
Yovidwo tng dtyAvkdvng €xetl yoptoypaenbei oto ypopdcsopa X (McBride et al 1990)
Kot Kodtkonotel o tpwteivn 42-kDa (Bianco et al 1990) mov mepiéyetl emavolnyelg
aAAnrovyldv mhovoteg oe Aevkivn (Lrrs), 6mov vt cuvoedepnéva oUOOTOAKAE, Eval
N 600 pépra yAvkolapwvoyivkavne (GAG) g mievpikés aAivcidec. Ot aivoideg
GAGs ¢ Betikng yovopoitivng 1 / g Besukng deppotdvng cvvdéovtal, HECH TNG
oepivng, oto N-TeAKO GKPO TOL TPMOTEIVIKOD Kopuov g dtylvkavng (Choi et al
1989, Roughley kou White 1989). Yrndpyovv evdeieg o1t n dryAvkdvn pmopel va
etvar po TpwteoyAukavn "pepkng amacyoinong”, kafboti, oto ynpacuévo apbpikd
YOVOPO KOl GTOVG PEGOGTOVOVAOVG dickovg, Exel Ppebdel otn un yAvkoloAwpévn g
pnopon (Johnstone et al 1993, Roughley et al 1993).

H dwyAvkdvn, n omoia exepdleton oe apbovia (Bianco et al 1990, Ungefroren et
al 1998), ovvtiBetar ®g éva mpddpopo poépo amd to omoio €vo N-terminal
TPOMENTIOO OMOGTATOL OO TNV HOPPOYEVETIKY TpwTeivny octoh (BMP) 1 vy va
dwaoel TeMKa v opyn popen g (Scott et al. 2000). Exkpvopevn, n dtyAvkdvn,
OAMMAETIOPE HEG® TOV TPOTEIVIKOL KOopuov 1 pHéow Twv aivcidov GAG pue
TOALAPIOLEG CLUVIGTAGEG TOV ££®MKLTTAPLOV YDPoL (ECM)-1.y, koArayodvo tomov 1, 11,
I, VI kot ehaotivn (Schonherr et al 1995, Hunzelmann et al 1996, Reinboth et al
2002, Douglas et al 2006, Hwang et al 2008), pe arotéAecpa va abdpoiletal cto ECM
TOALDV 0PYAVOV.

Ao Vv avakdioyn g onpaciog g otyAvkdvng oty avantuén TV 00TMV
oxeddv 30 ypovia mpwv (Fisher et al. 1983), éva mAnBoc peletdv €yovv mpoomadnoet

va 010AEVKAVOUV TO BLoA0yIKO pOAO OLTNG TNG TPMOTEOYAVKAVNG. APYIKA, 1) O1yAvKAvn
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BewpnOnie amAdg éva otatikd dopkd cvotatikd Tov ECM. Metd and mapatnpnoeig
OV £YVaV G€ HOVTELD 0GTEOTOPMOTG TOVTIKAV, T 0Toia dev eEEppalay dtyAvkavn,
Eexivnoe po oelpd EPELVAOV TOL APOPOVV TOVG UNYAVICUOVS TG eE0PTOUEVNS OO
™V OyAvKAvN pOBUIGT TOV GYNUOTIGUOV TOV 0GTMV Kol TNG SLUUOPPOONS TOV VOV
KoAlayovou (Xu et al 1998, Ameye et al 2002, Corsi et al 2002, Bi et al 2005, Biet
al 2007, Zhang et al 2009, Embree et al 2010). H wovomtd g SryAvkdvng vo
aAANAemidpd pe 10 avénTikd mapdyovta B tov petaoynuatiopot (TGF B) (Hildebrand
et 1 1994.), tov mapdyovta vékpwong o0ykov (TNF-a) (Tufvesson Westergren-
Thorsson 2002), tig BMP-2, -4, ka1 -6 (Chen et al XD . 2004, Mochida et al 2006),
kot v Wnt-exkpwvopevn npoteivny 1 (WISP1) (Desnoyers et al 2001), avédei&e ™
SYAvKAVN ¢ SopopP®T] oLENTIKOV TapaydvTtov Kot KLToKvav. [Ipdceateg
peAéteg avakdivyoav tov polo g dryAvkdvng g éva udpto (Schaefer et al 2005,
Babelova et al 2009, Moreth et al 2012, Berendsen et al 2011) mov mpocdéveral
otovg Toll-like vrodoyeic (TLRs) -2 kot -4 ( Schaefer et al. 2005), otovg P2X7/P2X4
novpwvepykovg vrodoyeic (Babelova et al. 2009), otovg younAng mukvoOTNTOC
MrompmTeivikovg vTodoyels oyetilopevoug pe v tpwteivny 6, (LRP6) (Berendsen et
al. 2011), /| Tov vrodoyéa Kwvaong tvpooivnig MuSK (Amenta et al 2012). Okec ot
TOPOTAV® HEAETEG OMuovpynoav €va véo TPOTLIO Y. TO TWOG OLTH 1
npwteoyYALKAVT pubuiler po oepd and Proroyikég diepyacieg kot avédelEov
onpacio g StyAuKavng oG HEPOG ToL  avocomomTikoh cuotnuatog (Schaefer et al
2005), pvBuiot g ooteoyéveong (Berendsen et al 2011, Moreth et al 2012), og
HOPo OV GLUUETEXEL OTN cLVARTIKY otabfepotnta ( Amenta et al 2012), kabmg Kot
mv akepodTTa TOV ooV (Mercado et al 2006, Amenta et al 2011). H mapatipnon
6Tt M Oylvkavn elvar wavy va odnyel oty opodomoinorn Sapopmv  TOT®V

VTOO0YEMV KOl VO EVOPYNOTPMVEL TN onuotodotnon tovg (Babelova et al. 2009)
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VIOYPOUILEL TEPATEP® TNV TOAVTAOKATNTO TOV SIKTV®V GNUOTOSOTNONG 0TO 0ol
petéyermn OtyAvkdvn.

‘Exer avagepbel m ovppetoyn g OSyAvkdvng oe apketég acBéveleg tov
avBpdToV, avTIKOTONTTPILOVTOG [E AVTOV TOV TPOTO TNV EKTETAUEVT] EKPPOOT KAONDGC

Kot TV ToAVTAoKT Agttovpyia . (ITivaxoag 1).

Table 1. Involvement of Biglycan in Selected Experimental and Human Diseases

Disease

Species

References

Alzheimer disease
Aortic dissection
Asthma

Atherosclerosis
Cancer

Diabetes
Duchenne muscular dystrophy

Intervertebral disc disorders
Fibrotic liver disease

Myocardial infarction
Multiple sclerosis
Osteoarthritis
Osteoporosis
Perimyocarditis
Fibrotic kidney disease

Rheumatic arthritis
Sepsis
Systemic lupus erythematosus

Mouse
Mouse, human
Mouse, rat, human

Mouse, rat, human
Human

Mouse, rat, human
Mouse, human

Human
Rat, human

Mouse, human
Human

Mouse

Mouse

Mouse

Mouse, rat, human

Human
Mouse
Mouse, human

Lam et al. 201

Bellucci et al. 2007; Heegaard et al. 2007

Pini et al. 2007; Pinelli et al. 2009; Nihlberg et al. 2010;Venkatesan
et al.2012

Skalen et al. 2002; Nakashima et al. 2007

Mintz et al. 2005; Coulson-Thomas et al. 201 |; Gu et al. 2012;Wang
B etal. 2011

Schaefer et al. 2001; Thompson et al. 201 |; Bolton et al. 2012

Fadic et al. 2006; Mercado et al. 2006; Brandan et al. 2008; Amenta
etal. 2011

Brown et al. 2012

Meyer et al. 1992; Krull et al. 1993; Gressner 1994; Hogemann et al.
1997

Campbell et al. 2008; Westermann et al. 2008

Mohan et al.2010

Wadhwa et al. 2005; Embree et al. 2010

Xu et al. 1998

Popovic et al. 201 |

Schaefer et al. 1998; Schaefer et al. 2000; Kuroda et al. 2004;
Schaefer 2011

Polgar et al. 2003; Sokolove et al. 2012; Antipova and Orgel 2012

Schaefer et al. 2005; Babelova et al. 2009

Moreth et al. 2010

Iwakag 1. Zoppetoyn g AtyAvkavng og acBévelec Tov avBpmmov Kot o€

TEPOLOTIKG LOVTELD VOCDV

61060, TPEMEL VA TOVIOTEL OTL OPIGUEVOL ATTO TOL GLUTEPAGLLOTO GYETIKA [LE TO
polo NG OyAvkdvng oe ovykekpyléveg aobéveleg Pacilovior OmoOKAEIGTIKA o€
1oToAoYIKd gupnpata. Néa evprjpata dsiyvouv 6Tt povo 1 elevBepm (unsequestered)
pHopen MG OtyAvkdvng elval kavi va 0po ®¢ HOPo GNUATOSOTNONG, TOLALYIGTOV
omv eAeypovn (Schaefer et al 2005, Babelova et al 2009). Q¢ ek tovT0VL, | TOGOTNTA

™G OyAvkdvng o€ TaBOoAOYOOVOTOUIKESG TOUEG 1OTOTEROYIMV OEV  OVTOVOKAQ
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aropoitto o Poroywkd amotélecud ™G KaODG avIITPoommEDEL KLpiwg N
dtyAvkavn mov éxel abpowsbei oto ECM, yia mopddstypo, ¢ HEPOG TNG WWMOOVG
ovAng (Schaefer 2011).

[Ipdceata dedopéva Tapéyovv evOEiEeLg Yo TOV KPIGIHO POAO TNG SIYAVKAVNG
ot pOOHoN ™G QAEYUOVAG, TNV OVOTTLEN TOV OGTAOV Kol TNV ovOTTuén Kot

avayEvvnon TOV HUAV.

1.3.3 H onpatoddtinon g o1yAvKavIG 6TO GYNNUOTICHO TOV 06TOV

H vrovyia yio tov pdho mov pumopet va €yel 1 dtyAvkdvn oty oviamtuén Tov
0otol €1€0¢1 pe Paon v mopatnpnon 6Tt o1 yuvaikeg acbeveig pe ochvopopo Turner,
01 0Toieg 6TEPOVVTOL TOV SEVTEPOV YPOUOCHOUATOG X, £XOVV LIKPOTEPO OLVAGTILLOL KOl
acvviOota younAn €kepacn OtyAvkavng, oe oavtifeon pe tovg acBeveic pe
vrepdpOpo ypopocopatoe X (Ameye kot Young 2002). EmumAéov, movtikui pe
eAdemm ékepaoct NG OYALKAVNG EREAVIGOV EVOL POIVOTVTTO TOPOUOL0 LE OVTO TNG
00TEOMOPWONG, Ociyvoviag 0Tt 1M StyAvkdvn &ivar To TPOTO PN KOAAOYOVAIES
OLOTATIKO TNG EEMKLTTAPLOG OVGING TOV 0GTAOV, TTOL £IVOL TAVTOYPOVEA PLOGTHG TOV
OYMNUOTIGHOY TOV 06TOV Kot TN 00TikNG palag (Xu et al 1998, Young et al. 2002). O
TPOGOOPIGHOG TOV GYETIKAOV HOPLOKAOV UNYOVICUOV Y1o. TNV ovATTLEN 0VTOV TOV
O0CTEOMOPOTIKOD  (QOIVOTOTOV GE TOVTIKIOL LE OVETAPKEW OTNV EKQPOCT TNG
SYAVKAVNG €€l TPOKOAECEL O10ATEPO EPELVNTIKO €VOLAPEPOV TO. TEAELTAIO YPOHVIN
(Wadhwa et al 2004, Young et al 2006, Bi et al 2007, Wadhwa et al 2007, Embree

et al 2010, Berendsen et al 2011).
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Amedeiyfn Ot pe Vv mpdodo ¢ nAkiog, To EAAEN G€ dyAvKAvn TOVTiKio
TOPAYOLV  YOUNAOTEPOVS  OPOUOVG  OTPOUATIKOV — KOTTOP®OV  (00TEOPAACTES,
WwoPALeTEG) TOL TPOEPYOVTOL ATO TO HVEAD TV 00TdV. EmmAéov, 1 avtandkpion tov
KuTtdpov avtdv otov TGFP eivon emiong peiwpévn, yeyovdg mov vrodnimvel Evav
mBovod pOAO TOV HOVOTOTIOV onpatoddTnong twv BMPs oty avértuén avtov tov
oawvotimov (Ameye and Young 2002, XD Chen et al 2002). [Ipdypartt, 1 dtyAvkdvn
@avnke vo. tpomomotel v pecoAiafodpevn and v BMP4 (ootikn pop@oyevetikn
TpoTeiv 4) 00TeoPAooTIK)  S10POPOTOINGT O  KPOVIOKA KVTTOPO, TOVTIKOD
éleyyovtag ™V @wco@opvAiwon g Smadl kot v ékepacn Cbfal (mvuprvog

deopevtikd mapdyovia al) (Chen et al XD. 2004) (Ew. 1).

BMP-RII &7 Biglycan

Smad1/5/8

/ .mad1/5l8 Q
Yy 06

(e ©

ACELLU L&;iﬁf«lk

MATRIX

Bone formation
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Eiwcova 1 Mnyavicpot POBuiong me ékppaocng yovidiov Kuttdpmv TG  00TEOPANCTIKNG
oelpdg amod v AtyAvkdvn

AMAN perétn emPePainoe emiong to pOAO TG S1YAVKAVIG GTNV 06TEOPAUCTIKN
dpoponoinon kot TV emokOAovdn acfectomoinon g eEwkvttdplag OBepéliog
ovGiog HES® TOL onpatodotikoy povoratiov ¢ BMP4 (Parisuthiman et al 2005).
Extog ™c¢ BMP4, in vitro odokaocieg mpoécdeong €deiav 0Tt 1 SryAvkdvn
aAniemidpd pe dAiec BMPs, 6nwg n BMP2 kot 6. H dtyhvkdvn givon oe 0éom va
deopevel aueoa v BMP2 kot tov vrodoyéag e, ALK6 (emiong yvootd wg BMP-
RIB), yeyovég mov coppdirer oty e€aptopevn and v BMP2 dwapopomoinon tomv
ooteofractdv (Moreno et al 2005).

Qo1660, 0 POAOG TNG OCNULATOOATNONG TG dLYALKAVNC 6Ta 06TA dev Teplopiletan
puovo oe ariniemdpdocelg pe tig BMPs. H diyhlvkdvn eivan emiong oe Béon va
EVEPYOTOLEL TNV ONUATOOOTNOT TOL Kovovikoy povormatiov Wnat / B-katevivng (Ewk.
1). H gvepyomoinon 1ov GLYKEKPUEVOL LOVOTATION TEPIAAUPAVEL TNV TPOGOEST TOV
ovvoétn Wnt otov vmodoyéa Frizzled (FZ) kot Tov suvumodoyéa, LRP6, avEdavovtog
™ otafepOdTNTA TNG B-KATEVIVIG GTO KLTTOPOTANGO KOL TNV TPo®ONnon g otov
nopnva. H dryhvkdvn cuvdéetar ueca pe tov tpocsdétn Wnt kot v LRP6 péow tov
TPOTEVIKOL NG Koppov. H éAdewyn drydvkdvng odnynoe oe pewopévn Wnt-
emayouevn  owceopviimon kot LRP6  LEF1/TCF-eaptdpevn  peToypagikn
dpactnpota o€ Kpaviakd kouttapa. H 0w perlét €oei&e Ot in vivo, 1 dtyAvkdvn
poouiler v ékppaon g WISP1 katd t didpkei oynUaTIGHod TOV 06TOV GE £val
povtédo katdypatos-mtopmong (Berendsen et al 2011). Ilaporovtd, omortodvton
TEPAITEP® UEAETES Y10 VO OLEVKPIVIOTEL O HOPLOKOG UNXAVIGUOC, HECH TOL OTOTOL 1

dryAvkavn pvOuiletl to povomdtt Tov Wnt.
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AopBavovtag vaodyy 01t 1 StyAvkdvn ovvoéetal Gueco pE TNV TPOTEIVN
WISP1 (Desnoyers et al 2001) kot 61t T0 mRNA ¢ WISP1 cvvevroniletor pe v
dtyAvkavn katd tn ddpkela g enacPéotmong in vivo (French et al 2004, Inkson et
al 2009), éxer mpotabel 6t1 M oAinAemidopaomn avt wailel kdmoo poéAo o1
PO POTTOINGCT KOl TOV TOAAATAAGLOGUO TPOSPOUMY 0GTEOPAACTIKOV KVTTAp®WV. Ev
cuvtopia, 1 O1YAVKAVI ¢ GVOTOTIKO TG EEwKLTTOPioV Bepédag ovaiag, dleyeipetl T
JdIKAGIo. GYNUOTIGHOY 06TOD HECH €VOG UNYOVICHOD SUTANG onpatoddTnons: Tov
povoratiov BMP / TGFB kot g kavovikng emaydpevng omd Wnt / B-kotevivng
0000. Qg ek T0UTOL, M OYAVKAVI pTmOpel Vo OMOTEAEGEL €vol TOAAL VTOGYKOUEVO
(QOPUOKEVTIKO HOPO-0TOY0 oe aobéveleg mov oyetiCovior pe To 00Té Kot

TPOKOAOVVTOL OO EAATTMOUATO GTO, GUYKEKPIUEVO, CTLOTOOOTIKA LOVOTTATIOL.

1.3.4 Avylvkavn Kou KopKivog

‘Exer mpotabet 6t1  dryhvkdvn emnpealet v opydvoorn tov ECM kot v
KUTTOPIKT AELITOVPYID. KLTTOPIKOV CEPOV TOV 00Te0shpkmpotoc. H amovsio
gkppaong g dryhvkdvng oe U20S kot Saos2 kHTTopa 06TE0G0PKMUATOS Bewmpeitan
eV UEPEL VTTELOLVY Y10 TV EAATTOUATIKY OCPEGTOTOINGN TV WVISI®V TOL KOALXYOVOL
oV TapaTNPNTOL 610 ooteocdpkope (Benayahu et al 2001). Xe kottapa MG63,
TPOKOAEITOL S10KOTN TNG AVATTVENG HETE 0md VIEPEKPPAOT TNG OIYAVKAVNG, KOl VT
0 KOTTOpO Ppédnkav va ekepalovv KoTd TPOTIUMoN TNV VIEKOPivn Kol TV
dtyAvkavn Otov  Ppiokovior maydevpéva  €viOg KOALOYOVOL GE  KOAAEPYELD
(Wegrowski et al 2000). Xe dAAn pekétn delyOnke 6t n enidpaon tov TGFP oty
gkppaon G owylvkdavng oe kOttapa MG63, efaptdtor omd TNV KLTTOPIKN

npookOAAnon (Groth et al 2005).
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1.3.5 Yahovpoviko o&0 (Hyaluronan, HA)

To HA etvan po ypoppikny pun Betopévn yAvkolopvoyAvukdyn amoteAovpevn
a6 emavorappavopevoug doakyapiteg D-yhvkovpovikd kot N-aketvloylvkolapivn
ne éva gupb pdopa poplakdv Papmv 105 éwg 107 Da (Ew. 3). To HA napdyetat and
tpo. ooévlopa ovvBaong HA (HAS1, HAS2 kot HAS3), ot omoieg eivar
EVOOUATOUEVES TPOTEIVEG TNV KLTTOPIKN HEUPPAVT, LE TA EVEPYA TOVS KEVTIPA VO
Bpiokoviot oty evdokvttapila emipdvela g pepPpdvng (Weigel et al 2007). Kabéva
and ovtd to tpio Evivpo mapdyel oAvcidec HA  dapopetikod péyebovg. H
evepyomoinon tg HASI odnyel oe mapaywyn vyniov poplaxod Bapovg HA (2000
kDa), av kot n cuvBeTikr] dpactnpdTNTA TG £lvol YOUNAOTEPT OO TIC AVTIGTOLYESG
HAS2 kot HAS3. HA mapdpotov popraxod Bapovg mapdyetar eniong and tnv HAS2,
N omoia emmALov €xel eumAakel e avamtuElaKkes diepyacieg mov mepthapupdvovy v
10TIkn eméktaocn kot v avartuén. H HAS3 éxet tv vynlotepn dpactikdTNTO Kot
napdyel pkpotepeg arvcideg HA pe poprokd Bapn peta&d 100 kot 1000 kDa. H
dpactnpromta ¢ cvvdong tov HA puBuiletor and d1dpopouvg mapdyovies, OnmG
aLENTIKOTL TOPAYOVTES, EVEPYOTTOMTEG TPMOTEIVIKNG Kivaong C kat kvtokives. Tlpo-
QAeYHOVDOES TTapdyovtes, Omwg M wiepievkivn-1B, TNFa ko TNFB endyovv
ovvleon HA, evd o1 TGFa kot TGF €yovv 1o avtibeto amotéleoua (Karousou et al
2010).

Ot veoovvtiBéueveg ahvcideg HA Bpiokoviar otnv €meaveld Tov KLTTépOv,
oTNV TEPKLTTAPLO KOt EE@KLTTAPLO BepéAia oVGia, 1 aKOUN KOl GUVIESEUEVES OTN
HAS kot aAAniemidpovv pe vmodoyeic g Kuttapkng empdvelag. To HA elvan
emiong mapov og gvdokvtTapla dapepiopota. Mio onpovtikni mtocotnta Tov HA givan

eMioNg MOPOVGO GE MEPLOYEG 1OTOV TOV Yapoktnpilovror amd vyniovs pvOuonc
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KUTTOPIKNG daipeong Kot avénuéveg duvatdtnteg omonong (Toole et al 2001). To
HA pmopet eniong va evepyel og pecoAafntg g onpatoddTnong HEGm cHVOESNC e
vrodoyeic HA 6mmwg o CD44, o vrodoyéag RHAMM, ot Toll-like vrodoyeig 2 xau 4,
ot vmodoyéls LYVE-1 kot o HARE/ stabilin-2 (Jackson 2009, Kouvidi et al 2011).
[Ipéceata, to CD44 ka1 o vrodoyéag RHAMM  éyouv avayvopiotel og peiloveg
Vrodoyelg mov eumAékovtal oty eEEMEN Tov kapkivov. H amoddunon tov HA
emuyydvetar pécm g eviupoTikng dpdong tov vaiovpovidacwv (Hyal-1, Hyal-2,
Hyal-3 kot PH-20), tov onmoiwv n ékepacn eivar avénuévn 1 KOTOoTEALETOL OF
OPLOUEVEG KAKONDELS KATAOTACEL GE GUYKPIOT HE TOVS QLUGLOAOYIKOVG totovs. H
Hyal-1 ot m Hyal-2 givor ot xVpleg voAovpoviddcoeg mov gUTAEKOVTIOL GTOV
katofoiopd HA kot dpodv ovvepywd. Ilpdtov, m Hyal-2 amodopet vymiov
poptakod Papovg HA oty KuTtapiky] mQAveD dNUOVPYOVTOG TOKiAov peyéboug
Opavopatoa HA, to omofo, petd oamd evookOTT®ON, 0modopovvIol omd TNV
evookvttdpe  Hyal-1 oe vmoleippata tetpacaxyopitn. Ihotedetor o611 TaL
JtpopeTiKd Bpadopata oAtyosakyapitn £xovv dlaKkpitég emdpdoelg otnv e£EMEN ToV

Kapkivov, tnv ayyeloyéveon kot 1 petdotaon (Stern 2008).

1.3.6 Yaiovpoviko o&0 (HA) ko kapkivog

Eivatl yvooto 011 10 pikpomepBaAiov Tov 0YKoL, o1 avéntikol mopdyovies Kot
o1 YMueKiveg mov Tapdyovtal 6'avTov endyovv v mopaymyn HA (Tammi et 2011).
H moapovsio tov HA mailer onuoviikd podo oe moAAoDS TOMOVS KOPKivOL GTOV
dvBpomo. Ot Aetrtovpyieg Tov HA otnv €£6MEN TOL KapKivoy mowkidhovv aviroya pe
10 p€yebog kot TNV TosoOTNTE ToV 6To oTpdu Tov dykov. To HA cvoowpedetal og

VYNAG emineda og adevokapKvoOuaTo, OT®MG Tov pactov (Auvinen et al 2000), tov
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nvevpova (Pirinen et al 2001) kot Tov Kapkivo tov wodnkov (Anttila et al 2000).
Avtifeta, n mepektikétTo 6 HA givor younin oe mAok®oeg KopKivopo Kot 6To
peAdvoua, Kot n arovsio Tov gival dpeco oyxeTilOUeEVN HE TO HETACTOTIKO OLVOUIKO
(Kosunen et al 2004, Karjalainen et al 2000). To CD44 ctov mAovoio ce HA ECM
aAnAemidpd dpeca 1 Eppeca pe vrodoyels onuatodotons 6mwg EGFR, ErbB2 kot
tov vodoyéa Tov TGFP tomov I, kot €161 61N GLVEKELD EVEPYOTO10VVTOL LOVOTTATIOL
onpatoddtnong 6mwg PI3K/AKT 1 MAPK xwvac®v, To omoio, e0voouv v avantuén
avOEKTIKOTNTAG OTO YNUEOOEpATELTIKA QApHOKO KOODS kot v €EEMEN TOL
kapkivov (Toole 2004, Bourguignon et al 2003, Ponta 2003).

To mpoeih yovidwokng £€kepaong tov eviOuov 7Tov eUmAEKOVIOL GTO
petafoiopnd tov HA petafdiietor Katd ) S1dpkeln TG KOPKIVIKNG EGPOANG Kot
™G UETAoTOONG. TNV TEPIMTMON TOV KOPKIVOL TOL HOGTOV, TO 7O EMIOETIKA
Kapkvikd kotropa ekepdlovv 1ig HAS2 kot Hyal-2 1copopeés, evd ta Arydtepo
emBeTikd kotTopa tapdyovv mepiocdtepo HAS3 kot Hyal-3 (Udabage et al 2005). H
HASI aviyvevnke oe acbBeveic pe moAlomioOv poéhopo kKot oyetiletor pe v
pewwpévn enPioon toug (Adamia et al 2005). Ze KopKIVOUOATA TOV TOYXEOG EVIEPOV, N
vrepPoiikn Exppaon g Hyal-1 xoatactéAder v oykoyéveon (Jacobson et al 2002).
"Exel amodeyBel 611, avdroya pe ) ocvykévipoon g, n Hyal-1 Asrtovpyel eite wg
npoaywydg tov Oykov eite ¢ KotaotoAéas tov oykov (Lokeshwar et al 1996,
Okamoto et al 2002). H d1domacn tov CD44 éyet emiong avapepbei 61 ovoyetileton
pe v Tpdodo TV dYK®V, OTMG TOV LAGTOV, TOV MOONK®V, TOV YAOIDOUIOTOS, TOV UT)-
LKPOKVTTOPIKOD KOPKIVOL TOV TVELHOVO, Kol Tov Toy€og eviépov (Sugahara et al
2003). Avt n emidpoon amodidetor ota moikidov peyéBovg Bpavouato HA. Ze
YEVIKEG YPOUUES, Ol VOAOVPOVIOACES OTO WKPOTEPIPAAAOV TOL OYKOVL £€YOVV MG

amoTEAESO. TN HEPIK] N TARPN  amoddunon tov HA. Ot mpoxdnrovieg
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oMyocakyapitegc HA mpokaiobv 1tn Oidomacn tov CD44 avédvovtog £tol TV
KIVNTIKOTNTO TOV KOPKIVIKOV KUTTAPOV KOl TNV KOvOTNTo 16B0ANG Toug (Sugahara
et al 2003). EmumAéov, ot oAtyocakyopiteg Tov HA emdeikviouy oyyeloyeEVETIKES
W0 TEG avdAoya e TO poplakd Tovg péyebog. Opavopata tov HA peyébovg 3-15
povadmv odlcakyapitn eivar oe 0éom va dieyeipovv TOV TOAAATANGLOCOUO TOV
EVOOOMAMAK®V KVTTAP®VY, TNV TPOGKOAANCT KOl TO GYNUATICUO TPLYOEW®V ayyeiwv
(Matou-Nasri et al 2009, Takahashi et al 2005). Yynid ermimeda avtdv tov
OpavoudTov £govv aviyvevBel ce TAAKMON KOPKIVOUOTO TOV OvomTTOYOnKov o
nePOYN ™S KePaAng kot tov avyéva (Franzmann et al 2003). Emutiéov, ot
oMyocakyapites tov HA dwatapdocovv Ti¢ aAAnAemidpdoes Heta&d ToL LYNAOD
poptaxod Bépovg HA kot twv vmodoyémv tov oo kiTTapo tov 6ykov (Nemec et al
1987), avactéAloviog TV ovamTuén Tov 0YKOL G€ TEPANATO in Vitro Kot in vivo
(Zeng et al 1998) pe 1pdémoO MOV TOLAAYIGTOV KOTA £vo PEPOC, TPOYUOTOTOLEITOL
dtapécon g KataotoAng Tov povoroatiov PI3K/Akt (Ghatak et al 2002). EmutAéov, ot
TETPOCOKYOPITEG EUEAVILOVY OVTI-OTONTOTIKEG OPACEI; 7OV  OVACTEAAOLV  TOV
KuTTOpKd Bdvato kdt® amd ocvvOnkeg évtaong (Xu et al 2002). 'Exer emiong
avapepOel 0t 01 oAyosakyapiteg Tov HA avactéddovv v e£EMEN ™G OOTIKNG
LETAGTAONG GTOV KOPKIVO TOL HOGTOV HE TNV Kotdpynorn g aAinienidpaong HA-
CD44 (Urakawa et al 2011).

To HA moilet  onpoviikdé poro ot JwdlKacio  HETATTOONG
emOnAov/peseyydLOTog Kot TV omtoia To KhTTapa ydvouv T didtaln emniiov kot
OMOKTOVV  HETOVOCTEVTIKO  QowvOoTLVIO. O pecseyyvuaTikOG  QovOTLumog  gilval
ONUOVTIKOG otnv  guPpuikny ovimtuén Kot omotedel VIOYPEMTIKO OTAO0 NG
petaotatikng oAAniovyiog. O poioc tov HA otnv opyavoyéveon €xet kotaderyOel oe

HAS2-null éufpva, ota onoia, KHtTopa TOV EVOOKAPSIOV ATOTVYYAVOLV VO VTTOGTOVV
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™ O1OIKOGT0 EMONALOKN G/ LEGEYYVHOTIKNG HETAPOONG KOl £TCL OEV HETAVOGTEVOVYV,
pe amotélecpa TV avoOpoin ovimtuén g kapdwdg (Cammenisch et al 2002). H
vrepékepaon g HAS2 ocvoyertiCetar pe peiowon mg E-kadyepivng (emBniiokdg
JelKTNg) Ko TG P-Katevivng, odNymdvTag 610 cuumépacua 0Tl n veeproapaymyn HA
EMAYEL TNV EMONAOKN/LECEYYVUATIKY UETATTOOT o€ KopKivikd kottapa (Itano et al
2002). Emutdéov, n avénuévn mtocodtta 1ov HA avédverl tv ikavotnta omdnong tov
MCF-10A avBpdmivov HocTIKOV ETONAMOKOV KOTTOP®V ETAYOVTIOS TV TOPAY®OYN
MMP2 ka1t MMP9 péom g 0oo0 PI3K/AKT.

H ovoyétion avantuéng tov kapkivov kot eAEYHOVIG €xel amd Kopd derybel
(Balkwill et al 2001, Coussens et al 2002). Yrdapyovv otoyeio mov delyvouv OTL 1
pokpoypévia eAeypov oyetiCetar og peydAo Pabpd pe T HETACTACT TOV KOPKIVOL.
Ye QAEYHOVMOELS KATOOTACELS, 1| KOAQ TEKUNPLOUEV avENon TG TOpAY®YNG TOV
otpopotikod  HA  Bonbd om  dnuovpyla  eéopetikd  evodatopévng ECM,
JLEVKOAVVOVTOG €TOL, TNV TOMIKY KLTTOPKY dwakivnon (trafficking) (Hallgren et al

1990, Tufveson et al 1992).

1.3.7 ZXvvdekavn 4 (Syndecan 4)

Ot  ovvdekdveg (syndecans) elvar o owkoyéveln  OLOUEUPPOVIK®OV
TPOTEOYAVKAVOV TOL QPEPOVY G YALKOLAHIVOYAVKAVY Kupimg oAvcideg Beukng
nrapdvng (Bernfield et al 1992, Couchman 2003). O mpwteivikdg TOVG KOPUOG
AmOTEAEITOL OO L0 GUVTOUN EVOOKVLTTOPIKY TEPLOYT, MU0 OOUEUPPOVIKY TEPLOYN,
nov elvar eEoPETIKG GLVTNPNUEVT] Kot ol EEOMKLTTAPLO TEPLOYN TOV TOPOVCLALEL

Spopég otV aAANAovyio ApvoEEémv PETOED TOV TECOUPMV UEADY TNG OTKOYEVELOGS
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tov ovvdekavov (Bernfield et al 1992). Ot cuvdekdveg ekppdlovtor oe agBovia
KaB’0An 1 dapkeln TG EUPPLIKNG avdmTtuéng Kot Kotd v evijdiko Lo, ov Kot 1
kafepio amd TG oLVVIEKAVES TaPOVGLAlel dlapopeTikd mpdTLIe. Ekppaocng. Elvar
ONUOVTIKO TO YeYOVOG oTt T0 potifo g éxppoong kot / | n dopnq g Oeukng
Nrapdvng PeTaPUAAETAL OG amOKPIoN o€ OpLopEVE TABoPLGIOAOYIKA epediopata kot
avtd pe T oelpd Tov umopetl va pubuicel v eEEMEN tov dykov (Sanderson 2001,
Fears et al 2006). Qg KuTTOPIKAE GLOTOTIKA, Ol GLVOEKAVEG UTOPOVV VO AEITOVPYHCOVV
1060 €VOOKVLTTAPIKA OCO Kol OV KLTTAPIKY| empdvewn. Emmiéov, péoom g
tpomontoinong (shedding) and npwtedoec,  omoia AapPdvel ydpo oTNV ETUPAVELD TOV
KUTTOPOV, 01 GUVOEKAVEG UTOPOVV VAL OITOKOTIOVV GTO £EMKLTTAPIKO TEPPAALOV OTTOV
UITOPOVV VO Jlox€0VTOoL HOKPLE omd To KOTTApPo Kol €ite va yivouv UEPOG TNG
eEokuttdprog Oepéiag ovsiog 1 vo TaPAUEVOLV JHALTEG Kal £TGL Vo emnpedlovy Ta
KOTTOPO TOV TEPPAALOVY, KOOMG KOl KOTTOPO OTOUUKPVGLUEVE, OO TNV aPYIKN TOVG
Béom. LV EMEAVELL TOV KVTTAPOL, O TPMTEIVIKOS KOPHUOS Kol Ol 0ALGIOES BEUKNC
NTAPAVNG TOV GUVIEKOVMV £XEL SIAPOPES dPACELS 6TV AAANAETIOpAOT KVTTAPOL LE
KOTTOpo kol KuTtdpov-ECM kot ot pvbuion ¢ kuttapikng  emPioong,
npookOAANong kot petavdotevong (Couchman 2001). Ot cuvdekdveg deGUEVOVY
emiong moAvdpOpa dSoAvTd popta (1T.y., KVTOKIVES, YNUEOKIVES) HEC® TOV AALGId®MV
Beukng Nmoapdvng Tovg, SELKOAVVOVTOG £TGL TO CNUOTOOOTIKG LOVOTATIOL 7OV
eumiékovrar pe avtd to puopro (Tkachenko et al 2005, Perrimon et al 2001).
EmumAéov, ot ovvdekdvec pmopel vo  HETAPEPOLY  ONUATOOOTNOT HECH TOV
AAMAETIOPACE®V TOV TUPNVIKOV TOVG KOPUADV HE TOIKIAAD ONUOTOOOTIKA HOpLo
(Lambaerts et al 2009). 'Eto1, A0y® NG TOIKIAOHOPPING TOVG, TOGO GTOV EVTIOTIGUO,
0G0 Kol oTN A&Tovpyio. TOLG, Ol GLVOEKAVES KOTEXOLV Mo ONUOVTIKY 0éom o

pOBoN TG 0yKOoYEVESNC KaBDS Kot oty e£EMEN Tov OYKOV.
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H ovvdekdvn-4 exppaletor og kdmowo Pabuod, and toug TeEPIGGATEPOVS OYKOVS
Kot emiong ovyvd Ppioketan péca oto pKkpomepPdAlov tov 6yKov. Xe avtibeon pe
NV oLVOEKAVN -2, 1 0Toio EVIGYVEL TN HETOVACTELOT TOV KAPKIVIKMOV KVTTAP®V, EYEL
deryBel péypt onpepa 6tL 1 cvvdekdvn -4 eivar Tapdpola pe ™ cvvoekdvn -1, Kotd
10 0Tl Owpecorafel otn TPOSKOAANON KOPKIVIKOV KLTTAPOV TNV £EOKLTTAPLO
Bepédia ovola Kot avacTtéAAel TV €IGPOAN TOV KOPKIVIKOV KUTTAP®V GE OPIGUEVECS
nopeés kapkivov. H ouvdekdvn -4 mpodyel TV TPOCKOAANGN KoL TN HETAVAGTELON
o€ KLTTOPIKEG GEPEG Kapkivov Tov pootov (Beauvais et al 2003) kou Bpioketon
LEWMUEV OE KOPKIVIKA KuTTOpa Tov Tayxéog eviépov (Park et al 2002, Jayson et
1999). H pewmpévn €xepaot e GuvoeKAvNG -4 6€ KOTTOPO, LEAOVAOUATOG 00NYTN|GE GE
KATOoTOA TG onuatoddtong FGF-2, mov 1t oepd ¢ odnyel oe avénomn g
KIVNTIKOTNTOG TOV KLTTAP®V TOL OYKOL KOl GE UEIOUEVN] TPOGKOAANGT OTHV
wovekrtivn (Chalkiadaki et al 2009). Avtifeta, oe dtapopeTiKn LEAETN TPOEKLYE OTL Y|
peimon g €kepaong g ouvoekdvng -4 mpokdAiese pelwon oty €l6PoAn TV
KUTTOP®OV TOL HEAOVAOUATOG HEIDVOVTAG TNV onpatoddtnon péow WntSA (O’Connell
et al 2009). To yeyovdg avtd vrmodnAmvel 6Tt 1 cvvdekdvn -4 umopel va mailet
SPopoVg POAOVE OTNV UETAVOCTEVTIKY KOVOTNTA TOV OYKOVL, OVAAOYO, LE TOV
napdyovta (€¢) mov gival mapovieg kol puOPIovy TV HETOVOCTEVTIKY] GUUTEPLPOP
Tov kdOe 6ykov. Eniong, o oynuatiopdg Tov GUUTAEYHOTOG TNG CLVOEKAVNG-4 LE TOV
FGF-2/FGFR-1 mpodyet mpo-0yyEl0yYEVETIKA YEYOVOTO ONUATOSOTNONG UECH TNG
npoteivikng kwvaong Co (PKCa) (Mundhenke et al 2002). "Exet mapatnpn0ei 011 1
dTapayn TOV CAAAETIOPAGE®V HETAED TNG CLVOEKAVIG-4 KO TNG VOVEKTIVIG TTOV
TpoKaAgital amd v eEOKLTTOPIKY TEVOGIVI-C LEIDVEL TIG E0TIOKEG GUVOEGELS GTO

KOTTOPO TOL OYKOVL, YEYOVOG TOL 00NYel o6& aVENUEVO TOAAATANGIOOUO TMV
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Kapkvikov kvttapov (Huang et al 2001). 'Etor, n poBuion g KLTTOPIKNG
TPOCKOAANONG HECH® TNG ovvdekdvne-4 eivar kpiown ywoo tov €reyyo TOCO NG

LETAVAGTEVONG OGO KO TOV TOALUTAAGIOGHOV OPIGUEVOV TOTWV OYK®V.

1.4 TTAPAOGYPEOEIAHX OPMONH (PTH)
1.4.1 T'svika

H avBpdmivn PTH givon éva mentioo 84-apwvoéémv mov mailel kevipikd poAo
o1 dTnpNoN NG opodatactg Tov acPectiov ota Oniaoctikd (Rosen et al 2001). To
eminedo tov e€wrvTTdprov acPeotiov odnyel oe avénon g €kkpiong PTH ¢
ATAVINON OTN HEI®ON NG CLYKEVTPMONG TOL acPeotiov pécm TV gvaictntwv cto
aGPECTIO VITOJOYEMV TNG KLTTAPIKNG HeUPpavng Tov Tapabupeogdot adéva. H PTH
Opd Gueca otV emavappOPNon AcPECTION amd To VEQPIKA GOANVEAPLO Kot EQUEGOL
EVIGYVEL TNV EVIEPIKN ATOPPOPNOT TOV acPectiov pécwm g 1-a vépoLvAmpEvNg
YOMKOACIPEPOING  (av&dvovtag étol v KukAogopio TG KoAottptoAng). O
@Lo10A0YIKOG porog TG PTH o1 opoldctaon Tov okeAETOL, OTOV EKKpiveTO
EVOOYEV(MG, €lval MO TOAVTAOKOG, OAAL HAAAOV ypnoiuevel yio ) pvOon g
avakotaokevng (remodeling) twv 00T®V Kot Ol TOGO Y10 TI] GUVOAIKY] OKEAETIKN
péco.

Ao mpopec peEAETEG OYETIKG pe TN doun kot Tt Aettovpyia tng PTH, €ywve
YEVIKA 0modeKTO OTL TO GUVOAO TNG PLOAOYIKNG dPACTIKATNTAG TOV OAKOD HOPIov TNG
PTH (hPTH 1-84) ogeiletonr otnv N-terminal aAindovyia tov. Ilepiocodtepeg
KAMVIKEG HEAETES €YOVV YPNOYOTTOMGEL TO TENMTIO0 TtV 34-apvo&éwv hPTH (1-34),
nmov ovopdleton tepmapation. Ta wpdTa dvo apvo&éa elvar amapoitnto yio ™

Brodoyikn SpacTIKOTNTA TNG OPUOVNG, KOl GOIVETOL OTL OL AVOPOAIKES 1O10TNTEG TG
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eni TOV 00TOV dlatnpovvtal TAPOS and to Ppayvopévo tunue e hPTH (1-31).
MoXovott 1 oAy PTH tov 84-apuvoléwv elval 10 guotkd mpoidv tng YOoVISIOKNG
peTaypaens Kot petdopacns tov yovidiov tg PTH, n peydin mietoymeio tng
avocoavtidpaong g PTH mov aviyveveton otnv aipatikny kokAoeopio amotedeiton
and kapPo&oio (C)-teAikd Tupoto TG 0provnc. Avtd To TUNOTO EKKPIVOVTOL amd
T0. KOTTOPO TOV TOPaBVPE0EB0VEC 0dEVA KO TPOKVITOVY LE EVOOKVTTAPIN d14.6TaoT
¢ PTH n omoia evicoyvetat and ta avEnpéva enineda eEmkuttdplov acféctiov oTov
op6 (Watson et al 1993). Ta Opavopato ovtd PHmopovv emiong va TPOKHWOLV amd
dtdomaon g ohkng PTH and tovg mepipepikons 16tovg otd)ovs (Segre et al 1976).
Ta N-terminal tpfpota wov gival Kova va evepyomomcovy tov vrodoyéa ¢ PTH
dev vdpyovv TNV KLKAOQPOpia vd PLGOAOYIKEG cuvOnkes. H povn yvoot popen
nov KukAogopel pe Poroyikn dpactnpotnta otov vrodoyéa PTH / PTHrP eivar n
npng PTH (1-84).

Eivar mBavé 6t 1o C-tedikd Opavcpata e PTH propel va éxovv dtokpirég
Broroycéc 1016t teg. TOGO in vitro 660 kot in vivo peréteg £dei&av 6t 1o C-terminal
tuqua g PTH pmopet va €xet onuovtikés PloAoyikés emoOpAacel oTa 00T, APKETES
HeAéTeg vodekvoovy TV mhavn vapén £vog Eexmpioton vodoyéa Yo o C-teAkd
Opavopata g PTH. 'Exel deyybei (Divieti et al 2001) 6t ta C-PTH 6Opadopota
pumopel vo gvioybovv TNV AmOTTMOT TOV 06TE0KLTIAP®V. Emiong, mponyoldueveg
HEAETEG KVLTTAPIKNG KOAAEpyelng ooteofractdv €pouvv deigel 01t ta C-telKd
Opavdopata mov TEPLEYOLV TOLAGYIGTOV Ta TeEAELTin 30 1 TEPIGCOTEP AUIVOEED TNG
PTH etvon wkovd va dieyelpouv v Topoy®yn OAKOAIKNG GOOEATAONS OAAN Kot
dAhovg deikteg g dpactnpoTag TV ocoteoPract®dv (Sutherland et al 1994).

Yuvenmg, elvar evioyo 6t n oAy PTH, 6tav ypnopomoteitan og Bepaneio yioo v
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00GTEOMOPWOT, LTOPEL VOl £YEL EAAPPDG OLOPOPETIKES PLOAOYIKES OPACELG GE GUYKPIOT
LLE TNV TEPUTOPATION.

H PTH mapovcidlel woyvpn avoPorikn dpdorn o10 okeAetd Otav yoprmyeitot
e€oyevag pe dadeimovca yopnynon. H dopdon avt y tpdtn eopd avoeépbnke
otov avBpomo amd tovg Reeve et al to 1980 (Reeve et al 1980). Xe avtr tn perém
po pkpn opddo aclevav Ehafe teputapation pe KoOnUePVEG VTTOSOPLES EVEGELS YN
6-24 pnveg. Ot Poyieg T@V 06TAOV TOL £YVaY ATOKAAVYOY GNUOVTIKEG VENCELS GTOV
OYKOo TOV OOKIOMTOV AdyOVIOL 0CGTOV KOl EVOEIEES OYNUATIGHOD VEOUL OGTOV.
[ToAvdpBpeg pekéteg éxovv emPePardoet TIG PEATIOGEIS GTOV 16TO TOV 0GTAOV UETH
and kobnuepwéc evéoelg avoroywv g PTH (Hodsman et al 2002). Ot poprakoi
unyoviopoi pe tovg omoiovg m PTH emutvyybver 1o omotéhecpd g oty
OVOKOTOOKEVT TNG OPYITEKTOVIKNG TWV OGTAV G ATOUO e COPopN 0GTEOTOPMOT)
etvar axoun acapns. Qotdco, M emavelétaon g mwpoceatng PiAloypapiog
vrootnpilel TV TopatpNon OTL OPYLITEKTOVIKEG PEATIOGELS CLUPAIVOVY GTO GKEAETO
petd and kobnuepwvég evéoelg PTH. Avtd €pyeton oe avtiBeon pe T1g ahlayés ot
OKEAETIKY]  OPYUIEKTOVIKY] 7oL  mapotnphionkov  petd ™  Oepameio  pe
AVTIOTOPPOPNTIKOVS TAPAYOVTEG, 7OV OPOLV KLPIMG HE HEI®ON TOL OGTIKOV
HETAROMGHOD Kol TN S0 THPNOT TOV 0GTMV, TaPd Le TN PEATIOON TNG OPYLITEKTOVIKTG

TOV 00TAOV.

1.4.2 TIMopaBvpeocidong oppovn (PTH) ko Ooteocapkopa
Tpeig amd TIg onUOvVTIKOTEPES OPYIKEG KAWVIKEG MHeAETEC pe Teputapation (oe
LETEUUNVOTOVCIOKEG YOVOIKEG LE COPOPT 0GTEOTOPMOT|, GE AVOPES LLE OGTEOTOPMOT),

KOl G GUYKPLTIKT HEAETN pe v aAievopovarn) (Body et al 2002, Neer et al 2001,
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Orwoll et al 2003) tepuatiorav TpdémpPo AOY® NG EUPAVIONG GE in Vivo HEAETN
00TE0G0PKMUTOg omd v yopriynon PTH. Xe avt) ) perém, yopnynbnke PTH oe
apovpaiovg amd ™ Ppeekn niikio Eog T ynpavon (amd 8 efSopddmv mg 2 eTMV)
(Vahle et al 2002). Ot yopnyovueveg do6celg Nrav mepimov 30 - 4500 pug / d (m
avtiotoymn 66omn oe évav avlpomo 60 kg). Avantuén octeocapk®dpatog Ppébnke oe
nepapatéloo AV Tov d00emV, akOpo Kol oTiG opddeg mov yopnyndnkav ot
YOUNAOTEPES SOOCELS, KOl EVIOTIGTNKE Yo TPAOTN POpd peTd amd mepimov 20 unveg
Oepancioc. Oa mpénel va emonuaviel 6tL n Oepameio pe TEPITOPATION GE OVTEG TIC
d00€1g TPOKOAEl avOUAAIEG OTOV OGTITN 10TO GTO HOVIEAO TOV OPOVPOIOV, LE TNV
VIEPAVATTVED TOV JOKIWOMTOV 06TOV G GNUEID TOV 0 ¥DPOS TOV PVEAOD TOL 06TOY,
1060 OTNV TEPWOYN TNG HETAPLONG 00O KOl TNG OdPLoNg va EXEl GYEOOV TANPW®S
avtikataotadei and ootitn 1016 (Tashjian et al 2002).

Eni Tov mopdvtog dev vmapyel Kapioo ouclaotikn EVOEEn e KAVIKNG ETay®mYNS
O0GTEOCOPKMUOTOS OTIS KAWIKES KOTAGTACEL, VYNANG KOU TOAD TOPUTETOUEVNC
ékkprong mapafopuovng (m.y. VEQPIKN 00Te0dLoTPOPin). Méypt onuepa €xouvv
avapepOel TECOEPIS MEPMTMGELS OCTEOGOPKMOUATOG o€ acbeveic pe mpwrtomadn
VIEPTOPAOVPEOEOICUO, GAAG 1 OY€on  OUTIOC-oUTINTOD  TOPOUEVEL OVOTOOEIKTN
(Betancourt et al 2003). Ztn peAétm twv Neer et al (Neer et al 2001), dev
JmoTdONKE avATTLEN 00TEOCAPKOUAT®VY, OAAL 1 CTOVIOTNTA OVTOV TOV OYK®V
oTOoV GvOPMOTO KAVEL TNV EKTIUNGT TOL GYETIKOV KIVOUVOL adHVOTN TPOS TO TAPHV.

AopPavovtag vmoynv TG peAéteg kopkvoyéveong oe (ma, €xovv exdobel
OPIOUEVEG TPOEIOOTOMCELS VIO TNV OTOPLYN TNG XPNONG TNG TEPUTOPATIONG KOt
mOavag kot GAAwv tentidiwv PTH og acBeveic o1 omoiot pmopet va etvat og avEnpévo
KIVOLUVO Y10, 0GTEOGAPKMUO. X€ OVTH TNV Katnyopia avikovv acbevelg pe voco tov

Paget, acOeveic mpv amd aktivoBoinon, acbeveig pe ave&yntm avénon otov 0pd g
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E0IKNG Y10 TOL 0GTH OAKOAIKY] QOGPATACTG Kol 0l £PnPol 6Tovg 0moiovg dev £xouv
KAeloetl axoun ot empvoels. Extdg towv 06TdV Kot TV veQpav, ToAlol pucstoloyikol
wotol ekppdlovv Tov vmodoxéa PTH / PTHrP, cvumepilopPoavopévev ekeivov
emOniokng kot evéoniaxng mpoéievons. Emiong, o vmodoyfag éxer Ppebel oe
OPLOUEVOVG GUUTTAYELS OYKOVG, CLUUTEPTAOUPBOVOUEVOD TOV HAGTOD KOl TOV €K OLOVYMV
KUTTOPOV veppikol Kapkivov. To yeyovog avtd avédvel t Bempntikn mlovotnTa
TPOKANONG Un 00TIKOV Kapkivov katd tn ddpkewn e Oepaneiog pe PTH. H ypnon
¢ Tapabopuovng o€ acheveic e TpOSPATO 16TOPIKO Kapkivov dev €xel depevvnbet,
EMEON 0€ KAVIKEG LEAETEG mOKAEIOVTOL CLVIOMG 01 GVYKEKPYEVOL 0GOEVEILG.

Y10 eminedo g Pacikng épevvag N Tapabvpeogdng oppovn (PTH), to nentido
nov oyetiCovron pe v mapabvpeocidn opuoévn (PTHrP), kot o vrodoyéag (PTHR1)
&xovv egvoyomoinBetl yuoo v €£EMEN Kot TN UETAGTOOT TOL 0GTEOCHPKOUATOS. To
PTHrP avaxkoaAdednke og o yopukog mapdyoviog mov oyetiletor pe v petdotoon
0V 0yKov kot v vrepacPeotiopion (Rodda et al 1988). Ocov agopd Tig dpeceg
eMOPAcE; O©TO  KVTTAPO. TOV  00TEOCHPKOUATOG, Otav o HOS  kdtropa
00TE0COPKMUATOg £yve vrepékepacn tov PTHRI, moapatnpribnke avénon tov
TOALOTAQGLOG OV, TNG KIVNTIKOTNTOG Kot TG o1Onong tovg pécm Matrigel (Yang et
al 2007). IIpoécpata dwmotddnke (Gagiannis et al 2009) 6t n PTHrP odnyel oe
aLENUEVT] OVTOYN OTN  YNUEDEPUTEVTIKY Oy®YN TOL OGTEOGOUPKMUATOS HECH TNG

OVOGTOANG TNG GNUOTOSOTNGN TOL P53 KOt TNG UITOYOVIPLOKNG ATOTTMONG.
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XKOIIOX

YKOMOC NG MOPOVCHG OWAKTOPIKNG OTpiPng amoteAel 1M peAETn NG
eMidpaong TUNUATOV TG TapaBVPE0EDOVS OPUOVNG OTIV HETOVACTEVGT KUTTOUPIKMV
OEPOV 0GTEOGOPKMOUATOG ovOp®OTOV KOODS KOl 0 TPOGIOPICUOS TOV AAAAYDV
ekelvov tov e&mruTTapiov YOPOL TOL EMAYOVTOL OO CLTV Kol HETAPAAOVY TNV
LETOVOGTEVTIKT] TKOVOTNTO OVTOV TV KuTtdpwv. Emiong okomdg g mopovcog
gpyaciog Mtav mn depevvnon TovV mOAVOV €EOKLTIOPLOV Kol EVOOKVLTTAPI®V
LOVOTOTIOV ~ OMUOTOOOTNONG 7oL EMWOPOVV o1 pOOMON NG GLYKEKPUEVNG

KUTTOPIKNG AEITOVPYIOG.

2. YAka kot M£Oodor

2.1 Yiwka

H oavacvvovaopévn ovBpomwvn PTH (1-34) xor m vaiovpoviddon
(Streptomyces hyalurolyticus) ayopdotnkav amd v Sigma, eved 1 avacLVOLOCUEVT
avBpomvn PTH (7-84) ayopdotnke and tqv Bachem (UK). H gumopikn ovopacio
0V VYN0V poplaxod PBdpovg HA eivar Healon (10 mg / ml, mov mepi€yetl emiong
yAoprovyo vatpio 8,5 mg, 6&wvo pwceopikd dwvatpo S1évudpo 0,28 mg, Si66&vo
ewoopwkd vatplo évvdpo 0,04 mg, kot vepd Pharmacia AB Sweden). H HA
deopevtikn mpoteivny (FABP) ayopdomke ond tv Seikagaku (lomwvia). To
avTioTOLO, TPOTA KOl OEVLTEPO AVTICAOUATO (TOAVKA®VIKO KOTGIKAG OVTI-0KTIVIG, SC-
1616, moAvkhoviko katoikag avti-HAS2, sc-34068) ayopdotkav and t SantaCruz.

Ta avipaocmploa KoAMépyeag kuttdpov Ntov and v GIBCO-Invitrogen kot
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Biosera (Ringer, UK). To avticopa mov ypnowonomdnke, avti-IgG dryAvkdvng
(movtiko¥ povoximvikd MAB2667) ayopdotnke ond tn Santa Cruz (Santa Cruz, CA,
USA). H avacvvovacuévn avBpamvn dtyAvkavn (2667-CM) ayopdotnke ond v R

& D (Minneapolis, MN, USA).

2.2 Kvuttapokarépyreg

Xpnotipomomnkayv avOpOTIVEG KVTTUPIKEG GEPES 0CTEOCAPKMOUOTOS Saos 2
kot MG63  youniod kot vynAov pHeTOoTATIKOV duvapkoy avtictoro. Ta Saos 2
etvat KaAd S1opOopPOTONUEVE 0GTEOPANGTIKOD TUTTOL KLTTOPW, VM To. MG63 KhTTOpa
etvan petpimg dtapopomompéva vopractoedn tomov kottapa. Ta Saos 2 kot MG63
KOttopa ovartoydnkav oe DMEM (Biochrom KG) cvuminpopévo pe 10% opd
(FBS, fetal bovine serum). IIpwv and ™ di€yepon pe ta PTH mentidio, to xoTtTOp
KoAMepyROnkoav o Opentikd ywpic opd Yo 24 dpec otovg 37°C kot 5% CO2. H
yopnynon tov nentwdiov PTH (1-34) kou PTH (7-84) mpaypatomomnke o Opentikd
péco ywpic opd eite draxekoppéva (Katd tn Sbpkeln TV TPOTOV 6 OpOV 6€ KabE
neplooo 24 wpdv) vy dvo KOKAovg M cuveyxdueva yuo 48 opec. Ilpwv and v
yopnynon FGF-2, avti-FGF-2 IgG, owylvkavng kou PTH (1-34) 10 xdttapo

KoAMEPYNONKaY o€ BpEnTKd GO Ympic 0pd yia 24 dpeg otovg 37° C kot 5% CO2.

2.3 Amopovoon RNA - I[Mocotikdog [lpocoropiopdg

Metd amd 48 dpec ENDACTG TOV KLTTAPOV LE TOVS TAPAYOVTEG 0KOAOVONoE
amopdévoon tov RNA. Apyikd apapédnke 1o vrepkeipevo kot mpootédnke ota
npookoAAnuéva kottapo 1 ml TRIZOL, 1o omoio eivan éva povo@actkd StdAivppo

QOVOANG KOl 1G0OEI0KVAVIKNG YOUAVISivT), TOV SIAVTOTOLEL TOL KVTTOPIKA GLUGTATIKA
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xopic va emnpedlel to RNA kot dtuomd Tic kuttapikés pepPpdveg elevbepdvoviog
§Tol TO YyeveTlkd VLAIKO. AkoAoUONGE M ekyOAIOT HE YAOPOPOPUIO KOl M
Katokpiuvion tov  RNA  ypnoILOTOIOVTIONS  IGOTPOTOVOAY.  XT  GUVEXELL
npaypatonomdnke kabapiopodg pe albavorn (75%) kot t€lo¢ €mavadldAvcT TOV
Wnuatog oe 10-20 pl DEPC ywpic RNase/DNase vepd. H moocdtnto kot 1
kaBapotnta tov RNA mov anopovdbnke petpndnke pe potopuétpnon ota 260nm ko
260/280nm oavtictoryo Kol oTn ocvvéyeln amobnkevtnke otovg -80°C péypt va

OVOAVOEL.

2.4 Avtiotpoon Metaypagr)

1 pg tov cvvolikov RNA ypnoonombnke and kabe detypa yio t obhvbeon
tov ocvumAnpopatikod DNA (cDNA) moapovoia tuyoiov ekkivntov (random
hexamers) kot tov gvlopov avtiotpoen petaypapdon Thermoscript. Apywkd, 1 ug
0V cuvolkoh RNA pali pe tovg exkivntég, ta oAryovovkAeotiowe (ANTPs) kot to
€IKO OdAlvpa addtov Bepuaivovtor otovg 65°C. X cuvvéyeln mpootifetar m
Thermoscript otovg 27°C yio 10 Aentd Kot 1 avtioTpoEn HETOYPOPY| TEAEITOL GTOVG
55°C yw 50 Aemtd. Téloc, mpootiBeton to €vivpo RNAase H mov katactpépetl ta

vrokeippara tov RNA. To cDNA amofnkebtnke otovg -20°C.

2.5 Ahvowot) Avtidpaon Iloivpepaong paypatikod Xpovov(Real-TimePCR)

H pébodoc ¢ Real-Time PCR ypnowomomOnke yw Ttov mOGOTIKO
TPOGOOPOHO TG €kppacng tov MRNA tov yovidiov mov peretnOnkav otnv
napovoa dwrpr. H aviyvevon twv mpoidoviov g Real- Time PCR £&ywve pe
ypon SYBR Green cOp@wvo e T0 TPOTOKOALO TOL KOTOOKELOOTH. Apyikd £yive

TPOGOOPIGHOG TV PEATIoTOV cuvOnk®mv g Real- Time PCR, 6mtmg 1 cvykévipmon
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TOV EKKIVNTOV Kot 1 Ogppokpacio mpdcdeong tovg oto cDNA, 6mov eivar ot
nopakdto: 1x SYBR Green Master Mix, 300 nM ekkivntég (primers) kot 100 ng
cDNA ocg 1ehik6 6yko 20 pl. Ot avtidpdoelg mpaypatomomdnkayv oto Mx3000 Real
Time Thermal Cycler (Stratagene) pe 10 mapokdt® TPOYPOUU: apyikny BEpuavon
TV detypdtwv otovg 95°C yia 10 Aentd yioo v amodidtaln Tov SeyHiToV Kol TV
gvepyomoinon g moAivpepdong, 35 kvkiot pe 0éppaven otov 95°C yuw 30
devteporenta, Beppokpacio avadidraing tov ekkvnt®v (annealing temperature)
55°C yw 30 dgvteporenta kot moAvpeptopdg (extension) twv mpoidovieov g PCR
avtidpaong otovg 72°C ywo 30 devtepoienta. Emerta, mpocsdiopiomnke 1 KopmOAN
arodigtaéng (melting curve), 6mov ta detypata vwofAnOnkov ce otadiokn avénon
Mg Ogpuoxpaciog amd tovg 55°C €mog tovg 95°C. Qg yovido eréyyov
ypnowomomdnke 1o yovidwo g GAPDH 7n t¢ ACTIN. H mocotwomoinon tmv
yovidimv otoy®v mpaypotomomnke pe KapmoAn €kepaons (avtiypoaea/Ct). Xt
ouvéyeln, to delypata Kovovikomomnkav pe Pdaon to eminedo €KOpAoNG TOV

YoVvidiov avapopds Kot VTOAOYIoTNKE 0 LEGOG OPOG TOVG.

2.6 Amopovmon kot Avaiven Hpoteivov

Ot mpwteiveg TOV TEPLEYOVTOAL GTO KVTTOPO OTOUOVAOT KOV LE TN PO EVOG
dwdvpatog RIPA (mapdypagog 2.3.3). [Ipwv ™ yoprynon RIPA ta vekpd kottapa
amopakpvvOnkay pe po tAvon PBS kot énerta mpootédnie to RIPA poli pe
avactolreis tpoteacov (1/200) ya 5 min wepimov. Ta kOTTOpA poledTnKAV Kot
anofnkevtnkav otoug -80 °C. H nocdtnta mpmteivng mov mepieiye kabe deiyua

petpnonke pe ™ pébodo Bradford ota 620nm
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2.7 Hlexktpopopnon lpoteivov (SDS PAGE) ko AvocoomotiTmon Katd
WESTERN (Western Blot)

Ot mpoteiveg dwywpiomnkav o€ TNKTORN aKpvAapdiov 8%, to omoio
neplopfavel o mKTopo emiotoifaéng tov mpwteivov (stacking gel) kot to
mKTOUA dtywpiopov (separating gel). To stacking gel eEacparilel Tnv opodpopen
gloaymyn tov delypdtwv oto separating gel. 25 pg cuvolkng mpwteiving amd kdbe
delypa avapeiynke pe €101kd dtdAvpa arodidraéng Kot petd and 10 Aentd fpacpov
10 pelypo eopTmONKeE 6TO TNKTOHO aKpLAAUIoOL Katl nAekTpopopnOnke ota 200 V
vy 1-2 ®peg (avdroya 10 poprokd péyebog g vmd perétn mpwteivng). Metd v
NAEKTPOPOPNOT|, Ol TPMTEIVEG HETAPEPONKAV OTN HEUPPAVN ViTpoKLTTOPIVIG LE TN
BonBeta £101kNG GLOKELNG NAEKTPOPOPNONG KOl KATAAANAOL pLuOUIGTIKOD SHADUATOC
(CAPs 1x, pH 11). H petapopd mpaypotomomnke yu 2-3 dpeg (avarioyo HE TO
popaxkd Papoc g mpwteivig) ota 15 V. X1 cvvéyela, ot elebBepeg TPOTEIVIKES
nePOYES TG HepPpdvng deopevtniayv (blocking) péow emdoaong g pepppdvng pe
5% (wW/v) amofovtvpopévon ydiaktog oe PBS/Tween yioo 1 dpa oe Bgpuoxpacio
dopatiov 1 otovg 4°C yuo 16-20 dpeg. 'Emetta, axhovdnoav mAvcelg g Hepppavng
vy pon opo pe PBS/Tween (10 Aentd n kabgpud). Katomw, mpootédnke didhvpa
E0IKNG apaiong TOL AVTICOUOTOS (EW0KO OvTioOU Yoo TV Kdbe mpwteivn mov
peietnnke) oe Swwivua PBS/Tween mov mepieiye 1% ydho xor endoon g
pepppavne yio 1 opa o Beppokpacio dwpatiov. AxkorovOnoav tpelg TAHGES Ue
PBS/Tween kat 6t Guvéxela | TpOsHNKN TOL OVTIGTOLYOV EVTEPOV AVTIGMUOATOG GE
OULYKEKPIUEV] GLUYKEVIPMOOT KOl EXDOCT] TS HeUPpavns v 1 dpa og Bepuoxpacio
dopatiov. H pepPpdvn ot ocvvéyeion mivdnke ypnoomoidviag PBS/Tween 6mwg
Kot wponyovpévas. Télog, m pepPpdvn, petd v emodoacn g Yoo S Aentd pe to

dwlvpa gppdviong ECL, ektébnke oe @OTOYPOOIKO QWAL OTOL OmOTLIMONKE 1
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EKTIOUTT YNUEWOQOTAVYEWNG OO TIG TPOTEIVES. TN GUVEXEWD TO. QIAL EULPAVICTNKOV
oe edwo unydvnua g Kodak. H mukvomrta tov (ovdv ypnoipomombnke og
TOGOTIKN] TOPAUETPOG KO VTOAOYIGTNKE OVOADOVTIOS TN YNOuWK €KOVA HE TO
npoypappe J image. H nuimocotikonoinon tov apoidviov Tpaypatomomonke Le tov
VIOAOYIOUO TOV AGYOL TNG TLKVOTNTOS TNG (OVNG NG TPOTEIVIG GTOYOV TTPOG TNV

TokvoTNTa TG {DOVNG TNG B-aKTivNg TOV ¥PNOILOTOMONKE MG TPMTEIVN OVAPOPAC.

2.8 Avoco@Bopiopog

10° khTTapo oTP®@ONKAY Gt E18KEG KAALTTPIdES £vOC 24 0MdY TATOV KOl 6TO
TEAOG TNG ENAMAOTG TOVG, Eekivnoe 1 SladKaGio TOV AvOoGoEHOPIGHOY POV TPOTA
amopakpLVONKaV Ta vekpd KOTTOpa e o TAvon PBS. AkoAovOnce 1 poviomoon
TV KuTTdpoV Yoo 10 min kot énerta o mAvon oe PBS. H enduevn edon vy va
avéndel n dwumepatdTTa TG LEUPPAVNS YpNolomoOnke to €1dkd ddAvpa Triton
1% +yw 10 min. Metd and po midon oe PBS axoloOOnoe m endaorm pe ta
aviioopota, mov  &ywve ywo po opa oe  1%FBS/PBS. H apaiowon mov
ypnowomomdnke Ntav 1/50 yw to mpdTa ko 1/200 yio ta devtepa avricopato. Ta
widie g axtivng Paetmrov ypnowonowwvtag tn Phaloidin/Rhodamine, 1/200
apawpévn oe PBS yio 40min. Metd tig mAvoeig pe PBS €yve n ypdon twv mopnveov
ypnowonowwvrog ite to (1/1000) TO-PRO3 eite ™ Hoetch ypmdon yio 10 min. Xt0
téhog ypnowomomnke 1o Glycerol (DACO) mpoxeévoyv va povyomomdel m
kaAvntpida oto slide. [a v avdivon tev ewkOvov ypnoyoromdnke site to

confocal gite to fluorescence pikpookdmIO.
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2.9 Avootom] Exgpaong I'ovidimv pe siRNA (transfection)

Mo ta mepdpota emypoivvong, ta KOTTapo omiobnkav ce Opentikd péco
yopic opd kot avtiPlotikd péco oe midto 24 ommv Yo 24 h. Ewdwod siRNA yio
dryAvkavn (siBGN), edwkd siRNA yio HAS-2 (maporriayn 97, 98, kot 99) kot RNAi
apvntkob €leyyov (siSCR ) ayopdomkav amd v Invitrogen (Carlsbad , CA , USA)
. Ta va mapéyovv ™ BéAtiot empdivvon, 10 siRNA kot n Lipofectamine 2000
(Invitrogen , Carlsbad , CA , USA) apaidbnkav oe Opti- MEM * IMedium
(Invitrogen) . Metd and 5 Aemtd enmdaong , N apaiopévn Lipofectamine 2000 (1 pL
avd 50 puL péoov) avapiydnke pe aparopévo siRNA (100 pmol avé 50 pL péoov) ya
20 Aemtd oe Oeppokpacio SOUNTION MOTE VO EMITPATEL O GYNUATICHOS COUTAOKOV
siRNA - AMmoompatog, kot mpooténie ota Mo otpopéva kuttapa. H emypoivvon
elxe O1dpkeln 6 POV, LETE TO JAoTNUA AVTO TO OPENTIKO PHECO AVTIKATOOTAONKE LE
QpEécko OPenTIKO HECO TTOV TEPIElYE AVTIPLOTIKG KOl 1) EXOACT cuveyioTnke Yo 48
opeg. Ta kdtrapa ot ovvéyewn cvAAExOnNKav kot to RNA ekyvAiomke . Oha ta
TEWPAPOTA ETPOAVVONG ETOVOANQONKOY TOLAGYIGTOV TPELS POPEG Kl EKTEAECTNKOV

o€ TPUTAETEG .

2.10 Exxwnrtéc mov yproipomomOnkav
HYAL1 F 50 CCG GTG CTG CCC TAT GTC 30
HYALI R 50 AGG CTG TGC TCC AGC TCATC 30
HYAL2 F 50 GGC GCA GCT GGT GTC ATC 30
HYAL2 R 50 CCG TGT CAG GTA ATC TTT GAG GTA CT30
CD44 F 50 GGT CCT ATA AGG ACA CCC CAA AT 30

CD44 R 50 AAT CAA AGC CAA GGC CAA GA 30
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HAS2 F 50 GTG TTA TAC ATG TCG AGT TTA CTT CC 30
HAS2 R 50 GTC ATATTG TTG TCC CTT CTT CCG C 30
HASI1 F 50 GGT GGG GAC GTG GGA TC 30

HAS1 R 50 ATG CAG GAT ACA CAG TGG AAG TAG 30
HAS3 F 50 GGT ACC ATC AGA AGT TCC TAG GCA GC 30
HAS3 R 50 GAG GAG AAT GTT CCA GAT GCG 30
PTHIR F 50 CCT GTC CGG ACT ACATTT ATG 30
PTHIR R 50 GCC CAC GGT GTA AAT CAT GC 30
GAPDH_F 50 GGA AGG TGA AGG TCG GAG TCA 30
GAPDH R 50 GTC ATT GAT GGC AAC AAT ATC CAC T 30
FGF2 F GAA GAG CGA CCCTCA CAT CAAG

FGF2 R CTG CCC AGT TCG TTT CAG TG

FGFR1 _F ACA ACC TGC CTT ATG TCC AGA TC
FGFR1 R TGC GTC CTC AAA GGA GAC ATT

FGFR2 F GGT CAC CAT GGC AAC CTT GT

FGFR2 R TCT GGT TGA GAG ATT TGG TAT TTG G
FGFR3 F GGG CAA TTC TAT TGG GTT TTC TC
FGFR3 R GAA GCC CAC CCC GTA GCT

FGFR4 F TCATCA ACGGCAGCAGCTT

FGFR4 R CAG GAC CTC CACCTCTGA GCT A
Biglycan F TCT GAA GTC TGT GCC CAA

Biglycan R TCT GAG ATG CGC AGG TA
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2.11 Kvrtropwi Metavaotevon

Mo v ektignon g KwNTIKOTNTOS TGOV KLTTAP®V, TPOYUATOTOMONKE 1
kabiepopévn pébodog mov ovopdletar dokipacio emovimong ¢ mAnyng. MG63
KOTTOPE OVOTOXOMKAY o€ mdTo 24 oMby kat o ovykévipmon 8 x 10* khttapa avé
omn. H BéAtio ovuykévipwon yuo KaAMEPyLo eneAEYN €101 MOTE TO. KOTTOPO VO £ivart
TANPOG OVETTUYUEVA GTO OBECIHO YMPO NG OTNG UETE amd 72 dpeg KOAALEPYELOS
otovg 37°C xat 5% CO2 . Metd omd endaon 24 opdv xopic 0pd, yopnyRonkav ta
nopaxdto [ PTH (1-34 ), 50 nm , FGF2 , 10 ng/mL ), Avti- FGF2 IgG, 1 pg/mL ,
Avydokavn , 5 kot 10 pg/mL] , eite dtokexoppéva ( yio 6 dpeg oe Kabe mepiddov 24
®PAOV ) Yot 500 KOHKAOVG 1 cuveyOueva Yo 48 MPEG. LTO TEAOG TNG EXMAONG LLE TOVG
napdyovteg yio 48 h dnuovpynnke o ANy pe éva poyyxog tov 10ul kotd pnKog
™G em@edvelng KoAlépyswog. AxorlovOncav 2 mAvoeig pe PBS mpokeyévov va
amopakpuvlody Tt EexkoAnuéva KvTTapo, kot mpootédnke maw DMEM. H
KIVNTIKOTNTO, HETPNONKE OVOAVOVTAG TNV KAVOTNTO TOV KLTTAPWOV VO KAEIGOLV TO
wound pe v mApodo ToL YPOHVOL 6 wpodv kol 24 wpodv. T to Adyo avtd
YpPNoWomomoape 10 mpoypappe  image J Kol UETPNOOUE TNV EMPAVEIL TNG

EMOVAOUEVTG TTANYNG.
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3. AIIOTEAEXMATA
Mnyoviopoi dopdong t™g PTH mov odnyovv otnv avénon g

RETAVACTEVGNG TMOV KVTTAPMV TOV 0GTEOCUPKDNUTOS

3.1 1% Mnypoviopéc: Emdpdosic tov aeatiditov PTH otnv Kuttapiki
UETUVAGTEVG] TOV OGTEOCUPKAONATOS, GVGYETION NE TOV peTaforopd Tov HA
Ye KuTTopIKéG oelpés avBpamvov ooteocopkodpato MG63 kot  Saos2 e
dpopeTikn dapoponoinon, mov ekepdlovv vrmodoyeic PTHR, yopnynbnke xotd
dwompota n PTH (1-34) ko  PTH (7-84) (katd tn didpkeld Tov TpdTomv 6 opmv
o€ KaBe 24 ®po) yio dVO KVKAOVG N GVVEXOUEVA Yo 48 MPEG KOL 1 KIVITIKOTNTO TOV
KUTTOP®OV TOVG TPOCOOPIOTNKE YPNOUOTOIMVTOS TN OOKIOGIo ETOVAMONG NG
mnyns. H dwkeinovoa yopriynon PTH (1-34) oe xottapa MG63 giye wg anotéhespo
™ onuovtikny avénon (P < 0,01) g petovdoteuons avtdv Tov Kuttapov (Zy. 2A
kot 2C). Ze avtiBeon, ta kOTTopa Saos 2 vid TIC 101eg cLVONKES YopNyNoNg oev
Tapovciocay HETAPOAES TNV IKOVOTNTA TOVG Vo HETOVOSTEVGOVY (Zy. 2B ko 2D),
evo M endaon pe PTH (1-34) oe cuveyn yoprynon katd m didpkeia 48 h (Xy. 2A kot
2C) odfynoe oe pétpla avénon g HeTavaoTELONG TV KuTTapwv Saos 2 (P = 0,05
Yy. 2B kot 2D). H yopriynon PTH (7-84) dev emmpéace v KvnmikdTNTO TOV
KUTTOP®OV TOL 0GTEOGOPKMUATOS KAT® Omd 0TOdNTOTE TOTOL YopNynong (cvveyng
N OAeimovsa) mov ypnowwomomdnkav. Metd TG TOPATAVEO TOPATNPNOEL, Ol
nepaITéP® peAETEG deENyONnoav xpnoomotdvtag SloAeimovoa yopnynon y To

KotTapo MG63 kot cuveyn yopnynomn yo ta KOTTTope. Saos?2.
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Ewova 2. Emdpdoelg tov memtidwv tmg PTH ot petovdotevon tov  Kuttdpmv
00Te000pKOpATOc. MG-63 (A) kot Saos 2 (B) Xe avtég TIg KTTAPIKEG GELPEG OGTEOCAPKMLLOTOG
xopnynnke PTH (1-34) (PTH) (50 nM) daxontopeve (katd ) didpkela Tov Tpdtov 6 h o
KkéBe mepiodo 24h) yw dvo kOKAOLG M cuveydueva Yo 48 dpec. AxolovOnoe m péBodog
EMOVDAMONG TANYNG OM®G TEPLYPAPETAL GTNV TOPAYPUPO VLAKE Kot pEBodOL. XTaTIoTIKN
onuovtikotnta: * P<0.05 ** P<0.001 o€ cVykpion pe opdda eAEyyov.
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3.2 Emdpacec tov ntentdiov PTH oty ék@paocn tov woopope@v tne HAS
Apedtepeg o1 KLTTOPIKEG CEPEG, O OTOleg elyay O10POPETIKA emimeda PaCIKNG
éxppaong HA vrofAnOnkav oe dwieimovsa yopriynon PTH (1-34) xoar PTH (7-84)
TENTOIOV SloKOoTTOUEVH (KATA TN S1dpKELD TOV TPOTOV 6 Opwv Kkabe 24 ®pov) Y
dvo KkVKAOVG M ovveydueva vy 48 mpeg, kot petpndnke pe Real Time-PCR n
ékppaon tov yovidiov HAS1, HAS2, HAS3. Awmictddnke 61t ta kottapa MG63
exppalovv HAS2 wor HAS3 (Zy. 3A kot 3B), eved to xdttopa Saos 2 ex@pdlovv
HASIT kot HAS2 (Zy. 3C kot 3D). H daAeimovsa yopnynon PTH (1-34) ota kottopa
MG63, odnynoe oe o évrovn di€yepon (P < 0.001) g ékppaong e HAS2 (Ew.
3A), evd m dwAeirovca yopnynon PTH (7-84) avéotede petpiog v €kepoon
avtg ™ wopopens (P < 0,05) (Ew. 3A). Eivan evdiagpépov 0TL, 1 cuveyng xyopnynon
TV oVo menTdiov ™ PTH ota kdttapa MG63 dev emnpéoce v €KOpoN KOUIOG
ano 11 1oopopeés s HAS. Ocov apopd de Ta kOTTOPA Sa0s2, 1 GLVEXNG XOPNYNoN
g PTH (1-34), odnynoe oe onuavtiky avénorn g EKEPAoNS OUPOTEPMOV TV
wwopopemv HAST (P <0.001) koau HAS2 (P <0.001) (Zy. 3C xat 3D). Aapupdvovtog
VoYMV to yeyovog 0Tt ot HAS1 xow HAS2 mapdyovv vyniod poplakod Bapovg HA,
0 amoteAéopatd pog oelyvouv 6t m yopriynon PTH (1-34) av&dver v
TEPLEKTIKOTNTA G€ LYNAO poplokd Papoc HA tov vmo perémn kdTTOpOv TOL
ooteocapkmpatog (MG63, Saos2), avdioya pe tov tpomo yoprynons e PTH (1-

34).
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Ewova 3. Emdpdoeig tov nentdiov PTH oty ékepacn tov woopopedv g HAS. Ze
avBpomva, KitTapo ooteocapkdpatos MG-63 kol Saos yopnynnke PTH (1-34) (NPTH) (10
nM) 1 PTH (7-34) (CPTH) (10 nM) dwaxontopeva (katd tn didpkeia tov tpdtov 6 h oe kabe
mepiodo 24h) yuo 300 KOKAOLG 1 cLVEYOLEVE Yo 48 DPES, KOl 1 EKQPACT] TOV IGOLUOPPADV TNG
HAS npocdiopiotnke pe m ypnoponoinon Real Time PCR. (A) MG-63 ékopaon 1GoHopPng
HAS2 (B) MG-63 ékppaon oopoperig HAS3 (C) Saos 2 ékppaomn icopoperg HAS2 kot (D)
Saos2 éxepaon toopoperg HAS1. Ta amotedéopota avImpoSOREVOVY TO HECO OPO TPLDV
EexmPIoTOV TEPOUATOV E1C TPITAOVV. EToTIoTIKN onuavtikdétnta: * P< 0.05  *** P<0.001 og
GUYKPLON LE OUAd A EAEYYOV.
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3.3 Emdpaocseig tov nentdiov PTH oty ék@paocn tov wcopopeav T Hyal
ko CD44

Me 1 ypnon g Real Time-PCR @dvnke 611 1 ioopopen HYAL2, aAld oyt n
HYALI, exppdaleton 1660 and ta kottapa MG63 6co kot ta Saos2. H dwkeimovsa
yopnynon tov nentdiov PTH (1-34) kow PTH (7-84), dev Bpébnke va petafdiret ta
emineda g éxepaong s HYAL2 (Zy. 4A kot 4B). Avtifétmg, kot o1 600 KLTTaPIKES
oepec MG63 ko Saos2 gppdvicoy pio GTATIGTIKOG CNUAVTIKY LEI®MOT TG EKPPaoNS
tov MRNA g HYAL2 (P <0,01 ka1 P <0.001) petd and cvveyn yopnynon g PTH
(7-84) (ZyMuota 4A kot 4B). Avtifeta, po onpovtikny adénon oty €KEpacn Tng
HYAL2 (P <0,001) mapatnpndnke oto k0TTOPA Sa0s2 [E TNV GLVEYN XOPNYNON TS
PTH (1-34) ( Ew. 4B). H cvveyng xopnynon toco tc PTH (1-34) 6co ko tng PTH
(7-84) dev emmpéace v ékppacn Tov CD44 ota kittapa MG63 kot Saos2, (Xy. 4D),
EVO oL PETPLOL VOO TOAN ota emtineda Ekppaons tov CD44 twv kuttapov MG-63 (P

<0,05) dwwmotobnke petd omd dwdeinovoa yoprynom g PTH (7-84).
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Ewcova 4 Emdpaoeig tov PTH nentidiov oty ékppaon tov ioopoppdv e HY AL kot tov CD44.

e avBpdmiva KotTopo 0oteocapkmpatog MG-63 kot Saos yopnyndnke PTH (1-34) (NPTH) (10 nM)
1 PTH (7-34) (CPTH) (10 nM) diaxontopeva (katd ) didpkela Tov Tpdtev 6 h g kaOe mepiodo 24h)
v 500 KOHKAOVG 1| cuveXOHEVa Yo 48 Mpeg, Kot 1) Ekepact TV toopopeav g HY AL kot tov CD44
nmpocdlopiotnke pe tn ypnoyonoinon Real Time PCR. (A) MG-63 ékppaon oopopeng HYAL2 (B)
Saos2 ékppaomn wopopeng HYAL2 (C) MG63 ékppacn CD44 ko (D) Saos2 éxepacn CD44. Ta
OTOTEAEGLOTO. OVTITPOCMOTEVOVV TO HEGO OPO TPLOV EEYMPIOTOV TEWPAUATOV EI1G TPUTAOVV. LTATIOTIKY

onuovtikotnta: ¥ P<0.05  *** P<0.001 og oOykpiomn pe opado eAEyyov.
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3.4 Amgwkovion tov HA tov eEOKVTTOPIOV YOPOV 6€ KOTTUPO 0GTEOCUPKAONATOS

H eoxvttdpro Oepéha ovoio (ECM) mov mepifdiier ta xvttapa MG63
Bpébnie va £xetl pia oioBnTd vYNAOTEPN EviacT ypmong e T dlaAeimovsa yopynon
PTH (1-34), ev®d pévo pia pukpn adénon oty €vtacn g ypaons Tov KuTtdpov
Saos2 dwmictmOnke pe ) ovveyn yopniynomn tg PTH (1-34) (X Sa, ¢, 1, kot k). Avtd
TOL EVPNUATO GLVOYETICOVTOL LLE TO OMOTEAEGHLOTA TTOV OElYVOLV [ioL SLOKPIT LETAPOAN
g ékppaong tov HAST, HAS2 kot HY AL2 and ™ yopriynon PTH (1-34) og avtég
TG KLTTOPIKEG oelpég (Zy. 3,4). Xe mepdupoto eAéyyov, m enmaorn pe eEmyevn
VAAOVPOVIOACT] HEWDVEL TN Ypdon Tov eémkvttapiov HA, n omoia Ntav iaitepa
EUGOVNG OTOV TEPIKVLTTAPLO YMOPO aLTOV TV kKuttdpov (Xy. SE ko 5M). Ta
amoTeAEGLOTA pog amodetkvoovy 0Tt | PTH (1-34), e101kd pe €vav ypovoe&apTdUevo
TPOTO, JUOPPDVEL TNV KaTtovou tov HA otov mepkuttdplo ydpo Twv KuTTipmv

TOV 0GTEOGUPKMULOTOG.
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Eicova 5 Eviomon tov HA g Bepéhog ovoiag o kuttapa ooteocapkapatos. Kottapa MG-63
(A-H) ka1 xottopo Saos 2 (i-p) Paemmkav yio HA ypnoonoidvtog Protvoliopévny HABP
(TpoTEIVN dEGEVOTNG VAAOLPOVIKOD), KOOMDG KOL LE OVTIGTOLYN TLPNVIKY YPDCT (YPNCLOTOLDOVTOG
Hoechst), petd and 48 wdpeg endoong pe (MG-63 o kot b, Saos2 i kat j) 0% opd, (MG-63 ¢ ko d
Saos2 k kot 1) NPTH (50 nM) daxontopeva (katd tn didpketo Tov Tpdtov 6 h o ke mepiodo 24-
h) yuo 800 KOKAOVG Yo Ta KOTTOPA MG-63 1 cvveymg yuo 48 h yia Ta kOTTapa Saos 2, (MG-63 e kot
f, Saos2 m kot n) vaiovpoviddon (Streptomyces vorovpovikod) (7 povadeg / ml) g apvnrtikd
éleyyo ka1t (MG-63 g ot h, Saos2 o kot p) wg devTEPO APVNTIKO EAeyX0 OMOL TOPOAEIPONKE M
enmaon pe Potivohopévo HABP. MeyévBuvon sidvav: x20.
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3.5 Emidpaon g e€oyevovg yopnynons HA oty kuttopikny peravactevon
TOV KUTTAPOV TOV 0GTEOCAPKMOUATOS

Aoppavovtag vmoyny to yeyovog 6Tt ot isopopeéc HAST kot HAS2 cuvBétovv
vynAod poplakol peyébovg HA, eketdoope v enidpacn 1% g ewyevoig
yoprynong vyniot poptokod Papovg HA (Healon MW 3-4 x 10° Da) xar 2% ¢
YOPNYNONG  VLOAOVPOVIOAONG OTNV  KOVOTNTO UETAVAGTEVONG TMOV  KLTTAP®V
O0GTEOGOPKMUOTOS YPNOILOTOUDVTAG TN OOKIAGio €mOVA®oNG ¢ mAnyng. H
eEoyevng yoprymon HA PBpébnke va mpodyel oNUOVIIKG T HETAVAGTELCT| TOV
Kuttdpov MG63 (P <0,0354) kot petpiog tov kuttdpov Saos2 (P <0,05) (Zynuata
6A kot 6B). Ao v GAAN TAevpd, N Bepomeio e VOAOVPOVIOACT) HEIWCE CNUAVTIKG

Vv wKavotta TV Kuttapov MG63 va petavastevovv (P <0,001. Ew. 6C).
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Ewova 6 Ze wottapa MG-63 yopnynbnke (A) HA (50 pg / mL, Healon), kot (C)
vaiovpoviddon (Streptomyces hyalurolyticus 7 povadeg / mL), evd oe xvttapo Saos 2
xopnynonke pe (B) HA (50 ng / m*, Healon) yia 48 dpeg. AkolovBnoe 1 dokipacio EmovAmong
mnyne. Tratiotikn onpavtikomro: * P<0.05  ** P<0.001 og obykpion pe opdda eA&yyov.

3.6 Eniopaon g avacstoMc s ék@paocng tng HAS2 pe siRNA ot
NLETUVAGTEV G| KUTTAPOV 0GTEOCUPKOUATOS
[Tpokeévor va emaAnfedoovpe v vroOBecn pHOG, TPOAYHOTOTOMONKE

KataoToAn g ékepaons g HAS2 pe v pébodo tov siRNA. H gmpdivvon tov
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Kuttapov MG63 kot Saos2 pe siHAS2 odnynoe oe onuavtikn peioon g EKOpaong
tov mRNA g HAS2 xatd 61% kot 88% avtictoya H peiwon de oto eminedo g

TPOTEIVIKNG EKPpaons Ppébnke oto 66% Kot 74% avtiotoiywe (Xymuota 7A kot 7B).

A B
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HAS2 R B — 43kDa
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- Actin — —— —-www — 63kDa
=Ry
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n'c
03 1,5 2 2
g z
o8 1 I L
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£ g
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Ewcova 7 Empdloven MG-63 kot Saos 2 kvttdpov pe HAS2 siRNA.Ermiong kdttapa MG-63, kot
Saos2 emporvvOniav pe scrambled RNA (siSCR) ta omoia ypnoylomotodviol @g KOTTopa EAEYYOV.
(A) H avaoctol g ékppaong mRNA HAS2 ernoinbevbnke pe Real Time PCR ce oOykpion pe 1o
siScr gAéyyov, 48 dpeg petd TN empoivvon. Ttotiotiky onpoviikomta:* P<0.05 oe cvykpion pe
KkotTapa eléyyov siScr. (B) Avaotol g ékepaong g mpoteivg HAS2 emoinBedetal pe avdivon
Western. IMTukvopetpikn avdivon tov {ovov apoteiviig HAS2 oe ovykpion pe v oktivn £6ei&e
ovpeavia pe ta aroteAéopora tng Real Time PCR.

Ta ehheurn oe HAS2 MG63 kottapa (siHAS2) elyav onpovtikd petopévn tmy
wavotnta va petavactebovv (P < 0,001) og ohykpion 1000 pe To KOTTAPO 0vVaPOPas
(siScr) 600 kot pe ta pun empoivcpéva kottapa (M) (P < 0.001. Ew. 8A). EmmAéov,
otav ota empoivcpéva pe siHAS2 MG63 kbdtrapa yopnyndnke drokontopeva PTH
(1-34), mopatnpnOnke (o woyvpn HEION TG KOVOTNTOG HETOVACTEVGNG TOVG GE
oLYKpIoN HE TO emMoAvouéva KOTTOpo pe un €Wwd siScr, oto omoio opoimg
yopnyndnke PTH (1-34) (P < 0.001. Ew. 8A). H xivntikdé o 10V KuTTtdpdv Saos2
EMNPEACTNKE OPVNTIKA pHe TNV KaTooToA] €kgpacng ¢ HAS2 (Ew. 8B), n o¢
ovveyns yopnynom PTH (1-34) dev fitav Suvatdv vao amoKoToGTGEL T LETUVACTELGT

010 Paockd (apywd) eninedo (Zy. 8B).
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Ewova 8 Enidpaon g avaotohic HAS2 pe siRNA oty Kuttapiki] HETAVAGTELGT TOL
ooteocdpkmpatos. (A) H wavotra petavactevong tov MG-63 siHAS2 emyploAvopévev KOTtapmv
(siHAS2) cvuykpiOnke pe pun empoivopéva kottopa (M) kot eTHOAVGHEVO KUTTAPO HE U EOKO
scrambled siRNA (siScr). EmmAéov og emproivopéva kbtrapa xopnynonke dtakekoppéva yuo dvo 24 -
h xdxhovg PTH (1-34) (siHAS2 + N) kabbg kot ypnoyomomOnkav scrambled siRNA pe PTH
kotTapo ®g paptopag (siSer + N) . B @ H wavotnra ¢ petavdotevong tov Saos2 siHAS2
enpoAvoévev kottapev (siHAS2) cuykpifnke pe pun empoivopéva kottopo (M) Kot ETHOAVGUEVOY
Kuttdpov pe pn ewdwd scrambled siRNA (siScr). Xe avtibeon pe 1o MG-63 , ota siHAS2
emporvopéva Saos 2 kuttapa yopnynnke PTH (1-34 ) ocvveydg yio 48 mpeg pe (siHAS2 + N)
xpnopomowdvtag scrambled siRNA (siScr + N) wg éheyyo. AkolovOnoe 1 dokipoacioo EmovA®ONG
minyne. Ztatotikny onuavrikémto ** P < 0,01 og oOykpion pe kottapa heyyov *** P < 0.01 og
GUYKPLON LE KOTTOPO EAEYYOV.
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3.7 XYZHTHXH

Ta anoteAéopata avtd anodeikvdovv 10 poro g PTH (1-34) omv xuttapikn
KIVNTIKOTNTO TOV 0GTEOGAPKMOUATOG KOt 001 yoOV 6to cvumépacpo 0t PTH (1-34)
pue t pvOuon tov emmédwv Ekepaocng g HAS2 umopel va tpomomomcel Tig
JUVATOTNTES TNG LETAVAGTEVGTNG TOV KVTTAP®V TOV 0GTEOCUPKMDUOTOG.

Ot aAMAEMIOPACEIS PETOED TOV KVTTAP®V TNG 0GTEOPAUCTIKNG GEPAS KOl TOV
nepiairoviog ECM  dwdpapatiCoov onuavtikd poOA0 GTOLG UNYOVICUOVS TOV
VIayopevovy TV Kuttapikn cvumeptpopd (Nikitovic et al 2006). H PTH amotelet
£vav 16YVPO 0GTEOTPOTIKO TOPAYOVTA, O OTOI0G EXEL AVAYVMOPLIGTEL Y10 TNV GNUOVTIKY|
avafolikn) emdpdon tov ota ootd (Datta et al 2009). Mg ta Topamdve TEPALOT
dei€ape yuo TpdT POPA OTL 01 peTAPOAES oty Ttapaymyn HA mov endyovtol omd v
PTH (1-34) odpope®vouy TN UETOVOCTEVTIKY 1KOVOTNTO TOV KLTTOP®OV TOV
0GTEOGOPKMUATOG 1) oToia eEapTdtan and Tov Tpdmo yoprynong g PTH kot amo tov
Babpod dtapopomoinong TV KVTTAP®Y TOL 0GTEOCAPKMLATOG.

‘Exel Bpebel 6t . PTH (1-84) deyeiper éviova v mapaymyq HA, 1600 o¢
QLOIO0AOYIKEG OGO KO G€ KOPKIVIKES KLTTAPIKES GEPEG 0oTe0PAacTikng apyng (Luben
et al 1974, Midura et al 2003, Midura et al 1994). Onoiwg, £xet avapepBei 6Tt n PTH
(1-34) deyeiper ) ovvbBeon HA oe KuTTapPIKEG CEPES KPOVIOKADY LOGYEVHATOV, CE
TEPLOGTIKOVG 00TEOPAAOTEG apovPAion KOl G€ KOTTOPO TOV OUOLALOVV HE TOVG
ooteoPAdoteg apovpaiov (Midura et al 2003, Midura et al 1994), evd ta
arotedéopota g emidopacng ¢ PTH (7-84) oto petafoAiicpd tov HA tov
00TEOPAUCTIKAOV KLTTAPWOV dgv Exouv péypt otiyung peretnel. A&ilel va onueiwbet
OTL TTPONYOVUEVEG HEAETEG £XOVV OVOYVMPICEL [ GUOYETION HETAED NG EMIOPOONC

¢ PTH (1-34) oto petofoiopd tov HA tov kuttdpov 006Te0AACTIKNG 0pyNS Kot
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010 Pabud g dwpopornoinong tovg (Midura et al 2003, Midura et al 1994). Ztyv
napovoo perétn, ta omoteAécpoata g PTH (1-34) oto petafoiopd tov HA
oyetiCovta otevd pe ToV TPOMO Yopnynong kor 1o Pabud dwpopomoinong twv
KUTTOP®OV TOL OCTEOGOPKAOUATOG, EMPEPoLdVOVTOC TO TPONYOVUEVE EVPIUATO.
"EmumAéov, damotmdnke 6T 1 dadeimovsa yopnynon PTH (1-34) avénoe tn ovvOeon
tov HA kot v evandBecn| Tov 6Tov mEPIKLTTAPLO YDPOo TV KuTTtdpmv MG63 pe v
avénon g xepaong g HAS2. Avti n avénuévn mepiektikdtta oe gvdoyevég HA
ovoyetiletor pe pio onuovtikny adENon TG UETAVAGTELTIKNG KAVOTNTOS TOV
kuttapov MG63. H ewyevng yopriynon HA vyniod poprakod Bépovg oe avtd to
KOTTOPO 0vVESELEE Lo TOPOLO1D. ADENCT GTNV KLTTOPIKT KIVNTIKOTNTO, 1) OTO10 EMIGNG
napoTnPNONKe o avtioTolyeg HEAETES KOl 0md AAAOVG epeLVNTEG emPePaidvovTos To
evpjuata pog (Nishida et al 2005). Xtnv mopodoo peAET KOl GE CLUHEOVIN LE
nponyovpeves (18), n kotactodn g ékppaong ™ HAS2 pe siRNA avéotethe v
wKavotta TV Kuttdpov MG63 va petavactevovy. H tpoctniknm e PTH (1-34) oe
KOTTOpa  00Teocdpkopotog ehdmy oe HAS2 dev odnynoe oty avénon g
LETAVAGTEVONG TOVG, YEYOVOS TOV VITOdNAMVEL OTL TO Tapaydpevo and ™ HAS2 HA
ovppetéyel omyv enidpaon g PTH (1-34) otn petavdaotevon Tov KLTTapmy Tov
ooteocapkmpatos. Eivar evolapépov 6t pia in vivo peAétn (Lossdorfer et al 2010)
anédeiEe 011 n dwAeimovsa yopnynon PTH (1-34) cvoyetiomke pe v €icodo twv
KOTTOpoV ooteofractikod THmov ota Pobpia emavappodenong (resorption lacunae)
TOV 0GTOV.

Avtd to TpdécPata ototyeio 0dnyovv oto cvumépacua 6ti  PTH (1-34) péow
EVOG AyvmGTOL, HEYPL TOPA, UNYOVIGLOV (-OV) UTOPEL VO EXNPEAGEL T LETAVAGTELOT)
TOV KLTTAP®V 0ooteoPractiknig apyns. Ta amotedéopotd pog dgiyvouv OTL 1

dwkeirovca yopnynon PTH (1-34) tov 00Te000pKOUOTOC SlEYEIPEL TNV KLTTOPIKN
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petavdaotevon péocw evog HA-e&aptdpevov pnyoviopov. ‘Etol, cvuvolikd avtd to
evprjuata vrodniovovv 6tt 1 PTH (1-34) mépav tov kabiepopévov avafoAikov
ATOTELEGOTOC OTO 00T umopetl vor puBuilel emiong v wavoéTTO TOV KLTTAP®V
00Te0BAACTIKNG apyNS Vo peTovaotevovy. EmmAiéov, aut n pubuiotiky enidpacn g
PTH (1-34) mpaypatomoteital, TOVAQ(IOTOV €V HEPEL, amO TIC UETAPOAEG TTOV OVTH
npokaAel oto petaforiopnd tov HA. To amotéhespo avtd Mtav eEAPTOUEVO OO TOV
pomo yopnynons ¢ PTH kaBdc n cvuveyng yopriynon g PTH (1-34) dev @dvnike
va emnpealetl onuavtikd tov petafoiiopnd tov HA kot T HETOVOGTEVTIKY KAVOTNHTO
TOV KLTTAP®V 06TEOGAPKONTOG MG63.

Ta kaidg Sweopomomuéve  kOttapo Saos2 (Benayahu et al 1998)
napovsiocay pio coe®g JPOPETIKN AmAVINGN O©TN OWAEimOVoH KOl GLVEXN
yopniynon PTH (1-34). To yeyovdg owtd cuoyetiletan [Le TPONYOVUEVO EVPTLLOTO, TTOV
amodetkvoovv 0TL 1 Opdon g PTH e€aptdtar and tn evioOmion TV KLTTAP®OV KoODS
Kot 0 Pabud dwapoponoinong twv KLTTApwV ooteoPAactikng apyng (Ogata et al
2000). H dwaxexoppévn yopnynon PTH (1-34) dev pdavnke va ennpedlel ta kuTTOpL
Saos2, 6Gov apopd Vv ékppacn Tov oopopedv HAS kot Hyal kot dev elye kapia
eMOPAON OTNV WKAVOTNTO LETAVAGTEVGNG TOVG. AVTIOET™G, 1 cvveyng yoprynon PTH
(1-34) odnynoe oe onpavtiky avénon g ékepaong twv HASI, 2 kot g Hyal ko
OCULGYETIOTNKE e EAAPPDOS OVENUEV LETAVAGTEVGT) TOV KLTTAP®V AVTAOV.

Ta televtaio ypovio Exet emtevyBel alloonpeim TPOOSGOE GTNV KOTAVON oM
™m¢g evowioyioag ™¢ PTH kobmg emiong kot oty ovoyvdpion TV Towkilwov
Broroyikdv pérwv tov mentidiwv ¢ PTH dtapopetikov peyébovug. 'Etot, £xet Ppebet
6t M ovoompevon g PTH (7-84) oe acbevelg pe veppikn averdpkel Umopet vo
endyel v avtiotaon otv PTH odnyovtog oty evdokdttmon (internalization) kot

™ UEION TG €KEPAONG TOV VTOOOYEWV TNG KOl KOTA GUVETELYL, GE OVOCTOATIKN
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dpdon tov povomatiov onuatoddtong g (Langub et al 2003). Xe avtn ™ peAétn
dlmotdinke 0TL 1 Yopnynon v dHo mentwdiov g PTH, dniadr tov PTH (1-34)
kot PTH (7-84) ot1g 000 Kuttapikég oelpég aoKel cuyxva avtayovioTiky opdorn ot
pOBLIoN TG £KPpaonS TV Yovidiov mov oyetilovtar pe To petafoiopd tov HA.

Ot opaoeic tig PTH (7-84) 0o pmopovoav va €Enynbodv o¢ amotéAespua g
ovvoeong ¢ otov vrodoyéa tg PTH (PTHIR), mov 6umg dev €xet to 1010 TeMKO
amoTéAecpo. e TV evepyomoinon tov vmodoyéa and v PTH (1-34) xabog v
aVOGTEALEL, OPAOVTAG OVIOY®VIOTIKA TPOG GLTAV KOl 00NYOVING OTN €0000 TOV
vrodoyéa péca oto kvttapo (Langub et al 2003). Evoilaxtikd, €xel mpotabel m
onpatoddtnon g PTH (7-84) péom evdg véov vmobetikov vodoyéa PTH pe vynin
ovyyévela Tpocdeong Yo to KapPo&u-telkd tunpa g PTH (Divieti et al 2002) .

SOUTEPAGHOTIKA, TO OMOTEAEGLOTO LOG OTOJEIKVOOLV Y10 TPAOTN POpPd OTL TaL
nentidwo PTH (1-34) kou PTH (7-84) pvBuilovv daxpitd v €K@pacn TV yovidimv
oV eumAékovtal 6to peTABoAopd Tov HA 6to K0TTOpPO TOV 0GTEOCAUPKMIOTOS KO
6Tt avt] m pvOwon eaptdtar omd TOV TPOTO YOpPNYNOoNS kot tov Pabuod
PO poToinong TV KLTTapmv. Avtiy 1 pvBIon Tov petafoiicpod tov HA oand ta
dwpopetikd mentiow g PTH @dvnke va amotelel évav mapdyovta mov kabopilet

TNV HETOVOGTEVTIKN KAVOTNTA TV KLTTAP®OV TOV 0GTEOGAPKADOTOG.

4.1 2° Mnyoaviopoc: Enidpacn tng PTH (1-34) 6NV KUTTAPIKY] HETAVAGTEVON

T0V 06TE0GAPKONATOS péo® Tov dEova FGF2-Avyhvkavng (BGN)

H avapoiwm dpdon g PTH (1-34) éyetl Ppebel ot e€aptdton ev pépetl amd v

wKovoTTé TG Voo puBpilel v €KEpacn Tov aVENTIKOD Tapdyovio TV voPALGTMOV
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FGF2, kot xat’ enéktocn tov tpdmov onpatoddtons towv povomatiov tov FGF2
(Hurley et al 1999, Hurley et al 2006). ITio cvykekpyéva, o gvdoyevig FGF2 givan
ONUOVTIKOG Yio TNV emitevén tov dpdoewv ¢ PTH otov moAlamlaciocud,
o poTOinc™ KoL TNV AnOnTTOON TV 00TeofAactdv (Sabbieti et al 2009).
O FGF2 éyet Bpebel va dadpapotilel onuoviikd poro ®g 1oyvpOG TPOTOTOUTNHG TNG
Aerrovpyiog Twv kuTTApV TV 00T®V (Gospodarowicz 1990, Sobue et al 2002). Xtov
ootit 1016, ta petdypaga tov FGF2 £&youv aviyvevbel o peseyyvpoticd Kottopo
Kol 0oteoPAdotes. Avtd to kOttapo ekkpivouv FGF2 otov eémxvttdplo ympo
(ECM), 6o 0 GUYKEKPIUEVOS OVENTIKOS TAPAYOVTaAG OPa G £VOIG TOTIKOG pLOUIGTNG
™G 00TIKNG avakatookevng (Sobue et al 2002, Globus et al 1989). In vitro peiéteg
&xovv amodeifer 01t M ovveyng yopnynon FGF2 dieyeiper tov ootikd kuttopikd
noAlomiaclocpd (Globus et al 1989) ko peidvel 1o eminedo TOV  SEKTOV
dpopomoinong, cvumepAaUPavopéveoy e aAKOAMKNG eooeotdons (Shen et al
1989) wor g PTH (1-34)-avtamoxpivopevng adevolkng kvkAdong (Rodan et al
1989). Xe otpopatikd KOHTTOpo pHVEAOD TV pokpdv oot®v, o FGF2 mpodyst v
KUTTOPIKN ovATTuén, 1 omoia 0dnyel g d1POPOTOiNoCT TOV 0GTEOPAUCTAOV KOl GTHV
acPeotonoinon g Bepéiiag ovoiog (Pitaru et al 1993, Noff et al 1989). EmumAéov, o
ONUOVTIKOG pOAOC NG onpotodotons tov FGF2 oty avdntuén tov ootdv £xet
aroderybel ypnoywonowwvtag knockout (FGF2) movtikw, ta omoia PBpébnke oTL
TaPoLGLALOVY CNUAVTIKA HELWUEVT] 00TIKN HAla Kot 00TIkd oynuotiopd. H enidpaon
tov FGF2 eni g ootikng xvttapikng petavdotevonsg oev €xel eetactel 610
TapeEADOV.

‘Eyer deyyfel 611 o FGF2 gvepyel péoow tov avtiotoywv vyning cvyyEvelag
vrodoyéwv kivdong g topooivng (FGFR) (Kim et al 1998, Molteni et al 2009)

pvOuilovrag kpioyeg Proroyikés Oiepyacie katd TN Odpkel G EUPPLIKNG
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avamtuéng, Kabdg Kot v opotdotoon tov 1ot®v. A&ilel va onueliwbel OtL n
pelwpévn onuatododton tov FGF2 sivor emPAapng yioo T OKEAETIKN LOPPOYEVEDT
(Mancilla et al 1998). Av kot in vivo kot in vitro peAéteg €yovv oamodei&el évav
ovoloTikd poro vy tov FGF2 ko v PTH (1-34) 6tov 00TIKd GynUOTIGHO, HEYPL
oTyung Oev €xel avevpebel KAmO0g UNYOVICUOS Yo TV GUVEPYICTIKN OPAGT TOV
FGF2 kot ¢ PTH (1-34) oto petofoAicpd tov 06TV Kobmg Kot 6 ToHoAOYIKES
KOTOGTAGELS QLTMV.

‘Eyxovtag avadeibel and to wponyodueva mepdpatd pog ™ onuocio g PTH
OTN HETOVACTELOT TOV KLTTAPWOV TOV 0GTEOCAUPKOUATOS KOl AoUBAvVOVTaS vITOYNV Ta
Taponave otowyeia yuo ) onuocio tov FGF2 otov ootity 1010, 0écape og emdpevo
ot10y0 vo. dlevpevvioovpe v mlavy ocvoyétion g PTH pe tov FGF2 omyv

KUTTOPIKY] LETAVAGTEVGT] TOV OGTEOGUPKDLOTOG

4.2 Eniopaon tov FGF2 otn petavaotevon ToV  KuTTapOV  TOL

06TEOGUPKAONOTOS, svppetoyn g PTH (1-34)

O FGF2 éyet deyybet mponyovpévag 01t ennpedlel 1oV TOAAOTAACIOGUO TOV
TPOYOVIK®V KVTTAP®V T®V 06TEOPAAGTAOV KOl TOL TOGOGTA ATOTTMOONG TOVG LE TPOTO
ovvepylotikd pe v Opaon tg PTH (1-34) (Hurley et al 1999). Aaupdvovrog
voymv 1o yeyovog 6Tt PTH (1-34) ko 1 onpatoddmon tov FGF2 cuvepyalovron
ywo. T poouon TG AVATTLENG TOV OCTIKGOV KLTTAP®V, vrobécape 6Tt o FGF2 Oa
pmopovoe  €miong VO GUUUETEYEL  OTNV  KLTTAPIKN  UETOVAGTELGT  TOL
00TE0GApKMUTOg oL e€aptdton amd v PTH (1-34).

Xpnowomomnkay MG63  kOTTOpPO  OVOPOTIVOL  OCTEOGOPKAOUATOG E

eMBOETIKN ovumeplpopd kabmg kot 1 dokipacio emovAmong g mAnyng (wound
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healing) yio va agoroyndel n mBoavn emidpaon tov FGF2 omv woavomta tov
KOTTOPMV TOV 0GTEOCAUPKMOUOTOS Vo petavaotevovy. Kottapa ota omoio yopnynonke
FGF2 mapovoiacav woyopn adénon g HETAVAGTEVONS, GE GUYKPLIOT| LE TOL KOTTAPO.
eréyyov (P<0,01) (Ew. 9). H e€ovdetépmon tov egvdoyevoug FGF2 pe v mpocsbnkn
evog avtioopatog €wov Yy tov FGF2, elye wg omotélecpo ™ onupovtikn
KOTOGTOAN TNG peTavdotevon tov kuttdpov MG63 (P<0.05) akdun kot K4To amd To
emineda eréyyov. Emiong, o ouvvdvaoudg yopnynong tg PTH (1-34) koi tov
avticopatog evavtio otov FGF2, peiwoe onuaviwkd v PTH (1-34)-e&aptdpevn
KUTTOPIKY petavaotevon tov MG63  (P<0.01), oamodeswkvdoviag o611 o FGF2
ovoppetéyer oty PTH  (1-34)-e€aptdpevn  KLTTOPIKY — UETOVAOTELGN  TOV

ooteocapkmpatos (Ew. 9).
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Eiwcova 9 Enidpoon tov FGF-2 ot petavdotenon Tov KVTTapmv 06TEOCAPKMLOTOG - GULLUETOYN TNG
PTH (1-34). (A) Ze MG63 kuttopa yopnyndnke FGF-2 (10 ng/mL) kot avti-FGF-2 IgG (1 pg/mL) ywa
48 wdpeg M xopnyndnke PTH (1-34) (50 nM) kou PTH (1-34) (50 nM) / anti-FGF-2 IgG (1 pg/mL) yw
TIG TPATEG 6 Dpeg o€ KABe TEP10d0 24 WPDV Y1o SV0 KOKAOLS (48 dpeg). AkorovOnoe dokipacio
enovAmong mnyne. Kotrapa mov avoartdydnikov oe péco KoAMEpyeag xmpig opd xpnoioromdnkay
®¢ KOTTOPO EAEYYOV. XToTtoTiKn onpavtikotnta * P < 0,05 ko ** P < 0,01, og ohykpion pe kdTTOpO
eléyyov 0%. (B) AVTITpos®mmEVTIKEG POTOYPAPiES TG SOKIHAGTIOG ETOVA®MONG TG TANYNG oTig 0 h kot
24 dpec.
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4.3 Enidpaon g PTH (1-34) oty ék@paocn tov FGF2

H PTH (1-34) éyet mpomyovpévmg omoderyBel 0Tl av&dvel onpovtikd To
emineda tov petaypaeov tov FGF2 cg kallepynuéva 06Te0PAAGTIKOV KVTTAP®V
novtikov (Hurley et al 1999). Qg ex to0TOL, EPELVNGOUE TO ATOTEAEGUOTO TNG
dwkeirovcag yoprynong PTH (1-34) oty éxkppacn mRNA tov FGF2 og kidttopa
avBpomvov ooteocapkmpatos. H Real Time PCR avdivon édeiée 6Tt tao MG63
kottopa ekppalovv FGF2 og eminedo mRNA. H 6wpn yopriynon PTH (1-34) o¢
MG63 kovttapa odnynoe oe onuovtikny avénon (P <0,0015) g éxepaong tov FGF2
(Ew. 10). Avtd 1o amotedéopoto vITOdNAGVOLY pia duecn aAinAemidpacn peTa&d
g PTH (1-34) kot twv onpatodotik®v povomatidv tov FGF2 ota xottapa
avOpPOTIVOV 0GTEOGOUPKMOUATOC. Xe Tepdpato eAEyyov to MG63 kidttapa Bpédnkav

va ekppalovv FGFR1, FGFR2, FGFR3, FGFR4 (nivaxog 2)

ek

N w
o o
i 3

(arbitrary units)
S

FGF-2 mRNA expression

0% PTH(1-34)

Eixovo 10 Enidpaon g PTH (1-34) oty ékepaon FGF-2.

Ye MG63 avBpomva kOTTopa ooteocapkdpatog xopnyndnke PTH (1-34) (50 nM) o 6 mpeg,
kot mpocdilopiotnke N ékppacn tov FGF-2 mRNA pe real time PCR. Ta oamoteAécpata
AVTITPOCONTEVOLY TO HEGO OPO TPLOV EEYOPIOTOV TEWPUUATOV TOV TPOYLOTOTOMONKAY €1

TpUAolY. Etatiotikh onuavtikoétnta ** P <0.01 cuykpriikd pe ta kotrapa eEréyyov 0%.
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Mwaxog 2. Exepaon tov vrodoyéwv tov FGF ota MG63 kuttapa avOpmrivov 06TE0GAPKMLOTOG

FGFR1 +++
FGFR2 +
FGFR3 ++
FGFR4 +

4.4 Enidpaon tov FGF2 oty ék@paocn g oryAvkdvng

H onpatoddton tov FGF2 éyet cvoyetiotel pe 11g aAhayég g ohoTOoNS TOV
ECM o¢ kdttapa ooteofractikng apyns (Bodo et al 2002, Teplyuk et al 2009). 'Etot,
TPOYWPNCAUE OTOV EAEYYO NG EKkPpacng MRNA dwapopetikdv popiov tov ECM ota
KOttopa MG63 pe v tpocHnkn tov FGF2. Eivaw evolapépov 611 1 Real Time PCR
avdAvon omokdAvye pior onpovtikny peiowon e StyAvkdvng oe eminedo PETAYPOUPNS
(P<0,0001). H dtyAvkdvn givon éva amd ta facikd cvotatikd tov ECM og khtropa
00Te0PAOCTIKNG apyNG Kot g€ival évo amd to. KVplo. cvotatikd tov ECM otov
avBpomvo ootitn 1010 (Waddington et al 2003) (Ew. 11A). H xotactoAn g
ékppaong Tov mRNA g dtyAvkavng odnynoe og £viovn peimon g EKepacng, T00
™G eKKPOUEVNG, OG0 Kol NG €VOOKLTTAPLOG OtyAvkdvng kotd 60% war 50%
avtiotoyo. H vmapén tov 0o dakpitdv eviomicemv g dtyAvkdvng (evéokuttapia
KO TEPIKLTTAPL) GLVOYETICETOL KAAG Le TPONYOVUEVEG HEAETEG TTOV dElyvOLY OTL PET

v YAvkoQuAiwon, n dryAvkdvn exkpiveton ypriyopa oto ECM.
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Eiwcova 11 Enidpaon tov FGF-2 oty ékppaor g dtyAvkdvng.

(A) Ze MG63 ruttapa yopnyndnke FGF-2 (10 ng/mL) eni 48 dpec Kot Tpocdiopiotnke EKPPaCT) TOL
mRNA tng dtyAvkdvng pe real time PCR.

(B) Amd kuttopa ota onoia yopnynonke FGF- 2 kot and kottapa eAéyyov mov kaAlepyndnkay yopig
0p6 (0 % ) cvAAEyOnKe M LIEPKEIIEVT] TPMTEIVN Kol CLUTVKVOONKE KOl KOTOTY YPNCLOTOL0niKe
€101K0 avTicmpo evavtio ot dryAvkdvn yio Western Blot.

(C) And kodtTapa ota omoia yopnyndnke FGF- 2 kot and kdttapo eAéyyov mov kaAlepyndnkay xwpig
oppd (0 %) cvAAéybnkav KLTTOPIKA EKYVAICHOTO, KOl KOTOTY YPNoLpHorombnke €0kd avticopo
gvavtia ot dtylvkdvn yioo Western Blot , to amoteAéopato avTITPOCHOTELOVY TO HECO OPO TPLOV
Eeyopotov mepopdtov. To amoTeAéoUATO OVTITPOCOTEDOLV TO WHEGO OpO TPLOV EEY®PIOTOV
TEWPAUATOV. ToTIoTIKN onpovtikotnta*** P < 0,0001 og ovykpiorn pe kotTapa gAéyyov 0 %.
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4.5 Meioon tov emrédmv mRNA g AryAvkavng pe siRNA

Aoppavovtag vroynv 1o yeyovog OTL 1 SryAvkdvn €xet ovel vo aokel
TPOTOTOMTIKY dpdoT o€ SPOPETIKES PloAoyikég Aertovpyieg TV 00TEOPAACTIKMV
kuttapov (Bi et al 2006, Inkson et al 2009), vroBécape 6t1 o FGF2 emnpedlel
HETAVAOTEVOT TV KLTTApwV MG63 pe kdmolov e€aptdpevo amd T  SryAvkdavn
tpomo. IIpokeévou va ereyybel m vmobeon pog, empoAidvope MG63 KdTTOpO pe
siRNA €1dd yio To yovido g dryAvkdavne. Katomwv, pe ) ypnomn Real Time PCR
dlmotdinke o onuovtiky peiowon (69%) ota enimeda mRNA g dtyAvkavng oe
dtomua 72 opov (P<0.001) (Ew. 12A), oe cbykpion He To KOTTOPA EAEYYXOV TTOV
empolvvOnkav pe pn ewwd siScr. H peiwon g petaypoaeng g OtyAvkavng
akoAovOnOnke and onuavtiky kataotodn (55%) g ékkpiong g Tpwteivng og 72

dpeg, Onwc eaiveton pe avaivon Western Blot (Ewc. 12B).
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Eixova 12 Meiwon g €kppacng tng dtyAvkdvng peta omd empuorvvon pe siRNA.

(A) H avaotorn g ékgpaong tov mRNA g dtyAvkdvn emainBgbbnke e real time PCR, siBGN ce
oyxéon pe siScr. Ta AmOTEAEGUATO OVTITPOSMTEVOVY TO HECO OPO TPLOV EEYMPIOTAOV TEPUUATOV TOV
mpaypotonomnkov €1g TpumAodv.Etatiotiky onuaviikotnta *** P < 0,001 og ocOykpion pe 10
péptopa. (B)Amd Opemticd péco mpoepyopevo amd siBGN empolvopéva kot siScr emtplolucpéva
KOtTapo mwpoypoatorombnke Western Blot pe edwd aviicopo evavtt g dwyAvkavng. (I) Amo
KUTTAPIKA ekyvAicpata tov empolvopévev siBGN kot siScr kdttapov apaypotorombnke Western
Blot pe €106 avticopa gvavtt g StyAvKavng
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4.6 H ovpperoyn ™ AryAvkavng givor omapoitnT Yo TNV ENOYOY] TNG

petavaotevong Tov Kuttapov MG63 and tov FGF2

H avactoAn tg ovvbeong tng OtyAvkdvng petd v yopriiynon siBGN og
Kuttdpa MG63 odnynoe o€ onuUavVTIKG OLENUEVT] LETOVACTEVOT GE GYECN LE TO
KOTTOpa paptupeg ota omoia yopnynonke SiScr (P<0,01) (Ewc. 13). Avrtifeta, dev
TapaTNPHONKE VO VITAPYEL SLAPOPA TNV IKOVOTNTA TNG LETAVAGTELONG AVALEGO OTA
SiScr kbtropa kot ta un empoivviévia (0%) xdtrapa eréyyov (Ew. 13). Avtd ta
ATOTEAEGUOTO  VTOONADVOLV  OTL 1] €VOOYEVMG EKKPVOUEVT  OlyAukavn  €xel
KOTOGTOATIKY EMIOPACT] OTIC LETOVAOTEVTIKEG KavOTNTES TV MG63 KiTTOP®Y TOV
00TEOGOPKMLOTOC.

[Tpokeévor va amoxAewotel M mOav] cvuPorn g petafoing Tov
TOALOTAQGIOGHOD TV KLTTApwv MG63 otov efaptdpevo omd TN OtyAvkdvn
UNYOVICHO avEnomng TG KVTTAPIKNG HeTavaotevons, MG63 kdttopa emporlvcpéva
pe SiBGN kot SiScr vrmofAndnkav ce doxylocio TOAAATAAGIOGHOD Yo 48 dpeC.
Awmotodnke 6t o MG63 kOtTopa eAmy| o AryAvkdvng dgv mapovciocav
petafoin oto pulud avamnTvéng TOovg, 68 cLYKPIoN Ue KLTTOPa gA&yyov SiScr (P =
NS).

[Tpokeévov va ovoyetiotel n emidpaon tov FGF2 oty woavomta
LETOVAGTEVONG TMOV KLTTAP®V TOV OGTEOGOPKMOUATOSC LE TNV EMAYOUEVN] OO TOV
FGF2 peiwon g ékgpaong g OyAvkdvng, oafoloyndnke n  Kovotnto
LETAVACTEVONG TOV  KOTTOP®V EAMAN G€ OlyAvKAvr, oTa Omoio emMTALOV, M
onpatoddtnon tov FGF2 elye pumlokapiotel amd éva €01KO OvVTICOUO KATO TOL

FGF2.
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H mpocOnin tov aviioopatog evaviiov tov FGF2 og kbtropa eAlmn oe
dtyAvkavn (siBGN/avti-FGF-2, 1gG) oonynce ce avénon g HETOVAGTEVONG TOV
KLTTOpoV ooteocapkdpatog (P<0,001), mapduota pe ovtn mov tpokaAeitol and v
KataoToA TG ékepaong g orylvkavng (P = NS peta&d siBGN kvttdpov kot
siBGN/avti-FGF-2, IgG xvttdpov) (Ew. 13). Tavtdéyxpova, ta MG-63 kdtropa
eAMm] og dtyAvkavn, Otav tovg yopnynonke anti-FGF-2 IgG, mapovoiacav
ONUOVTIKY] 0OENON TG HETAVAGTEVONG TOVG GE GUYKPLON UE TO KOTTAPO EAEYYOL siScr
ota omoia yopnyndnke o FGF2 (P<0.001). Avtd ta gupnuate amodeikvoovy 0Tt 0
FGF2 evioybel T petavaotevon tov kuttdpov MG63 péocwm g dtapopomoinong e

EKQPAONG TNG OYAVKAVIG.
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Ewcova 13 Zoppetoyn g AtyAvkavn otnv enayopevn and tov FGF2 kuttapikn petavaotevon
Tov MG63 kuttdpov.
(A) EBdopnqvta 000 @dpeg petd v empoAivvorn, to siBGN emipolvopéva, to siScr -
emporvopéva, ta siBGN - empolvopéva kdttapa oto onoia yopnyndnke avi- FGF2 IgG kot
Ta. siScr - emipolvcpéva KoTTapa oto omoio yopnyndnke avti- FGF2 IgG vrefAndncov ot
dokipaoio emodlmong TAnyng. Xtatotikny onuovtikommto** P < 0.01 peta&d siBGN kot siSrc
empolvopévav kottapov *** P <0.001 peta&d siBGN / avti- FGF2 IgG ko siSre / avti- FGF-
2 IgG emyodvopévav kKottapov NS, 1 dtaopd dev NTav oTaTIoTIKE onpavTikn petad siBGN
kot siBGN / avti- FGF2 IgG  empoivopévav kuttdpav. (B) AvImpocomevTIKES pmToYpapieg
amo TN dokyacio emovimong TAnyng otig Oh kot otig 24h.
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47 H &oyevig yopnynon OryAvKAVNG OVOGTEALEL TNV NUETAVAOCTEVLOY] TOV

KUTTAPOV TOV 0GTEOGUPKONOTOS

Mo va e€etaotel n enidpaon ™ avENUEVNS GLYKEVTP®ONG OYALKAVNG OTN
HeTavAaoTeLon TV KVTTdpmv MG6O3, ypnoipuonomnke avacuvovacpuévn avlpamvn
dryAvkavn. Xe kottapa MG63 yopnynonke yio 48 dpeg avacuVOLAGUEVT avOpdOTIVY
dtydvkavn (5 wkar 10 pg/mL) kou katdomy a&loloynonke 1 KovoOTTd TOLG VO
petavaotevoovv. H yopnynon eEwyevoig OyAvkAvng ovESTEIAE OMUOVTIKG T
LETAVOOTEVTIKY kavOTNTo TV Kuttdpov avtov (P <0,01) pe docos&aptdpevo
TpOmo, O @aivetar otnv ewova 14. To mepdpoto ovtd emainbevovv 10
puootikd  pOAO NG JYAVKAVNG OV  KIWNTIKOTNTO TOV  KLTTAP®V  TOV

00TEOCGOPKMLOTOC.
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Eiwcova 14 Enidpaon g AtyAUKAVIG OTI LETAVAGTELGT] TV KVTTAP®Y 0GTEOSAPKMLOTOS.

(A) Ze MG63 «outtapo yopnynbnke ocvveydg emi 48 dpeg dyAvkdvn (BGN 5 wor 10 pg/mL).
Axorobbnoe 1 dokpacio emodAwong minyns. To kOTTapa Tov avamtOyOnKoy o PHEGO KOAMEPYELNG
yopic opd ypnopomomndnkav mg koTTapa EAeyyov. Xrtatiotiky onuavtikotnta * P < 0,05 ko ** P <
0,01, oe olOykpion pe ta kOTTOpo EAEyyov. (B) AVTImpoowonevtikég QoToypapieg g SoKILOciog
enovAmong TANYNG otig Oh Kot otig 24h.
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4.8 Eniopaon tng PTH (1-34) otnv ék@paon g dryAvkdvng

INo va e€etacbel  mbavy coppetoyn g SIYAVKAVNG OTNV UETAVAGTEVCT) TMV
KUTTOP®V TOV 00TEOCAUPKMOUOTOS Tov eEaptdtar omd T PTH (1-34), efetdomke N
gkppaon g dtyAvkdvng o kVtTapa ota onoia giye yopnynOei PTH (1-34). H Real
Time PCR avéivon £€dei&e 01 ta emimeda ékepaong mMRNA g dtyAvkavng ntov
ONUOVTIKA YounAotepa ota kutTapa mov yopnyndnke PTH (1-34) og obykpion pe ta
kottopa eréyyov (P<0,05) (Ew. 15). H mpoobnkn avti-FGF2, IgG  «koatdomv
yoprynong PTH (1-34) avoaotédder onuavtikd tnv enidopaocn e PTH (1-34) omyv
éxppaon g dtyAvkdvng (P < 0.01)(Ew. 15). Avtd ta dedopéva deiyvouv 6Tt PTH
(1-34) wor m onpatoddtnon tov FGF2 ocvvepyalovror yw ) poBuion g
LETAVAGTEVONG TOV KVTTAP®V TOV OGTEOGOPKMUOTOS LE TPOTO TOL €£0PTATAL OO

™V €KQPAOT TNG SIYAVKAVIG .
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Ewcova 15 Enidpaon g PTH (1-34) omv éxepaocn g dtyAvkdvnc.

Ye MG63 kottapa yopnyndnke PTH (1-34) (50 nM) ywo 6 h 1 PTH (1-34) yio 6 dpeg Kot avTt-
FGF IgG y10 24 dpeg kot katoémy mpocdiopiotnke 1 Ekepact tov mRNA ¢ dityhvkdvng og 24
mpeg Nrav pe real time PCR. Ta amotedéopata oviummpoo®mebovy 10 HEGO OpPO TPLOV
EexOPIOTOV TEWPAUATOV TOV TPAYUATOTOONKAY €1G TPITAOVV. ZTATIOTIKY ONUOVTIKOTNTO NS

= un onuavtikd kot ** P < 0.01cg cvykpion pe ta kbttapa eréyyov 0% ywpic opo.
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49 XYZHTHXH

Ymv moapovoa peAétr, dsiyvovpe v Vmopén evOC TOPAAANAOL UNXAVIGLOD,
eCaptodpevov amd tov aEova PTH (1-34) / FGF2, o omolog evioyletl T HETOVAGTEVOT)
TOV KLTTOPOV TOL 00Te00apKONATOS. [Iponyodueveg in vivo Kot in vitro pehéteg
&xovv deigel 6Tt o FGF2 puBuiler tov moAlamhacioopud TV 00TEOPAACTAOV, TN
PO POTTOINGCT Kot TNV OmOTTMOOT), SEYEIPOVTAG KOT AVTOV TOV TPOTO TO GYNUATICUO
tov ootdv [Hock et al 1989, Hurley et al 2006]. And v dAAn mAevpd, 1 enidpoon
tov FGF2, omv wavdtto Hetovacstenong TV 06TeE0PAACTIKOV KUTTAP®OV OV EXEL,
péypt onuepa, depevvndel. Ta MG63 kdttapa €yt amodetybel ot exkpivouv FGF2
Ko ekppdlovv toug avtictoryovg FGFRs, mapovcialoviag €161 Eva avtokpvh Tpdmo
dpdong (Bodo et al 2002). H efovdetépmon tov evdoyevovg FGF2 avéotelhe
ONUOVTIKA TN petavaotevon Tov MG63 Kuttédpmv 0GTEOGUPKMUATOS, AAUPAVOVTOG
voym ot M eEwyevg yopnynon FGF2 evioyver évtova v kivnrikdmta Tov
KUTTOpOV avTdVv. 'Etol emPefaidveror n Omapén evog avtokpvovs, E0pTOUEVOD Omd
tov FGF2 Bpoyov, ot pdbuon g MG63 kuttapikng petavdotevone. Emumiéov,
oV mopovca pHeAETN, M OoAetmovosa yopnynon PTH (1-34) mpoxddece ioyvpn
avénon ot petaypoaeikn dpactnpromta tov FGF2. Ta oamoteAéopata avtd: (o)
napovcstalovy €va vEo pnyaviopd pOBIoNG TG HETOVACTELONG TOV KVTTAP®V TOV
ooteocopkmpatog ond tov FGF2 xot (B) vmodewvoouv v vmopén evog
GULVEPYIGTIKOV UNYOVIGHOV HETAED TG onpatoddtnong ¢ PTH (1-34) kot tov FGF2
otV pHOON TNG LETAVAGTEVOTG TOV KLTTAP®OV TOV 0GTEOGAPKMLOTOG.
H avafoiwr dpdon g PTH (1-34) oto oynuatiopd tov ootol elvar gv pépet
eCaptodpevn and Tic dakvudveelg g ékepaong tov FGF2, ot omoieg pe v oepd
Tovg puBuilovy ™V €kEPACT] KOl T GUCCAHPEVOT| LETAYPUPIKDOV TOPAYOVIOV GTOV

nopnva, cvureprapPoavopéveov tov Runx-2 kot CREBs, mov givar {otikng onpaciog
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o Oadikocio TOAAATANGLOGHOD Kot wpipavong Tov ooteoflactdv (Sabietti et al
2009). Eivar a&oonpeimto ott kotdn di€yepong and tov FGF2, o Runx2 puBpuilet
mv  ékepoon  yovidiov mov oyetifovior pe  ONUOTOOOTIKG  LOVOTATIOL  TTOV
dtopecoAafodviol amd TPMTEOYALKAVES. X avTd cvumeptlopufdvovtol ekeivo mTov
kodwomoovv toug FGFRs (m.y. FGFR2 ka1 FGFR3) kot 11 mpwteoylvkaveg (m.y.
GLVOEKAVT), YALTTIKAVY, Kot Bepotkdvn) kot ta Evipa Tov EUTAEKOVTOL TNV GUVOEST)
tov tpoteoylvkavov (Teplyuk et al 2009). EmumAéov, npdceata mpotdbnke OTL 0
Runx2 kot o 4&ovag FGF2-npmteoyAvkdvng pumopet va amotelobv Evav oyetilopevo
pe v ECM puBuotikd Bpdyo avadpaong mov eAEYXEL TOV TOAAATAOCIACUO TOV
KUTTOP®OV 0GTEOPAACTIKNG OPYNG KL TNV EKTEAEST] TOV TPOYPAULOTOS OGTEOYEVEGNS
(Teplyuk et al 2009). Qg ex tovtOL, VmoBécaupe 6Tt o FGF2 puBuiler v
LETAVAGTEVGT] TOV OGTEOCAPKMUOTOC, EV LEPEL LECH TNG POOLONG TG EKPPOONG TOV
npwteoyAvkavav g ECM . "Eleyyog ¢ ékgpaong tov ntpmteoyAvkavav g ECM
oe MG63 wvuttapa ota omoia elye yopnynbel o FGF2 &deiav pia evolapépovoa
peTafoAn G HETOYPOONG NG OtyAvkdvng. Qotdco, €xel oavapepbel 011 o FGF2
Bpénke va pnv emnpedler oto kOtropoa MG63 To emimeda petaypaeng Tng
SyAvKavNc. Avtd To avTipatikd dedopéva Ba Lropovcay EVOEXOUEVAOS VO 0mod0080ovv
omv vyniotepn ovykévipwon tov FGF2 mov ypnowomombnke oe ovtd to
nepdpota kabmg Kot oTnv Tapovsio opov oto péco kaAlépyetag (Bodo et al 2002).

H SwyAvkdvn, éva péhog Tov KpdV TAOVGIOV GE AEVKIVI] TPMTEOYAVKAVAOV
(SLRP), eivor éva Broroyikd evepyd ovotatikd g ECM (Wadhwa et al 2004) pe
vynAn ékepaon ota 0otd (Waddington et al 2003). O kpicipog pérog TG dtyAvkdvng
070 oYNUATIOUO TOV 00TMV £xel OBl mponyovuévmg oe movtikia knock-out yio
StyAvkavn. Avtd ta TovTiKio 0evV KATOpOMVOLV VO ETITLYXOVV TNV KOPLPOiD, OCTIKN

palo A0y ™G peimwong Tov aptBpoy TV 06TEOPAACTMOV Kol TNG OVUPOAIKNG TOVG
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dpactnpomrag (Xu et al 1998). Emumdéov, To QOIVOTLTIKG OTOTEAECUATO TNG
OVETAPKELNG TNG OIYAVKAVIG GUVOEOVTOL IE OVOUOALEG TV VIdI®V TOV KOAAXYOVOL
Kol £€(0VV  GLVEPYIOTIKN Opdon pHe TV avemdpkeln Tov dAlov kopuwv SLRP tov
00T®V O0nw¢ M dwkoountivn. 'Etol, kot’autdév Tov TpOTo [povVTOL TO GUVOPOUO
Ehlers-Danlos 66ov agopd T aAAayés 6Ta 06T Kot 6TOVS GVVIETIKOVG 16ToVG (Corsi
et al 2002). ITpokeywévov va ereyBel n veoBeon 6T 1 FGF2-eEaptdpevn peiwon oty
EKQpaoTn NG OYALKAVT EVIoYDEL TNV  KVTTOPIKY UETOAVAGTELGT, ONpovpyndnKav
MG63 xottapa Al og dtyAvkdvr. H katactoAr] g €K@paong g OtyAvKavng
Bpénke vo av&dver Tn HETAVAGTELON TOV — KLTTAP®V TOL OGTEOCUPKMOUOTOC,
ATOKOAOTTTOVTOG €va  Ayvemoto péxpt Topo poro ¢ Oyivkdvng. EmumAéov,
empolvopéva pe siBGN kbtropa MG63 Stathpnooy eVIGYLUEVT) TV IKOVOTNTE TOVG
vo petavactehovv petd v egovdetépmon tov evdoyevoug FGF2 pe ypnon evog
€KoL avtioopotog evavtiov tov FGF2, ce ovykplon pe to un empoivopéva
KOTTOPO.

Emunpdobeta oe kOTTOpPO O0TEOCHPKOUATOG OV Yopnynbnke PTH (1-34)
QAavNKe pHelUEV M €Kepaon TG OyAvkdvng. Q¢ ek TovTov, pmopel Koveic vo
ovoumepdvel 6Tt 1 PTH (1-34)-puBuilopevn kor FGF2-eEaptdpevn KOToGTOAN NG
ékppaong ¢ OyAvkdvng, eivol EmMOPKNG Yo TNV EVIOYLON TNG KLTTOPIKNG
LETOVAGTEVGNG TOV OGTEOCAPKMLULATOC.

H SwyAvkdvn addniemidpd pe o gvpeion KMpOKo qvENTIKOV TopoyOvVI®MV Kot
Kuttopokvav 6nwg o TGFP, TGFa (Xu et al 1998), TNFa (Wegrowski et al 2000),
EGF (Schaefer et lozzo 2008), BMP4 (Kinsella et al 2004), BMP2 (Kinsella et al
1997) 6nwg emiong Kot He TOLG AVTIOTOLYOVG KVLTTAPIKOVS VIodoYels pvBuilovtag
Baokés kuttapkég Aettovpyieg (Wegrowski et al 2000, Schaefer kot Iozzo 2008).

Avt n  SLRP, og avtiBeon pe v mieoynoeio tov SLRPs, og eni 10 mieiotov
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OWVEETAL OTOV  TEPIKLTTAPLO  YDPO, OMOL JOpa MG EWIKOG PLOMOTAG NG
BrodtabeotdtToc TOV  SEOPOV  VENTIKOV TAPAYOVI®V, KOl ®G €K TOVTOL
emnpealel v Proroyikn dpactikdnTa Tovg (Schaefer ko lozzo 2008). A pécov
AVTAOV TOV AAAMAETIOPAGE®Y, 1 dtyAvKAavn dvvotot va emnpedlet, 1060 dueso 6o
Kol EUUESA, TOV KLTTOPIKO TOAAUTANGLOCOUO, TN UETAVAGTELCT KOl TOV KLTTOPIKO
eowvotumo (Kinsella et al 2004).

Ye aut6 T0 onuelo, gival akodpa acaPng 0 TPOTOG He TOV 0moiov 1 SryAvkdvn
AVOOTEALEL TNV KLTTOPIKY HETAVAGTELGT TOV OGTEOCHPKAOUATOG. AAAayEG otV
gkppaomn g dyAvkdvng pmopel vo ennpedcovv ) doun g ECM, v xuttapikn
TPOCKOAANGN 1 TNV 0E0TOIMNGN AVENTIKOV TapAyovIev mov gival (oTikng onuaciog
v ™ petavdotevon tov kuttapov (Kinsella et al 1997). ®a pmopovcape vo
vroBécovpe 6t 0 dEovag PTH (1-34)-FGF2, npokaAdvTog 1oxvp1| KATOCTOAN NG
gkppaong g dryAvkdvng, aAlalel dpapotikd TV avaioyio pHetald TV HEA®V NG
owoyeveiag Tov SLRPs, pe amotéleoua vo petafarietar n frodabdecipdtro tov
AVENTIKAOV  TTAPOyOVI®MV MOV  EUTAEKOVTIOL OTNV  KLTTOPIKN ULETOVAGTEVCT TOV
ooteosdpkmpatos. O podloc towv SLRPs ot pvBuon g dpdong tov avéntikdv
TOPAYOVIWV GE KOTTOPO OGTEOCOUPKMUOTOG EXEL TPONYOVUEVMG amodeyDel kat yio
dAec SLRPs, coumepiapfovopévng e Aovpikavng (Nikitovic et al 2008) kot tng

dtakoountivng (Zafiropoulos et al 2008).
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5. AINOTEAEZMATA (3)
51 O avéntikog mapayovrag TGFP kon 61 0 BMP2/4 mOavov vo coppetéyet

ot puOmon g peravaorevons TV MG63 amd Tnv dryAvokavy).

Aoppavovtag vroéymv ™ onuacia tov TGFB ota ootd xobdg kot v
puOoTIKY EMdpaoT TOV £XEL T OIYAVKAVY GE OLTOV KoL TPOKELEVOL VoL dtomoTwOel
n  ovoykoommta tov TGFB yw 1t petavdotevon TV KLTIAPOV — TOV
0GTEOGOPKMUATOG dNpovpynnkay kuttapa MG63 eAlmm o€ dtyhvkdvn ota omoia
npooténke avticopa évoavtt tov TGFP. Awmotdbnke 6TL evd To KHTTOPO TOL NTAV
e M) 6e StyAvkdvn mopovciacay avénon NG HETAVAGTELTIKNG OpacTnPlOTNTOC
tovg (P<0.01), to eAlmny o€ dtyAvkdvn kvtTopa oto omoia elye emiong mpootedel To
avticopo  anti-TGFBl  dev  katopbwoav va ovénoovv TNV HETOVOCTEVTIKY|
dpaoctnpromtd toug (Euc 16).

Emiong, MG63 «Ottopo pdptupeg dev mOPOVGIOGHV GTATIGTIKO GNUOVTIKY
HETAPOAN TNG UETOVAGTELTIKNG OpacTNPOTNTAS TOVG OTAV GE AVTE TPOCTEONKE TO
anti-TGFB1(Ew 16). And ta mepdpoto ovtd yivetor avtiAnmtd 0Tt 1) TopovGio TOV
TGFP eivor arapaitnn, ®ote to EAAMY € d1yAvkavn KOTTOPO VO TUPOVGLAGOVY TV

ALENUEVT LETOVOGTEVTIKY] IKAVOTNTO TOVG,.
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Ewcova 16 Zoppetoyn tov TGFP oty kuTtopiky] LETAVACTELCT) TOV OVETAPK®OV GE SLYAVKAVT
MG63 kvttdpmv. ERdounvta dvo dpeg petd v enydivvon, ta siBGN emipolvopéva, ta siScr
- gmpoivopéva, ta siBGN - empoivopéva kottapa oto omoio yopnyndnke avti- TGFB1 IgG(1
pg/ml) kot ta siScr - empolvopévo koutTopo ota omoio yopnyndnke avi- TGFB1 IgG (1
pg/ml)  vrefAnOncav ot dokiocic ETOVA®MONG TANYNG Kol ocuykpnOnkav pe To pn
EMPOALGHEVO KOTTOPO KAOMDG Kot pe Ta empoivopéva pe siSCR. Ztotiotikn onpavtikotnto **
P <0.01.

To mapondve meipopo eTavoAEONKE [LE TNV XPNON TOV OVTICOUATOS EVAVTL
g BMP2/4 (1 pg/ml) dote vo dwomotwbel €dv kol kaTd TOGOV 1 AVOCTOAN TNG
dpdong e BMP2/4 petafdiiel Tnv HETOVAGTELTIKN KAVOTNTO TV KVTTAp®V MG63
Kol emiong ov 1M OwyAvkdvn eivor  amopoaitnty oy TV pETOPOA] QLT
[Mpaypoatomomnke 1 dokiacio emovAmong TAnyng oe kuttapa MG63 to omoia
Nrtav empoivopéva pe siBGN, siSCR pe 1§ xopic tnv mpochHnkn £01Kod avTicOUATOG
évavtt tov BMP2/4 6¢ 2 dapopetikég cvykevipooelg S nM kot 10 nM avtictotya.
Awmotodnke (swova 17) 6t n Tapovsio Tov avtic®potog Evavtt tov BMP2/4 dev

elxe xapia enidpaon (P = NS) otnv HETOVACTELTIKY] IKOVOTNTA TOV KLTTApOYV MG63

83



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

aveapmta pe v empoivvon toug pe siRNA.To yeyovog antd KaTaduKVOEL TNV Un

oLUpETOYN TOL TTapdyovta BMP2/4 oty petavdotevon tov kuttdpov MG63.
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Ewcova 17 H ovppetoyn tg BMP2/4 oty pvBuion g petavdotevong tov kuttdpov MG63 mov gival
avemapkn o€ dtyAvkdavn. Efdopnvia dvo mdpeg petd v enpoivvon ta siBGN emypoivopéva, ta siScr
- empolvopéve, to siBGN - emypoivopéva kottapo oto omoio yopnynbnke avii- BMP2/4 1gG(1
pg/ml) xor T siScr - enyoALCOUEVO KUTTOPO GTO omoia yopnyndnke avii- BMP2/4 TIgG(1 pg/ml)
vrefAnOncov 6t SoKIOcio EMOVAMOTNG TANYNG KOl CLUYKPHONKAY e Ta U1 EXHOAVGUEVO KOTTOPO
KkaBdg Ko pe To emporvopéva pe siSCR

5.2 H ovvoekdvn 4 (Syndecan 4) givar amapaitnty yro Tnv dpaon tov FGF-2

0TI LETOUVUGTEVTIKI] LKOVOTNTO TOV KVTTaAp©V MG63

Aoppavovtag voymv v onuoacio mov €xel | cvvoekdvn 4 oty Proroyio
SPOPETIKMY  KOPKIVIKAOV KLTTAPWV KaODG KOl TNV ONUacio. TOV GUUTAOKOV
FGFR/ovvdekdvn 4 oty enitevén avtov 1ov poAov OeANCOLLE VO SIOTIGTOGOVUE THV
onupocio g ovvdekdvn 4 GTNV UETOVAGTEVCT TOV KVTTAP®V OGTEOCUPKMIOTOC

MG63. [dwitepa Bednoape vo dOVUE TNV EMIOPACT TNG AVOGTOANG TG EKOPAONG TNG
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ouvoekdvn 4 omyv petavdotevon tov MG63 6tav oe avtd yopnyeiton FGF2 (10
ng/ml). And 10 meipapo ovtd TPoEkLYE OTL N OVACTOAN NG £KOPOONS NG
ovvoekdvng 4 pe v ypnon siRNA dev elye kdmota emidpaon 6TV UETOVOCTEVTIKN
wavoTnTa Tov Kuttdpov MG63. Qotdoco 6tav oe MG63 kOtTapa ta omoio NTav
empolvopéva pe siSynd4 (kdtropa avemopkn oe cvvdekavn 4) mpootédnke FGF2
avtd Oev Topovcidcov TNV avapevopevny avénomn oty KavOoTnTo TOvS Vo

petovoaostevovy (gkova 18)

40

35 A

25 A

30 A

20 A

15

10 A

5 4

0 T T T T T |
m FGF

siSynd4 scr FGF+scr FGF+siSynd4

Ewova 18 O pdlog g Syndecan-4 otnyv dpdon tov FGF oty petavdotesvon tov MG63kuttdpav.
Ye MG63 «Ottapo pn emypoAvopéva, emiporvopéva pe siSCR, kot empoivopéva pe siSynd4
yopnynonke FGF-2 (10 ng/mL) yio 48 dpeg. AkohoOBnoe 1 dokipacio etodA®ONG TANYIS.

And 10 mopamdve meipapo yivetor ocagég mwg M ovvdekdvn 4 amotekel éva
ATOPOITNTO HOPLO GTO UNYOVIGHO pe tov omoio o FGF-2 gmtuyydvel tnv avénon g

KLTTOPIKNG peTavaotevong tov MG63 kuttdpov.

5.3 XYZHTHZzH

Ta  povomdti  onupoatoddtnong L ovénTikod  TAPAYOvVTO.  TOL

petaoynuoticpov  Pto (TGFB) / ppeoyevetkng ootikng mpoteiviig (BMP)
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EUMAEKOVTOL GE U0, LEYAAT] TOTKIALDL KVTTOPIKAOV J10OIKOCIDV KOl EIVAL CNILOVTIKG G
oA v duwpkela g {ong tov kuttdpov. Ot TGF-B/BMPs €yovv avayvopiotel
EVPEMG Y10 TO POAO TOVG GTO GYNUOTIGUO TOV 0GTOV KaTd TN S1dpKeLn TNG AVATTUENC
TOV INAACTIKOV Kot TapdAAnAa epeaviCouy gupitateg puOUICTIKEG AslToVpYieg GTOV
opyavioud (Katagiri et al 2002). H evooxvttdplo onpatoddton and TGF-B/BMPs
TPOYUATOTOLEITOL TOGO HEGM TNG KavoviKng 0000 pécw Smad (TGF-B/BMP ligands,
vrodoyelg kot Smads) 660 Kot HEcw pn-Kovovik®v Smad-aveEdpTnTemv HoVOTaTIOV
onpatoddtnong (my. p38 mitogen-activated protein kinase pathway, MAPK). Ot
dwtapayés g TGF-B/BMP onpatoddtnong Exovv evoyomomBel yio moArég vOGoug
TOV 0GTAOV TOV GUUTEPIAAUPAVOVV TNV HETAGTACT, TN PpoyvdakTuiio TOTov A2, Kot
v ooteoapBpitda (Siegel et al 2003, Papachroni et al 2009).

H avtoxpivig ko mapaxpivig diéyepon and TGFP eivor onpoavtiky yuor
dlnpnon Kot Ty SpopoTOiNcT TOV UEGEYXVUATIKOV PAUCTIKOV KLTTAP®V, TO
omoia givat ta Tpoyovikd kottapa twv ooteoPractdv (Derynck et al 2007). Ta ootd
Kot 0 YOvOpOg TEPLEYOLV HEYAAEG TOGOTNTES TOV. T TPOLO ovaTTLELOKE GTAd,
ooteofAactikol mAnBvopol mpoepydpevol and euPpuikd ootd eival mo gvaicntot
o wroyévo emidpaocn tov TGFB oand mapdpoovg mAnbucpovg ce veoyévvnra
(Centrella et al 1988). EmmAéov, m onuoatoddtmon péow TGFB mpowbel tov
TOALOTAQGLOGHO TWV OGTEOTPOYOVIKAOV KVTTAP®V, TNV TPO®PN dopopomoincn Kot
M J€CUEVOT TOVG 0TIV 00TE0PANCTIKN TPoEAevon pécm twv MAPKS kot Smad2 / 3

00V, kot ) cvvepyaoio peta&d tov TGFP kot PTH, Wnt, BMP, xaB®g kot tov FGF.
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latent TGFp
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Ewova 19 Zynpotikn ovaropiotaoT] Tov Kuplotépmy povornatidv dpacng tov TGFB

Avoyvaopilovtag v onpacio t6co tov TGFB 6co ko tov BMP2,4 oty
Broroyio TV 00TOV YEVIKOTEPA OAAG KOl TOV OGTEOGOPKMUATOG EWOKOTEPO BEANCOLLE
Vo JMIOTAOGOVUE KOTA TOGOV Ol TOPUTAVE TOPAYOVTEG ival amapaitnTol yo Tnv
abénNon NG UETOVOOTEVTIKNG WKavOTNTOS TV Kuttdpov MG63  onwg avt
emuyydvetar and tn opdon tov FGF2. And ta mepdpota mov mpaypatoromonkoy
dwmotdbnke 6tL oe KOTTOPA OV €ivor avemapkn oe OtyAvkdvn o TGFB eivon
ATOPOITNTOG TPOKEEVOL VO EMTOHYOLV TNV aOENCT NG UETOVOOTEVTIKNIG TOVG
wavotrtag. To yeyovog avtd mbavov epunvedeTon amd TV OAANAETIOPOCT TOV
napovctalet ) dtyAvkavn pe ta popla tov TGFP otov eEwkuttdpilo kot mepikutTdplo
yopo. Eivar yvootd o6tt m OtyAukdvn mPocdEveEl EMAVMD TNG HOPLOL CVENTIKOV
Tapayoviov petald tov onoimwv kot tov TGFP kot pe avtd tov 1pomo eAEyyel g Eva

Babud v mopovcioon kot cOVOEST OLTOV TOV HOPIOV HE TOVG KLTTOPIKOVGS
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vrodoyelg ota kOtTopa otoyovs. 'Etol, m oamovoia dryAvkdvng oto KOTTOpO
0GTEOGOUPKMUATOG EVOEYOUEVMG 0dNYel oe petaforég g mocottag tov TGFP mov
etvan dBéoipog €€ amd 10 KLTTOPO UETARAAAOVTOG KOTA OVTOV TOV TPOTO TNV
KAVOTNTA TOV KUTTAPMOV QVTMV VO LETAVAGTEVOVV.

[Mopd v onuoacio mov €yovv ot mapdyovieg BMP2,4 otv PioAoyio tov
0GTEOCOPKMUOTOS Kopio petaforr] dev mapatnpiOnkKe oTNV HETOVACTELCT TOV
KUTTOP®V TOV 06TE0GOPKMUaTog MGO3 (gite TV PUOIOAOYIKAOV EITE TV AVETUPKDOV
o€ dtyAvkdvn) 0Tov o€ VTl TPooTéDNKE £101KO avTicopa Evovit tov BMP2/4.

Téhog avayvopilovtag v onuocio ¢ ovvoekdvng 4 oty e&éMén tov
SPOpOV GYK®V Kol TOL dTov TG pOAOL gite g popiov Tov dieyeipel 1 avaoTéAEL
mv eEEMEN evog Oykov BeAnoope Vo JEPELVIGOLUE TNV ONUAGIO NG OTnV
LETOVOGTEVTIKT] KOVOTNTO TOL OGTEOCHPKMUATOSC. Eyoviag vmoyn v otevn|
aAnieniopaon peta&d tov vmodoyéa tov FGF (FGFR) kot tng ovvoekdavn 4
onuovpynoape KotTapo ooteocapkmdpatog MG63 el oe ovvdekdvn 4 Kot
eetdoope TV KAVOTNTO TOVG VO LETAVACTELOVV TTapovsia kot amovsio. FGF. And
TEWPAUATIKEG UEAETEG TOV EPYOOTNPIOV HOG KOL GE GAAEG KOPKIVIKEG KUTTOPIKES
oepég (Chalkiadaki et al 2009) damiotdOnKe 611 1| TOPOLGia TG cLVOEKAVNG 4 elvar
aroapaitntn mpokewévov o FGF2 va emtdyer v adénon g HETOVAGTELONG TMV

Kuttdpov MG63.
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6. Zvprepaopata

H dpbion ¢ mapabopudvne (PTH) kar tov evepyod mentidiov e (PTH 1-34)
ot Poioyio TV 0GTAOV KOl GUYKEKPLEVO GTNV OVTILETOTICY TNG OGTEOTOPMONG
etvar amd kapd yvoot. H PTH mapovoidletl ioyvpn avaforkn dpdon 6To GKEAETO
otav yopnysitoan e€myevag pe dlaAeimovca yopnynon, evad epgavifel Kotafoikn
dpdon petd amd ocvveyn yopnynom. Amd Tig mpdteg KOAag peiéteg g PTH oe
nePAPaTOlma, SomIGTOONKE OTL AVTA ELPAVICAY GE VYNAL TOGOGTH 0GTEOCHPKMLAL.
To ebpnpa avtd dev emPePfaiddnke otoVg AVOpOTOVG AALL TOPOAX VTA LITAPYEL M
ovotaon Yo amopLuyn g xpnong ™g PTH oe avBpdmovg mov €xovv vynAd kivovvo
eupdaviong omodnmote dykov. Méypt onuepa dev giye peretnBei n mbavny emidpaon
g PTH og xuttopikéc oelpéc 0GTEOGUPKOUOTOS OC TPOG TOV TPOTO MOV OLTH
HETAPAAAEL TV IKAVOTNTO TOV KLTTAP®V QVTAOV Y10 LETAVAGTEVOT).

Amd to mepdpota mov devepynnkov mpoékvuye €vag mBovog pnyaviopog
dwapécov tov omoiov 1 PTH av&dvel v HETOVOCSTELTIKY IKOVOTNTO TOV KVTTAP®V
0V 0oteocapKopatog MG63. Aamotodnke 6tt 1 [oapabopuovn (PTH) deyeipet
évtova 1 ovvBeon Kot Ekkpion vaiovpovikov (HA) toco e un embetikég 660 Kot
oe emPetikég  KuTTOPIKEG oepég ooteoPfractikng apyns. To HA, og
yvAvkolaptvoyAvkdvn cvototikd tov eEmkuttopikol yodpov (ECM), eivar wavd va
oupupddrel ot petddoon moapayopevov ornd v ECM onudtov, ta omoia pvbuilovv
TV KLTTOPIKY Agwrovpyio. Xe autn T HEAETN, dlepevvnoape TG dAAOYEG  OTO
petafoiopnd tov HA, 6mwg avtég emdyovion and 1 dpdon g PTH (1-34) kon tng
PTH (7-84) oe pétpreg (MG63) kot kadd owapopomoinuéveg (SaOS2) kuttapikés

o€1PEG 0OTEOGOPKMUATOG GE GUVAPTNON HE TN SVVATOTNTA TOVG Y10 LETAVAGTEVOT).

89



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Ta amoteAéopatd pag detyvouvv 6Tt 1 dwkeinovoa yoprynon PTH (1-34) odnyel ota
TOPUKATO:

1. onuavtikn (P<0,01) avénon g petavdotevong tv kuttdpov MG63,

2. avénon g ékppaong g ovvldonc-2 tov HA (HAS2) (P<0,001), kot

3.evioypon g evamdBeong Tov vyNAoL poplakov Pdapovg HA  otov

TEPIKLTTAPLO YDPO
Téco n avénon g evooyevoig mapoaywyng HA (P<0,01) 6co kot m eEwyevig
xopnynon vymiov popraxov Papovg HA (P<0,05) cvoyetiCovtor onuavtikd pe tmy
aLENUEVT IKAVOTNTO PETOVACTELONG TV KLTTApmv MG63. H empudrvvon pe siHAS2
¢o0eige 6mi m PTH (1-34), xvupimg pécm g enidpacng e oty ékppaocn g HAS2,
00NYNCE G€ eVIGYLUEVN Tapaywyn Tov HA kot tavtdypova o€ avnuévn KuTTopikn
petavaotevon tov MG63. Elvar evowapépov 0Tt 1 ovveyng yopnynon PTH (1-34)
odnynoe oe avénon mg ékppaong g HAS2 (P <0,001) kot tng HASI (P <0,001)
oT0 KUTTApO Saos 2 kol Tovutodypova o€ peimwon g éxepaong s HYAL2 (P <0,001)
odnywvtag €tol, o e pétpa (P <0.05) avénon g petavdactevong tovg. Qg ek
to0tov, M PTH (1-34) Bpébnie 6TL avaArdymg Tov TpOTOL YOpNyNoNg TG aivetat va
puOuilel cOoE®G TN HETAVOOTELTIKN  KOVOTNTA TOV  KUTTUPIKAV — CEPOV
0oteocopkmdpatog MG63 kot Saos 2. Xvumepacpotikd, omd to dedopéva Tov
TPOEKLYAV OO TO TEPALOTO OVTH, TPOKVTTEL £vag TOUVOG pLOGTIKOS pOAOG TNG
PTH o710 petaforiopd tov HA 1ov KuTtédpmv TOL 06TE0CUPKOUATOS, AVAAOYQ LE TOV
TpOTO Yopnynons me. H aAlayn tov petaporiopov tov HA and v PTH oonyet pe
™V GEPa NG TN UETAPOA NG KAVOTNTOG WETAVACTEVONG TOV KLTTOP®OV TOV
00TEOGOPKMLOTOC.

Eivar BAoypapikd yvootd 4tt éva onuavTikd HEPOG TG aVOPOAIKNG OpAoN

¢ PTH (1-34) aokeiton dStopécov g emidopacng g oV EKEPOCT TOV aENTIKOV
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napdyovta Tov woPractdv (FGF2). EmmAéov, npocpata £xel mpotabei n vapén Kot
n 6pdon evog d&ova FGF-tpwteoylvkdvov mov pumopet va oynuoticst Evav Bpdyyo
avdopaong (feedback loop) o omoiog oyetiletar pe ToV EEOKLTTAPLO YDOPO KoL EAEYYEL
TOV TOAAOTAQGLOGUO KOl TNV EKTEAECT] TOL TPOYPAUUATOS OGTEOYEVESTG KLTTAPMV
ooteoPractikng apyns. Katomy tovtov kat yvopilovtag 1on and o TEPEUaTe Hog
™ onuaocio g PTH ot pubuion tov petafoiicpod Tov voAovpoviKoy 6€ KOTTapO.
O0GTEOCOPKMUOATOS,  OEPELVIACAUE TN  TOOV)  GLUPETOY] TOL  LOVOTOTLOV
onpatoddtnong ov FGF2 omv PTH (1-34)-e&aptdpevn KOTTOpIKN HETOVACTELGN
T0V ooteocapkmpatos. ‘Etol, mpaypatomomdnke n yopniynon FGF2 ce kOtropa
0GTEOCOPKMUOTOS Kol dwmiotdbnke o onuoviiky ovénon (P <0,01) g
petavaotevong tov Kuttdpov MG63, tapduoto pe exeivn Tov TpoKaAeitor amd ™
dwkeirovca yoprynon w™¢ PTH (1-34). Otav mpaypatomombnke oviivorn tng
éxppaong mRNA tov Kuttdpov 6t onoia yopnyndnke pe dwadeirovia tpéno n PTH
(1-34), mapovoidotnke pio évtovn adénon ota enimdo petaypagnsg tov FGF2 (P =
0,0015). Eivan evowagpépov 611  tpocOnin tov FGF2 og kdttapa MG63 odnynoce oe
ONUOVTIKY] KOTOOTOAN TG £&KQPOCTG MG WKPNG TAOLOWG G©€  AEvKivn
TPWTEOYAVKAVNG, TNG OtyAvkdvng toco oe eminedo mRNA (P <0,0001) 6co kot og
npwTeivikd (60%) eminedo. [Ipokepévou va eEgtaotel 1 onpacio tng dtyAvkdyng ot
peTavaoTevon Tov Kuttapov MG63, mpaypotonombnke enpdAvven tov KuTTdpmv
pe SIRNA €101kd yuo dtyAvkdvn, pe emakdAovBo onuavtiky avénon (P<0,01) g
LETAVAGTEVONG TOV KVTTAP®V 7OV givor eAMm|] o€ dtyAvkavn. AvtiBétmg, pe To
eopnua ovtd, n e€myeving xopynon avlpdOTIVNG aVAGLVOVAGHEVNG OIYAVKAVNG
avESTELE VTOvVo TNV peTavdotevon ovtdv tov kuttapov (P<0,01). Térog,
dupeon ovoyétion peta&d g opaong g PTH (1-34) kot g €k@paong g

dtylukbvng dwmotodnke pe v onuavtiky peiwon (P<0,01) tov  emmédwv
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LETAYPAPNS TNG OIYAVKAVIG OTO KOTTOPO TTOL £iye Tponyovuévmg yopnyndsi PTH (1-
34). Zvvoyilovtag ta mopamdve, 1M Topohoo HEAETN elonysitor  éva 0e0TEPO
unyoviopo pe tov onoto 1 PTH (1-34) givar duvatodv vo avéeeL TV LETOVAGTEVTIKN
KAVOTNTA TOV KVTTOPOV TOV 0GTEOGUPKONOTOS. [Ipdkeitaor Yo evav cuveEPYIOTIKO
unyoviopd dpdong g PTH (1-34) kot tov FGF2, mov odnyel oe cvykekpyléveg
HETAPOAEC OTNV GLYKEVIP®ON TNG OYAVKAVIG OTOV €EOKLTTAPLO YMPO KOl KOTA
avTdV TOV TPOTO EMTVYYXAVEL TOV EAEYYO TNG KLTTOPIKNG HETOVAGTELOTNG TOV
0oteocopkmpatog. Emmiéov, n dnpovpyia MG63 kuttdpov eAMmm og cuvdekdvn 4
odnyet g avaotoAn g dpdong tov FGF2 wg mapdyovta mov tpodyet TV KOTTOPIKN
LETAVAGTEVOT TOV KVTTAP®V OLTAOV KOl OVOAOLKVOEL T1 oNUacio TG cuvoekdvng 4
GTOV TOPATAVE® UNYOVIGUO.

Ev kataxkeidt, pe v mapovoa perétn damotmdnkav 2 mbovol punyoviopoi
dwpécov tov omoiwv n PTH (1-34) emtvuyydver ) dpdon g 6T UETOVAGTELTIKN
KAVOTNTA TOV KVTTAP®OV TOV 0GTEOGAPKAOUOTOG,
1°° Mnyaviepog: H PTH (1-34) eléyyovtag tov petofoAMopud Tov voAovpovikoD
oféog (HA) oav&daver 1 UETOVOOTEVLTIKY] KOVOTNTO T®V  KLTTAP®V  TOV
00TEOCGOPKMLOTOC.

2% Mnyaviopog: H PTH (1-34) eléyyovtag tqv ovvBeon g StyAvkdvng pe ™
dwapecordpnon tov FGF2 katopBmvel vo petaffdAietl Tn HETOVOOTEVTIKY KOVOTNTO
TOV KUTTOP®OV TOL 0GTEOCAPKAOUATOG. Xe ovTh TN dpdon tov FGF2 kpicipo pdro €xet

1 cvvoekavn 4.
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Parathyroid Hormone (PTH) Peptides Through the Regulation of
Hyaluronan Metabolism Affect Osteosarcoma Cell Migration
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Summary

Parathyroid hormone (PTH) strongly stimulates hyaluronan
(HA) synthesis and secretion of both normal and carcinogenic
cells of the osteoblastic lineage and improves skeletal microarch-
itecture. HA, a glycosaminoglycan component of the extracellu-
lar matrix (ECM), is capable of transmitting ECM-derived sig-
nals to regulate cellular function. In this study, we investigated
whether the changes of HA metabolism induced by PTH (1-34)
and PTH (7-84) peptides in moderately MG-63 and well-differ-
entiated Saos 2 osteosarcoma cell lines, are correlated to their
migration capabilities. Our results demonstrate that intermittent
PTH (1-34) treatment significantly (P < 0.01) supported the
migration of MG-63 cells, increased their HA-synthase-2 (HAS2)
expression (P < 0.001), and enhanced their high-molecular size
HA deposition in the pericellular matrix. Both increased endoge-
nous HA production (P < 0.01) and treatment with exogenous
high-molecular weight HA (P < 0.05) correlated to a significant
increase of MG-63 cell migration capacity. Transfection with
siHAS2 showed that PTH (1-34), mainly through HAS2,
enhanced HA and regulated MG-63 cell motility. Interestingly,
continuous PTH (1-34) treatment stimulated both Saos 2 cell
HAS2 (P < 0.001) and HAS1 (P < 0.001) isoform expression
inhibited their HYAL2 expression (P < 0.001) and modestly (P
< 0.05) enhanced their migration. Therefore, the PTH (1-34)
administration mode appears to distinctly modulate the migra-
tory responses of the MG-63 moderately and Saos 2 well-differ-
entiated osteosarcoma cell lines. Conclusively, the obtained data
suggest that there is a regulatory effect of PTH (1-34), in an
administration mode-dependent manner, on HA metabolism
that is essential for osteosarcoma cell migration. © 2010 [UBMB
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INTRODUCTION

Parathyroid hormone (PTH) is an 84-amino acid polypeptide
hormone produced by the parathyroid gland that regulates cal-
cium homeostasis and bone remodeling. The anabolic effect of
intermittent administration yielding a transient peak blood level
and the catabolic effect of continuous administration of PTH
on bone formation have been demonstrated in human and ani-
mal models (/-3). The effects of PTH in osteoblastic cells
are mostly perpetrated through the activation of the specific
G-protein—coupled receptor, PTHIR either through the forma-
tion of cyclic 30,50-adenosine monophosphate or alternatively
through the activation of the mitogen-activated protein kinase
“, 5).

The aminoterminal peptide 1-34 (PTH 1-34) is a PTH ana-
logue, which acts in an identical way as the full length protein
(4). Large N-terminally truncated PTH fragments such as PTH
(7-84) are also normally present in peripheral blood (6). How-
ever, PTH (7-84) is suggested to inhibit PTH signaling and to
initiate adverse biological effects (6, 7).

Hyaluronan (HA) is a heteropolysaccharide with a molecular
mass between 10° and 107 Da, localized primarily in the extrac-
ellular matrix (ECM) of cells (§). HAS1 and HA-synthase-2
(HAS2) HA synthase isoforms synthesize high-molecular weight
HA, whereas HAS3 synthesizes shorter forms of HA (9). In so-
matic tissues HYAL1 and HYAL?2 are the major hyaluronidases
responsible for the degradation of HA (/0, /7). Importantly,
HA plays a role in a number of biological activities ranging
from tissue hydration to cell migration in a manner dependent
on its molecular mass (/2). In addition, changes in HA metabo-
lism have been proven to be of high importance in cancer cell
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Table 1
Sequence of primers for the genes of interest

Primer name

Sequence

HYALI_F
HYALI_R
HYAL2_F
HYAL2_R
CD44_F
CD44_R
HAS2_F
HAS2_R
HAS1_F
HASI_R
HAS3_F
HAS3_R
PTHIR_F
PTHIR_R
GAPDH_F
GAPDH_R

5" CCG GTG CTG CCC TAT GTC 3

5" AGG CTG TGC TCC AGC TCA TC 3

5" GGC GCA GCT GGT GTC ATC 3’

5" CCG TGT CAG GTA ATC TTT GAG GTA CT3'
5" GGT CCT ATA AGG ACA CCC CAA AT 3

5" AAT CAA AGC CAA GGC CAA GA 3

5 GTG TTA TAC ATG TCG AGT TTA CTT CC ¥
5 GTC ATA TTG TTG TCC CTT CTT CCG C 3’
5" GGT GGG GAC GTG GGA TC 3’

5" ATG CAG GAT ACA CAG TGG AAG TAG 3%
5" GGT ACC ATC AGA AGT TCC TAG GCA GC 3’
5" GAG GAG AAT GTT CCA GAT GCG 3’

5" CCT GTC CGG ACT ACA TTT ATG 3

5" GCC CAC GGT GTA AAT CAT GC 3’

5" GGA AGG TGA AGG TCG GAG TCA 3

5" GTC ATT GAT GGC AAC AAT ATC CAC T 3’

function (/3). Factors affecting HA metabolism, consequently,
regulate the migration capacity of carcinoma cell lines (/4).
PTH has been reported to strongly stimulate the HA production
of both normal (/5, /6) and carcinogenic cells of the osteoblas-
tic lineage (/7). It has been previously demonstrated that the
antisense inhibition of HAS2, via reduction of HA accumulation
and cell-associated matrix formation (/8), inhibits MG-63 os-
teosarcoma cell proliferation, motility, and invasiveness. In
view of the fact that PTH-related pathways have been previ-
ously suggested to affect osteoblastic cell migration (/9), we
hypothesized that in osteosarcoma cell lines PTH peptides could
modulate the expression of HA metabolism-related genes and,
consequently, the migration capacity of these cells.

Our results demonstrate for the first time that the PTH pep-
tides in an administration mode—dependent manner specifically
regulate HAS isoform and hyaluronidase gene expressions to
stimulate osteosarcoma cell HA production. Increased HA syn-
thesis was correlated to the enhancement of osteosarcoma cell
ability to migrate as demonstrated by short interfering RNA
(siRNA) transfection experiments.

EXPERIMENTAL PROCEDURES

Materials

Recombinant human PTH (1-34) peptide and hyaluronidase
(Streptomyces  hyalurolyticus) were obtained from Sigma,
whereas recombinant human PTH (7-84) peptide was obtained
from Bachem (UK). The commercial name of the high-molecu-
lar weight HA preparation used is Healon (10 mg/mL, also con-
taining sodium chloride 8.5 mg, disodium hydrogen phosphate
dihydrate 0.28 mg, sodium dihydrogen phosphate hydrate 0.04

mg, and water for injection USP; Pharmacia AB Sweden). HA
binding protein (HABP) was purchased from Seikagaku (Japan).
The respective, secondary and primary antibodies (polyclonal
goat anti-actin, sc-1616; polyclonal goat anti-HAS2, sc-34068)
were purchased from SantaCruz. Cell culture reagents were
obtained from GIBCO-Invitrogen.

Cell Culture

In this study, Saos 2 and MG-63 human osteosarcoma cell
lines of low and high metastatic capacities were utilized. Saos 2
are well-differentiated osteoblast-like cells, whereas MG-63
cells are moderately differentiated fibroblastoid-type cells (20,
21). Saos 2 and MG-63 cells were grown in DMEM (Biochrom
KG) supplemented with 10% fetal bovine serum. Before stimu-
lation with PTH peptides, the cells were cultured in serum free
medium for 24 h at 37°C and 5% CO,. The treatments with
PTH (1-34) and PTH (7-84) peptides were performed in serum
free medium either intermittently (during the first 6 h in each
24-h period) for two cycles or continuously for 48 h.

RNA Isolation and Real-Time PCR

The TRIzol method (GibcoBRL) and the DyNAmo cDNA
synthesis Kit (Finnzymes, Finland) were utilized for mRNA
extraction and cDNA synthesis, respectively. Primers were
designed to be mRNA specific (Table 1). QuantiTech SYBR
Green master mix (Qiagen) was used for the real-time PCR
reaction (20 wuL reaction volume) and performed by an
MX300P cycler. The quantity of each target was normalized
against the quantity of GAPDH.
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Western Blot

Cells were harvested using RIPA solution. The samples were
electrophoresed on 8% polyacrylamide Tris/Glycine gels
and transferred to nitrocellulose membranes [10 mM CAPS
(3-(Cyclohexylamino)- 1 -propanesulfonic acid; linear formula:
CgH;1NH(CH,)3;SO3H; C2632 by Sigma), pH 11, containing 10%
methanol]. Membranes were blocked and incubated for 1 h at
room temperature (RT) with primary antibody (1:200). The
immune complexes were detected after incubation with the appro-
priate peroxidase-conjugated secondary antibody (1:2,000) with
the SuperSignalWest Pico Chemiluminescent substrate (Pierce).

Wound Healing Assay

The utilized “wound healing assay,” an established method of
assessing cancer cell motility was performed as previously
described (/4, 22). Briefly, MG-63 and Saos 2 cells were seeded
in 24-well culture plates at a concentration of 60,000 and 80,000
cells per well, respectively. After serum starvation for 24 h, treat-
ments were added (NPTH, 50 nM; hyaluronidase, 7 units/mL;
HA, 50 pg/mL) either intermittently (during the first 6 h in each
24-h period, where the medium was changed to 0% DMEM) for
two cycles or continuously for 48 h when the cell layer was
wounded. Detached cells were removed by washing with serum
free media. The wound closure was monitored at O and 24 h. The
experiment was also performed with cells transfected with
siRNA. After transfection for 48 h, the “wound healing assay”
was performed as described above. The wound closure was
monitored using a digital image processor connected to a micro-
scope at six different positions across the wound. Cell motility
was quantified by ImageJ 1.4.3.67 Launcher Symmetry Software.

Transfection with siRNA

siRNA specific for HAS-2 (variant 97, 98, and 99) and
Stealth™ RNAi negative control (siScr) were purchased from
Invitrogen. Optimization of the transfection protocol conditions
was performed. Finally, siRNA-99 (100 nM; Invitrogen) and
Lipofectamine™2000 (1 uL; Invitrogen) were first diluted sepa-
rately in 50 puL. Opti-MEM®© I Reduced Serum Medium (Invi-
trogen). Lipofectamine™2000 was mixed with 50 uL diluted
siRNA for 20 min (RT) to allow siRNA-liposome complexes to
form. Cells were counted, added on top of the lipofectamine
and siRNA mix, and shaken gently. The transfection took place
in a 6-h period when the medium was replaced with fresh con-
taining antibiotics and the incubation period continued for 48 h.
At these time point the cells were harvested and RNA was
extracted or treatments were added. All transfection experiments
were repeated at least three times and performed in triplicates.

Immunofluorescence

Cells were plated on coverslips, placed in 24-well plates,
and after a 24-h serum starvation, treatments were added. The
cells were fixed with a 5% formaldehyde and 0.02 g/mL sucrose
for 10 min at RT. Biotinylated HABP (1:10 dilution in PBS 1%

bovine serum) was added for 1 h at RT. Coverslips not incu-
bated with HABP were utilized as negative controls. Finally,
the coverslips were washed and incubated for 1 h, in the dark at
RT, with FITC-Streptavidin (Zymed). Hoescht dye was used for
the nuclear staining. Coverslips were then mounted onto slides
using ProLong gold antifade reagent (Molecular Probes) and
visualized using a LEICA DM2500 microscope fitted with a
DFC490 digital camera.

Statistical Analysis
The statistical significance was evaluated by student’s ¢ test
using GraphPad Prism (version 4.0) software.

RESULTS

Effects of PTH Peptides on Osteosarcoma Cell Migration

MG-63 and Saos 2, human osteosarcoma cell lines of different
differentiation status that express PTRH receptors (data not
shown), were intermittently treated with PTH (1-34) and PTH 7—
84 peptides that are normally found in peripheral blood (during
the first 6 h in each 24-h period) for two cycles or continuously
for 48 h, and their cell motility was determined utilizing a “wound
healing” assay. Intermittent PTH (1-34) treatment of MG-63 cells
significantly (P < 0.01) supported the migration of these cells
(Figs. 1A and 1C). In contrast, Saos 2 cells under the same treat-
ment conditions did not exhibit changes in their ability to migrate
(Figs. 1B and 1D) whereas continuous treatment with PTH (1-34)
during 48 h (Figs. 1A and 1C), moderately upregulated Saos 2
cells’ migration (P = 0.05; Figs. 1B and 1D). PTH (7-84) did not
affect osteosarcoma cell motility under any treatments that are uti-
lized. Following the observed treatment data, further studies have
been performed utilizing intermittent treatment for MG-63 cells
and continuous treatment for Saos 2 cell lines.

Effects of PTH Peptides on HAS Isoform Expression

Both cell lines with different basal HA production (23) were
treated with the PTH (1-34) and PTH (7-84) peptides intermit-
tently (during the first 6 h in each 24-h period) for two cycles or
continuously for 48 h, and the expression of HASI, 2, and 3
genes was evaluated at the beginning and at the end of each treat-
ment type. Real-time PCR demonstrated that MG-63 cells
express HAS2 and HAS3 products (Figs. 2A and 2B), whereas
HAS?2 and HASI transcripts were detected in various amounts in
Saos 2 cells (Figs. 2C and 2D). Intermittent PTH (1-34) treat-
ment of MG-63 cells resulted in a strong stimulation (P < 0.001)
of their HAS2 expression (Fig. 2A) whereas, the same treatment
with PTH (7-84) modestly inhibited HAS isoform expression (P
< 0.05) (Fig. 2A). Interestingly, continuous treatment of MG-63
cells with both utilized peptides did not affect HAS isoform
expressions. On the other hand, continuous treatment of Saos 2
cells with PTH (1-34) resulted in a significant stimulation of
both their HAS1 (P < 0.001) and HAS2 (P < 0.001) expression
(Figs. 2C and 2D). As HAS1 and HAS2 are known to produce
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Figure 1. Effects of PTH peptides on osteosarcoma cell migration. MG-63 (A) and Saos 2 (B) human osteosarcoma cell lines were
treated with PTH (1-34) (NPTH) (50 nM) intermittently (during the first 6 h in each 24-h period) for two cycles or continuously
for 48 h at which point they were confluent. Cell layer was “scratched” with a 10 uL sterile pipette tip and the “wound” surface
area was measured at the 0 and 24 h points. Cells grown in 0% serum free culture medium were utilized as control. The results
were expressed as % of closure of wound surface area at 0-h time point (at 0-h time point, the wound surface area was 100%).
(Means = SEM plotted; n = 3). *Depicts statistical significance P < 0.05 compared with 0% control cells (unpaired ¢ test).

high-molecular size HA, our results collectively suggest that
PTH (1-34) increases the high-molecular size HA content of os-
teosarcoma cells in a manner dependent on the treatment type.

Effects of PTH Peptides on HYAL Isoforms and CD44
Expression

Real-time PCR demonstrated that HYAL?2, but not HYALI,
isoform was expressed by both MG-63 and Saos 2 cells. After
intermittent treatment, no effect of either PTH peptide was
observed on HYAL2 expression (Figs. 3A and 3B). In contrast,
both MG-63 and Saos 2 cells exhibited a statistically significant
reduction in their HYAL2 mRNA expression (P < 0.01 and P
< 0.001) after continuous treatment with PTH (7-84; Figs. 3A

and 3B). On the other hand, a significant upregulation of
HYAL2 expression (P < 0.001) was observed in Saos 2 cells
as it was continuously treated with PTH (1-34; Fig. 3B). The
continuous treatment with both PTH (1-34) and PTH (7-84)
peptides did not affect CD44 expression in MG63 and Saos 2
cells (Fig. 3D), whereas a moderate inhibition in the levels of
the MG63 cells’ CD44 transcripts (P < 0.05) after intermittent
PTH (7-84) was demonstrated.

Visualization of HA Matrix of Osteosarcoma Cells
The ECM surrounding MG-63 has a marked higher staining in-
tensity on intermittent addition of PTH (1-34), whereas only a
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Figure 2. Effects of PTH peptides on HAS isoform expression.
MG-63 and Saos 2 human osteosarcoma cells were treated with
PTH (1-34) (NPTH) (10 nM) or PTH (7-34) (CPTH) (10 nM)
intermittently (during the first 6 h in each 24-h period) for two
cycles or continuously for 48 h, and their HAS isoform expres-
sion was determined by utilizing the real-time PCR. (A) MG-63
HAS?2 isoform expression; (B) MG-63 HAS3 isoform expres-
sion; (C) Saos 2 HAS2 isoform expression; and (D) Saos 2
HASI1 isoform expression. The results represent the average of
three separate experiments in triplicate. Means = SEM plotted;
statistical significance: *P < 0.05; ***P < 0.001 compared to
control.
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Figure 3. Effects of PTH peptides on HYAL isoforms and
CD44 expression. MG-63 and Saos 2 human osteosarcoma cell
lines were treated with PTH (1-34) (NPTH) (10 nM) or PTH
(7-34) (CPTH) (10 nM) intermittently (during the first 6 h in
each 24-h period) for two cycles or continuously for 48 h, and
their HYAL 2 and CD44 expression were determined by utiliz-
ing the real-time PCR. (A) MG-63 HYAL?2 isoform expression;
(B) Saos 2 HYAL?2 isoform expression; (C) MG-63 CD44
expression; and (D) Saos 2 CD44 expression. The results repre-
sent the average of three separate experiments in triplicate.
Means = SEM plotted; statistical significance: *P < 0.05; **P
< 0.01; #**P < 0.001 as compared to control.



382 BERDIAKI ET AL.

MG-63
nuclear
HA staining

Medium

negative
control

stainini
- ..

Saos 2
nuclear
HA staining stainin

Figure 4. Visualization of HA matrix of osteosarcoma cells. MG-63 (a—h) and Saos 2 (i—p) cells were stained for HA using biotin-
ylated HABP (hyaluronan binding protein) as well as the respective nuclear staining (using Hoechst), following a 48 h incubation
period with (MG-63 a and b; Saos 2 i and j) 0% serum free culture medium, (MG-63 ¢ and d; Saos 2 k and 1) NPTH (50 nM)
intermittently (during the first 6 h in each 24-h period) for two cycles for MG-63 cells or continuously for 48 h for Saos 2 cells,
(MG-63 e and f; Saos 2 m and n) hyaluronidase (Streptomyces hyalurolyticus) (7 units/mL)—used as a negative control—and
(MG-63 g and h; Saos 2 o and p) the second negative control where biotinylated HABP incubation was omitted. Pictures were

taken using X20 magnification.

minor increase in Saos 2 cell staining intensity on continuous
addition of PTH (1-34), was discerned (Figs. 4a, c, i, and k).
These findings correlate well with the data showing distinct modu-
lation of HAS1 and 2 and HYAL?2 isoform expression by PTH (1-
34) in these cell lines (Fig. 2). In control experiments, treatment
with exogenous hyaluronidase decreases the staining of the HA
matrix, which was especially evident in the pericellular matrix of
these cells (Figs. 4E and 4M). Our results demonstrate that PTH
(1-34) specifically in a treatment-type—dependent manner modu-
lates the HA content of the osteosarcoma cell pericellular matrix.

Effect of Exogenous HA on Osteosarcoma Cell Migration
As HAS1 and HAS?2 isoforms synthesize high-molecular size
HA, we examined the effect of exogenous high-molecular

weight HA (Healon; MW 3-4 X 10° Da) and hyaluronidase
treatment on osteosarcoma cell motility utilizing a “wound
healing” assay. Exogenous HA significantly stimulated the
migration of MG-63 cells (P < 0.0354) and moderately
enchanced Saos 2 cell migration (P < 0.05; Figs. 5A and 5B).
On the other hand, treatment with hyaluronidase significantly
lowered the capability of MG-63 cells to migrate (P < 0.001;
Fig. 5C).

Effect of HAS2 Inhibition by siRNA on Osteosarcoma
Cell Migration

To test our hypothesis, we performed downregulation of
HAS2 expression utilizing the RNA interference (RNAi)
method. Transfection of MG-63 and Saos 2 cells with siHAS2
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Figure 5. MG-63 cells were treated with (A) HA (50 pug/mL, Healon), and (C) hyaluronidase (Streptomyces hyalurolyticus; 7 units/
mL), whereas Saos 2 cells were treated with (B) HA (50 ug/mL, Healon) up to the confluence (48 h). Cell layer was “scratched”
with a 10 pL sterile pipette tip and the “wound” surface area was measured at 0 and 24 h points. Cells grown in 0% serum free
culture medium were utilized as control. The results were expressed as % of closure of wound surface area at 0-h time point (at O-
h time point, the wound surface area was 100%). (Means = SEM plotted; n = 3). *Depicts statistical significance: P < 0.05, **P
< 0.01 compared to 0% control cells (unpaired ¢ test).

resulted in a significant decrease of their HAS2 mRNA expres-
sion (61 and 88%) and protein expression (66 and 74%), respec-
tively (Figs. 6A and 6B).

Thus, MG-63 HAS2-defficient cells (siHAS2) had significantly
decreased the ability to migrate (P < 0.001) as compared with
both the control cells treated with scrambled siRNA (siScr) and
untransfected cells (M) (P > 0.001; Fig. 7A). Furthermore, when
MG-63 siHAS2 transfected cells were intermittently treated with
PTH (1-34), a strong reduction of their migration capacity was

A

Saos 2 MG-63

HAS2

1,5 1

-

mRNA expression
(arbitary units)
&

Medium siScr siHAS2 Medium siScr siHAS2

e & |
TTH IR

observed as compared to transfected with nonspecific siScr cells
treated with PTH (1-34) (P < 0.001; Fig. 7A). Saos 2 cell motility
was negatively affected with downregulation of their HAS2
expression (Fig. 7B) and continuous treatment with PTH (1-34)
was not able to restore their basal level migration (Fig. 7B).

These results point to a key role of PTH (1-34) on osteosar-
coma cell motility and suggest that PTH (1-34) by regulating
HAS?2 expression levels may modulate the migration capabil-
ities of osteosarcoma cells.
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Figure 6. Transfection of MG-63 and Saos 2 cells with HAS2 siRNA. MG-63, and Saos 2 cells were transfected with HAS2 short
interfering RNA (siHAS?2) that are utilizing scramble interfering RNA (siScr) as control. (A) Inhibition of HAS2 mRNA expression
was verified by real-time PCR as compared with siScr control, 48 h after transfection. (Means *= SEM plotted; n = 3). *Depicts
statistical significance: P < 0.05 compared with siScr control cells (unpaired ¢ test). (B) Inhibition of HAS2 protein expression was

verified by western blot analysis. Densitometric analysis of specific HAS2 protein bands as compared with actin showed agreement
with real-time PCR.
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Figure 7. Effect of HAS?2 inhibition by siRNA on osteosarcoma
cell migration. (A) The migration capacity of MG-63 siHAS2
transfected cells (siHAS2) was compared with untransfected cells
(M) and transfected cells with nonspecific scrambled siRNA
(siScr). Furthermore transfected cells were treated intermittently
for two 24-h cycles with PTH (1-34) (siHAS2 + N) utilizing
scrambled interfering RNA incubated with PTH as control (siScr
+ N). B: The migration capacity of Saos 2 siHAS2 transfected
cells (siHAS2) was compared with untransfected cells (M) and
transfected cells with nonspecific scrambled siRNA (siScr). In
contrast to MG-63, Saos 2 siHAS2 transfected cells were treated
continuously for 48 h with PTH (1-34) (siHAS2 + N) utilizing
scrambled interfering RNA (siScr + N) as a control. The cell layer
was “scratched” with a 10 uL sterile pipette tip and the “wound”
surface area was measured at the O and 24 h points. The results
were expressed as % of closure of wound surface area at 0-h time
point (at O-h time point, the wound surface area was 100%).
(Means £ SEM plotted; n = 3). **P < 0.01 compared to control
cells; ##*P < 0.01 compared to control cells (unpaired ¢ test).

DISCUSSION

Contacts between the cells of the osteoblast lineage and sur-
rounding ECM play a key role in the mechanisms that dictate
cellular behavior (24). PTH, a powerful osteotropic agent, was
established to have net anabolic effects on bone (2). In this
study, we demonstrated for the first time that PTH (1-34)-
induced changes in HA production modulate the migration
capacity of osteosarcoma cells in a manner dependent on treat-
ment and cell differentiation type.

Previously, PTH (1-84) has been reported to strongly stimu-
late HA production of both normal (/5, /6) and carcinogenic
cells (/7) of the osteoblastic lineage. Likewise, it has been
reported that PTH (1-34) stimulates HA synthesis in calvarial
explants, periosteal rat osteoblasts, and osteoblast-like rat cell
lines (/6, 17) whereas, the effects of PTH (7-84) on osteoblas-
tic cell HA metabolism have not been addressed so far. It is
worthwhile to note that these previous reports had established
a correlation between the effects of PTH (1-34) on osteoblastic
lineage cell HA metabolism and differentiation status (/6, 7).
In the present study, the effects of PTH (1-34) on HA metabo-
lism were strongly dependent on the administration mode and
the differentiation of the osteosarcoma cells, in accordance
with previous findings (/6, /7). Thus, intermittent treatment
with PTH (1-34) increased the synthesis of HA and its’ depo-
sition in the pericellular matrix of MG-63 cells by stimulating
their HAS2 expression. This increased content of endogenous
HA correlated to a significant increase in MG-63 cell migration
capacity. Treatment of these cells with exogenous high-molecu-
lar weight HA showed a similar increase in cell motility. Exog-
enous HA was recently reported to stimulate osteosarcoma cell
migration in support of our data (/8). In the present study and
in agreement with previous (/8), downregulation of HAS2
expression by siRNA inhibited MG-63 cell ability to migrate.
The addition of PTH (1-34) to HAS2-defficient osteosarcoma
cells did not stimulate their migration, suggesting that HAS2-
synthesized HA participates in the PTH (1-34) effect. Interest-
ingly, an in vivo study Lossdorfer et al. had demonstrated that
the intermittent treatment with PTH (1-34) was correlated to
an influx of osteoblast-like cells into the resorption lacunae
(19). These recent data implied that PTH (1-34) through an
unidentified mechanism(s) can influence osteoblastic lineage
cell migration (/9). Our results demonstrate that intermittent
PTH (1-34) treatment stimulates osteosarcoma cell migration
through a HA-dependent mechanism. Thus, these findings col-
lectively propose that PTH (1-34) in addition to its well-estab-
lished anabolic effect on bone may also regulate the capability
of osteoblastic lineage cells to migrate. Furthermore, this regu-
latory effect of PTH (1-34) appears at least partly, to be corre-
lated to HA metabolism. The effect was administration-type
dependent as continuous administration of PTH (1-34) did not
significantly affect neither HA metabolism nor MG-63 cell
migration.

The well-differentiated nonmetastatic Saos 2 cells (20)
showed a distinctly different response to intermittent and con-



PARATHYROID HORMONE AND OSTEOSARCOMA MIGRATION 385

tinuous treatment with PTH (1-34), which correlates well to
earlier findings demonstrating that PTH effects depend on the in
vivo location and differentiation status of the osteoblastic line-
age cells (16, 25). Furthermore, PTH involvement in osteoblast
differentiation is implicated (26). The intermittent administra-
tion mode did not affect Saos 2 cells, HAS isoforms, and
HYAL expression and had no effect on their migration capacity,
whereas the continuous treatment with PTH (1-34) significantly
upregulated their HAS 1, 2 isoforms, and HYAL expression and
was correlated to their modestly enhanced migration.

The last years have witnessed remarkable progress in under-
standing PTH physiology and in identifying various biological
activities exhibited by different-sized PTH peptides. Thus, the
accumulation of PTH (7-84) in renal failure may lead to PTH
resistance by internalizing and downregulating PTH receptors
without their activation, having an inhibiting net effect on PTH
signaling (27). In this study PTH (7-84) treatment of both cell
lines frequently exerts antagonistic effects on the regulation of
genes related to HA metabolism as compared with PTH (1-34).
These actions could be due to a non-PTH (1-34)-like effect on
the PTHIR, since PTH (7-84) can bind to this receptor, inhibit
the action of the N-terminally intact agonists, and induce inter-
nalization in some cells (27). Alternatively, signaling of the
N-terminal truncated peptides through a novel putative PTH re-
ceptor with high affinity binding site for carboxyl terminal PTH
peptides has been proposed (7).

In summary, our results demonstrate for the first time that
PTH (1-34) and PTH (7-84) peptides discretely modulate the
expression of genes involved in osteosarcoma HA metabolism
and that this regulation was dependent on the administration
mode and cell differentiation type. Importantly, the shown mod-
ulation of HA metabolism by PTH peptides was correlated to
the migration capacity of osteosarcoma cells.
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Parathyroid hormone (PTH)(1-34), which has been established to have a
dual effect on bone metabolism, was recently found to regulate osteosarcoma
cell migration. A significant part of the bone anabolic action of PTH(1-34) is
attributed to fibroblast growth factor (FGF)-2 stimulation. Furthermore, it
was recently suggested that the FGF—proteoglycan axis may form an extra-
cellular matrix-related regulatory feedback loop that controls osteoblastic
lineage cell proliferation and execution of the osteogenic program. In this
study, we investigated the possible participation of FGF-2 signaling in
PTH(1-34)-dependent osteosarcoma cell migration. FGF-2 treatment of
osteosarcoma cells resulted in a significant increase (P < 0.01) in MG63 cell
migration, similar to that caused by PTH(1-34). mRNA expression analysis
of cells treated with PTH(1-34) showed a strong increase in FGF-2 transcript
levels (P = 0.0015). Interestingly, the addition of FGF-2 to MG63 cells led
to significant downregulation of small leucine-rich proteoglycan biglycan
expression at both the mRNA (P < 0.0001) and protein (60%) levels. In
order to examine the significance of biglycan on MG63 cell migration, trans-
fection with short interfering RNA specific for biglycan was performed,
resulting in a significant increase (P < 0.01) in the migration capacity of
biglycan-deficient MG63 cells. In contrast, exogenous human recombinant
biglycan strongly inhibited the migration of these cells (P < 0.01). Finally, a
direct correlation between PTH(1-34) action and biglycan expression was
established by the finding of a significant decrease (P < 0.01) in biglycan
transcript levels in PTH(1-34)-treated cells. To summarize, the present study
demonstrates a novel cooperative mechanism of PTH(1-34) and FGF-2
action that results in specific alteration of the biglycan extracellular matrix
content to regulate osteosarcoma cell migration.

Introduction

Human parathyroid hormone (PTH) is secreted as an
84-residue peptide, PTH(1-84), by the parathyroid
response to a hypocalcemic

glands in

Abbreviations

PTH(1-34) exerts both anabolic and catabolic action
on bone formation, depending on the method of

stimulus. administration. The anabolic effects require transient

ECM, extracellular matrix; FGF, fibroblast growth factor; FGFR, fibroblast growth factor receptor; NS, not significant; PTH, parathyroid
hormone; siBGN, short interfering RNA specific for the biglycan gene; siScr, short interfering scrambled RNA; siRNA, short interfering RNA;

SLRP, small leucine-rich proteoglycans.
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exposure to PTH(1-34), whereas catabolic actions are
observed upon continuous exposure to PTH(1-34).
Bone mass increase is observed in both animals and
humans upon PTH(1-34) administration by daily
subcutaneous injection [1-3]. The anabolic effect of
PTH(1-34) is partly dependent on its ability to modu-
late fibroblast growth factor (FGF)-2 expression, in
turn regulating FGF-2-signaling pathways [4,5]. Specif-
ically, endogenous FGF-2 is important in PTH effects
on osteoblast proliferation, differentiation, and apop-
tosis [6].

FGF-2 has previously been established as a potent
modulator of bone cell function [7,8]. In bone tissue,
FGF-2 transcripts have been detected in mesenchymal
cells and osteoblasts. These cells secrete FGF-2 to the
extracellular matrix (ECM), where it acts as a local
regulator of bone remodeling [8,9]. In vitro studies
have demonstrated that continuous treatment with
FGF-2 stimulates bone cell replication [9] and reduces
the levels of differentiation-related markers, including
alkaline phosphatase [10], and PTH(1-34)-responsive
adenylate cyclase activity [11]. In long bone marrow
stromal cells, FGF-2 promotes cell growth, which
results in osteoblast differentiation and matrix mineral-
ization [12,13]. Furthermore, the essential role of
FGF-2 signaling in bone growth has been demon-
strated in FGF knockout (FGF-277) mice, which
show significantly decreased bone mass and bone for-
mation [14]. The effect of FGF-2 on bone cell migra-
tion has not been examined previously.

FGF-2 acts via its respective high-affinity tyrosine
kinase receptors [FGF receptors (FGFRs)] [15,16] to
regulate crucial biological processes during embryonic
development and homeostasis of body tissues. It is
worth noting that impaired FGF-2 signaling is deleteri-
ous for skeletal morphogenesis [17]. Furthermore,
numerous studies have shown that mutations in
FGFRs are correlated with various pathological condi-
tions in humans, including osteosarcoma [18].
Although in vivo and in vitro studies have established
an essential role for FGF-2 and PTH(1-34) in bone
formation, the synergistic mechanism of FGF-2 and
PTH(1-34) action on bone metabolism and pathologi-
cal conditions has not been fully elucidated.

We have previously demonstrated that PTH(1-34)
regulates osteosarcoma cell migration, at least partly
through the modulation of hyaluronan metabolism. In
this study, we focused on the possible participation of
FGF-2-signaling in PTH(1-34)-dependent osteosar-
coma cell migration. Our data demonstrate that
PTH(1-34) upregulates MG63 cell migration through
the enhancement of FGF-2 stimulation, which is corre-
lated with alterations in ECM content.

PTH(1-34)-FGF-2 and osteosarcoma migration

Results

Effect of FGF-2 on osteosarcoma cell migration -
participation of PTH(1-34)

FGF-2 has previously been shown to affect osteoblast
progenitor proliferation and apoptosis rates in a man-
ner that is synergistic with PTH(1-34) action [4]. Our
recent study demonstrated that PTH(1-34) modulates
osteosarcoma cell migration [19]. In view of the fact
that PTH(1-34) and FGF-2 signaling collaborate to
regulate bone cell growth, we hypothesized that FGF-2
might also participate in PTH(1-34)-dependent osteo-
sarcoma cell migration. Highly aggressive MG63
human osteosarcoma cells were used as a model sys-
tem, and a ‘wound healing’ assay was utilized to evalu-
ate the possible effect of FGF-2 on the ability of
osteosarcoma cells to migrate. Cells treated with FGF-
2 exhibited strong upregulation of migration, as com-
pared with control cells (P < 0.01) (Fig. 1). Neutraliza-
tion of endogenous FGF-2 with the addition of an
antibody specific for FGF-2 resulted in significant
downregulation of MG63 cell migration (P < 0.05).
The effect of exogenous FGF-2 treatment on osteosar-
coma cell migration was eliminated by the administra-
tion of a specific antibody against FGF-2 [P not
significant (NS)] (Fig. 1A), thus confirming the stimu-
latory effect of FGF-2 signaling on these cells’ motil-
ity. In control experiments, intermittent administration
of PTH(1-34) (for 6 h in each 24-h period) for two
cycles significantly enhanced the motility of MG63
cells (P £0.01), as previously shown [19]. Importantly,
the combination of PTH(1-34) and antibody against
FGF-2 significantly reduced PTH(1-34)-dependent
MG63 cell migration [P <0.01 between PTH(1-34)
and PTH(1-34)/anti-FGF-2 IgG treatments], demon-
strating that FGF-2 participates in PTH(1-34)-depen-
dent osteosarcoma cell migration (Fig. 1).

Effect of PTH(1-34) on FGF-2 expression

PTH(1-34) has previously been demonstrated to rap-
idly increase the levels of FGF-2 transcripts in cultured
murine osteoblastic cells [4]. Therefore, we investigated
the effects of intermittent PTH(1-34) treatment on
FGF-2 mRNA expression in human osteosarcoma
cells. Real-time PCR analysis demonstrated that
MG63 cells express FGF-2 at the mRNA level. Fur-
thermore, a 6-h treatment with PTH(1-34) significantly
elevated (P = 0.0015) FGF-2 expression in MG63
cells (Fig. 2). These results demonstrate a direct inter-
action between the PTH(1-34) and FGF-2 signaling
pathways in human osteosarcoma cells. In control
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experiments, MG63 cells were found to express
FGFRI1, FGFR2, FGFR3, and FGFR4 (Table 1).

Effect of FGF-2 on biglycan expression

The correlation of FGF-2 signaling with alterations of
the ECM components has been established in osteo-
blastic lineage cells [20,21]. Thus, we performed
screening for mRNA expression in MG63 cells treated
with FGF-2 for different ECM molecules. Interest-
ingly, real-time PCR revealed a significant reduction
in biglycan transcript levels (P <0.0001), biglycan
being one of the major ECM components in cells of
the osteoblastic lineage (Fig. 3A). The downregulation
of mRNA expression was followed by a marked
decrease (60%) in secreted glycosylated biglycan pro-
tein expression and in intracellular biglycan protein

3784

Anti-FGF-2

PTH + anti-FGF-2

Fig. 1. Effect of FGF-2 on osteosarcoma
cell migration — participation of PTH(1-34).
MGB63 cells were treated with FGF-2

(10 ng'mL™") and anti-FGF-2 IgG (1 pg'mL™)
up to confluence (48 h), or treated with
PTH(1-34) (50 nm) and PTH(1-34)

(50 nm)/anti-FGF-2 1gG (1 pg'mL™") intermit-
tently (for the first 6 h in each 24-h period)
for two cycles up to confluence (48 h). The
cell layer was scratched with a 10-uL sterile
pipette tip, and the wound surface area was
measured at 0 h and 24 h. Cells grown in
0% serum-free culture medium were
utilized as a control. (A) The results are
expressed as percentage of closure of the
wound surface area at 0 h (at O h, the
wound surface area was 100%).

Means + standard errors of the mean;
n=3.¥P<0.05and **P<0.01 as com-
pared with 0% control cells (unpaired t-test).
(B) Representative photographs of wound
closure of control and treated cells at 0 h
and 24 h are presented.

core expression (50%) as compared with the respective
controls, secreted and intracellular biglycan protein
(Fig. 3B). The existence of two biglycan pools corre-
lates well with previous studies showing that, upon
glycosylation, biglycan is speedily secreted to the
ECM; in bone tissue, it is one of the main ECM com-
ponents [22].

Biglycan mRNA levels were efficiently
downregulated following transfection with short
interfering RNA (siRNA)

As biglycan has previously been shown to modulate
different biological functions of osteoblastic cells
[23,24], we hypothesized that FGF-2 affects the
migration of MG63 cells in a biglycan-dependent man-
ner. In order to test our hypothesis, we applied siRNA

FEBS Journal 278 (2011) 3782-3792 © 2011 The Authors Journal compilation © 2011 FEBS
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Fig. 2. Effect of PTH(1-34) on FGF-2 expression. MG63 human
osteosarcoma cells were treated with PTH(1-34) (50 nm) for 6 h,
and their FGF-2 mRNA expression was determined by real-time
PCR. The results represent the average of three separate experi-
ments performed in triplicate. Means + standard errors of the
mean; n=9. **P<0.01 as compared with 0% control cells
(unpaired t-test).

Table 1. Profile of FGFR expression.

FGFR1 +++
FGFR2 +
FGFR3 ++
FGFR4 +

technology. MG63 cells were transfected with siRNA
specific for the biglycan gene (siBGN). Real-time PCR
analysis demonstrated a decrease in biglycan mRNA
levels (69%) at 72 h (P < 0.001) (Fig. 4A) as compared
with control, short interfering scrambled RNA (siScr)-
transfected cells. The decrease in biglycan transcript
levels was followed by significant downregulation
(55%) of biglycan protein secretion at 72 h, as shown
by western blot analysis (Fig. 4B).

Biglycan participation is essential for
FGF-2-induced MG63 cell migration

The inhibition of biglycan synthesis following treat-
ment of MGG63 cells with siBGN resulted in signifi-
cantly increased migration relative to cells treated with
siSer (P <£0.01) (Fig. 5), as determined by utilization
of the wound healing assay. In contrast, no difference
in migration ability was observed between siScr-treated
and wild-type osteosarcoma cells (Fig. 5). These results
suggest that secreted endogenous biglycan has a sup-
pressive effect on the migratory abilities of MG63
osteosarcoma cells. To exclude the possible contribu-
tion of altered growth to the biglycan-dependent

PTH(1-34)-FGF-2 and osteosarcoma migration

migration, MG63 cells were transfected with siBGN
and siScr, and their growth rate was evaluated after
48 h with a proliferation assay. Biglycan-deficient
MG63 cells did not show altered growth rates as com-
pared with control siScr cells (P = NS), as shown in
Fig. S1.

In order to correlate the effect of FGF-2 on osteo-
sarcoma migration with its downregulation of biglycan
expression, we assessed the migratory abilities of
biglycan-deficient cells whose FGF-2 signaling had
been blocked by a specific FGF-2-neutralizing anti-
body. The addition of antibody against FGF-2 to bi-
glycan-deficient cells (siBGN/anti-FGF-2 IgG) caused
an increase in osteosarcoma cell migration (P < 0.001),
similar to that caused by the suppression of biglycan
expression (P = NS between siBGN-treated and
siBGN/anti-FGF-2 IgG-treated cells) (Fig. 5). On the
other hand, biglycan-deficient MG63 cells treated with
anti-FGF-2 IgG showed a strong increase in migration
as compared with siScr cells treated with FGF-2
(P £0.001). These data demonstrate that FGF-2
enhances MG63 cell migration through modulation of
biglycan expression.

Exogenous biglycan inhibits osteosarcoma cell
migration

To examine the effect of increased biglycan concentra-
tion on MG63 cell migration, recombinant human
biglycan was utilized. MG63 cells were treated for 48 h
with recombinant human biglycan (5 and 10 pgmL™",
respectively), and their ability to migrate was evalu-
ated. Treatment with exogenous biglycan strongly
inhibited the migratory ability of these cells (P < 0.01)
in a concentration-dependent manner, as shown in
Fig. 6. These experiments verify the regulatory role of
biglycan in osteosarcoma cell motility.

Effect of PTH(1-34) on biglycan expression

To examine the putative participation of biglycan in
PTH(1-34)-dependent osteosarcoma cell migration, we
examined biglycan expression in PTH(1-34)-treated
cells. Real-time PCR analysis revealed that the mRNA
expression levels of biglycan were significantly lower in
PTH(1-34)-treated cells than in control cells (P < 0.05)
(Fig. 7). Treatment with anti-FGF-2 IgG in the pres-
ence of PTH(1-34) almost completely abolished the
effect of the peptide on biglycan expression (P = NS)
(Fig. 7). These data show that PTH(1-34) and FGF-2
signaling collaborate in a manner that is dependent on
biglycan expression to modulate osteosarcoma cell
migration.
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Fig. 3. Effect of FGF-2 on biglycan expression. (A) MGB63 cells were treated with FGF-2 (10 ng'mL™") for 48 h, and their biglycan mRNA
expression was determined by real-time PCR. The results represent the average of three separate experiments performed in triplicate.
Means + standard errors of the mean; n = 9. ***P <0.0001 as compared with 0% control cells (unpaired ttest). (B) FGF-2-treated and con-
trol cell culture media (0%) were collected and concentrated, and protein was blotted against biglycan, with a specific antibody. The results
represent the average of three separate experiments. Representative blots are presented. Specific biglycan protein bands were densitometri-
cally analyzed and plotted. (C) FGF-2-treated and control-treated (0%) cell extracts were blotted against biglycan, with a specific antibody.
Specific biglycan protein bands were densitometrically analyzed and adjusted against actin. The results represent the average of three sepa-

rate experiments. Means + standard errors of the mean; n = 3.

Discussion

PTH(1-34) was recently demonstrated to modulate the
expression of genes involved in osteosarcoma hyaluro-
nan metabolism in a manner correlated with osteo-
sarcoma cell migration capacity. In the present study,
we show the existence of a parallel PTH(1-34)/FGF-2-
dependent mechanism that enhances osteosarcoma cell
migration.

Previous in vivo and in vitro studies have shown that
FGF-2 regulates osteoblast proliferation, differentia-
tion, and apoptosis, thus stimulating bone formation
[1,5]. On the other hand, the effect of FGF-2 on the
migration abilities of osteoblastic cells has not, to our
knowledge, been established. MG63 cells have been
shown to secrete FGF-2 and express the respective
FGFRs, thus exhibiting an autocrine mode of action
[21]. The neutralization of endogenous FGF-2 signifi-
cantly inhibited MG63 osteosarcoma cell migration,
whereas exogenous FGF-2 strongly enhanced these
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cells” motility, thus confirming the existence of an auto-
crine FGF-2-dependent loop in the regulation of MG63
cell migration. Furthermore, in this study, intermittent
treatment with PTH(1-34) caused strong upregulation
of FGF-2 transcripts. These results: (a) show novel reg-
ulation of osteosarcoma cell migration by FGF-2
action; and (b) suggest the existence of a cooperative
mechanism between PTH(1-34) and FGF-2 signaling to
regulate osteosarcoma cell migration.

The anabolic effect of PTH(1-34) on bone formation
is partly dependent on fluctuations in FGF-2 expres-
sion, which modulate the expression and nuclear accu-
mulation of transcription factors, including, Runx-2
and CREBEs, that are crucial in the process of osteoblast
proliferation and maturation [6]. Importantly, upon
stimulation with FGF-2, Runx2 regulates the expres-
sion of genes related to proteoglycan-mediated signal-
ing, including those encoding FGFRs (e.g. FGFR2 and
FGFR3) and proteoglycans (e.g. syndecans, glypicans,
and versican) and enzymes implicated in proteoglycan
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Fig. 4. Biglycan mRNA levels were efficiently downregulated following transfection with siRNA. (A) MG63 cells were transfected with
siBGN, with siScr as control. Inhibition of biglycan mRNA expression was verified by real-time PCR as compared with siScr control, and
expressed as arbitrary units at 72 h. The results represent the average of three separate experiments performed in triplicate, and are
expressed as mean % =+ standard error of the mean. ***P < 0.001 as compared with control. (B) Culture medium of siBGN-transfected and
siScr-transfected cells was probed with the specific biglycan antibody. Representative blots are presented. Specific biglycan protein bands
were densitometrically analyzed and plotted. (C) Cell extracts of siBGN-transfected and siScr-transfected cells were probed with the specific
biglycan antibody. Specific biglycan protein bands were densitrometrically analyzed and adjusted against actin. The results represent the

average of three separate experiments.

synthesis [20]. Furthermore, it was recently suggested
that Runx2 and the FGF-2-proteoglycan axis may
form an ECM-related regulatory feedback loop that
controls osteoblastic lineage cell proliferation and exe-
cution of the osteogenic program [20].

We therefore hypothesized that FGF-2 modulates
osteosarcoma migration in part via regulating the
expression of ECM-associated proteoglycans. Screen-
ing of ECM proteoglycan expression in FGF-2-treated
MG63 cells demonstrated, interestingly, strong down-
regulation of biglycan transcript and protein expres-
sion. Previously, however, FGF-2 was found not to
affect MG63 cell biglycan transcript levels. These con-
tradictory data could possibly be attributed to the
higher concentration of FGF-2 previously applied or
to the presence of serum in the culture media [21].
Biglycan, a member of the small leucine-rich proteo-
glycan (SLRP) family and a biologically active compo-
nent of the ECM [25], is a major proteoglycan found
in bone [22].

The crucial role of biglycan in bone formation was
previously demonstrated by the generation of biglycan
knockout (bgn™’") mice, which fail to achieve peak
bone mass, owing to a decrease in osteoblast numbers
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and lower osteoblast anabolic activity [26]. Further-
more, the phenotypic effects of biglycan deficiency are
linked to collagen fibril abnormalities, are synergistic
with deficiency of the other main bone SLRP, decorin,
and mimic Ehlers—Danlos-like changes in bone and
other connective tissues [27]. To test the assumption
that an FGF-2-dependent decrease in biglycan expres-
sion enhances MG63 cell migrationm we generated
biglycan-deficient cells. The downregulation of bigly-
can expression was found to increase osteosarcoma cell
migration, revealing a previously unknown role of
biglycan. Furthermore, siBGN-transfected MG63 cells
retained an enhanced ability to migrate, as compared
with siScr-transfected cells, upon neutralization of
endogenous FGF-2 by a specific antibody against
FGF-2. PTH(1-34)-treated osteosarcoma cells showed
decreased biglycan transcript and protein expression,
confirming PTH(1-34)-FGF-2-biglycan lineage signal-
ing. Therefore, one can conclude that PTH(1-34)-
modulated and FGF-2-dependent downregulation of
biglycan expression is sufficient to enhance osteo-
sarcoma cell migration.

Biglycan interacts with a wide range of growth
factors and cytokines, including transforming growth
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Fig. 5. Biglycan participation is essential for FGF-2-induced MG63 cell migration. Seventy-two hours after transfection, siBGN-transfected
cells, siScr-transfected cells, siBGN-transfected cells treated with anti-FGF-2 1gG, siScr-transfected cells treated with anti-FGF-2 I1gG and con-
trol cell layers were scratched with a 10-uL sterile pipette tip, and the wound surface area was measured at 0 h and 24 h. Cells grown in
0% serum-free culture medium were utilized as a control. (A) The results were expressed as percentage of closure of the wound surface
area at 0 h (at 0 h, the wound surface area was 100%). Means + standard errors of the mean; n= 3. **P < 0.01 between siBGN-treated
and siSrc-treated cells; ***P < 0.001 between siBGN/anti-FGF-2 IgG-treated and siSrc/anti-FGF-2 IgG-treated cells; NS, difference not sginif-
icant between siBGN-treated and siBGN/anti-FGF-2 IgG-treated cells (unpaired ttest). (B) Representative photographs of wound closure of

control and treated cells at 0 h and 24 h are presented.

factor-f, transforming growth factor-a [26], tumor
necrosis factor-o [28], epidermal growth factor [29],
bone morphogenetic protein-4 [30], and bone morpho-
genetic protein-2 [31], as well as their respective cell
surface receptors, to modulate key cellular activities
[28,29]. This SLRP, in contrast to the majority of
other SLRPs, is mostly distributed to the pericellular
matrix, where it acts as a specific modulator of growth

factor bioavailability, and thus affects growth factor
biological activity [29]. Through these interactions,
biglycan is proposed to influence, both directly and
indirectly, cellular proliferation, migration, and cellular
phenotype [30].

At this point, it is still unclear how biglycan inhibits
osteosarcoma cell migration. Changes in the expression
of biglycan may affect ECM assembly, cellular adhe-
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percentage of closure of the wound surface area at 0 h (at O h, the
wound surface area was 100%). Means + standard errors of the
mean; n=3. *P<0.05 and **P < 0.01 as compared with 0% con-
trol cells (unpaired t-test). (B) Representative photographs of wound
closure of control and treated cells at 0 h and 24 h are presented.
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Fig. 7. Effect of PTH(1-34) on biglycan expression. MG63 cells were
treated with PTH(1-34) (50 nm) for 6 h or PTH(1-34) for 6 h and anti-
FGF-2 1gG for 24 h, and their biglycan mMRNA expression at 24 h was
determined by real-time PCR. The results represent the average of
three separate experiments performed in triplicate. Means + stan-
dard errors of the mean; n = 9. NS = not significant and **P < 0.01
as compared with 0% control cells (unpaired t-test).

sion, or the growth factor utilization that is critical for
cell migration [31]. One can speculate that the
PTH(1-34)-FGF-2 axis, by causing strong downregu-

PTH(1-34)-FGF-2 and osteosarcoma migration

lation of biglycan expression, dramatically changes the
ratio among the SLRP members, resulting in altered
bioavailability of growth factors involved in osteosar-
coma cell migration. The key role of SLRPs in regulat-
ing growth factor activities in the osteosarcoma model
has previously been demonstrated for other SLRP
members, including lumican [32] and decorin [33].

To summarize, the present study demonstrates a
novel mechanism of PTH(1-34) and FGF-2 action that
results in specific alterations of ECM content to regu-
late osteosarcoma cell migration.

Experimental procedures

Materials

Recombinant human PTH(1-34) and FGF-2 were obtained
from Sigma (St. Louis, MO, USA). The primary antibodies
used, anti-biglycan IgG (mouse monoclonal MAB2667) and
anti-actin IgG (goat polyclonal sc-1616), were purchased
from Santa Cruz (Santa Cruz, CA, USA). Recombinant
human biglycan (2667-CM) was obtained from R&D (Min-
neapolis, MN, USA). Cell culture reagents were obtained
from Biosera (Ringer, UK), unless stated otherwise.

Cell culture

In this study, the MG63 human osteosarcoma cell line of
moderately differentiated fibroblastoid type and high meta-
static capacity was utilized. Cells were grown in DMEM
(Biochrom KG@G, Berlin, Germany) supplemented with 10%
fetal bovine serum (Biosera). Before FGF-2, anti-FGF-2
IgG, biglycan and PTH(1-34) addition, cells were cultured
in serum-free medium for 24 h at 37 °C and 5% CO..
Administration of PTH(1-34) was intermittent, being per-
formed in serum-free medium for 6 h in each 24-h period,
for two cycles.

RNA isolation and real-time PCR

In order to isolate total ribonucleic acid we used the TRIzol
reagent (Gibco, Carlsbad, CA, USA) method, according to
the manufacturer’s instructions. One microgram of total
RNA was added for cDNA synthesis with the TAKARA
(Otsu, Shiga, Japan) RT cDNA synthesis kit. For semiquan-
tification of the genes of interest, we used the DyNAmo
SYBR Green 2-step qRT-PCR Kit (Finnzymes, Keilaranta,
Finland) in a total volume of 20 pL, performing real-time
PCR reactions in an Mx300P cycler. The primers used are
shown in Table 2. Standard curves were obtained in each
optimized assay, producing a linear plot of threshold cycle
(Cy) against log (dilution). The amount of each target was
quantified on the basis of the concentration of the standard
curve, and presented as arbitrary units. The quantity of each
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Table 2. Sequence of primers for the genes of interest.

Primer name Sequence (5™- to 3')

GAPDH_F GGA AGG TGA AGG TCG GAG TCA
GAPDH_R GTC ATT GAT GGC AAC AAT ATC CAC T
FGF2_F GAA GAG CGA CCC TCA CAT CAA G
FGF2_R CTG CCC AGT TCG TTT CAG TG
FGFR1_F ACA ACC TGC CTT ATG TCC AGA TC
FGFR1_R TGC GTC CTC AAA GGA GAC ATT
FGFR2_F GGT CAC CAT GGC AAC CTT GT
FGFR2_R TCT GGT TGA GAG ATT TGG TAT TTG G
FGFR3_F GGG CAA TTC TAT TGG GTT TTC TC
FGFR3_R GAA GCC CAC CCC GTA GCT

FGFR4_F TCA TCA ACG GCA GCA GCT T
FGFR4_R CAG GAC CTC CAC CTC TGA GCT A
Biglycan_F TCT GAA GTC TGT GCC CAA
Biglycan_R TCT GAG ATG CGC AGG TA

target was normalized against the quantity of glyceralde-
hyde-3-phosphate dehydrogenase.

Western blot

Total protein secreted into the serum-free culture medium
was concentrated with Vivaspin 20-mL centrifugal concen-
trator tubes to a volume of 500 pL, and harvested cells
were lysed with Ripa solution. Equal amounts of protein,
either cell extracts or secreted, were subjected to
SDS/PAGE with 8% polyacrylamide gels under reducing
conditions. Separated protein bands were transferred to
nitrocellulose membranes in 10 mm Caps (pH 11) contain-
ing 10% methanol. Membranes were blocked overnight at
4 °C with NaCl/P; containing 0.1% Tween-20 (NaCl/P;-T)
and 5% (w/v) low-fat milk powder. The membranes were
incubated for 2 h at room temperature with primary anti-
body (1:250) in NaCl/P;-T and 1% (w/v) low-fat milk
powder. The immune complexes were detected after incuba-
tion with the appropriate peroxidase-conjugated secondary
antibody diluted (1 :2500) in NaCl/P;-T and 2% low-fat
milk, with the SuperSignalWest Pico Chemiluminescent
substrate (Thermo Scientific, Logan, UT, USA), according
to the manufacturer’s instructions.

Transfection with siRNA

For transfection experiments, the cells were plated in
serum-free and antibiotic-free medium in 24-well plates for
24 h. siRNA specific for biglycan (siBGN) and an RNAi
negative control (siScr) were purchased from Invitrogen
(Carlsbad, CA, USA). To provide optimal transfection,
siRNA and Lipofectamin 2000 (Invitrogen, Carlsbad, CA,
USA) were diluted in Opti-MEM?* I Reduced Serum Med-
ium (Invitrogen). After 5 min of incubation, diluted Lipo-
fectamine 2000 (1 pL per 50 pL of medium) was mixed
with diluted siRNA (100 pmol per 50 uL of medium) in
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35-mm dishes for 20 min at room temperature to allow siR-
NA-liposome complexes to form, and added to cell layers.
Transfection was allowed to take place for 6 h, after which
the medium was replaced with fresh medium containing
antibiotics and the incubation was continued for 48 h.
Cells were then harvested and RNA was extracted. When
necessary, treatments were performed for 24 h after the
initial 48-h transfection period. All transfection experi-
ments were repeated at least three times and performed in
triplicate.

Wound healing assay

The established method of assessing cell motility, called the
wound healing assay, was performed as previously
described [34]. Briefly, MG63 cells were seeded in 24-well
culture plates at a concentration of 6 x 10° cells per well.
The optimal concentration for plating was selected so that
the cells would be confluent after 72 h of culture at 37 °C
and 5% CO,. After serum starvation for 24 h, the respec-
tive treatments were applied [PTH(1-34), 50 nm; FGF-2,
10 ngmL™"; anti-FGF-2 IgG, 1 pgmL™'; biglycan, 5 and
10 ug'mL™"], either intermittently (for 6 h in each 24-h per-
iod) for two cycles or continuously for 48 h, whereupon the
cell layer was wounded by scratching with a sterile 10-pL
pipette tip. Detached cells were removed by washing the
cell layer twice with serum-free medium. The wound closure
was monitored at 0 and 24 h. The experiment was also per-
formed with cells transfected with siBGN or siScr. Forty-
eight hours after transfection, the wound healing assay was
performed as described above. The wound closure was
monitored with a digital image processor connected to a
microscope, at six different positions across the wound. Cell
motility was quantified by imageJ analysis (IMAGEJ 1.4.3.67
LAUNCHER SYMMETRY software, Watkinsville, CA, USA).

Proliferation assay

Cell growth rate was assessed as previously described [35].
Growing cells from nonconfluent cultures were harvested
and seeded in 96-well plates (Corning Incorporated, Corn-
ing, NY, USA) at a density of 6 x 10° cells per well in
200 pL of DMEM (10% fetal bovine serum). The cells were
allowed to rest overnight. Transfection with siBGN and
siScr was performed in serum-free medium without antibi-
otics for 6 h. This was then replaced with fresh medium
with antibiotics. After 48 h at 37 °C and 5% CO,, the cells
were lysed, and their number was calculated with the
Cyquant fluorometric assay (Molecular Probes, Invitrogen),
according to the manufacturer’s instructions. Fluorescence
was measured in a fluorometer (Biotek, Winooski, VT,
USA) with the proposed excitation and emission filters. A
separate standard curve was used to convert fluorescence
units to cell numbers. All measurements were performed
in triplicate.
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Statistical analysis

The statistical significance was evaluated by Student’s r-test,
or ANOVA analysis, with GRAPHPAD PRISM (version 4.0, La
Jolla, CA, USA).
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B. DIPLOMAS AND TITLES

1. November 2013 (14-11-2013) :CCT(Greece)
2. June 2013 (12-06-2013) :EBOT exam (written part)
3. July 2004 (20-7-2004) : Ptychio Iatrikes (Medical Degree)

Degree 8.54/10 (Honor)
University of Crete, Heraklio, Greece

SOCIETIES

Since 2012 : Member of Hellenic Association of Orthopaedic
Surgery and Traumatology

C. EDUCATION AND TRAINING

1. BASIC EDUCATION AND TRAINING

1998-2004 : Medical School, University of Crete, Greece

2. HONORS AND AWARDS

2002-2003 Institution of State Scholarships:
Scholarship & Award
(Highest Grade-Point Average)

1998-2001 Parisianos Scholarship(Highest Grade-
Point Average)

2000-2001 Institution of State Scholarships:
Scholarship & Award
(Highest Grade-Point Average)

1999-2000 Institution of State Scholarships:
Scholarship & Award
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1998-1999 Institution of State Scholarships:
Scholarship & Award
(Highest Grade-Point Average)
1997-1998 Institution of State Scholarships:
Scholarship & Award

(Highest Grade-Point Average)

3. POSTGRADUATE STUDIES

2007-present : PhD in progress Medical School, University of
Crete, Greece, Thesis title (translated): In Vitro
stydy of the role of growth factors in
proliferation, migration, invasion of
osteosarcoma cells.

4. APPOINTMENTS

4.1 LAST APPOINTMENT :

22/03/2010-24/12/2013 : Registrar in Orthopaedic Surgery
Department of Orthopaedics and Traumatology
University Hospital of Heraklion, Crete
Prof Kontakis G. MD, PhD

4.2 PREVIOUS APPOINTMENTS

23/10/2007-01/08/2009 : Registrar in Orthopaedic Surgery
Department of Orthopaedics and Traumatology

Rethymnon General Hospital
D.Michaelidis MD, PhD BOAoverseas fellow

06/11/2006-06/08/2007 : Military Service
Staff Physician
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27/12/2005-26/09/2006 : SHO in General Surgery
Surgical Department
Rethymnon General Hospital
Dr, Daskalakis K MD

11/01/2005-09/12/2005 : House Officer
Moires Health Center
Venizeleio General Hospital of Herakleion

4.3 RESEARCH APPOINTMENTS

2007-present
: Engaged in research projects using
osteosarcoma cell lines in the Laboratory of
Histology-Embryology, Department of
Morphology at the Medical School, University
of Crete

Most Recent Appointment Description

22/03/2010-24/12/2013

University General Hospital of Heraklion, is a large (600 bed) regional teaching
hospital with an A&E Department and is a Tertiary Referral Center for the region of
Crete.Its a “LEVEL I” Trauma Center and part of my duties as a resident, was to work
shifts at the A & E Departement, and to be actively involved in the management of
severe Orthopedic and Spine trauma cases.The department of Orthopedics and
Traumatology is particularly focused in trauma surgery, knee and hip reconstruction
surgery and has a special interest in spine surgery. Within the department, there is a
special unit for the surgical management of spine trauma and for a wide spectrum of
spinal diseases, and, therefore, I have been exposed to preoperative, operative and
postoperative management of these patients.
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Duties:

First on call for the A&E Unit

1:5 overnight resident duty.

two 6-hour theatre sessions and two elective/fracture clinics weekly

Trauma coordinator for the daily trauma list

Supervised: I perfomed the elective list of my consultants(THA, TKA, Knee
Arthroscopy)

Unsupervised: Confident in performing every day Trauma list

Teaching Medical Students & Junior Registrars both for hands

on clinical experience & lecturing

Attending Trauma Clinic, Upper& Lower Arm Clinic,Paediatric Orthopaedic and
Spine Surgery Clinic

Previous appointments description

23/10/2007-01/08/2009

Specialist Registrar in Orthpaedic and Trauma Surgery- Orthopaedic Department,
Rethymnon General Hospital. Director Dr. D. Michailidis

-Preoperative and postoperative care of patients

-Participation and performing a wide range of emergency and elective trauma and
orthopaedic surgical procedures

-Participation in fracture clinic and outpatient clinic departments

-6 24-hour in-hospital shifts per month (in addition to the regular shifts) to cover the
wards and assist emergency

department doctors upon request

06/11/2006-06/08/2007
Doctor in the Greek Armed Forces (obligatory military service)

-Engaged in offering primary healthcare services
-Military training
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27/12/2005-26/09/2006

SHO in General surgery Department, Rethymnon General Hospital. Director Dr.
Daskalakis K

-Preoperative and postoperative care of patients

-Participation in outpatient clinic department

-Participation in emergency and elective surgical procedures

-8 24-hour in-hospital shifts per month (in addition to the regular shifts) to cover the
wards and assist emergency department doctors upon request

11/01/2005-09/12/2005

Health Center doctor, Moires Health Center,Heraklion. Director: Dr. A. Tsikala
-Engaged in offering primary healthcare services to people in rural parts of the
country

-Providing treatments in simple cases and referring to specialists as needed. I was also
-Providing first aid in patients presenting to the Health Center after hours

-8 16-hour shifts per month in the Health Center.

TEACHING EXPERIENCE

1. Thave trained House Officers in the A&E Department of General Hospital of
Rethymno and medical students in University Hospital of Herakleion
concerning various medical topics.

2. During my training in Orthopaedics and Trauma I have given lectures to my
colleagues about several topics.

3. I have given Histology lab lectures to 4th semester medical students in the
University of Crete during 2013.

4. I have trained undergraduate students of Medicine and Biology about
research techniques and experimental procedures in the Histology Laboratory
of the Department of Morphology, University of Crete during my PhD

5.1 have recently attended ALS Instructor Course
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4.4 PUBLICATIONS-PRESENTATIONS

Katonis P, Datsis G, Karantanas A,
Kampouroglou A, Lianoudakis S, Licoudis S,
Papoutsopoulou E, Alpantaki K.

Spinal Osteosarcoma

Clin Med Insights Oncol. 2013 Aug 18;7:199-
208. Review.

Datsis GA, Berdiaki A, Nikitovic D, Mytilineou
M, Katonis P, Karamanos NK, Tzanakakis GN

“Parathyroid hormone affects the fibroblast
growth factor-proteoglycan signaling axis to
regulate osteosarcoma cell migration”

FEBS J. 2011 Oct;278(19):3782-92

Datsis GA, Berdiaki A, Nikitovic D, Mytilineou
M, Katonis P, Karamanos NK, Tzanakakis GN
"Parathyroid Hormone regulation of MG63
osteosarcoma cell migration through FGF
signaling and extracellular matrix metabolism
67th Hellenic Orthopaedic Congress Athens
Greece, October 12-16 2011

Alpantaki K, Datsis G, Zoras O, Kampouroglou
A, Drositis I, Halkiadakis G, Katonis P

“The value of cryosurgery in treating a case of
thoracic chondrosarcoma”

Case Report Med. 2011;2011:243243. Epub
2011 May 10

Berdiaki A, G.A Datsis, Nikitovic D, Tsatsakis
, Katonis P, Karamanos NK, Tzanakakis GN
“Parathyroid hormone (PTH) peptides through
the hyaluronan metabolism affect osteosarcoma
cell migration”
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IUBMB Life 2010 May;62(5):377-86

G.A Datsis, M Mytilinaiou, Berdiaki A,
Nikitovic D, Katonis P, Tzanakakis G "FGF2
signaling pathway participates in PTHinduced
osteosarcoma cell migration" 36th FEBS
Congress, Biochemistry for  Tomorrow's
Medicine, Lingotto Conference Center, Torino,
Italy, June 25-30, 2011

G.A Datsis, Daskalogiannakis E, Michaelidis.D
“The role of external fixation in metacarpal
fractures treatment”

14™ Cretan Medical Congress, Georgioupoli
Chania, Greece, 29 October-1 November 2008

G.A.D.Datsis Member of Organizing Comittee
(12™ Cretan Orthopaedic Congress, Fodele,
Crete, Greece, 22-25 May 2008)

G.A.D.Datsis, A.Papoutsidakis, P.Katonis,
A.Hadjpavlou “Functional results of surgically
treated malleolar fractures in our clinic
.Retrospective study”

9th Regional Orthopedic Seminar of Crete,
organized by the Orthopedic Clinic of
Venizeleio General Hospital under the auspices
of Greek College of Orthopedic Surgeons, Ag.
Pelagia, Crete, Greece, 17-19 June 2005

G.A.D.Datsis, A.Papoutsidakis, P.Katonis,
A.Hadjpavlou “Functional results of acetabular
fractures in our clinic.Retrospective study”

9th Regional Orthopedic Seminar of Crete,
organized by the Orthopedic Clinic of
Venizeleio General Hospital under the auspices
of Greek College of Orthopedic Surgeons, Ag.
Pelagia, Crete, Greece, 17-19 June 2005
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Round Table in Orthopaedics “Thoracolumbar
Fractures” G.A.Datsis, E.Koudounarakis,
A.Charampidis, S.Koubidi, B.Charalampakis
Supervisor:P.Katonis Assistant Professor
Orthopaedic Department, University Of Crete,
Faculty of Medicine
(10" Hellenic Congress of Medical Students,
14-16 May 2004)

G.A.Datsis, S.Nikorelou, B.Achtsidis,
E.Manikas, A.Xekardaki “Pregnancy and
Connective tissue diseases:Interactions,
Management, treatment. Latest data”
(10™ Hellenic Congress of Medical Students,
14-16 May 2004)

B.Achtsidis, G.A.Datsis, E.Manikas,
B.Diakonis, A. Sykaras, X.Katselis, S.Nikorelou
A.Xekardaki “Analysis of molecular mechanism
of keratitis from Pseudomonas and treatment
prospectives using molecular biology”
(10™ Hellenic Congress of Medical Students,
14-16 May 2004)

E.Manikas, A.Xekardaki, K.Pitarokili,

G.A.Datsis, B.Diakonis, K.Stergiopoulos

“Bioengeneering of the upper part of the femur”

(10™ Hellenic Congress of Medical Students,
14-16 May 2004)

G.Datsis, [.Kelesidis, T.Kelesidis, A.Sykaras,

K.Traxanas “Clinical implications of lipoprotein

subclasses and their measurement by NMR”

(8" Hellenic Congress of Medical Students,
19-21 April 2002)

A.Sykaras, B.Achtsidis, G.Datsis, [.Kelesidis,
T.Kelesidis, K. Traxanas “Another p53 exists?
Interdependent and distinct roles of p53-p63-p73
in carcinogenesis and differentiation”
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(8" Hellenic Congress of Medical Students,
19-21 April 2002)

A.Sykaras, B.Achtsidis, G.Datsis, [.Kelesidis,
T.Kelesidis, K.Traxanas “Speeding up
Or slowing down cell cycle?Interactions
between p53 and oncogenes and how their
mutations can lead to carcinogenesis”
(8" Hellenic Congress of Medical Students,
19-21 April 2002)

I.Kelesidis, T.Kelesidis, K.Traxanas, A.Sykaras
G.Datsis “Nutrition for COPD”

( 8" Hellenic Congress of Medical Students,
19-21 April 2002)

I.Kelesidis, T.Kelesidis, K.Traxanas, A.Sykaras
G.Datsis “Effects of air conditioning systems
on respiratory system”
(8™ Hellenic Congress of Medical Students,
19-21 April 2002)

K.Traxanas, [.Kelesidis, T.Kelesidis, A.Sykaras
G.Datsis “Diseases caused by disorders in
structure and metabolism of HDL”
(8" Hellenic Congress of Medical Students,
19-21 April 2002)



G.A DATSIS Curriculum Vitae

Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

5. PARTICIPATION IN TRAINING COURSES AND SEMINARS

6. PERSONAL INTERESTS

2013 ALS instructor course, European
Resuscitation Council

2013 ALS provider course, European
Resuscitation Council

2011 AOTrauma course, Advances in
Operative  Fracture = Management, 10-12
November Patras, Greece

2011 AOTrauma course, Foot and Ankle,7-9
April , Athens, Greece

2011 AOTrauma course, Principles in
Operative Fracture Management, 10-12 March
Ioannina,Greece

2009 25™ Microsurgery Seminar, 1-4 July
2009, Ioannina, Greece

2005 ATLS course, American College Of
Surgeons

Hobbies include, technical analysis, internet,
reading, hiking
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