EOGNIKO KAI KAITIOAIXTPIAKO ITANEIIIETHMIO AGHNQN
IATPIKH 2XOAH

TOMEAZX I[TAOGOAOI'TAXZ
B MNEYMONOAOTIKH KAINIKH MANEMIZTHMIOY AOHNQN

IMTANEIIXTHMIAKO I'ENIKO NOXOKOMEIO«ATTIKON»
AIEYOYNTHZ: NAMIPHZ ZNYPIAQN

AIAAKTOPIKH AIATPIBH

O POAOX THX EEQKYTTAPIAYX MHTPAX XTHN ITAOOI'ENEIA
THX IAIOTAGOYX INEYMONIKHX 'INQXHX

KANEAAOIIOYAQY IMTAPAXKEYH
Khvikog Xnpikog

Abnva 2023

«H vhomoinon g d1dakTopukiig droTpiPiis svyxpnuatodotOnke amd v EALGda ko tv Evpomaikn
‘Evoon (Evponaiké Kowoviké Tapeio) péco tov Emysipnoioxov Ipoypdppatos «Avamtvén AvOpdmivov
Avvapkov, Eknaidgvon kot Ave Biov Maénon», 2014-2020, oto mhaicro tng Ilpdéng «Evicyven tov avlpodmvov
OUVOHIKOV PEGM TG VAOTTOIN6NG S1daKTOPIKN G épEvvag Yodpaon 2: Mpoypappa yopiiynong vrotpogradv IKY
o€ vroyn@iovg swaktopes Tov AEI g EALadacy.
Emixeipnoiaké Mpéypappa = EZ"A

AvarmrTuin AvBpwirivou Auvauikou, =mu 2014-2020
Exmraidsuvon ka1 Aia Biou Maénon [ A

Me tn ouyxpnuarosétnon tng EAAGSag kat tng Eupwrnaikrig Evwong




NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS
SCHOOL OF MEDICINE

DOCTORAL DISSERTATION

THE ROLE OF THE EXTRACELLULAR MATRIX IN THE PATHOGENESIS
OF IDIOPATHIC PULMONARY FIBROSIS.

KANELLOPOULOU PARASKEVI
Clinical Chemist

ATHENS 2023

«The implementation of the doctoral thesis was co-financed by Greece and the European Union
(European Social Fund-ESF) through the Operational Programme «Human Resources Development,
Education and Lifelong Learning» in the context of the Act “Enhancing Human Resources Research Potential
by undertaking a Doctoral Research” Sub-action 2: IKY Scholarship Programme for PhD candidates in the
Greek Universities».

L
Operational Programme — EznA
Human Resources Development, =mm 2014-2020

Education and Lifelong Learning ‘avieroutn - epyaota - aAnsyyon

Evpwmaikn ‘Evwon
E

uropean Social Fund Co-financed by Greece and the European Union



Yroyyeio AdoKTOPIKNG oo TpiLpi)g
Oépa: «O poéhog g e€wxvttdplag untpog otnv maboyéveln g Id1omaboig
[Tvevpovikng Tvaongy.

Hpepounvia vmofoing aitmong omv loatpikr ZyoAn 7y opiopd  Tpiueiovg
Yvpupovievtikng Emtponng: 12/12/2018

Huepopnvia opiopod Tpipuerotg ZvuPovievtikine Emtponng and ™ [LE.E.X. g
latpikng Zyoing: 23/01/2019

Hpepounvia kaBopiopod 0épatoc g dwdaktopikng dwtppng and m LLEEX. g
latpucng Xxoing: 19/04/2019

Hpepopnvia opiopod entaperovg egtaotikng emttponng and ™ [LE.E.X. ¢ latpikng
YyoMg: 28/09/2023

Tpwpeic Zvppovievtikny Emrpom)
Mévain Evepoctvn, Avarinpotpia Kobnyntpia Ilvevpovoroyiag, latpin Zyxoln,
EKIIA, emPBAénmv pélog

[Momipng Zrvpidwv, Kadnynmc IMvevpovoroyiag-Evtatikng Oepaneiog, latpikn Zyxoin,
EKIIA

Aidivng Baoiing, Epevvnmg A", EKEBE AAéEavopog DAEUIVYK

Entapeic E€etactui) Emrponn
Mavain Evppocvvn, Avarinpatpio Kadnynrpua, latpikr Zyoin, EKITA
[MToripng Zrvpidwv, Kadnynmg, latpwn Xxoin, EKITA
Aovkiong Xrviavog, Kadnyntmg, latpikn Zyoin, EKIIA
Mmraxdxog [Té€tpog, Kadnynmg, latpwn Xyxoin, EKITA
Poiva Nwkorétta, Avarinpatpio Kadnyntpua, latpun Zyoin, EKITA
[Maraiodvvov Avopiava, Enikovpn Kabnyntpuo, latpun Zyoin, EKITA
Ai1divng Baoiing, Epeuovntc A’, EKEBE AAéEavopog PAEpvyk

Nk =

BaOuog: APIXTA

[Tpoedpoc latpikng XxoAng AOnvav: Kabnyntg [N'epdoyog Xidoog



Inmoxparterog Opkog

OMNYMI ATIOAAQNA THTPON KAI AXKAHITION KAI YT'EIAN KAI
ITANAKEIAN KAI OEOYX ITANTAZX TE KAI ITTAZAX IZETOPAX ITOIOYMENOZ,
EINITEAEA TIOIHXZEIN KATA AYNAMIN KAI KPIZIN EMHN OPKON TONAE.
HIHXEX®AI MEN TON AIAAEANTA ME THN TEXNHN TAYTHN IXA
FENETHXIN EMOIZI, KAI BIOY KOINQXIEX®AI KAI XPEQN XPHZONTI
METAAOZIN TIOIHZEX®AI KAI T'ENOX TO EE AYTOY AAEA®EOIX [XON
EITIKPINEEIN APPEXI, KAI AIAAZEIN THN TEXNHN TAYTHN, HN XPHIZQXI
MANG®GANEIN, ANEY MIZ®OY KAI EYITPA®HZ. IMAPAITEAIHE TE KAI
AKPOHZIOX KAI THX AOIIIHX AITAXHY MAGHXIOX METAAOZIN
[TOIHZEX®AI YIOIZI TE EMOIZI KIA TOIZI TOY EME AIAAEANTOX KAI
MAGHTAIXI ZYTTETPAMMENOIZI TE KAI QPKIEMENOIX NOMQ THTPIKQ
AAAQ AE OYAENI. ATAITHMAZI TE XPHZOMAI EITQO®EAEIH KAMNONTQN
KATA AYNAMIN KAI KPIXIN EMHN, EITl AHAHZEI AE KAI AAIKIH EIPZEIN.
oY AQEXQ AE OYAE ®APMAKON OYAENI AITH®EIX ®ANAXIMON, OYAE
YOHI'HEOMAI EZYMBOYAIHN TOIHN AE OMOIQX AE OYAE T'YNAIKI
[TEEZXON ®OOPION AQXQ. ATNQX AE KAI OXIQX AIATHPHZQ BION TON
EMON KAI TEXNHN THN EMHN. OY TEMEQ AE OYAE MHN AIGIQONTAZ,
EKXQPHXQ AE EPTATHXIN AAPAXIN IIPHEIOX THXAE. EX OIKIAX AE
OKOXZAZX AN EXIQ, EXEEAEYXOMAI EIT' QOEAEIH KAMNONTQN, EKTOX EQN
[TAXHZ AAIKTHE EKOYZXIHXE KAI ©®OPIHXE THE TE AAAHXE KAT AOPOAIZIQN
EPI'QN EIIl TE I'YNAIKEION ZOMATQN KAI ANAPEIQON, EAEY®EPQN TE
KAI AOYAQON. A A'AN EN OEPAIIEIH H TAQ H AKOYZQ, H KAI ANEY
OEPAIIEIHE KATA BION ANOPQITION, A MH XPHIIOTE ET'KAAEXOAI EEQ,
2I'HEOMAI, APPHTA HTEYMENOZ EINAI TA TOIAYTA. OPKON EN OYN MOI
TONAE EIIITEAEA TTOIEONTI KAI MH EYT'XEONTI EIH EITAYPAX®AI KAI
BIOY KAI TEXNHX, AOEAZOMENQ ITAPA TTAZIN ANGPQIIOIZ EX TON AIEI
XPONON, ITAPABAINONTI AE KAI EITIOPKEONTI, TANANTIA TOYTEQN.



Inmoxparterog Opkog
(Metagpaon)

Opxilopar otov AmoAhmva tov latpd kat Tov AckAnmio Kot oty Yyeio Kot oty
[Mavdxea kot g OA0VE TOVG Oe0lg EMKAAOVUEVOS TN LAPTLPIO TOVS, VO THPNO® TOTA
KOTA TN Svvoun Kol TV Kpion Hov avtd Tov Opko Kot To cLUPOANO pov avtd. Na
Bewp® aTOV TOV LoV JIdAEE ALTAY TNV TEYVN 160 E TOVE YOVEIG OV KOl VO LLOTPOLGTM
padi Tov To VITAPYOVTA LoV KOl T XPIUATO HOV OV £XEL AVAYKT] PPOVTIONG, Vo Bempd
TOVG AmOYOVOLS TOV 1G0VG e TO OOEAPLOL OV KOl VO TOLG O104EM TV TEXVN AT AV
Bélovv va ™ pdbovv, ympig apolPn kot cuUPOLNIO KOt VO LETAOMG® LE TOPAYYEAES,
00Myieg Kot GLUPOVAEG OAN TNV VTOAOITY YVAOOT) LLOV Ko GTO, TOLd1 LoV Kot GTOL TodLdL
eketvov mov pe 6100Ee Kol 6TOVG AALOLG LaBNTEG TOL £XOVV KAVEL YPOTTH] GLUP®VIO
poali Hov Kot 6€ aVTOVG TOV £Y0VV OPKICTEL GTOV 1TPIKO VOUO Kol GE KAVEVAY OAAO
Kot vo, Oepamed® ToVg TACKOVTES KATE TN SV LOL KOl KOTA TNV Kpion pov yopig
TOTE, EKOVGIMG, VA TOVG PAAY® 1 VO TOVG AOIKNC® Kot VoL LN dMCM TOTE GE KAVEVQ,
€0t Ko av pov to {nmoet, Bavatneopo edppoako, o0TE Vo 0MG® TOTE TETOLN
ouufPovAn, opoimg, va pun dMO® TOTE GE YLVOIKO QAPUOKO Yot Vo OmoPdAEL. va
dwmpnom dg ™ (on pov Kabapr Kot ayvr, Kot vo. un YEPOLPYNCH TAGYOVTES AId
MBovg, aALG va. aprio® TV TPAEN AT Y10 TOVS EIKOVG KOl 6 OOl GTiTIOL KU oV
UTT®, VO UTT® Y10 TNV OQEAELN TOV TOCYOVTIOV Amo@eDYoVToS KAe exovoto adwkio Kot
PAGPN Ko kGBe yevemnolo mPAEN Kot HE YUVOIKES KO HE Gvopeg, eAehBepovg Kot
dovAovg. Kat 0,11 6 1} akoVcm KOTA TNV ACKNGN TOL €MAYYEALATOS OV, 1| KL EKTOG,
v ) {on TV avOpdOToV, ToL dEV TPEMEL TOTE V. KOWVOTO0El, VO GLOTNC® Kot Vo, TO
KPOTNOo® HLGTIKO. AV TOV OPKO OV avTO TNPNo® ToTA Kot dgv Tov afetowm, €ife va
AmOAOVC® Yol TAVTO TNV EKTIUNON OA®V TV avBpdnwv Yo T (o1 Hov Kot Yo TNV
TEYVN LoV, oV OLmG Topafd Kot aBETNo® ToV OPKO LOL VO LTOGTA To. avTifeTa omd

ovTA.



2TOV UTOUTA LLOV. . ..



EYXAPIXTIEX

dtavovtoag oV 0AOKANP®GN TG O10AKTOPIKNG Hov dtaTpiPng, Ba nbsia va
EKPPACH TG &uyoploTieg pHov otovg avipomovg mov pe  Ponbnoav  otnv
TPOYLOTOTOINGT| TNG EPYUGIAG OVTNG.

H mapodoo dwdaktopikn owtpiPny ekmovinke oto Epevvmtkd Kévipo
Bioiatpikdv Emomuov «AAEEavopog PAEUIVYK», 6TO gpyactiplo Tov Ap. Baoiin
Aidivn.

AtcOdvopan apykd v avdykn va gvyoptotiow Oepud tov k. Baoiin Aidivn,
Epsovnti A, yia v gukoupion Tov Hov €0MGE VO, TPOYUOTOTOCM TNV OOUKTOPIKT
STp1P] OTO EPYOCTNPLO TOV, TNV GLVEXN EMIGTNHOVIKY TOL KaBodnynon katd tnv
EKTOVNOT NG €pyaciag, TV dyoyn ovvepyacio pog, kabmdg emiong kot yu tnv
EUMIGTOGVVT KOl TNV LITOSTHPIEN OV £0€1EE GTO TPOGMOTO KOV O TN apyn £WS TNV
0AOKAN PO TG SLOTPIPNS.

Ba NBeha emmALOV v eVYAPIOTICO WHTEPA T £TEPO UEAN TNG TPLULEAOVS
GLUPOVAEVTIKNG EMTPOTNG, TV AvarmAnpotpio Kabnynrpia ka. Evepocvvn Mévain,
emPrénovca g SatpPng pov, kabmng kot tov Kabnynt k. Xrvpo Iamipn, yio v
YPOVO OV APLEPOGOV KOTO TNV TAPUKOAOVONGT NG GLYKEKPIUEVNG UEAETNG, TNV
QuuKn duabeomn, v Ponbeto Kot TV VITOGTAPIEN TOV TPOGEPEPAY, OTOTE YPEIAGTNKE.
Eniong, 0o nBera va svyapriomom oA Ta LEAN G enTapnelos EEETAGTIKNG EMTPOTNIG,
K. Aovkidn Zrvhavo, Kobnyntm, k. Mmokdko IIétpo, Kabnynt, ka. Pofiva
NwoAétta, Avaninpotpia Kabnynrpia, kot ka. Iomoaiodvvov Avopiava, Emikovpn
Kanynrpua yia to ypdvo mov diébecav.

[MopdAdinia Bo MBela va ex@pdom &va peYOAO €LYOPIOTO € OAOVS TOVG
GUVAGEAPOVE OV TTOL GLVLTNPEOUE GTO EPYOCTNPLO Yo HUKPO 1N UEYOAO YPOVIKO
dwonuo Kot wiaitepa tov Anuntpn Ndoto, tov Amootodn ['aidprn, tov Atovion
Davion kot v Xprotidvva Maykpudtn yio v Gyoyn cuvepyasio Tov avortuEope
Oha. avtd o ypdvie. To peyoddtepo evyaploTtd OpMS TO oPeiAw otv HAdvva
Mmnapurayidvvn. H Hudvva ntav to mpdto dropo mov pe forinoe oto Eekivnpua pov
Ko cvvepyalopaotay poll appovikd 6o avtd ta ypdvia. [licteye amd v apyn oTig
OLVAUELS KO OTIC dSUVATOTNTEG OV OElYVOVTOG LoV EUTPOKTO OTL TIGTEVEL TMG LITOPD
VO TAG® GTO TEPULO, KIVION TTOV Y10, LEVO SNUiVEL TOAAL GE TPOCOTMIKS EMITEDO.

KAgtvovtag evyaptotd omd kapdidg TV okoy£EVELL LoV Kot TOLG GIAOVG LoV Y1
NV VTooTNPEY, TNV EVOAPPLVOT| Kot TNV GUUTOPAGTOCT) TOVS OAO AVTA Ta YPOVLOL.



IHEPIAHYH

H domabng mvevpovikn ivoon (IIII) sivor pia xpodvia, mpoodevTiky StaUeEST
nmvevpovomdlelo dyvmotng attiohoyiog, M omoia yopoktnpiletor omd oYNUATIGUO
OLAMV KOl TAYVVGT TOV TVELUOVIKOV 10ToV. H akpifng artio tng ITII dev etvon mAnqpwg
KoToavont, OAAG miotedeTal OTL MEPIAAUPAVEL U100 TOAVTAOKT OAANAETiOpOoN
YEVETIKOV, TEPIPOAAOVTIKAOV KOl 0VOGOAOYIKAOV Tapoyovtwv. Enl tov mapodvtog, dev
VILAPYEL ATOTEAECUATIKY) Oepameia Yo TV acBEvela Kot o1 BepamevTIKES EMAOYEG etvat
TEPLOPIOUEVES. AVO PappLaKa, N TPPEVIOOVT Kot To nintedanib, éyovv eykpiBel amd Tov
FDA yw ™ Oepaneio g L. Ta edppoke avtd emPpadvvovv v e£EMEN Kot
GLUPBAAAOVY BTNV SLOYEIPIOT] TOV CUUTTOUATOV, TAPOLO VT dEV BEpaTEHOVLY TANPW®S

v 1L

Ot woPArdoteg xor ot pvoivoPrdotec otnv ivoon mapovcsidlovv Evav
naforoywd @ovotumo mov yopaktpiletor amd aveEéAeyKTto TOAAATAAGIOCUO KOl
emBioon. H cuocdpevon wwoPractdv Exet mpotabet 01t Baciletal oty tkavoTnTo ToVg
va ei.6fdirovy otnv ECM kavn va petavastedouy Kot unkog . Kpiown yio avtég
T1G dadtkacieg elvar  mpwtedivon g ECM péow Tmv KuTTopIK®V TPoeEoy®dv Tov
elvar yvootd o¢ modocopota. Ta modocodpata kot ta invadopodia (Yyvootd pe tov 6po
invadosomes) gtvol dopég TAOVCIEG GE OKTIVI] LE TPMOTEOAVTIKY] dPAGTNPLOTNTO, TOV
oonyel omv amowodounon mg ECM. H SH3PXD2A (yvootm) ocTKSS) sivar o
TpTEIVN OV gvtomileTon Ko amanteital Yo To oynuotiopnd Tov invadosomes. Méypt
otiypng, M Tks5 éxst Ppebel va oyetieton oe peyddo Pobud pe tov kapkivo,
GUUUETEYOVTOG OTNV KLTTOPIKN EIGPOAN TV KopKVIKOV Kuttapav. Eival yvooto ot
ot Tvevpovikoi woPrdoteg (IM1) Tapovotdlovy KOa YopaKTNPIGTIKG, LE TO, KAPKIVIKA
KotTapa, Eva omd ovtd eivar n eloPoin otnv ECM. 'Etot, 1o TKSS kot ta modocodpata
umopel va eumAékovtar oty moaboyévela g I ko, o¢ ek tovTOL, €fetdoape

TEPOULTEP® TOV POLO TOVC.

Avénuévn ékppaon tov TKSS aviyvevnke otov mvevpovikd 1616 aclevav pe
I kot moviikev pe emayopevn and umieopvkivny (BLM) mvevpoviky itveor, mov
ovoyetileton pe Vv owéEnpévn €Kepact g aAVGidos KoAlayovov tomov [ dAga 1
(COL1AL). Awamiotmbnke 611 10 mpoivartikd meptpdirov o TGFP, kabdg kot 1 votikn
ECM, endyovv v ékepaocm tov TKSS kat tov oynuaticpd poletdv modocmUATov

otovg III, mov odnyei ommv avénuévn ewcPforn omv ECM. Ta modocmdpota



datnpnOnkov ex Vivo amovoio omolacdnmote SEYEPONE, VTOSEIKVOOVTOS OTL O
SYNUOTICUOG TodocmudTemV e T PorBeta tov TKSS amotedel eyyevi 1010t ta toov 11
g 11 Ta Tks5*" movrikio mapovoidovrar avhekticd oty emaydpevn omd BLM
Tvevpoviky tvoorn. H mpootacio and ™ voco opeildtav oe peydro Pabud otov
UELOUEVO GoYMUATICHO Todocopdtmv oatovg I kot ot peiwpévn eioBoin e ECM,
VTOJEIKVOOVTOG £TGL TNV evepyomoinon tov TKSS kot 1t dwopecorafodpevn and to
nodoompata elPoin g ECM o¢ kbplo maboyevetikd punyavicpd otnv TVELUOVIKY
tvoon. H avdivon tpogik £ékppacng amokdAivye o dtaotowpodevn cdvoeon ECM-
TOOOCOUATOV KOl 1 QUPUOKOAOYIKY] OVAALGY] YAPTN OCLVOECIUOTNTOG TPOTELVE
Oleopovg avactorels mov Bo  pmopoboOV VO OTOTPEYOLV TOV  GYNUATICUO
TOOOCOUATOV KO, GUVETMG, TNV TVELVUOVIKY| tvwor. Metalh avtdv, 1 avasToAr ™G
Kwvéong Src edavnke vo PeTpldlel 1oyvpd Tov oynuatiopnd modocopdtov o I, v
eoPoin otnv ECM, kafd¢ kot Tnv TveELUOVIKT tvmdoN GE TOUEG TVELLOVMV KOUUEVES
pe akpipela, petd v yoprynon BLM, yeyovog mov vmodniadvetl 0Tt 1 QOPUOKOAOYIKY|
GTOYELGT TOV GYNUATIGHOV TOS0COUATOV HEcw Tov TKSS givat pra todd vrooyduevn

OepamevTikn EMAOYT GTNV TVELUOVIKY] tvooT).

EmnpocOeta oy mapovoa dwatpifn peletnOnke o poAog tov Versican (Vcan)
omv moboyévewr ¢ IIII. H Versican esivar pio peydAn mpmoTeoyAvKavn Tng
eEokvttapog  pntpag  (ECM)  mov  eviomileton o€ O14popovs  1GTOVG,
ocvumepthapfavouévov tov tvevpova. H eEmxuttdplo pritpa eivor pior Suvaptkr doun,
mov omotereiton and meprocdtepeg amd 300 mpwteiveg, yYAvkolaptvoylvkdaveg Kot
évlopa, kot xpnopedel g dopkod wpiopa copfdrioviag otn Unxavikny otadepodTnto
OV omoTeiTan Yo T 6Ot Asttovpyio Tov Tvevudvev. H aroppvbuion g cdvleongc,
g doung, g oxapwiog kot ¢ aeboviag g ECM ocvuPdiier o ddpopeg
moforoykég kataotdoels, copmeptlappavopévng g I Adyo twv moivdpOuwv
evoeienv 0t 1 ECM gumniéxetar otny maboyévelo g IITI, n Versican, o¢ cvotatikd
g ECM, Bo umopovce vo eUmAEKeTOLl KOl G €K TOVTOV EMOIDEAUE TNV TEPULTEP®

HeAETN TOV.

In silico peléteg, oe ovvolo dedopévov  avOpOTOV Kol  TOVIIK®V,
amokoAvTTouy avénuévn ékepaocn tov VCAN oe acBeveic pe 1T kou oe mveduoveg
TOVIIK®OV HE EMOYOUEVT] OO UTAEOUVLKIVI] TVELHOVIKT {vooM. XTOVG TVEDLOVEG
actevav to VCAN ekppdletor kupimg amd woPAGCTES, HLAKPOPAYO KOl dEVOPITIKA

KkotTopa, onmov ot Il mov exppalovv VCAN Bpébnke 611 avikovv otov vtonAnfucud



nov ek@paler COL1AL In vitro Bpébnke 6t1 0 TGFP dieyeipet tnv ékppoon tov VCAN
o€ eminedo MRNA kot Tp®TEIVIIC 6€ TVELUOVIKOVG VOPAACTES TOL TPOEPYOVTAL OO
avOpdToLg Kot TovTikovg. EmimAéov, n dvokauntn votikny aECM endyest tnv ékppaon
tov Vcan otovg wvoPrdoteg. e In Vivo mepduata, avénuévn ékepaocrn tov Vcan
Bpédnke oe movtikia aypiov TOTOL pE emayOpEVN Omd UTAEOULKIVI TVEVLOVIKY| tveoT).
H avocoictoynueio amokdivye avénuéva eminedo mpwteivng Vean oto Ppoyyko
EMONAL0, OTIS WOTIKEG TEPLOYES KOl OTA HoKpopdya. o v mepartépm dtepedvnon
tov poéAov g Vean oty IIII, to povtého g emayopevng and BLM mvevpovikng
ivoong mpaypartorowidnke oe movrikio Vean*". H etepoluyn yevetiery dtaypogn tov
Vcan odnyel o emdevodevo QotvotTumo Tvevpovikng tvwong og movrikia. Emiong,

amopévoon Vean®

npotoyevov Il amokdivye d10popéc o€ PUCIKES KLTTOPIKES
Aertovpyiec, evd n oyepon pue TGFP, emmpealet tqv mRNA ékppacn woTIKOV
YOVIOI®V Kot EMAYEL TO OYNUATICUO POLeTDV TOSOCOUATMV, 00T YOVTOS GE OVENUEVN
E16POM. TUUTEPAGHOTIKG, 1) EMSEivmon TG vOsov ota movtikia Vean® cuoystiletat
pe ) datapoyn g opotdotacns s ECM, 1 dtopoponoinon tov anokpicemv Tov
TGFPB, v avénpévn TpockOAANGT TV VOPAAGTAOV KOl TO GYNUATIOUO TOSOCHOUATMV

oV 00MYOVV G avENEVN petavdotevon Kot eil6foin oty ECM.



ABSTRACT

Idiopathic Pulmonary Fibrosis (IPF) is a chronic, progressive interstitial lung
disease of unknown etiology, characterized by the scarring and thickening of the lung
tissue. The exact cause of IPF is not fully understood, but it is believed to involve a
complex interplay of genetic, environmental, and immune factors. Currently, there is
no cure for the disease, and treatment options are limited. Two drugs, pirfenidone and
nintedanib, have been approved by the FDA for the treatment of IPF. These drugs have
been shown to slow the progression of the disease, and manage symptoms, but they do

not fully cure IPF.

Fibroblasts and myofibroblasts in IPF demonstrate a pathologic phenotype
characterized by uncontrolled proliferation and survival. Fibroblast accumulation has
been suggested to rely on their ability to invade the ECM and/or to migrate along it.
Critical for these processes is the proteolysis of the ECM through cell’s protrusions
known as podosomes. Podosomes and invadopodia (known as invadosomes) are actin
rich structures of pericellular proteolytic activity, resulting in ECM degradation.
SH3PXD2A (known asTKS5) is a scaffold protein that localizes to, and is required for
invadosomes formation. So far, Tks5 has been found highly related with cancer, since
induces cell invasion of cancer cells. It is known that lung fibroblasts shared common
characteristics with cancer cells, including ECM invasion. So TKS5 and podosomes
may be implicated in the pathogenesis of IPF, and therefore we further examined their

role.

Increased expression of TKS5, was detected in the lung tissue of IPF patients
and bleomycin (BLM)-treated mice, correlating with increased collagen type | alpha 1
chain (COL1A1) expression. The profibrotic milieu, TGFf, as well as the acellular
fibrotic ECM, were found to induce TKS5 expression and the formation of prominent
podosome rosettes in LFs, culminating in increased ECM invasion. Podosomes were
retained ex vivo in the absence of any stimulation, indicating that the formation of
TKS5-enabled podosomes is an inherent property of IPF LFs. Haploinsufficient Tks5*"
mice were relatively resistant to BLM-induced pulmonary fibrosis. Disease protection
was largely attributable to diminished podosome formation in LFs and decreased ECM
invasion, thus indicating TKS5-enabled and podosome-mediated ECM invasion as a
major pathogenic mechanism in pulmonary fibrosis. Expression profiling revealed an

ECM-podosome cross talk, and pharmacologic connectivity map analysis suggested



several inhibitors that could prevent podosome formation and thus pulmonary fibrosis.
Among them, inhibition of Src kinase was shown to potently attenuate podosome
formation in LFs, ECM invasion, as well as pulmonary fibrosis in post BLM precision
cut lung slices, suggesting that pharmacological targeting of TKS5-enabled podosome

formation is a very promising therapeutic option in pulmonary fibrosis.

In addition, in this dissertation the role of Versican in the pathogenesis of IPF
was studied. Versican is a large extracellular matrix (ECM) proteoglycan that is present
in various tissues, including the lung. Extracellular matrix is a dynamic structure,
consisting of more than 300 proteins, glycosaminoglycans and enzymes, which serves
as structural scaffold, and provides the mechanical stability for proper lung function.
Dysregulation of ECM composition, structure, stiffness, and abundance contributes to
several pathological conditions, including IPF. Due to the numerous indications that
ECM is involved in the pathogenesis of IPF, Versican, as an ECM component, could be

implicated and therefore we pursued its further study.

In silico studies, in human and mouse datasets, unveil upregulated expression
of VCAN in IPF patients and murine lungs upon bleomycin induced pulmonary fibrosis.
In IPF lungs VCAN is expressed mainly by fibroblasts, macrophages and dendritic cells,
where VCAN-expressing LFs were found to belong to a COLIAI-expressing
subpopulation /n vitro TGF was found to stimulate VCAN mRNA and protein levels
in human and mouse lung fibroblasts. Moreover, the stiff fibrotic aECM induces Vecan
expression in fibroblasts. In in vivo experiments, Vcan was found increased in lungs of
WT mice with bleomycin induced PF. Immunohistochemistry revealed increased levels
of Vcan protein in bronchial epithelium, fibrotic areas and macrophages. To further
dissect the role of Vcan in IPF, the BLM induced PF model performed in Vcan®" mice.
Heterozygous genetic deletion of Vcan leads to exacerbated pulmonary fibrosis
phenotype in mice. Also, isolation of haplo-insufficient Vcan™" primary LFs revealed
differences in basic cell functions, while TGF-B1 stimulation, affects the mRNA
expression of fibrogenic genes and induces the formation of podosome rosettes, leading
in increased invasion. In conclusion, disease exacerbation in Vcan"~ mice was
correlated with disturbed ECM homeostasis, modulation of TGFf} responses, increased
fibroblasts adhesion and the formation of podosomes leading in increased ECM

migration and invasion.
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1.Ewoayoyn

H ivoon eivar po maBoroyikr] Swdwkacic towv meplocodTepmV YpOVIOV
QAeypovwd®v acBeveimv. Opiletar ®g M avénuévn mapoywyn Kot gvamodeon
GLOTOTIKOV EEMKVLTTAPLOG UNTPOG, 1| OOl 00N YEL GE dlaTapayn TNG OPYLTEKTOVIKNG
TOV PUOIOAOYIKOD 16TOV KOl OTNV OLGAEITOLPYIO AOY® NG OVTIKATAGTOONG TOL
(UGIOAOYIKOV TOPEYYVUATOG OO GLVOETIKO 10TO, 0 OTOI0G OMOTEAEITAL AT LOPLAL TNG
mapoyopevng e€okuttdplog UNTpag. Av kot €EQIPETIKA TPOOJELTIKY, EYEL MG
AmOTEAECHO. TNV SVCAELTOVPYiD TV opyavev kot tov Bdvoto. H tvoon emnpedlet
oxe0OV KABe 1010 TOV SOUATOS. Mo amd TIg HOpPES TveonG TOL TPOGPRAAAEL TOVG
nvevpoveg yapoaktnpiletor g wionadng mvevpovikny ivoon (Idiopathic Pulmonary

Fibrosis,IPF, IT1I).

1.116wmadng Tvevpovikn ivoon.

1.1.1 Opwopdg

H wonabng nvevpovikn itvoon (IIII) eivor g ypdvia, pn avacstpéyiun,
TPOO0dEVTIKG eEgMocOpEV Kot TEMKE OavatneOpog vdONG SLIUEST TVELHOVID, TOV
yopoktpiletor amd KAUOKOVUEVH OVATVEVCTIKO GUUTTMOUOTO KOl (QUGLOAOYIKEG
owtapayéc[1]. H ITII elvon ) o cvyvi vécog and Tic 1dtomadeig didpeseg mvevpovieg
Kot yopokTNpileTor amd TNV  MPOOOEVLTIKY) OVAOTOINGCY] TOV MVELHOVO, KO
AVTIKOTAGTOOT TOV PLGLOAOYIKOD TVELHOVIKOV TapeYYOHOTOS pe wmon. H vocog
opileton pe Paon v TOPOLGI LG OKTIVOYPAPIKNS Ko/ 16TOTa00A0Y1KOD TPOTHTTOV
¢ ovvnBoug drapeonc mvevpoviag (Usual interstitial pneumonia, UIP) v 1 o1dpeon
emPioon kopaivetar ota 3-5 £ anod v owbyvoon(1, 2].

Emmolaopog

H perém mg emonuoloyiag g mveLpoviknG tvoong amotehel mpoKAnom
EMEWON 1M EMMTOGT NG VOOOL KOl 1) GLYVOTNTO EULPAVIOTNG SLAPOPOTOLOVVTOL LETAED
UEAETMV, LE TIC TTO TPOCOATES VaL Oeiyvouv OTL 1| enintmon kot 1 Bvnodra g I
av&avovtal pe TV Thpodo v ypdévav|[3, 4]. QotOC0, 1 TPAYLATIKY| ETITTOGN Kot O
emumolacpdg g ITII dev eivan edkoAo va vtoAoyioTovv. [ToAAEG amd TIC VITAPYOVCES
peréteg éyovv mpaypoatomomBel mpv ) O€omion Tov eviaiov OPGUHOD KOl T®V
SYVOSTIK®V Kprtnpimv yo v Woradn tvevpovikn tvoon and toug ATS/ERS[S].

EmmAéov, oe kG0e o and Tic pedéteg oapépel 0 oxedlaopog, n pebodoroyia kot o
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TANOLG UGG OV EMAEYETAL, YEYOVOG TTOV SVGKOAEVEL TNV GUYKPLoT HETAED TV HEAETDV
Y TV 01e€orymyn EvOG GLVOMKOD GUUTEPAGILATOC Y10 TNV ETLONUIOAOYIAL.

H enintoon g I xopaivovtor peta&y 0,09 ot 1,30 ava 10.000 dropa
TOYKOGHIMG. ZUVOMKA, Ol YMPES PE TOV VYNAOTEPO QovoueEVIKO emmolacud g ITTT
nepapfPdavovv ™ Notwo Kopéa, tov Kavadd, v IHolwvia, ti¢ Hvopéveg TloArteieg
kot v Itodio[6]. Xtic HITA, o emmoAiacuog g I mowidier amd 14 €wg 63
nepumtooels avd 100.000 TAnBvucpov, avdioyo e Tov TANOLVGHO TOV LEAETATOL KOl TOV
Kpupla. kotnyopromoinong tov acbevov pe I Xt evpomdikég ydpeg, ot
VILAPYOLGEG HEAETEG dLaPEPOLV 0TV HeBodoroyia emhoyng Tov TANBuouoD Kot 6TV
KOTYOPLOTOiNGN oL aKOAOVOEITOL e AMOTEAEGILO VAL VITAPYEL LEYOAO €VPOG UETAED
TOV S10POPETIKAOV Kpat®V. [Tapdha avtd 0 EMTOAACHOS GTIC EVPOTATKES YDPES vt

G€ YEVIKEG YPOAUUES YapunAoTEPOG amo Tig HITA[6].

2mv EAAGoa, n enintwon g I vroloyileton og 0.93 ava 100.000 dropa,
EVO 0 EMTOAAGHOC VTOAoYioTnKe o€ 3,38 mepurtoelg avd 100.000 tAinBvcpov. Amo
1618, ®OTOHGO, T S10YVOOTIKE KPLTHPlo, ot dIEBVEIC KaTevBuVTNPLEG YPOUUES, 1] TUTIKY
Tpikn epiBaiym Kot ) 6OvBeon Tov TANBLGHOL £xovy aAAdEEL, Kot TBAVADS avTd To

dgdopéva dev avtikatontpilovv tov Tpéyovta TAnbuoud acbevov pe III[7, §].

Ot Gvtpeg mposParrovtar omd I cuyvotepa amod Tig yovaikes. Ot acBeveic pe
M voco elvar ocvvnBog péong nikiog (dveo tov 50 etodv). Ot Bdvator amd II1I
av&avovtor onpoavtikd pe v nAkio. Mio cuvolikn extipnon ogiyvetl 6Tt Ta TOGOGTA
Setov¢ emPioong tov acBevov pe I avaeépoviar kovtd oto 30%, mocootd

emPiowong mapopon e v Td ToL Kapkivov tov mvedpova[9, 10].

1.1.2 Zvpatopato

H wionobng mvevpovikn ivoon eivor d0oKoAo vo SloyveoTel €medn To
CLUTTOWATA TNG £ivon Tapopoln pe dAleg mvevpovikég madnoeic. o Tov Aoyw avtod
TOPOTNPOVVTOL CUOVTIKES KaBLoTEPNOELG HETAED TNG EUPAVIONG TOV CUUTTOUATOV
Kot ™G O1dyvmong g I, pe pécso ypdvo didyvoong 1-2 £n petd v REAvVIoN TOV
ocvuntopdtov. ‘Eva peydho mocootd achevov epgovilel avamvenoTikd GUUTTMILOTO
apKETA YPOVIA TPV otd TN Sdyvmor). Aedopévon OTL OVTA TO CLUTTOUOTA EVOL N
€101KA, o1 acBeveic pmopel emiong vo dloyvwoTovV EGPAAUEVA e AAAES KOPOLOKES KO
Tvevpovikég madnoets, 6mwg dobua, XAIL 1 pe kapdiokn averdpkewa1]. Zvvinbwg, ot

acBeveic pe I mapovoialovy dvomvotla katd TV doknon (SuokoAa avamrvon Katd )
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opactnpromnta), pe N yopic Enpd Pyxa. Opiopévor acBevelc mapovoidlovv
minktpodoktoda. Oco 1 vocog eCediocoetar ot acbevelg moapovoialovv oeia
OVOTVELOTIKY  €MOEivdon, ovyvd ocvvodevdpevn amd Piye kot mopetd[10]. H
eMOEIVOON TOV CUUTTOUATOV SVCKOAEDEL TOVG ACHEVELG GTNV EKTELECT] EPYUCIDV TOV
amottovV aKOUN Ko 7o TPOoTAOELd, YEYOVOS TOV 0ONYEL OE EMNTMOELS GE TOAAEG
oG ™G Long Tov acBevadv copmeptAapPovorévng TG OIKOYEVELNG, TNG KOWVMOVIKNG
CLUUETOYNG Kol NG omacyoAnons. H dwyeipion tov ocvuntopdtov kot 1

VTOCTNPIKTIKN GpovTidn eivar onuavtikd ototyeia g dtoyeiprong g L[ 11].

1.1.3 Audyvoon

H un dmopén ewdwov ocvuntopdtov kabiotd mmv ddyveoon g I éva
dvoKoAO gyyxeipnpa Yo Tovg kKAvikovg wtpovs. Emiong, moAlol acBeveig eppaviovv
oLVVVOoLPOTNTES, Kol £kTOG amd IINI, mwhoyovv kot amd GAAEG AVOTVELGTIKES Kol Un
OVOTTVEVOTIKES TOONGES OV TEPUTAEKOVY TNV 0G0EvELd TOVG, OTMG TVELHOVIKY
VIEPTOOT], XPOVILL OTOPPUKTIKY] TVELUOVOTAOELD, EUPVOTUO, YOTTPOOIGOPAYIKY|

TOAAVOPOUNOT), KAPILAYYELOKT) VOGO, OMOQPAKTIKY dmtvoto Vitvovu ko Kotafiwyn[11].

o v dyvowon g voécov amorteitor pio oelpd €EETACEMV KOl AyM
AemTopePOVS 16TOPKOV TOV 06OEVOVS, MOTE VAL UTOPEGEL O 1UTPOG VAL ATTOKAEIGEL AAAEG
mBovég artieg PEAVIONS TOV GCUUTTOUATOV (GAAES SIAUECES TVEVLOVOTIAOELES) KOl VL
emPeParvoet v vmapén e 1L OrcvvnBeig eEeTdoelc TOL TPOYLATOTOIOVVTOL, TEPQL
amd OUOTOAOYIKES, fvar 1 Lok eE€taom Tov acBevolc, SOKIUES AmEKOVIONG TOV
mvedpova  (aktvoypoeio Odpaxo -chest X-ray, oafovikn Topoypagio VYNNG

evkpivelag-HRCT), doxipacieg avamvevotikng Asttovpyiag, froyia tov mvedpova[12].

Metd to 2011, Beoniomrav ot ATS/ERS/JRS/ALAT katevBuvinpleg odnyieg
OV G€ GLVOLAGUO UE TIG ProynpikeS e€eTdoEIS, amoTeAOVV Eva ¥PNGULO OTAO Yol THV
dyvaon avorveuoTikav tadnocedv ko ewwodtepa g [ 13]. Ot katevBouvtipieg
oonyieg ATS/ERS/JRS/ALAT avagépovtol oTiC KOTELOLVINPLES YPOUUES KAIVIKTG
TPOKTIKNG TOL £YOVV avanTLYOEL Amd TECTEPIG LEYAAES OVOTVEVCTIKEG ETOPELES: TNV
Apepwcaviky Qopaxikn Etapeio (ATS), v Evponaikn Avarvevotikny Etoipeia
(ERS), mv lormoviky Avamvevotikny Etapeio (JRS) xor ) Aatwvoapeptkovikn
Oopakikr] Etapeio (ALAT). Ot ev Adym katevBuvtnpieg YpOUUES OTOGKOTOVY GTNV
TOPOYN TEKUNPLOUEVOV GLOTACEWMV Y10, TN O1dyveon, T Bepaneio kot T dwayeipion

SLPOPOV AVATVEVGTIKMOV TAONGEMV KOl KOTAGTAGEMV.
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Ot xotevbuvTpleg YPOUUES avamTOYONKOY HEGH LG OVOTNPNG OdIKACTOG
oL TEPMOUPAVEL  GLOTNUATIKY OvaoKOTNon G Owbéoung Piproypaeiag,
agloldynon g moTNTag TV 0edoUEVEOV Kot dlotHnwon cvotdoemy pe Bdon ta
KoAOTepa  Swbéoyo  otoyeio. Ov  kotevBuvinpleg YPOUUES  EMIKOLPOTOLOVVTOL
taxtikd[14] dote va avtikatontpilovv Tig e£eMEELg 6TOV TOHEN KO TIC OAAAYEG GTNV
KMvikn  wpoktiky. Ot kotevBoviniplec  YPOUUES  KMVIKNG — TPOKTIKNG
ATS/ERS/JRS/ALAT koAdmTouv €va €0p0 QACLO. AVOTVEVSTIK®Y TOONGEWY, OTMG TO
doOua, n xpovia amo@paktikn Tvevpovorddeia (XAID), n Wdrorabng Tvevpovikn ivoon,

1N TVELHOVIKY] EUPOAN, 1 dmvotla HTTVOL Kol 0 KapKivog Tov TveEDHOVO, HETAED GAA®V.

Ot ATS/ERS/JRS/ALAT xoatevBuvtipleg odnyieg mopéYouv TEKUNPLOUEVES
GLGTACELS GYETIKA LE TN Odyvewon, v a&oddynon kot tn dwyeipon g I Ot
00MYieg TEPLEYOLV EVOTNTES Y10 TOV OPIOUO KOL TV EMONUOA0Yia, TN 6Tadlomoinon,
O yv@o), Toug TapayovTeg KvduVov, T 16TOPIKO, TNV Tpdyvmaon, ) Bepaneio kot Tnv
mapokorovOnon g mopeiag g vocov. Ta Tic evotnteg didyvoong kot Oepaneiag,
epapuoomnke o pedodoroyia Baciopévn oe ototyeioc GRADE ce popen epotiocmv.
[Na k4B epdon ddyvoong kot Bepaneiag, n emrpon Pabuoidynce v modtnra
tov owbécipov otoyeiov (bymin, pétpua, younAn N moAv younAn)[13]. O erionuog
optopdg g I pe Pdon v odnyia eivar: «po 101K LOpET| YPOVING, TPOOSEVTIKTG
WOTIKNG Odueong mvevpoviog Gyvootng outiog, mov eueovifetor kvupiog o€
nAuklopévoug  evilikeg, meplopiletor otovg mvevpoves kot oyetileton pe 1O
16TOTO0OAOYIKO M/Kal OKTIVOAOYIKO TPATLTO TNG cLviBovg dlapecNg TVELHOVING
(UIP).» Ot 00nyieg eMKEVIPMOVOVTOL ETIONG OTNV oNpacio TG aEoViKNG TOHoYpaeiag
vyning evkpivelag (HRCT) ot didyvoon g I, og éva ovoclaotikd ctotyeio tov
dwyveotikod aiyopiBuov[15]. Me Baon ta svprjuata g HRCT, 10 anewoviotikd
potifo pmopet mepartépm va yapoktnpiotel og potifo suvnovg didpeong Tvevpoviog
(UIP) " potipo UIP", "mBavo potifo UIP" v "dev cuvddet pe to mpdtumo UIP". Av ko
n Betucn mpoyvootikn aéia pog drdyvoong HRCT g UIP eivar 90% £wg 100%, ot
acBeveig pe peréteg HRCT mov dev mapovsialovv 1o tpdtumo UIP pmopel va €xovv
akoun otoroywikny Odyvoon UIP ot Pooyia mvedvpova[l4]. Me Bdon 115
EMKOPOTONUEVEG  00MYIEG OLVIGTATOL OLPOPETIKY) TPOCEYYIoN  €EETAONG KO
Oepamneiog pe Paon to av o acBevig £xet HRCT pe potifo UIP 1 pe dapopeticd potipo
UIP[15].
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1.1.4 Mopayovres Kivovvov Yo v ep@davien g I

1.1.4.1 T'evetkoi lapayovreg

[Tapodro wov n I Bewpeitan vOcog dyvootng artioloyiag, moAlomiol yevetikol
Kot meppariovikol mapdyoviec cvoppdirlovv oty guedvion s H mapadociokn
droyn ot n III elvar g omopadikn vocog dyvwotne autioroyiag mwov meptopileton
GTOVC TVEVUOVEG Kol TPOooPaAAel avBpdmovg peyarvtepng nhkiog, apeiopfntonke v
tedevtaio Oekaeticn amd TV KAk Tapatipnon Ot ovoamtvecetor 10 @opég
oLYVOTEPO 0 UEAN OIKOYEVEIDV MG WEPOG OGS TOAVGULGTIUOTIKNG, KANPOVOUIKNG
vOGoL TV TEAOUEPDV (GVVOpOLO Bpayéwv TeEhopepdv, short telomeres syndrome STS).
EmumAéov, 10 yeyovOg OTL OPIoUEVES LOPOES SIALLECT|S TVEVILOVOTAOELOS OLVOTTOGGOVTOL
o€ TOAV veapn nlkia (modikn owdpeon mvevpovondOeta, children’s interstitial lung
disease-chILD), mapeiyav evoeilelg yio v vmopén KANPOVOUIKNG CLUVIGTOCOG GTHV

ITI1[16].

O 0po¢ 01KOYEVNG TTVELHOVIKT] (VOGN YPNOLOTOLEITOL Y10l VO TEPLYPAWYEL TO
QAcHa NG WOTIKNG TVELUOVIKNG VOGOV 7OV TPOKVTTEL OO  KANPOVOUIKOLG
napayovteg[1]. H owoyevng ITII éxetr Bpebel ot0 emikevipo éviovmv gpeuvav omd 1o
1950, otav mpaypotomombnkav ot mpadteg Swyvooelg I oe movopotdTuITOLG
OLOVUOVG, EYEIPOVTAG EPOTNUATA CYETIKA LLE TNV TTOpOVGia VOGS "yovidiov tvwonc"[16].
H dmapén owoyevelokov 16TOpIKOL TVELUOVIKNG VoS amoTeLel 10YLPO TTapAyovTIQ
KvdUuvou yuo. v ovamtuén g vocov kot ywo kakn €kPacn. ‘Evac 1 mepiocodtepot

yevetikol mapdyovteg pmopei va eumiékovtatl oty maboyévela g otkoyevoig ITTI[17].

"Exovv evtomiotel mepiocdtepeg amd 20 petarraéelg (Ewova 1) o yovidia mwov
gumiékoviol otV dpovvo tov Eevioth), TNV TPOGKOAANCY] KLTTOP®OV KOl TNV
emd0pbwon tov DNA, ot omoleg €xel amoderybel Ot gUmMAEKOVTOL GTNV YEVETIKN
petadoon g vocov, oamodsikvoovtog Ott n I Bo pmopovoe va Bswpnbel o
TOAVYOVIOLOKT] VOOOG HE TOAAEC YEVETIKEG TOPOAAAYEG TOL EUTAEKOVTOL OTNV
gvooOncio g vosov, 1 omoia aPopd TNV ELPAVICT] OIKOYEVMV OALY KOl GTTOPASTKAOV

TEPLOTOTIKMV.
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1/16].
MUCSB

To MUCS5B e&ivar to yovidio mov kwdwkomotel tnv Tpmteivn mov ovoudletot
Mucin 5B, n omoia amotelel cvotatikd e PAEvvas oty avamvevstikn 006. To 2011
o€ peAétn mov mpaypatoromOnke oe owoyéveteg pe 1L evromiotnke o mepoyn tov
ypopooopatog 11pls, mov oyetileton pe v gpuedvion g vocsov. H yaptoypdenon
OV TTPOLYUOTOTTOONKE, 001YNCE GTNV OVOKAAVYT €VOC TOAVLOPPIGLOV GTO EMIMESO
Tov &vOg voukieotidiov (Single Nucleotide Polymorphism- SNP) omv mepioyn
vrokwvnt) tov MUCSB, mov €xet enidopacn otov kivouvo ep@aviong eite okoyevav
€lte omMOPAdIKOV HOPP®V 1010mafovg drapeons mvevpoviag[16]. Avtd 1o ebpnua Exet
emkupmbel Ko og GAAEG HEAETEC KOl AVTOG O TOAVUOPPIGUOG TOPOUEVEL 10YVPOG
Tapdyovtag Kivovvov yia mvevpoviky ivoon[18]. O moAvpopeiopdg avtdg, oonyel o

VIEPTOPAYMYT| TNG TPOTEIVNIC, M| omoia umopel va cupuPdiret oty avamtoén II[1].

O molvpopeiopog tov vrokivny MUCSB givar €101k0¢ yioo TV mvevpovikn
tvoon, Kabodg Oev €xel e€vIOmMOTEl OMNUOVTIKN) GLOYETION WE OAAEG TVELLOVIKES
nadnoelg. Mdota, gaivetotl va gtvol TpoPAENTIKOC Kot TPOYVMOGTIKOS TOPAYOVTOS TG
eEEMENG g ITTI, kabdg pmopel ypnoipomonel yio Tov EVIOTICUO ATOU®V UE TTPO
KAvikég popeég I Ot acBeveig pe Tov GLYKEKPIUEVO TOAVUOPPIoUO TTAPOVGLALOvV
avénpévn emPioorn mov mOavov ogeiloviol otV eVIGYLUEVN QULVE TOL EEVIOTH.
Emumiéov, n moparilayn tov vrokivnty MUCSB eaivetor va mpocdiopiletl Evav vid-

tomo ¢ I mov pumopel va dayvootel vopitepa kot £xel o koionOn mopeio [18].
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TOLLIP

H TOLLIP (Toll-interacting protein) eivor po €vOOKLTTOPIKY TPMTEIVY UE
TOWKIAEG OpACEIS 68 OAO TO GOUO. Mmopel vor AELITOVPYNOEL OC OVOGTOAENS TNG
QAEYUOVIG, MG EVEPYOMOINTNG TNG OWTOQAyiog M ¢ KPIGWog puOmoms g
evooKkLTTOPIKNG Otakiviong. Ot dlakpitég Asttovpyleg avTG TG TPOTEIVING €xouV
oLVOEDEL e TIC EUPVTEG AVOGOAOYIKEG AMOKPIGELG KO TNV OOTTMGCT TV EXONAMOKOV

KUTTOP®V TOV TVEDLOVAL.

Ot yevetwcég maporiayég e mpoteiving TOLLIP éxouv cuoyetiotel e TOAAES
xPOVIES TTVELOVIKEG TTaONGElS, cvpmepthapuPavouévng g III[19], péow coppetoyng
NG GTNV ALTOPAYi Kot TNV andnTooT). MeAETEC GLOYETIONG GE EMMESO YOVIOLDOUATOG
(GWAS) éyovv gvtomicer tpeig SNPs, (rs111521887, rs5743894 ko 1s5743890), ot
omoiot oyetilovran pe petopévn Ekppaoct e TOLLIP kot avEnpévn evaichncia otnv

ITI[1, 16, 20].
AKAP 13

Ot mapdyovteg avtailayng vovkAeotdiov yovaviving (Guanine nucleotide
exchange factors -GEF) eivon mpoteiveg | mpoteivikéc meployég mov evepyomotoHv
povopepeic GTPdogg dieyeipoviog v amehevBEpmon SPOGPOPIKNG YOLOVOGTVNG
(GDP) pe okomd v décpevon tprowcpopikng yovavosiving (GTP)[1]. H AKAP13,
glvan évag mapdyovtog avtariayng vovkieotwdiov yovavivng Rho (RhoGEF) mov
puOuiler v evepyomoinon g Rho A, popiov pe yvootd poro ce mpowvmtikd

LLOVOTLATIOL GNLOTOOOTNOTG.

e perétn mov mpayparonomdnke oe acleveic pe I, evromiotre évag SNP
(rs62025270), o omoiog epumiékel v AKAP13 g mbavd mapdyovta maboyévelag g
III, odnydvtag oe avénuévn evoicOncio 6TV vOGo Kot 6 aVENUEVN EKOPOCT TNG

AKAPI13 otov mvevpoviko 1616 achevov [1, 16, 21].
Tehopepaon Kol S10.THPN O TOV PIKOVS TOV TELOUEPADV

H tehopepdon eivon po  e€edikevpuévn  molvpepdon mov  mpocHitel
EMOVOANYELS TEAOUEPDY OTO. AKPO TV YPOUOCOUATOV. To UAKOG TOV TEAOUEPDV
nepopilel TV avomopay®YIK] KAvOTNTO TOV 10TOV Kot €xel gvoyomoindel yuo
acBéveleg mov oyetiCovran pe v nAkia[22]. To 2007, 600 aveldptntes peLVNTIKEG

OUAOEG OVEPEPOV TN CLGYETION UETOALAEE®V TNG TEAOUEPAOMG KOl TNG OVATTLENG
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owkoyevovg IITI og eviihikec. Ot peréteg Bempodoay apyikd vITELOVVES Y1 TNV OVATTVEN
¢ I pévo tic petadddéelg oty avtiotpoen petaypapdon e tehopepdong (TERT)
Kot 670 ovotatikd RNA tov cupmhokov g tedopepdong (TERC), mov eivar kot to

dv0 vtevLhLVA Y TN S1OTHPNOT) TOV UNKOVS TWV TEAOUEPDV.

21N GUVEKELD, | OVOKAAVYT) LETOAAGEE®VY o8 ToAVAPIOpa YOVidia dlaTpNong
tov tehopep®v (PARN, RTELI, DKC, TINF21), xkafiépmce 10 poLo oG TS 0000
otov Kivouvo eppdvione Il kot odnqynoe otnv avayvopion Tov TaboyeEvETIKOV
UETOAGEEWY T Yovidlo Tov oyeTilovTol PE TO UNKOG TMV TEAOUEPDV ®OC outiol
epnpaviong tov 30% tev tepmtdcewv owkoyevelakng I Ta pikpdtepa telopepn ot
COUOTIKA KOTTOPO 001 YOV GE OMOTTMOOT Kol YPOVGT KVTTAP®V, OTMG ToL KLUYEMOIKY
KOtTOpa TOmov 2 tov mvevpova (AECs), kot 6e andAelo TG avOEKTIKOTNTOG KoL TG
wKavotntog emdopbwonc. Mewwpévo pniog tehopepmv mapatnpeitot exiong oe Eva
TOGOGTO TV 6TOPAdIK®V TeptdcemV M1, aAdd og Aydtepo and to 2% TV eviAkov

acOevav[16]
Lovidwo oyeTilopeva pe emMPavel0dPaSTIKES TPOTEIVES

Ot emeavelodpootikeg Tpoteiveg (surfactant proteins) mopdyovrol Kupimg oTov
vedpova and to Kuyeldwkd kotrapa tomov Il ko eivon {otikng onuaciog yo v
KOWEAMOIKT OpoOGTACT|. ATEAELOEPDOVOVTUL TNV KUKAOQOpPia LETE amd TPAVLOTIGUO
Kol oe acBévelec. Ymapyovv 4 TOMOL EMUPAVEIOOPUCTIKOV TPOTEIVOV YVOOTEG MG

SFTPA, SFTPB,SFTPC,SFTPD

MetaArhdEelg oto yovidio mov kmokomotel otnv SFTPC odnyodv og owoyevn
TVELUOVOTTAOELDL e TTOAD DYNAN SIEIGOVTIKOTNTO GE OAEC TIG NAKIOKES OUAOES, Ko
GUCOCMPELCT NG UETOAAAYUEVIC TTPOTEIVIG OTNV TAACUOTIKY HEUPpdvn péc® pun
(QULGOAOYIKNG avaKOKA®ONG and Ta evoosmpata. Ot petadraéelg tov SFTPA2 won
SFTPAT1 odnyodv og pE®UEVT EKOPOACT] TOV TPOTEIVAV, 0ONYDOVTOG GTNV OEGELGN
toug amd T AEC2, kot cvoyetiCovion pe gavotomo ILD oe peydheg owoyéveleg pe
TOANOTAG péEAT. MetoAAdEelg oto yovidlo mov kmdkomotel tv SFTPD dgv €youvv
evromotel oy IIII, evd petodidéels oto yovido mov kwdwkormolel v (SFTPB)

cuvoéoviat cuviBmg pe veoyvikd RDS (Respiratory distress syndrome)[16].

1.1.4.2 Ilgprparrovrikoi [Mapdyovreg
Apketéc mepiParlovtikég eKOECELS 01 0TTOiEC GTOYEVOVV TO TVEVHOVIKO ETONAL0

avédvouv tov kivovvo gpedviong I To mepioodtepa dedopéva cuoyetiovv To
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Kémviopo TOG0 pe TV omopadiky] 6co Ko pe v owkoyevh IIII. ITapdio mov to
Kamviopa 0ev amoteAel atio, avfdvel Tov Kivouvo euepaviong tg vosou, g 0 KHPLOG
apdyovtag Kivdhvov. EmmAéov 0dnyel o eUAVIOT EVIOVOTEPMY GUUTTOUATOV KOl

HELOVEL TNV Agttovpyio TV TVELHOVOV[23].

O avénuévog kivovvog eppdviong g I, cvvdéeton emiong pe oplopéva
EMOYYEALATO OTOG 1 YE®PYIO KoL 1) KTNVOTPOPia, KaOMG Kol 6€ EXayyEAUATO GTO, OTTOT0L
vrdpyel £kBeon oe okOVn EVAOL, GKOVT LETAAAWV, GKOVT TTETPOG Kot Tupitio. Emiong,
n ékbeon oe avEnuéva emimedo OTHOGEAIPIKNG pOTOVONG £xel ovvoebel pe v

avENUEVN eminTmon kot Ty avénuévn Bvnodtto g I 1].

ApKeTéC LEAETES EXOVV EMIONC TPOTEIVEL TNV EUTAOKT| TOV 1OV 6TV TaldoyEveln
g L. T'o mapdostypa, o 16¢ Epstein-Barr (EBV), éxet aviyvevbel 610 kuyeldikd
emONAo acBevov pe Il Emmiéov, ota AEC2, AavBdvovieg avBpomvor gpmnroiol
oLV gvtomilovTal e OEIKTEG TOL GTPES TOV EVOOTAAGLATIKOD O1KTHOL, 1| OTToia Eivor po

dwdkacio mov €yel cvoyetiotel pe v maboyévero g 1L

Meléteg mov a&loAoyovv to poro Tev Baxtnpiov otnv maboyévela g I eivon
akopo oe mTpOo otddto. Ot mvedpoveg tov acbevov pe ITIT €ovv vymAdtepa
Baktnplaxd goptio Kot SNUOVTIKEG SLOPOPES GTN GVVOEST] KO TNV TOIKIAOLOPPia TmV
pikpoPiov oe oOykpion pe to dtopo eA€yyov. Ztovg acbBeveig pe I, €xouvv
nmoapatnpnfel avénoelc oe  ddpopa  dvvntikd maboydva  Paxktipir Onwg O
GTPENTOKOKKOG KOl O OTAPLVAOKOKKOG. Eivar onpovtikd 01t avtég ot petaforés ota
PKpOPLo TV TVELUOVDV, EYOVV GLGYETIOTEL te KAVIKOUG delkteg TG eEEMENG ™G
VOGOV KOl LLE TNV 0VOGOAOYIKY] AtOKPIoT ToL Eeviati). Tnv mporyovuevn dekaetia, ot
UIKPOATOPPOPNGELS TOV YAGTPIKOV TEPIEXOUEVOL ExovV TpoTadel g dAAn mbavi cutio
pdxAnong PAAPNS oto Tvevpovikd emBnAiov Tov aclevav. Ilpog vrostpién avtng
™G OVTIANYMG, O emmoAACUOS NG YOOTPOOIGOPAYIKNG TaAvdpOUnong sivor
avénuévog oe aoBeveig pe L. Av kot 6iot avtol ot mapdyovteg kivdvvov O
umopovcoav vo copParovy oty emOnitakn PAGP, amoattodvion TEpoUTEP® GTOKELN
Yl va vtooTnpyOet o ontidddng oyéon HeTa&h 0mTol0VONTOTE TAPAYOVTA KIVODVOL Kot

g maboyévelog 1 TS eEEMENG T vooov[10].

1.1.5 Xvovomapyovoeg vooor (Comorbidities)

Ot cLVVTIAPYOLGES VOCOL TOL OPOPOLY TOVG TVELUOVEG 1 GAAO Opyavo,

avayvopilovioar 0A0 Kol TEPIGGOTEPO MG CNUOVTIKOG TOPAYOVTAG TPOYVOONS OE
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acBeveic pe III[10]. Zmv avalimon tov véov Bepamevtikdv emioydv oty 111,
KaBioTaTon OKOUN O CUAVTIKT 1) KATOVONOT TOV KPIGIUL®Y GLVVOCT|POTHTOV, KOOMG
emnpealovv onuavtikd tv mowdtnta {ong kot v emPioon[l]. Meiétm mov
npaypatonomOnke oe aceveig pe I katéoeie 6t to 12% 10v acbevov dev elyav
Kkapio cvvumdpyovca achévela, eved 1 mAsoynoeio (58%) tov acbevov giyav 1-3
cuvwvoovpotntes evd to 30% eiyav 4-7 ovvombpyovoeg mobnoeig[24]. Ot

ONUOVTIKOTEPES OO TIG GLVVOGLPOTNTEG TTOL €YoV GuoyeTiotel pe v I giva:
JOVOTTAPYOVGES VOGOL TOV TVEDIOVO,

ATO TIG TVELHOVIKEG GLVVOGUPOTNTES, T TVELUOVIKN 1 vaéptacn &ivor m
KOADTEPO, YOPOKTNPIGUEVI- O EMMOAOGUOC TNG TOKIAAEL LE TO TOGOGTH VO
xopaivovror oto 30-50% tov acBevav[10]. H [Tvevpovikn vréptaon €xel emainbevtel
oto 14% tov acBevov pe I ko Mmoo €og pétpia peimomn TG TVELHOVIKNG
Aertovpyiog, kot 610 30-50% tov acbevav pe mo mpoywpnuevn IIII[1]. H napovsio
nmvevpovikng vréptaong oe acBeveig pe I, oyeriCeton pe peropévn empPioon, pe tig

dwbéopeg Bepamevtikég dokég vo unv givan emruyeig[10].

Eppoonua xavn Xpovia Amogpoaxtiky IlvevpovomdBeion (XAIID) &xouvv
avaeepBei oto 6-67% TtV acbevav pe I, avaroya pe ta facicd opaKTPIoTIKE TOV
mAnBvopov g pnerétng [24]. H cuvimapén eppoonuotog kaun XAIT pe I propet va
oonynoet o€  cofapdteEPO  OVOMVELCTIKO GULUTTOUOTO, TOYVTEPY TTMOTN 1TNG
TVELLLOVIKNG Agttovpyiag Kot xepdtepn €kPaon 6 CUYKPION LE OTOIONTOTE OO TIG
dv0 vocovug puovn me. EmmAéov, n mapovoia gppuonpatog oe acBeveig pe I propet
va tepumhééet ) dudyvoon kot ) dayeipion g I, kaBdg o1 dvo vocor pumopel va

£€XOVV EMKAAVTTOUEVO KAMVIKA KOl OKTIVOAOYIKA YOPOKTNPIOTIKA[ 1].

ApKeTEC PEAETEG OVAPEPOVLY ALENUEVT] ETMTOON KAPKIVOL TOV TVELHOVO GE
acBeveic pe II1, pe tov emmoiacud va kopaiveton and 2,7% éwg 48%. H niucia kot to
KOTVIOUO. €YOVV OVOYVOPLIOTEL G TOPAYOVTEG GLOYETIONG WETOEL KOPKIVOL TOL
nvevpova ko I H éykaipn avayvopion tov kapkivov oe acBeveic e I gaiveron
va gtvan {otikng onuaciog yio ykaipes Bepamevtikés mapeppaoeg[25]. [Hapdro mov
10 adevokopkivopa ival o cuyvOTEPOG THTTOG TOL KOPKIVOL TOV TVEVLOVO GTO YEVIKO
TAnBvcud, o mo cLYVOS TOTTOG KaPKivov Tov cuvavtdton og acBeveig pe III eivon to

TAOK®OES KapKivopa[25, 26]. H d1dyvoon Tov kapkivov tov tvedpova o ac0eveic pe
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ITII €yel onpavtikd apvnTiKod avTikTuTo oTNV EMPIMOT, 1e £0¢ Kol S popEg vynAdTEP

Ovnowomra[l, 27].
TOVOTTAPYOVGES VOGOL GALOV 0PYAVOV

Awping

O ocokyop®ong OwPnTng OVIITPOCOTEVEL TNV MO OCLYVE GLVOVTOVUEVN
€VOOKPVIKT cuvvoonpdtnta o acbeveic e IT1I, pe Tov emmoiacuod vo kopaiveTot amd
10 émg 39%][28]. Ta dabéoia dedopévo vITooTNPIlovy THV CLGYETION UETOED TOL
ST Ko TG TVELUOVIKNG AEITOLPYIRG, 0AAG O aKPIBG UNYAVICUOG TG CLGYETIONG
elvan acapnc. ITiotedeton OTL 1| TapOTETAUEVT] VITEPYAVKOLLIC GTO COO TPOAYEL TV
avamTuEn TVELHOVIKNG {voong, eite péowm Aqueong PAAPNS TV KLYEMOWK®V
emOnlokav kuttapov (AECs) eite ocvppetéyoviag otn omupiovpyio. GAA®V Tpo-
QPAEYLOVOODOV KOl TPO-IVOTIKAOV TopayOvVI®mV. AvaAcelg £xouv 0gi&etl OTL o1 eVAKES
pe dwafnn mapovctdlovv perwpéves mvevpovikeg Asttovpyies (FVC) oe ovykpion pe
TOVG EVIAIKES Ypig drafritn, aveEaptnta and tov AME kot to kdmviopa[29]. Av kot o
vedpovag dev glvatl 1o KOplo dpyavo TV SPNTIKOV ETTAOKOV, ol acbevelg mov

TaoyovV Kat omd TIg dVO achiveleg avapépovy emdeivmon g Tpdyvmong[30].

I'aotpoorcogaywkn Iaivopopnon

H yaotpooicopayikn maivdpounon kot 1 wonadng mvevpovikn ivoon sivat
000 TOBOAOYIKES KATAGTAGELS TTOL GLYVA GYETILOVTaL GTEVA, 0V Kot dev €xel omodetyDel
0 TpOTOG. Meléteg delyvouv 0TL 1 vOGoG elvar o cvuyvn o€ acBeveig pe I an' 6,11 6T0
veViKO TAnBvopd. Opoimg, oe pa peAétn tave and 100.000 atopwv pe olcopayitida,
0 EMIMOANCUOG TNG TVELVHOVIKNG tvwong NTav onuavtikd vynAdtepog amd 6,Tt GTOVG
vYteig paptupes. Téhog, N eninTOOT TG YAGTPOOIGOPAYIKNG TAAVIPOUNCNG QVEAVETOL

cuveydg otoug acBeveig pe ITII[31].
Amo@paxTiKn drvola

H amogpaktikny dnvola vmvov (Obstructive sleep apnea, OSA) extipdron o1t
eppaviletan oe mepimov 20% tOV NAKIOUEVOV  EVNAMK®V. Xe pEAETN TOVL
npaypatoromOnke oe acOeveig pe I amodeiynie 4t1 1 GLVTPUTTIKN TAELOVOTNTO TWV
actevav (88%) eupdvice dmvola. H dnvolo gaivetor o¢ po wiaitepa 6100ed0pévn
cvvvoonpomra oty I kot wpoteivetan dAot ot acBeveic pe I va eEetdlovran yo

dmvola[32].
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Koapdwyyerokég madnoeig

Ot kapoayyetakéc madnoeig (Cardiovascular Diseases,CVD) eivar po opdda
nodnoewv mov emnpedlovv v Kapdd Ko to opoeopa ayyeio. H I wor ot
Kapdlayyelakég mobnoelg potpdloviot apkeToHs KOovg Topdyovteg Kivovvov, Ommg To
KAmviopa, 1 nAkio Kot to avopikd evAo. EmmAéov, pedétec éxouv damotdoel 0Tt ot
acOeveic pe I éxovv avEnpévo kivouvo eLeAviong KOOy YEIK®Y 0GOEVEIDY KOl TO
avtiotpo@o. Ot punyoavicpoi mov oémovv 1 oyxéon petosy I ko CVD dev givan
ATOADTMOC GOPELS, AALA TIGTEVETAL OTL 1] XPOVIOL PAEYLOV Kol TO 0EEIOMTIKO GTPEG TOV
oyetiovror pe v Il pmopel va copfdariiovy oty avarntvén twv CVD. Opoimg, M
CVD pumopet va mpokorécel vro&io 6Tovg TVEDOVES, 1 OTOl0 LTOPEL VO ETOEIVAOOEL
ta cvpmtopato g L. H dwyeipion g cvvundpyovsog CVD oe acBeveig pe 111
elvan amoapaitn, kabog pmopel va Peitidcel t16co v mordTNTa (NG OGO Kol T

GLVOMKY Tpdyvmon[24, 33].
Aoipoén ané gprnToio

Orwoi etvar yvootd 011 mailovv poro oty avdamroén g I kot propovv eniong
Vo AELITOVpYNoovV o¢ cuvvoovpdttes. H ypdvia 1oyevig Aolpnwén, dimg amd uéin g
OWKOYEVELNG TOV €PTNTOTI0V, £xEl TPOTaBEl MG unyaviopds e Tov omoio To. KuyeAdKd
emOnALoKd KOTTOPO UITOPEL VO DVTTOGTOVY ETAVOAUUPOVOUEVO TPOVUATIGHO TOV 00T YEl
oe amopvOucpévn anodkpion emodOpbwong oty III. Etov mvevpovikd 16td Kot 6Tov
op6 acBevav pe I dametdbnke 611 10 97% avtov Bpédnkav Oetikol oe TovAd IGTOV
évav epmntoid (10¢ Epstein-Barr (EBV), xvttapopeyaroiog (CMV), avBpomivog
epmrtoidc-7 (HHV-7) kot o avBpdmivog epmntoidc-8 (HHV-8)), oe chykpion pe 10 35%
TV atopwv eAéyyov. EmmAéov, peiétreg éxovv dei&el 011 o1 gpmntoiol, pmopel va

dwdpapatitouv poro otnv avartvEn Ko v e&EMEN g ITT1[34].

1.1.6 Eykekpwuéves Oepameieg

H nopeia g 1d10mabovg Tvevpovikng tvoong eivar cuvnbmg aveEédeykn kot
TPOOSEVTIKA EMOEVOVUEVT], YOPIGC VO VOPEPOVTAL AVTOUATES VOEGELS. O HEGOG YPOVOG
emPioong tov achevov kopaivetor petadd 4 Kot 6 ETOV amd T oTLyH| TG Sy vVmoT|G.
H petapdoyevon nvevpdvov gival n povadikn emioyn Bepaneiog mov £xetl amoderydet
o0tL wpelel tovg acBeveic. [Tapd v TANODPA TOV peEAeT®V TOL £YOLV YiveL TPOG TNV
KatebBouvon ™G QopHaKeVTIKNG Bepameiag, dev €xel avakaAvedel Oepameio mov

amodedetypéva va Bedtiovel v emiPioon towv acBevov pe I To yeyovdg 6t
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nmofoyévela G vooov dgv elval amoOAlvto Kotavonty mbovotate Vo omoTEAEL
OVOOTOATIKO TOPAYOVTO GTNV EVPECT] AMOTEAECUOTIK®V Oepameiwv[35]. Xtig mbavég
Oepamneiec g Il meplapfdvovior To KOPTIKOEWY, OVIL-VOTIKOT Kot GALOL

TAPAYOVTEG, Ol 00101 AVAAHOVTOL TOPAKATM.
Koptikogion

To okentikd Yoo TN YOPNYNON TOV KOPTIKOEW®V E€IVOL 1 KOUTOGTOAN TNG
KoyeAiToag. O axpiPrig UNyaviordg e To 0moio To KOPTIKOELDTN ETOPOVV GTO KOTTAP
™G QAeyHovng dev etvar yvwotog. TTioteveton 0Tl KATOoTEAAOVY TN UETAVAGTELON
0VLOETEPOPIA®V KOl AEUPOKVTTAP®Y GTOV TVEVIOVA, SLOPOPOTOLOVV T AELTOVPYI TOV
pakpo@dymv Kot ennpedlovv TV TPoGKOAANCT TV 0VOETEPOPIA®V GTO EMONAL0. X
TaAOTEPEG UEAETES, QaiveTal OTL TePimov TO éva Tpito TV 0chevdV Le OAUETES
nvevpovondOeiec mov AapPdvovy koptikoedn Pedtidvovtol36]. Nedtepec pelétec,
&xovv deiket OTL Ta KOpTIKOEWN dev Pertidvouy v ékPacn tov acbevav pe ITIT kot

umopet oV Tpaypatikotnta vo tvon emPrapn[37-41].
Iipeevidovn

H mpeeviodvn eivar to mpdto gdppako mov eykpidnke and tov Evpomaixd
Opyavicpo Gapudkov (EMA) (2011) v t dwaxeipion g 810mafovg mvevOVIKTG
tvoong[42]. Eivon pa cuvBetikn| évaoon mov yopnyeiton amd to 6TOUO TOV OOKEL avTi-
WOTIKEG, OVTIPAEYLOVAOOEIS Kol aVTIOEEIOMTIKEG 1010TNTEC[43]. Apa GOV OVOGTOAENS
KWvlong, ovaoTEAAOVTAG TNV £KQPPOOT TPO-WVOTIKOV ouENTIKOV  mopaydvioy,
coumeptiappavopévov tov TGF-B1, mov amotelel Tov KOPLO TPO-VOTIKO TALPAYOVTO.
ov gumAékeTon otnv mwaboyévela g voocov. Oomyel emiong omv avacTOAn TNG
TOPOYOYNG KOl ATEAEVOEPOONG PAEYLOVOODV KLTTOPOKIVAOV, OT®G TOV TopiyovTo
vékpwong oykwv-o (TNF-a), tov epmiéketat evepyd otnv AeyovT. ZopPariet emiong
oV peimon g vrepoleidmong tov AMmdiov Kot Tov 0EemTIKOD otpec. MeAéteg
OTOTEAECUATIKOTNTOG TOV QPOPUAKOL £0e1Eav OTL M TPEPEVIOOVT] EMPPAdVVEL TNV
eEEMEN ™C VOGOL KOl PELDVEL TOL COUTTOUOTO TOV OVOTVEVGTIKOL o€ a.oeveic pe
[ 11]. EmmAéov, n Oepameia pe mpeeviodvn oyxetiCetor pe peiowpévo kivovvo
Bvnowotrog[44]. [apdro mov 10 PapaKo aiveTal vo Tapovctdletl Evo OQehog 6TV
peiwon g e€EMENG TG VOGOV, 1 xpNon TS TPEePOOVNS Ba Ttapovsiale mpayuaTikd
0pelog Yo Toug acBeveic pe M1, av elye enidpaon kot otnv emPiowon 1 otV peimon

g emdeivaong g vosov[43].
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Nintedanib

To Nintedanib &ivatl évag TpmAdg £VOOKVTTOPIKOS OVOGTOAENS TUPOCIVIKMV
KWVOO®MV, TOL OVOGTEALEL TNV OPAGCT TOV TOL VTOSOYEN TOV OYYELKOD £VO0ONALakoD
avénrtikov apdyovra 1-3 (VEGFR1-3), Tov vmodoyéa tov avEntikod Tapayovio Tmv
woPractdv 1-3 (FGFR1-3)Kkat Tv vrodoyéwv a kot B Tov avéntikod Tapdyovio Tov
npoépyetol and to aonetdio (PDFR a, b). AvactéAloviog tnv dpdcn outdv TV
vTodoyEmV, To nintedanib wapepPaivel oe d1APOpES dlepyacieg mov Exovv evoyomon el
v v maboyévelo g I, cvunepthapfovopévovr tov TOALUTANGIOGHOD KOl TNG
UETAVAGTEVONG T®V WWVOPANCSTOV TOL TVELHOVO KAOMG Kol TNG SPOPOTOINGoNS TV
woPAactdv og pooivoPAadortes. Toco to nintedanib 660 kot 1 TPEeVIOGHVN UITOpoLV Vo
ypnoonomBoiv pe acedieia oe acOeveic pe I ko petodhderc mov oyetiCovran pe
TO UNKOG TV TEAOUEP®V, TOPOLCLALOVTAG EVEPYETIKA ATOTEAECUATO OTOV OgikTn
FVC[45]. To nintedanib gaivetat emiong va £xel 6perog o1 Bvnopomta tev achevaov

ue ITTI[44, 45].

Ov ATS/ERS/JRS/ALAT xoatevBuviipieg odnyieg tov 2015 cvvéotnoav 1
TaVTOYPOVN SLVNTIKY ¥pNoN Tov nintedanib poli pe v TPEevIdoVN. Elvarl onuavtiko,
va yivetal N TPooappoyn TG 06onG He BAcn TV avekTikOTNTa Kol vo oyeTiletan pe

Bektiwpévn coppdpemon[10].
AvTIHETAOMION TEPQ OTO TNV QUPROKELTIKY Ogpaneia

H dwayeipion g I amartel prio toktikn mpoc€yyion, e TaKTikéS a&loloyNoelg
Kot cvuvovaoud ™G appokobepaneiog pe un eoppokodepamevtikés pebdoovg. Ot
KupLoTePEG PEB0OOL, TEPA OO TNV PUPUAKEVTIKY] OLY®YT], TOV YPTCLOTOLOVVTOL GTNV
avtpetomion g I eivon 1 Tvevpoviky| amoxatdotaon 1 Oepancio pe o&vyodvo kot

LETOUOGYELGT TVEDLLOVOL.

H mvevpovikn amoxkotdotaon oamotehel pépog G dwoyeipong kot g
dTPNoNG TS VYELNG TOV ATOUMV UE XPOVIEG OVOTVEVGTIKES VOGOVG TOV TOPAUEVOVY
CLUTTOUATIKOL 1] cLVEXILOLV VO £XOVV UELOUEVT] TVELLOVIKY| AELTOVPYio. TOpd TNV
kabepopévn atpkn Oeponeio. Ta amotedéopota oe acOeveic pe 111, vmodnidvovv
OTL 1 TVELLLOVIKT] OTTOKATACTOON TAPEYEL OPEAT] Y10 TOV OPYAVICUO TOPOLOL0 LE EKETVAL
NG TOV TOPATNPOVVTAL OTN XPOVIO AToPPOKTIKN Tvevpovoradetla (XAIT). Qotoco, Ta

EVEPYETIKA OMOTEAEGLOTO TNG OOKLUNG TTopaTPNONKAY AUECHS LETA TNV OAOKATP®OOT)
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TOV TPOYPAULOTOS OTOKATAGTACTG KOl TO KOTO OGOV TO. OQEAT OWTE UTOopoLV Vo

dtatnpnBovv Yo peyardtepo drdotnua eivon acapég[10].

Agv vrdpyovv dedouéva mov vo cLGYETILOVY AuEGH TN YPNOT UOKPOXPOVIOG
cvumAnpopoTikng Oepomreiog o&uyovov oe acBeveic pe IITIL TToAld droupa pe I £xovv
QLG10A0YIKG emtimeda 0&uyOdvoL og npepio aALd Ta eTimeda AVTAE YPIYOPO LELDOVOVTOL
Katd v doknon. H ypron o&uydévov katd tnv Kivntonoinomn tov aclevov 1 KoTd T
olapKeln GALDV OpacTNPLOTHTOV UTOPEL VO PEATIOCEL TNV KAVOTNTO AGKNONG Kol VoL

avaKoveicel T dvomvola 6e o Tovg Tovg acBeveic[ 10].

Agdopévnc g aviatng evong g III, n petapdcyevon Tvedpova evosikvutan
cuvnBog Yo acBeveig pe pétpra Eog soPapn popoen L. H niwia tov acBevov ko n
OmapEn GvvvoonpoTTOV, KOOIGTOOV TNV UETAUOCYKELCT PEAMOTIKY OepamevtiKn
EMA0YT LOVO Y1 piol petoymeio avtmv. O ypodvVog Yol TNV TOPOTOUTY| KoL TNV EIGAYWOYT
Y0 LETAUOGYEVGT TVELUOV®V TAPOUUEVEL TPOKANGT AOY® TNG LEYAANG HETAPANTOTNTAG
oV KAMVIKN mopeia, Tov TPocsdoKov emPiwong oAAd Kot TG Toyelog KAVIKNG
emdeivoong. T toug Adyovg avtodg givar amapaitnn 1 £yKopn TOUPOTOUTY| KOL 1)

6TEVT] TapaKoA0VON o TV VTOYNPi®Y aclevav Yo peTapdcyevon mvevpova 10].

1.1.7 Ogpameics 6€ KMVIKES OOKINES

H é\iewym amotedespatikng Oepomneiog 6€ GLVOLAGUO LLE TNV GPOOPATNTO TNG
g I vrodnidvouv 1 cuvexllopevn Kpiciun onuoacio TV TPOcTAHELOY Yoo TNV
avakdioym eoapudxkmv. O eviomopnog véwv otdoywv yio ) Bepaneio g I amontel
oo KOTovONon TG TafoyEVELag THG VOGOV, TMV YEVETIKMV TopayOVIOV KIvODVOoL Kot
TV deKTOV e£€MENG ™G vocov. H avénom g yvadong 6tovg mapomdve TOUEIS
odnynoe otV avénon twv popimv mov Bpickoviat 6 KMVIKES SOKIUES Yo TNV Oepameio

g II1I.
BLooctoxkvTTOpO

Ta peoeyyopotikd Practikd kottapa (mesenchymal stem cells, MSCs) eivau
TOAVOVVOLLO KOTTOPO TKOVA VO SLOPOPOTOIOVVTOL GE O1BPOPES KVTTAPIKEG GEIPES KO
VO 0OKOUV OVOGOTPOTOTOIMTIKEG KOl OVTIPAEYUOVDOELS emdpdoels. H wkavotnta
TOALOTAQGLOGLOD KOl HETOVAGTEVOTG TOV SlaBETOVY KaOMDS KOl 1 0VOGOTPOCTUGIN
OV TOPEYOVV, EYOLV OONYNOEL GE EPELVNTIKEG TPOOTADEEG Yoo BepamenTikég

€QUPUOYESG o€ drapopeg achéveleg. Ot épevveg VITOGTNPILOVV TIG OVOGOTPOTOTOINTIKEG,
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OVTLPAEYHOVDOELG KO SUVNTIKE OVTI-IVOTIKEG 1010TNTEC TV MSCs Ko Yo, Tig 1010TNTES

avTéG OV drbETovY, Bempovvtol vrooyoueveg yia TV Bepamneio tng ITII.

To MSCs @aivetonr vo aoKoOV aVIIPAEYUOVAOELS, OVOGOTPOTOTOUTIKES KOl
AVTUVOTIKEC EMOPACELS GTNV TEPLOYN TNG TVELHOVIKNG PAAPNC o mEPAUATIKA
povtéa. Ilpo khvikég peréteg Exovv dei&el 61t ta MSCs givorl amotelecpatikd ot
Bepamneio Ko TV TPOANYN TG tvwong tov tvevpdvov. Iop' 6l avtd, Tapapévovv
apeiporiec oyxetikd pe  OpactnpotTo Twv MSCs &vidg TOL TPOIVOTIKOD
pikpomepiBdArovtog. O tpmtec kKMviké pedéteg twv MSCs og acBeveig pe I Exovv
ogiéel ehmdopopa Poeid acedrelng. EmumAéov, pelétec evooeAéPrag yopnynons
MSCs, dwomictwoay 6Tl 1 YopNyNoN NTAV 0oQUANG Ge ATopa. [e PHETPLUG coPapdTnTag
III. Tlapéro mov ta omoteAéopota S yopnynons MSCs oaivovtor TOAAG
VROGYOUEVO, OPKETEC TPOKANGEIS 0TO KAWVIKO mepifaiiov Omwg M PBéATiotn mnyn
MSCs, 1 000¢, 0 apBudc kot 0 xpodvVoOG YOpNynNons, Kot To KUTAAANAO S0GOAOYIKO

diotnua, mpémel va a&loAoyndovv[46].
FG3019/Pamrevlumab.

O avéntikdc mapdyoviag tov cvvdeTikov totov (Connective tissue growth
factor, CTGF) givan po ekkpvopevn yAvkonpoteivn mov mapdystot amd diipopovg
TOTOVS KVLTTAPWV, GUUTEPIAAUPOVOUEVOV TV VOBAAGTAV, TOV HVOIVOPANCTMOV Kol
tov evdodnhoakov kuttdpov. O CTGF aAlnioemidopd pe didpopo pviuoctikd popia,
OTMG 0 HETACYNUATIOTIKOS avénTikog mapdyovtag B (TGF), ko vodoyeig 6Tmg ot
WIeYKpiveg, AeltovpydvTag o¢ Pacikods puOcTg S10pOp®V KLTTAPIKOV OTOKPIGEWDY,
oLUTEPIAAUPAVOLEVIC TNG TPOGKOAANGNG KOl LETOVAGTEVONG, TNG EVEPYOTOINGNG TMV
pooivoPractdv, e evandbeong eEOKVTTAPLOG UTPOS KOL TS OVOSIOUOPPDOTG TV
otav. [oapdro mov o porog Tov CTGF eivan ev pépetl katavontds- wotdco, eivor kadd

TEKUNPLOUEVO OTL EUTAEKETOL GTNV TAOOYEVELN TOV VOTIKOV 000eveEIDV[47].

To pamrevlumab (FG-3019) eivar éva mAnpoc avOpdmivo avacLVOLAGUEVO
povokAovikd avticopa évavtt tov CTGF. Xe pedéteg mov mpaypoatomomOnkay ce
nmovtikia, M yopnynon tov FG-3019 avéotpeye tnv mvevpoviky ivoon petd v
YOPNYNON UTAEOHVKIVIG KOl OMOKOTEGTNOE TV TVELUOVIKY| Agttovpyia. EmmAéov, n
yopnynon tov pamrevlumab peiwce v ékppacn yovidiov mov oyetilovtal pe v
aVASIOUOPP®ON TNG EEMKVTTAPLAG UM TPaG KOODC Katl tnv emayopevn and tov TGF-B

emnAlokn oe peceyyovpatikny petdfoon. Meréteg paong 11, €6ei&av 6tL 1 Yoprynon
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tov FG-3019 Ntav acepoing kot KaAd avekt oe acBeveic pe IIT1[48]. Ze emoduevo
O0TAO0 UEAETHONKE 1 OMOTEAECUOTIKOTNTA, 1) OCQAAEW KOl 1 OVEKTIKOTNTA TOV
pamrevlumab oe perémn odong II (PRAISE). Ta amotelécpata €deiéav 6Tl o€
OLYKPION HE TO EWKOVIKO @Apuoko, 1m yopnynorn pamreviumab cvoyetiotnke pe
ONUOVTIKN pelwon ¢ voong twv Tvevuovav, Tov pudpov FVC 660 kat 1ov m06o6toh
TOV 000evav Tov Tapovciocav emdeivoon ¢ vocov. H amotedeopatikdtnto Kot i
ac@drel Tov pamreviumab a&oroyeitor mepartépm oty dokyn eaong I pe v

ovopacioo ZEPHYRUS (NCT03955146), mpwv eykpifet yua gvpeia xpnon[47].
GLPG1690/Autotaxin.

To Acopmwopatdwd o&H (Lysophosphatidic acid, LPA) givot éva frodpactid
ooopoMmidolo  mov  pecohaPel  oe  MOANOMAEG  KLTTOPIKEG  OlEPYOCiE,
CUUTEPIAQUPAVOUEVOV TNG ETPIMOTG, TOL TOAAATANGIOC O, TNG SLOPOPOTOINONG Kol
™G UETOVAGTELONG  OUEGOL  ONUOTOOOTNONG HEG®  GLYYEVAOV  LTOSOYEWMV
ocuvoedepévov pe G mpoteiveg[47]. H avtota&ivn (Autotaxin,Atx) etvor o
EKKPVOLLEVT] YAVKOTPOTEIVI] TTOL OVIKEL GTNV OlKoYevElD TV €EOVOVKAEOTIOKAOV
TLPOPOGPATACDV POGPOOIECTEPACAOV (ectonucleotide pyrophosphatase-
phosphodiesterase, ENPP) kot katodvetl Tnv vdpoAivoT g AcoPmo@TIOVAOYOATVIG
(Iysophosphatidylcholine) ce Avcopmwopatidwd ooy (LPA). O d&ovag avtota&ivng -
LPA ovvdéer v mvevpovikny iveoorn pe v mvevpovikny PAAPn  péocom g
OLOEGOAAPNONG OTNV GTPATOAOYNOT TOV VOPAAGTAOV KO GTNV ALyYEWKT dtoppon[49].
To LPA péow tov vmodoyxéa tov LPA1 gumiéketal oty onpotoddtnon ToALATADY
KUTTOPIK®OV OlEPYACIOV KOl TOUOOAOYIKOV KOTAGTAGE®MY, GUUTEPIAAUPOVOLEVIC TG
EMOVAWDGCTNG TAN YOV KoL TNG tVOONG, LEG® TMV XMUEIOTAKTIKMV 1310THTMV TOL TOL AoKEL
GTOVG WOPAAOTEG, TNG OEGUEVONG TNG WWTEYKPIvNG avbb kot g gvepyomoinong tov
TGFB, ka1 g evooOniakng oamepatotnrag[S0]. Toco ta emimeda g avtotadivng
000 kot Tov LPA givar avénuéva oto Bpoyyokvuyeidikd Ekmivpa aclevav pe I ko

o€ HovTEL TVEVUOVIKTG Tvong[49, 51, 52].

O GLPG1690 givan évag eEoupetikd €101KOG 0vaoTOAENS TNG awToTtacivng mov
pelwvet ta enimeda tov LPA kot €yl emdeifel aviuvoTikég 1010TNTEG 08 TPOKAIVIKEG
peréteg eaong 2, pue v ovopacic FLORA, (NCT02738801) mov epgvuvovv v

acQAaAEl0 Ko TNV amotedecpatikdtnta. Eni tov mapdvtog, mpaypatomotodvtal 600
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eleyydueveg dokipuég eaong 3 pe ekovikd eapuoko (ISABELAT kot ISABELA2), ot

omoieg Ppiokovion o€ dadiKkacio TpOSANYNG achevmv[53].
Kwéoeg tng owkoyéverog SRC

Ot kwdoeg tvpociving eivar éva €ldog evibpov mov emdpd HEC® TNG
QPOOEOPVAI®ONG TG TPOTEIVNG-0TOXOL oT0. Katdlowta Ttvpocivng. Elvar {otikng
oNUOGTOG Yo TN HETOY®YT] GNLOTOG Kot TN pOOUIOT Sopdp®V PLOAOYIKOV dlEPYUCLDY
TOV KLTTAPWV, OT®G 0 TOAOTANGIOGUOC, 1 dlapopomoinor kot 1 amdntmor. Ot
Kwaoec g owoyévelag Src (Src family kinases, SFKs), sivor pio vroxotnyopio
KIVOOMV TUPOGIVIG HE £VTEKO HEAT, Ol OTTOIEC EVEPYOTOLOVVTOL OO Evay QENUEVO
apBud Kuttapokvev Kot dtadpapatiCovy onuovtikd pOAO GTn UETAY®YN ONUOTOG.
Evepyomolovvtor amd €01o0¢ LIOd0oYElS TG KLTTOPIKNG EMPAVELNS Kol EMELTO
QPOCPOPVAIOVOLY KOl EVEPYOTTOLOVV TOAAATAOVG LETOYEVEGTEPOLS GNUATOOOTIKOVS
nmapayovteg, Ommwg tovg NF-kB, MAPK, STAT ka1 PI3K, ot omoiot pvBuilovv v
emPimon, tov mOAMOTANGIUGUO Kol TN dlpopomoinon Tov kuttdpwv. Emi tov
Tapovtog, apketol avaotoreic twv SFKs Bpiokovior o kAvikég dokipég yo v
Oepaneio Tov Kapkivov. AOY® TOL KEVIPIKOD POAOL TOV KIVOGMV TLPOGIVIG GTN
ONUATOOOTNON TOV KLTTAP®V, 1] AmopLOUICUEVT dPACTNPLOTNTO TOVG EUTAEKETOL KO
omv e&éMéN tov wotikdv vocwv. Ot SFKs eumiékovioar oty maboyévera g 111
pécm g pubuiong g embniokng mpog peceyyvpotikn petdfoon (EMT), g
O0LpPopoToinoNG TV LLOIVOPAAGTAOV Kot TNG OmOKPIoNS 6T EAEYLOVT. MeléTeg £yovv
oci&el 0TL Ta emimeda TG Kvaomg Src givor avENUEVA GTOVG TVELLOVIKOVS 16TOVG
acOevav pe Il oe ovykpion pe vym dtopa. Emopévoc, n otdyxevon tov SFKs Oa

UTopovce va eivat Evag EAKVGTIKOS TpOToG Yo T Oepameio g ITTI[54].

H yopnynon oavoactoAéwv g kwvdong Src €xer  oeiel vmooydueva
AMOTEAECUATO OE TPOKAVIKEG UEAETEG, GUUPAAAOVTAG GTN UEI®ON TOV WOTIKOV
OALOIDGEMV GTOVG TMVELHOVIKOVG 10TOVC Kol oTn PeATioon g TVELHOVIKNG
Aertovpylog oe (owd poviéha mvevpovikng itvmong. To Saracatinib, eivor €vog
UIKPOUOPLaKOG avaoTOAENS TNG Kivaong Src mov €xel oepevvnbel oe TPOKAVIKEG
peréteg og mBovn Oepameio yioo v L. Daiveton 611 10 QdppoKo pmopel va
AVTIOTPEYEL TNV €KOPOOT] SAPOPO®V VOTIK®OY Yovidlov kol povomatiov og {oukd
povtéAo pe emayodpevn mvevpovikn ivoon[S5]. TMAéov peretdtor m mbovotnta

yopnynong tov saracatinib oe acBeveic pe I (NCT04598919). Ot otdHy01 QOTAG NG
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KAMVIKNG peAétne eivar M a&loAdynomn g aoQAAENG, TNG OVEKTIKOTNTOG, 1TNG
QOPUOKOKIVIITIKAG KOl TNG  (QOPUOKOSLVOUIKNG Kot 1 dlepedvnon g

QTOTELECUATIKOTNTAG TOL saracatinib oty IT1I.

1.1.8 Mnyoviopog maBoyéverag

To tehevtoia ypovia, o avEavopevog aplBpog HEAET®V TOL apOpovV TV
nmafoyévera g IITI, £xovv piEel pmG 6TOVE UNYXOVIGHOVE TTOL ATOTEAOVY TNV AN TG
VOGO, PBEATIOVOVTOC ONUOVIIKG TV KATOVONOTN TNG TVELHOVIKNG {veoong Kot
OLUPBAAAOVTOG OTIC TPOOTADElEG OVATTUENG OMOTEASCUOTIKOV Oepameldy. Xe
GLVOLOGUO HE TO YEYOVOG OTL 1 tvwon amotelel TaBOAOYIKO YOPOKTNPIOTIKO TOAADY
1POVIOV acBeveldv, OTOC M peLHOTOEONG opbpitda, 1 voécog tov Crohn kot o
€pLONUATMOONG AVKOG Kot EUTAEKETOL KOl GTNV AVATTTLET KOL TNV LETAGTACT TV OYKOV,
N KOTOVONoT TOV TOOOYEVETIKMV UNYAVIGUAOV OVOUEVETOL BEATIOOEL TNV e£EMEN Kot

AV vOowv[56].

Ov mvebpoveg ektibevtolr ovvexmdg o€  TOAALOVG  TPOLHOTIGUOVS OAAG
EMOEKVOOLV U0 0o UElDTN KavOTTO ETOOPH®ONG KOl OVAKAUYNG LEGH EVOG
KaToppaKTn amd AETTOTATO GLYYPOVIGUEVES Brodoyikég diepyacieg[10]. H emdiopbwon
TOV KOTECTPAUUEVOV 10TAV elvar €vag Oepelmong PloAoyikdg UnyoviGuog mov
EMTPEMEL TNV AVIIKOTACTOGT VEKPOV 1 KOTECTPOUUEVOV KLTTAPOV UETE 0o
TPOVUOTIGUO, pia dtadkacio e€otpetikd onuavtikn yia v emPioon. Qotéco, dv N
dwdkacio oty amoppvBuiotel, umopel va 0OMYNGEL GTNV OVATTVEN MG UOVIUNG
woTIKNG "oLANS". Avtdg elvar kol 0 KOPLog pUNyovicpog otov omoio Beswpeitor Ot
0PEILETOL 1] ELOAVIOT TNG TVEVHOVIKNG TVONC. ZVYKEKPLUEVA, 1] ETKPATOVGA VITOOEST
yw v moboyévela g Il vmootpiler 60TL N vOoOg €ivon amotéAecpa ™G Un
(LGLOAOYIKNG ETOVAMONG TPAVUOTOS HETA Ad ETOVOAAUPAVOLEVOLS TPOVUATIGHOVG
oV KuyeAdwov emOniiov. H dwdikacio avty odnyel oe vmepPoriikn evandBeon
oVGIOV NG eEwruTTaplag Bepédag ovoiag (extracellular matrix, ECM), 6mwg eivan to
VOAOVPOVIKO 0&D, 1| PIUTPOVEKTIVI KOl TO KOAAXYOVO KOt 01 TPOTEOYAVKAVES, TO. OTTOiN

AVASIOLOPPDOVOVY TOV TVEVHOVIKO 16TO.

O @LGOAOYIKOG UNYOVIGHOG TNG ETOVAMGTG TOV TPOVLOTOS ATOTEAEITOL AT
TEGOEPLS OLOKPLTEG PAGELS OV TEPAAUPBAvoLy, TV @don TENG, TNV QAEYLOVAOIN
@AoT, TOV TOAAATAACIOGUO KOl TNV UETOVAGTELGT TOV WOPAUGTOV Kol TNV (don

AVOOLOUOPPOCNG TNG OPYITEKTOVIKNG TOV 16T0V. (Ewkdva 2).
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Y716 puG10hoYIKEG GLUVONKES, LETA TOV TPOVUATIGUO TOL KVWYEADKOV emONAiOL
EeKvd M LGLOAOYIKT JOIKAGIO ATOKATACTAONG TG PAAPNG TV embnAokmv
Kutthpov (reepithelialization), 6mov ta Tpovpaticpuéva Koyeldikd kbttopa TomoL I,
avtikafiotovior omd kuyeldkd kuttapa Tomov Il T omoia moAlamlacidlovtol Kot
TEMKA Olpopomolovvion 6e Tomov | amokabiotdvrag tnv PAGPTN. Zta TpdTO GTASIN
HETA OO TNV TPOVUOTIGUO TOL TTVeEDHOVO, To eMONAOKE KOTTOPO OmEAELOEPDOVOLY
QAEYLOVAOEIS LEGOAUPNTEG Ol 0TTOT01 TPOKOAOVV TNV OpOUPmOT Kot TV ovATTLEN oG
npoocwpiviig ECM. H cucodpevon Kot vepyomoinon TV aponeTaA®Y, TPOAYEL TNV
Ol0IGTOAT TV AOPOP®VY AYYEI®V KO TNV AVENUEVT OOTEPATATNTO, EMTPETOVIOS TV
GTPATOAOYNON PAEYLOVOIDV KLTTAPWOV (OVIETEPOPIAL, LOKPOQAYO, AEUPOKVTTAPO
Kol NMOGWOPIAQ) GTNV TEPLOYN TOV Tpovpatiopov. Ta ovdetepdeilo givoar o mo
dobova eAeypovddn KOTTOPO OTO TPMTO OTASI TNG SodIKAGING ETOVAMONG TOV
TPOOUOTOG, OAAG Ypiyopa oviikaBicTovtor omd Hokpoedyo HETd TNV amoKoKKimo™
toug. Katd t dbpkela g apyikng @Aacns UETOVAGTEVONG TOV AEVKOKVTTAP®YV, TO
EVEPYOTOMUEVE, LOKPOPAYO, Kol To. ovdeTepOPIla e&aleipovv TuXOV elofdAhovTeg
OPYOVIGHOVG KOl TAPAYOLV L0l TTOTKIALO KUTTOPOKIVOV Kot yNUEOKVOVY, onwg IL-1p,
TNF, IL-13 xon TGF-B, mov gvioybouvv ) eAeypovddn andkpion Kol TupodoTovV ToV

TOALOTAQGLOGUO TV WOPAACTMV.

O pvoivoPracteg TpocsAapfavovral amnd TOUKIALDL Tmyov,
GUUTEPIAQUPOVOUEVOV TOTIKMV UECEYYVUATIKOV KLTTAPWOV, TPOYOVIK®OV KLTTAP®V
TOV LVEAOD TV 0GTMV Kot LEGM TNG EMONALOKNG TPOG LECEYYVUATIKNG LETAPAOTG TOV
KUTTAp®V, Omov Ta €MONAOKA KOTTOPO OlPOPOTOOVVTOL GE voPAdcTEG. MOAIG
gvepyomomBovv ot woPAACTEG, UETOTPEMOVTOL GE HLOTVOPAACTEG AD®OV HLOV TOV
exppalovv axtivn kot ekkpivouv cvotatikd s ECM. Télog, ot @domn opipovong-
avVoOLOUOPP®ONS TOV TPAVHOTOS, Ol HLOTvOPAAcTEG TpomBoHV TN GLGTOAN TOL

TPOOUOTOG LLE GKOTO TNV OVOYEVVIOT] TOL KATEGTPOUUUEVOL 1GTOV.

H ivoon avortocoetor 6tav 1o Tpovpa, eivor cofapd, o epebiotikdg
Tapdyovtag (YEVETIKOG 1 TEPPAAAOVTIKOG) TTOL TpoKaAel PAGPN 6TOVG 16TONVG empével
N otav n dwowacio emdOpbwong amoppuBuilerar. 'Etol, moAld otddn TG
dadkaciog emdtophmwong Tov TPADIATOS UTOPEL VO amopvOGTOLY Kot GuUPBdAAoVY
GTO CYNUOTIGUO TOV TPAVUATOS, YEYOVOS TOV THOVDS eENYel TNV TOAOTAOKN GVOT TNG
mvevpovikng tvoong. To embniokd xvtTopa, ot WVOPAACTEG KOl TO LOKPOQAYO

amoTEAOVV PACTKOVG KLTTOPIKOVG THTOVE TOL EUTAEKOVTOL GTNV S100TKOGI0 QVT.
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Eiwxova  2:Dvo10A0y1K0C  UNYOVIOUOS ETOVAWONS  TPODUOTOS KOI  TPOTELVOUEVES

O10TOPOYES TOD UNYAVIGUOD, TOD GUUPCILOVY GTHY OVATTOEH TVEDUOVIKNG Ivawanc[56].

O porog TOV EMONMOKOV KVTTAP®OV

To emOnAlakd KOTTOpO Eivot KPIGILO GVGTOTIKG GTNV EVapén Kol TPOYVMOOT) TNG
ITII, odnydvTog oe dnpovpyio VOTIKOV OVAGV LE CUVETELD TNV OVCGAEITOVPYiO TV
opy&vev Kot amotédecua tov  tpoémpo Bdvato. Ot punyaviopol mov ennpedlovv 1o
mvevpovikd emnio dev eivol AP Kotavontoli, aAAd eivar yvowotd OtL givon
ToALTTaPayOVTIKOL. MeAéteg deiyvouv OTL TOLAGYLIGTOV TPELS TapdyovTeg Oa Tpémet va
GLYKAIVOLV Y10 v 0AAGEOLY TNV GuuTePLPopd Tov emtOnAiov. (Ewova 3). H mapovsio
UETOALAEE®V 1] GLVOLAGHOD KOW®MV YOVIOIK®V TOPUAAAYDV, YOPUKTNPIGTIKO TOV
amoTeLOVV Tapdyovteg Kivovvov yia v epgdvion g I, odnyodv oty andAeio g
emOniokng akeporotntag . Katd cvvéneia, ta emBniiokd kottapa eivat 0ev propovv
Vo avTomoKpliouy KATAAANAC GTOVG EMOVOACUPOVOLEVOVS HKPOTPOVUOTIGHOVS KoL
GTO GTPEG OV OYETICETOL [LE TNV UNYOVIKY aePoUoD TV mvevpdvev. Emmiéov
aKeEPUOTNTO TOL emBnAlov emmpedletor amd TNV EMTOYVVOLEVT YNPOVCT TOV
TVELUOVOV IOV YopaKTNPileTal omd TNV U PLGIOAOYIKNY HEIWON TOV TEAOUEPOV, Ko
GAAEG HOPLOKES KO KVTTOPIKES OAAOIDGELS Evog akdpa unyoviopdg mov eumiéketal
OTNV  OKEPUOTNTOL  TOL  TVELHOVIKOL  emnAiov  eivor o  emyevetikdg
EMAVOATPOYPOUUOTICHOG 7OV  GYeTIlETOL  [HE TN YNPOVON Kol HE OPLOUEVEG
neporroviikég ekbBéoelg, dmwg 10 Kanmviopo. H odykhon avtov tov mapayoviov
00NYEL OE L0l VOLLOAT EVEPYOTOINGT TOV KLYEAIIKDOV EMONALIKOV KLTTAP®V Kol TOV
EMONAMOKAOV KVTTAP®V TOV OEPAYOYDV E OTOTELEGHA TNV AoVOUGUEVT ETKOVMVI

petald Tov emOAMOKOV KOTTAP®V Kot TOV YOp® pukporeptBdilovtog[57].
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Eixova 3: Ilpoteivouevo poviélo wov suriéketar otnv waboyéveio g I kor oonyel oe

KaTooTpopl] TV emiOnliokov kottapwv[S57].

Meléteg €xovv amokaAdyel OTL o TOKIALD U1 QUGLOAOYIK®V EMONAMOKOV
KuTTApOV gviomilovtatl otovg mvedpoveg e I, Ta onoio mapdyovv 6xedov 6AoVG TOVG
TOPAYOVTEG IOV EVEPYOTOLOVV Kol d10pOPOTOLoHV TOVS VOoPAAGTEG 0€ HLOTVOPAAGTES
oonyovtog oe vmepPorkn evamobeon efokvttdplog pnTpag, mn omoia yiveton
TPOOJEVTIKG OVCKOUTTN HE OMOTEAEGLO. TNV KOTOGTPOPY TNG OPYLTEKTOVIKNG TOV

nvevpova (Eucova 4).

Yrdpyetr avEavOpevo evolapéPOV Yo TOV EVTOMICUO TPOTWV emPpdovveng,
eAEYYoL, N axdun Kot TG avTioTpoeng TG eEEMENG g ITIL. ITictedeTon 6t M KaAbTEPN
KOTOVONOT TOV UNYOVIGULAOV TOV OETOVV TOV OVOUOAO ETOVOTPOYPUUUATIGUO TOV
emMONMOKAOV KLTTAPWV, UTOPEl VO OmOKAAVWEL OTOYOVG Yo VEEG Oepamevtikég
napepPaceic. Emmiéov, pia cvvdvacuévn Bepameion mov Ba otoyedel tavtdypova
emnAlokd KOTTAPO Kot EVEPYOTONUEVOLS tvoPAdcTeES/LvotvoPrdcteg Ba Tpoceépet

€va, KOAOTEPO GEVAPLO Yo amoTEAEGLATIKEG OepamevTikég Tpoceyyioelg[S7].
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Eiwova 4: Koyeriowkn prafn oy I, mov oonyei otnv d100toAn tv Ppoyywv, tov
OVOGYNUOTIOUO TV KOWELIOWY Kal THY IVGH TOD TOPEYYOUOTOS UE OTOTEAEGUO. THV UN

ouoAn avralloyn twv agpiwv[10].

O porog TV wvoProcTOV

Ot gvepyomompévol woPraotec Kot pooivoPAdoTeg ivol tor KOpLoL KOTTOPO-
TeAeoTEG TG tvoong. Tapapévouy evepyol kot og peTayevésTEpa GTAdIO TNG VOGOV,
omov dpovv avelhptmra amd TG EAeypovdoelg ewopoéc. ‘Etol, 1 otdyevon g
EVEPYOMOINGNG T®V VOPAAGTAOV UTOPEL VAL TOPEYEL LLLOL TTLO OTTOTEAEGLLOTIKT GTPOTIYIKT
o€ GUYKPLON UE TN GTOYELGT TNG PAEYLUOVIG 1) TNV GTOXEVOT LOPI®V TOV EUTAEKOVTOL
OTO OPYIKA 0TAdI TOV TPAVHOTIGHOV. Ot gvepyomoinpévol pvotvofracteg oty 111
(Ewdva 5) pmopet mpoépyoviat amd Ty EVEPYOTOINGT TOV TOTIKOV VOPALOGTOV, TOV
€uVvoel Tov VIEPPorKO TOALATANGLOGUO Kot evamdBeom g ECM., amd v emnAlokn
TPOC  UECEYYLUOTIKY UETAPOCT 7OV VOIGTOVTOL TO TPOVUATICUEVO KLYEMOWKA
emnAlakd kOHTTOPO Kol amd KukKAOQopovvto, vmdokvtTapa (fibrocytes) to omoia
CLGGMPEVOVIOL O TEPLOYES TPOVUATIOUOD TOV 10TOV KOl Sl0POPOTOloHVTOL GE

KOTTOPO TOV TOPEYOLV KOAAAYOVO.
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Eixova 5: [lpoélevon evepyomomuévav voflactav oty I 58].

Ave&dpnra amd TV Iyn, ol evepyomomuévot pvoivoPrdoteg yapoktnpilovton
amd avENpévn wavotnto petavaoTevons, wavotnta vrepPfoikng evonddeong ECM
KOl HEWOUEVN amOmTmon[58], xapakTnploTikd mov UETAPPELETOL GE GLGCMOPELON
ovotatikdv ECM, oto 61dpeco tov tvevpova|10]. H onupocio twv vopractdv otnv
avOpOTIVI VOGO aVAOEIKVVETAL OO PEAETEG TTOV TOPEYOVY OEOOUEVOL Y10 OVALLOAT
coumeplpopd tv woPractdv acBevav pe I oy Kuttapikn KoAMEpyeld, TOv
EKONADVOVTAL TOGO GE UETAYPOPIKO OGO KOl GE UETAPPACTIKO emimedo. EmumAéov,
UEAETEC YOVIOLOUOTIKNG WOPAQGTOV 7oL Tpoépyovion omd VYlelg Ko oocBeveig
TAPEXOVY TANPOPOPIES Y10 LOVOTTATLA TOV B0 HTopoHGaV VO, ATOTEAEGOVY SVVITIKOVG
610)0vG. 'Etot, ot voPAdoteg £xouv avaderyBel o¢ £vog EAKVLGTIKOG GTOXOG Y1l VoL VEES

BepamevTikéc mpoomabetec.

2tV evepyomoinon Tev voPAAGTAOV EUTAEKOVTOL TTOALA OLLPOPETIKE LOPLOL Kot
povordtia onpatoddtnong (Ewova 6). H gieypovi Kot 0 TpAvpOTIGHOS TOL 1GTOV
00MNYEL GTNV GTPATOAOYNOT TOV OVOCOTOUTIKMV KVTTAPMV KOl TNV EVEPYOTOINOT TV
eMONMOKAOV KLTTAP®V 7oL TLPOSOTOLY TNV TNEN. O aWENTIKOG TaPAyOVTOG
petacynuoaticpov B (TGFR), mov mapdyetor amd oo pokpoedyo Kot to emONAloKd
KOTTOPO, OLOPANOTICEL KEVIPIKO PpOAO oTNV OvATTLEN TG TvOoNG EMAYOVTOS TNV
£€KQpaor koAlayovov tomov I kar g o- axtiving Avov pvdc. AAhot avénrikol
TOPAYOVTEG, OTMOG O OVENTIKOG TOPAYOVTOS TOV TPOEPYETAL OMO TO OUUOTETOALN

(PDGF) kot 0 avéntikdg mapdyovtag tov cvvoetikol 16tol (CTGF) propobdv eniong va
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TPO®ONGOLY TOV TOAAATAACIOCUO TOV VOPAAGT®V Kot TN ohvOeoT KoAAayOvov, glte
aveEdptmra eite og cvvovaoud pe tov TGEP. H avEnuévn mén cvvodevetor amd tnv
TPO-WVAOTIKN CNUATOSOTNOT UECH OYYEWKAOV Tapoyoviwv, Onwg 1 Bpoufivy. Ot
QAEYHOVDOELS KuTTOpOKiveG TG okoyévelng Th2/Thl7 embyovv v ékepaor mpo-
WOTIKOV KOl TPOPAEYLOVOOMV YOoVIdimv Kot TpmTelvedv. Avtol ot moAlamioi
KAToppaKTeS ONUATOdOTNONG 00Nyouv o  avénuévo  moAAUTAOGLOOUO KOt
dwpopornoinon towv woPractov, avénuévn mapoywyn ECM, avénuévn éxkpion
KUTTOPOKIVAOV KOl YNUEWOKIVAOV Kot HEIwUEVY gvauctncio omv amdntwon. Ot
TPOCEAUTES TPOOJOL GTNV KATAVONOT] QVTMV TOV KATOPPAKTAOV EVEPYOTOINGNG EYOVV
avoiEel EVOLOPEPOVTES EMAOYEG Yo TNV BEPATEVTIKY GTOYELGT AVTMOV TOV HOPIMV.
Tpéyovoeg KAMVIKEG OOKIUEG SOKIUALOLY HOPLOL TTOV GTOXEVOVV TOAAUTAES 0O0VG,
CUUTEPIAOUPOVOUEVOV  EKEIVOV OV  EUTAEKOVTOL OTNV  EVEPYOTOINOT  TOV

woPractav[58].

Inflammation
and injury

Immune cells
Th2/Th17,

Endothelium,
platelets,

coagulation macrophages

CTGF PDGF ET-1 Thrombin IL4/IL13 IL17  TGFB TGFB WNT ligand
l 1 EDN-R PAR1 IL13RA1 IL17R TGFBR1 l

CTGFR e . (l[l‘]) 5 a WL Frizzled
@ S 77 s e

MAPK  ERK/MEK

Fibroblast s B-catenin

. s Cytokine & 5 A
ECM deposition Myoﬁbrot.:la.shc Shaaaiioe Increased proluferat}on,
differentiation ociaiion reduced apoptosis

Fibrosis

Eixova 6: Kopio. povorario evepyomoinong ivoflootav oty mvevuovikn ivwon[58].

O porog TOV HOKPOPaY®V

Agdopévou OTL 1 TVELUOVIKT tveo gival pa QAEYLOVAOING VOGS, 0 pOLOG TMV
avOCOTOMTIKOV KLTTdpwv oty maboyéveln g €xer peiemBel extevog. Ta
HOKPOQAYQ €lval TO L0 KOO 0VOGOTOMTIKO KOTTOPO oL PPioKETAL GTOVG TVEVLOVES

kot Odpapatilovy  kpiolo pOAO  OTIG OVOGOAOYIKEG OMOKPIGES KOl OTNV
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aVOOIOUOPP®ON TOV OEPAYOY®Y Kotd TN Odpkeln ¢ ivoone. Ot mepiocdTepeg
YNUEOKIVEG KOl KUTTOPOKIVES TOL OTTOVTAOVTAL GTIV TVEVUOVIKY] tvewon oyetiloviot pe

T pokpodrya[S9].

2TOV TVELLOVA TOL LaKPOP Ay yopilovTal € 000 KAUGIKES KATNYOPieEg ovaAoyL
pe t Béom mov evtomifovral otovg Tvevpovee. To kKuyeldkd pakpoedyo (alveolar
macrophages,AMs), mov Bpickovtal cuvBwg 6TOVE aEPAYDYOVS KOl GTOV OAUEGO
YOPO, Kol To drdpeca pakpo@dya (interstitial macrophages,IMs) mov vépyovv Kupimg
6t0 TvELPOVIKO mapEyyvpa. Ta AMs mpoépyoviar Kvupimwg omd HOvOKOTIOPO TOL
euPpuikov Nratog, evad ta IMs mpoépyoviat Kupimg amd PaKPOPEy TOL HVEAOD TV
oot®v (BMDM) kot gufpuika apyéyova kottapo. H tagivounon tov mvevpovikov
pakpo@dymv pe Paon tn 0éomn tovg elvar ypriown, aiid dev avtikatomtpiletr pe
akpifela ™V axpiPn €TEPOYEVEID TOV HOKPOOAY®V GTOVG VYLEIS KOl GTOLG

acOeveig[59].

O minBuopol Tov paxpoedymv yapoaktnpiloviotl amd PeYAAn eTEPOYEVELD Kot
VmapEn mMOALUTAGY POVOTOTTOV LT TNV EMIOPAOT] OLOPOPETIKAOV TOPAYOVI®OV GE
dwapopa Opyova[60]. Ta pokpoedya dtaxpivovtal pe BAcN TO SOPOPETIKO TPOPIA
KLTTOPOKIVAV Kol TIG AELITOVPYIES TOVG GE KAOOIKE gvepyomompuéva M1 evaArlakTikd
evepyomomuéva M2 pakpoedya. Ilponyovueves pekéteg £xovv vmodeiEet T coppetoyn
AVTOV TOV HOKPOoPaywv otnVv tvoon[61], av ko 1 ta&vounon oe M1 ko M2 @aiveton
va unv vrootnpiletal evepyd, O10TL 0V TEPLYPAPEL COGTA TNV TAACTIKOTNTO KO TOV
poOLO TV pokpodywv. Ta pakpo@dyo moAdvovial oe eowvotumo M1 ¢ amdvinon
omv wtepeepovn v (IFN-y) kot otov mapdyovia vékpoong oykov o (TNF-a), evd
amokTovV M2 @atvOTuTo ¢ omdvtnon otny enidpacn g wrephevkivng( IL-4, LI-10)

Kot Tov avENTikov mapdyovrol petacynuaticpov B( TGF-B)[62].

Ymv I, 1o pokpo@dyo oTPATOAOYOVVIOL GTOLG TVEVUOVES Ko
GLGGMPEVOVTOL OTIG TEPLOYES Tvwons. DAEYLOVDOELS AVTIOPAGELS TOL OVOTTOGCOVTOL
UETA 0O TOV TPOVUATIGHO TOV 16TOV Kol GXETILOVTOL [LE TNV TAPUYMYT LI0G TOIKIATOG
oereypovodov pecorlofntov (6mwg n IFN-g kow o TNF-a) mpodyovv v kAlacikn
gvepyomoinon tov pokpodywv. O TGF-B1 napdyetol ot cuvéyea amd To Lokpoeayo.
®G PLOOTIKOG UNYAVIGUOS AVATPOPOSOTNONG TNG TPOPAEYLOV®DOOVG amdkpions. O
TGF-B1 mupodortel eniong v evepyomoinon twv voPAAGTOV Kot TNV d10(pOopoToinom

o€ pooivoPrdoteg mov mapdyovy ECM kot 0dnyodv oty iveoon. H aviipieypovoong
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Kuttapokivn IL-13, mov mapdyetot omd o motkKiAior KUTTOPIKAOV TOT®V YPNCUYLEVEL O
ONUOVTIKOG TTopdyovTog emddphmong twv 16TdV Kot ivwong, enayovtag tov TGF-B1,
6TOYEVOVTOG AUESO TN AEITOVPYIO TOV HLOTVOPAAGTOV Kot TPO®ODVTG TNV avATTLEN
eNOVOPOOTIKAOV HaKpOoPay®V TOUTOL M2 7OV  JELKOAVVOVV TN  GTPATOAGYNON

AEVKOKLTTAPWV OTIC Bae1g Tpavpatiopod Twv wotdv (Ewkdva 7)[60].

'FN""(“_\
Pro-inflammatory ~ TNF-u Mo

—_— phage ) ——— > TGF-f1

cytokines \ ‘
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‘ /  coL1
3 / CCL22
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Eiwxova 7: H gumlokn twv HoKpopaywy 6Tov Uyaviouo e ivaors.

To paxpoedyo dtadpapatitovv evepyd poAo otV avtioTpoen g ivoong. H
1GOPPOTHO PHETAED TMOV OLOPOPETIKMOV TANBVGUOV HOKPOPAY®V Kol GAADV KLTTAP®OV
oV TTPoEPYovTaL amd pHovokLTTopa KoBopilel dv To amotéAecua poGg amdKpong
TPOVUOTICHOV €lvar M emavaemBOnNAonoinoTn Kol ETOVAMGT TOV 1IGTOV N N AVAOUOAN

emo1OpOwon mov odnyel 6TV gpedvion tivoong[63].

2VVOMKA, Ta pLokpo@aya dtadpapatilovy moAOTAOKO pOLO 6TV TaBoYEVELD TNG
III, cvpParriovtag 1060 otV avanTvén 060 KOl GTNV AVTIGTPOPn TS tvewong. H
GTOYEVOT TOV UAKPOPAY®V UTOPEL Vo amoTeAEGEL BEPATEVTIKY] TPOGEYYIOT YO TN

Oepameio g IIT1.

1.1.9 O poirog Tov TGF-B1 otnv naBoyévera tng 1T

O TGF-B1 eivon pia amd T1g o PHEAETNUEVESG TTPO VOTIKES KUTTOPOKIVES. XTOVG
mvedpoveg,  ToPAyeTOl  OmO o €UPElD  TMOWKIAIL  KLTTOPIK®OV — TOTOV,
GUUTEPIAOUPOVOUEVOV TOV KOUWEAMOIIKAOV HOKPOPAY®V, TOV OLOETEPOPIA®Y, TOV
EVEPYOTOMUEVOV KOYEMIKAOV EMONALIKOV KLTTAP®V, TOV EVOOINAMOKOV KUTTAP®V,
TV woPrlactdv Kot Tov pvoivofractdv (Ewdva 8). Metd v evepyomoinon tov

EMAYEL TN GTPUTOAIYNOT LAKPOPAY®V Kot VOPAAGTAOV KAOMS Kot TOV TOAAATAAGLOGLO
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TOV WOPAICTOV, HEGH TNG EKPPAOTG TOV AVENTIKOD TOPAYOVTO TOV TPOEPYETOL OO
awponetdAla (PDGF). Zta kbttapa avtd, o TGF dieyeipetl emiong v ék@pocn ToAA®Y
TPOPAEYLOVAOIDV Kot VOI0YOV®V KLTTAPOKIVAOV, OT®wg 0 TNF-a, o PDGF, ot IL-1b kot

IL-13, Tpo@0odoTdVTOG £TG1 TEPUITEPM TNV VAOTIKY amoKplon[64].
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Ewxova 8 :2ynuotikn avorapaaraocny tov poitov tov TGF-BI1 oy maboyévero g 1T

Ko TOOVES TNYES TPOEAEVONS TV EVEPYOTOINUEVWY pvOiVofAacTOV]64].

O TGF-B gumiéxetanr oty ovantuén kot tnv e£EMEN TG TVELHOVIKNG tvwong
Tpowbviog ™V Tapoywyn mpoteivav g eEokvttapag untpag (ECM) ko
aVOOTEALOVTOG TN OOTOGT, TOVG. XTOV (QUGOA0YIKO Tvevpovikd 1610, o TGF-B
GUUUETEYEL OTN PUOION TNG KLTTOPIKNG OVATTLUENG, TNG SPOPOTOiNoNG Kot TNg
emd1Opbwone tov wotwv. Qotdco, oty IIII, o TGF-B odnyel oe vrepmapaymyn
npoteivov ECM, 6mwg 10 KOAAAYOVO, 1 QIUTPOVEKTIVI Kot 1 EAACTiVN, amd TOLG
woPAdoteg Tov TvEDHOVA. AVTO £XEL OG ATOTELEGLL TO GYNUATIGHO VOTIKOD 16TOD Ko
00MNYEL OTN YOPOKTINPIOTIKN] OVAOTOINGT Kol TAYLVGN TOV TVELHOVIKOV 16TOD 7OV
epeaviCetan omv III. O TGF-B xoatactéAler emiong  dpacTnplOTNTO TOV
petaAlonpoteivacmv g uitpag (MMPs), ta omoia sivar évivpa mov S106TOLV TIC

npoteiveg g ECM, cupPdAloviag mepoitépm ©TN CLGGMPELOT WWAOTIKOD 16TOV.
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EmnmAéov, o TGF-B gumiéketon oty avantuén kou v e&EMEN g I péom g
enaymyns s EMT ota kuyeldikd emOnitakd kottopal64].

H otoéyxsvon g onuoatoddtong tov TGF-f €yet avaderydbel wg mbBoavn
Oepamevtikn otpatnyikny v v IIIL. 'Hon apketd @dppoka mov avacstéALovy 11
onuatoddton tov TGF-B avantdccovtol eni Tov mapdvtog kot dokipualovior oe

KMvikég dokipég yuo ) Bepameio g IIT1L

1.1.10 Ilewpopotiké pPOVTEAOD TNG EMOYOPEVNIS OO MTAEOPVKIVY
TIVELROVIKI|G VOO G

Ot mpoomdBeleg yio v KaTavonomn g naboyEvelag g vOGOo, TOV EVTOTIGUO
TPOYVOOTIKMOV TOPOYOVIOV Kol TNV OTOKAALYN VE®V OEPATEVTIKOV GTOY®OV £YOVV
Bacwotel o (owd poviéda. Avotoymg, Koavéva Lowd poviédo oev umopel va
AVOTOPAGTHGEL TANP®G TNV 1oToAoYK ewova g UIP, mov gppavileton o acbeveic
pe I, 1 6ev mapovctaletl YopaKTNPIGTIKG TG TPOOSEVTIKNG VOGOV. AVTO dgv TPEMEL
Vo LTOTIHA TO YeEYovog OTL Ta TEPapaTikd ({oiKd povtédo omotelobv Poacikég
TPoOTODEGELS Yo TN UETEMELTO EQAPLOYT|] TPOYVOCSTIKMV OOKIUMV Kot OEPATELTIKAOV
napepPacewv. TloAvdpBueg kivikég dokiuég €xovv oloxkAnpwdel pe Pdon o
amoteléopato LEAETMOV o€ {Ma Kot £xouv 0dnNyNeeL oty £yKpiomn omd tov FDA tov 600
QOPUAK®V OV Ypnoipomolovvton Yo v Bepaneio g vocov. Ta mo cvvnbiouéva
povtélo Y peAétec  acbBeveidv ko mpoxkAwvikn  Oepamevtikny  agroAdynon
neplhappdvouv tpoktikd. H emayoyn g mvevpovikhg ivoong oe TpokTiKd
EMTLYYAVETAL LEGM TNG YOPNYNoNS dto&ediov Tov mupitiov, g ékbeong oe apiovto
KOl TNG VREPEKPPAOTG KVTTOPOKIVDV. To o gvpEémG YPNOIULOTOIOVUEVO TEIPOUATIKO
HOVTEAO EMAYMYNG TNG TVELVHOVIKNG tv@oNG Yol TNV avamopdcotacn e avOp®mvng

vOoov, amotelel To LoVTELD TG umTAeopvkivig [65].

H pmieopvkivn (Bleomycin, BLM) gival éva v0atod10A0TO YALKOTENTIOO.
Avootéddel to petafoiiopd tov DNA kot ypnoIUOTOLEITOL MG OVTIVEOTAUCLATIKO,
10img Yo cvpmayeig dykovg[66]. H BLM egivon éva ynpetofepameutind avtilotikd mov
avayvopioTnKe ©¢ TPOTVOTIKOC TTAPAYOVTaS OTAV 00OEVEIS EUPAVICAV TVELHOVIKN
tvoon petd omd evooeAéPia yopnynon BLM[65]. To 10-23% tov acBevdv mov
vroPAnOnkav o Oepaneia pe BLM gpugdvicay mvevpovikn to&ikdtmta[66]. To povtéio
avtd €yel ypnoyomombel oe moAAd €ion Lwdv, Omwg movtiKia, apovpaiotl, VOIKA

YO1pidia, YAUOTEP, KOl GE TPMOTEVOVTIO INAOCTIKA- ®OTOGO, TO TOVTIKIOL Eival TO T
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ocvvnOwopéva. To povtédo g BLM givon to kalvtepa yopaktnpiopévo {mikd LoviELO

7oL dtatiBeTan Yo TPOKAMVIKES OOKIUES PAPLAK®V.

[ToAAoi TOTOL KLTTAP®V EUTAEKOVTAL GT OladKAGT TG EmoyOpevng amd BLM
TVELUOVIKNG tvaong, unyoviopdg mov ennpedletal oe peydlo Pabud omd v 060
xopnyNonsg tov eapudakov. Ipwteoptky avdivon Tov TOV TPOYUATOTOWONKE o€
TVELUOVIKO 16TO Kot o€ Bpoyyokvuyeldikd vypod ékmivong (BALF) novtikov C57BI6,
UETA OO EVOOTPOYELOKY] EVOTAAAEN HUAeopvkiving VTEde&e T VITapPYOoVY TOAAOL TOTTOL

KUTTAP®V OV UTAEKOVTOL 0TV €EEMEN TNG TVELUOVIKNG PAAPNG[66].

[Tiotevetan 6t1 1 BLM dpa mpokaldvTog LovoKA®VA Kot dikAwva Opadcpota
010 DNA KkopKiviK®V KLTTAP®OV, OOKOTTOVIOG £TCL TOV KLTTOPIKO KUKAO LE
AMOTEALEC LA TNV OTOTTMOT TOV KVTTAPWV avtdv. H vdpordon g pmieopvkivng eivon
t0 évlupo mov amevepyonolel v BLM kot ennpedlel v nidpaon Tov QapUAKOL L
1070~ €101KO TPOTO. O1 TVELLOVEG d1aTNPOHV YOUNAA emtineda Tov evihLOL, G€ GUYKPIoN
LE TO NIap, Kot ™G €K TOVTOVL givar mo gvaicOntol oe PAGPeg mov Tpokalohvtar Ady®
yopnynong BLM. H vreprmapaywyn evepydv pilov o&uydvov, odnyel oe Bdvato twv
emOnAokdv KuTTdpwv, vrepPfoikn SMONON TOV EASYHOVOO®OV KLTTAP®OV LE
OTOTEAEGLLO TNV EVEPYOTTOINGT T®V WWOPBAAGT®OV, TNV evandOeoT EMKVTTAPLNG UNTPOS
Kot v ovamtuén tvoong (muépeg 10-21 pe xopdpwon yopm oty 14n nuépa), ot
LOPLoKO Kot I6TOAOYIKO eminedo. e oyéon pe v 1L, &xet amoderyBel 6T1 ) vOoog ota
movtikio Loldlel TEPIoTOTEPO e TNV emTayLvOpevn ogia pdon g T otov avOpwmo.
Ot petpnoelg g meYLVonS Tov KLYEMOWKOD SPPAYHOTOS, TNG EVOOKLYEMOIKNG
tvoong, g adénons TV KLUYEMOIKOV HOKPOPAY®V Kol TNG OGTOANG TV Bpdyywv
Kol TOV KOYEMIIKOV TOPOV KATESEIEOV O OLOIOHOPPT VOTIKN KOTAVOUN GE £Vl
peyaio péyebog Oetylotog. Zto opvnTIKA TOV HOVTEAOL GUYKOTOAEYETOL 1) TOYVTNTA
avamtuéng e, 1 VapEn EAEYLOVG TOL TTpoTyEiTtal TNG tvewong Kot 6Tt Ol TVELIOVEG
TOV TEWPOUATIKOV (DOV ETAVEPYOVTOL GE PLGLOAOYIKN KatdoTtaor cvvifwg 21-28
nuépeg petd v yopnynon BLM (resolution phase). Ta movtikio C57BL/6J anotedovv
TO 7O €VOUGONTO GTEAEYOG OGNV TTVELHOVIKT PAGPN petd v yopnynon BLM[67]. H
yopiynon BLM pumopel va  mpoypotomomBel pe moAlamAég pebodovg, OmmG
EVOOTPOYELOKA, EVOOTMEPITOVOIKA, VLTOJOPLa, eVOOPAEPLL Ko  eomveoueva. H
EVOOTPAYELOKT EVOTAAAEN, Elvar 1 Lo cuVNOIGHEVT 000G YOp1YNONGS, 1 OTtoia Bewpeitan
OTL OVATTOPLOTA KOADTEPA TOV AVOPAOTIVO POVOTLTIO TOV TEPLOPILETAL GTOVG TVEVLOVEG.

Qotoco, Oewpelton  moapepPatikn  péBodog mov  cvvdetar  pe  avENUEVN
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Bvnowdtta[65]. T'e To AOY0 avtd, £xel avoamTuyBel 1 0poTPAYELNKT) 000G XOPYNONGS
oL TaPoLCldlel TapdUol KvNnTikn PAAPNG e TNV EVOOTPOYEKY] YOPNYNON ME

onuavtikd Ayotepeg mapevépyetes (Ewkova 9)[65, 68].

F Saline Bleomycin

OA

Eixova 9: EVOciktikn €1KOVO UETA OTO Ypaon OIUATOCOAIVIG NWGIVIG 08 TVEDUOVES
rwovaxwv C57/Bl6, upeta v yopnynon @ooioloyikod 0pov Kol UTASOUVKIVHG UE
evootpayelaxy (intratracheal, IT) xou opotpoyeioxn (oropharyngeal, OA) evataloly.
Tpormomomuevn omo [68].

‘Eva dAo {imnuo mov avadeikvioeTol 6€ UEAETEG TTOV YPTCLUOTOINCAY TO
povtédo g BLM egivar 10 eupd @AcHO TOV S0GOAOYIKOV GYNUATOV TOL
YPNOLOTO0VVTAL. ZVVIHOMG 1) YOPTYNON TPAYUOTOTTOLEITOL e O0GOAOYIM avdAoya pe
t0 Bapog tov Lwov, Eexvovtag and to 1,25 U/kg pe péyioto ta 4 U/kg. Ocov apopd
™ ovyvotta TG S0GoA0YIOG, TPOTIUATOL 1| €@ AmOE YOPNYNON CLYKPITIKA HE TIG
enovoropBavopeveg yopnynmoets. H epdamad yoprynon ypnoiponoteitar cuvinbmg kot 6
peréteg mov agloloyovv Bepamentikong otdyove. Ot dvvntikég Bepamneieg yopnyodvion
ouvnBwg 1-7 nuépeg petd v éxbeon oe BLM, yeyovdg mov odnyel 610 cuumépaca
OTL Ta. PApUaKa e BepamenTikd poro umopel va TapEyovy OPEAOC KUPIOS HEGH NG
TPOMYNG TG QAEYHOVIG Kol Oyl TNG ovoaoTPoPng tng tvoong. BéPawo 6Ao kot
TEPLOCOTEPES PUEAETEG £YOVV apyicEL VO OlEPELVOVV T YOPTYNON PAPUAK®OV 7 NUEPES

HETA TNV EMay®YN TNG vOGov [65].
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1.2EEoxvuttapra Mitpa (Extracellular Matrix)

1.2.1 Ewayoyn

O o6pog e&mkvttaplo untpa (ECM) avoeépetor 6to pelypo Kuttdpmy Kot pn
KUTTOPIKOV GUOTATIKAOV, TO, 0ol oyNUaTilovy KaAd opyavouéva 01KTuo 6TOVE 16TOVG
Kot To Opyava Tov opyovicpov[69]. H ECM dev Aettovpyel povo wg puoikd kpimpo
(scaffold) oto omoio evoopot®vovTtor To KOTTOPOA, OAAL KOl ©OC GUVOEGHOG
eMKOWVOVIOG HETAED TOV KLTTAPOV, TV OPYAVOV Kol TOV 16T®OV cuvtovilovtag
TOALOTAEG oNUATOO0TNGELS, pLOUilovTag £T01 TOAAEG KUTTOPIKESG OlEPYNTies, OTMG N
avamTuén, N HETAVACTELOT, 1 dpoponoinon, N emPimon, 1 OHOOCTACT KOl 1|
popeoyéveon. H ECM amoteAeiton amd pio peyain mokidio pakpopopiov twv otoimv
N akpPng cvhvOeon kat dopun dtaeEpet amod 16t o€ 1670 (emMBNAOKS, VELPIKO, LVTKO Kot
GUVOETIKO), MOTE VO AVTOTOKPIVOVTOL PE TOV BEATIGTO TPOMO GTIG AMOLTHGELS YOl TIG
Aertovpyieg tov otV (Ewova 10). Ta onuavrikdtepa cvotatikd g ECM givon
TPOTEIVEG OMMG TO. KOAAOYOVA, 1 €AOCTIVI), 1 QUUIPOVEKTIVI], Ol AQUVIVEG, Ol

npwteoyrvkaves (PGs) kot ot yAvkolapvoyilvkdves (GAGs)[70, 71].

A Connective Tissue

integrins — l{

perlecan —
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B Cartilage
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TGFR —¥ = S S
—hyalectans o > s \
Interstitial % NN ;ﬁ.—. elastin
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Connection, support, nourishion Mechanical support, viscoelasticity, lubrication
C Bone D Cornea
i (X ( s @e@e @ @e
AT c'"\ hydroxyapatite collaer SPARC ‘ CeCededel e Epithelium
(el 7 /  bone ﬁ o @e @o @e @o @
/ sialoproteins "“29""5 — __nidogens Basement
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T N ~/ _GFRs —— = [aminins g o wman's
e /,r_) KSPG;—‘JG j ;——"' — sirps '2ver
osteopontin o s o O
integrins % N
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CJ GFs
thrombospondms / FAC\lTS stroma
osteoblasts —ﬁ . N
proteolytic enzymes—___ b — keratocytes
1 osteocytes —
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— Descemet’s
Bleocinst=T syndecans — membrane
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(e o(o\gc(o&o
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Ewxova 10: Zynuotikn ovamopdotacy s doung xai tov poiov s ECM oe

O10POPETIKOVS 16TOVS TO opyaviauod [70].
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1.2.2 Kvpieg mpmTteiveg TS EEOKVTTAPLOG PN TPOS

To koAraydvo eivar n o apBovn mpwteivn g ECM. AnoteAet émg kot o 30%
TOV GCLVOMK®OV TPOTEIVOV Tov avOpdTOL Kol cuvtifeton kol ekkpiveton otnv ECM
Kupimg amd toug woPrdotec. H owoyévela tov koAhaydvov amotedeitor amd €ikoot
OKT® SLOPOPETIKOVG TOTTOVS KOAAXYOVOL TTOL oynatilovTotl amd TOVANIGTOV Gapdvta
€€1 OL0QOPETIKEG TOAMTENTIOKES 0AVGIdeg (a0 oAvcideg) ota omovovAwtd. To
KoALayovo tomov I eivar to koAlaydovo mov mapovotdlel v wo aphovn Ekepoon
peta&y Tov 1ot@v. Kot arotedel onpovtikd dopukd ototyeio o€ 16To0g Ommg o dEpLa,
T 00TA, Kot ot T€vovtes. Ta KoAAayova StapEépovy HeTa&d TOVG MG TPOG TN SO Kot
TIG W0 TEG TOVG. T KoAAayOva pmopovv va tastvounfodv cOPUE®VA [LE TNV OPLOAOYIN

TOV TOPEMV TOVS Kol TIG AsrTovpyieg Tovg o€ entd katnyopieg (Ewdva 11) .

Ta koAlaydva mov oynuatilovv iveg (fibrillar collagens) amoteAovvtor amod
Tovg Tomovg koAhayovou 1, 11, IV, XI, XXIV kor XXVIIL. Zvvaviovio oe agpbovia
GTOVG 10TOVG TOPEYOVTOG TOLG ovBekTiKOTNTA oTtnv Thon. H watnyopia tov
KoAAaydvev mov oynpatilovv diktva (network-forming collagens) meptilapfdvet tovg
tomovg koAdaydvov 1V, VIII ko X. 'Exyovv moAAEG SLOKOTES OTIC TPUTAEG EMKOELDELG
d0UEG TOVG OV T, KOOIGTOOV EVKOUTTO KOt IKOVE VO OAANAOETIOPOVY HETOED TOVG
oynuatifovrog extetapéva diktoa. Emmiéov, pumopodv va aAANAoemdpovv pe dtdpopo
ocvotatikd g ECM dnuovpydvtog moAvpopokd copmioka. Ta koAloydva mov
cuvdéovtor pe widln kot €yovv dltokekoppéveg tpuAég €keg (fibril-associated
collagens with interrupted triple helices, FACITs) mepiiapfdvovv tovg TOTOVG
koAAaydvovu IX, XII, XTIV, X VI, XIX, XX, XXI, XXII. Eivotr oyetikd pukpd kordaydvo
LE TTEPLOYES TOV OLOKOTTOVV TNV TPUTAN EAKa TaPEYOVTAS 6T, Lopta ovtd gveAéia. Ta
KOAAOYyOVO, TOL GUVOELOVTOL HE TN HEUPpdvn pHe SloKOTTOUEVEG TPWMAES EMKEG
(membrane-associated collagens with interrupted triple helices, MACITs), eivat
SwpepPpavikéc tpmteiveg Tomov I ko tepiapfavovv toug TOTOVG KoAhayovoy XIII,
XVII, XXIII, XXV. Ta koAhaydva avtd ekepdlovtat amd dtipopa KOTTAPO, GTO, 0Tl
OpovVV ®G LTWOOOYEIS TNG KLTTOPIKNG EMPAVELNG TOL €MMPEALOLV TNV KLTTOPIKN
TPOGKOAANGN Kol KOTE TV TPOTEOAVTIKY| O146T0eN omoPAAAOVTOL OO TV KVTTOPIKN
empaveln tpoc v ECM omovpydvtag oAvtd kKoAloyova. AAleg kotnyopieg
KoAayovov mepilopufdvouy to KoAAayova mov oynuotilovv widlo aykvpmong
(anchoring fibrils), ta koAlaydva mov oynuatilovv ceapikd viow (beaded filament

forming collagens), o KOAMayOvVa e TOAAATAEG TEPLOYES TPITANG EMKOC KO SLOKOTTEG
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(multiple triple-helix domains and interruptions, MULTIPLEXIN) kot ta koAhaydvo
OV TOPAYOLV EVOOGTATIVY]. LTOVG TEPIGGOTEPOLVS 1GTOVS, TO KOAAAYdvo Tvumov I mov
oynuatifer widio Kupimg oTovg XOVOpPOLG Kot To KoAhayovo tomov 11, eivon ta kHpla
ovotatikd twv ECMs. O tpmteiveg antég cuvdéovtal pe GAAa KoALoyova, KaBmdg Kot
pe mpoteiveg g ECM yw v Kotaokevn peydAwmv dopdv. Avtéc ot dopEC
dwovvdéovton pe pope g ECM, ta omoio emiong ouvvocoviar peto&d tovg,

OMNUIOVPYDVTOS TO TOADTAOKO TPIGIAGTATO SIKTVO TNG UM Tpag[69].

Microfibrils

AR~

<& Composition Collagen ibls

Collagen fibers

X a1 (X)a2 (X]a3 (X] Co-distribution with collagen I, cartilage, vitreous, cornea
i a1 i, Found with collagen |, dermis, tendon.

: vyl 4
XV at X1V, ar
FACTs
XX Basement membrane
3 Comea
i Tissuejunctions
- e s o
Cterminal
K @10, | Hemidesmosomesinepithela | P—"
i Hear etna| wa
B (oo | s AW ochr
(WG ) EUIIEE)  GETRESERTAREIORRE] o WA T Facl H
VI al (Vi) a2 (Vi) a3 (VI) v 3 N2 '
al [Vl a2 (V1] a4 (V1) bone, cartilage, dermis, muscle w
Beaded-filaments- s Tetramer Beaded filament
forming collagens iiziol
XXV Dermis, sciatic nerve

xv eye, muscle, capillaries, testis, heart, kidney
MULTIPLEXIN Globular C-terminal
Xviil Basement membranes, liver N-terminal NC Endostatin

Eiwxova 11: Toéivounon, odvlean twv alociowv, katavour] Kol 0OUIKG YopaKTHPLOTIKG,

TV €100V KoALoyovov[69].

H ghaotivn givarl éva dAlo onuovtikd cvotatikd g ECM mov vrdpyel oe
GLYKEKPLUEVOLG 1GTOVG OV VPIGTOVTOL GLVEYN OLITAGT, OTMG Ol TVEVLOVES, TO.
eEMIOTIKE opo@opa oyyeia, TO OépHO, Ol EAUCTIKOL YOVOPOL KOl Ol GUVOEGHOL.
Amotedeitol amd LOVOUEPT) TPOTOEAACTIVIG TOV GLVOEOVTOL LEGH TOV KATOAOIT®V

Avcivng Tovg, oynuatilovtag EAACTIKES Tveg e EMaPKT EAACTIKOTNTO[72].

‘Eva éAAo popilo mov oynuatilel Lokpopoplokés OOUES Eval 1) QIUAPOVEKTIVY).
Pb6Aog g elvar  pOOUIoN TOV PNYOVIKOV 1010TATOV, OTTOC 1) TAGT TTOL dNUIoLPYEiTOL

AMOy® oAdayodv oty dopdpemorn. H owumpovextivy arAnloemidpd emiong pe Tig
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wteykpiveg mov pvOpilovy TV KLTTAPIKY TPOOKOAANGT, KAOMDS Kol e KUTTAPOKIVEG

Ko popta g ECM[70].

Ot Aapwviveg eivor onupovtikd cvotatik@ TOvV Pocikdv pepPpovov mov
AmOTEAOVVTOL OO HEYAAO ETEPOTPLUEPT TOV aAVcid®V a, b kot ¢. [Taporo mov Oa
UTOPOVGOV VO, VITAPYOLY TOALAPIOLA OOV ETEPOTPIUEPT] TOV OAVGId®V 0, B KoL v,
pévo 16 ovvdvacpoi toug €yovv PBpebel oe Lwvtavovg opyaviopovs. Exovv tnv
KAVOTNTO VO, OVTOCLVOEOVTOL ONUIOLPYDOVTOS £vo. HEYOAO OiKTLO OTIG POoiKEG
HePPPAVEC TOL OAANAOETIOPOVV LE TO dikTLO TOV KOAAaydvoL IV péow popimv, dmwg
N mepAekdv. AAANAOETIOPOVV €MioNg HE TO EMONAKA KOTTOPO HECH TOAAATADV
VTOJOYEMV TNG KLTTOPIKNG EMPAVELNG, CUUTEPIAOUPBOVOUEVOV TOV VTIEYKPIVAOV KOl
tov PGs g kutropikng emedvelag, ywoo va puBuilovv tn dwpopomoinon, v

TPOCKOAANGN KOl TN HeTAVAGTELGT TOVG[72].

O tpoteoyrokaveg (PGs) sival amd To o ONUOVTIKAE SOLKE Kot AELITOVPYIKE.
Blopaxpopdpla 6Tovg 16TOVG. ATOTEAOVVTIOL OO £vOV TPOTEIVIKO KOPUO TOV® GTOV
omoio cvvdfovtal opolomolkd pia meplocdtepeg alvcideg yAvkolopvoyAvkavay
(GAQ) 1010V M drapopetikov THov. Ot yAvkolopvoyivkdves (GAGs) stvor pakpiég un
OLOKAAOIOUEVEG OPVNTIKA POPTIGUEVEG OAVGIOEG TOAVGOUKYOPITMV TOV OTOTEAOVVTOL
amd emavoAapfovopeves povadeg oOwcakyaprtov. Ot PG ta&wopodvior  wg
eEOKVTTAPLES, TEPIKVTTAPIKES, KLTTAPIKNG EMPAVELNG KO EVOOKLTTOPIKEG AVAAOYQ LE
TOV EVIOTICUO TOVG, TNV OUOAOYIM GE MPMOTEIVIKO EMIMEOO KO TOPOLGIO LOVOIIKDV
npoteivik®v  povédwv (Ewova 12). Ov PGs Ppiokoviar o  evooKvTTOPIKA
dwapepiopota kot 6TNV EMPAVELR TOV KVTTAPOV, 0ALL eviormilovTon eniong o€ apbovia
omv ECM. AAAnAogmidpovv pe ToAvdptOpovg avEnTikong Topdyovies, KUTTOPOKIVEG,
ANUEOKIVES, LTOOOYELG TNG KLTTOPIKNG emPAveLlag Kot popla g ECM eite péow tov
TPOTEIVIKOD KOPULOD TOVG €ite PECH TV TAEVPIK®OV aALGId®V GAG OV GLUUETEYOLV
ce OPOPES AEITOVPYIKEG 1OOTNTEG TOV KLTTAP®V, OT®MG OM®MG 1 KLTTOPIKN
ONUATOOOTNON, 0 TOAAATAUGLOGUOG, 1| LETAVAGTEVCT), 1 S1POPOTOINGT, 1| ATOTTMOOT)
Kot 1 TPOGKOAANGOT. AOY® NG KavOTNTAG TOVG Vo AAANAOETOPOVV e GAAL pOPLOL
ECM «or xottopa, ot PGs eivar onuovtikd poplo yuo v opydvoon mg ECM,
ovuPdArovtag £161 610 oYNUATIGUO TOoL KpLopotog T ECM kot v eveopdtoon

TOV KLTTAP®V £VTOG 0vToV[69].
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Eiwova 12: Tolivounon koi cynuatikn avomopaotoon twv Tpateoyiokovav[69].

H ECM pmopovv va ta&ivoundet o 600 KHpLovg TOITOVE TOL SAPEPOVY OC TPOG
M obvBeon kol T doun: v pecokvtrapla (interstitial) ECM kou mepukvtTopikn
(pericellular) ECM (Ewoéva 13). Ot pecokvttdpla meptPdAlel ta kOTTOPQ, VO 1M
TEPIKLTTAPIKY UNTPO Bpiokovtal o€ oTeEV EmaEN pe Ta KOTTapa. To koTTapa mov sivol
evoouatopévo oty ECM oAnioemidpodv pe avtd 10 pakpopoplokd Siktvo Hécm
EMUPOAVEIOKDV LTOOOYEWMV, OMMG Ol VIEYKPIVEG, Ol VTOJOYELS ™G TEPLOYNG T®V
owokoedmv (disscoidin domain receptors, DDRs), ot PGs g xuttapikng emedvelog
Kol 0 VTOdOYENS TOV LaAovpovovikoy 0EEog (hyalouronic acid, HA) CD44. 'Etot ta
KOTTOPO EVGOUOTOVOLV onpoata and Ty ECM, mov vrayopevovy Tig Asttovpyieg Kot
™ ovumeppopd tovg. Olot ot tOHmor kvtthpwv (embnioxd, voPAdoTeg,
AVOGOTOMTIKA, EvO0ONAlakd KOTTOPA) GUVOETOLV KOl EKKPIVOLY LOPLOL TNG LATPOS VIO
TOV EAEYYO TOV TOALUTAMY CNUATOV GUUUETEYOVTAG £TG1 6TO oynuaticpd e ECM.
[Maporrayég otn ovvBeon kot ¢ doung Tv cvotatikav g ECM emnpedlovv 1660

TN GLVOAIKT] SOUT| 0G0 KO TG PLoynUKES 1O10TNTES TOV GYNUATILOUEVOL OIKTVOV, OALA
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KOl TO. GTIHOLTOL TTOV HETAOIOOVTOL OTO. KUTTAPO SLOUOPPDOVOVTAG £TOL TIC OMOKPIoELS
TOVG. A1dPopotl aENTIKOL TOPAYOVTEG, KLTTOPOKIVES Kol YNUEOKIVES evamoTifevTon
evtog g ECMs péow tng mpodcdeong oe cuykekpéva puopia kot eivar oe Béon va

anelevfepwOovv kot va emTeEAEGOVV TIG AELTOVPYIES TOVG.

Extracellular matrices

Pericellular matrices

Eiwova 13:Zynuotikn emokonnon e eCwKOTIGPLAS UNTPAS, TV KOPIWV TPDTEIVOV

THG KOl TV KOTTOPIKWOV DTOOOYEMV ETLPAveELNG[69].

H ECM egivan Lotikng onpociog yio T ¢UGLOA0YIKY OHOOGTACT Kot VOIGTOTOL
ce ovveyOUEVT avAdIAUOPO®ON GE QLGLOAOYIKEG GLVONKES, OMWG 1 €mMOVAMON
tpavpdteov. H dtatmpnon g woppomriog cvvBeong kot doung g, ivor OepeAidoong
oNUOGIOG Y10 TNV OKEPOLOTNTA KOl TI AELTOVPYIKOTNTA TV 1I6TMV. H amotkodounon g
UNTPOS GUVLTTAPYEL TOVTOYPOVO [LE TNV TOPAYWOYT KOl GUGCMOPEVLCT] VEOV GLUGTATIKMOV
™G unTpoc. Avt n Aentopepmg puBulopevn dadkacior £xel MG OMOTEAEGUA TN
ovooloykn ovtikatdotaon e ECM. H avopoin oavadiopdpemon g HATpog
000MYElL GTNV EUEAVIOT JOPOPWV TOOOAOYLDY, Kol OTOTEAEL KPICIHO TOPAYOVTIQ Yo
v évapén 1 v e€EMEN dopodpwv acbeveidv, dmov 1 doun kot ot Widtnteg g ECM
aVaOLOLOPPDOVOVTAL LE TOAAATAOVG TpOTOVG[72]. H ECM vrofdiAetal og exkTeTOpNéEVN
avadIOUOPP®ON KOTé TN O1dpKeELln TABOLOYIKOV KOTAGTACEWV, OpMOVTOG MG Poctkog

mopayovtag e eEEMENG Olapopdv vocsmv[70]. Zmnv avadlopope®acY] TG UNTPOG
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GUUUETEYOVY TOAAA £VOLUO aTOTKOOOUNoNG TS UNTpag [72], TOv To ONUOVTIKOTEPO

Ao aLTA AVUADOVTOL TOUPOUKATO.

1.2.3 ' Evlopo avadlapopemons TG EmKVTTApLOS MTpos

[ToAlol drapopetikol TOMOL EVEOU®V EUTAEKOVTOL GTNV OVOSLAUOPPOGCT) TNG
ECM. Ot perarromtporeivaoceg pftpog ( matrix metalloproteinases, MMPs) sivat
po okoyévelo eEapTOUEVOV 0mtd TO 0GPECTIO EVOOTENTIOACWYV, Ol OTOlEG GTOYELOVY
g TAnfmpa popimv, CUUTEPIAAUPOVOUEVOV GUGTATIKOV TNG UNTPOS, OVENTIKMV
TapoyOVIOV KOl KUTTOPOKIVOV, KoOMG emiong HOPLo.  TPOOKOAANONG Kot
onuatoddtons. Ta&vopovvtal oe €1 opddeg mov mepthapuPavouy TG KOAAOYOVAGES
(collagenases), 11g otpwpoivciveg (stromelysins), 11g CeAativboeg (gelatinases), Tig
patpilvcives (matrilysins), Tig peTaAAOMPOTEIVACES TV HEUPpavdv (membrane-
bound MMPs ,MT-MMPs), kot Ghileg MMPs copuemva pe v oporoyio Tov Topémv
TOVG KoL TNV €01KOTNTA LITOSTPp®UaTog. Ot MMPs ekkpivovtal petd ) didomacn Tov
npomentdiov Tovc. Ot exkkpvopeveg MMPs evepyomolobvion eEwkvttdpla omd
owpopeg mpotedoes. Or MT-MMPs gvtoniCovtar otnv mAacpatiky pepppavn eite
pécm evoc dapepuPpovikod topén | pécm piag dykvpoc GPI kot evepyomolovvtat amod
npotedosc. H dpactikomnta tov MMPs puBuiletor amd v aAinienidopaon pe tovg
avaotorelg otov twv MMPs (tissue inhibitors of MMPs, TIMPs), ond tnv
gvepyomoinon tovg amd AGAAeg mPmTEACEG KAOMG Kol OO T GLUVOESN TOLG LE
GLOTATIKA TNG UNTpas. Epmiékovtol 61 QUGI0A0YIKTY OVOSIOHOPP®OT) TV 10TMV TOV
ovpPaivel oV OPYAVOYEVEST KOl TNV EMOVAM®OY TPALUATOV, KAODSG Kol oTnV

avAmTLEN SPOP®V 0GHEVEIDY, OTMOS 0 KOPKiVOg KAl 1) tveoT).

AM\ec ovvapelc owoyEveleg eCOPTOUEVOV OO TOV YELSAPYLPO TPMTEACES
elvar ot ADAMs kot ot ADAMTSs [40,41]. Ov tpwtedoeg ADAMs (a disintegrin and
metalloproteases) eivor dtopepfpovikég TPOTEAGES TOV TEPLEYOVV TEPLOYEG TAOVGIES
o€ Kvoteivn kot Béoelg yio tov emdepuikd avéntikd mapdyovta (EGF). Ot ADAMTSs
ekkpivovior ommv ECM, otoxebhovv moAvappo poplo Kot EUTAEKOVTOL GTNV
(QLGLOAOYIKN Kot TOBOAOYIKY] OVOOLOUOPP®OT). AAAEG CNUOVTIKEG TPMOTEACES TOV
EUMAEKOVTOL OTNV aVOSLOUOPP®ON TG UNTPOG €ival Ol TPMTEAGES GEPIVNG Kol O
EVEPYOTOMTNG TAAGLIVOYOVOL 16TIKOD TUTOV (tissue-type plasminogen activator, tPA),
ol omoileg EUMAEKOVIOL OTI UHETOTPOT] TOL TAAGUIVOYOVOL o€ mhacuivn. O
KaToppaKTng TG mAacuivng epeaviCer gvupeio eEeldikevon otoyevoviag TANOmpa

GLGTATIKAOV TNG UNTPOG Kot LOPImV oNUATOdOTNONG, EVD gvepyomotel apkeTéc MMPs.
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AMec mpoOTEACES OGEPIVIG, EKKPIVOVTOL OO TO OVOGOTOWTIKG KoL N
avocomomtikd kuttopa oty ECM kot pumopodv vo omoikodopcouy o TOtKiAiol
TPOTEVAOV TNG UITPOC, KAONDS KOl KUTTOPIKAOV DITOSOYEMV EMPAVELNG TOV £NNPedlovv

TIG AAANAETIOPAGELS KUTTAPOV-UNATPOG.

O kaBeyiveg KVGTEIVIG, oV Kot eviomilovTal 6To EVOOKLTTAPLO SlopUEPIGHOTL
ackoVOV emiong T Asrtovpyieg toug oty ECM oamowkodopdvrag popie g ECM.
Opopéveg kabeyivee ekkpivovtar ommv ECM, kol oe ghappmdg 0Eveg ouVOTKEG,
EMKPATOVV GE 000&velec OMmC o Kapkivog Ko M ooteoapOpitida. Extog amd Tig
npotedosg, to évlopa omowkodounong tov GAG, eumiékovion emiong omnv
avadtapopewon e ECM tporonoiwvtag ™ doun kot to péyebog twv PGs. Ztov
dvBpomo &xovv meprypagel 6 Evlvpa amowoddunong tov HA, mov anoteAel v mo
yvoot) GAG. Opouéva amd avtd givar dpactikd oe 0Evo 1/kat og ovdétepo pH Kot
QITOKOOOLOVV TO LYNAOL HoptokoD Bépovc HA oe pukpdtepa frodpacticd Opavcpota
otmv ECM. Ta évlopa avtd endyovv Proloyikd yeyovota Omwg 1 ayyeloyéveon, 1M
QAeypovn, katl n eEEMEN tov Kapkivov. ‘Eva dAdo évlupo amowoddunone GAG mov
eumiéketal oty avadlapudpewon g ECM eivar n mrmapavdon (heparinase). H
nroapavdon eivat po vOoyAuKovupoviddon mov daemd Tig 0AvGides Betkng nrapdvng
(heparan sulfate, HS), peidvovrag 1o péyefdg tov PGs ko ameilevBepavoviog
Brodpaoctikd Opavopata HS 4-7 kDa. Yrepekopdleton o acBéveleg OTMS 0 KopKivog
Kol TPOAYEL TNV OVATTLEN  KOPKIVIKGOV KUTTAP®OV, TN HETACTACN KOl TNV

ayyswoyéveon[72].

1.2.4 Yoo oygic Kou KuTTOPIKY GNRaTOd0TIG NE TN pEGOrapnon e
ECM

To kOTTOPA EAEYYOVY GLVEXDG TN Proynkn cvvBeoT g ™G TEPPAAAOVGOG
UNATPOG  YPNOLUOTOUDVTOS  OIPOPOVS  VLTOOOYEIG TNG  KLTTOPIKNG  EMPAVELOGS
GUUTEPIAOUPOVOUEVOV TOV WWTEYKPIVOV, TOV VTOOOYEMV TOUED TNG OICKOEWMV
(discoidin domain receptors, DDRs), t@wv vrodoyéwv SDCs ka1 tov CD44, vy vo

puOuilouv ta gvdokvtTapikd povomdrtio onpotoddtons (Ewova 14).
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Eixova 14: Metaywyn onuarog uéow vmodoyéwmv ue ) uecoiafnon ts ECMJ[73].

O wreykpiveg elvan StopeuPpavikd eTepodipepn Tov Hropovv va cuvoedovy e
olpopec mpwteiveg, OM®G TA KOAAAYOVO, Kol dpovv Oxl UOVO ®OC TPWOTEIVES
GLYKPATNONG, CAAL KOl ©C UETAYWOYELS oNUATOV GE €VOOKVLTTAPIKE popla Yo TovV
ELEYYO NG CLUTEPLPOPAS TV KLTTAp®V. Edwdtepa, ot wreykpiveg dnuovpyovv
GUUTAOKO TTOV EVICYVOVV TIG CAANAETOPAGELS EGTIOKTG TPOCKOAANONG KOl EEKIVOVV

TN GLVOPUOAOYNOT TOL dIKTVOV cLVAelag (adhesome).

Metd v 01€yepon omd avENTiKovg Tapdyoves, GuV-evtomilovTol GTIG E0TIOKES
ovyKoAANoelg poll pe tov avéntikd moapdyovia twv vrodoyéwmv (growth factor
receptors, GFRs), pe onuotodotikd popia, (FAK, Src) kot popro mov oyetiCovran pe
TOV KUTTOPOGKEAETO, OTMG N fLvKoLAivT, 1 TaAiv Ko 1 TaSihivn. Me avtov Tov Tpomo,
Ol WTEYKPIVEG SOUOPOOVOVY TEAMKE TNV TN OpaoTNPOTNTO TOV UETAYEVECTEPMV
nmapayoviov, onwg ot PI3K/Akt, INK, ERK kot tov Rho GTPacwv. Ov DDRs
ocuvvdéovtar pe vrodoyeic Kwvdoewv tupocivng (RTKSs), kot mapovsialovv €101kd
YOPOKTNPLOTIKA, LLE TTLO OPAKTNPIOTIKO TNV IKAVOTNTA dECUEVONG TV KOALAYOVOVY. Ot
SDCs, givot StopeppaviKég TpOTEOYAVKAVES LLE KLTTAPOEIOIKE KO IGTOEOIKA TPOTLTOL
£KQPaOoMG, Kot 0moteAohV VIOdoYelc mTov oyetilovtal Kupiwg pe TV TPOSKOAANGN.

EmmAéov, ot SDCs dpovv cuvepyloTiKG HE TIG WWTEYKPIVES Kot YPMNOLUElOVY MG
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GLUVLTTOJ0YELG TV VTTOSOYEMV TV AENTIKOV TTapayoviwv. O vrodoyéag CD44 sivan
£€va, LOPLO KLTTOPIKNG TPOCKOAANGTG TOL GLvoEeTal e cvuotatikd g ECM, 6nwg 10
HA, n ooteonovtivn (OPN) ko ot MMPs, yio va dieyeipet petayevéstepa LLovomdTio
onpatoddTnong, 0nmg 1o PI3K/Akt. Tap' 6Aa avtd, to CD44 adAnloemidpd emiong e
Ao ToAvapOpa pop ECM, avéntikovg mapdyovtes Kot KUTTOPOKIVES Kol TPOAYEL

™V avamntuén tov OyKov, TNV Ay YEOYEVEST), TN LETACTAOCT KOl TOV Kapkivo[73].

1.2.5 H eEoxvttdpro pfitpa Tov Tvevpovo.

Onwg avagépbnke, n ovvBeon g ECM mowcidiel petald Tmv GLVOETIKGOV
10TOV, TPOKEWEVOL Vo Tpocapproletat otig Asttovpyieg Tov[72]. H ECM 1ov tvevpova
(Ewoéva 15) ocopPaiier oty dwoetipnomn g POctKNg apyLtEKTOVIKNG TOV 1GTOV TOV
nmvedpova. O Gpog matrisome, OVOPEPETOL GTO TANPES GUVOAO TMOV TPMOTEIVOV TOV
ocuvBétovy TV eEOKLTTAPLO UATPA €VOG 10TOL 1 opyavicpov. To matrisome Tov
nvevpova ackel 3 Oepelmdelg Aettovpyieg oto mvevpova. [apéyet Sopkn vrootpién,
eumodilovtag TNV KOTAPPELCT| TV OVATEP®V OEPAY®Y®V, oynuatilel pia pepfpavn
GTOVG KATMTEPOLS 0EPAYWYOVS, SIEVKOADVOVTAG TNV OVTOAAAYT] 0EPLDV KOt XPNCUEVEL
o¢ Ogfapevn Yoo TOVG oVENTIKODS TOPAYOVTEG EVEPYOTOLOVTIOS ONUOTOOOTIKOVS
VTOJ0YEIC OTNV EMPAVEIL TOV KLTTAPOV Kol €Mnpedlovtog £T61 TOV KLTTOPLKO

TOALOTAQGLOGLO KOt TNV Agrtovpyio TOLG HEc® TG pUBUIong TS avtogayiag[71].

210V QUGIOAOYIKO TVEDHOVO, TO KLWEMOIKE emBnAlaxd kdttapo tomov Il
moAhamAactdloviot Kot oynuatilovy O1aKAASIGUEVES OOUES, EVD EKPPALOVY TPMTEIVEG
mov oyetilovtol pe emMPAvVEOdPAcTIKEG ovoiec. EmmAéov, n axopyio g untpog
emnpealel m Swpopomoinon TV WoPAUCTOV G HVOIVOPALCTEG Ko eVioYDEL T
YNUEWOTOKTIKY  OpacTNPOTNTA, TN QOYOKVLTTOP®GCT KOl TNV TPOCKOAANCT TV
QeAeypovodnv kuttdpov. H dvokapyia tov mvedpova avédvetor étav 1 1coppomio
peta&h ocvvbeong kot amowodounong Tov cvotatik®v g ECM dwtapdooetal, Eva

QovopeEVo Tov yapaktnpilel ddpopeg Tvevpovikég Tabnoeg[71].
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Eiwxova 15:Xynuotiny avamopdotoon twv KOpiwv mpoteivov e avevuovikns ECM

[74].

1.2.6 O poirog ¢ eEkvtTaprag pitpog otny III

O porog g ECM eivan €xet peketn et extevag oty maboyévela g I Exet
n ECM oavtupoconedel Evav morlvdHvapo mpoivemTikd LesolafnTh mov Aettovpyet g
PLOUGTIG TNG KLTTOPIKNG CLUTEPIPOPAS HECH TOV PLOYNUK®OV 1O10THT®V NG, TOV
eAEyyovTal amd TN GVYKEKPEVT chvOeon Kot amokodounon g UnTpog kabmg Kot
amd Vv aneAevfiépwon TV yNUIKOV pecoiafntav. H avopoin avadtopopemaon g
ECM, n onoia ava@épetorl 6e aAlayég otnv cOVOEST Kot opyaveoT g, Umopel va £xet
ONUAVTIKO avTIKTUTO 0TV avamtuén Kot v €£EMEN G TveLHOVIKNG Tvmong Lécm

OLOLPOPETIKMOV PUNYovicHav [71], ot onuavtikdtepot amd Tovg omoiovg ivat:
Tpomomoinon TOV uNYAVIKOV 1OL0THTOV TOV TVELROVA

O 1tpovpaTIicpdg TOV TVELUOVO  OVOTOPEVKTO OLOTAPAGGEL TN UNYXOVIKN
OHOLOGTACT) OV OEMEL TI PLGLOAOYIKT OPYLITEKTOVIKY KOl AErTovpyio Tov 16Tov. O
TPOVUATICUOG TOV 16TOV, 00MYEL GE KATAGTPOPN TNG OKEPALOTNTAG TOV EVOOONAAKADV
Kol EMONAMOKOV KLTTAP®OV HE OmOTEAEGHO OVENUEVN OlomePATOTNTA, OVENUEVN
KUTTOPIKN €6POAY, OmeEAEVOEPOON PAEYLOVOI®V ONUATOV KOl KLTTOPOKIVAV,
OlTaPAYHEVT] KLTTOPIKT) GLOTOAN Kot wieor, kabmdg kot oavénuévn evamdBeon
ovotatikdv ECM. H pn anokatdotocn 1oV QUGIOAOYIK®OV OLOIOGTATIKAOV UNYOVIKOV
Kol KUTTOPIKOV oAANAeTdOpdcewy, 0dnyel o€ cvocmpevon mpoteiviv ECM mov
TPOAYEL TNV SVOKANYIN TNG UNTPOG Kot TNV emipovn kuttapikn dvoiertovpyia (Ekdva

16).
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To unyovikd mepiPdArov 6Tov VOTIKO 1010 £EEMGGETAL TTPOG Lol GLVON KT TOV
yopoktnpileton omd avEnuévn  ovokouyia[75]. H avénuévn dvokapyio tov
TVELUOVIKOD TapeyyOpoToc, eéontiag g vrepPolikng evamodfeong ECM mpoxoiet
dvonvola, 10 TPpdTO KAWIKO ovumtope g I H avénon g dvokapyiog tov
TVELUOVOV peTpatal Eupeca Le T peimon g Blong Lotikng yopnrikotrog (FVO),
N omoia cvoyetieton pe ™ BvnowdTro Kol givoar 1 KOAHOTEPN TOPAUETPOS Y10 TOV
TPOGIOPIGHO NG EEMENG TG VOGOL[76].

Homeostasis Injuryffibrosis
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' it Cell invasion
Endothelium ' . - * - - :

p— ——

———r T T
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Fibroblast (o g Increased activation Increased Interstitial tension
ECM ‘ of fibroblast
'

\AJ .—//v S S~

Eixova 16: Merofoléc the ECM kota. tov tpovpationd tov 1otod[75].
Mnyaviko ctpeg

H evan68eon ECM kot o1 petaforég oTic pnyovikég 1010TNTEG TOL TVEVILOVIKOD
1610V oty I propovv va odnyncovv e avénuévo pnyovikd GTpeg, mov UTopel va
EVEPYOTOMGEL  HOVOTATIOL ONUOTOOOTNONG KOl VO, EMNPEACEL TNV  KLTTOPIKN

oLUTEPLPOPE, SLUPAAAOVTOG TEMKE otV eEEMEN TN VOGOUL.

H pnyavuc axopyiog g ECM gtvon pio onpovtikn mopdpetpog mov ennpedlet
mv e&éMEn g tvoong. Tlpdopatec peréteg £xovv avadeilel véeg 10€eg yia PpoOyovg
Betikng avatpopoddtnong pe ) pecordfnon g ECM oe acBeveic pe 1. Amovcia
eEoyevov kuttapokvav, 1 ECM g IIII mpoxkadel T QUOIOAOYIKY] LETATPOTY TMOV
WOPAOGTAOV TOV TVELLOVO, GE EVEPYOTONIEVOLS LLOTVOPAAGTEG TOL UEWDVOLV TNV
ékppaorn tov microRNA-29 (miR-29), xopiov apvntikod puOUIcT | CTPOUATIKOV
yovidiov. Molc oynuatiotel, n ECM oty ITII dnpiovpyet éva Bpodyo mpo-tveTikng
avadpoong mov pmopel va dwatnprost v ivoon. H avénuévn axapyio tov
VIOGTPOUATOG EVEPYOTOLEL TN punyavogvaicOntn tpwteivn 1 (YAP) mov oyetiCeton pe
to povomdtt Hippo, 10 omoio pvOuiler v wvttapikn avamTuEn Kol TOV

moAhamhaciacpd. H evepyn YAP pe m ogpd g, puBuilet avodukd v evamodbeon kot
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™ ovokapyio g ECM, amoteddviag évav dAlo Bpoyo Oetikng avddpaons. Zto
UECEYYVUOTIKA TpOYOVIKE KOTTOPO, (Mmesenchymal progenitor cells, MPC), n avénuévn
axkopyio pecorafel oTNV AmOKTNOT UNYAVIKNG LVIHUNG TPOKOAMVTOG 6TafEpPT avEnon
tov miR-21, BeTkov pvOeT ™G evandBeong ECM, emtpémovtog 6e autd to KOTTOPO.
va dlTnpovv oTafepd TOV VOTIKO QoIVOTLTO TOVE KOl VO QVEAVOVY TEPULTEP® TNV

axopyio g ECM (Ewova 17)[77].
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Eiwxova 17: Bpoyor avatpopoootnong ue w uesorofnon s ECM xata v évopln ko
mv e&éhiln g ivoong[77].

Evepyonoinon tov TGF-

‘Evoc mpotewvopevog unyoviopdg mov e€nyet v emidpacn g avEnuévng
UNYOVIKNG okapyiog 6Tov veTikd eovotumo sival 1 emayOUevn EVEPYOTOINGT TOL
TGF-B1. Mekéteg amodeucvoouy Ot 1 avénuévn unyoviky téorn evepyomolel kot

anelevBepdvel AavBavovta TGF-B1 o vortucodg mvedpovec.

O mapayovtag TGF-B ocvvtiBetor g mpomentidlo. Apyikd, to TPOMENTIOO
elevBepdvetar 6To evooTAacUATIKO dikTLO OOV dpepileton Kot avadurAmvetat. Evtog
TOV KLTTAPOV, TO MPLUO TUNHO TOV TENTWIOL CLYKpOTEiTAL GE AavBdvovsa Hopen
HEC® UM OMOLOTOAKNG ovvoeomg pe to mpomentioto LAP, oynuoatifovtog to pukpo
AavBdvov coumioko (SLC), to omoio mpookoArdton otnv ECM. Ot wvteykpiveg mov
Bpiokovtar oty emedveln T@V KLTTAP®V cuvoEovy To LAP pe Tov KuTTopocKeLETO,

Y. VO KOTOOTEL dUVATH M HETAY®YY] TOV UNYOVIKOD GNUOTOS GTO £0MTEPIKO TOL
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kuttdpov. IMapovsio pnyovikov otpec, to SLC dwondror kol amehevbepovel To
Bodpaoctikd opodepés TGF-Bl. H evepydg mpwteivy TGF-Bl1 otv ocuvvéyewa
deopedeTor otov vrrodoyéa g mov Ppioketor oTa YEITOVIKA KOTTOPO (EMONAOKA,
woPAdoteg). H evepyomoinon owtod Tov vmOdoyxéo £xel ®G AmOTEAECUO TN
QeOoPopLAI®o™N Tov cuurtAdkov SMAD2/3, ne amotélecpo TV O10POPOTOINGT TV
KUTTAP®V avT®V 6 PLoivoPractes. To unyavikd oTpec TPOKAAEL EMIGNG CLGTOAN TNG
aKTiVIG HECM TV WVTEYKPIVAV, 1) OO0 £YEL O OMOTEAEGLA TY PWGPOPLAIDGCT TNG
Kwaong eotwkng mpookOAinong (FAK) yw v mpombnon tov mepattépm
moAvpeptopov ¢ aktivng. H pwcspopviimon tg FAK evepyomotel emiong tv Rho
kwvéon (ROCK), n onoia 0dnyel oe avénuévn GLGTOATIKOTNTO TG AKTOUVOGIVNG. X€
amOKPIoN GE OLTO TO UNYAVIKA onuata, ot unyoavoevaicOnteg npwteiveg YAP (yes-
associated protein) kot TAZ (transcriptional coactivator with PDZ-binding motif)
petatomilovioal 610 TLUPNVEL TOL KLTTAPOL Yl Vo TPO®ONGOLV TN  HETAYPOON
TPOWVAOTIK®V Yovidiwv, mpombdvtag v evamdfeon ECM. Avtd éxel o¢ amotéhecpa
0 mEPPOIALOV TOV KLTTAPOV Vo yiveTow OKOHO 7O GKOUTTO Kot OVCKOUTTO,
TPOGOETOVTOG £TOL TEPALTEP® TN UNYAVIKY] KOTOTOVNOT TOL OCKEITOL OTOL KOTTOPO

(Ewova 18).

Evowogépov amoteiet 6t 1 dvokapyio Towv 10TOV cuoyetileton BeTikd pe v
nmocotta Tov evepyod TGF-B1 mwov amedevBepmveral amd Tov 1610 PETA ATO UYOVIKN
owataon. Ta svprpata avtd vwodnAdvovy 6Tt 1 dvoKapyio Tov mepPdriovtog elvar
wavn va gvepyomotel tov TGF-B1, o omoiog pumopei va dradpapatifet kpicipuo péAo otnv
wavotnta tov ECM va vayopevel évav mpotvotikd KLTTAPIKO QOVOTLTTO KOl VO

TPOAYEL TNV TPOOOEVTIKY] TVELOVIKY Tvewon[88].
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Eixova 18: Avvopuxn orinlemiopoon petald ECM, kottapwv kor TGF-B[76].

Xoppetoyn TOV evivpov swectavpoopevig (cross-linking) cvvoeong oty 111

To évlopa dlooTavpodUIEVNE GVUVIEONS JAdPALOTICOVY GNUOVTIKO POAO GTNV
opotoctacn e ECM. Ot Bropnyavikég 1d1dtnreg tg ECM ennpedlovtat Evtova amod
™ Broynukn cvvheon g UNTPOS KOL TOV EMUEPOVS GLOTATIKAV TNG, KAOMG Kot amd
LETO-LETOPPOUCTIKEG TPOTOTOMGELS, OT®MG M YAVKOLLAI®MGON, Kol 1 SOGTAVPOVUEVT
oovdeon[76]. Avta ta  évlopa  daoTOvpoLHEVNG  ovvdEonS,  OmwG Ol
tpavoyrovtapvaceg (TGs), ko ov o&ewdoeg g Avoivng (lysyl oxidase,LOX),
puOuilouv ™ otabepoTNTa, TV OPINLOVON KOL TOV KUKAO EPYOCLOV TOL KOAAXYOVOU Ko
eEaocparlovv ™V ooty ocvvoeon TV cvotatik®v g ECM v ) Béltiom

Aertovpyio tng[71].

To avticopoata évavtt ¢ LOXL2 avéotethav pio oelpd amd WOTIKES
KOTOOTACELS, OLUTEPIAAUPAVOUEVG OVTAG TNG EMAyOUeEVNG Oomd  UTAEOMLKIV
TVELOVIKT G tvoong. EmmAéov, ta vynAdtepa enineda LOXL2 otov opd acbevav pe
ITTI, oyetiCovron pe avénuévo kivouvo eEEMENG TG vOGov. Mia Tpds@atn HEAETN TTOV
dtepevvnoe 10 porko 160 tv evldpwv TG d6co kot tov LOXL katénée oto
cuumépaco 0Tt 1| TafoAoykY| dtactavpovpevn odvdeon g ECM oy I avédvet
™V avdntuén tov woPAaCTOV Kol TNV OVTICTOGT GTI QUGIOAOYIKY] OVOOIAUOPPOGCT
mg ECM. Avtd ta amoteléopoto vrodnAdvouy 0Tt ta £vOupa O10.6TOUPOVUEVIG
ovvoeong pubuilovv v avdntuén g tvoong. Extoc and v avénuévn evandbeon

ECM, n avopoin dtuctavpoon tov tpoteivov g ECM, iaitepa tov KoAhayovov,
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00N YEL TNV GLGGMPEVOT) WVOPAUGTAOV, GTO GYNUATIGUO TEPICCOTEPO AKAUTTOV OOUDV

evtoc ¢ ECM, cvupdirovtoc mepartépm otny oavénon e akapyiog] 88].
PyOpion ™S KVTTOPIKIS CLUTEPLPOPAS

H ECM pmopet eniong vo Slopope@OVEL T1 GUUTEPLPOPH SLUPOP®Y KLTTUPIKAOV
TOMOV TOV EUTAEKOVTOL GTNV TVELLOVIKY (v@oT), OTT®G ot voPAAGTEG Kot ToL KOTTAPO.

TOL OVOGOTOUTIKOV GUGTYLLOTOG,.

Ot woPAdoteg givatl 0 KOPLOG KLTTOPIKOG TOTOG TOL TOPAYEL KO OTTOIKOJOEL
v ECM. Ot gvepyomompévol pooivoPAadoteg dev eviomilovtal GTov vy TVELUOVIKO
1010 KOl cvoocwpevovtal ®g omndkpion oe pa PAAPN. 1o mhaicwo tg IIII, ot
HLOTVOPBAAGTEG O1OPEVYOVY TOV PUGLOAOYIKOD EAEYYOV, OVTIGTEKOVTOL GTNV OTOTTMOOT),
KoL TapOVG AoV Evay EKKPLTIKO PAIVOTLTO TOL 001 YEL GTO YOUPAKTNPIOTIKO YVOPIGHLO
g maboroylag g vocov, T eotieg pvoivoPractdv. Me Bdon Tig vrdpyovcesg
HEAETEG, LEYPL OTLYUNG, 1| TPOEAEVOT) TV voPlacTikdv eoTidv G IITI opeideton gite
oTV  OEYEPOT TOV  PUGLOAOYIKMV TVELHOVIK®V  woPAacT®V  omd  TOmKovS
Tpotvetikovg avéntikovg mapdyovteg (TGF-B, CTGF TNF-a), ite oto koyehdikd
emnAoxd kdtropa tomov I mov kit amd ta emovorlopuPovOUEVE TPOLHOTIKG
epebiopota voiotavror embniokn mpog peceyyvpoatikn petdfaocn (EMT) won
SlpopomolovVTAL 6€ WWOPALGTEG, £ITE GTO TPOYOVIKA KUTTOPM TTOV TPOEPYOVTOL OITd TO
HVEAD TV 0GTMV TOV GLCCMPEVOVTAL GTOV TPUVUATICUEVO 10TO Kol GUUPAALOVY GTN
ovoompevon Tov ECM katd v avarntuén kot v e&éMén g tvoong. [epapatikég
UEAETEG OTOVG TTVEDLOVEG £XOVV TOGOTIKOTOMGEL TN GLUPOAT TOL KAOE PUNYAVIGHOV,
extipavtog 01t EMT avtitpoconevet 1o 30% tov evepyomomuévov LooivopAdctay,
T KOTTOPA TOV HVEL0D 10 20%, evd 0 VITOAOTO 50% TPOEPYETAL OO TA CTPOUATIKA

KuTTapa. Q6TdG0, TPOCEATO SEFOUEVA OUPIGPNTOVY avTOVS TOVS aptBpovg[71].

H ovvege ordnlenidpaon peta&d woPractov kot ECM  mapovoio
TPOIVOTIKOV OVENTIKOV Topayovimv eivarl vredbBouvn yuo v vrepPoiiky| evamdBeon
ECM xot v mpoodevtikn ovAomoinorn tov mvevpovev. Agdopévo deiyvouv OtL I
aLENUEVN ooy io TG UNTPOG EVIGYVEL TOV TOAAATANGLOGHO TV WVOPANGTMOV Kol TV
avtiotaon oty amomtwon. Emiong, m mpoéhevon tg ECM £€yel amodeybel mo
ONUOVTIKN a0 TNV KLTTOPIKY] TPOEAELGT OTNV AVATTLEN KOl J1OPOPOTOINCT TV
woPractdv Katd v eEEMEN ¢ tvoonc. Meléteg éxovv deilel 0Tl 1 KaAMEPYELD

woPractdv og votikn ECM, endyet évav 0etikd Bpdyo avatpo@oddtnong HETAED TV
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woPractdv, aveEaptnta amd 1o av ot woPAdoTteG awTol Tpoépyovrol amd VYES 1
acOeveic[71].H vynAn odvokapyioa g ECM oe évav wotd Il elvar éva tomucod

napadetypa tov tmg 11 ECM kabodnyel v dapoponoinon twv kuttdpmv[75].

H ECM pumopel emniong va dpdost og oreypovmong pecorafnie. Meléteg
&yovv dei&et 6TL moALd amd Ta cvotatikd g ECM, cvpnepihapfavopévaov tov HA kot
™mg elootivng, ovpuPdAlovv dupeco otn  eAeypov péow TG pobuiong g
ANUELOTOKTIKNG dpacTNPOTNTAS, TNS PAYOKLTTAPMONG, TG TPOCKOAANGNS Kol TV

VOGOAOYIKMV OMOKPIGEMV TOV TOAVUOPPOTUPNVOV KLTTAP®V|[71].

Yvvolkd, 1 ECM dgv umopet va yapaktnpiotel og Eva abdo wpiopa, oaAid
AVTITPOCHOTEVEL £VO. TOAVOVVOUO TPOIVOTIKO pecoiafnt mov Bo pumopovce va
eEnynoet v e€EMEN Kot TEPOYEVEL TNG VOGOV KO VO TOPEYEL ATTOKOAVTTIKA GToLyEln
oyeTIKa pe Tov ovuvleto unyoaviopo g I H ECM Aettovpyei mg evéhktog puOuotng
NG KVTTAPIKNG CUUTEPIPOPAS LEGH TOV PLOUNYOVIKOV Kot BLOYNUKAOV 1010THT®V TG,
oV EAEYYOVTOL Ol TN GLYKEKPLUEVN GUVOEST] Kot avadUOPPOGCT) TNG aKoUWiog Tng
pntpog  kaBdg kol omd TNV ameAELOEPOOT  TOV  YNMUWKOV  UEGOAUPNTOV,
GUUTEPIAQUPAVOUEVOV TOV OWENTIKOV TAPOyOVI®OV Kol T®V KLTTOPOKWVGV. YO TO
TPIGHO OVTOV TOV OES0UEVOV, OL EPEVVNTEC EYOVV EGTIACEL TNV TPOGOYN TOVG GTNV
petafoin g doung e ECM avantbocsovtog Oepamevtikode mapdyovreg (Ewdva 19)
ov otoyevovy oty Bepaneia g I péow aAlayng tov pikpomepPdAlovioc g

ECM[71].

Eixova 19: Avamopdoracn VEmv Oepamentik®v TpooeyyioemV, TOL GTOYEDOVY TNV
Ocparmeio g I uéow oliayng tov uikporepifarioviog g ECM[71].
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1.3To yovioro SH3 and PX domains 2A (SH3PXD2A /TKSS5)

1.3.1 Aopn

To yovidto SH3 and PX domains 2A (SH3PXD2A), yvootd kot pe v
ovopaoio Tyrosine kinase substrate 5 (TksS), yaptoypapeiton oto ypopodcope 10 otov
dvOpomo kot €xel péyebog 267 kb[78] To SH3PXD2A yovidio mapdyel dvo kHpla
peTaypamo olapopetikov unkovg (long-short transcripts), ta omoio. TPOKLITOVY ATO
EVOAMOKTIKO patiopa, petald tov eEmviov 7 kot 10. To minpeg (long) petdypago £xet
unkog 11468 (evyn Phocwv kot amoteleitor and 15 eEdvia. To pkpoTEPO PETAYPAPO
(short isoform), cuvavtdrtol o€ TPELS S1UPOPETIKES LOPPES, 1| KUPLOTEPN OO TIC OTOLES,

amotereiton amd 11.245 Cevyn Pdocwv kan 14 eEdvia[79].

Kat ta 2 petdypaga (long-short), petaypdeovior amd Tov 1010 VITOKWVNTY O
omoiog Ppioketar avodikd tov eEwviov 1. To mpwTEiviKO TPOidV TOL YOVIdiov
SH3PXD2A mov avtictoyel 6t0 mAnpes petdypago, anotereitor omd 1133 apvoééa
kot €xet popaxd PBapog 150 kDa. H mpwtotayng doun g avOpomvng TksS
neptlopPdver o Phox-opdroyn mepoyn (PX) oto apvotelkd dkpo ko mévte Src

opodroyes (SH3) meproyég oto kapPoutelkd dxkpo.

2ta movtikia, to yovidlo sh3pxd2a Bpicketan oto ypopodcopa 19. To minpeg
petaypago (sh3pxd2a/tksS long), &éxer unrkog 10.464 (evyn Baoewv Ko amoteAeitonl amod
15 e€avia. To 2013, ¢ gpyacio yio v Ekepacn Tov yovidiov SH3PXD2A cg acOeveig
pe Kopkivo Tov mvedpova, dmot®inke, 0Tt VITApPYEL akOUa Eva Bpoayd LETAYPOPO
(tks5 short),t0 omoio mepiéyel 6to 5° dkpo Tov P aAANAoVYie amd o TpdVo 7 TOL
axolovBovpevn and ta eEmvia 8-15[80]. To 2014, épgvva Bacilopevn oV TOPATAVE®
gpyacia, avédelEe akdpa pia 1oopoper tov yovidiov (tksS B) oto movtiki, Tng omoiag n
KOIKN aArniovyia Eexvd 6to e£@vio 6 kot amoteieiton and Ta e&mvia 8-15 (Ewodva

20)[78].
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Kol TV TPWOTEIVAOY TOD TPokOTTOvV[78].

H neproyn PX, elvar pa meployn déopevong poceommidiov, oynuatifetat and
120 apvo&éa kol gpoaviletol o po moKIAlo VKOPLOTIKOV TPOTEIivOy. H kipla
Aertovpyio g meproyng PX elvarl va cuvdéel tig mpmteives ikpropatog TKS pe v
KutTopkn pepPpdvn pécom g déopevong epooeoivoottdimv[81] H mepoyn PX
AmOTEAEITAL GTO QUIVOTEAMKO GKpOo amd pia TpmAr] aAvcida mov oynuatiler doun PB-
TTLYOTOV PVALOL M oTola akoAOVOEITAL O [0 EMKOELDT SO OV OmOTEAEITAL AUTTO
téooepig a- EMkeg. O meproyéc oporoyiog SH3, eivon pukpég mpoteivicéc meployég S0
TEPImMOv apVoEE®VY, TOV OPYIKA EVTOTMIGTNKOV GTO [N KOTOALTIKO TUNUO OPKETOV
Kivacov topocivng. ‘Extote, éyovv evtomiotel oe o peydAn mowidMo dAA®V
EVOOKLTTOPIK®OV N pepPpavik®dv mpoteivev[82, 83]. Ot SH3 meproyég ypnouevovy mg
Béoeic TPOGdEoNC Y10 TOL CNUOTOOOTIKA HOPLO Kot LEGOANPOVV OTIG AAANAETIOPACELG

TpoTeEiVNG-tpwteivng[81].

1.3.2 Polrog

H Tks5, etvar o mpoteivn mpocsoppoyéag (adaptor), mov Asttovpyel wg
okaAwotd (scaffold), cuvdeduevn pe drAdeg TpwTeives, S1ELKOAHVOVTOS TO GYNUATICUO
TOAV-TIPOTEIVIKOV  cLUTAOK®V. Ot TPOTEIVEG TPOCAPUOYELS, SOUOPPDOVOVY TNV
EVOOKVLTTOPIKY] ONUATOdOTNON  @Epvovtos puluiotikée mpowteiveg, &vlopa 1

KUTTOPOCKEAETIKES OOUEG o€ KOVTIVY| omdotaon[81].

O poteiveg mov mposeikvovtol and v TksS umopodv va aAinioemidpdoouvv

1660 peTaEy Tovg, 0600 kot pe v TksS. Emopévmg, n TksS givon éva pdpilo 1o omoio
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EMTPEMEL GE TPMTEIVEG Kol AAAOVLG TOPAYOVTEG, TOL VIO AAAEC cuvOnkeg dev Oa
OAANAOETIOPOVGOV HETOED TOVG 1 TOCO OMOTEAECUATIKA, Vo, £pBovV KOovTd Kot va
aAlemodpacovv. To amotélecpa avtng TG aAnAenidopacnc cuviBwg oyetileton pe v
TpomOnon g KutTaptkng onpatoddtnong (Ewova 21) [83]. Eniong, Aettovpyet kot g
VTOGTPOUA TNG Src KIVAong, 1 omoia umopel va v eocpopviidvel. 'Exel mpotabel 0Tt
N ewceopviimon g TksS amelevbepiver tov topéo PX oamd evdopoprlokéc
OAMAETIOPAGELS, KOL TNG EMITPEMEL VO OEGUEVETAL GE QOOCEOPIKO MMId0 NG
KUTTOPIKNG HepPpavng[84]. dvcioroyikd, n 0éon g TksS eivar 610 KLTTOPOTAOGLLO
o€ 0dpavi] KATAGTAOT, OAAG pe To KoTtdAAnAo epebiopoto, pmopel vo eVIOMIOTEL,
peuppavikd, o evepyn Katdotaon ota kKuttapa[81], kKot ota podosomes, dopég mov Ha

TEPLYPAPOVY AETTOUEPEGTEPQ GTY) GLVEYELD.

Growth factor
— receptor

7..
Ptdins
Matrix l
degradation |
X SRC
U TE actin, tubulin,
ADAMI2/15/19: j i
oM N
- \ ; -
- BRI el
) migration
N-WASP - I NCK g

A S

s cortactin b
X Aw “lunge Podosome
s formation

@ L
Invadopodium  Cytoskeleton rearrangement
formation

Eiwxova 21: O polog g TksS atnv déoucvon onuatodotikwv popiwv. Tporomomuévy
ano [81].

H mpoteivny TksS5, mapovcoidaler vynAn opoAoyio pe po GAAN TPOTEIVN
npocapuoyéa v Tyrosine kinase substrate 4 (Tks4), m omoio omotelel emiong
voéoTpOU TNG Src kvaong ko araptiletoan omd po PX meproyn odvoeong Mmidiov

kot téocepicd SH3 meproyés (Ewdva 22)[85].
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Isoforms size (kDa) i

Human Mouse : Y25
H Human (911 aa)

160; 120; 120 3 .....b... PRIVPRNBRM PRI
i | TKs4 PX & —sH3-sH3 - e

| Y661 Mouse (908 aa)
; Y25 vsis \‘!szo Human (1133 aa)
150;140;  150;140; i TKS5 -;|—°—’—mo oo G- D
130 130 H )
5 Y552y‘557 é{sw Mouse (1124 aa)

Ewova 22: Zynuotikn ovomapdotacny towv TKS mpoteivov  mpocopuoyéwmv.

Tporomomuévy omo [81].

H mpwteivn TksS ekgpdletar otovg mepiocdtepovs 16100¢ 6ToV AvOpmmo.
AvEnuévn €xepoot e mapoTnPEiTal 6ToV TAAKOVVTI, GTNV UNTPO, OTIS GAATLYYES,
oTNV X0ANS0Y0 KOt 0VPOJOYO KVGTY), GTO GUKMTL, TO TAYKPEAS KOL TOVG VEQPPOVG. ZTOVG
VIOLOITOVG 1IGTOVG £XEL LETPLOL WS YOUUNAN EKPPOGT), EVD SEV OVIYVEDETOL GTIV GTANVOA,
OTOVG AEUQUOEVEG KOl GTOV AMT®OT 16TO[86]. AVApEeso GTOVG KVTTAPIKOVG TOTOVG TTOV
exppalovv v Tks5 cvykataréyovial, ta pakpo@dya, ot LooivoPAGcTES, To KOTTOPM

NG VEVPIKNG AKPOAOPING, O1 VEDPADVEG KOl 01 0GTEOKAAGTEG,.

H npwteivn TksS, emtehel onpavtikd poAo 6Tov opyoavicud, T060 6€ GLVONKES
vyeiog 000 kKo og maboroykég kotaotdoelc. 'Etol, €yel amodeybel m eumiokn tov
yovidiov otmnv guPpuikny avdmtvén in vivo kou in vitro. Ot meplocdtepeg OUMG
ONUOGIEVGELS, GLVOEOLV TNV EKPpaoct Tov TksS pe v maboyévela dtupdpwv poppdv
kapkivov. MdaMoto Bewpeiton mboviy 1 EUTAOKT] TOL GTOVG UNYAVICUOVS TNG
UETACTOONG KOl TNG AVATTUENG TOV KOPKIVIKAOV KVTTAP®V, VD ToAAol Bempodv TNV
£KQPOCT] TOL YOVIOIO0V ¢ TPOYVAOGTIKO Tapdyovta TG mopeiag g achévelag. H attia
NG OTEVNG GLGYETIONG TNG VOOOL LE TO YOVidlo, €ivol O ONUOVTIKOG pOAOG TNG

TPOTEIVNG 0T0 oYNUATIGUO TV invadosomes.

1.3.3. Podosomes kot Invadopodia

I'evika Xapaxktnprotika tov Podosomes kot Invadopodia

Ot 6pot podosomes kat invadopodia (ap@otepot SHVAVTAL VO TEPLYPAPOVY LE
ToV 0po «invadosomesy), avopEPOVTUL GE SVVOUIKEG TAOVGIESG O OKTIVI TPOECOYES TNG
HEUPBPEVNG OPIoUEVOV TOTT®MV KVTTAP®V, 01 0TTOIEG TPOKVTTOVY O TV 0VAO10PYAV®GT|
TOV KVTTAPOSKEAETOV 0KTiVG[85]. Ot dopég avtég, GLUPBAALOLY GTN GTEVN ETOEN TOV
Kuttdpov pe v ECM, evd cg avtifeon pe mopdpotec dopés (m.y. E0TINKEG CLUPVOELS),

glvon og Béon va amotkodopovv to cvotoatikd g ECM. Ta avtd tov Adyo ta
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invadosomes Bewpovvtor amapoitnreg SouEG Yoo TNV KuTTOplky €w6Pforn. Ta
invadosomes pmopovv va mopatnpniovv 6e d1apopeTikég oapopeacels (Euova 23),
OTMG GLCCOUOTMOLATO, LELOVMOUEVEG KOVKIOES, poléteg 1 Ypoppikés dopég. Ot peréteg
EMKEVTIPOVETOL GTNV SokpiPwon Tov pOAoL TOVG TOGO GE PLGLOAOYIKES OGO KOl GE
moforoyikég emeuPoTiKéG ddKaoie, OTTMG 1 PAEYHOVT, 1| 0BNPOCKANP®ON Kot M
petdotoaon[87].

A

-

o

- Osteoclasts « CdcA2-tranformed ceils « Sre-transformed colis = Untransformed colis

« Endotholial colls

= Macrophages » Tumour cells «~ Endothelial cells = Tumour cells
- Osteoclasts

Eixova 23: MAopopetikég diapoppaaels twv invadosomes[88].
XopoKTNpPLoTIKA

To Podosomes ko to invadopodia potpdlovton Kowva yopoaKTnpioTikd, To 0moio
elvat wova va to S1okpivouy amd GAAEG ETOPES KLTTAPOV-UNTPOS 1) OO EMPOVELNKEL

mapopoteg dopég[87].

Ot o YopoakIPIoTIKEG TPpmTEivEG oL cvvBétovy Tar invadosomes givat ot
puootiKég mpoteiveg axtivng (.. cortactin), o1 VELPIKES TPOTEIVES TOL GLVOPOLOV
Wiskott-Aldrich (N-WASP), ot mpwteiveg mpocsappoyeig mov dpovv o¢ VTOcTp®LL
Kwvoowv, pe téacepic meployéc SH3 (TKS4) ko pe mévte meproyég SH3 (TKSS), ko ot
pepPpoavikég petadronpmtedoes pntpos (MMP) (Ewkova 24)[89].

To6co ta podosomes 660 kot Ta invadopodia gival yopakTNPIoTIKEG OOUES TOV
amoTeEAOVVTAL amd €va TUPNVO TAOVGLO GE OKTIVi, 0 0Omoiog mePPAALETOL O
npwteiveg mpookOAnons (adhesion) kot mpwteiveg mov Aeltovpyolv ®g HOPLOL
onuatoddtnong (scaffolding). 'Eva cbvoro popiov, pviuifovv v akrtivn péca ce

avTég TIG dvvapikég dopéc. EmmAéov, moAld amd to cvototikd tov invadosomes
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pvOuilovtat amd KvAGES TVUPOGIVNG, YEYOVOS TOL 00N YEL GE VYNAO TOTIKO EUTAOVTICUO

6€ VIOAEILHOTO POGPOTVPOGTVIG[89]

Polymerization activators
Cortactin, N-WASP and WIP

Filament crosslinkers
a-actinin, caldesmon and fascin

Actin nucleators

ARP2/3 complex and formin
Actin binders
Coronin, cofilin and tropomyosin
Proteases
Extracellular stimuli | | ADAMs, cathepsins,
Actin-regulatory EGF, POGF, PMA, MMP2, MMP9, MTIMMP.
proteins TGFB and ROS seprase and UPAR
microRNAs | Microtubule-
2 associated
Adhesion molecules “ € ) proteins
Talin, vinculin and zyxin - s Kinesins and myosins
Integrins Ca?*-regulated
B1and B3 Podosomes and invadopodia proteins
S100A4 and TRPM7
Kinases Lipids GTPases
ABL, ERK, FAK, Ptdins(3.4)P,, AMAP1, ARF®6, Adaptor proteins
LIMK, PAK, PKC, | | PtdIns(3,4,5)P, || CDC42, dynamin, | | p130CAS, paxillin,
PYK2 and SRC p190“* and RHO | | AFAP110, TKS4 and TKSS

Eixova 24: [Ipwrteives kot (opio, mov omoitodvIal Lo 0V GYNUOTIOUO Kol THY AEITovpYia

v invadosomes[89].

[Topd T1g Opo1OTNTEG TOVG, Ol SOUES AVTES OLOPEPOVY LETAED TOVG GE APKETA
onueia. Ta podosomes dtoBéTovy o gpeavny dopn doKTVAIOL OV aoTeAEiTOL OO
TPOTEIVEG TPOSKOAANONG, Omwg M ToAivn (talin), n ma&liivn (paxillin) kot m
BwikovAivn (vinculin), o omoiog mepPdrier Tov TAoVG10 Gg aktivn mupnva. Mepucég
amd oVTEG TIC TPMTEIVES, OTWG N TaSIAALVT, evtomtilovton Kot oto invadopodia, ympig
opwg va oynuatilovv doun daxktviiov, aAld cvvevtomilovtol pe tov mupnva. Ta
podosomes ko Ta invadopodia diapépovy kat oe dALa onpeia. Ta podosomes cuviBwg
oynuatiovtol € LOVOKLTTAPIKE KOTTAPO (T.). LOVOKVTTAPO, LOKPOPAYH, OEVOPLTIKA
KOTTOPO KOl 0GTEOKALGTEG), 6 vO0ONAoKA KOTTOPO KOl 6 Agio LoiKkd KOTTAPO, EVO
ta. invadopodia gvtomilovron kvpimg o€ kapkwvikd xottopa[85]. H diwdkpion twv
podosomes kot towv invadopodia eival emiong dvvar) péow tov peyEBovg Kot TG
agBoviag tovg. Av Kot ot dopég avTég £xovv Tapopoo mTAdtog ta podosomes £yovv
péyebog émg 2um, evo ta invadopodia Eyovv peyodivtepo péyebog (méve amd 2um). Ta
KutTapo oynuatiCovv moAvapdua podosomes, aArd, 6e TOAEG TEPITTOGELS, LOVO Alya
invadopodia (peta&d 1 katl0). Ot dopég avTES S10PEPOVY GNUAVTIKE KOl 6T OEPKELN
ComMg tovg. Ta podosomes gpeaviCovv peydAo dvvopkod, pe drbpketa (oNG apKETOV
Aemtov, evod ta invadopodia givor mo 6tafepd kot pmopet va SlopKEGOLVV Yo TAVE® o

1 ®pa[87, 89].
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Etvon emiong onpavtikd va yivel dtdkpion tov podosomes kot twv invadopodia
amd GAleC KuTTOPIKEG Tpoeoyés, Ommwg To vnuatonddwn (filopodia) o to
ehacpatomodia (lamellipodia), Kot amd SopéG TPOGKOAANONG, OTTMG EIVAL Ol ECTIOKES
ovpupvoelg (FK-focal adhesions). Kafepid omd ovtég tig dopés €xel Eeyopiotd
HOPPOAOYIKA YOPUKTNPLOTIKA, GTOGO VITAPYOLV OPKETES KOWEC TPMTEIVEG, 1010iTEPA
OVTEG TTOV GUUUETEXOVV GTOV TOALUEPIOUO TG okTivng[90]. Q¢ ek TovTOL, &ivan
avaykaio vo e£€TaeTOVV 01 TPMTEIVEG Kot TOL A0, 1 LOPPOAOYIO KOL O EVIOTIGHUOGC
NG KAOE SOUNG TPOKEUEVOD VO dLoKPBovV PETAEL Tovg. E1dwdtepa, 0 cuvevTtomopog
TEPLOYDV OKTIVIG 6€ GLVOLAGHO e TV VtoPdduion e ECM eivon éva moAvtipo péco
vy T Odkpion tev podosomes kot towv invadopodia amd Tig dAAeg pepPpavikég

dopég[89].

Av kot ta invadosomes &ivor OOMEC KULTTOPIKNG TPOCKOAANGNG, 1M 7O
YOPOKTNPLOTIKN Agttovpyia Tovg givar 1 amowkodounomn g ECM. Oswpeitoan o1t 00
podosomes kot ta invadopodia emtpémovv ce €va KOTTOPO VO GLVTOVIGEL TNV
arowkooounon g ECM  péoo Kuttopikng  Kivntikdtntog, TPOKEWEVOL Vol
OlELKOALVOEL N LETAVAGTEVOT TOV KVTTAPWV LEGM TOV LKPOTEPPAAAOVTOG TOV 1GTOV.
H petavdotevon tov kuttdpov arorteitot Katd ) dtbpkela g EUPPLIKNg avantuEng
KO, G€ EVIIAIKEG, G€ AmAVTNOoT HETE amd Evay TPALUOTIGHO 1 po poAvven. H avopoin
KUTTOPIKT HETOVAGTEVGT UTOPEL Vo amoTeAEGEL TV PAon TG avamTuéng, ayYEWKOV
acleveldv, Omwg emiong Kot TV o1tio. LETACTAONG GE MEPUTTMGELS VEOTAUGI®DV. Ta
podosomes evtomilovior Kvpimg G€ TUTOLG KLTTOPMV TOV EUTAEKOVIOL GTNV
aVOSIOUOPP®CT TMOV OTMV KOl GTNV 0VOCOAOYIKY| EMLTNPNGCT, EVO 1 TOPOLGIN T®V
invadopodia cvoyetiletal pe v KavOTNTO TOV KOPKIVIKOV KVTTAP®OV v 16FAAOVLY
Kot voL Onpovpyoldv petactdoelg[89]. Av Kot o1 300 dOUEG AmOIKOSOHOVY TO GUGTUTIKA
mg ECM 1 amowoddunon untpog pe to podosomes teiver va eivor pnym kot
owoedopévn, eve to invadopodia mpokadovv PabOtepn Kol MO EMKEVIPOUEVN
vroPdduon (Ewova 25), mbavdg og amotéhespo g Hkpng ddpketag {mng Kot e
vynAng aeboviag Twv podosomes, 1 omoia Epyetal o avtiBeon pe v ddpkela {ong
kot v agBovia twv invadopodia avd kuttapo. H wavotta anowkoddunong g ECM
emroyyavetalr pe  mpooAnyn  evihpmv, Om®G UETAAAOTPOTEIVAGES,. Oamd To
invadosomes, Ta yvootdtepa péAN avtdv TV Opdd®V €ivol o1 HETAALOTPOTEIVAGES

untpag (MMPs), pe koprotepeg 1ic MT1-MMP, MMP-2 kot MMP-9, ot ontoieg @aiveton
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Vo €ivol KEVIPIKA LOPLOL TG OTOIKOOOUNGNG UNTPAG TOV OPEIAETAL GTNV TOPOVGIO TWV

invadosomes[87].

Vesicles?
Microtubules?

Feedback?

Phagocytic uptake?

©
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ntegrins
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8
0 Seprase
\ DPPe
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Eiwxova 25: Awogpopetikn 0omoikooounon uUntpas ue tyv mopovsio podosomes kai

invadopodia[91].

[poTeives mov ovppeTé ovy 6TOV GYNUATICRO TOV invadosomes

O oymuoatiopndg twv invadosomes eivar pior eEopetikd mepimAokn drodkocio
OOV amoTEITOL 1 EUTAOKN KO 1] AAANAETIOpaoT VO LEYAAOD POV SOUKADV Kot

PLOUGTIKOV TPOTEIVAOV. O1 ONUOVTIKOTEPEG TPOTEIVES £IVOL O TAPAKATO.

H cortical actin binding protein (cortactin), m omoioa eivor o
KUTTOPOGKEAETIKN TPOTEIVI OV Pmopel va evepyonomBel and eEmtepikd epebiopata
Yo TNV TPOMONGT TOL TOAVUEPIGHOD KoL TV avadldTaén TOV KLTTAPOSKEAETOD TNG
axtivne. Evtomiletor og 6Aovg tovg TOHTOLG TOV KLTTAP®Y Kot OTAV POSPOPLALMOEL,
Ao KVAGES TVPOGIVIG 1 KIVAGES oEpivng Bpeovivng, evepyonotel To cOumAoko Arp2/3,

kot TpowBel Tov oynuatiopd tov invadopodia[92].

H nmpwteivny WASP (Wiskott Aldrich Syndrome Protein). H npotetvny WASP
evromiletol amoOKAEIOTIKA GTOL KOTTOPA TOV oipomomtikoy cvotiuotoc. H N-WASP
(neural- WASP) eivan éva Aho péLog G otkoyévelag, mov givol apbovn 6to vevpikd
1010, 0ALG evtomileTon Ko o€ TOAAOLG GAAOLG 16TOVG Tov copatoc. Or WASP
TPpOTEIVEG amoteAovvTan amd mepimov S00 apuvoiéa, £xovv TapOUOLn TPMOTEIVIKY doun

Kol opdrloya tovg evtomiloviar og mokiAio evkapvmt®v. Evtomilovtalr 1660 oto
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KUTTOPOTAUCHO KOVIQ OTNV KLTTOPOTANCUOTIKY HEUPPAVY, OOV AAANAOETIOPOVV
dueca M éupeca pe 1o pooeoMmiow ™g[93], 6co kot otov mupnva. To évtovo
EVOLAPEPOV Y10 TN HEAETN TOVG EYKELTOL GTO YEYOVOS OTL AOTELOVV GUVOETIKO KPIKO

peta&h Rho-GTPacov kot kuttoposkeAeTol axtivng.
H npoteivikn dopn g N-WASP gumepiéyet tic mopoakdto neployéc[94].

Mo VCA meproyn, mov evtomileton 6to C-teMKO AKPO Kol GLUVOEETAL LE £Vl
HOVOUEPES OKTIVIG Kol Le TO Arp2/3 cOUTAEYLOL, LE OTOTEAEC O TO GYNLLOTIGLLO TUPTVAL

TOAVUEPIGHOD Kot TN dnpovpyia vnuotiov aktivng[95].

Mo WHI/EVH-1 neproyr; (WASP-homology-1 11 Ena VASP Homology-1
domain), n omoia evroniletat 6to N-teMKkd dkpo Ko amoterel 0Eon TpdGdeoNg Yo TV

owoyéveln twv WIP npwteivav, o1 onoieg otabeponotovy tny WASP.
Mia Baoikn Teployn, TOV GAANAOETOPA LLE TA PMOGPOTVOGLTIO TNG LeUPpavng.

Mo mhovcia o mporivn meployn (Proine-rich domain) mov aAAnAosmidopd e

mpwteiveg mov tepéyovv SH3 meproyég Kot v Tpo@irivn.

M GBD/CRIB meproyn (GTPase Binding domain 17 Cdc42/Rac interactive
binding domain) mov aAAnioemdpd pe g pikpéc Rho-GTPéoeg kol cuykekpipéva pe
10 Cdc42.

Ye ovvOnkeg mpepiag M mwpoteivy N-WASP eivar avoduthopévn péowm
aAinAeniopaong g VCA pe v CRIB meployn kot cuvenmg eivon avevepyn, epocov
n VCA gtvan koo ppévn kot 0gv pmopet va aAANAOEMOPAGEL e TO COUTAEY oL ATp-2/3.
H ovvoeon tov Cdc42 pe v CRIB meployn f/xor 1 obhvdeon oooQoivosttodimv
PtdIns(3,4,5)P3 pe v Bacikn meployn, odnyovv oe amokdivyn e VCA meproymg Ko
evepyomoinon g N-WASP. H evepyomoinon g npwteivinig N-WASP emtvyydverot
eniong 1000 pe v ovvoeon mpwteivav pe SH3 meproyég (Src homology-3) pe v
mhobolo e TPoAiv meployn t™g[94], 660 Kol pe TV EOGEOPLAI®GN TG OO TV
O1KOYEVELD T®V STC TVPOCSIVIKOV Kivac®v. H pwcpopuimon gaivetol mwg evicyveTot
and v evepyomoinon tov Cdc42, yeyovdéta mOL OPOVV  GULVEPYIOTIKA GTNV
gvepyomoinon tov Arp-2/3 copnAéypatog. Metd v gvepyomoinon g 1 mpwteivn N-
WASP coppetéyet o€ mAn0dpo pUOIOA0YIKAOV Kol TAHOAOYIK®V SIEPYUCIDY OTMG GTNV

EVOOKLTTAPWOT KOl TNV UETOPOPE KLOTIOIWV, GE KVTTOPIKES GUVOECELS, GE CUVOECELS
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UE TPOTEIVIKOVS VTOJ0YELG, OAAL KOU GTOV GYNUOTIOUO TPOEKPOADY KVLTTOPIKNG

kivnong (invadosomes).

O mporteiveg mpocsappoyeic Tks, or omoiec eivar onuavtikéc TpwTteiveg, mov
pvOuiloviat amd S14PoPoVE AAAOGTEPIKOVS UNYOVIGLOVG, KOl EUTAEKOVTOL TOCO GTIV
QPOCEOPVAI®GN TVPOCSIVAV OGO KOl GE AALEG U1 KATAALTIKES dpacTnPLOTNTEG. ATTO TNV
OUAd0 TPOTEIVOV TPOCAPHOYEMV GTOV GYNUOTIGHO Tev invadosomes eumA&kovTal ot
npoteiveg Tks4 wor TksS. Ot mpoteiveg avtéc, mOTEVETOL OTL AEITOLPYOLV MG
TPOTEIVEG, TOV TPOSAAUPAvVOLY GALEC TpwTEIVEG KOl AMmidlo, omapoaitnTo Yoo T
ocuvapuordynon tov invadopodia. H Tks5 amotteitor 1600 yio tov oynUoTIGHO TV
invadosomes, 660 Kot ywo. TV KavotnTo €16foAng Twv invadopodia cg po Totkidio
avOpOTIVOV KOPKIVIKOV KUTTOPIKOV GEP®V. Xvykekpipéva, Bempeiton 6tt 1 TksS
deopevel v petadhonpmteivdon Adam-12, n onoio cvvdéetar pe ta invadopodia.
EmmAéov, n Tks5 cvvdéeton pe v pvluotikny npwteivn g aktiviig N-WASP, kot
gUTAEKETOL OTNV TPOSANYT TG cortactin. TéAog, cuvdéetar pe tnv p22phox, éva puépog
Tov cvumAdkov ¢ o&ewdaonc tov NADPH, to omoio dmuovpyet dpactikd €ion
0&uyO6VoL, TOL BLEVKOAVVOLY TOV GYNUATIGUO Kot TNV Agttovpyia twv invadopodia. H
Tks4, n onoio etvor HELOG TNG OKOYEVELNS TV KIVAG®OV TVPOGIvIG, evtomiletot emiong
ota invadopodia o€ Src petacynuaticpévo kKotrapa. H Tks4 eivar arapaitntn yio v
onuovpyie ko tnv Asrtovpyio tv invadosomes, yoati deopever v MTI-
petaAronpoteivaon untpoas (MMP), n ool etvan amopaitnto cvoTATIKO TOV dOUMV

avtov [92].

O perarronpoteaces (MMP), e onupaviikdtepn v MT1-MMP. H MT1-
MMP (emiong yvoot) g MMP14), eivar po pepfpavikn petalhonpmteivdon, n oroio
Bewpeitan kevipueodg mapdyoviag otnv dwopecorafovpevn ond to invadopodia
vrofdOuon e ECM. H MTI-MMP dwond apketd vmootpouoto in vitro,
ocvunepthapfoavopévav tov ovotatikav ™ ECM o6mwg m euumpovektivn, T0
KoAayovo k.o. EmmAéov, n MTI-MMP givan wovi va evepyomotel dAla avevepyd
évlopa g owoyévelag tov MMP, 6mwg v MMP2. H MT1-MMP o¢tdvel ot
invadopodia pe moAlamiovg tpdémovs. ‘Evag amd avtovg eivar péoom tg N-WASP
TPOTEIVNG, M omoia mpowbei v petagopd ™c MT1-MMP ota invadosomes. "Evog
onuavtikog emaywyéag towv invadopodia, 1 Src Kvdon, €xet emiong derydei 611 puOuilet

dueco v petapopd towv MT1-MMP ota invadopodia. H dtopecorafodpevn and v
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Src pwopopvAiiwon g MT1-MMP, emBpadvvet tnv evdokdtwon g MT1-MMP «at
aLEAVEL TNV SPACTNPLOTNTO TS OTOIKOdOUNoNG untpag [92].

Ot tpwtedoeg Adams, €ival po OIKOYEVELWD HETOAAOTPOTEIVACHOV Ol OTOlEg
EUMAEKOVTOL O Mo TOWKIMO BloAoyIK®V O1EPYUCLOV, GUUTEPIAAUPAVOUEVODVY TNG
KUTTOPIKAG TPOGKOAANONG, UETAVAGTEVONG, TPOTEOAVONG, K.0. ATH TNV OKOYEVELL
AVTAOV TOV TPOTEACAOV, Kaiplo poho oTov oynuatiopd tov invadosomes £xet 1 Adam-
12. H Adam-12 cvpfdaiier otn Aettovpyio tov invadosomes 6€ mOALATAG emimeda,
ovumepthapfoavouévng e arotkodounons g ECM, g pvbuiong g Asttovpyiag g

WIEYKPIvIG, KO TNG EVEPYOTOINONG TOPAYOVIWOV AVATTUENG.
Kvttapukoé povomarti onpatodétnoeng tov invadosomes

INa va Eekivnoel n dnuovpyio towv invadosomes, €xel amodeyel 6TL cuyvd
amotteiton 1 01€yepon He TapAyovies ovATTLENG, OTTMG T.Y. O TAPAYOVTOS AVATTVUENG
nov mpoépyetal amd aiponetdio. (PDGF), kot o emdeppikdg ovéntikds mapdyovtag
(EGF), 1000 6¢ @uo10A0YIKE 000 Kol GE KopKvikd kVuTTopa. Avtd ta gpebicpata
TPOKAAOVV TN GOGPOPLAIDMGT /KoL TNV EVEPYOTOINGCT TOV TPMOTEIVOV TOL oyeTIlovTaL

pe ta podosomes kot to invadopodia.

O oynpaticpog tov invadosomes mepthapfdvet Tpla 6TadLo, T0 6Tdd10 Evapéng,

TO GTASIO0 CYNUATIGLOV Ko TO 6Tdd10 wpipavong (Ewkova 26).

Katd v évapén tov oynuaticpov tov invadopodia (Elkova 26a), ta kbttapa
OMUOVPYOVV €0TIOKES SLUEVGELS Kol Epyovtal oe emapn pe v ECM péocm g
aAAnAeniopaong tov wieykpwvav, g SRC kot ™G @OGQOPLA®OUEVNS KIVAGTG
eotokng mpookOAnong (FAK). Xe kottapo e6Poing, ameievbBepmdvetor n SRC
Kvdion, n omoio SECGUEVETAL KOL POGPOPLAIDVEL TNV Kivdorm tvpocsivng TKSS, v
Kvéon g TpLpOc@opikng eoc@atidLVA-voottodng (PI3K) kot v mpmteivikn kvaon
C (PKC). H amekevbépwon tg Src xwvdong olapecorofeiton amd mopdyovteg
avamTuENG 0w, 0 EMOEPKOS aENTIKOG Tapdyovtas (EGF), o avéntikdc mapdyovtog
tov oaponetorMov (PDGF) kot o avéntkog mapdyovtag petacynpoticpov-p (TGEPR).
H oocpopviopévn TKSS ot ovvéyswn evtomiletor oe meployég miovoleg o€
MPOSPOPIKO POSPATIOVA-1VOGITOMKSO pcponioo (PtdIns(3,4)P2). Avtd to Mmidio
otpatoroyel v TKSS péow ovvoeong pe v PX weproyn tmg. O cvvevtomopdg g

TKSS5 pe v cortactin otig mpddpopeg ovoieg twv invadopodia, mpoteiver 611  TKSS
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opa ooy HoOp1o Kpimua To Kol TposAapfdvel Ty cortactin n omoia eivon amapaitnt

Yl TOV LETEMELTO GYNUOTIoNO TV invadopodia.

O oynuatiopdg tov invadopodia (Ewkdéva 26B) emtvyydvetor 1660 pe v
TPOGANYN Ko TNV gvepyomoinon tov cvumiéypatoc ARP2/3 kot g mpwteivig mov
aAnroemdpd pe v WASP (WIP), 660 kot pe v @®GQOPLAIDGT TV PACIK®V
ocvotatikdVv Tov invadopodia, 6mwg .y, TG cortactin, kot g TKSS. Enpavtikd poro
61OV oYNUatiopnd Tailel eniong n mopaywyn evepymv eddv oEuydvov (ROS). H TKSS
OEOEVEL TIG KLTTAPOTANCUOTIKEG TpwTEiveG Tpooappoyeic NCK1 ko NCK2, v
TPOTEIVN OEGUELGONG TOV OPOL GOV VITOSOYEAG TOL TTapdyovta avamtuéng (GRB2) kot
v tpoteivn N-WASP. H cortactin cuvdéetar pe tnv N-WASP kot pe 1o copmieypo
ARP2/3 ko onpovpyet eniong éva copmheypo mov amoteleitot amod tig npwteivec WIP
kot dynamin, kotd T dtdpkela Tov oynuaticpot invadopodia. H pocpopurioon 10660
¢ cortactin 660 kot g TKSS (amd tnv SRC) pvbuiler tov oynuotiopd twv
invadopodia. EmumAéov, n @wo@opvAimwon tng cortactin and tov EGF mpoxodel
SYOPIGUO NG KOEIAIVNG oL amorteital yioo v Evapén TOV TOAVUEPIGHOL TG

axtivng kot o oynuoticpd tev invadopodia.

¥t0 otado ¢ wpipavong (Ewdva 26y), to invadopodia mpodyovv tnv
amowodounon g ECM péow g €kkpiong TV UETOAAOTPMOTEACOV HNTPOS 2
(MMP2) kou 9 (MMP9), kot pécm HETOQOPAS TG HEUPPAVIKNG UETAALOTPOTEAGTG
tomov 1 (MTI-MMP) mpog 10 dKkpo G mpoe&éyovoas oOSoung, WHECH TNG
OAANAETIOPOON G VTAOV TOV TPOTEACOV [e Pacikd cvotatikd TV invadopodia dmmg
v cortactin, v TKS4 kot v Bl wreykpivn. H anopmcpopurioon g cortactin
eUmodilel TV KOVOTNTO OMOKOTNG TNG KOPIAIVNG KOl EMLTPETEL TN GTAOEPOTOINGT TOV

invadopodia[89].
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Eixova 26: To otdoio oynuotiopod twv invadopodia.

1.3.4 Epmhokn tov yovidiov TKsS otnv KuTTOopIKN HETAVAGTEVGT KoL

otV euppuikn] avartoén

H wvttopikn petavdotevon eivor amapoitntn v SAQopeg QLGLOAOYIKEG
oldkacieg Tov OpyaVIoHOD, OAAG KOl Y10 OPIGUEVO TOOOAOYIKA YEYOVOTO. XTOV
eVIIMKa. 0pyoviord, M HETAVAGTELCT] TOV KLTTAPWV TEPLOPILETOL GE KVLTTAPO OV
amottovVTOL Y10 TV O1AcyLIoT TNG EEMKVLTTAPLUG UNTPOS Kot cLpPaivel koTd n ddprela
OWdKACIOV OTMOG 1 EMOVAMGT TPOVUAT®V, T OYYEWOYEVEST KOl 1) OVOGOAOYIKY|
EMUTNPNOT, KoL 1) KAPKIVIKN HeTdoTaot. H HETavAGTELOT TOV QUGIOAOYIK®Y KLTTAP®V
ovpPaivel kopimg kotd T Sdpkeln g euPfpvoyéveons, OTOL TO HETOVOGTEVTIKA
KOTTOpO LEioTAVTOL TNV dtdkacio TG emOAo-peceyyvpotikng petdfaong (EMT),
N omoia 00Myel otV TOPAYWOYN EVOG LEGEYYVUOTIKOD GOLVOTLITOL TTOV OOLTEITOL Y10l

TNV TPOOONGN TG KLTTUPIKNG LETAVATTEVONG,.

H mpoteivn TksS €xel epumhoxel oe moAlolg tOMOVS KopKivov, Héowm g
GLUUETOYNG NS oTov oynuatiopd tov invadopodia. Qotd6c0 0 poOrOG ™G OTNV
euPpuikn avdmtvén dev €xel diepeuvnBel ektevg. MeAdétn mov paypotomoonke pe
okomd v depevvnon tov poiov ¢ TksS oty guPpuvikny aviantvén in vivo,

ATOKAAVYE POIVOTUTIIKES SLOPOPES GTO TEWPOUUOTOLDO EAEYYOV KOl GTA TEWPOUUATOLMO
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ota onoia eiye amevepyomomOel to yoviolo Tks), avadeikvioviag Eva onuaviikd poro
tov Tks5 katd v avdmtuén. Amodelynke emiong OTL, TO HLOVOTATL GNUATOOOTNONG
Src-Tks5 oamotteitor yoo TV HETAVAGTELOT TOV EURPLIKAOV KLTTAPWOV, APOD M
YOPNYNON AVOGTOAE®V Y10 TNV SIC, EMNPENCE TNV KATOVOUN TOV KLTTAP®V. TEAOG, avtd
TO LOVOTATL Qaivetal vo puOpilel TNV HETAVAGTEVOT] GLYKEKPIUEVOD TOHTTOL KVTTAPWOV
UEC® TOV GYNUOTIGHOV TPOUETOVOUCGTEVTIKMV TAOVGL®OV GE aKTiV, TPoeLoy®dV in Vivo,
KOl € KOAMEPYELEG in Vitro, OOV AVTEG Ol TPOEEOYES £XOVV YOPOUKTNPLOTIKA TOPOLOLNL

pe owtd twv podosomes [96].

To 2014, epguvntés, facilopevol oTnV Topamdve dNHocievo, diepedvnoay
Aertovpyio g Tpwteivng TksS otnv avdmtuén Tov ONAASTIKOV, avaADOVTOG TOVTIKOVG
OV PEPOVV HETAAAAET GTO avTicToLyo Yovidlo. H draxomn kot tev dvo avtiypagwv tov
yovidiov Sh3pxd2a (unTpikng Kot TATPIKNG TPOEAELONG), LE TNV TEYVOAOYiOL TNg
YOVIOLOKNG ToyidELONG O0TO TOVTIKLA, EXE O AMOTEAEGHO TO BAVATO TOV VEOYVOV KO
™V EUEAVION TOL TOHOAOYIKOD QUIVOUEVOL TNG LIEPMIOTYIOoTIOG. Ot gpguvnTéc
acyoOnkav emiong pe TV ETIOPAON TOV SOPOPETIKAOV IGOUOPODY TNG TPOTEIVNG
omv avantuén. Ta amotedéopata £deiEav 6Tt to mRNA g npwteivng TksSb, tng
pikpotepng woopopeng s mpwteivng Tks5 1 omoio evromileton ota movtikio ko
amOTEAEL AVOKAALYN TNG GLYKEKPIUEVIC OLADNS EPEVVITAOV, EKPPALETON GE EUPpLIKOVS
WOPAACTEG TOVTIKIOV, 0ALL Kol GE OAOVG TOVLG 1GTOVG TMV TOVIIKUDY TOL ovOAVONKaY,
aKOUO KOl GE ALTOVG GTOLG omoiovg eiye adpavorombel n TksSlong wwopopen. H
éxppoon PBéPata ™G cuykekpéVNS 1opopens Ppédnke amd 8 émg kot 490 popég
younAotepn o€ oxéon pe v Ekepoaon g TksSlong. 'Etot katéingov 610 cuunépacua
OTL, Yo TNV OMOAY] ovaTTLEN TV INlocTiKOV amouteiton 1 Vmapén g TANPOVG

oopopeng g mpwteivngTksS.

TéLog amokaAbPOnke emiong éva mOavOg YEVIKOTEPOG POAOS Y10 TIG TPWOTEIVES
npocapuoyeig Tks, kotd ™ Obpkela ™ avantuéng Tov ONAUCTIKOV, ETEWON OTAV
&xovv adpavomomBei Kot To SVo CAANAGLOPPA TOV KOIKOTOLOVV TIG GUYKEKPUUEVES
TPOTEIVEG, TO. EUPPLO TOL TPOKVTTOVV OEV YEVVIOUVTAL, YEYOVOS TOL £PYETAL GE
avtifeon pe TG pevteMovéG avaloyieg TOL  TPOKVATOLV KATO TN YEVVTNOM

petoddaypévav moviikiov gite yio v TksS gite yuo v Tks4 npwteivn [78].
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1.3.5 Epmhoxn] tov yovidiov TksS otnyv maboyévera Tov kKapkivov

To popro TksS éxer epmhokel 6TOV KOPKivo AOY® TNG GLUUETOYNG TOV GTNV
TPOMONGN TNG UETOVAGTELONG Kol TNG EIGROANG TOV KOPKIVIKMOV KLTTAP®V, Ol OTOIEG
elvonl kploeg dtadkociec ot peTaotaon tov Oykwv. Meléteg Exovv deiEel OTL TO
Tks5, €yel eumhakel o€ SAPOPOVG TOOVS KOPKiIVOL, GLUTEPIAOUPOVOUEVOL TOV
Kapkivov 10V pootov[97, 98], 10V KOpkivov ToOvL Tmvevpova[80, 97], Tov

perovopatog[99, 100] kot tov Kapkivov tov tpootatn[101].

Ewdwotepa, €xet amoderydel 6Tt to TKSS amotteiton yioo v mpodbnon g
ouvapuoAdyNong kot opipavons twv invadopodia, Tov mpocsdidovy oTO KOPKIVIKY
KOTTOpa TOV petactatikd tovg @awvotvmo. EmmAéov, m TKSS éyer Ppebel om
VIEPEKPPALETAL GE dLAPOPOVG TOTOVG KAPKIVOL, GUUTEPIAAUPOVOUEVOL TOV KOPKIVOL
TOVL HOGTOV, TOV KOPKIVOL TOV TVELHOVO Kol TOV peAavapotos. To vynid emimeda
ékppaong tov TKSS éyovv cuoyetiotel e kKoK TpOYVmOT Kot ovEnpévn HETAGTAON
o€ OPIOHEVESG PEAETEC, YEYOVOC oV vToonAmvel 0Tt To TKSS pmopet va dradpapatiCet

poLo otV Tpo®Bnom g EEMENS ToL KapKivov.
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1.4To yoviowo VERSICAN
1.4.1 Ewoyoy

O mpoteoylvkdveg (Proteoglycans, PGs), 6mwg mpoavagépbnke, arotehovv
KopLa Katnyopio TpoTEivoV TG eEmkuttdpiag uitpas. Katéyovv 1060 dopkd 660 kot
BloAoywkd poro, kaBmG etvar LITEHOLVES YOl TN UNYXOVIKT OVTIOTOCT] OTN GLUTIEST] Kol
TNV &VLOATMOY TV 10TOV KOl GUUPAAAOVV €TionNg otnVv OEGUELON OVENTIKAOV
napoyoviov oty ECM[70]. Adym g tKavotnTdg Toug vo, aAANAOETIOPOVV pe Al
popia g ECM ko kOttapa, ot PGs gival emiong onuavtikeg yoo Ty opyaveon g
ECMs, ocvuPdirovtag €161 610 oynUaticpd tov kptopotog s ECM kol oty
EVOOUATOON TOV KUTTApOV oe avtd[69]. Ot PGs ta&ivopovvtal o€ S10pOPETIKES
OIKOYEVELEG OVAAOYO, L€ TOV EVTOMICUO TOVG KOL TO KOWE YOVISIOKA, OOMIKG Kot
Aertovpywkd  yapokmnpotikd. M peyddn  xommyopia PG amotehovv ot
TPOTEOYAVKAVES NG e€mrvTTdprag VANG. [lpokeitan o ™ peyokvtepn Katnyopio wov
neplhopPdver  dvo vmoopddec- TG voiektiveg (hyalectans) ko Tig  pikpég

TPOTEOYAVKAVEC TAOVG1EG 08 Agvkivn (small leucine rich proteoglycans,SLRPs)[72].

Ot SLRPs omotehovv 1 peyoAdtepn owoyévelr PG mov meprhapfiver
OEKOOKTMD WEAN TO OTTO10L OHOOOTOLOVVTIOL GE TEVTE KOTNYOPies Kot ek@palovtal 6TV
ECM. Ot SLRPs potpalovtor moArég Prorloyikég Aettovpyiec, OTmMG N aAANAETidpaon
HE dapopa KOALO YOV KOt 1 OEGUEVCT] VTOJ0YEMV KIVAGEWV TUPOGivNG KaBMS Kot
VTOJOYEMV TOL AVOGOTOTIKOV, puBuilovtag £Tot TNV KLTTOPIKY GNUOTOSOTNGT GE
oldpopa povomatio. onpotoddtong[69], kabwng kot {otikég Oepyociec Omwg 1M
euPpuikn ovamrtoén, 1M OHOOCTOCT, M HETOVACGTELGN, O TOAAUTANGLUGUOC, M

aYYEWOYEVEDT], 1 ELOVTT OVOGia, 1 ATOTTOON Kol 1 avtoPayia[70].

Ot vorektiveg (PGs mov deopevovv HA ko Aextivn) amotelovvror and 4
TPWOTEWVEG, TIG aggrecan, versican, neurocan kot brevican, ot omoieg popdalovrol Kowa
dopka yopaxktnpiotikd. Koplo yapakmmpiotikd tovg sivar 6Tt popaloviot £va Koo
dopikd mpdtumo to omoio amotereitor amd 1 apwvotredkn (G1) kot 1 kapPfoduteikn
(G3) meproyn o1 omoieg droywpilovTon amd Hio YPOUUKT KEVIPIKT| TEPLOYN TOV ATOTEAEL
v 0éom Tpdcdeong twv yAvkolapwvoyivkavav. H meproyn G1 éxet cpopikn doun kot
elvar og peydro Baduod oporoyn petald tov varektivov. Amoteleital oamd emavaANYELS
tomov Ig kot dvo meproyég tic ovopalopeveg PTR (Proteoglycan Tandem Repeats) mov

glval vTeEVBLVES YO TNV LYNMAY GLYYEVELX TPOGIESNC TOV VOAOVPOVIKOD 0E€og (HA). H
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KEVIPIKN TOLG TePLoyn @Ao&evel petafAntd aplBud dvvntikdv Bécemv mpoOGOEoN
GAG, evo 1 kappolutehkn meployn G3 mepiéyel dVO EMOVOANYELS TOV ETOEPUKOV
avéntikov  mapdayovro. (EGF), o mepoyn Aektiviig tomov C wor po CRP
(Complementary regulatory protein) neproyn (Eucova 27)[69].

a) Aggrecan

@um Chn

b) versican

GPl-anchored

O Immunoglobulin-like-fold ~~.__CS chain
[[]Proteoglycan tandem repeat === KS chain
D KS-rich region
O Epidermal growth factor-like domain
@ Lectin-like domain
E] Complement regulatory protein-like domain

Eiwxova 27: Zynuotixn avamopootocy s 0ouns twv volextivav[102].

1.4.2 Versican-Aop)

H mpoteoylvkavn Beuxng yovdpoitivng 2 (chondroitin sulfate proteoglycan 2,
CSPG2), yvwotq pe tv ovoupaocio versican, omotehel UEPOC TNG OIKOYEVEWNS TMOV

volektivov. To yovidio evtomileton omv mepoyn 5ql14.3 ko amotedeiton amd 15
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eEovia[103]. H apwvotedikn mepoyn G1 kwowkomoteitor omd to eEmvia 2-6 kot 1M
kappBoéutelkn mepoyn G3 amd ta eEdvia 9-15. H mpwtetvn €xel 0Vo meployéc
TPOcdeoTg ahvcidmv yAvkolapvoylvkovav, Ty a-GAG, tov kodikonotgitor and 1o
eEdvio 7 kar v b-GAG, mov kwdwomoteitan amd 1o e£mvio 8. To mRNA 1oL yovidiov
UTopel voL VTOoTEL EVOALAKTIKO HATIGHO oTa E®Via 7 Ko 8, Le amotédeoa TV Vopén
5 1o0pOpQOV, HE ONUOVTIKEG OlPOPES  OTNV  TEPIEKTIKOTNTO  OALGIO®V
yAvkolapivoyAukavmy Kot 610 cuvolkd péyebog g mpoteivine. H VO woopopen
nepéyetl toco v aGAG 600 kot v bGAG kot 1 tpotevn &xel péyebog 370 kDa, 1
V1 nepiéyer povo v bGAG ko n mtpmtevn £xet péyebog 263 kDa, n V2 mepiéyet povo
v meproyn aGAG ko  Tpotevn mov onpovpyeiton Exet péyebog 180 kDa ko 1 V3
otepeitan Kot TV dVo Teploy®v décpevong GAGs kot to péyebog g mopayouevns
npoteivng eivan 74 kDa. H méumtn icopopen| tng versican, 1 V4, Teptéyel Tig meployég
G1 kot G3 kot éva tunpa g neployng bGAG o1o apvoteikod dkpo. Ot Tpomomomcelg
TNV TPOTEIVN TOV TPOKLATOVY ATO TO EVOALOKTIKO pdticpa ennpedlovy mépa amd To
péyebog tov apBpd tov aivcidov GAG mov uropovv va cuvdebobv oe avtiy. 'Etot,
17-23 aAivcideg yhvkolapivoyAvkavmy propodv va cuvdedodv oty VO wopopen|, 12-
15 omv V1, 5-8 omv V2 kot xopio oty V3, apod arovctalelt oAOKANpT 1 TEPLOYM
pocdeong amd v mpwtewvn (Euova 28)[104]. Aedopévov 6tL 1 V3 dev mepiéyet
aAvoideg yAvkolopvoylvkavayv, oev pmopet vo Bewpnbel w¢ mpoteoyAvkavn, aAid

GLY VA OLLOOOTOLEITOL E TIC TPOTEOYAVKAVES Kot yopaktnpileTon g tétowa] 103].
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Hyaluronan"

@ (19)-like motif
Link Module
@ Link Module

[[mes

EGF Like
Domain

( ‘ Lectin Like
Domain

CRP Like
Domain

Eiwxova 28:Xynuotikn avamopdotoocny Twv OloQOpPETIKMOV 100UOPPMOV THS TPWTEIVHG

Versican[104].

1.4.3 'Ex@poon

To Vcan ekppdaletar pe S1apopeTikd TpOTO 0vAAOYQ TOV 1GTO Kol TNV YPOVIKN
nepiodo. Ze vytelc avOpdTOLg 1| EKPPaGT TOL YoVidiov eviomileTotl Kupimg o€ yaAlapovg
GUVOETIKOVG 1GTOVG, GTOV LVEAD, GTOV TVEDLLOVOL GTO £VIEPO TNV KOPdia, T OLoPopo.
ayyeio kot v onAnvo| 105]. Ot isopop@ég g versican ek@palovTot SIPOPETIKA GTOV
KkéOe 1616. O1 VO o V1 givor ot o S100£00UEVES IGOLOPPES GTNV KOPILd, oTo aryyeia
KOl GE SLAPOPOVS U1 VELPIKOVG 10TOVG, VA N V2 givorl mapodsa otov eyk€paio[69].
To versican ocvvtiBetow oamd TOAAOVG  OLOPOPETIKOVG  TOMOVG  KLTTAPOV,
CUUTEPIAQUPOVOUEVOV TOV EMONAOKOV, TOV EVOOIMAMOKOV TOV GTPOUATIKOV
KUTTAP®V, TOV AELKOKVLTTAP®V Kol TV voPfAactdv[106]. MdMota, T0 poplo tpmro-
avaKoAOEONKE cav ol pHeYOAN TPOTEOYALKAVY OV €KQPalOTOV GE 1vofAdoTeS in
vitro[107]. Xtovg vyieic mvedpoveg, N ékppacn Tov Versican gviomileTon Kupiog oTig
EMIOTIKEG TVEG TV TOYOIATMOV TOL KEVIPIKOV OEPAYMYOV, GTO KUWEAMIIKO TOPEYYVLLOL

Ko Tovg voPAdotec[108].

1.4.4 BioovvOeon- Amowkodopnon
ALGQOPEG EVOOKLTTOPIKEG 0001 HETAYMYNG ONUOTOS €YOLV EUTAOKEL oTNV
Blocvvbeon Tov versican cg d1dpopa KLTTOPA Kot 16ToVS. 'Evag aptfpog kuttapokivov
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Kol awENTIKOV Tapayoviov, onwg o TGFB, PDGF, TNF, IL11, IL1B, eAéyyovuv v
ovvBeon tov versican[109]. O petaoynuatiotikog avéntikog tapdyovrog frta (TGF-
B) éxer amodeyBel OTL dieyeipel TV €kepoon TOL versican Gg JAPOPOLS TVTOVG
kuttdpov. O TGF-B evepyomotel 1o onpatodotikd povordtt Smad, to omoio odnyel
otV ovodikn pvduon ¢ €kepacng tov versican[110]. ‘Eva e&icov onuoavtikd
povomdtt Tov ennpedlel v cvvheon Tov versican gival to povordatt Wnt/B-kotevivng,
TO Omol0 EUMAEKETOL GE TOIKIAES KLTTOPIKEG dlepyocies, cvumeptlapfoavouévng g
eUPPLIKNG avATTLENG, TNG OVOYEVVIONG TOV IGTAOV Kol TOV Kapkivov. H onupoatoddtnon
Wnt /B-kateviving puOuilel v €kppacm Tov versican dpmVTOS oVOOIKA TOV VTOKIVITNH
oV yovidiov versican, odnydvtag otnv avénuévn ékepacn tov[l11].EmmAiéov, o
mapdyovtag ovartuéng tov aponetareiov (PDGF) kot n ayyeloteveivn I amodeiyOnke
OTL J1EYEIPOVY TNV EKQPACT] TOV TPOTEIVIKOD KOPHOV TNG versican Kot TNV EXUOKVVON
Tov oAcidov GAG ota Aelo poikd kottapa (SMCs) pe unyovicpois eEopTmdIEVOVG
amd Tov VodoYElG Kivaomv Tupocivic. ‘Eva axdpa povordtt mov €yel eumiokel oty
Bloovvleon tov yovidiov eivar to PI3k/PKB/AKT povomdértt onpatoddtnong.
Amodeiybnke 0Tl cuppeTEXEL 6T POOLIIOT TNG HETAYPOAPTG TNG Versican oTo Al PoiKd
rkuttapo. H PKB eivon mpoteivn mov evepyomotel petorypapikons mopdyovteg, OTmS ot
CREB (cAMP-Responsive Element Binding protein), NF-kB (Nuclear Factor kB) kot
p53. H PKB pwopopviidvel ko avactéAdel tnv kvaon GSK-3 (Glycogen synthase
kinase 3) kot oynuotiCetal éva cOumioko B- Katevivng otov mupnva, To omoio givat
AmOPOITNTO YO TNV EVEPYOTOINGT NG UETOYPAPNG Tov versican. O petaypoeikds
Tapdyovtag pS3 MPOGOEVETOL GTO TMPADTO £6MVIO TOL YOVIOIOL TOL versican Kot
gvepyomotel v ékepoaon tov. H phOuion g petaypagng tov versican oyetiletol pe
ta. enminedo tov pS3[112]. Téhog n ovvBeon tov versican pvOuiletonr amd TOALG

Spopetikd miRNAs[106].

Onog yio O o o popla TG EOKLTTAPLOG UNTPOG, ETCL KOL Y100 TO versican 1
160ppOoTio. GVVOEGNC Kol ITOKOdOUN oG TOL popiov, eivon {oTikng onuosciog yio tnv
opdon tov. H omowodounorn Tov versican mPOYHOTOTOLEITOL OO  Ol0pPOPEG
TPOTEIVAGES, OTWG 01 petarlonpmteivdces untpag kot ot ADAMTS npwteivdcec. And
ta 23 pédn g owoyévetlag tov MMPs, oo MMP-1, MMP-2, MMP-3, MMP-7, MMP-

9 kot MMP14 £yovv v wkavotnta va amotkodopovv to versican[113].

H owoyévern eviopov ADAMTS amoteleiton amd 19 évlvpa otov dvBpmmo. Ta

évlvpao ovtd glvol PETOIALOTTPMTEIVAGES OV OldpapaTilovy oNUAVTIKO POAO GTNV
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enefepyacio Kol avadlupOpe®on NG EMKVTTAPLOG UNTPOS Kol AAA®V EEOKLTTAPL®OV
npoteivav. And avtd ot ADAMTS- 1,-4,-5,-9, «xa-20 ovppetéyoov oy
amokodounon Tov versican. H didoraon tov popiov and 1ig ADAMTS-1,-4,-5 kat-9,
odnyel otV mopaymyn 2 evepymv apvoteMKk®v Opavopdtov (Ewdva 29), tov VO G1-
DPEAAE1428[114], kau tov V1 GIDPEAAE441, yvoototepo pe v ovopacio
versikine, To omoia aviyvedovtol pe TN YoM £VOG OVIIGOUATOS TOV avayveopilel Tnv
aAlniovyio tov mapayduevov veoemréomov DPEAAE (DPE). @pabdopota 0nmg to
versikine, pmopotHv va. dpovv mg popia mov oyetiCovran pe PAdPeg (Damage-associated
molecular patterns, DAMPs), oAANAOEMOpOVIOG HE OVOCOTOMTIKA KoL [N
AVOGOTOMTIKA KOTTOPO, OEYEIPOVTOS TV ATEAELOEP®OT TPO- KO OVTIPAEYLOVAOIDV
KUTTOPOKIVAV 0ONYMVTOC GE TPOTOMOMUEVT] OVOCOAOYIKY omdKplon TOCO GOF

avOpoTve povtéda 660 kot o povtéda moviikav| 106].

A

Vi

G1-DPEAAE! 223

—— 4 $if
\"[4} ... GAGa U

G1-DPEAAE4! (Versikine)

" oM

Eiwxova 29: H oidomoon tov versican omd tg ADAMTS(A) kou ta mopaydueva

Opavouozo oo TpokdITovY OTO THY amoikooounon(B)[114].
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1.4.5 Xoppetoyn TG versican 6Ty cuykpoTnon s EOKVTTAPLOG

nATPaS

H versican oaAAnAoemidpd pe Odpopa dSwpopetikd popie ECM ko,
dwdpapatifel kevipikd poro otn cvykpotnon g ECM. H doun g mpmrteivng
TPOCPEPETAL Y10L TOAAATAOVG TOTOVG OAANAETIOPACE®Y €ite e GAAEG TPOTEIVES TNG
eEOKLTTAPLOG UNTPOG EITE LLE YNUELOKIVEC EITE PE TPOTEIVES TNG KLTTOPIKNG EMUPAVELOG
(Ewova 30) [107, 115]. Ta yvootdtepa poplo Tov 0AANAOETIOPOVV LE TO versican

TEPLYPAPOVTOL TOPAKATE.

Fibulin-1

Fibrillin-2
PSGL-1
| Hyaluronan EGF Repeats —_——
Link Protein P | Fibronectin |

Igdomain  Tandem Repeats

CBP

.

—— 38 120 61
4 A G1 CS G3
Signal peptide
=
GAG chains ~
CD44
L-, P-Selectin CRD

Chemokines (SLC)

LDL Tenascin-R and -C
Glycolipids PSGL-1

Eiwova 30: Zynuotikn doun g versican koi o1 OAANAETIOPAOELS THG e GAAO UOPIO. THS
eCwroTTapLag VANG Kol e PopLa. THS KVTTapIKNG emipavelog/115].

Yorovpoviko (Hyalouronan, HA)

To HA, amoteiel kpioo cvotatikd e ECM, 1o omolo ekppdletar evpémg o€
1GTOVG, CLUTEPTAAUPAVOUEVOV TOV TVELHOVAOV KATEH TN S1dpKELD TG AvATTLENS KO TNG
opipavong. To vaiovpovikd elvor  pi  apvnTikd  QOPTICUEVN]  YPOLLLLUKTY
YALVKOLOHVOYALKAVI] KOL OTOTEAEL TO YPOAUUIKO TOAVUEPES €VOG dloakyapitn, TOL
arotedeiton amd DN-axetvAoyAvkolapivn kot D-yAvkovpovikd 0&D. Xe puO10A0YIKEG
ocvvOnkeg, 10 HA ovpuBdidiel oty glaoctikdtra tov iotov . H frocdvleon tov HA
puOuiletar and v owoyéveln eviopmv cuvldons tov vaiovpovikov (Hyalouronic
acid synthase,HAS) ko1 cvykekpipéva amd ta HAS1, HAS2 wor HAS3, ot omoieg
nmapayovv 10 HA oto e£mxvttdplo mepidriiov o¢ pun Bsiwpévo morvpepés GAG. Ot
woopoppéc HAS eppavifouv dwopopetikn kivntikn ovvleong HA ko pmopovv va

Tapdyovv ddpopa uUnkn moivpepdv HA mov cupfdiiovv otnv gtepoyéveld tov
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poprakov Papovg HA oto pikpomepipdrriov. Ot 1oopoppéc HAS exkppdlovion
OLOLPOPETIKA KATA T OIAPKELD TOV TPOVUATIGLOV KOt THG EMOOPH®ONG TOV 16TOV Kol
VIOKEWVTOL EMIONG GE UETO-UETOPPAUCTIKEG TPOTOTOMGELG TOV UITOPovV Vo puOpicovy
TEPOULTEP® TN OPASTNPLOTNTA Tovg. H amowodounon tov HA digvkoddveton amd v
OpacTNPIOTNTA TOV VOAOVPOVIONCHV, 01 OTTOIES EMIONC ELPOVILOVV 1GTOEIIKT EKPPOOT
Kol Olapopomoinuévn  pvoluon Kotd T OdpKEI TOV TPOLUATICHOV KOl TNG

OTOKATAGTACTG.

To HA exxpiveton xvpimg og HA vymAod popraxot Bapovg (high molecular
weight HA, HMW-HA, 1.000 kDa)- emopévmg, n dtopdpemon tov popiov HA umopet
va glvan eEpeTikd peTafANT] avdAoya pe TV 0AANAETIOPAGT TOV LE TO VEPO KOL TNV
mapovcios dAA®V popiov mov deopedovv 10 HA o10 mepifdrrov. ‘Etol, ot
aAniemopdoelg Tov HA pe popuo mov deopedovv tov givar eonpetikd mowkileg Ko
eEoptovtar omd to péyebog tov popiov HA. To HMW-HA pmopet va amotkodoun0el oe
Opavopato younidtepov poplakov PAPOvS, amd TIC VOAOVPOVIOACES KOl TOL OPUCTIKA
glon o&vyovov, dtevkoAvvovtag ) onovpyion HA youniot poplaxod Bapovg (low
molecular weight HA, LMW-HA). [Tponyobpeveg peréteg delyvouv 0Tt Ta S1apopeTiKd
poplaxd peyédn stvon ev pépet vmevOvva yo T ToKiAeg fLoAoYIKES dPAGTIKOTNTES TOV
HA. T tapdderypo, to HMW-HA katactéAdel TNV evepyomoinom twv GAEYHLOVOI®V
KUTTAP®V, OVOGTEAAEL TO GYNUATIGUO OVANG KOl KOTOUOTEAAEL TN QAEYHOVY], EVAD TO

LMW-HA mpodyet avtég T1g EmOPAGELS.

Extoc¢ and tov poéro tov HA g eEwxvttdplo kpiopa, Exer amoderyfel Ot
GUUUETEYEL GE LOVOTATIOL KVTTOPIKNG ONUATOOOTNONG, HEG® TNG GVVOECNG TOV GE
Vod0YElg KuTTOPIKNG empdvelong, 6mwg ot CD44, RHAMM, LY VE-1, kot vrodoyeig
omwg o1 0nwg ot TLRs, TLR2 kot TLR4. H tpdcdeon tov HA og avtovg tovg vodoyeig
puOuiler pwo0  oEPA  UNYOVIOU®V,  GUUTEPIACUPOVOUEVOL  TOL  KLTTOPLKOV
TOALOTAQGLOGHOD, TNG UETAVACTEVONG KOl TNG PAEYUOVAOOOVG amoKkpions. Ta popla
HA dwgpopetikdv peyebdv pmopodhv va emreAécouvv OlpOpeTKO poOAO  oTNV
onuatoddTNon HETA amd T déopevon Tov dov vrodoyéa. ‘Evag vmobetidg
UNYOVIGUOG Y10, OVTEG TIG OPOPEG OTN HETAY®YN onuatog givor 61t to HMW-HA
umopel vo. deoUEVLGEL TOAAATAOVG VTOJOYELS TALTOXPOVO, CLYKEVIPOVOVTIONS TNV
EVEPYOTOINGN TNG OCNUATOOOTNONG GTNV KLTTOPIKN HenPpavn. Avtifeta, to LMW-HA
dev givan og Béom va gvepyomotel Tovg VITOJOYEIS e TOV 1010 TPOTO, EVEPYOTOLDOVTOG

€161 O10POPETIKA povomdtia onpatoddtnone. Emmiéov, 1o LMW-HA givon og 0éom va
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GUVOEETOL GE VTOOOYEIG TNG KLTTOPIKNG EMPAVELNS 6TOVG omtoiovg To HMW-HA dev
npocoévetal. TELoc 1 déapevon tov HA 6tovg vmodoyeig T¢ KUTTOPIKNG EMPAVELNG
umopet va evioyvbel péow g aAinienidpaong tov HA pe 11 vadextiveg, n omoia
umopel voo EVIGYVUOEL TN GLYYEVEW TNG OAANAEmidpacng Kot va mpowbncel v
KLTTOPIKN onuatoddtnon tov HA. H mo yapaktpiotiky aAAnienidopacn tov HA pe

VOAEKTIVEG amOTEAEL | OAANAETIOpaOT LE TO Versican.

H d1epgvvnon tov pdAov tov HA kot Tev Tpomtonomace®my ToV GToV pUGIOAOYIKO
TVELLOVOL 1 HETA TOV TPOLUOTIGUO TOL E€ival €VOG OVOTTUGGOUEVOS TOUENG, HE
onuavtiky eEEMEN ta tedevtaia xpovia. To HA evromiletan oe pikpéc mocdtreg oTov
VY] TVELUOVIKO 16TO, KUPIMG YOP® Omtd To ayyeio Kol Toug Ppoyyovg eved eAAYIOTES
mocoTNTEG evromilovtal Kot 6T KuyeAdeg. Katd tn didpketa Tov Tpavpaticon kot
Mg amoKatdotaong Tov mvevpove, 10 HA avédvetar oe avtég Tig mePoyEg Kot
oyetiletatl pe TV €16POT PAEYLOVOOIDV KLTTAP®V VA 01 aAANAemdpdoelg pe 1o HA
UTOPEL VoL ETNPEAGOLY TEPULTEP® TNV PAEYLOVAOIN dtodikacio. AvEnuéva eninedo HA
&xovv avapepbel og acbeveig pe dodua, xpOvia AmoPPIKTIKY TVEVUOVOTAOELD, O1AEDT)
TVELHOVIKY Voo™ Kol 68 ddpopeg emayyelpotikég mvevpovomddeles. Ta gvpnpatoa
avtd emaAnBevovtar o peAétec oe (owd poviéha  mvevpovikng  PAGPng,
GUUTEPIAOUPOVOUEVOV TNG ETAYOUEVNG OTO UTAEOUVKIVI] TVELHOVIKNG tveong, Tov
dofBuatog mov mpoKaAeiTol amd avTiyOva, Kol GE HOVTEAN TVELHOVIKNG AoipmEng.
Kowo yopakmnpiotikd avtav tov peretdv givon 01t ta eninedo HA cvoyetiCovton pe
™ ooPapdtnTo TG TNG MVELUOVIKNG VOGOL Kot Tov Pobpod @AEyHOVNG TOv
TOPOTNPEITAL GTOVG TVEDOVEG, YEYOVOS TTOV LITOINAMVEL TOV OVGLUCTIKO pOAo Tov HA
otV maboyévela Ko TN EEMEN TV Tvevpovik®v voowv. To HA dwadpapatilel emiong
Kpioo poOro KOTA TNV avAamTLEYN Kol TNV avayévvnon Tov mvevpovev. Tpdypoatt,
avadtapopewon g ECM péowm g evamdfeong pog tpocwpivig utpog (provisional

matrix) Thovoia o€ HA, ivan éva ovclaotikd Pripa oty emidiopfwon Tov TpavpidToy.

Ot Broroywég emdpdoelc Tov versican Oa NTav dVGKOAO va e€eTAGTOVV YWPIG
Vo VTOAOYIGTOUV 01 aAAnAemidpdcels g pe To HA. Ot mopdyovieg mov av&dvovv v
€Kgpaorn ¢ versican, ovavouv v €kepacn tov HA odnydvioag oe avénuévn
cvoompevon T0co Tov HA 600 kot tng versican otovg 16tovs. H versican deopedel to
HA péoo pog 0éong omv meproyy G1 (Ewova 28). Kor ta dvo podpia couyva
GLYKEVIPAOVETOL GE TEPLOYEG PAEYUOVIG TOL Tvedpova 1 emOOpB®ONG TV 1GTAOV.

Meléteg avapépovy 6Tt To HA kou 1 versican cuvevtomiloviol o€ TPELS O1pOPETIKOVG

88



TOMOVG WMOTIKNG VOooL oTov GvBpwmo, cvumepthapfovouévng g omadovg
TVELLLOVIKTNG TVmONG. € LETAYEVESTEPEG LEAETEG, AVAPEPOVTAL TOPOLLOLO, EVPTLLOLTOL Y10
TIG eumAovTiopéveg pe versican kou HA  meployéc otov ovvdetikd 10td  of
TVELUOVOTAOELEC 0ONYADVTOG TOVG GTO GLUTEPACLO OTL U0 TPOCOPVY] TAOVGLO GE
versican Ptpa £ivorl amapaitnTn Yo Ty avadlapdpemon TV TVELUOVOV, avesdptnTa

amd 10 160G TNG PAEYUOVNG

Yvvoyilovtag, N avEnpévn Ekepoon Kol chvieon TOco Tov versican 06O Kot
tov HA mopatnpeiton o€ TOALOTAOVG TOMOLG TVELHOVIKNG  (QAEYLOVNG Kot
TPOVUOTICHOV GE avOp®OTOVS OAAG KOl 6€ PoVTEAN TOVTIKI®MV. Ta ototyeio amd avTég
TIG peAéteg vTodnAdvovy 6Tl ot aAAniemdpdoelg versican-HA gival ovciddelg, aAld
QITOLTOVVTOL TEPULTEP® LEAETES Y10 TNV KATAVONOT TOL UNXOVIGHOD dPAoTG ALTHG TNG

aAlnAeniopaong[104].
Tevaokivec-Tenascins

Ot owkoyéveln TV TEVACSKIVOV TTEPLapPavel mEvie O10QOpPETIKE Yovidia Tov
kwdwonowovv 11 TN-C, TN-R, TN-X, TN-Y kot TN-W. Avtég ot yAvkompmTteiveg
€YOLV TOATAOKEG SOUEC TTOV EMTPETOVV TTOIKIAEG LOPLOKES OAANAETIOPACELS e HOPLOL
KUTTOPIKNG em@dvelng (m.y. wvieykpiveg), dAla popa g ECM (m.y. giumpovektivn,
varektiveg), avéntikovg mapdyovieg (n.y. PDGF, FGF kot TGF-b), kot vrodoyeis (m.y.
EGF-R)[115]. Méow avtdv TV OAANAETIOPACE®Y, Ol TEVACKIVEG GLYVA GLVOEOVTOL LLE
TNV OVOoTOAN NG €EAMAMONG TOV KLTTAPMOV KOl TOL GYNUOTIGHOD ECGTIONKOV
TPOCKOAMGEWV, KAOMS Kot (e aENoN TG KLTTOPIKNG KIVITIKOTNTAG, TNG EIGPOANG Kot

TOV TOAAOTAOGIOGLLOV.

Toco n TN-R 660 ka1 TN-C aAAnloemidopovv pe v KapPolutelikn| meploym
NG versican, ENTPETOVTAG TO GYNUATIGUO LOKPOULOPLOKADV GUUTAOK®V fie To HA.Avtn
N aAinienidopaon peta&h TN-R, versican kot HA gtvon amapaitn yio to oynuoticpuo
TEPWVEVPIKDOV  OIKTO®V. Avt| 1M arAnAieniopaorn Oewpeiton emmpedlel mokileg
odKaoieg, copmeptAaupavopévng g TPOCKOAANCNG KOl UETAVAGTELONG TV

VELPIKAOV KLTTOPOV, TNG TAACTIKOTNTOS, TNG OpAong OLENTIKOV TOPayOvVImV Kot
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KUTTOPOKIVAV, NG EMPIOONG TOV VELPOVOV KOl TNG OOMKNG OpYAvOoNS NG

ECM[104].
Ivodoviives-Fibulins

Ovnpomteiveg Fibulin-1 ko 2 (Fbln-1, Fbln-2) givat amd ta peyoivtepa péin (90
kDa) ¢ owoyévelng tov yAvkompoteivov fibulins kot ekkpivovtal amd didpopa
KotTapo. Méow Tov aAAniemdpdoemv toug pe v fibrillin-1 kou tov TGF, ot fibulins-
I ko -2 &yovv d1TTO POAO MG SOUIKEG TPMTEIVEG KOl MG KLTTOPIKES TPWTEIVEG NG
eEOKLTTAPLOG UNTPOG. Q¢ doUIKES TPMTETVES, GVUPAAAoVY otV chvdeon ¢ Fbn-1 pe
TNV EAACTIVI Kot S1apopa GALN LOpLa, OTTMG 1 Aapviv), 1| V@OOVEKTIVT, TO tV®md0YOVO,
kot pe PG, dpaovtag wg puopa otabeponoinong g ECM. Qg popa g ECM,
dwpopeavovy t onuatoddtnon tov TGFB. H fibulin-1 amotelel Pacikd popro
ovvdeong kat pvbuiong g mpwTEdILoNG HE TN pecoAdfnon g ADAMTS-
1,umodewcvoovtog évav onuovtikd polo otov kOkKAo gpyaciav s ECM. 'Etotl ot
TPOTEIVEG AVTEG e AVTOV TOV TPOTO EMNPEALOVV TIG KLTTOPIKEG dlepyacieg mov givorl

KPIGUES Yo TNV aVATTVLED, TV OULOLOGTOCT] KOl d1dpopes achéveleg[104].

Ot aAMAEmMOPAGELG TNG Versican P TIG TUPUTAVE TPOTEIVEG TPAYILOTOTOLEITOL
ot EGF emavolqyelg g C-tehkng meproyng G3 tov versican[115].MeAéteg
avadEKVOOLV OTL 01 aAANAemdpacels petay fibulin- 1 ko -2 pe T versican Kot GAAL
popw, ocovpmeptroppavopévov TovADAMTS-1 ko HA, elvor onpavikée oty

avadlopoOpewon TV 1otov[104].
Ownpovektivy- Fibronectin (FN)

H owumpovektivn amoterel pio amd 11 kOpieg yAvkonpwteiveg g ECM, 6mov
pumopel vo OAANAOETIOPE e TOALAPIOUES TPMTEIVEG, VAL AVTOGLVOEETOL Yol VO
oynuatioet widlo kot vo GuVOEETAL €MIONG HE WTEYKPIVES, VTTOJOYEIS KLTTUPIKNG
eMPAveLNG, Kot EvOopa amotkodounong g eEmxkuttdplag untpas. Méow avtodv Tmv
TOAMOTADV OAANAETOPAGE®Y, N PIUTPOVEKTIVY €mnpedlel T CLVAPUOADYNON TNG
eEOKLTTAPLOG UNTPOG KOl KLTTOPIKEG Olepyacieg kaf' OAn T didpkeld TG avamTLéng
TOV 10TOV KOl TNG €movAmong Tpavpdtev. Toco m obvBeon g FN 6co kot n
OTOIKOOOUNON TNG TPMOTEIVNG €lvol 0VGIDOEIS Yo TN OdIKACT0 ETOVAMONG Kol 1

dltapoayn OmoldNTOTE amd TIG OV0 Sdkociee SLUPGAAEL o TOAAEG YPOVIEG
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modnoeic. H obdvBeon g ouumpovektivng pvOuileton amd tov TGFP wor n
amotkodounon g and 1ig ADAMTS9 katMMP 14,

2TOVG TVEVLLOVEG, 1 PUUITPOVEKTIVI TIOTEVETOL OTL EUTAEKETOL GTOV GYNUOTIOUO
TOV OEPAYOYDV, TN SLOPOPOTOINCT TOV KLYEAIIKMOV EMONALIKOV KLTTAP®V Kol GTNV
avamTLEN Kol @pitoven TV Tvevpdvov. KOplo yapaktnpiotikod ypdvimy TVELLOVIKMV
nadnoemv anotedel n Satapoyn oty cbHvOeon N ATOKOSOUN O TNG PUUTPOVEKTIVIG.
H versican kot M QUUTPOVEKTIVI] UTOPOLV va. GAANAOETIOPAGOLV HEGH TOGO NG
nepoyne G3 600 kol péow TV oAvcidmv Beukng yovopoitivig tng versican. ‘Eyxet
Bpebel 60TL N €kppaon g versican PETOPAALETOL TOLTOXPOVO HE TNV EKPPOCT TNG
Quumpovektivng kabmg Kot GAA®V popiov g eE®KLTTAPLOG UNTPOG, MG UEPOS TNG
exteTopévnc avadtopdpewong g ECM nov cupPaivet oe votikéc acOévetec. Ilapora
avtd, eAdylota gival YvmOTO GYETIKA LLE TO TAOG Ol AAANAEMOPAGELS PUUTPOVEKTIVIG-
versican cupfdAlovv oty votik) dwdwacic. Eivar yvootd, wotdco, 61t 1 iveoon
eEaptaror omd to HA, to omoia emiong cuvOEeTatl e TV GLUTPOVEKTIVN TNG 0Tolag Ot
aAniemdpacel; pe tic CD44 wxor TLR4  emmpedlovv tOV  QOUVOTLTO T®V
pooivoPractav pécw pvBuone tov TGFP. Xvvemwg, eivor mbovd wor ot
OAMAETIOPAGELS  Versican-QuUTPOVEKTIVIIG  €XOVV  ONUOVTIKEG GUVEMELES  GTNV

vevpovikn tvoon[104].
KoA,ayovo tomov I- Collagen type 1

To koAayovo amoterel éva amd to Poacikdtepo popla TG £EOKVLTTAPLOG
UNITPOG, Kot i6mG N o KOAQ Yopaktnpiopévn tpmteivn oty maboyéveta g I Ot
aAANAeTOpAcelg petalh versican kot Tov KoAAoyovov tomov I €yovv onpavtikd poro
TNV 0pYaveon g SAUESNS UMTPag Tov TTEPIPAALEL TOVG voPAdotes. H ohvBeom tov
KoALayovov tomov I Aappdvel ydpa ce TAoOG10 GE versican TEPLOYES TOV TEPLEYOLV
pootvoPrdcteg oe dapopeg voTkEG Tvevpovondleiec. Meléteg avapiépovy OTL TO
KoAAaydvo tomov I kot 1 versican cuvevtomilovtal GTOVG aEPAY®YOVS aGHEVAOVY e
ARDS, XAII ka1 o€ pooivoPractikéc eotieg oe aoBeveic pe I Av kot o1 aAlayég 6To
KOAAOyOVO kol To versican Oewpoldvtal onUovTikég Yo TV €EEMEN aLTOV TOV
acOeveldv, 1 VO TOV CAANAETOPACE®DY KOl O TPOTOG LE TOV OTTO{0 GLUPAAAOVY GTHV

naforoyio Twv Tvevpdvev dev givar emapkmg katovontés. Efvar mbavo 6t ko dAla
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popla Tov cvvdéovron pe ) versican oty ECM, counepilappavopévov tov HA kot

NG QUUTPOVEKTIVIG, EUTAEKOVTOL GE VTN TN SLVOUIKT aAANAETiOpaon[104].
AMMNAETIOpaOT NE HOPLY KVTTUPIKNG EMLPAVELUG
YEAEKTIVEG KOl YNUELOKIVES

O mpmteiveg TG KuTTAPIKNG Empaveoc, L-, E kot P-selectin, mepiéyovv pia N-
TEMKY| eEmavAANy” Aektivng tomov C, o emavainyn EGF, o eviaia dtopepppovikn
aAlniovyio kot pio kKuttapomiacpotiky ovpd. Kabng n mepoyn G3 g versican mov
nepéyxelt CRD kot EGF meproyég, £xet mapdpota doun pe tig oehektiveg, etval Aoykd to
dvo popa va aAAnrogmdpovv. H chvdeon g versican pe v P-cehextivn kou tnv L-
celekTiv avaoTéEALETAL £vTOva amtd TV TEWYT TG versican pe yovopoitvaon. ‘Etot, n
versican @oivetol vo aAANAOETOpa pe TIc oelektiveg péow tv GAGs g, Kot Hovo

OTOV OVTEG EIVOIL GOVAPOTOIMUEVEC.

EmumAéov, n versican Bpébnke emiong va decpUeDEL OPIGUEVES YMNILELOKIVES KO
He avTo Tov TpOTo vo, puOuiletl T Asttovpyia tovg. Zvuykekpipéva, n ynpetoxivn SLC
(secondary lymphoid tissue chemokine) cvvdéeton pe tnv versican pe 1oYLPY
eEewdikevon. H SLC Bonba ot obvoeon g wieykpivng a4B7, ota Aevkokvttapo. H
versican, HEo® TV aAVGidv GAG g, umopel £T61 va amoTpéYeL TV TPOGKOAANON
TOV AEVKOKLTTAP®V GTO TOWOUATO TV ayyeiov péow g déopevong g SLC.
ZuvoMKA M pOBon TG aAANAOETIOpAON G TNG versican HE TIG GEAEKTIVEG Kol TIG

yHeEoKIVES etvan LoTikng onuoaciog ywo tnv eAeypovi[115].
CD44

H CD44 givor po dStapepfpovikn mpoteoylvkdvn Beukng yovopoitiving tomov
I. Amotedeiton omd o peydhn mepoyn mov mepiExel po B€omn  déopevong
valovpovikov, 4 0€oelg mPookOAANoNG aAvcidwv Beukng yovopoitivng, o
SwpepPpavikn meproyn 21 apvo&émv Kot pio KVTTUPOTAAGLOTIKY 0Vpd 72 apivoEémy.
H CD44 umopel vo vmootel evaAloKTiKO pATiopo mov odnyel o€ JSpOPETIKEG
GOUOPPEG TTOL SLAPOPOTOLOVVTAL WG TPOG TNV TOPOLGIN 1] TNV ATOVGIN CLYKEKPIUEVOV
nepoydv. H mo extevag peretnuévn oopoper] CD44 eivar m tumikn 1copopen
(CD44s), n omoia mepiéyet OAeG TIG YVMOTEG TEPLOYES ToL popiov CD44. H CD44 éyet
amodelyfel 0Tt pecorafel 0TI AAANAETIOPACEIS KVTTAPOV-KVTTAPOL Kol KLTTAPOV-

ECM, d1eyeipet v evepyomoinomn TV AEUPOKLTTAP®V Kol TN 010161 TOV 16TOV Kot

92



TPOAYEL TNV OVATTLEN KO T LETAOTOON OPIGUEVMVY OYK®V. Av kot ot advcidoeg GAG
IOV GLVOEOVTOL [LE OPIGUEVES 160HoPPEC TG CD44 pmopovv emiong va decuehovv Eva
VIOGUVOAO QVENTIKAOV TapaydvImV, KVTTapokives kot mpoteiveg g ECM dnwg n
QUUTPOVEKTIVY], Ol TePlocOTEPEG Omd TIG Agttovpyie mov amodidovioar oto CD44

UmopoHV vo amodo0ovv GtV IKOVOTNTE TOL VO SEGUEVEL TO VAAOVPOVIKO.

Ot adveideg GAG g versican cvvdéovtal emiong pe to CD44 oty meployn
npdcodeong Tov HA. Avti 11 ohvoeon €xel ®G ATOTEAEGILA TO GYNUOTIOUO EVOG LEYAAOL
LOKPOUOPLOKOD GUUTAOKOL 7OV EUTAEKETOL OTNV KLTTOPIKN] TPOGKOAANGY, TN
LETAVAGTEVGT) KOl TN GNUOTOSOTNGT). ZUVOMKA, 1) aAAnAenidpacT peta&y versican Kot
CD44 eivarl por ToATAOKN Kot duvapky S1adtkacion mov Stadpapatifel onpavTiKd

pOLO GE dLAPOPES PLGLOAOYIKES Kot TafBoloyucég depyacieg 115].
Ivepykpivec-Intergrins

O wreykpiveg elvar onpovtikol vTOdoYElG TG KLTTAPIKTG EMPAVELNS. AV Kot
APYIKE YOPpaKTNPIGTKAY G L0 OIKOYEVELDL VITOJOYEMV KUTTOPIKNG EMPAVELNS TOV
EUMAEKOVTOL GTNV UETOPOPA TOV KLTTAp®V oty ECM kot emmpedlovv Suvapkés
Ooldkacieg o8 ELOGLOAOYIKG KOl KOPKIVIKG KOTTOPO, OTOC 1 EVOOKVLTTOPIKY
onuatoddTNon Kot M Ekepact yovidiov mov odnyodv oTN UETOVACTEVLCY, TOV
TOALOTAQGLOGUO, TN dapoporoinctn kot TNV eniinon Tov kuttdpov. Ot wvteykpiveg
Umopohv vo GNUATOO0TOVV HECH TNG KLTTOPIKNG HEUPPAVNG TTPOG OMOL0ONTOTE
KatevBuvon: 1 EMKLTTAPIKY dPASTNPLOTNTA TPOGOESNG TV WWTEYKPIVOV puBuileTon
amd TO0 €6MTEPIKO TOV KLTTAPOV, evd M Tpdcdeon g ECM mpokaiel ofuata mov
LETAOIO0VTOL GTO E6MTEPIKO TOV KLTTAPOL. O1 vTEYKPIVESG EVEPYOTOLOVV GNULOTOSOTIKA
povomdtio ov mpodyovv v avdmtuén. Ot mepiocotepeg wreykpives avayvopilovv
odpopec mpoteiveg g ECM. H versican aAAniogmidopd pe v wreykpivn Bl pécm
g C-telkng meproyng G3. Q¢ amotédespia, To mpoidv versican G3 aviyvebOnie eKTOG
a6 v ECM, kot oty kuttopikn emedvelon mov meptPdilel ta kdtropa. Eivor
evolpépov O0TL N versican dgv mepiExel potifo RGD, yeyovdc mov vmodnidvel Evav

EVTEADG VEO UNYOVIGUO TPOGOEDTG TV vTeykpvav[115].
EGFR
O EGFR, évag dAAog oMUOVTIKOG VITOJ0YENS KUTTAPIKNG EMPAVELNGS, LEGOANPET

0€ MOALEG KUTTAPIKEG OmOKPICELS TOGO GE PLGIOAOYIKEG Plodoyikég dlepyacieg OGO Kot

oe maboAroykég katootdoels. Ta poplo ocvvoeong pe tov EGFR, 6nwc o EGEF,
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TPOGOEVOVTAL GTOVG VTOOOYEIS TOVG Kol TPOKOAOOV OAAUYEC OLOUOPPMOONG OTO
LOVOLLEPT] TOV LITOSOYEN TTOV TTPOBAYOLV TNV EVEPYOTOiNGT Tovg. Ot vteykpiveg eivon o
Béon va oymuotilovv kAdotep pe tovg vmodoyelc EGF xor avty m @uown
aAlnAeniopacn ennpedlel ouyvd v évtaot tov enayouevov ond tov EGFR ofpatog
npog v ERK kwvdomn. Ta cuvepyatikd LOVOTATIOL TOL TPOEPYOVTOL OO OVTA TOL dVO
onuota  eivar (oTiKNG onuaciag ywo T pvOuion UG  CEPOC  KLTTOPIK®V
dOpaCTNPOTATOV, OT®MG O TOAAATANCLOGUOG, T OPOPOTOINGY, 1 ATOTTWON, 1

TPOCKOAANGN KOl 1) LETAVAGTEVOT).

H aAMnenidpoaon peta&y versican kot EGFR dwopecorafeitor and tic EGF
TEPLOYES TOov versican kot v eEwkvttapla mepoy tov EGFR. H ovvdeon tov 2
popiov €xel OC AMOTEAEGLO TV EVEPYOTOINGT TMV CTUATOOOTIKMV LOVOTOTIOV TOL
EGFR. H oAMnAenidpaon versican-EGFR éyetr epmhoxel oe mowileg ProAoyikég
dtepyacies, cvuneprrapfavopévng g e€EMENG Kot TG HeTdotaong Tov OYKov, NG
QAEYLOVTG Kot TNG ETOVA®ONG TV TANy®v[104, 115].

1.4.6 Po)rog
[Iépa amd TOV onuaviikd poAo NG MPWOTEIVNG oIV GLYKPOTNON TNG
eEOKLTTAPLOG UNTPAG, TO Vversican EUMAEKETAL KOl GE OAAEG ONUOVTIKEG KUTTOPIKES

oepyasies (Ewova 31), onmg:

_— )\

Versican

Proliferation
Adhesion 4-/ \“V Migration_!

Ewxova 31: 2dvoyn twv emopaoewv TOv Vversican otov KUTTOPIKO QOIVOTOTO.

Tporomomuevny omo [116]
pookorinon

To versican dpa ®G HOPLO OV UEWDVEL TNV TPookOAAnomn(anti-adhesive) kot

avt) 1N OpactnproTa opeidetar oty mepoy] Gl g mpwteivng. Qotdco €xel

94



avapepBel 011, 1 KapPoutelkn TEPLOYN TOV versican UTopel vo. GAANAOETIOPE e TN
Bl wteykpivn TOV KLTTAPOV YAOIOUOTOG, EVEPYOTOIMVIOS TNV KIVAGY ECTIOKNG
npookOAnone (FAK), mpodyovtag €161 TNV KLTTOPIKN] TPOCKOAANGYN Kot

OTOTPENOVTOGS TNV ATOTTMOT) GE OVTOV TOV KLTTOPIKO TOTO.

H 1816t 10 tpockdiinong g meproyng G3 tng versican gygipel Tv mboavot T
OTL dlopopeTiKG TTpoidvta d1domacng TG versican  UTopovV va emmpealovv v
KUTTOPIKT TPOCKOAANON LE OLUPOPETIKOVG TPOTOVC. 1 VIEPEKPPACT) TNG IGOUOPPNG V3
oonyel oe avénuévn TPOoKOAANOT G Aglon PLTKA KOTTOPO TOV aepay®mYdV (Airway

Smooth Muscle Cells- ASMCs)[117].

H versican cuvoéetan emiong pe popla mpookoiinong (L-,P-selectins) otnv
EMPAVELD TOV PAEYUOVOI®V Agvkokvuttdpwv. EmmAéov, n déopevon tov CD44 and
Vv versican, otafepomolel TV oLVOESN LOAOLPOVIKOV-Versican GTIV KLTTOPIKY
empaveln, pe amotélecua v dnuovpyic ECM oty omoia vrdpyovv TOAAATAES
Béoelg ovvdeomg Yo Tar eAeypovmon kouttapo. H versican deopedel emiong apkeTég
OPOPETIKEG  YNUEOKIVEG TOV  EUMAEKOVTIOL OTN)  GTPOTOAOYNGN  LOVOTOPNVE®V
Aevkokvttdpwv. Tétoleg aAAniemdpdoelg pmopel vo Satnpodv TV QAEYUOVAOI
amOKPLoT, KOl GLVETMG Oa pmopovoav va BEGovy T versican o¢ £V VITOGYOUEVO LOPLO

oT0Y0 Yo ToV EAeyy0 TG PAeypovig[107].
Kvtropikog moirhomrhoocloopog

To versican gumAéketol emiong oTov KLTTAPIKO ToAlamiactocpd. H ékepaon
g versican oyetileton e Evav TOAAATANGLOGTIKO KLTTOPIKO GovOTUTO Kol PpickeTol
oLVl o€ 16TOVC MOV TAPOLSLALOVY OVENUEVO TOALOTANGLOGHO, OTMC KOTA TNV
avamTuén Kol 6€ o TOKIAMO OYK®V, GCOUTEPTAAUPOVOUEVAOV TOV OYKOV TOL LOGTOV,

TOV €YKEPAAOV, TOV TPOGTATY KOL TOL LEAOVDLOTOC.

‘Evoc pmyoviopoc pésm tov omoiov n versican Tpodyel ToV TOAAATAAGIACUO,
glvonl M emidpaomn avéntikdv mapayoviov. H adénon g versican kot TV VOOV
TPOTEVAOV 6 amdKplon 6Tovg ovéntikovs mapdyovieg 6mwg o PDGF kot o TGF-B1
TPOKaAel OENON TNG TEPIKVTTAPLNG UNTPAG TOV KVTTAp®V kot enéktaocn g ECM. H
EMEKTOON TNG TEPIKLTTAPLOG UNTPOG TPOVTOOETEL TNV dAANAETIOpOAGT TNG versican e
O1AQOopPeC GUVIETIKES TTPMTEIVES, OT®MG TO VLOAovpovikd kot v CD44. Avtd ta

GUUTAOKO OVEAVOLV TNV EAAGTIKOTNTO KoL TO 1EMOEG TNG UNTPOAGS, ONUOVPYDVTOS Eval
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eEUPETIKA EVTAAGTO TEPIPAALOV TTOL EVLVOEL TNV OAANYT) TOV KVTTOPIKOD GYNIATOS TOV

glvor amopaitntn Yo ToV KVTToPIKO TOAANTANGIOGLO.

EmmAéov, 1o mopayopeve HOKPpOUOPLokd GOUTAOKO Versican-vuoAovpovikol
UTOpEL VoL £Y0OVV U0l OPAUATIKT ETIOPACT) TNV TAGCT) TOL ACKEITOL GTA 1010 TOL KOTTOPOL
Kot 0T1g dvVAapELg EAENG oV apdyovtal omd T0 KOTTOPO. TETOLEG UNYOVIKES OAAXYES
Bo umopovcav va emmpedoovv v onuatoddton. ‘Etol, 10 cbumioko versican-
VOAOVPOVIKOD OV TEPIPAALEL TO KOTTOPA YPNOLUEDEL OC EVOG CNUAVTIKOG, UINYOVIGLOG

Yl TOV EAEYYO TOL KLTTOPIKOV GYNIATOG KOl TS KVTTAPIKNG O0UPESTC.

"Evag @GAdog unyavicpdc pe tov onoio 1 versican o pmopovoe va ennpedost Tov
TOAMOTAOGLOGHO gtvar dpavtog 1 dto og pitoyodvo, pécm tov EGF aAiniovyidv g
oV mepoyn G3 tov popiov. Téhog, cuykévipmaon g versican Tov GLVOEETAL LE TNV
KLTTOPIKT EMPAVELD QaiveTal va glval KpIGYLOS TapdyovTog yio TOV TOALOTAAGLOUGLO
Kol 1 OTOAEW TNG versican amd TNV KLTTOPIKN EMQAVELD GYETICETOL PE UELOUEVO
KUTTOPWKO  ToAAATAaGlOGHO. To  oNUAVTIKOTEPO LOVOTATL 7OV  TPOAYEL TOV
TOALOTAQGIOGUO HECH TNG GUECNG GLVOEONG TNG Versican WHe TOV VTOJ0YEN £VOG
avénrtikov mopdyovta enepPaivovtog oty Kuttapikn TpockOAAnon[107]. Téhog €xet
avapepBel 0TL o1 2 1opopPég Tov Yovidiov V1,V2 gmitehovv avtiBetoug porovg cTov
noAlomAactocpd. ITo ovykekpyévo n oopopen V1 ogaivetor vo mpodyet tov

KLTTOPIKO TOALOTAACIAGHO evDd 1 V2 va tov avacTtéAAel 118].
Kvttopwn petavdotevon

H versican emmpedlet eniong tn LeTOVAOoTELGN TOAADY KVTTApwV. H versican
eKQPPALETOL KATO UNKOG VELPIKAOV HOVOTOTIOV Kot EMNPEGLEL TN UETOVAGTELGT TMOV
VEVPIKOV KLTTAP®V. Oplopéves HeAéTec vOdEKvOovy OTL 1 versican eumodilel
LETAVAGTEVGT TOV VEVPIKOV KUTTAP®V ENEWN TO KOTTOPA OEV EGEPYOVTOL GE 1GTOVGS
mov vrepekepdlovv versican. [Tiotevetal 6tTL o TPOPANUE GTNV UETAVAGTELGT TOV
KUTTAPp®V TOL VELPIKOV, opeiletal oto mepdirov ™ ECM péom tg omoiog

HETOVOGTEDOLV, Kol Oyt 6Ta 1010, ToL KOTTOPO.

H versican pmopel emiong vo emmpedost T HETOAVAGTELCT] TOV AEUPOEODV
Kuttdpov. Meléteg deiyvouv 6t ta T KOTTOPO dEV PETAVAGTEVOVY OTOV TPOCTIfEVTIL
oe wa ECM gumlovtiopévn oe versican kou HA, oAAd avt) m avooTtoAr] g
petavactevons pumopet vo avtietpagel eav oty 1 ECM vrootel mpo katepyasio pe

AVTICOUOTO EVOVTL TNG Versican.
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H versican emnpedlel ™ HETOVACTELON MG TOKIAMOG GAA®Y KLTTOPIKAOV
TOMOV Kol 1 OpacTnPOTNTA aVT Qoaivetol vo oyeTileToan Kuplwg pHe TIC 1010TNTEG
TPOoKOAAN oGNS Tov apopovv v mteptoyy G1 tov popiov. 1o vevpikd cvoTUO, N
KOpla ek@palopevn oopopen V2 avaoTéALEL T HETOVACTELGN. AVTH 1 WOOTNTA TNG
versican pumopel va petwdel, aAdd oyt va eEarerpbet, pe v agaipeon twv oAvcidwv
CS, vrodeikvoovtog 0Tt TOAOTAEG TEPLOYEG TOL Versican EUTAEKOVTOL GTOV EAEYYO TNG
avayévvnong tov vevpikov o&ovov. To yeyovog oOtt m versican dtadpopotilet
BepeMddn pOLO GTNV UETAVAGTELCT] TOV VEVPIKOV KLTTAP®V, VIOypoppiletal and
pUeAETEC TOV Oelyvouy avEnUEVN EKPpact NG TPOTEIVNG Lall pe AAAEG LOAEKTIVEG LETA

oo TpovUATIGHO Tov KNX.

To mopamdve gupNUATO VTOONADGVOLV OTL O YEPIOUOG NG ovVOeoNS TG
versican GTOV TPOVUATICHOD TOV VOTIOIOL HueEAoD pmopel va givor por ypriouun
nwapépPacn yio ) OEPUmEVTIKY AVTILETOTIOT QLTS TG TaOnong. [ va yiver avtod
elvatl oNUaVTIKO VoL EVTOTIGTOVY AAAOL BaCIKOT TOPAYOVTES LLE TOVG OTTOTOVE 1] Versican
aAnroemdpa[117]. H eumhokn tov versican 6tng KLTTOPIKNAG UETAVAGTELONG £)EL
TEPLYPAPEL G TOAAOVS TOMOVS Kapkivov kot Oa avodvbel Aemtouepéotepa oTnv

GUVEYELQL.
AnénToon

O 1poMOC e TOoV 0Toi0 M versican EUTAEKETOL GTNV AmOTTMOOT ivot TepiTAOKOC.
Eved vrdpyovv opiopéva dedopévo mov emainBedovv OTL M versican UTOpPEl v
eumiéketal ot pvOon g andnTmong, ot akpPeig unyavicpol pe tovg omoiovg

cupPaivel avto dev givar KaAd KOToVONTOL.

"Evoc mBavog pmyovicog péom tov omoiov pmopel va epumhokel 6Ty amdmTwon
elvar péom tov aAniemdpdoenv e popla 6mwg 10 HA kot to CD44. To CD44 éyet
amodelyBel 6T mailel pOAo 6N PUOUIGT TG ATOTTMOOTNG EVEPYOTOIDMVTOS GT|LOTOSOTIKA
HOVOTATIOL TTOV €1TE TPOAYOLV £iTE OVAGTEAAOVY TOV KLTTOPIKO Odvato[119]. Meléteg
dglyvouv OTL M versican glval omapaitnIn Yo T GLVOPUOAOYNCT TNG UTPAS UECH
OUVOEONG LE TO VOAOVPOVIKO Kot OTL 1 pelowpévn evandBeon versican av&dver tao
elebBepa Bpavopota vorovpovikod to omoio aAAnAoemdpovv pe to CD44 won

av&avouv | pwcpopviimon g ERK1/2, odnydvrag oe kuttapikn ynpavon[120].

Onwg ocvpPaivel Kot 6TOV TOAATAAGLOGHO, £TGL KOl OTNV OladIKAGio TG

amontwong £xet Ppedel 11 o1 2 woopopeés V1,V2 emredodv avtiBetovg polovg. [To
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ovyKekpipéva £xel Ppebdet oe mepdpota mov mpaypatoromnkoyv oe NHI3T3 kottapd
ot woopopen V1 av&hvel Ty avioyn TV KVTTAP®V GTNV OTOTTMTIKT O100TKAGT10 EVED

N woopopen V2 dev emmpedletl v avOekTikdTTo TV KVTTIp®Vv oty andntoon|118].

ZUVOMKA, TO VIAPYOVTO OEOOUEVO OVOOEIKVOOVY OTL 1) Vversican gUmAEKETOL
oTNV oOTTMOOT|. ATOLTOVVTOL TEPALTEP® UEAETEG YO TNV KATOVONGT TOV LUNYAVICUAOV

UEG® TOV OTOIMV EUTAEKETAL G~ QLTI TNV O1001KOGIa.

1.4.7 Epmhoxi] Tov versican oty gufpvuikn avantodn

[ToAAég peréteg Exouvv deiet T cvppetoyn Tov Vean oty HOPQOYEVEST TMV
1GTAOV KOl TV 0pyavoyEVeST Kotd v avantuén. H avdivon tng ékepaong tov Vean
GTOV TVELLOVO, TO NP, TNV KOPA KOl TOV EYKEQEOAO ovl eUPpuikn muépa

KATOOEIKVVEL TV DYNAOTEPT TN TS EKPpacnc v pépa E13.

O polog ™G Vean otnv avlmtuén g Kopowds éxet peietnBel extevoc. H
Versican ex@paletal 6TOVE AVATTUGGOUEVOLS KOPOLOKOVG 10TONG Kal £yl omodetyel
OTL €lvol oNUAVTIKY Yo TN 6OOTH Kapdwakn popeoyéveon. Ilepdpota og movrikia pe
TANPN Oy pOeN 1 LEPTKT) AVETAPKELX TOV YOVIdioV £de1EaV OTL 6Ta LA 0VTA 1) KAPIEG
OEV OVOTTOGOOVTOL GMGTH, VTOJEIKVOOVTAG TOV OVGLOGTIKO POAO TOL YOVIdiov GTO
oYNMOTIoUO TOL Kapdlokoy Toympatos. H Vean dnpiovpyet éva mpocwpivd kapdiokd
totymua, pali pe to HA, 6mov Bonbd ta evookapdiakd KOTTOPO Vo LETAVACTEDGOVV
KoL v, dtopopomomBovv oe KiTTOpa Tov pvokapdiov. O evromoudg Tov Vean oty
AVOTTUGOOUEV] KOopdld HETAPAAAETOL YPNYOpa, YEYOVOS TOL VLTOONAMVEL OTL

SradpapatiCel dStopopeTkons pOAOVG G OLOPOPETIKES YPOoVIKES oTrynég[ 113].

To versican ek@paleTol ETIONG Kol GTOVG AVATTUGGOUEVOLG 1GTOVS TOV AKPMV.
Kvutrapikés oepés yovdpokvttdpov (ATDCS, N1511) mopovsialovv dadoykd
TPOTLTO. EKEPOCNG TOV VOAEKTIVOV versican Kol aggrecan. X10 TPMOIUO GTASO0 TNG
OlLPOPOTOINGNG TV  YOVOPOKLTTAP®Y, TO Versican eKEPALETOL TOPOOIKA Kot
evoopatovetor oty ECM, kot oty ocvvéyeln avtikodiotatar amd 1o aggrecan.
KoAliépyeia kuttépmv mov mpoépyovior and EuPpva ota omoio Aeimel t0 yovidlo
versican, €0€1e OTL Ta. KOTTOPO. OLTO OOTLYYXAVOLUV Vo Olagpoporombodv oe
YOVOPOKVTTAPO, YEYOVOS TTOL LTOONAMVEL TOV OVLCLOCTIKO POAO TOL versican oTn
yovdpoyéveon. To versican O1EVKOAVVEL TN YOVOPOYEVEST] KOl TN HOPPOYEVEGT TV
apBphoewv, pécw petapopds tov TGF-B oty eémkvttdpla pntpa Kot poduong g

onuatoddtnong tov[ 113, 121].
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H Versican ek@pdletor 6TOVC OVOTTUGOOUEVOVS VELPIKOVG 1GTOVG KOl EXEL
amoderyOel 6T eumAEKETOL GTN PUOULOT TOL TOAAUTANGIOGLOV Kol TG O10POPOTOINoNG
TOV VELPIKAOV TPOYOVIKOV KLTTAP®V. Ol TPOTEOYAVKAVES, CLUUTEPIAAUPAVOUEVNG TG
versican, £(OovV EUTAOKEL GTN OTOOEPOTOINGT TOV GUVAMTIKOV GLUVOEGEMV GTOV
EYKEPAAO KOl GTNV TAPEUTOOIOT) TNG AVALYEVVNONG LETE OO TPAVUATICUO GTOV EVIAIKO
eyképaro. To versican UTAEKETOL GE U0 TPOYEVEGTEPT) TTVYT TNG VEVPIKNG AVATTUENG,
TNV OPILOVGT) TOV TPOGLVOTTIKAOV dopdV. ETmAéov, aAAnloemidpdvTog pe dAlo popio
eEOKLTTAPLOG HNTPOC, OLUPAAAEL Kol otV UPETEMELTO.  oTofepomoinon TV
TPOGVVOTTIKMOV SOUMV. ZVVOAMKE QoiveTol Vo GOUPAALEL GTNV VEVPIKN AVATTLEY LECW

TOV TPOGLVATTIK®V dopmv[122].

ZVUTEPACUATIKA, Ol TOPUTdve HEAETES LTOONAMVOLY OTL TOo Vean oynuotilet
£VaL YOPO OV SLEVKOAVVEL TNV UETAVAGTEVOTG KOl O10POPOTOINGT TV KLTTAP®V Kot

pLOUIZet TIG TOMIKEG CLYKEVTIPMGELS QVENTIKAOV TOPAyOVI®MV Kol kKuttapokivev[113].

1.4.8 O polrog ToVv versican oty @AEYHOVN

Onwg avagépbnke, to versican ivolr amopoitnto Kotd Tn Odpkeln g
avamtuéng Kot omoteAEl ONUOVTIKO GLOTOTIKO TNG (QAEYUOVNG TOV 10TOV TOV
npokaieitar amd Aoipmén n tpavpoticpd. To versican GuGcOPEVLETAL MG LEPOG TNG
TPOUNG PAEYLOVAOIOVS OMOKPIONG GE o GEPA amd avOpmmiveg acBiveleg mov cuyva
oyetilovror pe Vv €6POAN TOV AELKOKVLTTAP®Y, GLUTEPIAAUPAVOUEVOY acBEVEIDV
TOV OYYEWKOD GLUGTNUOTOG, TV TVELUOV®V, TOL EYKEPAAOL, TOV EVTEPOL KOl GAA®V

opybvav, KoBMG Kot o€ TOALES SLOPOPETIKES LOPPES Kapkivov[106].

H évopEn ¢ oAeypovodovg avtidpoaons omortel v HETOVACTELON
AELKOKLTTAPWV OO TNV KUKAOPOPI0 G€ KATECTPOUUUEVES TEPLOYES TOV 1OTAV, MG LEPOG
™G EUPLTNG OVOCGOAOYIKNG amdkpione. To kKOTTOpa aVTA £pYOVTIOL GE EMAQPY| LE TNV
ECM 1 omoia Aertovpyel o¢ wpiopa, emmpedloviag v TPOoKOAANGN, 1T

UETOVAGTEVGT), TNV EVEPYOTOINGT| KO T GUYKPATNOT| TOVG,.

To versican o€ OQLTAV TNV OPYIKN GACT TNG QAEYHOVNS, OAANAOETIOPE e
VTOOOYEIC OTNV EMPAVELX TV OVOCOKVTTAP®V, dmwg 0 CD44, o vodoyéag Toll-like 2
(TLR2) kou o1 P- 1 L-cehextiveg, Kou mapEyel €yyevi] oNUaTo TOV EXNPEALovV TOV
@OIVOTLTIO TV AVOGOTOTIKOV Kol PAEYLOVOI®V KuTtdpwv (Ewkova 32). To versican
aAAAoemdpd emiong pe éva apBpd dAlov cvuotatikdv e ECM mov elvan onpovtikd

oTN QAEYHOVT], OTI®MG 1 VOAOVPOVIKO, M vwdovektivn kot M tevaokivn-R ko -C.
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MdéMota 1 aAANAETiOpacn TOL versican HE OPICUEVO OO T TOPOTAvVD Hoplo,
onuovpyel drokprrd vinudtioe oty ECM mov ekpivovion omd tnv em@daveln Log
TOKIMOG KOTTAP®V Kot oyNUaATiCOvV o PNTPO TOL SEGUEVEL TOL AELKOKLTTOPA. TETOEG
EUTAOVTIGUEVEG L Versican SopES, Exovv Bpebet emiomng o€ 16TOVG TOL YapaktnpilovTol
amd ovENUEVO aplOud AEVKOKVTTAP®V, OTMG GE TEPIMTMCELS PAEYLOVOIDY VOGOV TOV
eviépov. Tétolec alinAiemdpaocels peTad mOAMATAGV ocvototik®v g ECM
onuwovpyovy  dopéc  mov  emmpedlovv  EMAEKTIKA TG OAANAETIOPAGELS
Aevkokvttdpwv/ECM. To versican, mépa and 10 HA, umopei eniong va cuvoebel pe to
CD44, yeyovoc mov LIOONAMVEL Kot TO. 2 UOPLOL UITOPOVV Vo 6TafEPOTOIOVV TIG
eEoptopeveg amd to CD44 aAAAoemOPACELS KOl TNV ETOKOAOLOT EEQPTMUEVT OO TO
CD44 onuatoddtnon ota AEYHOV®OT KOTTOpa. ATO TNV GAAN TAEVPA, 1] GOVIEST] TNG
versican pe to HA pmopel va mapepfaivel otn obvdoeon tov HA pe 1o CD44 ota
OVOGOTOMTIKA KVTTOPO Kot Vo apPBAVVEL TV avosoloyikn andkpion. Ot advcideg CS
oTN versican UTOPOVV EMIONG Vo OAANAOETOPAGOLV HE YNUEWOKIVES, ovENTIKOVG
TOPAYOVTEG KOl TPMOTEACES, £MMPeAloviag Tn SobesIHOTNTA TOV YNUEIOKIVAYV, TN
dPAGTNPLOTNTA KO TOV POVOTVTIO TV 0VOGOKVLTTAP®V. ETot, Ta emuépouvg cuotatikd
¢ ECM, ovpmepilapfovopévov tov versican, Uropel vo. GAANAOETIOPOVV E0KA e

Baowd popa mov eumAékovior eite otV mpo®dOnom eite 6TV AVOGTOAN NG

oAeypovng[123].

“  Endothelium ®

Autocrine effects

' X‘.«
Versikine C | - Adhesion/Trafficking
© Differentiation/Survival
HAPLN ;;ﬂ - . ; s
! CD44 Proliferation/Migration
TSG-6 PSGL-1fy e\ Cytokine expression

lal RHAMM

Cytokine activity
Versicanase

Ewxova 32: H avinuévn éxppoon tov versican otny ECM w¢ uépog ts mpayung
PAEPUOVWOOODS ATOKPIONG 00NYEL TNV aAAnAemiopoon ue dlro. uopio. tng ECM xor otyv

EVEPYOTOINTN LUOVOTOTIOV TOV ETNPECLOVY TNV pleyuovi[106].

Mog ta AevkokbvtTapa cvvoedovv pe v ECM mov mepiéyet versican, £gouvv

TNV IKOVOTNTO VO, TNV OTOIKOGO LoDV, KOl VOL ONILLOVPYOLV TPO PAEYLOVMOT Bpadopota
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ov TpowBoHv TEPpAUTEP® TN QAEYHOVAOON omdkplon. [a mapddetypa to versikine,
Opavopa mov mpokHmTEL OO TNV amotkodounon tov versican ond T ADAMTS
npwtedoss, &xel Ppedel e mEPLOYEG TOV AUOPOP®V AYYEIDV TOV VEIGTAVTOL ATPOPia
Kol KUTTopkO Bdvato, kot €yl ovoyetiotel pe v pvbuon g oandéntwonc. H
amOlKoOOUNoN Tov versican cvuPaivel exione katd TV ONovpYic VE®V dlo@opmv
ayyelmv oG HEPOC TOV PAEYLOVMOOIMV YEYOVOTMV TTOL GYETILOVTOL LLE TNV ATOKATAGTAO)
TV 16TtdV. ETot, glte 11 0AOKANPT LopeN TG TP®TEIVNG £iTe TaL TOpaydpeva Bpadouato
Bo pmopovoav va amoteAécovy €va "TpdTo e’ TNV EVIGHLOT TNG PAEYLOVMOIOVG

amOKPIoNG 0€ TOAAEG SLOPOPETIKES aoBEveLec.

Metd and v mpocAnym tev Agvkokvttdpwv, 1 ECM gumiéketon oty
TPOCKOAANGN Kot TNV evepyomoinot Tovs. Ta amoteAéopato LEAETMV LTOSEKVVOVY OTL
1 versican givat £vag onuavTiKog mopdyovtas ot dtopodpemon g ECM mov deopevet
TOL HOVOKUTTOPW, O TMEWPAUOTO in  Vitro XuykKekpyléva oamodeiynke o1t n
eumiovtiopévn pe HA kan versican ECM endryet tnv TpookOAANGN TV LOVOKVTTAPMV.
‘Evag dAhoc topéoc Omov 1 versican pmopel vo. emnpedost T QAgypov givol
TPOo®OOVTOC TNV ameAELOEPOOT] PAEYLOVOODY KLTTOPOKIVAV OTO HVEAOEWN Kot
Aeppogdn  KOTTOpa. AVTO TO YOPAKTNPOTIKO &ivor Wdwitepo yvoOpiopa TV

TEPLGGHTEP®V TUTMOV KOPKIVOL GTOVS 0TOI0VG EUTAEKETOL TO Versican.

[Tépa amd tov pOAO TOL YOVISIOV GE CTPOUOTIKG KOTTOPA, TOAAEG OVOPOPES
evtomiovv To versican ®g éva yovidlo mov pvOuiletar 6 povokLTTOPO, GE Lo GEPA
oo PO PAEYLOVAOOELS 060EVELEC. ANUOGIEVGELS OVOPEPOVY OTL TO YOVIOI0 TOPOLGLALEL
SPopeTIKN £KPPacn oTa pokpoedyo M1, oe avtifeon pe ta pakpoedyo M2, kabmg
avTd dtpoponotovvtar and Ta povokvtTapa. EmmAéov, ) versican mov mopdyetot amd
T pokpo@dya pmopet va oynpatiost copmioka pe 1ig MMPs, 0tmwg 1 MMP-9, yeyovog
oL VTOONAMVEL THOVO POAO NG versican GTov EAEYYO TNG OPUCTNPLOTNTOS TWV
evlhpmv amotkodounong g untpoc. Téroeg adlhayég eyeipovv v mhavotnra to ido
TOL PVEAOEWY] KVTTOPO, VO, ONUOVPYOUV TO Okd TOvug puKpomeplBdAlov Yo va
VOoTNPILOVV TOV POVOTLTIO TOVG MG HEPOS TNG PAEYLOVMOOOVG amdkpions. EmmAdoy,
n ékepaon g versican £xel Ppebel oe oyetilopeva pe dyxovg poakpoedya (Tumor
associated macrophages, TAMs) kot Oewpeitor 6t eivon kpioiun yuo v TpomOnomn g
petdotaong. To versican mov Tpoépyetal amd LVEAOEDN KOTTAPO EYEL EUTAOKEL LE TNV
avAnTTLEN TOL OYKOV EVIGYVOVTAG TOV TOAAATANGIOGUO TOV KOPKIVIKAOV KLTTAP®YV,

TOoVOS HEG® TOL amokAEIGHoD TG 0000 TGF-B-smad2/3. [Tapdro mov vrdpyovv
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opiopéva olabéotpa dedopéva, ypeleTal TEPIOCCOTEPT EPYACIO Yo VO OIEVKPIVIOTEL O
poOLog mov dladpapatilel n versican 6To LOVOKVTTOPO KOl O TPOTOG UE TOV OO0 Tal

LOKPOPEYO GUUUETEYOVV OTN] GAEYHOVAOON ATOKPLOT).

Evo givon cagéc 0Tt ta puelogtdn kuttapa Tpocsdévovtal toco 6to HA 660 kot
0TO versican Kot ypNoyomoovv avtd ta ovotatikd ™ ECM  yio va
aAlnroemdpdoovy, Ayotepa givor yvowotd ywoo T onuoacio g ECM ot
OAANAETOPACELS TV AEUPOEWOV Kuttdpwy. H wovommta tov T kvttdpov va
TPOGKOALMVTOL Kol Vo petavaotevovy péow g ECM tov cuvdeTikod 10100 givon
{oTIKNg onpaciog Yo TNV OmOTEAEGUOTIKY 0vOGOoA0YIKN amdkpion. H eioPfoin twv T-
KUTTAp®V €ivol Kpion Yoo TV TPOIUN 0VOCOAOYIKN amdKplon Kot givor dloitepa
EUPAVIG OTIC AVTOAVOTES VOGOLG. Agdopéva delyvouv 6t ECM mov glvon mhodoia o€
versican €yl v wavotnta vo deopedel ta T kdtropa. EmmAéov, N ntapepunddion g
déopevong tov HA oty empdveia tov T kuttdpov and T versican ennpéace apvnTikd
mv ékkpion IL-10 and ta T wdtTopo, HEIDVOVTOS £TGL TNV OVOCOKOTOUGTOATIKY
wavotnta tov HA. EmmAéov o€ in vitro meipapoto Pe mNKTeEG KOAAYOVOV 6To 0Toia
TpooTEOnKe eEwyevag versican amodeiyOnke 0tL 1 TpocHnkn versican eumoddice v T-
KLTTOPIKY 01EIGOVON KOl LETAVAGTEVGT), VITOJEIKVOOVTOG TEPALTEP® OTL OL TOAMDTAOKEG
aAAnAemdpacelg Twv cuotatikav g ECM pmopel va éxouv onpoavtikd avtiktumo 6to
katd tocov 1 ECM mpowbeil 1| avaotéAdel dpactnprotreg mov oyetilovror pe
eAeypovn. 'Etot, o avtiktumog omotovonmote cuotatikod g ECM otic avocoroyikég
Kol QAEYLOVMOELS 0mMOKPIGEIS UTOpEL capmg va emnpeactel and Ta ev Adyw dAia ECM

GLOTOTIKA [LE TO OTTOi0L AAANAOETLOPAL.

YvvoAkd n versican, ®g cvotatikod s ECM, gpuniéketar otnv gAeypovn, oAAd
T0 av Opa HOVN NG 1 G€ GLVOVLOGUO pe GAAN GLOTATIKA KOTE TN SLUPKELD TNG
QAEYLOVAOOOVG avTidpacng 0ev elval akoun TANpwg Katovonto. [ToAlég dnuocievoelg
ava@Epovy Ot 1 versican £xel TOG0 mPo- OGO KO OVTIPAEYLOVMIELS dPACTNPLOTNTEG.
Ot dpactnpromeg aVTEC Paivetar va eEapTdvTal amd To TAaiclo 610 onoio Ppicketan
1 versican 6To KOTTOpO KO T1 XPOVIKTY Kol yoptkn dtobectudtntao TG versican kotd )
OlapKELDL TNG OVOOLOUOPP®MONG  TOV 16TOV Kol TG GAeypovic. H onuacia g oty
QAeypovn €ykerton oty gueMEion TG Kol otV KAvOTNTA TNG VO, GLUVOEETAL E Lo
HEYAAN TOKIAM O VTOSOYEWV KOl GAADV PAEYLOVOOIMV GUGTATIKOV enNnpedlovtag TV

dwbeoodTTOC Kot Ty dpactnptotntas toug[ 123].
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O poéiog Tov versican 6TIC TIVEVHOVIKEG TO.ONGEG

To Versican vrepekppdletor oe acBeveig pe XAIll, dobua ko petd oamd
petapdoyevon mvedova, Yeyovos Tov vIodnAmvel 0Tt Bo uropohoe v amoteAéoet
otoY0 Yoo peroviikég Bepanevtikég mapepupdoei. H XAIl oe mpoywpnuévo otddio
glvor un Bgpomedoun Kol 1 LETAUOGYELOT TVEDUOVA ATOTEAEL TN HLOVN ETAOYN Yo
aVTOVG TOVG 0oBEVELG KOt Yo GALEG aoBevelg pe AALeG TaONGEIS OTTMG 1 KVOTIKT tvwon
kou N L. Qotd00, N peETOUOGKELON TVEDUOVA EVEXEL TOV KIVOLVO aVATTUENG TOV
oLVOPOLOVL NG XPpOviag amdppiyng (BOS), o dtadikacio mov meptiapfavet ovopoin
EMOVAMOT TPOLUATOV KOl OVATTLEN WOTIKGOV OOUMV GTOVG OEPOY®YOVS HE
OTTOTEAEGLLOL TNV OVETOPKT) TTOPOYT OEPA. € Uio LEAETN G€ aoDEVEIC e LETAUOGYELOT)
nvedpova, ot voPAdoteg tov mvebpova mapnyayav 16 @opég mepiocdtepo versican
piod xpovo HeTA T HeTapdGYELOT G€ GUYKPLoT e VYelg eBelovtéc. H iotoloyia £de1&e
Ot 1 versican evtomOTav Kupimg 6To KOYEAIOIKA TOLYMUOTA KOl GUVETMG UTOPEL val

TPOAYEL TOV GYNUOTIGUO TOV IVOTIKOV SOUDV 6€ aTovS Tovg aobeveig[ 124].

H ypévia amoppaxtikn mvevpovordbewo (XAIL) yopoaktnpileton omd v
AMOAELN ELAGTIKOV VAV OO TOVG UIKPOVS 0LEPOLY®YOVG KO TO KOYEALIIKA TOLYDLOTO
Kol amd peimon g elaotiviig Tov mvevuovev, n omoia oyetiletar pe avénuévn
coPapotnta g vooov. AvEnuéva emineda versican oviyveLOVTal 6 VOPAAGTEG GTOVG
aepay®yovg achevav pe XAIL yeyovog mov vrodnAdvel 0TL 1| Tapay®yn TG versican
elvan peyaddtepn and v anokodounon mge. H Eékppaon g versican 610 KoyeMdiko
Tolymua cvoyeTiletal apynTikd e TNV EKEPACT] TNG EAAGTIVIG KO TNG TPOTEIVNG TOV
deopevel v ehaotivn (Elastin binding protein,EBP), pia mpmtevn mov spumiéketon
evepyd oV O0IKOGI0. SYNUOTIGHLOL Widimv TS TG elactivig Kot cvoyetiletan
emiong pe v mvevpovikn Aettovpyio. H avacstodn e dpdong e EBP and t versican
eUmodilel TV amoTeEAECUOTIKN ETOOPH®ON HE EMOVOGVVOEST TV EAOGTIKMOV VOV GTIG
Koyeridec tov acBevov pe XAIL. H EBP coufdidler emiong omv petapopd g
tpomtoeractiviig and to Golgi Kot ta evéocOUKE Slapepiopato GTNV KLTTOPIKN
empdvewo. Katd v XAIL 6nov ta enimeda g versican gival avEnpéva, n TpOTEVY
EBP aAlnioemidpd pe tic CS alvoideg Tng versican Kot TpoKaAel aAlayn S1opdppmong
¢ EBP anehevbepdvovtog mpowpa TV TpomoeAaoTiv). & PUOIOAOYIKES GLVOT|KEC,
petd v anekevfépmon e EBP, ) tpomoghactivn cuvdéetar pe ta veooynmuotilopeva
pikpoividia gdaotivng. Qotd6c0, 6TaV LIAPYOLY AVENUEVE ENimEd Versican GToV 16TO

nopePmodileTarl o oYMUATICUOS TOV EAACTIKOV vdV. H oyéon pneta&d g andieiog tov
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EMICTIKOV VAV KOl TNG CLOCMOPELONG TNG versican £xel emPePormbel oe peréteg mov
delyvouv 011 1 SlopdpP®on TG versican exnpealel TNy evamodeon EAUCTIKOV VOV, X
TUYOLOTOMUEVT] KAVIKY] SOKIUN, amodeiydnke OTL T EIGTVEOUEVA KOPTIKOGTEPOELON
avénoav ) ékepaocmn g versican pali pe to koAdayovo 111 og acBeveic pe XAIL, ko
N awENUEVN EKQPOCT) GLGYETIOTNKE LE PEATIOUEVT TVELLOVIKT Agttovpyio] 124]. TéNog
o€ GAAN pelétn amopovadnkoay voPAdoteg and acbeveic pe XAIl ko vyieig pépropeg
Kot vroPAnOnkav oe Katepyacio pe versican siRNA. H Bepaneia pe versican siRNA
Helmoe TNV £KPPOoT KoL TV EKKPLGT Versican amd ToVg TVELHOVIKOVS VOPAAGTEG TOGO
otoug acBeveig pe XAIl 660 kot 0TOVG VYIELS Ko abENGE oNUOVTIKA TNV gvomdOeon
ad1dAvTNG Ao Tivig oTig KOAMEPYELES voPAacTdV acBevav. H Bepamneia, wotdc0, dev
EMMPEACE CNUOVTIKA TNV TOPOY®YY] TPOTOEANCTIVIG GE Kopio amd TiG 2 KAAMEPYELES
Kuttapov, vmootnpilovtag OTL M versican EUTAEKETOL OTNV  OVOCTOAN 1TNG
cuvappoAdynong aArd oyt tng cuvleong g tpomochactivng. Ta amotedéopata avtd
vrodnidvovv 0Tt M agaipeon N 1 pelwon g versican pmopei va givor puo mlovn
DepameVTIKN GTPATNYIKY Yio TNV adOENGN TG EvamdBeong adtdAvTnG EAAGTIVIG Ko TV

TOvmoN TG EMOOPOMONG TOV ELAGTIK®V V@V atov Tvedpova pe XATI[125].

To doBua etvor pio axdpo mvevpovikny acBévelo oty émowa ta enimeda TOL
versican av&lvovtol. AvEnUéEvn GLGGMPEVOT versican TOPATNPEITOL GTOV OAUEGO
YOPO TOV UIKPOV KO LEYAAWDV aepay®mYdV acBevov pe dobuo kot oe {oikd poviéia
doBpatog. Ta kKOTTOPO TOL OMOpOVAOVOVTOL OO TVEVHOVES acBevdY mapovstalovv
eniong avEnpévn mapaywyn versican. EmmAéov, oe peAétn mov mparypatomo|dnke o
acBeveic pe coPapod dobua, aviyveudnkav avénuéva enineda versican kot HA, ta omoia
GUOYETIOTNKAV  OVTIOTPOP®G avdloyo pe avomvevotikég Aettovpyiec (FEV).
EmmpocHétmg, ) versican GUUPBAALEL GTNV OVOOLAUOPPDGT) TOV OEPAYWYDY GTO AcOLLOL
mpowbavtac v evandBeon npoteivov ECM, n onoia pumopei va 0dnynoet o méyvvon
TOV TOLYMUATOS TMV EPUYDYADV KOl LEIWUEVT TVELHOVIKT Agttovpyia[126]. To mAovoio
o versican UKpomePPAAAOV TOL TVEDUOVE GULUPAOAAEL GTNV OECUELON KOl TNV
KovoTnTo. OMONoNG TOV HOVOKLTTAP®OV KAOMG KOl OTNV avENUEVN OVOCOAOYIKY|
amokplon Ot 10yevelg AOPDEELG TOV AVATVELGTIKOD GLGTNATOG B pmopovoay va
amOTEAOVV TO EVALGHA TNG ELPAVIONG TG 0&eiag mapdEuvong T0c0 6To AcOLa 0G0 Kot
ot XAIl ko Oa pmopovcav vo Bempnbodv o kataAdTg mov EEKva TV awENUEVN

evamobeon versican kot vaAovpovikov[ 124]. AvTég o1 TapaTNPNGELS, LTOONADVOLV OTL
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N versican pmopel v amotedel evepyd 00Myd TG GAEYLOVMOOOVE S100IKOGTOG KOTh TNV

eEEMEN Tov Gobuatoc[126].
O poéiog Tov versican TV ivoon

O1PGs 6mwg m versican kaBmg kot pdpia Tov GLVOEOVTOL e TNV Versican, ;0mwg
10 HA a1 o vmodoyéag CD44 Sadpapatifouv onpovtikd poho otnv avamtuén g
tvoong (Ewéva 33). H mpoteivy aAlnloemdpd pe ailec tpmteiveg ECM, émwg to HA,
KoL OMpovpyet Eva PIKpomepIPAALOV TOL TPOAYEL TV EVEPYOTOINGT T®V VOPAUGTOV
Kot v evamdbeon g ECM. Avénuéva emimedo versican evtomiloviolr o©TIg
VIEPTPOPIKEG 0VAEG. H ouvBeom Tov popiov puBuiletatl and toug tvoPAdcteg o1 omoiot
EUMAEKOVTOL OTNV OVATTLEN TOV OLVAMV. ZTNV NTOTIKY tvoon, avénuévn ékepaon
versican aviyveuETaL KAt TNV EVEPYOTTOINGT TOV NIATIKAOV 0GTEPOEWDDV KLTTAPWOV KOl
N TPOTEOAVTIKY] TOV Old0maoT OYETI(ETOL PE TNV EMOVOQOPE TOV NMTATOG CTINV
@UoAOYIK katdotaon (resolution). H  versican mpodyet TOV  KLTTOPIKO
TOALOTAQGLOGUO Kol TNV £KPPOCT] TOV WOTIKAOV deKTOV koAlaydvov I, TGF kot a-
SMA. H vmepéxppaon g V1 1copopeong amd tovg woPAdoteg emdyst
dpOPOTOINGT TOVG G HVOIVOPALGTEG KOl 0ONYEL GTNV VIEPEKPPUGT] TOV KOALOYOVOL
I ko avEnpévn wovotnTa cVGTAoNG VOGS KOAAYOVOL TAEYHO KOAAAyOVOL[72]. Xg
acOeveic pe Il n éxepaocrm tov versican eviomileton kvpiwg ot €otieg TOV
woPAactdv TOov mvebpova. Mdalota ot woPlacTikég eotieg TO  versican
ocvvevtomileton pe To kKoAlayovo. [lépa and Tovg voPfAdotec, To kKoAhaydvo IV ko n
versican oviyvevovIol €MIONG OTO TEMAYVGUEVO KUWYEMOIKA SOPPAYLOTH KOl OTIC

TOPOKEILEVEG LOPPOLOYIKA PUGIOAOYIKES KLY EMOWKES dopég[108].
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Eiwxova 33: Xynuotixn ovomopdaotaon twv ovototikwv s ECM xabws kor tov
oAniemidopdoewv untpog-kvtrapov katd v eCélcn g ivwong. Tpomomomuévn
omo[72].

O polrog ToV versican 6Tov KapKivo

O kapkivog givor pia e&apeticd etepoyevig acbévela mov yopaktnpileton omd
LETACYNUOTICUO TOV KLTTAP®V GE KOPKIVIKA KOl OO OTOAEW TNG QUGLOAOYIKNG
opydvoons tov otav. O KuTTopkdg HETACKNUATIGUOS TPOKVMTEL ONO YEVETIKEG
UETOAAAEELS KO EMYEVETIKEG OALOIDGELG KOl EVVOEITOL OO TNV TPOTOTOINUEVT] dOUN|
ko ovvOeon g ECM. H avadiapdppmon tg ECM otov dyko yapaktnpiletor amd
GUOCMPELCT] OGS GKOUTTNG UNTPOS OTNV OO0 CLGCOPEVOVTAL PAEYLOVMONG
pecorafnrtés, dmwg avEntikoi mapdyovteg, Kuttapokiveg Kot VDU amotkodOUNoNg

mg ECM[72].

[ToArég peréteg €xovv emainBevoet 6T TO versican eumAéketan oty maboyévela
oV Kapkivov. Ot kOpieg mnyéc mov Tapdyovv versican KaTd TV KopKivoyEveon sivorl
TO KOPKIVIKG KOTTAPO, TO GYETILOUEVO LE TOV OYKO GTPAOLLO TO GYETILOUEVA LLE TOV OYKO
HLEAOEWY] KOTTOPO KOL TO OLEWGOVTIKA GTOV OYKO Agp@oegdn KOttapa. OAeg ot
1GOHOPPEG TOL Yovidiov €yovv eumhokel oty maboyéveln ¢ vocov. Mdélota 1

oopopen V4 tpotoavokaidednke otov kapkivo tov pactov[127].

H avénuévn éxepoon g mpoteivng versican oty e£oKuTTapla UNTpa,
evioyVeL TV €10POAN Kol PETAGTOOT TV KOPKWVIKAOV KLTTOP®OV LELOVOVTAG TNV
TPOCKOAANGN TOL KVTTAPOL otV eEmrvTTdpla uytpa. H cuppetoyn tov versican otov

KOPKIVO EMTLYYAVETOL LECH OAANAETIOPAGE®V TNG TPOTEIVNG HE O1APOPO CLGTATIKA
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ms ECM , péoow tov G1, G3 meploydv g, 0dNymvVIoag 6€ amoppLion LovomoTidy

T omoia eumAEkovTal oty €EEMEN Tov KapKivou[127].

[Tépa amd Tovg topeic G1 kou G3 tov versican, Kot 01 TEPLOYEG TPOGOEGNG TOV
GAG, o1 omoieg AAANAOETOPOVY UE PAEYUOVADOELS LECOAPNTES, ATOTEAOVV KOUPIKES
TEPLOYES YO TO POAO TG versican oty e£EMEN Tov KapKvikoy @atvotimov (Ewdva
34). EmmAéov, 1 oAAnAenidpaon versican-HA nailel onpavtikd poAo otnv tKavotnto
TOALOTAQGLOGHOD, HETOVAGTEVGNC, TPOCKOAANONG TOV KAPKIVIKMOV KLTTAP®V KOOMG
Kol otV aAnAenidpaon pe v ECM kot 10 avocomomtikd cvotnua. [ToAvdapiOpueg
peAéteg £xovv deilet 0TL Ta avéEnpéva emimeda versican Kot LOAOLVPOVIKOD GLGYETICOVTOL
pHe avENUEVO UETOOTOTIKO OLVOUIKO Kol KoKN Tpoyvewon g voécov. H versican
dteyelpel TV Tapoywyn AEYLOVOIMV KLTTOPOKIVAV 0d T LLOVOTUPTNVA KOTTOPO TOV
HLEAOD TV 0GTAOV, OELVKOADVOVTOS £T61 TNV petdotact. EmmAéov, péom n odvdeon
g versican pe tov TLR2, odnyetl omnv gvepyomoinom twv AEYLOVOIDV KLTTAP®V Kol
oTNV £KQPOCT) PAEYLOVOIDV PUOUGTIK®OV KLUTTOPOKIVAOV, 0T 0 TNFa, n IL-1P ko
IL-6. Avtéc ot kvttapokiveg cupPdilovy oty dnuovpyic €vOG QAEYLOVMOOOVG
pKpomePPAALOVTOC TOV €VVOEL TOV TOAALATANGLAGUO, TNV €16BOAN GTOVG 16TOVG Kot
TN UETACTOON TOV KOPKWVIKAOV KLTTAp@V. O onuoavtikdg porog twv 2 popiov otnv
nafoyévela ™S vOGOU avadEIKVOETAL Atd TO YEYOVOG OTL 1] OVOGTOAN 6TV cLvBeon

versican-HA cvoyetileton pe petopévn e€EMEN tov kapkivov[127].

Versican Isoforms Activates/Binds:  Results in:
ye - EGFR + Proliferation +
* PSGLA
= G3 =] nageinps —| - Apcptosis
+ Fibronectin + Migration t
V1
W2 -B-GAG . E.g.:&nms mr:::ln:;:,rnme t
va : '?fptf | . 1am accumutaton t
+ MMPs + Inwasion
bt -a-GAG
+ Hyaluronan « Apopiosis +
—_— G — : E“D,';;”" protein — * Proliferation 1
« TSG-8 * Migration 1
» TSR + Adhasion 4
Hyaluronan

Eixova 34: Zynuotixn ovomopaotacy 1wV OAANAETIOpAGE®Y THS versican Ue DTOOO0YEIS
KOTTOPIKNG empavelog koi o uopio ECM, n omoicg emnpealovv v eCéliln tov
kopkivoo[127].

Yvvolka n versican dStadpopotilel evepyd poro oty maboyévela Tov Kapkivov.
O podrog g versican oty e£EMEN ToL Kapkivov mepthapPdvel 1dco v emidpacn g

OTOV  QUIVOTLTIO TOV KOPKIWVIKOV KLTTAPOV (TOAAUTAAGIOGUOC, UETOVAGTEVOT),
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UETAGTAOT]) OGO KOl GTOV TPOTO LE TOV 0Toio emnpealel To pikpomeplPdAiov Kot TV
KAVOTNTO TOV OVOCOTOUTIKOD GUGTNUOTOS VO EVTOMICEL KOL VO OTOULOKPVVEL TO.
KopKwvikd kotrapa. H ékppaon versican cuoyeTileTol S10yvmoTIKA e KoK Tpdyvmon,
tayeio eEEMEN ™¢ vooov kot avénpévn mbavotnta petdotaons. Ynd 1o mpicpo avto,
n versican pmopel Oyt HOVo vo ypnoipomoinfel ¢ S0yvVOOTIKOS 1) TPOYVIOGTIKOG
deikng oe pia evpeia TokiMo Kapkivov, UTopel eniong va xpNOIUEDCEL WG SVVNTIKOG

BepamenTikdg 6TOYOG Y TIS Oepamneieg Tov Kapkivov[127].
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2.1 Mehétn 10V pOlov Tov TKSS ko TV modocopudtomv otnv

nafoyévera g [61o0maBovg Ivevpovikng Tvoong

H 1dromafne nvevpovikn ivoon (IIID) eivor pia xpovia, mpoodevuTikn, StdUeEST
TVELUOVOTLAOEIL  ayvDGTOL aiTlohoyiog mov TPOSPAaiiel KLPIOG MAMKIOUEVOVS
evieg. lotoAoyikd, yopaktpiletotl amd OVAEG GTO TVELLOVIKO TOPEYYLLA, Kol EVOL
poeir cvvniBovg dSidueong mvevpoviag (UIP), mov dwakpivetor amd v mapovcio
eoTiov woProactdv[15]. TTapdro mov 1 maboyévela ¢ vOGov dev elval TANP®G
KOTOVONTY, N EXKPATOVGO VTOOEGT LTOOINAMVEL OTL Ol UNYAVIGHOT TOV 0dNYOVV GTNV
I wepthappdvovy v amoppOOUIcT] TOV AVOTTVEINK®Y TPOYPOUUATOV Ol OTOIES
OVTOVOKAOVY TNV OVAOUOAT, ATopLOUIGUEVT] ETOVAMGCT TOV TANYOV OC OTAVINGT GTNV
enipovn PBAAPN TOL KLWYEAMOWKOV EMBONAOL, LE AMOTEAECUA TN GLGGMPELCN TOV

TVELLOVIK®V voPAactodv[10].

Ou mvevpovikoi woPAdoteg (ITI) elvar o KOplo KOTTOPO TEAEGTEG OTNV
TVELVHOVIKY] tvoworn mov  ekkpivouv  vrepPolkéG TOCOTNTEG CLGTATIKAOV TNG
eEoxvtraprog pntpag (ECM) ennpedlovtog m cvvolikn opydveoon tg ECM kot katd
GUVETELDL TIC UNXOVIKES 10101 TEG TOL TTvevova[ 128]. H cuoompevon voPractdv otnyv
TVELUOVIKT tvoon €xel mpotabel 0Tl dopecorafeiton amd v KOvVOTNTA TOLS VO
ewofdrrovv oty vrmokeipevn ECM [129-132]. H evepyomoinon g eioPoing
GLYKOTOAEYETAL OTO KAOIEPOUEVO YOPAKTNPIOTIKA TOV Kopkivou[133], kot etvon éva
amd To TOAAG KOWA YOPOKTNPIOTIKE UETOED TMOV KOUPKWVIKOV KLTTAPOV KOl TOV
evepyonomuévov TII[26]. H siofoin Paciletar oty mpwtedAvon TG LVROKEILEVNS
ECM péoom tov invadopodia ota KapKivikd KOTTOPO KOl LEGH TOV TOOOCOUATOV GE
dAlovg KuTTaptkovg TOTovg[89, 134]. Ta modocopata eivar KLTTOPIKES OOUEG TTOV
amoteAovVTAL otd Evay TUPNVA TAOVGLO GE aKTIVY], ELTAOVTIGUEVO GE TPMTEIVEG TOL
pvOuilovv Vv axrtivn, 6mwg v cortactin (CTTN), ko mepidArovion amd Evav
OOKTOALO TPMTEIVAV IKpLopdtwv, Kupiog g SH3 kot PX neploydv 2A (SH3PXD2A-
KOW®G YVOGTO MG VTOGTPpOO Kivdong tupocivng pe 5 SH3 meproyég, TKSS)[89, 134,
135].

Avénpévn ékepaon tov TKSS5 éxer avapepbel oe ddpopovg TOTTOLG
kapkivov[89, 134, 135], dmov mpotddnie 0Tt pecoraPel otn petactatikny tofoin[80].

H mvevpovikn tvoon amotehel €vav amd tovg LYNAOGTEPOLG KIVOLVOUG OVATTTUENG
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Kapkivov TOL TveLOVA, EV® €yovv mpotobel TOAAEC opowdtnTeg HeTAlh TV
gvepyomomuévoy Il kol TV KopKIVIKGOV KUTTAP®V, GLUTEPIAUUPOVOUEVNS NG
wKavottog elofoing otnv ECM[26]. Qg ek tovTOoL, amo@aciotnke 1 LeAETN Tov pOAOV

tov TKSS5 kot Tov modocopdtomv 6ty mafoyEvela Tng TVELLOVIKNG tvoomg.

2.1.1 Avénuévn ékgpaon TKSS otnv mveopoviki ivoon

['a va dtepevvnoovpe v Ekppacn tov TKSS otov mvevpovikd 1016 acbevov
pe III, ypnowomomoape 1o epyoreio Fibromine[136], to omoio ¢@ilo&evel ta
TEPLOCOTEPQ ONUOCIA SLOOEGILO GOVOAD SEGOUEVMV LETAYPOPOUIKNG TTOV APOPOVY TNV
vevpoviky itvoor. H avdivon amokdAvyé 0t in silico to eninedo mRNA tov TKSS
elvar avénuéva otov mvevpovikd 1610 aclevov pe IIII oe cvykpion pe delypota
eléyyov (Ewdva 35A), oto mepiocoOtepa omudcto dtabécio chvora SedoUEVEOV
nvevpovikoy 1otov I (ITivaxkog 1) copmeptiapfovopévev Tov POV UEYOADTEP®OV
(Ewoéva 35B) Emiong, n éxeppaon oe emimedd mRNA tov TKSS ot0v¢ voTIKOOS
nvevpoveg ovoyetiletan in silico pe v ékgpaon tov COLIAI(Ewbéva 35B), evog

KabepopéEVoL delKTn TG VOTIKNG £KPPOACTC.
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Eixova 35: Avénquévny éxppacn tov TKSS o¢ in silico dcoouéva. A) Avénuévo erimeoo,
mRNA tov TKSS oe nvevuoviko 1010 ano acbeveic ue Il11 oe adyrpion (log2FC) ue vyieic
(CTRL) e o16popo. onuoota. o10béayuo. ovvolo dedouevav (Ilivaxag 1) aro Fibromine. B)
Awaypoa Volcano amo tpio, avimpoowevTiKd UeYOAG GOVOLO OEOOUEVDV TOVOIEVOUEVO,
amo owypauuata ovayetions Spearman tng ékppoons TKSS kot COLIA 1 oto kabe abvolo

0EOOUEVWV

[No va emPePardoovpe v avénuévn ékepacn tov TKSS, oty ocuvvéyein
peretnOnkav ta enineda Ekppoong Tov yovidiov o€ emimedo mMRNA kot Tpwteivng o€
avOpomva delypata acbevov. Apyikd peretnonkav to eninedo mRNA tov TKSS pe
Q-RT-PCR oc¢ mvevpovikd 1616 mov amopovodnke amd acbeveic pe I (n=20), oe
ovykplon pe acBeveilg pe XAIl (n=19) kot vym mvevpovikd 1616 (n=9) (Ilivaxog 2,
Ewova. 36A) ta omoio Ppédnkav otatiotikd onuoviikd oavénuévo. EmmAidov,
aviyvevnke Betikn ypoon tov TKSS otovg mvedpoveg tov acBevav pe ITII/UIP (n=3)
UETE aTtd YpdoT avocsoioToynueiog, oe avtibeon pe ta detypota edéyyov (n=3), n omoia

eVTOTioTIKE KVPIMG 6TO KLYEMIIKS eMBNAL0 Ko 6TIC voTiKES Tepoyes (Eucova 36B).
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Eiwxova 36: Avénuéva eminedoa TKSS otov mvevuoviko 1616 aclevav ue IIIT A)
Avénuévn éxppaon tov TKSS oe eniteoo mRNA orov mvevuoviko 1016 acbevov ue 111
o€ ayéon ue to emineda wov aviyvevovior o€ acleveic ue XAIl kou oe vy wvevuoviko
1010(CTRL) mov amopovarbnke omo aobevei ue kopkivo tov mveduova (Ilivaxog 2). B).
Avénuévn ypawon tov TKSS otovg ivartikods mveduoveg. AVTITpooswEDTIKES EIKOVES OO
v avoooiotoynueia yio 1o TKSS oe mvevuoviko 10to 1111 kor CTRL (n=3, Ewx. S2)-
xkAipoxag=50 um.
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tSNE 2

['o v gbpeon tov KuTTOpPKoD TOHTOL oL eKPPAlel T0 TKSS oe mvedpoveg
acBevov pe I mpoaypoatomomOnke avaivon evog OMUociog SBEGIOV GLVOAOL
dedopévev odiniovyiong RNA pepovopévov kottdpov (scRNAseq) mov mpoépyovral
a0 TVELLLOVIKO 10TO PETAPOGYEVUEVDV OCOEVMV [LE TVELHOVIKT] tveor] (n=4) kot vy
TVELLOVIKO 10TO peTapoosyevpévav 6otV (n=8)[137]. H mRNA ékepaon tov TKSS
aviyvebnke Kuping og vTocHvora emBnioakmv KuTTdpoV, Pacikomv (basal) kuttdpmv
Kot kupiwg woPractov (Ewdva 37A,B). EmmAéov, n mepartépo avdivon tov
T€660p0OV vromAnBvoudv voPractdv oto 1010 cbvoro dedopévav scRNAseq,
vréoel&e 0Tt ot Il mov exkppdlovv TKSS avikovv atov vromAnbuoud I mov exepdlet

eniong COL1AT1 (Ewova 37C-D).
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Ewxova 37: Avénquévny éxppacn tov TKSS arovg ivofidetes o€ in silico dedouéva mov
apoépyovrar and aiinlovyicy RNA ucpuovouévev xvrrdpov (scRNAseq) amo
AVEVUOVIKO 1670 acOevav ue TIITT A)Xynuotixy ovoropaotoon s apbovios tov TKSS
OTIG OVLYVEDOUEVES KVTTOPIKES OUCOES TVEDUOVIKOD 1GTOD OTO THV €K VEOVL OVAAVGN
ovvolov oeoouévawv scRNA-seq (Reyfman, Walter et al. 2019). B) Xto idio ovvoio
oeoouevav, to TKSS exppaletar kopiwgs omo vofidotes ae adykpion ue aila kotropa C).
Yro-ouadoes voflactav mov opilovror aro ta idia dedouéva D) To TKSS exkppaleton arovg

11l xvpiwc omd tov vrominBvouo mov exoppaler COLIAI oto idi0 ovvoio dedouevwv
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[No va eEetdoovpe av pmopovv va e€ayfovv mapopola copmepdouato and
aVATOPACTOCT TG VOCOL GE TOVTIKLO, EMLTPEMOVING ETCL TNV TEPULTEP® OLEPEVLVON
g mBavig eumhokng Tov Tkss oty maboyévela g I, diepevvioape v Ekppoon
tov MRNA tov Tks5 0TOLG TVELLOVEG TOVTIKMV HETA TN YOPNYNOYN WITAEOUVLKIVIG
(BLM), tov 10 gupémg xpno1Lomolovuevon {mikoh HOVTEAOD TVEVUOVIKNIG tvawong[65,
68, 138]. Avénpéva emineda mRNA tov Tks5, mov cvoyetilovrtal pe ta enimedo mRNA
tov Collal, aviyvednkav enionNg 6TOV TVELHOVIKO 16TO TOVIIKAOV PETE TN XOpNynon
BLM (Ewoéva 38A,B) pe Q-RT-PCR. Xmv ovvéyswo mpaypoatomombnke ypoon
avocopBopiopov 1 omoia £0e1&e 6t1 10 TksS evtomileton 6to KLYeEMOKO emBNA0 Ko
oT1s wotikéS meployés (Ewdva 38C), onmg mapatnpndnke kot otovg acbeveic pe 111
EmimAéov, n oA ypoomn avocopBopiopod yiu aSMA 11 Collal, eE€yovteg deikteg
EVEPYOTOINGNG TOV WWOPAAGTMOV TOGO GTO TOVTIKIO OGO KOl GTOVS avOpdTOVG, £d€1EE
ot Tks5 egvromiletan Kupimg oe £va vrocHvoro voPractadv mov ekepalovv Collal
(Ewdva 38C), amotédespa mov emaindevet Ta vp1LAT TOL TOPATPNONKAY TNV in

silico scRNAseq avdAivon.

©

O SAL
® BLM

Tks5 mRNA levels
o)
ird

a-SMA" staining (¥

20

Tks5 (log2fc)
Colta1 staining
=

s % " 20 £l
Coltat (log2fc)

Eixova 38: Avénquévny éxppacon tov TKSS o movrikia dypiov Tomov ue exayouevy omo
Umleopvkivy avevpoviky ivwen A) Avénuévn éxppoon oe enireoo mRNA tov TksS oe
TVEDUOVES TOVIIKWV UE ETOYOUEVH OTO UTAEOUVKIVI] TVEDUOVIKY (vawan, obpolotiko

omotédeouo amo 3 olapopetika. mewpouato. B) Avénuévny ovayétion twv MRNA emimédwv
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éxppaong tov TksS kou Collal ot idwo deiyuaro C)Amli ypwon avoooiotoynueiog
évovtt tov Tks5 kot tov aSMA (Acta2) 17 tov Collal emalnOever tov eviomious tov TKSS
otov vromlnBvoud twv woflactarv mov exppalovv Collal; mapovoialovrau
OVTITPOCWOTEVTIKES EIKOVES, 0KOAOVOODUEVES OO THV OVTIOTOLY TOCOTIKOTOINGN UE TO

Image J- kliuoka=50 um- avumpoowrevTiKo TEeipouo. amod 3 ovelapTnTa TEPOUATA.

Emopévmg, M mvevpovikn ivoon 1060 6tov GvOpomo 660 Kol 6T TOVTIKo
oyetiletar pe avénuévn ékppaon tov T7KSS5, m omoio cvoyetietar otabepd pe v

ékppaor tov COLIAIL, dimwg otovg I1I.

2.1.2 O poléteg modoompatmv mov tpokarovvror 0té Tov TGFP sivan

[ £yYEvViG 1010TNTE TOV vOTIKOV T11

Kabbg o TGF eivar évag amd toug KOPLOVg mpotveoTikodg Topdyovieg mov
001 YOOV GTNV avATTLEN TNG VOGOV in Vivo, eEETACALE GTI GUVEXELD OV 1) EKQPOCT] TOV
TKSS5 and tovg voPrdoteg Tov mvevpova endyeton omd tov TGFP. XpnoyomomOnkav
@uooAoykoi avBpmdmvol Tvevpovikol vofAdoteg (AIIl) mov amopovabnkay omd vy
TVELHOVIKO 16TO KATA TN SIAPKELD YEPOLPYIKNG EMEUPOONG Y10 KOPKIVO TOV TVELLOVOL
Kol kadMepynOnkav oe mokvotnta 60-80%. Metd and kaAMépyeio amovsio opod yio
17 opeg, ot NHLFs ektéfniav oe 10 ng/ml avacvvovacuévov avlpaomivov TGFB yua
24 mpec. Aamotodnke 6011 0 TGFP deyeiper v ékppaon tov mRNA tov TKSS og
dpopetikovs khavoug Alll, dnwg mocotikomomOnke pe Q-RT-PCR (Ewodva 39A),
omoia cvoyetileton pe v mMRNA ékepaon tov COLIAI (Ewédva 39B) ota idw
detypota, po mpotoétunn andkpion tov TGFEP o avtég tic cuvOnkes. [avopotdtuna
amoteAéopaTo TPoskvyoy omd o oveEdptntn  kuttapiky] oepd NHLF  amo
dpopetikd epyaotipro/cuvovacud (Ewkova 39C,D), kabdg kot amd v avOpmmivn
kuttopky  oepd  woPractdv MRCS (Ewédva 39E,F). Ztovg avBpomivovg
TVELLLOVIKOVG voPAdoTeC Ppédnke emiong 6Tt 0 TGFP emdyetl 1oV TOAAATAACIOGILO TOVG
(Ewova 39G), 6mwg mocotikomombnke ,ue v odokipacio MTT oAdd kot v

petavactevon toug (Ewkova 39 H-T).
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Eixova 39: O TGF dieyeiper tny mRNA éxppacny tov TKSS5 otovg woflidotes twv
avevuovawy (AIID) n oroia cveyetidetal pue Ty ékppacn tov COLIAL. Ilpwroyeveic
povotoloyikol avlpamivor vopfldores mvevuovov (NHLFs; A-D) ka1 n kottopixn oeipa.
MRCS5 (ovBpamivor woflaotes mvevuovwv; E-F) oieypépOnrav ue ovaocovovaouévo
avOporivo TGEP, avumpoowrsvtixo weipouo ano 2 aveloptnra meipouoto. A,CE)
Avénuévn éxppoon oe eximedo mRNA tov TKSS5 mopovaia TGFp e d1opopetikés oeipég
avOporvov wofloctwv. B,D,F) Awaypouuo ovcyétione Pearson tng éxppoong
COLIA1 ota id1a detyuoza, 10 0TOI0 OVATOPIGTOTOL )| GOCYETION THS EKPPOTHS TOD UE
0 TKSS5 mopovoia TGEP. G). Avénuévog moiiamlaocioouos twv NHLF uete v
oweyepon ue TGFp oclioroynOnke ue ™ ookiuocio MTT. H-I). Avénuévn ixavornto.
uetavaotevons tov NHLFs mopovaio. TGFp, omws olioloynOnke ue ) doxyuooio
scratch. [lopovaialovtar avtimpoowwevTikég e1koves 48 wpeg uetd w oreyepon ue TGFf-
1) Toocotixomoinan tov "kieioiuoros e TAnyng" ue ™y mpooo tov ypovov, Omwe

rpoyuotomoinbnke ue to Image J.
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Agdopévov o6tt to TKSS5 elvor  oamapoaitnto yioo T0V  GYNUOTIGUO
nmodocopatov[139], egetdoape ot ocvvéxewn av o TGFP, otig idec ovvOnKec mov
endyel Vv ékppaon tov TKSS, deyeipet tov oynuatiopd modocopdtwv otovg AIIL Qg
€K T00TOV, TPAYUATOTOWONKE Ypdon avosopBopicpov yio F-axtivn kot yio TKSS 1
CTTN, 10 omoia elvar kot oL VO ATAPOITNTO CLOTOTIKA TOV TOdocOUAT®VY, o AIIl
peta v oéyepon pe TGFP. Ta amoterléopoata £deiéav 6tt TGFP 01éyepe 1oyvpd t0
oynuatiopd modocwudtov oe Alll in vitro. Ov opbBoymvieg mpoPforéc (Orthogonal
projections) kot m oviilvon tov kKopumvAdv K (K-curve) emPefoiocav tov
ovvevromiopd g F-aktivng pe too CTTN/TKSS kot amoxdAivyov 0Tt To T000GMUATO
nmov mpokorovvtal and tov TGFB ota NHLF opyovdvovtor oe dwakprtég poléteg

(Ewova. 40 A,B ko 41).
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Ewxova 40: O TGFp emayet ™y Exppocn modocoudrwv og avipaomivovg
AVEVUOVIKOUG vofiidctes in vitro. A, C) Avénuévog apiBuog modoowudrwy arovg ATl
ueto. v oigyepon ue TGFB- Topovoidloviar aviimpooOmEVTIKES EIKOVES OO OLTAN
xpaan avocopBopiouod ya F-axtivy kor TKSS (A) n Cortactin (CTTN, C) uoali ue
DAPI- ta féln vmodeixviovy avtmpoowmevtike moooowuote. B, D) I[locotikomoinon

700 0P1OLLOD TV KVTTOPWY TOV TEPIEYOVY TOIOTMUOTO. VG, OTTIKO TENLO (X6).
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Eiwxova 41: O TGFp emayer v éxppacn modocwudrwy o6& avOpomivovs
RVEVUOVIKOUS vofidaetes IN Vitro. A, B) Iopovoidlovial o1 emiuépong elkoves twv
ovtiotoyywv ovyywvevuévaov ekovwyv s Ewovas 40 C.) Opbloyovies mpofolrés
(Orthogonal projections) TtV DTOOEIKVOOUEVWYV TOOOGOUATOV Héow z-stacking. D-E.)

Kaurvles K, mov deiyvoov ) ywpixn évioon twv onuatwv pBopiouod.
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EmnmAéov, ta modoocopato mov mpokAnOnkav amd tov TGFB otovg III rrav
eumiovtiopévo. oe MMP9 (Ewova 42A), ocvuPdrriovtag mbovdg oty avénuévn
AmOKOOOUN o  €VOG VTOCTPOUATOG (eAaTiviig ouvOedeuévng He (QAOVOPECKETVT
(Ewdva 42B), pia dtakpitn 1016tnto 1oV modocoudtov. Entopévag, anodeiydnke 01t o
TGFp endyer v ékppoon tov TKSS5kan tov oynuaticpd modocopdtowv otovg NHLF,

dleyelpovtag Pe TN GEPA TOVL TNV TPOTEOAVTIKN aodounon g vrokeipevng ECM.

>

Citrl

DAPI MMPS F-actin

Gelatin F-actin

Eiwxova 42:Ta modoocwuata mov ONuUIOvPYOVYTAL GTOVS TIVEDHOVIKOUS IVOPAAGTES,
nmapovoio TGFp, sivar tiovora o MMP9Y kar coufaiiovy 6Ty amoikodouncy tov
vooTpaduatos Celativig. A)  AvUumpoowmevtikéS  €1KOVES om0 OImA  ypwan
ovoooigroynueios yo. F-axtivy kor MMP-9, kou ue DAPIL B.) Avtumpoowrevtikés
EIKOVES TG emayouevhs amo tov TGES amoodunong (uavpes tpdmes) eVOS DTOTTPDUATOS

{edativig ovvdedeuevoo ue provopeokeivy amo 11

KaBog o TGFB amodeiydnke ot deyeiper v ékeppaocmn tov TKSS wor tov
oynuatiopd rodoswpudtwv oe Alll in vitro, egtdoape 6T GLVEYELD OV TO TPOTVOTIKO
nepPdArov otovg mvedpoveg Tov acBevav pe I, 1o onoio meprrapfaver tov TGFP,
Oteyeipel emiong Tov oynUOTIoUO modocwudtwy in vivo. IIpoc avty v xatevBovvon,

aropovocape I and acOeveic pe I (ITivakag 3), ot omoiot kKaAlepynOnkay amovcio
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Oéyepong Kol mTpayuaTomomonke xpmon avoco@HopPIGHOD Y10l TOOOGMUATO VIO TIG
101eg ovvOnKeg (Kot 7-8 avOKOAMEPYELEG) GE CVYKPLOT LE O0POPETIKOVG KAdvovg ATTI
OV amopovVAONKay amd vy 1616. Eivar agloonpeimto 6t ot ATl ¢ I mapovsialoav
e&éyovoeg polétec modocopdtov (Euwova. 43A, Ewova 44A-B), mavopoldtoneg mg
TPOG TN OOUN| HE EKEIVEC TTOV TTpOEKVLYOV LETA TV in vitro di€yepon amd Tov TGFP, ot
OTO{EC 01T POVVTAL KATA TNV TOPOTETAUEVT] KAAMEPYELD ex Vivo (7-8 avaKaAMEPYELES)
Kot €YoV TNV OLuvaTOHTNTO VO OOIKOJdOHoVV mo oyvpd and tovg NHLFs éva

vrooTpwpo Cehativng cvvdedepévo pe provopeokeivn (Ewdva 43B, Ewkova 44C).

Emopévmg, 1o mpoivetikd mepifdiiov otovg mvevpoveg tov acbevav pe ITII
deyeipetl T1g poléteg MOSOGMUATOV GTOVG TVEVUOVIKOVS VOPAAGTES KoL TNV TOTIKY

amowodounon g ECM, po mboavn maboloyikn amdKpion Tov OMOTUTDOVETOL GTOVGS

woPAdoteg g I
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Eixova 43: O1 AIII wov mpoépyovrar ano acbeveis ue I, rapoveialovy eééyovoes
POLETES MOOOCWUATWY, ATOVGIAS OTOLAGONTOTE OIEYEPGNS. A) AVTITpPoowTEVTIKES

EIKOVES OO QVTITPOOOTEVTIKOVS KAvovg mpwtoyevay III-AIIl xor AIIl, (n=5 n
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kaOeuio) ueta ano ypwon yo. F-axtivy kor TKSS n Cortactin (CTTN), axoiovBodueveg
OmO TV OVTIOTOLYN TOCOTIKOTOINCY TOV OpPLOUOD TV KUTTOPWV TOV TEPLEYOVY
TO00TWUATO, KOL TOV OplOUoD TV TOOOCOUATOV OVE. KOTTOPO OV, OTTTIKO TElo (X6)-
pafoor kAiuoxog=50 um. B) AvTimpoowmwevTIKES EIKOVES ATOIKOIOUNGHG DTOGTPDUOTOS
(eAaTiVG OVVOEIEUEVO LE PAOVOPETKETVY, aKOAOVOODUEVES OO THV TOGOTIKOTOINGH TOD
TOGOGTOV THG ATOIKOOOUNUEVNS (EAaTIVIG Yio. 6Aovs Tovg KAwvoug ITT kal tovg KAdVvovg

eAéyyov abpoiotikd, uetd v moootikomoinon ue to Imagel.

Ctrl 824 |PF 675 B

L.C.D

N F-actin

Ctrl 819 trl

IPF 812

Eiwxova 44: O ocynuaticuos polet@v modocwudtwyv mov amoitkodouovv tyy ECM
eivar pra gyyeviyg orotyra twv I tyg 111, A) O rpwroyeveic ITTI-AITl ka1 o1 NHLF's
KoddiepynOniay ae younin (LCD) n vynin kotrapikn rokvotyta (HCD) omovaio opod,
Kol TPOoyUoTomoOnie OimAn ypwon avocgopbopiouod yia F-oxtivy kou cortactin (CTTN)

woli ue DAPIL  Iloapovaidlovion avumpoowmevtikés eikoveg. B)  Tpiodidorarta
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owypouuate (3D surface plots) twv IIII-AIll orws amotvrwbOnrov ue to Image J,
rapovalaloviog ™y pioolaotory ooun twv modoocwuatwv. C) Or evoetkvoouevol
KAwvor kaldiepynOnkay o€ vTOGTPOUO. (EAOTIVIG GUVOEIEUEVO LE PAODOPECKEIV KOl
xpouotiotnkoy yio. F-oxtivy kou DAPI- ameikovi{oviar ovTimpoowmenTikéS EIKOVEG-

xKAlpoxa=50 um.

o vo emaAnBevtodv TO AMOTEAEGUATO TOV TPAYHATOTOWONKAY GTOVG
avBpomvoug wwoPAdotec, amopovodnKav TP®TOYEVEIS TVELHOVIKOL VOPAACTES
nmovtik®v (NMLFs) ot omoiot enwdomnkav pe TGFB kot pelembnkav to eminedo
éxppoong tov TksS oe eminedo mRNA kot 1 ikavOTNTO GYNUOTIGLOD TOSOCOUATOV.
Onwg ko otovg AIIl, ot NMLFs petd v éxbeon oe TGFP mapovoidlovv avénuévn
éxppoon tov Tks5 oe enimedo mRNA (Ewdva. 45A), n omoila cvoyetileton pe v
ékppaot tov Collal (Ewova 45B), 1o oynuaticpd ntodosopdtov (Ewkdéva 45C,D) ko
NV amotKodoUNon €vog VooTpOMaTog (elativng culevyuévng He GAOVOPECKETIVN
(Ewéva 45E-F)- mapduoa amoterléopata mpoékvyov e guPpuikods mvevpovikons

woPAdoteg 3T3 (Ewova 45G-I).

122



o Clil ®TGFB Ctrl TGFB

, ~
i s
-
© o ‘
Tks5 (log2fc)

Tks5 mRNA levels

054 054

w0 22 24 %
Colfaf (log2fc)

Ctrl

5
F-actin

Cells with podosomes(%)
2 g
Hit -
Degraded gelatin area(%)
[ .*

 DAPI

G H | Crl TGFB

o Ctrl ®TGFB

Tks5 mRNA levels
2
TksS5 (log2fc)

Eixova 45: H erayoueves ano tov TGFP, poléteg modoocwudrwy gival uio eyyevijs
101otnza twv I wov mpoépyovrar amo npwtoyevels mvevuoves wovriky. A-B, G-H)
Avénuévn ékppoon oe erimedo mRNA twv Tks5 kou Collal peta v exwoon twv NMLFs
ko1 313 xvtidpowv pue TGEP. B,H) dicypouua ovoyétions Pearson tg EKppoons tov
Collal ota iowa ociyuata. CI) AVTImPOCOTEVTIKES OUYYWVEVDUEVES EIKOVES OO OITAN
xpaan avocopbopiouov yia F-oxtivy kot Tks5 (C) kou Cttn (1) ue DAPI 6e NMLF's- ta
PéAn vmodeikvbovy avuimpoowmevtikd rodocwuata. D) Ilocotikomoinon tov apifuod
TV KOTTAP OV TOV TEPLEYOVY TOIOCDUOTO. OVA OTTIKO Lo (x6). E) Avtimpoowmevtinég
OVYYWVEVUEVES EIKOVES TNG emayouevns oo TGEP amodounons evos vmootpwuatog
(elativig ovvoedeuevon ue @lovopeokeivy amo NMLFs. F) Ilocotikomoinon tng
OTOIKOOOUNoNS THS {EAaTiviig, Omwe uetpnbnke ue to Imagel.

EmimAéov, ko 0mmg ko oty mepintwon tov AIIl g III, or tpwrtoyeveic 11

TOVTIK®V TOL amopovainkay petd m yopnynon BLM napovoiacav avénpéva enineda
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Tks5 og enimedo mRNA kot e€éxovoeg polétec TOOOCOUAT®V AmTOVGio, OTOLGONTOTE

oéyepong (Ewova 46A-D).
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Eixova 46 H erayoucves polétes modoocmudtwv uetd tny yopiiyney BLM civar pia
eyyevig ootyra T II A) Avénuévy éxppoon oe eximedo mRNA twv TksS ko Collal
oe NMLFs mov amouovaOnkayv ueta ™ yopnyynon BLM B) Aidypopuo ovoyétions
Pearson tg éxppaons tov Collal oro i oeiyuota. C) Avumpoowmevtikég
OVYYWVEDUEVES EIKOVES OTO OwmAn ypawon yio. F-axtivy wor TksS ue DAPIL D)
Ilocotikomoinon tov oplBuod TV KLTTOPWMV TOV TEPIEYOVY TOOOTMUATA OV, OTTIKO

meoio (x35). kAiuoko S0um- ovTmpooTEVTIKO TEIPOUO, OTTO 2 AVECOPTHTO TEPOLUATA.

SOUTEPAGUATIKA, TO TPOIVAOTIKO TEPIPAALOV GTOVG TVEDLOVEG TOV AoHEVOV e
I ko T@v movtik®v petd v yopnynon BLM, kabobg koaw o TGFB, endyovv v
éxppoaomn tov TKSS kot tov oynuatiopd polet®dv mod0GMUATOV, 0 EYYEVH VOTIKY

wmta tov I1I.
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2.1.3 Aqpovpyio celpdc vaoypeOdTIKOV Kol Kotd gmioyn knock out
novTikKiov Yo To Tks5, pe okomd v £&étaon Tov porov TOv 6TV

Ta00YEVELD, TG EMAYOUEVII 0T0 PTAEOLVKIVI] TVEVHOVIKTG IvOONG

"o va avaAvBet o mBoavog porog Tov ThsS otnv TaBoPLVCIOA0YI0 TV TOVTIKMV
KOl TNV TTVELHOVIKT tV®oT), ONUIOVPYNCALE GTN GUVEYXELD L0 GEPA VTTOYPEMTIKMV KOl
kata emAoyn knock out movtikdv yw tov Tks5 (Sh3pxd2a). O yevetrikog toOmOG
Sh3pxd2a £éyet non otoyevbel amd 10 Evpomaikd IIpdypoppo kotd emiloyn
Metairaéng [ovtikiov (EUCOMM), pe 6tdyo v ££003£TEPMOT OA®V TV YOVISi®V
TOVTIKIOV GE oL TPOGEYYIoN LYNANG anddoonc[140]. Zto mAaicto avtd, 1o eEdvio 11
tov yovidiov Sh3pxd2a mAacidOnke amd 2 mepoyés loxP, eved pia kocéto
avagpopéa/emloyng LacZ/veopvkivng torobemonke avodikd, copmeptiapfovouévey
Vo Béoewv FRT- avtd 10 aAANAOpOop@Oo avaepépetal og "otoxevpuévn petddriaén 1o
(tmla, Ewcova. 47A). Ztn cuvéyeta, ta otoygvopeva eufpoikd Practikd (ES) kottapa
pucpogyyvnkav og Practokvoteg C57BI/6N and to Ivotitovto Welcome Trust Sanger
(WTSI), ot omoieg petapépnioy 6e WYevdo-£YKLES Yo Vo TPOKLWOLV Ta £TEPOlLYQ

tm1a(EUCOMM)Wtsi/+

novtikie Sh3pxd2a (Ewova 47A). To kateyuypévo oTépUO QVTAOV TOV

moviik®v eMedn amd to WTSI, péocw g kowonpa&iog INFAFRONTIER[141, 142]

ka1 Tov Evponaikod Apyeiov Metadraypévav [ovtikov (EMMA), to omoio eyyvOnke

anevBeiog oe movtikia 6T1g gyKataotdoelg (transgenic facility) tov “BSRC ®Agpvyk”

péow  teyvoroyiag IVF  yuoo  va  mpoxvywouv 1o etepolvyo  movrikio
Sh3pxd2am!aEVCOMMWESIFImg/*. T poytikio,.  yovoTumiOnkay oOpmve pE TNV
avtictoyn otpamyw] ™m¢ EUCOMM, pe 1 odevépysio tpudv  avedptntov
avtwpdoewv PCR (Ewdva 47B, C). Emmiéov, n emttuyng otdxevon emoAnfednke
emiong pe PCR peydiov e0povg 1660 yia 1o 5' 660 Kot Yo 10 3' 6kEA0G TOV TAAICIDOVEL

v floxed neproyn (Ewova 47D, E).

[No v andékmon tov aAiniopudpeov avaeopds tmlb (Ewova 47A), ta
movtikio.  Sh3pxd2a™@Fleming™  §145t00pdOnkoy  pe  Stoyovidiokd  movTikio  Tov
ek@pdlovv t pekopmvaon Cre vd Tov EAEYXO TOL VITOKIVITH TOL KLTTAPOUEYAAOTOD
(CMYV) o¢ 6Aovg Toug 10T00G Kot T KOTTapa Tov toviikdv (Tg-CMV-Cre)[143]. O

YEVETIKOG aVOGsLVOLAGHOC TV AapPovopevov Sh3pxd2amiP (EUCOMM)WisiFlme/+

TOVTIKOV
emaAnBevtke pe yovidoropatiky PCR (Ewova. 47B, C). Aviyvevnke 50% peimon twv
emmédmv mRNA tov Sh3pxd2a otovg Tvedoveg, YEYOVOS TOV VITOOEIKVIEL TI CMOTNH
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yovidrakn otoyevon (Ewova 47G). H ypdon X-gal, mov aviyvevel v éxppaon LacZ
amd tov vokivnty Tov TksS, eviomioe T petoypagikn evepyonoinon tov TksS (kab'
OAN TN SugpKeEL TNG OVATTTLENG, TNG VEOYVIKNG Kot TG evilkng (wng) Kupiwg oto
applakd evéobnilo tov mvevpova (Ewova 471). Aev mopatnpndnkav epoaveic
HOKPOOKOTIKES avopoiies ota etepdluya. H dwaotavpwon etepdluymv movIK®V
Tks5™" 8ev édmae opdlvyong amoydvous, vrodsikvoovtac 6Tt To TksS £xel OVCIAGTIKG
poOLo otV OVvATTLEN TV TOVTIK®V, Om®G €xel MoN avaeepbel yuoo to opodluyo

oteléyn[78].

"o ™ onpovpyio tov kKatd emthoyn oAiniopdpeov tmlc (Ewdva 47A), ta
novtikio Sh3pxd2a™ ! AEVCOMMWISIFIme /&, 5 5100 pdONKav pe Sloyovidiake TovTikio Tov
exppalovv t pekoumvaon Flp vmo tov éleyyo Tov vokivnti T0V KLTTOPOUEYAAOTOD
(CMV) cg 6Aovg T0oVG 16T00G Kot To KOTTAPA TOV TOVTIKOV ToL Ttovtikov (7g-CMV-

Fip)[144].

"o ™ onovpyio Tov Kotd emloyr] aainiopdpeov tmld (Ewova 47A), ta

tm1c/ABUCOMM)WISIFIMg! + &1 5rqnpdOnkay pe Stoyovidiakd movrikiol

nmovtikie Sh3pxd2a
mov ekppdlovv 1N pexoumvdon Cre vmd TOV EAEYYO TOL VLTOKWNTY TOL
Kuttapopeyaroiov (CMV) oe 6Aovg Tovg 10T00G Ko Tar KOTTOpa Tov Toviikov (Tg-
CMV-Cre). Aviyvedbnke 50% peioon tov emmédov mRNA tov Sh3pxd2a otovg

TVEVLOVEG, YEYOVOG TTOL VTLOJEIKVVEL T1 6MGTH YovidlakT| otdyevon (Ewova 47H).
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Eiwxova 47 Anuiovpyia katd emiloyn olijiopopewy 1 aliniopopowv knockout
movtriky yia 1o TksS. A) Zynuotikn wopovaioon twv aAlnlouopewv knockout xai g
VEVETIKNG atpatnyikng. B, D) Avomapdotaon g oTpotnyikis YovoTtOTHONG, TWV
OAANLOV IOV TV EKKIVITOV KOl TOD UNKOVS TOL ovouevouevov mpoiovrog. C)
Emifefoiwon tov avoaovvovaouod yiow OAo TO.  OlOQPOPETIKG  OLANAOUOPQO.  UE
yoviorwuotixy PCR. E) Emfefaiowon s emtoyois atdyevons ue yovidiwuoziky PCR
ueyalov eopovs. F) Zynuatikn mopovaioon twv icouoppmv tov moviikod TksS kor s
Oéonc twv exkivptary PCR mpoyuotikod ypovov, o1 omoiol xpHoipomolovvial yio. Ty
TOVTOTOINON THG OLAYPOPHS KOl TV 010popwy toouoppwy. G-H).Meiwuévo, exiredo

mRNA Tks5 arovg nveduoveg twv ateleywv tmlb koi tmld, wov emolnBedovy Ty emTvyn
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yoviolaxn otoyevon.l) AVTITPOCWTEVTIKES POTOYPAPIES TVEDUOVWV UETG OTO XPAOTH

5tm1b

Lac-Z oe movrikia Tks ko1 oovouniika WT.

2.1.4 H grepolvyn dwypa@n Tov yovidiov Tks5 o€ movrikio petpralel

™V gmayopevn amd BLM mvevpovikn ivoon

Metd v onuovpyioa tov mpdTtov knockout kol katd emioyn knockout
movtikiov yu 1o TksS, yopnyndnke purieopvxivn (BLM) og avtd Tao movtikio kol o€
adépelo dyprov tomov (WT) (Ewova 48A,B), onwg €xer Mom meprypoaei[68].
Tovontikd, 0,8U/Kg pumheopvkivng yopnymonke oe movtikia C57B16/J Tks5™ nuiog
8-10 eBOopAd®V HE GTOUATOPOPLYYIKN EVOTAAAEN- 1 000N Kol 1| 000G emAEYONKaV
KATOMV PO YOUUEVOV EKTETAUEVOV OOKIUMY Yo TNV TPOKANGCN €VOS GTEPEOD
WOTIKOD TPoPik, gloylotomolwvtag TapdAinia ) Bvnowwodmta. H avdmtuén g
vocou agloroyndnke oe cOykpion pe ta wt {da 14 nuépeg petd v yopriynon BLM,

KATO TNV KOPLP®GT NG VOGOV GTIG TOMIKES GLVONKEC.

Yta movtikio Tks5™" ev maparnpidnke omdAsio Papovg, Evog Yevikog deikng
cvotnuatikng vyelag (Ewova 48C), oe avtifeon pe ta dyprov tdmov movtikia. H
AYYEWKN OPPON KOl TO TVELHOVIKO Oidnpe HEmONKAY ONUOVTIKE 6TA TOVTIKLO
Tks5™", OmoC VMOSscVOETAL OMO TN GLYKEVIP®ON OAMKNAG TPOTEIVNG GTO
Bpoyyoxvyerdikd ékmivpa (BALF), mov mpocdiopiotnke pe 1 doxpocio Bradford
(Ewova 48D). To o@ieypovoon xvttapa oto BALF, o6mwg perprnkav pe
OLLOTOKVTTAPOUETPO, PpEONKay onuaviikd peimpévo oto movrikio Tks5™ (Ewdva
48E)- 1o 1610 kan ta emineda dStohvtod koAlaydvov oto BALF, dnwg mposdiopictnray
pe 1t dokipacio Sirius red (Ewdva 48F), arotéleoua mov eivar 6 cupeovia pe v
petopévn éxkepaon tov Collal og eninedo mRNA o1ov TVELHOVIKO 16TO 0O TO. 10101
novtikie (Ewéva 48G-H). H 1otohoyikny avdivon amoxdioye peimpévn evondbeon
KoAayovou oto movtikia Tks5™ petd t BLM, 6no¢ m0c0Tikomow|dnKe 1e ) ypoon
Sirius red/Fast green (Ewcova 481), kot aviyvednkov AMydtepes vmTIKEG TEPLOYES YOP®
amd Toug Bpdyyoug kol oto mapéyyvpa (Ewkova 481), dnwg avtikartontpiletal pe v
BaBuoroyio. Asheroft (Ewova 48J)- mapodpown cvunepdopoto eEnydnoav kotd v
wotohoyikn a&lohdynon tov PCLS mov mpoékvyav amd to 100 movtikio kot
KoAepynOnkav ex vivo (Ewdva 481). H oyetikn mpootacio amd v TpoKaAoduevn

ard BLM mapopdppmon tng apyIteKTOVIKNG TOV 10TOV KOTO TN YEVETIKY] LEI®ON TNG
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Ekepaong Tov TksS avTIKOTONTPIOTNKE EMIONG OTIC OVOTVELGTIKEG AELTOVPYIEG TOV

TveLPOVOV, Otwg petpndnkav pe to FlexiVent (Ewkova 48K-M).

Q¢ ek T00TOL, M YEVETIKN avemdpkeln Tov TksS @dvnke vo petpralel oyeTika
v enayopevn omd BLM ivoon, kabiepdvovtag €161 Evav onpovtikd poro tov TksS,

Kot Thavotato Tov modocmpdtwv, otny taboyévela g I
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Eixova 48:. H uepixiy averdpreia tov Tks5 & movtikio uetpidlel tyy emayouevy amo
BLM mvevuovikij ivoon. A) Lynuotikny mopovcioon Tov UOVIEAOD THS TVEDUOVIKHG
vwons mov mpoxaleitor amd BLM. B) Kourvin emifiowons Kaplan Meyer ueto
yopnynon BLM. C) Meiwuévy uetaforn Popovg ota etepolvyo. movtikia, UETE TH
xopnynon BLM. D-F) H ocvykévipwon oMkng mpwteivig, o optBuos grepuovamomv
KOTTAP@V KOl TO. ETITENO. O10AVTOD K0ALayovov ota BALFs aviyvevOnkoy peiwuéva oro.
Tks5 ™ movtixio. G). Meiwuévy éxppoon oe eximedo mRNA tov Tks5 wou Collal petd
NV YopNynon UTAeouvkivis ata etepolvyo. knockout wovtikio. H) Aiaypoua ocvooyétions
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Pearson ¢ éxppaonc tov Collal. 1) AvTimpoommevTIKES EIKOVES OO TOUES TVEDUOVWDV
TOVTIKOD TV DTOOEIKVDOUEVMDY YOVOTOTWY, Pouuéves ue Fast Green/Sirius Red (mpaty
oeipa), oo PCLS wvevuovawv ue ypwon H&E- (0edtepn oeipa) kai TOUES TVEDUOVWYV UE
xpwon H&E-(tpity ceipa). J) oocotikomoinan e opyudtntas e ivwons Uéewm e
pabuoloynong Asheroft. K-M) Ot avamvevotikés Aeitovpyies, Omms UETpHOnNKoY 1e T0
FlexiVent.

2.1.4 H g1epolvyn avemapkera Tov TksS og Il moviikov perover tov
poOmlopevo amé ™v ECM- oynuoticpud mod006OUATOV KOl TNV
gwsfoi oty ECM

T va ovalvBsi 1 oyeTiky pootacio tov moviikamy TksS™ amd v emayopevn
amd BLM mvevpovikn tvoon, oty cuvéxela amopovabnkay mpotoyeveic I amd wt
ko Thks 5™ movtikovg ot omoiot enméaotkay pe TGEP. O Tks5Y, mov exppdlovv ~50%
tov Tks5 (Ewdva 49A), mopovciocav HEWUEVO aplOud TOS0GOUATOV MG OmTOKPIoN
otov TGFB (Ewova 49B,C), emPePordvovtag tov onpoavikd péoao tov Tks5 otov
oynuatiopd touvg[139], kabhg kot peiwpévo molhamiacstocpd (24h, Ewdva 49D).
Kobodg ta modosopata eivar yvowotd 6t mwpodyovv v ew6foin ommv ECM, ot
ocvvéyeln eetdoape v wovotnta tov I va etlofaiiovv otnv ECM (acellular, aECM)
OV TAPOCKELAGTNKE and TOVG Tvevpoves movtikav (Ewova. 50 A,B), ce ppedtia
petavdotevong transwell (6h- Ewdva 49E). H peiwon 1tov modocopdtov
ovoyetiomke pe peioon oy emaydpevn and tov TGFP siofoin tov Ths5™ T otnv

aECM (Ewéva 49F).
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Eiwxova 49: H uepixn averdpreia tov TksS o I movtikav psidvel Tov cynuoticuo
TOO0CWUATWVY KAl TV IKAVOTHTA E160l1) Tovs aTyy ECM. A) Meiwuévn éxppoon too
Tks5 oe emimeoo mRNA otovg etepdlvyovg Il uera amo oigyepon ue TGFP. B)
AVTmpoowmenTIKeS EIKOVES OO OITAN Ypaon ovocopBopiouot yio. F-oxtivy koi Cttn ue
DAPI- ta féAn vrodexvoovy avumpoowrevtika tooocwuata. C) Ilocotikomoinon tov
ap16Uov TV KOTTIAP MV TOV TEPIEYOVY TOIOCMDUOTO. GVA OTTTIKO TEdio (x5). D) Meiwuévog
roromlocioouds twv etepolvywv Il uetd omo oyepon ue TGEP. E) Zynuotikn
rapovaiaon ¢ eioPolns twv Il otnv aECM, ueta omo oigyepon ue TGEP. F) Meiwuévy
wavotnra srofolnc twv Tks5™ I, peté ané diéyepon ue TGFP.

Eiwxova 50: H eéwkvrrapio pfitpa (aECM) ané 1676 petd tyv agaipec Kotrdpmy og

KOTTOPIKG DIOGTPWUA YIO THY AVTOTEAL IR Vitro KoiAIEpyela mIVEDUOVIKOY vofiacTtdv. A)
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ZANUOTIKY  OVATOPOoTOcH TOU TPOmov mopoywyns aECM amé mvevuoves moviikwv. B)
Emifefoiwon ths amovoiog kvttapwy ue ypwon H&E. C) AvTimpoowmevTikés e1kOVES TS YPWONS
avooopBopiouod twv aECM, wov dnuiovpynBniay omo mwvedpuoves uetd, amo yopnynon BLM, yio
0 Collal. Onwg avauevotav, 1 aECM mov mopdystor amd TVEDUOVES TOVIIKWV UETC. TN
xopnynon BLM, eivou eumdovniouévy oe Collal oe obyxpion ue v pSAL aECM.

Avumpoowrevtiko meipoo omo 2 oveaptnto TEpOoTa- kKAiporo 50um.

A€SOUEVOL TOL EYYEVT YOPOKTNPA TOV TOd0COUAT®V 6Tovg II, amopovdcape
ot cvvéyeta mpwtoyeveic wt kon Tks5+/- TII petd ™ yopymon BLM. Ot II Tks5*"
oL amopovOONKay pHeETd amd v yopnynon BLM moapovciacav peiopévo apBud
modocmudtov 6e cuykpion pe tovg wt I (Ewova 51A-B), pue anotérecpa petmpévn
eioPfoin oty aECM (Ewova 51C). Eropévmg, o in vivo amodedetypévog modoyevetikdg
porog Tov Tks5 oV mvevpovikn tvoon teptlapBavel T0 GYNUATIGHO TOOOGMUATMV

otovg I kar v TpodOnon g eePoAirg otnv ECM tovuc.

A WT/ BLM Tks5" /BLM

['ks5 F-actin
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Eixova 51: H uepixn averaprera tov Tks5 o¢ I movrikav uglmvel Tov cyuaticuo
modocwudTwy kar ™y &cfoin tovg oryy ECM, uera Tty yopiyynoeny BLM. A)
AVTUmPoowmenTIKES E1KOVES o OITA ypwon ovoaopBopiouod yia F-axtivy ko TksS oe
mvevpoviKove ofidotec mov amopovdlnxay omé WT kou Tks5*" movrtixia, ustd

xopnynon BLM, 1o péln  vmodeikvbovv avumpocwrmevtika modoowuoro, B)
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Ilocotikomoinon tov aplBuod TV KLTTOPWV TOV TEPIEYOVY TOOOTMUATA OV, OTTIKO

5+/+-

weoio (x5). C) Meiwuévn ikovotnra eiofolns twv Tks 111, ueta t yopnynon BLM,

OmWS oviyvedOnie e ) dokiaocio e1GHoNG.

Me oxomd v omdkInon mTPOGHET®V HNYOVIGTIKOV YVOCE®MV, TEPAV TOL
oynuotiopod modocoudtov, ot wt kot TksS5+/- TII extébnkoav oe TGFP, ommg
TOPOTAV®, KOL TO GUVOAMKO TPOPIA Ekppacng Tovg eetdotnke e aAiniovyon RNA
3' UTR (Quant-Seq LEXOGEN). H avéivon Stopoptiic Ekppacnc petald tov Tks5 ™
kol wt Il mov enwdomkav pe TGEFR, amoxdivye 3648 drapopetikd ex@paldpeva
yoviow (AEL; FC>1,2, FDR corr. p<0,05) (ITivakag 4, Eikova 52A). peta&d avtaov 418
AET €yovv cuGYETIOTEL TPONYOLUEVAG LLE TV TVEVUOVIKY] tveoT, OT¢ damoTtddnke
pe vroroyotikny avalnmon (Iivaxag 4). O petaypagpikoi moapdyovteg (MII) Statl,
Cebpa kar Ar, Bpédnkoy pe petopévn ékppoon otovg Tks5 ™ T pali pe apketd and to

yovida-otdyovs toug (Ewova 52B).
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KN_TGF WT_TGF

@ Down regulated — Activation () Target
@ Upregulated - - > Repression /\ Transcription factor

Eixéva 52: Avdiven tic d1apopikis ékppacns twv Tks5" oflactdv avevudvav
(I1I) mov oweyeipovrar pue TGEP. A) Heatmap twv 100 xopvpaiwv otatiotika
OHUOVTIK®Y — dlapopikd  skppaluevoy  yovidiov oe Tks5"" III. B) Aiktvo
OANAETIOPOONS TV JLAPOPETIKG EKPPALOUEVV UETOYPAPLKWDV TOPOYOVIWY KOL TWV
ot6ywv tovg oe Thks5S™ ITI. C) Heatmap twv yopoxtypiotikdy oto Paciké cdvolo
EUTAODTIOUOD TOD Opov Yovidlaxng ovioloyias GO:0062023, orwe awoxaldpOnke kotd,
mv avalvon povormotiwv. D) Heatmap twv omopvOuiouévayv oporloywv yovidiwv
wovaklov tov 50 mo ovlnuéEvaY yoparkTploTikay o omonTikois vofldotes, OTme

ovovtou ata coUTANpuoTIKG dgoouéve, tov PMID: 30763282.
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H avédlvon  eumlovticpovd  yovidwok®v — ovvolwv  (GSEA)  mov
npaypatorombnke oto AEI amoxdivye Ot1 To0 MO omopuOUIGUEVE KLTTOPIKA
ovotatikd (CC), ot amopvOuiouéveg poplakég Aettovpyieg (MF) ko ProAoyikég
depyacieg (BP) oxetiCovrat 0Aec pe v ECM (Ewova 53 A, Iivakag 5). H "ECM mov
neprEyel koAlayovo" (GO:0062023) rav mo amopvduiocuévn Asttovpyia (Eucova. 53B)
AMyom g pelmong g €Kepacns TOAA®V Yovidimv, OTMC To KOAAOyOVa Kol Ol

MMPs/TIMPS/Adamts (Ewéva 53B, 52C).

A B
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R LTE LR SRR

Basement membrane - @

Glycosaminoglycan . 2E-08
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T T u T —
-250 -255 -280 -285 -2.70 SE-08

Ewxova 53: H pepixyy avemaprero tov TksS oe¢ Il movtikav owatapdocer tyy
oupoiréetacy s ECM. A) To ovotatikd yovidioxng ovioloyiog mov cyetilovior ue
yovioio. g ECM eivou sumdovtiouéva o€ yoviola mov mopovoialovy UEImUEV EKPPa.on
oe Oieyepuévons ue TGFP Tks5™" ITI oe cbykpion ue tove aviiotoryove WT. B) O mio
eumAovtiouévog Opog oe yoviola ue xabodikn pdQuion cdupwvae ue ™y oavoivon
gumiovtiouod yovioiwv (GSEA). eivor o 6pog g eCwKLTTAPLAS UNTPOS TTOD TEPIEYEL

KoAAayOVvoO.

[Mav va emaAnBevtovy ta evprpata Tov Tpoékvyay and TV aviivon RNAseq,
mpaypoatotombnke ypwon avosoeopiopov Yoo kKoAdoyovo otovg III mov
OMOHOVOON KOV HETA TNV YopiyMon umheopvkivig. Ot Ths5™ TII petd v yopiynon
BLM, mov mepiéyovv Aydtepa ToS0GMUOTA Kot TAPOLSLALOVV LEIWUEVT] EIGPOAN 6TV

aECM, Bpénke 6T1 mapdayovy onuavikd Ayotepo Collal (Ewova 54A).

e autd 10 TAaicto, kot dedopévng g cvuvoeons g ECM e toug wvoPAdoteg,
KaBdS Kot LE To TOS0GOUATA, EEETAGALE GTI GUVEXELD TNV EMLOPACT) TG GVVOESTG TNG
ECM oty ékppaon tov TksS kot tnv opotdootaon tov todocopdtov. ['a 1o okond
avto, tapaockevdotnke aECM oand mvevpoveg moviikdv petd t yoprynon BLM 11 SAL
(Ewdva 50) ko n Avoprhomompévn okovn ypnolponomdnke, og mtiovoto og Collal,

avtoroyo vrdéotpmpo ECM yuo v kodhépyeia tpotoyeveov NMLFs. H kaAlépyeia
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npotoyevaov NMLFs oe mlovoio oe Collal aECM mov mopackevdonke omd ToUg
TVEDLLOVEC TOVTIKAOV PETA oo yoprynon BLM, diéyelpe v ékppaon tov TksS n omoia
ovoyetiCeton pe v ékppacn tov Collal (Ewodva. 54B-C), tov oynuoticpd
nodocopdtov (Ewova 54D) kot odnynoe o mepattépm avénomn g EKepacng Tov
Collal (Ewova 54E), vrooniovovtog 6t 1 ékepaocn tov Collal amoteAel kpiowo
ovoTatiko TG votikng ECM mov avédvetl v éxepacn tov TksS Kot tov oynuaticpo

nodocopdtwv oto LF..

WT/ BLM Tks5™ /BLM

r=0.99

4=

Tks5 (log2fc)
»
L

DAPI Col1ai
Tks5 mRNA levels

10 12 14
® pSAL aECM ® pBLM oECM

E Coltat (log2fc)
SAL aECM pBLM aECM

DSAL aECM pBLM aECM

F-actin

DAPI

Eiwxova 54: H uepikyy avemapkera tov Tks5 oe Il movtikov owatapdcocel Ty
ouoiocracny ts ECM, n omoia £léyyel kpioiua Tov GYNUOTIGHO TOOOGOUATMV KOl
v aefolsj e ECM. A) Mewusvy éxppooy Collal ané tove Tks5™ III.
Topovaidlovtar avimpoowmevTiKéS 1kOves Ueta amo ypawon yia. Collal kou DAPI. B-
C) O1 WT Il mopovaiciovv avénuévy éxppaon tov TksS otav kalliepynBodv oe
DITOTTPDUO, TTOV ONULOVPYEITOL OTTO TVEDUOVES TOVTIKWV UETO. TV Yopnynon BLM, n omoia.
ovayetifetor ue v mRNA éxppoon tov Collal. D-E) To ivartiko vmwooTpmud, Exayel tyv
onuiovpyia.  TOOOCWUATWY Kol THY EKPPAcH TOL KOALOYOVOL oOTa.  KUTTOPA.
THapovoialovior avTimpoTWTEVTIKES EIKOVES OO Ypwan ovocopBopiouod yio. F-axtivy
kow Cttn (D) 1 Collal(E) ue DAPI- ta péln vmodeikvbovy avTmpoommevTikd,

T0000OUOTO- KAIUOKO=50 um.
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2.1.5 H avootor] TG Src PHELOVEL UTOTELECUATIKA TO OCYNNOTICHO

TOO0CONATMV KOl HETPLALEL TNV TVEVUHOVIKY] ivOoT)

o Tov evIOMGUO QUPUOKEVTIKOV EVAOGEMY TOL UTOPOVV VA ENAYOLV Eval
TOPOIOI0 PETAYPOPIKO TTPoPih pe avtd Tov Tks5™ TII mov yopoxmpileton omd
psiopévn eoPorn otnv ECM, 10 mpogil tov Tks5™ TII mov emdystar omd TGEP
avalnmOnke ot Pdaon dedopéveov LINCSL1000 tov xdptn cvvdesyuotrog (CMap)
(Ewova 55A), évav dnpodcto mdpo mov mepiéyet >10° vroypapic yovidiakng Ekppaong
SLOPOPETIKMY KLTTOPIKMOV TOT®V oV £yovv LvoPAnbel oe Bepameio pe por pueydn
TOWKIAMO LLIKPOV HOPLoK®OV evdcemv[145]. Meta&d TV evOGE®MY OV EVTOTICTNKAY LE
TapOUOL TPOPIA EKPPOCNGS, APKETES £YOVV NOT amodeydel 0T £xovv BeTikn| emidopaon
omv maboyévela g vocov oe Cowd povtéda (Ewova 55A, Ilivakag 6). Xtovg
evTomiouEVOLS mBavovg Bepamevtikovg 6tdyovg teptrappdvovion ot vrodoyeic PDGF
kot VEGF, ot omoiot amotelodv @opupokoroyikd otdyo tov nintedanib mwov
ypnowonoteitor yia v Ogpaneion (SOC) g III[146]. To mo onuavtikd sivor 6t o
KatdAoyog mepthappdvel eniong évav avaotoréa g Src, LG ETAYOYNG ond TOV
TGFB/PDGF, «wdong tvpocivng mov eival amopoitntn Yy TOV  GYNUATICUO
nodocopdtov[54]. T'a va emoinbevcovpe mepapatikd to in silico svpnuato, ot
evepyomomuévor and tov TGFP AIll enwdommkav pe un tolwkés, avéavopeveg
ocvykevipooelg nintedanib kot A-419259, evdg eumopikd S00EGILOV AVOGTOAEN TNG
Src. T6co 10 nintedanib aAAd Kvpimwg to A-419259 peiwoayv v Ekppaon tov TKSS kot
tov COLIAI (Ewova 55B-E), kaBdg kot tov oynuatiopnd rodocopdtov (Ewdéva SSF-
G). EmmAéov, o avactoréag g Src peimwoe v gioBoin tov Il oty aECM (Ewdva
55H) kot avéotpeye v tvoon og wvotikd PCLS moviikdv mov amopovodnkav petd

v yopnynomn BLM (Ewova 55T1).

Emopévac, o oynuaticpog modocmpdtov pe t pecordpnon tov TKSS eivon
pio TaBoAoYIKY| S1odtKacio Tov UTOPEL VO AVTILETOMIGTEL POPLOKEVTIKA KoL LTOPEL VL

61oyeLOEl AmOTEAEGUATIKG LE TV AVAGTOAN TNG Stc.
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Eiwxova 55: H avactoln tis Src UEIDOVEL OTOTEAEGUATIKD TOV GYHUOTICHO
mooocwudtwy, ™y eofoi) oo ECM ko &éacOcsvei tyy mvevuoviky ivweon. A)
2ANUOTIKT] OVOTopaaTach THS avaivons ovvoeaiuotytoas (CMap) ue ypnon tov epyaleiov
LINCS1000 tov mpogil. éxppacns tov TKS5"" mov mpoxaleiton ané tov TGFp. B-E).
Meiwuévny éxppaon mRNA twv TKSS kor COLIAI uetd v diéyepon ue nintedanib xou
A-419529. C, E). Micypouuo. ovoyétions Pearson g ueiwons oo COLIAI oro idio
oeiyuora. F) Meiwuévy mopovoio modocwudtwv otovs AIIl ueta v oéyepon ue
nintedanib ko1 A-419529. Ilapovoialoviolr ovTITpoowTEDTIKES EIKOVES OTTO OLTAN YPATN
yo F-axtivy kou CTTN pe DAPI- to. fEAn vm00E1KVOOVY QVTITP OGO TEVTIKA TOIOTMDUOTO.

G) Ioootikomoinon tov apiBuod TV KTTAPOY TOL TEPLEYOVY TOIOCWUATA OV, OTTIKO
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meoio (x5). H) Mewuévn ikovotnra eiofoins twv AIll, ueta oro mpo-emawaon ue A-
419259 xou oieyepon ue TGF-f, omwe aviyvedetor ue ) dokiuaoio eofoins. 1) H
avaatoln ¢ SRC uetpialer v mvevpovikny ivwon oc poveia PCLS woviikav, uetd
xopnynon BLM. Awnuiovpynbnrov toués PCLS toc0 omd moviikia mwov Elafov
PLOIOAOYIKO 0pPO 000 KAl Ao ToVTiKio. Tov éAafoy umleouvkivy (uépoll). H Ocpameio
ue w0 A-419259, yopnynbnke tg npwtes 24 wpeg UETC THY ATOUOVOOH Y10, 3 01000 IKES
nuépes. IHapovaialoviou avunpoownevtikes eikoves omo PCLS ypouotiouéves ue H&E,
ue Fast green/Sirius red xou amo oAy ypwon avocoicroynueiog yio. Tks5 xor Collal.

Kiiuarxo=50 um- ovumpoowrevtixo meipopo amo 2 oveCapTnTo. TELPGUOTO.
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Yopmepdopota-XviiTnon

Avénuévn éxepaon tov TKSS aviyvebnke, yioo TpdTN Qopa 6€ Un KaKonom
v660[134],6t0v Tvevpovikd 1616 ac0evav e I ko movtikadv pe emoyopevn amé BLM
nmvevpoviky tvoon H avénuévn ékppaon tov TKS5 éxet avapepbel mponyovpévad,
TEPOL OO TIG KOPKIVIKEG KVTTAPIKEG GEPEG, 6TO adevoKapkivopa Tov mvedpova[80],
enekteivovtag mepottépw Tig opototnteg g I Ko Tov Kapkivov Tov Tvedpova[26].
H éxppaon tov TKSS oe eninedo mRNA otov mvevpovikd 1610, 1060 TV avOpodTmv
0G0 KOl TOV TOVTIK®V, GUGYETIOTNKE [E TNV EKkppaocn o€ eninedo mMRNA tov COLIAI,
YOPOKTNPLOTIKO Yovidlo pe amopvOuiouévn ékppaocn oty I, evd n ékepacn tov
TKS5 6100¢ WOTIKOUG TVEDHOVES EVIOTOTNKE KUPIMG 6TO KLYEMOWO embNA0 Kot

otovg I1I mov ekppalovv COL1AL.

O TGEFB, o khp1og mpoivwtikodg Tapdyovias, Bpédnke va av&avel Ty EKQpaon Tov
TKSS kot tov oynpoaticpd modocopdtmv ce d1bpopes GePEG VOPAAGTAOV, OTOC ElyE
avaeepBel mponyovpuévog povo yia tao pokpoedya THP-1[147, 148] xon ta mpwtoyevn
evdoOnhaxd wottapa ™ aoptg[149, 150]. AAlor kabiepopévol mpoiveTikol
avéntikol moapdyovieg otov mvevpova €xovv  avagepbel 0Tl TPOTOTOOLV TOV
CYNUATICUO TOSOGOUAT®V GE O0POoPETIKOVS KuTTapikovg tomovg: O PDGF otovug
apBpikovg woPrdoteg[151] wor ota Aela pvikd kotrapo[152], o VEGF ota
evdoOnhaxd kottapa|153], yeyovog mov vrodnAmvel 6t o pmopodoay va oK GOV
mapopota oleyeptTikd amoteAéspata otovg 1. EmmAéov, n PGE2, n onoia katactéAdet
v mvevpovikn ivoon[154], éxer avaeepBel OtL MPOdyel TN KOATAGTPOPY| TOV
TO00COMUATOV G devopiLTikd KuTTapa[155], yeyovdg mov vrodnAdver OTL To LEW®UEVOL
eninedo PGE2 oty III[154] eniong evvoodv tov oymuatiopd modocoudtov. Eivat
a&looMuUeEimTo 0Tl 0 GYNUATICHOS Todocwpdtwv otovg I amodelydnke 6t amotedel
eyyevn w10t ta v I ™ [T kon tov I petd v BLM mov propet va dtatnpnbovv
oe KoAMEPYEwW amovcio omolacdnmote d€yepong. Emopévmg, o oynuatiopog

T000COUATOV glvor pia Kevepikn andkpion tov I og mpoivotikod mapdyovtes.

Meta&d TV dapopmv cvotatikav g ECM, tov omolwv 1 £ékgpacn kot 1
evamobeon avidvoviar oty mvevpoviky ivoon, ta enimeda mRNA tov Collal
Bpébnkav vo cvoyetiCovior otabepd pe to emimedo mRNA tov TksS 1600 GTOV
avOpOTIVO TVELHOVIKO 16TO OGO Kol GTOV TVEVUOVIKO 16TO TV TOVTIKOV 1 atovg I1.

Ot Tks5*" TII amodeiyOnke 6t mapdyovv Arydtepo Collal petd amd v yopiymon BLM
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OT®G AVTIKOTOTTPILETON EMIONG OTN LELWUEVT GUVOAIKY| EVOTODEST] KOAAAYGVOL GTOVG
nvedpovec Tov ThsS ™ movrikdv. H xodMépysia tov ITI o mhovoto oe Collal aECM
mpo®bnoe v €kppacn tov TksS Kol TO GYNUOTIGUO TOSOCOUATOV, KAOMOG Kol TNV
nepotépo  €kppacn tov Collal, tovilovtag tnv emayouevn omd tov TGF
arlinAeEapon Collal-ntodocmudtmv 610 TAAIGIO TG TPOTEWOUEVIC GVVOEGNS TNG
ECM pe ta modooopata. Katd cvvénewa, to Coll €yxel amoderybel 6Tt deyeipel v
eCaptopevn amd 1o TksS avantuén[156], evd o PBabudg vddovg KoAraydvov €xet
eniong  avapepBel  O0TL  €yel kaBoploTikn  EMIOPACT  OTOV  GYNUATICUO
modocouatov[157], mbavodg péow TV VTOSOYE®V NG TEPLOYNG NG OLOKOIdTVIG
(DDRs) mov pecorafoiv otn décpevon tov koAdaydvou[158]. H ékppaon 1060 0L
DDR1 660 kot tov DDR2 Bpéfnke petopévn oe Tks5 ™ T mov enwdotnkav pe TGFP
(ITivakag 4), yeyovog mov vrodniovel 01t 1 onuatoddtnon DDR kot n emakdiovdn
gvepyomoinon Kivdoemv Tupocivig Ba LTopovsE va LeGOAOPGEL GTOV TOPATNPOVLEVO

oynuatiopd todocopudtwv tov tpokaieitar and TGFB-Collal.

"Evog 6AMog 10updc emarymy£ag TV mOd0COUATOV Eivar 1) Tportoglactiviy[156],
T0 JAVTO TTPOJPOUO HOPLO TNG TPMOTEIVIG dtacTovpodevng ocvvoeong e ECM
ehaotivng (Eln), n ékppaon g omoiag Ppébnke avtictorya HEI®UEVT GE TOOOGMUOTAL
mov oynuotilovrar og I pe avendpkewa Ths5 ™ (IMivakac 4). Emmléov, N dxopmt
otk aECM mov mapdyetor petd tv-BLM, @dvnke 6tL dieyeipel v EK@pactn Tov
Tks5 xan tov oynpatiopd mtodocwpdtov otovg Il kot datnpel v avEnpévn ékepaon
tov Collal. Ze ovupovia, 1 ovénuévn axopyios. TOv VTOCTPOUOTOS, EXEL
TPONYoLUEVOG omodeyBel Ott mpodysr T dpaoctnpudtnta Tev invadopodia[159].
Enopévmg, o oymuoatiopnodg modosopdtomv otovg I petd and pnyovikd epedicpoata g
axopunmg ECM tov wvotikov mveuudvov eival €va GNUOVTIKO GLGTATIKO TNG
mpotevopevnc ovvoeons e ECM pe toug wwoPadoteg[ 160, 161], 1dimg Aappdvovtag
vdym v avénon g akapyiog g ECM otovg mvedpoveg mov oyetiletal pe v
nikia[ 162], kot Tov TpoTEWVOUEVO pOAO TNG HUnyovoevaicOnng onuoatoddtnong oty

gvepyonoinon tav I kot v tvevpovikn tvoon[163].

H ocvvoiun yevetun etepdluyn averdapkeia tov TksS amodeiyOnke 6T peidvel tnv
emayopevn amd BLM mvevpovik ivaon pe pio mindmpa Sokipactdv kot ot Tks5 ™ TII
amodeiyOnke 6t oymuotilovy Aydtepa TOOOGMUATA, LE OMOTEAEGUO TNV UEWOUEV
ewoPfoln g aECM, kabiepdvovtag €161 évav onuoavtikd maboyevetikd polo yuo to

Tod0cOMOTA TOV gvepyomotovvtol omd to TksS ko v giloPoin towv Il oty ECM
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otV mvevpovikny itvoorn. H ewofoly omv ECM, yopaxtnpiotikd yvoOPIGUA TOL
kapkivov[133], kepdiler OA0 Kat peyoldTEPT TPOGOYN GTNV TVELUOVIKN Tvwor). Ot ATII
g I amodeiydnke 611 el10PaAlovY oe matrigel mo amotedecpatikd and tovg AIIl
amd GAAeg ddueceg voooug[129, 131, 132]. H avénuévn €iofoln cvoyetiotnke pe
avénuéveg tveg axtivng[131], kot mpotdbnke 0Tt drapecorafeitat, ev PEpeL, amd
onuotoddtnon vmodovektivng kot wreykpiving ad4pf1[132], 1 ™ onuatoddTHoN
varovpovikov (HA) ko CD44[129]. To CD44 ¢yt evtomiotel ota invadopodia og
KOPKIVIKG KOTTOPO TOV POGTOV Kot £xeL amodetyfel 6Tt amarteitan yio T dpactnpiotnta
tov invadopodia[164] evéd ot TKS5™ III Bpédnke va ekppilovv CD44, yeyovdg mov
vrodniover 0tt ta pope HA/CD44 coppetéyovv otn pubuion tov oynuUoTicprod
nodocopdtmv otovg 1. Ot TKSS ITI Bpédnke emiong 6Tt ekppalovv KAt TpoTiunon
t0 CD274, évoav mpotewouevo deiktn tov odewsdvtikov I g IMII[165],
vrodnidvovtag €vo akoun mhovod ONUATOS0TIKO HOVOTATL Yol TO OYNUOTICUO
nodocopdtov. Emmniéov, ta BALFs and movtikia mov vrofAndnkav ce Oepaneia pe
BLM 1 acBeveic pe IIII deyeipovv eioPforn omv ECM tov III[166, 167], n onoia
amodeiyOnke 011 e&acbevel petd v amocionnon tov vrodoyémv LPAR1, EGFR kot
FGFR2[166], 1 pe v mopepPorr] tov oriniemdpdocmv Sdc4-CXCL10[167],
vrodnAdvovtag Tpdcheta onuate Tov Bo HTopovGaV Vo SLUHLOPPDOGOLVV TNV EIGPOAN
tov III. To HER2 éyel emiong mpotabel 011 mpowbei v ei6foin otovg ITI[168],
YEYOVOS MOV VTOOMAMVEL Kol TOAL opotdtnteg pHe to. petaotatikd ADC- sivon
EVOLIPEPOV OTL OPKETA OO TOL VALYVOPIoUEVA YOoVidla Tov oyetilovtal pe v 16foAn
(Fstl3, 1111, Hbegf, Ccn2, Inhba, Podxl, Sema7a, Bcl2alb, Bel2ald, Sh3rfl) Bpébnkav
pswopéva otovg Tks5™ TII pe peiopévn eoPolty, vrootnpiloviag Teportépm Ta
Aertovpyikd amoteAéspata oxeTIKd pe To poAo tov TKSS kot tov mtodocopdtomv oty

ewoPoin tov I11.

H avdivon g cvvoeopuotroc MAP (CMap) €xet avaderyBel g Eva avextipnto
gpyoreio yu TN oOVOEST TNG YOVIOWOIKNG £KQPOONS, TOV (QUPUAK®OV KOl TOV
kataotdoev Tov vocwov[145]. H avdivon CMap tov scRNAseq Ppoyykdv
derypdrov g I vrédeiée 6t M avacstodn ™ Src pmopel va avtioTpéyst Tig
TOPOTNPOVUEVEG TPOIVOTIKES UETOYPAPIKEG OAAOYEC OTo Poacikd KOTTOPO TOV
Bpoyyikav aepayoywdv g III[169]. Emmiéov, n avéivon CMap petaypopikov
poeid g I Kot Tov avticToly®V HETAYPAPIKOV VITOYPUP®OV TV nintedanib kot

pirfenidone, vrédeie v avooctodnl g Src ®g Vv oxvpdtepn[170]. Onwg
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amodei&ape, 1 avéivon CMap tov mpo@id tov Tks5™ TII mov Seysipovrar omd TOV
TGFB mpocodiopioe, petald kabiepopévov popiov kol GAA®V LTOGYOUEV®V, TNV
AVOOTOAN TNG src w¢ mBavr Bepameia yio tov meplopiopd g deicdvong twv I ko,
GUVENAMC, TNG TVELHOVIKNG {vwone. e CLUHQMVIa, 1| OVOCTOAN NG Src OAvnke vo
peidvel o enineda TksS Kot Tov aplipd TV TOO0GOUATOV, VO, LELOVEL TNV EIGPOAN
otv aECM «xat va avtiotpépel v ivoon oe PCLS. H avactoAn g Src éxet
amodelyBel 6tL petpralel v mvevpoviky tvwon mov mpokaAeitor amd BLM[170-172],
evdd o ovootoréag g Src Saracatanib[170] éxst €i0éABel o KMviKég OSokiuég
(NCT04598919). Emopévmg, m oTOYELON TOL GYNUOTIGHOD TOOOCMUATOV, LG
gyyevoic mafoyovou wotntag tev 111, kabng kot tov aAiniemdpdocmv tov I1I pe v
ECM, ovunepihopfavopévng g €6PoANG, oamoteAodv  TOAD  LTOGYOUEVOLS

BepamevTIKOVS GTOYOVG GTNV TVELLOVIKT (Vo).
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Ylka kor M£0odor

20voAo ogdopévav. O ta avaAvpéEva, EavE-KOvovIKOTOUEVA GOVOLD dEGOUEVOV

(ITvaxag 1) mpoépyovtar amod to Fibromine; DEGs: FC>1.2, FDR corr. p<0.05.

AoOgveic. Oheg o1 peléteg mpaypoatomombnkay e GUUUOPE®OT e TIG apyéG TNG
Awknpvéne tov Eloivkil. Ta detypota mvevpovikov 1otov (Ilivaxoag 2) eaqedncav
péow g Tpaneloc Iotmv Tov TMovemomuiov tov Ilitoumovpyk kot g vanpeciog
otV mtaforoyiag tov Iavemotnpiov tov €A, £va VTOGHVOLO TPONYOLUEVMOG KOAG
YOPOKTNPICUEVOV Kot ONUOGIEVHEVDV detypdtov[173]. Ot mvevpovikol voPfAdoteg
amopovodnkav and tov mvevpovikd 16td acbevov pe I kot amd Tov Tapaxeipevo vym
1610 acBevov mov vroPfANnOnkay GE AVOIKTH YXEWPOVPYIKN emEUPacn mvedova yio
kapkivo (ITivakag 3) oto Tuquo Ivevpovoroyiog tov Nocokopegiov Bichat-Claude

Bernard (#0811760-25032010), IToapicvT aihria.

IMovrikwe. Ta movtikioe ekTpdonKav oTlg gyKataotdoelg (dov tov Epguvntikov
Kévtpov Buoiatpikov Emomuov " AAéEavopoc PAEuvyk "', oe cuvOnkeg SPF, otoug
20-22°C, pe vypaoia 55 £5% kat kOkA0 QWTOHS-6K0TOd0D 12 @pdV- 1 TPOEN Kol TO
vepd mapéyovrov o€ taxtd dtuotiuota. H mvevpovikn tvoon mpokAndnke pe epdmad
opopapvyyikn yopnynon (OA) 0,8U/kg pmnieopvxivng (BLM) og movrtikia C57B16/]
niciog 8-10 efdopdowv, £xel meprypapei[68, 154]. Ola ta tepdpota eykpidnkoay omd
v Emutponny Agovroroyiog Zowv (IAEZ) tov Epgvvnrtikod Kévipov Buolatpikav
Emompav "AAEEavopog PAEUIVYK", kaBhg kot ard v Kmviatpikn Yanpeoio tov

KuPepvnTicod vopov Attikng, EALGda (# 8441/2017).
Enrayopevn oo prieopvkivny (BLM)-vevpoviki] ivoon

H mvevpovikn ivoon mpoxAndnke pe epdama opotpayeiakn yopriynon (OA)
0,8U/kg vopoyrwpwng umieopvkiving (BLM) (Nippon Kayaku Co., Ltd., Toxo,
larovia) v nuépa 0 oe avarsOnroromuéva (i.p., EvAalivn, ketapivn kol atpomivy,
10, 100 kou 0,05 mg/kg, avtictoya) movrtikia nikiag 8-10 gfdopddwv- ot opddeg
eréyyov éhafav yhoprovyo vatpio (SAL). H d6on kot n 060¢ emdéyOnkav kotdOmLy
TPONYOVLEVOV EKTETAUEVAOV TOTIKAOV SOKIUADV Y10, TNV TPOKANCT GTEPEOD WMOTIKOD
TPOPiA, eEAayloTOMOIOVTAC TAPAAAN A TN BvnotudtnTa. Oleg 01 TUYOIN KOTOVEUNUEVES
TEWPOUATIKEG OUAOES AmOTEAOVVTOV 0mtd GuvounAkovg movtikovs. H katdotaon g

vYelog TOV TOVIIKAOV TopakoAovBeito TOLAGyIoTOV piot QOopd TNV mMuépa- dgv
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mapoatnpiOnkav anpocddkntor OBdvatol- eAneOnoav Oia To p€Tpo Yoo TNV
glayrotomoinomn ¢ tadlammpiog Kot T dvspopioc twv {owv. H avémtuén g vocov
a&lohoynnke oe cOykplon pe to suvopnikd tovg WT 14 nuépeg petd v BLM, otnv
KOpOLP®GST NG VOGoL (1 omoia vwoywpel v 21" nuépa petd v yopnynon BLM oce

OVTEG TIG TEWPOUOTIKEG GUVONKEG).

Metd to {0yiopa, ot avomvevoTIKES Aettovpyieg petprniay pe to FlexiVent
(SCIREQ, Mévtpeahr, Koavaddg), copemva Le TIc 00NYIES TOV KATAOKEVAOTN Kol OTwg
nepleyplopnke Tponyovpuévmg[68, 154]. H evbavacio mpaypatomomdnke avhponiva ce

Bdrapo CO;2 pe otadloky TANPOOT Kol akolovOnoe a@aipasn.

To Bpoyyokvyerdikoé vypé (BALF) AMjpbnke pe mhdon tov mvevpdvov pe 1ml
AmOCTEPOUEVOL YAmprovyov vatpiov 0,9% tpeig popéc. Metd v amopdvoon, o
detypata puyokevrphOnkav ota 12009 ya 10 Aentd otovg 4°C, 10 mTpdTo LVIEPKEINEVO
BALF anobnkedtnke otoug -80°C yia petpioeic mpmteivdrv kot koAlayovov. I v
EKTIUNON TNG TVELPOVIKIG PAEYHOVIG, Ta KUTTOpa Tov BALF gnavadioibOnkay o 1
ml  @uololoykod opov, ypopatiomkav pe SwAvpo Trypan Blue 0,4% «ou
KatapeTpiiOnkay pe ™ ypnomn opatokvtrapopétpov Neubauer. Ta eminedo oMkng
npoteivng 610 BALF, £voeifn mveupovikol oW0NNATOS KOl OYYELWIKNS OLPPOnS,
ektunnkov pe ™ doxipacio Bradford copewva pe T 0dnyieg Tov KATAGKELOOTH
(Bio-Rad, Hercules, CA, USA). X¢ mhaka 96 anyadidv torobetodvor Sul amd kabe
detypo BALF, axolovOei n tpocOnkn 245 ul avtidpaoctnpiov 1x Bradford kot endoon
Yy 5 AEMTé GTO GKOTAOL. 2T GLVEXELN LETPNONKAY OL TIHES amoppOPNong ota S95nm,
LE TN XPNON QUGLOTOYPAPOV, KOl LETATPATNKAY 08 TIES cvykévTpwong (mg/ml) pe
™ XPHoN TPOTLANG KOUTOANG oAPBovptiviig opov Poosiddv (BSA 0-2 mg/ml). To oAwd
d1aAvTo korrayovo ota BALFS nocotikomomOnke pe ) dokipacio Sirius Red. 50ul
detypnatov BALF, apaiopéva og 350ul o&ikov o&éog 0,5M, enmdotmkay yia 30 Aentd
ue 400ul Direct og RT, o010 okotddt. AkolovOnoe puyokévipnon ota 120009 yia 10
Aemtd kor amopovoon 200ul omd Tt vmepkeipeva. Ov TWEG TG AmOPPOENONG
petpninkay ota 540nm, pe ) ypoN PACHATOYPAPOL, KOl LETOTPATNKAY G TUUES
ovykévipoong (ug/ml) pe ™ ypion mpdTLANG KOUTOANG KOAAayovov I ovpdc
apovpaiov (0-500 pg/ml).
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Ioto)loyia

O 0e&16¢ LoPog tov Tvedpova otabepomodnKe KOTA TN JIAPKELD TNG VOYTOG
oe 10% ovdétepn pvOucuévn @oppodn kKot evoopot®dnke oe mopoapivn. Topéc
TVELOVOL LEYEOOVG SUM TOL KOTTNKOV [E YPNOT MIKPOTOUOV KO YPOUATICTNKOV LE
apatoéurivy/mooivn (H&E) pe ta ocuvndn mpotokorria. H avamtuén g tveoong
ToGoTIKOTOMONKE amd Vo aveEdptnTovg Kpitég, pe TLPAO TpOmO, pe Pdon o
tpomomomuévn Padbuoroyia Ashcroft (0, puololoyikdc mvedbpovac- 1, amopovouévo
KOYEAMOIKA Ol0ppaylato e MITIES WVOTIKEG OAAOYEG, 2, WOTIKEG UETAPOAEG TV
KOYEMS®V e oyNUATIOUO KOUP®V- 3, GUVEXOUEVO IVOTIKA TOLYDUATO TOV KOYEAIOWV-
4, LELOVOUEVEG VOTIKEG LALES- S, CLPPEOVTCES VOTIKEG LALEC- 6, LEYAAEG GUVEYXOUEVEG
WoTIKES Palec- 7, puoaiideg aépa- 8, vdong eEdietyn). ['a ) ypdom Tov KOALXYOVOL
Fast Green-Sirius Red (F.G/S.R), ot topég tov mveupdvov omomapagvodnkay cg
EuAévio kat albovoln kol emwdotnkay og dtdivpo Bouin (75% mikpkd 0&0/ 25%
QOPLaASETON/ 1% 0&ucd 0&D), Yo 1 dpa otovg 56°C, akolovBovduevn amd ypdomn Ue
Fast Green 0,04% oe mikpiko o0& v 15 Aemtd kou Sirius Red 0,1%/Fast Green 0,04%
ddvpévo oe mKptkod 0&D ya 40 Aemtd. Ot ypopaticpéveg Topég TAvOnKay pe 0Eko
0&0, ot ocuvvérela agpuoatmbnkov kot tomofetnOnkav pe DPX. Ta PCLS, mov
amopovOONKay Kot KOTNKav Ommg TEPLYPAPETOL KOTOTEP®, ypouatiotnkav pe H&E.
INo v gpoon X-gal (Lac-Z), ot ppecKoamopovVmpUEVOL TVEDUOVEG TOVTIKOV YEUGOV
pe 0,1 g/ml caxyopdlng oe 50% OCT/PBS, axoilovBovuevn oand v TowTtdYXpOVN
evoopdtoon kot katayvén oe OCT, ypnoYLOTOIDOVTOS IGOTEVIAVIO Kot ENPO Tdyo.
Topég 6-10 um koémNKav pe ™ ¥pNoN Kpvotopov Kot otabepomomnkav oe 2%
@opuordetion/ 0,2% ylovtapardehion yio 15 Aentd otoug 4°C. X cvvéyeln, TAOONKo
oo eopég oe kpvo PBS/ 2 mM MgClz yuo 10 Aentd kot ypopotictnKoy Kotd
ddpketa Tng voyTog pe dtdopa ypmong X-gal (2 mg/mL X-gal o€ puBuiotikd didivpo
ewo@opikoy vatpiov 0,1 M pH=7.3, 0,01% deo&vyorkd vazpio, 5 mM KsFe(CN)s, 5,7
mM KsFe(CN)s, 2 MM MgCly, 0,02% NP-40) ctovg 37°C 610 6K0OTASL. XT1 GLVEXELX,
ot topég Eemvbnkav 6vo @opéc pe PBS/2 mM MgClz xor dH20 yuo 5 Aentd oe
Beppokpacio dwopatiov, ypopaticnkov pe noocivn kol akoAoVONcEe apLIdT®oN Kot
tomoBétnon DPX. H amewkévion mpaypotomromdnke pe pkpookonio Nikon Eclipse
E800 (Nikon Corp., Shinagawa-ku, lamwvio) cuVOESEUEVO e YNOLOKT POTOYPUPIKT|
punyovn Q Imaging EXI Aqua, ypnowponowwvrag 1o Aoyiopkd Q-Capture Pro 7. I'a tig

UEAETEG AVOGOTOTOYNUELNGS, Ol TOUES TV TVELUOVOV OTOTOPAPVOON KAV g ELAEVIO,
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emavvoatodnkav oe Pabuida abavorng kot mwAvONKov Yoo Alyo pe vepo. Ot
OVTIKEILEVOPOPES TAAKES dtatnpnOnKav oe vepo Ppvong Héxpt va etvart ETOLUEG Yo TV
avaKTNoN avIyovou pe puBuiotikd ddAvpa Kitpikov vatpiov pe pH 6,0 pe og vymin
Oeppokpacio yio 20 Aemtd. Xt ocvvéxeln vrmoPAnOnkav oe emeEepyacio yioo TV
déopevon Tov pun eWikomv Bécewv (10% NGS/2% BSA) ot Ogppokpocio dopatiov yia
1 dpo Kol ETOAGTNKAV HE TO TPOTOYEVH] AVIICOUOTO KOTH TN SAPKELNL TNG VOYTOGC
otovg 4°C. Metd 1o mAVGIUO, ENWACTIKAV LE DEVTEPOYEVT] OVTICMUOTO GLVOESEUEVOL
pe eBopilovra ypopoeodpa, apaiwpéva oto dtdivpa 10% NGS/2% BSA. X cuvéyeta,
o1 Topég mAvOMKav 3 opég pe PBS-T kot tonofetnOnkoav oe péco mov mepieiye DAPI
Yo TNV amewovion tov mupnvev. H arneuwodvion tpaypatoromOnke pe t xpnon evog

ocvvontikov cvotiuatog TCS SP8X White Light Laser (Leica).
In vitro/ex vivo kuttapiké povtélo Tveopovik®v wofractav (I11)

Ot guciloroywol voPrdoteg tov avBpamvov mvevpova (NHLFS) kot ou IHTI-AIIL
amopovadnKav amd epécka OElyLOTA 1GTOV LE TNV TOTOOETNON apKETOV TEHA)iOV 2-3
mm ce mdto Kuttapikng koAAEpyetag 10 cm pe DMEM gumlovticpévo pe ddivpa
nevikKilivng/otpentopvkivng, 10% FBS otovg 37° C kot 5% CO2 o€ vypomompévn
atpocearpa. 10-14 nuépec petd v kaAAiépyeta, ot ToAlamAac1olopeVol VOPAAGTEG
TePPEAALOLY T KOUUATLO 1GTOV, TO OO0 GTI GLVEXELD QPOLPOVVTOL KOt TOL KOTTOPO.
amokoAdvTor pe owdAvpa Bpovyiving-EDTA kot emavatomofetobvior o QLIAES
totokoAMépyetag F75 (PO) uéypt va molamraciactovv. To apopedivio kopudtio,
16t00 emavatomofetOnkav oe véa mdto KuTTOpPkng KaAlépyewag 10 cm v évav
0guTEPO YOpO ekPAdoTNONG VOPANGTOV OTIC 101EC cLVONKEG OTTMOG Tapamdve. Metd
amd 3 mEPAGUOTO TOPATNPOVVTIOL OUOloYeveElG amoikiec tvoPAactdv- ot AIll
ypnoonoovvtar péypt to mépaoua 7-8. IMapdpota dadikacio ypnoiLoromdOnke
ave&apmta ywoo évav emmAéov kAodvo NHLF (Ew. S3A-B), 6mwoc éxst Mom
nuoocievheitl,

[Mpwtoyeveic @uololoywkoi mvevpovikoi woPAdcteg  moviik®v (NMLFS)
amopovodnkov amd movrtikio C57BI6/) nhwiag 8-10 efdopddmv f/kar and movtikio
ov vroPAnOnkav oe yopnynon BLM. Katd ) Ovoia, ot mvedbpoves apopédnkay e
DMEM. Xt ocvvéyeln, tepayiotkay ko yovevtnkay ue 0,7 mg/ml kolhayevaong
tomov 1V (C5138-Sigma), yio 1h otoug 37°C. H méyn axolovdndnke amd dtndnon kot
T0 gvouopnuo euyokevtpnnke otig 1200 rpm yie 5 Aentd. Téhog, to ilnuo
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enavonwpndnke oe DMEM mov mepeiye 10% FBS. Ola ta  mepdpato
Tpaypatoromonkoyv 6to Tépacua 2-3.

Ot NHLFs, ot ITII-AITI, ot NMLFs kot ot tvoPAdcteg TOVTIK®V Kot avOpdTvoy
euPpuikov mvevpova (kuttapikég oepég 3T3 kar MRCS avrtiotoya) kadlepynOnioyv
oe DMEM gpunlovtiopévo pe 10% opo Poogwdav (FBS) kot otpentopvkivn/mevikiidivn
Kol apeotepikivn kot emwdomkav otovg 37°C kot 5% CO2. Ta xvttapa
KaAMepynOnkav oe mokvotnta 60-80%, Kotd T didpkela g viytoag pe DMEM ywpig
op6 (+ 0,1% BSA) kot extébnkav e 10 ng/ml TGF-B1 ya 24 dpec ce DMEM yopig
0p0. Xta detypata eréyyov ypnoiponombnke o dedvtng tov TGFB (7,5% BSA o¢
H20). T'a 1 gappokoroyikés peiéteg, too NHLF koilepyodvtav oe mhdkeg 6
TNYodIdV, OToVGio. 0pod Kol LEIGTAVTUL TPoKATEPYAGio Yoo 1h pe Tig avapepoueveg
AVEAVOUEVEG GLYKEVIPMOELS OL0POPOV TOPAYOVI®OV Kol TOVG OAVTEG TOLG GTO
oetypata ehéyyov. Metd and pio dpa npoemeepyaciog, to KOTTOPO EXTOAGTNKAV LE
TGFB og cuvnboc.

O mollhamhaowoopdg OAwv tov koAlepyswwv Il mocotikomomnke pe
dokpacio MTT og mAdkeg 96 Tnyadicdv, 6mov €va kowd ddAvpo DMEM kot MTT
mpootenke og kiBe Ppedtio. Metd and enmaon yuo 4 dpeg Kot ooy emPeParmOnie
0 oynuatiopds HoP KpLOTAAA®V, TO HEGO amopaKkpOVONKE Kot Tpootédnke O&ivn
160TPOTAVOAN G€ KABe QpedTio yio va d10AvBel 10 KpLOTOAAIKO TPOTOV Popualdvng.
Ot tég amoppdenong tpocdopictnkay oto 570 NM ko aporpédnke to vroPadpo ota
660 nm pe ™ gpnon eotopeTpov pukporhokdv OPTImax (Molecular Devises).

Ot wovotteg e€dmimong kot petavaoctevong tov I agoloyndnkav oe o
dokipacio TANyNg and ypatlovvid (scratch wound assay). Ta k0ttapa kaAiiepynOnkoyv
o€ TAGka 12 Tyadidv, OTme Topamdve, Kot apednikay va avartuyfodv péypt m TAnpn
KédAoyn tov nnyadiov. Metd mpootédnke TGFP, o0nwg meprypdoetor mopamdvo.
Anpiovpynbnke mAnyn He TN YPNON OTOCTEP®UEVOL OGKpov mmétag. H midkoa
tomobetnOnke oe enwacTHpo 16TOKOAMEPYEWS oTtovg 37°C ko  AneOnkav
QPOTOYPAPIES LLE OVTIOTPOPO UIKPOOKOTIO GE GUYKEKPIUEVO YPOVIKA OLOLGTILOTAL.

H peravaestevon kot 1 e16foin mocotikonomOnkay eriong pe Oordapovg Boyden
GULPOVO LLE TIC 0O YIEC TOV KOTAGKELAGTY], OTWG PaiveTon oynuatikd otnv Ewova 49.
Ev ouvtopia, ot Il mpootédniav otov dve BdAapo, o 0moiog NTov TPOETIKAAL LUEVOG
pe vmoctpoue aECM (17 Oyt yio petavdotevon) kot aeédnkav emi 6 mpeg va
ELOY®PNCOVV/LETAVAGTEVGOVY HECHO NG MeUPpavng transwell oty kdto mievpd, M

omoia NTaV G€ EMAPT LE TO VAIKO 6T0 0moio dev giye mpootebel opodg. 1N cuvéyela, Ta

149



KOTTOPO TOV TOPEUEVOY OTOV v BGAapo amopakpHvOnkay, evd to KOTTOPO TOV
eloéParav M petavdotevoay, HeTd amd TAVGELS Kot 6TafepOonoinon, YpOUTIoTNKAY.
EmutAéov, ta Bappéva kottapo AvOnkov pe pubuotikd dtdAvpa Avong yio 20 Aentd
Kot 1 amoppoenon petprinke oto 550 nm pe to potoépeTpo pkponrokov TECAN
Sunrise.

H nmpoteorvtikny wavéotnte tov III  aforoyndnke pe 1t  dokiuocio
amotkodounong Cerativng ovlevypévng pe @lovopeokeivny. Koaivmtpideg 12 mm
mAOnkav pe 20% vitpikd o0&y, enmactrav pe S0 pg/ml rohv-L-Avcivng, kot pe 0,5%
YAOLTOPAAOEHON Ko 61N cvvéxeln emkaAvEOnkav Yo 20 Aemtd pe 0,2% Cehativn
ovlevyuévn pe @lovopeokeivny (Invitrogen, Gelatin From Pig Skin, Fluorescein
Conjugate: G13187) o puOuiotikd puetoAoykd opd pocpopik®dv ordtmv (PBS) mov
neplelye 2% oaxyopdln. Xtn cuvéyela, ol KaAvrtpidoeg vroPAndnkay oe eneéepyacio
pe NaBH4, mivbnkav pe PBS xou petagpépbnkav oe véa midaka 24 mmyaduwv. Ot
woPAdoteg ondpOnkav oTig KaAvmTpideg emuarvppéva pe (edativn Kot vrofAnOnkav
oe Oepancia pe TGF-B1 omwg mepeypaenke mponyovpuéveoc. Metd and 24 dpeg, t0
péco avtikataotddnke pe mANpeg HECO kol To KOTTOPO LIOPANONKOV GE Ypdom
avocopBopiopov, 24-48 dpec apydtepa. H mocotucomoinom 1tng amowodOunong
mpaypotorowOnke pe to Image J.

[Ma 115 gpocerg avoooicToynueiog, to KuTTOpa TonofetOnkay og KaAvmTpidn
(20.000 wOtTapo/KoAvTTpidn) Kot LETA amd amovaia 0pov, enmwdotnkay pe TGF-B1 wg
cuvfBwc. Ta kittapa otabepomomOniay pe 4% PFA ywo 15 Aentd kot eneEepydonkoy
pe 0,1% Triton X yia 10 Aentd. AkoAoOONGE amoKAEIGUOG TV U EWVIK® BEcewV pe
2% BSA og PBS yio 1 opa oe RT. Ta xOttapa enowdotnKoy Kotd ™ O1dpKeld TNG
vOytag otoug 4°C pe to TpmToyevy avtioopato. Tnv emdpevn nuépa, to KOTTOPO
TAVON KOV KOl ETOACTNKOV Le OEVTEPOYEVES AVTIGMUO KOl GLLELYUEVT] POAOEWDTV GE
1%BSA/PBS yw 60min oe RT. Téhog, petd amd mAOCELS, Ol KOAVTTAPLEG TAOKES
tomofetOnkav pe o otoydove mounting Fluoroshield medium (wov mepiéyer DAPI
Y0l TY GNLOVGT] TV TUPNVOV).

H mapayoyn soxvrtaprog ECM (aECM) amd mvevpoveg TOVIKOV e
aQaipecn TV KLTTAPOV, Tpaypatomombnke pe Pdaon mopopol TpOTOKOAAN Yo
dAAovg 1ototg[174, 175]. Ev ocvvtopio, oAOKANpOl TvedUOVES amopovainkoy Kot
vroPAnOnkav oe eneepyocio pe avéavopeves cvykevipwaoelg SDS (0,01, 0,1, 1%) oe
owivpa PBS, pe endaon 24 opodv yia kdbe cvykévipmon SDS. I'a to tedikd otddio,

01 TVELUOVIKOTL 16TOT 0O TOVG 0TTO10LG amOpaKPVVON KAV To KUTTOPA TAVON KOV e PBS
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Y TOLAGYIGTOV 3 MUEPES, KOTNKOV GE UIKPA KOUUATIO KOl 0modnKenTNKOY 6TOVG -
800C. O1 kateyvyuévol 1610t AvoPriomomOnKay Le AVOPIAOTOINTY Kol GTY] GUVEXELN
HETOTPATNKOV GE 6KOVN 6€ VYPO alwto. [ v mapaywyn vrostpopoatoc ECM, 1
oKOVN TG uNTpog Stehvtomombnke péow eviupukng méyng. Xpnoomotdnke meyivn
(Sigma-Aldrich, P6887) n omoia SwdvOnke oe 0,1 M HCl yia vo emtevydei
ovykévipoon 1 mg/ml. Ilepimov 10 mg ¢ okdévng ECM mpootébnkav ce 1 ml
SLAVHATOG TEWIVNG, TPOKEIEVOL Vo StahvTomomBovy ta cuatatikd tng ECM. Metd
a6 wepinov 48 dpeg, N UNTPa apoddnke pe 0&kd o&v 0,1 M yia va wapoydei drédAvpa
ECM nvedpova cuykévipoong 5 mg/ml, 1o omoio ypnoipomomdnke wg vrdoTpmo

eMKAVYNG Yo To KOTTOPAL.
Topég avevpova koppéveg pe axpipera (Precision cut lung slices-PCLYS)

Y& movtikia C57-Bl/6, nhikiag 8-10 gfoopdadwv, yopnyndnke SAL/BLM dmwg
neprypaeetal mapondve. Tnv 11n nuépa, ta movtikia Bucidotnkay Kot ot TVEOIOVEC,
HETA TNV OTOUAKPLVOT] TOL oipatog, dloykebnkov pe 1ml pe 1,5% Low Melting
ayapoln (15517-014-Invitrogen) oe @uG10AOYIKO 0pO. XT1 GUVEXELN, Ol TVEDUOVES
amopovodnkov kot emwdomkov oe péco RPMI (Thermo Fisher Scientific)
ocopuminpopévo pe 10% FBS kar 1% mevikidhivn-otpentopvkivn yia 30 Aentd otovg
4°C ya vo emurpamsi o molvpepiopds e ayopolne. O opiotepds AoPoc TV
YEUOUEVOV pE ayopoln mvevpovey, komnke og péteg 200um (PCLS) ue Vibratome.
> ovvéyela, o PCLS kaAlepynonkav og 700 uL pésov RPMI cuurminpopévou pe
10% FBS ka1 1% mevikidAivn-ctpentopvkivy o€ TAdKeS 24 mNyadldV GE TLTIKEC
ocuvnkeg (37°C xar 5% CO2) katd ™ Oodpkewn g vOytag. ‘Emetra, to PCLS
enwdotnkov pe 2um A-419259 (avacstoréag g owkoyévelng Src) kot H20 yu 3
Sradoykéc nuepesg, aArlalovtag tn Bepaneio kKabnuepwvd. Tnv 14n nuépa, ta PCLS
poviporomdnkay katd ™ didpkeia g viyrog pe PFA otoug 4°C, £m¢ 6tov ot géteg
evoouatmbodv oe mopapivn. Téhoc, topég Sum tov PCLS koémnkav pe ypnon

pkpotopov kot ypopatiomkay yioo H&E, F.G/S.R kot avticoparta avtictoyo.
AVTICONOTA-AVTIOPOOTIPLO

Ta avTIGOUATO TOL YPNCYOTONONKAV G VTV TNV HEAETN TTEpAapBavouV:
anti-Tks5 (SH3 domain) rabbit monoclonal antibody (Merck, 3174822, 1:100), anti-
SH3PXD2A mouse monoclonal antibody (Origene, clone OTI1F5-TA811757S,
1:250), collal rabbit monoclonal antibody (Thermo Scientific, RE2209815, 1:100),
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anti-A-actin (sma) mouse monoclonal antibody,(Origene, UM800129, 1:250),
recombinant Anti-Cortactin antibody (Abcam,ab81208, 1:500), Alexa Fluor™ 633
Phalloidin (Invitrogen, A22284, 1:50), MMP-9 (D60O3H) XP Rabbit monoclonal
Antibody (Cell signaling #13667, 1:100). Ta dgvtepotayn avticduota TEPIAaUPAVOLV:
Goat anti-Rabbit 1gG (H+L) Cross-Adsorbed Secondary Antibody Alexa Fluor 488
(a11008), Goat anti-Rabbit 1gG (H+L) Cross-Adsorbed Secondary Antibody, Alexa
Fluor 555 (a21428), Goat anti-Mouse 1gG (H+L) Highly Cross-Adsorbed Secondary
Antibody Alexa Fluor 488 (al11029) Goat anti-Mouse 1gG (H+L) Highly Cross-
Adsorbed Secondary Antibody Alexa Fluor 555 (a221424). T T QOopUOKOAOYIKEG
peléteg ypnowomomnkav ot akdAovbeg ovoieg:A-419259 inhibitor SML0446
(Sigma-Aldrich), Nintedanib SML2848 (Sigma-Aldrich) and Pirferidone P2116
(Sigma-Aldrich).

Amopovoon RNA ITocotiki) RT-PCR zwpaypatikod ypévov (Q-RT-PCR)

210 avOpomiva detypata, o RNA &&nydn and 30 - 50 mg xateyvyuévov
nvevpovikob 1otov og 700 pL Qiazol (Lysis buffer, Qiagen, Valencia, CA) pe didomaon
TOV 16TOV KOl opoyevomoinon pe niektpikd opoyevoromty (PolyTron homogenizer
H3660-2A, Cardinal Health, Dublin, OH) otig 19.000 otpoéc ava Aemtd yuwo 15
dgvtepOlenta, cOLPMVO e TIG 00Nyieg Tov Katackevaoty. To RNA kabapiotnke pe
to kit mMiRNeasy Mini (217004, Qiagen, Valencia, CA) pe t Ponbewr Tov
avtopatomompuévoy cvotiuatog Qiacube (9001292, Qiagen, Valencia, CA). H
kaBapotnta tov RNA emainfedvtnke pe t ypnon NanoDrop ota 260 nm kot m
notdmto Tov RNA a&oroynonke pe t xprion tov Proavaivt Agilent 2100 (Agilent,
Technologies, Santa Clara, CA). H PCR zmpaypoatikod ypdvov mpaypatonodnke pe
exkkivntéc  Tagman oOmwg  meprypdeetor  otov  moapokdto mivaka. Ot Tpég

KavoviKomomdnkav g Tpog tnv Ekepacn tov B2M.

2t detypara movtik®v 1o RNA e&qybn and tov apiotepd Aofo Tov mvedpova
ypnouonowdvtag to avidpactipto Tri Reagent (TR-118 Invitrogen) kot vrofAndnke
oe eneEepyoocio ue DNAse (RQ1 RNAse-free DNAse) npwv and thv RT-PCR cdugpwva
pe 15 odnyleg tov karackevacty. H ovvBeon CDNA  mpaypoatomombnke
ypnoonowdvtag 2 pug olkov RNA ava deiypa oe avtidpacn 20-ul ypnoyomoidvrag
mv M-MLV RT (Promega). H PCR mpayuatikod ypévov mpoayuatomomdnke oe
ovotuo aviyvevong PCR mpayuatikod ypdévov BioRad CFX96 Touch™ (Bio-Rad
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Laboratories). Ot tipéc kavovikomomdnkav ¢ mpoc v ékepacn tov B2m. H

Beppokpacio OAmV TV ekkivitov Nrav 58°C. Ot aAAnlovyieg TV EKKIVIITOV Y1 TIG

RT xout t1g yovidiwpotikég PCR ameikovilovtot 6Tov Tapakato mivaka.

Exxivntég kol aiiniovyies mov ypnoiporouniOnkay otnv RT kot oty yovidropatiki

TOVTIKOV

PCR.
Heprypaon Alinrovyia- Lot (yio tagman)
m1 SH3PXD2A Hs00206037
ml B2M Hs00984230
B2M F AGATGAGTATGCCTGCCGTG
AvOpomée B2M R CTGCTTACATGTCTGGATCCCA
TKS5 LONG F CTCCCAAGAAGGACGTGACA
TKS5 LONG R CTCTTGGACACTTCCCCAGT
COL1AlF CGAAGACATCCCACCAATCAC
COLI1ALIR CATCGCACAACACCTTGCC
B2m F TTCTGGTGCTTGTCTCACTGA
B2mR CAGTATGTTCGGCTTCCCATTC
Tks5 F GGAGCCCCTCTAAACACTATGT
Tks5R GGCCACCTTCAATAGGAAACTT
Tks5 long F TTATCAACGTGACCTGGTCTG
Movrikt Tks5 long R TTCGGATCCTTCTGGCCAC
Tks5short F TGGCTCACCGCGTGCTTTCTG
Tks5 short R CCTTGCTCTTCAGATGTGCTCACAA
Tks5 tm1b-d (ex11-12) F AAGACGAGATCGGCTTCGAG
Tks5 tm1b-d (ex11-12) R TCCCTATGATCTCCACCGGA
Collal F CTACTACCGGGCCGATGATG
CollalR CGATCCAGTACTCTCCGCTC
(A) CAS_R1_Term TCGTGGTATCGTTATGCGCC
(B) Sh3pxd2a 270538 F CTGCCCACCAAGTTCTTTCC
(C) Sh3pxd2a 270538 R AAAGCAGATCCCCCAGACAG
(D) Tm1b prom F CGGTCGCTACCATTACCAGT
(E) Floxed LR ACTGATGGCGAGCTCAGACC
(F) Sh3pxd2a F TATCCCTGGAAGCCTTCATCTGG
ExKwntég (G) Sh3pxd2a R1 GCAGCGTGAAAGCAGATCCC
YovoTOTNOoNg (H) Sh3pxd2a R2 GCTGTGCTTTTAGCCACTGCTGC

Long range 5'arm F

TTGTCGTGGCCTCTCTGAAGCAT

Long range 5'arm R

TCACCTTCTACCCCAGACCTTGG

Long range 3'arm F

AAGTATAGAACTTCGTCGAGATAACTTCG

Long range 3'arm R

GCGTTGCAGAGGATCGGTAAGCTG
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BromAnpo@opikn Kot 6TATIGTIKY.
Alnrovyion RNA

[Mopaockevdomnkav &1 delypata oAtkod RNA kot M ovykévipmon Tovg
puetpnOnke pe nanodrop (eacuatoemtopetpo ND1000 - PEQLAB). Ta dsiyuata
petpnOnkav og cvykévipwon 400-500ng/ul kau emopévag ypnoomombnke 1ul RNA,
a6 kdPe detypa, yio vo mpoympnoet | tpostolacio tng Pipiodnkng. H mowdtnta tov
RNA «ka0¢ deiypatog petpriibnke otov Broavorvtn (Agilent Technologies) pe m ypnon
TOV avTpactnpiov Kot Tov tpotokoiiov Agilent RNA 6000 Nano Kit. T'a v
npogTolacio TV BPAodnkdv avd deiypa ypnoonomdnke to 3' MRNA-Seq Library
Prep Kit Protocol for lon Torrent (QuantSeq-LEXOGEN™ Vienna, Austria) copemva
HE T1G 00MYieg Tov Kataokevaoty|. Ev cuvtopia, n onpovpyia Biplodnkng Eexivnoe pe
to oligodT priming mov mepi€yer t1g ocvuPotéc pe v lon Torrent odiniovyieg
ovvdéopov. Xpnotpomomdnkay 5 émg 500ng avd Sul RNA and kabe deiypa yo ™
ocvvleon G mPAOTG aAvcidag. Metd 1 obvBeon g TPOTNS  AALGIdAG
aropoakpovOnkav vroieippota RNA kot Eexivnoe n 60vBeon g devtepng aAvcidog
HE TuYOio eKKvNTh, 0 omoiog mepleiye ovuPatég pe v lon Torrent aAiniovyieg
GLUVOEGHOL G6TO 5' GKPO TOL, Kol Mo TOALUEPAST. ZTO onueio avtd gonydnocav
YpoppmTol kddwes. H ovvBeon tng 0e0tepmg aAvsidag akorovdnOnke amd éva otddo
kaBopiopod pe poyvntikd ceoipidie kot n mpokvmTovca Kobapiopévn Bipiodnin
evioyvinke ywo 14 kokAovg ko kabapiotnke ek véov. H moidtnta kou | mocotnTa kdbe
Bprobnkng a&loroyndnke oe Proovalvtn pe TN ¥PNON TOV OVTOPACTNPIOV KOl TOL
npwtokOAlov tov DNA High Sensitivity Kit (Agilent Technologies). O
mocotikomonpévesg Pipiodnkec cuykevtpobnkay pali oe telkn cvykévipwon 7pM.
H oudda Piprobnkdv vroPAndnke ot eneéepyocio oto cvotnua lon Proton One
Touch, 6mov ot Biiodrkec vodeiybnkov kot epmAovtiotkay gite pe to lon PI™ Hi-
Q™ OT?2 200 Kit (ThermoFisher Scientific) kot aAAniovynnkav, pe to lon PI™ Hi-
Q™ Sequencing 200 Kit oe lon Proton PI™ V2 chips (ThermoFisher Scientific)
ocoueovo pe to owbéoiua oto eumdplo mpwtokorlia. H aiiniodyion 3' RNA
TpaypotonomOnke oe cvotnua lon Proton™ System 13, copewva pe T1g 0dnyieg Tov

kataokevaotn. H apywn avdivon tpaypoatomo|dnke otov dtakopoatn lon Torrent.

154



Enaveiétaon dedopévov Single cell RNA-seq

Ta dedopéva arrnrovytonc RNA evég kuttdpov Anednkav and to GSE122960
Ko eneEepydonkay pe 1o makéto R Seurat (v.3.1.2 & 4.0.5)[176, 177]. Epapudotnke
TOPOLOO. UE TNV OPYIKN OTPATNYIKN] ovaAvong oedouévav. Apyikd, kabe dstypa
enelepydonke LOVO TOL. META TNV 0QAIPEST) TV KLTTAP®V KO T®V YOVISI®V YOUNANS
ToloTNTOG, To dedopéva kavovikoroOnkav pe tn pébodo LogNormalize tov Seurat
KO T GUVEYELN EMAEXONKAY TO KOPLQOio LETOPANTA YOPAKTNPIOTIKA P TN HEBOJO
vst. Ta dedopéva Katnyoptrorombnkay mptv amd Ty €QopUoyn TG avadivong KOplwv
ocuviotwo®Vv (principal component analysis, PCA) kot tv €niloyn Tov Kopueainv
KOPLOV GLVIGTOOMV. O1 TEAEVTAIEG XPNCILOTOONKOV Yo [0 OPLOSOTTOINGT) KLTTAP®OV
pe t Ponbein ypagnuatoc Shared Nearest Neighbor (SNN) ot té)log,
mpaypotonomOnke peimon g dwotatikodtnrog t-SNE. H tvmomoinon twv xuttdpov
akolovnce 660 0 duvatdv TEPIGGHTEPO LTI TNG OPYIKNG avdAvonc. H evomudtoon
TOV OEYHATOV TPAYLOTOTOMONKE HE TOV TLTIKO Oywyd evompdtwong Seurat v3
apyKa yro detypata evtdg Kabe Kot 6T GuvEYELD LeTalD eoavotummy (80tng ko IT1T).
Ta olokAnpopéva dedopévo emavadtafoduiotnkoy, eravoainednke n opadoroinon
Kot M petoon g dactotikdtnToc. Ot TVTOL KLTTAP®VY TOL KANpOovounOnKav and v
aVAALGN LEUOVOUEV®V SEYUAT®V ETKVPpOONKaV Kot S10pBmbniay dmote amattnOnke
GUUEMVO LE TNV OpyIKN OMpocicvon tov cvvorlov dedopévav. Ta yovidla-oeikTeg
npocdopiotkav pe tn ypnon tov Wilcoxon Rank Sum test mov epoppoctke oty
vrodoyr] "RNA" tov avtikeyévov olokAnpopévav dstypdtov. Q¢ katdtato Oplo
OLLPOPIKNG EKPPACTC YPNOLOTOMONKAY amOAVTEG POPES HeTABOANG TOVAd IGTOV 1,2
o€ QLOIKT KAMpoko kot p-value stopBwpévn katd Bonferroni pikpotepn amd 0,05. Ot
VIO-0pAdES voPAacTdV mpocsdlopictnkav pe avdivon 0,1 aeod amopovodnkav to
KOTTOPO WWOPALAGTAOV OO TO VTOAOUTO GHVOAO SEOOUEVMV, ETAVATPOCIOPICTNKOY GE

KMpaxo Kou Bpédnkay véa HeTABANTA YOpaKTNPLOTIKE OTMG TOPOTAV®.
EneCepyocia dedopévav

Ta apyeio. FASTQ ¢ Quant-Seq (Lexogen) mov mpoékvuyav omd T dtadikacio
aAAniovyiong lon Proton emefepydotnkav pe to Trim Galore (v.0.6.51) ywo v
aPAIpEST) TOV AKP®V avAyvOong yYopning modmrog pe Paduoroyio Phred 20. Xt
ouvEREl, eQoppootNke dSwdwkacio  gvbuypdppong o6vo  Pnudtev. Ot mpo-
eneEePyaoUEVES avayvmoelg vbvypappiotnkay pe To yovidiopa avapopds GRCm38

(Ensembl) pe to HISAT2 (v.2.2.1) ko1, 61 GUVEKELQ, Ol OVOYVOGELG TOV TOPEUELVOLY
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YOPIg YopToypaenomn vrofANnOnKay ce devTEPO YOPO ELOLVYPAUUIONG UE TN YPNOT TOV
BOWTIE2 (v.2.3.5.1).

YnoloyloTiki] avaivon

H avéivon tov apyeiov BAM mov mpoékvyav mpayupotomomdnke pe to
metaseqR2 (v.1.9.2)[178]. Ev cvvtopia, Ta akatépyoaota apyeia BAM, éva avd delypa,
cuvvoyiomnkav o€ évav mivako kotapétpnong avayvoocewv 3' UTR, ypnoipomoidvtog
10 Takéto GenomicRanges (v1.44.0)[179] ko to Ensembl mouse genome mm10. I'a
v katopétpnon tov UTR ANebnke vrdyn oddxdinpn n tepoyn 3' UTR, pe ehdyioto
unkog 300 Cevyn Baoewv kou 50 Levyn Pdocwv o va mhoucidcel to akpo UTR. Xtov
TPOKVTTOVTO TMIVOKO KOTAUETPNONG AVAYVAOCEMY, KAOE YPOUUN CVTITPOCHTEVE Lol
nmepoyn 3' UTR kot kéBe otAn éva detypa Quant-Seq. Xtn cuvéyelo, ol ovayvAOGoELg
ocuvoyioTnkay ove Yyovidlo Kot O EMOTPEPOUEVOS TivoKag oplduod  yovidiov
Kavovikomombnke pe 1 ypnon tov mokétov EDA-Seq (v.2.26.1)[180] apod
apapénkay ta yovidio mov glyav UNdeVIKES avayvacels oe OAa ta delypata. Metd
TNV KOVOVIKOTOINGT, Ol UETPNOELS TV YOVIdlov @uktpdpovtay yio. mhovd yevdn
OTOTEAECLOTO  YPNOLOTOIDVTAG TIS TPOEMIAEYUEVEG EMAOYEC  QIATPOPICUATOC
yovidiwv. O QATpapiopévog Tivakog HETPNOE®V Yovidimv voPAndnke oe avdivon
SLPOPIKNG EKPPOCTG PNOYLOTOIDVTOS SAO0YIKE KoL TIG EVVEN EMUEPOVS LEBOSOVS
GTOTIOTIKYG oviAvong mov vroostnpiloviat amd To metaseqR2. Xt cuvéyeta, ot pP-Tyég
Toug ovvdvdomkay pe tov aAyopidpo PANDORA yia va AneBodv vaoyn, petald
ALV, To Yevddg Betikd amoteAéopata oL ovoeEPONKav. Q¢ KatdTUTA OploL
dapopiknc Ekepoong ypnolpomomdnkay dopbopéveg kotd Benjamini-Hochberg
Twég p-value tov PANDORA pkpdtepeg and 0,05 ko amdivtn ovadumAovpuevn
petafoin tovAdyiotov 1,2. Ot KovoVIKOTOMUEVES TYLES EKOPAICTG TTOV OTALTOVVTOL Y10
KkGOe heatmap avaxkmOnkov kot toromodnkav oe 6ha ta dsiypata. H epapyixn
opadomoinon TV delypudtov kot tTov yovidiov Paciletor oty vmoAioyilopevn

evkAeidela andoTaoN
Av@ivon PTAOVTIGCHOD YOVIOLOK®OV GUVOL®MV

Ta amoteAéopoto TG avdivong d1apoptknig EKppacns ta&voundnkoy Kotd
@Bivovca moAAaTAY LETAPOAT Kot ¥PNGILOTOONKOY V1ot TV OVAALGT| EUTAOVTIGLOV
yovidluk®mv ouvolmv (GSEA) évavtt O6pov g yovidiakng ovioroyiag[181]

YPNOWOTOIDVTAG 10 mokETo  avdivong  clusterProfiler  (v.4.0.5)[182].
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XpnNowomomonKe 10 VIOYEYPOUUUEVO KOVOVIKOTOMUEVO oKop eumiovticpov (NES)
Y0 TNV OTOUOVMOT) TG KOPLPTE TOV CTIUOVTIKA EUTAOVTICUEVOV entaryopuevav (NES >

0) ko katactoipévov (NES < 0) dpav (mposappocspévn tiun p < 0,05)

Text mining

H Pacwr ypapun oedouévov PubMed 2022 petopoptodnke amd tov
avtiotoyo ototomo FTP. To maxéto XML R (v.3.99.0.8) ypnowomombnke yio
onuovpyia evog koppov pe Bdomn v mepinyn, o omoiog ot cvvéyela avalntnonke
ue to mokéto rentrez R (v.1.2.3) ywa IPF[AIll Fields] OR (\"pulmonary fibrosis\"[MeSH
Terms] OR \"pulmonary fibrosis\"[All Fields]) OR (\"lung diseases,
interstitial\"[MeSH Terms] OR \"interstitial lung diseases\"[All Fields] OR
\"interstitial lung disease\"[All Fields]) omo¥ mepieiye otoyeio. Xtn ocvvéyela,
TpaypoTonomOnke atoponoinon twv avlporvev yovidtokdv coppforov HGNC pe
xpron tov moakétov pubmed. mineR[183] (v.1.0.19) kot ta avaktnOévia yovidio
dwoTawpmdnkav pe To avOpoTve, opdloya TV Spopikd ekEPAlOUEV®Y YOVISI®mV
Quant-seq TV movtikadv. H yaptoypdenon tov xopaKtnpioTik®v OLOAOY®V TPOEKVYE

pécm tov makétov biomaRt R[184] (v. 2.48.3).

Avaivon TopayovTeOv PETAYPAPNS

H avdivon moapaydviov petaypagng mTpoyuatoromdnke pe tm ypnon Tov
nakétov DoRothEA R[185] (v.1.4.2). E&etdotnkay 6Aot o1 puOuoTég HeTaypopikdV
TOPAYOVTIOV-GTOY®V TOV TOVIIKOV Y. Tovg Lyning mowotntag ("A" emimedo
EUMGTOGVUVNG) GTOXOLG oL TEPAAUPovaY 0TolodNTOoTE Ond TO SLOPOPOTOMUEVAL
exppalopeva yovidra Quant-seq. To emaxodrlovbo @iktpdpicpa datnpnoe eketva to
Cevyn oAAnAiemidpaong Omov kot ot 000 OAANAemOpdvTEG PpéOnKav onuovtikd
aroppvOcpévol oto meipapo pallkng aAAniovyions. Me Bdon tov tpdmo pvOUIoNC
(mor) 6mwg meprypaeetar ot Pdon dedopévav DOROhEA kat ta dedopéva Stopopikng
gkppoong mov mposékvyav omd tnv Quant-seq, dtoutnpnOnkav Cedyn pe v dua 1§ v
avtifetn KatebBuvon amoppLBUoNG 08 TEPUTTAOGELS EVEPYOTOINOTG 1] KATAGTOANG TOV

HETOYPAPIKOD TAPAYOVT, OVTICTOLYO.
Avaivon CMap/LINCS

H avoliqmon ot Pdaon odedouévov CMap/LINCS (https://clue.io/query)
TpaypaTonomOnke pe m ypnon tov 150 kopveainv yovidiov mov puduilovtor mpog to

Tiveo Kot Tov 150 kopveaiov yovidiov mov pvBuilovtatl Tpog to kdTm, Tatvounuéva
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pe PBdon ™ omAn petafolrr. To 150 amotelovoe tov péyioto apBpd yovidiwv mov
vrootnpilovtay amd v TAaTeopua. AlepeuviOnkay ded0UEVA YOVIOIOKNG EKQPOCTIC
L1000 amnd to Expanded CMap LINCS Resource 2020 (televtaio gvnuépmon
23/11/2021). Ta arotelécpata eneéepydotnkay pe to makéto R cmapR (v.1.4.0). Ot
dopbopéves pe FDR tipég p-values pikpotepeg and 0,05 ypnowomombnkay yio tnv
OTOLOVMOGT] T®V VLIOYPOPDOV TOV EYOV OTOTICTIKA ONUOVTIKY] COUVOECT UE TNV
TOPEYOUEVT] KOL 1 LTOYEYPOUUEVT] Kavovikomomuévn Badpoloyia cuvoeciudTrag
(NCS) ypnoonomdnke yio tn d1aKpion LeTaED TOPOUOI®V Kot OVTIOET®V VITOYPUPDV.
‘Eugaon 866nke oe evoelg (trt_cp) kot nentidwo (trt_lig) pe non yvowotd unyoviepd
dpdiong Kot yvooTovg 6tdyovs. AmoppipOnkay chvora dedopévav mov Teptlappavoy

puévo pio emavainym n/xo didpketa Oepaneiog dtopopetikn amd 24 MpEC.
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Iivakeg

Hivaxkag 1. 'Exppacn MRNA TKS5 o6t opddsg acOevov pe Il og ocvykpion pe Tig
avticTtolyeg opdosg eiéyyov. Olo to kovovikomomuéva kot emaveEetalOpeve cOVOA
dedopévmv tpoépyovtat amd to Fibromine (Fanidis, Moulos et al. 2021).

PMID Samples GEO dataset Platform IPF/Ctrl FC FDR

Lungs of patients collected during pulmonary transplant compared with control ones derived

19363140 from cancer free lung margins. GSE10667 GPL4133 21/14 1.29  343E-02
Fresh frozen lung ples from IPF pati were compared to normal lung tissue flanking

3 332 pulmonary cancer areas. GSE110147 GPL6244 22/11 -1.23  1.95E-03
IPF lung tissue originated from LTRC were assessed in comparison to healthy lung tissue of

21241464 cancer patients and a lung transplant. GSE21369 GPLST0 11/6 209 481E-02

21974901 IPF lung samples transcriptional profile was compared to that of control samples from lung GSE24206 GPLST0 6 210 1.08E-02

= —  volume reduction during transplantation. el e . = E 2

26560100 . GSE4T460 GPLG480 28/15 1.23  3.69E-03

~____ IPF lung samples were compared to healthy ones collected during an exploratory surgery. D —

26560100 = = = GSE4T460 GPL14550 84/75 1.31  1.54E-20

21360308  Microarray data from IPF patients were juxtaposed to data from control individuals. GSE481490 GPL16221 12/5 1.56  2.79E-03

25217476 Ei::f-::‘c::eb\;rl:-:su IPF and control transcriptomic profile were examined based on lung \E43545 GPL6430 30/7 128 1.24E-02

; E Vi XA to identify ipti i T
28230051 LTRC IPF and control samples were examined to identify transcriptional differences between GSE02502 GPL11154 1918 178 4.24E-06

disease and steady state conditions.
20329637 Scarred regions from explanted lungs were compared to healthy control lung tissues. GSE9962] GPL16791 8/8 1.52  3.70E-03

PMID: PubMed ID; GEO: gene expression database - datasets arve Inperlinked; Platform: the hyperlinked munbers indicate the profiling technology; FC: fold change;
FDR: false discovery rate; IPF: idiopathic puimonary fibrosis; LTRC: Lung Tissue Research Consortium.

Mivokog 2. ANpoypo@ikd Kol KMVIKG YOpUKTIPLOTIKE TOV 0TMOV TVELROVIKOD 16TOV.

Characteristic IPF (n=20) Control (n=9) COPD (n=19)
Age (vr)(Mean = SD) 648 =83 688+ 139 679+ 14.1
Gender, n (%)

Males 13 (65%) 4(444) 14 (73.6%)

Females 7 (35%) 50 (55.6) 5(26.4%)
Race, n (%)

White 19 (95%) 9 (100%) 19 (100%)

Hispanic 1 (5%) 0 0

Pulmonary function tests
(Mean = SD)

FVC% 66+ 14 9416 764 =142
DLCO% 46+ 15 86+ 13 58.9+ 21.2
FEVI1% 73+ 14 9311 53.3+£2]12

*FVC%: Forced vital capacity percent predicted; DLCO?.: Carbon monoxide diffusing capacity percent predicted,
FEV1% Forced expiratory volume in | second percent predicted
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Mivakag 3. ANpoypo@IKd Kol KAMVIKG YOpUKTNPLOTIKA TOV 60TOV TVEVHOVIK®V WVOPAUGTOV.

Characteristic IPF (n=35) Control (n=5)
Age (yr)(Mean = SD) 73.8+ 20 64.8 =10
Gender, n (%)
Males 4 (57%) 3 (60%)
Females 3 (43%) 2 (40%)
Pulmonary function tests
(Mean = SD)
DLCO% 48 =11 5212
FEVI/FVC% 967" 72+10
Podosomes
% Cells with podosomes/area 52127 104 +4
Podosomes/cell RES R 1+1

"FVC%: Forced vital capacity percent predicted, DLCO%: Carbon moenoxide diffusing capacity percent predicted.
FEV1% Forced expiratory velume in 1 second percent predicted. Statistical significance was assessed between IPF
and control groups with unpaired t-test followed by Welch'’s correction; =" denote p<0.01/0.0001.

Mivaxag 4, 5. Amoppvdcpévae yovidwo ko povorndtio, og Tks5™ I petd v Katepyosio
pe TGFp.

mailto:https://www.biorxiv.org/content/10.1101/2023.01.25.522705v1.supplementary-

material

IMivakag 6. EvOoelg pe Tapojioto petaypogukod mpogik pe ekeivo Tov vopractdv mvedpova Tks5™

mov oweyeipovran a6 Tov TGFp.

NCS Name Main Target Targets Cell line PMID IPF Relevance
Inhibition of Aurora Kinase B attenuates
1.760  GSK-1070916 Aurora kinase AURKBAURKCAURKAICYP2D6ICYP3AS BT20 32761869 fibroblast activation and pulmonary
fibrosis
1.733 PSB-069 NTPDase ENTPD1ENTPD2ENTPD3 MCF7 - -
1716 SANT-2 Smoothened receptor SMODHHIHEHPTCHI|SHH HAIE - -
Reversion of TGFbl-induced, XPLN/
= SPARK-mediated extracellular matrix
1.697 tat HDAC HDAC1HDAC2HDAC3HDACY YAPC 28315487
e i turnover in human foetal lung fibroblast
cell Line
Tyrosine kinase mhibitor attenuated
21002121 worsening of lung function, maintained
KDREITFLT] FLT4PDGFRE[PDGFRABR quality of life and reduced acute
1.695 pazopanib VEGFR [KIT [PDGFR  AFICYP2BSCYP2CSCYP2EIDDR2CSFIR|  MCF10A exacerbations of IPF patients
FGFIFGFRIFGFRIITKISHIB3 PDGEFR inhibition attenuated enhanced
27279371 diff and proliferation of
myofibroblasts
R =t PDGFb1-induced Iung fibrosis is blocked
£ ALKMETCYP2BSCYP3ASMSTIRROS] p 556363 o A%
1.683 crizotinib ALK 3 T™MDS 15563636 by an orally active ALKS kinase inhibitor
Increase of Sulfl mRNA levels, a potential
. ; - s negative regulator of TGFb-1 induced
1.671 emetine Prote RPS2 A375 18503048
hein suioeis fib through inhib of protein
translation
1.667 TAK-875 Insulin FFARIINS A375 -
Block of endothelial to mesenchymal
transition and artery smooth muscle cell to
1.664 filgotinib JAK JARIJAR2JAK3ITYR2 XCL10 29440315 myofibroblast transition via JAK inhibition
thus reducing bleomycin-mduced
pulmonary fibrosis
1.664 arofylline Phosphodiesterase PDE44 PDE4BPDE4C PDE4D PC3 =
1.663 lox:fe E ESRIESRZACVRLIENG HT29 35541004 Feduchion of gysemc aclemats 1f 5C

160

derived fibroblast proliferation. production


mailto:https://www.biorxiv.org/content/10.1101/2023.01.25.522705v1.supplementary-material
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of extracellular matrix and san fibeoss i
bumas organosds and mouse model
Samacatuud, a Selective Src Kinase
1.661 WH-4023 Sec LCRSRCABLY MCFI0A 35908081  Imhibutor, Blocks Fibrotic Responses in
Preclmical Models of Pulmonary Fibrosss
Iohibatioa of {lular degradation and
1.661 teefeld: Protemn syntheus (BIG]  ARFOEFIARFGERXGBFIARFICYTH:  HCTI16  S420043 thus secretson of collagen m normal human
fetal lung fibroblasts
> PI3K miubition atteuates myofibroblast
1655 TGX.221 PK POUCBIOUCD MCF10A ] . bt g

1654 motesansd KIT PDGFR [VEGFR FLTIFLT4XDRITSOGFRARET MCF10A - .
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2.2 Awgpeviviion Tov péiov Tov yovidiov Versican oty ma0oyEvero g

IdrwomaBovg Mvevpovug ITvoong

2.2.1 In silico perétn TV emmédo0v EkQpactg o€ acOeveic pe ITTT

INo va diepguvnBet n mBavny coppetoyn tov VERSICAN (VCAN) oty II1I, 1
éxppoomn tov VCAN diepeuvnnke o cuvora peTaypaptkdv dedopévov g I, ta

omoio. wpoépyovtar amd 1o Fibromine (http:/www.fibromine.com/Fibromine/) o

Baon dedopévev yia v avakdivym yovidiov otdyov g 1. H ékepaocn tov VCAN
Bpénke onuavtikd oavénuévn omv mAsloyneic Tov GLVOAOL OEOOUEVAOV OV
dlepeuvoy TV €Kepacn yovidiov otovg tvevpoves acbevov pe I évavtt atdpwv

eréyyov ( Ewova. 56A), copmepthappavopévav 600 and ta peyorvtepa (Eucova 56B,
O).

GSE47460_GPL6480 GSE47460_GPL14550

VCAN (log2fc)

Eiwxova 56: In silico avaiven emmédwv éxppacns VCAN oe acleveis ue I A)
2ymuatikn  ovorapaotacy s Ekppaons tov VCAN oo ovvoia dcdouévaov tov
Fibromine. B-C) Avuznpoowmnevtika Volcano plot oto omoio amsikovi{etor n éxppaon
700 VCAN kobag ka1 n Ekppoon yvwatav yovidiwy mov guriékovior atny maboyévela

THS VOOOU.

Me v ypnon tov 1010V O1dIKTLAKOL EpYOaAEiov eEeTdotnKay Ta EMImEdN
EKQPOoNG Kot GAL®V TPOTEOYAVKAVAOVY KaB®G emiong kol 1 EkEPacT YoVidiwv Tov
EUMAEKOVTOL GTO HOVOTATL GUVOESTG KOl OTOIKOSOUNGNG TOV VOAOVPOVIKOD 0&EOC.

Bpébnke 01110 VCAN €givor n mo evpémg ek@palOUevn TpOTEOYAVKAVT] GTOV TVELLLOVOL
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acBevov pe I (Ewodva 57A) ko 6t1 o1 acbeveic mapovcsidlovv amopubuiopuévn

£KQPOOT YOVIOI®V OV EUTAEKOVTOL GTO LOVOTATL TOV DOAOVPOVIKOD GTO 10100 GUVOAL

dedopévov (Ewova 57B).

A B

PGs (log2Fc)
&
a
o
e
HA PATHWAY (log2Fc)
PLe o]
fo %e |
@ | AR
7 2

24+
N N N N N S
R . S R R
L F FE S I I & 0 o a2
ETTT IS S FEELSSE SIS

Hyaluronan And Proteoglycan F 1
Link Protein STIMULI RECEPTORS

Eiwxova 57: In silico avaiven emmédwv Exppacns mpwteoylokavav A) kar yovidiwv
OV EUTAEKOVTOL OTO HUOVOTGTI GOVOEGNS KOl QmOIKOOOUNGHS TOD DOLOVPOVIKOD B)oe

aobeveig ue I111.

"o v g0peoT ToL KLTTAPLKOD THTOV TV TVELUOV®VY TTOL eKPpdlovv 10 VCAN,
PN OCILOTOONKE 10 SLSKTVOKO epyoieio UCSC cell  browser

(https://www.nupulmonary.org/resources/) 1o omoio mepthapfPdver dedouéva amd

avdivon single-cell RNA-Sequencing mov mpoépyovtar amd 8 acBeveig pe I ko 8
VY1Elg 80TEC. ATO TO GHVOAO TV KLTTAPIKMV TOTT®V TOL TveLOVE, TO0 VCAN exppaleton
Kuplwg amd HOKPOPAYO TVELHOVIKOUG WOPAAGTEG HOVOKDTTOPO KOl OEVOPLTIKA

KOTTOPO 6TOVG TVELHOVES acBevav pe ITII.

Eotualovtog moapandve otovg voPAdoteg, mov amotehovv Pacikd KOTTOpo
otV e&EMEN ¢ LTI, mpaypatoromOnke petd avaivon TV O100ECIU®V OEO0UEVOV LUE
oKomo TNV €UPECT TOL EWIKOV KLTTOPIKOL VTOGLVOAOL TWV WOPAUGTAOV 7OV
exppalovv 10 yovidlo. Amo Vv avdivon mposkvyay 4 EMPEPOVS VITOKOATIYOPiES
woPAactdv (clusters), To kKabévo amd ta omoia yopoaktnpiletor amnd v EkEpaot
GLYKEKPIUEVOV YoVIdiwv. ATd avtd to cluster 0 eivar o vromAvBuopog vofract®dv Tov
ek@palel KoAayovo eved to cluster 1 givor o minBuouodg mov exepalel v a axtivn
Aetov poode. To VCAN Ppébnke va ekppdletor kupiog oto cluster 0 mov exppdlet
KoAhayovo kor yovidw omwg m MMP2, PDGFRA, CD44 (Ewodva 58A). To mo

ONUOVTIKO E0PMULAL TTOV TTPOKVTTEL GO QLTHV TNV AVAALGT| £Ival OTL GTO GLYKEKPIUEVO
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cluster n éxppaon tov VCAN evtomileTon 6TATIOTIKO ONUOVTIKE avéEnuévn oto KOTTOPO.

mov tpoépyovian omd acbeveig pe Il oe oyxéon pe toug vyeig paptopec (Ewkdva S8B).

A B
HAS1H{ - - - . VCAN
AXINZd - . . - Average Expression
PDPNAqQ« - = -
CD444{® « @0 o
THY1{ - - - - :
FAPH - - - - -
PPARGH - - - I 0.5 %
PDGFRB 1 @ L P |
PDGFRAH{ - e @ 0.0 S
CD2744 - - @
COLiA1{ @ e « Percent Expressed o
MMP94 - - - .0 a
MMP2 - 00 i
MYH11 4 - . . e 25
CTHRC1 A e ® 50
ACTA2 4 @ e e
VCAN A LA ] @5
T N \ v 9
SNVH Identity

Eiwxova 58: Exppacn tov Vean 6tovg vmominOoouovg twv ivoflactav A) Lynuotikn
QVaTOPCOTOCH TV EMUEPOVS VTOTANODOUMDY TV 1VOFAAGTOV, OTWS TPOKDTTOVY QIO
ueta-ovoivon tv oiabéoiuwv deoouévov. B) 2to cluster 0, oto omoio exppaleton
kvpiwg 1o VCAN, 1 éxkppoon eviomi{eTol oTaTioniKa OHUOVTIKG QVEHUEVH TTO, KOTTOPO.

oo poépyovror amo acbeveig ue 111

2.2.2 In vitro peréTn TOV EMAEOOV EKPPUOTNG GE GELPES TVEVHOVIKAOV

wopfractoOv

Mo v mepartépm e&€taom g EKPpacmg Tov Yovidiov, ypnooromonke to in
Vitro LOVTELO NG MVELOVIKNG VoG, 6TO 0010 TPayHOTOTOLEITOL KAOAALEPYELD TMV
KLTTAPOV TTapovGio Tov Tpo-vemTikoh mapdyovia TGFR. Apywd ypnoyomomdnkay
TpToYEVELG avBpdmivol Tvevpovikol vofAdotec, o1 omoiol emmwacThKay Yo 24 OPEG
pe 10ng/ml TGFB. Metd v amopdvmon tov RNA, eéetdomkav ta enineda mRNA
€KQpoong Tov veTkoL Yovidiov COLIA to omoia, Onwc avapévetat, avcdvovtat Letd
v enoaon pe TGFR. Bpénke 6t n diéyepon pe TGFEP av&aver ta enineda Exppaong

tov VCAN og avBpamivoug mvevpovikovg vopAadortec, (Ewkova 59).
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Ewxova  59: Avénuévy éxppacny tov VCAN oe mpwtoyeveis avOpomivovg
TVEVUOVIKOUG vofidateg, uetd v exmaocy ue TGEP. A) Avénuéva emireoo. mRNA
éxppoong tov wvotikod yovioiov COLIAI ueta v enwoon ue TGEB. B) Avénuévo
eminedo, mRNA tov yovidiov VCAN. Xvykevipwtiko. omoteléouara amd 2 aveCoptnto.

TEPOUATAL.

2tV ovvéyeta ypnooromnke n kuttapikn oelpd MRCS. Ta kottapa MRC-
5 eivon avBpomivor guPpuikol wvoPrdoteg Tov mvedpova. [paypatomrombnke 1o id10
melpape Kol cav yovidlo ovaeopds tng ivoong ypnowonomdnke n FNI, to omoio
eniong av&dvetar mapovsio TGFDP. Onwg kot 6t00g TpmToyeveic voPAAcTES, £TGL KO

otV kuttapikn oepd 0t 0 TGFP endyet v ékppaomn tov VCAN (Ewova 60).

A B e Vhe
® Tgf-p1

Fedkodk
ik

20

s

s o 4

10=

Fl

FNT mRNA levels
[~
L
+ | BN ]
VCAN mRNA levels

e

Doty

Eiwxova 60: Avénuévy éxppacny tov VCAN oty kvttapiky eeipa MRCS, ueta tyv
enmaon ue TGEP. A) Avénuéva emimeda mRNA ékppaons tov vaotikod yovidiov FNI
ueta v exwoon ue TGFP. B) Avénuéva eminedo mRNA tov yovidiovo VCAN.

165



H éxppaomn tov Vean peletnke kol og TveELUOVIKOVS VOPAACTES TOVTIKAOV
Yl va. eTaAnBgvuTovy Ta Tapandve evpnuata. Etol mpaypoatomomdnke 1o 1010 meipapa
1060 G€ TPWTOYEVEIG TVEVUOVIKOVG WVOPAGCTEG TOVIIKAOV 0G0 KOl GE KVTTOPIKT GEPY
euPpuikdv mvevpovikov wvopractdv (3T3). Onwg kot otovg avBpdmivovg, €161 Kot
GTOVC TTVELUOVIKOVG VOPAdoTeC TovTik®y, 0 TGFP avéavel v ékepaon tov Vean oe

eninedo mRNA (Ewova 61).
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Eiwxova 61: Avénuévny éxppaocn tov Vean 6e mveouovikovg vofAdeTes TOVTIKAY,
ueta ™y enwaon ue TGFR. A,C) Avénuéva erireoo mRNA ékppoons tov 1vwtikod
yovioiov Collal ueta v enwoon ue TGEP, oc npwtoyeveic mvevuovikovs 1vopAGoTES
TovTik@v(A) Ko oty KuTTOpIKY GEIPG EUPPLIKOV Tvevpovikwy wvoplactav 3T3. B,D)
Avénuéva eminedo mRNA tov yovidiov Vean oe mpmtoyeveis TvevioVIKODS 1vOPAAGTES

rovtkwv(C) kou oty KOTTOPIKN OEIP0. EUPPLIK@Y Tvevuovikwy voflootav 313 (D).
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Ymv kuttapikn oepd 3T3 apaypatorombnke ypwon Alcian Blue mapovcio
TGFp, n omoia aviyvevel v vmapén tpwteoyAvkavov kot yAvkolapivoyAvkovoy. H
enwoon pe TGFP avédver v mapovcio mpmteoyAvkavav otovg 3T3 woPrdotec.
Mdéhota, o TGFB ¢aiveton vo emnpedlet v 0éom ToVG Kot 0md TOV TLPMVA TOV
KutTdpov mov evromilovtol e LGLOAOYIkEG cvvOnkeg (Ekdva 62A, okovpo UTAE)

EMAYEL TNV LETATOTION TOLG 670 KuTttopdmiacua (Eikdva 62B).

A Vehicle B TGFp

7 3 7

Eiwxova 62: O TGEp emayst tyy EKQpacy TV TPOTEOYIVKAVAY 6 EUBPLIKoDS
AVEVUOVIKOVS VOfAdotes. AVUImpoommevtikés eikoveg amd ypawon Alcian blue oe

kotrapo. 3T3 ywpis v mopovaio. wapayovio. (A) koa ueta oo exwaon ue TGFp (B).

Metd v perétn tov VCAN oe eninedo RNA e€gtdotnke kou 11 EK@poon Tov
o€ eMimedo mPWTEIVNG pe TV xpnon avocopBopicuov. Ipaypoatonombnke ypoon e
avticopa évavit e VCAN og avBpodmvovg mvevpovikovs tvoPrdoctes. Emmiéov
€EETAGTNKE KO O KVTTAPOGKEAETOC TV WWOPAAGTOV LE xpdomn yia TV F-axtiv. Ormg
eaivetan ko oty ewkova 63 o TGFP emdyer v ékppaocn g VCAN ko o€ eninedo

TPOTEIVNG.
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Vehicle

Tef-B1 24h

Ewova 63: Avénquévy éwxppacny tov VCAN o mportoyevels avOpamivovg
mvevUovIKOUS vofldcteg, uetd v emmaocy ue TGFp. IlpayuoaromoinOnke omin
xpwon  avoogopblopiouod, ueta v owéyepon  ue TGEFP.  Iopovoidlovrau
OVTITPOOWOTEVTIKES EIKOVES, OTIC OTMOIEG UE UTAE YPOUO. PAIVOVIOL 01 TUPHVES TV

KOTTAP WY, e Tpaoivo n mpwteivy VCAN kol pe kKOKKIVO 0 GKEAETOS TOV KDTTOPOV.

Ocov apopd TOVG TVELUOVIKOVG VOPAAGTES TV TOVTIK®V, SomcT®OnKe 6Tl 0
TGFB, endryer v Ekppacmn g Tpwteivng toco otny kuttapikn oepd 3T3 (Ewova 64),

000 Kol 0€ TPWTOYEVEIC TVELOVIKOVS voPAdoteg (Ewkova 65).

Vcan F-actin Merge

Eixova 64: Avénuévy éxppaocn tov Vean 6& Tvevpovikovs sufpoikovs vofldoetes,

ueta ™y enmaony pue TGFP. TpayuotomornOnke oAy ypwon avocopBopiouod, LETO,
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v oéyepon ue TGFL. Topovoidlovial aviimpoommTEVTIKES EIKOVES, OTIC OTOIES UE UTAE
APOUO. POIVOVTOL 01 TUPHVES TWV KUTTOPWV, ue mpooivo 1 mpwtervy VCAN koi ue

KOKKIVO 0 OKELETOG TOD KOTTOPOD.

Vehicle TGFpB

Eixova 65: Avénuévny éxppacn tov Vean e mpotoyevels mvevuovikovg vofldotes,
ueta v enmaony ue TGFP. lpayuotomornOnke oAy ypwon avocopBopiouod, LETO,
v oéyepon ue TGFP. [opovaidlovial avTimpoosmTEVTIKES EIKOVES, OTIC OTOIES UE UTAE

XPOUC QOIVOVTOL Ol TVPHVES TV KUTTAPWY Kal ue tpdoivo n mpwteivy VCAN.

Onwg kot pe v ypaoon Alcian Blue, étol kou otov avocopBopiopod, o TGFB
EKTOG Omd TNV KOvVOTNTA TOL Vo €mdyel TNV ékepacn tov Vcean, gndyel emiong
LETATOTIGN TNG TPMOTEIVNG ad TOV TLPTVO GTO KVTTAPOTAAGUO G T0c05TO 60-70%.
H avdivon K-curve, 1600 og un dieyeppévoug voPractes, 0G0 kot 6€ voPAAcTES LETA
mv d€yepon pe TGEP, £€deiée O0TL evd oe PLGI0AOYIKEG GLVONKES 1 péylotn Evaom
ONHOTOG TOGO TOL TTVPTVa OGO Kol TG TpwTEivS Towtilovtal (Ewova 66A), petd v
oéyepon pe tov TGFP n mpwtevn petatomiCeton Kot To HEYIGTO OO TNG AVLXVEVETAL
og mepLoyég £kTOg Tov Tupnva (Eucova 66B),Avti n mpotdtunn andxpiorn tov TGER,
nmapatnprOnke og movrikia, Kupimg oe euPpuikovg voPfrdotec, Kot mbovov epumiékeTon

6€ KUTTOPIKES PLOAOYIKES dlepYaTieg AmMAPOITTEG YLl TV OAVATTLED.

169



Vehicle

...........................

Tgf-B1 24h

Eixova 66: O TGFp erayer Tyv ueraromon tye npwteivys Vean ano tov mopijva 6to
KvTTOpOTiAGHA TOV KOTTAPOv. Aoypouuote omo v ovaiven K-curve mwov
TPOYUOTOTOINONKE OTIC DTOOEIKVOOUEVES POTOYPAPIES TOD TPOEKLYWAV OO YPOOTH

avoooplopiouod oe 3T3 kbtropa peta amo oiéyepan e dradvty (A) n TGEP (B).

2.2.3 In vivo pehétn 1OV eMIEOMV EKQPUONS TOVL Yovidoiov Vean og

TOVTIKLO GYPLov TOTOV PETA TNV YOPNYIG1] LTAEOUVKIVIG.

[Na vo egetdoovpe v mbavny ovppetoyn tov Vean ot pOOuon twv
nofoyoveov povomatiov kotd v ivoorn, emdiwiope vo egetdoovpe ta emimeda
£€KQPPOOTG TOV OTOVG TVEVUOVEG TOVTIKAOV UETE TNV EMAYOUEVN OO UTAEOMLKIVN
nvevpovikn tvoon. H ypodon Alcian Blue oe tvoticong nvevpoveg £6e1&e 0Tt petd v
XOPMYNOMG UTAEOHVKIVIG, TO ETITESQ EKPPAOTS TOV TPOTEOYAVKAVAOV EAVOVTOL KOt
evtomiloviat Kupiwg 610 Ppoyyikd emONAO Kol TIG WOTIKES TEPLOYES TOV TVEDLLOVOL

(Ewova 67).
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Eiwxova 67: Avénquévy evamolson npwteoylvkavav 6to Bpoyyiko embiiio kai Tig

IVOTIKEG TIEPLOYES TV TVEVUOVOY TOVTIKOV UETA THY YOPNYNOH HUTAEOUVKIVHG.
Tapovoialovior aviImPOTMTEVTIKES POTOYPAPIES TVEVUOVMV UETA om0 ypaan Alcian
Blue, ueyéQovang 20x (mpatn oeipd) kou 40x(0evtepn oeipd) mov mpoipyovior omo vy

TOVTIKLO, KO OTTO TOVTIKIO, [UE EXAYOUEVH] OTO UTAEOUVKIVI] TVEDUOVIKY IVWTTH.

INo va depevvioovpe in silico v ékepacn tov Vean 61OV TVELUOVIKO 16TO
TOV TOVIIKAOV UETE TN XOpynon UmAeopvkivng, ypnoiponombnke to Fibromine. H
ékppaoct tov Vean, koBd¢ kol 1 EKQOPOACT YVOOTOV WVOTIKOV Yovidiov, PBpeédnke
avénuévn (Ewova. 68A) oe chvora 0£dOUEVOV IOV TPOEPYOVTOV OO TOVTIKIOL LE
enoyouevn and pmieopvkivn mvevpovikn ivoon. Ta v emPePaioon tov in silico
amotelecpdTov, a&toloynnkay To enimeda Ekepacng Tov Vean ce movtiKio dyplov
TOomov nlkiog 8-10 gfdopddwv petd v yopnynon prieopvkivng. [poypotomomdnke
avéivon eacpatopeTpiog palog, To amoTeEAEGHATA TG 0TTolag £J€1EAV OTL TOL EMIME
mg mpwteivng Vean av&hvoviar otovg wvotikobg mvevpoves (Ewova 68B).
[TpaypotonomOnke amopdévoon RNA amd toug TvedLOVES PUGIOAOYIKADV KOl VOTIKOV
TOVTIIKOV GTOVG Oomoiovg, OmmG avapéveral, to emineda £kepacng tov Collal
avyyvevovtal avENpEva 6Tovg veTikoHg Tvevpoves (Ewkova 68C) Xta id1a movrikia, ta
enineda MRNA 1tov Vean, aviyvevovtar avénuéva PETA TNV YOpNYNoT UTAEOUVKIVIG.
(Ewodva. 68D), kot ovoyetiCovror pe v ékppacn mRNA tov Collal (Ewdva 68E).
EmimAéov, n xopra woopopen V1 Bpébnke eniong avénuévn oe eninedo mRNA (Ewkdva
68F) otoug wotikoHg mvevpoveg, petd t xopnynon BLM.
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Avtiotoya, n xp®orn avocoPBopicpod 6e WOTIKOVS TVEDUIOVEG TOVIIK®MV,
evtomioe T0 Vcan 6to Bpoyyikod emONA0 GTO LOKPOPAYQ KOl OTIS WVOTIKEG TEPLOYES
(Ewdva 68G), evprjpata mov emoinbevovv o dedopéva aainiovyong RNA evig
kuttépov g Il Eotidlovtag mepattépm oTIC WMTIKEG TEPLOYES, 1| OUTAY YPADCT LE
aSMA, deiktng evepyomoinong v woPAacT®V TOGO GTO TOVTIKIO, 0G0 KOl GTOV
avBpwmo, £0€1E€ OTL 1 awénuévn xpmdon Vean oTIC IVOTIKEG TEPLoyEG evTomileTon emiong
pe éva vmoohvoro TV woPAiactdv mov ekepdalovv asma (Ewodva 68H). Téhog
amopovodnKoy Tvevpovikol VOPAGCTEG UETOL TNV YOPHYNON UTAEOMLKIVIG Kot
petpnOnkav to eminedd MRNA tov wotikov yovidiov kabdg kot tov Vean. To
amoteléopato Osiyvouv 0Tl T0 WOTIKO TPOPIA OV dNpoVPYEITOL HETA TNV YOPNYNON
pumAeopvkivng datnpeitol ex vivo, KaBdS aviyvevovial avénuéva eminedo EKOPUoNC
TOV WOTIKOV Yovidiov kabng emiong tov Vean kot g kOplag 1oopopeng Vi, o6mmg

cvpPaivet kot in vivo petd v yopnynon purieopvkivng (Ewova 681-L).
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Eixova 68: Avénuévny éxkppacn tov Vean 6g IvoTikovS IVEDUOVES TOVTIKOV UHETA THV
xopnynen urieopvkivys. A) In silico avalvon emmédmv EKPPATHS IVOTIKOV YOVIOIWV
ka1 Vean o abvola dedouevav amd movtikio. ue exoyouevy amxd BLM mvevuovikn ivwon
B) Erimeda éxppoons mpwteivng Vean otovg mvedUOVES TOVIIKWOV UE EXAYOUEVH] OO
BLM rmvevuovikn ivwon, ornws oviyvedOnrov ue paouatoucstpio uolos. C-D) Enineda
mRNA éxppoons twv yovidiwv Collal kou Vean, uete v yopnynon BLM. E) Aidypouyuo.
ovayétiong g éxppaons Collal xar Vean orovg votikois mveduoves. F) Erimedo
mRNA  éxppoons ¢ 1oouoppns Vean VI, ueta v yopnynon BLM. G)
AVTIPOCWOTEVTIKES EIKOVES PVOIOAOYIKMDV KO IVOTIKWOV TVEDUOVWY TOVIIKMV UETA OO
xpwan ovocopBopiauod évovtr tov Vean. H) Aviimpoowmevtikés e1kOVES pLGIOLOYIKOV
KOl IVOTIKOV TVEDUOVOV TOVIIKWDV UETC, OO OLTAN Xpon avocopfopiouod évavt tov
Vean kot tov A-sma. I-L) Avénuévo. exiredo. mRNA éxppoons twv yovidiwy Collal, A-
sma, Vcan, Vcan VI, ce mvevuovikods 1voflaores TOVIIK®V Gyplov TOTOL, TOL

amouovadnkay 14 nuépes LETA TNV YOPNYNoH UTAEOUDKIVIG.

2.24 H pepun)] avemapkewe tov yovidiov Vean yeipotepever v

EMAYOUEVT] 07TO PTAEOPVKIVI] TVEVHOVIKI] (VOO

[Na va avolvBet yevetikd o mBavog porlog tov yovidiov Vean oty mVELLOVIKN
tvoon, xopnyRonke pmheopvkivy og e1epdlvya movtikio yio To yovido Vean (Vean™).
Onwog éxst 1oM avaeepdel, amd dactowpoon etepdluynv movtikidov Vean™ Sev
TpokOTTOLY opHOLVYOL amdyovol, AGY® KapIyYEWKAOV TPpoPAnpdtev tov euppinv,
YEYOVOG oL LTOJEKVVEL OTL T0 Vean €xel ovolo6TIKO POAO otV avAmTLén TV
TOVTIKIGOV. MET TV Y0p1yNoN LTAEOHVKIVIIC- PUGLIOA0YIKOD 0po¥ Gg movTikia Vean™”

Kot Ayplov TOmov avaAdOnkay ot Bactkol delkteg Tov aE10A0YOHV TO VOTIKO TPOQIA.

Agv mapoatpnOnkov dogopéc ot Bvnowdtra petd 1t yoprynon BLM,
peta&y v melpapatikav opadwv (Ewova. 69A). H yopiynon BLM oce movrikia
Vean™ giyg o¢ omotéhespa peyoldtepn ommAeio. fapovg (Ewova. 69B-C), yeyovog mov
VTOONAMVEL QLENUEVT] GLOTNUOTIKY ETPAPLVON NG VOGOV G GUYKPIOT LE TO
GUVOUNAIKG TOLg TovTiKio Gyprov TVTov. To mvevpovikd dmbntikd KOTTOPA GTO

Bpoyyokvyeldiko vypd (BALF), Bpédnkov onpavtikd avénpéva ota movrikia Vean™
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(Ewova 69D). To mvevpovikd oidnuo Ppédnke emiong onuoviikd ovénuévo ota
novtikio. Vean™ (BEwéva 69E), Omoc vIodeikvisTon omd T GUYKEVIPMON OAKAG
npwteivng Tov BALF. Ta enineda mRNA Vean, 6nwg avapéveral, Bpédnkay petopévo
oTIC TEPONATIKEG Opadec Vean™. TTov mvELMOVIKO 10TO TmV IS0V TOVIIKGV,
avyyvebnkav avénuéva eminedo mRNA tov Collal o Fnl petd v yopnynon
umieopvkivng (Ewkéva. 69F-H). EmmAéov, 1 10t0A0Y1IKY avdAivor €0e1&e 0Tl GTOVG

TVEDLOVEC TOV TOVIIKGOV Vean™

n tvoon Mtov oNUOVTIKE EKTETAUEVT], OTMOG
vrodeikvoetal pe 1 ypoon H&E (Ewodva 691) ko 6mwg avikatomtpiletar ot
Babuoroyia Ashcroft (Ewkova 69J). Avtictotya, n ypdon Sirius red/Fast green vrédeiée
ovénuévn evamdBeon koAhaydvov oto movtikia Vean™ petd v yopiyynmon BLM,

(Ewova 69K).
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Eiwxova 69: H uepikin avemdprero Tov yovioiov Vean yeipotepevel TRy EXaAYOuEvy amo
umicopvkivy mvevuoviky ivoon. A) Kournvin empiwonc Kaplan Meyer uetd
xopnynon BLM. B-C) Merofioln Papovs 7 ko 14 nuépeg uetd tm yopnynon BLM. D)
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Ap10uog preyuovarowv kotrdpwv ata BALFs. E) 2vykévipwon orikng npwteivyg oto.
BALFs. F-H) Erninedo. mRNA twv Vean, Collal kou Fnl otovg mveduoves moviikwv ueta.
mv yopnynon umleouvkiveg 1) AvUmpoommeDTIKES EIKOVES OTO TOUES TVEDUOVOV
TOVTIKOD TWV DTOIEIKVOOUEVMY YOVOTOTWY, et amo ypwon H&E J). Ilocotikoroinon
™S oprudTnTaS TS Ivawons uéow g Pobuoioynons Ashcroft. K) Avtimpoowmevtikés
EIKOVEG OO TOUES TVEDUOVYV TOVTIKOD TWV DTOOEIKVOOUEVDV YOVOTOTWYV, UETO. OO

xpwon Sirius red/Fast green.

2.2.5 Ta peropévo, erinedo Tov yovioiov Vean 0dnyodv o€ yepotepn

TIVELNOVIKY] Iveon o€ katd emroyn knockout wovrikio.

[No va emraAnBgvcovpie 0Tt 0 GUUTAYTG VOTIKOS POVOTLTTOG TTOL TPOKVTTEL A0
v peiwon tov Vean, dev opeileton o€ datapoayéc Tov Uropel va £xovv dnpovpynoet
Katd TV UPPLIKN avarTLEN, AOY® TV HElopévey emmédwv Vean, TpoypotonomOnke
TO HOVTEAO TNG EMAYOUEVTG OO UTAEOUVKIVIG TVELHOVIKNG TvmoNG 6€ Katd A0
knockout movtikia yia t0 Vean, ota omoia to yovidlo €xet daypapei amd 6Aovg Tovg
10T0VG otV evilikn Lon. Ta ) dnuovpyia T@v vtd cuvOnKn CAANAOHOpY®Y Vean
knockout, 10 €€@vio 2 tov yovidiov mAaciwOnke and 2 Béceig loxP. Ta movtikio mov
épepav aAnAopopea pe Béoelg loxP, dtactovpmbnkay pe dtaryovidlakd TovTikio Tov
exppalovv v R26 Cre ERT2 pexoumvéorn, m omoio evepyomoleiton HETE TV
yopnynon tamoxifen. Ot ardyovor mov e€€ppalay TV cre peKoUTvact, oev eE€ppalov

t0 Vcan o€ GAOVG TOVG 16TOVG, oTNV VAT (oN.

Kot o1 dvo mepapatikég opdoes ppaviomnroy pe undevikn Bvnodtnro petd
™ yopiyynon BLM (Ewédvo 70A). Onwog speaviotnke kot oto tovrikia Vean™, to katd
eMAOYN TovTiKio pe petopéva eninedo Vean napovsiocav avénpévn andAsio Bépovg
(Ewéva 70B-C), avénpéva mvevpovikd omontikd wotrapa (Ewdva. 70D) won
avénpévo vevpovikd oidnua (Ewdva. 70E), petd m yopnynon BLM. Ta peiwpéva
eninedo mRNA tov Vean otovg mvevpoveg tov kotd emioyn knockout movtikdv
ocvvodgvovtay amd avénuéva emineda Collal otOV TVELUOVIKO 10TO0 TV 010V
nmovtik®v (Ewova 70F-H). H avénuévn itvoon eiye o¢ amotélecpo tnv mepoitépm
EMOEIVOON TOV OVOTVEVGTIKMOV AELITOVPYLOV TOV KoTd emtAoyn knockout moviikov yio
t0 Vean petd ™ yopnynon BLM (Ewova 70I-L). Ta pewwpéva emineda Vcan
emaAnBevTnKay emiong pe ypmon yia Vean ota kuttapo BALF (Ewova 70M). Ta i

KOtTopa ypouaticmkay eniong ywo Collal. Onwg avapevotav, to LOKPOEAYO TOL
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BALF an6 ti¢ opdodeg BLM, exppalovv Collal. Ta katd emioyn knockout movtikia
v to Vean epgoviotnkav pe ovEnpévn éxppaon Collal extdg amd ta pokpo@dya, Kot
oe Ao kouttapo BALF (Ewéva 70N). Katd cvvéneia, 1 YEVETIKY OVETAPKELD TOV
Vean goivetor vo emdevovel oyetikd v enayouevn and BLM mvevpovikn ivoon,

KafiepdvovTag £T61 £vav ONUAVTIKO TPOGTATEVTIKO pOAO TOV Vean otnv maboyéveln
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fI/fl blm fl/f] sal

fI/fl cre sal
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Ewova 70: Ta pcsiouéva eminedo tov povidiov Vean o00nyovv og yeipotepn

V1 bim

1] cre sal

o
(¢

' cre bin

VEVUOVIKY Ivwon o€ Katd emiloyn knockout movtikia. A) Koumoin emificoons Kaplan
Meyer ueta. tn yopnynon BLM. B-C) Metafoin fopouvs 7 kar 14 nuépeg ueto. ty yopnynon
BLM. D) ApiQuog gieyuovawowv kvttapwv ota BALFs. E) Xvykévipwon olikng
npwteivns ota BALFs. F) Emoinfevon pciwong twv emmédwv mRNA tov Vean oe
movtikia. wov Eyovv Aafel pvaioloyiko opo. G.H) Ermineoo mRNA twv Vean, Collal
OTOVG TVEDUOVES TOVTIKOV UETO, TNV YOpHynon umicouvkivig. I-L) Avumpoowmevtikes
OVOTVEDOTIKES AEITOVPYIES TV TOVIIKWV UETO. THV YOPHYNON UTAEOUVKIVIG, OTWG
uetpnOnray e to FlexiVent. M) Avtimpocwmevtikés e1k0veg amo ypwan avocopBopiauod
évovt tov Vean, ato kvtrapo tov BALF moviik@dv tawv DToosikvoouUEv@y yovotorwy. N)
AVTmpoowmentiKéS E1KOVES Ao Ypwan ovocopBopiouod évavt tov Collal, ota kdtrapa

700 BALF movTIK®V TV DTOOEIKVOOUEVWY YOVOTOTTDV.
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2.2.6 H yevetucn owypa@r tov Vean gite amd oTpopaTIKG €iTE 00

OLLOTTOUTIK(A KOTTUPO, ETOELVAOVEL TNV TVEVHOVIKT] ivedon

Onoc avaeépbnie mponyovpévme, 1o yoviolo Vean ekeppdletar kupiog amod
woPAdoteg kot povokvtropa. [ vo eviomotel mOl0¢ KLTTOPIKOS TOTOG &ivor
VIELOVLVOC Yo TNV YEPOTEPEVOT TNG EMAYOUEVNG ONO UTAEOUVKIVY] TVELHOVIKTG
tvoong mov mapatnpeitol omovsio Tov Vean og movtikia, TpoyloTonomOnke eipoapo
UETOPOPAS LLEAOD TV 00TAV. 10 T0 TEpapa avTd, YpNoILOTOMONKOY 2 1UPOPETIKES
opdodeg dotmwv, movtikia dyprov tHmov kot movtikia pe 50% pelwpévn EKEpacn Tov
yovidiov Vean ,to omoio oKTIVOBOANONKOV Y10 VO KOTAGTPOPOVV TO, OO TIKA TOVG
KOtTopa. Metd v axtivofoAncn oto (Mo avtd mTpaypotomomdnke evooeAEPia
£YYVON KVTTAP®Y HVELOD TOV 0GTAOV OMOLOVOUEVGV amd Wt kot Vean™” movtikia, yio
TNV 0VOGVUGTOGT TOV (VOGOTOTIKOU GUGTILOTOG. XTO TAPUYOUEVA YLLOLPIKE TOVTIKLOL
OV PEPOVV OLUOTONTIKE KOTTOPO LLE TO YEVETIKO VITOPadpo Tov 86T, yopnynOnke ot
ocvvéyxeln BLM ko 1 oppdvtnta g vocov ektipundnke 14 nuépeg petd ) yopnynon
BLM.

DAY 1
Donor
oy Bone marrow cells
S isolation
Recipient o Bone marrow transfer
Irradiation 106 cells
E': / Ao AN
NS A EsN
< = WV -
= NG
DAY 1 SACRIFICE
| | Antibiotics | Recovery period | Blm administration I
| | 2weeks | Tweeks | 2 weeks I
\%

Ewxova 71: Xynuotiky ovamopdoTacy THS GIPATHYIKHS TOV TEPOUATOS

HETAUOCYEVGNS HVELOD TV 0GTOV.

To, movtikio TV omolMv To OHOTOMTIKG KOTTOPO €YoV HEWWUEVE emimeda
Vean, mapovciocav peyoddtepn amoAeio Bdpovg 14 pépeg petd v yopnynonm
umieopvkivng (Ewova 72A), yeyovOog mOL LTOOMAMVEL UEYOAVTEPY] GUGTILOTIKY

emPapovvon. [opdia avtd 1 yevetikn daypa@r tov Vean 1060 6To GTPOUOTIKA OGO
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KOl OTO, OLOTTOMTIKA KOTTOPM, 00MYEL 68 GOPAPOTEPT LOPPT TVELUOVIKNG Tvmong o€
oY£0M UE T TOVTIKIOL Ayplov TOTOV, OTMG OVTIKATOTTPILETAL GTNV TOGOTNTO, OAIKNG
mpoteivng (Ewdva 72B) kot dtaivtov koArayovov (Ewkdva 72C) oto BALF aAAd kot
OTIS avamveLoTIKEG Aettovpyiec twv movtik®v (Ewova 72D-E). Emopévoc, ot
pLOOTIKEG AetTovpyiec TOL Vean oty tvewon elval EvepyEC TOGO GTA ALULOTOUNTIKA OGO

KOl 6TO, GTPOUOTIKE KOTTOPO.

D R
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Ewova 72: H yevetikn owaypapiny tov Vean gite amo oTpouotikd &ite amo
AYUOTIOINTIKG KUTTAPO, YEIPOTEPEVEL TV Emayouevy amo BLM mvevuovikny ivwon. A)
Anwleia Popovg 14 uépes ueta v yopnynon umieouvkivis. B) I[loootnta olikng
mpwteivng oto BALF. C) I[ocotnta dioivtod kolloyovov oo BALF. D-E)

AvTumpoowmenTikol OEIKTES AVATVEDTTIKNG AEITOVPYIAS, OTm¢ uetpnnray aro Flexivent.
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2.2.7 Avalvon @oaopoatopeTpiog pdlos 6TOVG TVEDUOVES TTOVIIKLAOV

ayplov TUTOV KOl TOVTIKIOV PE pElopévo emimedo Vean, peta v

XOPNYNOT| PTAEOPVKIVIG

To Vcan amotelel puo LEYAAN TPMOTEOYAVKAVY TNG EEOKVLTTAPLOG UNTPOS, KL M
amovcio Tov mbavadg emnpedlel Kot GAAEG TPMTEIVEG KOl LOVOTTATIOL TOV UTOPEL va
euUmAEKOVTOL OTNV TOOOYEVELD TNG TVELUOVIKNG tvwons. T1a va evromiotobv GAAa
mhava popla otdyol Tov amoppvOuilovtal otov Tvedpova dtav ta eninteda Tov Vean
peldvovta, tpaypatonomdnke eacpotopeTpio pdlog o€ TVEVUOVEG TOVIIK®V (yplov
THIOV Ko TovTiK®Y Vean ™ petd tv yopiymon pmisopvkivig. H peioon tov emmédov
tov Vcan emnpedlet 245 mpmteiveg TOL TVELLOVA HETA TNV YOpNyNon purieopvkivng. H
mieloymoia avtdv (195) avibvetar, evd €va KPOTEPO TOCOGTO PELOVOVTAL, OT®S
anekoviletar oynuatikd oto ypdonuae Volcano (Ewova 73A). EmmAéov, pe v id1a
avéAivon emoindevtnke O6TL Ta emineda ™ mpwteivng Vean peiwvovtal ot tepolvya
knockout movtixia g oxéon pe TV EKEPOCT) GTOVG TVEDLOVEG TTOVTIKAV Gyplov TUTOV,
HETE TV yopnynon UmAeopvkiving. Amd v avaivon umAovTIGHOD TPOKVTTEL OTL OL
TPOTEIVEG TOV OVEAVOVTOL GTOVG TVEVLUOVES TOVTIKAOV HE UEIWUEVO emimeda Vcan
emmpedlovv KOpleg dwdwkociec g ivoong, Omwg v mEN TOL QipOTOG, TOV
KATOPPAKTY EVEPYOTOINONG TPOTEIVAV, TNV 0PYAVMOCT TNG EEMKLTTAPLIG UNTPOS TNV
gvepyomoinon tov aiponetoriov Kot 1o kAgioo g tAnyng (Ewdva 73B). Avtictoym
avAAVOT| OTIC TPMTEIVEG LE LEOUEVT EKQPOOT OElyVEL OTL 01 BlOAOYIKES dlepyacieg TOv
emmpedloviol eUMAEKOVTOL UE TEAOUEPT), OPOaCTIKA €10n 0&LYOVOL KOl OPVNTIKN
pUOon ¢ dudikaciog TENG TOL AiLOTOS. ZVUTEPAGHLATIK, TO. LEWOUEVO, EMITEOA
Vcan 61ovg Tvedoveg TOVTIK®V €MNPeAlovV to TAN0dp TPOTEIVOV Kot LOVOTUTIAV,

T TEPLGCOTEPA OO TO OO0 EUTAEKOVTOL GTNV TOHOYEVELX TNG VOGOV,
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Ewova 73: Avdlven pacuatouctpios pdlag 6Tovg TIvevpoveS TOVTIKIAY AYplov TOTOV Kol
rovTiKIdY ue paouéva exinedoa Vean A) Aidypouuo Volcano aro omoio avomapiorovtal
o1 mpwteives wov amoppvOuiloviar oTovg mvedpovéc movrikwyv Vean™” oe ayéon ue ta
TOVTIKLO, GYPIOD TOTOV, UETA TNV YOPNYNoN UTAEOUVKIVNG. Me pol ypauo. ovaropiotovtal
o1 TpwTeiveg mov avlavovial omovaio, Tov Vean eva ue mpooivo o1 TPwTEIVES TOL
uetvovrar. Me koxkivo ypauo. avamopiotatal  gpwteivy Vean n ékppaon g owoiog
uetovetat. B) Avdloon eumlovtiouod twv mpwteivav mov fpédnray avlnuéves atovg

TVEDUOVES TV ToVTIKOY Vean™.

2.2.8 In vitro iéyepon tov Vean™ nveopovik@v wopractdv pe TGFp.

[N va pelemBel o pdhog tov Vean ovykekpéva otov  voPAdotn,
amopoveadnKay Tpwtoyevelg mvevpovikol voBAAoTeG amd movVTiKia Ayplov TUTOL Kot
movtikio pe petwpéva eninedd Vean ko enwdotmrav pe TGFB, pe oxomd v e&€taon
TOV KOTTOPIKAOV AEITOVpYLhY TOVG inn vitro. O1 Vean™ woPldotec eppavilovy avénpévn
KovoTNTo TPOoSKOAAN oG 1660 610 TAaoTkd (Ewkdva 74A) 660 kol 6€ LVIOGTPOLULA
kolayovov (Ewova 74B). TMopovcia TGFB, oavt) n wdwwmta 1oyvpomnoteitot
nepotépw. H avénuévn wavotmra mposkOAANoNg eivat o yopaKTNPLoTIKN 1010TnTO
oL TTaPoLSLALovV 01 WVOPAGCTEC e pElpEVA eMimedd Vean kol mopotnpeiton KTOC
omd T0 KoAay6vo kot e Gl vrootpdpato (Ewdve 74C). Ot woPldoteg Vean™
napovstalovtol pe petopévn kavotmra toAloriaciacpov (Ewova 74D). Mewwpéva

enineda mRNA 1060 T0V Vean 660 Kot TG KOpLog 1GopopenS Tov yovidiov Vean Vi
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aviyyvevoviar mapovoic TGFB (Ewova 74E-F). H o61éyepon pe TGFB oonyel oe
avénuévi ékppacn Tov wotikdv yovidiov Collal xau Acta? otovg Vean™
nvevpovikovg woPAdoteg (Ewdva 74G-H), amotéhespo mov emainbevel to in vivo

nelpapa.
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Ewova 74: O amioovemapkeic Vean™

APWTOYEVEIS TVEVUOVIKOL 1VOfAdoTES
TOPOVGLALOVY OLAPOPES GE BAGIKES KUTTUPIKES AEITOVPYIES, eved N O1€yepon ue TGF-
Pl, emypealer v éxppacy mRNA towv wotikov yovidiov. A) Ilpookdlinon
Kuttapwv oe mhaotiko, mopovaio. TGFp. B) [lpookoiinon Kottépwv o€ vIOGTPOUO

koiLayovov, mopovaio. TGFS C) Ilpookolinon kottapwy o€ O10popETIKG DTOCTPWUCTO.
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D) Ixavotnto moAlamiooiaouod twv kottapwv, mopovoio, TGFp. E-H) Exireda mRNA
exppaong twv Vean, Vean VI, Collal, Acta2 ueto. ano oigyepon ue TGEp.

‘Enerta mpaypotomomOnke vrepék@paocn tov Vean pe v ypfon TAAGLHSIov
ov vrepekPpdlel v woopopen V1, t6co omv xvtrapikn oepd 3T3 6co ko
TPOTOYEVELG avOpdTIVOUS TVELOVIKOVG voPAdotes. H vrepékppaon g V1 odnyei og
HELOUEV IKAVOTNTA TTPOCKOAANONG KOl OLENUEVT] TKOVOTITO TOAAUTANGLOGLOD TMV
kuttdpov 3T3 (Ewova 75A-B). EraAnfevtnke ot1 T KOTTOpa avtd vrepekppdlovv
v V1 woopopen (Ewkdva 75C) kou oty cvuvéyeta e€etdotnray ta eninedo mRNA twv
woTik®v Yovidiov. Ta arotedAéopata deiyvouv OtL 1 vIepEkPpPacT TG loopopeng V1
odnyel o pelwpéva enimeda Exppaong twv Yovidiov Collal kol Acta? (Ewkova 75D-
E). H petopévn éxppoaon oe eninedd mRNA 1oV votikdv yovidiov emaindedtnie kot
oe avlpomvovg mpwtoyevel mvevpovikoOs  wvoPrdcteg  (Ewdva  75F-H).

TopumepacpoTikd, ot Vean™

npwtoyevelg mvevpovikol wvoPfAdoteg mapovsialovv
dpopéc oe Pacikés Kuttapikég Asttovpyieg, evad 1 diéyepon pe TGFP, odnyel og
avénuévn ékppaon o€ eminedo mMRNA Tov voTIK®OV Yovidiov, QovOUeEVO TOV

OVTIOTPEPETAL LLE TNV VIEPEKPPACT] TNG V] 1GOpOpONG.
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Eiwxova 75: H vrepéxppaon s 1eouopens V1 tov yovidiov Vean ernpealer Ty
TPOCKOIANGY, TOV TOLILATAAGIAGUO KOl TV EKPPACH TOV IVOTIKOV YOVIOI®Y G
aveDUOVIKOUS vofidctes. A) Meiwuevy mpookolinon twv 3T3 vofloctwv, ueto. v
vrepexppaon s VI woouopens B) Avénuévog rollarioaiaouos 3T3 woflactav, uetd
mv vrepékppacn s VI 1oouoppng C-E) Emireoo. mRNA éxppaons twv, Vean Vi,
Collal, Acta? oe 3T3 1vofidotes, ueta v vmepekppoon s VI oouopons. F-H)
Ernireda mRNA éxppaons twv, VCAN VI, COLIAI, FNI oe npwtoyeveis avOpamivovg

TVEDUOVIKOVS 1VOPAGOTES, UETA TV DTEPEKPPOoH THS VI 160u0ppHg.

2.2.9 H owypa@n Tov Vcan amd to aECM ennpedlel TIC KUTTOPIKES
AE1TOVPYIES TMOV TVELHOVIKAOV WOBLOGTAOV AYpPlOv TOTOV, META OO
owgyepon TGFP, kon exdyer TNV EKQPaoN TPOTEIVOV TOV EPTAEKOVTAL

oty opyavmon s ECM, v TpocKOAI 6N KoL TN HETOVACGTEVON.

To Vcan, omwg amodeiydnke pe tig in silico peiéteg, amotedel v kHplo
TPOTEOYAVKAVY, oL aviyvevetal otov mvevpova pe I O xoprog pdrhog TtV
TPOTEOYAVKAVAOV TOV mvevpova oyetiletor pe v dwripnon g eEoKLTTApog
untpog. Emopévmg, ta petmpéva enimedd tov Vean 6tov Tvedpova mhovog ennpealovv
TNV OKEPULOTNTA KOL TNV 0PYAVMCT TNG TVELHOVIKNG eE@KVTTAPLOG UMTPOC, KOl LECH
aLTOD TIG WOIOTNTEG TOV KLTTAP®V TOV TVEVLOVO KOl 031 YOUV GE XEPOTEPT] TVEVLOVIKT
tvoon.

[Na va peretnBet o Tpdmog mov to petwpéva enimeda Vean emidpodv oty
eEokvttdplo pnTpa, Onmpovpyndnke apykd eEokvttdpo prpa (aECM) amo
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TVELLLOVIKO 10TO TOVTIKMOV Gyplov TOTOV Kot VOPAGGTEC TVEDUOVA TTOV TPOEPYOVTIOL
Ao KLTTOPIKEG GEPEC N o movTikio dyplov Tomov. O tpdmog dnpovpyiog avtov Tov
VIOGTPOUOTOC TPOEKVYE OO TPOTOTOINGoT 0N ONUOCIEVUEVAOV PEAETMV dnpovpyiog
eEOKLTTAPLOG UNTPOG OO OLPOPETIKE Opyovo 1 OSPOPETIKA OnAaoTiKd, Kot
aVOTOPIGTATOL GUVOTTIKA GTIV EIKOVE, 76. ZUVOTTIKA Y10 TNV ONpovpyio EEOKVTTAPLOG
untpog amd mvevpoveg moviikdv (Ewova 76A), n amopudvoon Tov TVELUOVOV
aKOAOVOEITOL OO TNV OTOUAKPVVOT] TOV KVTTAP®V TOV GLGLOAOYIKA VITAPYOVY GTOV
mvebpova pe kotepyacio pe oavavopeveg ovykevipwoels SDS. Xty cuvéyewn o
TVELLLOVOG AVOQIAOTOEITOL Kou dtatnpeitanl o okdvn. 'Emerta akoAovbel evlupotikn
Katepyooio, SlAVToToinoT Kot eniGTp®oN T0v VIosTPOUATOS. [ TV Onovpyia
eEokuttaplog untpog and woPrdotes (Ewkova 76B), ot vofAdoteg emoTpdvovtal 6e
HEYAAN TLKVOTNTO Kol TpooTifetarl ackopPikd o0&y, 1o omoio dadpapotilel Kpioo
poro ce avt T Sdikacio SeEVKOAHVOVTOS TV TTapay®yn KoAlayovov. MOAS ot
woPAdoteg mapdyovv v e€okvttdplo TP, akorovdel katepyoasio pe vOpoeido
TOV OUU®VIOV, Yio Vo, amopokpuvBohv ot {ovtavol voPAAcTeg mTov mopiyoyay TV

UNTPOL KO TO VITOGTPMLLO, TTOV dNUIOVPYEITOL EIVOL £TOLLO Y10 XPTOT).

isolation l decellularization lyophilization mill aliquot
enz. digestion dilution coating seeding
—_— —_— —_— —_—
isolation l enz.digestion seeding ascorbic acid NH.OH aECM |
\—> N —_— — —_— —

Ewxova 76: Zynuotiky ovamapdoetocny THS ONUIOUPYIaS EEMKVTTAPIAS HUNTPOS

(aECM) amo nveduoves movrikmv A) Kai amoé avevuovikovg wvoffldores B).

Metd v Oonuovpyic TOV TPOTOV VLIOCTPOUATOV aKoAoVONGE Ypdon
avocopBopiopov yia Collal kot DAPI, mpv v avaxoriépysio GAA®V voPAACTOV.

ErodnOevtnke pe v ypoorn pe DAPI 611 610 vrostpodpata Exel mpoypotonom el

187



EMTVYMOC M omopdKpLVon TOV KLTTApwV, kKol n ypoon pe Collal €oeiEe 6t 10

TopayOUeEVO vTOGTpOLA Eivol TAOVG10 o€ tveg KoAaydvou (Ewdva 77).

DAPI

40x 63x

Eiwxova 77: AvTInpooomevTIKES E1KOVES Ypdans avocoplopicuod yio Collal kai
DAPI oe aECM mov onuiovpynBnke amd v KoTttopikn 6eIpd eufpoikov ivoploctmy
373.

H xoAépyewa xvttapov 3T3 oe mhootikd kot e£OKLTTAPOL UNTPO TOV
onpovpynonke amod ta ida kotTapa, Kot 1 peténetta diéyepon pe TGER, anédeiée o6t
TO TOPOYOUEVO KVTTOPIKO VITOGTPOUG LITOPEL Vo AEITOVPYNOEL MG £VOL QVTOTEALS in
Vitro cOGTNUO Y10 TNV KOAMEPYELDL TOV TVELHOVIK®OV VOPAAGTMOV. LVYKEKPYEVA M
rpoon TV Kuttdpov yia Colla kot F-axtivn £de1&e 0Tt ta kOTTOPA TOL KOAAEPYODVTOL
0T0 VLTOCTPOUN £YOVV KOADTEPO KVLTTOPOCKEAETO GE GYEON UE TO TAOCTIKO,
eumodilovtog TV aVTO-EVEPYOTOINGT TOVG KOl EMITPENMOVTOS TNV KOADTEPT EKTIUNGN

twv anokpicewv tov TGFP (Ewova 78).

Plastic 3T3 aECM

Ctrl
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F-actin

Ewova 78: Avrimpoocwnevtikés pwtoypapics ypoons avocopbopiouov ya Collal
ka1 F-actin, ucto. ono oigyepon ue TGFpP, o xotropa 3T3 mov kalliepynOnkoy oe
mhootiko ka1 aECM mov onuiovpynBnxe amod wofiaotes 3T3.

‘Eva. onpavtikd mAeovéEKTNLOL TOV GUYKEKPUYEVOD GULGTHUOTOS KOAALEPYELOGS
elvar 1 dvvatdra dnpovpyiag votikng eEmkuttdplag untpos, amnd mvedIovES 1
woPAACTEG TOVTIK®OV, HETE TNV Yoprynon umieopvkiving. EmmAéov, avaloya pe ta
dwyovidtaxd {da mov givar dtobéoipa o€ Kdbe LOVAda-EPELNTIKO EPYOTTNPLO VITAPYEL
n ovvatdtra dmovpyiag e€okvttdprog untpag amd (oo knockout n erepdlvya
knockout, pe ocvvémewn m mopoayoduevn e£OKLTTOPLO UNTPAL VO UNV TEPLEXEL N VO

eKQPPAELeEl LEIOUEVES TOGHTNTES KATOLOG TPOTEIVG.

Metd v Peltictomoinon Tov cvotNuaTog €E®KLTTAPG UNTPOS Oomd
woPAdoteg, eeTdotnraY TOOVES O10POPEG TOV UITOPEL VAL VIAPYOVY GTNV TVEVUOVIKT)
aECM and movrtikio petd v xopnynon prieopvkivne. 'Etol amopovadnke Tvevpovikn
eEoxuttdplo pnTpa and (oo mov EAafav UGLOAOYIKO OpO Kol UTAEOHLKIVI] GTNV
omoia, PeTd TNV Katepyacsio Tng emoTpOOnkay voPAAGTEG Gyplov TOTOV, Yo LEAETT
KovoTNTag TPoskOAANoNG kot emtédwv mRNA tov Vean. OtwvoPAdotes dyplov Tomov
TopoLctdlovy avENUEVT IkavoTNTa TPOoKOAANoNG otV votik] aECM (Ewdva 79A).
EmnmAéov n wvotikg aECM gaiveton va endyet v ékepoon o€ eninedd mRNA tov
Vean (Euwcova 79B). O 1pomog mov 1 veTiky| E@KuTTdpto pitpa ennpedlel KVTTUpIKES
Aertovpyieg, OTOS 1 TPOGKOAANGN KAl TNV EKPPOCT YoVidimv, ywpig v dmapén dAiov
epebiopatoc, avadetkvhEL TOV GNUOVTIKO TNG POAO KOL TNV YPNOIUOTNTA TOV EPYUAEIOD

YW in Vitro PEAETEG.
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Eixova 79: H kalliépyeia voffAactav dypiov TOmov 6& IvwTIKY EEOKVTTAPLO UITPO.
ETNPEALEl KOTTAPIKES Ae1Tovpyics Koi TNV EKppacy yovidiwv. A) Aicypouuo
TPOCKOAANONG KVUTTAP@V 0 TAOOTIKO Kol ECOKVTIAPIO. UNTPO. TOV TPOEPYETOL OO
TVEDUOVES TOVTIKWV UETA TV YOPHYNOH PLGLOAOYIKOD OPOD Kol eEWKVTTIAPLO. UNTPO. AT
TVEDUOVES TOVTIK®V UETC, TV Yopnynon umieouvkivns. B) Exitedo. mRNA tov yovidiov
Vean xottapov dypiov tomov mov Epovv koiligpynbel oe pvoioloyikny Kol 1voTIKR

mvevpovikny aECM. Avtuirpoowrevtixo meipopo omo 2 avelaptnto TEpoUaTa.

"o va dtepguvnBet av ta petopéva eninedd Vean 6to vTOoTpLo EXNPealovv
KUTTOPIKEG  Agttovpyiec wvoPractdv dypov Tomov, dnuovpyninke aECM  omnd
nvevpovikone voPrdoteg Vean™ kot WT movtikdv (Ewoévo 80A), oto omoio
emotpodnkoay  woPrdcteg  Ayplov  TOMOL KOl pEAeTONKE 1M KavoTnTA
TOALOTAQGLAGHOD Kot TPookOAANoNG. Ta anoteAéopata 0150V OTL 01 PUGLOAOYIKOT
woPAAoTEG 08V TOPOVGIALOVY OLOPOPES GTOV TOAAATAAGIAGHUO KOl GTNV TPOCKOAANON
ota 2 dwpopetikd vrootpopata (Ewdva 80B-C). To amotélecpa dapépet, av ta
KOTTOPO TOV EMGTPAOVOVTAL 6TO LILOSTPOUA, Exovv deyepBel pe TGFP. Zvykexpiéva,
ol woPAdoteg dyplov tomov mov £xovv enwootel pe TGFP, sppavitovv peyoardtepn
KAVOTNTO TPOCKOAANGNG KOl ALENUEVO TOAAATAACIOGUO GE VITOGTPMOUO KVTTAPWOV
oV TapdyeTan amd oPAdoteg pe petwpéva enineda Vean (Ewdva 80D-E). To meipapa
npookOAnone, mapovcsioc TGFB mpaypoatomombnke ot oe  woPidoteg mov
KoAMEPYNONKAY G€ PUGIOAOYIKN Kot VOTIKY eEwkvttdpla putpa omd mvevpoveg WT
ko Vean™” kot emon0gvtnkay ta maparndve aroteléopoto (Eucova SOF-H). Maloto
T KOTTAPA OV KOAMEPYoUvTaL 6 Vean™ aECM mov Tpoépyetat amd mVEDLOVES LETH
TNV YOpNYNon UTAEOUVKIVIG TopoLGLalovy TV HEYIOTN TPOCKOAANGT, YEYOVOS TTOV
VTOONAMVEL OTL T PELOUEVOL ETIMEdD EKPPAONG TOL Vean 6To VTOSTPOUO ALEAVOLV

TEPAUTEP® TIG 1O1OTNTEG TPOCKOAANONG TOV EUPAVILEL 1] VOTIKN eE®KLTTAPLO UNTPOL
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Eiwxova 80: To uaiwuéve eminedd tov Vcan oto vmooctpwuae, exnpediovv tnv
TPOCKOIANGY KAl TOV TOIAATAAGLOGHO TWY KOTTAp®wv, mopovcia TGER. A)
ZYNUOTIKY avamopdotacy e onuLovpyiac eCwrvttapioc uitpoc arnd Vean™ xor WT
mvevpuovikovg wvoplaotes. B) TloAamAacioouos kKotrapmy aypiov TOTOD G€ O10POPETIKA.
vrootpauoto. C) Ilpookdiinan kottapwv aypiov THmov ae d10popeTiKa DTOGTPaUoTo. D)
TloJJomAaoioouog KoTtop Vv Gypiov Tomov, uetd omo owyepon ue TGEFpP, ae dropopetixa,

vroatpauoto E) Ilpookolinon kotrdpwv aypiov tomov, uetd oxo owyepon ue TGFp, o
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O10YOPETIKG DTOTTPOUOTO. F) Zynuotikn avoropdotaon e onuiovpylos eEwrvTTapiog
witpag ard Vean™ xoa WT nvebuoves. G-H) IIpookdlinon kottépwmv dypiov tomov, (etd,
omo  oigyepon ue TGEP, oc O01000peTikd. DTOGTPOUOTO. TOV TPOEPYOVIOL QIO

povoroloyikovg (G) kot wwwtikods (H) mveduoveg.

2tV cuvérela peAetnOnke to av 1n eEOKLTTAPLOL UTPOL TTOV TPOEPYETOL OO
WOTIKOVS TVEDUOVEG e HEWOUEVEG TOGOTNTES Vean emnpedlel TV EKQPOCT VOTIKOV
yovidiov. ['a va tpaypatomombel avtd 1o meipapa emotpOOnKay woPAacTeg Ayplov
tomov 68 aECM nvevpdvev mov mpoépyovat omd {ma WT kat Vean™, kot pehetiOnkay
Ta eninedd Ekepaong TV yovidiov Collal ko Acta? 24 dpeg petd. To amoteléopatd
£oe1&av 0TL Ta petmpéva eminedd Vean 6To vOTIKO VIOGTPOUN TPOAYOLV TV EKQPOOT

TV VOTIKGOV Yovidiov (Ewdva 81A-B).

2.0 * 2.0

0.5 0.5

Col1a1l mRNA levels
P
1

Acta2 mRNA levels
P
1

+  Vcan™ aECM BLM/ 24h
e WT aECM BLM/ 24h

Eiwxéva 81: H eéwrvtrdpia uijtpa mov Syutovpysitar and Vean”” nveduoveg uetd tyv
XOPNYNON UTAEOUVKIVIS EMAYEL TV EKPPACH TOV IVAOTIKOV YOVIOIWV. 2ynuotiky
oVOTopaoTacy TV EmEowy Exkppoons MRNA twv yovidiwv Collal, Acta? oe

VOPLGOTES GYPLOD TOTOV TOV EYOVV EMOTPMWOET G OLAPOPETIKG, IVWTIKG DTOTTPHDUOTA.

"o va dtepguvmBet extdg amd T1g 110TNTEG TOV KLTTAP®V OV EMCTPDOVOVTUL
nivo oty aECM, ntog ta peiopéva enineda Vean ennpedlovv v €Kepocn GAA®V
TPOTEIVOV NG eEOKLTTAPLOG UNTPOG, TPpayHaToTomOnke pacpatopetpia pnalog ot
eEoKruTTdplo pTpa Tov £xel dnuovpyn el amd oPALAGTES TOVTIK®VY AypLov THTOV Kol

+/-

Vcan™". H amovcia tov Vean amd to vmdoTpmpa ennpedlel Ty EKQOPOom TEPIGCOTEPOV

and 1000 mpoteivov ™¢ e£OKLTTAPOG UNTPOS, OTMG POIVETOL KOl GTO TOPOKAT®
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ypaonua Volcano (Ewdva 82A). Meta&d tmv mpoteivddv mov vrepek@paloviol 0T
To. emineda Tov Vcan oto vroéoTpopo givol pelwpéva, Ppiokovior TpmTeives ™G
eEOKLTTAPLOG PATPOG TOL EUTAEKOVTOL Ko oty maboyévela tng tvoong, Onwme to
Collal koun Fnl 1 ouvBdon tov varovpovikod 2 kat n tpmtevn apocappoyéag TksS
H avédlvon eumlovticpod mov  mpoyloTomomdnke  OTI  TPOTEIVEG MOV
vrepekppdlovian deiyvel 6TL Ta KOpow povomdtio mov amopvOuilovion amovsion Tov
Vcan, mepiiapfdvovov tv opydveoon g eEokuttdplog untpag, pvOuon g
TPOCKOAANGNGC, ETOVAMCN TANYDV, pOOLIGN TNG KLTTOPIKNG KV TIKOTNTOG Kot puOion
¢ petovaotevone (Ewovoa 82B). Xvvolkd to pewwpéva emimedd Vean oty
eEokuttapla pTpa, ennpedlovy Vv £KEPacT GAL®Y TPOTEIVOV TOL VTOGTPMOLATOG,
pe amotélecpo TNV dnuovpyio «omopuOcpévney eEOKLTIOPLOG UATPOS, 1) Omold

emmpedlel KLTTOPIKEG AetTovpyeieg OTMC N TPOGKOAANGN Kot O TOAAOTAAGLOGLLOG.

A B

* Diferance (Versican_Hewmzypous- W Fold Enrichment

Ewova 82: Avdlven pacuarouctpios palos ctnv eEmrotrdpia uftpa mov nopaysral amo
VOPBAAGTES TOVTIKIAY dYPIOv TOTOV Kol TOVTIKIAY ue puetwuéva exinedo Vean A) Aidypoyypo
Volcano o1o omoio avormopiotavior o1 mpwteives mov amoppvbuiloviar oTOLS
eCwrvttpia utpa Vean™ og ayéon ue v dyprov tomov. Me pol ypdua avemapictoviar
0l TPWTEIVEG OV AVEAVOVTaL Omovaio, Tov Vean eva ue Tpooivo o1 TPWTEIVES TOD
uerwvovralr. Me KOKKIVO Ypauo. avamopiotavial YopoKTHpIOTIKES TPOTEIVES OTMWS TO
Collal, Fnl, Has2, Sh3pxd2a n éxppoon twv omoiwv ovéavetou. B) Avalvon
EUTAODTIONOD TV TPWTEIVOV TOoV fpéOnrav avnuéves atnyv elwrvttapia unTpo mov

TopdyeTar améd mveLUOVIKODS 1vofAdotes moviikdy Vean™ .
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2.2.10 Ov Vean™ mvevpovikoi woPrdotes oympatilovv mpogkéyovoss

PolETES TOOOOMUATMV, TOV 001Y0VV 6€ avénuévn ewofoin) oty ECM.

Onoc avagépbnke, ta petopéva eninedo Vean, emnpedlovv v opydvmon g
eEOKLTTAPLOG UATPOG KO TV TPOSKOAANGT TOV KLTTAP®YV, GAAY KOl LOVOTATIO TTOL
oyetilovrol pe TNV KIVNTIKOTNTO KO TV HETAVACTELOT TV Kuttdpwv. H xuttapikn
UETAVAGTEVGT GTOV TVEDHOVO E€IVOL [0 OLGLOOTIKY O1001KOCio TOV EMITPENEL OTA
KOTTOPO TOV OVOGOTOUTIKOD GUOTHLOTOS VO EMOE®POVV KOl VO, TPOGTATELOVY TO
AVOTVELGTIKO GUGTNUA, Kot OTav amopuBuileTor eUTAEKETOL GTNV AVATTLEN KOl TV
e&éMén ¢ 1. EmmAéov, ta petopéva enineda tov Vean amd 10 vTdGTp®A, 091 yovV
o€ avEnpévn Exepaon g Tpoteivng tpocappoyéa TksS, mov dwadpapatilet eEéxovra
poOLO TNV dtodkacio TNG LETOVAGTELONG, LEGH TNG GLUUETOYNG TNG OTNV dnovpyio

TOO0CMOUATOV GTO KOTTAP.

[N v perém tov tpoémOv mov to Vean pmopel vor gUmMAEKETOL OTNV
petavdotevon kot €6PoAr, amopovadnkav mpmtoyevelg mvevpovikol voPAAoTES
dyptlov THmov kot Vean™”, 6Toug omoiovg TpaypatomomOnke xphon ovocoplopiouol
yw. F axtivn kot cortactin, kOplo Tp@TEIVN TOV TOS0COUAT®V, UETE 0md d1éyepon Le
TGFB. H ypdon avocopdopiopod amokdlvye 6Tt ot Vean™ mvevpovikol woPAdotec
oynuatiovv, mapovoia TGFP mpoeféyovoeg polétec MOOOCOUATOV, ONUAVTIKA
TEPLOCOTEPEG OO QVTEC oV oynpatilouv ot woPAdoteg dyplov TOTOL HETA AmO
oeyepon pe TGFP (Ewova 83A). H mocotikomoinom tov aptfpov poletdv avd ontikod
nedio (Ewova 83B) ko avd kdttapd (Ewova 83C) smoinbevce 011 ta peiopéva
enineda Vean otov voPAdotn odnyodv oe avénpévo apdud modoscmudtov, Tapovucio

TGF.

A
WT cntrl WT TGFp Vean*" TGFp
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Ewéva 83: O1 amioavemapkeic Vean” mvevpovikoi wofidotes oynuatiovv
apoeléyovees polétes modoocwudrwv, mapoveia TGFR. A) Avurpoowmevtikég
pwToypopies ypwong avooopbopiouod évavrt Cortactin kor F actin oe wveopovikovg
wopldotes dypiov tomov ko Vean™ uetd ané diéyepon ue TGFp. B-C) ITocotixomoinon

ap10uov poletwv avd omtiko TEDIO Kal ave, KOTTOPO aVTIGTOLYO.

TV ouvégslo efstdotnke av ot polétec mov oymuotifovion otovg Vean'
woPAdoteg, emmpedlovv v wovotnto  woPfoing, mopovoic TGFB. Tw va
npaypotonombel avtd to meipapa emotpobdnke aECM omd mvedpoves movikov
dyprov TOmov e @pedtio petovdotevong transwell ota omoia €merta mpooTEOMKAV
woPAdoTeg Kot EEETAGTNKE 1 IKOOTNTA €1GPOANG TovG. Ta amoteléspata delyvouy OTL
ot poléteg mov oynuatilovrar otovg Vean™ woprdotec, mapovsio TGFP, odnyovv oe

avENpévn avotta eloBoing oty eEmkvttdpia untpo (Ewkdvo 84).

ik

INVASION (A.U)
i

Eiwxéva 84: O1 Vean™ mvevuovikoi wofidores mapoveialovy avénuévor ikavityra
ciofoijs oe oyéon ue TOUVS WwoPldotes aypilov tomov, mapovsia TGFp.

IMocotikomoinon ¢ 1kavomnrac eigfornc twv WT ke Vean™ woflaoctov (uadpo,
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KOKKIVO) UETO, ot o1€yepon ue TGFP. Xov detyua eléyyov ypnoyworoOniay ivopraotes

WT, o1 omoiot dev eiyav emwaotel ue TGFp.

Télog eetdotnke av 1 KavoOTNTo €IGPOANG TV Kuttapwv mapovcio TGEp,
emmpedletarl amd VIOCTPOUN HE HEWMUEVEG TOocOTNTEG Vean, Ommwg cvuPaivel otnv
TPOoKOAANGN Kot Tov ToAlamAaciacud. Etol, mpaypatomromOnie to idwo meipapa pe 2

StapopeTikd vIooTphuaTa TV TPoipyovtay and WT kar Vcan™ woPldotec. Ta
amoteAéopato Oelyvouv OTL 1 EMKLTTAPIO UTPA TTOV TPOEPYETOL GO TVEVIOVES
TOVTIKOV PE PE®UIEVT TocOTNTa. Vean, Tpodyel TV LETAVAGTELST T060 TV WT 6060

ko Tov Vean™” woPractdv (Ewova 85).

A WT woPrdotes B Vean™ wophaocteg
5 8 -
<

& -

5 s 5 .

< 5 < ==

8 8

P~ =

> >

= Z 5
1=

aECM WT Vcan’ aECM WT Vcan’

Ewxova 85: H eéwkotrdpila ufTpa mov TPOEPYETAL OO TVEUUOVES TOVTIKOV HE
ueiouévy moootyta Vean, mpodyst THY UETOVAOTELGH TOV  IVOPLACTOV.
Iocouixkomoinon ¢ kavotyrag 16folic voplactav dypiod tomov A) xar Vean™”

VofLoaTOV 08 eLOKDTTOPLO. UNTPOL LUE PVTIOAOYIKG KO UELWUEVO. ETTiTEOO. Vean.

TopumepacpoTikd, ot Vean™ mvevpovikoi wophdoteg oynuatilovy avénpévo
apBud poletav, tapovsio TGFP, ot omoieg 0dnyoldv og avénuévn tkavotra e16PoANg
o€ oyéon pe toug woPArdoteg dyplov tomov. EmmAéov to vrdoTpopa Tov TopdyeTon
a0 TVEDUOVEG TOVTIKAOV [E PElopEVa emimeda Vean, odnyel o avEnuévn elefoin tov

WT ko1 Vean™ wopAactdv.
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Younepdopora Xvlitnon

To cuyKekpIévo KeQAANLO TG O100KTOPIKNG dtatpPng e€etdlel Tov poOLo TOV
yovidiov Vean oty maboyévela g Idomabovg [Tvevpovikng Tvowong. H tpwtetvn Vean
amotelel KOpla TpwTEWVN TG eEOKVTTAPLOG UMTPOS N omoio cuvdéeTal pe TANOdpa
ALV TPOTEIVAOV Kot EXNPEALEL TV SOUT KOl TV OPYAVMOOT) TNG EEOKVTTAPLOG UNTPOG.
H avopoin avadiapopewon g ECM oty ITII dwadpapatiler kpicipo poAo otnv
naboyévela TG VOGOV GUUBAAAOVTAG GTIV OLGKAUYIN TOL TVELLOVIKOD 16TOV, KOOMG
Kol OoTN METAPOAN NG KLTTOPIKNG ONUATOdOTNONG Kol oty mpomOnon g
gvepyomoinong mpoiveotikdv povomatiwv. EmmAéov, amotelel kOpoa mpwteivn
GLVOEGNG TOL LOAOLPOVIKOV 0EEOG, LOP1O TO 0moio €xet amodetyBel 6T eumAékeTON GTNV
naboyévela g 1. Ta mopandve dedopéva 00 yncay 6Ty SlEPELVNGN TOL POAOL TOV

yovidiov otnv Taboyévela TG vOcov.

H éxopaon tov VCAN Bpébnke onpaviikd avénpévn oty Tisioynoio tov in
silico ouvolov dedopévav Tov Fibromine, mov diepevvoidv tnv Ek@pact Yovidimv 6Tovg
nvevpoves acBevov pe I Evavt atopwv eEléyyov. Ot kutrapikol THmol Tov eKPpalovv
tov VCAN otovg mvebpoveg acBevov pe I eivon xvpiog ta pakpoedyo kot ot
woPAdotes. Eotwialovrog mapomdve otovg woPrdctes, Ppébnke o6t to VCAN
ekppdletor otov TVEDHOVOL OO TO VTOGUVOAO TV WOPAACTOV 7oL eKQOPAlel
KOAALOYyOVO. MAMGTO, GTO GUYKEKPIUEVO LITOGVLVOAO, 1 EkPpacn Tov VCAN evtomileTon
GTOTIOTIKA CULOVTIKA avENUEVT oTa KOTTOP OV Tpoépyovtal omd acBeveig pe Il oe
oxé0M e KOTTOPO TOV TPOEPYOVTOL amd VYLElG LapTVupec. Me in silico avaivon Ppédnke
emiong 011 10 VCAN egilvar 1 mo gup€mg eK@palOUEVT] TPMOTEOYAVKAVT] GTOV TVELLLOVOL
pe 1L Téhog, avénuévn Ekppacn Tov Vean aviyvevetal eniong o€ GOVOAN OEOOUEVMOV

ano enayopevn and BLM nvevpovikn ivoon.

XV cuvEyElo TpayuaTomomOnKe in vitro e£€Taom TOV EMITEI®V £EKPPACT|G TOL
VCAN, 1600 o¢ eninedo mRNA 6c0o kot tpmteivnc. Xpnoipomomdnke po tAnbopa
TVELVHOVIK®OV VOPAACTOV (TPMTOYEVEIG KOl KUTTOPIKES GEPES) OV TPOEPYOVIAY TOGO
amd avOpOTIVOLG TVELOVEG OGO Kot 0mtd Tvevpoves movtikav. Ot woPAdoteg avtol
ENMACTNKOV HE TOV KUplo mpoivetikd mopdyovta TGFB, ko omv ocuvéysw
peremOniay ta emineda Ekppoons tov yovidiov pe Real-Time PCR kot ™ ¢ mpoteivng

pe avosopBopiopd. Anodeiynke 6t1 o TGFP mpodyet tnv ékppacn tov VCAN in vitro
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1660 o0& avVOPOTIVOLG TVELUOVIKOVS WVOPAAGTEG OGO KOl GE TVELUOVIKOVS VOPAACTES

TOVTIKOV.

‘Enerto mpaypatonomOnke in vivo HeAETN TOV EMITEI®V EKPPAOCTG TOV YOVISIOL
Vean og movtikioa dyplov TOmOL UETA TNV Yopnynon umieopvkivine. H mepapatikn
opada mov EAaPe PTAEOUVKIVI, TOPOVGLAGTNKE QVENIEV EKQPACT] TOV YoVidiov Vean
KoL TG KVplaG .oopopeng Vioe eninedo mRNA aAld Kot 6 TPOTEIVIKG EMIMEDO, OTMG
avalvOnke pe eacpatopetpio pdloc. H ypdon avocopbopiopod amoxdivye OTL M
ékppaon tov  Vcan evtomileton  kupiog oto0  Ppoyyikd emBAl0 Kol OTIC
WOTIKEG/WVOPLUCTIKEG TTEPLOYEG TOV WVOTIKOV TVELUOVOV UETO Omd  YOpnynom

UTAEOHVKIVIG.

Katomv, yopnyndnke umieopvkivn o etepoluvya movtikia yia to yovidwo Vean
(Vecan™"), yia vo pelemBei mog o psiopéva eninedd tov yovidiov emmpedlovy v
eEEMEN ¢ tvoong in vivo. Ta amotehéopota delyvouy OTL 1| HEPIKT OAVETAPKELD TOV
yovidiov Vean yeipotepevel TNV enayOUEVT 0md UTAEOUVKIVY TVELLOVIKN tveoT), KaBdg
ta (do pe petopéva enimeda Vean petd v yopnynon urieopvkivng mapovsialovv
peYoADTEPN amMAELL BApovg, HEYaADTEPO 0PlOUO SMONTIKOV PAEYLOVOIDV KOTTAP®V
Kot oAMkNG mpoteivg 6to BALF, avénuévn ékepaocn votikov yovidiov avEnuéveg

WOTIKES TEPLOYES GTOVS TVEVLOVEG TOVG , KABMG Kot avénUévn ToGOTNTA KOAAXYOVOL.

Mo va evromiotel mO10¢ KLTTOPIKOS TUTTOG €lvanl Kupiwg vrevhuvog yuoo TV
YEPOTEPEVOT TNG EMAYOUEVNC OO UTAEOUVKIVI TVELLOVIKTG TV®ONG TOL TTopaTnpeiton
amovcio Tov Vean e movtikio, TPOyUATOTOMONKE TEIPOUO LETAPOPAS LVEAOD TMV
00TOV, Kol KOTOmY yopnynon umieopvkivng. H dwaypaer) tov Vean kot and tovg 2
KLTTOPIKOVS TUTTOVG, OOMYEL GE XEPOTEPELGN TNG TVEVUOVIKY|G Tvwong. Emopévmg, ot
puOoTiKég Aettovpyiec Tov Vean otny ivwon givot evepyég 1060 GTa ALLOTOTIKA OGO

KOl 6T GTPOUATIKO KOTTOPOL.

EmnmAéov, mpoaypotomomOnke ovailvon @oocpoatopetpiog pHaloag  oTovg
TVEDLLOVEC TTOVTIKIDV (YPLOV TOTTOV KOl TOVTIKIOV LE PHEW®pEVA enimeda Vean, petd v
XOPNYNON UTAEOUVKIVIG. ATO TNV aVAALGN TPOEKVYE OTL 0L TVEVUOVEG TMV TOVTIIKAOV
pe pewwpéva eminedo Vean moapovotdlovv avénpévn €KQpoacn TPOTEIVOV oL
emmpedlovv KHpleg dradikaciec g tvwong, 0TS TV TEN TOL AiHATOC, TNV 0PYAVOOT

™G eEOKLTTAPLOG UTPAG KOL TV EVEPYOTOINGT TOV OLUOTETAAI®YV.
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H in vitro $1éyepon tov Vean™ nvevpovikdv wopractadv pe TGF-B1, avédeile
OTL 01 TVELLOVIKOL VOPAGOTEG e PELpEVA emtineda Vean, mopovctdalovy dlopopés o
oyxéon He Toug WoPAAcTEG Gyplov TOHTTOV, GE GNUAVTIKEG KUTTAPIKEG AEITOVPYIES, OTWS
1 TPOGKOAANGN Kol 0 TOAAATANGLOGHOG. EmumAéov, ot tvoPrdoteg pe petmpéva eminedo
Vean mopovcsidlovv avénuévn ékepaon Tov votikdv yovidiov, tapovsio TGFB. To
amOTEAECHO OVTO emoAnOedel 1O im Vivo OmOTEAECUON, OTO OMOIO 1 £KQPOCT TMV
WOTIKOV Yovidiov avédvetor e movtikia Vean™ peté v yopiynon UrAeopvkivig,
KOl OVTIOTPEPETAL WE TNV VAEPEKEPACT TNG toopopens V1 tov yovidiov og

TVELLLOVIKOVG WVOPBAAGTES in vitro.

‘Emeira, dnpovpyndnke eEmxuttdplo pitpo amd TVELHOVIKOUS VOPAAGTEG Kot
TVEVLOVEG TOVIIKAV (yplov TOUTOL KOl TOVTIKOV e UEWUEVO eMnedd Vean,61o0g
0moiovg emoTPOONKAY WOPAAGTES GyPLOL TUTOL KO EEETACTNKAV Ol KUTTUPIKES TOVG
wwmtec. Ta peiopéva eninedd Vean 6to vrdotpope xnpedalovy v TPOcKOAANGT
TOV TOAAOTAQGLOOUO Kol TNV EKEPOCT TOV WOTIKGOV Yyovidiov. H avdivon
eoaopotopeTpiog palog mov mpaypatonomonke oe eEmkuTTapia pnTpa omd voPAdoTEG
TOVTIKGOV Gyptov tomov kot Vean'™, £8e1ée 611 1 amovcia tov Vean amd 10 VIOGTPOLLL
emnpealel v ékepaon neptocotepmv and 1000 tpoteivdv g eEoruttdplog unTpag,
peta&y twv omoiwv Ppiokovrol mpwteiveg ™G eEOMKLTTAPLOS UNTPOS TOV EUTAEKOVTOL
kol omnv maboyévelwn tng ivoong, onwg to Collal xou m Fnl xor m mpwtevn
npocappoyéag TksS H avaivon epmlovTicpov mov TporyLatomotidnke oTig TpOTeEiveg
mov vepekepdlovtan delyvel OTL To KOPLOL LovoTdTIo TTOV aopvOuilovtot amovsio Tov
Vcan, mepiappdvoov v opydvoon g eEokuttdplag pnitpag, 1n poduon g
TPOGKOAANGNG, 1 ETOVAMOT TANYDOV, 1| pPOOUIGN TNG KVTTAPIKNG KIVNTIKOTNTOG KOl 1

pOOLLIGN TG LETOVACTELONG.

[No va dtepevvnBet o TpoOTOg TOL TO Vean gUTAEKETOL GTNV LETOVAGTEVGT] KO
gloPoAn, mpaypotomodnke ypdomn avocopBopiopov petd and dieyepon pne TGFP oe
TPOTOYEVEIC TveELHOVIKOUC tvoPAGoTEG Gyprov Tomov kou Vean™ . H  ypdon

" mvevpovikol woPrdotec oymuotilovv,

avoco@fopiopoy amokdAvye Ott ot Vean™
nmapovcio TGFP mpoe&éyovoec poléteg mMOSOCOUATOV, CNUAVTIKE TEPICCOTEPES ATO
avtég mov oynuatilovv ot woPAdoteg dyplov TOmOL peTd omd 01éyepom pe TGEP, ot
omoieg 00MyovV og peyoAvtepn wavotnta eicPoinc. Emmiéov 10 vmoécTpOUO TOV
TapdyeTan ond TVEVUOVES TOVTIKOV e HElopéva enimeda Vean, odnyel o€ avEnpévn

giofor Tov WT kan Vean™ woBAootdv.
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SOUTEPAGUATIKG, TO LELWUEVO EMTESA TNG TPOTEIVNG Vecan oty ewkutTdpila
unTpo, Empedlovy v EKEPacn GALOV TPOTEIVOV TOV VTOGTPMOUATOC, LE OTOTEAEC LA
Vv onpovpyio. «omopLOUIoUEVNCY EEOKLTTAPLOG UNTPOG LE AVAOUOAN oLOTACT, M
omoia emmpedlel KLTTaPIKES Asttovpyeieg OTMC 1) TPOGKOAANOT|, O TOALATANGLOCUOG
Kol M €woPoAn. EmumAéov, n ékppoon tov Vean amd tovg tvoPAdoteg gaivetor vo
TPOGTATEVEL TOL TOVTIKLA OTO TNV TVELLOVIKT] tVOOT), LEUDVOVTOG TNV TPOSKOAANGN Kot

v €16Poin Toug otnv ECM.
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The activation and accumulation of lung fibroblasts resulting in aberrant
deposition of extracellular matrix components, is a pathogenic hallmark of
Idiopathic Pulmonary Fibrosis, a lethal and incurable disease. In this report,
increased expression of TKSS, a scaffold protein essential for the formation
of podosomes, was detected in the lung tissue of Idiopathic Pulmonary
Fibrosis patients and bleomycin-treated mice. The profibrotic milieu is
found to induce TKSS5 expression and the formation of prominent podosome
rosettes in lung fibroblasts, that are retained ex vivo, culminating in
increased extracellular matrix invasion. Tks5”" mice are found resistant to
bleomycin-induced pulmonary fibrosis, largely attributed to diminished
podosome formation in fibroblasts and decreased extracellular matrix
invasion. As computationally predicted, inhibition of src kinase is shown to
potently attenuate podosome formation in lung fibroblasts and extracellular
matrix invasion, and bleomycin-induced pulmonary fibrosis, suggesting
pharmacological targeting of podosomes as a very promising therapeutic
option in pulmonary fibrosis.

Tissue fibrosis is a pathogenic process that affects most organs and
constitutes a complication of many chronic diseases including cancer;
such fibroproliferative disorders account for >45% of all disease-
related deaths worldwide'. Among them, Idiopathic pulmonary fibrosis
(IPF) is a chronic, progressive, interstitial lung disease affecting mostly
older adults. IPF patients exhibit progressive worsening of respiratory
functions, which lead to dyspnea and eventually to respiratory failure.

Histologically, IPF is characterized by lung parenchymal scarring, as
evident by a usual interstitial pneumonia (UIP) profile, characterized
by patchy dense fibrosis with architectural distortion and a subpleural
and paraseptal preference, and is distinguished by the presence of
fibroblast foci. Although the etiopathogenesis of IPF remains largely
elusive, the prevailing hypothesis suggests that the mechanisms driv-
ing IPF involve age-related aberrant recapitulation of developmental
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programs and reflect abnormal, deregulated wound healing in
response to persistent alveolar epithelial damage, resulting in the
accumulation of lung fibroblasts (LFs)’.

LFs are the main effector cells in pulmonary fibrosis, secreting
exuberant amounts of extracellular matrix (ECM) components, such
as different types of collagens. LFs also secrete a variety of ECM
remodeling enzymes, such as matrix metalloproteinases (MMPs),
thus coordinating the overall ECM structural organization and con-
sequently the mechanical properties of the lung®. LF activation upon
fibrogenic cues, such as TGFf or other growth factors (including
PDGF and VEGF), is characterized by the expression of alpha smooth
muscle actin (aSMA/ACTA2), and/or increased collagen expression,
as exemplified by COLIAI’®. ECM fibrotic remodeling and
resulting mechanical cues are considered as crucial stimulating and
perpetuating factors for LF activation®’, while the chemoattraction
of LFs to various signals and their resistance to apoptosis has been
suggested to promote respectively their recruitment and
accumulation®®.

Fibroblast accumulation in pulmonary fibrosis has also been
suggested to be mediated by their ability to invade the underlying
ECM, and increased ECM invasion of fibroblasts isolated from the lung
tissue of IPF patients or animal models has been reported®™. Activa-
tion of invasion, critical for embryonic development, is among the
well-established hallmarks of cancer, and one of the many shared
hallmarks between cancer cells and activated LFs®. Invasion critically
relies on the proteolysis of the underlying ECM via invadopodia in
cancer cells and podosomes in other cell types'*".

Podosomes are comprised of a filamentous (F)-actin-rich core
enriched in actin-regulating proteins, such as the Arp2/3 complex and
cortactin (CTTN), and are surrounded by a ring of scaffold proteins,
most notably SH3 and PX domains 2A (SH3PXD2A; commonly known
as tyrosine kinase substrate with 5 SH3 domains, TKS5)"**. The
effector molecules of the podosomes are various proteases, such as
matrix metalloproteinases (MMPs, mainly 2, 9, and 14) that digest the
ECM locally, thus stimulating the invasion and migration of podosome
bearing cells'®".

TksS expression is necessary for neural crest cell migration
during embryonic development in zebrafish'®, and homozygous dis-
ruption of TksS in mice resulted in neonatal death”. Beyond
embryonic development, which heavily relies on migration and
invasion, increased TKS5 expression has been reported in different
types of cancers™, including lung adenocarcinoma, where it was
suggested to mediate metastatic invasion®. Pulmonary fibrosis
confers one of the highest risks for lung cancer development, while
many similarities between activated LFs and cancer cells have been
suggested, including ECM invasion™. Therefore, in this report we
investigated a possible role of TKS5 and podosomes in the patho-
genesis of pulmonary fibrosis employing in silico analysis of publicly
available human and mouse transcriptomic datasets, de novo ana-
lysis of human samples and associated clinical data, disease model-
ing in mice, ex vivo/in vitro human/mouse cell cultures and
dedicated functional assays, as well as pharmacologic validation
experiments. In this context, increased Tks5 expression is detected in
both human and mouse fibrotic lungs, primarily expressed in LFs.
The profibrotic milieu, is shown to induce TKSS expression and the
formation of prominent podosome rosettes in fibroblasts, culmi-
nating in increased ECM invasion. Haploinsufficient Tks5"” mice are
found resistant to BLM-induced pulmonary fibrosis, largely attribu-
table to diminished podosome formation in LFs and decreased ECM
invasion. Expression profiling reveals an ECM-podosome cross talk,
and pharmacologic connectivity map analysis suggests several inhi-
bitors that could prevent podosome formation and thus pulmonary
fibrosis. Among them, inhibition of src kinase is shown to potently
attenuate podosome formation in LFs, ECM invasion, as well as BLM-
induced pulmonary fibrosis.

Results

Increased TKSS expression in pulmonary fibrosis

Increased TKS5 mRNA levels were detected in silico in the lung tissue
of IPF patients as compared with control samples (Fig. 1a), in most
publicly available IPF transcriptomic datasets (Supplementary
Table 1) at Fibromine?, including three of the largest ones (Fig. 1b
and Supplementary Fig. 1a, ¢). Importantly, TKS5 mRNA expression in
fibrotic lungs correlated with the expression of COLIAI (Fig. 1c and
Supplementary Fig. 1b, d), a well-established marker of fibrotic gene
expression. Confirming the in silico results, increased TKS5 mRNA
levels were detected with quantitative RNA RT-PCR (Q-RT-PCR) in
lung tissue isolated from IPF patients (n=20), as compared with
COPD patients (n=19) and healthy lung tissue (n=9) (Supplemen-
tary Table 2 and Fig. 1d). Moreover, positive TKS5 immunostaining
was detected in the lungs of IPF/UIP patients (n=3), as opposed to
control samples (n=3), mainly localized in the alveolar epithelium
and fibrotic areas (Fig. le and Supplementary Fig. 2). Similar con-
clusions were derived from the analysis of a publicly available single
cell RNA sequencing (scRNAseq) dataset of lung tissue from trans-
plant recipients with pulmonary fibrosis (n=4) and healthy lung
tissue from transplant donors (n=8)%. TKS5 mRNA expression was
mostly detected in subsets of epithelial cells, basal cells and espe-
cially fibroblasts (Supplementary Fig. 1e, f), where TKS5-expressing
LFs were found to belong to a COLIAI-expressing subpopulation
(Supplementary Fig. 1g, f).

Increased Tks5 mRNA levels, correlating with Collal mRNA levels,
were also detected in the lung tissue of mice post bleomycin (BLM)
administration (Fig. 1g, h), a widely used animal model of pulmonary
fibrosis;** immunostaining localized Tks5 in the alveolar epithelium
and fibrotic areas (Fig. 1i), as in human patients. Moreover, double
immunostaining for aSMA or Collal, prominent activation markers of
fibroblasts in both mice and humans, indicated that Tks5 localized
mainly to a Collal expressing fibroblast subset, as Tks5 staining over-
lapped with 20% of Collal staining, as opposed to a 2% with aSMA
staining (Fig. 1i and Supplementary Fig. 3).

Therefore, pulmonary fibrosis in both humans and mice is asso-
ciated with increased TKSS expression, consistently correlated with the
expression of Collal, especially in LFs.

TGFp-induced podosome rosettes is an inherent property of
fibrotic LFs

TGFf, among the main pro-fibrotic factors driving disease develop-
ment in vivo, was found to stimulate 7KS5 mRNA expression in dif-
ferent primary normal human lung fibroblast (NHLF) clones (Fig. 2a),
correlating with COL1IAI mRNA expression (Fig. 2b); identical results
were obtained from an independently derived NHLF cell line at a dif-
ferent lab/setting (Supplementary Fig. 4a, b), as well as from the
human fibroblastic cell line MRC5 (Supplementary Fig. S4c, d). In
agreement with the essential role of TKS5 on podosome formation
(colocalization of F-actin with TKS5 or CTTN)*, TGFp, playing a pro-
minent role in proliferation and migration of fibroblasts (Supplemen-
tary Fig. 4e-g respectively), potently stimulated the formation of
podosomes in NHLFs in vitro, organized in distinctive rosettes
(Fig. 2c-f and Supplementary Fig. 5a-f). Moreover, TGFf-induced
podosomes in LFs were enriched in MMP9 (Fig. 2g, h and Supple-
mentary Fig. 5g, h), likely contributing to the increased degradation of
a fluorescein-conjugated gelatin substrate (Fig. 2i, j), a nominal
podosome property.

To examine if the pro-fibrotic milieu in the lungs of IPF patients,
which includes TGF, also stimulate podosome formation in vivo, HLFs
from IPF patients (Supplementary Table 3) were cultured in the
absence of any stimulation and were stained for podosomes in com-
parison, under the same conditions (and 7-8 passages), with different
NHLF lines derived from healthy tissue. Remarkably, IPF HLFs, irre-
spectively of cell density (Supplementary Fig. 6a), presented with
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prominent podosome rosettes (Fig. 3a-d, Supplementary Fig. 6a, b,
and Supplementary Movie 1), identical in structure as those stimulated
in vitro by TGF[3, that persist upon prolonged culture ex vivo. As shown
for TGFf-stimulated NHLFs, IPF HLFs degraded more potently than
NHLFs a fluorescein-conjugated gelatin substrate (Fig. 3e, f and Sup-
plementary Fig. 6c).

Phenocopying the human experiments, exposure to TGF( of pri-
mary, normal mouse lung fibroblasts (NMLFs) stimulated Tks5 mRNA
expression (Supplementary Fig. 7a), correlating with Collal expression
(Supplementary Fig. 7b), the formation of podosome rosettes (Sup-
plementary Fig. 7c, d) and the degradation of a fluorescein-conjugated
gelatin substrate (Supplementary Fig. 7e, f); similar results were
obtained with 3T3 embryonic fibroblasts (Supplementary Fig. 7g-k).

Tks5* staining (%)

® SAL @ BLM

Moreover, and as in the case of IPF LFs, mouse primary LFs isolated
post-BLM administration presented with increased Tks5, Collal and
Mmp9 expression (Supplementary Fig. 7I-n respectively), exhibiting
prominent podosome rosettes in the absence of any stimulation
(Supplementary Fig. 70-p).

Therefore, the pro-fibrotic milieu in the lungs of IPF patients and
BLM-treated mice, as well as TGFp, induce TKS5 expression and the
formation of podosome rosettes, an inherent fibrotic LF property.

Creation of a series of obligatory and conditional knock out
mice for Tks5

To enable functional studies on the likely role of Tks5 in pulmonary
fibrosis and pathophysiology in mice, we then created a series of
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Fig. 1| Increased TKSS expression in pulmonary fibrosis. a TKS5 mRNA expres-
sion in lung tissue from Idiopathic Pulmonary Fibrosis (IPF) patients as compared
(log2FC) to controls (CTRL) in different publicly available datasets (n=9) (Sup-
plementary Table 1) at Fibromine. b Volcano plot from a representative large
dataset (FC >1.2, FDR < 0.05). ¢ Scatter plot of TKSS5 and COLIAI expression in the
same dataset with a fitted linear model and 95% CI; correlation was assessed with
two-tailed Spearman’s test (p > 0.6; p = 8.92E-08). d Increased TKS5 mRNA levels in
the lung tissue of IPF (Usual Interstitial Pneumonitis; UIP) patients (n = 20) were
detected with Q-RT-PCR (r*=0.98, E=97%), as compared with lung tissue from
COPD patients (n=19) and control (CTRL) lung tissue isolated from lung cancer
patients (n =9) (Supplementary Table 2). Values were normalized to the expression
values of the housekeeping gene B2M and presented as fold change to CTRL values.
Statistical significance was assessed with two-tailed Kruskal-Wallis test
("p=0.0076, p=0.0129). e Increased TKSS immunostaining in fibrotic lungs.
Representative images from immunohistochemistry for TKS5 (brown) in IPF and
CTRL lung tissue (n =3; Supplementary Fig. 2); scale bars =50 pm. f 7KS5 is
expressed mainly by the COLIAI-expressing cluster/LF subpopulation. in a publicly

available scRNAseq dataset (Reyfman, Walter et al. 2019). Statistical significance
was assessed with Wilcoxon Rank Sum test (FC > 1.2, Bonferroni corrected p = 8.9E-
12 / 11E-10 / 2.1E-3 from left to right). g, h TksS and Collal mRNA expression was
interrogated with Q-RT-PCR (r? = 0.89/0.93; E =103%/96%); cumulative result from
3 different experiments. Values were normalized over the expression of B2m and
presented as fold change (log2) over control (n = 8/12). Statistical significance was
assessed with two-tailed Mann Witney test (“'p <0.0001). h Two tailed spearman
correlation plot of Collal expression in the same samples (p = 0.0323; r=0.63). i.
Double immunostaining against Tks5 (green) and aSMA (Acta2) or Collal (red);
representative images are shown, followed by their respective quantification (n = 4)
with Image J; scale bars=50 um; a representative experiment out of 3 successful
independent ones are shown. Statistical significance was assessed with two-tailed
Welch'’s test (p=0.0211, “p=0.0013). In all panels all samples are biologically
independent; boxplots visualize the median of each distribution; upper/lower
hinges represent 1°/3™ quartiles; whiskers extend no further than 1.5 * IQR from the
respective hinge. Source data for all panels are provided as a Source Data file.

obligatory and conditional knock out mice for TksS (Sh3pxd2a). The
Sh3pxd2a locus has been already targeted by the European Condi-
tional Mouse Mutagenesis Program (EUCOMM), aiming to knock out
all mouse genes in a high throughput approach?. In this context, the
exon 11 of the Sh3pxd2a gene was loxP-flanked, while a LacZ/neomycin
reporter/selection cassette was placed upstream, including two FRT
sites; this allele is referred to as “targeted mutation 1a” (tmla; Sup-
plementary Fig. 8a)”’. The targeted ES cells were then microinjected
into C57BI/6 N blastocysts by the Welcome Trust Sanger Institute
(WTSI), that were transferred in pseudopregnant females to yield the
Sh3pxd2q™aEVCOMMWSI+ haterozygous mice (Supplementary Fig. 8a).
Frozen sperm of these mice was obtained from WTSI, via the INFA-
FRONTIER [https://www.infrafrontier.eu/] consortium®*?° and the
European Mutant Mouse Archive- EMMA [https://www.infrafrontier.
eu/emma/emma-services/?keyword=sh3pxd2a&category=strains]),
that was directly injected to mice in the transgenic facility of “BSRC
Fleming” via IVF technology to yield the Sh3pxd2q™=2EVCOMMWisiFime/+
heterozygous mice. Mice were genotyped following the correspond-
ing strategy from EUCOMM, that queries three different genomic
fragments (lacz, WT allele, tmla allele) by performing three indepen-
dent PCR reactions (Supplementary Fig. 8b, c). Moreover, the suc-
cessful targeting was also verified with long range PCR for both the 5
and 3’ arms flanking the floxed region with primers against inserted
sequences (Supplementary Fig. 8d, e).

To obtain the tmlb reporter allele (Supplementary Fig. 8a)
Sh3pxd2a™#"emng’* mice were mated with transgenic mice expressing
the Cre recombinase under the control of the Cytomegalovirus (CMV)
promoter in all mouse tissues and cells (Tg-CMV-Cre)*. Genetic
recombination of the obtained Sh3pxd2q™® EUCOMMWSIFIme/ s mijce was
verified with genomic PCR (Fig. S7B, C). Q-RT-PCR in lung tissues
indicated a 50% reduction of Sh3pxd2a mRNA levels indicating proper
gene targeting (Supplementary Fig. 8g). X-gal staining, detecting LacZ
expression from the promoter of Tks5 (Supplementary Fig. 8a, Tmlb),
localized transcriptional TksS activation (throughout development,
neonatal and adult life) mainly in arterial endothelium of the lung
(Supplementary Fig. 8i). No obvious gross macroscopic abnormalities
were observed, while heterozygous mice were healthy and fertile.

The haploinsufficient Sh3pxd2q ™PE/COMMWFme* and Sh3pxd2a™
(EuCOMMWSIFIme/+ (T ¢5*) mice, presented with a 50% reduction of TksS
mRNA levels in the lung (Supplementary Fig. 8g-h), while X-gal staining
(in the reporter tmlb strain) localized transcriptional Tks5 activation
(throughout development, neonatal and adult life) mainly in endothelial
and smooth muscle cells in healthy conditions (Supplementary Fig. 8i).
No obvious gross macroscopic abnormalities were observed, while
heterozygous mice were healthy and fertile.

Intercrossing of heterozygous mice Tks5"” mice yielded no
homozygous knockout mice, indicating that Tks5 has an essential role

in mouse development, as previously reported for an obligatory knock
out strain®.

A similar genetic strain, Sh3pxd2a was created by
WTSI from the Sh3pxd2a™=EcOMMWs/* mjce via a cell permeable HTN-
Cre’. Sh3pxd2q™P/ECOMMWSIT heterozygous mice were systematically
phenotyped from the INFAFRONTIER consortium®? on our
behalf, following a relative competitive call. Results indicated that
Sh3pxd2a™/EUCOMMWSI mice present with no major pathophysiological
abnormalities, apart from an increase of serum alkaline phosphata-
se.in.females.(measurements.chart[https://www.mousephenotype.org/
data/genes/MGI:1298393#phenotypes-section]). Moreover, a viability
primary screen phenotypic assay was performed.on.the.novel.mu-
tant.strain.by.WTSI.(datalchart[https://www.mousephenotype.org/
data/charts?accession=MGI:1298393&allele_accession_id=MGI:
5636944 &zygosity=homozygote&parameter stable_id=IMPC_VIA_001_
001&pipeline_stable_id=MGP_001&procedure_stable_id=IMPC_VIA_
001&parameter_stable_id=IMPC_VIA_001_001&phenotyping_center=
WTSID), confirming the requirement of Tks5 for embryonic
development.

Moreover, and to generate the conditional tmlc allele (Fig. S7A),
Sh3pxd2q™?2EVCOMMWSIFIme /+ mjce were crossed with transgenic mice
expressing the Flp recombinase under the control of the Cytome-
galovirus (CMV) promoter in all mouse tissues and cells (Tg-
CMV-FIp)*.  Genetic  recombination of the  obtained
Sh3pxd2qt™cEVCoOMMWWesifme/+  mjce was verified with genomic PCR
(Supplementary Fig. 8c). To generate the conditional tmld allele
(Supplementary Fig. 8a), Sh3pxd2q™c/EUCOMMWsFIme/ + mice were
crossed with transgenic mice expressing the Cre recombinase under
the control of the Cytomegalovirus (CMV) promoter in all mouse
tissues and cells (7Tg-CMV-Cre)®. Genetic recombination of the
obtained Sh3pxd2a™dEVCOMMWIFime /+ mjjce was verified with genomic
PCR (Supplementary Fig. 8c). Q-RT-PCR in lung tissue indicated a
50% reduction of Sh3pxd2a mRNA levels indicating proper gene
targeting (Supplementary Fig. 8h).

tmlb/(EUCOMM)Wtsi/+

TksS haploinsufficiency in mice attenuates BLM-induced pul-
monary fibrosis

To genetically dissect the likely role of Tks5 in pulmonary fibrosis,
BLM was administered to 8-10-week-old C57Bl6/) Tks5"  mice and WT
littermates (Fig. 4a, b), which were sacrificed 14 days post BLM (at the
peak of the disease in the local settings), as previously described®.
No weight loss, an overall systemic health indicator, was observed in
TksS" mice (Fig. 4c), as opposed to wt mice. Vascular leak and pul-
monary edema were significantly reduced in Tks5" mice, as indicated
by the total protein concentration in the bronchoalveolar lavage fluid
(BALF), determined with the Bradford assay (Fig. 4d). Inflammatory
cells in the BALF, as measured by hematocytometer, were found
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Fig. 2 | TGFP induces the formation of podosome rosettes in normal human
lung fibroblasts (NHLFs). Serum starved, sub-confluent (70-80%), primary NHLFs
were stimulated with recombinant human TGFp (10 ng/ml) for 24 h; a representa-
tive experiment out of 4 successful independent ones is shown. a, b 7KS5 and
COLIAI mRNA expression was interrogated with Q-RT-PCR (*=0,94/0,92;
E=98,3%/93% respectively) in two NHLF clones (cl.l, cl.2). Values were normalized
to the expression values of the housekeeping gene B2M and presented as fold
change over control; n=4/5/4/4; statistical significance was assessed with two-
tailed Welch's test (a/cl.1) and two-tailed Mann Whitney test (a/l.2); “p=0.0012,
‘p=0.0159 respectively. b Two tailed pearson correlation plot of COL1AI expres-
sion in the same samples (p = 0.0116; r = 0.79). c-j Representative composite
images from double immunostaining, and respective quantifications, for: ¢ F-actin/
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TKSS (red/green), e F-actin/Cortactin (CTTN; red/green), g F-actin/MMP9 (red/
green), h TKS5/MMP9 (green/red). Cells are counterstained with DAPI; scale bars
50 pm; arrows indicate representative podosomes; separate images and proof of
colocalization of signals can be found at Supplementary Fig. 5. d, f. Quantification
of the number of podosome-containing cells per optical field (n = 6); statistical
significance was assessed with two-tailed t-test; “p =0.0011, “p=0.0009.

i Representative images of the TGFB-induced degradation (black holes) of a
fluorescein-conjugated gelatin substrate. j Quantification of gelatin degradation
area, normalized to control (n = 5); statistical significance was assessed with two-
tailed t-test; "p = 0.0016. Source data for all relative panels (a, b, d, f, j) are provided
as a Source Data file.
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Fig. 3 | The formation of extracellular matrix (ECM) degrading podosome
rosettes is an inherent property of IPF human lung fibroblasts (HLFs). Serum
starved, sub-confluent (70-80%), primary IPF-HLFs and normal HLFs (NHLFs) were
immunostained for F-actin (red) and (a) TKSS (green) or (c) cortactin (CTTN; green)
and counter stained with DAPI (blue); n=5; scale bars =50 pm. Representative
images from representative clones are shown. b, d Cumulative quantification of the
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significantly reduced in TksS"”" mice (Fig. 4€); so were soluble col-
lagen BALF levels, as determined by the Sirius red assay (Fig. 4f), in
concordance with Collal mRNA expression in the lung tissue from
the same mice, as determined with Q-RT-PCR (Fig. 4g, h). Histological
analysis revealed decreased collagen deposition in TksS" mice
post BLM, as quantified by Sirius red/Fast green staining (Fig. 4i),
and fewer peribronchiolar and parenchymal fibrotic regions
were detected (Fig. 4i), as reflected in the Ashcroft score (Fig. 4j);
similar conclusions were drawn upon the histological evaluation of
Precision Cut Lung Slices (PCLS) prepared from the same mice
and cultured ex vivo (Fig. 4i). The relative protection from the
BLM-induced tissue architecture distortion upon the genetic reduc-
tion of TksS expression was also reflected in lung respiratory func-
tions, as measured with FlexiVent (Fig. 4k-m). Therefore, Tks5
expression, and likely the formation of podosomes, were shown to

have a major role in BLM-induced pulmonary fibrosis, and therefore
likely IPF.

TksS haploinsufficiency in mouse LFs decreases ECM-regulated
podosome formation and ECM invasion

To functionally dissect the relative protection of Tks5" mice from BLM-
induced pulmonary fibrosis, primary LFs were isolated from littermate
wt and TksS" mice and were exposed to TGF, as before. Tks5"" LFs,
expressing ~50% of Tks5 (Fig. 5a), presented with decreased numbers of
podosomes in response to TGFf (Fig. 5b, ¢), reaffirming the seminal role
of Tks5 in podosome formation?, as well as with decreased prolifera-
tion (24 h; Fig. 5d). As podosomes are known to promote ECM invasion,
we then examined the ability of LFs to invade acellular ECM (aECM)
prepared from the lungs of mice (Supplementary Fig. 9a, b), in a
transwell invasion chamber (6 h; Fig. Se). The reduction of podosomes
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was associated with a decreased TGFB-induced invasion of Tks5" LFs in
aECM (Fig. 5f). Moreover, reaffirming in mice the inherent character of
podosome formation in LFs, post BLM TksS"” LFs presented with
reduced numbers of podosomes in comparison with wt LFs isolated
from littermate mice (Fig. 5g, h), resulting in defective aECM invasion
(Fig. 5i). Therefore, the in vivo demonstrated pathogenic role of Tks5 in

Aschroft scoring
»
L
Rrs (cm Hzo.slml)

N
1

pulmonary fibrosis includes the formation of podosomes in LFs and the
promotion of their ECM invasion.

To obtain additional mechanistic insights, wt and Tks5" LFs
were exposed to TGFJ, as above, and their global expression profile
was interrogated with 3’ UTR RNA sequencing (Quant-Seq LEXO-
GEN). Differential expression analysis between TGFB-induced Tks5"
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Fig. 4 | TksS haploinsufficiency in mice attenuates bleomycin (BLM)-induced
pulmonary fibrosis (PF). a Schematic presentation of the BLM-induced PF model.
b. Kaplan Meyer survival curve post BLM administration. c. Weight change post
BLM administration; n = 4/7/4/6. Statistical significance was assessed with two-
tailed one-way ANOVA; “"p=0.031. d Total protein concentration in bronch-
oalveolar lavage fluids (BALFs), as determined with the Bradford assay; n=4/7/4/7.
Statistical significance was assessed with two-tailed one-way ANOVA; “p < 0.0001,
“p=0.0009. e Inflammatory cell numbers in BALFs, as counted with a hemato-
cytometer; n = 4/6/4/6. Statistical significance was assessed with two-tailed one-
way ANOVA; ""p < 0.0001, “p=0.0002/0.0008. f Soluble collagen levels in the
BALFs were detected with the direct red assay; n = 4/6/4/7. Statistical significance
was assessed with two-tailed Kruskal Wallis; ‘p = 0.0124. g, h TksS and Collal mRNA
expression was interrogated with Q-RT-PCR; n =4/5/3/7; values were normalized
over the expression of the housekeeping gene B2m and presented as fold change
over control. Statistical significance was assessed with two-tailed one-way ANOVA;
“p=0.0012, 'p=0.0207. h Two tailed pearson correlation plot of Collal expression
in the same samples; ‘p = 0.0342; r=0.91/0.54. i Representative images from lung

sections of murine lungs of the indicated genotypes, stained with Fast Green/Sirius
Red (green/red; first row), from Hematoxylin & Eosin (H&E)-stained Precision cut
lung slices (PCLS) (second row) and H&E-stained lung sections (third row); scale
bars 50 pm. j. Quantification of fibrosis severity in H/E stained lung sections via
Ashcroft scoring; n=4/5/4/5. Statistical significance was assessed with two-tailed
one-way ANOVA; “p <0.000L k Rrs, mean respiratory system resistance as mea-
sured with Flexivent; n =4/6/4/6. Statistical significance was assessed with two-
tailed one-way ANOVA; “p=0.0008/0.0004. | Ers, mean respiratory system ela-
stance as measured with Flexivent; n = 4/6/4/5. Statistical significance was assessed
with two-tailed one-way ANOVA; “p =0.0002, “p = 0.0081. m Cst, mean static lung
compliance as measured with Flexivent; n =4/7/4/6. Statistical significance was
assessed with two-tailed one-way ANOVA followed by Welch’s correction;

"p <0.0001. In all panels cumulative results from 2 different experiments are
shown; all samples are biologically independent; boxplots visualize the median of
each distribution; upper/lower hinges represent 1°/3™ quartiles; whiskers extend
no further than 1.5 IQR from the respective hinge. Source data for all relative panels
(a-h, j-m) are provided as a Source Data file.

and wt LFs, revealed 3648 differentially expressed genes (DEGs;
FC>1.2, FDR corr. p<0.05; Supplementary Data 1 and Supplemen-
tary Fig. 10a); among them 418 DEGs have been previously associated
with pulmonary fibrosis, as detected with text mining of abstract co-
occurrence of identified DEGs with fibrosis keywords (Supplemen-
tary Data 1). Statl, Cebpa, and Ar transcription factors (TFs), where
found downregulated in Tks5"" LFs along with several of their target
genes (Supplementary Data 1 and Supplementary Fig 10b). Gene set
enrichment analysis (GSEA) performed on DEGs revealed that the
most affected cellular components (CC), molecular functions (MF)
and biological processes (BP) all relate to the ECM (Fig. 6a and and
Supplementary Data 2). “Collagen containing ECM” (G0O:0062023)
was most prominent due to the down regulation of several ECM
related genes such as collagens and MMPs/TIMPS/Adamts (Fig. 6b
and Supplementary Fig. 10c), In this context and given the observed
consistent correlation of TksS and Collal expression, TksS"" LFs post
BLM, containing fewer podosomes and exhibiting defective aECM
invasion (Fig. 5g-i), were found to produce significantly less Collal
(Fig. 6¢). Vice versa, culture of primary NMLFs on Collal-rich aECM
prepared from the lungs of mice post BLM (Supplementary Fig. 9¢c),
stimulated Tks5 expression (Fig. 6d, e) and the formation of podo-
somes (Fig. 6f), and further stimulated Collal expression (Fig. 6g),
indicating an ECM-podosome cross talk in the perpetuation of LF
activation.

Src-inhibition potently reduces podosome formation and
attenuate pulmonary fibrosis

To identify pharmaceutical compounds that can induce a similar
transcriptional profile as that of the defective in ECM invasion
Tks5"" LFs, the TGFB-induced Tks5" LFs profile was queried against the
connectivity map (CMap) LINCSLIO00 database (Fig. 7a), a public
resource that contains >10° gene expression signatures of different cell
types treated with a large variety of small molecule compounds®.
Among the identified compounds with similar expression signatures,
several have already been shown to have a positive effect in disease
pathogenesis in animal models (Fig. 7a and Supplementary Table 4).
The identified possible therapeutic targets include the PDGF and VEGF
receptors, which are pharmacologically targeted by the current IPF
standard of care (SOC) compound nintedanib*. More importantly, the
list also includes an inhibitor of Src, a TGFB/PDGF-inducible, non-
receptor tyrosine kinase essential for podosome formation®. To verify
the in silico findings in our experimental settings, TGFf-activated
NHLFs were incubated with nontoxic, increasing concentrations of
nintedanib and A-419259, a commercially available src inhibitor. Both
nintedanib but especially A-419259 reduced both TKS5 and COLI1A1
expression (Fig. 7b-e), as well as podosome formation (Fig. 7f, g) and
aECM LF invasion (Fig. 7h).

To examine possible therapeutic effects of src inhibition in pul-
monary fibrosis, we generated mouse precision cut lung slices (PCLS)
post BLM (d11) administration, which were then incubated with
A-419259 for 3 consecutive days, resulting in the attenuation of pul-
monary fibrosis (Fig. 7i). Moreover, the same inhibitor was adminis-
tered for 6 days by inhalation (4 ml of 0182 mg/ml for 5 mins/6 mice,
corresponding to 2 mg/Kg per mouse) to conscious, softly re-strained
mice, in a therapeutic mode (7d post BLM; Fig. 8a); no lethality was
observed (Fig. 8b); minimal changes were observed in weight
loss (Fig. 8c). Remarkably, src inhibition decreased, pulmonary edema
(Fig. 8d) and inflammation (Fig. 8e), and attenuated Col production
(Fig. 8f, g). Accordingly, src inhibition attenuated collagen deposition
in the lung tissue, and prevented BLM-induced architectural distortion
(Fig. 8h, i). Therefore, the TKS5-mediated podosome formation is a
druggable pathologic process, which can be potently targeted by Src
inhibition.

Discussion

Increased TKS5 expression was detected, for the first time in a non-
malignant disease”, in the lung tissue of IPF patients and BLM-treated
mice (Fig. 1 and Supplementary Figs. 1-2). Increased TKS5 expression
has been previously reported, beyond cancer cell lines, in lung
adenocarcinoma®, further extending the similarities of IPF and lung
cancer®. TKSS mRNA expression in the lung tissue, of both humans
and mice, correlated with the mRNA expression of COLIAI, a hall-
mark of deregulated expression in IPF, while TKS5 expression in
fibrotic lungs was predominantly localized in the alveolar epithelium
and COLI1Al-expressing LFs (Fig. 1 and Supplementary Figs. 1-3),
pending larger scale immunohistochemical studies.

TGF, the prototypic pro-fibrotic factor, was found to be a very
potent inducer of TKSS expression and podosome formation in fibro-
blasts (NHLFs, NMLFs, MRCS5, 3T3)(Fig. 2, Supplementary Figs. 4-5), as
previously reported only for THP-1 macrophages®®* and primary
aortic endothelial cells*®**. Other well established pro-fibrotic growth
factors in the lung have been reported to modulate podosome for-
mation in different cell types: PDGF in synovial fibroblasts*® and
smooth muscle cells*, and VEGF in endothelial cells*?, suggesting that
they could exert similar stimulatory effects on LFs. Moreover, PGE,,
which suppresses pulmonary fibrosis*?, has been reported to promote
the dissolution of podosomes in dendritic cells*, suggesting that the
diminished PGE, levels in IPF** also favor the formation of podosomes.
Remarkably, the formation of podosomes in LFs was shown to be an
inherent property of IPF and post BLM LFs that can be maintained
in culture in the absence of any stimulation (Fig. 3, Supplementary
Figs. 6-7). In agreement, increased invadosome formation was very
recently reported in IPF LFs (3-7 passages), correlating with fibrosis
severity®. Therefore, podosome formation is an unappreciated central
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Fig. 5 | Tks5 haploinsufficiency in mouse lung fibroblasts (LFs) decreases
podosome formation and extracellular matrix (ECM) invasion. Serum starved
primary normal mouse LFs (NMLFs) from WT and Tks5" mice were stimulated with
recombinant TGF-B1 (10 ng/ml for 24 h). a Tks5 mRNA expression was interrogated
with Q-RT-PCR; n = 6/4/4/9. Values were normalized over the expression of the
housekeeping gene B2m and presented as fold change over control. Statistical
significance was assessed with two-tailed one-way ANOVA; 'p=0.0464,

"p <0.0001. b Representative composite images from double immunostaining for
F-actin (red) and Cortactin (Cttn; green) counter stained with DAPI (blue); arrows
indicate representative podosomes. ¢ Quantification of the number of podosome-
containing cells per optical field; n= 5. Statistical significance was assessed with
two-tailed one-way ANOVA followed by Welch'’s correction; ‘p = 0.004/0.0053
‘p=0.0411. d TGFB-induced NMLFs proliferation was assessed with the MTT assay;
n=6. Statistical significance was assessed with two-tailed one-way ANOVA;
""p<0.0001. e Schematic presentation (biorender.com) of LFs invasion into aECM,
upon TGFB stimulation. After 6 h, cells that had invaded into the lower surface of

the upper chamber were stained, lysed and absorbance values were measured.

f Invasion capacity of NMLFs, upon TGF-3 stimulation (n =4), as detected with the
transwell invasion assay. Statistical significance was assessed with two-tailed one-
way ANOVA; “"p < 0.0001, ‘p=0.0266, “p=0.0005. g Representative composite
images from double immunostaining for F-actin (red) and Tks5 (green) in NMLFs
isolated from WT and Tks5" mice, post bleomycin (BLM) administration; arrows
indicate representative podosomes; scale bars 50 um. h Quantification of the
number of podosome-containing cells per optical field (n = 5). Statistical sig-
nificance was assessed with two-tailed t-test; “p=0.009. i Invasion capacity of LFs
post BLM, as detected with the transwell invasion assay; n = 4. Statistical sig-
nificance was assessed with two-tailed one-way ANOVA; “p=0.0003 "p=0.0099.
In all panels, all samples are biologically independent; boxplots visualize the
median of each distribution; upper/lower hinges represent 1/3™ quartiles; whis-
kers extend no further than 1.5 'IQR from the respective hinge. Source data for all
panels are provided as a Source Data file.

response of LFs to pro-fibrotic factors and a major inherent char-
acteristic of IPF LFs, likely contributing to their accumulation and the
formation of foci, a hallmark of UIP/IPF.

Collal mRNA levels were found to consistently correlate with Tks5
mRNA levels in both humans and mouse lung tissue or LFs (Figs. 1-3
and 5, and Supplementary Figs. 1, 3, and 9). Tks5"" LFs were shown to
produce less Collal post BLM (Fig. 6¢), as also reflected in the reduced
overall collagen deposition in the lungs of Tks5" mice (Fig. 4g). Culture

of LFs on Collal-rich aECM promoted Tks5 expression and podosome
formation (Fig. 6d-), as well as further Collal expression, emphasizing
a TGFB-induced Collal-podosomes interdependency in the context of
the suggested crosstalk of ECM with podosomes*¢. Accordingly, Coll
has been shown to stimulate Tks5-dependent growth, while the degree
of collagen fibrilization has also been reported to have a decisive effect
on podosome formation*’, likely though the Discoidin domain recep-
tors (DDRs) that mediate collagen binding*®. The expression of both

Nature Communications | (2023)14:5882



Article

https://doi.org/10.1038/s41467-023-41614-x

a b
. Count ;s :
Collagen containing ‘ ® 30 o  collagen-containing extracellular matrix
extracellular matrix | 8 =
w
Extracellular matrix | ® . 40 g
structural constituent ‘ 50 %“
External encapsulating | ‘ E
structure ' 60 =
<
Extracellular matrix - ‘ . 70 E
4
anonara | @ ®- (T
. |
Adj. p-val 2
Basement membrane 4 @ ). pvalue 5,
1E-08 =
Glycosaminoglycan 2E-08 E
binding ig-gg £
T T T T L 8 T
-2.50 -2.55 -260 -2.65 -2.70 5E-08 & ] 5000
Rank in Ordered Dataset
+/- d e
& WT/ BLM Tks5" /BLM .
N r=0.99
#jm p=rt
= 0
A g g
— 2 47 £ 451
o < g
O z S
— £ v 404
D_ [} é’
- i
1.0 12 14
® pSAL aECM e pBLM aECM Col1a1 (log2fc)
f pSAL aECM pBLM aECM g SAL aECM pBLM aECM
C
=
(&)
P
L

Fig. 6 | Tks5 haploinsufficiency in mouse lung fibroblasts (LFs) disrupts
extracellular matric (ECM) homeostasis, that critically controls podosome
formation and ECM invasion. a ECM-related gene ontology components are
enriched for genes down-regulated in TGF stimulated Tks5" LFs compared to
their WT TGF( treated counterparts. Gene-set enrichment analysis (GSEA) on
expression data pre-ranked according to their fold change values. b Collagen
containing extracellular matrix is the term most enriched in down-regulated genes
according to gene-set enrichment analysis (GSEA). ¢ Serum starved WT and Tks5"
LFs were immunostained for Collal (green) and counter stained with DAPI (blue).
Representative images are shown; scale bars =50 pm. d, e Serum starved WT pri-
mary LFs were cultured in post saline (pSAL) and post bleomycin (pBLM) aECM.
TksS and Collal mRNA expression was interrogated with Q-RT-PCR; n = 4; values

DAPI

were normalized over the expression of the housekeeping gene B2m and presented
as fold change over control. Statistical significance was assessed with two-tailed
Mann-Whitney test; ‘p =0.0286. e Two tailed pearson correlation plot of Collal
expression in the same samples; “p = 0.0004, r=0.99. f, g Representative com-
posite images from double immunostaining for F-actin (red) and Cortacin (Cttn;
green; f) or Collal (g; green) counter stained with DAPI (blue); arrows indicate
representative podosomes; scale bars =50 um. In all panels, representative
experiment out of 2 successful independent ones are shown; all samples are bio-
logically independent; boxplots visualize the median of each distribution; upper/
lower hinges represent 1°/3" quartiles; whiskers extend no further than 1.5 IQR
from the respective hinge. Source data for all panels are provided as a Source
Data file.

DDRI1 and 2 were found downregulated in TGFp-induced TksS* LFs
(Supplementary Data 1), suggesting that DDR signaling, and con-
sequent tyrosine kinase activation could mediate the observed TGFf3-
Colla-induced podosome formation. While the reverse signaling from
the overproduction of collagen and the regulation of DDR1/2 should be
further researched in the context of IPF, the therapeutic potential of
DDR inhibitors, currently explored for metastatic cancer*’, should be
also investigated.

Another potent podosome inducer is tropoelastin*®, the soluble
precursor of the cross-linked ECM protein elastin (EIn) whose expres-
sion was found accordingly downregulated in podosome deficient

TksS'" LFs (Supplementary Data 1). Moreover, and beyond individual
fibrosis-modulating factors, the stiff fibrotic post-BLM aECM was shown
to stimulate TksS expression and podosome formation in LFs and to
perpetuate the increased expression of Collal (Fig. 6). In agreement,
increased substrate rigidity, modeled with gelatin or polyacrylamide,
has been previously shown to promote invadopodia activity™®. There-
fore, the formation of podosomes in LFs upon mechanical cues from
the stiff ECM of fibrotic lungs is a major component of the suggested
crosstalk of ECM with fibroblasts®*, especially considering the age-
related increase of ECM stiffness in the lungs’, and the suggested role of
mechanosensitive signaling in LF activation and pulmonary fibrosis®.
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Given the necessity of TKS5 expression for embryonic devel-
opment, the results presented here suggest that the formation of
podosomes in LFs is a developmental program that gets aberrantly
re-activated in IPF from pro-fibrotic factors, perpetuating LF activa-
tion and stimulating ECM invasion and LF accumulation. The re-
activation of developmental pathways is a common theme in organ
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fibrosis, e.g. wnt and ATX/LPA signaling in pulmonary fibrosis, pro-
viding increased plasticity and regeneration potential, as well as
increased cell proliferation, migration and invasion.

Ubiquitous genetic Tks5 haploinsufficiency was shown to
attenuate BLM-induced pulmonary fibrosis with a plethora of readout
assays (Fig. 4), and TksS" LFs were shown to form fewer podosomes,
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Fig. 7 | Src-inhibition potently reduces podosome formation, extracellular
matrix (ECM) invasion and attenuates pulmonary fibrosis. Serum starved, pri-
mary normal human lung fibroblasts (NHLFs) were pretreated for 1 h with A-419259
(SRC inhibitor) and Nintedanib, and then stimulated with recombinant human
TGFp (10 ng/ml) for 24 h. a Graphical representation of connectivity (CMap) ana-
lysis using LINCS1000 resource of the TGFB-induced TKSS” expression profile.

b, ¢ TKSS5 and COLIAI mRNA expression was interrogated with Q-RT-PCR. Values
were normalized to the expression values of the housekeeping gene B2M and
presented as fold change over control; n=3/3/3/3. Statistical significance was
assessed with two-tailed one-way ANOVA; “p=0.0008, ‘p = 0.0397/0.0107
“p=0.003. ¢ Two tailed Pearson correlation plot of COLIAI reduction in the same
samples (p=0.0202, r=0.84). d, e TKSS and COLIAI mRNA expression was inter-
rogated with Q-RT-PCR. Values were normalized over the expression values of the
housekeeping gene B2M and presented as fold change over control; n=3/5/6/5.
Statistical significance was assessed with two-tailed one-way ANOVA; 'p = 0.0202,
""p<0.0001. e Two tailed spearman correlation plot of COLIAI reduction in the
same samples; “p=0.0018, r=0.85. f Representative composite images from

double immunostaining for F-actin (red) and Cortactin (cttn; green) counter
stained with DAPI (blue); arrows indicate representative podosomes; scale bars =
50 pm. g Quantification of the number of podosome-containing cells per optical
field; n = 5. Statistical significance was assessed with two-tailed one-way ANOVA;
"p<0.0001, “p=0.0006, “p=0.0014. h Invasion capacity of NHLFs (n=4), upon
A-419259 pretreatment and TGF-f stimulation, as detected with the transwell
invasion assay; n = 4. Statistical significance was assessed with two-tailed one-way
ANOVA; 'p=0.0294). i Src-inhibition attenuates pulmonary fibrosis in mouse pre-
cision cut lung slices (PCLS) generated post BLM (d11) administration. Treatment
with A-419259, was administered in the first 24 h after slicing for 3 consecutive days.
Representative images from PCLS stained with H&E, Fast green/Sirius red (F.G./S/R.;
green/red) and from double immunostaining for Tks5 and Collal (green/red) are
shown; scale bars=50 pm. In all panels, representative experiment out of 2 suc-
cessful independent ones are shown. In all panels, all samples are biologically
independent; boxplots visualize the median of each distribution; upper/lower
hinges represent 1%/3 quartiles; whiskers extend no further than 1.5 IQR from the
respective hinge. Source data for all panels are provided as a Source Data file.

resulting in diminished aECM invasion (Fig. 5), thus establishing a
major pathogenetic role for Tks5-enabled podosomes and LF ECM
invasion in pulmonary fibrosis. ECM invasion by non-leukocytes, a
hallmark of cancer?, is gaining increased attention in pulmonary
fibrosis. IPF HLFs were shown to invade matrigel more efficiently than
NHLFs or HLFs from other interstitial diseases®*'*"". Enhanced invasion
correlated with increased actin stress fibers'®, and was suggested to be
mediated, in part, by fibronectin and integrin a4p1 signaling", or
hyalrounan (HA) and CD44 signaling®. CD44 has been localized in
invadopodia in breast cancer cells and has been shown to be required
for invadopodia activity**, while TKS5* LFs were found to preferentially
express CD44 (Fig. 1f), suggesting that HA/CD44 participate in the
regulation of podosome formation in LFs. TKS5* LFs were also found to
express preferentially CD274/PD-L1 (Fig. 1f), a proposed marker of
invasive IPF LFs*, suggesting yet another potential signaling input for
podosome formation. Moreover, BALFs from BLM-treated mice or IPF
patients stimulated ECM invasion of LFs***, shown to be attenuated
upon silencing LPAR1, EGFR and FGFR2 receptors®, or by interfering
with Sdc4-CXCL10 interactions”, suggesting additional signals that
could modulate LF invasion. HER2/EGFR2, a therapeutic target in
breast cancer, has been also proposed to drive invasion in LFs*, sug-
gesting again similarities with metastatic ADC, and further suggesting
repurposing a-HER-2 agents for the treatment of IPF. Interestingly,
several of the identified invasion-associated genes (Fstl3, 111, Hbegf,
Ccn2, Inhba, Podxl, Sema7a, Bcl2alb, Bcl2ald, Sh3rfl) were found
down regulated in the Tks5" invasion-defective LFs (Supplementary
Data 1 and Supplementary Fig. 10d), further supporting the functional
results on the role of TKS5 and podosomes in LF ECM invasion.

Given the expression of TKS5 in other cell types in IPF, like
epithelial and basal cells (Fig. 1 and Supplementary Fig. 1) that are
both intricately linked with IPF pathogenesis, a role for TKSS5 in these
cell types cannot be excluded. Podosome-like structures have been
reported in epithelial cells, suggested to regulate their basement
membrane adhesion®*®°, and thus, likely, re-epithelization, an
essential process in wound healing. Moreover, pharmacologic inhi-
bition of src-kinase, a master regulator of podosomes, was shown to
attenuate IPF-basal cells-induced pulmonary fibrosis in minimally
BLM-injured immunodeficient mice®. However, conditional epithe-
lial deletion of TksS in future studies will be further required to dis-
sect a possible pro-fibrotic role for TKS5 and podosomes in these
cell types.

MMP9, a podosome enriched MMP (Fig. 2), has been previously
found to be expressed in IPF, localized on reactive alveolar epithelial
cells, basal-like cells, clusters of alveolar macrophages, as well as sub-
epithelial fibroblasts®>®*. Epithelial MMP9 has been suggested to partly
mediate wound healing in keratinocytes via its proteolytic activity in
podosomes, in association with CD44°°. Moreover, CD44-bound

MMP9 at the cell surface of cancer cells was shown to cleave latent
TGFB, and thus promote its activation®, and thus, possibly, the acti-
vation of subepithelial fibroblasts in IPF. On the other hand, profibrotic
Thyl fibroblasts with increased migration potential were also shown to
express MMP9 following stimulation with TGFB®. As found here, post
BLM LFs, that had increased Tks5/Collal levels (Supplementary Fig. 71,
m) and increased podosomes (Supplementary Fig. 70, p), also
expressed higher MMP9 levels (Supplementary Fig. 7n). Although
genetic deletion of MMP9 in mice (and/or MMP2) had minimal effects
in Ad-TGFB-induced pulmonary fibrosis®®, antibody-mediated MMP9
targeting demonstrated antifibrotic efficacy in a humanized immuno-
deficient model of IPF induced by IPF lung extracts, but only when
fibrosis was promoted by “responder” IPF cells that had been shown to
have reduced phosphorylated SMAD levels in response to a-MMP9
treatment in vitro®. Further studies will be required to appreciate the
role of MMP9 in the pathogenesis of IPF and the possible therapeutic
potential of targeting MMP9.

Connectivity MAP (CMap) analysis has emerged as an invaluable
tool to connect gene expression, drugs and disease states®. CMap
analysis of scRNAseq of IPF bronchial brushings suggested that src
inhibition can reverse the observed pro-fibrotic transcriptional chan-
ges in IPF bronchial airway basal cells®’. Moreover, CMap analysis of IPF
transcriptional profiles and the nintedanib and pirfenidone corre-
sponding transcriptional signatures, indicated src inhibition as the
strongest connection®. As shown here, CMap analysis of the TGFp-
induced TksS™ LFs profile identified, among established and promising
others, srcinhibition as a possible treatment to limit LF invasion (Fig. 7)
and therefore pulmonary fibrosis. In agreement, src inhibition was
shown to reduce Tks5 levels and podosome numbers, to decrease
aECM invasion and to reverse fibrosis in PCLS (Fig. 7) and to attenuate
BLM-induced pulmonary fibrosis in vivo when administered by inha-
lation (Fig. 8). The aerosolized delivery, infrequent in IPF and animal
models, opens new possibilities in IPF treatment, localizing treatment
and avoiding systemic toxicity, as well as possibly increasing efficacy.
The Src inhibitor Saracatanib, that has been previously also shown to
attenuate BLM-induced pulmonary fibrosis®’, has recently entered
clinical trials (NCT04598919), and if therapeutic effects are as efficient
as in mice, the inhibition of podosome formation in LFs qualifies as a
major part of its mode of action. Moreover, targeting kinase-mediated
podosome formation, an inherent pathogenic LF property as shown
here, as well as structural (TKS5 and its protein-protein interactions) or
effector (MMP 2/9/14) podosome components, are very promising
therapeutic targets in pulmonary fibrosis.

Methods
All experimentation was performed according to the respective ethical
regulations as outlined below.
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Fig. 8 | Src inhibition attenuates bleomycin (BLM)-induced pulmonary fibrosis.
a Schematic representation (biorender.com) of the BLM model and drug admin-
istration; n=>5. b Kaplan Meyer survival curve post BLM administration. ¢ Weight
change post BLM administration. d Total protein concentration in bronchoalveolar
lavage fluids (BALFs), as determined with the Bradford assay. Statistical significance
was assessed with two-tailed one-way ANOVA; ““p <0.0001, “p =0.0001.

e Inflammatory cell numbers in BALFs, as counted with a hematocytometer. Sta-
tistical significance was assessed with two-tailed one-way ANOVA; “p < 0.0001,
‘p=0.0115. f Soluble collagen levels in the BALFs were detected with the direct red
assay. Statistical significance was assessed with two-tailed one-way ANOVA;

'p=0.0004, 'p=0.0473. g Collal mRNA expression was interrogated with Q-RT-

BLM/A-419259

PCR. Values were normalized over the expression of the housekeeping gene B2m
and presented as fold change over control. Statistical significance was assessed
with two-tailed Kruskal Wallis; “p = 0.0094. h Quantification of fibrosis severity in
Hematoxylin & Eosin (H/E) stained lung sections via Ashcroft scoring. Statistical
significance was assessed with two-tailed one-way ANOVA; "p <0.0001,
“p=0.0028/0.0074. i Representative images from lung sections of murine lungs of
the indicated genotypes, stained with Fast Green/Sirius Red (F.G/S.R; green/red)
and H&E; scale bars = 50 pm. In all panels, all samples are biologically independent;
boxplots visualize the median of each distribution; upper/lower hinges represent
153" quartiles; whiskers extend no further than 1.5 IQR from the respective hinge.
Source data for all panels are provided as a Source Data file.
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Datasets

All analyzed, re-normalized datasets (Supplementary Table 1) were
sourced from Fibromine;! Differentially expressed genes
(DEGs): FC >1.2, FDR corr. p<0.05.

Patients

All studies with human patient samples were performed in accordance
with the Helsinki Declaration principles. Lung tissue samples (Sup-
plementary Table 2) were obtained through the University of Pitts-
burgh Health Sciences Tissue Bank and Yale University Pathology
Tissue service, a subset of previously well characterized and published
samples;®® studies had been approved by the Yale University Institu-
tional Review Board (Yale IRB). LFs were isolated from the lung tissue
of IPF patients and from the adjacent healthy tissue of patients
undergoing open lung surgery for cancer (Supplementary Table 3) at
the Department of Pulmonology, Bichat-Claude Bernard Hospital,
Paris/France; studies were approved by the Committee for Personal
Protection (CPP)—lle de France 1 (#0911932). All patients consented in
writing to the use of their samples for research purposes; no com-
pensation was provided for their participation.

Mice

Mice were bred at the animal facilities of Biomedical Sciences
Research Center ‘Alexander Fleming’, under SPF conditions, at
20-22°C,55 £ 5% humidity, and a 12 h light-dark cycle; food (Muce-
dola diet #4RF21: humidity 12%, protein 18,5%, fat 3%, carbohydrate
53,5%, crude fibers 6%) and water were provided ad libitum. Mice
were bred and maintained in their respective genetic backgrounds
for more than 10 generations. All randomly assigned experimental
groups consisted of littermate age-matched mice. The health status
of the mice was monitored once per day; no unexpected deaths were
observed. Euthanasia was humanly performed in a CO, chamber with
gradual filling at predetermined time-points. All experimentation was
approved by the Institutional Animal Ethical Committee (IAEC) of
Biomedical Sciences Research Center “Alexander Fleming”, as well as
by the Veterinary Service of the governmental prefecture of Attica,
Greece (# 8441/2017).

Bleomycin-induced pulmonary fibrosis

Pulmonary fibrosis was induced by a single oropharyngeal adminis-
tration (OA) of 0.8 U/kg bleomycin hydrogen chloride (BLM) (Nippon
Kayaku Co., Ltd., Tokyo, Japan) at day O into anesthetized (i.p.; xyla-
zine, ketamine, and atropine, 10, 100, and 0.05 mg/kg, respectively) 8-
10-week-old male and female mice; control groups received sodium
chloride (SAL). Dose and route were selected upon prior extensive
local testing to induce a solid fibrotic profile, while minimizing leth-
ality. All randomly assigned experimental groups consisted of litter-
mate mice. Disease development was assessed in comparison with WT
littermates 14 days post-BLM, at the peak of the disease (which resolves
at d21 post BLM in these settings).

The A-419259 pharmacologic src inhibitor was administered
directly in the mouse lungs through inhalation, using the inExpose
system (Scireq, Cat.Number IX-XNI-T6) to conscious, softly re-strained
mice. The inhibitor was administered at a therapeutic mode, once daily
for 6 consecutive days, starting from day 7 post BLM administration.
A-419529 was diluted in saline at a concentration of 0.182 mg/ml and
4 ml was administered for 5 mins in a group of 6 mice, corresponding
to a final dose of 2 mg/kg per mouse. Control groups received aero-
solized saline.

Following weighing, respiratory functions were measured with
FlexiVent (SCIREQ, Montreal, Canada), according to manufacturer
instructions and as previously described***. Briefly, a pressure-volume
loop (PV) perturbation and a forced oscillation technique (FOT, single
and low frequency) were applied in tracheotomized mice to produce
the indicated measurements.

Bronchoalveolar Lavage fluid (BALF) was obtained by lavaging
the lungs with 1 ml of 0.9% sterile sodium chloride three times. After
the isolation, the samples were centrifuged at 1200 g for 10 min at
4°C, the first BALF supernatant was stored at -80 °C for protein and
collagen measurements. To estimate pulmonary inflammation, BALF
cell pellets were redissolved in 1 ml saline, stained with 0.4% Trypan
Blue solution and were counted with the use of a Neubauer hema-
tocytometer. Total protein levels in BALFs, an indication of pul-
monary edema and vascular leak, were assessed with the Bradford
assay according to the manufacturer’s instructions (Bio-Rad, Her-
cules, CA, USA). In a 96-well plate 5 pl of every BALF sample is placed,
followed by the addition of 245 pl of 1x Bradford reagent (Serva/
39222.03) and incubation for 5minutes in the dark. Absorbance
values were then measured at 595nm, using a spectrometer, and
were converted in concentration values (mg/ml) using a bovine
serum albumin standard curve (BSA 0-2 mg/mL). Total soluble col-
lagen in BALFs was quantified using the Sirius Red assay. 50 pl of
BALF samples, diluted in 350 pl of 0.5 M acetic acid, were incubated
for 30 min with 400 pl of Direct (365548-5 G Sigma-Aldrich) at RT, in
the dark. This was followed by centrifugation, at 12000 g for 10 min
and isolation of 200 pl of the supernatants. Absorbance values were
measured at 540 nm, using a spectrometer, and were converted in
concentration values (pg/ml) using a rat tail collagen I (C7661-5mg
Sigma Aldrich) standard curve (0-500 pg/mL).

Histology

The right lung was fixed overnight in 10% neutral buffered formalin
and embedded in paraffin. 5pum lung sections were cut using a
Microtome and stained with Hematoxylin/eosin (H&E) (Papanico-
laou’s solution HX16967353 Sigma Aldrich/ Eosin G CI45380 ROTH)
with standard protocols. Fibrosis development was quantified by two
independent reviewers, in a blinded manner, based on a modified
Ashcroft score (0, normal lung; 1, isolated alveolar septa with gentle
fibrotic changes; 2, fibrotic changes of alveolar septa with knot-like
formation; 3, contiguous fibrotic walls of alveolar septa; 4, single
fibrotic masses; 5, confluent fibrotic masses; 6, large contiguous
fibrotic masses; 7, air bubbles; 8, fibrous obliteration). For Fast green-
Sirius red (F.G/S.R) collagen staining, lung sections were depar-
affinized in xylene and ethanol and incubated in Bouin’s solution
(75% picric acid/ 25% formaldehyde/ 1% acetic acid), for 1hour at
56 °C, followed by staining with Fast Green (Glentham Life Sciences
GT3407/100g) 0,04% in picric acid for 15 minutes and Sirius Red
0,1%/Fast Green 0,04% dissolved in picric acid (197378-100 g Sigma-
Aldrich) for 40 minutes. Stained sections were washed in acetic acid,
then dehydrated and mounted with DPX (06522-500 ml Sigma-
Aldrich). PCLS, isolated and cut as described below stained with H&E.
For X-gal (Lac-Z), freshly isolated mouse lungs were inflated with
0,1g/ml sucrose in 50% OCT/PBS, followed by the simultaneous
embedding and freezing in OCT, using isopentane and dry ice. Sec-
tions of 6-10 um were cut using a cryotome and fixed in 2% for-
maldehyde/ 0,2% glutaraldehyde for 15 minutes at 4 °C. Next, they
were washed twice in cold PBS/ 2 mM MgCl, (PENTA) for 10 minutes
and stained overnight with X-gal staining solution (2 mg/mL X-gal in
0.1M Sodium phosphate buffer pH=7.3, 0,01% Sodium deoxycholate
(30970 FLUKA), 5 mM K;Fe(CN)¢ (60300 FLUKA), 5,7 mM K4Fe(CN)¢
(12639 Riedel-de Haeen), 2mM MgCl,, 0,02% NP-40 (UN3082
Applichem) at 37 °C in the dark. The sections were then rinsed twice
with PBS/2 mM MgCl, and dH,O for 5 minutes at room temperature,
counterstained with eosin following by dehydration and mounting
with DPX. Imaging was performed using a Nikon Eclipse E800
microscope (Nikon Corp., Shinagawa-ku, Japan) attached to a Q
Imaging EXI Aqua digital camera, using the Q-Capture Pro 7 software.
For immunohistochemistry studies, lung sections were depar-
affinized in xylene, rehydrated in a gradient of ethanol, and briefly
washed with water. The slides were kept in tap water until ready to
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perform antigen retrieval with sodium citrate buffer with pH 6.0 by
autoclave for 20 min. Then they were treated with blocking solution
(10% normal goat serum/2% BSA; A9647 Sigma Aldrich) at room
temperature for 1 h and incubated with primary antibodies overnight
at 4 °C. After washing, they were incubated with fluorophore-
conjugated secondary antibodies diluted in the blocking solution.
Following this, sections were washed 3 times with PBS-T and moun-
ted with medium containing DAPI (F6057, Sigma Aldrich) for nuclear
visualization. Imaging was performed using a TCS SP8X White Light
Laser confocal system (Leica).

In vitro/ex vivo lung fibroblast cell model

Normal human lung fibroblasts (NHLFs) and IPF-HLFs were isolated
from fresh tissue samples by plating several 2-3 mm pieces on 10 cm
tissue culture plates in DMEM supplemented by penicillin/strepto-
mycin solution, 10% FBS at 37° C and 5% CO, in a humidified atmo-
sphere. 10-14 days following plating, proliferating fibroblasts
surrounded the tissue pieces, which were then removed, and cells are
detached with trypsin-EDTA solution and replated in F75 tissue culture
flasks (PO) until confluent. Removed tissue pieces were replated in
fresh 10 cm tissue culture plates for a second round of fibroblast
outgrowth in the same conditions as above. Following 2-3 passages,
homogeneous fibroblasts’ colonies are observed that can be frozen
down; upon thawing 3-4 passages are needed to obtain adequate
numbers for experimentation; HLFs are used until passage 7-8. A
similar procedure was independently used for an additional NHLF
clone (Fig. S3A-B), as previously published®.

Primary normal mouse lung fibroblasts (NMLFs) were isolated
from 8-10-week- old C57BI6/) mice and/or from BLM-challenged mice.
Upon sacrifice, perfused lungs were excised in DMEM. Then lungs were
minced and digested with 0.7 mg/ml collagenase type IV (C5138-
Sigma), for 1h at 37°C. Digestion was followed by filtration and the
suspension was centrifuged at 1200 g for 5min. Finally, the pellet
was resuspended in DMEM (GIBCO 41966-029) containing 10% FBS
(GIBCO 10437-028/ origin Mexico. All experiments were performed at
passage 2-3.

Murine and human embryonic LFs cell lines, 3T3 and MRC5
respectively, were purchased from ATCC (#CRL-1658 and #CCL-171
respectively).

NHLFs, IPF-HLFs, NMLFs, 3T3 and MRCS cells were cultured in
DMEM supplemented with 10% fetal bovine serum (FBS) and strep-
tomycin/penicillin (GIBCO 15140-122) and amphotericin (GIBCO
15290-018) and incubated at 37 °C and 5% CO,. Cells were cultured to
60-80% confluency, were starved overnight with serum-free DMEM
(+0.1% BSA) and were exposed to 10 ng/ml recombinant human TGF-
1 (240-B-002 R&D SYSTEMS) for 24 h in serum-free DMEM. In con-
trol samples the dilutent of TGFB (7.5% BSA in H,0) was used. For
pharmacologic studies, NHLFs were seeded at 6-well plates, were
serum starved and pre-treated for 1 h with the indicated increasing
concentrations of various agents and their diluents in controls. After
one hour of pre-treatment, cells were incubated with TGFp as usual.

The proliferation of all LF cultures was quantified with the MTT
assay in 96-well plates, where a common solution of OPTI-MEM (GIBCO
11058-021) and MTT (0,7 mg/ml) (ACROS ORGANICS158990010) was
added into each well. After incubation for 4 h and having confirmed
the formation of purple crystals, the media was removed, and acidified
isopropanol was added into each well to dissolve the formazan crys-
talline product. Absorbance values were determined at 570 nm and
background subtracted at 660 nm using an OPTImax (Microplate
Photometer (Molecular Devises).

The spreading and migration capabilities of LFs were assessed in a
scratch wound assay. Cells were cultured into a 12-well plate as above
and left to grow. Upon confluency, TGF3 was added, as described
above. A wound was generated using a sterile pipette tip. The plate was

placed in a tissue culture incubator at 37 °C, and photos were taken
under a reverse microscope at specific time intervals.

Migration and invasion were quantified also with Boyden
chambers (Costar 20122024/REF3422) according to manufacturer’s
instructions, as shown schematically in Fig. SE. Briefly, LFs were
added to the upper chamber which was pre-coated with aECM sub-
strate (or not for migration) and allowed for 6 hours to invade/
migrate through the transwell membrane to the lower side which was
in touch with the starvation medium. Then, the cells which remained
in the upper chamber were removed, while invasive or migratory
cells, after washes and fixation, were stained with crystal violet.
Additionally, stained cells were lysed with Lysis Buffer for 20 minutes
and absorbance was measured at 550 nm using the TECAN Sunrise
Microplate Photometer.

The proteolytic capacity of LFs was assessed with the Fluor-
escein gelatin degradation assay. 12-mm glass coverslips were acid
washed with 20% nitric acid, incubated with 50 pg/ml poly-L-lysine,
crosslinked with 0.5% glutaraldehyde and then coated for 20 min
with 0.2% fluorescein-conjugated gelatin (Invitrogen, Gelatin from
Pig Skin, Fluorescein Conjugate: GI13187) in 2% sucrose
(131621.1211Panreac) -containing phosphate buffered saline (PBS).
Then, the coverslips were treated with sodium borohydride (NaBH4-
Sigma 452882), washed with PBS, and transferred to a new 24-well-
plate. Fibroblasts were seeded in gelatin-coated coverslips and
treated with TGF-f1 as previously described. After 24 hours, medium
was replaced with full medium and cells were processed for immu-
nofluorescence, 24-48 hours later. The quantification of the degra-
ded gelatin was analyzed using Image], as previously described’.
Briefly, the measurements of the degraded area, are reflected from
the measurement of the “area fraction”, which has been followed
from the threshold adjustment that represents the actual degrada-
tion. Following this process, the “area fraction” values were then
normalized to the number of nuclei as measured from the Dapi
channel of the correlated image.

For immunofluorescence staining, cells were seeded in coverslips
(20.000 cells/well) and after starvation, incubated with TGF-B1 as
usual. The cells were fixed with 4% PFA for 15 min and permeabilized
with 0.1% Triton X (T8532, Sigma Aldrich) for 10 min. This was followed
by blocking with 2% BSA in PBS for 1 h at RT. The cells were incubated
overnight at 4 °C with primary antibodies. The next day, cells were
washed, and incubated with a secondary antibody and conjugated
phalloidin in 1% BSA/PBS for 60 min at RT. Finally, after washing,
coverslips were mounted with a drop of mounting Fluoroshield med-
ium (containing DAPI for nucleus labeling). Confocal microscope
images were analyzed with ImageJ. Signal colocalization was per-
formed via the orthogonal views and k-curves analysis with ImageJ
tools showing the intensity per z-stacking or per distance of the
maximal projection accordingly.

The decellularization and generation of acellular ECM (aECM)
from mouse lungs was performed based on similar protocols for
other tissues”’. Briefly, whole lungs were isolated and treated with
increasing concentrations of SDS (Fisher Bioreagents BP166) (0.01,
0.1, 1%) in a PBS solution, with 24 h incubation for each SDS con-
centration. For the final step, decellularized lung tissues were washed
with PBS for at least 3 days, cut into small pieces and stored at -80 °C.
Frozen tissue was lyophilized using a lyophilizer and then milled in
liquid nitrogen. To produce an ECM substrate, the milled form of the
matrix was solubilized through enzymatic digestion. Pepsin (Sigma-
Aldrich, P6887) was dissolved in 0.1 M HCI to make a concentration
of 1 mg/ml. Approximately 10 mg of the ECM powder were digested
in 1mL of pepsin solution, in order to solubilize the ECM compo-
nents. After approximately 48 hours, the matrix was diluted using
0.1M acetic acid to make a 5mg/ml concentration of lung ECM
solution, which was used as a coating substrate for cells.
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Precision cut lung slices

C57-Bl/6, 8-10-week-old mice, were administered with SAL/BLM as
described above. On day 11, mice were sacrificed and lungs, after
perfusion, were inflated with 1ml of with 1.5% Low Melting Agarose
(15517-014-Invitrogen) in saline. Lungs were then isolated and incu-
bated at RPMI medium (Thermo Fisher Scientific) supplemented with
10% FBS and 1% penicillin-streptomycin for 30 min at 4 °C to allow
agarose polymerization. The left lobe of the agarose filled lungs, was
cut into 200 um slices (PCLS) with Vibratome. PCLS were then cultured
in 700 pL of RPMI (GIBCO-21875-034) medium supplemented with 10%
FBS and 1% penicillin-streptomycin in 24-well plates at standard con-
ditions (37 °C and 5% CO,) overnight. Next, PCLS were incubated to
2um of A-419259 (Src-family inhibitor) and H,O for 3 consecutive days,
changing the treatment daily. In day 14, PCLS were fixed overnight with
PFA (Sigma-Aldrich P6148) at 4 °C, until slices embedded in paraffin.
Finally, 5pm sections of PCLS were cut using a Microtome and stained
for H&E, F.G/S.R and antibodies accordingly.

Antibodies- reagents

Antibodies used in this study included anti-Tks5 (SH3 domain) rabbit
monoclonal antibody (Merck, 3174822, 1:100), anti-SH3PXD2A mouse
monoclonal antibody (Origene, clone OTIIF5-TA811757S, LOT FOO1,
1:250), collal rabbit polyclonal antibody (Invitrogen, PA5-29569, LOT
XK3738717 1:100), anti-A-actin (sma) mouse monoclonal antibody,
(Origene, clone UM870129, LOT FOO1 1:250), recombinant Anti-
Cortactin rabbit monoclonal (EP1922Y) antibody (Abcam, ab81208,
1:500), Alexa Fluor™ 633 Phalloidin (Invitrogen, A22284, LOT 2274768
1:50), MMP-9 XP Rabbit monoclonal (D603H) Antibody (Cell signaling
#13667, LOT 3 1:100). Secondary antibodies included: Goat anti-Rabbit
IgG (H +L) Cross-Adsorbed Secondary Antibody Alexa Fluor 488 (Life
technologies, A11008, LOT1470706), Goat anti-Rabbit IgG (H+L)
Cross-Adsorbed Secondary Antibody, Alexa Fluor 555 (Life technolo-
gies, A21428, LOT 1670185), Goat anti-Mouse IgG (H+L) Highly
Cross-Adsorbed Secondary Antibody Alexa Fluor 488 (Life technolo-
gies, A11029, LOT1705900) Goat anti-Mouse IgG (H + L) Highly Cross-
Adsorbed Secondary Antibody Alexa Fluor 555 (Life technologies,
A22424, LOT1726548); all used in 1:500 dilution; all antibodies were
selected from previous publication, while all antibodies were validated
by the corresponding manufacturers for the specific employed
methodologies (IHC/IF). For pharmacological studies A-419259 inhi-
bitor SML0446 (Sigma-Aldrich), Nintedanib SML2848 (Sigma-Aldrich)
and Pirferidone P2116 (Sigma-Aldrich) were used.

Real Time quantitative RNA RT-PCR

In human samples, RNA was extracted from 30 to 50 mg of frozen lung
tissue in 700 pL of Qiazol (Lysis buffer, Qiagen, Valencia, CA) by tissue
disruption and homogenization using an electric homogenizer (Poly-
Tron homogenizer H3660-2A, Cardinal Health, Dublin, OH) at 15.000 g
for 15 seconds, according to the manufacturer’s instructions. RNA was
purified using the miRNeasy Mini kit (217004, Qiagen, Valencia, CA)
with the assistance of the Qiacube automated system (9001292, Qia-
gen, Valencia, CA). The purity of the RNA was verified using NanoDrop
at 260 nm and the quality of the RNA was assessed using the Agilent
2100 Bioanalyzer (Agilent, Technologies, Santa Clara, CA). Real-time
PCR was performed with Tagman primers as described in the table
below. Values were normalized to the expression of B2M.

In mouse samples RNA was extracted from the left lung lobe
using the Tri Reagent (TR-118) obtained from Invitrogen and treated
with DNAse (RQl RNAse-free DNAse) prior to RT-PCR according to
manufacturer’s instructions. cDNA synthesis was performed using
2 pg of total RNA per sample in 20-pul reaction using M-MLV RT
(Promega). Real-time PCR was performed on a BioRad CFX96
Touch™ Real-Time PCR Detection System (Bio-Rad Laboratories).
Values were normalized to the expression of b-2 microglobulin
(b2m). The annealing temperature for all primers was 58 °C. Primers

sequences for RT and genomic PCRs are depicted at Supplementary
Table 5.

RNA sequencing

Six total RNA samples were prepared, and their concentration was
measured with nanodrop (ND1000 Spectrophotometer—PEQLAB).
The samples measured to a concentration of 400-500 ng/ul and
therefore 1 pl of RNA, from each sample was used to proceed with the
library preparation. The RNA quality of each sample was measured in
bioanalyzer (Agilent Technologies) using the Agilent RNA 6000 Nano
Kit reagents and protocol. For the preparation of per sample libraries,
the 3’ mRNA-Seq Library Prep Kit Protocol for lon Torrent (QuantSeq-
LEXOGEN™ Vienna, Austria) was used according to manufacturer’s
instruction. Briefly, library generation was initiated by oligodT priming
which contains the lon Torrent compatible linker sequences. 5 to
500 ng per 5 pl of RNA from each sample was used to perform the first
strand synthesis. After first strand synthesis any remaining RNA was
removed and second strand synthesis was initiated by a random pri-
mer, containing lon Torrent compatible linker sequences at its 5" end,
and a sequence polymerase. In line barcodes were introduced at this
point. Second strand synthesis was followed by a magnetic bead-based
purification step and the resulted purified library was amplified for 14
cycles and re-purified. Quality and quantity of each library was asses-
sed in a bioanalyzer using the DNA High Sensitivity Kit reagents and
protocol (Agilent Technologies). The quantified libraries were pooled
together at a final concentration of 7 pM. The libraries pool was pro-
cessed on the lon Proton One Touch system where the libraries were
templated and enriched using either the lon PI™ Hi-Q™ OT2 200 Kit
(ThermoFisher Scientific) and sequenced, with the lon PI™ Hi-Q™
Sequencing 200 Kit on lon Proton PI™ V2 chips (ThermoFisher Sci-
entific) according to commercially available protocols. 3° RNA-
sequencing was performed on an lon Proton™ System’®, according
to the manufacturer’s instructions. Initial analysis took place in lon
Torrent server.

Single cell RNA-seq data re-analysis

Single cell RNA-seq data were downloaded from GSE122960 and pro-
cessed with the R package Seurat (v.3.1.2 & 4.0.5)"*7°. A similar to the
original data analysis strategy was applied. Initially, each sample was
processed on its own. After removing low-quality cells and genes, data
were normalized using the LogNormalize method of Seurat and then
top variable features were selected using the vst method. Data were
scaled prior to principal component analysis (PCA) application and
selection of the top principal components. The latter were used for a
Shared Nearest Neighbor (SNN) graph-guided cell clustering and last,
t-SNE dimensionality reduction was performed. Cell typing followed
that of the original analysis as much as possible. Samples integration
was performed with the standard Seurat v3 integration pipeline first
for samples within each and then across phenotypes (donor and IPF).
Integrated data were re-scaled, clustering and dimensionality reduc-
tion were repeated. Cell types inherited from single-sample analysis
were validated and corrected whenever required according to the
original publication of the dataset. Marker genes were identified using
the Wilcoxon Rank Sum test applied on the “RNA” slot of the integrated
samples object. Absolute fold change of at least 1.2 on natural scale and
Bonferroni-corrected p-value < 0.05 were used as differential expres-
sion thresholds. Fibroblast sub-clusters were identified with a resolu-
tion of 0.1 after fibroblast cells were isolated from the rest of the
dataset, re-scaled and new variable features were found as above.

Data processing

Quant-Seq (Lexogen) FASTQ files obtained from the lon Proton
sequencing procedure were trimmed with Trim Galore (v.0.6.51) to
remove low quality read ends using a Phred score of 20. Subsequently,
a two steps alignment procedure was applied. Pre-processed reads
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were aligned against the GRCm38 reference genome (Ensembl) with
HISAT2 (v.2.2.1)”¢ and then the reads left unmapped were subjected to
a second alignment round using BOWTIE2 (v.2.3.5.1)" with the -local
and -very-sensitive local switches turned on.

Computational analysis

Downstream analysis of the resulting BAM files was performed with
metaseqR2 (v.1.9.2)%. Briefly, the raw BAM files, one per sample, were
summarized to a 3’ UTR reads count table, using the package Gen-
omicRanges (v1.44.0)” and Ensembl mouse genome mml0. For the
UTR counting, the entire 3’ UTR region, with a minimum length of
300 base pairs and 50 base pairs to flank the UTR end, was taken into
consideration. In the resulting reads count table, each row repre-
sented one 3’ UTR region and each column a Quant-Seq sample.
Next, reads were summarized per gene and the returned gene count
table was normalized using the package EDA-Seq (v.2.26.1)*° after
removing genes having zero reads across all samples. Post-normal-
ization, gene counts were filtered for possible artifacts using
default gene filtering options. The filtered gene counts table was
subjected to differential expression analysis using sequentially all
nine individual statistical analysis methods supported by metaseqR2.
Their p-values were then combined by the PANDORA algorithm to
account, among others, for the false positives reported. Benjamini-
Hochberg corrected PANDORA p-values of less than 0.05 and abso-
lute fold change of at least 1.2 were used as differential expression
thresholds. Normalized expression values required for each
heatmap were retrieved and standardized across samples. Hier-
archical clustering of samples and genes based on calculated Eucli-
dean distance.

Gene set enrichment analysis

Differential expressi’n analysis results were sorted by decreasing fold
change and used for Gene Set Enrichment Analysis (GSEA) against
Gene Ontology terms® using the package clusterProfiler (v.4.0.5)%%
Signed normalized enrichment score (NES) was used to isolate the top
of the significantly enriched induced (NES>0) and suppressed
(NES < 0) terms (adjusted p-value < 0.05).

Text mining

PubMed 2022 baseline was downloaded from the respective FTP site.
XML R package (v.3.99.0.8) was used to create an abstract-based
corpus which was then queried with rentrez R package (v.1.2.3) for
IPF[All Fields] OR (\“pulmonary fibrosis\‘[MeSH Terms] OR \“pulmonary
fibrosis\[All Fields]) OR (\“lung diseases, interstitial\'[MeSH Terms] OR
\“interstitial lung diseases\[All Fields] OR \“interstitial lung disease\‘TAll
Fields]) containing elements. Subsequently, human HGNC gene sym-
bols atomization was performed using pubmed.mineR package®
(v.1.0.19) and recovered genes were intersected with the human
homologs of the mouse Quant-seq differentially expressed genes.
Homolog feature mapping was obtained via biomaRt R package®*
(v.2.48.3).

Transcription factor analysis

Transcription factor analysis was performed using DoRothEA R
package® (v.1.4.2). All mouse transcription factor-target regulons were
queried for those high quality ones (“A” level of confidence) including
as targets any of the Quant-seq differentially expressed genes. Sub-
sequent filtering maintained those interaction pairs where both
interactors were found significantly deregulated in the bulk sequen-
cing experiment. Based on the mode of regulation (mor) as described
in the DoRothEA database and the Quant-seq derived differential
expression data, pairs with the same or opposite direction of dereg-
ulation were maintained in cases of an activator or repressor tran-
scription factor, respectively.

CMap/LINCS analysis

CMap/LINCS database (https://clue.io/query) query was performed
using the top 150 up and top 150 down regulated genes as sorted by
fold change. 150 consisted of the maximum number of genes sup-
ported by the platform. L1000 gene expression data from the Expan-
ded CMap LINCS Resource 2020 (last update 11/23/2021) were queried.
Results were processed by the R package cmapR (v.1.4.0). FDR-
corrected p-values less than 0.05 were used to isolate those signatures
having a statistically important connection with the provided one and
signed normalized connectivity score (NCS) was used to discern
between similar and opposite signatures. Focus was given on com-
pounds (trt_cp) and peptides (trt_lig) having an already known
mechanism of action and known targets. Datasets comprising of only
one replicate and/or of a treatment duration other than 24 hours were
discarded.

Statistics

Statistical significance was assessed with the Prism (GraphPad) soft-
ware according to its built-in recommendations, as detailed at each
figure legend. Briefly, and unless otherwise stated, all datasets were
tested for normal distributions via Shapiro-Wilk test, while all mea-
surements were performed on distinct and independent samples. For
the comparison of two normally distributed experimental groups, we
employed the two-tailed unpaired t-test, for equal SDs or Welch’s t-test
for unequal ones. Not normally distributed data were analyzed with the
two-sided Mann-Whitney test. Normally distributed multi parametric
data with equal SDs were analyzed with the unpaired one-way ANOVA
test and post hoc Tukey’s test. Welch’s ANOVA test coupled with post
hoc Games-Howell test was used in cases of unequal SDs. For non-
normally distributed multiparametric data, Kruskal-Wallis, followed by
post hoc Dunn’s test was utilized. For correlation analysis we used
Pearson’s, for normally distributed, or Spearman’s correlation for non-
normally distributed datasets. Most data are presented on box and
whiskers graphs depicting the median as well as all experimental
values (n).

Image creation

Third party images were created at bioRender.com (under the relative
agreements; 31/08/2023): Fig. 4a (DH25SQBJQT), Fig. S5e
(XG25SQC37G), Fig. 8a (UC25SQ61BR), Sup Fig. 8a (VP25SQ8NTX), Sup
Fig. 8b (GM25SQ96Gl), Sup Fig. 8d (AV25SQA9RX), Sup Fig. 8f
(Z125SQ9VL2), and Sup Fig. 9a (BQ255Q7828).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All re-analyzed publicly available datasets are listed in Supplementary
Table 1, including accession numbers and hyperlinks. Quant-Seq data
have been deposited at the GEO database under the accession code
GSE220982. Already published, re-analyzed single cell RNA-seq data
used are available at GEO database: GSE122960. All other relevant
experimental data are within the paper and its supplementary infor-
mation files. Source data are provided with this paper.

Code availability

Data and code for the recreation of the computationally-created fig-
ures of the paper have been deposited at Zenodo (https://doi.org/10.
5281/zen0do.8296510%¢ and at https://github.com/dfanidis/TKSS5_
podosomes_IPF. Detailed scripts used are unrestrictedly available,
within 10 days, upon request to Dionysios Fanidis (fanidis@fleming.gr;
Institute for Fundamental Biomedical Research, Biomedical Sciences
Research Center Alexander Fleming, Athens, Greece).
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Abstract: The pathogenesis of sepsis involves complex interactions and a systemic inflammatory
response leading eventually to multiorgan failure. Autotaxin (ATX, ENPP2) is a secreted glycoprotein
largely responsible for the extracellular production of lysophosphatidic acid (LPA), which exerts
multiple effects in almost all cell types through its at least six G-protein-coupled LPA receptors
(LPARs). Here, we investigated a possible role of the ATX/LPA axis in sepsis in an animal model
of endotoxemia as well as in septic patients. Mice with 50% reduced serum ATX levels showed
improved survival upon lipopolysaccharide (LPS) stimulation compared to their littermate controls.
Similarly, mice bearing the inducible inactivation of ATX and presenting with >70% decreased ATX
levels were even more protected against LPS-induced endotoxemia; however, no significant effects
were observed upon the chronic and systemic transgenic overexpression of ATX. Moreover, the
genetic deletion of LPA receptors 1 and 2 did not significantly affect the severity of the modelled
disease, suggesting that alternative receptors may mediate LPA effects upon sepsis. In translation,
ATX levels were found to be elevated in the sera of critically ill patients with sepsis in comparison
with their baseline levels upon ICU admission. Therefore, the results indicate a role for ATX in
LPS-induced sepsis and suggest possible therapeutic benefits of pharmacologically targeting ATX in

severe, systemic inflammatory disorders.

Keywords: sepsis; inflammation; autotaxin; lysophosphatidic acid; endotoxemia; LPS

1. Introduction

Sepsis, the leading mortality cause in the intensive care unit (ICU) worldwide [1], is a
systemic reaction to infection which can eventually lead to multiorgan failure. During the
activation of inflammatory responses, multiple pathways are involved, and complicated
cellular functions are affected. The management of sepsis is imperative due to the long-term
consequences along with the significant burden for the healthcare system [2].

Autotaxin (ATX; ENPP2) is a secreted lysophospholipase D that is present in most
biological fluids and is largely responsible for the extracellular production of lysophos-
phatidic acid (LPA) from the hydrolysis of lysophosphatidylcholine (LPC) [3]. LPA is a
bioactive phospholipid that exerts multiple biological activities in most cell types through
its G-protein-coupled receptors (GPCRs; LPAR1-6), which are involved in several signal
transduction pathways [4]. A pathologic role for the ATX/LPA axis has been attributed in
several chronic inflammatory diseases and cancers [5,6]. Increased ATX expression has been
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demonstrated in asthma [7], idiopathic pulmonary fibrosis (IPF) [8,9] and COVID-19 [10],
where it correlated with the components of the cytokine storm.

However, much less is known about the involvement of ATX/LPA in severe systemic
inflammation. In sepsis patients, serum LPC, the substrate of ATX concentration, was
found to be lower compared to that in healthy controls [11]. Additionally, serial LPC
measurements were shown to be useful in predicting 28-day mortality in septic patients [12].
As proven recently, ATX is also upregulated in liver failure syndromes, and monocyte
proinflammatory cytokine production is induced by LPA [13]. Therefore, in this study, we
investigated a possible role for ATX in systemic inflammation. For that reason, the effect of
ATX genetic deletion was studied upon lipopolysaccharide (LPS) administration in mice.
Moreover, ATX levels were determined in samples from ICU patients who developed sepsis.

2. Results
2.1. ATX Haploinsufficiency Protects Mice from LPS-Induced Sepsis

In this study, we aimed to assess the role of ATX in systemic inflammation. Het-
erozygous knockout Enpp2*/~ mice were studied, since Enpp2~/~ mutant embryos show
embryonic lethality due to abnormal vascular development and neural defects [14]. Het-
erozygous ATX knockout mice (Enpp2*/~ or ATX4/*) were obtained upon intercrossing
the ATX conditional knockout (Enpp2™/") mice with a transgenic mouse strain expressing
the Cre recombinase driven by the CMV promoter [15]; no phenotypic malformations were
observed. However, these mice produce 50% reduced serum ATX levels and ATX activity
levels (Figure S1A, [14,16,17]), accompanied by a 50% decrease in plasma LPA levels.

In order to study whether ATX is involved in the pathogenesis of mouse endotoxemia,
the mice were injected intraperitoneally with LPS (from Escherichia coli dissolved in normal
saline), an endotoxin present in the outer membrane of Gram-negative bacteria that induces
an acute phase inflammatory response mimicking several of the initial clinical features
of sepsis [18]. As recently described, LPS administration in these settings results in the
upregulation of the serum levels of TNF« and IL-6 [19]. The corresponding mRNA levels
of TNF, IL-1b and IL-6 in the liver, spleen and lung tissues were also found to be increased
(Figure S2), as previously shown [20]. Normal saline alone was administered to littermate
mice; the survival and health status of mice were monitored every 4 h during the light
period. Haploinsufficient ATX4/* mice were found to have an increased survival rate
compared to their littermate controls (Figure 1), indicating that ATX is involved in the
pathogenesis of LPS-induced sepsis.
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Figure 1. Increased survival rates in LPS-treated heterozygous transgenic ATX knockout mice.
Kaplan-Meier survival curves of ATX4/* mice and appropriate littermate controls. Presented results
are cumulative from four independent experiments. Differences were tested with the Logrank test.
*

p <0.05.

To avoid the potential developmental effects of the ATX genetic deletion and to obtain
even lower ATX levels, Enpp2™" mice [14] were crossed with the R26-CreFRT? mice that
carry a Cre recombinase-estrogen receptorT2 (CreERT2) allele. Tamoxifen (Tmx), a synthetic
estrogen antagonist, serves as a useful tool to study gene functions by enabling the nuclear
translocation of Cre and the recombination of floxed DNA alleles. Tmx was administered to
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R26-CrefRT? /Enpp2™" and control littermate mice, and the induced R26Cre-ERT2-mediated
Enpp2 recombination resulted in >70% decreased ATX activity levels (Figure S1B, [21]).
The mice bearing the inducible inactivation of ATX (R26-CreERT?/Enpp2"/" mice) exhib-
ited greater protection against LPS-induced endotoxemia compared to the control mice
(Figure 2), further supporting the ATX involvement in sepsis.
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Figure 2. Increased survival rate upon the Tmx-induced genetic inactivation of ATX in mice.
Kaplan-Meier survival curves of R26Cre-ERT2/Enpp2"/™ and control mice administered with Tmx.
* denotes p < 0.05 and **** p < 0.0001.

2.2. Excess Circulating ATX Levels Have No Effect on LPS-Induced Sepsis

To investigate whether increases in serum ATX levels could exacerbate LPS-induced
sepsis, transgenic mice overexpressing ATX in the liver under the control of the human o1-
antitrypsin promoter (altl), resulting in ~200% increased serum ATX/LPA levels [8,22-24],
were used. LPS was administered to homozygous transgenic mice (TgaltlEnpp2) and to
their littermate controls, and the overall survival was studied. Chronically elevated serum
ATX levels did not seem to alter LPS-induced mortality in comparison to the control mice

(Figure 3), suggesting that long-term systemic increases in ATX levels do not significantly
affect sepsis.
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Figure 3. No difference in the survival rates of Enpp2-Tg mice overexpressing autotaxin. Kaplan—

Meier survival curves of Enpp2-Tg mice and appropriate littermate controls. The presented results are

cumulative from two independent experiments. No statistically significant differences were observed,
as assessed with the Logrank test.

2.3. The Ubiquitous Genetic Deletion of Lpar1 and Lpar2 Has No Significant Effect on
LPS-Induced Endotoxemia

The possible involvement of LPAR1 and LPAR?2 in systemic inflammation was then
examined through the administration of LPS to Lpar1~/~, Lpar2~/~ mice and their WT
littermates. Since C57BL /6] Lpar]l~/~ mice are embryonically lethal, Lparl~/~ mice were
bred and maintained on a mixed C57BL/6]/129 genetic background [25]. The deletion of
Lpar1 tended to improve survival, albeit with no statistical significance (Figure 4A). No

effect in survival was observed from the genetic deletion of Lpar2, ruling out its involvement
in LPS-induced sepsis (Figure 4B).
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Figure 4. The ubiquitous genetic deletion of LPA receptor 1 or LPA receptor 2 does not significantly
affect survival rates after LPS administration. Kaplan—-Meier survival curves of LPAR1~/~ (A),

LPAR2™/~ (B) and their appropriate littermate controls. Differences were tested with the Lo-
grank test.

2.4. Elevated ATX Levels in Critically Il Patients with Sepsis

Having identified the importance of the ATX-LPA axis, we then focused on possible
fluctuations in patients’ systemic levels. The demographics and baseline characteristics of

the patients included in the study are summarized in Table 1. Overall, 26 ICU patients aged
45 £ 20 years were recruited at Evangelismos Hospital.

Table 1. Clinical characteristics and laboratory data of the patients included in the study.

Patient Clinical Characteristics

Number of patients (1)

26
Sex, n (%) é\:rilaelﬁ ((8155//))
Age (years, median, IQR) 46 (24-58)
Hypertension 13 (50%)
Comorbidities, 1 (%) Diabetes 4 (15%)
COPD 9 (35%)
Hospital stay, days (median, IQR) 13 (7-30)
Hospital mortality (% ) 15%
Pa02/FiO2, mmHg (mean £ SD) 259 =+ 88
APACHE II score (median, IQR) 11 (8-14)
SOFA score (median, IQR) 6 (4-7)
CRP (mg/dL) (median, IQR) 8 (3-24)

White blood cell count (per pL) (median, IQR) 6000 (3800-7000)

CRP: C-reactive protein; APACHE: acute physiology and chronic health evaluation; SOFA: sequential organ

failure assessment.

ATX levels were measured repetitively in the sera of ICU patients < 24 h after ad-
mission as well as at sepsis development. As shown in Figure 5, the ATX peripheral
concentrations in sepsis were found to be elevated compared to the baseline (i.e., non-

sepsis) values. The increased levels of ATX during sepsis strongly support its role in disease
pathophysiology.
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Figure 5. Increased ATX concentrations in patients with sepsis in comparison to their baseline levels
<24 h after ICU admission. ATX levels were measured using a commercially available ELISA assay.
Statistical significance was assessed with the Wilcoxon signed rank test for paired data analysis.
**** denotes p < 0.0001.

3. Discussion

The pathophysiology of sepsis involves the deregulation of the immune system and the
production of pro-inflammatory mediators. Lipid mediators have been recently proposed
to mediate the immune response, thus playing a role in critical illness mechanisms [26].
In the present study, we genetically identified a role of the ATX-LPA axis in LPS-induced
endotoxemia in mice. More specifically, we demonstrated that haploinsufficient ATX4f/+
mice, producing 50% reduced serum ATX levels (Figure S1A, [14,16,17]), show increased
survival compared to their littermate controls (Figure 1). Similarly, mice bearing the Tmx-
inducible >70% inactivation of ATX (Figure S1B) [21] were even more protected against
LPS-induced endotoxemia compared to their control littermate mice (Figure 2).

LPS administration in mice is a widely used animal model to study sepsis, which par-
tially mimics some of the initial clinical features in humans, including the serum increases
of pro-inflammatory cytokines, such as TNFe, IL-6 and IL-1b [27-29]. The severity and
timing of LPS-induced sepsis in mice vary depending on the source, amount and route of
administered LPS, as well as the mouse strain, the local genetic drift and the health status
and microbiome load of the local animal house [27-29]. In this context, the conditions
used in this study were selected upon extensive local testing over the years, focusing on
48 h survival.

Therefore, the genetic deletion of ATX, both in an obligatory as well as in an inducible
way, resulted in a reduction of LPS-induced lethality, indicating that ATX, and therefore
LPA, play a pathogenic role in the development of LPS-induced experimental sepsis. In
agreement, the pharmacologic inhibition of ATX in mice reduced systemic (IP) LPS-induced
serum TNFax and IL-6 levels, as well as the mRNA levels of different proinflammatory
mediators in the mouse brain, such as TNFe, IL-13, IL-6, iNOS and CXCL2 [30].

However, transgenic ATX overexpression from the liver and the ensuing serum 200%
ATX increases [22] did not exacerbate LPS-induced sepsis and lethality (Figure 3). Of
note, the increased systemic ATX levels in the same ATX transgenic mouse were previ-
ously shown not to significantly affect the development of modelled chronic inflammatory
diseases, such as bleomycin-induced pulmonary fibrosis [8], transgenic TNF-driven in-
flammatory arthritis [23] or experimental autoimmune encephalomyelitis [24]. On the
contrary, the transgenic ATX overexpression and the systemic serum ATX increases did
exacerbate the development of CCl4-induced hepatitis [31], suggesting that systemic ATX
can affect metabolic active tissues, such as the liver [31,32] or the muscle [33], and not just
inflamed tissues.

The genetic deletion of Lparl tended to improve survival after LPS administration, al-
beit in a non-statistically significant way (Figure 4A). This trend is consistent with previous
findings revealing that LPAR1-deficient mice show attenuated lung vascular permeability
induced by bleomycin [34]. Moreover, the pharmacologic inhibition of LPAR1 with kil16425
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has been reported to reduce the severity of LPS-induced abdominal inflammation and organ
damage [35]. LPAR1 antagonism reduced inflammatory markers, as well as mortality [35].
Lpar2 genetic deletion, on the other hand, did not seem to have an impact on survival upon
LPS-induced endotoxemia (Figure 4B. Moreover, the pharmacologic inhibition of LPAR5
with AS2717638 has been recently reported to attenuate IP LPS-induced serum cytokine
levels as well as inflammatory markers in the mouse brain [30]. Therefore, both LPARS
and LPAR1, but not LPAR2, medjiate to some extent the pathogenic effects of ATX/LPA in
experimental sepsis.

To translate the animal model findings into the human disease, increased ATX levels
were observed in septic patients in comparison with their levels upon ICU admission
(Figure 5), suggesting a possible involvement of ATX in human sepsis too. However, in
the present study, no statistical correlation between ATX levels and any clinical endpoints
and/or scores was observed, possibly due to the relatively low number of patients. Addi-
tional clinical studies will be needed to delineate the exact role of ATX in the pathogenesis
of sepsis in humans. In accordance, increased ATX activity has been reported in septic
patients who did not survive up to 30 days following discharge, corelating with platelet
count and the ratio of angiopoietin-2/1 (Ang-2/1) [36], indicating an association of ATX,
platelets and endothelial dysfunction. Increased serum ATX levels have been recently
reported in severe COVID-19 patients, also correlating with the markers of endothelial
dysfunction (sP-sel, sSICAM) [10], further enforcing the correlation between ATX/LPA and
endothelial damage [37]. In addition, it has been recently shown that increased serum
ATX levels are associated with severe acute respiratory distress syndrome (ARDS) and an
unfavorable outcome [38]. This study showed that increased ATX levels are correlated
with inflammatory and fibrotic biomarkers, denoting the role of ATX as a predictor in
ARDS. Of note, ATX was found to add value in predicting the outcome of ARDS, both
alone and in combination with SOFA, APACHE II and PaO, /FiO,. Our observations also
agree with reports on decreased LPC and increased ATX expression and LPA concentration
in acute-on-chronic liver failure [13]. In particular, LPA production was assigned a pivotal
role in the regulatory phenotype and function of monocytes [13]. The treatment of CD14+
cells with LPA increased monocyte TNF-o production, thus supporting the notion that LPA
has a role in the reprogramming of monocytes and the modulation of immune functions.

Overall, a pathogenic role for ATX in LPS-induced experimental sepsis was indicated
via the genetic, obligatory or inducible deletion of ATX. Moreover, the development of sep-
sis in human ICU patients was accompanied by serum increases of ATX, further suggesting
a role for ATX/LPA in human sepsis. The establishment of ATX as a therapeutic target in
pulmonary fibrosis has led to the development of numerous ATX inhibitors [39,40], which
could also be proven to be useful for sepsis management.

4. Materials and Methods
4.1. Mice

The mice were bred at the animal facilities of the Biomedical Sciences Research Cen-
ter ‘Alexander Fleming’, under specific pathogen-free conditions, at 20-22 °C and under
55 £ 5% humidity and a 12 h light-dark cycle; food and water were provided ad libitum.
The mice were bred and maintained in a C57BL/6 genetic background for more than
10 generations, except for Lparl~/~ mice, which were bred in a mixed C57BL/6]/129
genetic background. All of the experimentation was approved by the Institutional An-
imal Ethical Committee (IAEC) of the Biomedical Sciences Research Center ‘Alexander
Fleming’, as well as by the Veterinary Service of the governmental prefecture of Attica,
Greece (approval protocol number 3765/2011). The study was conducted in compliance
with the European Union Directive 2010/63/EU on animal experimentation. All efforts
were made to minimize animal distress and suffering. The health status of the mice was
monitored daily. The mice were euthanized at predetermined time-points under deep
anesthesia by exsanguination. The generation and genotyping protocols for Enpp2™/™ [14],
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R26CreERT2 [41], Tgaltl-hEnpp2 [22], Lparl’/ ~ [25] and Lpar2’/ ~ [42] mice have been
previously described.

4.2. Tamoxifen Treatment

Tamoxifen (Tmx; Sigma T5648, St. Louis, Missouri, USA) was dissolved in a corn
oil/ethanol (9/1) mixture at 45 mg/mL. Tmx was administered by oral gavage (Per Os, PO;
180 mg/kg), as previously described [43]. The control groups received corn oil.

4.3. Survival Study

LPS (Escherichia coli O111:B4, Sigma-Aldrich, Schnelldorf, Germany) was injected in-
traperitoneally (20 mg/kg), as previously described [19], in ATX/*, R26 CreERT2/Enpp2n/,
Enpp2-Tg, Lparl~/~ and Lpar2~/~ mice. Kaplan-Meier survival analysis was performed.

4.4. ATX Activity Assay

ATX/LysoPLD activity was measured using the TOOS activity assay. Hydrogen
peroxide serves as the oxidizing agent, and, in the presence of horseradish peroxidase,
it reacts with TOOS (N-ethyIN-(2-hydroxy-3-sulfopropyl)-3-methylaniline) and 4-AAP
(aminoantipyrene) to form a pink quinoneimine dye which absorbs at 555 nm. 1x LysoPLD
buffer (100 mMTris-HCI pH 9.0, 500 mM NaCl, 5 mM MgCl,, 5 mM CaCl,, 60 uM CoCl,,
1 mM LPC) was pre-incubated at 37 °C for 30 min. Plasma samples were incubated with 1x
LysoPLD buffer at 37 °C for 4 h. At the end of the incubation, a color mix (0.5 mM 4-AAP,
7.95 U/mL HRP, 0.3 mM TOOS, 2U/mL choline oxidase in 5 mM MgCl, /50 mMTris-HCl
pH8.0) was prepared and added to each well. Absorbance (A) was measured at 555 nm
every 5 min for 20 min. For each sample, the absorbance was plotted against the time, and
the slope (dA/min) was calculated for the linear portion of each reaction. ATX activity
was calculated according to the following equation: Activity (U/mL) = (umol/min/mL) =
[dA/min(sample)—dA /min(blank)] x Vt/(e x Vs x 0.5), where Vt: total volume of reac-
tion (mL), Vs: volume of sample (mL), e: millimolar extinction coefficient of quinoneimine
dye under the assay conditions (e = 32.8 umol/cm?) and 0.5: the moles of the quinoneimine
dye produced by 1 mol of HyO;.

4.5. Real Time RT-PCR

The total RNA was isolated from the tissues using the Tri Reagent in accordance
with the manufacturer’s instructions. Reverse transcription was performed with the M-
MLV reverse transcriptase (Invitrogen 2334659, Waltham, MA, USA) at a final volume of
20 pL. PCR reaction mixtures were prepared using the SYBR select master mix (Applied
Biosystems 01196818, Waltham, MA, USA), followed by quantitative PCR on a BioRad
CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad Laboratories Ltd., Hercules, CA,
USA). The following primer pairs were used: Beta2-microglobulin (b2m) Fwd: 5'-TTC TGG
TGC TTG TCT CAC TGA-3'; Rev: 5'-CAGTAT GTT CGG CTT CCC ATTC-3'; Interleukin 6
(IL-6) Fwd: 5'- CAA AGC CAG AGT CCT TCA GAGA-3'; Rev: 5-TGT GAC TCC AGC TTA
TCT CTT GG-3/; Interleukin 1b (Il-1b) Fwd: 5'-GCA ACT GTT CCT GAA CTC AACT-3/;
Rev: 5'-ATC TTT TGG GGT CCG TCA ACT-3'; TNF Fwd: 5'- CCT GTA GCC CAC GTC
GTAG-3’; Rev: 5-GGG AGT AGA CAA GGT ACA ACCC-3'. B2m served as the internal
control to normalize the amount of loaded cDNA.

4.6. Human Sample Collection and Atx Measurement

All of the studies were performed in accordance with the Helsinki Declaration princi-
ples. Informed consent was obtained from all of the individuals or the patients’ next-of-kin
for severe cases. The study was approved by the Evangelismos Hospital Research Ethics
Committee (#80 1/2/10). The patients’ epidemiological, clinical and experimental data are
summarized in the corresponding table. Venous blood (3 mL) was collected within the
first 24 h after ICU admission. Autotaxin serum concentrations were measured using an
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enzyme-linked immunosorbent assay (ELISA), according to the manufacturer’s instructions
(R&D Systems Systems Inc., Minneapolis, MN, USA, # DY5255-05).

4.7. Statistical Analysis

All data are expressed as the means £+ SEMs. The normality and statistical analysis
was conducted with Graph Pad Prism 8 (Graph Pad Software, Inc., San Diego, CA, USA),
as indicated in each figure legend, along with numbers (n) and statistical thresholds.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/1jms23147920/s1.
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