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Innokpatelog Opko¢

OMNYMI ATIOAAQNA THTPON KAT AZKAHTTON KAT YTEIAN KAT TTANAKEIAN KAT OEOYX
ITANTAZ TE KAl NMAZAY 1XTOPAZ TTIOIOYMENOZ, ETUTEAEA TIOIHZEIN KATA AYNAMIN
KAI KPIZIN EMHN OPKON TONAE. HTHXEXOA1 MEN TON AIAAZANTA ME THN TEXNHN
TAYTHN 1ZA TENETHZIN EMOIZI, KAl BIOY KOINQZEXOAl KAl XPEQN XPHZONTI
METAAOZIN TIOTHZEEZOAI KAI TENOZ TO E= AYTOY AAEA®EOIYX 1ZON EMIKPINEEIN
APPEZ], KAT AIAAZEIN THN TEXNHN TAYTHN, HN XPHIZQZI MANOANEIN, ANEY MIZOOY
KAl ZYTTPAOHX. TIAPATTEAIHX TE KAl AKPOHZIOX KAl THX AOINMHE ANAXHZ
MAOHZIOZ METAAOZIN TOIHZEZOA1 Y10121 TE EMOIZ1 KIA TOI21 TOY EME AIAAZANTOZ
KAl MAOHTAIZI ZYTTETPAMMENOIZI TE KAl QPKIZMENOIZ NOMQ THTPIKQ AAAQ AE
OYAENI. AIAITHMAZI TE XPHZOMAI EITQ®EAEIH KAMNONTON KATA AYNAMIN KAI
KPIZIN EMHN, EIl AHAHZEI AE KAT AAIKIH EIPZEIN. OY AQXQ AE OYAE ®APMAKON
OYAENI AITHOEIY ©ANAZIMON, OYAE YOHTHEOMAI ZYMBOYATHN TOIHN AE OMOIQZ
AE OYAE TYNAIKI TIEZXON ®OOPION AQXQ. ATNQX AE KAl OZIQX AIATHPHZEQ BION
TON EMON KAl TEXNHN THN EMHN. OY TEMEQ AE OYAE MHN AIOIONTAZ, EKXQPHZQ
AE EPTATHZIN AAPAZIN TIPHZIOXY THZAE. EEX OIKIAY AE OKOZAX AN EXIQ,
EXEAEYZOMAI ETU' QOEAETH KAMNONTON, EKTOX EQN NMAZHE AAIKIHE EKOYZIHE KAI
®OOPIHE THE TE AAMHE KAT A®POAIZION EPTQON ET TE TYNAIKEION 2OMATON KAl
ANAPEION, EAEYOEPQN TE KAT AOYAQN. A A'AN EN OEPATIEIH H 1AQ H AKOYZQ, H KAI
ANEY OEPATIEIHE KATA BION ANOPQITON, A MH XPHIOTE ETKAAEZOAl EZQ,
ZITHEOMAI, APPHTA HTEYMENOZX EINAI TA TOIAYTA. OPKON EN OYN MOl TONAE
ETUTEAEA TIOIEONTI KAl MH =YTXEONTI EIH EMAYPAXOAI KAl BIOY KAl TEXNHZ,
AO=ZAZOMENQ MAPA TIAZIN ANOPQITOIZ EX TON AIEI XPONON, TTAPABAINONTI AE KAl

ETUOPKEONTI, TANANTIA TOYTEQN.
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Euxoplotieg

Me mv olokAnpwon g mapovoag epyocioc, ocOdvopor v avdykn vo
EVYOPLOTACM OAOVS EKEIVOLG Ol OTOI0L UE TN GLVEPYASIQ, TNV VITOGTAPIEN Kol TN
dudBeom Tov xpoOVoL TOLG pe fordncav 6N TPOYUATOTOINGT TNC.

H mopovco dwaktopikn dwrpny exmoviOnke oto Epevvnrikd Kévipo
Bioiatpikov Emotnuov «AAEEavopog PAEUVYKY», 6TO gpyacTtiplov Tov Ap. Baciin
Aidivn, tov omoio Ba MBela va gvyaploTiom Bepud yioo TNV gukopio TOL POV E0MWGE
avaBETOVTOG OV VT TN OOAKTOPIKY STpiPn], KaB®G Kot Yo TV EUTIGTOGVVY| TOL
pov £0€1Ee ko OAN TN d1dpKeLa TG GLVEPYUGING LLOG.

Oa Nera emmAéov va guyaptotiom Tov kKadnynt k. I1. Blayoywvvomovio
Kol v enikovpn kobnyntpo ko E. Kayoyedpyov yioo v ypdévo mov apiépocov
KOTO TNV TOPOKOAOVONGCT TNG CLYKEKPIUEVNC MEAETNG, TNV QUMKN Otdbeom Kot
BonBela mov mpocépepav dmote ypeldotnke. Emniong, Oa n0ela va svyapiotiom dra
T LEAT TNG EMTAPEAOVG EMTPOTNG Y10l TO XPOVO oV d1EBeGaV.

[MopdAinio, Ba MBeha va guyaPGTAGEO OAOLG TOLG GLUVOAOEAPOVLS TOL
EPYOOTNPIOV, VEOLG KO TOALOVG, YL TNV TOAAN KOAT) GLVEPYACIO TOL OVOTTOEALE
oA avTd TOL Ypovia, TV Ponbela ko vroompiEn tovg. Idwaitepa, Bo MBeha va
evyapomon ™V lodvva Xefactod yio v apyikn kabodnynon oto yOpPo NG
EPELVOG, TIG YVADOELG KL TNV EUTEPIN TOV OV HETESMOE.

Téhog, evyaplot®d Oeppd TV OKOYEVEID LOV Kol TOVG QOIAOVLG HOL Yo TNV

TOAVTIUN VTTOGTHPIEN, EVOAPPLVGT Kot KOTAVON OGN TOL ENEGEIEAV OAN OVTA TO YPOVICL.
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1. Autotagivn kot DwaodoAunidia

1.1.Autotaéivn (ATX, Autotaxin)

H autotafivn (ATX), elval yvwoti and to 1992, otav tautomolibnke Kot
amopovVWONKe amo TNV avbpwrivn KUTTAPLKN Oelpd peAavwuatog A2058 [1] wg
QUTOKPLVNG Tapdyovtag Kwntikotntag. H ATX ntav kavry va Oleyeipel tnv
HETAVAOTEVUON KUTTAPWYV OE CUYKEVTPWOELG KATW armd 1nM [2]. Tote, mBavoAoyeital
n umopén evog umodoxéa ATX, mbavwg oculeuvypévo pe G mpwrteivn, Kabwg n
HETAVAOCTELUON TWV KUTTAPWV NTAV £EQAPTWHEVN TNG TOlvng Tou KokKitn. Apydtepa
avakoAUdBnke OTL oL Uumodoxelg mpayuatt umnApxav oAAd nAtav UToSOoXE(g
Avoodpwodatidikou of€og (LPA), tou mpoioviog mou KataAUetal and tnv eVIUUIKNA
avtidépaon tng ATX.

H nmpwrteivn ATX, pueyéboug 125kDa, 0Tn CUVEXELD AVAYyVWPLOTNKE oav HEAOG
TNG OLKOYEVELOC TWV EKTO-VOUKAEOTIOIKWVY Tupodwodatacwv/ pwododlectepacwv
(ecto-nucleotide pyrophosphatases/phosphodiesterases, NPPs) yU autd kal
petovopdotnke o€ ENPP2 [3, 4]. EmutAéov, n ATX ¢€xeL Opaotikotnta
nupodpwaodatdaong kot ATP-aong, av Kol UE XAMNAR KATAAUTIKA kavotnta [5].
ApkeTég peléTeg meplypadouv tnv PDla katl tnv ATX cav mpoiovta eVAaAANAKTIKOU
poatiopatog tou i6lou yovidiou [6], To omoio apyotepa emiBefalwbnke otav
xapaktnpiotnkav ot tLoopopdEg Tng ATX [7].

INUOVTIKO yeyovog otnv UeAETn tng ATX OuvtéAece n  TAUTOXPOVN
anopdévwon pLag AvcodwaodoAundaong D and avBpwrivo mAdoua [8], opd euBpuou
Bodlou [9] kal Autokutrapa movtikoU [10], n omolia tavtiotnke pe tnv ATX. Emeldn n
KUpLa. kataAutiky Spactikotnta tng ATX eival n mapaywyrn Avcodwodatidikou
o&€o¢ (LPA), éywve cadéc otL n Spaon ¢ pecolaBeital amod autd to pwodoAunidio
HEOW TNG AAANAETIO PO G TOU HE JLO OLKOYEVELD EMTA SLaPEUBPAVIKWY UTIOSOXEWY,

oulevypévwy pe G mpwrteiveg [11-13].
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Ewova 1: O afovag onpatodotnong ATX-LPA. H ekkplvopevn ATX udpolUel To eEwKUTTAPLO
LPC og LPA, pla avtidpaon mou kataAvetal otnv 6£on T210 tou evepyol KEVTpou Tng ATX.
To LPA 6pa péow Sladopetikwy UTtodoxéwv culeuypévwy Pe G MpwTteiveg yla va Sleyeipel
TOV TIOAAQTAQOLOOUO, TN LETAVACTEUON Kol TNV eMBiwon MoAAWY KUTTAPLKWY TUTwyY. To
LPA amowkodopeitat oe povoakuAoyAukepoAn (MAG) amd dwodatdoeg dwodoplkwv
Auusiwv (lipid phosphate phosphatases, LPPs) [14].

H autotaéivn €xel avadepBel ota meploootepa BloAoykd uypd: oTo MUOV
(blister fluid) [15], oto eykeparovwtiaio vypo [16, 17], oto mAdopa [18], oto
TepLTtovaikd vypo [19], otov opd dladopetikwy edwv (kouvéAL [8], Booeldn [9],
avBpwro [20, 21]), oe aompadt avyou [22], ota oUpa [23] kal To apBpikd vypod [24].
H ATX elvat o kUpLog mpounBeutr¢ e€wkuttaptlou LPA [25], onuavTtikdg moapayovtog
o€ TOAEG dUCLOAOYIKEG Slepyaoieg, yia To AOyo auTo N mapoucia Tou evIUUOU OE
ToAAG aro ta BloAoyika vypa dev amoteAel EkmAnEn. MBava, n kupLotepn mnyn ATX
otnVv KukAodopia ival o Amwdng 1otog, S€6opévou OTL N YEVETIKN amaloldpr) tng
Enpp2 oe AutokUttapa €xel wg amotéAeopa 38% peiwon ota emineda LPA tou

mAaopoatoc [26].



Eupela ékdpaon tng ATX evrtomiletol OTOUG LOTOUG, ME ta uPnAotepa
enineda va aviyvevovtal otov eykédalo, oTig woBnKeC, oTov MveLLOVA, OTO EVIEPO
Kal oToug vedpoUC. Katd tnv euPpuikn) avamtuén oto movtikl evromiletal oto
VEUPLKO owAnva tnv euPpuikn nuépa E9.5 [27]. Ztov evAAiko eykédaro, uPnAd
enineda tng ATX aveupiokovtal ota OAlyodevEpokUTTAPA KOL OTO EKKPLTIKA
ETUONALOKA KUTTOPA TOU TIAEYMOTOG TOU Xoploeldn xttwva [28]. Emiong n ATX
ekppaletal and ta KUTTapa TNEG XOPLOeldoUC Kal apaxvoeldoUG URVLyyoS Kal ormo
KUTTAPO TOU OYYELOKOU CUOTHHOTOG TOU KEVTPLKOU VEUPLKOU cuotipatog [29]. Mo
npoodata, avixvelBnke oe eéwowpata [30], KUTTAPO TIOU CUMUETEXOUV OTNV
evboKuTTapLK onuatodotnon.

H ékdpaon tou yovidiou mou kwdikomolel Tnv ATX Bploketal umd tov éleyxo
TIOAAQTTAWY PETAYPAPIKWY TTOPAYOVTIWV OVAAOYQ TOV KUTTAPLKO TUTIO, autol ival:
Hoxal3 kot Hoxd13 og gpuPpuikouc voBAdoteg movtikou [31], v-jun og euPpuikoug
tvoPBAdoteg kotomoulou [32], c-jun og odpkwpa [33], Stat3 og kUTTAPA KAPKIVOU TOU
pootou [34], AP-1 oe kepatvokUTTOpa Kol KUTtapa veupoPAactwuartog [35, 36],
NFAT1 o0e kUTTapa MPeEAQVWHOTOC Kol Kapkivwpatog [37, 38], NF-kB oe
KepaTlvokUTTapa Kol nratokuttapa [36, 39, 40]. EmupooBeta, os eninmedo UeTA-
peTaypadIknG pubuLong £xel avadepbel OTL eAéyxeTal amo Tig mpwteiveg SEopeuong
RNA, HuR kat AUF1 [41].

Emiong, n €kdppaon tng ATX emdyetal amd eEwWKUTTAPLOUG, KUupiwg Tpo-
dAeypovwdelg mapayovieg Onwg eivat: o TNF-a oe apBpkols voPAdoTeg,
NTMOTOKUTTAPA, KUTTAPLKEG OELPEC NTOTWHATOG KAl KOPKLWVLIKA KUTTopa Bupeosldoulg
[42-45], n IL-1B oe kuttapa Kapkivou tou Bupeosldboug [44], n yalektivn 3 o€
kOTtopa pehavwpoto¢ [37]. H ékdpaon tng ATX emayetal Kol amd KAMOLOUG
aUENTIKOUG TTOPAYOVTEC Kal popla onwc FGF, EGF, BMP-2, Wnt-1 [46]. To LPS, to
KUPLO OUOCTOTLKO TOU KUTTOPLKOU TOLXWUATOG Twv Paktnpiwv, €xel SewxBel otL
Sleyeipel tnv ékdppaon ¢ ENPP2 ota THP-1 kUttapa [47]. H AucodatiduloxoAivn
(LPC), kUpLo CUOTATLKO TWV KUTTAPLKWY HEUPBpavwV gilval €vag LOXUPOG EMAYWYEAS
™¢ ékdppaong tnG Enpp2 ota nratokuttapa [42]. Ao tnv AAAn MAeUpPA, TO eVIUULKO
npoiov tng ATX, to LPA, kaBwg kat n dwodopik odilyyooivn 1 (S1P), epdavitouv

ovadpaoTIKr avaoToAr tne Enpp2, untd oplopéveg ouvOnkeg [44, 48].
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1.1.1.0uoopopdéG tng ATX

To yovidlo ¢ ATX Bploketal oto Xpwpoowpa 8 otn Béon 8g24.1 otoug
avBpwWIoug KAl 0To XpwHoowpa 15 ota movtikia. H dour tou yovidiou eivatl unAng
TIOAUTTAOKOTNTAC, TEPLEXEL 27 €€Ovia KOl HE EVOANAKTIKO TPOMO MOTIOHATOC
Snuloupyouvtal TEVTE SLaPOPETIKEG LooUopdEG, oL omoieg ovopatilovtal pPE T
ypauuata a-e [7, 49]. OL Tpelg Mo yvwoTéG Loopopdeg tng ATX (a, B kot vy)
Sladépouv otnv mapouaia r anovcia aAAnAouxlwyv OU KwdLKkomolouvTal and ta
g€ovia 12 kat 21 [7, 50]. H o mpdodata xapaktnplopévn .oopopdr, n ATX-§, ivat
napopola pe tnv ATX-B, €éxovtag pia EAeldn tecodpwy mentidiwy (EAewpn e€oviou
19) petall tng meploxng pwododieotepaong (catalytic phosphodiesterase domain,
PDE) pe tnv C-teppatikny meploxn (C-terminal nuclease-like, NUC). Qotoco, akoua
Sev unapyetl ouoxEtion Twv Stadopwv Asttoupylwy TG ATX pe TG LoopopdEG TnG. OL
TIEPLOCOTEPEC YVWOEL OXETIKA HE TNV ATX €xouv TPoEABeL amod PeAETEC yla TNV
TA€ovV enikpatoloa Lloopopdn, tnv ATX-B [8, 9].

H woopopdn o, amoteAel TOV «QUTOKPLVI) TIOPAYOVTO KLVNTIKOTNTOG» TIOU
amopovwonke amdé Tta KUttapa pedavwpato¢ [1]. H ATX-a mapouclalel ta
xapnAotepa enineda ékppaong TOCO OTO KEVIPLKO VEUPLKO GUCTNUO OGO KOL OTOUC
TepLdEPLIKOUG LOTOUG, EVW O oUyKplon ME TG dAAeg duo (ATX-B kal y) elval moAv
ootadng eneldn nepléxel éva emumAgov e€ovio (e€6vio 12). H ékdpaon tou e€oviou
12 €xel wg amotéAeopa TV dnuloupyila pLag aAAnAouxiog oto KATAAUTIKO KEVTIPO
Tou ev{Upou n omola prnopel va Staomaotel and npwtedaon (aAAnAouyia KVAPKRR).
H ATX-y, mepléxel to €€ovio 21, xapaktnpilletal wg n «&WOKn ylo Tov gykEDalo»
loopopdn, ekppdaletal oe OAEC TL TEPLOXEG TOU €EYKEDAAOU, €EVW OCNUAVTLKA
XapnAotepa enineda €ékdpacnc mapatnpouvtal o€ mePLPEPLKOUC LoToUC. AvtiBeta,
n ATX-B avixvevetal o mepLdePIKOUC LOTOUG, EVW XaunAotepa emnimeda Ekppaong
TIOPOTNPOUVTOL OTO KEVTPLKO VEUPLKO cuaotnua (KNZ) [7, 28, 51]. OAsc ol .oopopdég
™m¢ ATX eudavilouv mapopola OSpaotikdétnta LysoPLD kot e€eldikevon
unootpwuatog [7, 49, 52]. Oaivetal 6Tl oL SOULKEG AANAYEG OTLG LOOMOPDECG TNG ATX
bev ennpedlouv TNV KATAAUTIKN LKAVOTNTA TNG, OUTE Slatapdooouv tnv Sourn Twv
WPLLWV TPWTeivwy. MBavov ol aAAayEéC aUTEC, val OXETI(OVTAL UE TOV KUTTOPLKO

EVTOTILOMO N Ta LOpla ipoodeteg kABe Lloopopdnc. NMpoodarta, deixBnke otL TOo ATX-
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o, Kol oxL n ATX-B, deopevetal eldika otnv nrapivn, mbavotata LECw TG TAOUCLOC

oe Arg/Lys meploxng [52]. H nmapivn evioxuoe tnv Spaoctikotnta LysoPLD tng ATX-a

€vavtL tou LPC €wg kal 2 popég, aAla bev eixe enidpaon otn Spactikotnta tng ATX-

B [52].

78 106 142 188 209

ENPP 1 -SiSHissigl rv- svs-1 [SMB2

ATXa

ATXB

ATXy

ATXS

1 27 36 56 97 141 161

SMB-1 [SMB-2

127 3656 97 141 161
SMB-1 [SMB-2

1 27 36 56 97 141 161

-—x- SMB-1 [SMB2

127 3656 97 141 161
SMB-1 |SMB-2

| PoE
T256

ENPP2-specific  Basic inser
18aa deletion
325

!

| POE --

T210
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T210

| PoE --

T210
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592

540

540

540

631
NUC

642

NUC

590
NUC

590 594 619
NUC

925

915

863

888

859

Ewova 2: Ou woopopdég tng ATX (o, B, v Kat 8) o ocUykpion pe thv ENPP1, pa £§w-
voukAeotiSikr) nupodwadatdaon. Ol .oopopdég a, B kat y Stadépouv otnv apoucia A tv
amouaia aAAnAouylwv Tou Kwdlkomolouvtal amo ta e€ovia 12 kat 21. H ATX-6 otepeital

12bp oto 3’ Aakpo tou efoviou 19, TMOU KWOLKOTIOLEL TECCEPO QULVOEEQ OTNV OUVOETIKN
niepoxn L2 [49]. H amaAowdn (18aa) otnv kataAutikr) teploxn) (PDE) tng ATX eival to kAewdl
™¢ Spaong g we pwodoAndaon, kabwe dnuloupyeital o B€on Séopsuong Autdiwv.
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1.1.2.H npwteivn ATX

H oautotaivn, onwg avadpépbnke kal mopamdvw, amoteAel pEAOG TNG
OLKOYEVELAC TWV £KTO VOUKAEOTISlwv mupodwodatacwv/mupodwododlectepacwv
(ENPPs), yU auto avadepetal wg ENPP2. H owoyévela twv NPPs amaptiletal anod
ENMTA UeUPpavoouvdedpeva | ekkplvopeva €kto €viupa, NPP1-7, mou oyetilovratl
Soulkd Kkat Tmailouv poAo otnv puBulon TOU HETABOALOMOU €EWKUTTAPLKWV
voukAeotiSiwv. Ou NPPs ameAeuBepwvouv 5- povodwodopkd voukAeotidia
udpoAvovtag dwododleotepikoug kot Tupodwodoplkolg Seouous Sladopwy
voukAeotiSiwv [4]. Ot NPP1, NPP2 kat NPP3 €xouv pehetnBel ota BnAaotikad Kot
daivetar va €xouv petafl Ttoug 24-60% opowotnta [53]. Ot NPP1-3 eival
SLOUEUBPAVIKEG TTPWTEIVEG KOl OIMOTEAOUVTOL OAEG OO EVAL ULKPO OULLVOTEALKO GKPO
oTo evlokuTtapko tuAua (10-80 apwoéa), upia SdwapepPpaviky mepoxn (20
opLWvoEER) Kal €va peyoho €€WKUTTOPLIKO TUNUa (mepimou 800 apwvotéa) [54]. Ou
NPP4-7 amoteAoUvtoL oo L LOVO KATAAUTLKN TLEPLOXN.

H avtotagivn epdavilel mo otevr) cuyyévela pe ta péAn NPP1 kot NPP3, aAAa
elval n povadikn mou Slabetel dpaoctikdtnTa AucodwaodoAutaong (pLetatporry LPC
oe LPA). AlaBEtel pla KEVIPIKN KOTOAUTIKA Teploxn ¢wododleotepaong, Hia
kapBouteAikn meploxn (C-akpo) kat pia udpodofn apwvoteAkn nteptoxn (N- dkpo).
To N-teAiko akpo amoteAeital amo duo MeploxéC owpatopedivng B (somatomedine-
B-like) kaL n meploxn voukAedaong (nuclease-like) Bpioketal oto C teAkd AKPO TNG
npwteivng [55, 56]. O pOAog Twv TeEpLOXWV auTwv Oev eival amoluta cadnc. H
TepLoxn owpatopedivng eival mAovola 0 KOTAAOUTA KUOTEIVNG Kal TIEPLEXEL €val
Tpuemntidlo apywivn/yAukivn/aomaptikd o€V (RGD) mou mibBava vo epunmAEKETAL 0TV
oAANAeTi&pacon TOU KUTTAPOU HE TNV EWKUTTAPLO XWPO KOl 0T otadlakr mpocdeon
HE Ta umootpwuata [3, 57]. Oswpeitat otL n ATX/NPP2 &ev eival Stapepfpavikn
npwteivn aA\d cuvtiBetal wg éva tPo-€vIVHO, UE TNV AULVOTEALKN TIEPLOXN va Spa
oav onuatodotikd memntiblo. To mpo-éviupo tng ATX, udlotatal armokomr €vog
Tentdiov 27 apvofEéwv, akoAouBel MPpwTEOAUON ATO MPOTIPWTIEIVIKEG KOVPEPTAOEC
(furine-type protease) kot TeAlkd ekkpivetal n wplun YAukompwrteivn ATX [58-60].
MNpayupat,, £xet oavadepBel otL n ATX Oev ekppaletal oTIC €MIPAVEIEG TWV

ETUMOAUOUEVWY e ATX KUTTAPWY N KUTTAPWY Tou ekkpivouv ATX [60]. AANAa péAn
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NG owkoyEvelag twv NPPs umopouv eniong wg éva Babuo va ekkplBouv, ol NPP1,
NPP3 kat NPP7. Itnv kapPBofuteAikr) TAsupd, BPLOKETOL N TIEPLOXN VOUKAEAGONC
(nuclease-like). wotdéoo otepeital KataAutikng &paong Adyw HeTAAAAENG Twv
umeBUVwY apwvotEéwv yla tn dpdcn voukAsdong [56, 61]. H opoldtnTa HE TIG
€evOOVOUKAEAOEG €ykeltal otnv dnuoupyia S1ooUAPLSIKWY SeopwWY HETAEL TwV

KataAolnmwy TnG KUOTEIVNG.

Signal
sequence

1) L1
94 139 161

(B) Essential

disulfide linkage

ca®*
Asn410-glycan Essential
Asn524-glycan

Nuclease-like domain Catalytic domain Asn53-lycan

channel

. . Hydrophobic pocket
Active site |

Hydrophobic 5 3 - Hydrophobic channel
channel

Ewova 3: Apxttektovikn Sopn tng ATX. (A) Opydvwon nmpwrteivng (B) Tpttotaynig Soun tng
ATX: meploxé¢ owpatopedivng (SMB1: moptokali, SMB2: kadg), KATAAUTIK TEPLOXA:
Kuavo), meploxr voukAedong (nuclease-like domain, pwp), cuvdetikég meploxég L1 (cwpwy)
kot L2 (mpdowo), potifo EF (pol). OL N-yAukdveg kal To Beliko OV mapouclalovtol wg
Kitpveg kol moptokaAi Aemtopépeleg. Ta deopevpéva ovta Peudapylpou, acBeotiou Kot
vatplou gudavidovral wg ykpL, mpacwva Kal pop odpatpidia, avtiotorya. Ot 15 StoouldiLdikol
Seopol mapouoialovral we pafdid. (M) 3D amekoévion tng ATX [62].

Oocov adopd TOUG KOTOAUTIKOUG HNXOVIOMOUG Kol TNV E€8IKOTNTA TWV
UTIOOTPWHATWY N AvucodwaodatiduloxoAivn cav unoctpwpa twv NPP udpoAvetal
pe SVo Tpodmoug: eite og LPA kat xoAivn amo tnv NPP2 (6pdon lysophospholipase-D)
| o€ HOVOOKUAOYAUKEPOAN Kal pwodoptkr) xoAivn amod tig NPP6 kat NPP7 (6pdon
lysophospholipase-C kal eotepdong xoAivng avtiotowa) [63]. H ATX mapouotalel

eldkotnta ya AvcodwaodatidburoxoAivn (LPC) upnAol poplakou Bapoug (16:0-
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18:2) kot ywo voukAeotibia [7, 8]. Emiong, petatpemel T odlyyoouvoxoAivn o€
odlyyoouvn (S1P) kat xoAivn [64, 65]. Kal ta duo avtd dwodoAutidia (LPA kat S1P)
elval oxupol avactoAeig tng ATX Kal €XOUV XNULKA CUYYEVELQ TPOG TO EVIUHO
nepimou 1000 ¢opég peyaAltepn amo TNV avadepOUevVn yla T GUOLKA TOU
unootpwuata [66, 67].

OL uSpoAUTIKEG SpaoTikOTNTEG TNG ATX, T000 NG dwodoAutaong D 6oo Kat

210 onola

™M¢ dwododleotepdonc, kataAvovtal and éva povo onueio, tnv Thr
otav avtikaBiotatal and Ala kabotd to éviupo avevepyd [68]. Mo HeEAETN TwV
XOPAKTNPLOTIKWY TNG ATX ot eminedo aAAnlouxiog, amok@AuPe tnv Umapén HLOG
enavolappavopevng alnAouxiag G/FXGXXG otnv TEPLOX) TOU KOTOAUTIKOU
KEVTPOU TNG ATX [61], onUAVTIKN yla TNV TPO0Seon HETAAAKWY LOVTWY aAAd OxL yla
v e€eldikevon tou unmootpwpatog. H ATX eivatl yA\ukoluAlwpévn otig B€oelg Asn53,
Asn410 kot Asn524 [69], wotdéoo €xel OeBel ot ot N-yAukdveg Oev eival
anapaitnteg yla tnv KataAutiki Spaotnplotnta tng ATX [70], kaBwg n mapaywyn
LPA Bewpeitat umevBuvn yla TV SLEyepon TNG KUTTAPLKAG KlvnTikotntag [71].

Ooov adopd ta evIUUIKA XOPAKTNPLOTIKA TNG ATX, peAéteg €xouv Oeifel
KaAUTtepn Sdpaoctikdtnta tng ATX o pH 8 kat Bepuokpacia 40°C [7]. H autotativn
gvepyoroleital and 6toBevry katwdvta, Mg [72] kat avaotéMetal and Zn?* kat
vPnAéc ouykevtpwoelg Ca®* (25mM) [73]. E€aipeon amotelei n LysoPLD twv vebpwv
kouvelloU Omou amattel Ca®* (5mM), evir n mapouaio Mg®* (5mM) Sev emnpedlet
Vv SpaotikdtnTa TNG [74]. EmumAéov, n dpactikotnta LysoPLD, evioxUetal mapouaia
Co* og mA\dopa apoupaiou, avBpwou kot avBpwrva AutokUttapa [75, 76]. O
HNXQVIOHOC pe Tov omoiov o Co?* Sieyeipel tnv Spaotikdtnta tne ATX Sev eivat
YVWOTOC, WOTOO0O0 TA KATLOVTA UIMOPEL var evEpYROOULV £(TE yla Tn otabepomoinon tng
doung ™nNG elte wg PEPOC TOU KATAAUTIKOU KEvipou [77]. EmutAéov, Ta KoTLOVTQ
nmpootatevouv tnv ATX amd Oepuiky HeTOUClWoNn Kol TpwtedAuon [72]. H
MPWTEOAUTIKY) Stdomaon pwoGg  N-teppatikne udpodofnc aAAnAouxiag mou
Aettoupyel wg onuatodotiko nemntidio [58, 60] kat n yAukoluAiwon Twv KataAoimwy
aomapayivng [58, 69, 70], eival amopaitnta yla tnv €KKpLon Kat tn BEAtioTn

evlupiki Tn¢ Spaotnplotnta.
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1.2.dwodoAnidia

Ta pwodoAunidia, pall pe ta oudétepa AN Kal OTEPOELSY), AMOTEAOUV T
Autidla.  Awakpivovtal oe SUo katnyopieg ta yAukepodpwodoAutibia kol T
oblyyodpwodoAuidia. Itnv mpwtn avAkouv Ta TEpLocotepo  Sladedopéva
dwodoAumidia mou amotehovvtal and éva Poplo YAUKEpOANg, dUo popla Autapwv
owv, éva poplo pwodoplkol of£og Kat €va aKOPO TIOALKO poplo (aAKOOAN). Ztnv
SelTepn Katnyopla o KopUOg Twv dwodoAuudiwv amoteleital and odlyyoaivn,
EVWHEVOC PE Eva LOPLO ALtapoU o€€og Kal pia pwodoplkr opada.

To amlouotepo yAukepodwodoAutidio eival to pwodatudikd ofu, To omoio
ouvtiBetaL pe tnv eotepomoinon Suo Autapwv ofEwv He TNV 3-dwodopikn
YAUKEPOAN Hé€Ow TNG akuAopetadopaong tTnG P-yAukepoAng. To dwodatudikd oL
amoteAel mpddpoun évwon OAwv Twv umoloumwv yAukepodwodoAutidiwv. Ot
0AKOOAEC TIOU CUVAVTOVTAL CUXVOTEPQ 0Ta YAUKEpodwadoAutidia eivat n xoAivn, n
atBavolapivn, n woolttoAn kat n oepivn. Ta avtiotowa yAukepodwaodoAutidia
ovopalovtat  pwodatidbuloxoiivn, odwodatibulatbBavolapivn, PwodatidSul-
LVOOLTOAN Kot pwaodatidurooepivn.

Ta yAukepodwadoAumidia péow tng Spdong twv dwaodoAutacwv Al kat A2
QIMOMaKPUVOUV OMAdEC akUAlou yla va oxnuaticouv AvcodwodoAumidia. Ta
AvocodwaodoAuidia (lysophospholipid, LPL) eival Blodpaotika popla mou Stabétouv
Hlot PMEYAANn TOAWKN 1 doptiopévn kedbaAn kat pia amAn vdpodofn aAucida
avBpaka. OL TEPLOOOTEPEC QMO QUTEC TIGC EVWOELG Spouv PEOW UTOSOXEWV
oulevypévwy pe G mpwrteivn (GPCR), al\a £xel emiong amodexBel OTL elval LKAVEC
va evepyormolouv ameuBeiag Toug dtavAoug Wovtwy TRP [78] i va Tpomomnololv Tig
UNXOVLKEG LOLOTNTEC TWV PBLOAOYIKWY HEUPBPAVWV OMWG TNV €ANOTIKOTNTA N TNV
KaumuAotnta [79]. Metagl Twv MO ONUAVIIKWY Hoplwv autig tng opadag eival to
Avocodwodatidiko ofu (lysophosphatidic acid, LPA), n 1-dwodopikry odlyyocivn
(S1P) kat n AvocodwaodatidburoxoAivn (LPC). AMa Bloevepyd AvcodwaodoAutidia
glval ta: KUKALKO pwodatudikd oL (cPA) [80], odyyoouldwaodopuloyxoAivn (SPC)
[81], Auvcodwodatiburooepivn, AuvcodwaodatidulivooltoAn, Auvcodwaodatidbulo-
Bpeovivn, Avcodwaodatibulatbavorapivn kat Avcopwodatiduloyhukepoin (LPG)
[82].
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1.2.1.AucodpwadatiduloxoAivn (LPC)

H AvcodwodatiduloxoArivn umdpxel o€ UPNAEG OUYKEVTIPWOEL OTNV
kukAogopia (~¥190 uM) [83], émou cuvnBwc Bpioketal cuvdedepévn pe alBoupivn
[84] kal Autompwrteiveg omwe n ofeldwpévn XaUnAnG TUKVOTNTAG AUTOMPWIEIVN
(oxLDL, Low Density Lipoproteins) [85]. H AuvcodwaodatibuloxoAivn tNng
KukAodoplag amoteAeital amo éva peiypa Stadopetikwy eldwv: 16:0 (40%), 18:2
(20%), 18:1/ 18:0 (10-15%) kaw 20:4 (10%) [83].

H unepoikoyévela twv evipwv dwaodoAumaong A2 (PLA2) uSpoAuouv tov
€0TEPLKO sn-2 Seopd NG pepBpavikig dwaodatibuloxoAivng (PC), ue amotéleoua
™V ouvBeon twv dladopetikwyv eldwv LPC. Tautdxpova, amo tnv udpoAluon autnh,
eAevBepwvovtal Autapd oféa ta omola otn cuvéxela petafolilovtal oe diadopa
npo-pAeypovwdn elkooavoeldn [86]. Ta swkooavoeldr, SnAadn ta AeukoTtplévia, Ta
Bpoppotavia kat ot mpootayAavdiveg CUUUETEXOUV o€ TANBwWpPa GUGLOAOYLKWV Kall
maBoAoylkwyv SlEpYAcLwY TOU KUTTAPOU HETafU Twv omoilwv kat n ¢Aeypovr). H
UTIEPOLKOYEVELA TWV GWODOAUTOOWY OIMOTEAEITAL ATO TEVTE KUPLEC OUASEC: TIC
EKKPLVOUEVEG PLA2 (sPLA2s), Tic KUTOOOALKEC (CPLA2s), TIG ave€dptnteg LOVIWV
aoBeotiou (iPLA2s), tig aketuloUdpoAdoeg tou PAF kat tn Aucoowpikry PLA2 (Lp-
PLA2s) [87]. KaBe pia amod aUTEG TIG KATNYOPLEG £XEL EUTTAAKEL O TTOWKIAQ povomaTia
ToUu petafoAllopol Autdiwv Kol TABOAOYIKWY KATAOTACEWY, OTOTE UTIAPXEL
tepdotio evlladépov otn dappakoflopnyovio ylo TNV avamtuén eKAEKTIKWY Kal
LOXUPWV aVAOTOAEWV Yyl KABOe €va LEAOC TNC olkoyEvelag PLA2 [88].

To evbokuttapwko LPC mapayetat amd to PC Twv peUBpovwy HEOW TNG
evluplkng 8paong tng cPLA2 [87]. Itnv kukAodopia, peyain moootnta tou LPC
napayetal anod 1o PC twv Autonpwteivwyv péow tng sPLA2 [87] | nwéow Spaong TG
okuAotpavodepaonc NG AekiBivng-xoAnotepoAng (LCAT), éva é£viupo Tou
ekppaletal Kuplwg amo to Amap Kat Prnopet va dtacmnd tnv dwodatidbuloxoAivn Twv
Autonpwteivwv xapunAng i vyPnAng mukvotntag (HDL, LDL) mpog oxnuUaTopo
AvoodwaodatiduloxoAivng kat eotépa XoAnotepoAng [89]. Ot evboBnALakéG Autdoeg
eudavilouv dpactikotnta PLAL kat prmopoulv va dtaomacouv To Autapo ofu and tov

£0TEPLKO S£00 sn-1 tou PC twv HDL yia va apayouv LPC [90].
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Ewova 4: M'evikn xnUikn dopn twv AucodpwadatiduroxoAvwy, omou to R eivat n alucida
AUmapwv ofEwv.

1.2.2.Aucopwaodatidiko ou (lysophosphatidic acid, LPA)

To LPA avixveletal in vivo, €ite oe kopeopévn popdn (16:0, 18:0) ) oe
akopeotn (16:1, 18:1, 18:2, 20:4) [25] oe MAnBwpa BLOAOYLIKWV LUYPWV: OTO GAALO,
OTO OTIEPUOATIKO UYPO, 0TO BUAAKOELOEG LYPO, OTO ACTIPASL AUyoU Kol 0To uypo TNG
TiepLtovaikng kolotntag [91]. O 0pdG AlATOG €lval N TLO YVWOTH Kal LEAETNUEVN
ninyn LPA [92], nue tnv ouykévipwon tou LPA oe uyu) mAnBuoud va umoloyiletat
yUpw ota 0.7 uM [93], pe ta 18:2 (30%), 20:4 (39%), 18:1 (9%) €16n va Bplokovrtal o
pueyaAutepn adBovia [94]. Ta enimeda LPA mou aviyveUovtal oto MAAopa eival oAU
XapunAotepa amd OtL otov 0po, umodnAwvoviag OtL pEpog tou LPA tou opou
mapayetal and ta atponetaia [50, 91]. Qotdéoo, to LPA dev amobnkevetal oute
EKKPLVETAL amd ta QLUOTETAALR, aAAG €lval To Tpoidv TG eVIUPLKAG LdpOAuGNG
dwodoAutidiwy mou MPoEPYoVTAL OO ALUOTETAALA OwG Tto LPC [94], evdexouévwg
gumAékovtag tnv evlupikn dpaon tn¢ PLAL tng Beloeotepaong 1 (APT1) [95]. Onwg
avadEpBnke kol mapandvw n ouykévipwon tou LPC oto mAdopa (190uM) eival
TIOAU uPnAOTEPN amod T CUYKEVTpWON Tou LPA, evw Sgv mapatnpeital aviotolyio
ota £i6n mou evrtonilovtal os adBovia: yia to LPC (16:0> 18: 1/18:0> 20: 4), yla T0
LPA (18: 2> 20: 4> 18: 1). EmuumA€ov, mapoAo mou ta £i6n LPC oto mAdopa pumopouv
va EMNPEACTOUV apeca amo tn diatpodr, KATL TéTolo dev €xel amodelyBel yla ta

€(én LPA [96].
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Ewova 5: Xnukn dopn tou LPA ( 1-0O-acyl-2-hydroxy-sn-glycero- 3-phosphate ) [97].

H mAelovotnta tou LPA tng kukAodoplag mioteveTal OTL TPOEPXETAL OO TNV
6paon o¢wodpoAutdong D tn¢ auvtotalivng (ATX, ENPP2), péow udpoAuong
AvoodpwodoAutdiwv (LPC, LPE, LPI) [9]. MelAéteg €xouv beifel OTL ota etepoluya
knockout yia tnv ATX movtikia, omou n mapaywyn ATX €xel méoel kata 50%, ta
enineda LPA eival eniong pewwpéva katd 50% [98-100]. AvaAoya amoteAéoparta
nopatnenOnkav pe Gappakoloykr avaoTtoAr) tg ATX, omou emtelxbnke 95%
Helwon twv emutédwv LPA [14, 101]. H avakdAuyn t¢ KpuoTaAAwkng Soung tng ATX
TIAPELXE TEPALTEPW TTANPODOPLEG OXETIKA E TOV TPOTIO MOPAYWYHNG KOl §pAcng Tou
LPA. H 8eopeupévn He WTeykplvn otnv Kuttaplkn emidpavelo ATX, mapayel LPA to
omoio dpa TOTKA HEOW TwV UTIOSOXEWV TOU EVEPYOTIOLWVTOG TTOLKIAQL KUTTAPLKA
povormatia [102-104].

‘Evag unxaviopog mou emiong £xeL mpotabel yla tnv evEOKUTTOPLKN TTapaywyn
Tou LPA elval péow NG amoaketuhiwong odwodatudikol oféo¢ amd TIC
dwodoAutdoeg (phospholipases, PL) Al kat A2 éviupa [25]. To LPA mou napdyetat
evOOKUTTOPLIKA Ba UTTOPOUCE OTN CUVEXELD VO EKKPIVETAL, WOTOCO SEV UTIAPXEL in
vivo amodel€n yla tnv €kkplon tou LPA amd omolov&nmote KUTTapLKO TUTo. TEAOC, TO
LPA amowodopeital ano tig Autdikeég dwodataoeg (lipid-phosphate phosphatases,
LPPs) oe povoakuloykKUKepOAn, puBuilovtacg tov petaBoAwopd tou [105]. Exouv
neplypadel tpei¢ LPPs (LPP1-3), n LPP-1 ekdpdletal gupéwg O LOTOUG OMWG O
TPOOTATNG, N 0UPOSOXOC KUOTN, N UATPA, 0 VEPPOG, 0 Tvelpovag, N Kapdld Kol To
Amap, evw n LPP-3 éxeL eupela ékdpaon [106] kat n LPP-2 ekdpadletal kupiwg otov
eykédalo, To Maykpeag Kat tov mAakouvta [107]. Ot LPPs eival StapepBpavika
EvIua UE TIG EVEPYEC TOUG BEoeLg otnv e€wTeplkn emidpavela Twv pepBpavwy [108,
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109] kot pnopouv va anodwaodpopuliwoouv ta LPA, PA, S1P kat C1P (ceramide 1-
phosphate) [110]. Xe yevetikd Ttpomomoinuéva Iwa pe E€Mewpn t™ng LPP-1
napatnpndnke pelwpévn anotkodounon tou LPA [111]. Qotooo, dev StamiotwOnkav
Sladpopecg ota emnineda LPA og StayoviSlakoug MOVIIKOUG TTou UnepeKPpalouv Tnv

LPP-1[112].

/ 1. Cell migration \, éﬁlood vessel lorrnaﬁon\ ‘/ 3. Lymphocyte entry \ / 4.Neuropathic pain \
into the secondary =
lymphoid organs

lymphocyte myelin ,
-

LPA receptors

rc  ATX ATX LCAT
LPS PLA
1
SPLA,-IIA

PS-PLA,

Ewova 6: H 6pdon tng ATX péow mapaywyng LPA. To LPA tng kukAodoplag pmopel va
TAPAyeTal KUpiwg péow SUo odwv. Itnv mpwtn mepintwon to LPA oxnuotiletol péow
AvoodwadoAtmdiwv (LPC, LPE kal LPS) ta omoia mapdyovtol anod tnv dpdon twv sPLA2-IIA
N PS-PLA1 ota peuPpavik@ ¢wodoArmibla Twv EVEPYONOLNUEVWY  OUUOTIETAALWY,
okohouBouUpevn amd tnv dpdon g ATX. Ztnv SgUtepn 066 To LPA pmopei va SnuoupynOet
pe Siadoxikr 6pdon twv LCAT r} PLAL kat tng ATX. To LPA mou mapayetal anod tnv ATX
CUMUETEXEL 0 TMANBWPO KUTTAPLKWY SLEpYOOLwY MECW TWV UTIOSOXEWV TOU OPLOMEVES ATIO
TIG omoleg elval : (1) mpowBNoN TNG LETAVACTEUONG KUTTAPWY, (2) OXNUATIOUOC ALoPOpwY
ayyeiwy, (3) teukdAuvon eloddou Aepdokuttapwy ota Seutepoyevr) Aepdoeldn opyava Kot

(4) emaywyn Tou veupomaOntikoL mdvou [25, 91].
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1.2.3.YrtoSoxeig LPA ko onpatodaotnon

MéxpL onuepa €xouv meplypadel emta umodoxeic ywa to LPA, oL omoiot
Katnyoplomolouvtal o€ duo opadeg. Itnv mpwtn opada cupmnepllapBavovtal ot
LPA1/EDG2 [113], LPA2/EDG4 [114] kauv LPA3/EDG7 [115] mou avAkouv otnv
umoolkoyévela EDG (endothelial differentiation gene) twv GPCRs. Ot untodoxeic LPA4
(GPR23/p2y9) [116], LPA5 (GPR92) [117], GPR87 [118] kat P2Y5 [119] avrikouv otn
beltepn opada mou eudavidouv opoldTNTa Pe Toug P2Y vouKAeoTIOIKOUG UTTOSOXELG.
OL motkileg BLoloyikég Spdoelg tou LPA cuvddouv pe tnv gupela Katavoun twv
UTtOSOXEWV TOU O0TOUG LOTOUC Kal TN oULEUEN TOUG E TIG SLOPOPETIKEG OLKOYEVELEG G-
npwTteivwyv [46].

Yndpyxouv U0 KUPLA LOVOTIATLA LETAYWYIG ONUOTOC OTA Omoia EUMAEKOVTOL
ol umoboxeic ouleuypévol pe TPwTeiveG G: TO ONUOTOSOTIKO HMOVOTATL TNG
dwodatiduroivooltoAng kat auto tng cAMP [120]. Otav €vag mpoodEtng cuvdéeTal
pe umodoxéa GPCR, mpokaAel pia aAhayn otnv dtapopdwaon tou urtodoxéa n omola
ETUTPETIEL VOL EVEPYNOEL WG TTAPAYOVTAG aVTOAAQYNG VOUKAEOTISLWY youavivng (GEF).
Itn ouvéxela, o GPCR evepyomolel pla evwpévn HE auTov Tpwtelvn G, HE TNV
petatponr tou GDP oe GTP. H a-umopovada t¢ G mpwrteivng, pall pe to
deopevpévo GTP, amopakpUVeTal amod TG B- Kol y- umopovadeg kal onuatodotel
TIEPALTEPW EVOOKUTTAPLKES TIPWTEIVEC 1] OTOXOTIOLEL AELTOUPYIKEC TIPWTEIVEC, YEYOVOC
Tou e§apTatal AUECA QMO TOV UTOTUTIO TNG a- UTIOMOVASAS (Gas, Gaifor Gag/11, Ga12/13)
[121].

OL LPA;, LPA; kat LPA; aAAnAerudpouv pe tig Gai/o kat Gag/11 mpwrteiveg,
gMAyovtag ta povomatio twv MAP, Akt kat Rac kivaowv. AvtiBeta pe tov LPA3 ol
LPA; kot LPA; evwvovtat emiong pe tnv Gizz Yl TNV €VEPYOTOLNON WLKPWV
GTPaowv (Rho) kal tnv emoywyr] LOVOMOTIWY TIOU EUMAEKOVIOL OTOV KUTTAPLKO
moAamAaclacpd kot emPBiwon, otnv  KUTTAPLKA  PETAVACTEUCN, OTNV
avadlopydvwaon tou KuttapookeAetoU. Ot LPA; kot LPAs aAAnAemiSpouv He tnv
G12/13 CUMUETEXOVTOG OTNV avadLopyAvwaon TOU KUTTAPOOKEAETOU, EVW AUEAVOUV Ta
enineda tou evdokuttaplkol acPeotiov péow Gaqg/ll. O LPAg evwvetal Pe TO

Gi12/13,, EVW N OUYYEVELD TOU e To LPA daivetal va givat xapnAn [122].
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EwKova 7: IXNHOTLKA QIELKOVLON TWV TTPOOSETWY TTOU CUVSEOVTAL LLE TOUG CUIEUYHEVOUG
LE G MpwTEivn UTOSOXELG KA oL TE0OEPL KUPLEG 080l onuatodotnong toug. Eva gupl
daopa ocuvdetwv pmopel va Seopelel kol va evepyormolel GPCRs péow odwv ToUu
gfaptwvtal anod npwrteivn G (6nAadn npwrteiveg Gas, Gag, Gal kat Gal2) kal aveEaptATwg
npwteivng G (m.x. B-appeotivn). Autég oL odol onpatodotnong Umopouv va pubuicouv Tig
KUPLOTEPEC KUTTOPLKEG AELTOUPYLEG OTWG 0 MOAAAMAACLAoUOG [123]

O LPA; eival évag umodoxéag mou ekdpaletal oe TMOAAG Opyova Kal N
VEVETIKN amoaAoldr) Tou o€ TOVTiKla amokAAuPE Tov onuavtiké poAo Ttou otnv
avamntuén. MNMoANEG peléteg eumAékouv tov LPA; otnv veupwviki avamtuén Kot tn
Asttoupyia  Sadopwv  TUMWV  VEUpPOyAOLAKWV  KUTTApwvV  (ootpokuTTapa,
oAlyodevépokuttapa, kuttapa Schwann) [124], evw pmopel va mpowBnosL tnv
KUTTOPLKN METAvAoTeuon, TtV emPiwon kat tov moAAamAaciacpo. O LPA,;
EUMAEKETAL ETIIONG OTN A£LTOUPYIA KOL AVATTUEN TOU VEUPLKOU GUOTHHATOG OTWG O
LPA;, wotoco ot Vo umodoxeic daivetal va €xouv avtiBetec embpAocelc ota
KOTTOPA TOU QyYELAKOU KOL TOU avooomolntikol cuotriuatog [124]. O LPA3 €xel
ouvdeBel pe tnv avamopaywyn kat tnv euPpuoyéveon [124]. Ou LPA; kat LPAs
KATAOTEAAOUV TNV KUTTAPLKA KLVNTLKOTNTA, avtiBeta pe toug dAAoug utodoxeig LPA.
O LPA; emutAéov, daivetal va €xel avrtiBetn Aewtoupyio amd tov LPA; otnv

ooteoyéveon [124]. O LPA, mailel poAo otnv avamtuén tou KUkKAodoplkoU Kal Tou
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Aepdkol ocuotipatog. O LPAs €xel umotiBéuevo poAo otnv avamtuén Tou
eykedAAOU Kal EUTIAEKETOL OTNV amoppodnon tou vepol oto Taxy €vtepo. O LPAg
elval n televtaia mpooOnkn otoug unodoxeic LPA, pe amodedelypuévo poho otnv

avamntuén tou BUAaka tng TPiXag Kal otnv anmwAela paAAwwyv [125].

Survival,
Proliferation,

Ewova 8: Inparodotnon unodoxéwv LPA kat Asttoupyieg. Ol KUTTOPLKEG QTIOKPIOELC WG

QIMOTEAECHA TNG EVEPYOTIOINONG TwWV UToSoXEWV LPA Kal T 0Uleu€ng Toug e SLadOopPETIKES
G npwteiveg [126].
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1.3.0 a€ovag ATX/LPA otnv naBoduoiodoyia

H ATX é€xeL avayvwplotel wg &eiktng Sadopwv TUMWV aobBevelwv Kot
ekppaletal o €va PHEYAAO aplOUod LoTwWV Onwe avadEpOnKe Kal mopanavw, TOCo
0TO TOVTiKL 600 Kot otov avBpwro [7]. Daivetal 6tL 0 poAog Tng ATX va TapexeL
OTOUC OUVOETIKOUG LOTOUG TEPAOTIEG ToooTNteG LPA eival kAeldi oe TOANEG
Sladkaolec.

H ATX eumAéketol ota nmpwipa otadla tng eUPPUIknG avantuéng [27, 127-
129]. H yevetikn analoidn tng ATX o€ TOVTIKLA, N OO0 KATACTEAAEL TNV TTAPAYWYN
Tou LPA, obdnynoe oe gufpuikn Bvnootnta Adyw Suopopdlwv Tou VEUPLKOU Kal
ayyelakou Siktuou [98-100, 130]. AvtiBeta pe 6tL cupPaivel otnv epPpuikn Lwn, n
ETAYOUEVN YEVETIKA amaAoidn f N dapuakoAoyikr) avacTtoAr tng ATX og eVAALKOUG
movtikoU¢ 6ev mpokalel maBoAoyikd dawotuno [131], umodelkviovtag OTL n
TMAelovoTNTa TNG ATX Kal Kot eméktacn tou LPA (>80%) Sev eival amapaitntn yla
TNV UYL OHoLO0TAON TOU LoToU Katd TNV eviAikn {wn. Me Baon tov onuavtikd poio
™G ATX otnv euPpuikn avamtuén, aAa oxtL otnv PeTénetta {wr), CUUTEPALVOUUE OTL
o aovag ATX/LPA amoteAel éva avamtuéLlako LOVOTIATL TO OTolo uTtepekppaleTal o
TIABOAOYIKEG KOTAOTACELC.

Tnv nepiodo TNC gykUpoOoUvVNG oTov AvBpwro, aviyvevuetal auénuévn ATX
otov 0po [132], pe avtioton avénon twv emumédwv LPA [133, 134]. AAMay£g ota
enimeda ATX kal LPA €xouv ouvbebel pe moAudplOueg mMaBoAOYIKEG KATAOTACELG
[133-135] tNC¢ eykupoouvng. uykekplpéva, n ATX amoteAel évav eCalpetika
evaiobnto, bk Kal Loxupo Slayvwotikd deiktn TG evdonmatikng XoAdotaong tng
kunong (Intrahepatic Cholestasis of Pregnancy-IHCP), Swaxwpilovtag tnv omo
SlatapaxeG KvnopoU 1 NMOTIKEG TABNoel OXETWOUEVEG HE €yKUMoouvn [136].
Entiong, n ATX pmopel va amoteAéosl évav eAmidbodopo Blodeiktn yla TRV avixveuon
™¢ mpoekAopdiag, woTOCO AMALTOUVTOL TIEPALTEPW HEAETEC ylo va €VIOXUOOUV
autnv tnv umobeon. Ta wg twpa dedopéva deiyvouv uvPnAotepa emineda g
autotaéivng oe acbeveig pe mpoekAapdia, Ta onoia cuoxetilovral pe Ta enineda
TNG CUOTOALKNG, SLOOTOALKNC aPTNPLOKNC TILECNC KOL TOU OUPLKOU 0EEOG TNG UNTEPOC

[135, 137].
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MoAudpBueg peAéteg umootnpilouv otL n ATX kot to LPA Stadpapatilouv
ONUAVTLKO pOAO 0TV avamntuén Kat AsLtovpyia Tou ayyelakov cuotipatog [98, 99,
138]. H amoownnon tn¢ autotafivng oto mnelpapatolwo zebrafish eixe wg
amotéAeopa avwpain euPpuikny ayyewokn avamtuén [139]. Napdpola, ota ATX
knockout (Enpp2”) movtikia, 0 epPpuikdc BAvatoc v nuépa 9.5 cuvsEdnke e
OYYELOKEG OVWHAALEC OTOV QUVIOKO OAKO Kol oto €uPpuo [99]. Molovotl, ot
umoboxeig Tou LPA ekdpdalovtal katd tnv Slapkela Twv eRPpuikwyv nuepwy 6.5-10.5,
N Yevetwkn amalowpry twv umodoxéwv tou LPA (LPA;3) 6ev €xeL ouvdeBel pe
avtiotolya ayyelakd nmpoBAnuoata oto epPfpuika otadia. Afloonueiwto sival otL Ta
¢uBpua Gais” epudavitouv mapopotec PAABEC pe ta éuBpua Enpp2” oto ayyelakd
ocvuotnua [140], umodnAwvovtag oTL To LPA mou nmapadyestat ano tnv ATX, eumAékeTal
oTNV avamtuén TOU ayyelokoU OUCTAHATOC HECW TNG ONUOTOd0TNOoNG TOU
povomatiol Gajs-RhoA, emdyovtog tnv HETAVACTEUON KOl TPOOKOAANGCN Twv
evboBnAlakwy KUTTApwWV otnv e€wkuttapla BepéAia ovaoia [141]. Emumpocbeta, ot
€uBpua Slayovidlakwy TOVIIKIWY Ttou umepekdpalouvv ATX [142] kal o€ LPP37
(knock out) éuppua [143, 144], Ta omoia Sdtatnpouv oAU uPnAotépa emnimeda LPA
ano ta GUCLOAOYLKA TIOVTIKLA, TtapaTnEROnKe TapOUOoLOG GaLVOTUTIOC, KOBLOTWVTAG
oad£G OTL Ta emineda Tou LPA mpémet va puBuilovtal auotnpd KoTta tn SLAPKELD TNG
avamntuéng. Ztnv evnAikn {wn, to LPA €xelL mpotaBel va puBuilel tn ducloloyia Twv
evboOnAlakwy Kuttapwyv, HEOW TNG Oléyepong NG €xkdpacnc yovidiwv Tmou
oXetilovtal UE TNV QYYELOYEVEON Kal TNG SLapopdwong TG SLAmePATOTNTAC TOUG
[143, 145, 146].

Me Bdon ta mapandavw, 6a UMoOPoUCOUE VO CUUTIEPAVOUE OTL 0 dovag
ATX/LPA mBavotata va Stadpapatilel Baoikd polo os aoBéveleg ou oxetilovral
HE TNV OYYELOYEVEON OMWE O KOPKIVOG, 0 €KDUALOHOGC TNC WXPAC KnAldag, n
abnpookAnpwon kat n apBpitida. Mpayuat,, to LPA €xel mAnBwpa BloAoykwv
6paocswv og KUTTAPA TOU alpatog (QULHOTETAALN, HMOVOKUTTOPO) Kal KUTTOpa TOU
OYYELAKOU Tolywpatog (evéoBnAlakd kUTtOopa, Asio HUKA KUTTapa, pokpoddya)
TIOU EUTTAEKOVTOL Ot aBnpPOOKANPWIIKEC Kal oBOnpoBpopuPwtikég Slepyaocied.
MoAudaplOUEG in vitro aAAA Kol APKETEG in vivo PeAETEG uTtooTnpillouV TIG aBnpoyoveg

S6paoelg Tou LPA kat to poAo tou otnv abnpookAnpwon [147, 148].
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Ewkova 9: Qawvotunog epBpuwv pe EAAewdn ATX (-/-) oe olUykplon pe etepoluya
€uBpua (+/-). Ta opudluya novtikia neBaivouv tnv epPpuikn nuépa 9.5 e€attiag copapwv
OQVWHOALWV TIOU TOpOTNPOUVTOL ota ayyelo Tou odkou (A) kat oto €uppuo. EmutAéov
napatnpeltal EAATTWHATIKO KAE(OLO TOU VeupLkoU cwAnva (B) kat paxlaieg duopopdieg (C)
[99].
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To LPA mou mopaystatl kata tn Siapkela ofsibwong tng LDL, péow Twv
urntodoxewv LPA;/3 tng Rho-kwvdong, mpodyel tnv €kkplon evéoBnAlakng xnUeLokivng
(CXCL1) pe amotéAeopa TNV OTPATOAOYNON MOVOKUTTAPWY OTNV aBnpookKANpwTLKN
BAGPBn [149]. Tautdxpova, TOo LPA aufdavel tnv mpooAnyn tn¢ ox-LDL oe
povokuttapa/pokpodaya, €nayoviag tnv €kppacn Tou umodoxéa capwtr A Kal
QVAOTEAAEL TNV LETAVAOTEUON TWV KUTTAPWY QUTWV amd TG TAAKEG, EVIOXUOVTAG
Vv abnpookAnpwon [150, 151]. TéAog, To LPA mou cucowpeveTal oTLg TAOUCLEG OF
Autidla aBnpookANPWTLKEG TAAKEG, LECW Tou umodoxéa LPAs kat tng Rho-kwvaong,

EVIOXVEL TNV CUCWUUATWON TWV OULUOTIETAALWY KAl TOV OXNUATIOUO Bpoupwv.

Monocyte

|

CXCR2

Endothelial cell

Ewkova 10: To LPA mpodyeL Tn CUGOWPEUON HaKPOoPAYywV OTLG aONPOCKANPWTLKEG
oAAOLWOELS. To moxLDL odnyei og avénuévo oxnuoatiopd tou LPC to omnoio, péow tng ATX
TIoU eKkkpivetal amd evdoBnAlakd KUTTOpo, petatpénetol o LPA. To LPA mpodyesl thv
aneAevBépwon g xnUelokivng CXCL1 amd evdoBnAlakd KUTTOPO HECW TwWV UTIOSOXEWV
LPA1 kat LPA3. To CXCL1 axivntomoleitotl otnv evéoBbnAlakn emibAavela Kal €mAyEL TNV
T(POOKOAANGN HLOVOKUTTAPWY OTO TOlXWUa Tou ayyeiou péow tou umodoxéa CXCR2. Autd ta
MOVOKUTTOPA UETAVOOTEUOUV OTOV UTOEVOOONALOKO XWPO Kol HeTooxnuatilovtal oe
pokpoddya, Ta omoia elvat Ta TPWTOYEVH KUTTOPQ OTLG TIPWTES OPTNPLOCKANPWTLKES TIAAKEG
[147].

MNapdAAnAa, oL TapAayovteg Kapdlayyelakou Kivduvou ennpealouv tov afova
ATX/LPA, aufavovtog £tol mepattépw TtV €EEAEN Twv  aBnpookAnpwTIKWY
oaoBevewwv. MNa mapadelypa, n maxvoapkio kot n unepAutdatpio avéavouv tnv
€kppaon kat tn SpaoctikdTnTa TNG ATX KO KT €méktacn tnv mapaywyn LPA otnv

KukAogopia [152]. H mapatpnon autr) eVICXUETAL TTEPALTEPW KE TOV POAO TtNng ATX
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w¢ Autokutokivn, dnAadn n kVpLa tNyn TNG gival o Amwdng otoc. MapoAo mou ta
anoteAéopata tou afova ATX/LPA otn mayxvoapkio (adiposity) dev eival EekdBapa
[26, 153, 154], to povonatt ATX/LPA daivetal va CUUUETEXEL OTNV OUOLOCTACH TNG
YAUKOING koL tnVv avtiotaon o€ woouAivn [155], pe mBavéG EMUMTWOEL] OTNV
naBoyévela Sladopwv petaBolikwy Statapayxwv. QoOTtOcOo, TA QUTOKPLWN 1n/Kal
mapakpwr amnoteAéopata Tou afova ATX/LPA otov petaBoAlopd kot ot
eMaKOAoUBOeG emibpaoelg otnv maboyévela Tng vooou Sev €xouv akopn StepeuvnOel
TIANPWC.

H ATX €xeL ouvdeBel and vwplc Yue Tov Kapkivo Katl tTnv petactacn, adou
0pXLKA amopovwlnke amo avBpwrmiva KUTTapa UeEAAVWUATOE AOYWw TNG LKOWVOTNTAG
NG VO TPOAYEL TNV KvNTIKOTNTA Tou¢ [1], péow NG onuatodotikng odol TOU
nupnvikoU mapayovta kB (NFkB) [156]. Ie MepaUATIKO HOVTIEAO KOpKivOu TOU
nivebpova, N avaotoln tou afova ATX/LPA peiwoe tn petavaotsvon kat Stnbnon
TWV KOPKLWIKWV KUTTAPWV KAl TNV ayyelomoinon tou totol [157, 158]. Auénuévn
€kppaon t™ng ATX é€xel PBpeBel ota Alyotepo OladopOoMOLNUEVO TIVEUHUOVLKA
KapKlvwpota Kot oe B Aepdokitropa yettovikd tou oykou [159]. O unodoxéag LPAs
umnopel va Stadpapatiosl Baoiko poho otnv e£EALEN TwV KapKVwHATwy [160], evw o
LPA; daivetal va £xeL TPOOTATEUTIKO poAo [161]. EmutAfov, ta enineda tou LPA kot
AAMwv  dwodoAutdiwv  auvfdvovtal WG TIAPEVEPYELX TNG  XNMELO- KOl
padloBepamneiag, OSnuloupywvtag £va TPOUETOOTOTIKO UIKpomepLBAAAOV OTOV
Kapkivo tou mvelpova [162], aufdvovtag TNV KWNTKOTNTA TWV KUTTAPWV Kol
EMAyoVTOG TNV €KkKplon tou ATP amd ta KUTTOpa TOU OTPWHOTOC, €VOC GAAOU
LoYupoU XNUELOKLVNTLKOU Ttapdayovta [162]. Ocov adopd otov Kapkivo Tou pactou,
o afovacg ATX-LPA mpokalel PpAeypovr Kol OXNUATIOUO OYKWV OTO UOOTIKO adéva
HEow Twv LPA;3 [163] kat upnAn €ékdpaon tng ATX, n omola mMapAyeTAl QMO TA
YELTOVIKA POOTIKA emiBépata Almoug avti yla ta idla ta Kapkvikd kottopa [164]. H
LETAOTOON OTA O0O0TA €£lval ouxvrl OToV Kapkivo tou paoctol. H ATX péow
oAnAenibpaong He TNV wrteykpivn avB3 oe kOTtopa Oykou, TiBava eAEyxeL TNV
Stadkaoila autn [165, 166]. Yto Amap, n yevetkn Sdwaypadn tng Enpp2 amod ta
nnatokuttapa €€acBévnoe tnVv OvAMTUén TOU NIMOTOKUTTAPLKOU KOPKLVWHOTOG
(HCC), amokaAumrtovtag TI¢ autokpLveic emdpaoelc ATX/LPA otov PETABOALOUO TwV

nnatokuttdpwy [42, 167]. Auénuévn €kdppaon tng ATX €xel emiong avadepbel oto
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Kapkivo Tou Bupeoeldoug [168, 169], Twv wobnkwv [168, 169], oto veupoPAdcTwud
kKat yAowoBAdotwpa [170]. Télog, n ATX é€xel OewxBel oOTL emdyetal amd tnv
unepékdpaon Kat/r TNV EVEpyomoinon oplopévwy Bactkwy oykoyoviSiwv Onwg: ras
[171, 172], jun [32, 173, 174], rhoC [175], miBavwg fyn [176], To mpwTtooykoyovidlo

wnt-1[177, 178] 1} T1g wteykpiveg [38].

Tumor microenvironment

Angiogenesis
A

Cancer cell Cancer stem cell 1/

. factors
Cancer-associated

Adipocyte \ Secretion TahlEh
@ m —_— @ 3 Re.duced
Lymphocyte B cytotoxic response

O Choline CDS8 T cell

Platelet aggregation

Ewova 11: ATX ko LPA oto pukporneptBaAlov tou Oykou. H ATX ameleuBepwvetal KUpiwg
OTO UIKpOTIEPLBAAAOV TOU OYKOU Qo Ta YELTOVLKA AutokUTTapa, B Aepudokittapa, KOpKIVIKA
KUTTapa Kol BAOOTIKA KAPKWIKA KUTTOpo. To LPA péOw Twv UMOSOXEWV TOU EMAYEL
TIOAQTTAQCLOOUO KOl €O0BOAN TWV KAPKWIKWV KUTTApwVY. H onuatodotnon LPA emdyel
ayyeloyéveon MEow NG TMPooAndng CAFS. pewwvel emiong TNV  KUTTOPOTOLIKN
avoooanokplon péow CD8+ T kuttdpwyv. ECM (s€wkuttapikr Bepélia ovoia) [179].

‘Evag aAAOG onpavtikog poAog tng ATX eilval oTi 0l0BEVELEC TOU KEVTIPLKOU
VEUPLKOU cuotipatog [180]. H ATX gumAéketal otnv évapén tou veupomadnTikou
TIOVOU HEOW TOU PeTaoxnUatiopol tou LPC oe LPA [181-185], Stadpapatilel Baoikod
pOAo oTn puelivwon [28, 186, 187] kat mBavwe otnv emoVAwon mAnywv [15]. H ATX

emiong puBuilet ™ duolodoyia TwWV OAlyOSEVOPOKUTTIAPWY KoL EAEYXEL TN
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Slapopormoinon Toug HECW KATOAUTIKWV Kol MN KATAAUTIKWVY Astoupywwv [170,
188]. Auvénuéva emineda ATX kot LPA €xouv aviyveuBei oTou¢ 0poUC KOl OTO
eykeparovwrtiaio uypo (CSF) acBevwy pe okAnpuvon katda rmAdakog [189-191], evw n
dappakoloykny avactoAn] ¢ ATX peiwoe tnv avamtuén TG TELPOUOATIKAG
avutoavoong eykepalopuelitidag [192] (BA. KedpaAauwo 2).

O a&fovag ATX/LPA £xeL amodebdelypévo polo otnv moaboyévela TOAAWV
XPOViwv GAeyHoVWOWY TaBROEwV. TNV PEVHATOELS] apBpitida, n yevetikn
arntaloiwdpr) tng ATX amd ocuvoflakoug WoPAACTEG 1 N GAPUAKOAOYIK OVACTOAN
gumodloe TNV avamnrtuén ¢ vooou [43, 193-195]. H emaydupevn amod tov TNF-a
€KKpLon TNG ATX armo toug apBptkolg tvoPBAAoTEG. Eixe w¢ amotéAeopa TNV aunuévn
mapoaywyrn tou LPA, to omoio pe tnv oclpd Tou SlEYEipEL TNV KUTTOPOOKEAETLKNA
avadlopydvwaon, Tov TOAAMAACLAOUO KAl TNV METOVACTEUCH TWV opOplkwv
wvoBAactwv [43], TOV KUPLO KUTTOPLKO TUTIO TIOU EUTAEKETOL OTNV PEUMOTOELON
apBpitida.

H xpovia ¢Aeypovr) Tou AMATOC, ToU odeINETOL O KUTTOPOTOEIKA, LKA N
uetapoAkad epebiopoata, €xel SewxBel OtL Oleyeipel tnv €kkplon tng ATX amo
nnatokUTTapa, evw To LPA €xel deixBel otL evepyonolel nrmatika kuttapa (stellate
cells) kat evioxuel mpo-vwTikd povornatia [42]. H urtd opoug yevetikn Staypadn tng
Enpp2 amnd ta nratokuttapa i n dappakoAoyiky avaotoAn tng ATX, e€acbévnoe
NV avamntuén tng lvwong oto TMEPAUTIKO JovtéNo [42]. AuEnuévn ékdpaon tng ATX
ExeL avadepbel oe aoBeveilg pe XpOVIEG NTTATIKEG VOOOUC SLadOPETLKAG attloAoyiag,
yeyovog mou urmtodnAwvel otL n ATX amoteAel Stayvwotiko deiktn Stadpopwv popdwv
NMATIKAG tvwong [42, 202]. H ATX kat to LPA sumAékovtal emiong otnv ivwon aAAwv
LOTWV, OMWG N vedplkn tvwon [203], ivwon Sépuatog [204, 205] Kal n MVEUHOVLKN
ivwon (BA kepaAaio 2).

TéNog, €xeL mpotaBel n mBavr pUBULONG TNG AVOCOAOYLKAG AITOKPLONG O TO
povomatt  ATX/LPA. Auénuévn xpwon ATX aviyveletalr o€ Agpdoeldn
cuoowpotTwHata, Pe TNV ATX va amoteAel GUYKOAANTIKO UTOOTPWHO YL TNV
PooéAkuon AepdpokuTtapwy, SLEUKOAUVOVTOC TN HETAVAOTEUCK TOUG SLOHECOU
evboBnAiou [196-200], evw mpoodata amodeixbnke OtL to LPA emdyel tnv

LETATPOTI) TWV LOVOKUTTOPpWY O€ pakpodaya [201].
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2.DAeypovwdeig MNabnoelg

2.1.DAeypovn

Quooloyika Tta KUTTopa OAANAETOpOUV HETOEU TOUG KAl HE TNV
e€wkuTtdpla ovoia, Slatnpwvtag T AELITOUPYLKH KAl SOULKH AKEPALOTNTA TWV LOTWV.
Mua BAaBn mou mpokaAeital otov LoTo Adyw Tpavpatog f €oBolng dadodpwv
BAOMTIKWV TTAPAYOVIWV OTWE MABOoYyOVWY UIKPOOPYOVIOUWY ETIAYEL LA TTOAUTIAOKN
aAAnAouxia yeyovotwv mou eivat yvwotr wg dAeypovwdng amokplon. H dpAsypovn
Aoumov amoteAel €vav OUVTLKO UNXOVIOUMO TOU OVOCOTIOLNTIKOU CUOTAUOTOC TOU
OPYOQVLOHOU TIOU OTOXEVUEL OTNV QMOUAKPUVON TOU BAAMTIKOU TapAyovTa Kol oTnV
embLopBbwaon tou LoTou (tissue repair).

JTO HUNXOVWOUO TNG dAeypovAG eUMAEKOVTAL TOKIAQL KUTTOpA  TOU
QVOOOTOLNTIKOU  cuoThuatog (oudetepodha, pakpodaya, Aspdokutrapa),
OUOTOTLKA TOU TMAQOUATOC aAAQ KOl KUTTOPLKA KOl €EWKUTTAPLKA CUOTOTLKA TOU
ouVSEeTIKOU LotoU (Ewkdva 12). Ta dAeypovwdn kuttapa katadBavouv otn B€on tng
dAeyHOoVNC HEOW TNG KUKAOGOpLaG TOu aipatog, mpookoAAwvTal oto ev60OnALo Twv
ayyelwv kat &inbolv TOUuG LOTOUG HECW TwV MHoplwv TpookoAAnong (adhesion
molecules). Tautoxpova, amelevBepwvovtal amd Ta ¢Aeypovwdn KUTTOPA
TIPWTEOAUTIKA €vIupa, VITPLKO oeiblo kal eAeUBepeg pileg ouydvou mou evioxUouv
™V arnodounon Tw VEKPWV LOTWVY, OL Oomolo ¢ayokuTTapwvovial amno Tt
oubetepodla Kal ta pakpodaya. Xnuikol LECOAABNTEG TOU TIPOEPYOVTOL ATO TO
mAdopa ( A.X. cUOTNUA TOU CUMIMANPWHUATOG, TO cuoTnua mRENG Kal vwdoAuong) n
ta KUttapa (A.X. ol mpootayAavdivec Kal oL KUTTapokKiveg) evioxUouv Tnv
dAeypovwdn avtibpaon, dpwvtag péow €8IKWV UTIOSOXEWV oTa KUTTAPA OTOXOUG.
H ¢Aeypovy Tteppatiletalr otav e€aleidpBel to PAamtko ep£bopa kat ot
pecohafnteg tng dAeypovng e€adavicbolv 1 avactalolv. Qotéco OuwE, N
dAeypovn kat n emdlopbwon pmopel va anofolv BAAMTIKES KoL vo. odnyrnoouv o€
vVOOOUG OTIWG N MVEUUOVLIKA ivwon.

H ¢Aeyuovn Staxwpiletat os ofeia (e€idpwon uypol Kol TPWTIEIVWY

TAAOLOTOC, CUCOWPEUCN oUdeTEPOGIAWY) Kat xpovia (Aepdokuttapa, poakpodaya,
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TIOAATAQOLAOUOC ayYELWY, (VWON, LOTIKN VEKPWON), T XAPOAKTNPLOTIKA TWV Omolwv

avaAuovtal TopaKATw.
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Ewdva 12: QAsypovwdng anokplon ko dtadikaoio emoUAwong tpavpatog. Evoayyslakd
KUTTOpQ, €EWKUTTAPLO ouciol Kal KUTTAPA OUVOETIKOU LOTOU TIOU OUMETEXOUV OTh
dAeypovwdn avtidpaon.

H ofela dAeypovn elval n AUeESN KAl TTPWLUN ATTOKPLON TOU OpYaVIOUOU OTO
EPEOLOUA, PE XAPOAKTNPLOTIKEG OYYELAKEG KOL KUTTAPLIKEG avTIOpAoeLG. OL ayyeLaKES
avtidpaoslc meplhapfavouv Sadoxikd av&non alUATIKAG POoNG Kal au&nuévn
Slamepatotnta ayyeiwv n omoia odnyei oe Slappory uypou MAOUCLOU O MPWTEIVN
(e€ibpwpa) otov Slapeco oto (oidnua). H ayyeloSlaotoAry kal n emakoAoudn
auénuévn pon atpotog mpokaAel Tnv epuBpotnta kat tTnv avénon tng Bepuokpaaciag,
KAWIKA onuadia tng dAeyuoving. Emiong, katd tnv évapén plag poAuvong i aAAng
BAGBNG, KUTTAPO TIOU UTAPXOUV O OAOUC TOUC LOTOUG (Hakpodaya, Sevdpliika
kOTtopa, kuttapa Kupffer kol pootokUtTtapa) evepyomoloUvVIOL KoL €KKPivouv
pecohaPntéc oL omoiot SLEUKOAUVOUV TNV METAVACTEUON TWV AEUKOKUTTAPWVY
(kuplwg TwV oudetepodlAwv) otov Lotd. H petavaoteuon Twv oudeTepOdAWV

nephapBavel ta €€n¢ otadla: HeTakivnon amo Tov aulo TPOC TO AYYELAKO TolywHa
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(margination), kUAon-Ttapodiky TpookOAAnon oto evdoBnAwo (rolling) kot
npookoAAnon (adhesion) péow popiwv mpookOAAnong oto evéoBnAlokd Tolxwua
TwV alpodpopwv ayyeiwv, TNV emakOAoudn peTavaoteuor toug péow evdobnAiou
otou¢ Lotoug (Stamibuon n e€ayyeiwon) kot TEAOG TN HETAVAOTEUCH OTO SLAUECO
lOTO UMO TNV €emidpacn XNHUELOTAKTIKWY TOPayoviwyv (xnuetotalia). Katda tnv
XNUelotagia Kot TNV akoAoubn ¢payokuttdpwaon Ta EVEPYOTIOLNUEVO AEUKOKUTTOPA
aneAevBepwvouv To€lkoUC PETABOAITEC KoL TIPWTEACEC OTNV EEWKUTTAPLA OUOCLA, E
TOavo amotéAecpa TNV LOTIKA kKataotpodr. H ofela dAeypovr pumopel va e€eAiyBOel
o€ Xpovia PpAeypovn.

H xpovia ¢Aeypovr) xapaktnpiletat oamo &wibnon He povomupnva
(nakpodaya, AspdokUTTapa, TAACHATOKUTTOPA), LOTIKR  Kataotpodry Kot
nipoomnadela emdLOPOWONG TOU KATECTPAUUEVOU LOoTOU. Ta pakpoddya PoEpPXovTaL
OO POVOKUTTOPA TOU QLUATOC Ta omola pPeTaklvouvTal Kal oAAamAaoialovtal otnv
neploxn ¢ dAeypovng, mapayovtag mMAnbwpa Toflkwv ouclwv Tou odnyouv o€
lOTIK Kataotpodr). Emiong, mopdyovieg mou ekkpivovtal amd to pakpodaya
obnyouv oe moA\amAaclaopd Twv WoPAactwy, evamnobson KoAAayovou Kal
QYYELOYEVEDT).

MoAAEg avBpwriveg aoBéveleg yapaktnpilovratl ano tnv Unapén dAeypovwdoug
anokplong, oplopéva mopadeiypata amoteAouv: n peupatoeldbnig apbpitidba, n

vooog tou Crohn, n eAkwdNC KOALTLOO KAl OL AUTOAVOOEC SLATAPAXEC K. QL.
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2.2.AUTOAVOOEG SLATOPOXES

To avooomolntikd cvotnua eival éva moAUmAoko Siktuo amd KUTTtapa Kot
XUMIKEG ouoleg, 0 UOCLOAOYLKOG POAOG TOu omolou €lval va TPOCTOTEVEL TOV
OPYOVIOUO KOL VO OVTIUETWTTIEL AOLLWEELG TTOU TIpOKaAoUVTaL amo BakTpLa, LOUG
Kal QGAAOUG MLIKPOOPYQVIOMOUG Tou TpPooBAaAAouv to owpa. AavBoopéva, Tto
QVOOOTIOLNTIKO CUOTNMO EMLTIBETAL EVavTiov TOU €aUTOU TOU OE KUTTAPQ, LOTOUG
opyavo Ue amoTéAeopa va TpokaAsital xpovia ¢Asypovr kal va Snuioupyeital
autoavooia. M autodvoon acBévela UMopesl va eMnpedcel €vav f MOAAOUG
Sl1apopeTIKOUG TUTIOUC LOTWV TOU CWHATOG. MTopel emiong va TIPOKAAECEL Pl N
duaolohoyikn avantuén twv opyavwy n/kat va enidpépel arlayéG otnv Asttoupyia
touc. Ta autodvooa voorpata npoofarlouv to 5% tou MANBUOUOU OTIC SUTIKEG
XWPEC Kal He e€alpean Tn peupatoeldn apbpitida Kat Tnv autodvoon Bupeosoditidba
Bewpolvtal omavia. Ta TEPLOOOTEPA  OUTOAVOCA Voonuata TpooPfailouv
OUXVOTEPA TLG YUVAIKES QIO TOUG AVTPEG.

OL mapayovieg mou TPodLaBETouv yla EUdAVION OUTOAVOOOU VOOHUOTOC
elval yevetikoi, oppovikol, veupouyoloyikol kat mepifarioviikoi. TuvAbBwg ot
000gvelg Mou eKSNAWVOUV OLUTOAVOCO VOGN A £XOUV OTNV OLKOYEVELA TOUG KAl GAAQ
atopa He autoavoon Oiatapoxn. TouAdyxiotov 25 yovidia €xouv Bpebel va
npodlabétouv o€ autovooia otav amaAesidovtal r unepekdpalovrat. Ta yovidia
outa KwOLKomoloUV  PeTay AAMWVY  KUTTAPOKIVEG, OUVUTIOSOXEIC avTlyovwy,
OUOTOTIKA TwV 06wV onuATodOTNONG KUTTOPOKLVWY I QVTLYOVWY, CUVOLEPYETIKA
HOPLO, HOPLOL TIOU OUMPUETEXOUV OF QTOMTWTIKEG 080UC KOl QVAOTAATIKEC TNG
anontwong odou¢ Kol HOPLA TIOU ATOMOKPUVOUV OVTLYOVA 1) AVOCOCUUTIAEYUATAL.
Ta TmepLOOOTEPA OQUTOAVOOO VOONAHOTO €lval TIOAUYOVISLOKA HE TIOAAOTAQ
npodlabeoikd yovidia va 0dnyouv otov maboAoyilko Gatvotumo.

Mepd amd to YeveTllkd umoBabpo, cuvABwE yla tnv TMPOKANGCN LOTIKAG
dAeyHOVNC Kal EKGNAWON AUTOAVOOOU VOOTLATOG QTTALTELTAL KATIOLOC TTUPOSOTIKOC
HUNXOVLOUOG. OL AoLuwEELS TTLoTEVETOL OTL AMOTEAOUV £va LOXUPO TAPAYOVIA OTOV
€\EYXO TNG QVOOOAOYLKAG QmOKPLONG €£lTe €mayoviag €T KATAOTEANOVTOG TNV
eudavion auvtodvoowv Slatapaxwv [206-208]. Ot mubavoi maboyevetikol
HUNXOVLOUOL TTIOU £X0UV OVAYVWPLOTEL Kol cuvEEouv TNV Aolpwén Le TNV autoavooia

neplhappavouv: 1. tnv ameleuBépwon AUTOAVILYOVWY KATA TNV TPooBoAr tou

34



KuTtapou/opydvou amod naboyovoug UIKPOOPYAVIOUOUC HE AMOTEAECHA TNV Evapén
™¢ avoolakng dadikaaoiag, 2. Tnv UTIEPEKKPLON KUTTAPOKLVWY KAl TNV EMAKOAouOn
SlEyepaon avevepywv auTodpaoTIKWV AepdoKUTTApWY, Ta omoia kabiotavtal evepyd
KATAOTPODIKA aUuTOSpaoTIKA KUTTapa Kot 3. Tov UNXAVIOUO HOPLAKAG HUiUNoNg
(molecular mimicry), 6mou AOyo opolOTNTOG UETAEY OVTLYOVIKWY ETUTONMWY METALY
TaBoyovou WLKPOOPYAVIOUOU Kol EEVLOTH, TPOKAAELTOL AUTOAVOCIA UE TTapaywyn
OUTOQVTIOWUATWY Kol autodpoaotikwv T-Aepdokuttdpwy. Ta TeAeutaia xpovia
TIELPAUOTIKEG MEAETEG UTIOOTNPITOUV TNV KATAOTOATIK 6pAon Twv AOLUWEEWY oTNV
oautoavooia, xwplc va £€xel Sleukpwiotel o akpBng pnxaviopog. Meléteg o€
TPOTIOMOLNUEVA TIOVTIKL T OToia avanmtuooouv cakyxapwdn diapntn tumou | (ZAl),
€6elfav KOTOOTOAN TNG VOOOU 0TV AUTA HOAUVONKav Kot avémtuéav Aolpwén amo
Sdladopoug oug, pukoPaktnpidia (bovis kat avium), salmonella typhimurium kat
napaotta [209-211]. Eniong umapxel ULKPOG aplOUOG KAWVIKWY PEAETWY, OL OTIOLEG
urnootnpilouv OTL oL cUXVEG Aoluweelg Ta Suo mpwTa XPovia TNG {wng EAATTWVOUV
TOV KivéuvOo avamtuéng autoavoowv VOonUatwy onwc o XAl n pAeypovwdng vooog
TOU eVTEPOU, N TOAAQTTA okAfpuvon k.o [212-214].

MoAU ouxva, ywa TNV eudAVIOn AUTOAVOCNG VOOOU €EVOXOTIOLE(TAL TO
OCWHATIKO Kal PuxoAoylkd otpeg kabwe €va uPnAd mocootd (wg kat 80%) Twv
aoBevwyv avadépouv acuvABLOTO cUVALCONUATLKO OTPEG TPV Ao TNV €vapén tng
vooou. Emiong moAvaplOueg PeAETEG £XOUV EMONUAVEL TNV EMISPAON OPUOVWV TIOU
nupodotouvtal and To Avxog oTnv AELToupyid TOU AVOCOTOLNTIKOU GUOTAUATOC.
Neupoevbokplvel¢ opudveg obnyolv oe amoppUOULON TOU QAVOOCOTOLNTIKOU
ocuotnuatog, Metafdallovrag n evioxvovtag TNV TAPOywyr TNG KUTOKivNG Kol
evOEXOUEVWG 06NYWVTOG OE 0lUTOAVOCN VOGO.

Ynapxouv mepimou 80 €ibn autodvoowv Slatapaxwv Tou ennpealouv
SladopeTikd Opyava Kal LoToug, ocuvnBwg autd eival apBpwoelg, Hug, S€pua,
epubpa alpoodaipla, alpodopa ayyeia, CUVOETIKOC LOTOC, evOOKpLVElG ObEVEC.
MoAAG amd Ta aUTOAVOCO VOONUATA €XOUV TAPOUOLA CUUMTWHATA, YEYOVOS TIOU
KaBlotd SUoKoAo Tov SlaxwpLopod Toug, N epndavilovial e TN CUUTTWHATWVY.
Ta meploocotepa TPOKAAOUV KOTIWGOT, TIUPETO Kol €va YEVIKO aloBnua adlabeoiag.
JuvnBwg yapaktnpilovtal and meplodouc Udeonc (Alyo i kaBoAou cuumTWUATA)

€€apong (emdeivwon twv ocupmtwudtwy). Elval emiong duvatdv, éva dtopo va €xel
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TIEPLOCOTEPO OO £VOL LUTOAVOCO VOO AT TAUTOXPova. Omw¢ TTPOKUTITEL KoL OO

™V ovopaocia toug, Sev umdpxouv Bepameieg yla autodvooe¢ aoBévelec. Q¢ &K

ToUTOU, N Bepameio EMIKEVIPWVETAL AMAQ OTNV AVAKOUPLON TWV CUUMTWHATWY. Ta

TIO ouvnOn auToAvooa VOO LaTA E(VaL TO TTAPOKATW:

O

Peupatoeldng apbpitida (dAeypovr Twv apBpwoswy Kol TwV YUpw LOTWV)
JUOTNUKOG €puBnuatwdng AUkog (emnpedlel to O€pua, TG apBPWOEL], TA
vedpa, Tov eykédado kal aAa dpyava)

ZkAnpuvon katd nAakag (emnpedlel tov eykEPAAo Kal TO vTLaio HUEAD)
Kolokdkn (avtiépaon tou opyaviopou otnv YAOUTEVN, n omoia pokaAeil BAGBN
OTNV ECWTEPLKI ETMEVOUON TOU AETITOU EVIEPOU)

Kakontng avatpia (peiwon ota epubpd KUTTAPA TOU AULMOTOG TIOU TPOKAAELTOL
amo tnv aduvapio Tou opyaviopou va anoppodrost tn Brtapivn B12)

AeUkn (aompa “pralwpota” oto §€pUa TTOU TPOKAAOUVTAL Amd TNV OMWAELA
EMAPKOUG XPWOTLKNG ouaiag)

JkAnpodepuia (vOOOC TOU CUVSETIKOU LOTOU Ttou MpoKaAel aAAayég oto Sdépua,
ota alodopa ayyeia, OTOUG UG KOL OTAL ECWTEPLKA Opyava)

Wwplaon (Sepuatikn mabnon mou mpokaAel epuBpotnta kot epeBLopd, kKabwg
Kall TiLo TtaxV, oAb wTo S€pUa Le AUKA pUmoAwpata)

AcBévela Hashimoto (pAeypovn tou Bupeoeldolg adévay)

AcBévela Addison (avemdpKeLla TwV OPUOVWYV TWV ETLVEPPLSLWV)

AcBévela Graves (umepdpaotnplotnta tou Bupeoeldoug adéva)

Avtidpaotikn apBpitida (PpAeypovy tTwv apbpwoswv, TG oupnBpaAC Kol TwV
pHoTwwy, umopel va mpokaAéosel TANYEG oto Sépua kat TG BAevvoyovoug
MEUBPAVEG)

Zuvdpopo Sjogren (mpokalel EnpdtnTa o€ pATLA KoL OTOHA AOYWw KATAOTPOdNG
Tou adéva mou mapayel SAKpUA Kal OAALO, EVW UITOPEL VO EMNPEACEL TO VEPPA
KOlL TOUG TIVEULOVEG)

AwapAtng tomou 1 (kataotpodn TWV KUTTAPWV TIOU TIOPAYOUV LVOOUALVN OTO

TLAYKPEQLG)
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Ma T Beparmeia TWV AUTOAVOCWY VOCNHUATWY, CIUEPO XPNOLLOTOLOUVTOL it oslpd

ano ¢pappoKa:

o Ta un otepoeldny avtipAeypovwdn OnMwg n aomipivn, n vampofévn, n
Sukhodevakn, n wdopeBakivn kat AAAa.

o Ta Bpadéwg Spwvta dpapuaka (LETA amd TPeLG UAVveG Bepamneiag). e autn TNV
Katnyopia avrkouv ta avBelovoolokd, Ta dAata Xpuoou, n A-mevikiAAapivn Kot
n couApacaAalivn.

o Ta 0vOOOKATAOTOATIKA, OTMWCG €lval TO KOPTIKOOTEPOELSN (koptiZovn,
npedvilovn, pe-OuA-mpedviloAovn), n peBotpefdtn, n Kukhoomopivn A, n
KukAodpwadauidn, n alabeslomnpivn, n xAwpapBoukiAn kat aAla. Ta dapuaka
QUTA UTTOPEL VO XPNOLUOTIOLOUVTOL OO HOVA TOUG aAAG Kol o€ cuVEUACHO, OTIWG
yla mopadetypo pebotpefatn pall pe kukAoomopivn-A Kol KOPTLKOOTEPOELSN.

o Blohoyikol mapayovteg, dnAadry oucieg Tou opyaviopou mou i AapPavovrtot
QUTOUOLEG 1| OUVTIOEVTAL HE HOPLAKI) YEVETIKI KOl OL OTIOLEG TPOTIOMOLOUV TNV

QVOOOAOYLKN amoKpLon.

TéNog, o0t oOplopéveg TepUTTWOEL (BpouPwtiky BpopPoneviky mopdupa,
Kpuoodalpwalpia,  ayyeltdeg,  autodvooe¢  ToOAuveupomdBeleg,  Bapeia
HuaoBEvela) xpnolpomoleital n pEBodog tng mAaopadalpeonS Katd Tnv omola
TABOAOYLKA AVIIOWUATA Ard ToV 0p0 TwV aoBevwv adaLpoUVTOL UE ATIOTEAECUA

TNV MAPoSIKA TTWoN TwV EMUTESWV TWV MABOAOYIKWY AVTIOWUATWY OTOV 0pO0.
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2.3.Awaxuteg Napeyxvpatikég NMNvevpovonaBeieg (AAN)

O O6pog Awdyutec Noapeyyuvpatikég MveuvpovomdBeleg (AMMN, diffuse
parenchymal lung diseases, DPLD) i Awdxuteg Awdpeoeg MvevpovonaBeleg (AAN),
(diffuse interstitial lung diseases, DILD) oOmnw¢ avadépovtav TAAALOTEPQ,
xopaktnpilel Tic mabnoelg Tou SLAPECOU LOTOU TwV TIVEUUOVWY. OL AMM eKTOG amo
tov Oldpeco 10t0 mpooParlouv ocuvhBwC Kal AAAEC OVOATOULKEG OOUEG TOU
TvelUOVA, OMWG TOUG MULIKPOUG aegpaywyouls, T KupeAideg n tov unelwkota.
Meploodtepeg anod 200 mabnoelg avrkouv otnv opada twv AMM, mapouvoialovtog
KOWA KALWVIKA EUPAMOTO KAl CUMMTWHOTO oAA pe Swadopetiky maboyévela,
LOTOAOYIKN) €lkOVa Kot €€EAEN tng vooou [215, 216]. Ou ANM tawopouvral
napadoolokd otig I6tonabeic Aldueosg MNveupovieg, otic Asuteponabeic AldpETEG
MvevpovomaBeleg (amd yvwoto aito), ot Kokkiwpoatwdelg voooug kol ota
Yriolouta/Opdava vooruata.

OL 8lonaBeic Siapeoeg nvevpovieg (I1AN) (Idiopathic interstitial pneumonia,
[IP) ouvioToUV Lo PEYAAN ETEPOYEVH OUASO HN VEOMAQOUATIKWY TIVEUUOVLKWY
nadrnoewv, Twv omolwv N cuxvoTNTA OTO YEVIKO MANBUOUO Bewpeltal xapnAn. Onwg
umodnAwveL o 6pog "Wlomabng" eival ayvwotou attloAoyiag, evw o 0pog Slaueon
TMveupovia xapaktnpilet tv PAaBn mou mapatnpeitat oto SlApEco OTO
(interstitium) mou «kataAappdvel 0 Xwpo MeTAEL TNG €MONALAKAG KOL TNG
evboOnAtaknc Baotkng peUPpavnc.

Ou 1AN mephapPavouv éva peydAo ocUVOAO SLOKPLTWY KALVIKOTIABOAOYLKWY
OVIOTATWY, oL ormoie¢ O&lakpivovtal omd AAAeC HOpPEC TOPEYXUUATIKWV
nvevupovomnaBelwy pe peBOSoug mou mepllapPdvouv To LOTOPKO, Tt PuUOCLKA
g€€taon, Tnv aktwvoypadia kat tnv maboloyoavatopia. Me Baon ta KpLTtripla mou
kaBopilovtal amd Tt ATS-ERS (American Thoracic Society-European Respiratory
Society) ot IAN tafvopouvtal otig : W6lomabng mvevpovikn tvwon (IPF), un €8kn
Stapeon mveuvpovia (NSIP), kpumrtoyevi¢ opyavoupevn mveupovia (COP), ofeia
Stapeon mveupovia (AIP), avamveuotikn BpoyxloAitida-SLapeon MVEUUOVLIKY VOGOG
(RB-ILD), amodoAbwrtikny dwapeon mvevpovia (DIP) kat Aspdokuttaptky Slapeon
nvevpovia (LIP). H opodwvn TmpooEyylon TwV KAWLKWY, OKTWVOAOYLKWY Kol

TABOAOYOOVATOMIKWY XOPOKTNPLOTIKWY Twv IAM ocuvteAel otnv Katavonon Twv
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nadnoswv autwv Kabwg Kot

pooéyylon toug [217].

Xpovieg xwpic
GUOTNHLKNA VOOO

(181omaBeic
Awdpeceg
MNveupovandOeLeg,
AAM, MNKN, N®-AN,
INA)

XpOVLIEG pE
CUGTN LK) VOOO

(AK, Ayyetitideg,
Zapkosidwon, ONE,
Y3, KOn, MI-L)

otnv KaAutTepn SlayvwoTiky Kal

Ofeisg

(0AM, EAK,
Ayyelitideg)

Ynoéeieg

(AAM, KO, EAK)

ETMEl008L0KEG
(HM,EAK, KO,
AyyeLitideg)
XpOVLEG e
YVwotn

awtioloyia
(emoyyeEAaTIKEG,
TePLBAANOVTLKEG,
dapuakoyeveic)

BepameuTikn

Ewova 13: Tagwvopunon twv Awdpeowv Nvevpovikwv Noonpdtwv cupdwva Le tThv

KAWLKN TOUG €lKOVA. Juvtpfoeslc. AAM: Aspdayyslopvopdtwon, NOAN: MVEUHOVIKA
OAeBoanodpaktiky Nocog, MKM: Mveupoviky KupeAdikn Mpwteivwon, INA: 18tomabrg
Mveupovikn Awpooldrpwon, AK: AyyelonaBeta KoAhayovou, ONE: OAeypovwdng Nocou tou
Evtépou, YI: Yrnepnwowodhikd TuvSpopo, KOM: Kpumtoyevrg opyavomolog iveupovia, M-
L: Mveupovikn lotokUttwon Langerhans, OAM: Ofela Awdpeon MNveupovia, EAK: EEwyevng
AMepyky KupeAditida, AAMN: AmodoAdwrtikr Aldpeon Mveuvpovia, HMN: HwowodAwkn

Mveupovia.
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2.3.1.16iomta0n¢g Nveupovikn lvwon (1N1)

H 8lonabng nveuvpovikn tvwon (1N, idiopathic pulmonary fibrosis, IPF)
Kpumtoyevng vwdomolog kupelitida (Cryptogenic Fibrosing Alveolitis, CFA), eival n
TIO oUXVA vOoo¢ TNG opadag Twv blomabwv dapeocwv mveupoviwy (50-60%), n
omola evromileTal OTOV TVEUMOVA Kol OXETI(ETOL LE TO LOTOAOYKO N Kal TO
QUTELKOVLOTIKO TPOTUTIO TN¢G cuvnBoug Stapeong nmveupoviag (UIP- usual interstitial
pneumonia). MpOKeLTAL yLO LLa XPOVLA, 1N avaoTpEPLUn, TPpoodeuTikd eEeAloOOUEVN
wwdomold dldpeon mveupovia ayvwotou attodoyiag. H 1dlomabrg mveupovikn
lvwon odnyel oto BAavato amd avamveuoTiKr) AVEMAPKELX AOYyw TNG MPOOSEUTIKAG
oulomoinong Tou TVEUMOVO KOl OVTIKATAOTOONG TOU GUGLOAOYLKOU TIVEULOVIKOU

TLAPEYXUUOTOC HE LVWON.

Nivakag 1: Katnyoplonoinon Idtonabwv Atdpeowv NMvevpovonadsiwv (1AN)

Kupteg IMAVLEG
I6lomaOn ¢ mveupovikr ivwan (IPF) I61omaOn ¢ Aepdoeldng iapeon niveupovia (LIP)
I6lomaOng un-edikr Stdpeon mveuovia 1610maOn g TAEUPOTIVEUOVLKH LVOEAGOTWON
(iNSIP) (PPFE)
Aldpeon mveupovia UE AVOTTVEUOTLKN Alddopeg atafvounteg IAN

BpoyxloAitida (RB-ILD)
AnodoAbwrtikn Sidpeon nveupovia (DIP)
Kpumnrtoyevng opyavoupevn nveupovia (COP)

Ofela Sapeon nveupovia (AlP)

Ta cupmtwpota Tng NI eivat pun eldka Kot TOAAA amd auTA Kowa yla aAAa
TIVEUOVOAOYLKA Kol KapSLoAoyLkd vooruata. & cuvduaopo PE To OTL N vOoog ota
OpPXIKA TNG otadla eival acuumtwuatiky, odnyel otnv AavBaopévn | Un €ykapn
Stayvwon t™¢ ( 1-2 €tn YeTd TNV EUPAVION TWV CUUMTWUATWY), UE ATOTEAECUA N
péon emPBiwon va eKTLHATAL MOALS oTa 2-5 €T peta tnv Stayvwon. Ot meplocotepol
aoBeveic apyxikd mapoucialouv Suomvola otnv KOTWOoN, N Oomoila TPOOSEVUTIKA
ETUOEWVWVETAL KOL HN TOPAYWYLKO Brixa. AAMQ CUCTNUATIKA CUUMTWHATA TIOU

unopet va cuvodelouv TNV KAWIKN glkova ¢ NI eival anwAela Bapoug, dekatikn
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TIUPETLKN Kivnon, komwon, apBpalyieg/puualyieg k.a. H IMI cuvnB£otepa MPooBAAAEL

atopa peyaAutepng nAtkiag (>60 xpovwv) kat avdpikou ¢puAAou [218-220].

2.3.2.Emuénuiodoyia

H emudnuioloyikny LEAETN TNG TIVEUMOVIKNG (vwong amoteAel mpokAnon yla
ToAAOUG AGyouG. H cuxvotnta eudaviong Kol n enimtwon t¢ vooou TolkiAAouv
HETAEL SLOPOPETIKWY HEAETWY, UE TIG To Mpoodateg va delyvouv OTL n emnintwon
kat n Bvnowotnta tng IMNI avéavovtal pe tnv mapodo Twv xpovwv [221, 222].
Qot000, N MPAYUATIKA EMIMTWON Kol 0 €mumoAacpog tng 1INl dev eivatl eukoAo va
EKTLUNOOUV. OL TEPLOCOTEPEG ATIO TIG UTIAPXOUOECG UEAETEG £XOUV TIpayaTOTOLNOEL
mpwv TN B€omion Tou eviaiou OpLOPOU KAl TwV SLOyVWOTIKWY KPLTnplwv yla tnv
dlomaBry mveuvpovik vwon amd toug ATS/ERS [223]. EmutAéov, 0 oXeOLOOMOG
HEAETNG, N peBodoloyia kal o MANBUOUOC Tou eMIAEYETOL O KAOE ML QMO TIG
HEAETEC Sladépouv, PE QMOTEAECHA N OUYKPLON METAEU Twv MEAETWV va eival
SUokoAeg | aduvate. MNewypadikd, oL TEPLOCOTEPEG ETUSNULOAOYIKEG UEAETEC yla
v NI mpoépyovtatl amnod Ti§ XwpeS TnG Bopelag Apeptkig kat tng Eupwnng (Hvwpévo
BaoiAelo, Toexikny Anpokpatia, NopBnyia, dwAavdia, EAAASa, kat Toupkia) pue povo
6uo ano tnv Acia (lanwvia kot TaiBav)[224].

2t HNA, o emutoAaopog tng NI ektipdtal anod 14 €éwg 27.9 mMePUTTWOELS ava
100.000 atopa Tou yevikoU TAnBuaopou [225], Sebopévou otL mAnpouvtal Ta Baotkd
kal Seutepevovta kpltrpla twv ATS/ERS [223] kaBwg emiong kat n epdavion tou
nipotumnou ¢ UIP oe HRCT oTIC mMepUTTWOELG TTou Yapaktnpilovral wg IMNI aoBeveig.
Ze GAAn peAétn n omoila avadépetal emniong otov mAnBuoud twv HNA, o
emumoAacpog ¢ Nl ektundnke oe 14.0 kot 42.7 ava 100.000 katoikoug [226].
ErtutAéov, n INI €xel uPnAOTEPN ETUKPATNON OTA ATOHA APOeVIKOU ¢UAou [227]
KaBwg Kal oToug NALKIwHEVOUG avdpeg (65 €Twv) O OXEon PE TA VEOTEPA ATOUA
[226]: 27,9 neputtwoelg kat 63,0 meputtwoelg ava 100.000 katoikoug, avtiotolya.

ITIC EUPWMAIKEG XWPEG, Ol UTAPXOUOEC HeAETeG OSladépouv  otnv
pneBodoloyia emthoyrc tou mMAnBuopou f dev yivetal cadEcg n katnyoplomoinon mou
0KOAOUBE(TaL PE ATIOTEAECHA VO UTIAPXEL LEYAAO €UPOG HETAEL TwV SladopETIKWY
kpatwv. O ermumoAacpoc tng INI ava 100.000 atopa mAnBuopoL kKupaivetot anod 1.25

oto BéAywo [228] éwg 23.4 otn NopPnyla [229], evw ot AAAEG XWPEG €XOUV
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avadepbel kal evolapeoeg TIHES (3.38 éwg 16-18 meputtwoelg ava 100.000 datopa
mAnBuaopov) [230-232]. Ztnv nepiodo peA€tng petaly 1981 kat 1990 otnv Toexlkn
Anpokpatia, dlamotwvetal avénon tou enutolacpol tng IMl and 6.5 oe 12.1
neputtwoelg ava 100.000 katoikoug [232]. Ztn OwAavdia, pe Bdaon ta Siebvn
Kpltrpla mou dnpootevBnkav amnod to ATS/ERS to 2000 [233], o emutoAacuo tng INI
EKTLMATAL yla TNV Tepiodo 1997-1998 amod 16 £éwg 18 meputtwoelg ava 100.000
katoikoug [230]. Ztnv EAAASQ, O eKTIHWUEVOG eTUTOAQCMOG TG IMI To 2004 Atav
3.38 ava 100.000 dtopa [231]. Daivetal amd Ta mAPATAVW OTL O ETUTOAACHOG OTNV
Eupwrn elval xapunAotepog oe oxéon Ue auto mou epdaviletal oto mMAnBuoud Twv
HMA. Avrtibeta, otnv Eupwnn ta Atopa yuvalkeiou ¢ulou daivetal va vooouv
TIEPLOCOTEPO [229]. I€ VEVIKEG YPOUUEG, N ETUKPATNON TNG VOOOU QUEAVETAL UE TNV
nAia, pe tov uPnAotEPO EMUTOAQOUO va Tapatnpeital oe acBeveig nAkiog avw
Twv 75 gTWv.

Ocov adopd tnv cuyvotnta gudaviong tg NI, otig HNA ektpdatal oto 6.8
ava 100.000 katoikoug kat 16.3 pe faon eupUTEPA KPNTAPLA KATNYOPLOTIOINONG TWV
INI aoBevwv [226]. EmutAov, Ta atopa avdpikol dpUAou eixav uPnAdTeEPN EMIMTWON
ano ta OnAuka (10.7 évavtl 7.4 ava 100.000 atopa) [227]. tnv Eupwrn, n eTRola
enintwon tng NI kupaivetatl anoé 0.22 ava 100.000 mAnBuopou oto BéAyio [228] o€
7.94 ava 100.000 katoikoug oto Hvwpévo BaoiAelo. Ztnv EANGSa, n eudavion tng
INI umoloyiletat oe 0.93 ava 100.000 atopa mAnBuopol [231]. YynAotepn
ouxvotnta eudaviong napatnpeitat otov avdpkd mMAnbuouod n omola auvfAvetal pe
v avé¢non tc nAkiag [221, 222, 229], €aipeon amoteAel n NopBnyia omou ot
YUVaiKeG vooouv Teplocotepa. Mapopola pe tov emumoAacpuo tng NI, ta etmowa
noooota epdaviong epdavidovral vPnAotepa otig HMA os oxéon PE €Kelva TOU
oavadEpovtal o EUPWTAIKEG XWPEC. QOTOCO, QUTA TA EUPUATA SEV UMOpPOUV va
OuYKpLBOUV aueca MPETAEU TwV Ywpwv Adyw twv Sladopwv otn pebodoloyia
€UPEONC MEPUMTWOEWV. Evlladépov amotelel To yeyovog OTL e TNV TApodo Tou
XpOvou peAéteg amo tnv Evpwrnn deixvouv avénon ¢ ouxvotntag epudavions tng
INI og avtiBeon pe Tig HMA Omou nmapatneELtal Helwaon TnG ouxvotnTag epdavionc.

H 8lomabng mveupovikn tvwon eivat €’ oplopou pia véoog dyvwotou
attiohoyiag, woTtdoo UTIAPXOUV OPLOUEVOL TTOPAYOVTEC KIVOUVOU TIoU OXETL(OVTAL LIE

™V gudavion g OMwE To KATvVIoUa (meplocotepo anod 1o 70% Twv acbevwy gival
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KOTIVIOTEG N TIPWNV KATVIOTEG) [234], n XPNon OVTIKATABAUTTIKWY GapuaKwy, N
Xpovia yaotpo-olcodpayikn maAvépounon, neptBarlovioloyikol (€kBeon o€ OKOVEG
and pETala kat E0A0), kaBwg Kal AowdEeLg mapayovteg (lol, onwg CMV Epstein
Barr, HIV, pukoémlaopa, legionella). EmimpooBétwg, mepinou oto 2-5% twv acBevwv
ue IMl, n epdavion g oxetiletal Le KANPOVOULIKOUG TTOPAYOVTEG Kal TEpLypAdETaL
w¢G owkoyevng IMl. H owoyevig IMI opiletal otav n vooog MapouclaleTal OE
TouAdylotov 2 PEAN TNG 6lag Bloloyikng olkoyeveiag (yoveig, mawdia, adéidia).
MBavov KANPOVOUEITAL HME OUTOOWHLIKO TPOTIO HE TOWKIAN SleloduTikotNnTa,
ekONAwveToL 0e VeEOTEPEC NAKIEG, evw N TMPOooPoOAr avdpwv Kal yuvolkwv &gv
daivetal va Sladépel [235]. Ta yovidia mou cuvdéovtal pe tnv owkoyevn Ml
oxetilovtat pe TNV TteAopepdaon (TERT «kat TERC) [236, 237], HE TG
ermudavelodpaotikeg mpwreiveg C (SPC) [238], A2 (SPA2) [239] kat To ELMOD?2 [240].
H ocuoyxétion tng INI pe mapdyovteg KvOUVOU amoTeAel £€va onUOVTIKO Bripa otnv
otpatnywkn TPOAnYng, TNV Eykawpn OSldyvwon Kal Tnv €UPEcn VEWV TUO

OTTOTEAECLLOTIKWY Beparmetlwy.

2.3.3.AtayvwoTikn tpooéyyion tng 1Nl

H 1&tomabn¢ mveupovikn ivwon (IPF, IN1) eival SuokoAo va Stayvwotel emeldn
TO CUUTTTWHATA TNG lval TapopoLa e AANEG TIVEUOVLKEG TTABAOELS, OTIWG N XPOVLAL
amodpaktikr nvevpovonaBdeta (COPD). YIAapyeL Lo OELpA EEETACEWV TIOU TIPETIEL VA
akoAouBnBolv wWoTe va UMOPECEL O LATPOC VA OOKAEioel AAAEG TOAVEG aLTiES
EUPAVIONC TWV CUMMTWHATWV Kot va eriBeBatwoel tTnv umapén tc INl.

2e mpwto otadlo, o LaTpog Ba cUAAEEEL TIG amapaitnTteg mMAnpodopieg ou Ba
Tov BonBrjcouv va amoKTroeL Lot OAOKANPWUEVN €LKOVA TNG LyElag Tou aoBevoUlg
wote va Ttov mopanéppel oe e101kOTEPeG e€etdoelc. Mépa amd TG OUVABELC
EPWTNOCELS yla TNV Kataypodr TOU LATPLKOU KOl OLKOYEVELAKOU LOTOPLKOU TOU
000evoUg, TAPAYOVIEC TIOU E£VOXOTolouvTal yla thv eudavion g Wblonabouc
TIVEUMOVLIKAG (vwong kataypddovrtal emiong: LOTopLlkO Kamviopotog, €kBeon o€
XNUWKEC OUOIeEC 1 aépla Tou Mmopel va epeBloouv TOUG TVEUMOVEC, XPNON
VAPKWTIIKWY ouolwv. MapdAAnia, o Latpdg mpayuatonolel ¢uoikr e€€taocn tou
000evoug n omola meplthapBavel: EAeyxo TNG OVATIVONC LE 0TNOOOKOTILO, EAEYXO TWV

akpwv yla uTtapén mAnktpodaktuAiag n omola epdaviletat oto 25-50% Twv acbevwv
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[241], n akopa oAlyOAemtn acknon wote va StamotwOel n umapén Suomvolag. ITn
OUVEXELX 0kOAOUBE(TaL Lo oelpd e€eTA0EWY, OTIG omoieg mephapPavovtol SOKIUES
QUTELKOVLONG TOU TIVEUROVA, OOKLUOOLEG AVATNVEUOTIKAG Agttoupylag, Blodia tou
nvevpova [217].

ITIG ATMELKOVIOTIKEG SOKLUEG mepAapBavovtal n aktwvoypadia Bwpaka (chest
X-ray) kat n afovikn topoypadia vPnAng eukpivelag (HRCT). H peydAn mieloynodia
Twv acBevwv pe Ml €xet mabBoloylky oaktwvoypadio Owpaka, HE KUpLO
XOPAKTNPLOTIKO TNV SIKTUWTI QTEIKOVLON TOU TIVEUMOVIKOU TTOPEYXUHATOG, N omola
evrtorniletal audotepOMAEUpPA KAl CUXVA OLCUUUETPO OTLC TIVEUUOVIKEG Baoelg [242].
H Stayvwon tng Nl pe Baon tnv aktwoypadia Bwpaka sival akpBnig oto 48-87%
TWV TEPUTTWOEWV [243, 244]. H Stadopodlayvwon tng SIKTUWTAG ATEIKOVIONG TWV
TIVEUUOVWVY TIEPIAAUPBAVEL TNV OULAVTWON KOL TIG VOOOU TOU GUVSETIKOU LoTtol (my
OUOTNUATIKA OoKARpuvon, peupatosldng apbpitida). Euprnuoata otov kupeAdiko
XWPO TOu TveUHova €lval omavia, uTovowvtag tnv Umapén AAANG vOoou, OTWG
BOOP 1y DIP [242, 245]. Eniong unelwkoTikr) cuAloyn N Aspdpadevonabela cuvBwg
Sev amavtwvtat otnv IMl. Aev anokAsietal pla puololoyikn aktvoypadia Bwpaka
va ouvdeBel pe Lotohoykd gupnpata tg UIP otn Blodia mvevpovwy [241, 246,
247]. ITIC MEPUTTWOEL QUTEG, N afovikn topoypadia uPnAng sukpivelag (High
Resolution Computed Tomography-HRTC) umopet va o6nyfioeL o €ykalpn avixveuon
tng IMI.

H ewaywyn t™¢ HRTC wg O&layvwotikd epyadeio twv  Slapecwy
nveupovornaBseliwyv alafe ouolaotika tnv Stayvwon ¢ IMl. Xpnoluomolwvrtog
TOMEG Ttdxoug 1-2mm (dBdvel SnAadn oto emninedo Tou deUTEPOYEVOUCS TIVEULOVLKOU
AoBou), emutpémel T Aemtopepr) €€€TACN TOU TIVEUMOVIKOU Tapeyxupatog [217,
233]. H HRCT ouvtelAel otnv Stayvwon tng IMNI og mpwtap)Llkd oTAdL0, EMUTPETEL TNV
EKTLUNON TNG EKTAONG TOU CUVUTIAPXOVTOC ELPUOHUATOG KoL TTAPAAANAQ LELWVEL TOV
oplOuo twv mabnoswv ywa dtadopikn dtayvwon. H amekovion ¢ Nl otnv HRCT
mapouotalel UTIOUTIEIWKOTIKEG SIKTUWTEG OKLAOELS, KUPLwG TtepLdepIkA aAAd pmopel
VOl KATAVEROVTAL KOl avopoloyevwg [217]. Zuxva evtomilovtal Ppoyxlektaoieg €€
EAEEWC KOL N XOPAKTINPLOTIKA €kOva peAloocoknprnBpag (honeycomb). Eltkdva BoARg
uaAou (ground-glass) eival ouvnBwg TEPLOPLOUEVN, OTOV CUVOEETAL PE SLKTUWTEG

OKLAOELG Kal Bpoyxlektaoieg €€ EAEewe, avTioTolkel o tvwon. AvtiBeta, n mapoucia
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£lKOvVaC BoAng uaAou og MooooTo >30% TOU TIVEULOVLKOU TAPEYXUUATOC KOl XWwpLg
aA\a eupnpata, anoteAetl EvOeLen yia dAeypovr) Tou SLAUECOU XWPOoU, TTANPWaON TWV
KUPeAbwv pe pakpoddya, OVOLOLOYEVWE KATAVEUNUEVN (vwon f ocuvluaouo
oautwy [248, 249]. Tuvavtatal ot eputtwoelg DIP [250], RB-ILD [251], NSIP [252],
BOOP [244] kal veupovomnadelag ano unepevalcdnoia. EmutAéov, 6cov adopd tnv
Stadopikn dtayvwon tg NI, to mpotuno tng otnv HRCT gudavilel opoldoTNTEG HE
TNV €KOVA TWV VOOWV TOU OUVSOETIKOU LoToU Kal Tn¢ aplaviwong [217, 233]. e
Tiveupovomadela amd unepsvalobnoia mapatnpouvtol SIKTUWTEG OKLACELS KOl
€IKOVOL HEALOOOKNPNOPOG 1 SIKTUWTEG OKLACELS UE Tapoucia Olwv Kol amoucia
ueAloooknpnBpag, pe tnv Stadopd otL n PAARN tou mapeyxvuatog dev eviomiletal
HOvo TepLdepIKA 0w oupBaivel otnv IMl. Ewkova mapopota pe auth g INI pnopet
va opatnpnBel emiong oe capkoeidbwaon teAkou otadiov [253] kat oe COP [244]. H
afovikn Topoypadia vPnAng eukpivelag dpaivetal va €xel peyoAUTEPN SLAYVWOTLKN
LKAVOTNTA yLa TNV LSLomabr) MVEUOVLKN (vwaon o ox€on HE TNV amAn aktvoypadia
Bwpaka, pe akpifela dtayvwong 90% [244, 254].

H extipnon tng¢ avamveuoTtikn¢ Asltoupylag amotelel éva akopa otadlo Tng
OpPXLKNC TPOOEYYLONG EVOC acBevn pe mBavr) didpeon nmvevupovondbela. H Baoikn
Slatapayn TG LNXAVLKAG TOU Vel Lova Tou mapatnpeital oe aobeveig pe 1N, eival
N €AATTwon TG €vOOTIKOTNTAG O CUVOUOCMO MPE TNV aufnon TwV EAAOCTIKWV
duvapewv. O wwdng 10TO6C TwV KUPEAISIKWY TOWHATWY EAATTWVEL TN
SLoTaoLOTNTA TOU TIVEULOVA, UE QTTOTEAECUA TN UELWON TWV TIVEULOVIKWY OYKWV:
NG OALKNG TIVEUMIOVIKAG XwpenTkotntag (total lung capacity,TLC), TG AELTOUPYIKNC
UTOAemopevnG  xwpntikotntag (functional residual capacity, FRC) kot Ttou
UTtoOAeLOpEVoU Oykou (residual volume, RV). EMmMpooBETwg, Ol EKMVEUOTIKEG POEC, O
HEYLOTOC EKTIVEOUEVOC Oykog oto 1° SeutepOAento (forced expiratory volume in 1
second, FEV;) kat n duvauikn Lwtikn xwpntikotnta (forced vital capacity, FVC) eivat
HEWUEVA oToug aocBeveic pe IMI, evw o Adyog FEV1/FVC mapapével GuoloAoyLkog n
avéavetal. H avtaAlayr aeplwv emiong emnpedletal oe aobeveic pe Slomadn
TIVEUMOVLKN (vwaon, Aoyw tng eAAttwong tng Stabéoung kKuPeAdIkng empavelag
™G avénong Tou TAXOUG TNG, HME QMOTEAECUA VO TOPATNPEiTOL EAATTWUEVN

tkavotnta Slaxuong tou povoéeldiov tou avBpaka (diffusing capacity for carbon
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monoxide, D, CO). Itnv npepila pmopet va mapatnpenBest umofuyovaiuio Kot
OVOTIVEUOTLKA 0AKGAwOoN AOyw Slatapoywv AEPLOUOU-ALUATWONC.

Eav peta tig mopanavw Sokipacieg dev kataotel Suvatn n Sidyvwon, ot
LaTpol pmopel va xpelaotel va adatlpEoouy PLa UIKPH TTOCOTNTO TIVEU LOVIKOU LOTOU
(Bogia) ywa otomaBoloylky avaAluon oto epyactiplo. e aocBeveic pe Ml
eudaviletal To Lotonaboloyikd mMPOTUTo T¢ cuvrBoug dtapeong nveupoviag (Usual
interstitial pneumonia, UIP). To &elypa wotou pmopel va AndOel eite pe
Bpoyxookomnon n Ue xewpoupyikn Bodia. Itnv Sadikacia tng Bpoyxookonnong, o
LTPOG apatpel TOAU HIKPA SElypOTO LOTWV XPNOLLOTIOLWVTAC EVOL UIKPO, EUKOUTTTO
ocwAnva (BpoyxooKoOTiLo) mou MePVAEL amd TO OTOMA N TN HUTN 0Toug TVEUOVEG. OL
Kivbuvol TnG BpoyxooKOmnong lval yeVIKA EAAXLOTOL KoL UIopel va meptlapfavouy
TIPOCWPLVO TovOAaLpo 1 duadopia otn potn and tn dtEAeuon Tou Bpoyxookomiou.
Qotoo0o, coBapéc emMUMAOKEG pmopel va mepllapBavouv atpoppayia i Snuoupyia
nvevpoBbwpaka. Kata 1t Sldpkela NG Bpoyxookomnong, — oUAAEyeTal
BpoyxokuPeAlbikd EkmAlupa  (BAL, Lavage) ywa mepalttépw avaduvon. To
BpoyxokuPeAlbilkd €kmAvpa amoteAel pla eAdayota emepfatiky BpoyXOOKOTIKN
TEXVIK) N omola XPNOLUOTOLETAL YlO QMOMOVWON KUTTAPWY, ELOTIVEOUEVWV
OWHATLS WV, AOLLOYOVWV TTAPAYOVTWY Kol SLAAUTWY 1N KUTTOPLKWY CUCTATLKWY OO
To TEAWKA PBpoyxoAla kal Tig KUPeAideg Twv mveupdvwy. Ito BAL acBevwv pe
dlomaBr] mveupovikn (vwon mapatnpeital avénon Twv TOAUUOPGOTUPNVIKWY
Agukokuttapwyv (PMNs), Twv nWoWOdIAWY Kol TWV HOOTOKUTTAPWY HE ONUOVTLKN
uelwon twv Aspdokuttapwyv. Mapolo mou n BpoyxokuPeAldikr mAUON amotelel
SewypatoAnpio amd euplTEPN TEPLOX TOU TIVELUOVA KOL TAPEXEL LA TILO
OVTUTPOOWTIEUTIKN EIKOVO TwV GAEYUOVWOWV KAl AVOCOAOYLKWY OLEPYACLWV OE
KUPeASIKO eminebo oe oxéon pe aMeg Sladikaoieg, amoteAel CUUTTANPWUATLKY,
BonBnTikn €€€taon pe MEPLOPLOPEVN SLayVWOTIKN xpnowotnta ywa tnv 1Nl Zuxva
XPNOLLLOTIOLELTAL TIPOKELUEVOU VA ATTOKAELOTEL N UTOPEN AAAWV aoBOeVELWV.

Itnv meplmtwon mou n ddyvwon amotuxel Adyw avemapkoU¢ Selypartog
akoAouBeital xelpoupyikn emépupaocn yia tnv AnPn peyaiou deiypotog Loto eite pe
OTTTIKA XElpoupYLKN emépPaon-bwpakookomnnon (VATS), 1 wg avolKT XELPOUPYLKN
enéuPaocn (Bwpakotoun). Katd tn Swdpkela tou VATS, 0 XEPOUPYOC €LOAYEL
XELPOUPYLKA €pYaAEiOl KAl UL HLKPN KAMEPA HECO amd SUO N TPELG UIKPEC TOUEG
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HETAEL TWV MAEUPWV, N OTIOLO TOU ETUTPETEL VAL BAETIEL TOUG TIVEUOVEC O€ Lot 006vn
evw adalpel delypoata otwv. Katd tn SlApKELX TNG OVOLKTAG XELPOUPYLKAG
enéuPaonc (Bwpakotoun), o xewpoupyog adatpel Eva Selypa mvelpova HECW ULAG
TOUNAG 0TO 0TNB0C PETAEL TWV MAEUPWV.

JUMMANPWHOTLKA HE OAQ T TOPOTIAVW, O LATPOG UMOopEL emiong va I{ntroeL
efetaoelg aiparo¢ vy va amokAeiocel TtV Umapén AAwv  Sldpecwv
Tveupovomnadelwy, KaBwg Kal yla va afloAoynoeL Tn AelTtoupyia ToU ATATOC KAl TWV
vedppwv. MoAU onavia o acBeveig pe NI Ba mapatnpnBel moAvepuBpatpia mapd t
xpovia unofatpia. OL epyaoctnplakég e€etaoelg mbavotata Ba deifouv avénon g
yaAoktikng debdpoyevaong (LDH), elpnua pn €8KO KoL KOWO OE TIVEUROVLKEG
nadnoelg (m.x., kupeAldikn npwieivwon, Wlonabr¢ mvevovikn ivwon), kabwg kat
uPnAn taxvtnta kabilnong twv epuBpwv atpoodatpiwv (TKE) mou emiong Sev
amoteAel SlayvwoTiko KpLtrplo. AvEnon Twv EMUTESWV TOU UETATPENTIKOU evIUOU
NG ayyelotevoivng  (angiotensin-converting enzyme, ACE) 1 mapoucia
avtloudetepodll\wy aviiowpdtwy (antineutrophilic cytoplasmic antibody, ANCA)
OVTIOWHOTO, aV KoL UN-6layvwoTika, Umopel va gival xpAolpa yla eVOANAKTIKECG
Slayvwoelg. Oetikd KukAodopoUvia avtuupnvika avtiowpata (ANAs) n
pevpartoeldng mapayovracg (RF) epdavidovtal oe 10-20% twv acBsvwv pe NI, aAla

omnavia ot tithot eivat uPnAol. H mapoucia vPpnAwv titAwv (> 1:160) Ba pemnel va

HOG KAVEL VOl OKETOUUE UTOAVOCO PEVUHOTLKO voonua [217].

Ewova 14: Afovikr) topoypadia cdpwong and aobevr Pe TVEUUOVIKY (vwon (aplotepn
€lKOVa) Kal aoBevn pe epduonua (6e€La elkova).
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2.3.4.0gpanceia

H mopeia tng 1dlomabol¢ MVEUUOVIKAG (vwong gival cuvABwg aveEEAeyktn
Kol T(POOSEUTIKA €MISEWVOUUEVN, XWPLG va avadépovial autopateg udéoelg. O
HECOG XPpOVoG emiPBiwong Twv aoBevwy Kupaivetal HeTay 4 kal 6 €Twv amd tn
OTLyUN NG Stayvwong. NeOTEPEG WOTOOO UEAETEG, OTIC OTOLEG oL epuTTwoelg Ml
TIoU cupMEPARPONKavV ATaV KAAUTEPA TEKUNPLWUEVEG, £6€L€av OTL n eTBilwon elvat
OKOUO LULKPOTEPN (2-4 £€Tn) KOl o€ TOo00TO 30-50% Kupaivetal ota 5 xpovia [223].

H Bepamneutikn npooéyylon otnv IMNI Baoiletal otn Bewpla O0tL N dAeyuovn
o6nyel teAika og BAABN TOU MAPEYXUUATIKOU LOTOU Kal lvwon, yla To AOyo auto ol
TIEPLOOOTEPECG BEPATIEVTIKEG OTPATNYIKEG WE ONUEPA ATIOOKOTOUV OTNV KOTAOTOAN
™¢ dAeypovnc [223]. Qotoco mapd TNV MANBWPA TWV LEAETWV TIOU €XOUV YIVEL TTPOG
auTn TNV KatevBuvon, dev UTIAPXEL PaPUAKEUTIKY Bepareia mou amodedelypéva va
BeAtwwvel Tnv eniBiwon 1 tnv motdtnta {wn¢ Twv acbevwy pe IMNI. To yeyovog OTL n
naboyévela tng vooou Sev eival amdAuta katavontr mBavotata va omoteAel
OVOOTOATIKO  TAPAYOVIA OTNV  €UPECH  QATIOTEAECUATIKWY  BEPATEUTIKWV
npooeyyioewv [223]. MapdAAnAa, To yeyovog OTL TA ATNOTEAECUATA UEAETWV TIOU
€XOUV YIVEL UEXPL TWPA TTAVW otn Bepareia tng INI ev ival peTagy Toug cuykpioa
amoteAel eumodlo otnv gUpeon KatdAAnAwv Oepamewwv. Autd ocupPaivel Aoyw
ETEPOYEVELOG OTO OXeSLAOUO UEAETNG Ooov adopd tnv Sldyvwon Kol TIG OUAdEeg
aoBevwyv mou emléyovtal, TV Sldpkela TG Bepameiag kot tnv 066 kat ddon
xopnynong twv dapudakwyv. TéElog, unopel va Sladépouv ta kpltripla afloAdynong
¢ Beparmelag i N XPOVIKN OTLYU TIou eTiAEyeTal va e€etaotel o acBevig [223]. OL
Baolkég OepameuTikég €MIAOYEG ouviotatal otn  Xopnynon  KOpTLKOEWSwV,
OVOOOKQATAOTAATIKWY KO QVTL-LVWTIKWV GAPUAKWV.

To OKEMTIKO yla TN XOpnynon Twv KOPTIKOEWwV eival n KOTOOTOAN TNG
xpoviag kupeAitidag. O akpLBng KLNXAVIOUOG UE TO OTIOLO T KOPTIKOELSN emdpolv
ota KUTtapa TG PAeypovig Sev eival yvwotdg. Qaivetal 0Tl ta YAUKOKOPTIKOELSN
KATAOTEAAOUV TN MeTavaocteuon oudetepddllwyv Kol AeudokuTtdpwy oTov
TIVEUMOVO, HELWVOUV TO EMIMESO TWV QAVOOCOCUUTAEYHATWY, Sladopomolovv TN
Aettoupyia Twv pakpoddywv Kal emnpealouv TNV MTPOokOAANCn Twv oudetepoPplwy
oto emiBnAo. Ie malalotepeg peAéteg, dalvetal OTL TEPUMOU TO €val TPITO TWV

aoBevwy pe Slapeoeg mveupovomnaBeleg mou AapBavouv KopTikoeldn BeAtiwvovtal
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[255] xwplic va elval yvwoto ylati oplopévol acBeveic dev avtamokpivovtal otnv
Oepameia. Nebdtepeg peAéTteg Oev  AMOSEIKVUOUV  OMOTEAECUOTIKOTNTA  TWV
Koptikoeldbwv ot INI acBeveic [256, 257].

e 000eveig mou bev PeATlwOnkav META TNV XOpPrRynon KOPTIKOEWwV R
eudavicav TapeVEPYELEG, N OepameuTik TMpPooéyylon mepAapBavel v xprnon
avoookataotaAtikwy [223], alaBelompivng 1 KukAopwodauidng. Qotdco, Tt
OTOTEAEOUOTO TWV UEAETWV Elval avtikpouopeva Kal SUokoAo va afloloynBouv.
Itnv MeAétn twv Raghu et al, xpnowomowbnke ouvduaotiky BOepaneia
KOPTLKOELSWV KOl 0VOOOKATAOTAATIKWY, alabelompivn Kal KopT{ovn, HE ONUOVTLKA
BeAtiwon TNG avamveuoTIKN G Asttoupylag Kat Tng emPBiwong twv acBevwy [258]. ITig
veoTepeG TOaVEC evaANAKTIKEG Bepareieg tng INI mepAapfavovtot avil-lVwTIKOL Kot
AAAOL TapAYOVTEG, OL omoioL avaAvovtal mapakatw [259].

KukAoomnopivn A (Cs-A). H xprjon tn¢ kukhoomopivng otnv IMNI sival onavia
AOyw HeydAng tofikotntag [223], wotdoo UTAPXOUV UEAETEC OTMOU oL 0oBeveig
avtamnokpibnkav otn Beparneia. Nedtepeg peAéteg umootnpilouv OTL N CUVOUAOTIKN
xopnynon kKoptikoeldwv Kal KukAoomopivng PBeAtiwoe 1 otabepomoinoce tnv
TPOYVWOon oTo 27% Twv neputtwoewv pe UIP, evw otav xopnynbnke oe e§ApoeLg tng
vOOOU TMOPEUTIOSLOE TNV UTIOTPOTN Kal BeAtiwoe TI¢ mBavoTNTeEG TwV acBevwy yla
emPBiwon. TéAog, €xeL amodewxBel oOtL n kukhoomopivn A (Cs-A) Omwg KAt N
TEPPEPOVN-Y AMOTEAOUV LOXUPOUG OVTAYWVLOTEC Tou TGF-B4 in vitro [223, 233].

KoAxwivn. H KoAxikivn in vitro avaotéAAEL TO OXNUATIONO TOU KOAAQyOvVou
Kall TNV aneAeuBépwon Tou auénTikou apayovia TwV PakpodAaywyv Twv KuPeAibwy
Kall TNG dLumpovektivng. H koAxikivn omwg kat n mpdevidovn daivetal va emnpedlel
™ SpaotnplotnTa Twv WVoPBAAcTwV. NMPonyoUUEVEG LEAETEC, OL TIEPLOCOTEPEC QMO TN
Mayo Clinic gixav 8eifel OTL N AMOTEAEOUATIKOTNTA TNE £LVOL CUYKPLOLWUN UE QUTH
TWV KOPTIKOOTEPOELSWV KL UE ALYOTEPEC AVETILOUUNTEG EVEPYELEG.

Ivtepdepovn-y (IFN g-1b). H wrepdpepdvn-y €xel BpeBel va kKataotéAAeL TV
€kppaon tou TGF-B1, wotdco ta anoteAéopata tng otn Bepaneia tng INI dev eival
evBappuvtika. e peAétn n omola mepteAappave 330 aoBeveig IMI, n Bepamneia pe
IFN y-1b, pe tautdxpovn xopriynon mpedviloAng, O emMnpPEOCE ONUAVIIKA TOV
TIPWTOPXLKO OTOXO TNG LEAETNG TTOU ATav N eMBiwaon Tou a.oBevoug XwPLg TeEPALTEPW

emudelvwon tng vooou (progression-free survival). Ze mpoodatn peAétn, Ye peyaio
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Selypo acBevwyv (800 mepUTTWOELS), N CUVOALKI BvnowoTnTa PETA anod Bepaneia pe
wtepdepovn-y Ntav 14,5% oe cuykplon pe to 12,7% tng opadog Twv aobevwy mou
AapBavav eikovikn Bepamneia (placebo) [223, 233]

Mpdevidovn. H  mupdevidovn  amotedel  €vwon  muplldovng  Ue
QVTLOAEYUOVWOELG, OVTL-LVWTLKEG Kal avTLOEEOWTIKEG LOLOTNTEG. Exel Sewtel oOtL
PUBUIZEL ONUAVTIKA TIPO-LVWTLKA Kot Ttpo-pAeyLOVWEN HovonATLa in vitro, EVvw o€ in
Vivo TELPAUATIKA  HMOVTEAO. TIVEUHOVIKAG (vwong €XeL  KaTtaoTtelhel TOV
TMOAQMAQOLOOMO  TWV  WWOPAQCTWYV KAl TNV Tmopaywyr KoAAayovou. Ta
OUYKEVTPWTLKA OTTOTEAECHOTO ATIO TG HEXPL TWPA KAWVIKEG SOKIUEG Seixvouv OTL N
xopnynon mpdevidovng Helwoe tnv Bvnowotnta kat BeAtiwoe Tov puBUO pelwong
¢ FVC (Forced vital capacity — Bilain {wtikn xwpntikotnta, dSnAadr o ouVOAIKOG
OYKOG OE€pOl TIOU €KTIVEETOL Plala, amo Tn HEYLOTN ELOTIVEUOTIKN B€on €wg tnv
HEYLOTN €KMVEUOTIKN B€on). XTI mapevépyeleg NG Tmipdevidovng avadEpovrtal
ouxva n ¢wtoevalcbnoia, n komwon, duodopia oto otopdyl Kot avopeia [223,
233].

Nintedanib. H nintedanib amoteAel évav TputAd avacToA£a TwV TUPOCLVIKWY
Klvaowv. Ta BEPAMEUTIKA TNEG AMOTEAECHUATA YL TNV TIVEUROVLKN (VWwaon TIPOKUTTOuV
oo Suo KAWVIKEC LEAETEG oL omtoleg €6el€av BeAtiwon ¢ etriola peiwon tng FVC tng
opadag mou AduPave tnv Bepaneia oe oxeon pe tnv opdda eAéyxou[260].

EkTO¢ amd toug mapdyovieg mou avadEpBnkav umapyxouv oAAol dAAoL Twy
OTIOLWV N XPAON KAl N AMOTEAECUATIKOTNTA OTNV Beparmeia tng MVEUMOVLIKAG lvwong
Bpiloketal akoépa umod oulntnon, Onwg ywo Topdadselypo ol avrlofeldwtikol
napayovieg (yAoutaBeldvn, n taupivn, n viwaoivn kat ot uPnAég &doslg N —
OKETUAOKUOTEIVNC), avaoToAelg kuttapokivwy (anti-TNF mapdyovteg), aviiowpoto
£VaVTL TWV poplwv TIPooKOAANONG TwV AeUKOKUTTAPWVY. MEXpL onpepa, n Hovadikn
amoteAeopatiky Beparmneia tng vooou n omoia €xel amodeifel OTL eMUNKUVEL TNV
emBiwon twv acBevwy, elval n peTapdoxeuon mvevpova. e mocooto 50-60%
ETUTUYXAVETOL TEVTAETAG eTuPfiwon tou aocBevol¢ UETA TNV HETOPOCXELon. H
HETAUOOXEUON TIVEUHOVOL TIpAYHOTOMOLleEltal ouvhBw¢ oe oaoBevelc nAwkiag
HULKPOTEPNG TWV 65 eTtwv, Ue pétpla ) cofapn vooo. MeTd amd pla EMITUXNUEVN
HETApOOXEUON &gV UTTAPXEL avaykn yla xoprnynon ofuyovou kal BeATiwvovtal ot

OVOTIVEUOTLKEG AeLToupyieg (mveupovikol oykol, dtaxuon).
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2.3.5.Mnxaviopdg naboyéverag tng Nveupovikng lvwong

Tnv tehevtaia dekaetia, o aufavopevog aplBuog peletwy mouv adopolv TV
naBoyévela ¢ IMl, €xouv pifel pwg OTOUG KNXOVLOMOUE TTOU amoTteAoUV Thv Baocn
NG vOoOoU, BEATLWVOVTACG CNUAVILKA TNV KATOVONOoN TNG TVEUMOVIKAG (vwong Kot
OUMBAANOVTAG OTLG TPOOTIADELEG AVANTUENG ATTOTEAECUATIKWY BEpaTeLwV.

Kata tig¢ Oekaetieg 1970-1980, n mveupovikn (vwon Bewpoutav TO
QIMOTEAECHA TNG XPOVLAG TIVEULOVLKNG PAEYUOVAG N OTola MPoKAAELTAL Ao AYVWOTO
epEOLopa Kal oTadlaka odnyel oTnV KATAoTPpod TOU MVEUHUOVIKOU LoToU Kal (vwan
[261]. H un6Beon aut otnpixtnke otnv mapoucia GpAsypLOVWOWY KUTTAPWY OTO
Slapeoco kat KUPeASIKO xwpo tou mvevupova acBevwv pe IMI, kabwg kal otnv
av&non toug oto BpoyxokuPeALSIKO uypo acBevwv o€ oxéon UE GUCLOAOYIKA ATOMO
[262]. EmutAéov, mapatnpndnke auvénuévn ékppacn MPoPAEYHOVWOWY KUTOKLVWV
(IL-1b, TGF-b,TNF-a) otoug nveupoveg acBevwv pe IMNI [263, 264]. Qotdoo, n Bewplia
™m¢  «dAeypovwdoug (vwong» (inflammatory fibrosis) téBnke umd peydAn
oudofnTnon amd TMOANEC ETUOTNHOVIKEG OUAdEC [265-267] oL QVTLPPNOELS TWV
omoiwv Baciotnkav oTLG MAPAKATW TTAPATNPROELG.

ApXK@, n emave€etaon HeyaAou aplBuol meputtwoswv UIP odrynoe oto
ouunépaocpa OtL n pAsyuovn dev amoteAel kUpLo LotomaboAoyikd svpnua tne UIP,
KaBwg evtomiletal KUPLWE o€ TEPLOXEG HE evammoBeon KOAayOvou Kal aAAOLWOEWV
TUTou peAloooknpnBpag, evw omavia evromiletal ota KUPeALSIKA Sdtadppayuota
[268]. MapdAAnAa, TOAAEC SLAPEDEG TIVEULOVOTIAOELEG, OL OTIOLEG XapaKTnpilovtal
armo tnv Umopén ¢AeypovAg ot apxlka otadla, Omwc ywo Tapadelypa n
TIVeUOVOTIABEeLa amod unepevalobnoia, cuxva dev e€ehicoovtal o€ ivwon [267].

ErutAéov evdeifelg mpogpyovtal amo PEAETEG O TELPOUOTOlWO, OTA ool
€xeL eruteuxBel o Slaxwplopog tng dAsyuoviag amod v ivwon. ZUyKEKPLUEVQ, OF
knockout movrtikia yia tnv wreykpivn a,Be (EANeWPN TNG CUYKEKPLUEVNG LVTEYKPLVNG
ota emOnAtakd KUTTapa), N omola evepyoTolel Tov auvéntiko mapayovta TGF-b; 1) og
novtikia pe €AAewdn tou SlapeuPpavikou umodoxéa CD44 mou eUMAEKETAL OTNV
oTPATOAOYNON TWV T-KUTTAPWYV, Tapatnpnonke ekdnAwaon éviovng GAeypovig xwpic

™V NMepALtépw epdavion ivwong HETA amnod xopriynon UMAeouukivng [269, 270].
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‘Eva akopa otolxeio umép tng apdlofntnong tne dAsypovwdouc Bewplag g
tvwong, eivat n aduvapuio cuoxétiong Stadopwy SelKTWV GAEYUOVHE TOU TIVEUOVA
HE TNV POYVWoN TNG vooou. MNMoAAEG pehéteg delxvouv OTL N avaloyia Kal o aplOuog
TWV KUTTApwV oto PBpoyxokuPeAdiko ékmAvpa i To omwvonpoypdadnua pe yaAAlo
€XOUV TIEPLOPLOMEVN KAWVIKN XPNon WG TIPOYVWOTIKA E€PYOAEla  yla TNV
napakoAouBbnon tng vocou [267]. AviiBeta, 0 aplOUOC TWV WWWTLKWV EOTLWV
ouoyetiletal dpeoa pe TNV peiwon tou FVC katl tnv Bvnowodtnta [271, 272]. Me
Baon tov tote Kuplapxo poAo tng PpAsyUovAG otnv ivwaon, BewpnBnke BERBalo OTL N
Bepameia ¢ IMNlI Ba pmopovoe va emteuxBel pe TNV XPHon KOPTIKOEWOwWV Kol
0VOOOKATAOTOATIKWY dpappakwy, Ta onoila Ba meploplav TNV PAsypovh Kol Kat
eméktaon TNV (vwon. Qotdéco, n aviipAeypovwdng Bepameia amétuxe mpog
amnoyonteuon 0Awv [265, 267].

JAUEPA, N E€MKpatouoa UumoBeon yla tnv TMoBOoyEveld TNG TIVEUUOVLKAG
lvwong umnootnpilel 6t n 1INl eival anotéAeopa tng un PuoLoAoYLKAG EMOUAWGONG
TPOAUMOTOC HETA oMo emovaAApPavOUEVOUG TPOUUATIOMOUC TOU KU EALSIKOU
emuOnAiou. Xapaktnplotiko tng dtadikaoiag autng eival n umepPoAikn evamobeon
0OUCLWV TNC e€wKUTTAPLAG BepéALaC ouaiag (ECM), Omwg ival To uaAoupoVIKO 0EU, n
dLUMPOVEKTIVN KOl TO KOAAQyOVO, Ta oTtoila avadlapopduwvouV TOV IVEUUOVLKO LOTO.
OL wopAdoteg kal puoivoPAdaoteg amoteAouv BaoLKOUG KUTTAPLKOUE TUTIOUG TtOU

eumAékovtal otnv dtadikacia avtn [267, 273].

52



Ynd ¢UGCLOAOYIKEG OUVONKEC, HETA TOV TPAUUATIONO Tou KugPeAldikou
emuBnAiou ekwva n ¢uaotodoyikn Stadikaocio amokatdotacng tng BAABNng n omola
MepAAUPBAVEL TNV LETAVACTEUON, TOV TTOAAQMAQCLACUO Kal Tnv dladopomnoinon twv
emuOnAlakwy Kuttapwv (reepithelialization). Ta tpavpatiopéva kuPeAtdika kOTTOPA
tonou |, avtkaBiotavtat oamd kupeAldika kUTttapa TUmMou Il ta  omoia
noAAamAactalovtat kat TeAka diadopomolovvtal oe TUMOU | anokablotwvtag TNV
BAGBN. ZTnV mveupovikn (vwon, n dtadikaoia auth daivetal mwg apyel va EEKvroeL
N oupPaivel ateAwgs. OL mvevpoveg acBevwy pe IMI moapouotdlouv afloonUELWTES
oA\ayég oto KUPEeALSIkO emiBnAlo: mapoucia kuPBoeldwv Kuttdpwv (unmepmAacia
KUTTAPWV TUTOU II), peydAa kot emiunkn emBnAtakd Kuttopa (HetaBatikd KUTTapa
peTaL tumou | kat Il), MEPLOXEG AMOMTWONG EMIONALOKWY KUTTAPWY KOl TIEPLOXEG
Tou KaAUTtTovtat amo Bpoyxiko embnAo (honeycomb lesions). Oaivetal nAadn, ot
otnv IMl, datapdoostatl n wovotnta Twv KUPeASIKWY Kuttapwv tumou |l va
anokatactioouv tnv emBnAtakrn BAABN. MapdAAnAa, ta KUPEALSIKA KUTTAPA TUTIOU
Il mapdyouv Kal €KKPLVOUV KUTOKIVEG, METAANOTPWTEIVAOEC Kol auENTIKOUG
napayovieg (auéntikd mapdayovrta atpomnetoAiwv (PDGF), auvéntiko mapadyovta B
(TGF-B), mapayovta vékpwong Oykwv a (TNF-a), auéntikd mnapdyovia Tou
ouvdetikol otol (CTGF) kat evboBoAivn-1.), Ta omoia adevdg mpodyouv TNV
dAeypovwdn amokpon (KUPeASIka pokpoddya), aAPETEPOU CUUUETEXOUV OTNV
ocuoowpeuon t™NG séwkuttaplog BepéAlag ouolag HEOW TNG EVEPYOTOLNONG TWV
wvoBAactwv [274]. TéAog, moAAd Sedopéva umootnpilouv OTL N AMOMTIWON TWV
emuOnAtakwy kuttapwyv dtadpapatilel Baolko polo otnv maboyévela TnG ivwong Kot
(OW¢ amoteAel TNV alTia TNG AVETITUXOUG emavemiBnAlonoinong mou xapaktnpilet
™V vooo. MeA€teg €xouv Seifel auénuévn anontwon tou kuPpeAdikou emBnAiouv oe
INl aoBeveic. H auénuévn €kdpaon tou umodoxéa Fas ota emBnAlakda kKUTTOPA
aoBevwy pe NI, mbavd umodnAwveL TNV CUPUETOXN Tou cuothuatog Fas-Fas ligand
otV omomntwtiky Sladikaocia. H ocuppetoxn t™Ng €mBNALAKAG AMOMTWONG OTNV
€€ENEN NG lvwong €xel emiong emPePfalwbel Kal MEPAUATIKA OTO HOVTEAO TNG
UMAeopUKivNg[275-279].

OL woBAdoteg anoteAolv €€ioou oNUAVTIKA KUTTApa otnv aboyEvela tng
INI. H apxwn BAaBn tou kuPeAlSikoL embnAiou, emdyel Tov MOAAATTAQCLOOUO TWV

wvoBAactwy, oL omoiol petavactelouv otnv PBaolk PHEUPpAvn KoL HE OTOXO TNV
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amokataotacn tng PBAaBng mapdayouv sfwkuttdpla BepéAla ouvcia (ECM). Ztig
WVOBAQOTIKEG €0TIEC, ouvavtdATal €vag HovadIKO¢ TUTOG voPAaoctwy, O Omoiog
xopaktnpiletal and mapaywyrn Tt a-aktivng Twv Aslwv puikwv kuttapwy (a-SMA,
a-smooth Muscle Actin), o puoivoBAdotng. O puoivoPAdaotng eival to kate€oxnv
unmevBuvo KUTTAPO yla TNV mapaywyn koAAayovou [280]. MBava, mpoépxetal ano
v Sladopomnoinon twv oPAactwyv Tou TveUHOvVA, N OmMola EMAYETAL OO
KUTTOPOKIVEG Kal au€NTIKOUG mapayovteg onwg n IL-4, n IL-13 [281] kat o TGF-B;. Ze
duaolohoykéG ouvBnKeg oL puoivoBAdoteg epdavilovtal otig meploxég PAABNG amod
OTIOU QATIOHOKPUVOVTAL UOALG ETUTEAECOUV TO €PYO TOUG UECOW OMOMTIWONG. XTNV
nepinmtwon tng INI, n dtadikaoia autr anoppuBuUIleTal LeE AMOTEAECUA L0l CUVEXH
WVWTLKN amdvtnon Kat cuvBeon ECM. Ot puoivoBAACTEC MOPAUEVOUV OTO CNUELD TNG
BAABNC kataoctpédovtag tn Soun TOU TVEUMOVIKOU TapeyxUuatog [282] kal
TPOTIOTOLWVTAC TNG HUNXOVIKEG LOLOTNTEGC TOU TIVEUMOVIKOU LOTOU, AOYyW TNG
OUCTAATIKAG TOoug wkavotntag [283]. MapdAAnAa, oL WwWTIKOL MUOIVOBAAGCTEG
napouaotalovtol avOEKTIKOL 0TOUG UNXAVIOUOUC amomTtwong, Kabwg mapouaia tou
TGF-B; kataotéAAouv Tt ouvBeon Ttou evlpou i-NOS kal Kat emEKTOON TNV
napaywyn ofeldiov tou alwtou (NO) mou Ba odnyoloe otnv andéntwaon toug. TEAOG,
€xel avagepbel OTL oL puoivoPAaoctec mapdayouv Kuttapokiveg (MCP-1) kat
auéntikoug napayovteg (TGF-B4) evioxvovtag tnv pAeypovwdn amokplon[284], evw
HEOWw TNG mopaywyng mnemtidiwv NG ayyelotevoivng (angiotensin  peptides)
TPOAYOUV TOV QTONMTIWTIKO BOdvato Twv emBONALAKWY KUTTAPWY TOU TVEUHOVA
oUMBAAAovTaC MepaLTEPW OTNV Kataotpodr Tou embnAtakou Lotou [285, 286].

Me Bdon ta mapamavw, yivetal avtilAnmtd OtL n eudavion ivwong eival
OTOTEAECLO. OUVSUAOTIKWY YEYOVOTWV ToU TepAapfdavouv Tov MOAAATAQCLOCUO
TwV WvoPBAaotwyv Kot tn dladopormoinon Toug o€ LUOIVOBAAOTEG KAl T CUUUETOXA
QUTOTITWTIKWYVY HNXOVIOUWY TIOU €(TE AVOOTEAAOUV E(TE EMAYOUV TNV AMOMTWON, TWV
HUOlVOPBAOTWY KoL TwV €mBNALOKWY KUTTApwV avtiotowa. MapdAnAa, otnv
€€ENLEN TNG vOOOU OoNUavTIKO poAo Stadpapatifouv Kal AAAOL pnXovIoUol OTwG yla
MapAdELyHa N ayYELOYEVVEDN, N GAEyHOVWANG amoKpLon, N €KPpoon TPWTIEIVWY
TIOU OUVOETOUV N ATMOLKOSOUOUV T CUOTATIKA TNG e€wKuTTApLaG BepéAlag ovaiag

(netaAompwTtedoeg MMPs kot ot avaotoAng toug TIMPs) [287-289].
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TNF Myofibroblast
Epithelial cell LS T cell Y Wound
ECM repair
@ Clotting and @ Inflammatory @ Fibroblast migration, @ Tissue remodeling
coagulation cell migration proliferation and activation and/or resolution Wound contraction

Ewova 15: Awatapaxeg otn ¢$uololoyikr) EmoUAwWoN MAnywv cupBaiAouv otnv avamntuén
TIVEUMOVIKAG ivwong. H Sladikaoia emolAwong Tpalpatog €xel técoepa SLadopeTikd
otadla: n ¢daon mnéng (1), n ¢aon peravacteuong eAsypovwdwy Kuttapwv (2), daon
petavaoteuong/moAaniaolacpol/evepyomnoinong wopAaotwv (3) kat n avadlapopdpwon
LloToU Kal €moUAwoNng (4). Metd amo TOV TPAUUATIONO TWV TMVEUUOVWY, Ta EMONALOKA
KUTtapa amnehevBepwvouv GAEYUOVWOELS UECOAOPBNTEC TIOU EEKLWVOUV VOV KOTOPPAKTN
avtLpLBPLVOAUTIKAG TINENG, O OToiog TMPOKAAEL EVEPYOTIOLNGN ALUOTIETAA WY KoL OXNUATIONO
BpouBwv oto aipa. Auto akolouBeital and eicodo AsUKOKUTTAPWV (TL.X., oOUSETEPODIAWY,
pokpodaywv kot T KuTtapwv). To AEUKOKUTTOPO EKKPIVOUV TIPOIVWTIKES KUTOKIVEG OTWG IL-
1B, TNF, IL-13 kot TGF-B. Ta evepyomolnpéva pakpopaya Kot oudetepodila
dayokuTTapwvouv ta vekpd KUTtapa Kal s€aleidouv kdbe sloBaAAovca opyaviopd. Xtnv
gMOPEVn ¢aAon, TA LWVOKUTTAPO amd TOV HUEAO TwWV O00Twv Kol oL WoPAAOTEC
noA\armAactdlovtal kot Stadopomololvtal o€ HUOIVOBAAOTEC, TTOU ameAsuBepwvouV Ta
otolxela ¢ efwkuttaplag Bepéllag ouoiag (ECM). OL woPAdGoTeG Kal ol pUoivoPBAAOTES
pumopolV emiong va Tipogpxovtol omd emOnAlakd KUTTopo Tou UTtoBAaAAovtal o€
ETUONALOKEC-UECEYXULATIKEG TpoTomotnoelg (EMT). Ztnv teAky avadlapdpdwon Kot TN
ddon emolAwGONG, OL EVEPYOTIOLNUEVOL HUOIVOBAAOTEG HITOPOUV VO TPOAYoOUV TNV
eubLopObwon tou TPAUUATOC, HE OMOTEAECUA TN OUCTOAR KAl TNV QIMOKOTAOTAON TWV
alpodopwy ayysiwv. Qotdoo, n vwon avantuooeTal €AV KATIOLO OTASLO TNG MOPATAVW
Sladkaoiag amoppubuLoTel i} OTOV TO €pEBLOUA TTOU KOTOOTPEPEL TA MVEV OV ETILUEVEL
[290].
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2.3.6.NelpapaTIKA LOVTEAQ TNG IVEUHOVIKAG ivwong

H xprion Twv MEPOUATIKWY HLOVIEAWV OTNV UEAETN TNG TIVEUUOVLIKAG (vwong
elval ouolaoTIK OTNV TPOOTIABELA KATAVONONG TWV KUTTAPLKWY KoL LOPLOKWY
HUNXOVIOUWY TNG VOOoOU, KOBWE KAl 0TNV aVATITUEN VEWV KOL TILO OTTOTEAECHOTLIKWY
HEBOSWV yla TN SLayvwaon Kal TNV aVILLETWLON TnC. Exouv avamtuxBeil moAvaplOua
TELPAUOTIKA LOVTEAQ TIVEUHOVIKNG (vwong ota omoia n mpokAnon BAABNG yivetal
elte pe aktwoPolAia i pe evotalaén avopyavwy popiwv (UmAeopukivn, FITC, okovn
KPUOTAAALKOU TtUpLTiou 1 apLavtou) [291-293]. Kowod xapaktnploTKo TwV LOVTEAWY
autwv elvat n avamtuén ivwong wg emakoAouBo tng emayopevng dAeypovwdoug
avtidpaong. EmumpooBétwg, €xouv avamtuxBel poviéda mou Paocilovral o€
OUVKEKPLUEVOUCG TIOOOAOYLIKOUC HNXOAVIOHOUC TIOU EUTTAEKOVTOL OTNV TIVEUROVLKH
lvwon Kat mepAapBAavouv tnv UTEPEKPPAON TTPO-LVWTIKWY KUTOKWWV (TGF-B, IL-1B
KOl TOU TtapAyovta VEKpwonG oykwv TNF-a [294-296]), Stayovidlakn unepékdpaon
npodAeypovwdwyv kutokvwv (TGF-a, TGF-B kat IL-13 [297-300]), evbodAEfia
evotalaén avBpwnivwyv VOBAAOTWY OE QVOOOKATECTAAMEVOUG TOVTIKOUG (Un-
naxvoapkoug StaBntikoug (NOD) —SCID [301, 302]) Kol OTOXEUOUEVO TPOUUATIOUO
KUPeASIkwY emBnAlakwy Kuttdpwv tumou I [303]. Ta XOPOKTNPLOTIKA TwWV
TIOPOTIAVW TIELPOUOTLIKWY LOVTEAWYV TTOPOUCLAIOVTaL CUVOTTTIKA otov Mivaka 3.

H umAeopukivn glval éva xnUeLoBepAMEUTIKO aVTIBLOTIKO TTOU TapAyETAL AT
to Baktnplo Streptomyces verticillus, n onoila dpa péow NG xNAlwong pHeTAAALKOU
LOVTOG KalL TNG Iapaywyng unepogeldiov mpokaAwvtag tnv kataotpodr tou DNA kat
TNV TIAPEUMOSION TOU KUTTAPLWKOU KUKAoU [304]. XpnolUOTOLEiTal KAWVIKA WG
Bepameia oe S1ddopoug KAPKIVOUG UE TNV TIVEUUOVLKA TOEKOTNTA va armoteAEl TV
TILO OUXVI TIAPEVEPYELQ, TIoU ekSnAwveTal w¢ Brxac, duomvola, TTUPETOC, KUAVWON
KOl €MOE(VWON TWV TIVEUHOVIKWV TIAPOUETpWY Aeltoupylag. H emidpaon g
UMAEOUUKIVNG OTO TIVeEUMOVO Elval OMOTEAECHO TWV XAUNAWV eMMESWV NG
u8poAdong tTNG WAeopukivng, €viupo to omolo ival umevBuvo yla tTnv vdpoAuaon
NG KAl TNV amopdKpuven T amo tov oto [291]. Mpdyuatt, ta petaBAnta enineda
u8poAdong TG UMAEOpUKivNG peTall twv C57BI6 kot BALB/C MOVTIKIWV €XEL WG
amotéAeopa TNV SLadopETIK ATIOKPLON TOUG OTNV UMAEOMUKIVN, HE TA TTPWTA va

eudavilouv peyaltepn evatodnoia [291].
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H umAeopukivn Otov Xopnyeitol o€ TOVTIKLO, HECW OTOMATOPAPUYYLKAG A
evbotpaxelakng evotalaéng aneuBelog otnv avamveuotikn 080, os 6o6on 1-2 mg/kg
(mepimou woodUvaun npog 0,025-0,05 U/movtiko) [305], mpokaAel emBnAtakr) BAGBN
Kal ermakolouBdn ¢Aeypovi. H dpdon authi xapoaktnpiletal amd tv dibnon twv
oubeTEPOPIAWY, TNV €vepyomoinon Twv Hakpoddywv, TNV avfnon Twv Tpo-
GAEYHOVWSWY KUTOKLWVWV KOl XNUELOKWVWY Kol TTapAAANAa TNV auvénuévn ayyelokn
Slappon, HE OMOTEAECUO VA XPNOLUOTIOLELTOL KOL WG XPROLWMO HOVTEAO ofeiag
Tveupovikng BAaBng [306]. H ¢daon tng dpAeypovng Stapkel 3-10 nuépeg Kal
nponyeitat t¢ vwong n omoia &ekwael 2-4 BOopAdeg HETA TNV XOPNnynon
UMAgopUKivNG. Eva SladopeTikd HOVIEAO TO omoio mepAapPBavel TTOAAQTIAEG
XOPNYNOELG UIMAEOUKIVNG EXEL oXeSLAOTEL WOTE va pLUNOel Ta moAAaMAG emelcodila
€TONALOKOU TPAUHATIOMOU TIOU TILOTEVETAL OTL amoTeAOUV T BAcn tng attioloyiag
™ NI [277]. H BAAPN Tou TtpokaAeital mMPooopoldlel T KAAOOLKA XOPOKTNPLOTIKA
¢ UIP xwpig va xapaktnpiletal anod du6non oudetepoplwv.

2TO HOVTEAO TNG UMAEOUUKIVNG, N WWWTIKNA ddaon xapaktnpiletal and avénon
Tou aplBuol Twv puoivoPBAaCcTWyY, TNV UTEPPBOALK Tapoaywyrn €€EWKUTTAPLAC
Bepéllag ouociag (extracellular matrix, ECM) kot au&nuéva emnineda mpo-
dAEYHOVWOWV KUTOKIVWV OMwe 0 TGF-B. H e€€AiEn tng ivwong ouvnBbwg afloloyeital
HE LoToAOYIKN BaBUoAOYNOn, AMALTWVTAC EKTETAUEVN LOTOAOYLKN SelypatoAnia kot
oavaAuvon ToAAamAwyY TediwV 1 BLOXNULKN TTOOOTIKOTOINGN TOU KOAAOQyOVOU 1} KaTd
npotiunon t™¢ udpoumpoAivng, évav eldko Seiktn yla To KOAAQYOVO TIou UTopELl
g€UKOA va An¢dOel PETA amd OHOyevOTOiNon TOU TIVEUHOVIKOU LOTOU Kal O&vn
udpoAuon. EmutAéov, pe t™ xpnon uynAn avdluong micro CT emutpémetal n
mapakoAouBbnon TNG XPOVIKNG Topeiag¢ tng PBAABng mou mpokoAsital amnod
UMAeopUKivn ex vivo [307-311], emutpenovtag tov KOAUTEPO OXESLAOUO UEAETWV UE
OKOTIO TNV EVUPECH AVTI-WVWTIKWYV Bepamelwyv

JTNV MPOOoTIABELN TEPALTEPW AVATITUENG KAl OXESLAOUOU TWV TIELPAUATIKWY
HOVTEAWV YL TNV MEAETN TNG TVEUMOVLIKNAG (vwong, Ba mpémnel va AndBouv unoyn
KOl OL TTaPAYOVTEG KIvEUVOU OMwCe N nALkia, To ¢pUAo, ot AotpweeLlc. Mpdodatn HEALTN
€6etfe OTL N Aolpwén amod tov 10 Tou épninta (y-Herpes) emwbeivwoe tnv ivwon mou
TIPOKANONKE amd UMAeoUKivn, o€ avtiBeon pe AAAOUC LOAUGHATIKOUC TTAPAYOVTEG,

ocuunephapPBavopuévwy twv Pseudomonas aerginosa kat HIN1, 6mou v odrjynoav
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oe umotponn [312]. Avtiotola, AAeg peAEteg €xouv Seifel OTL T NAKLWHEVA
movtikla €ival 1o eUBIKTA OTNV lvwon oe oxéon e ta veotepa (wa [313] pe ta
OPOEVIKA TIOVTIKLA val EMNPEAIOVTAL TIEPLOCOTEPO Ao Ta ONAuka rovtikia[314].

To HOVTEAO TNG UMAEOUUKIVNG €lval EUPEWC XPNOLUOTIOLOUKEVO KOl (OWC TO
KQAUTEPA XOPOAKTNPLOMEVO MOVIEAO TIVEUUOVIKAG (vwong. Mapoho mou Sev
QVamopPLOTA TARPWG OAQ T XOPAKTNPLOTIKA YVWELOUOTO TIOU TapatneouvTal otny
ovOPWTILVN TIVEUUOVIKN (Vvwon, TTOpaUEVEL €va YpAyopo, EMAVOANPLLO Kol WG €K
TOUTOU OLKOVOULKA amtoSOTIKO HOVTEAD yla TNV UEAETN TG maboyévelag Kal Tnv

OTTOTEAECLOTIKOTNTA VEWV LVWTLKWV Beparmetlwy.

Ewova 16: H otonaBoloyio tou MveUpOVO META OmO XopnRynon MmAeopukivng. H
urAgopukivn (2 U/kg) xopnyriBnke og BnAukd C57BL/6 movtikia nAikiag 8 eBdopddwv pe
gevotalaén tnv nuépa 0. AVIUTPOOWTEUTIKA XPwon ME olpatofulivn kal nwoivn tou
TveupovikoU Lotol ot 3 (A kat B), 6 () kot 12 (A) eBdouddeg petd tv xopnynon
MMAEOMUKIVNG. ZTNV €lKOVA A amelkoviletal n GUOLOAOYIKA SOUR TOU TIVEUUOVIKOU LoToU
(opada ehéyyou, xopriynon PBS) [315].
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Mivakoag 3: MovtéAa TTVEUOVLKIG IVWONG O MUEG KOl ETTLHUUEG.

Movtélo

MeloveKktrpata

KUpLa XapoKTnpLOTIKA
Kuttapukr BAABN Adyw KatakepUaTIoHoU Tou DNA.
OAeypovwdng duribnon kat ayyetakn Stappon,

MAeovektrpata
KaAd xapoKktnplopévo povtélo. Mpriyopn
avamnrtuén ivwong, mapopola Pe avBpwrivn

DOAeypovn mpLv TNV avamntuén ivwong.

MnAgopukivn , I , . , . , , , \ AvaoTpEPLpN TIVEVOVLKN (vwon.
akoAouBeital fmo avamntuén vaonlq. 066¢ x(?pnynonq. naBoloyia. YrepmAaoia emBnAloakwy KUTTAPWY ELS1KoTTa avéhoya To oTékexoc (C57BI6>SV> Balbc)
evloTpaxeLaKA, oTOpATOPaPUYYLKA, EVOODAERLA K.0L (AEC)
Ontikomoinong meploxwv Aoyw ¢pBoplopol
FITC Mapopola pe UAeopUKivn (mpaowo). Avamtuén ivwong HeTafl 14-28 N, N AkpLBO avtldpaoThpLo, ATIOLTNTTLKOG XELPLOUOG.
ormola EMUEVEL yLOL > 6 UNVEG.
Adevoilkn xopriynon TGF-B rj Stayovidiakr Ekdpacn
TGF-B oto embnAto (1-7 ny.). Movomupnvn 8Onon (3-7 Mupeitat thv avBpwrivn acBévela. OAeypovi Adyw adevoitkou dopéa.
unepékdppaocn nu.). EmOnAiakr] andntwon, cUGoWPELON JuVeXNG LVwWTIKA BAGBN EldkoTtnTa avaloya to otédexog (C57BI6> Balb/c)
KoAAQyovou, kataotpodr KUPeASwy
BAGBN tou DNA ) ' v OV. , , .
EJ}'\[ZS(T)W? L:b}\svug\fﬁtsoczscz\foﬁuneoonbi);l:]eoetrpz: i.V‘().t.:E:;. Meyahn duapketa kat akpi neBodoc,
AktivoBolAia , , , , Muwpn Bvnowpotnta EldikoTnTO avaloya to otélexog C57BI6>C3H/Hel,
AVVIELCIKI’] avadlapdpdwaon mou Buuilel MVEUOVLKN CBA/)
unéptoon
Mupitio DOAeypovwdn dBnon kat avantuén ivwong yupw amd  MoapduoLo Pe Tov GaLvoTuTio o apatnpeLtal EdkotnTa avaloya to otéhexog C3H/HeN>
i TLG €0TiEG MUpLTiOU og avBpwrnoug. Anelkovion/mapakolovBnon MRL/MpJ>NZB> Balb/c (elomvedpevo)
(Silica) MoA\amAég obol xopriynong TEPLOXWV TTOU €xouv tpooPAnBei and silica kat C57BIl/6> CBA/J pe evdotpayelokn €vxuon
Auiavtog igzﬁzﬂgougzpec’ PAeypovn kat emBnAtaxd Emipovn Kot mpooSeuTikh avantuén ivwong e MeydAn Sldpketa (>28 ni.) 6tav xopnyeitat cov
(Asbestos) 060l xoprynong: evoTpaxeLaKA i ELOTVEOUEVA OXNHATLOHO EOTILY ELOTIVEOLEVO.
‘Ekdpaon tou unodoxéa SidBepitidag umod tov eAeyxo
Tpavpatiopog Tou umokNTA Twv ATII KUTTAPWVY, TG , , ,
, i . \ o EmBnALoKOG TPOULATIOUOG OTOV oTtolo , ,
KUTTAPWV TUTMOU  eTidpavelodpaotikig npwtﬁ_tvnq-c. Eruhektikn BAABN oTnpiZetat n naBoyévea tne Il Auénpévn Bvnolpdtnta
I (ATHI) ATIl kuTtdpwv ATIL. (Ly) 6C"" povokUtrapa kot
EVEPYOTIOLNUEVA LaKpOdAya
Mehétn emuBnMo-peceyxumaTug IvwbeLg eotieg mapatnpolvTal o€ alnopopa ayyeia
E§avOpwriiopéva  EvSodAéBia xopriynon avBpwmivwy voBAactwy (amod aA\nAenidpaong. Taxeia évapén (d30-35). , , ,
. . . , . . , , , KOLL OXL OTO TIVEUOVLKO TIAPEYXU AL
Movtéla INI acBeveic) odnyel oe kuPeAdikn avadiapopdpwon Auvatotnta LEAETNG BEPATIEUTIKWY OTOXWV yLa

Tov avBpwro

Xprion NOD/SCID movTikuwv
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2.3.7.0wodoAunida KoL MVEVUOVIKH (vwon
2.3.7.1.0 a§ovag PC/PLA2/LPC

To avamveuoTiko cloTnUA SLOBETEL LoYUPOUG Kol TTOAUTTAOKOUG OLHLUVTLKOUG
UNXOVIOMOUG ylo TNV Kaipla OVTIHETWILON PAAMTIKWY TAPOYOVIWY. 2TOUG
OMUVTIKOUG  HUNXQVIOMOUG TWV TIVEUMOVWVY  TieplAapfdvovtal  n  kavotnta
dW\tpapiopatog oto pvootopatoddpuyya, TO AVAKAAOTIKO Tou GTEPVIOHATOG, O
BrAxag kot n PAevvokpooowtr kKABapon. Ita MePLPEPLIKA TUALATA TOU TIVEUOVO OL
OLUVTLKEG Aettoupyieg neplappavouv Ta QVOOGOAOYLIKA kOTTapa
(oupmnepthapBavopévwy twv KUPEASIKWY pakpodpaywv Kal Twv oudetepodlAwy),
LG avoooodalpiveg Kal TOV IVEUUOVLKO emidavelodpaoTiko mapdyovta (pulmonary
surfactant) [316]. O emdpavelodpaoTIKOC TapAyovTag KAAUTTEL TNV KUY EeALSIKNA
ermudavela tou mveLpova. H kUpla Asltoupyia Tou eival n Statpnon XounAng
emupavelakng taong oto kueAldo-aptnplakod oépayud kat n mpoAndn NG
KUPeASIKAG Katdppeuong Kkatd Ttnv avamvory [317, 318]. EmutAéov £xel
0VOOOPPUOULOTIKEG LOLOTNTEG cUUPBAA OVTAC 0TO cUOTNUA TNG PUGCLKNAEC AVOOoLOG TOU
niveUpova [319]. O emidpaveloSpaoTIKOG TTAPAYOVTAC TWV TIVEUUOVWY OTOTEAE(TAL
arnd éva povadikd kat ToAUTAOKO pelypa AUtSiwv o€ mooooto 85-90% Kot EL6KWY
amonpwteivwy (10%, kuplwg emipavelodpaoTIkeS MpwTeiveg, SPs A- D). MetaAAAteLg
ota yovibla mou kwdikomolouv T mpwtelveg SPs B kat C oxetilovtal pe ofela
OVOTIVEUOTLKA QVETIAPKELA KoL SLApeoeg mveupovomnabeleg [320, 321].

Mepimou 10 90% Tou AUSIKOU TUAMOTOG TOU emidpaveLoSPaCTIKOU
mapayovta anoteAeital and peiypa dwodoAumtidiwy, He TNV MAELOVOTNTA QUTWV VO
elvat dwodatiduroxorivn (PC), n omoia oe peydlo TOC0OTO avVeEUPIOKETAL
KopeoUEVN w¢ SutaApttoiA-dwodatiduAroyxoAivn (16:0-PC, DPPC). To untdéAouno 10%
ToUu AUTSIkoU TUAMATOG amoteAeital amo TplyAukepidla kal YoAnotepoAn. H
dwodatibuloxoAivn amoteAel To BACIKO CUCTATIKO TWV KUTTAPLKWY HEUBPAVWV Kall
glval mpodpopo HOplOo yla tnv ouvBeon Tou Pwodatdikou oféog (PA), g
AvocodwaodatidbuloxoAivng (LPC) kal tou mapdyovta evepyomoinong OLUOTETAALWY
(PAF). H &utaAptoUA-owaodatidbuloxoAivn (DPPC) eival to Kupiwg umevBuvo
ouoTaTikO yla tnv Slatipnon tng emipavelakng Taong Tou emipavelodpaoTikol
nmapayovta. Yrmapxouv SUo Tpomol cuvBeong tou DPPC: €ite pe HPETATPOTI) TOU

dwodatidikol oféog (PA) oe 1,2- SutaApttoOA-6takuloyAukepoAn (1,2-diparmitoyl
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diacylgycerol) kalL &v ouvexelo petatponr) tou oe DPPC, eite péow 1TNG
avadlapépdpwong twv akopeotwv PC. Itnv eltepn MepimTwon, N AMOAKETUALWGN
TwV akopeotwv PC and tnv PLA2, akoAouBeital and éva otadlo akeTuAlwong HEow
HwoG  akuAlotpavodepaong tng AuvcodwodatiduloxoAivng (LPCAT) [322]. e
ouUVSUAOUO UE To yeyovog OTL n LPCAT ekdpaletal TOAU O0TOV MVEUHOVIKO LoTO [323],
umopel va untoteBel OtL mailel €va onUavTiko poAo otnVv Bloyéveon Twv KUPEALSIKWV
kopeopévwv PC (DPPC) [324]. Ze aoBevng Pe TVEUMOVIKA (vwon €xeL mapatnpnOel
puelwon otnv meplektikotnta tou DPPC oto PBpoyxokupeAldikd uypd (BALF),
ovtavokAwvtag TiOaveég Aeltoupylkeég Hetafoléc 1 PAAPn ota kuPeAdika
ermuOnAlaka kuttapa tomou Il i petafolAwkn Siatapaxr Tou emipavelodpaoTIKOU
napayovta [325]. Napouola peiwon €xel mapatnpnOel ota emineda twv PC [326].
EruumAéov, €xel avadepbel pelwon tou maApLTikoU of€og o aoBeveig pe IMI, To omoio
napayetat and to PC (16:0/16:0), cuoxetilovtog To He TNV Asttoupyikr) BAABN tou
ermupavelodpaoctikol Tapdyovia kot TG Slatapaxé¢ Twv  KuPeAibwv Tou
OUVQVTWVTAL 0TNV TIVEUHOVLIKN (vwon [327].

O napayovtag evepyomnoinong atponetaiiwv (Platelet-activating factor, PAF),
anotelel éva alBepikd avaioyo tou PC, sival évag Loxupog pecolafntng Autdiwyv
nou Swadpapatilel dStapopoug dAeyuovwdelg Kot GualoAoylkoUg pOAoUC Kol EXEL
ouvdeBel pe TNV mveupovikn tvwon. Yrapxouv duo povorndtia BloocuvBeong tou PAF:
1o éva emayetal o GAsypovwOeL KataoTtdoelg (LysoPFAT/LPCAT2), evw to GAAo
(LPCAT1) €xeL evboyevn €kdpacon (de novo) [328]. O mapdyovtag evepyomoinong
awpomnetaiiwy €xel Bpebel otL emayel Tn Stadopomoinon Kal Tov MOAAATTAQCLACHUO
TWV WOPBAAOCTWVY KOL CUMUETEXEL OTNV EveEPyoToOinon Twv pakpoddywv Ta omola e
Vv oelpd toug mapdayouv TNF kot wrtepAeukiveg [329, 330]. 3to HoOVTEAO
TIVEUMOVLKAG (vwaonG Tou TIPOoKAAE(Tal and pmAeopukivn, €xel Bpebel avénon twv
evepywv uTtodoxéwv tou PAF 0To VEUHOVIKO LOTO Kal Ta KUPeALSIKA pakpodaya.
Qotooo, n mapeunodion tou urtodoxéa PAF odrlynoe og PEPLKA KOL TIEPLOPLOUEVN
npootacia amnod tnv vooo [331].

Oocov adopa tig PLA2 Sev umdpyouv moAAa Sebopéva yla tnv mbavn
EUMAOKN TOUC OTOUC UNXAVIOHOUG avamtuéng TngG MVEUUOVIKNG (vwong. Téooepig
SPLA2s ek¢dppalovrtal otov veUpova ol: IB, 1A, V kat X. H sPLA2-IIA ekppaletal ano

TO OLUOTETAALO KOl To KUWPEASIKA pakpodaya katd tn OSldpkela Tng ofeiag
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dAeypovng [332, 333]. Ou sPLA2-V kal -X skdppalovtal emiong amo KuPeAdika
Hokpodaya Kot ToteveTal otL puBuilouv Tnv olvBeon twv PwodoAutdiwv TG
KUTTAPKNG MeUPBpavng ota kupeAdika emBnAlakd kuttapa tumou |l [334].
ErmumAéov, ot sPLA2s mou ameleuBepwvovtal amd Ta LOTIOKUTTAPO MTOopEl va
EVEPYOTIOLNOOUV HE TIOPOKPLVIKO TPOTO OPKETEC AELTOUPYIEG TwWV HaAKpodAywv
Sladpapartilovtag onUavtikd polo ot GAEYUOVWOELS A0BEVELEC TWV TIVEUUOVWY
[335] Evéladépov mapouoialouv MelpApota o€ Tovtikia pe EAAewpn tng cPLA2,
omou £6el€av BepameuTikr) SpAacn €vavtl TNG MVEUUOVIKAG (VWoNG TIOU EMAYETAL HE
UMAEOUUKIVN, WG QTMOTEAECHA TWV HEWHEVWVY eTumédwv oe BpopPolavia kat
Aeukotplévia [331]. H cPLA2 ouvelodépel otnv maboyévela tng IMNl Adyw tNng
napaywyng pecohapntwv Autdiwv og avBpwrniva pakpoddya Tou mveupova [336].

To LPC €xeL Bpebel va epmAéketal oe aoBéveleg mou oxetilovral pue oofapn
BAGBN TWV MVEUPOVWV KOL QVOTIVEUOTIKH SUOXEpEla, OMwG To ouvdpopo ofeiag
avamnveuotikng Suoxépelag (ARDS), to omoio eivat duvntikda Bavatndopo. H
AvoodwodatidbuloxoAivn miBava aufavel TNV SLAMEPATOTNTA TWV ALUOPOPWV
oyyelwv otov TveUHOVO HE QTOTEAECUA TNV OUCCWPEUCN UYPOU OE QUTOV,
TIPOKAAWVTAG TPOOSEVUTIKY Melwon tng avamvong tou acBevny [337]. Afloloyeg,
HEYAAEG AUENOELC OTNV TIEPLEKTIKOTNTA TOU LPC €xouv petpnOel ota BALFs movtikwv
HETA TNV Yopnynon umAeopukivng [338]. Auté Ba pmopouoe va odnynoeL o€
auvénuéva emnineda tou LPA péow tng udpoiuong tou LPC amd tnv ATX, kot tnv
évapén moA\wv onuatodotikwy povoratiwy. MapoAa autd dev amokAeiovtal Kat
aAM\eg uBavég Asttoupyieg tou LPC péow tou umodoxéa tou G2A, yia mapadelypa n

XNUeLoTagia pakpoddywv Kot n GoyoKUTTAPWON TWV ATMOTTWTIKWY TIPOLOVIWV.
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2.3.7.2.ATX ko onpatodotnon LPA

H ATX €xeL tautomolnBel wg mbavo yovidlo mou €AEYXEL TIG TIVEULIOVLIKEG
Aeltoupyleg Kal EUMAEKETAL OTNV AVATTUEN Kol avadlapopdwaon Tou TIVEUUOVLKOU
lotoU [339]. Ztov uyly mvelpova, n ATX evtomiletal oto Bpoyxlko emiBnAlo, evw
avénuévn éxkdpaon tng ATX €xeL BpeBel oto kapkivo tou mvelpova [159]. Ze
Selypata acBevwv pe IMNI, n avtotativn evromiletal oto KUPeASIKO emBnALo, o€
KUTTOPA TIOU poLalouv e WWOPAAOTEG, O TEPLOXEG BPOYXIKNAG HETAMAQGCIOC KAl oTa
nakpodaya [340]. Eva mapopolo npodil ékdpaong €xel meplypadel oe Seiypata
a6 aoBeveic pe pn €6k dwapeon mvevpovia (fibrotic non-specific interstitial
pneumonia, fNSIP), n onoia mapouactalel Kowad MoOOAOYIKA XOPOKTNPELOTIKA UE TNV
UIP. AvtiBeta, xaunAn ékdppaon tng ATX Bp£bnke tOco ota pAeypovwdn KUTTOPA
Tou mvevpova amno delypata NSIP, 600 Kol o€ TEPLOXEG XaAapoU CUVSETIKOU LOoTOU
TIOU TTOPATNPOUVTAL OE TEPLTTWOELG KPUTITOYEVOUC OPYAVWTLKNG Ttveupoviag (COP).
Ot mapandavw mnoaboloyieg aviutpoowrnelouv 800 popdEg Wlomaboug Slapeong
niveupoviag (IIPs) pe €€alpeTik avtamokplon otnv Beparmneia He KOPTIKOOTEPOELSN,
umoSelkvuovtag OTL N avénuévn ékdpacn tTng ATX cuVOEETAL OTEVA E TTPOOSEUTIKEC
Kall N avooTtpEPLUES LOPPEC TTIVEULOVLIKAG lvwong, omwg IPF/UIP kat fNSIP [340].

JTO TELPOMOTIKO HOVIEAO TIVEUMOVIKNG ¢AeypovAG Kol (vwong Tou
TiPOKAAE(Tal amd umAeopukivn, auvénuéva emimeda tng ATX evromilovial oTo
Bpoyxwko emiBnAlo, ota kuPeAdika pakpodadya Kal oto BpoyxokuPeAdikd uypo
[340, 341]. Qotéoo, n avénon tng ATX oto BALF cuvodevetal pe avénon twv
OUVOALKWV eminedwv mpwteivng, umodnAwvovtag otL n ATX loépxetal amd tnv
kKukAodopia. MapdAAnAa, ta emineda LPA ota BALF twv WWTLKWV TIVEUUOVWV
movtikoU kot avBpwrmou auvfavovtay, [340, 341], akOun Kal OTA apXLKA oTtadla TG
vooou [342]. H dappakoloyiky avaotoAn tng ATX eixe w¢ amotéAeopa TV Helwaon
Twv eTunédwy LPA, emiBefatwvovtag 0t N ATX elvat amokAELOTIKA UTtELOUVN yLa TNV
mapaywyn tou LPA otov mvevpova [338]. H yevetikny amaAoiwdr tg ATX amod tnv
mAeloPnoia twv Bpoyxlkwv eMONALAKWY KUTTAPWVY 1 TWV HAKPOPAYWVY EXEL WG
QTMOTEAECUO TNV UPEDCN TNC TIVEUUOVLKAC PAEYHOVNC KOl vwong, umoypapuilovtag
TN onuacia TG TomkAG mapaywyns tng ATX kat emaAnBelovtag Tov poAo TG otnv
naBoyévela tng vooou [340]. Mapopola, n yevetikn analowdpn eite tou LPA; 1) Tou

LPA,, o6nynoe oe e€acBévion tou GpalvoTumou OTo HOVTIEAO TNG UMAEoUKivng [341,
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343], unodnAwvovtag otL o afovac ATX/LPA umopel va amoteAécsl OepameuTiko
OTOXO YLOL TNV QVTLUETWTILON TNG TVEUMOVLIKAG (vwong. Mpdypatt, ¢apuakoAoyLKn
avaotoAn tng ATX r tou umodoxéa LPA; pelwoe tnv €ktaocn tng BAAPBng mou
nipokaAeital anod pumAeopukivn [340, 344] kat n pappakoloyikr) avaotoln Twv LPA; /3
eAATTWOE TNV VeV LOVLIKA BAABN ou mpokaAeital anod aktivofolia [345].

Onwg avapépbnke Kal MApAMAvVW, N €MKPATOUOA UTIOBE0N OXETIKA UE TOV
HUNXOVIOUO TaBoyEVELag TNG TIVEUMOVLKAG (vwong KAveL Adyo yla amoppuBbulon tng
duaolohoyikng Sladkaciog emoUAWONG TPAUUATWY Tou KuPeAlSikou emiBnAiou
[290], pe anotéAeopa tnv kataotpodr tou. Tooo og nveupoves acBevwy pe NI éoo
KOl OTOL TIELPAUATIKA HOVTEAQ TNG VOoou €xel SelyBel OTL AapBAvel xwpa amonTwon
KUPEASIKWY ETIONALAKWY KUTTAPWVY, N omoia oxetiletal pe avénuévn Ekppaon Tou
TNF [346] kal anontwtikwy Setktwv [267]. O TNF-a mpodyet Tnv ékdpaon tng ATX
[43, 347], n omola e Tn O£pA TNG AUEAVEL TNV TOTIKN Ttapaywyn LPA, Statwvilovtag
™ BAGPN. EmumAéoy, n emaywyn ¢ eMONALOKAG AmOMTwong elval EMAPKNS yLo TV
€vapén WWTIKAC amoKpLoNG OE MEPAUATIKA HOVTEAA [267], n omola avooTEAAsTaLl
HETA OO YEVETIKN 1N GAPUAKOAOYIKN) TIAPEUTOSION TWV OMOTITWTIIKWY CNUATWV
[348]. Ita yevetlkd Tpomomolnpéva movtikia he EAAelpn twv umodoxéwv LPA; 1
LPA,, ta omoia avémtuéav AlyOTeEPN TVEUHOVLKA (Vworn, mapatnpnbnke onpavika
HEWWMEVOCG aplOuog amomtwtikwv (TUNEL+) emBnAlokwv kuttdpwv [341, 343],
YEYovOC mou umodnAwvel OTL To LPA mpodyel v emiBnAlaky anontwaon UETA anod
miveupovik BAABN. EmumAéov, n onuatodotnon LPA péow tou LPA; €xeL SexBel va
EMAYEL anontwon og dpucoloAoyikd avBpwriva Bpoyxka emBnAlaka kottopa [342].
TENOG, N EUMAOKN TOU KUTTAPOOKEAETOU OTnV €mBnAlak amoOmtwon Kal otnv
TIVEUMOVIKA (vwon [349], kabwg kal n wavotnta tou LPA va avadlatdooesl to
KUTTOPOOKEAETO TwV Bpoyxikwv emBnAtakwyv Kuttapwv [350], umodnAwvouv pla
npooBeTn evdokuTTaplkn 060 PEow TG omoiag to LPA dpa ota emibnAtakad Kuttapa.

XopaKTNPLoTKO Tt maboyevelag tng INI amotelel n auénpévn cucowpPELON
TwV WoPBAaotwy, Aoyw Tou auénpévou TIOAAATMAQCLOCMOU KAl TNG UETAVAOTEUONG,
KaBwg emiong Kal tN¢ UELWMEVNG AmMOMTwong Twv puoivoBAactwy [351]. To LPA
TPOAYEL in Vvitro Tov TOAAMAQCLAOUO TWV TIVEUUOVIKWVY voBAactwv [345, 352],
Sleyeipel tn petavaotevon toug [353, 354] péow OXNUATIOMOU TPOEKTACEWV TIOU

Aettoupyouv cav modla mpookoAAnong (lamellipodia) kat kataotéAAEL TARPWS TNV
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QIOmnTWon toug [342], mpodyovtag thv MaboAoyLkr) CUCOWPEUCH TwV LVOPBAACTWY
OTOUC EVOEPLOUG XwpPouG. EmutAéov, To LPA 6pa wg XNUELOTAKTIKOC TTOPAYOVTOG OF
TIVEUMOVLKOUG voBAdoteg péow tou LPA; [341, 344] kai €tol Ba pmopouoes va
amoteAEoel KOBOPLOTIKO mapdyovta ylwa tTnv avamtuén tng IMl. H xpovia ivwon
Xxopaktnpiletal anod tnv nmapoucia Twv puoivoBAactwyv. To LPA, péow tou LPA,,
enayelt tn Sladopomnoinon Ttwv avBpwrivwv woPAactwv Tmvelpova o€
pHuoivoPBAdoteg mpokaAwvtag TNV ékdpacn mpwrteivwv aSMA, ¢LUmpoveKTivng,
KoAAayovou kat TGF-B1 [343]. Emopévwg, o atovag ATX/LPA eumAéketal otnv
TIVEUMOVIKA (vwon JéOw TNG METOVAOTEUONG KAl TOAAQTMAQCLOOMOU  TWV
wvoPBAaotwy, aAAA Kot HECw TG dladopomoinong Toug o LUOIVOBAAOTEG.

Elval kowvwg amodekto ot ol pAeypovwdelg pecorapnteg nailouv poAo t0co
otnv évapén 000 Kal otnV €EEALEN TNG MVEUMOVIKAG (vwong, Tapad TNV amotuyia Twy
avtipAeypovwdwy Beparmewwv [290]. Exel SeiyBet otL o LPA ota emiBnAlokd KutTapa
enayel tv mapaywyn IL-8 [355, 356], éva OXUPO XNMUELOTAKTIKO Tapayovia
oubetepodplwy, umodnAwvovtag otL ta avénuéva enineda LPA otnv mpwiun ¢aon
NG MveUpoVIKAG BAABNG [342] umopel va 0bdnyouv otnv €vapén tng dAsypovwdoug
anokplong. To LPA emiong emadyel tnv €kkplon dAeypovwdwyv pecolafntwv onwg IL-
1B, IL-8 and MCP-1 [357-359], kaBwg miong Kol popiwv MPOOKOAANCONG OMWG Ta
ICAM-1, VCAM-1 kal E-cadherin amné ta evboBnAlakd kUTtOapa, evioxuovtag rmibava
TIC oAAnAerudpdoelg HMe TA AsukokUttapa kKot tnv  €fayyeiwon [359-361].
EmunpooBétwg, n ATX Twv emBNALAKWY KUTTAPWY AMOTEAEL £€va UTTOCTPWHA YLO TNV
npooéAkuon Aepdokuttapwv [196], evw TOo LPA &leyeipel tnv mOAwon, TNV
KlvnTkotnta Kot tn Sla-evboBbnAlakn petavaoteuon twv T-kuttdpwyv [196, 198]. H
VeVETIKN amaAoiwdpr) Twv LPA; n LPA; eixe wg amotéleopa tnv £€acBevnon tng
OYYELAKNC SLoppoNnG oTo HOVTEAO TN MMAeopukivng [341, 343], evw to LPA auvénos
™ O&lanmepatotnta Tou &vO0BnAlakoU OTPWHATOGS O avOpwWIlVOL TIVEUHOVIKA
aptnplaka evéobnAtaka kuttapa [362]. To LPA umnopet eniong va avénost tnv IL-13
ékppaon ota T kuttapa [363], pa kutokivn Th2 mou €xel cuvdeBel otnv avamtuén
lvwong og Lo ToKIAL Xpoviwv PAsypovwdwy 000evelwv cuUTEPNAUBAVOUEVNC
TNG MVEUMOVIKAG tvwong [290, 364]. Emouévwg, To LPA umopel emiong va emnpedoet

To GAEYUOVWOEC OUOTATIKO TNG TIVEUMOVIKAG (vwong pEéow NG SLEyepong Ttng
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TIapoywyng KUTokivng, kabwg Kat tng Stapopdwaong tou evbobnAtakou ¢ppaypol Kat
™G mpowbnong tng e€ayyeiwong Twv GAEyHOVWEWY KUTTAPWV.

O TGF-B €ival o KUPLOG TPO-WVWTIKOG TApAyovIag o€ TOAAG Opyova. ZTov
TVEUHMOVO, TOpPAyeTal amd mAnBwpa  KUTTAPWV, CUMMEPAOUBOVOUEVWY
KUPEASIKWY Hakpodaywy Kol oudeTEpODIAWY, EVEPYOTIOLNUEVWY ETIONALOKWY KoL
evboBnAlakwy KUTTApwy, KaBw¢ Kal voBAaoctwv kat puoivofAactwy [365]. Otav
evepyoroleital, o TGF-B eival €vag TMAELOTPOTUKOC QUENTIKOC TAPAYOVIOG WE
XNUELOTOKTIKEG Kal TIOAQMAOQCLAOTIKEG LOLOTNTEG TPOKAAWVIAG TNV TPOcAnyn
HokpodAywv Kot woPAactwv, KaBwg KalL TNV €KKPLon €vOoC  aplBuou
MpodpAeyHOVWEWVY KO TIPO-LVWTIKWY KUTOKWVWV [365]. Ta enineda TGF-B Bp£Onkav
auvénuéva oto BpoyxokuPeAldikd uypd TOOO O€ TOVTIKIA 000 KoL O aoBevelc pe
ivwon [366]. To LPA mpokalel ékdpaon tou TGF-B o€ mveupovikoug LVoBAAOTEG in
vitro [343], evw og Bpoyxlkd emOnAlakd KUTTapo Kal KUTtopa Aslou HUOC E€XeL
SexBel OtL n avénon tou TGF-B, mou mpokaAeital amd 1o LPA, yivetal péow
npoodeonc oe wreykpives [350, 367]. Emopuévwg, to LPA péow evepyomoinong tou
TGF-b pmopel éupeca va TIPOAYEL TLG TIPO-LVWTLKEG OMTOKPLOELG.

O HGF (hepatocyte growth factor) eival €vag auntikog mapayovtog yla
emuOnAtaka kat evéobnAtaka kuttapa, n €kdpacn Tou omoiou aUEAVETAL HETA Ao
niveupoviki BAARn [368]. Ze aoBeveig pe IMNI, ta enineda HGF oto Bpoyxoku P eAdikod
UypPO elval avénuéva os cUYKPLON LE TA UYL ATOUA, WOTOCO Ol LVOPBAACTEC Ao TOUG
aoBeveic pe Ml ekppdalouv Alyotepo HGF kal mapouctdlouv UELWMPEVN LKOVOTNTA
gvepyonoinong tou mpo-HGF [368]. H mpootateutikn enibpaon tou HGF [368, 369].
TPOKOAE(TAL MEOW TOU TEPLOPLOPOU TNG TmpooAndng puoivoPAactwy, 1TNG
MPOAYyWYNG TOU TOAAAMAQOLOOMOU Kol TNG  emBilwong Twv  TVEUHOVIKWY
ermuOnAlakwy kat evéoBnAlakwv Kuttdpwv [369] kabBwg Kal TNV emaywyn Ttng
anontwong tTwv puoivoBAactwy [368]. To LPA €xel avtiBeteg emibpaoelg amnd tov
HGF [370] kat mBava £€xeL TPO-LVWTIKEC OPAOCEL HUEOW TNG QAVOOTOANG TNC
onuatodotnong HGF.

Jupnepaopatikd, o dfovag ATX/LPA pmopel va TPOAYEL TNV TIVEUMOVLKA
lvwon pe 6ladopoug TPOMOUC, OMWG N EMAywWYn TNG ayyewaKkAG Slappong, n
peTavaotevon kot n Sdiwadopomoinon Twv woBAactwv, n amONTwon TwvV

eTONALAKWY KUTTAPWY, N €l0pony PpAeypovwdwyv KUTTApwWY, N onuatodotnon tou
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TGF-B kat n kataotoAn ¢ onpatodotnong tou HGF. Inuepa, yivovtal mpoomabeleg
otoxeuong tou afova ATX/LPA o mMOANQmAQ emimeda: e LOVOKAWVIKA OVTLOWATOL
€vavtL tou LPA [371], pe avtaywviouo twv LPA umodoxéwv [372, 373], pewwvovtag
™V onuatodotnon tou LPA péow puBulong tng Spaoctikotntag Twv LPP1 3 LPP3
[374], pewwvovtag tnv mapaywyn LPA péow avaotoAng tng ATX [375].

Ita mAaiola TNG MVEUMOVLIKAG lvwong, in vivo avaotoAn tng ATX pe tov GWI-
A-23, évav pikpopoplako avaotoléa ATX pe K=18nM [376], BeAtiwoe onuavtikd tov
dawvotuno tng acBévelag, petwvovtag mapaAAnAa Tnv cuykevtpwon tou TGF-b kat
tou LPA oto BpoyxokueAdiko uypd [338]. OL mpoomadBbeleg mou €ywvav yla TNV
avakaAupn Mg €vwong HE LOXUpOTeEPn avactoAn tng ATX, odnynocav otnv
tautonoinon tou Pf -8380, o omoiog €xel xapnAo 1Cso (1,7-2,8nM) kol KaAn
BlobdlaBeopuodtnTa Sla otopatog [101]. Exel SeiyBel 6tL n avaotoAn tng ATX pe tov
Pf-8380 peiwoe tnv dpAeypovwdn umnepaiynoia [101] kat tTnv nratikn ivwon [377].
YrokiwvoUpevn amnd to évtovo evlladEpov yla tnv avakaAun vEwv BepameuTikwy
evwoewv ywa tv NI, n ¢apuakoPlopnyavia Boehringer Ingelheim ouvéBeoe évav
véo ATX avaotoAféa, tov BI-2545, o omoiog €xel xaunAo ICso in vitro kaBwg kat
Sduvatotnta va pelwvel ta emntineda LPA in vivo [378]. EvtoUtolg, mepaltépw PEAETEG
QImoLTOUVTOL WOTE va KPLBel katdAAnAo yla TV Bepameia TG MVEUVUOVIKNG (vwonc.
Evag akopa oxupog avootoAéag ATX, o omoiog opwg dev €xel dokipaotel ota
mAaiola TNg MVEUMOVIKNAG vwong, elvat o ONO-8430506 pe in vitro 1Csg TLUEG HETAEY
6.4-19nM kal Loxupn avaotoAn tng dpaotikotntag tng ATX/ENPP2 in vivo kat kat
eMéKTAON TNG Tapoaywyn¢ LPA [379]. EmutAéov, €vag avti-ATX avaoTtoA£ag
anTaAUEPOUC eudAvVIoE €EALPETIKN OTMOTEAECHATIKOTNTA €VAVIL TNG TIVEUMOVLKAG
lvwong OTo TELPAUOTIKO HOVIEAO TIOVTIKWY, KOTAOTEAAOVIAC TN OUCCWPEUGCH
KOAayovou Kal oAlKAG TMpwTelvng oto BALF [380]. Mo mpoodarta, évag véog ATX
avaotoAéag avantuxOnke, o GLPG1690 kat afloAoyriOnke 0To LOVTEAO TIVEULOVLKNG
lvwong ou TpoKaAelTal and UMAEOUUKIVN HE WPEALUO OTMOTEAECHATA: HElWON TWV
erunédwv LPA oto mAdopa kot to BpoyxokuPeAldikd vypo, Kabwg Kal Heiwaon TG
evanobeonc e€wkuttaplag OepéAlag ovaiag otov mvevpova. Ta anoteAEéopata Tou
GLPG1690 otnv Bepameio TN TVEUUMOVIKAG (vwong avapévovtal HETA TNV
oAoKANpwaoN TNG KAWLKAG HEAETNG dAONG 2 n omoia payUaTomoLlEiTaL o aoBeveic

ge 1M1 [381]. Mépa amd Toug yvwoTtoUE Kal XOPaKTNPLOUEVOUCG avaoToAeic ATX mou
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UTIAPXOUV Nén, aPKETEC avadopEC AMOOKOTIOUV OTNV OQvVOyvwpeLlon TNG oXEoNC
SounG-6paoTIKOTNTAC TPOKELWWEVOU Vo SnuloupynBolv VEEC eVWOELG HUE KOAN
BlodlaBeoudTNTA KOl AMOTEAECUATIKOTNTA YLa in Vivo al§LoAOynaon o SLopOPETIKEG
naBoloyikeég [382, 383]. Ocov adopd, tnv onuatodotnon tou LPA umdpyxouv
O6ekABEG YVWOTOL QVTOYWVIOTEG TWV UTIOSoXEWV Tou LPA, aAld Alyol amd autolg
g€xouv Oeifel amotedeopatikotnta o€ in vivo mepdpata [372]. O AM966, €vag
ovtaywvlotng tou umodoxéa LPA;, pelwoe tnv ayyelakn Slwamepatotnta, Tnv
dAeypovn kal v vwon oto povtélo tng umAeopukivng [341, 344], wotooco ta
OTTOTEAECLOTA TOU WE OVTI-LVWTIKOC Ttapayovtag apdiofntouvral [384]. MNapoduola,
0 AMO095, peiwoe TV moootTnTa KOAYOVOU Kal TTPWTEIVWVY Tou BpoyxokuPeAdiko
uypoO ota apxlka otadia tng acbévelag [385]. EmumAéov, n MVEUUOVIKN (Vwon Ttou
TipoKaAeital amod aktoPolia KATOOTEAAETAL PE OVIAYWVIOMO Twv LPA;/;3 [345].
MéExpL onuepa, £vag avtoywviotng tou LPA; (BMS-986020/BMS-986202/AM152)

EXEL IEPAOEL O€ KAWVIKEG peAETeg dpaong Il yia aoBeveig pe IMNI [386].
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2.4.2kAnpuvon katd tAdakag (MoAAarAn okApuvon)

H moAAamAn okAnpuvon (MS), eniong yvwotr wg okAnpuveon Katd mAGKag n
Staxutn eykedparopueditida, eival pia xpovia avtoavoon [387, 388] dpAeypovwdng
KOl ATOUUEAVWTLKY aoBévela Tou Kevtpikol NeupikoU Zuotriuatog (KNZ), ayvwotng
attiohoyiag [389]. H vooog epdaviletal cuyvotepa oe atopa veapng nAtkiag, 20-40
€TWV, YUVALKELOU dUAOU pe avaloyia 3:1 Evavil Twv avdpwv.

Itnv KM n pueAivn, n omoia meplBAaAel to veupdfova Twv EUUUEAWV
veuplkwv wwv tou KNZ, kataoctpédetat [390]. Ducloloylkdg poAog NG HUEAivNg
glval n petadoon Twv NAEKTPLKWY EPEBLOUATWVY LETAEL TWV VEUPWYV, LE ATIOTEAECUA
N Kataotpodr TNG va SLOHTOPACOEL TNV LKOVOTNTA OywynG €PEBLOUATWY OTOUG
VEUPWVEG, TO OUOTNHA ETUKOLWVWVIOG TwV KUTTAPWVY Tou eykepalou SuoAettoupyel
odnywvtag os éva eupl paopa evdeifewv kal cupntwuatwy [391, 392], ota onola
TMepAAUPBAVOVTAL CWHATIKA, TIVEUMOTIKA [392] Kal HEPKEG PopEG PuxLATPLKA
npoPAnuata [393]. H kKAwikn elkova kaBe aoBevolg SladpEpel avaloya HE TO HEPOG
tou KNZ omou €xel mAnyel kat tnv $pBopd tn¢ pueAivng. Ta mpooPfeBAnuéva dtopa
gUudavilouv TIC XAPOKTNPLOTIKEG TNG VOOOU OTMOMUEAVWTIKEC TAAKEC (OUAEG) o€
TOAAQ onpeia Tou gykeddAou Kal Tou vwTtiaiouv puelou (NM) (Staomopd oto Xwpo)
[394]. Ztoug meploocotepoug acBevelc, HETA Ao TIC MPWTEC EEAPOELC TNEG AoOEveLag,
enépxetal oxedov mMANPNG avappworn, apyoteP OUWE Ol VEUPOAOYLKEG SLaTapaxES
aBpoilovtal otadiaka (Staomopd oto Xxpovo) [394] pe amotéAecupa  va
Snuoupyouvtal HOVIHEG BAABEG oTNV KLVNTIKN KoL atoOntiki Aettoupyia [395].

To aitto mou oényel otnv eudavion tng acbévelag dev eival cadeg,
TUOTEVETAL OTL O UTIOKE(MEVOC HNXOVIOUOG elval eite n kataotpodn amd To
OVOOOTIOLNTIKO oUoTnUa €(TE N AMOTUXiO TWV KUTTAPWV TIOU TAPAYouV HUEAivn
[396]. Tooco yevetikol 600 Kal TePLBAANOVTIKOL TTAPAYOVIEG OMWC Ol AOLUWEELG
daivetal 6tL cupBaiAouy otnv epdavion tng acBeévelag [392, 397-401]. H moAAamAn
okAnpuvon ouvnBwg Slaylyvwoketal Baocsl twv mapouctalOopevwy evdeifewv Kal

CUUMTWHATWY KOL TWV ATMOTEAECUATWY TWV UTIOOTNPLKTIKWY LOTPLKWY EEETACEWV.
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2.4.1.1ct0pKn avadpopn

MpokaAel evtumwon TO YEYOVOC OTL Pl OO TIG TILO OUXVEC VEUPOAOYLKEG
nabnoeLg, N oKANPUVON KATA TAGKAG, €XEL LOTOPLA AlywV LOVO OLWVWV UE TLG TIPWTEG
avadopég o LoTPIKA Keipeva va tormoBetouvtal wéAig tov 14° awwva. H eupeia
TIOLKIALOL TWV CUUTITWHATWY TNG VOOOU 0€ cUVSUACUO e TNV armpoPBAemntn eudavion
TOUG, EK&NAWVOVTOL KL UTIOXWPOUV OTA TIEPLOCOTEPA ATOMA, EKAVAV TNV OKANpuvVOon
KOTA TIAAKAC Lol SUOKOAN VOGO Vo avVOyVWPLOTEL Kall va LeAeTn Oel.

H mepinmtwon plag veapng yuvaikag ovopatt XaAvtopa, €lnoe otnv loAavdia
yUpw oto 1200 u.X., n onola éxaoe advika tnv 6pacr g, MAPEAUCE KAl LETA ATO
EMTA nNUEPEC €ylve KOAA UoTeEpa amd TMPOOEUXN OTou¢ ayioug, mBavotata
umodnAwvel kM. QoTo600, N MPWTN avayvwplopévn mepimtwon [402] atépou pe kM
elval aut t™¢ oAavdng povaxng, Ayiag Lidwina tou Schiedam (1380-1433). H
vooog £ekivnoe o nAkia 16 €Twv evw ATAV anmoAUTWG UYLNG WG TOTE, EMELTO ATO
TITWON OTov MAyo Kabw¢ €kave matwval. Ektote umédepe amd MEPLOTAOLAKOUG
Tovouc, aduvapia ota KATW AKpa Kal OMWAElA TNG 0paocnG. MEeTA amd HEPLKA
xpovia, o Babuog tng avamnnpiag avénbnke kal n ¢Oivouoa mopeia NG Lyelag TG
odnynoe teAlka otov Bavato tng, 34 xpovia apyotepa, o NAKia 53 eTwv. To KALWVIKO
LOTOPLKO TNC AVTATTOKPLVOTAV EVTUTIWOLOKA OTO LOTOPLKO TWV CNUEPLVWV KALVIKWV
kpttnpiwv yla tn kM.

O Avuyouotoc Opeldepikog v’ Eote (1794-1848) [403, 404], yL6G TOU TplyKuTa
Auyouotou Opeldepikou, Souka Tou Zaoefkal Tng Aaidbng Auyouota Mapel, eyyovog
Tou Bao\la Fewpyiou M Tou Hvwpévou Baolheiou, eival oxedov BERaio OtL Emaocye
a6 oAAAmAR OKARPUVON, OTIWG EYLVE YVWOTO PECW TOU TIPOCWTILKOU NEPOAOYiou
TIOU S10TNPOUCE KoL OTO OO0 KaTaypAPEL AEMTOUEPWC TA 22 XpOvia cUVUTIAPENC
TOU HE TNV 0oBévela. To CUUMTWHATA Tou Eekvouv va epdavilovtal os nAkia 28
ETWV Ue mopodikn anwAela 6pacng (mBavov apdotepOMAEUpn OMTIKY veupitida), n
omola eudaviotnke Eadvika petd amo tnv kndeia evog pilou. Kata tnv e€EAEN TG
vooou tou, o vt' Eote avémtuée aduvapio Twv KATw Aakpwv, atafia Twv XepLwy,
anwAela tng atodBnong adng, tiyyoug, dtatapaxec tTng oupodOxou KUOTNG, OTUTLKA
SuoAettoupyia kot AAAQ XapaKTNPLOTIKA TNG 2K, €wg TNV TPOoOoSEUTIKN TtapAaAucn
TOU Kal To Bdavato Tou UoTepa amo 26 xpovia cuPBlwong HE TNV AYVWOTN W¢ TOTE

aoBévela tou [403, 405]. Mot akOUn TPWLN HopTupia TOAAAMARG OKARpUVONG
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Slaowletal and tov Bpetavo xpovikoypddo Mmpoug Opéviepik Kapvykg (1889—
1919), yvwotog pe to Peuvdbwvupo B. N. M. MnapuméAlov, o omoiog tnpouoe
AEMTOUEPEG LOTOPLKO TNG SLAyvwong Kal TnG MAAng tou pe tnv acBévela [405]. To
NUEPOAOYLO Tou dnuoaoteltnke To 1919 pe tov titAo The Journal of a Disappointed

Man (To nuepoAdyLo evog amoyonteupévou) [406].

Dr. Jean-Martin Charcot

Ewova 17: O Zav-Moaptév Zapko (29 NoeguPpiou 1825-16 Auyouotou 1893), ydAAog
VEUPOAOYOG Kal KaBnyntng avatoulkng naboAoylag, NTav o MpwTtog mou mepléypalde tnv
TOAAQITAL oKARpuvoN.

O Jean Cruveilhier (1791-1873), évag aAAog ka®nyntig tnG mMaBoAoyLKAG
avatouiag kat o Robert Carswell (1793-1857), €vag Bpetavog kabnyntig tng
naBoloyiag, mepléypadav to 1835 tnv maboAoyikn elkova tng KM wg «vroot patdg
eKPUALONG 1 HETAOYXNHUATIOUOU SLACTIOPTWY QTOMUEAVWTIKWY E£0TLWV OTO HUEAO
TWV 00TWV, TO eYKEDAAIKO OTEAEXOG, TNV TapeykedaAida Kal PEPLKEG POPEC TOV
eykédalo» [407, 408]. Apyotepa, to 1863, O EABetog maboAoyog Georg Eduard
Rindfleisch (1836-1908) avédepe OTL N ULKPOOKOTIKY avaluon Selyvel pAeyUoOVEG
mou oxetilovral pe BAaBeg, Staomapteg yUpw amo ta atpodopa ayyeia [409, 410].

MOA to 1868 o [AAAo¢ veupoAoyoc, Jean-Martin Charcot (1825-1893),
ouvolilovtag mponyoUEVEG EKOECELG KO TTPOCOETOVTAG TIG SIKEC TOU KALVIKEG KOl
TIABOOAOYLKEG TIAPATNPNOELG OVAYVWPLOE TNV VOOO w¢ Eexwplotn acbévela divovtag

NG To 6vopa «okAfpuvon katd mAdkac» («la sclérose en plaques») [407, 411, 412].
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Juykekplpéva, o Charcot €kave tnv Slakplon Hetafl tng tPouwdoug mapaluvong (
0pYOTEPA OVOUAOTNKE VOOOC Tou Parkison) ko tn¢ okArjpuvong katd mAdkac. Ta tpila
KAWVIKA onuadila tng MNZ, yvwotd wg tptada tou Charcot, elval vuotayuog, tpéUoulo
Kal tnAeypadikog Adyog (BlLaotikdg Aoyog), av kol autd to onuadia  dev
eudavilovtal anokAelotikd otnv M. O Charcot mapatrpnoe eniong aAAayEg otnv
YVWOTIKN Asttoupyla, meplypadovtog TouG acBeveic TOU WG ATOUA UE KONUOVTLKN
e€aoBévion NG pvRUNG» Kot «avtAnPeLg mou oxnuatilovral pe apyo pubuo» [412,
413]. H kAwiwo-mtaBoloyikn meptypadn tou Charcot yia tnv ZKM kpiBnke otL ATAV
T000 oadng kat akplBng mou, 20 xpovia apyotepa, o Gowers SHAwWoE OTL «EAAXLOTA
umopolV va mpooteBouv otnv meplypadn mou £6woe o Charcot» [414]. Me
npwtonodpo Aoutdv tov Charcot, ota téAn tou 19% awwva, n véooc apxilel va
avayvwpiletal 6Ao Kal TIEPLOCOTEPO KAl VO AVTILETWTIIZETAL WG EEXWPLOTH aoBEvela.
To 1873, avayvwpiotnke n mabnon otnv AyyAla amd tov Dr. Moxon, oOtav
dnuoocievoe TIC MEPUTTWOELG OKTW AcBeVWV amd VOGO TIOU TNV OVOUOOE «vNnoLSLKn
okAnpuvaon» (insular sclerosis) kot to 1878 otig Hvwpéveg moAtteieg o Dr. Edward
Seguin mou dnpocicuoe apOpo OXeTIKO e TN vOoo. Tnv La xpovid o Dr. Ranvier otn
FaAAlo avakdAue tnv HueAivn. TNV Mopeia, OpKETOL onuavtikol avBpwrmol Tou
Xwpou, petafl twv omoiwv Russell Walter Brain (1895-1966) kat o James Walker
Dawson (1870-1927), mopAyayav €pyo €PEUVNTIKO, KAWLKO Kal cuyypadlkd Kol
ouvéBaAav oTo va yivel n vOOOG TEPLOCOTEPO KATAVONTH).

Téhog, to 1935, o Dr. Thomas Rivers oto Ivotitouto Rockefeller tng Néag
YOpKNG, Xopnywvtag MUEALVN OE TEPAUATOlWO TIPONYOYE TO OVOOOTOLNTIKO TOUC
ocvotnua va emtebel otn 8K TOUg HUEAiVN, TPOKAAWVTAG HULa VOOO TtapOuoLa LUE
v  IKMN. Autd TO TEPAUATIKO  HOVIEAO, OVOUAOTNKE  «OAAEPYLKN
eykedalopveditidbar» (experimental allergic encephalomyelitis, EAE) kot apyotepa
QTOTEAECE ONUAVTLKO OTOOUO otn HeAETn NG vooou [415], otnv katavonon tng

naBoyévelag Kal otnv mpoonadela Bepamneiag Tng.
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14%-18% awwvag t\\

Neplypadég nou potafouv pe Ik

19% awwvag

H mpwtn, mBavwg, anewkovion
nadohoywwv PAapuwv IkN and
tov Robert Carswell.

H mpwtn kAwikr meplypadr tng
véoou Kat n avayvwpion vnapéng
udEoewv anod tov Latpd Friedrich
Theodor von Frerichs.

1868 0 Jean-Marie Charcot neplypadet
kat ovopartilel v «IkAfpuvon

Katd MAGKag».

0 Josef Felix Badinski napouotdiet
10 EKTATIKO nelpatiaio
QUTQVaKAQOTIKO  YVWoTo WG
«onuelo Babinski».

1898 AvakdAun TG pUeAivng and tov
Louis Ranvier.

20° auvag
" " 1935
O veupohéyog Thomas Rivers — 0
avantiooel  TO  TELPAHATIKO 1955
HovTéNo me AMEPYIKAC A O John kurtzke avantUooel Tnv KAlpaka
eykedaNopVENTISAC P kataotaong avannpiag (Disability Status
Scale, DSS) yw TNV ektipunon g
ooBapotntag tng IkMN.
1981
Napdyovtat oL  MPWTES  EKOVES —A
payvnTkig Topoypadiag  (MRI) and
eykédaho aoBevol.
1993-1998
Ta ¢dppaka Betaferon (IFN-1B 1b),
.- Avonex (IFN-B 1a), Copaxone (glatiramer

acetate), Rebif (IFN-B 1a) eykpivovtal yla
v Bepanéia TG IKM, Mewdvovtag
Kuplwg TNV ouxvoTNTA TWV EEAPOEWV.

: 21°% arvag

2000
2007 — — To ¢apuako Novantrone (uro§avspovn)

; I > eykplvetal yla xpion o€ aoBeveiq pe
To dapuaxo Tysabri elodyetat otn GZU?IEpORGQYbQ xprrllpztoboa (SP)C “r,]
Bcpaneia twv popdwy TG IKN ke npoiovoa pe e€apoelg (PR) IkMN
efapoelg kat udpéoelg (RR) ywa tn P H PO '
Helwon TG ouxvotntag Twv
e§apoewy, peiwon wme
nbavétnrag euddvions  vEwv
«BAaBwv» kat emBpdduvon g —— ~
£yKATACTAONG avannpiac. \

Ewova 18: Inpavtikd xpovoAoykd opdonua otnv Lotopla T ZKARpuUvonG Kotd MAGKaAS N
MoAAQTTARG OKANpUVONG.
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2.4.2.Emiénuioloyia

H erudnuiodoyia ival n €moTAUn MOU AOXOAE(TAL PE TN KATAVOUN KOL TNV
€€EAEN Sladopwv aobevelwv mou epdavilovral otov avBpwrivo MANBUCUO Kal TNV
OUOYXETION TOUG HE GAAOUG TOPAYOVIEG, Yewypadlkolg, Onuoypadikolg N
YVEVETIKOUC HE OKOmMO Tnv Olepevvnon NG attonaboyévelag tng vooou. Ot
eTUONULOAOYLKEG LEAETEC elval pOKANGN yla S1ddopoug AOYoUG KAl CUYKEKPLUEVA
otnv Tmeplmtwon tng kM Suoxepaivovtol onuUaviikd Aoyw SloyvVwOoTIKWVY
neploplopwy. MNa tnv ZkM Sev umapxeL €va EVPEWG XPNOLLLOTIOLOUEVO SLOYVWOTLKO
TEOT, UE AMOTEAEOUA N Sldyvwon va KaBuoTepRoEeL i va YNV €lvol owoth 1 akopa
Kal va xaBel. EmutAéov, ta dedopéva amod mMaAalotepeg eTUONULOAOYLKEG UEAETEC
eVOEXETAL VA YNV OVTUTPOOWTEVOUV HE akpiBela tov Tpéxovia aplOpd atopwv pe
okAnpuvon Katd mAAKaG, Aoyw SladopeTikwv HeBOSwv mou XpnoLlonolouvtay yla
TOV EVTOTILOMO KOL TNV KATAUETPNON ATOPWY, KOOWE Kal SLadOPETIKEG OTPATNYLKES
ylwa tnv avalvon twv Sedopévwy Toug. TEAoG, yla KaBe vooo elval XpAoLWlo va
UTTAPXEL HLa KEVTPLK Baon Sedopévwy n omola val EVNUEPWVETAL ATTO TOUG LATPOUC
otav Slaylyvwoketal og kamowo acBevr. Mo tv kM dev umdpxel autd to idog
KEVIPLKOU OUOTHUOTOC avadopdg wote He €UKOAO TpOmo va eival duvatry n
KOTAUETPNON TWV ATOUWVY TIOU TTAGYOUV KaL N TEEPALTEPW avAAuon SeSoUEVwy.

H emintwon kal o emMuoAaouOg Ulag vooou ival Baotkol delkteg amod Toug
omolou pmopel va yivel e€aywyn XprolUWY CUUMEPACUATWY YLl TNV 0.0BEvela Kal
OTLG OTIOLEC ETUKEVTIPWVOVTOL Ol TIEPLOCOTEPEG ETUONUIOAOYIKEG UEAETEG. QG
enintwon opiletal n cuxvotnta epdaviong pLag vooou dnAadn gival o aplOpog twv
VEWV TEPUTTWOEWVY TIou cupPaivouv oe pla dedopévn xpovikn mepiodo (ouvribwg
€va xpovo) oe £va dedopévo mAnBuouo (ouvBwe 100.000). Emopévwg, n enintwon
elval pétpo kwduvou yla tnv avamtuén tng vooou. AvtiBeta, o emumOAAoUOG Sev
amoteAel HéTpo KvdUVOU, TapA aVTIKATOMTPLlEL TOV OPLOUO TWV TEPLOTATIKWY TIOU
nén umapxouv otov TMANOBuoPO pla Sedopévn XPOVIKN oTyun. Ol TEPLOCOTEPEC
ETUSNULOAOYIKEC LEAETEG TTIOU adopoUV TNV ZKI, ETUKEVIPWVOVTAL OTOV EMTTOAACLO.

H okAnpuvon katd mAAKag ival n Lo ouxvr) aLtia VEUPOAOYLKAG SLatapaxng
otnVv veapn Kal péon eviAlkn {wn Kal ToTEVETAL OTL TPOOPANAEL MEpLOCOTEPA ATIO
2,3 ekatoppvpla avBpwroug (mepimou 30 meplotatika ava 100.000) maykoopiwg

[416-418]. H vooog €xeL péon emimtwon mepimou 7/100.000 mAnBucpoul, péco
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emumoAacpd mepimou 120/100.000 mAnBuaopoL Kot kivbuvo gudaviong tTng vooou os
omoladnAmoTe Xpovik otyun the {wng evog avBpwrou, 1/400 avBpwmoug [392]. Ta
nooootd tng kM ¢aivetal va aviavovral, wotdoo auto pnopel va anodobel otnv
KaAUTEPN Katavonon tng vooou, TV mpocPfacn otnv Latplki mepiBaAPn kal tnv
BeAtiwon twv Slayvwotikwv peBodwv [416]. Ektipdtal OotL ol cuvoAikol aplBuol
aoBevwv He okApuvon Katd mAAakag Ba auénBouv yupw otig 35 XIAMASEG HEXPL TO
2022, xwpic woTtdoo va UTIAPXEL KATIOLO CUYKEKPLUEVN alTio TIou va odnyroeL o€
aopaléc oupnépacpa. Evw n acBéveia Oev  elval petadotikn 1N Apeca
KANPOVOUNGOLUN, OL €TLONULOAOYOL €XOUV EVTOTIOEL OPLOUEVOUCG TIAPAYOVTEG TIOU
ocuoxeTilovtal Ye TNV eUdAVION KAl KATAVOUN TNG OKANPUVONG KATA TAAKAG 0 OAO
Tov KOopo. Autol ol mapayovteg mepthapBavouv to GpUAo, TNV YeVETIK Tipodlabeon),
v nAkia, ™ yewypadia kol TNV €Ovik mpoéAeuon. TETOlEG MEAETEG TOU
T(PAYUATOTOLOUVTAL Yl Ta MANBUOoULaKA Kol Yewypadlkd potifa tng acbévelag
[419] pmopouv TeAka va odnynoouv o Bewpleg OXETIKA He Ta aitia eudaviong tng
[399, 401].

H kN ekénAwvetal cuvnBw¢ o€ eVAALKEG 0TO TEAOG TNG SUTEPNG 1) OTNV 0PXN
™G tPltng Sekaetiag TNG {WNG TOUG, OFE OTAVIEG OMWCG TEPUTTWOELG UIMOPEL va
ek&NAwOEeL otnv matdikn nALKia Kat LeTA TNV NAKia Twv 50 eTwv [416, 417]. Onw¢ ta
TIEPLOCOTEPA AUTOAVOOA VOO LATA, N CUXVOTNTA TNG VOooU eudavilel uTtepoxn oto
yuvaikeio ¢pUAo 3,6/100.000 dtopa-£tn ot yuvaikeg, €vavtl 2,0/100.000 atopwv-
€tn otoug avdpeg [391, 420-422], pe peAéteg va Seixvouv tnv auéntiki tdon tng
vOOOU OTO yuvalkeio MANBuouo [423, 424]. Ita maldld ekdnAwvetal akopa TLo
ouxva ota kopitola anod otL ota ayopla [391], evw o€ dtopa dvw Twv 50 eTwy, €ival
oxe&ov Looduvapn HeTaty avipwy Kal yuvalkwy [425]. EvtoUTtolg, HEAETEC avAAUONG
ToUu yoviSlwpatog dev €del€av miBavry cuoX£Tion yovidilwy, Tou EvoxomoLouvTaL yla
v eudavion kM, pe to Ypwpoowua X [426]. Katd ocuveémela, n auvénuévn
ouxvotnta tn¢ 2KkM oto yuvalkelo dpuAo evdéxetal va oXeTiletal pHe GUOLOAOYIKOUC
TIOPAYOVTIEG TIOU ATAVIOUV OTO YUVALKELO ¢UAO, TBAVWG OPUOVO-EEQPTWLEVOUS
[427, 428] 1 vumodnAwvel peyaAltepn eualobnolot TWV  YUVOLIKWV  O€

nieplBaAlovTikoug mapdyovteg Kivbuvou [422, 424].
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Ewkova 19: (A) Avadoyia yuvaikwv/ avdpwv He okAfpuvon Kotd mAAKOG ava £T0¢ yévvnong,
Slapkelag 50 etwv (n=27074) (B) Katavoun tng nAkiog eudaviong Twv CUUMTWHATWY TNG
ZKM. [424, 429].

Ot emdnuLOAOYLKEG HEAETEC TNG 2K davepwvouv pla WbLalovoa yewypadikn
KATAVOUN KOTA TNV omola n ouxvotnta tg nadnong auvfavetal Le tTnv avénon tou
YeEwypaPLKOU TAATOUG, €lvol CUXVOTEPN OE TIEPLOXEG LOKPUTEPA OO TOV LONUEPLVO,
odnywvtag ToAAOUG va Tn XAPOKTINPLOOUV WG VOOoO Twv €eUKpotwv Popeiwv
KALLATwv. H mapadootakn amoyn, otnpl{OUeVn o OPXLKEG UEAETEC, UTIOOTNPILLEL OTL
n kM €lvol cuxvy o€ TIEPLOXEC KATOLKNUEVEC Ao ATopA TNG AeUKNG PUANRG BopeLlag
TIPOEAEUONG, HME €UKPATO KAlHa kot UPNAG KOLWVWVIKO-OLKOVOULKO eTtimedo.
AvTIO£€TWG, n M2 elval AlyOTEPO OUXVN OE TIEPLOXEG KATOLKNUEVECG amd GUAEG TtEpav
NG AEUKAG, OE TPOTIKEG TIEPLOXEG KOL OE TIEPLOXECG UE XaunAo eminedo Siafiwong
[430, 431]. Emiong, udiotatal cadng emiPBapuvon NG AeUKAG GUANG, HE TIG
umoAouneg GUAECG va polpalovtal T XOPAKTNPLOTIKA TNG YEWYPAPLKAG KATAVOUNG
mou avadepOnke, aAAG o€ HIKPOTEPO BaBud oe ox€on He T Asukn ¢UuAr. Qotooo, Ta
TIOOOOTA ETUKPATNONG MTOPEL va SladEpouv oNUAVIIKA HETAEU TwV Opadwv Tou
fouv otnv dla yewypadiki meploxn aveédptnta oamd tnv amoéotacn amnd Tov
lonuepwvo. MNapadetypa amotedouv pepikot mAnBuopol (Inuit, Yakutes, Hutterites,
Ouyypikd Poua, NopPBnywka Lapps, Auotpaiol ABopiyeg kat Néa ZnAavdia), otoug
omoiou¢ n 2K eival oxedov avumapktn, mapd To YEwWypapLlKO TAATOC 0To omoio {ouv.
Emopévwg, n €Bvotnta kal n yewypoadia amoteAdovv aveEAPTNTOUG MOPAYOVTES
KlvSUvou yla tn vooo Kat dAAnAeTdpouv pe €vav MOAUTIAOKO TPOTIO EMNPEALOVTAG

TOL TOOOOTA €MIKPpATNONG o€ Slddopa Pépn Tou Koouou [432].
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H IkM kotavépetal ava tnv UPNAALO, HE KPLTPLO TOV ETUMOAACUO, OE TPE(G
{wveg ouxvotntag: uPnAng, Méong kat xaunAng [433, 434]. Itnv lwvn uvdniouv
KwwdUvou (>30/100.000 katoikoug) meplhappavovtal MeEPLOXEG OTWE To BOPELO Kall
Héoo tunpa tng Evupwnng[416], lopanA, Kavadag, Néa ZnAavdia, ZikeAia, VOTLEC Kal
QVATOALKEG TIEPLOXEG TNG AuoTpaAiag, avaTOAKES TEPLOXEG TNG Pwaolag Kat To BopeLo
uNua twv H.NA. Ztnv Twvn péoou Kwdlvou (5-29/100.000 «katoikoug)
neplhappavetal n Apepiki pe 8,3 kpouopata ava 100.000 dtopa kat otnv wvn
XOUNANG emikwvéuvotntag (<5/100.000 dtopa Katoikoug) avikouv n Adplki He
TIOOO0OTO HIKPOTEPO amo 0,5 kpouopata ava 100.000 dropa kat n NoTloavatoAkn
Acla 6mou avépyetal og 2,8 kpoUopata ava 100.000 dtopa. OL LECOYELOKEG XWPEC
napouvaotalouv évav evllapeoco kivbuvo avamrtuéng kM (5-30 ava 100.000
Katoikoug) [435]. Xtov eAANVIKO TTANBUCUO O EMUMTOAACMOG TNG VOOOU KUMALVETAL
a6 10-29, ava 100.000 katoikoug [435]. Qotdoo, velOTEPEC UEAETEC TOU
SlevepynOnkav otn votia EAAaSa Seixvouv onuavtikd uPnAoTtepo EMUTOAACUO TNG
vooou tNn¢ taéng twv 100-120 meplotatikwv/100.000 katoikoug [436]. H Bopela
EAada avikel otn lwvn péong ouxvotntag katd Kurtzke, pe emutoAacpud N2
29.5/100.000 katoikoug [435], evw n meploxn tou ERpou Bewpeital wg {wvn uPnAng
ouxvotntac He mutolacpo 38.9/100.000 [437]. H dutiky EAAGSa emiong avhKeEL O€
{wvn uvdnlov kwwduvou pe avadepouevo emutoAoocpd €wg 119.64/100.000. O
0plOPOC TWV VEWV TEPLOTATIKWY TIOU QVOMTUOOOVTOL £TNOLWC €ival mepimouv 2,5
nepLotatika ava 100.000 datopa [417].

H Sltakupavon mou mapatneeltal oTig TIHEG EMUTOAACUOU TNG VOOOU Oev €XEL
cadn aitia, dedopéva anod HEAETEC WOTOCO avadelkviouV OTL N PeTABacn amod pia
vewypadikn mepLoxn otnv aAAn ¢aivetal va PeTaBAAAEL TOV KivOUVO €VOC OTOUOU
va avamntuéel okAnpuvon katd mAakag. MeAéteg Seixvouv OTL OL LETOVAOTEC KOl Ol
amoyovol Tou¢ Teivouv va maipvouv to eminedo kwduvou (eite vPnAotepo eite
KOTWTEPO) TNG TEPLOXAG OTNV ormola Kwvouvtol. Qotoco, n aAAayr Tou KvdUvou
evbéxetal va unv epdaviotel apéows. Meléteg delyvouv 6tL n nAkia Kotd tnVv omola
AapBavel xwpo N HETAVAOTEUON €lval KaBopLoTIKN yla tn dlatrpnon tou Kwvduvou:
000l PETAVAOTEVOUV Ot nAwia peyaAltepn twv 15 etwv datnpouv tov Kivéuvo
€UPAVLONC VOOOU TIOU ElXaV OTOV TOTIO YEVVNONG, EVW OTOV N NALKLOL LETAVAOTEUONG

elval pkpotepn twv 15 €Twv, To ATOpO SLaTPEXEL TOV Kivduvo TnG xwpag otnv omola
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uetavaotevoe/ katolkei [438, 439]. Ta edopéva autd umoypappilouv Th cUVOETN
oxéon HeTagl mePBAANOVTIKWY KOL YEVETLKWY TIAPAYOVTWY otnv avamtuén kM kat
eruumAéov unootnpilouv otL n 2kMN npokaAeital mbavotata anod npéwpn €kBeon oe
Karmola mePBAaAAOVTIKY altia 0€ YEVETIKA evaioBnta Atopa, evw HecoAafel pa
Hakpa AavBavouoa mepiodo emwaong HeTafl Evapéng VOOOU KAl CUUMTWUATWY, UE

Ta moudLa va ivat dlaitepa avBektika otn vooo [440, 441].

DISTRIBUTION
OF MS
. HIGH RISK

I PROBABLE HiGH RISK

I Low risk

I PROBABLE LOW RISK
I NORTH-SOUTH GRADIENT RISK
I OTHER RISK

Ewova 20: Maykooula KATavopr oKARpuUvong Kotd TAAKOG: LEYAAUTEPN €MUKPATNON OF
uPnAotepa BopeLa KAl VOTLA YEWYPAPLKA TTAGTH.
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2.4.3.Naboduoiodoyia

Mua T-Aepdokuttoplkol TUTOU avoooavtibpaon évavtl mpwteivwy Tou KN
anoteAel TNV Bacn Tou maboyeveTIKOU UnXavLopoU tne ZKIM. Ta «auToavilépaoTka»
CD4" «kat CD8"  T-AepdokUttapa, emtiBeviat  otnv  MpueAivn  Twv
OAlyoSevEpoKUTTAPWY Kal oTadlakA TNV KAtaotpédouv, HUE QTMOTEAECUA TNV
EUPAVION TWV XAPOKTNPLOTIKWY OTTOMUEAVWTLKWVY TTAQKWV.

Ta evepyomnotnuéva T-AepdokUTTopa T oMol €XOUV UETAVOOTEUOEL PECW
¢ KukAodopiag oto KNI, Swadopomowovvtar oe Thl, Th2 kav Thl7. H
Stadpopomnoinon npog Thl Aepdokutrapa puBuiletal amno tnv wtepAeukivn 12 (IL-12)
HEOW TNG €kdpaong Tou petaypadikol mapayovta T-bet. Ta Thl eumAékovtal otnv
autoavooia kot maboyévela tng kM, ekkpivovtag mpo-GAEYUOVWOELG KUTTAPOKIVEG
onw¢ INF-y, TNF-a kat wtepAeukiveg (IL-12, IL-15, IL-17, IL-23) [442] kow emayovTtog
v ékdpaocn umodoxewv yxupokwvwv (CCR5 kat CXCR3). H wrtepAeukivn-4 (IL-4)
odnyel mpog Th2 dladopomnoinon pe ékbppacn tou petaypadikol mapayovia GATA-
3 [443]. Ta Th2, £€xouv mMpPOOTATEUTIKO pOAo otnv 2kl, mopdyoviag ovtl-
dAeypovwdelg kuttapokiveg: IL-4, IL-5, IL-10 [444]. EmutAéov, ta Thl7 kUttapa
daivetal va Stadpapatilovv onpavtikd poho otnv maboyévela tng kM [445]. Ta
Thl7 mapayouv tnv wtepAeukivn 17 n omoia mpodyel TNV ¢GAEYHOVH HECW
Slatdpagng tou atpatoeykedaAikol ¢paypol Kal evioxUoviag Tn UETAVAOTEUON
CD4+ T-kuttdpwv PEow Tou evboBnAiou [446]. H Th17 dwadopormnoinon twv CD4A+ T-
KUTTApWV €emayetal amd tov TGF-b kalL tnv wrtepAeukivn-6, avtiBeta pe tnv
LVTEPAEUKIVN-4 Kal TNV WTeEPdEPOVN-B Ol OMOieEC KATAOTEAAOUV TNV Tapaywyn
wvtepAeukivng-17 [447]. H wrtepAeukivn-23 daivetal va nailel podo otnv dtatripnon
Tou umonmAnBuopou autou. Ta Thl AepdokUTTopa EVEPYOTTOLOUVTAL TIEPALTEPW OTIO
avtlyova tnG emidAVELAC QVILYOVOTTAPOUCLAOTIKWY Kuttdpwv (AMK) onwg yua
napadelypa popla tou peilovog cupmAéyuartog otooupBatotntag taéng Il (MHC).
MNapdAAnAa, TUPOSOTEITAL £VOG KATAPPAKTNG YEYOVOTWVY HECW TNE TAPAYWYNG TIPO-
dAEYUOVWOWVY KUTTOPOKLVWYV N omola odnyel otnv evepyormnoinon Kal PETAVACTEUCN
oto KNZ twv mepldpeplkwyv povomupnvwy [448], kaBwc Kal TNV €vepyomoinon twv
HULKPOYAOLOKWV/LOKPOPAYWY, UE TEAIKO QMOTEAECHO TNV KATOOTPOdN TNG HUEALVNG
[449-452]. Ta T-kOTTOpPO KOl MOVOKUTTOPA ELOXWPOUV OTOV eyKEPAAO UEOW TOU

evboBnAiou twv Ttpryoeldbwv ayyeiwv, Olatapdcooviag To dpdayda OipOTOC-
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eykepaiou [453]. H kataotpodr tou AED nmupodotel mepattépw TNV PAeypovwdn
avtibpaon, TNV evepyomoinon twv pakpodAaywv Kal TV Iapaywyr KUTokwvwy [392,
454, 455].

Téhog, ta B-kUttapa Swadpapatilouv Kol OUTA ONUAVTIKO TOAO OTnV
naBoyévela kot gEEALEN TNG vOoou, pall Le GAAX QVTLOWHOTA KoL TIOPAYOVTEG TOU
CUMMANpwHATog elofarlouv oto KNZ, Slamepvoviag ToV alUatoeYKEDAAKO ppayuod
o omnoiog £xel dlatapaxbel. Ito eykeparovwtiaio vypd (ENY) acBevwv pe 2k,
napatnpeitat avénuévn ouvBeon oAlyokAwvikwv avocoodalpvwv IgM kal 1gG,
amnodelen vmapéng evepyonolnuévwy KAwvwyv B-Aepdokuttdpwyv oto ENY, ta onoia
TIAPAYOUV QVTLOWMOTA EVOVTL avTlyovwy HueAivng [456].

XopaKTnNPLOTIKO NG KM omoteAel n QMOMUEAIVWON WC OTMOTEAECUO TNG
Kataotpodng Twv oAlyodevépokuttapwy. H mapoucia mpoioviwy amolkodounong
NG MUEAlVNG €VTOC TOU KUTTAPOTMAQOUATOG TwV Hakpoddywv kal n ékdpaon
TIPWLIHWV SELKTWV EVEPYOTIOLNGNG TWV HaKpodaywV/UKpoyAolog amoTeAOUV LOXUPEG
evbel€elc yla Vv amopveAivwon evtog tn¢ alloiwong [457]. H kataotpodn twv
OAlyoSevOpOKUTTAPWY UMOpPEL va elval €(TE AMOTEAECUA AMOMTWTIKAG dladikaaoiag
Héow onuatodotnong Fas-Fas mpoodétn, eite PBAAPNG mou mpokaAesital amo
npoiovta Twv  T-AeudOoKUTTAPWY, TWV  EVEPYOTOLNHEVWY  HakpodAywv
(kuttapokiveg, pileg evepyol ofuyovou kot NO), amd ouoTtaTikd TOU O0poU
(avTiowpata KAl CUCTOTIKA TOU CUMMANPWHOTOC) 1 amod Likr poAuvon.

H amokatdotacn tng BAABNGg mpaypatomnoleital péow tn¢ Sladkaciag tng
EMAVAUUEAlVWONG, N omola €XeL OTOXO TNV TPOCTACLO TwV VEUPAEOVWV KAl TNV
enavadopd tng NAEKTPLKAG aywyLloTnTag. OL MEPLOXEG EMAVAUUEAIVWONG UITOpOUV
va Ylvouv oToxoG yla VEEG eiBaelg amopueivwong [458]. KAwika, n emaywyn g
EMAVAUUEAIVWONG UTTOPEL va £XEL ONUAVTIKEC EMUMTWOELG Otn PBeAtiwon tng

KLVNTIKNG SuCAELTOUpYLOG TTOU TtapaTNPELTOL OTOUG OKANPUVTIKOUC 0loBEVELC.
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Ewdva 21: Mnxaviopog kM. Ytnv kM, dVo otadla eival amapaitnta ywo TNV €maywyn
0VOOOQTTOKPLONG OTO KEVIPLKO VEUPLKO auotnua (KNZ): BAGBn tng pueAivng kal pAeyuovn.
ATIOHUEAVWTLKEG aAAOWWOELC oTn Aeukn oucia cuvodelovtal and diénon povomupnvwy
dayokuttapwy, B AepdboKUTTAPpWY, KUTTAPWY TMAACUATOG, SEVEPLTIKWY KUTTAPWY, KUTTAPWY
CDS8 +, dladoponotnuéva CD4 + T BonBntikd 1 (TH1) kat TH17 kOttapa oto KNX. Metd tnv
KAWVLKN €méktoon, Ta B kOtrapa wplpalouv oto MAGOoHA Kol armeAeuBepwvouv PEYAAEG
TMOOOTNTEG AVTLOWHATWY. Emavepyonoinon Twv KUTTGPWVY TOU 0lVOGOTIOLNTIKOU CUOTHATOG
oényel og auvénuévn mapaywyn GAeyHovwSwWY KUTOKLWVWV. AUTEG OL KUTOKIVEG pooeAKUOUV
GAAO avoookUTTapa, Onwc Ta pakpoddya, ta omoia ameAeuBepwvouv toug PAaPepég
avooodLapecoAafnTEG Kat kateuBUuvouv dayoKUuTTapLKA eniBeon otn HUEALVN.
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2.4.4. KAwikn €lkova (Zupmtwpatoloyia)

H IKMN pmopel va ekdnAwBel pe mANBog SLaPOPETIKWY CUUMTWHUATWV
avaloya pe to onuelo mpooPoAng tou KNI kat to Babud amopueAivwong, yeyovog
TIou €€nyel TNV HeYAAN €TEPOYEVELA TNG KALVIKNG ELKOVAC HETALL aoBevwy. Qotdoo, n
T(POOPOAN OPLOUEVWVY TIEPLOXWYV, OTIWE TA OTTIKA VEUPQA, TO EYKEPAAIKO OTEAEXOG, N
napeykedpalida kal o vwtiaiog HueAog (1Slaitepa MPOGPoOAN TwWV TUPAULSLKWY Kal
oaodNTIKWY Sepatiwv), elval ocuxvotepn HE OTMOTEAECHO OMTIKA KLVNTIKA Kol
alobntnplaka mpofAnpata va eivatl Ta o cuvnBOlopéva. upntwpata Aoyw BAABNG
OTOUC KPAVLAKOUG TTUPAVEC, TOV EYKEPOALKO KAOLO 1 Ta Baoikd yayyAla ival omavia.

Eva atopo pe kM pmopel va epdavilel mpoPAnuoata otnv oOpacn
(butAwrtia, omtikn veupitida, vuotayuocg), dlatapaxEC aodNTIKOTNTAG (aMWAELA TNG
aiobnong N mopalobroelg O6nwg tooufuo, kapditoeg, PeAdveg | poudilaoua),
npoPAnuata otnv outhia (ducapBpia) i otnv katamnoon (duodayia), mpofARuatTa
otnv Badion n otnv wooppormia (iAyyog, atafla, mMAPECH-MOPATEPEDT, QUENUEVA
TEVOVTLA QVTAVOKAOOTIKA, HUIKOL otaopol, omaotikotnta, TPopo/Tpépoulo), [459].
Alatapaxég TnG oupodOXou KUOTNG, TPOPANUATA EVTIEPOU, OTMWCG KOl OTUTLKEG
SuoAeltoupyleg mapatnpouvtal niong oe acBeveic pe kM.

Juxvd, TO CUUMTWHOTO TNG OKARPUVONG KOTA TAAKAC cuvdualovtal pe
MUk aduvapia kal aioBnua komwong. Mpokewtal ylo aloBnua amwAeglag tng
dUOLKAC A KAl PUXLKNG EVEPYNTIKOTNTAC HE TAPAAANAN €avtAnon kal e€ouBévwon.
MBavotata n ekdNAwon ¢ oxetiletol pe PELWUEVO EYKEDAALKO HETABOALOMO, TNV
alnvia amd v onoila unopEpouv moAAol aoBeveic, Tov MOVO 1 OKOUA KOL TNV
dapuakeutiki aywyn mou Aappdavouv. O movog, ival emiong cuxvo MAPATOVO TWV
aoBevwy, elte mpokettal yla veupaAyia tpdUupou, pllltikd movo f Kamola AAAn
napofuoulky ekdNAwon TnN¢ vooou, OMwG ol eMWOUVEC TOVIKEG Kploelg, elte yla
duocaloBnoieg i duocaloBbntikol¢ pn TapPofuopLkoug movouc. H vooog emiong
duvatal va ouvodeletal pe OSUOKOAlEC otV OKEYN Kol ouvaloOnuatika
npoPARuata onmwe n kKatabAwpn n n evpetaBAntn dwabeon. To pawvopevo Uhthoff,
ot KAaolwk taon twv acBevwv pe kM, omou n avénon tng Beppokpaciog
(ecwtepikd N e€wteptkd) MPokaAel eMISEIVWON TWV CUUTITWUATWY HE AMOTEAECUA

TO Atopo va alcBavOel moAU xelpotepa kat n €véelén tou Lhermitte, pa aiobnon
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NAEKTPLOMOU TIOU SLATPEXEL TNV TMAATN KAl TO AKPO KATA TNV KAaupn tou auvxéva,
elval lblaitepa xapaKkTnpLoTIKA TNG ZKM.

Ta Stadopa cuumTwpaTa Tou poavadEpdBnkav unopouv va eudavilovrat
ouvduaotika Slapopdpwvovtag TNV KAWVLIKN ekova Tne IKM 1} pepovwpéva. TuvnBwg
OQUTA TO CUPMTWHATA €ival TaPoSIkA Kol ATia Kol 8eV APAKIVOUV KATOLOV va
avalntioet Latplkn Bonbela n pmopel va gpunveuBouv wg évapén omolacdnmote
nadnong. Ta ouvnBéotepa aPXIKA CUMMTWHATA €ival: aAAayEG otnv aiobnon twv
XEPLWV, TOSLWV 1 Tou PoowTou (33%), OAKA 1 LEPLKN aTWAELX TG Opaong (16%),
aduvapia (13%), duthwmia (7%), ataéia oto mepmatnua (5%) kat mpoBAnuata
Loopporiag (3%), aAAd éxouv avadepBel kal omavia aApXLKA CUUMTWHOTA OTWG
adaoia kot Puxwon. To 15% twv avBpwnwyv £Xouv TOANATAG CUUMTWHATA OTOV
avalntouv Latpikn Bonbeia [460].

H kUpla p€tpnon tng avamnnpiag Kal tTng cofapotntag ivat n dleupupévn
KAlpoka kataotaong avamnnpiag (EDSS), pe GAAEC UETPHAOELS OMWG TO AELTOUPYLKO
oUVOETO TNG MOAAOTMANG OKAPUVONG va XPNnoLUOToloUvVTOL OAO Kol TEPLOCOTEPO

oTnV €peuval.

* [loooTikonoleital KAIVIKG pe TV
Enektapévn Khipaka s Avannpias

(Expanded Disability Status Scale
EDSS)
EniBeBawverar oe pia Sebrepn
I q§|o)\quoq 3-6 prves apyoTepa
Nn Um-lul Modelab Rouuven D-uh-ll' A Coﬂ'll\od !;:a:o
disability disability disability severe affects daily required to wheelchn e o bed or

disability routine work wheeichair

Kurtzke 1983

Ewkova 22: H Steupupévn kAlpaka kataotaong avamnnpiag (EDSS) yla tnv uétpnon g
avamnnplag kat tng cofapotntag tng k.
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2.4.5.Nopeia g vocou-MopdEg

H povipng kot povoouumtwuatikn mpooBoAnl tou KNI kAwikd cuppath pe
IkM amotedel TO KAWIKA «UEUOVWHEVO OUVEPOUO», TO TPWTO EMELCOSLO
VEUPOAOYIKWV CUUMTWUATWY TIOU TIPOKAAE(TAL amd (PAgypovh KAl AMOUUEAIVWON
TOU KEVIPIKOU VEUPLKOU ouotnuatog. H €vvola Tou «KAWIKA QTOUOVWHEVOU
ouvbpopou» -clinically isolated syndrome (CIS) mapoucldotnke Tnv TeAsutaia
elkooaetia oTIG ayyAooOfOVIKEG XWPEG KATA TNV MPOOTABsla Kataxwpnong Kat
afloAoynong twv Sladopwv KAWIKWY CUVEPOUWV TNG OKARPUVONG KATA TAAKAG.
AUTOGC 0 0po¢ xpnoldomoleital, otav mapouolaletal pio KAWIKG ekdnAwon tou
dAopaTog TNG OKANPUVONG KOTA TAGKOG Yl XPOVIKO Sldotnuo mépav  Tou
ELKOOLTETPOAWPOU. ¥’ QUTEC TIC TIEPUTTWOEL TO XOPAKTNPLOTIKO €lval OTL OTavV TO
CUUMTWHO TLY. Mia OmTIKA veupitlda f pia emANTTKA KPlon HE T Hopdn TG
povomadpeong s€adaviletal, TOTE TO HOVO TIOU QTIOMEVEL £lval TuXOV TtaBoAoyikad
EUPNUATA OTMWG XOAPAKTNPLOTIKEG ONMOMUEAVWOELG, UOTEPA ATO €EELOLKEUUEVEG
€€ETAOELG OMIWCG €lval TA TPOKANTA SUVAULKA 1) N HAyVNTIKY Topoypadia. Ta Betika
gupnuata otnv MRI Ba kaBopioouv kal tnv mMBAvVOTNTA UETAMTWONG O KALVLKA
BePBaia kM. Otav 1o CIS cuvodeletal amd PBAABeC o€ payvnTiki topoypadia
eykedalou (MRI) mou eilval TAPOUOLES UE EKELVEC TTOU Ttapatnpouvtal otnv 2k, To
atopo €xel uPnAn mBavotnTa ylwa €va OeUTEPO EMELCOOLO  VEUPOAOYLKWV
CUMMTWHATWVY Kot Stayvwon umnotpornidalovoag-Slaleimovaoacg kM. Otav to CIS dev
ouvodevletal and PAdBeg tomou MS oe eykedalikr) payvntiky topoypadia, to
Atopo £XeL TOAU xapunAotepn mBavotnta avantuéng kM. Ta SlayvwoTilka KpLtripLa
yla T okAfpuvon katd mAdakag kaBlotouv duvath tn Stdyvwon tng 2K o€ ATOUO e
CIS ou £xel eMioONG CUYKEKPLUEVA EUPHUOTO OTN UAYVNTIKN Topoypadia eykedpaiou
mou mapExouv evdeifelc mponyoupevou eneloodiov PAAPBNG oe Sladopetikr Béon
Kal uttodelkvUouv evepyd dAeypovr) oe meploxn OSladopeTik amd auth Tou
TIPOKAAEL Tl oNnNUeEPLVA cupmtwpota. Kabwg BeATiwvetat n texvoAoyla HayvnTlKAG
Topoypadiag, n Sidyvwon g okAfpuvong Katd mAAKag YiveTal Mo ypriyopa Kot
g€UKoAa. Ev tw petaly, ta atopa pe CIS ta onoila Bswpouvtal otL Statpeéxouv uPnAo
Kivbuvo yla tnv avamtuén tng okAnpuvong Kot TAAKAC HUMOPOUV Twpa va
urmtoPBAnBoUV oe Bepameia e pLO TPOTIOMOLNGN TNC VOOOU TOU €XEL EYKPLOEL oo tnv

Apepkavikn Yrinpeoia Tpodipwy kat Qapudkwv (FDA) yla to okomo auto. H mpwiun

84



Bepameia tou CIS £xel amodelyBel OTL KaBuaotepel TNV Evapén TNG OKANPUVONG KATA

TIAQLKOLG,.

EEeNEn

avarnnpiag

EDSS

Time % 4
(Years) ‘ ‘
CIS RRMS SPMS
Diagnosis Diagnosis
[ ®Aeypovi ‘ ‘ NeupoekpUAion \

Ewova 23: Turmikn mopela e€£ALENG TG K.

To 1996 ot Hvwpéveg MoAwteieg n EOvik €vwon yla tv moAAATAN
okAnpuvon mepléypae téooepa KAWVIKA otadia tng 2kM [395]. H ocuxvotepn popdn
ekbnAwong tng vooou Tmou eudaviletat oto 80-85% twv 0oBesvwv eival n
urnotpornialovoa (Relapsing- Remitting Multiple Sclerosis, RRMS) pe e&apoelg
(umotpomég | mapoflvoelg) kot udéoelg. Autn xapaktnpiletat amo awpvidia
eKONAWON E0TIAKWV ) TIOAUECTIOKWY CUUMTWHATWY KAl onueilwv mou eéeAiocoovtal
HEoa oe AlyeG wWPEC N NUEPEG, OTN OUVEXELA otabepomolouvtal, ocuvnBwg ywa 4-6
eBbouadec kat akoAouBouvtal eite amd mAApn Udeon pe avakapdn TN
VEUPOAOYIKNG AELTOUpYLaC E(TE KATAAEITOVTAC KATIOLOL CUUTTTWHATIKI) SUCAELTOUpYLa
HETA TNV avappwon. To xpovikd dtdotnua amod tnv €udavion Twv OUUMTWHATWY
HEXPL TNV UTIOXWPNOH TOUG, OVOMAIETAL «won» TNG vOoou, £XeL ampOoBAemtn
Sldpkela kat akohouBeital and dtdotnua Ldeong, To omoilo ANyeL Le TV eudavion
poG @AANG wonc. Eva peyalo mocooto, mepimou to 40%, tTwv aocBevwv Tou

Staylyvwokovtat pe RRMS teAkda petafaivouv otnv «Seuteponabwg mpoiovoa
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nopdn» (Secondary Progressive Multiple Sclerosis, SPMS) tng vooou otnv omola
UTIAPXEL pLo otadlakn emdeivwon TG VeEUPOAOYLIKNAG AeLToupyiag (cuoowpeuon TNG
avannpiog) e tnv napodo tou xpovou Adyw xpovia dAeypovig tou KNZ. Qotooo, ot
OUYXPOVEC BOepameuTIKEC TTPOOEYYIOELS KaTapEPvouv va KaBuoTEpPOUV ONUAVIIKA
™V €€EALEN TNG avamnplag e Ta TOCOOTA UTIOTPOTWY KAl TN METATTWON o€ SPMS va
pewwvovtal. Ma éva mooooto 15% - 20% twv MaoXoviwy, n vooog éxel ¢pBivouoa
nopeia e€apxng Kat n popdn auth TEPLYpAPETAL WG «MpwWToNMabwe mpoiovoa»
(Primary Progressive Multiple Sclerosis, PPMS). Ot acBeveig pe auti tn popdn dev
napouolalouv UTIOTPOTEG N udEoels. MpoodeuTikad eykabiotavtal TeTpanmdpeon,
VONTLKN EKTITWON, EKMTWON OTTLKNAG ofUTNTOC, oteAextlaio cUvEpopa, opBOKUOTLKES
Statapayeg kot mapeykeDaAlSIKEC oUVOPOUEG. YTIAPXEL emiong pla AAAN popdn TG
vOoo, n omoila SloylyVWOKETAL O €vav TIOAU WKpO aplBud atopwv (5%) n
«MNpoilovoa pe e€apoelg» (Progressive Relapsing Multiple Sclerosis, PRMS). Ot
aoBevel¢ pe tn popdn autr, €xouv Ula Tpolovoa Topeia e€apxng, otnv omoia
npootiBevral apyotepa éva i SU0 emelcodla emideivwong, Le 1 Xwpig emavodo otnv
TiPONyoUUEVN Tou emeloodiov kataotaon. MBavoloyeital OTL aviUTPOoWTEVEL
neputtwoelg Seuteponabolg mpoiovoag Lopdng OTIOU OUWE OL APXLKEC EEAPOELG SEV
avayvwplotnkav n NTav KAk olwnnAgg [395].

OL vumotpomég ouvnBwg bev  elval mpoPAEPLueg  kalt ocupBaivouv
anposldonointa [416]. Imavia cupPBaivouv mo cuxva amo dVo dopég ava £10g,
KATOLEG WOTO0O0, UToKlvouvtal amd ouvnOn epebiopata kat Aaufdvouv xwpa
ouxvotepa Katd tn SlApKela TNC Avoléng Kot Tou KaAokalptoU. Mapopoiwg ot
LOYEVELG AOLUWEELG OTIWCE TO KOLWVO KPUOAOGYNUA, N ypimn 1 n yaotpevtepitida pmopetl
va upodotricouyv pa urtotpor [461]. To ayxog kat n katabAupn oxetilovrol pe TNV
gudavion Twv unotponwv [460]. H eykupoolvn HELWVEL TOV KIiVOUVO TNG UTIOTPOTIAG,
WOoTOO00 KOTA TOUG TPWTOUC UAVECG LETA TOV TOKETO 0 Kivbuvog audvetal. ZUVOALKA,

n eykupoouLvn 6ev dpaivetal va emnpealel TNV pakpomnpoBsoun avannpia [391].
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RRMS

W Relapse
W Active without worsening

B Worsening (incomplete recovery
from relapse)

W Stable without activity
l 4 New MRI activity
t

Disability
]

¥ RRMS

B Active (relapse or new MRI activity)
with progression

>

W Active (relapse or MRI activity)

Y without progression

” ¥ Not active with progression

Disability

B Not active without progression (stable)
# New MRI activity

B Active (relapse or new MRI activity)
with progression

- B Not active without progression (stable)
T}a I W Not active with progression
> L~ W Active without progression
* S 4 New MRI activity
Time

Source: Lublin et al., 2014.

Ewkova 24: Ot tpeig popdég tng NMNoAarnAig IkAfpuvong. e aoBeviic pe RRMS petd and
UTIOTPOTTN, TO VEOL CUUTTTWHLATA HItopel va e€adavioTolv Xwpig va mpokaAécouv auénon Tou
ETUUMESOU avamnpilag 1 Ta VX CUUTTTWHATO MTIopel va efadaviotolv ev HEPEL, ME
anotéAeopa tv avénon tng avannpiag. Néeg BAABeC otn payvnTkn Topoypadia, Omwg
dalvetal and ta BEAn, cuxvd cupPaivouv w¢ HEPOC Hlag umotpornng. H SPMS popdn
oKkoAouBel petd amo umotpornidlouvca-mtapodiky okAfpuvon Katd TAdkoag. H avomnpio
ouéavetal otadlakad e TV Tapodo Tou Xpovou, e 1 xwpig evbeifelg aoOévelag (UMOTPOTES
N MUETABOAEC OTn  poyvnTkA  Topoypadia). tnv SPMS, umopel vo epdavictolv
TIEPLOTAOLOKEG UTIOTPOTEG, KaBwG Kol mepiodol otabepotntag. H PPMS umopel va €xel
oUVTOUEG Tteplodoug Otav n acBévela eival otabepr), pe 1 Xwplc umotpomn N véa
SpacTnpLOTNTA LOYVNTLKAG Topoypadiag, kabwe Kat eplddouc KATA TIG onolieg epdaviletat
avénon tng avamnpiag pe N xwpig véeg umotpomneg i BAAPeC otn payvntikn topoypadia
[395].
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2.4.6.A1ayvwon

H Sdiayvwon t¢ okAfpuvong Katd mAdkag elvat SUokoAn kabwg Sev uTtapxEL
€181KN SlayvwoTikn e€€taon kot BaoileTal 0TA CUUTTTWHATA TTOU TapouaoLalovtal, O
ouvduaouo pe TNV BonBeLa LATPLKNC ATIELKOVIONG KAl EPYQoTNPLAKWY SOKIUWV [462].
Eldika ota mpwta otadila, eneldn ol evéeifelg umopel va elval MOPOOLEG UE EKELVEG
GAwvV aTplkwy emumAokwy [391, 392, 462], onwg oto eykedpaAlkd emelcodlo, oe
KaroLa Aotpwén Tou eyked@Aou, otn UnoppeAiwaorn, o€ KAToLov eyKEPAAIKO OYKO Kol
O€ UEPLKEG QUTOAVOOEC ACOEVELEG OV TOV AUKO, UTIOPEL VO XPELOOTOUV TIEPALTEPW
€EETAOELG YLO VO ATIOKAELOTOUV OL Tapamavw kKot va dtayvwotel o acBevn¢ pe kM.
OuolaoTikd, olyoupn Sldyvwon UMopEeL va Yivel Ovo amo tnv KAWVIKA €lkova, otav
TO QTOUO E£XEL UTOOTEL EeXWPLOTA EMELOOSIA  VEUPOAOYIKWY OUUMTWHATWY,
XOPAKTNPLOTIKWYV TNG M2, pe TouAdxlotov 30 nuépeg Stadopa [463]. Ztnv nmepimtwon
oTtoOpwv Tou AapPdavouv Latpikn meplBaAPn UVotepa amd pio povo mMpooPoAn,
xpeLtalovtal aAAou €idoug e€eTATELG.

Ta Sloyvwotika epyoAeia TTOU  XPNOLUOTIOLOUVTAL OUXVOTEPA  £ival n
HOYVNTIKN Topoypadia, n avaAuon Tou eyKEGAAOVWTLOLOU UYpOU Kal Ta TTPOKANTA
Suvapka. H payvntikn topoypadia eykepalou kal TG omovOUALKAG oTAANG ival
Olaitepa gvaiocbntn kot avadelkvUel mMeploxéC amopueAivwong (aAAowwoelg n
napouoia mAakwyv). Katd tn Slevépyela payvntikig topoypadiag sival duvati n
xpnon evéodA£BLou mapapayvntikol UALKOU OTwG £ival To YadoAivio TIPOKELUEVOU
va yivouv kaAUtepa opateg mpoodateg f evepyeic BAaBeg [463, 464]. H texvikn tng
nAgktpodopnong lval (o amAn Kol aflOmioTn TEXVLKN) TTOCOTIKOU KOl TIOLOTLKOU
npoodloplopol twv Tpwteivwv Tou eykepalovwtiaiovu uvypou (ENY) to omoio
AapBavetal amd ooduovwTlaior TAPOKEVINON KAl PE TNV omoia aviyvevovtal
HOVOKAWVLKA OVTIoWHOTO TUTou IgG, évag deiktn ¢pAeypovig mou cuvovtatal oTo
75—-85% Twv avBpwnwv mou tdcoxouv anod NI [464, 465]. H Andn eykepaiovwTtiaiou
UypoU UTMOPEL Vo OUVELOPEPEL OTOV KAAUTEPO XOPAKINPELOUO TNG VOOOU N va
armokAeloel TNV mapoucia GAAwv voonudtwv. To veuplkd olotnua, AOyw TNG
OTMOMUEAIVWONG TWV VEUPWVWY, UTMOPEL vo avtamokpivetal AlyOTEpo evepyd O
epebilopata TwWV OMTIKWV KoL OaoBNTAPLWY VEUPWVWV. AUTEG oL eYKEPOALKEG
OTOVTAOEL, UIMOPOUV VO EEETOIOTOUV HECW OTMTIKWV KAl aloONTAPLWY TIPOKANTWV

Suvaplkwyv [466].
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https://el.wikipedia.org/w/index.php?title=%CE%95%CE%B3%CE%BA%CE%B5%CF%86%CE%B1%CE%BB%CE%BF%CE%BD%CF%89%CF%84%CE%B9%CE%B1%CE%AF%CE%BF_%CF%85%CE%B3%CF%81%CF%8C&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%A0%CF%81%CE%BF%CE%BA%CE%BB%CE%B7%CF%84%CF%8C_%CE%B4%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CF%8C&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%A0%CF%81%CE%BF%CE%BA%CE%BB%CE%B7%CF%84%CF%8C_%CE%B4%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CF%8C&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%95%CE%B3%CE%BA%CE%B5%CF%86%CE%B1%CE%BB%CE%BF%CE%BD%CF%89%CF%84%CE%B9%CE%B1%CE%AF%CE%BF%CF%85_%CF%85%CE%B3%CF%81%CF%8C&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%9F%CF%83%CF%86%CF%85%CE%BF%CE%BD%CF%89%CF%84%CE%B9%CE%B1%CE%AF%CE%B1_%CF%80%CE%B1%CF%81%CE%B1%CE%BA%CE%AD%CE%BD%CF%84%CE%B7%CF%83%CE%B7&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%9F%CE%BB%CE%B9%CE%B3%CE%BF%CE%BA%CE%BB%CF%89%CE%BD%CE%B9%CE%BA%CE%AD%CF%82_%CE%B6%CF%8E%CE%BD%CE%B5%CF%82&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%91%CE%B9%CF%83%CE%B8%CE%B7%CF%84%CE%AE%CF%81%CE%B9%CE%BF%CE%B9_%CE%BD%CE%B5%CF%85%CF%81%CF%8E%CE%BD%CE%B5%CF%82&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%A0%CF%81%CE%BF%CE%BA%CE%BB%CE%B7%CF%84%CF%8C_%CE%B4%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CF%8C&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%A0%CF%81%CE%BF%CE%BA%CE%BB%CE%B7%CF%84%CF%8C_%CE%B4%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CF%8C&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%A0%CF%81%CE%BF%CE%BA%CE%BB%CE%B7%CF%84%CF%8C_%CE%B4%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CF%8C&action=edit&redlink=1

H cuumtwpatoloyia kot n mopeia tng KM motkilouv 1000 TOAU, WOTE va
UTIAPXEL onuavtiky mBavotnta AavBacpévng OSidyvwong. OL  €pyacTnPLOKEC
e€etaoelg elval IKaveG va umtootnpi&ouv tnv KAk Stayvwon tng acBévelag, aAla
Kapia dev eival eldkn yia T ZKM oUTe kAol oo auTtéC anofaivel BTk og 6Aoug
Toug acBeveig. Av kat n evatobnaoia tng MRI kupaivetal ano 90-100%, n el8KOTNTA
NG eival cadwg xapunAdtepn kat ion pe 57-80%. OL mopamtdvw AGyoL UTILYOpPEVOUV
NV avaykolotnta €voG OouvOoAlou  SloyvwoTkwv  Kplttnplwv. Ta  Kpltipla
MakNTOvaAvt, ta omola €0TlAlouv Ot KAWLKA, €PYOOTNPLOKA Kol PadloAoylka
otolxela ™G mapouciag alowwoewv o SLadopPeTIKOUC XPOVOUG KOl TIEPLOXEG,
anoteAouv TNV 1o cuxvi HEBodo Stayvwong [417], evw Ta KPLTAPLA ZOUMAKEP Kol
To Kputipla Noocep Statnpolv o Kupilwg otoplkr) onuaoio [400]. Av kal ta
TIAPATIAVW KPLTNPLO ETUTPEMOUV TN N emepPatiky Sidyvwon, SdnAwvetal amo
OPLOMEVOUG OTL N HOvVN oploTikh amddelln eival pla vekpoyia n Podia omou
evtoniletal to €idog twv alowwoewyv rou epdavilel n NI [391, 392, 463, 467].

H nmpwtn tagvopnon éyve to 1954 ano toug Allison & Millar, Baowlopevn og
KAWVIKQ oupmtwpata mou epdavile o acBevrg, OmMwe Mapodikeég mapalodnoieg,
alpwdieg, dutAwrmia, cuxvoupia, ocuvdedbepéva pe tnv kM. Me Baon autd ta
KpLTpla oL acBevelc KATATAOOOVTAV OTLG EENG TPELG KATNYOPLEC:

1. mbBavn dtdomaptn okAnpuvaon, 6mou oL acBeveig epdavilav CUUMTWUATA TNG
vOooU, Xwpig OpwC Kamola puotki avamnpia

2. muBavn (probable) didomaptn okAfpuvon, 6mou oL acBevei 0To CUVOAO TOUG
gudavilav kamolou eiboug puaikn avamnnpia

3. mpwiun, mBavn kot Aavbdvouoa okAnpuvon

Itn ouvéxelwn, To 1965 avamtuxbnkav Ta SlOyVWOTIKA KPLTAPLA TWV
Schumacher kat Rose ta omoia PBaociotnkav o€ aplyw KAWLKA KpLTipla Kol
oploBetnoav tov Kaboplopo povo tne KAWLIKWG BERaing MoAAamAng ZkAnpuvonc. Ot
aoBeveic pe BERan KN mépa amd Ta KAWIKA CUMMTWHOTA Ta omnola epdavidovral
pnetafld 10ou kat 500U £ToUC TNC NALKIOC TOUG, £MPETME va OMOSEIKVUOUV
OVTIKELUEVLKA TNV TtpooBoAn Tou KNZ. AkoAoUBnoe o McAlpine to 1972, o Rose to
1976, ot McDonald kat Halliday to 1977 kat o Bauer to 1980. To 1983 nmpotabnkav

vEa SLoyvVWwoTIKA Kpltipla and tov Poser [468], amobekTtd amd TNV CUVTPLTTLKA
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https://el.wikipedia.org/w/index.php?title=%CE%9A%CF%81%CE%B9%CF%84%CE%AE%CF%81%CE%B9%CE%B1_%CE%9C%CE%B1%CE%BA%CE%9D%CF%84%CF%8C%CE%BD%CE%B1%CE%BB%CE%BD%CF%84&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%9A%CF%81%CE%B9%CF%84%CE%AE%CF%81%CE%B9%CE%B1_%CE%9C%CE%B1%CE%BA%CE%9D%CF%84%CF%8C%CE%BD%CE%B1%CE%BB%CE%BD%CF%84&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%9A%CF%81%CE%B9%CF%84%CE%AE%CF%81%CE%B9%CE%B1_%CE%A3%CE%BF%CF%85%CE%BC%CE%AC%CE%BA%CE%B5%CF%81&action=edit&redlink=1
https://el.wikipedia.org/w/index.php?title=%CE%9A%CF%81%CE%B9%CF%84%CE%AE%CF%81%CE%B9%CE%B1_%CE%A0%CF%8C%CF%83%CE%B5%CF%81&action=edit&redlink=1
https://el.wikipedia.org/wiki/%CE%9D%CE%B5%CE%BA%CF%81%CE%BF%CF%88%CE%AF%CE%B1

mieoPndia Ttwv veupoAdoywv. O 0OUVOUNOUOC KAWLKWY KOl €PYOOTNPLUKWY
e€etaoswv kaBopilouv tnv BERawn Ik (Definite MS), evw oL MOPaAKALVIKEG EEETATELG
(oUpOAOYLIKEG €EETACELG, OMTIKA TIPOKANTA SUVOULIKA KOl QTELKOVIOTIKEG pEBOSOL)
katadewkvuouv pla BAGPN, n omoia dev £xel dwoel akopa onpeloAoyia Kot pmopet
Vo LNV €XEL TPOKAAECEL OUTE cupMTwiata.12 kal kabopilouv tnv mBavr (Probable
MS). TéXog, To 2001 elonxBnoav véa dLayvwoTikd KpLtripla, anod to Mc Donald [463],
0 omolog ekpeTaA evOpevog TNV e€EALEN Kal TIg duvatdtnteg tng MRI (Mayvntikn
Touoypadia), ocuvdudalel tnv Topoypadia eykedpAAou WE TIC KAWIKEG Kall
TLOPOKALVIKEG EEETACELG KOL TIPOXWPAEL OTOV SLOXWPLOUO TWV ATOUWV HE KM oTIg
Katnyopieg: «BEéBailn» vooog, «mboavr» vOoOo¢ Kal TwV HUn vooouvtwv. Emiong
kaBopilovtalr obényieg ywa tn Sldyvwon tng mpwtonabwg mpoiovoag kM. H
Slayvwon Ttibetal pe TNV TEKUNPlwon, MEOW TNG KAWIKAG QVAAUONG KAl TNG
gpyaotnplakng Slepelvnong, t¢ Umapéng Suo N meploocdtepwy emelcodiwy, Ta
omola ennpedalouvv Sladopetikd onueio tou KNI kat AapPfdavouv ywpa o€
Slapopetikég meplodouc. MéxpL onuepa €xouv mpaypatomownBel aAlec Sduo
avaBswpnoelg Twv SlayvwoTtikwy Kpttnpiwv tou McDonald pwa to 2005 kat pa to
2010. Ztnv tedevtaia avabewpnon n dtayvwon tng BERatag kN tiBetal akoun mo
npwipa otnv mepimtwon mou n MRI tou KNI oto mpwto KALWVIKO €MeloOdlo €XEL
gvepyoTnTA.

KataAnyovtag, ¢aivetal and ta mapandavw otL n didyvwon ival wg emni to
mAelotov KAWLIKN , cuvdualovtag TO LOTOPLKO KOL TLG EPYACTNPLAKEG EEETACELG KOl
Baollopevn KUPLWE OTOV ATTOKAELOUO TIAPAYOVTIWY TIou TNV emiBeBalwvouv evavtia

o€ autoug tou Sev katadEpouv va TNV erBeBatwoouv.

90



2.4.7.0gpancia

H Bepamneutiki mpoogyyilon tng ZKM eival moAUTIAEUpPN KAl cuvioTatal otnv
OVTLUETWIILON TWV KAWIKWY UTtoTponwyv (oela ¢paon), oTnv avOCOTPOTIOMOLNTIKA
Oepameia pe poAo «mpodUAAKTIKO» KAOBwWG amookomel otnv eAATTWONn TNG
ouxXVOTNTAC, TNG £VIAONG KOl TNG OLAPKELAC TWV UTIOTPOTWV Kol TEAOG, OTnNV
Bepamela TWV CUPMTWUATWY TNG VOOOU OnMwe elval n katdabAupn, to A@Ayog, n
KOTIWON, N OTAOTIKOTNTA, N VEUPOYEVNC odLyKTnplakrn Sdtatapaxn kot Slatapoxég
VONTIKWV AeLToupylwy [469].

Itnv Bepaneia tng ofeiag paong xpnolpomnolouvtal oTEPOELSN 1) KOPTIKOELSN.
H koptwotportivn (ACTH) Atov TO MPWTO OVOOOKATACTAATIKO ¢GAPUAKO TIOU
XPNOLUOTIONONKE UE BETIKA OMOTEAEOUOTA, €VW OTI( UEPEC HaC Yivetal xprion
neBuAnpedvilohovng kat mpedviloAovng, Bewpwvtag Ta WG PpApuaka EKAOYAC yLa
Vv Bepamneia Twv umotponwv otnv kM. Ta yAUKokopTikoeldn meplopilouv tnv
dAeypovr) WG AMOTEAECUA TNG OUMOKATACTACN TOU aLUAToeYKEPAAIKOU dpaypol Kal
KOT' EMEKTOON TN MAPEUTTOSLONG ELGOSOU AVOCLAKWY KUTTAPWY KAl OVTLYOVWV PETT
oto KN [470-473].

MeyaAutepo evdladh€pov GUYKEVTPWVOUV OL «TIPOPUAAKTLKEC» Bepareieg TG
vOOOU, TIOU HECW OVOCOTPOTIOTIOLNTIKWY KOl QVOCOKATAOTOATIKWY PAPUOKEUTIKWVY
OYWYWV OTOXEUOUV €lTe OTNV €vepyomoinon Twv GpUGOLOAOYLKWY OQUTOPUBULOTIKWY
KUKAWHATWY TOU OpyavIopoU, eite otnv TpokAnon efeldlkeupévne avoxng N
«avepylag» Twv T-AeUPOKUTTAPWY KAl OE €EKEIVEG TOU OTOXEUOUV OTNV
QTOKATAOTACN TNG OMOUUEAVWTIKAG BAABNG [474]. ITic MPodUAAKTIKEG Beparmeleg
TO TIAEOV EUPEWG XPNOLUOTIOOUHEVA dapUaKka eival ol wtepdepOveg, N oKN
vyAQTpapépn, n pItoéavtpovn, N vataAlloudaunn Kot n GvykoAlnodn, ta omola
ovaAUOVTaL TTAPAKATW.

Ivteppepoveg. To 1993, eykpiBnke ya mpwtn popd otig HMA kat apydtepa
otnv Evpwrn, n xprion tTwv IFN-Bla (Avonex, Rebif) kat IFN-B1b (Betaferon), yia tnv
Bepameia tng ZkM [475]. H IFN-Bla €xeL eykplBel yLa TV unotpordlovoa popdr tng
vooou (RRMS) kaBwg kal og 6ooug napouaotalouy taxeia emdeivwon, evw n IFN-B1b
Xxopnyeltatr ka otnv mepintwon tng SPMS popdng [476]. O wrepdepoveg eival
AutompwTteiveg Mou aveupiokovtal GUGCLOAOYLKA OTOV OPYQVIOUO, TTOPAYyOvVTOL Kol

ekkpivovtal amnod woBAdoteg, pakpoddya Kat ta emONALakd kKUTTOPA. AV)KOUV 0TNV
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KaTnyopla TwV KUTTOPOKLVWVY KOl TIPOAYyouV TNV KUTTapLkn Stadopomoinon £xovrag
0VOOOTPOTIOTIOLNTLKY, QVTUKA Kal avitli-moAAamAaociootiky &paon [473, 477]. O
KUPLOG UNXOVLOMOGC HUE TO OMOiwvV O8pouv oL VTEPDEPOVEG TOPAPEVEL AYVWOTOC,
wWoTo00 €xouv PBpeBel OTL KATAOTEAAOUV TO TIOAAQTMAQCLOOUO TwWV T-KUTTAPWV Kall
eunodilouv tn Slelobuon toug oto KNI kol KAt emMEKTOON TNV €VEPyOTOinon tng
HKpoyAoiag. EmumpooBeta, eAattwvouv tnv ékdpaon twv MMPs, Kal Twv popilwy
TPOOoKOAANoNG enipaveiag, evw auvéavouv tnv aneAevBépwon Twv SLOAUTWY popiwv
T(POOKOAANONG, UE QATOTEAECUA TNV EAATTWON TNG UETAVAOTEUTIKNG LKAVOTNTAG TWV
T-Aepudokuttdpwy. MeA€Teg NG Xpnong twv wiepdepovwy, €6el€av pelwon tou
apBuoL Twv umotponwy Katd 35%, emPBpaduvon tng avannpiog katd 37%, peiwon
™¢ oatpodiag TOU eykedAlou Katd 55% koL peiwon TOUu aplBpol  Twv
amnelkovi{opevwy eotiwv otnv MRI [478].

Glatiramer acetate (Copaxone). To Copaxone €xelL eykplOel yla tnv Beparneia
¢ unotpornialovoag pe e€Apoelg Kal upEoelg (RRMS) popdng tg vooou. H ofikn
vAatpapépn (GA) eival to oflkd AaAlag evog HUiypatog TOAUTEMTSIWY Ta omola
ouvtiBevtal Tuxaia amno técoepa apwoléa (L-yAoutapuwvikod ofu, L-ahavivn, L-Aucivn
Kal L-tupoaivn). O punxaviopog dpaong tng Baociletal otnv opolotnTa t¢ UE TNV
MBP kot mBavwg GAAWY LUEAVIKWV avTlyovwy. H GA KataoTtéAeL TV dAeypovwdn
avtibpaon HéEow TNG MOPAYWYAS QVTLPAEYLOVWOWY KUTOKLVWVY KoL EAATTWVEL TNV
€kppaon twv MCH-II mpwteivwv meplopilovtag €10l TNV Mapouciacn ovilyovou
[479]. AnoteAéopata amod TG WG Twpa UeAETEG Selxvouv Uelwon tou aplBuol twv
UTTOTPOTIWV KOTA 29%-32%, BeAtiwon katda 1 BabBud otnv kAlpaka avamnnpiag EDSS
Kal Helwon tng dpaotnplotntag tng vooou otnv MRI [480-483].

Muwo§avdpovn. MpokeLTal yla €va XNUELOBEPATIEUTIKO TTAPAYOVTA, O OTOL0G
opXIKA xpnolpomowndnke otnv Beparmeia tng ofeiog pueloyevoug Asuyatuiag. H
X0prynon tng mpoteivetal o€ cofapég evepyEC LopdEC TG vooou, tTnv SPMS kal tnv
PRMS [471]. H ptofavtpovn €xel OelxBel va £XeL ovoooTpoOTOMOLNTIK Spadan,
kataotéAAovtag ta T Kal ta B Aepdokittopa, evw melpapata in vitro, dgixvouv otL
EMAYEL TNV AMONMTWON TWV AVILYOVOTIAPOUGCLACTIKWY KUTTAPWYV Kal Tn UElwon tng
€kAuong mpodpAeypovwdwy KUTOKLVWY, ATIEVEPYOTIOLWVTOG Ta pLakpodaya (ta omola

nailouv kUPLO pOAo oTnV amopueAivwon) [484].
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Natalizumab. H vataAwoupaunn sival T0 MPWTO HOVOKAWVLKO OVTIOWLOL
gvavil ¢ avBpwrivng a4 aAuvoidbag tng ad4Pl-wvteykpivng mou ewonxdn otn
Bepamneia NG MoAAamAng ZkAnpuvong. H ad4PBl-wvteykpivn oveuplokeTal otnv
ETUPAVELA TWV EVEPYOTIOLNUEVWV AEUDOKUTTAPWY KOl HOVOKUTTAPWY, OTOTEAEL
HOPLO TIPOOKOAANGNG Kal Ttallel Baolkotato poAo ot AAANAETUOPACELG LETAEY TWV
Kuttapwv. H voatoAwlouvpdunn €xel oxupn aviipAeypovwdn OSpdon, HEoW
TIAPEUTOSLONG TNG oUVEEDNG TNG a4-LVTEYKPIVNG e Tov evEoBnALako tng urmtodoxéa,
VCAM-1, eunodilel tn UETAKIVNON TWV EVEPYOTIOLNUEVWV AEUKOKUTTAPWY amd TO
atpa oto KNI, péow tou alpatosykepaiikol dpayuou. Emumpoobeta, oUUUETEXEL
otV amoOnTtwon Twv AEUKOKUTTAPwWY, mapeumnodilovtag tnv ouvdeon Toug HE
TIAPEYXUMATIKA KUTTapa [485]. To papuako orpepa, Bewpeital Bepaneia dsltepng
YPOUMUNG Kol evdeikvutal yla acBeveic pe uPnAr evepyotnta tng vOoOU TapA TN
Oepamneia pe dappoka MPWTNG YPOUUAS (B-wvtepdepodvnn) Kal yla ooBevelc pe
TaxEwg e¢ehlooodpevn coBapn unotpormidlovoa Staheimovoa KM (RRMS). KAwikEG
SOKIUEC €6€1€av ONUAVTLKA HELWON TNG ETAOLAC CUXVOTNTOG TWV UTIOTPOTIWY, UElwon
™C €€EALENG TNG avIKAVOTNTAC Kal Heiwon Twy evepywv BAaBwv otnv MRI. Qotdéoo n
Bepamneia pe votoAlloupdunn ouvdéetal e au€nuévo Kivbuvo eudaviong
nipoioVoaG MoAueoTLaKN G eykedaAomnabelac (PML) [486].

Fingolimod. To 2010, eykpiBnke T0 Mpwto Sla TOU CTOUATOG OKEVACHA YyLa
v Oepamneia t™ng KM, n owykoAwwodn (Gilenya). H PwvykoAlpnddn eival
TpomomnolntA¢ tTwv umodoxéwv tn¢ l-pwodopikng odlyyooivng. H dlvykoAwosdn
puetafoAiletal amd TNV Kwvaon 1tng odlyyooivng oto Spactikd petafoAitn
dwodopk dLvykoAwodn (dwodbopuAwpévn popdny S1P). Otav n dvykoAuodn
ELOEpXETAL OTNV KukAodopila dwaodopullwvetal Kkalt Olamepvd eUKOAa Tov
opotoeykedallko dpayud, avaoTEANOVTAG TNV IKAVOTNTA TwWV AEUPOKUTIAPWV Va
e€épxovtal amd toug Aeudadéveg. Aut n avokatavopr HEwveL tn d6non
naBoyovwv Aspdpokuttapwy oto KNI, omou Ba cuppeteixav otn pAeypovni Kal otn
BAGBN tou veuplkoU LoToU. Zav SeUTEPOG UNXAVIOUOG SpAaong TG PLVYKOALUOSNG
avadépetal n ancvuBeiog enidpaocnc tng oto KNX 6mou n ovcia Stelcbuel elKoAa Kot
6pa otoxeupéva otn  ¢Aeyuovr, OOKWVTOG VEUPOTIPOOTATEUTIKEG OpAOELG
oveéaptnta amo TNV E£Midpacn OTO AVOOOMOLNTIKO cuotnua. H ¢vykKoAlpuodn

Bewpeital Bepaneia deUTEPNC YPAUUAG KaL EVOEIKVUTAL OTLG TIEPLTTWOELG Ue RRMS
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popdnG. H amoteAeopatikotnTa ToU GAPUAKOU EXEL TEKUNPLWOEL O KALWLKEG
HEAETEG OTOU BPEONKE OTL LELWVEL TNV ETNOLA CUXVOTNTA UTIOTPOTIWYV KaTtd 54% Kal
v €§€AEN NG avamnpilag katd 34%. Inuavtikn Atav emiong n emnibpaocn tou
dapudakou otn Heiwon NG €€EAENC NG eykedaAkng atpodiag katd 35%.
Fevikotepa, To Papuako eival UPNANG ATOTEAECUATIKOTNTAG, €lval €UKOAO OTN
XOPNYNON CUYKPLTIKA UE OAQL T T(PONYOUUEVA EVECLUO OKEUAOUOTO, TTOPOUGCLALEL
udnAn avoyn otouc acBeveic (87%) kal eAeyXOUEVEC aVETILOUUNTEG EVEPYELEG. MEXpPL
onuepa 1o pappako Aappavouv mepinmou 30.000 acBeveic maykoopiwg, pe 6.000
atopa va to AapPdvouv yla Xpovikd Staoctnua >5 £€tn, evw oOTn XwPa HOG

umoAoyiletal otL to AapPavouv nepinouv 1.300 acBeveic pe kM [487, 488].
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2.4.8.Nepapatikad povréda tng ZKN

H Mewpapatiky Autodavoon Eykedalopvelitida (Experimental Autoimmune
Encephalomyelitis, EAE) xpnolponoleital wg MepapaTiko HoviéAo o {wa UE OKOTIO
va tPokAnBel pla kataotaon mou nmpooopoldlel tTnv moAAanAny okAnpuvon (MS). H
EAE Oeswpeital TOo KAAUTEPO TEIPAMATIKO MOVIEAO TOU MIMElTal thv MS ota
ONUOVTIKA XOPOKTNPLOTIKA TNG Kol €lval SLOBECIUO yla TN UEAETN OPLOMEVWY QMO
TOUG KUPLOTEPOUC PNXavVIopoU¢ taboyévelag tng MS kabwg Kot yla TNV SoKLun Kat
avamntuén BepameuTikwV GAPUAKWY TIOU OTOXEUOUV OTOUG HUNXAVIOMOUG aUuTOUG
[489]. Emiong onuavtikd, Bewpouvtal To povtédo tng TMEV (Theiler’s Murine
Encephalomyelitis Virus), oto omoio mpokaAsital woyevy poAuvon tou KNI pe
amotéAeopa autodvoon ¢Asypovwdng amopuelivwon kot to povtédo tng IC-DTH
(Intracerebral Delayed Type of Hypersensitivity) tTo omolo xpnoluomoleital o€
nepopatolwa un evaiobnta otn NAE.

Ye avtiBeon pe otL oupPaivel otoug avBpwroug, yla tnv pokAnon tg NAE
amatteital éva otadlo evalobnromoinong ota autoaviyova [490]. Q¢ aviyova
UIOPOUV VO XPNOLLOTIONB0UV OUOYEVOTIOLNUEVA TN AT TOU KEVIPLKOU VEUPLKOU
OUOTAMOTOG KoL oL TtpwTeiveg MBP, PLP kat MOG, oAGkAnpeg 1) og memtidia. H xprion
OVOOOEVIOXUTIKOU, TIOU 0UuvnOwG TepLlEXel PaKTNPLOKA OCUOTATIKA LKAVA va
EVEPYOTIOLAOOUV TO QAVOCOTOLNTIKO ocuotnua [491] kat n Oudvoln Ttou
owotoeykedalikol GppaypoU, anoteAouv PaclkoUg EVAPKTAPLOUC TIAPAYOVTEC TNG
MAE. TéAog, omoubaio poAo mailouv oL mapdyovieg nAwkia, pUAo kal Tepiodog
MpoOkAnone. Yrapyouv duo tuToL emaywyng tTng MAE: n evepynTIKN KoL N IadnTikr).

Itnv evepyntuikw¢ pokAnt MNAE, o pug mapayel €L8IKA yla TNV HUEALVIKA
npwteivn T-Aepdokutrapa. Apxlkd, yivetal umodopla €yxuon HLOG €K TWV
npoavadePOEVTWY TIPWTEIVWV KAL TOU OVOCOEVIOXUTLKOU Ttapdyovta Tou Freund
(CFA), wote va evepyomolnBouv ta L8IKA YL TOV CUYKEKPLUEVO QVILYOVIKO ETILTOTIO
CD4+ T-Aepdokutrapa péow Twv MHC taéng Il. NapaAAnAa xopnyesitat tofivn tou
KOKKUTN (pertussis toxin) n omola emtuyxdvel tnv  Slatapaxy Tou
oawpotoeykepalikol  ¢dpaypol. H tofivn TOU KOKKUTN Slatapdoosl TNV
SlamepatotnTa tou alpatoeykedaAlkol ppayuol pEow TNG avénong tng ekbpaong
NG EMAYOUEVNC Loopopdnc tng ouvBetaong tou NO (iNOS), mpodyel TNV £kppaon

npodpAeypovwdwv kuttapokvwyv (TNF-a, INF-y, IL-12) evw avtiBeta KataoTtEAAEL TNV
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avtipAeypovwdn kuttapokivn IL-10 kat avéavel tnv amokplon Twv T AsupoKUTTAPWVY
otou¢ Aepdadéveg [492]. Ta evepyomolnuéva T-AepdpoKUTIAPO OTN OCUVEXELD
HETAVOOTEVOUV UECW TNG KUukAodopiag kal eloépxovtal oto KNI, oOmou
Stadopomnotovvtal o Thl, Th2 kat Thl7. H dtadopomnoinon twv T-Aepdokuttdpwv
puBuiletal amd T Kuttapokiveg IL-12, IL-4, IL-23 (ywa ta Thl, Th2 kat Thil7
avtiotolya). Ta Thl eumAékovtal otnv autoavooio kat maboyévela tng MAE,
eKkplvovtag mpo-pAeyvovwdelg kuttapokiveg onwg INF-y kat TNF-a [442]. Ta Th2
ekkplvouv avtidAeypovwdelg kuttapokiveg: IL-4, IL-5, IL-10 kal KataoTtéAAouv TNV
MAE [444]. Ta Th17 ekkpivouv tnv Kuttapokivn IL-17 kat Stadpapati{louv onuavtiko
pOAo ot umotpomég tng MAE. Ev ouvexela, KUTTOPOKIVEG Kol XNMELOKIVEG TOU
ekkpivovtal ano ta T AspdpokUuTTapa mPoKaAoUV TNV EVEPYOTIOLNGCT TWV TEPLPEPLIKWV
HOVOTIUPNVWV KAl MLKPOYAOLOKWY KUTTAPWY T OTola 0TOXeVOUV TN HUEALvVN Kol Ta
oAlyodevépokUttapa odnywviag otnv  AmopUEAlvwon Tw  VEUApafovwv.
JUMIMEPACUATLKA, N EVEPYNTIKWG TtPoKANTA MNAE cuvduadlel tnv enmaywyikn aon Ue
Vv $daon TN avoolakng anavinong [493]. Ztnv nadntikwg npokAntr NAE ta {wa
0lVOOOTIOLOUVTAL HE TO EMIOUUNTO AVILYOVO Kal N AéUdoG CUANEYETAL TIPOKELUEVOU
va  anopovwBouv ta  T-Aepdokuttapa. Ta  AgudokUTTOpa  OTn  CUVEXELQ
KaAALEpYOUVTAL in Vitro TOPOUCIO QVILYOVWV KOL OKTWVOPROANUEVWVY OTANVO-
KUTTAPWY, WE OVTLYOVOTIAPOUCLAOTIKA KOL QUENTLKWY TTOPayOVTWY, TIPOKELEVOU VAl
SnuoupynBet évag kKAwvog T AeudOoKUTTAPWY TIOU Xopnyeital o vyl {wa ywa TV
npokAnon MAE. Zta mAgovektApota TNG madntikng nebodou meplhapPdvetal n
Slakplon tnN¢ paong evepyomoinong Twv AeUPpoKUTTAPWY KAl TNG EMAYWYLKACS dAong
NG amopueAivwonc.

H afloAdynon kat avaluon tng¢ MAE yivetal o opKeTd emineda: KAWVIKA,
lotomaBoAoylKA, HE XPnon Hayvntikng topoypoadiag (MRI) kat otatiotikda. Ocov
adopa tnv KAWLIKA epdavion tng MAE, urtdpxet pa kKAtpoka BabuoAoynong pe Baon

TNV Omola KOTnyopLlomoLlouvTaL Ta mepapatolwa. H kKAlpaka autr opiletal wg €EAG:

To Lwo kpatd tnv oupd Tou 90° POG Ta MAVW ATV AVACNKWVETOL poyLaiaL.

0
1. Kpatdeltnv oupd tou o€ oplldvtio emimedo OTAV CNKWVETAL payLaia.
2. To {wo 6& pmopel va onKwWaoeL TNV oupad Tou.

3

To {wo &g pumopet va yupioel anod umtia B€on o eubeia.
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4. 'Exoupe mapAaAucn TOW AKPWV.
5. To lwo kaBiotatal TETPATTANYIKO

6. ©Oavartog

H HLKPOOKOTILKN €EETOON TOU KEVIPLKOU VEUPLKOU CUOTHUOTOC, HE ELOLIKEG
XPWOELG TIOU QMOKOAUTITOUV TO UEYEOOG TNG amopueAivwong Kal TG GAEYUOVAG,
elval avaykaia yla va amodeifoupe TIG KALVIKEG OUVETIELEG TTOU TIPOKAAOUVTAL OO
MaBoAoyLlkoU LNXavIopoUG. Zuxvad, xpnotormnoleitatl n MRI yia tnv napakoAouBnon
™G PAEYUOVAG in vivo amod Ta apXlKA akoun otadla tng vooou. TEAog, yla pia
€YKUPN OTATLOTLKI avaAucon Kol afloAOynon ToU OMOTEAECUOTOG ATMOLTELTAL LEYAAOG

oplOpog nelpapatolwwy, cuvBwe opddes Twy 10-15 lwwv.

EAE score
O = MW A D = ®

Day after immunization

Elkova 25: AVTLMPOOWNEUTIKA amoteAéopata EAE. A. AVIUTPOOWTEUTIKY ELKOVA
ovooomolnuévou  Toviikilov C57BL/6  pe oupmtwpata MAE  (BaBOuoloyia 4). B.
AVTUTPOCOWTEVTIKN Ttopeia aoBévelag petad and avooormnoinon ya 30 nUEPEG.

97


https://el.wikipedia.org/wiki/%CE%A6%CE%BB%CE%B5%CE%B3%CE%BC%CE%BF%CE%BD%CE%AE
https://el.wikipedia.org/wiki/In_vivo

2.4.9.0wodoAunisia ko ZKM
2.4.9.1.A\ucodwodatiduloxoAivn

O poAog NG peuBpavikng dwodatibuloxoAivng (PC) otnv maboloyia tng
OKApUVONG KOTA TIAAKOG TIOPAUEVEL AYvwoTog evw ol Slabéoueg mAnpodopieg
elval avtikpouopeveg. e xpwpatoypadikr availuon acbevwv pe kM Bpédnkav
upnAotepa enineda pepPpavikwv PC o oxéon Ue Toug Lyleig [494]. MapalAnAa
€xouv avadepBel xapunAa enineda twv PC (C20:4n-6, umootpwpa TG PLA2) ot
aoBeveig pe kM mou Sev eiyav AdPel cupumAnpwpata Autapol 0€€og, WVTEPPEPOVNG
N Bepamneia koptilovng [495]. AvtiBEéTwG, umtdpxouv TTOAAEC MANPODOPLEG OXETIKA UE
To TpOolov petaBoAlopol tng dpwaodatduroxoAivng (PC), tng Avcodwaodatidulo-
XoAivng (LPC), kaBw¢ Kot ylo TNV OLKOYEVELX TwV EVIUHWY TwV dwaodoAutacwy A2
(PLA2) mou kataAUouv tv petatpornn tou PC og LPC.

To 1995, cuvbdéetal yia mpwtn ¢popd n PLA2 pe tnv kM, 6mou Slamotwvetal
navw and 50% peiwon TG KUToooAknG PLA2 (cPLA2) [496] ot eykedaAlko LOTO
aoBevwv pe kM (7 aoBeveic kal 7 vyleig), apyotepa amodeixOnke oOtL n cPLA2
ekppaletal amd ta pakpoddya Kal ta T KUTTOPA OTO TELPOMOTIKO MOVIEAO TNG
autoavoong eykedalopuelitidog (MAE) [497-499]. H dapuakoloylky avaoTtoAn tou
evlUpou autou o kaBuotépnoe tnv €vapén kot tnv €€€AEn tng MAE [497, 500].
ErumAéov, movtikia pe EAAewpn tng cPLA2a dev avemTuéav KAWVIKA CUUTTTWUATA TG
MAE, Aoyw un Stadopomnoinong twv T Kuttdpwv mpo¢ to ¢atvotumo Thl [501].
Alepevvnon Tou pnxaviopol tng dpaong tng cPLA2 €6elée OTL oL avaoToAElg TNG
cPLA2a §pouv OTa QVTLYOVOTIAPOUCLAOTIKA KUTTAPO, LELWVOVTAC TNV LKAVOTNTA TOUC
va endyouv T KUTTAPLKO TOAAQMAQCLOCUO KoL TNV mopaywyn mpodAsypovwdwy
KUTOKWVWV. EmutAéov, n avaotoA tng cPLA2a pmopel va amotpédel tnv
EVEPYOTOINON TWV HUIKPOYAOLOKWY KUTTApwWY Tou KNI kal pmopel va auvénost tnv
emPBiwon twv oAwyodevbpokuttdpwyv [502]. Xpnolgomowwvtag €va  EKAEKTIKO
ovaotoAéa yia tnv cPLA2 (AX059), mpotaBbnke ot cPLA2 GIVA (cPLA2a) pmopet va
nailel poAo otnv évapén tng NAE, evw n iPLA2 GVIA téco otnv évapén 6060 Kal otnv
€€€NLEN T EAE [503]

H sPLA2 éxeL BpeBel auénuévn ota olpa acBevwv pe kM [504] kot
apoupaiwv pe NAE, kaBwc Kal oto povtélo amopuelivwong Cuprizone [505], evw n

avaotoAni tng BeAtiwoe ta cupntwpata tng MAE [504, 506, 507]. Ztnv teAeutaia
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HeAETN oL ouyypadeic £6et€av OTL n sPLA2-IID mapdyetol EMAEKTIKA QO pUOULOTIKA
T kUttapa (Tregs). Mo dAAn pelétn avédepe OtL n ékdpaon tng sPLA2 au€nbnke
Hovo otn ¢aon Udeong tng EAE kal mpotelve OtL ev amotelel Bepameutikd otdxo
ylia tn Bepaneia tng MS [503]. H gumAoki twv toopopdwv PLA2 otnv MS Ba
umopoloe va emteuxBel péow TOu povomatTol Tou apaxdovikol of€og (AA),
adevog, odnywvtag otnv mapaywyrn TPoPAEYHoVWOWY ELKOCOVOELSWY OMwWE Ol
npootayAavdiveg [508, 509]  péow tn¢ mapaywyng LPC.

'Hén ano to 1949, tav yvwoto otL to LPC Ba pnopoloe (0mwg kat n PLA2) va
TipokaA€éoel amopueAivwon in vitro [510] kal taxela amopueAivwon Tou VEUPLKOU
afova in vivo [511]. Q¢ amotéAecpa TOU TMOPATAVW, N TiPOKaAoUuevn amd LPC
amopueAivwon eilval éva EUPEWG XPNOLUOTIOLOUEVO TIELPAUATIKO HUOVTEAO yla TNV
e€étaon twv Sladkaolwy enavapueAivwong in vivo [512, 513] kat in vitro [514-516].
O akplBNg punxoviopog pe tov omoio to LPC mpokalel amopuvelivwon dev eival
YVWOTOG, MapOAo Tou ta otolxeia urmtodnAwvouv OTL to LPC pmopel va mpokaAéoel
pLo Taxela Kol EKTETAMEVN SLAOTIOON TOU OLUOTOEYKEDAAIKOU GpOyHOoU KoL ML
npwipn mopodikn amokpon T kuttdpwv kot oudetepodlwv oto KNI [517]. Oa
TPENEL €miong va onuewwdel otL to SRl 62-8341, éva avaloyo tou LPC, eixe
Bepameutikd amotédecpa otn Bepameio tng xpoviag umotpormialovoag MAE kal
KATEOTENE TEpaLTEPpW UTtotpomég [459, 518]. NMapdAo mou bev umdpyouv
TEKUNPWHEVO OTolela Tou vo umootnpilouv TNV ouppetoxy tou LPC otnv
arnopveAivwon twv ZkM acBevwy, oe availuon Autdiwv mAdopatog neEvie acbevwv
ue 2k, Bp€Onke onuavtikn avénon tou LPC og cuykplon pe Ta atopa eAéyxou [519].
ErutAéov, o Aoyog LPC/PC oe Selypata opoU 2kl acBevwv PeEWONKE OnUAVTKA
[520].

To LPC umopel va Sieyeipetl tn xnueotalia twv T kuttdapwv [521, 522] péow
NG evepyomoinong tou urnodoxéa tou G2A [523]. H evepyomoinon tou G2A amnod to
LPC Ba pmopolos va maiel poho otnv mpocAndn T KUTTApwv o€ PAEYHOVWOELG
OAAOLWOELG KO £TOL va TIPOAYEL TNV évapén Kat/r tTnv avénon tng cofapotntog Twy
dAeyHOVWOWY auTodvoowv aoBevelwv Tou TpokaAouvtal and T kUTtopa Onwe N
2kM. Qotooo, o€ movtikia pe EAewpn tou umodoxéa G2A, n cofapotnta TG VOGOU

6ev HEWONKE oONUAVTIKA, umodnAwvovtag OTL N XNMELOTOKTIKA &pacn Tmou
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npokaAeital amo G2A Sev eival Slelobutikny in vivo Kal 8ev emnpedlel tnv
naBoyévela tng MNAE [524].

Télog, oe Seiypata sykepalovwtiaiov uvypou (ENY, CSF) acBevwv kM
evromnilovtalt  ofelbwpévn  dwaodatibuloxoAivn, dwaodatiburoatbavorapivn,
AvoodwodatibuloatBavorapivn kot odlyyopuelivn,  umodelkviovtag — OTL
HETABOAEG ota AutiSia uTtdpyouv o€ atopa pe kM kal pnmopel va cupfdalouv otnv
naBoyévela NG amopueAivwong [525]. EmumpooBétwg, 1o LPC ekkpivetal amo
VEUPWVEG Tou umnepekdpalouv TO P25 HE QAMOTEAECUA TNV ootpoyAloiwon,
VEUPOGDAEYUOVI] KOL LETEMELTA VEUPOEKPUALOUO TOUC [526]. Zupnepaopatikd to LPC
evepyel wG onUATOS0TIKO HOpLo Tou TpokaAel dAeypovwdelg amokpioelg oto KN

KOl IOTEAEL €val TIOAAG UTTOOXOLEVO OTOXO YLa TN HElwaon TNG veupodAEYLOVHG.
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2.4.9.2.Avcopwaodatudiko ofu

To dedopéva mou epmAékouy thv onuatodotnon ATX/LPA otnv maBoloyia
NG OKANPUVONG Katd TAAKAG, €ival Alyootd. e avBpwmoug, TOVTLKOUG Kal
apoupaioug n y woopopdn tng ATX eivat uPnAn oto KNZ [7, 28, 527]. To XoploeLlOEG
TAéypa  ekdpalel emiong tnv ATX [28, 528] mou ameleuBepwvetal oto
eykeparovwtiaio vypd (CSF) [17], evw n ATX ekdppaletal amo Ta EVEPYOTOLNUEVA
ootpokUTTapa Ueta amd eykedalikn PAABN [528], umodnAwvovtag mbavd polo
otnv dpAeypovy tou KNIZ. Avaluon tou ENY acBevwv pe kM, €6eie auénuéva
enineda ATX og ouykplon pe AAAeg Statapayeg tou KNI [16]. AvtiBeta, otnv EAE, ta
enineda. ATX mRNA Bpébnkav pelwpéva Katd 25% otnv eudavion Twv KAWLIKWV
CUMMTWHATWYV [28].

Ooov adopa toug urtodoxeic LPA, ekdpalovtal Aot oto KN [122, 529], ue
TIAELOTPOTILKAL ~ OMMOTEAECHOTO  OTNV  avamtuén, TN HETAVAOTEUCN KAl TN
onuatodotnon. Ta oAlyoSevopoKUTTOPO CUYKEKPLUEVA, EKPPATOUV TOUG UTIOSOXELS
LPA; [530-533] kat LPA; [533]. Kata tn Oudpkela tng Sladopomoinong twv
oAwyodevépokuttdpwy, n ékdpacn tng ATX aufavetal [28, 534] kat daivetal OTL
ekdppaletal mopodikad og wpLha tpo-oAlyodevdpokuttapa [187]. H ATX Sieyeipel tnv
oavadlopydvwaon TwWV €0TLAKWY CUUPUOEWV OTNV TPOcOLa AKpn TwV OALYyoSeVSPLKWV
npoefoxwv [535]. Emiong, amobeixbnke oOtL 10 €€wyeveég LPA auavel ta enineda
MRNA tng pueAivng (myelin  basic protein, MBP) ota &ladopomnolnpéva
oAlyodevépokuttapa otav n ékdppaon tng ATX eival pewwpévn [536]. H cuppetoxn
Tou LPA otnv enavapueAivwon anododnke otn onpatodotnon péow unodoxéa LPA;
[537]. Ze avtiBeon pe ta mapamndavw dedopéva, to LPA €xel emiong ouvdebel ue
amopueAivwon tng paxlaiag pilag pe tn pecoAdPnon tou unmodoxéa LPA;, petd amnod
veupikn BAGBn [538, 539]. Ta nmapandavw S£60UEVO CUVENAYOVTAL CUUMETOXN TNG
ATX otic dadikaoieg amopuvelivwong/ emavopueAivwong, eUmAEKovTag Ty €Tol
otnv naboduacioloyia tng kM.

To FTY720 (Fingolimod), To mpwto 6la otépatog pApUaKo TTou eyKpiOnke
yla tnv Bepameia tng 2kM, eivat évag aywviotrc tou urtodoxéa S1P [540]. In vivo, To
FTY720 o¢wodopuliwvetal oe FTY720-P kalL oamotpémel tnv €£0d0 Twv
Aepdokuttapwyv amod toug Aepdadéveg péow Séopeuong tou umodoxéa tou S1P1,

HELwvovTag £tol TNV €loodo twv maboyovwv Aspdokuttdpwy oto KNI [540]. Ektog
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oo to S1P, to FTY720-P avaotéA\el tnv ATX in vitro kat in vivo [541], evw Tto (S-)-
FTY720, évag S1P avaotoAéog avaloyo¢ tou FTY720 pmopel emiong va Spa wg
avaotoAéag ATX [542]. Mpénel eniong va onuewwBel otLto FTY720 kat oxL to FTY720-
P urmopel va avaoteidel tTnv PLA2 in vitro [543, 544]. Eival miBavo to Bepameutikod
anotéAeopa tou FTY720 va cuvdéetal Pe TNV avactoAn tng ATX (i tng PLA2), péow
Slapodpdwong onupatodotnong LPC kat/n LPA.
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E10ueé Mépog



1.2Komo¢

H AvocodwodatibuloxoAivn (LPC) katl to Aucodwodatidikd o€u, amoteAolv
TO TILO ONUAVTIKA popla TNG opadag twv AvcodwadoAutdiwv (lysophospholipid,
LPL). Adyw tng 8pdong toug cuykataAéyovtal otnv opdada twv PAsypovwdwv
pecohafntwyv pall pe ta BpopPoavia, Ta AEUKOTPLEVIA KAl TIG TTPOOTAYAAVSIVEG,
omou polpalovtal Kowva MeTaBoAlka povomatia. H dwodoAutdon A2 kat n
avtotagivn (ATX) anotedouv ta Baokd EVIUPA TIOU CULUETEXOUV OTO UETAPBOALOUO
Twv LPC kat LPA, puBuilovtag tnv oplolooTacn Toug KAl CUVENTWG TG Spdcelg toug. O
afovag LPC/ATX/LPA €xeL ouvOeBei pue MOANEG xpovieg dAeypovwbelg adbnoslg, Suo
anmod TIG omoleg MpeAeTwvTtal otnv mopouca Sidaktopkn Siatplpry, n Slomadng
TIVEUOVLKN (Vvwan Kol n okANpuveon Katd mAAKag.

H 18lomabng nvevpovikn tvwon (I, idiopathic pulmonary fibrosis, IPF) givat
Ha xpovia, un avaotpéPlun, mpoodeutika efeAloocOuevn Slapeon Tmveupovia
OyvWwoTou attloAoyiag, otnv omoia To (GUOLOAOYIKO TIVEUHOVIKO TOpEYXUMA
avtikabiotatal and wwdn oTo. Ta mocootd BvnoLdTNTAG TG VOOOU TTAPAUEVOUV
udnAad, mapd TG umtdpxouoess Bepameieg oL omoieg emiPBpaduvouv tnv €EENLEN TNG
vooou. Etol, umtdpxel LeyaAo evlladEpov yla VEEC BepamMEUTIKEG TTIPOCEYYIOELG TTOU
Ba BeAtiwoouv tov Xpovo eniBiwong Katl tnv moldtnta {wng Twv acBevwy pe IMl. O
afovag ATX/LPA €xeL SelxBel va maillel onuavtikd poAo otnv maboyEvela TG
TIVEUMOVLIKAG (vwong. AvEnon twv ermuumédbwv tng ATX, pe avtiotolyn avénon twv
erunédwv LPA, €xouv avagdepBel oto BpoyxokuPeAdikd vypd (BALF) toco oe IMI
00Bevelc 600 KAl OE TELPAMATIKA HOVIEAQ TNG aoBévelag. EmMutAéov, n YeEVETIKA
amaAolwdn tng ATX amod ta kUTtopa tou Bpoyxikol emiBnAiou kal ta pakpoddaya
e€aobévnoe tnv avamtuén Tng vOooU O€ MELPAUATIKA HovTéAa, delxvovtag to dpodpo
yla tnv Bepameia TnN¢ MVEUUOVLIKAG (vwong. 2TOX0C TS mapouoag epyaciag sivat va
eheyxBel n amoteAeopaTikOTNTA €VOCG LoYupoU avactoAéa tng ATX (PF-8380) ota
mAaiola TNV TIEPAUATIKIC TIVEUUOVIKNG (VvwaoNng TIou TIPOKAAEITOL amd UMAEOUUKIVN
(BLM), aAAd kal n avamtuén VEWV LoXUpwv avaoTtoAéwv tng ATX, cupBdaiAovtag
oTNV MpoomndBela eVPeoNC VEWV OEPATIEVTIKWY TIPOCEYYIOEWY YLO TN TIVEUUOVIKN

lvwon.
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‘Ocov adopd TNV GKANPUVON KATA TTAGKOC, OTOXOG TNG MopoUoaC £pyaciag
elval va peAetnBel n opoldotaon twv pwodoAutdiwv kat va amokpurntoypadnbel o
pOAOG NG onuatodotnong tou LPA kat tng avtotagivng (ATX) otnv naboduciooyia
™G vooou. H okAnpuvon kata mAakag (MS, multiple sclerosis) eival pia ano Tig nio
KOLVEG VEUPOAOYLKEG SlatapaxEG oToug eVAALKEG. Elval pa xpovia, unotponalovoa-
Sladelmovoa veupodAeypovwdng Kal VEUPOEKPUALOTIKY Slatapayr mou Unopel va
ekONAWOEeL pe MOKIAl VEUPOAOYIKWY CUUTTTWHATWY. H oKApuvon Katd TAAGKOG
oxetiletal pe TNV Kataotpodn Tou eAUTPoU NG HUeAivnG. Ta oAlyodevdpokuTttapa
elval évag KUPLOG 0TOXOC TNG EMBeONC TOU AVOOOMOLNTIKOU O0TNV OKARpuvVon Katd
TMAGKOG, TO KUTTOPA TOU  QVOCOTOLNTIKOU  OUOTAMATOC  amneAeuBepwvouv
KUTTOPOTOEIKEC KUTOKIVEG Kal autoavtidpaoTtikd Ta AepudoKUTIapO TTOU OTOXEUOUV
TG MPWTEiveG tTNg pueAivng. H Bepameia meplapPavel ouvnbwg Soxeiplon twv
CUUMTWHATWY TNG VOOOU HE GAPUOKA TIOU HELWVOUV TN GUXVOTNTO UTIOTPOTIHG Kal
™V avamnnpia. InUavilikd poAo otnv naboyévela tng kM €xel SeiyBel va mailel n
PLA2, evw o FTY720, T0 MPWTO E€YKEKPLUEVO PAPUAKO yila thv Bepameia tng kM,
glval avrtaywviotig tou S1P unodoyxéa evioxuovtag to evdladEpov Kal TNV mpoooxn
yla TNV €UMAOKH TOU HETABOAlOHOU Twv AuvcodpoodwAutdiwv otnv kM.
EmunpooBétwg, n avutotaivn €xel SexBel mwg eumAéketal otn avamtuén tou
VEUPLKOU OUOTHUATOG KATA TNV €UBPULKA NAKia, evw PELwUEVN €kdpaon tng ATX
€xeL avadepOei ota wptpa oAtyodevdpokutrapa. EmutAéov, o afovag ATX/LPA €xel
eniong eumAakel otn pueAivwon, pe 1o LPA va mailet kaBoplotikd polo ota
petayevéotepa otadla wpipavong Twv oAlyodevépokuttdpwyv. AapBavovtag umoyn
Ta mapandvw, eivat mBavo n amoppuBUlon ToUu onuatodoTikoU Hovomatiou
ATX/LPA va ennpedoel T GAEYUOVWEELG, EKPUALOTIKEG 1 KOl TIC SUO TIAEUPEG TNG

2k, epwTnUa IOV MPooTtabel va amavtrosL N LEAETN aUTH.
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2.0 a&ovag ATX/LPA otnv NMveupovikn lvwon

2.1.20yKpLon TG EVOOTPAXELAKNAG KL TNG oTtopatodpapuyyLkrng 0800 xopnynong
™G UAeopukivng oto nelpapatolwo Mus Musculus.

NepiAnyn
H Wonabng mvevpovikn tvwon (IPF) eivat pa Bavatndopa acbévela mou
xapaktnpiletat and unepPoAkn evamobeon ocuotaTikwy e€wkuTTApLag BepéAlag
ouciag, TNV KAtaotpodn TNG APXLTEKTOVLKIG TWV TIVEUMOVWV KOl TNG umoBabuiong
TWV TIVEUPOVIKWVY A€ltoupylwv. H autia tng maboyévelag tng vOOOU TOPAUEVEL
QVETOPKWE Katavontr, Onw¢ oavrtikatomntpiletat otnv  €AAewpn  KataAAnAng
Bepamneiag. Movtelomoinon tng avOpwrivng acBévelag o€ TOVTIKIA HECW TNG
xopnynong WmAeopukivng (BLM), mapd TOUC EYYEVEIG TEPLOPLOMOUC, TIAPEXEL
TIOAUTIUEG TANPOdOPIEG YL TOUG UTIOKEIUEVOUC TTABOYEVETIKOUC UNXAVIOUOUG Kol
€XEL KABOPLOTIKN onpacia yla tnv avantuén Kal EMKUPWOon VEWV GapUoKOAOYIKWV
TMAPEUPBACEWY. ITNV €Pyacia auUTr), OUYKPIVOUHE QAUECA TNV EVOOTPOXELAKN)
(intratracheal, IT) xoprynon uHe TNV  oTopatodOpuyylk avappodnon
(oropharyngeal, OA). Ta anoteAéopatd pag deixvouv OtL n otopatodapuyyLkr 060¢
xopnynong Tng MmAsopukivnG uUmopel va  xpnowomownBsl w¢ aodaAng Kot
QTMOTEAECUATIK €VAAAQKTIK AUGHN, €AQXLOTOTOLWVTOG TNV TIPOEYXELPNTIKN Kal
TIELPOLLATLKN BvnooTnTa, SLaTnPEWVTAC TAUTOXPOVA VA LOXUPO LVWTLKO ¢aLvOTUTIO,

OTIWG EKTLUAONKE e pia MANBWPA TUTIOTIOLNLEVWYV TTOCOTIKWY OVAAUCEWV.
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2.1.1.Elcaywyn

H povtelomoinon avBpwriivwv aoBevelwv o€ TOVTiKIA, TAPA TOUG EYYEVEIG
TIEPLOPLOUOUG, TIAPEXEL TIOAUTLUEG YVWOELG YLO TOUG UTIOKELMEVOUC TTAOOYEVETIKOUG
HUNXOVLOUOUG Kal CUMPBAAAEL oTNV avATTTUEN KoL EMKUPWON VEWV POPUAKOAOYLKWY
napeupacewy. 2to mAaiolo tng IStomaboug Mveupovikng ‘lvwong (N1, IPF), ua
Bavatndopa acbévela mou xapaktnpiletal ano unmepPoAlkn evanobBeon CUCTATIKWY
e€wkuttaplag BepéAlag ovoiag, Kataotpodn TNG APXLTEKTOVLKIG TWV TIVEULOVWYV Kol
™V €€a00£VIoN TWV MVEUHOVIKWY AETOUPYLWV [1], TO TILO EUPEWG XPNOLUOTIOLOUEVO
TIELPAUOTLIKO HOVTEAO €lval n xoprnynon UMAgopukivng og movtikia C57BI16/) [2-4]. H
umAeopukivn (BLM), eivat éva pelypa YAUKOTIEMTLS WV TTOU QITOUOVWVOVTAL Ao ToV
Streptomyces verticillus kal amoteAel €va avilveOMAACUOTIKO/aVTIBLOTIKO APUAKO
yla tn Bepanceia oplopévwy popdwv kapkivou [5]. H éAAewdn tng udpoAdong tng
UMAEOUUKIVNG OTA TIVEUUOVIKA emBnAlokd Kuttapa Bewpeital OtL €lval o KUPLOG
AGYOG yla TNV mopatnPoUUEVN TOEKOTNTA TNG UIMTAEOMUKIVNG OTOV TIVEUHOVA, HE
amoTéAeopa TNV €UdAvVIOn TIVEUUOVIKNG (VWwoNG wG TOPEVEPYELD O O00DEVEIG e
Kapkivo. H mapatnpolpevn ToflkOTNTA O0TOUC avBpwmoug cuvTopa odnynoe otnv
XPNon TNG OTO TELPAUATIKO HOVIEAO [6], Omou efumnpetel TNV EMLOTNUOVIKA
KOLWOTNTA amo TOTe. To HOVIEADO XOPAKTNPLZETAL QMO ATOMTWON TWV KUTTAPWY TOU
KUPEASIKOU emiBnAiou Kal amod €kkplon TPOGAEyHOVWOWY KAl TIPO-LVWTIKWV
mapayoviwy, Tou odnyouv o€ evepyomoinon woBAactwv Kal evanobeon
KOAayovou, TNV avamapaywyr oplopévwy, oANGd  Oxt  OAwv, Baoclkwv
XOPOAKTNPLOTIKWY TNG avBpwrivng acBeévelag [3,4]. H emakoAoubn dAeyuovn), n
ENeWPn NG KUPEASIKAG eTUONALAKAG UTIEPTTAQCLOG KOL N ypriyopn avaTtport Tou
WWTIKOU ¢avoTUTIoU, amoTeAoUV TIG KUPLEC SLadopEC pe TNV avBpwrivn acBévela
KOl To MELloval UELOVEKTATA TOU HOVTEAOU TNG UIMAEOUUKIVNG, TOL OTola woTtooo
TIOPOKAUTITOVIOL oV TpaypatomownBsl  emavalapfavouevn  xopnynon  Ing
umAeopukivng  [7]. H  xopriynon  UmAeopukivng péow  evOodAEBlag R
evdomnepltovaikng éveong, ULHELTAL TNV avBpwrvn TIVEUHMOVIKN (vwon PEe avamtuén
oAolwoewv HeTa€l TOU UTElWKOTA Kal Tou Tolywpato¢ [4]. Evroltolg, n
evbotpayelakn (IT) xopnynon Hlog povo 860nNC UIMAEOUUKIVNG UE ATIOTEAECUA TNV

EUPAVION WVWTIKWV TEPLOXWV YUPW amo Toug Bpoyxoug, eivat n péBodog mou
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oakoAouBeital cuyvotepa [8]. EmutAéov, n xopnynon NG WIAEOMUKIVNG HEOW
PekaopovU [9] Sivel opoloyevr) Katavoun Twv WwTikwv BAaBwv kot emavalqua
anoteAéopata o oxéon Pe tnv evdotpaxelakr evotaAagn [10]. “Evag eVOAAAKTLKOG
TPOMOG XOPAYNoNG TNG UMAEOUUKIVNG OTNV TPOXEla, €lval n otopatodpopuyyLki
avappodnon (OA) [15, 16]. Onwg mapoucldleTol MAPAKATW, N OTOUATOPAPUYYLKA
xopnynon 0,8U/Kg umAeopukivng €xel TAPOUOLEG VWTLKEG QTIOKPLOELG OMWG N
evbotpayxelakn xopnynon 3.2U/kg. EmumAéov, n otopatodapuyylki xopnynon
HElWOE TNV MPO-EYXELPNTIKA BvnouotnTa, AOyw TNG EUKOALAG Kal TNG TaxUTNTAC TWV
Sladkaolwy, evw n xapnAotepn d6on UMAEOUUKIVNG TTOU XPNOLUOTIONONKE UelwoEe

eniong TNV MEPAPATIKY BvnouotnTa.

2.1.2.Me0060Moyia

Nepapatikd povtéAo HmAgopuKivnG. H mveupoviK (Vwon €MAYETAL OE APOEVLKA
Kat BnAuka movtikia C57BL6/J, nAwkiag 8-12 eBSouadwy, pe evdotpayxetakn (IT) n
otopatodapuyyky (OA) xopriynon umAeopukivng (BLM HCL, Nippon Kayaku,
15mg/vial Stahupévo og 0.9% Pucloloyilkd 0po), cUpPwva pe TV €€n¢ dladikaoia:
To TovTikL avoloBbntomoleital pe evdomnepitovaikr €veon EuAalivng/ ketauivng/
atporivng (10mg/100mg/0,05mg/kg avtiotowxa). Itn cuveéxela, otabepomnoleital ot
€181k Baon umod ywvia 45-60° kal pe To KATAAANAO dWTIOUO SlakplveTal n Tpayeia
avapeoa ot dwvnTKES XopSEC. ZTnv evbotpaxelakn 0806 xopriynong (0.08U/movrikt
og O0yko 100ul), n prmAeopukivn eyxéetat aneuBeiag oto mvelpova HECW PEKOOUOU.
Ocov adopa tv otopatodpoapuyylky 086 (0.02U/ movtikt oe oOyko 50ul) n

UMAEOUUKLVN XOopnyEeitoL wg uypo.

In vivo METPAOEL MVEUMOVIKAG Asttoupyiag. H afloAoynon Ttng TMVEUUOVIKAG
Aewtoupylog €ywve otov pnxoviko avamvevotipa FlexiVent system (SCIREQ,
Montreal, Canada) XpnOLLOTOLWVTOG MO TEXVIKI) OVAYKAOTIKNG TaAaviwong (FOT,
HOVAC Kal XOMNANG ouxvotntag) Kal HETPAOEL Tieong-oykou (PV), amod omou
npokUTtouv  6edopéva yla TNV OAKA  avamveuoTikry eAhaototnta  (Ers) kot
ouppopodwon (Crs), Tnv eAactotnta TOU TVEUPOVIKOU otol (H) kot tn otatiki

ocuppopdwon (Cst).
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ZuAloyn BpoyxokuPeAdikov uypou (BALF) kat avaAuon. To BpoyxokupeAdiko
UyPO OUAAEXONKE PeTA amod mAUon tou TveUpova he 3ml duololoykou opoul. Ta
BALFs ¢uyokevtprBnkav ota 100g yia 10 Aemtd, 10 umepkeipevo GUAACOETAL OTOUG
-80°C yLa pETpnon MPWTEIVNG Kot KOAayovou, evw ta KUTtopa PeTpwvtal pe 0.4%
Trypan blue. H ouvoAwkn ouykévipwon mpwteivng alohoyndnke pe tn dokipaocia
npwteivng Bradford cbudwva pe tig 06nyieg Tou kataokevaoth (Bio-Rad, Hercules,
CA, USA). H moootwkomoinon Ttou O&8loAutol KoAAayovou Tpaypatonolionke
XPNOLLOTIOLWVTOC TO TIPWTOKOAAO Sirius Red. Ev cuvtopla, Seiypata BALF (50 pA.)
apawwdnkav og 1 mL 0,5 M oflkoV o€€ocg kat ioog Oykog Sirius Red (120 pg/mL og 0,5
M o€Lko o&v). Ta delypata emwaoctnkav oe Beppokpacia dwuatiou yla 30 Aemtad, Kat
HETA oo ¢UYOKEVTPNON, LETPATAL N amoppodnon Tou UnepKeipevou ota 540 nm.
Ot TWéEG Tou AapPavovtal petatpémovial o€ pg/mL ocUpdwva pe TN MPOTUTIN

KaprtUAn pe koAAayovo tomou | and apoupaio (0-500 pg/mL).

lotonaBoAoyia mveupovikoU totol. Ol oTol TWV TVEUPOVWV Badtnkav e
atpatoéulivn/nwoivn (H&E) 7 tpypwpatiky xpwon Masson. H otornaboloyikn
avaluon Baoiotnke otnv Tpomonownuévn kKAipaka Ashcroft [2], oe dwrtoypadieg mou
eA\ndOnoav amnod pkpookomnio Nikon Eclipse E800 (Nikon Corp., Shinagawa-ku, Japan)
oto ormoio eixe mpooaptnBsel Ynoakn dwrtoypadikn unxavy (Q Imaging EXI Aqua

digital camera), pe xprion tou Aoylopikou Q-Capture Pro 7.

Anopovwon RNA kat Real Time PCR. To oAtkd RNA amopovwBnke amo tov aplotepo
AoBo tou mvelpova xpnolponolwvtag to StdAuvpa Tri Reagent (Molecular Research
Center, Inc., USA) kot €netta ano koatepyaocio pe DNase (RQ1 RNAse-free DNase,
Promega, Wis, USA), ouvtébnke cDNA amd 1.5 pug RNA (M-MLV RT, Promega).
Aluvoldbwty avtibpaon moAupepdong (QRT-PCR) mpayupatorowiBnke pe SsoFAst
EvaGreen Supermix og Bio-Rad CFX96 Touch™ Real-Time PCR Detection System (Bio-
Rad Laboratories Ltd, CA, USA). (21). H aAAnAouyia ekkivntwy yia to collal ftav : (f,
5’- CTACTACCGGGCCGATGATG-3’, r, 5’- CGATCCAGTACTCTCCGCTC-3’, 188bp). tgfbl
(f, 5'-CTCCCGTGGCTTCTAGTG C-3', r, 5'-GCCTTAGTTTGGACAGGATCT G-3', 133bp),
B2M (f, 5'-TTCTGGTGCTTGTCTCACTGA-3’, r, 5 -CAGTATGTTCGGCTTCCCATTC3’,
104bp).
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2.1.3.AnoteAéopata-zulntnon

Mépa amo tnv o086 xopnynong, n cofapotnta Twv eMOPACEWV TNG MMAEOUUKIVNG
e€aptatal og peyaho Babud amo 1o yeveTiko umoBabpo twv moviikiwy (6nA. C57BI6
J évavtt N), onwg emiong koL oL oUVONRKEC KATW amd TL( OMOLEC eKTpEdovTal Ta
nepapatolwa. Q¢ amotéAeopa, Eva eupl PACUO CUYKEVIPWOEWY WMAEOUUKIVNG
€xouv xpnolpornotnBel yla tnv mpOKANGCN MVEUUOVIKNAC (vwong og movtikoug [2,4].
Apxikd, xopnynbnkav Téooepl OLOPOPETIKEG BSOOEL MUMAEOMUKIVNG HEOW
otopatodpapuyylkic odou. H xoprynon 3,2U/Kg umAeopukivng, n 60con mou
XPNOLUOToLELTOL OTNV evEoTpaxeLaK 080 xopnynong, kabwg kat n pukpotepn 6éon
twv 1,6U/Kg, obnynocav og onuUavilkd mocootd Bvnoluotntag (ZUMImANPWHOTLKY
Ewkova 1A). AvtiBeta, pe tv 86on twv 0,8 U/Kg mapatnpnbnkav OTOTLOTIKA
ONUOVTIKEG AUENOEL 0 OAou¢ Toug Oeikteg NG aoBévelag (ZURMANPWHOTIKA
Ewkova 1B-H) pe eAayiotn Bvnolpuotnta Kat €Tol eTUAEXONKE yla TNV AUECN GUYKPLON
Twv odwv IT kat OA. H mveUpOVIKN (vwon TIPOKANBNKe He xopriynon UIMAEopUKivVNG
HEow TNG evdotpaxelakng n otopatodpapuyylknc odol (ota 3.2 kat 0,8 U/kg
avtlotoiywg) oe movtikia C57BI6/J, apoevikad kat OnAukd, nAkiog 8-12 eBSopadwv.
Ooov adopa Vv eniBiwon, dev unnpée otatloTkA onuavtiky Stadopd HeETAEL TwV
dvo odwv yopnynong (Ewova 1A, B). Qotoco, UETA Ao TNV OTOHATOPAPUYYLKA
xopnynon &gv onuewwdnkav Bavatol, mbavotata Adyw Tng XapnAotepng &6ong
UmAeopukivng. Napopoiwg, ot Suo odot xoprynong UmAeopukivng, oe clUyKpLon e
™V opada eAéyxou (duoloAoylKOC 0pOC), 08 ynoav o ONUOVTIKY anmwAEL0 BAPoUG
(Ewkova 1C), évac amo toucg Baoikoug deikteg tng PAAPBNG TOU TPpOKAAEsiTaL Ao
UMAEOUUKIVN. 14 nUEPEC PMETA TNV Xoprynon UmAgopukivng (f ¢uotoAoyikol opou)
TO TTOVTiKla cUVOEoVTaL PE €VOV PNXOVLIKO QVATIVEUOTHPA yla TNV afloAoynon twv
TIVEUUOVIKWV Asttoupylwv (Ewkdva 1D). H Asttoupyikry BAGBN mou mpokaAeital amno
NV otopatodapuyYLKH Xopnynon UnAseopukivng eival e€loou coBapn pe tnv PAAPN
a6 evbotpaxelakn xopriynon. Napatnpndnke peiwon tng oTATIKAG CUPUOPPWONG
Twv Tveupovwy (Cst), Tou avamveuotikol cuothuato¢ (Crs) KoL TNG CUVOAIKNG
XwpnTkotnTa mvevpova (A), kobwg kal avénon otnv  €A0OTOTNTA  TOU
oavamnveuoTtikoU cuotnuatog (Ers) kat tou totou (H), Kol otnv KOUMUAOTATA TNG

KQUMUANG mieong-oykou (K) (Ewkova 1D). H 086¢ xopriynong tng WTAEORUKIVNG eV
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EMNPEONCE TNV ayYELWOK Olappor] ToU TIPOKOAEITOL OO WUITAEOUUKLIVN, OTMWC
UTIOSELKVUETOL Qmd TA OUVOAKA emineda TPWTIEIVNG TOU HETPWVTOL OTO
BpoyxokuPeAldiko uypo (BALF) (Ewkova 2A). Opoiwg, Sev dlamotwdnkav dtadopeg
OTO OUVOAIKO aplBpd tTwv PpAeypovwdwy Kuttdpwv oto PBpoyxokuPeAdikd vypo
(Ewkova 2B). ErutAéov, oto BpoyxokuPeAdikd uypo MPoodLopioTnKE N MOCOTNTA TOU
SloAutou koAAayovou, w¢ €Uupecog Selktng TG tvwong Tou otou. Kat maAl, Sev
napatnpnobnke dtadopad otn Stadopetik 0806 xopriynong tng UMAeopukivng (Etkdva
2C). MNpéneL va onuelwBel OTL N LETPNON TNG MEPLEKTIKOTNTAC TNG USPoEUTIpOAivng
TOU TVEUHOVIKOU LoToU eival n mA€ov akpLBrg uéBodog yla tov mpoodloplopo TG
TIEPLEKTIKOTNTAG TOU KOAAQYOVOU OTOV MVEUHOVA Kal, WG €K TOUTOU N BEATIOTN Yyl
Vv aflohoynon tng ivwong [8]. Qotdoo, auTh n TEXVLKN ATMALTEL TOUAAXLOTOV TO ULOO
nivebpova, Teplopiloviag £tol Tov aplOuo twv TapAAANAWV avoAUCEWV ToU
UMopoUV va ekteAeoTtolV (eite oto mRNA eite otnv mpwrteivn 1 enimedo ev{UUIKAG
SpactikotnNTag) 1 amaltouv emumAéov aplOud movikwyv. Emutpoobétwg, Sev
napatnpndnkav dtadopéc ota enimeda Ekppaong koAayovou 1al kal ota enineda
tou TGF-B, tov KUplo TMpo-lVWTIKO mapadyovta (Ewkova 2D-E). MapdAAnia, omwg
dalveTal 0 OVILMTPOOWIEUTIKEG ELKOVEG XPWONG TVEUMOVIKOU otou e H&E, n
UMAEOUUKIVN TIPOKAAECE EKTETAUEVEC IVWTLKEG OAAOLWOELG KAl TIAPAUOPPWON TNG
apxttektovikr doung oe olykplon He ta Lwa tng opadag eAEyxou, aveEdptnta amno
™ uEBodo xopniynong (Ewkova 2F). EmumAéov, €181k Xpwon yla To KOAAQyOvo TOu
TIVEUMOVLKOU LoTtoU Sev €6¢eLée peydleg Stadopég petafh twv duo odwv xopriynong
(Exkova S2A-B), avtiotoya nAtav kat ta amoteAéopata BabuoAoynoncg Ashcroft
(Ewkova 2G). ZuvoAikd, cuykpivape yla mpwtn popd tnv otopatodpapuyylky 0do
Xopnynong tng UMAEOMUKIVNG HE TNV evdotpaxelakry 080, XPNOLUOTIOLWVTOG HLa
MANBwpa avaAUoswv cUUMEPNAUPBAVOUEVWY in ViVO PETPAOEWV TNG AELToupylog
TWV TIVEUUOVWV TIOU €XOUV HEYAAN KAWLKA onuooia. Ta amoteAéopaTA Mg
umodnAwvouv OtTL n otopatodapuyyikn xopnynon (OA) pmopel va xpnowuomnown6set
W¢ aoPaAng KoL AMOTEAECUATIKA EVOAAAKTIK 060¢ Xopriynong tng WIAEOMUKIVNG,
Xwplc va amattolvtal eMEUPATIKEC XELPOUPYIKEC EMEUPACELS KAl TAUTOXPOVO

TLAPEXOVTOG VA LOXUPO LVWTLKO TtpodiA Ttou pmopet va avamnapayxBet pe eukoAia.
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Ewkova 1. AnoteAéopata TG XOPNYNonG MMAEOMUKIVNG HE €EVOOTPOXELAKN
(intratracheal microspraying, IT) 1 otopatodpapuyywky €éyxuon (oropharyngeal
aspiration, OA) otnv Bvnolpotnta, anwlela BAPOUG Kal TIVEUHOVIKEG Aettoupyisg. (A, B)
Kaplan-Meier kapmUAeg emiBiwong (C) Mooootd petaBoAng Bapoug UeTa TNV Xopnynon
prAeopukivng i ductohoyikol opol pe TG SUo 08oU¢ xopnynong (D) In vivo punxavikeg
TMAPAUETPOL TOU TIVEUMOVA: OTATIKY OUpdpopdwon (static lung compliance, Cst),
CUHUUOpdWON avamveuoTikol cuothpaTtog (respirator system compliance, Crs), ouvoAikn
XWpNTIKOTNTA TveUpova (A), EAaoTOTNTA AVATVEUCTIKOU cuaThpatog (Ers) kat lotou (H) kat
N MAPAUETPOG TNG KAUMUANG dykou-Tiieanc (K).
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EwkOva 2. BLOXNMIKEG Kol LOTOAOYIKEG SLadOpPEG TNG XOPNYNONG HIMAEOMUKIVNG ME
evdotpaysiakn (intratracheal microspraying, IT) 1 otopatodapuyyky €yxuon
(oropharyngeal aspiration, OA). (A) MNoocdtnta KUTTAPWV TOU HETPAONKAV OTO
BpoyxokuPeASIKO UypO HETA TNV Xopnynon HmAeopukivng n duololoyikol opou. (B)
JUVOALIKN TOOOTNTO TMPWTEIVNG Tou HeTPRONKE oTo PBPOoyXOKUWPEALSIKO UYPO UETA TNV
xopnynon UmAeopukivng 1 pucolodoykol opou. (C) Nocotnta StaAutou koAAaydvou Tou
MEeTPRONnKe oto BpoyxokuPeAlSikd vypd LETA TNV XoprHynon UMAeouukivng i ¢ucloAoyilkou
opou. (D,E) qRT-PCR avdAuon twv enutédwv tou Collal kat Tgfb oe mveupoviko oTo amo
TIOVTIKLO. TWV SUO0 TELPAUATIKWY OHAdwY Kal Twv avtiotoywv opddwv ehéyyou. (F)
AVTUTPOOWTEVTIKEG dwToypadieg MVEUOVIKOU LOTOU e Xpwon atpatofulivng/swaoivng. (G)
BaBpoAdynon tng mveupovikng ivwong pe Bdon tnv kAipaka Ashcroft.
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otopatodapuyylkic odou (oropharyngeal aspiration, OA). (A) Kaplan-Meier
KOUTTUAEG eMIBlwoNG yla TECOEPLS OUYKEVTPWOELG MIMAgopUKivng (B) Mocootd petaBolng
Bdpoug peta tnv xopnynon umAeopukivne (0,4U/kg kat 0,8U/kg) i ductoloyikol opou. (C)
Juvolik ToooTnTo TPWTeivng Tou petpnBnke oto PpoyxokupeAldikdé uvypd kat (D)
Moodtnta Stalutol KoAAayovou Tou HeTprOnke oto PBpoyxokuPeAlSikd uypo HETA TNV
xopnynon umAeopukivng (0,4U/kg kat 0,8U/kg) i ductoloyikol opou. (E) gRT-PCR avdluon
Twv erunédwv tou Collal o€ MVEUUOVIKO LOTO amd MOVTIKLA TWV SUO TIELPOAUATIKWY OUAdwY
KoL TNG opadag eAéyxou (saline). (F) AvtumpoowmneuTtikeég dwTtoypadileg MVEUHOVIKOU LOTOU
pe xpwon awpatofulivng/ewaoivng petd tnv xopnynon UAeopukivng o Suo SLPOPETIKEC
oUYKevTpwoelC. (G) BaBuoldynon tng MveUPOVIKAC lvwong pe Bdon tnv kAlpoka Ashcroft.
(H) In vivo pnXOVIKEG TAPAUETPOL TOU TVEUHOVA: OTATIKA CUppOpdwon (static lung
compliance, Cst), cuppopdwon avanveuotikol cuctruaTtog (respirator system compliance,
Crs), ouVOALKN Ywpntkotnta vebpova (A), ehaototnta avarnveuotikol cuothiuatoc (Ers)
KOlL LoTOU (H) Kal n MapAUETPOG TNS KAUTTUANG Oykou-Ttieong (K).
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Sirius Red Masson'’s Trichrome

BLM Saline BLM

ZuuMAnPWHATLKA lkOva 2. IoToAoyIKEG SLadopEg TG Xoprnynong WITAEOHUKIVNG HE
evéotpayxeiakn (intratracheal microspraying, IT) | otopatodapuyykn €yxuon
(oropharyngeal aspiration, OA). (A-B) AvtutpoowmneuTikéG dwToypadieg MVeUOVIKOU
LoToU pe xpwon Sirius Red 1 Masson Trichrome, amokaAUTTOUV TNV €KTOCN TNG (VvWong Kot
NV evamobeon KOAAQYOVOU OTOV TIVEUHOVLKO LOTO UETA TNV XOPHYNOoN MIAEOMUKIVNG LECW
€vVOOTPOYELAKNG I} OTOUATOPAPUYYLKAG 080U.
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2.2.H dappakolroyiky otoxevon tou afova ATX/LPA g€aocBevei tnv ivwon

TLOU TTPOKAAELTOL OITO UITAEOMUKIVN

NepiAnyn

H 8lomabng mveupovikn tvwaon (IMl) elval pia xpovia TIVEUROVLKI WVWTLKA VOOOG UE
duopevy mpPoyvwon Kol ayvwotng attodoyiag. H auvtotalivn (ATX) eival pia
EKKpLVOUEVN AucodwaodoAundaon D, mou euBlvetal oe peydlo Pabud ywa v
efwkuttapla mopaywyr tou Avcopwodatudikou o€og (LPA), evog Blodpaotikou
dwodpoAutbiou. To LPA €xel moAudplOueg emSPACEL OTOUC TIEPLOCOTEPOUC
KUTTAPLKOUG TUTOUG, HE TNV CUMMETOXN TouAdxlotov 6 umodoxéwv (LPAR) oto
pHovomatL onuatodotnong Ttou, oL omoiol gpdavilouv €upeiol KATAVOUN KoL
eTukaAumtopeveg 8L0tntec. O afovag ATX/LPA éxeL mpotabel wg BepameuTikog
OTOX0C Ot OlLUPOPETIKEG XPOVIEGC GAEYUOVWOELS KOl WVWTIKEG SlaTApPa)EG,
cupnepAaUBavouEVNG TNG IVEUMOVIKAG vwong. Xtnv nmapouoa €kBeon, e€etdoape
TNV QMOTEAECUATIKOTNTA €VOG LOXUPOU avaotoAéa tng ATX (PF-8380) kal evog
ovtaywviot) tou LPAR1 (AMO095) otnv MVeEUPOVIKH (Vwon Tou TPoKaAsitol amo
umAeopukivn (BLM). Kat ot 8Uo evwoelg gumobilouv TNV avATTUEn EKTETAUEVNG
TIVEUMOVLKAG (vWwong Kal TNV Tapopopdwaon TnG apXLTEKTOVIKAG TWV TIVEUUOVWY,
TAPOUCLAIOVTOG TIOLOTLKEG KAl TTOCOTLKEG Sladopeég o€ SLadOpPETIKEG EKPAVOELG TNG

TIELPOLATLKAC aoBévelag.
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2.2.1. Elcaywyn

H 18lomabng nvevpovikn tvwon (IMI, IPF) gival pla xpovia wvwdng popdn
SLAXUTNG IVEVUOVLIKAG VOOOU He SUOWEVH TTPpOyvVwan, n omola xapoaktnpiletal anod
npoodeutikn Suomvola kal padloypadika dtaxutn dibnon. To onua KatateBév TG
INl elvat n mopoucia &vog UTEPTMAACTIKOU €mONAloU TIOU  ETUKAAUTITEL TLG
WVOPBAQOTIKEG EOTIEG KaL N EVANOBECN CUCTATIKWY EEWKUTTAPLAG ouaiag, odnywvtog
oe MaxXUVOeLS Twv KUPeASIkKwY Sladpayudtwy, mapopuopdwaon TnG TMVEUHUOVLKAG
OPXLTEKTOVLKAG Kol EMISEIVWON TwV GUGLOAOYLIKWY TIVEULOVIKWY AELTOUPYLWV. AV Kall
n atwttoAoyia kat n maboyévela tng IMNI mapapévouv eAAXLOTA KATAVONTEG, TO TPEXOV
Soyua umodnAwvel OTL oL pnxoviopol mou oényouv otnv NI avtavakAolv Tnv
OVWUOAN, amopuBulopévn emoUAwon TANYwv O  amokplon TNG EMiHOVNG
eruOnAwakng BAaBne [1, 2].

H autotaivn (ATX) eivatr pia ekkpvopevn AvcodwodoAutdon D mou
KataAvel tnv ubpoAuaon tn¢ AvcodwadatiduAroxoAivng (LPC) oto Avcopwodatidiko
of0 (LPA) kalL Bewpeitat umevBuvn ywa TNV TAEOVOTNTO TNG £EWKUTTAPLAC
napaywyng LPA [3]. Me tn oelpad tou, To LPA mpokalel amokpioslg TUTou auénTtikou
napayovta oxedov oe KABE KUTTAPLKO TUTO, CUUMEPAAUBAVOUEVNG TNG KUTTAPLKNG
avamntuéng, emiBiwong, Stadopomoinong Kal Kvntikotntog, HEow OECUELONC OE
TouAdylotov €€l oulevyuévoug pe G mpwteivn umodoxei¢ (GPCRs, LPAR1-6) mou
napouotalouv aAAnAemikaAuntopeveg e€eldikevoelg kat eupeia Swavoun [3].
Auvénuévn Spaotikotnta tou afova ATX/LPA €xel avadepBel oe TOANEG XPOVLIEG
dAeypovwbelg SlatapaxEg kal og Stddopoug TUoOUC Kapkivou [3-5].

Auvénuéva enineda ATX kat LPA €xouv avadepBeil oe aoBeveig pe IMNI kat
TIELPOLOTIKA HOVTEAQ, EVW N YEVETIKA 1N POopHAKOAOYLK oTtoxeuon tng ATX 1 tou
uroboxéa LPAR1 efacBevel tnv VvOOO O€ TEPAUATIKEG HeAETeg [6-8]. H
OQTTOTEAECHOTIKOTNTA TWV aVACTOAEWV TNG ATX UIKpOU HOPLoU 1) avTaywVvLoTwV TOoU
LPAR1 £xeL avadepbel otnv BLBAloypadia [9-13]. Tuykekpluéva, n otoxeuon tng ATX
€xel amobelxBel amoteAeopATIK OTO MOVTIEAO TNG TVEUMOVIKAG (vwong Tou
T(POKOAE(TAL QIO UITAEOMUKIVN TOCO PE ULKPA popLa avaoTtoleig [7, 14, 15] 6oo Kal
pe amrtapepry DNA [16], wotdoo OTI( UTMAPXOUOCEC MEAETEG E£xel edappocBOel
npodulakTiky Oeparmeia, svw pla mpoodatn avodopd CUYKEVIPWVEL OAa Ta

Bepameutikd amoteAéopata tng otoxeuong tng ATX otnv INI [17]. EmutAéov, n
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OTTOTEAECHOTIKOTNTA TNC AVAOTOANG TNG ATX Kal Tou avtaywviopoU tou LPAR1 dev
€XeL ouykplOel apeoa, evw Sev €xel SlepeuvnBel €va OoUVEPYATIKO BEPATEUTLKO
0¢deAog Twv duo oTo MAALCLO TNG MVEUMOVIKNAG (vwong.

Q¢ K TOUTOU, OTNV £pyacia autr, eéeTaoape Evav and Toug LOXUPOTEPOUS
avaotoAeig ATX, tov PF-8380 [18], t000 o€ MPOodUAAKTIKO OGO KOl 0 BEpATMEUTIKO
oxNua, emPBefatwvovtag 0t n avaotoAn ATX elval anmoteAeopaTiky) otnv mpoAndn n
otnv e€aoBévnon ¢ avantuéng MVEUHOVIKAG (vwong mou mpokaAesital and BLM.
MapdAAnAa, o avtaywviopog LPAR1 pe tv AMO095 [19] €6ei€e emiong
QTMOTEAECHOTIKOTNTA, HE TIOLOTIKEG KOL TIOOOTIKEG METPAOEL TOU adopouv

SLaPOPETIKEG MTUXEG TNG AVATITUENG TNG VOTOU.

2.2.2. MeBoboAoyia

Movtikia. OAa ta melpapotolwa ektpédovial oe €LOIKEC EYKATAOTACELS, UTIO
OUVKEKPLUEVEC KOl OTEIPEC oUVONKeG: n Bepuokpacio kupaivetatl otoug 20-22°C, n
uypaoia oto 55+5%, umadpxel otaBepdG KUKAOC PwTOC-0KOTOUC 12 wpwv Kol n
npocPaocn oe vepo Kal tpodn eival eAeBepn (24wpec). To MPWTOKOAAO €peuvag
€XeL eykplBel amod tnv emnutponry dsovtoloyiag tou EKEBE «AAEEavEPOG DAEULVYK»

KOLL TNV KTNVLOTPLKN UTtNPECiaL.

Nelpapatikd POVTEAO UIMAEOMUKIVNG KoL XOPARyNnonG avacToAéwv. H MVEUOVLKNA
ivwon mpokAndnke os apoevika movtikia C57BL6/J (nAwkiag 8-10 eBdopadwy, pEcou
Bapoug 25yp) pe evdotpaxelakr €yxuon 3.2U/Kg pumAeopukivng [7]. OL avaoTtoAelg,
PF-8380 kat AMO095, xopnynonkav Suo ¢popéc nuepnoiwg yla 15nuépeg (amo tnv
nuépa -1 €éwg tnv 14n), Sta otopatog. H opada eAéyyou €Aafe elkovikr Bepameia pe
Hydroxypropyl Cellulose 2% (w/v)/Tween 80 0.1% (v/v)), To StdAupa oto omnolo ixav

SlaAuBel oL avooTtoAeic.

Zuloyn BpoyxokuPeAdikov uypou (BALF) kat avaAuon. To BpoyxokupeAdiko
UYypPO CUAAEXONKE pe TNV Tumkn Stadikaoia (mAvon pe 3ml puaclohoyikol opou) (7).
H ouvoAwKr) ouykévtpwon TPWTEivNg aflodoyndnke pe T Soklpaoia TPWTEivNg

Bradford cupdwva pe tig 06nyieg tou kataokevaotr (Bio-Rad, Hercules, CA, USA). H
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TIOOOTIKOTOINON Tou SLaAUTOU KOAAQYOVOU TIPOYLOTOTIOW)ONKE XPNOLLOTIOLWVTAC TO
MPWTOKOAAO avaAuong Sirius Red (7). Ta delypata BALF e€etdotnkav yla ta enineda
LPA xpnowomowwvtag vypn xpwuoatoypadia vPnAng avaluong He GOOUATOUETPO
udZac (HPLC-MS / MS) (20).

ZuAdoyn opoU aipatog kat avaAuon. To aipa cuAAéxBnke 1, 3, 6 WPEG PETA TNV
TeAevtala xopriynon Twv OVOOTOAEWV KAl TO TAACHO QNMOMOVWONKE HETA amod
¢duyokévrpnon (2000g otoug 4°C yia 20 Aentd) (21). H dpaoctikotnta tng ATX o€
Selypoata mAdopatog petpnOnke pe tn dokipacia TOOS kal ta enineda LPA, kabBwg

Kall oL oUYKevTpwoelg PF-8380/AMO095 moootikomotibnkav pe HPLC-MS / MS (22).

lotonaBoloyia mveupovikol totou. OL wotol Twv TveLpovwY PBadtnkav pe
atpatoéulivn/nwoivn (H&E) i tpiyypwpatikn xpwon Masson Kal mpaypotonol)onke
avoooxpwon e avtiowpa a-SMA (21). H wotonaBoloyikn avaAluon Baciotnke otnv
Tpomomnolnuévn kAlpaka Ashcroft (23), oe ¢pwrtoypadie¢ mou eAndOnoav amod
ukpookomnio Nikon Eclipse E800 (Nikon Corp., Shinagawa-ku, Japan) oto omnoio eixe
npooaptnBel Yndlakn dwtoypadikn unxavn (Q Imaging EXI Aqua digital camera),
HE xprion tou Aoylopikol Q-Capture Pro 7.

Anopovwon RNA kat Real Time PCR. To oAikd RNA amopovwBnke ano tov oplotepo
AoBo tou mvevpova (21). H aAAnAouxia ekkwvntwv yla to collal Atav : (f, 5'-
CTACTACCGGGCCGATGATG-3’, r, 5- CGATCCAGTACTCTCCGCTC-3’, 188bp). Ta
arnoteAéopata TG aAucldwtng avtidbpaong tng moAupepaong (Real Time PCR)

KavoviKoTtoloUvtaL He ta emineda tng B2-pikpoodatpivng (21).
Zratiotiki avaAluon. H otatiotik avaluon nipaypatonol)Onke pe avaluon ANOVA

(one-way ANOVA, Bonferroni or Dunn’s multiple pair test). Ot Tipég mapouvaotalovrot

WG HEoOC 6pog (mean = SEM). To *umobdnAwvel otatiotikn dtadopd (p<0.05).
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2.2.3. AnoteAéopata Kot Zulntnon

O PF-8380 ([6-(3-(piperazin-1-yl) propanoyl)-benzo[d]oxazol-2(3H)-one])
(Ewova 1A) sival évag avactoAéag tng ATX, xopnyoUpevog Sla 0TOUATOG, UE XOUNAO
IC50 in vitro (1.7-2.8 nM )[20, 21]. O PF-8380 (30 mg/Kg p.o.) éxeL eixOel OTL pELWVEL
Ta enineda LPA, TO00 OUOTNUATIKA OGO KOL TOTIKA, E OMOTEAECUA TNV €a0BEvnon
™m¢  dAeypovwdoug umepaAynoiag [18]. Mpokewévou va  aflohoynBel n
QTOTEAEOUATIKOTNTA ToUu PF-8380 otnVv MVEUUOVIKN (Vwon, EPOPUOCOLE TO EUPEWG
XPNOLLOTIOLOUHEVO TIELPOAMATIKO HMOVTEAO, OTOU N TIVEUMOVIKN (Vwon €MAyeTal o€
TIOVTIKLOL e pmAgopukivn [22]. H pmAgopukivn (3.2 U/Kg) xopnynbnke o apoevika
TlovTikla pe evBoTpaxeLakn €yxuon, Ta onola Buolaotnkav 14 nuépeg apyotepa [7].
H 86on tn¢ umAeopukivng eTUAEXONKE PETA OO EKTETAUEVEG SOKIUEC UE OKOTIO TNV
elaylotonoinon NG BvNOoWOTNTOC TWV TEPAUATOIWWY Slatnpwvtag mapaAAnia
€vav Loxupd ¢aLvOTUTIO, O OTOlOC CUCXETI(eETAL HE OAANAYEC OTOUC KUPLOTEPOUC
Selkteg TNg aoBévelag. ALilel va onuelwBel, OTL N coBapoTNTA TWV EMSPACEWV TNG
UMAEopUKivNG e€apTatal and MOANEC SLadOPETIKEC TIOPAUETPOUC OTIWE TO YEVETIKO
umnoBabpo, tn doon, Tnv 0806 Xoprynong, To TeEALKO onpelo Tou eAEyETaL.

O PF-8380 (60 kat 120 mg/kg), n to €kdoxo (Hydroxypropyl Cellulose 2%
(w/v)/Tween 80 0.1% (v/v)) xopnynOnkav dVo dopég nuepnoiwg yia 15 nuépsg (amo
™V nuépa -1 €éwg tnv 14n), Swa otoparog (Ewova 1A). 1, 3 Kol 6 WPEG HETA TNV
tedevtala  xopniynon, Tta Tmovtikia Buoldotnkav Kol  oUAAEXBnKke  aiua,
BpoyxokuPeALSIKO EKTTAUMA KAl TIVEUMOVLKOG LoToG. Dapuakokivntikn (PK) avaAuon
£6¢elfe emapkn Blodlabeopotnta tng évwong (Ewkova 1B), evw n pappakoSuvapkn
avaiuvon emPeBaiwoe otL 0o PF-8380 pewwvel tnv Spactikotnta tng ATX kot Ta
enineda LPA 1600 oto mAdocpa 6co kot oto BALF (Ewkéva 1 C-D kau E-F avtiotowya).
AtileL va onuewwBel otL dtadopetika €idn LPA avadEpovtal OTL TpomonolouvIal
HETA amd xopnynon Oladopetikwyv avactoAéwv tng ATX [14, 17, 18, 23, 24],
mbavotata avrtikatontpilovrtag Stadopeg otn cuAAoyn MAACHATOC, TNV €KXUALON
Autdiwv kot tnv pebodoloyiae MS/MS. EmumAéov, to LPA avakukAWVETAL TIOAU
ypnyopa, evw €xelL mpotabel OTL mapdyeTol Kal dpa TOMKA, SLEUKOAUVOUEVO QT
HOPLOL TNG KUTTAPLKAG e€middvelag kot tng avadiapopdwong tg ATX [3, 25].
ErmuntpooBétwe, n xopriynon PF-8380 eixe wc amotéAeopa SLAKUUAVOELS oTa eTtimeda

tou LPC, t600 om0 mAdopa 6co kal oto BALF, avtikatomtpilovtag mibavn

139



oAnAenibpaon twv PLA2/LPC kat ATX/LPA povomatiwv [5], mou amattouv
nepaltépw dlepevuvnorn. Qotoco, dedouévng TNEG LEYAANC TTEPLOOELAG TWV EMUTESWV
LPC oe oUykpon He ta emimeda LPA, ol SladOpeTIKEC OUYKEVIPWOEL TWV
Stadpopetikwy e6wv LPC oto mAdopa kat to BALF, kaBwg kat n taxeia avakUKAwon
Tou LPA, 8ev pumopouv va e€axBouv aodalry CUUTIEPACHATA OXETIKA UE TNV TUOavn
XPNoN TOU UTIOOTPWHATOC TNG ATX 0TV MVEUHOVLIKN (Vvwan.

Oocov adopd tnv Bvnowotnta, dev mapatnpnBONKeE OTOTIOTIKA ONUOVTLKN
BeAtiwon NG emPlwong TwV MOVIIKWYV UETA TNV xoprniynon PF-8380 (Ewkova 2A).
Qotooo, n avaotoAn tng ATX pe PF-8380 peiwoe tnv anwAela Bapoug (Etkéva 2B,
C), évav cuotnuatikd degiktn ¢ PAABNG mMou MpoKAAEiTal amd UMAEOUUKivn. Ano
™V AA\n mAeupd, Sev mapatnpnONKav avemBUUNTEG EVEPYELEG OE ULYLA TIOVTIKLOL
KQTA Tn pakpoxpovia xopnynon vPnAwv 86cewv PF-8380 ) tnVv emaywyLpn mAnRen
vevetikn dlaypadn tng ATX og evij)Aitkoug TtovtikoU¢ [20], yeyovog mou umodnAwvel
otL n ATX &ev eival anapaitntn ya tnv evAAikn {wn Kat OtL n Beparmneutikr oToxeuon
¢ dev oxetileTal pe TofkoTNTA.

To LPA £xelL moAudplBueg emdpaoelg ota evéoOnAlakd KUTTAPA, EVW EXEL
npotabel n ouppetoxy tou evéoBnAlakou LPAR1 otn ayyelwaky Siappor) mou
nipokaAeital and pmAeopukivn [3, 6]. Avtiotowa, n avaotoAr tng ATX pelwoe v
OAK} OUYKEVTpwon mpwteivng ota BALFs (Ewkdva 2D), mou amoteAel €vdelen
TIVEUMOVLKOU oldnuatog. Mépa amod tnv evdobnAlakn Siamepatdotnta, o afovog
ATX/LPA péow SLOPOPETIKWV UNXOVIOUWV TIPOAYEL TNV dAeypovwdn amokplon [26-
30]. H xopriynon tou PF-8380 peiwoe tnv £lopor dpAeypovwdwyv KUTTAPWY OTOUC
nivebpoveg (Ewova 2E). Ita St BALFs, aviyveuBnkav pewwpéva enineda StaAutou
kKoAayovou otnv dokipaocia Sirius red (Ewkova 2F), oe ovpdwvia pe ta enimeda
MRNA Ttou koA\ayovou 1ol OTOV TIVEUUOVIKO LOTO, OMwC UeTpnOnke pe gPCR
(Ewova 2G). H wotomaboAoyikry avdAucon TOU TVEUUOVIKOU LOoTOU HE XPWwon
atpatoéulivne/swoivng (H&E) kat n Baduoldynon tng Baputntag tg acBévelag
(Ashcroft score) €dellav o6tL n avaotoAl tng ATX KATAOTEAAEL TNV TAXUVON TWV
KUPEASIKWY SladpayUaTwy Kol TNV EKTOON TWV LVWTLKWV TIEPLOXWV OTO TIVEULOVLKO
TIAPEYXU MO Kal yUpw oo toug Bpoyxous (Ewkova 3A, B). EmutAéov, o aplOuog twv

HUOIVOPBAOOTWY, OMWC EKTIUNONKE e avoooxpwaon a-SMA, kabwg kat n evanobeon
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KOAQYyOVOU TIOU TIPOKOAAEITOL OO UIMAEOMUKIVN, OTMWG TIPOKUTITEL META Qo
TPLXPWUATIKA Xpwon Masson, HewwBnkav peta tnv xopriynon PF-8380 (Elkova 3A).

OAeg oL ONUOOCLEUUEVEG HEANETEG OXETIKA HE TIC EMIOPACELS TNG
dappakoloykng avaotoAng tng ATX (BA. Mivaka os mpwtotunn dnuocisuon) €xouv
npaypotonolnBel ota mAaiola podpuAlakTikng Bepaneiag. Emouévwe, oL eMOPATELS
Tou PF-8380 aflohoynBnkav eniong oe BepAMEUTIKO OXA OTO LOVIEAO VOGOU TwV 7
nuepwv (Ewkdva 4A-H). To PF-8380 xopnynOnke (30 kat 100 mg/kg) 3 nuépeg peta
™V aywyn ue BLM (2U/kg) (Erkova 4A). Onwg avapevotay, n avaotoAn tng ATX eixe
WG anotéAeopa TNV pelwon twv emunmédwv tou LPA, o mAdopa kat BALF (Ewkova 4B,
C) kal kat eméktoon Melwon TG MVEUMOVIKAG dAeypovng (Ewkdva 4D) kal tng
evamnobeong KOAAOYOVOU OTOV TIVEULOVLKO oTo (Etkova 4E). Afilel va onpelwBel otL
n Stadopikn avaluon Twv GAeypuovwdwy KUTTApWV Tou BALF £6€L€e OTL N avaoToAn
™¢ ATX pelwoe tn dleiobuon twv Aepdokuttapwyv otov nvevpova (Ewkova 4F-H),
emPBefalwvoviag Ta WG TWPA ANMOTEAECHATA OXETIKA HE TNV EUMAOKN TOU dAfova
ATX/LPA otn petavdoteuon twv Aepdokuttapwv [26-30] Kal TG TPONYOUUEVEC
HEAETEC TTOU UTIOSNAWVOULV OTL 0 afovag ATX/LPA £€xeL pikpr) epumAokn otnv ofsia
TVeUPOVIK dAeypovr) [20]. Eva véo mapdywyo tou PF-8380 pe BeAtiwpéveg
6lotnteg dnuootevBbnke mpoodata [31], wWOTOCO N AMOTEAECUOTIKOTNTA TOU OF
TIELPOLLATLKA OVTEAQ Oev €xeL akoun avadepOeL.

Mépa amnod tnv avaoTtoAn tg ATX, o avtaywviopog tou urtodoyxéa LPAT €xel
eniong SexBel OtTL mMpoAapBavel TNV avamtuén tng emMayopevnG amod UMAEOUUKIVN
TIVEUMOVLIKAG (vwong [8, 19]. O AMO095 (Ewdva 5A) eival €vag ekAekTKOg, Sla
otopatog Blodlabéoipog avraywviotrg tou LPAR] pe péoeg tipég IC50 0,98 kai 0,73
UM yla avBpwro Kot ToVTIKO, avilotoiywg [19]. Mpog emiPeBaiwon mponyoUEVWY
HEAETWV KoL TIPOKELPEVOU va Yivel ouykplon pe tov PF-8380, xopnynbnke AMO95
(200 mg/Kg, Ewova 5A) onwc mapandvw, He tnv dpappokokvntiky avaivon (PK) va
Seiyxvel emapkn Plodabeopdtnta (Etkova 5B). Asv mapoatnprOnkav oTATIOTIKA
oNUAVTIKA anoteAéopata otnv enBiwon | otnv anwAela Bapoug (Eikova. 5C, D),
WOoTO00 0 AVTAYWVIOHOC Tou uTtodoxéa LPA1 peiwoe tnv ayyelakn diappon (Etkova
5E) pe pkpeg emdpaoelg otnv dAeypovr) (Etkova 5F), omwg €xel dexBel kal oe
TiponyoUHevee peAEteg [3, 6]. EmutAéov, n mapepmodion tou LPAR1 eixe wg

QMOTEAEOMA TNV CUVOALKN BeATiwon Tng mveupovikng ivwong (Ewodva. 5G, H, 6A, B),
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TAPA TO OTL 0 HETABOAOMOC KOAayovou daivetal avemnpéaotog (Ewkova 5H),
ocupdwvwvtag Ue mpoavodepBeiosg HeAéTeq Omou Oev UTAPXEL EUTAOKN TOU
urnodoxéa LPA1 otnv de novo ékdpaon tou KoAAayovou [6, 32]. ZUVOALKA, TOCO N
avaotoAn tng ATX pe PF-8380, kaBwg kol 0 aviaywviopog tou LPAR1 pe AMO095,
amoELXTNKE OTL MPOOTATEVOUV LOXUPA OO TNV AVATITUEN TIVEUOVIKAG (VWoNg Ttou
TIPOKAAE(TAL QMO UTTAEOMUKIVN, WOTOOO HE TIOLOTIKEG KOL TTOOOTIKEG Sladopég. H
avaotoAl tng ATX kol OUVENMwG N Helwon Twv emumédwv LPA, umd QUTEG TIG
TIELPAUATIKEG oUVONKEG, amedelxBn OTL €lval O QMOTEAECUATIKY O€ XAUNAOTEPEG
OUYKEVIPWOEL] EVWOEWV, PBeATIWVOVTIAC TIG TEPLOCOTEPEC TIAPOUETPOUG TNG
aoBévelag. Afilel va onuewwBel OtL ol (6leg evwoelg mpoodata amodeixbnke OtL
npoAapBavouv tnv ivwon mou umopel va dSnuioupynBel HETA QMO HETAUOOXEUON
nivebpova [33].

Eival evéladépov, 6tL n Tautdxpovn avaotoAr Tng ATX KoL O OVTOYWVLIOUOG
Tou LPAR1, pe Slodopetikéc evwoelg, €xel Seifel Oetikd amoteAéopata otnv
0VaOTOAN TNG HETAOTAONG TOU peAavwpatog [34]. Asdopévou OtL n ATX cuvdéetal
OTLG WVTEYKPIVEG TNG HEUPBPAVNG KaL TTpounBeUeL pe LPA TOUG MAPAKEILEVOUC LOTOUC
[3, 25], n tautdxpovn avactoAnn tng ATX KoL O Qviaywviopog tou LPAR Ba
urmopovucav va TPOoDEPOUV  PBEATIWHEVN  QTTOTEAECUATIKOTNTA O  XOAUNAEC
OUYKEVIPWOELG. AuTh n umtdéBeon umootnpiletal mepattépw amnod tnv avadepbeioa
amoteAsopatikoTnTa Tou 1-bromo-3(S)-hydroxy-4-(palmitoyloxy)butyl-phosphonate
(BrP-LPA), evog petaPoAlkda otabepol avaoctoAéa tng ATX Kal TAUTOXpOvVA
ovtaywviot Ttwv umodoxéwv LPA [35]. To BrP-LPA, mapa Tt0 Ttwyo
dapuakokvnTiko Kal dapuakoduvaulkd tou mpodid [36], €xeL xpnoluomolnBel
EUPEWG KoL €xel amodelxBel amoteAeopatikd oe TOANEG TABODUOCLOANOYIKEC
KATAOTAOEL PE amoSedelypévn ocuppetoxn tou afova ATX/LPA [37-41]. EmutAoy,
SOKIUAOTNKE O0TO MOVTEAO TNG UMAgopUKivng SuTA xopriynon xaunAwv d6cewv PF-
8380 kat AM095 (60 kat 100 mg/kg avtiotowxa). Ev TouToLg, MapatnpnOnkav povo
e\doooveC, AAAQ UTTOOXOUEVEG, ETUOPACELS E QUTEC TIG EVWOELG KOL TIELPAUATIKES
ouvOnkec.

JUUTIEPAOUATIKA, N avaotoArn tng ATX pe PF-8380, evog amod toug Tlo
LOXUPOUC OVOOTOAELG, £6€L€e AMOTEAECUATIKOTNTA YA TIPWTN POPA OTO HOVTEAO TNG

EMAYOUEVNG amO UMMAEOMUKIVNG TIVEUMOVIKNAG (vwong. EmumAéov, ta mopamndavw
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amoteAéopata emiBePfatwvouv Kat taAl Tov Bactko poAo tng ATX otnv maboyévela
NG povteAomolnuévng aoBévelag. Ie olykplon HE Ta HEXPL Twpa Sdedopéva, n
avaotoArl tng ATX €0elfe QMOTEAECUATIKOTNTA KoL OTO OEPAMEUTIKO OXAMA
xopnynong. EmutpooBétwe, n avaotoArn tng ATX, Ot QUTEG TIC TIELPOLOTLKEG
ouvOnkeg, €6eife peyalltepn amoteAeopatikotnta and tov LPARL avtaywviotn, He
TNV TOUTOXpOVn xopnynon va amoteAel TOAAA UTIOOXOUEVN OepameuTikn
npooéyylon. TéAog, Ba mpeémel va onuelwdel OTL TA KUTTOPLIKA HOVOTIATLA TIOU
EVEPYOTIOLOUVTOL QIO TNV onpatodotnon tou LPA sival mapdpola rj cuykAlvouv Ue
TIC 060UC Tou oToxeloOUV Ta Tpoodata eykeKpluEva dapuaka ywo tnv Ml
(nintedanib kat pirfenidone). Emopévwg, n avaotoAr tng ATX Ba pmopoloe emiong
va amodelxBel XpNown wG avVOOOevIoXUTIKN Bepameia yia v NI, pa

evlladpEpouca uTOOeonN TTOU TIEPLUEVEL TELPOUATIKA emBeBaiwon.
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Ewova 1: Qappakokwntikn (PK) kat dpappakoduvapikry (PD) availuon touv PF-
8380. (A) Xnuikr Sopry tou PF-8380 KoL OXNMATLKY OVOTTOPACTAOH TOU TIELPOUOTIKOU
TIPWTOKOAAOU TIoU aKoAOUBRBNKE yla Thv xopriynon tou avaotoléa. (B) Mappakokvntikd
nipodpih tou PF-8380 oto mAdopa. (C kat E) Apaoctkdtnta tng ATX oto mAGoua Kot oto
BpoyxokuPeAlSLko uypod TOVTIKWY ota omola £xeL xopnynBet PF-8380 (60 rj 120 mg/kg) kot
¢ opadag eléyxou (vehicle). (D kaw F) MetaBoAn (Fc) ota emineda tou LPA 16: 0 ot
mAdopa kat BpoyxokuPpeAdikd uypo (BALFs) movtikwy ota omoia £€xel xopnynOet PF-8380
(60 ) 120 mg/kg) oe cuykplon pe tnv opada eAéyyou (vehicle). Ot TLpég mapouotdlovtal wg
péon TN (x SEM). To * umodnAwvel oTaTIOTIKWE onuavtikn dtadopd (p <0,05), n omoia
aglohoyndnke pe one way ANOVA Bonferroni 4 Dunn t-test. n = 5-8/oudda, ektog tou B
(n=3-5)
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Ewkova 2: H pappakeutikn otoxevon tng avtotagivng (ATX) pe PF-8380 amotpénel
TNV AVAnTUén NMVEUHOVLKAG ivwong o pokKaAsital and pnAsopukivn (BLM).

(A) Kaplan Meyer koumUAn emBiwong Twv mepopatikwv opddwy. (B) KaumdAeg Bdpoug
owpatog kat (C) To mocootd (%) anwAelag Bapoug Uetd TNV xoprynon umAeopukivne. (D)
JUVOALKN OUYKEVTPpWON TPWTEIVNG oto PpoyxokuPeALlbikd uypod, 0w POoodLlopioTnKe e
v uébobo Bradford. (E) Zuvohikdg opOudg  dAsypovwdwy  KUTTApWY  OTO
BpoyxokuPpeAdiko vypo. (F) Noootnta StaAutol koAAayovou oto BpoyxokuPeAldikd uypo,
OMw¢ petpatal pe Sirius Red. (G) Real time PCR avaAuon Twv OXETIKWV ETUNESWV €KbPACNG
Tou KoAAayovou (Collal) oe LOTOUG MVEUOVA, KOVOVIKOTIOLNKEVO ota emineda ékdpaong
¢ B2-pkpoodatpivng (ddct / b2M). Ot Tpég mapouotalovtal wg péon T (£ SEM). To *
UTIOSNAWVEL OTATLOTIKWEG onpavtikn Stadopd (p <0,05), n omoia aflohoyrnBnke pe one way
ANOVA Bonferroni rj Dunn t-test), n = 8-12 / opada.
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Ewkova 3: O PF-8380 pelwvel tTnv gvamoBeon KOAAAyovou Kol T GUCCWPEUON
HUOIVOBAQOTWY TIOU MPOKAAELTAL HETA TNV XOPHYNON UMAEOMUKIVNG Ko Statnpet
pla  GUOLOAOYLK OPXLTEKTOVIK TVEUHOVA. (A) AVIUTPOCWTEUTIKEG — ELKOVEG
TVEUHOVLKOU Lotol Bappévou pe H&E/Masson/a-SMA armo movtikia ota omola xopnyndnke
urAgopukivn Kat gite EAapav tov avactoréa PF-8380 (60/120 mg/kg) ite to vehicle (opdda
gAéyyou). (B) H nocotiki totontaBoloyiky avduon tng ivwong mpaypatonotinke pe tnv
tpomnomnolnuévn kKAlpaka Babuovounong Ashcroft.
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Ewkova 4: H Oepamevtiknp xoprijynon tou PF-8380 &§acBevel tnv avamtuén
TIVEUMOVLKNG (vwong mou mpoKaAsitat amd MmAeopukivn. (A)  Ixnuatiki
QVaToPACTOCN TOU TELPAPATIKOU TIPWTOKOAAOU TIou akoAouBrnbnke yLa tnv xoprnynon tou
avaotoléa. (B-C) Enineda tou LPA 16:0 ota Seiypata mAdopatog kot BpoyxokuPeAdikol
uypoU. (D) ZuvoAkdC aptBudC pAeyovVWSWY KUTTApWY oto BpoyxokuPeAtSikd vypd. (E) Ta
enineda koMayovou otov mvelpova, pe pétpnon udpofunpolivne. (F-H) O Swadopikdg
aplBuoc kuttapwyv BALF petpriBnke moootikd pe xpwon Diff-Quik. Ot Tipuég mapouvoialovratl
WG Héon TN (£ SEM). To * umodnAwvel oTaTLOTIKWG onpavtikr dtadopad (p <0,05), n onola
aglohoynBnke pe one way ANOVA Bonferroni fj Dunn t-test), n =10/opdda.
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Ewkova 5: O AMO095 peiwoe TV ayyelakn dtappon o€ TOVTiKLA TTOU €XOUV UTIOOTEL
aywyr) e umAgopukivn (BLM), pe amotéAeopa tnv mPoAnyn Ttng¢ TVEUMOVLKNAG
ivwong. (A) Xnuwr doury Tou AMO095 KOl OXNUOTIKY OVOTOPAOTOON TOU TIELPOUATLKOU
TIPWTOKOAAOU TIou akoAouBr|Bnke yia thv xopriynon tou. (B) @appakokvntikd npodil tou
AMO095 oto mAdopa. (C) Kaplan Meyer kouruAn emBiwong twv melpapatikwyv opddwy. (D)
T0 T0000TO (%) amwAelag Bdpoug petd tnv xoprynon umAsopukivng. (E) SuvoAikn
OUYKEVTPpWON MPWTEIVNG oto BpoyxokuPeAlSikd uypod, Onwe nmpoadlopiotnke e TNV LEBodo
Bradford. (F) ZuvoAikdg aptBudg dpAeypovwdwv kuttdpwyv oto BpoyxokuPehtSikd vypo. (G)
Moodtnta StaAutol KoAAayovou oto BpoyxoKuPeAldiko uypd, Omwe petpatal Ue Sirius Red.
(H) Real time PCR avdAuon Twv OXETIKWV eMédwy ékdppaong tou koAaydvou (Collal) oe
LoTtoUG TIVEUOVO, KOVOVLKOTIOLNEVD oTa emineda ékbpacng tng B2-pikpoodatpivng (ddct /
b2M). Ot TYég mapouaidlovtal wg péon T (2 SEM). To * umodnAwvel OTATIOTIKWG
onpavtikn dtadopad (p <0,05), n onoia aflohoynOnke pe one way ANOVA Bonferroni rj Dunn
t-test, n = 15/opdda ektog Tou B (n=3/opdda)
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Ewkova 6: O aviaywviopog tou LPA; pe to AMO095, pelwvel tnv evanobeon
KOAAOLYyOVOU KOl T CUGOWPEUOT HUOIVOPBAQCTWY OTOV MVEUMOVA Kol SLatnpel pa
duolooyik apXLtekTovik TVeUHOVA. (A) AVIUTPOOWTEUTIKEG ELKOVEG TIVEULOVLKOU
Lotou PBappévou pe H&E/Masson/a-SMA amo movtikia ota omoio xopnynonke WmAsopukivn
Kat eite éNaBav tov AM095 (200 mg/kg) eite to vehicle (opudda e\éyxou). (B) H moootikA
LotonaBoloyikr) avaluohn TnG ivwong MPaypoTonow|OnKe Pe TV TPOMOTOLNUEVN KALpaKa
BaBuovounong Ashcroft.
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2.3.Ta udpofapkd OfEa QMOTEAOUV MO VEQ KOTNyopla OVOOTOAEWV TNG
avtotagivng, mou emSelkvOOUV in  Vivo QIMOTEAECHATIKOTNTA OTO

TLELPALMLOLTIKO HOVTEAO TNG TIVEUOVLKAG ivwong

NepiAnyn

H avtotalivn (ATX) kataAvel tnv udpoAuon tng AvcodwadatidburoxoAivng (LPC)
TIOU TtapAyeL Tov AUtdiko pecolaBnti Avcopwodpatidiko ofu (LPA). Tooo n ATX 660
kKal to LPA eumAékovtatl oe Siddope¢ mabBoloykég PAEYUOVWOELS KATOOTAOELC,
ouMnEPAAUBAVOUEVWY TNG (VWONG KL TOU KOPKIVOU Kal £XOUV IPOCEAKUCEL UEYANO
evéladépov wg Bepameutikol otoxol Kata tnv teAsutaia Sekaetia. Etol, n avamtuén
VEWV LOXUPWV OVACTOAEWV TNG ATX €xeL LEYAAN onuaoia. Epelc €xoupe avamtugel
Hlot VEQ Katnyopla ovaoTtoAéwv TG ATX TOU TEPLEXOUV TN AELTOUPYLIKOTNTA
6éopevong Peubapyvpou udpolapikol oféoc. TETola Kavotopa udpofapka ofca
TIOU EVOWMOTWVOUV £va Un GuUotkd UTOAelupa D-apwvogéog mapouoialouvv uPnAn
ovaoToATiky Spactikotnta in vitro €vavil ¢ ATX (pe tpég ICso 50-60 nM). O
avactoAéag 32, pe Baon v D-vopAeukivn, SOKIMACTNKE Yyl TNV
OTTOTEAECUOTIKOTNTA TOU OTO TELPOMOTIKO HOVIEAO TIVEUHMOVIKAG PAEYUOVAC Kol
lvwong mou TPOoKANONKeE amd MMAEopUKivn Kol €€€Bece TOAAA UTTOOXOUEVN
amoteAsopatikotnTa. Ot véol udpoapikol avaotoAeic tTng ATX mapExouv €QLpETIKA
epyaleia ya tn HEAETN Tou pOAou tou eviUpou kal Ba prnopovoav va cupBaAlouv
OoTNV avAamntuén véwv BepameuTIKWV MapayovIwy yla T Bepameia tng tvwong kat

AWV XpOoviwv GAEYUOVWEWV acBeveLwv.
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2.3.1.Elcaywyn

H avutotalivn (ATX) eivat éva €viupo Tou €xelL TPOOeAKUOEL HeYAAo
evllapEpoV WG BePATIEUTIKOG OTOXOC KOTA TNV teAeutaila Sekaetia [1]. Apxika
amopovwOnke to 1992 w¢ AUTOKPLVAG TTAPAYOVTAC KLVNTLKOTNTAG OO TNV KUTTOPLKN
oclpad peAavwpatog A2058 Kol XOPOKTNPLOTNKE WG YAUKOMPWIELVN MOPLOKOU
Bapoug 125kDa [2]. H ATX, emiong yvwoti wg ENPP2, avAkeL otnv emTOUEAn
olkoyévela Twv efwvoukAeoTdikwv Tmupodwaodatacwyv / Pwododlectepacwy
(ENPP), évlupa ta omoia xapaktnpilovtal amo tnv LkavotnTd Toug va KATAAUOUV TV
udpoAuon mupodwaodopikwyv 1 dwododleoteplkwy deouwv oe voukAsotidia [3].
Metafl Ttwv ENPP, elvat to povadlkd mou mapouctalel SpaoTikotnTa
AvocopwodoAutacng D (lysoPLD), «kataAUovtag tnv  USpOAUCNH  TNG
AvoodwaodatiduroxoAivng (LPC) oe Aucodwodatidikd o (LPA) kat xoAivn (Ewkéva
1)[4, 5]. O Boevepyog AUdIKOC pecoAaPntig LPA ouvOEETal UE OUYKEKPLUEVOUG
urnodoxeig oulevyuévoug pe G-mpwrteiveg (LPA1-6 ota BnAaotikd) kal evepyomolel
S10popeTIKA ONUATOSOTIKA HOVOTIATIO TIOU E€UTIAEKOVTOL OTN UETAVAOTEUCN, OTOV
noAAamAQoLloopO Kal Ty emBiwon dtadopwv KuTTaplkwV TUNwv [6, 7]. H ATX
Tapayetal og S1adpopoug LoToUC Kal lval amapaitnTn yLa TNV ayyELOKN avamntuén,
oAAG €xeL emiong epmAakel o MANBwpPa TMABOAOYLKWY KATAOTACEWVY KoL XPOVIWV
dAeypovwdwyv mabnoswv, onmw¢ n apbpittda kat o kapkivog[l, 8-12]. Qg
anotéAeopa, T0co n ATX 600 Kal To LPA, amoteAouv €AKUCTIKOUG OTOXOUG yla TV
avakaAuPn VEwv GapuaKkwv.

H ATX amoteAeital and d0o N-Teppatikd AKpo cwpotopedivng tumou B
(SMB1 kat SMB2), uwa kevtplkp kataAutiky ¢wododbleotepdon (PDE), kat pia
TLEPLOXI VOUKAEAONC Tou Bpiloketal oto C-TeAKO AKpo TNG. Eva katdAouto Bpeovivng
(T210) mou Bploketal otnv evepyd meploxn tng pwododlectepdong, pall pe dvo
ovta Pevdapyvpou, gival umeLBUVO ylo TOV USPOAUTIKO KOTOAUTLKO HNXOVIOUO
[13]. To 2011, mapoucldotnke n KpuoToAAlky Sdour) Tng ATX TOU TOVTIKOU OfF
ouvbuaopo pe ta LPA [14], amokaAumtovtag mwe n ATX TmopAyel Kol TTOPEXEL
Stapeocohafntég Autdiwv otoug umtodoxeic G mpwrteivwy. MapdAAnia n déoueuon
¢ ATX o€ wvteykpiveg[15], amokaAue Tov TPOMO He Tov omoio n ATX mpowBel tnv

Torukr onuatodotnon LPA.
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Exel avamtuxBel plo molkiAlo cUVOETIKWY avaOTOAEWV TNG ATX TO00 OTOV
oKadNUAiKO Xwpo 000 KoL oTn GAPUOKEUTIKA Blopnxavia, Kabwg KoL otn XNUKA
Blopnxavia ouvBeTikwV avooTtoAéwv, oL omoiol meplypadovtal avoAuTIKA oTnv
BBAloypadia [1, 16-19]. H Soprn oplopévwy EKAEKTIKWVY AVOOTOAEWV €vavTl TnG ATX
amnewkoviletal otnv Ewova 2. O PF-8380 (1, Ewkéva 2) mapouaotdalel xapnAo IC50 oe
XNHUIKEG SOKIUEG poodloplopol dpaoctikdotntag (1.7nM pe xprion LPC, 2.8nM o€
Sdokipaotia FS-3, 101nM og avBpwrivo aipa) [20]. EmutAéov, mpokAdAeoe peyalltepn
anod 95% peiwon twv emumédwv tou LPA og mAdopa apoupaiou otav xopnynénke
otn 66on twv 30mg/kg kat pelwoe T dAeypovwdn umepalynoia  pe
8000€€APTWUEVO TPOTIO ME TNV (Ol AMOTEAECUATIKOTNTA ONMWG TO naproxen
(30mg/kg). To HA155 (2, Ewkdéva 2) avTUTPOOWTEVEL UL CNUAVTLIKA Kotnyopia
avaoToAéwv TNG ATX, Ta mapdywya tou Bopovikol o&€og [21]. H avaotoAn tng ATX
a6 tov ONO-8430506 (IC50 100 nM) kaBuotépnaoe TNV avantuén Oykou Tou paotol
KOl TNV UETAOTOON OTOUG MVEUUOVEG O€ TovTikla [22]. Méoa oto teAeutaio €Tog
evlladépovia AMOTEAECUOTO HE ML OEPA om0 VEOUC OVOAOTOAE(C £€xouv
neplypodel. MoAU oxupol avaotoAei¢ tng ATX pn kapBofulikol oféouc (yla
napadeypa, évwon 3, Ewkova 2) avadpEpOnke OTL HELWVOUV TN UETAOCTACNH TOU
HEAQVWHATOG KAL TNV AVTLoTaon TwV BAACTIKWY KUTTAPWY TOU KAPKIVOU TOU HaoTtou
otn xnuewoBeparmeia [23]. O Miller kaL ocuvepydteg Tou, avédpepav avacToAel TG
ATX HLKpOU poplou e TpOTo SlakpLtikng déopeuong [24], evw n €€€AEN aoBevwv
oANoOTEPLKWY avVACTOAEWV (XOAlkd aAata) [25] odriynoe oto oxedlaopod Loxupwv
OVTOYWVLOTIKWV avaoToA£wv tng ATX (yia mapadelypa, Evwon 4, Ewova 2) mou dev
oAAnAerudpouv pe tnv KataAuTtikn B€on [26]. H MkaAamdykog cuvéBeoe ula oelpad
avaotoAéwv ATX wdalo [1,2-a] muptdivng [27], amodelkviovtag OTL 0 aVOOTOAEQNG
GLPG1690 (5, Elkova 2) ATV amoTEAECUATIKOC OTO HOVTEAO TNC MVEUUOVLIKNC lvwong
TIOU TIpOKaAE(Tal amd punAeopukivn (BLM) o€ movTikoug, HELWVOVTOG TNV evanobeon
efwkuttaplag BepéAlac ouoilog otov mvevpova [28]. Autog elval 0 TmPWTOG
avaotoAéag tng ATX mou aflohoyeital o KAWVIKEG HEAETEG dAonG 2 o€ aoBeveig pe
dlomadr mvevpovikn tvwon (1M1).

ITOX0C TNG EPYAOiOg HOG ATAV va avamtUEoupe VEOUG avaoToAeig Tng ATX
TIOU MImopoUV va €xouv edappoyn in vivo. Oswprnoape OTL N AELTOUPYLKOTNTA TOU
udpofauikol 0&€og umopel va otoxeVLEL TNV evepyo BEon tng ATX, Kal oTo MAPOV
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apbpo, mapoucialovpe tn ouvBOeon oG OsPAc amd véa udpofapkd offa, TNV
afloAdynon tng in vitro paotnpLOTNTAC Toug €vavtl TG ATX Kal Ta anmoteAéopata
TOUG in Vivo TIOU aIOSELKVUOUV OTL €vag TETOLOC aVAOTOAEaG USpoLapLkol 0&€og

elval 6paoTikOg 0TO HOVTEAD TIVEUROVIKAG vwonc.

2.3.2.Me0oboAoyia

Z0vBeon avaotoAéwv. O Ypwpatoypadlkog KabBaplopog Twv TMPOolovVIwv
nipaypatonotlnke xpnoonowwvrtag Merck Silica Gel 60. H xpwpatoypadia Aemtng
otolBadag (Thin layer chromatography — TLC) mpayupatonow)0nke oe Silica Gel 60
F254 mAAdke¢ alouplviou Kol n aviyveuon TwWV OUCTATIKWVY E€YLVE KATW arod
UTEPLWOESG Pwe N He xprnon dwodopoAuPBdikol offog oe EtOH. Ta onueia tEewg
npoaodlopilotnkav xpnotpomnowwvtag cuokeun Bichi 530. 1H kat 13C NMR ddaopata
kataypadnkav oe €va Varian Mercury (200 kot 50 MHz, avtiotoixwg) oe CDCI3,
CD30D kat DMSO-d6. Ot xnuikéG petatomioslg Sivovtal oe ppm Kol oL otabepég
oLZeuéng (J) og Hz. OL moANMAEG KOopUdEG TiepLlypadovTal wG €EAG: S, LovO, d, SUTAO,
t, TPUTAO Kot m, MOAAATAS. Daopata palag Loviopou PekaopoU nAektpoviwv (ESI)
kataypadnkav oe dacpatopetpo Finnigan, Surveyor MSQ Plus. Ta ¢aopata HRMS
kataypddnkav oe paopatopetpo QTOF Bruker Maxis Impact. OAot ot StaAUTeG Kal
Ol XNULKEG ouoieg Atav 295% kabapotntac. Ta kapBofulikd oféa 6a-c, 6m Kot 4-
apwodalvulofopovikd oféa mvakoAeotépa 19 eival eumoplka  Sabéolua.
KapBoulika otéa 6e[29], 6f [30], 6h [31],6i [32] ,6j kaw 61 [33] ,4-0pvoPatvUAOELKOC
atBuleotépag-HCI [34], alBuAo- 5-apwvoBaAepaociko-HCI [35], (S) -yAoutapiko
SLaBUALo-HCI (22) [36], kot diuebul (S) -2-apwvoefavodioiko (26) [37] ouvtéBnkav

onwg neplypdadovrtal otnv BLpAoypadia.

Npocdloplopdg Evivuikng Apaoctikotntag ATX in vitro. H in vitro §pactikotnta Tou
ouvOeTIkoU avootoAéa mpoodlopiotnke pe tnv pEBodo Amplex Red PLD (Molecular
Probe, Interchim, Montlucon, FaAAia) oOu oxedLAOTNKE apXLKA yLOL TN UETPNON TNG
SpaotikdtnTag tng PLD [38, 39]. OAeg oL avidpdoelg mpayuatonoiobnkav pe 2nM
kaBapng ATX (ATX-B movtikou amo tnv Sino Biological) kat 50uM LPC (16:0 1) 18:0)

otoug 37°C. Ot avaotoAeic (3mM) kat 6Aeg oL apatlwaoels (0,001 €wg 5umol/L) éywvav
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oe DMSO. H wkavotnta tng ATX va udpoAlel o LPC avixveUBOnKe XpnOLLOTTOLWVTAC
gl Soklpaoia mou mapoakoAouBel tnv ameAeuvBépwaon XOALVNG XPNOLUOTIOLWVTOG
Amplex Red (10mM), ofedaon xoAivng (0,2 U/mL) kot HRP (2U/mL). Ou Tiuég
dBoplopou petpnBnkav oe cuokeurn avayvwong mAakwv ¢Boplopou (Tecan Infinite
200). Ot tiuEg ICsp mpoadloploTnKav XPNOLOTIOLWVTAC TLG TLUEG artd Suo avetaptnta
TELPAPOTO, KE TN XPNON TNG OLYHOEW0UG KAUMUANG 600NnG-amokplong (AOYLoMKO
PrismH) amnod tnv eflowon f=y0+a/(1+exp(-(x-x0)/b) mou Sivetat and to SigmaPlot

11.0.

MeAétn oUvéeong. H UTTOAOYLOTIK UEAETN HOPLOKAG CUVOEDNG MpayATOTOLONKE
Xpnolgomnowwvtag To Tpoypappa  Molegro. (Molegro's Molecules & Protein

Preparation Wizard -Molegro Virtual Docker 5.0).

Nelpapatikd HOVTEAO TVEUMOVIKNAG vwong. OAa Ta TMEPOUATIKA TIOVTIKLAL
oteyalovtal KAtw amo el8IKEC ouvOnkeg amalAaypEveg maboyovwy, o€ pa otabepad
Bepuokpaoia 20-22°C, uypaoia 55%+5% kot KUKAou ¢wtoc (12 wpwv). Ze C57BL/6
apoevika kot OnAuka movtikia, nAwkiog 8-10 eBSopdadwy, xopnynbnke opoTpaxeLlaKd
v nuépa 0 : 0,01U pmAeopukivng i pucloAoylkog opoc (opada eAéyyou, n= 5).
ErumAéov, éAaBav avaotoAéa 32 (30mg/kg, n=10)  dopéa (1X PBS pe 5% Tween 80,

n=10), yta 15 nuépeg (amod tnv nuépa -1 €wg 1o 14) pe eVOOTMEPITOVAIKEG EVEDELG.

ZuAloyn Kat Tpostolpacia detypdatwy. Ta movtikia Buoidotnkav tnv nuépa 15
HETA TNV Xopnynon WmAeopukivng kot aipa, BALF kat mveupoveg cuAAéxBnkav. To
aipo ouAEXBNKe og 1, 3 Kal 6 WPEG UETA TNV TEAEUTALO XOPryNON TOU OVOLOTOAEQ
32, oe owAnveg nou meptéxouv EDTA, pH 8, teAlkng cuykévipwong 50 mM. To aipa
duyokevtpnBnke ota 2000g yia 20 Aemtd otoug 4°C, Kal Ta UTIEPKEiLEva (MAGoua)
amoBnkevtnkavotoug -80°C. OL mvelUpoveg mAUONKkav Ttpelg ¢dopeg pe 1Iml
QMOoTEPWUEVOU YAwplouxo vatpiou 0,9% (BALF). Ta BALF petd tn duyokévipnon
otic 1200 otpodéc/Aemto yia 10 Asmttd petadépdnkav otoug -80°C, evw Ta KUTTAPA

HeTpROnkav pe 0,4% AwdAupa Trypan Blue.
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MNpocdLopLodg GUVOALKIG TOOOTNTAC MPWTEIVNG 0TO BPOYXOKUYPEALSLIKO EKITAUMAL.
H moocotnta oAlkAG mpwrteivng ota BALFs petpribnke Xpnolgomolwvtog Ttnv
Sdokipaoia Bradford ocuudwva pe tig 0dnyieg tou kataokevaotn (Biorad, Hercules,
CA, HNA). OL tpéc eAndpOnoav pe petatpony Twv HeTpoewv OD oe mg/mlL
XPNOLLOTIOLWVTOG Mia TTPOTUTN KAUTTUAN He BSA (0-2 mg/mil)

MNpocdloplopdg StaAutol KoAAayovou oto BpoyXokUPeAdiko éEkmAuvpa. H
OUYKEVTPWON OSloAutoUu kKoAAayovou ota BALFs petprnBnke xpnolUOTOLWVTAG TO
Sirius Red mpwtokoAo avaiuong. Ev ouvtopia, Oeiypata BALF (100 pA.)
apawwdnkav o 1 mL 0,5 M o&lkoU o€€og kat ioog Oykog Sirius Red (120 pg/mL og 0,5
M 0&ko ofv). Ta Selypata enwaoctnkayv os Beppokpacia dwuatiou yia 30 Aemtad, Kot
HETA amo ¢UYOKEVTPNON, LETPATAL N anoppodnon Tou UNEPKEipevou ota 540 nm.
OL TIHEC Tou AapPadavovtal petatpémnovial o pg/mL oUpdwva pe T mPOoTumn

KAUTTUAN pe KoAAayovo Tumou | amod apoupaio (0-500 pg/mL).

lotona@oAoyikr) avaAuon MVEUOVLKOU LoToU. 4 pum TVEUOVIKOU oToU Badtnkav
HE awoatofulivn/nwoivn (H&E) olvpdwva pe tnv Tumikny  Sladkaoia  Kal
anelkovilovtal xpnolponowwvtag pkpookomo Nikon Eclipse E800 (Nikon Corp.,
Shinagawa-ku, Japan) pe ynowaki dwtoypadikiy unxavy EXI Aqua Q Imaging,

Xpnotuomnolwvtag to Qcapture Pro 7 AOyLOULKO.

MNpocdloplopdg eviupiking Spaoctikotntag tng ATX in vivo. H Spaoctikotnta
ATX/LysoPLD petpnBbnke oto PBpoyxokuPeAlSlkd uypod, XPNOLUOTOLWVTIAG TN
Sdokipaotia dpaoctnplotntag TOOS[40, 41].

Zratiotiky avaAvon. H otatlotik avaiuon €ywve pe tnv dokipaoia Student's t test,
xpnotgornowwvtag to SigmaPlot 11.0 (Systat software Inc., IL, USA), kat
napouotalovrtol oL HEOEG TIUEG (£ SEM). O Tinég p<0,05 (*), p<0,01 (**) ko p< 0,001

(***) BewpnOnKaV CNUAVTLKEC.
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2.3.3.AnoteAéopata Kat Zulitnon

IXedlaopog kat ocuvleon Twv avaoctoAéwv Y&pofaultkou of€oG. Tig TeAeutaieg
Oekaetieg, n PBoxnuela Twv vdpofauikwy ofEwv €xel PooeAKUOEL TO evdladEpov
AOyw Twv dappakoAoylkwv Toug otitwy [42, 43]. Mepikol amd autoug €xouv
TIPOXWPNOEL 08 avOpWTILVEG KALVIKEG SOKLUEG yia Tn Bepaneia Stadpopwv acBevelwv.
To Vorinostat, mapdywyo udpofauikol 0EE0C TOU QVACTEAAEL TNV LOTOVN
SdeakeTtulaong, €lval eykekpluévo dappako (He tnv enwvupia Zolinza) yw to T-
KUTTOPLIKO Aéudwpa [44]. Itnv meplmtwon Tou vorinostat Kol TwWV OXETIKWV
dapudkwv pe udpofapko ofL (BeAwvootdtng, TMaAvoBLVOOTATNG), O HUNXOVLOMOG
dpdone Pooiletatl otnv avactolf twv evlupwv péow SEopeuonc oto tov Zn’'.
Anodaocioape va XpNOLLOTIOIOOUKE TNV WBLOTNTA auThH Tou USpoLapkol 0EE0C WG
opada Séopeuong Peudapylpou OTOUC avaoctoAsic ATX, avapévovrtag
oAnAentidpaocn ¢ AelToupylkOTNTAC TOU USPOEaULIKOU 0EEOC e TNV evepyO Béon
Zn? " tnc ATX. ZeKWAoape TIC MEAETEC HOC OUVBETOVTAC Evav aplBUO USPOEOHIKWY
0EEWV TIOU EVOWHATWVOUV TO 4-apwvodatvuloliko oL, emeldn ta dwodovikd oéa
Bacilovtal o0 auTH TNV XAPAKINPELOTIKA opada kol £€xouv amodelyBel
anoteAeopatikol avaotoAeig tng ATX [38, 45]. H ouvbBeon twv mopdywywv
napouotalovtal otnv Ewova 3. Ta kapPofulikd oféa 6a- M UETATPATINKAV OF
avtiotolyoug alBuAeoTéPeC 7a-m Kal emakoAoudn katepyaoia pe vdpofulapivn Katl
EtONa o6nynoe oe ubpofapikd oféa 8a-m. H apwoudda tou dawvulolikol of€og
ouleLxBnKe pe pia molkAia kapBofuAlkwy ofEwv TOU Meplelyav peoaia | HaKpad
oAewpatikny aAvoida ) aluoideg mou pépouv apwpatikd daxtuAlo. H cuvBeon Twv
kapBofulikwv oféwv 6d, 6g kat 6k mapouatdletal otnv Elkova 4. ZeKVWVTAG oo TLG
oAbeilideg 9 kat 12 kal peta ano avtidbpaon Wittig n Horner-Emmons, avtiotowa, ta
akopeota napaywya 10 kat 13 vdpoyovwOnkav odnywvtag os kapBofulikd oca 6d
Kal 6g pe canwvoroinon. To kapBofuliko ofl 15 oculeuxOnke pe 5- apvoPBaleptko
aAag kot n canwvornoinon odrnynoe oto oL 6k. OAa ta dAAa kapBofuALkd o&éa ATav
eite epmopika Sobéopa eite ouvtiBetal onwe meplypadetal otn BiBAloypadia.
Aebopévou OTL HETAELU QUTWV EVTOTIIOAUE EvaV UIKPOUOPLAKO avaoToAéa tng ATX,
ouvBéoape to mapdaywyo mevtadBopopcBuioketovng 18 kabBwg Kol To mMapAywyo

BopovikoU 0&€0¢ 21, yla val GUYKPILVOUUE TIG AVAOTAATIKEG LKAVOTNTEC TOUG. H évwon
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18 ouvtEbnke pe petatponr) tng 17 oto avtiotowo xAwpidlo Kal dpeon enefepyaoia
e mevradBopomnpomiovikd avudpitn mapoucia muptdivng (Ewkéva 5) [46]. To
geumoplka Stabéoo mapaywyo Bopovikol of€éog 19 ouleuxBnke pe tnv €vwon 6h
xpnotpornowwvtag 1-atbuA-3- (3- (diuebuAapivo) mpomud) kapPBodupidio (EDCI) wg
OUTEUKTIKO PETO. H mpooTtateuTiky) opdda Tou avaotoléa 20 anopakplvOnke uno
oflveg ouvBnkeg mou mapayouv tnv évwon 21 (Ewova 5). Ma va swoaxBel n
Xelpopopdia otn doun twv duvnTikd avaoTtoAéwv tou udpofaukol offog, TO
dUOLKO apLvofl YAOUTOULKO 0EL XpNnoLLomolnOnke wg mpwtn UAN. To (S)-yAouTtauiko
aAog SiueBuliou 22 NTav akUALWUEVO pe aplBpud kapBofulikwv ofEwv yla va dwoel
TIG evwoelg 23a-e (Ewkova 6). Ta mapaywya udpoapikol oféog 24a-e eAndbnoav pe
Katepyaoia tou 23a-e pe MeONa, evw n évwon 25a mou ePLEXEL SUO AEITOUPYIKEC
opadeg udpofaulkol of€og ouviédnke emiong (Ewkdva 6). Ou evwoelg 28a, b
ouvtEBnkav pe mapopola Stadikaoia, omwe dpaivetal otnv Etkéva 7, Eekivwvtag ano
(S)-2-apwvoegavobioikd SiuebUALo (26), To omoio cUVTEDNKE OTWG MEPLYPAPETAL OTN
BBAloypadia [47]. Eixape tponyoUuEVWE TTEPLYPAYEL TN oUVOeon TwV Un GUOLKWY
omtika kaBapad S-apwvolewv [48, 49]. Apxilovtag amnd Boc-protected 6-vopAeukivn
(29), ouvtébnke peBuleotépag 31, o omoiog UeTATPAMNKE 0 USPOEAUIKO OfL 32

(Ewkova 7).

In vitro avaotoAnl tng ATX: MeAéteg Soung-dpaoctikdtntag. Ola ta mapdaywya
udpoapikol of€og eAeyxOnkav yLa TNV in vitro §pacTIKOTNTA TOUG XPNOLLOTIOLWVTAG
v evlupikn dokipaoia Amplex Red PLD (Molecular Probes, Interchim, Montlucon,
FaAAia) [38, 39] pe avaouvdbuaopévn ATX moviwkou. LPC (16:0 kot 18:0)
XPNOLLOTIOONKE WG UTTOOTPWHO KOL TA ATOTEAECUATA AVOLOTOANG Ttapouctalovral
otov Nivaka 1, onw¢ eniong Kal To LOPLOKA BAPN TWV VEWV CUVOETIKWV EVWOEWV
kKaBwg kat ot TipéS ClogP, umoAoyllopeveg pe tn xprion ChemOffice Ultra 11.00. To
HOPLOKO Bapog Kal N AUTodIAKOTNTA £lval ONUAVTIKA yla évav Tiibavo avaoToAEéa
ATX, kal €tol, TETOoU €ldoug UOLKOXNUIKEG LOLOTNTEG TPEMEL va Aaufdavovtal
uroPn [19]. Apxika, OSokwdotnkav Tta udpofaulka offa pe Paon TO 4-
apwvodatvuloliko ofu. H évwon 8b mou mepléxel pakpd akulo-aAucida 14 atouwv
avBpaka napouvciaoce TN ICso 1 UM. H cUyKpLON TOU UE TNV €VWON 8a TIoU TIEPLEXEL
pa Bpayxutepn aAuciba akuAiou 10 atépwv avBpaka (ICso uPnAotepo amd S5uM)
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Seiyxvel cadwg OTL 0 avaotoAéag Ba mpenel va sival apketd Autodlrog. MNa va
HELWOOUUE TN AUTOoPAKOTNTA, N HoKPA aAucida avtikataotabnke amo Sdtadopeg
aAuoideg mou evowpatwvouv daktuAto BevioAiou. Kapia and tig evwoelg 8c, 8d kat
8e 6ev mapouociaoce omolodimote afloAoyn avaotaAtikn dpaoctnkoétnta. Elcaywyn
€VOG aTOpoU ofuyovou otnv B-6€on tou kapPBofulikou autdiov (Evwon 8f) oériynoe
oe evlladépouvoa avaotoln (ICsg 1 M), evw n MPocaApPTNOoN TOU ATOUOU 0EUYOVOoU
otnv AaMn mAeupd tou BevloAlkoU Saktuliou (évwon 8g) odnynoe oe péTpla
avaotaAtiky Spaotikotnta (ICsp 4 uM). H évwon 8h mou amoteAeital amo o
Bpaxeia aAkuAiky ahucida mou dpépel daktuAlo BevioAiou cuvdedepévo pe apLdLIKO
6eopd €detfe pia moAAa umooxouevn ICso Tun (1,2uM). H xaunAn Autodpdikdtnta
(ClogP 0,89) eival éva emumAéov €AKUOTIKO otolxeio. Auénon tou aplBuol Twv
aTOMWV avBpaka amnod 4 £€wg 6 (Evwon 8i) odnynoe oe pelwon tou ICso (2 uM). H
avaotpodry tou audikov beopov 8h (évwon 8j) odnynoe o mapopola
anoteAéopata (ICsop 1 uM). H elcaywyn €vog UTIOKATOOTATN otV napa-0€on €dwaoe
Ta (bla anoteAéoparta otnv nepintwon tng opadag pebouliov (évwon 81), evw eixe
opVvVNTIKA €nidpacn otnv mepimtwon ¢ opadag ¢Bopiou (évwon 8k). Téog, n 7-
dawvulentavolA aAucida (évwon 8m) odnynoe kot MAAL 0 KAAN AVOOTAATIKY oYU
(ICso 0,7 uM). Oa mpemeL va TOViooUpe OTL Xpnotporowwvtag to 18:0 LPC wg
uUMOoTPWHA, avti ywa 16:0 LPC, mapatnpribnkav xapunAotepeg Tiuég ICso (0,2-0,3 uM)
oTnV Mepimtwon twv evwoswv 8b, 8f kal 8j, ala vPnAdtepn U yia Tov 8m (2
UM). To enodpevo BrApa Atav va emPeBatwdel 6tL To LdpofapLkd ofL ATV AUTO TToU
obnynoe oe KAAUTEPN avooTtoAn. Avtikatdotaon tng opadag tou udpofapikou
oféo¢ pe amAn kapBofulikn opada (évwon 17) katapyel TNV avooTOATIKA
Spaotikotnta. Eva mevtagpBopoatBuAio ketovng (Evwon 18) odnynoe o I1Cso TIHEG 3
UM kot 0,5 uM yiwa to 16:0 LPC kat 18:0 LPC, avtiotoxa. To SOMIKA OXETIKO
mapaywyo tou Bopovikou of€og 21 sudavioe TpéS ICso 0,7 UM kat 4 UM yua 16:0
LPC kat 18:0 LPC, avtiotoiya. Ot mopandavw UEAETEC OXECEWV SOUNG-6pAOTNKOTNTAC
emBeBatwoayv OTL N AELTOUPYLIKOTNTA TOU USPOEAULIKOU 0EEOC UMOPEL va XpNOLUEVOEL
OTTOTEAECHOTIKA WC VEOG AVAOTOAEQG TTOU oToXeVEL TNV ATX. Etol, anodacicape va
KPOATHOOUUE TN AETOUpYLKN opdda udpofaptkol of€og Kat n 6-0£0-6- (datvuAapvo)
e€avoUA aAuoida tne évwong 8h va avikataotabel n 4-apwvodatvurolikol of€og,
ELOAYOVTOG ETOL TN XELPAAOTNTA OTA LOPLA HaG. TO YAOUTOULKO 0V eTUAEXONKE, SLOTL
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TIAPEXEL AMOOTAON TPLWV ATOUWV AvOpaka HeTAEL TNG AULVOUASOG KOl TG OHAdag
kapBofuliou tnNGg mAeuplkn¢ aAuoidbag. H évwon 24a pe Paon a-pebudo y-
udpofaptkd aAag (S)-yAoutauiko napouciace TN I1Cso 0,4 uM (Nivakag 1). Qotdoo,
N petatpornn Kot Twv dUo KapBoUAKWY OUASwWY TOU YAOUTOMLKOU 0EE0G O OUABES
udpofaulkol oo (évwon 25a) 06nNynoe o€ AMWAEX TNG QVOOTOATLKAG
Spactikotntag. H avaoctpodry tou aubikou &eopol tng 24a (évwon 24b)
Katéotpee TN SpAOTNKOTNTA, EVW N ELOAYWYH TWV UTIOKATAOTATWY 0Tn B€on mapa
(evwoelg 24c-e) eixe eniong emuPAaBeic emumtwoelg. AVEnon g amootaong LETAEL
ToU UdpoEapLkoU 0EEOC KOL TNG QULVOUASA TOU UTIOAEIUUOTOC QULVOEEDC O €val
atopo avBpaka amodeixdnke Kkplolo Kal 0drynoe oe oxupn avacotoAr tng ATX. H
€vwon 28a (GK400) mapouaciaoce tun 1Cso 0,05 uM (Mivakag 1). Aviikataotaon Tou
6-0£0-6- (bawvulapivo) e€avoUA aAuacida pe tnv 7-patvulentavolA aAluoida (évwaon
28b) katéotpee TNV avaotoATikr Spaoctikotnta. TeAlkd, n évwon 32 (GK442) ue
Baon TOo HMN PuOKO apwolly 6-vopAeukivn TapouCiOOE LOXUPH QAVOOTOATLKN
SpaotikdtnTa pe ICso Tiun 0,06 uM, emiBefatwvovtag Tn onupacia tng anootaong
TWV 4 aTOpWV AvOpako HETAEU TwWV AETOUPYIKWY opdadwy tou udpofapikol of€og
KOl TNG QULVOUASAC Kol OTL O OKEAETOC €VOC S-apLVOEEOG TIAPEXEL TIG KATAAANAEG
amootAoel HeTAlU outwv. Metafl Twv VEwvV ULdpofaulkwy ofEwv  TOU
avarntuxbnkav, n évwon 32 mapoucldlel loxupn in vitro avactoAn tng ATX (ICso 0,06
UM) kat €xel guvoikn Autophikotnta (ClogP 1,11) yiautd emAéxBnke ywa in vivo
HEAETEG.

Movtélo npoodeong Tou avaoctoAéa 32 otnv ATX. YITOAOYLOTIKEG LEAETEG, OTIWC N
HopLlakr ocuvdeon Kal n €KoVLKn TtPoPoAr, umopel va mapéxouv véa dedopéva yla
TIC QVOAOTAATIKEG €TMIPAVELEG TNC KPUOTAAALKAG Soung tng ATX kot pmopouv va
oUUBAAouv otnV avanTtuén BEATIWHEVWVY ULKPOUOPLOKWY avaoToAéwv tng ATX [50,
51]. Acbopévou OtL ta UdpOfauLKA OfEQ QVILMPOOWTEVUOUV Ml VEA TAEN
ovaoTtoAéwv TNG ATX, pueAéteg cuvdeong Ste€nxOnaoav yla va SLEUKPLVLOTEL 0 TPOTIOC
ouvdeong kat oL aAANAeTILSPACELS TOU TTAEOV LOXUPOU avaoToAéa 32. Mo TIG HEAETEG
ouvdeonc, xpnolpomotnonke n kpuotalAkn dopn g ATX (kwdikdg PDB 2XRG) [15].
O vavopoplakog avaotoAéag ATX Bopovikou tumou HA155 aAAnAemibpd pe tnv
evepyo B€on kal oxnuatilel évav avaoTpEPLUO OUOLOTIOAIKO SeOUO HETAEU TOU

atopou Bopiou kat TG opada udpofuliou tou kataAutikoU UTtOAEippatog Thr209
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¢ ATX movtikou, n omoia otaBeporoleital mepattépw pe dvo ovta Peudapyupou
(Ewkova 8) [52]. H Aettoupylkotnta tou udpofapikol of€og Tou ovaoTtoAéa 32
(GK442) aAAnAemibpd Katd mMopopolo TPomo pe tnv B€on Thr209 enutAéov Twv
Asn230 kat Tyr306 (Ewkova 8).

In vivo anoteAeopatikotnta Tou avaotoAéa 32. H blonmabng mveupovikn tvwon
(111) elvan plo acBevela mou xapaKktneLleTal amo MPOoodEUTIKN KoL N avaoTpEPLun
ouloroinon tou mvevpova [53-55]. H aoBévela eival Bavatndodpa, pe Sidpeco
XPOvo emBiwong PeTaty 3 kal 5 eTwv amno v Stayvwon. H maboyévela tng IMNI dev
elval evieAwg katovont Kol oL BepameuTIKEG €MIAOYEC elval TEpLOPLOpEVEG. To
2014, 6Vo dapuaka mou emBpaduvouv tnv Mpoodo Tng vooou, n pirfenidone [56],
€va GAPUOKO HE KAKWCG KATAVONTOUG UNXaviopoUg, kal n nintedanib [57], évag
QVaoTOAEQC TNG KLVAONG TNG Tupoaivng, £xouv emionua eykplBeil. Qotooo, dev elvat
cad£G av avuta ta Gpapuako BEATIWVOUV T CUUMTWHATA ONwe n duomvola Kot o
BAXag N €AV n EVEPYETIKI TOUC EMISPACN OTN MVEUUOVIKI AELTOUPYLIKOTNTA EXEL WG
amotéAeopa TNV avénuévn emBiwon. Etol, véeg BepameuTikEC TPOOEYYIOELS TTOU vVa
BeAtiwvouv tov Xpovo emiBiwong kot tnv mowotnta {wng twv acBevwv pe NI
xpetalovtal enelyoviwg [55]. Npoodateg peAéteg deixvouv av€non Twv emMUTESWY
LPA oto BpoyxokuPeAdikd uypo mAUong (BALF) aoBevwv pe IMNI, kabBwg kot
avénuéva emnineda tng ATX otov nveupova [58]. H MkaAamdykog mpoodata aveédpepe
OTL évag avaotoléag tng ATX, o GLPG1690 (5, Ewikova 2), unrpée amoteAeoUATIKOG
OTO MOVTEAO TNG EMAYOUEVNG ATIO UMAEOUUKIVN TIVEUUMOVLKAG (vwong oTa TTOVTIKLA
[28]. To GLPG1690 e1onA\be oe KAwikEG SoklpeEG otn Daong 2a Kot 1o mpoodata
avakowwBinkav Betikd amoteAéopata oe acBeveic pe NI [59]. To povtélo
TIVEUMOVLKAG (VWwoNG TToU TIPOKAAELTAL oo TN UMAEOUUKIVN O TPpWKTLKA Bewpeitat
TO TILO OUVNOLOUEVO TIELPAUATIKO HOVTIEAO yla TNV SlepeuvAon Twv SuvatoTHTWV
VEWV Tapayoviwv wg Beparmeieg tng NI [60]. Eva amd ta mo woxupd in vitro
udpofauika ofca, o avaotoAéag 32, SOKIUAOTNKE YLa TNV OMOTEAECUOTIKOTNTA TOU
o€ €va HOVTEAO 14 nUEPWV TIVEUHOVLKAG GAEYUOVN KaL (vwaong Tou TipokaAEital amno
prAgopukivn. C57BI/6 movtikia ota onoia xopnynOnke PmAsopukivn /| GUOLOAOYLKOC
0p0¢, €hapav avaotoléa 32 (30 mg/kg) ue evbomepitovaikn €veon emi 15 nUEPEC
Eeklvnoe (tnv nuépa -1 mpLv amo TV xopnynon tng MMAEOUUKIvNG). H xopnyouuevn
6oon emAéxBnke pe Baon tnv PBiBAloypadia yvwotwv avaoctoAéwv ATX. H
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OTTOTEAECHOTIKOTNTA TOU avootoAéa 32 afloloynBnke pe Baon LoTomaBoAoyIKEC
oAAQYEC OTNV APXLTEKTOVIKI) TOU TIVEUHOVQ, Ta CUVOALKA PpAeypovwdn KUTTOpA OTO
BpoyxokuPeAldiko vypo kabwg kal ta emnineda mpwteivng kat kKoAAayovou. Onwg
daivetal otnv swova 9A, n xopnynon UMAEOUUKIVNG €lXe oav QmOTEAECUA TNV
naxuvon Twv Kupelldikwy Sadpayudtwy, tnv KUPeASIk dAsypovr  Kal
OXNUOTIOUO WWTIKWY palwv. AvaotoAn tng ATX BeAtiwoe TNV QPXLTEKTOVLKY TWV
TIVEUUOVWYV, ALYOTEPEC WVWTIKEG PAAGPeC mapatnenOnkav oTo TMVEUUOVIKO LOTO HE
xpwon HE. EmutAéov, n xoprnynon UMAEOUUKIVNG TIPOKOAEL GAEYOVWEN KUTTOPLKNA
elopon (oudetepddpila, pakpodaya kat Aepdokutrapa, KAm.) oto BpoyxokupeAdiko
UypO o€ olykplon pe tnv opada eAéyxou (Ewkova 9B), n omola pewwdnke katd 50%
HETA TNV aywyn UE avaoTtoAéa 32. EmimA€éov, n UMAEOUUKIVN TIPOKAAECE avénon g
OYYELOKNAG SLAMEPATOTNTAC, N OMOLA AVIIKATOMTPLOTNKE Ao TNV avinon tng OAKNG
npwteivng (8 dopéc oe ouykplon He tov €leyxo opada, Ewkdéva 9C). H cuvoAikn
OUYKEVTPWON MPwTelvng oto BpoyxokuPeALSIKO uypO TWV TOVIIKWY Tou EAafav Tov
ovaoToAéa 32 TAV ONUAVTLKA LELWUEVN OE CUYKPLON HE TNV opada eAéyxou (Ewova
9C). Eva Ao xapaKTnpLloTiko TN PAGBNG TNG UTAEOHUKIVNG, N auEnUévn TTapaywyn
KoAAQyOvou Kal n evanoBeon oto mvelpova Kal oto BpoyxokuPeAdikd uypo, ntav
EMONC LELWMEVN amd Tov avaotoléa 32 (Ewkova 9D). EmutAeoy, n Spaotikotnta ATX
HEWWONKE KOVt 010 ¢uUGCLoAOYIKO eminmedo petd tn Oeparmeia pe avoaotoAéa 32
(Ewrkova 9E). ZuyKEVTPWTLIKA, QUTEC TLC TTAPATNPNOEL Selxvouv OTL Ol AVAOTOAE(C TOU
UOpPOLaULKOU 0EEOG €XOUV  EUEPYETIKA ATMOTEAEOMATA OTNV  avamtuén g
TIVEUUOVLIKAC (vwong. Me tnv péBodo LC-MS/MS mpoodlopiotnkav ta enimedoa tou
avaotoAéa 32 oto MAAoUA MOVTIKWY. To aipa cUAAEXBNnke 1, 3 Kol 6 WPEG PETA TN
xopnynon tn¢ teAeutaiog 660n¢ Tou avootoAéa 32 KOL Ol CUYKEVIPWOELG TOU
avaotoAéa 32 ¢aivovtal otnv Ewova 9F (ouykévipwon 70 ng/mL peta anod 1 wpa,

EVW META armo 3 Kol 6 wpeg, 35 ng/mL)

Zupnepacpata

JUUMEPAOUATIKA, TIEPLYPADOULE L VEQ KaTnyopia avoaotoAéwv ATX pe Baon tn
AettoupykoTnTa TOU LUSpPOEaULKOU 0E€0C. MeAéteg Soung-6paotnkotntag odriynoav
OoTNV avayvwpeLlon Twv mapaywywv udpofapikol offoc tTwv S-apvofEéwv ta omola

mapoucotdlouv avaoTaATIKA LoV €vavtl Tng ATX kot uroypappiletal n onpacia tng
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QO0TAONG TWV TECOAPWV ATOUWV avBpaka PeTall Tou uSpofapikol of€oc Kal tng
opwvopadac. O avaotoléag 32, udpofaulkd moapdaywyo of€wg nmou Baociletal oe &-
vopAeukivn, mapouciaoe TR ICsp Twv 60 NM Kot TOANG UTOOXOUEVN
QTOTEAECHATIKOTNTA OE €va MOVIEAO TVEUMOVIKAG GAEYHOVAG Kal vwong Tou
nipoKaAe(tal and pnmAeopukivn. H xapnAn Autoplikotnta tou avaoctoAéa 32 (ClogP
1.11) pall pe To yeyovog OtL uTtdpXeL n opada tou udpotapkol of€og o dapuaKa
TIOU KUKAODOPOUV OTO EUMOPLO TO KABLOTOUV €AKUOTIKO UTIOYPHALO VIO TIEPALTEPW
HeAéTeg. OL véoL udpofapikol avaotoAeic tng ATX umopel va elval €€alpeTika
epyaleia yla tn HEAETN TOU pOAoU Tou evIUPOU oTa KUTTAPA Kot To {wa Kol propet
v OUPPBAAEL oTnV avamtuén vEwv GpapUOKEUTIKWY Tapayoviwy ylo tn Beparmeia

dAeypovwdwv acbevelwy.
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Ekova 1: H ubpoluon ¢ Auvcodwodatudihoxodivng (LPC) oe

Avoodwaodaocdatudiko ofu (LPA) kat xoAivn (choline)ané tnv avtotagivn (ATX).
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Elkova 2: AOpr OPLOUEVWV YVWOTWV aVAOTOAEwV TG ATX.
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Ewova 3: Avtidpaoctripla Ko cuvOnKeg.
(a) Ethyl 4-aminophenylacetate-HCI, EDCI-HCI, Et;N, CH,Cl,, (0°C ewg Oepuokpacia

Sdwpatiou), (b) NH,OH-HCI, EtONa, EtOH, (0°C ewg Beppokpacia Swpatiou)
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Ewkova 4: Avtidpaotrpla Kot GUVONKEG.
(a) Ph3P=CHCOOCH;, THF, (b) H,, 10% Pd/C, MeOH, (c) NaOH 1N, 1,4-dioxane, (d) HCI 1N.
(a) C,HsOOCCH=CHCH,P(=0)(OC,Hs),, LIOH.H20. THF, reflux, (b) H2, 10% Pd/C, EtOH, (c)

NaOH 1N, 1,4-dioxane, (d) HCI 1N.
(a) Ethyl 5-aminovaleracetate.HCl, EDCI.HCI, Et;N, CH,Cl,, (0°C ewg Beppokpacia dwpatiou),

(b) NaOH 1N, 1.4-dioxane, (c) HCI 1N.
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Elkova 5: Avtidpaotrpla Kot GUVONKEG.

(a) NaOH, 1,4-dioxane, (b) HClI 1N, (c) (COCl),, DMF, CH,Cl,, (d) pyridine,
pentafluoropropionic anhydride, CH,Cl,, (e) EDCI-HCI, Et;N, CH,Cl,, (0°C ewg Bepuokpaocia
Sdwuatiov), (f) HCI 1 N, THF

(a) RCOOH, EDCI-HCI, Et3N, HOBt, CH,Cl,, (0°C ewc¢ Bepuokpacia dwuatiou), (b) NH,OH-HCI,
MeONa, MeOH, (0°C sw¢g Bepuokpaoia dwpatiov), (c) NH,OH-HCI, EtONa, EtOH, (0°C swg
Bepuokpacia Swuatiou)
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Ewkova 6: AvtiSpaotrpla Kol cUVONKEG.
(a) RCOOH, EDCI-HCI, Et3N, HOBt, CH,Cl,(0°C ew¢ Beppokpacia dwpatiou), (b) NH,OH-HCI,

MeONa, MeOH, (0°C sw¢g Bepuokpaocia dwpatiou), (c) NH,OH-HCI, EtONa, EtOH, (0°C swg

Bepuokpacio Swuatiou).
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Ewkova 7: Avtidpaotripla Kot cUVONKEG.
(a) RCOOH, EDCI-HCI, Et3N, HOBt, CH,Cl,(0°C sw¢ Beppokpaocia dwpatiou), (b) NH,OH-HCI,

MeONa, MeOH, (0°C sw¢ Bepuokpacia Swuatiou).
(a) SOCI2, MeOH, (0°C ewc Bepuokpaocia dwuatiouv), (b) 6h, EDCI-HCI, Et;N, HOBt, CH2CI2,
(0°C ewg Bepuokpaoia dwpatiou), (c) NH,OH-HCI, EtONa, EtOH, (0°C swg Bepuokpaocioa

Swuatiou).
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Ewkova 8: AAAnAsemuidpaosig Seopol udpoyovou petaf ATX kat HA155 (aplotepad)
Kot avaotoAéa 32 (de€ua).
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Nivakag 1: In vitro §paoctikotnTa USPOLaUIKWY 0wV HE Baon To MouTapko ofu
Ko S-apvogéa
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Ewova 9: H pappakoAroykn avaotoAn tng ATX He Tov avaoTtoAéa 32 HELWVEL TNV
EMAYOUEVN QMO MMAEOMUKIVN TVEUMOVIKA vwon. (A) Xpwon awpatofulivn/swoivn
TIVEUMOVLKOU LOTOU OO TOVTIKLAL TNG OpAdag €Aéyxou Kal TOVTIKIA TOug xopnynodnke
urmheopukivn kal €\opav eite popéa eite avaotoréa 32 (X100,X 200, X300 pey£buvon). (B)
SUVOALKOG aplBpOC Kuttdpwy o BALF (X 10° kUttapo/mL). (C) Suykévipwon OAWKAC
npwteivng  (mg/mL) kot (D) Zuykévipwon Swalutol KoMayoévou (ug/mL) oto
BpoyxokuPeAdikod vypo. (E) Apaotikdtnta ATX (nmol/min/mL) oto BpoyxokupeAsikd vypd
TWV TPLWV TEPAUATIKWY opddwy. (F) Zuykévtpwon tou avaotoléa 32 oto mAdopa 1, 3 kat 6
WPEC HETA TNV TeAeuTtaia xopnynon. Ot THEC mapouatdlovtal wg péon T (x SEM). Ta *
UTIOSNAWVOUV OTOTLOTIKWE onpavtiki dtadopd (p <0,05), n = 10/opada.
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3. O pOAog tou afova ATX/LPA otnv Mepapatikl auvtodvoon

Eykedalopueditida

3.1. Eloaywyn

H kM eivat pla xpovia ¢Aeypovwdng, autodvoon Kol VEUPOEKPUALOTIKN
aocBévela, mou xapaktnpiletat and  kataotpodry TNG  MUEAIVNG  Twv
OALyoSeVOPOKUTTAPWY TOU €YKEDAAOU KOL TOU VWTLAIOU HUEAOU, UE QMOTEAECUA
VEUPOAOYIKEG SLOTOPOXEG, KLWVNTIKA Kal vontika mpofAnuoata [1]. Amotelel tnv
ouvnBéotepn Slotopaxr TOU KEVIPLKOU VeUpPLlkoU ouotiuato¢ (KNZ), pe
TIOAUAPLOUEG OUVEMELEC TOOO O€ TPOCWIILKO 000 KOL OE KOLVWVLKOOLKOVOULKO
eninedo [1].

InUavtikd epyadeio tng €peuvag yla tnv kM, amoteAel TOo HOVIEAO TNG
TIELPOLATLKAG autodvoong eykeparopuelitidog (MAE, EAE), To omolo mpokaAeital pe
avooomnoinon twv {wwv &vavilt Mpwieivwv tou KNI, Omwg yla mopadelypa g
HueAivne [2]. H dAeypovn lval éva onuavtiko XOpaKTNPLOTIKO TNG OOOYEVELAC TNG
ZkM: €ekva amo ta autoavtldpactika AspdokuTtapa otnv mepldpEpela, Ta omola
petavaotevouv oto KNI dteukoAuvopeva amo tnv dtdppnén tou atpatoeykedaAlkol
dpayuol, TPOKAAOUV €vavV KOATOPPAKTIN YEYOVOTWV HE TNV OCUMPUETOXN TwV
HLKPOYAOLOKWV/LOKPOPAYWY KAl OOTPOKUTTAPWY HE TEAIKO QMOTEAECUA TNV
amopueAivwon [3].

Tnv teAeutaia 20stia mepimouv €xeL ylvel emavAoTacn OTNV QAVILLETWTILON TNG
vOOOU. IAUEPO UTIAPXOUV QPKETA GAPHOKA TA OOl UmopoUV va TPOTIOMOLooUV
Vv €€€ALEN TNG Kal va eBpaduvouv TNV epdavion TG avannplog, LELWVOVTAS TNV
ouXVOTNTA TWV UTIOTPONWV Kal tnv ekduAlotiky Spdon tng kM. H dvykoAluodn
(FTY720, Gilenya) eival To TMPWTIO QAVOOCOTPOTIONMOLNTIKO GAPHOKO TOU Omoiou n
6paon ouvictatat otn ocuvdeon tou pe €L6IKOUC UTOSOXEIG oTa KUTTAPA TOU
ovoooTmolnTikol cuotnuatog, dnAadn ota Asudokuttapa B kat T. Me tov Tpodmo
ouTO, T KukKAodopouvta oto aipa Aspdokutrapa nayldbevovtal otoug Aepupadeveg
OTTOTPEMOVTOC TN METOVAOTEUCH TOUC OTO KEVIPIKO VEUPLKO OUOCTNHO KOL TN

PooBoAn TNG HUEALVNG. ZuykekpLUéva. To FTY720, petd tnv pwodopuliwon tou
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oo TNV Kwvaon tne oplyyooivng SPHK2, mpoodévetal pe tov umodoxéa S1PR1 otnv
emupavela twv T AEUPOKUTTAPWY, TPOKOAWVIAC TNV €VOOKUTIWON KAl
anowkodounon tou. Me tov TpPOMo auto, N £€£060¢ TwV AEUPOKUTTAPWY ATO TOUG
Aepdadéveg, n omola emadyetal amd to S1P, avooTEAAETOL KAl KOTA CUVEMELA
Ayotepa Aepdokutrapa entiBevratl oto KNZ [4]. H avakdAudn tng GLVYKOALOSNG
(FTY720) wg to mpwto 8l tou otopatog ¢Aapuako yla tn Oepamneia oplopEvVwY
nopdwv tNG XK, €otpePe TV mMpoooxn ota Blodpaoctikd AvucopwodoAunidia. Qg
TPoOmog 6paong tou FYT720, avadépetal eniong n peiwon tng SlamepatotnTag TOU
owpotoeykepalikol  dpaypol KoL N TMOPEUTMOSION  TNG  HETAVACTEUONG,
gvepyomoinong Twv Hakpoddywv Katl Twv aoTpokuTtdpwy [4, 5]. EmumpooBétwe, cav
amoteAéopata ¢ Spaong tou FTY720 €xel avadepBel n avaotoAn tng ATX (ENPP2)
in vitro ka in vivo [6-9], OMw¢ €miong Kal n KavotnTa Tou va avacTtéANeL TV PLA2 in
vitro [10, 11], umodnAwvovtag mibavr aAAnAenidpacn twv povomatiwv PLA2/LPC
kat ATX/LPA otnv moBoyévela tng MAE kai/p oe AaAe¢ maBoducloAoyLKEC
Kataotaoelg tou KN2 [12].

Ocov adopd TNV ouppetoxy tou afova ATX/LPA otnv maboloyia 1tng
oKANpUVONG KATA TAAKAG, UTIAPXOUV Alya aAAd evSladEpovia amoteAECUATA. TO
KNZ €xeL Bpebel uhnAn €kdpaon g y Loopopdns tTng ATX TG00 0TOUC avOpwWIOUG
000 Kot o€ melpapatolwa [13-16]. H ékdpaon tng ATX auvédavetal katd tn Sldpkela
™m¢ Swadopornoinong twv oAyodevdpokuttapwyv [16-19], evw daivetal oOTL
ekppaletal mapodikd oe wpua oAyodevdpokuttapa [20]. EmutAéov, ékdppaon tng
ATX €xeL BpeBel oto yoploeldég mAgyua [16, 21], amd omou ameleuBepwveTal oto
eykedalovwrtiaio vypo (ENY) [22] kat oTIg MAVLYYEG. Z€ aoBeVel ue okApuveon Katd
TAAKkag, €xouv Bpebel avénuéva enineda ATX kal LPA otov opd kat to ENY [23-26]
oe ouvykplon He GAAec OSwatapaxec tou KNI, mapoAa ouTA UTIAPXOUV  Kal
avtikpououeva amnoteAéopata [27]. AvtiBeta, otnv MAE, ta eninmeda ATX mRNA
BpéBnKkav pelwpéva KATA 25% 0TV UPAVION TWV KAWVIKWYV CUUMTWHATWY [16]. H
ATX téhog €xel ouvdeBel kal pe AAAeg maBoloyikég kataotdoelg tou KNI: avénon
TWV EMUMESWV TNC opatnpeital oto veupoBAdctwua kat YAoloBAdactwua [18], evw
HETA amd eykedpaAkny BAABN ekdpaletal amd ta EVEPYOTMOLNUEVA AOTPOKUTIAPA
[21]. ZxeTika pe TNV onpatodotnon tou LPA, 6ot ol utodoyxeig Tou ekdppalovrtal oTto

KNZ [28, 29], e TAELOTPOTILKA OMTOTEAECUOTO OTNV AVATTUEN, TN METAVAOTEUCN KO

174



™ onuoatodotnon. To oAlyoSevdpokKUTTAPA OUYKEKPLUEVA, £KPPAlOUV TOUC
umodoyxeic LPA1 [30-33] kat LPA3 [33]. H cuppetoxn tou LPA otnv emavapuelivwon
anodobnke otn onuatodotnon péow umodoxéa LPA1 [34]. e avtiBeon pe ta
napanavw Oebopéva, to LPA €xel emiong ouvdebel pe amopueAivwon HeE TN
pnecoAdPnon tou umodoxéa LPA1, peta amd veupwkn PAABn [35, 36]. EmutAcov,
npoodata amodeixbnke OtL n onuatodotnon LPA péow tou umodoxéa LPA1
CUUMETEXEL OTNV €vapén Tou veupomabntikoL movou [37, 38].

Ta mapanmdavw O&edopéva  CUVEMAYOVTOL OUMMETOX TG ATX KAl TNG
onupatodotnong tou LPA ot Sladikaocieg amopueAivwong/enavapuelivwong,
EUMAEKOVTAC TO MOVOTATL auto otnv maboduactoloyia tng kM, Xxwplg va eival
amoAuta £gkdBapog o poAog Tou. Itnv gpyacia auth, n ékppaocn tng ATX amod ta
Hakpodaya Kot HikpoyAolakd kuttapa ¢aivetal 0tL Stadpapatilel mpwTtapxlkd poAo

otnVv €€EALEN TNG TIELPAUATIKNC auTtoavoong eykepaiopueAitidac.
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3.2. MeBodoloyia

Movtikia. Ta movtikla eKTpEédovtal UNO €LOLKEG OUVONKEG OTLG EYKOTOOTACELG TOU
Epeuvntikol Kévtpou Bloiatpikwy Emotnuwy "ANéEavdpog OAEULVYK": Bepokpaaia

20-22°C, uypaoia 55+5% kat KUKAO dwTtog 12 wpwv.

Movtélo melpapatikig avtoavoong eykepalopvelittdag. H MAE mpokAnBnke oe
apoevikoUG movtikoug C57BL/6  nAwiog 10-12 eBSopddwv. Ta movrikia
avooorowBnkav pe 100 pug yAukompwrteivng oAlyodevdpokuttdpwyv (MOG35-55,
MEVGWYRSPFSRVVHLYRNGK, GeneCust) &taAlupévn oe avoooevioxutikd Freund,
polt pe 1 mg adpavomoinuévou Mycobacterium tuberculosis H37RA (Difco
Laboratories). EmutAéov, éAafav Suo evdomepitovaikég evéoelg 100ng toivng tou
KOKKUTN TNV OTWYUN TnNg avooomoinon¢ kat 48 wpeg oapyotepa. To TovTikla
{uylotnkav Kot To KAWIKA cupntwpata tng MAE kataypadnkav yia 6An tnv Stapkela
TOU MELPAMATOC. Ta KAWLIKA cupntwuata tng NAE BabBuoloyndnkav wg €Nc:

0, kavéva onuadL aoBévelag

1, aduvapio oupdg

2, ateAng mapaAuon 1 2 onioBwwv dkpwy

3, mapamAnyia (mMAnpng mapdAuon 1 1 2 onicBuwv akpwv)

4, moparnAnyia pe aduvapia ) moapdAuon tou npocOlou akpou

5, vekpo N etolpoBavarto {wo.

Tnv TeEAKA NUEPO TOU TTELPAMOTOC, CUANEXDNKAV aipa Kol VWTLoog LUEASC.

Xpwon Luxol Fast Blue kat oupoato§ulivng/ewoivng (HE). Topég 7um vwrtiaiou
puehol Badtnkav pe tnv Xpwon Luxol fast blue yw avayvwplon Ttwv
OQIMOMUEAVWTLIKWY TIEPLOXWV Kol HE alpatofulivn/ewaoivn ylwa mapatipnon tng

naBoloyiag Tou Lotou [39].

Avoooiotoxnpeia. TOUEG 7UM VWTLOOU HUEAOU KOTNKOWV Kol TomoBetnOnkav os
€LOIKEC YUAALVEG avTikeLeVODOpEeG TAAKEG (super frost). Ol Topég adrivovtal yla 30
Aemtd o€ emadr LE TOV AEPA WOTE VO OTEYVWOOUV KOL 0T CUVEXELD TomtoBeToUvTaL

oe SdAhvpa 4% moapadoppardevdng (20 Aemtd oe Beppokpaocia dwuatiouv). MNa
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oviXveuon ev8oKUTTAPLOU avTlyovou akolouBeital epparmntion twv mMAakwv os 0.2%
Triton-X yta 5 Aemttd. Ot pun 8kég BEoelg SE0ELONG TOU AVTIOWUATOC SeopevovTal
(6ldAvpa Zytomed, 5 Aemtd) KOl OTn OUVEXELD aKOAOUBsital €mMwaocn HE TO
KATAAANAO TipwTtoyeVEC avtiowpa, StaAupévo os 2% BSA otoug 4°C yia 16 wpeg OL
TAAKEG enmwalovtal UE TO KATAAANAO Oeutepoyevég avtiowua ya 1 wpa ot
Bepuokpaoia Swuatiou Kal EMELTA TPAYUATOTIOLETOL XPWON TwV MUpnVwV He DAPI
(Fluoroshield with DAPI histology mounting medium, Sigma). OAeg¢ oL MAUOELG
npaypotonowouvtal pe PBS-Tween 0.05%. Ta akoAouBa avilowpata €xXouv
xpnotpomnotwnBet: rat anti-mouse CD68 (1:50, AbD Serotec), rat anti-mouse F4/80
(1:50, AbD Serotec), rat anti-mouse CD11b (BD Pharmigen,1:50), mouse anti-glial
fibrillary acidic protein (GFAP) clone G-A-5-Cy3 (sigma, 1:2000), rabbit anti-mouse
ATX (1:500, Cayman), anti-rat Alexa488 (Abcam, 1:1000), anti-rabbit Alexa555
(Abcam, 1:1000). T€Aog, xpnotuomotlouvtal 0Aot ol kataAAnAot lootomol: Rabbit IgG,

Rat IgG yla €Aeyxo NG EL8IKOTNTAG TWV QVTLOWUATWV.

Aneilkovion Lotol. OL £lKOVEC LoToAoylag amotunmwOnkav e pikpookomio Nikon
Eclipse E800 (Nikon Corp., Shinagawa-ku, lanwvia) to onoio §1€BeTe MpoocapTnuévn
Pnoakn pwrtoypadikn pnxoavrn Q Imaging EXI Aqua, XpnNOLULOTIOLWVTAC TO AOYLOULIKO
Q-Capture Pro. OL elkoveg avoocodpBoplopol Pe pikpookoTo Zeiss Axiovert200 (Carl
Zeiss, Oberkochen, Germany), evw oL elkoveg¢ confocal xpnolpomolwvtag
HLKpookomio Leica TCSSP5 cdpwong pe Aéllep (Leica TCSSPS laser-scanning confocal
microscope). To Aoywouikd Leica LASAF kat to Adobe Photoshop (yia avtiBeon,
dWTEVOTNTA KOL TTPOCAPUOYEG XPWHATWY) XpnoLlonolndnkav yla tnv eneepyacia

TWV ELKOVWV.

Kuttapopetpia pong. To mpwtokoAAo Tou akoAouBnBnke yla TNV amouovwon
HOVOTIUPNVWV KUTTAPWVY OO TO VWTLOIO0 HUEAO TOVIIKIWY, TEplypddeTal otnv
BBAloypadia [40]. ZuvomTikd, O LOTOG TOU VWTLaiou HUEAOU opoyevomolBnke o€
SldAupa 1X HBSS mapoucia avaoctoAéa Ttou Golgi (Golgi Plug, 1:1000, BD
Biosciences, San Jose, CA) kaiL Slépxetal péoa amod valov o¢idtpo 0.7um yua
TEPALTEPW SLoXWPLORO. T HOVOKUTTOPA OTN CUVEXELDL OTOUOVWVOVTAL amo TNV

evllapeon otolBada evog Lootovikol SlaAupatog Percoll (30/70%, Sigma) o€
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Bepuokpaocia dwpatiov. Ta kuTtapa smavadiaAvovtol oe 1X PBS pe 1% FBS kat
tomoBetouvtal o €81k MAGka 96 Béoswv (U plate). Meta and enwoaon pe Fc block
(CD16/32-clone 93, BiolLegend), emwalovtatl pe ¢pBopilovia AVIIOCWHUATA YL TOUG
mapokATw enidavelakolg urntodoxeic: Alexa700 anti-mouse CD45 (BioLegend), APC-
Cy7 anti-mouse CD11b (BioLegend) and phycoerythrin (PE) anti-mouse F4/80 (BD
Biosciences). la tnv avixveuon tng ATX, ta KUTTapa oapxlka enwdalovtat ywa 10
Aemtd pe katdAAnAo StdAupa to omoio Stappnyvuel tnv pepPpavn (Permeabilization
wash buffer 10X, BioLegend), otn cuvéxela e TO MPWTOYEVEG avTiowua rabbit anti-
mouse ATX (Cayman) kat TEAOG He To SeUTEPOYEVEG avtiowpa anti-rabbit onpacuévo
pue FITC. To kataMnAo ootono (rabbit 1gG) xpnowomowlOnke yia €Aeyxo TtNnNg
eldkotntag tng ATX xpwong. To FACsCalibur pnxdavnua xpnolguomoliénke yla tnv
APN Twv amoteAeoUdTWY TA Omolat OTn ocuvéxela avaAudnkav pe to Flowlo

software (Tree Star, Ashland, OR).

Avocoanotinwon katd Western. Metd tnv amOUAKPUVON TOU VWTLOIOU HUEAOU
armoé tnv omovOUAk otnAn, TomoBetnbnke otwyplaio oe uvypd alwto Kal
anoBnkeVTNKe otoug -800C. ITn OUVEXELD, O LOTOC OpOyevomolnBnke oe StaAupa
AUoNG To Omolo Tepleixe avaoTOA£lG MpwTeaowv (Aeumentivn, memotativn Kot
dawuAopebavooouldovurodBopiblo). Metd amd duyokévipnon ota 17000g to
UTIEPKELUEVO (KUTTOPOTIAQIOUATIKEG Kol OLAAUTEG TPWTEIveG) OUAAEXBNnKav yla
availuon e avoocoamotUmwua Western. H ouykévipwon Twv TPWTEIVWV
npoodlopiotnke pe tnv uEBodo Bradford xpnolpomowwvtag mpdtumn KoUmUAn BSA
(0,125-2mg/ml, bovine serum albumin). Ol mpwteiveg SlaxwploTnkav o MAKTWUO
8% SDS-PAGE kal petadépbnkav oe pepPBpavn vitpokuttapivng (GE Healthcare,
Bucks, UK) pe 1o obotnua Trans-Blot SD Semi-Dry (Bio-Rad Laboratories, CA, USA).
Ol pepBpaveg enwalovtal Ye TO MPWTOYEVES avtiowpa évavtl tng ATX (monoclonal
4F1, 1:1000) os 2.5% (wt/vol) yadAa otoug 4°C yia 16 wpes. Metd amnd tpeic MAUOELG
ue TBS-Tween 0.05% akoAouBel emwacn pe SEUTEPOYEVEG AVIIOWA ONLACUEVO E
HRP (anti-rat HRP-conjugated, 1:1000) yia po wpa o Bepuokpaocio dwuatiov. To

OCUUITAOKO QVTLYOVOU-OVTIOWMOTOG AVIXVEVETAL UE AOUULVOAN.
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M£0080¢ ELISA. lNa tov moootikd tpoadloplopd tng ATX oto mAdopa, ta Seiypata
enwalovtal yla 16 wpeg otoug 40C, og miato 96 B€oswv. Ta Selypata apatwvovtal
1:50 o€ puBuiotikd didAupa (0,012M NaCO3 and 0,028M NaHCO3, pH 9.6). lNa tnv
TPOTUTN KAUITUAN XpnotwomollOnke autotaxin (ENPP2-8H, AGF06181012) (Ascent
Gene, MD, USA) og ouykevipwoelg 3.125-100ng/ml. Metd ano enwaon pe 1.5% BSA
o€ PBS-T, ta Selypata enwalovral pe avtiowpa évavtl Tng ATX (rabbit anti-mouse
antibody 1:1000, 10005373, Cayman, Tallinn, Estonia) yla 1 wpa. AkoAouBel emwaon
HE To SeutepoyevEC aviiowpa (a-rabbit HRP, 1:2000, 4010-05, Southern Biotech, AL,
USA) kat avixveuon pe TMB (3,3’,5,5'-Tetramethylbenzidine, A7888, Sigma, USA). H

avtidpaon otapatd pe 2M H2S04 kal oL anmoppodroelg HeTpwvTaL ota 450nm.

Anopdvwon RNA kat aAvoidwtrn aviidpaon noAupepaong (RT-PCR). To oAikd RNA
amopovwOnKke amod To vwTloio pueANd xpnolpomowwvtag Tri Reagent (Molecular
Research Centre, OH, USA). Meta ano katepyacia pe DNase (RQ1l RNAse-free
DNase, Promega,Wis, USA), 3.5ug RNA petaypadovrtal pe tnv M-MLV avtiotpodn
uetaypadaon (M1705, Promega, WI, USA). H Real-time PCR mpaypatonow)fnke os
unxavnua Bio-Rad CFX96 Touch™ Real-Time PCR (Bio-Rad Laboratories Ltd, CA,
USA). To yoviélo avadopdg TIou Xpnotormoleitat elvat n

dwodopuBoculotpavodepdon tng untoavOivng-youavivng (HPRT).

Apaoctikotnta ATX. H Spaoctikdétnta tng ATX mpooblopiotnke ota Selypata
mAdopatog He tnv Sokiaoia TOOS, onwc avadEpetal otic mapaypddoug 2.1 kat 2.2

[41].

HPLC MS/MS. H avdaluon twv Auudiwv oto MAACHA KOL OTO VWTLOO HUENO
npayuatonolionke oe cvotnua RSLCnano system pe daopatopetpo palag LTQ

Orbitrap XL mass [42].

Ztatiotiky avaAuon. H otatiotikn eneepyacia mpaypatonol}Onke pe ta: One-Way
ANOVA 11 Mann-Whitney Rank Sum Test avdAoya tnv mepimtwon, YUe XprRon tou
AoylopikoU Sigma Plot 11.0 (Systat Software, IL, USA). Ot Tipég mapouatalovtol wg

pHéon TN (£SEM). To * dnAwvel otatiotika onuavtiki Stadopd pe p<0.05.

179



3.3.AnoteAéopata-zuinTnon

Auénuéva enineda ATX kat LPA otnv €§€A€n tng NAE. Me okomo va SiepeuvnBel n
mbavr eumhokn Ttou afova ATX/LPA otnv avamtuén kat €€€AEn tng 2k,
ePapUOCAUE TO TEPAUATIKO MOVIEAO TNG autodavoong sykepoAopuveAitdag. H
TEPAUATIK  autodvoon  eykedalopueditiba  (Experimental  Autoimmune
Encephalomyelitis, avadepopevn ocuvtopa w¢ MAE) amoteAel €va MEPAPOTIKO
HOVTEAO €YKEDOAKNG PAEYUOVAG KOl OMOMUEAIVWONG, TO OMOlo XpnolUomoLEiTal
EUPEWC  OTNV HEAETN TWV  avOpwMmVwVv  QTOMUEAWVWTIKWY  VOOWV
cupmneptAapBavouévng g okAnpuvong katd mAdkag (ZkM). Movtikia C57BI6/) (H-
2b), nAwiag 10-12 eBdouddwv kot apoevikol ¢UAOU, AVOOCOTIOLOUVTAL HE TNV
MPWTElvN Twv oAwyodevdpokuttapwyv (MOG35-55) mapouciot avocoeVIOXUTIKOU.
Tautdxpova Me TNV ovooomoinon kot 48 wpeg opyotepa Xopnyeitalr ot
nelpopatolwoa 100ng toflvng TOU KOKKUTN WOTE va OMACEL TO GPAYUA OLUATOC-
eyKePAAOU Kal va emtpamnel n mpocfoacn avoookuttapwyv otov KNI. Ta movtikia
napoakoAouBouvtal oe 0An tnv nelpapatiky dtadlkaocia, kataypddetal o BApog
TOUuG Kol aflohoyeitatl n KAWLKA €lkova pe Baon tnv kAlpaka BabpoAdynong mou
neplypadetal otnv pebodoloyia. MAdopa alpatog Kot vwTtlaiog LUEAOC, 0 LOTOG TOU
KNI mou mpoofdMietal kupiwg oto povitédo tng MAE [43], ouAAéxBnkav o€
SL0POPETIKEG XPOVIKEC OTLYUEG: TIPO-CUUMTWHOTIKA (onset, d.7), otnv kKopudn Twv
ouuntwpatwy (peak, d.15) kat otnv Udeon ( remission, d.22) tng NAE (Ewkova 1A-C).
Jta Selypata vwtiaiou pueloU PBpébnke auvénuévn E€kppaon tng ATX (a-g)
(xpnotuomnowwvtag duo dtadopeTika {evyn ekkvntwy, Elkova 2) Katd TtV avantuén
™¢ NAE. AfileL va onuewbBel otL ta emnineda ékdpaong tng ATX Atav moAU
unAdtepa oto otadlo évapéng kat Udeon tnG vooou, os avtiBeon pe tnv ¢paon
KOPUONAG TWV CUUMTWHATWY. Mewwpéva enineda €kdppaong tng ATX €xouv
avadepOsei o Stadopetikd (SWR / SIL Fls; H-2q, s) povtého NAE [16] kaBwg Kal o€
OpPLOMEVEG HeAETEC pe aoBeveig ZkM. Mapopolo mpodid ékdppaong Ppednke yla tnv
toopopdn v tng ATX, n omola ekppaletal kKupiwg oto KN [16, 44], umodnAwvovtag
OTL éval HEPOG TwV auénuévwv emumédwv tng ATX odeiletal os moapaywyn amno
kUTtopa tou KNZ. Mépa and to npodih ekdpaong tng ATX oto vwTtiaio pueld, Tou

umodelkvuel de novo ouvBeon amod kuttapa tou KNI kat/rf dAeypovwdn kKutTapa
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Katd tnv Stapkela tng NAE, ta enimeda tng ATX mpwrteivng mpoodlopiotnkav Ue
avoooamnotunwua Western (Etkova 2A, B), 6mou SiamiotwBnke mopopolo nmpodii
ékdppaong pe ta uPnAotepa enineda va gpdavilovral PV Kol HETA TNV EUdAvion
TWV KAWVIKWV cupntwpatwy t¢ NAE. Ooov adopd, ta éviupa tou anolkoSopouv To
e€wkuttaplo LPA [45], oL PLPPs, 6ev Bp€Bnkav oTATIOTIKA ONUOVTIKEG Sladopég ota
otadla ¢ aoBévelag. EmumAéov, peletnOnkav ta emineda  ékdpaong Twv
Sladpopetikwy urtodoxéwv Tou LPA, omou nmapoucioocav SLakupuavoelg, mboava Aoyw
eMaywyng dLadopeTkwV onUATOSOTIKWY oVoTiatiwy Tou LPA. Ita evepyomolnpuéva
oaotpokUTTapa, £xel Bpebel avénon twv LPA1-3 HeTA Ao TPAUPATIONO eyKEDAAOU i
vWTLaiou pHUENOU, WOTOOO0, OTIC MEPLOCOTEPEG MAB0DUCLOAOYIKEG KOTOOTAOELG TOU
KNI kuplapxo¢ umodoxéag eivat o LPA1 [46]. EmumpooBEtwg, Xpwon ovooo-
dBoplopov €vavtt tng ATX (ue Suo Sladopetikd avilowpata, Ewova 2 kot
JupnAnpwpotiky Ewkova 1) oe Touég vwtiaiou puelov emiBePfaiwoe ta avénuéva
enineda g ATX ot aAAOLWOELS TNG AEUKAG ouaoiag katd tnv €€€AEN tng MAE.
JUYKEKPLUEVA, SUTAN Xpwon avooodBoplopol amokdAupe otL n ATX ekdpaletal
oo SLOPOPETIKOUC KUTTAPLKOUC TUTIOUC TTou oXeTilovtal pe tnv naboyevela tng NAE
(ZupmAnpwpatikég Elkdveg 1 kal 2). 2e pwrtoypadieg amd CUVECTIAKO ULKPOOKOTILO
ocapwon¢ pe laser (TupmAnpwpatikn e€wkova 2) n  ATX evrtomiletal ota
gvepyomolnpéva  aotpokUttapa (GFAP+), ota pikpoyAolakd kot ¢Aeypovwdn
pakpoddya (cdllb+, cd68+, F4/80+). Itnv OUVEXELD, TPAYUATOMOONKE HETPNON
™¢ dpaotikotnTag tng ATX, pe tnv uEBodo nmpocdloplopol eVIUULKAG EVEPYOTNTAC
TOOS, oe mMAdopa alpatog mou cUAAEXOBNKe oTIG SLadOPETIKEG XPOVIKEC HAONG TNG
aoBévelag. Auénuéva eminedba ATX Bpébnkav oto mAdopa twv MAE movtikwy,
wotooo Oev eilval cadeg eav Ta avénuéva emnineda mMAdopoto¢ cupBaAlouv oe
avénon twv emmédwv TNG autotafivng oto vwtlaio puelo, Sedopévng NG
auvénuévng Slamepatdtntag Tou awdatosykedpaiikol ¢payuol (BBB) katd 1n
Stapkela tng MAE 1 avtlotpopwc. Me okomo va cuoxetiooupe ta entimeda ATX, He TO
€VIUULKO TNG UTOOTPWHA KoL TIPOIOV, TIPOYUATOTOW|CAME AUTLOOULKY) avaAuon HE
HPLC/MS/MS og vwrtiaio pUeAd kot mAdopa movtikiwy pe NAE kat puotoloyikd. Ta
auvénuéva enineda ATX oto vwtiaio HueAo kol To MAAopa odriynoav oe avaioyn
av&non Twv cuVoAlkwv emmedwy LPA, evw Sev mapatnpnOnkav onUavTKEG dAANAYEC

ota enineda tou LPC (Ewkéva 3). Me Bdaon ta mopamndvw, n avantuén tng NAE
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ouvodeletal amd amoppubuion Tou BackoU evIUHOU TNG OHUOLOOTACNG TWV
AvocodwaodoAutdiwy, TNG ATX, pe amotédeopa TNV avénon tTwv emumédwy tou LPA,
TO OTolo £xel cUVOEDEL Pe AMOPUEAIVWON TWV KEVIPLIKWY VEUPWVWV [47].

Ta enineda kukAodopiag tng ATX ko tou LPA Sev emnpealouv tnv naboyEvela tng
MAE. To 40% tng ATX tn¢ KukAodopiag moTeveTAL OTL TPOEPYETAL AMO To Auwdn
loto [48], o omolog ekkplvel SLAPOPEC KUTOKIVEG KOl OPUOVEG HE ONMOVTLKEC
emdpaoel o TMOOOPUCLOAOYIKEC KOTOOTACELS, OUUTIEPIAQBOVOUEVOU TOU
veupoekpuAlopoU [49]. Emopévwg Kal dedopévng tng auvénuévng SlamepatotnTag
Tou audatosykepaiikov ¢ppaypol otnv MAE, kabBwg kol twv mpoavadepBEVTIwY
emubpaocewv tTou LPA ota evéoBnAlakd kuttapa tou gykedalou [50-52], e¢etacape
av ot Stakupavoelg ota enineda kukAodopiag twv ATX/LPA Oa pmopovocav va
enMnpedcouv tnv maboyévela ¢ MAE. To povtého tng MAE mpokAnbnke o€
gtepoluya movtikia ywa thv ATX (Enpp2+/-, 50% twv UCLOAOYLKWV ETTESWV
ATX/LPA otov opd) [53], kaBwg KkalL oe opoluya &layoviSlakd Tovtikia Tou
unepekdpalouv ATX oto Amap (TEEnpp2+/+), UTIO TOV UTIOKLVNTH TOU OVALOTOAEQ TNC
al- avuBpudivng (altl) (200% twv puooloyikwy emumedwv ATX/LPA otov opd)
[54]. Aev mapatnpnBnkav dtadopég petady twv Enpp2+/- n TgEnpp2+/+ mMovTikiwv
Kol TwV avtiotolywv opdadwv eAéyxou, otnv €€ALEN tng MAE ) otnv Baputnta Twv
KAWVIKWV CUUMTWHATWY (Ewkova 4), yeyovog mou umodnAwvel OTL Ol CUOTNULKEG
Slakupavoelg, (50-200% ota enimeda opou tng ATX kal LPA) dev €xouv emidpaon
otnv MAE kat umtoypappilel Tn onupacia tng tomkng n eAsypovwdoug Ekbpaong tng
ATX. Qotooo, oe Sl0popeTkO €TEPOlUYO Yyl TNV ATX movtikt [55], avadépOnke
HePLKA e€aoBévion Tou veupomadntikou tévou [56].

H ékdpaon tg ATX amod ta aotpokUTIapa £ival amapaitntn yia tnv uBpuikn
avantuén. Ta aotpokuTTapa sival Ta mo adbova yAolakd Kuttapa, umevBbuva yla
™ Puoikn Kot LeTABOALKN UTTOOTHPLEN AAAWV VEUPLKWVY KUTTAPWV. ZUHUUETEXOUV OTN
pLBULON TWV avoooAoyLlKWV amokpioewv oto KNI Kal otnv €mMoUAwWGoN TWV LOTWV
HETA amod Tpavpatiopd [57]. EmutAéov, ta actpokUTtapa avayvwpilovial 0Ao Kot
TIEPLOCOTEPO WG EVEPYOL MAIKTEG 0TN HUeAivwon Kal tnv maboyévela twv MS [58,
59]. Xpwon avocodBoplopol oe Selypatra vwtiaiov puehol pe MAE, n ATX
evtomileTal ota evepyomolnpéva aotpokuttapa (GFAP+) (ZupnmAnpwpuatikn Ewkova 1

Kal 2), avtiotolxn av&non €xeL Bpebel ota evepyomolnuéva AOTPOKUTIAPA OTO
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veupotpalpa [60]. Emopévwg, pe otoxo va SiepeuvnBel o mBavog poAog tng ATX
TIOU TOPAYETOL amd Ta aoTpokUTtapa ota mAaiowa t™¢ MAE maboyévelag,
TipaypotomnolOnke yevetikry amalowpry tng ATX amd autd Tov TAnBuouo.
Juykekplpuéva, OSlaotaupwbnke TO UMO Opoug knockout movtikt tng ATX
(Enpp2fl/f1)[53] pe €va Slayovidlako movtikt mou ekdpalel tnv Cre peKopmvacon uno
Tov €Aeyxo tou GFAP umokwvnth (TgGFAP-Cre)[61]. Qotd00, n yeveTikn anaAoldn Tng
ATX amno ta actpokuttapa (GFAP+) odnynoe o euPpuikn Bvnowuotnta. Ztov Mivaka
1 napouactalovtal OAEG Ol SLACTAUPWOELG TIOU TIpayHaTonowBnkay Kot n avoioyia
amoyovwy mou npogkuPav. To amotéAeopa Sev emnpedotnke amno tnv ¢uon tou Cre
OMOAGYOU, UNTPLKO I TMATPLKO, yeyovog Tou eruPefalwvel otL ol Sucpopdieg mou
mapoatnpouvtal ota £uPfpua He amotéAeopa Tov Bavato toug, odeilovtal oe
ENewn tng ATX amd ta aoctpokuttapa. Atilel va onuewwBel, OtL ota Alyootd
hGFAPCre+/-Enpp2fl/fl movtikia mou yevviOnkav eAéyxOnke o avacuvduaouog tou
yovibiou tng Enpp2, omou Swamotwbnke mwg eixe yivel ateAwg. Me Baon ta
mapanavw, n ékdpacn tng ATX amd Tta AoTPOKUTIAPA Elval amapaitntn yla Tnv
euBpuikn avamtuén. O polog tng ATX eivat dn yvwotog otnv epPfpuikn avamtuén, n
ENeWdn ™G £XEL CUOXETLOTEL HE aAVWHAALEG TOU veuplkoU owAnva [53], n oxedlaon
TOU Omolou OUVOEeTal OTeEVA HE TIC TPoSLaypad£EC Kol TIG AELTOUPYLEC TwV
aotpokuttdpwy [57]. Mépav Tou poAou tng ATX ota avamtuélakd otadia, otnv NAE
ekppaletal amd TO EVEPYOTOLNUEVA OOTPOKUTTApA HeE TBavo poAo otnv
naBoyévela tng vooou, o omoiog pEmeL va dlepeuvnBel mepalTEPW PE UEAANOVTLKEG
HEAETEG EMAYWYLLNG VEVETIKNG SlaypadnG o€ EVAALKOUC TTOVTIKOUG.

H ATX and ta pikpoylotakd/pakpoddya kittapa evioxuet tov NAE ¢oawvoturno.
Ta pikpoyAolaka kKat ta Aeypovwdn pakpodaya amoteAouv BaoikoUg KUTTAPLKOUG
MANBuopoU¢ o eumAékovtal otnv maboyévela tng kM [62, 63], pe dlakpltoug Kal
avtiBetoug poloug [62]. Zto KNI, auvénuévn ékdbpaon tng ATX evtomiletal o€
£161kol¢ TUTMOUG pokpodaywv (perivascular, oe HAVLYYEG KOl XOPLOELOEG TIAEyUQ)
[62]. EmutAéov, OTO TELPAUATIKO MOVIEAO TOU VeupomadnTikol Tmovou, Ta
EVEPYOTOLNUEVA ULKPOYAOLOKA KUTTAPO CUMETEXOUV oTnV Ttapaywyr LPA[64]. Ocov
adopa tnv MAE, amd Tt xpwoelg avocodBoplopol SamotwdBnke otL n ATX
ekppaletal amo ta PIKpoyAoLoKA KUTTOpA Kal To poakpodaya mou dinBouv Tov LoTto

(cd11b+, cd68+, F4/80+). Avaluon e KuTTapopeTpia pong, emiBePaiwoe otL n ATX
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ekppaletal TO0O amo ta pkpoyAotaka kuttapa (CD45lowCD11b+), 600 kot amnod ta
Hokpodaya Tou eloépyxovtal amo TtV KukAodopia oto KNI (CD45hiCD11b+). Me
OKOTIO va  OLEPEUVIOOUUE TIEPATEPW TNV oOuvelodopd Ttng ATX amd ta
HKpoyAoloka/pakpoddya kuttapa otnv moboyévela tng MNAE, €ywve yevetikn
armaloiwdpr tng ATX amod autd Tov KUTTAPLKO MANBUOUO SLacTauPwWVOoVTAG TO UTO
opoug knockout movtikt tng ATX (Enpp2n/n) [53] pe To Sltayovidlako movtikt ou
ekppaleL tnv Cre pekopmivaon uto tov €Aeyxo tou CD11b unokivntr (TgCD11b-Cre)
[65]. Z& avtiBeon pe ta movtikia ou eixav EAAewdn tng ATX amd ta aoTpokUTTaPA,
ta CD11lbcre+/-Enpp2-/- yevwwnOnkav oOTIC OVOUEVOUEVEG UEVTENIKEG OvaAOYieg Kal
XWPLG va mapatnpnBel un ductoloyikn avamtuén, ovte eniong kamola maboloyikn
nopdoroyia tou KNZ. O éleyxog avaocuvduaopol pe PCR avaluon yia To yovidlo
¢ Enpp2 emPBefaiwoe tnv amarowdr) tng ATX amd TOV CUYKEKPLUEVO KUTTAPLKO
MANBUoUO, OMWCE EMioNG Kal N xpwon avoocodpBoplopol o€ TOPEG VWTLAOU HUEAOU.
ErutAéov, p€tpnon twv emumédwy g ATX MPWIEIVNG 0TO MAACMA KOl OTO VWTLaio
HUEAO, amOSEIKVUOUV HEYAAN CUUUETOXA AUTOU TOU KUTTAPLKOU TAnBuouou ota
ouvoAlka emineda €kppaong tg ATX. Ocov adopd, tnv e€AEn tng MAE, ta
CD11bcre+/-Enpp2-/- movtikia mapouciacav tnv dla enimtwon otnv vooo HUE ThV
opada gAéyxou. MapoAa autd, T KAWVIKA CUUMTWHOTA TNG VOOOU UElwOnKkav ota
movtikia pe €ANewpn g ATX amd Tt MIKpoyAolka/pakpoddaya, To omoia
napouaotalouv ToxUTEPN AVAPPWON O OXEoNn UE TNV opada eAéyxou. H Lotoloyikn
e€étaon twv vwtlaiwv puehwv €6ele OTL n yevetlkn amoucia tng ATX amo
HKPOYAOLOKA/Hakpoddya €lXe WC OMOTEAECHA MEWHEVN  AEypov, ONMWC
avixvelBnke pe xpwon H/E, HElwHEVN amOMUEAIVWON, OTIWE aVIXVELBNKE HE Xpwaon
Luxol, koBwg Kal onuaviikd Alyotepa evepyomolnuéva aotpokuttapa (GFAP+),
XOPaKTNPELoTKO tN¢ MAE maBoloyiag (Ewova 7, ZUPMANPWHOTIKA €lkova 3).
Emopévwg, n ékdppaon tng ATX amd pakpodaya Kal HKpOYAOLOKA KUTTOpa EVIOXUEL

™V avamntuén ¢ avtoavoong eykepalopueAitidac.

Tuunepacpota
Itnv mapouoa HeAETN, Slepeuvatal n eumAokn ¢ ATX otnv maboduocioloyia tng
MAE. H avamtuén tng MAE ocuvodeletal amd amoppuBuwon tng ATX, n omola

anoteAel To Baoko €viupo Tou pubuilel tnv opoldotacn tTwv AucopwodoAtidiwv

184



KOl OCUVETAYETAL METAPBOAN Twv emmédwyv tou LPA. EmutAéov, umoypoappiletal n
onuaocia tng tormkng i ¢dAeypovwdoug mapaywyng tg ATX otnv €€€AEn twv
KAWVIKWV CUUTTWHATWY TG MAE. Zuykekplpuéva, n ATX mou ekdppaletal and ta
HKpoyAoLKG/pakpodaya kuttapa daivetal va Stadpapatilel onuavtikdo poAo otnv
€€€AEN tnc MAE, TuBava péow tng mapaywyng tou LPA kal tng evepyonoinong Twv
QOTPOKUTTAPWYV. T€AOG, 0 NdN yvwotog poAog tng ATX otnv guBpuikn avamtuén
OUVOEETAL PE TNV AELTOUPYIA TWV QOTPOKUTTAPWY OTOV OXNUATIOUO TWV VEUPLKWV

CWANVWV.
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Ewova 1: Nelpapatiko HOVIEAD THG AUTOAVOONG TELPAMATIKAG eyKEDaAO-pueAiTidag. (A)
IXNUOTLKA QVOTapAoToon TOU TPWTOKOAAOU Tou akoAouBnnke, C57BI/6 movtikia ta
avoaoomnotnonkav pe MOGss_ss Kol Bavatwdnkov oe SLUPOPETIKEG XPOVLKEG OTIYUEG KOTA TN
Slapkela ¢ aobévelag. d.0, opdada ehéyxou (naive mice), d.7: avooomolnuéva movtikia
TPV A0 TNV MAPOUCILACH TwV KAWVIKWY CUMTITWHATWY TnG MAE (onset), d.15: movtikia otnv
QLU TNG KAWVIKAG EKSAAWONG CUMMTWHATWY (peak) kat d.22: movtikia Katd tn SLApKeLA TG
UdeoNC TwWV CUUMTWHATWY (remission) MéEoog 6po¢ NG KAWIKNAG PabuoAoynong twv
CUMMTWHATWY TG EAE oe C57BI6 aposvikd movtikia kotd tn Sldpkela tng acbéveloc. (B)
KaumuAn Bapoug cwpatog kat (C) kAwikn PaduoAloynon tng MNAE, (D-H) Real time PCR
OVAAUGH TWV KUTOKLVWV TIOU EUITAEKOVTAL OTOV UNXAVLOUO taboyEvelag tng MAE.
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Ewova 2: Ta enrineba tng ATX petofdllovrar katd tnhv £§EMEn tng MAE. (A)
AvoooarmnotUnwpa Western o opoyevomoinua vwtiaiov pughol amno ¢uctoloyikd (naive)
movtikio ko pe MAE ta omoia €xouv Buotlaotel og tpelg Stodopetikég dpaoelg tng e€ENENG
Tou povtélou. (B) Avaluon tou mpotumou ékdpacnc thg ATX pe Bdaon to yovidio avadopdg
™G TtoupmouAivng (tubulin). (C) AvoocodBoplopog pe eldlkd aviiocwpa €vavtl tng ATX
(Cayman) kal €16k xpwon mou Badel toug nuprveg umAe (DAPI). (D-F) Real time PCR
avaAuon ékdpaong twv yovisiwv Enpp2,Enpp2-y,PLLPs kal twv umtodox£wv tou LPA.
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A naive mice onset peak remission

a-ATX

DAPI

Merged

Merged with DAPI

GFAP+

JupMANPWHOTIKA KOva 1: H ékdpaon tg ATX otig MAE aAAOLWOEL.

(A) AvooodBoplopodg pe €6k0 avtiowpa évavtl tng ATX (Sigma)kal €8Ik xpwon mou
Badel Toug uprveg umAe (DAPI). (B) AmAR xpwon avocodBopLlopol TV XPOVLKN OTLYUN TNG
ek6NAwoNG Twv cUPMTWUATWY (peak) pe avtiowpa edko yia tnv ATX (Cayman) kat yLa Toug
TANBUoPOUC 0oTPOKUTTAPWY (GFAP+) Kal pikpoyAolakwv/pakpodaywy (cd68+).

188



TupnAnpwpatik swkova 2: H ékdpaon tng ATX otig MNAE aAAOwwWOEl amd To
aoTpokUTIapa Kot to pkpoyAolakd/pakpodaya. (A) Authr xpwon avooodBoplopol tnv
XPOVLKI OTLYUN EKONAWGONE TWV HEYLOTWY KALVLKWVY CUUMTWHATWY (peak) pe avtiowpa 161k
yia tnv ATX (Cayman) kalL ywa Toug TANBuopol¢ aotpokuTttdpwv (GFAP+) kal
HikpoyAotakwv/pakpoddywv (cd1lb’/ F4/80+/cd68%). OL Pwrtoypadieg eivar amd
HLKPOOKOTILO Leica TCSSP5 odpwong pe Aéwlep (Leica TCSSP5 laser-scanning confocal
microscope) yla LeyaAUTepn eUKpPLVELQL.
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Ewova 3: Mpoodloplopndg AvcodpwodoAumidiwv oto MAGOMUA KOl OTO VwTloio HueAS
novtikiwv e MAE. (A) Heat map twv LPA kat LPC gl6wv mou petpndnkav, otig SLadopeTLKES
daoelg tng NAE. (B-E) Ta ouvoAwka enineda twv LPA kat LPC oe mAdopa Kol vwTlaio pueglo
duaotoroyikwv kat MAE movtikwwv. (F) Npoodloplopog dpaaotikotntag tng ATX oto mAdoua
duatohoykwv kat MAE movtiklwy, pe tv uébodo TOOS.
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Ewodva 4: Ta enineda kukAodopiag tng ATX kot touv LPA dgv ennpedlouv tnv €€EAEN TG

9+ Srayovidlakd TgEnpp2** kat twv

dflx/+,

NAE. (A-D) MNooootd enintwong tng vooou os Enpp2
ovtioTolYwV opddwv ehéyxou. (B-E) H kAwvikn ewova tng MAE ota Enpp2 Slayovidlakd
TgEnpp2** ko Twv avtiotowv opddwv eAéyxou. (C-F) O ouvoAkde Babpdc tne MAE, mou

T(POKUTITEL Ao TNV KAWLIKA BaBpoldynaon o OAn TV SLAPKELX TOU TIELPAUATOC

hGFAP-cre+-Enpp2++ hGFAP-cre+-Enpp2sixsix hGFAP-cre--Enpp2fixifix hGFAP-cre+.Enpp2fixfx

Y

E125 E125

Ewova 5: H ékppaon tng ATX and ta actpokiTIapa ivat anapaitntn ya thv euppuikn
avantuén. (A) Ztepeookomikn ¢wrtoypadia duclohoylkwy eUPpLUWV Kol EUPpUWVY oTa onola
€xeL ylvel anaioldn tng ATX amno ta actpokUttapa T nuépeg 10.5 kat 12.5
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Nivakag 1: Ol SL0oTAUPWOELS TTOU Tpaypatonotidnkav pe 1o uné opoug knockout movtikt tng ATX (Enpp2

fl/fl

) Kouto SLayoviSLaKo MoVTiKL ou

ekppaleL tn Cre pekopmnvaon uno tov EéAeyxo tou GFAP untokwvnth (TEGFAP-Cre), oL QVOLLEVOUEVEG KOlL TIPOKUTITOUGEG AVAAOYLEG ATOyOVWV.

Q@  hGFAP-cre”” Enpp2™*  hGFAP-cre’”Enpp2™/™ Q@ hGFAP-cre”Enpp2™*  hGFAP-Cre" Enpp2™/*
3 hGFAP-cre” Enpp2™™  hGFAP-cre” Enpp2™* 4 hGFAP-cre” Enpp2™*  hGFAP-Cre”Enpp2™*
Expected # % # % Expected # % # %
hGFAP-cre” Enpp2™™ 25% 10 14.9 1 1.8 12.5% 0 0 0 0
hGFAP-cre"” Enpp2™/* 25% 46 68.6 26 47.3 25% 22 314 12 235
hGFAP-cre” Enpp2** 0% 0 0 0 0 12.5% 12 17.1 18 35.3
hGFAP-cre” Enpp2™/™ 25% 12 17.9 22 40 12.5% 13 18.6 10 19.6
hGFAP-cre”Enpp2™/* 25% 0 0 6 10.1 25% 19 27.1 1 0.19
hGFAP-cre”Enpp2** 0% 0 0 0 0 12.5% 4 5.7 10 19.6
Total 68 55 70 51
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Ewova 6: H ATX ekdpdletal amd ta HIKPOYAOLOKA Kot pakpoddya Kouttapa. (A)
AVTUTPOOWTIEVUTIKI €LKOVA QMO avAAUCH KUTTOPOUETPLOG PONG vwTlaiou HUeAoU armo
movtikia pe MAE kat pucololoyikd, to omoia Staywplotnkav pe Bdon tnv €kdpacn Toug os
CD45 «kat CD11b; a= Aeudoedfi kitrtopa (CD45'CD11b7), b=pukpoyAolakd KkUTTOpQ
(CD45"°¥CD11b*); c=puehoeldy kUTtapa (CD45"CD11b*). (B) Avtutpoowmeutikd mpodik
£ékdpaon t™g ATX otg pIKpoylolokd Kol pHuehoeldry kUttapa (umAe=EAE, moptokoAi =
duolohoyikd/naive, red=isotype). (C) Moocootd twv ATX kuttdpwv(n=3-4/oudda).
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Ewova 7: H ékdpaon tng ATX amd ta pikpoyAotokd/pakpoddyo KUTTApO EVIOXUEL TOV
NAE ¢awvotuno. (A) Mocootd enintwong tneg vooou o cdllbcre+Enpp2flx/flx , movtikia kot
TwV avtiotowv opddwv eAéyxou. (B) H KAwikh ewdva tne NAE ota cd11lbcre” Enpp2™™,
TIOVTIKLO. Kol Twv avtiotoywv opadwv gAéyxou. (C) O ocuvoAikog Babuog tng NAE ota
cd11becre” Enpp2™™ novtikia kat Twv avtiotoywv opddwy eAéyxou, GTWE TPOKUTTTEL Artd
™mv KA BabuoAoynon oe OAn tnv Sldpkelo Tou Tewpapotos. (D)  Xpwon
otpatofudivng/swoivng kot Luxol fast blue yia tv totomaBoloyiky avadAucn tou Lotol Kot
xpwon avoocodBoplopol pe GFAP' avtiowpa ylo tnv aviyveuon Ttwv EVEPYOTIOLNHUEVWV

OOTPOKUTTAPWV.
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SUMTANPWHOTIKA €ova 3: Ta enineda ékdpaon tng ATX pewdvovtow oto cdllbere”’”

Enpp2™™ rtovtiki. (A) Authi} xpon avooodBoopLopol pe avtiowpa Evavtt tne ATX Kot Twv
pkpoyAolakwv/pakpodpaywv (cd68+) (B) EAeyxog pe PCR tou avacuvduaopol tou Enpp2
fIx/flx

vovidiou (C) mpoobloplopog eminedwy npwteivng ATX oto mAdopa twv cdllbcre+Enpp2
Kall Tng opadag eAéyxou (D) Real time PCR avaAuon ékdpacng Twv yovidiwv Enpp2, Enpp2-y
ota cd11bcre+Enpp2flx/flx movtikia kat tng opddag eAéyyou.
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NepiAnyn

H oavutotafivn (ATX, ENPP-2) eivat MEAOGC TNG OLKOYEVELOG TWV
e€wvoukAeottdikwv mupodwaodatacwv/ wododlectepacwyv. H ATX amoteAsl pla
€KKpVOUeVn AvcodwadoAumtdon D n omoia euBuvetal oe peydlo Babuo ywa tnv
e€wkuttapla napaywyrn tou Avcodwaodatidikol oo (LPA), péow udpodAuong tng
Avoodpwodatibuloxolivng (LPC). To LPA €xeL moAudplOueg emdpAcELl OTOUG
TIEPLOCOTEPOUC KUTTAPLKOUG TUTIOUG, ETUTEAOUMEVEG HEOW TOUAAXLOTOV  EEL
urnodoxéwv (LPAR) oculeuyuévwv pe G mpwrteiveg, oL omoiot gpdavilouv supeia
KATAVOUN Kol ETLKOAAUTITOMEVEG L610TNTEG. O afovag ATX/LPA €xel eumlakel oe
Sladopeg  xpovieg  dAeypovwdelg  TABNOELC KAl  WWTIKEG  SlatapaxEg,
ouunepAapBavopuévng tTnG MVEUMOVIKAG (vwong Kot TNG OKANPUVONG KOTA TTAAKOC
TIou PeAeTAONKAV otnV apouoa SLatpiPr). ZTo MPWTO PEPOC TNG LEAETNG EEETAOTNKE
N OTMOTEAECUATIKOTNTA €VOG LOXUPOU avaotoAéa tng ATX (PF-8380) kal &vog
ovtaywviot) tou umodoxéa LPA1 (AMO095) otnv avamtuén kat €EEAEN NG
TIVEUMOVLIKAG vwong n omoia mpokaAsital and umAeopukivn. H aglohoynon tng
lvwong otnpixBnke o€ HOKPOOKOTILKEC TOPATNPNOELS (BLWOLUOTNTA KOl CWUATIKO
Bapog), Ploxnuikéc avalvoelg Tou PpoyxokuPeAdkou uypoUu KAl OTNV
mtaBoAoyoavaTtolky EETaON TOU TIVEUMOVLKOU LoToUu. Me Bdon Tta amoteAéopata,
TO00 0 avaoTtoAéag tng ATX 600 Kal 0 aviaywvilotig Tou urtodoxéa LPA;, epnodioav
TNV aVATTUén TNG TMVEUMOVIKNAG (vwong Kal TNV Mapopopdwaon TG oPXLTEKTOVIKAG
TWV TIVEUROVWY, Topouoclalovtag TIOLOTIKEC KOL TIOOOTIKEG Oladopég o€
OL0bOPETIKEG €KPAVOELS TNG TELPAUATIKAG aoBévelag, ocupBaAlovtag €ToL otnv
TipoonaBela eUPEONG VEWV BEPATIEUTIKWY TIPOCEYYICEWVY YLO TNV TIVEUMOVLKH (vwon.
210 SeUTEPO PEPOG TNG EPyAOiag 0TOXOG ATAV va amokpurttoypadnbel o poAog g
onuatodotnong tou LPA kat tng auvtotaéivng (ATX) otnv maboduoiodoyia NG
okAnpuvong katd mAdkag. H okAnpuvon katd mAdkag (MS, multiple sclerosis) eivat
gL Xpovla, unotpornialovoa-Slaleinmovoa veupodAeypovwdng Kol
VEUPOEKPUALOTIKA Slatapaxr mou pnopel va ekONAwBEL pe molkiAio veupoloykwy

CUMMTWHATWY. TNV HeEAETN autr, Bpébnkav auvénuéva emineda ATX oto vwrtlailo
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HUEAO KOTA TNV avamtuén tTng MEPAPATIKAG autodvoong eykepaiopuelitidog (MAE)
o€ HUEC, odnywvTag o€ TOTIKEC auénoelg Twv emumédwv LPA, umodnAwvovtag OtL o
afovag ATX/LPA ocuppetéxel otnv moboyévela tng MNAE. H ékdpaon tng ATX
EVTOTIOTNKE OFE EVEPYOTIOLNUEVA QOTPOKUTTAPO KOl TO pLKpoyAolakd/pakpodaya
kOTTapa. H yevetikn amaloiwdr tng ATX and ta aotpokuttapa odrynoe o€ euBpuikn
BvnooTNTa, EMEKTEIVOVTAG £TOL TIPONYOUUEVEC TOPOTNPNOEL, OXETIKA HE TOV
Baolkd poho tou Gfova ATX/LPA otnv guPpuikn avamtuén Kol avolyovtag VEEC
EPELVNTIKEG KaTeuBUVoelS. Ooov adopd to polo tng ATX Mou MapAyeTaAl Amo T
HoKpodAya, N YEVETIKA amaAoldr) TNG amod TOV CUYKEKPLUEVO KUTTOPLKO TUTIO ELXE WG
anotéAeopa tnv e€acBévnaon tou dpatvotumou tng MAE, emiBeBatwvovtag To Bactkod
pOAOo NG otnv maboyevela kat e€EAEN tng NAE, miBavotata YLECW TNG TTAPOAYWYNS

Tou LPA.
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Abstract

Autotaxin (ATX) is a secreted lysophospholipase D, largely responsible for
extracellular production of lysophosphatidic acid (LPA), a bioactive phospholipid. LPA
has numerous effects in most cell types, signaling through at least 6 receptors (LPAR)
exhibiting wide spread distribution and overlapping specificities. The ATX/LPA axis
has been involved in different chronic inflammatory and fibroproliferative disorders,
including pulmonary fibrosis and multiple sclerosis. In this study, we examined the
efficacy of a potent inhibitor of ATX (PF-8380) and an antagonist of LPAR1 (AMO095)
in bleomycin (BLM)-induced pulmonary fibrosis. Both compounds abrogated the
development of pulmonary fibrosis and prevented the distortion of lung
architecture, exhibiting qualitative and quantitative differences in different
manifestations of the modeled disease. In the second part of this study, we have
demonstrated that ATX levels increase in the spinal cord upon EAE development in
mice, leading to local increases of LPA levels, strongly suggesting that the ATX/LPA
axis participates in the pathogenesis of EAE. ATX expression was localized in
activated astrocytes and macrophages-microglia upon EAE. The conditional genetic
deletion from astrocytes resulted in embryonic lethality, thus extending previous
observations on the vital role of ATX/LPA in embryonic development and opening
new research directions. Moreover, the effect of the genetic deletion of ATX from
macrophages-microglia was the attenuation of EAE severity, proving an overall
detrimental role of monocytic-derived ATX in EAE pathogenesis, likely though LPA

mediated autocrine macrophage activation.
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Bleomycin Revisited: A Direct
Comparison of the Intratracheal
Micro-Spraying and the
Oropharyngeal Aspiration Routes of
Bleomycin Administration in Mice

llianna Barbayianni?, loanna Ninou?, Argyrios Tzouvelekis and Vassilis Aidinis*

Division of Immunology, Biomedical Sciences Research Center Alexander Fleming, Athens, Greece

Idiopathic Pulmonary Fibrosis (IPF) is a fatal disease characterized by exuberant
deposition of extracellular matrix components, deterioration of lung architecture and
impairment of lung functions. Its etiopathogenesis remains incompletely understood,
as reflected in the lack of an appropriate therapy. Modeling the human disease in
mice via the administration of bleomycin (BLM), despite the inherent limitations, has
provided valuable insights into the underlying pathogenetic mechanisms, and has been
instrumental for the development and validation of new pharmacologic interventions.
Here we have directly compared the, most widely used, intratracheal (IT) route of
administration with oropharyngeal aspiration (OA). Our results suggest that the OA
route of BLM-administration can be used as a safe and effective alternative, minimizing
peri-operative and experimental mortality, while preserving a solid fibrotic profile, as
assessed with a plethora of standardized readout assays.

Keywords: pulmonary fibrosis, animal model, bleomycin (BLM), intratracheal (IT), oropharyngeal (OA)

INTRODUCTION

Modelinghuman diseases in mice, despite the inherent limitations, has provided valuable insights
into the underlying pathogenetic mechanisms, and has been instrumental for the development and
validation of new pharmacologic interventions. In the context of Idiopathic Pulmonary Fibrosis
(IPF), a fatal disease characterized by exuberant deposition of extracellular matrix components,
deterioration of lung architecture and impairment of lung functions (1), the most widely used
experimental model is induced by the administration of bleomycin in C57Bl6/] mice (2-4).
Bleomycin (BLM), a mixture of glycopeptides isolated from Streptomyces verticillus, is an anti-
neoplastic/antibiotic drug for the treatment of some forms of cancer (5). It acts through DNA
fragmentation, an activity modulated by many factors in different cell types including chromatin
structure and DNA repair machinery, as well as antioxidant and metabolic enzymes (5).The lack
of BLM hydrolase in pulmonary epithelial cells is thought to be the main reason for the observed
toxicity of BLM in the lung, resulting in the development of pulmonary fibrosis as a side effect in
treated cancer patients. The observed toxicity in human patients was soon translated to an animal
model (6), serving the scientific community ever since. The model is characterized by alveolar
epithelial cell death and the secretion of pro-inflammatory and pro-fibrotic factors, leading to
fibroblast activation and collagen deposition, reproducing some, but not all, of the key features
of the human disease (3, 4). The ensuing inflammation, the lack of alveolar epithelial hyperplasia
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and the quick resolution, the main differences with the human
disease and the major drawbacks of the BLM model, can be
circumvented, in part, though the repetitive administration of
BLM (7).

In order to mimic the human exposure, BLM was initially
administered systemically, via intravenous or intraperitoneal
injections, resulting, as in humans, to the subpleural development
of fibrotic lesions (4). However, intratracheal (IT) administration
of a single BLM dose, resulting in bronchiolocentric fibrotic
patches, has become the method of choice (3). Furthermore,
the IT delivery of BLM through a microspray aerosolizer
(8) has been shown to yield more reproducible results and
more homogenous distribution of fibrotic lesions than IT
instillation/injection (9). Following the example of other drugs
and agents (10-13), an alternative way of administering BLM
in the trachea, namely oropharyngeal aspiration (OA), has
been recently introduced (14, 15). However, the IT and
OA routes of BLM administration have not been directly
compared (3). As shown here, OA of 0.8 U/Kg BLM
results in similar fibrotic responses as with 3.2 U/Kg when
administered IT. OA administration reduced both the peri-
operative mortality, due to the ease and speed of procedures,
while the lower BLM dose employed also reduced experimental
mortality.

MATERIALS AND METHODS

Mice

Mice were bred under SPF conditions at the local animal
facility at “20-22°C, 55 & 5% humidity, and a 12-h light-
dark cycle; water and food were given ad Ilibitum” (17).
All experimentation in mice was in line with the ARRIVE
guidelines and has been approved by the Veterinary
service and Fishery Department of the local governmental
prefecture, following the approval by the Institutional
Animal Ethical Committee (IAEC; #985) of BSRC Alexander
Fleming.

Pulmonary  fibrosis  was  induced  through the
administration of BLM (Nippon Kayaku) to anesthetized (IP
ketamine/xylazine/atropine, 100/10/0.05 mg/kg, respectively)
mice. The intratracheal (IT) route was applied essentially
as previously published (17), and as described in the online
Supplementary Materials and Methods. Briefly, a MicroSprayer
aerosolizer attached to a high-pressure syringe was inserted from
the mouth to the carina (trachea’s bifurcation) and BLM (0.08
U/mouse), or saline, was sprayed directly into the lungs of mice).
The oropharyngeal (OA) route was applied as follows: the tongue
of the mice was carefully pulled out using blunt forceps while the
mouse’s neck and thorax were stabilized on a plastic wall through
a rubber band in order for the neck to be minimally stretched.
The latter permitted the visualization of the trachea through a
laryngoscope and a fiber- optic device. BLM (in a final volume of
50 1) was then delivered as liquid in the oropharyngeal cavity,
with a blunt ended conventional pipette tip. At the same time, the
nares were blocked by a tong to prevent obligate nasal breathing
and force BLM inhalation. Once BLM was administered (IT or

OA), mice were placed on an electrical heating blanket to ensure
speedy recovery from anesthesia and to avoid hypothermia.

Bronchoalveolar Lavage Fluid (BALF) collection and analysis,
lung histopathological analysis and Quantitative RT-PCR
analysis were performed with standardized protocols, as
previously published (16) and as described in the on-line
Supplementary Materials and Methods.

Respiratory mechanics were analyzed with the FlexiVent
ventilator  system  (SCIREQ) following  manufacturer
instructions, as previously published (17) and as described
in the on-line Supplementary Materials and Methods.

Statistical Analysis

Statistical significance was assessed with unpaired Students ¢-test
in comparison with control values (GraphPad Prism 6). Data
are presented as means (£SEM); p < 0.05 (*) was considered
significant.

RESULTS AND DISCUSSION

Beyond the route of administration, the severity of BLM effects
highly depends on the precise genetic background of mice
(i.e., C57Bl6] vs. N, further differing between vendors), the
local genetic drift of the colony and the health status of the
corresponding animal house. As a result, a wide range of BLM
concentrations have been employed to induce pulmonary fibrosis
in mice (2, 4). As there are only a few published protocols on the
OA route of BLM administration, we first tested four different
BLM doses administered by OA. The starting concentration
was 3.2 U/Kg, the concentration used locally for the IT route,
which has been chosen after extensive testing over the years
to establish a reproducible phenotype with minimal lethality.
Administering 3.2 U/Kg BLM via OA, as well as to a lesser extend
1.6 U/Kg, resulted in significant mortality rates (Figure S1A), so
these concentrations were discontinued. On the contrary, doses
of 0.4 and 0.8 U/Kg were well tolerable, while the dose of 0.8
U/Kg produced statistically significant increases in all established
diseases indices (Figures S1IB-H) with minimal mortality and
was thus selected for the direct comparison of IT and OA routes.

Pulmonary fibrosis was induced by IT or OA administration
of BLM (at 3.2 and 0.8 U/Kg, respectively) in both male
and female, 8-12 weeks old, C57Bl6/] mice. No sex effect
was observed in any readout assays, so all following
experimental results concern cumulative data, of randomly
assigned, sex and age matched groups of littermate mice.
No statistically significant difference on overall mouse
survival was found between IT and OA BLM administrations
(Figures 1A,B); however, at these doses, no mice died upon
OA administration, most likely due to the lower BLM dose
employed. Similarly, both routes of BLM administration, as
compared to saline-treated animals, resulted in significant
weight loss (Figure 1C), one of the traditional indicators
of BLM-induced injury. However, IT administration (of
BLM or saline) always resulted in peri-operative mortality
(data not shown), a feature not usually reported (or even
recorded), as it concerns almost exclusively handling, skill
and chance. Nevertheless, OA administration is deemed
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FIGURE 1 | Effects of the intratracheal microspraying (IT) or oropharyngeal aspiration (OA) routes of bleomycin (BLM) administration on mortality, weight loss and
functional respiratory mechanics. 8-12 weeks-old C57BL6/J mice were challenged with BLM delivered via the IT or OA routes (at doses of 3.2 and 0.8 U/kg,
respectively) and were sacrificed 14 days later. Data from two independent experiments are presented as scatter plots with horizontal bars representing mean levels
(+SEM). Statistical significance was assessed with unpaired Student’s t-test in comparison with the relative control values; “p < 0.05 was considered statistically
significant. (A,B) Kaplan-Meier plot using 14-days survival data from mice treated with BLM delivered either through IT or OA route, respectively. (C) Both OT and
IA-treated mice demonstrated marked weight loss compared to saline-treated animals 14 days following BLM-challenge. (D) In-vivo respiratory mechanics following
challenge with BLM. OA administration exerted similar to IT administration significant functional impairment on respiratory mechanics compared to saline-treated
controls, as assessed by: mean static lung compliance (Cst), mean respirator system compliance (Crs), mean total lung capacity (A), mean respiratory system
elastance (Ers), mean tissue elastance (H) and the curvature of the upper portion of the deflation limp of the pressure volume (PV) curve (K).

advantageous on overall experimental mice survival, with
both practical and ethical benefits. Moreover, the experimental
OA procedure is much easier and faster, as described in
detail in Supplementary Materials and Methods, maximizing
productivity and reproducibility, while it requires much less
training.

Fourteen days post BLM (or saline) administration mice
were sedated, tracheotomized and connected to a mechanical
ventilator to evaluate forced-oscillation lung mechanics
(Figure 1D). OA administration exerted similar to IT
administration functional impairment on respiratory mechanics
compared to saline-treated controls, as assessed by significant
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FIGURE 2 | Biochemical and histological analysis of injured lungs following intratracheal microspraying (IT) or oropharyngeal aspiration (OA) bleomycin (BLM)
administration. 8-12 weeks-old C57BL6/J mice were challenged with BLM delivered via the IT or OA routes (at doses of 3.2 and 0.8 U/kg, respectively) and were
sacrificed 14 days later. Data from two independent experiments are presented as scatter plots with horizontal bars representing mean levels (:SEM). Statistical
significance was assessed with unpaired Student’s t-test in comparison with the relative control values; *p < 0.05 was considered statistically significant.
(A) Increased total protein levels in BALF were observed with both routes of BLM delivery compared to saline-treated controls. (B) Both routes of delivery (IT and OA)
produced significantly increases in bronchoalveolar lavage fluid (BALF) total cellularity compared to saline-treated animals. (C) Lung collagen was assessed by
measuring BALF soluble collagen content with sirius red. Both routes of BLM administration were associated with substantial increases in BALF soluble collagen
content compared to saline-treated animals. (D,E) Quantitative RT-PCR analysis of the Col7a? and Tgfo mRNA levels in whole mouse lungs challenged with BLM
either through T or OA route of delivery and saline-treated animals. Values were normalized to the expression values of b2m. (F) Representative H&E-stained lung
sections. Scale bars 100 wm. (G) Quantitative analysis of histological changes and extent of fibrosis was performed by the modified Ashcroft score. Data represent
mean scores obtained from two independent blind reviewers.

reductions in: (1) static lung compliance (Cst), (2) respiratory
system compliance (Crs), and (3) total lung capacity (A), as well
as increases in: (4) respiratory system elastance (Ers), (5) tissue
elastance (H), (6) curvature of the upper portion of the deflation
limb of the PV curve (K), (Figure 1D). Both static and dynamic
lung compliance as well as elastance and total (inspiratory)
lung capacity were found to be reliable indices of fibrotic lung
injury, as recently suggested (18), well correlating with the

Ashcroft score (Table S1). Therefore, and as the method is the
most relevant to clinical measurements in human patients,
not requiring additional mouse numbers, it is thus proposed
as a valuable surrogate analysis of BLM-induced pulmonary
fibrosis.

The route of BLM administration did not have an effect in
BLM-induced vascular leak, as indicated by the total protein
levels in the corresponding bronchoalveolar fluids (BALFs)
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(Figure 2A). Similarly, no differences were detected in the total
number of inflammatory cells in BALFs, upon measuring trypan
blue stained cells in a hematocytometer (Figure 2B). Moreover,
no qualitative differences in inflammation was detected either
at this final endpoint with FACS analysis (data not shown).
BALFs were also analyzed for soluble collagen content with
sirius red, as an indirect indicator of tissue fibrosis. Again,
no difference was noted upon the differential administration
route of BLM (Figure 2C). It should be noted that measuring
the hydroxyproline content of lung tissue is the most accurate
method of determining lung collagen content and, as such, has
been recommended as the optimal primary endpoint for fibrosis
assessment (3). However, this technique requires at least half the
lung, thus limiting the number of parallel analyses that can be
performed (either in the mRNA or protein or enzymatic activity
level accordingly) or requiring additional mouse numbers, that
would still not allow for direct comparisons or correlations
of collagen content with other disease indices. The estimation
of collagen levels was complemented with Real Time RT-PCR
assessment of Collagen 1lal mRNA levels, again not revealing
any differences between the two routes of BLM administration
(Figure 2D). Similarly, no differences in TGF mRNA levels,
the major profibrotic factor driving collagen expression and
disease development in both mice and human, were noted
(Figure 2E).

In line with the BALF assays, and as shown in representative
images of H&E stained lung sections, BLM-challenge promoted
extensive fibrotic changes and architectural distortion
compared to saline-treated animals, irrespectively of the
delivery method (Figure 2F); no major differences in the
distribution and homogeneity of fibrotic lesions were
observed. Moreover, collagen visualization with Sirius red
and Mason trichrome staining of lung sections did not
reveal any gross differences between the two methods either
(Figures S2A,B); a recently reported automated histological
image analysis of fibrotic lungs will further allow objective
quantification of lung tissue density as a result of the
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Figure S1. Dose response of bleomycin (BLM) administration via the oropharyngeal (OA) route. 8-12
weeks-old C57BL6/) mice were challenged with 3.2, 1.6, 0.8 and 0.4 U/kg BLM and were sacrificed 14
days later. Data are presented as scatter plots with horizontal bars representing mean levels (+SEM).
Statistical significance was assessed with unpaired Student’s t-test in comparison with the relative
control values; *p<0.05 was considered statistically significant. (A) Kaplan-Meier plot of observed
mortality with the different BLM doses. (B) Administration of 0.8 U/kg BLM resulted in marked weight
loss compared to saline-treated animals. (C) Total protein in bronchoalveolar lavage fluid (BALF) was
measured as an indication of vascular leak. (D) Soluble collagen in BALFs was measured with sirius red.
(E) Quantitative RT-PCR analysis of the Col1al mRNA levels in whole mouse lungs challenged with BLM.
Values were normalized to the expression values of b2m. (F) Representative images of H&E-stained lung
sections. Scale bars 100pum. (G) Quantitative analysis of histological changes and extent of fibrosis was
performed by the modified Ashcroft score. Data represent mean scores obtained from two independent
blind reviewers. (H) In-vivo respiratory mechanics following challenge with BLM. Administration of 0.8
U/kg BLM exerted significant functional impairment on respiratory mechanics compared to saline-
treated controls, as assessed by: mean static lung compliance (Cst), mean respirator system compliance
(Crs), mean total lung capacity (A), mean respiratory system elastance (Ers), mean tissue elastance (H)
and the curvature of the upper portion of the deflation limp of the pressure volume (PV) curve (K).
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Figure S2. Histological examination of collagen deposition in lungs.
Representative images from lung sections of the indicated mice upon
sirius red (A) and masson’s trichrome (B) staining .Scale bars 100pum.
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Idiopathic pulmonary fibrosis (IPF) is a chronic fibrosing lung disease with a dismal prognosis and a largely
unknown etiology. Autotaxin (ATX) is a secreted lysophospholipase D, largely responsible for extracellular
production of lysophosphatidic acid (LPA), a bioactive phospholipid. LPA has numerous effects in most cell
types, signaling through at least 6 receptors (LPAR) exhibiting wide spread distribution and overlapping spe-
cificities. The ATX/LPA axis has been suggested as a therapeutic target in different chronic inflammatory and
fibroproliferative disorders, including pulmonary fibrosis. In this report, we examined head-to-head the efficacy

of a potent inhibitor of ATX (PF-8380), that has not been tested in pulmonary fibrosis models, and an antagonist
of LPAR1 (AM095) in bleomycin (BLM)-induced pulmonary fibrosis. Both compounds abrogated the develop-
ment of pulmonary fibrosis and prevented the distortion of lung architecture, exhibiting qualitative and quan-
titative differences in different manifestations of the modeled disease.

1. Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic fibrotic form of
diffuse lung disease with a dismal prognosis, characterized by pro-
gressive exertional dyspnea and radiographically evident interstitial
infiltrates. The hallmark of IPF is the presence of a hyperplastic epi-
thelium overlying fibroblastic foci depositing exuberant extracellular
matrix components, leading to alveolar septa thickening, distortion of
lung architecture and deterioration of normal lung functions. Although
the etiology and pathogenesis of IPF remain poorly understood, the
current dogma suggests that the mechanisms driving IPF reflect ab-
normal, deregulated wound healing in response to persistent epithelial
damage [1,2].

Autotaxin (ATX) is a secreted lysophospholipase D catalyzing the
hydrolysis of lysophosphatidylcholine (LPC) into lysophosphatidic acid
(LPA) and is considered responsible for the majority of extracellular
LPA production [3]. In turn, LPA evokes growth-factor like responses in
almost every mammalian cell type, including cell growth, survival,
differentiation and motility, through binding to at least six G-protein
coupled receptors (GPCRs, LPAR1-6) that exhibit overlapping

* Corresponding author.
E-mail address: V.Aidinis@Fleming.gr (V. Aidinis).

specificities and widespread distribution [3]. Increased ATX/LPA axis
activity has been reported in many chronic inflammatory disorders and
several types of cancer [3-5].

Increased ATX and LPA levels have been also reported in IPF pa-
tients and animal models, while genetic or pharmacologic targeting of
ATX or LPAR1 prevented disease pathogenesis in animal models [6-8].
Many small molecule ATX inhibitors and LPAR1 antagonists have been
reported [9-13], exhibiting efficacy in different animal models
(Table 1). In particular, ATX targeting has been shown to be efficacious
in bleomycin (BLM)-induced pulmonary fibrosis both with small mo-
lecules [7,14,15] and DNA aptamers [16]; however, all reported studies
were performed in a prophylactic setting, while a recent report chal-
lenged altogether the therapeutic effects of targeting ATX in IPF [17].
Moreover, the efficacy of ATX inhibition and LPAR1 antagonism has
not been directly compared, while a synergistic therapeutic benefit has
not been explored in the context of pulmonary fibrosis.

Therefore, in this report, we tested head-to-head one of the most
potent ATX inhibitors, PF-8380 [18], which has never been tested in
pulmonary fibrosis, and AM095, one of the leading LPAR1 antagonists
[19]. Both compounds were found to be efficacious in preventing the
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development of BLM-induced pulmonary fibrosis, with qualitative and
quantitative differences in various aspects of disease development.
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Fig. 1. Pharmacokinetic (PK) and pharmacodynamic
(PD) profile of PF-8380. (A) Chemical structure of PF-8380
and schematic representation of experimental protocol. (B)
PK profile of PF-8380 in plasma. (C) ATX activity in the
plasmas of vehicle and PF-8380 treated mice. (D) Fold
change (Fc) to vehicle values of plasma LPA 16:0 levels post
PF-8380 administration. (E) ATX activity in bronchioalveolar
lavage fluids (BALFs) of vehicle and PF-8380 treated mice.
(F) BALF LPA 16:0 levels (Fc to vehicle values) post PF-8380
administration. In all panels, statistical significance was as-
sessed with one-way ANOVA, complemented with Bonferroni
or Dunn's multiple pair test accordingly. Values are presented
as means ( *= SEM); *denotes statistical significance
(p < 0.05); n = 5-8/group except A [3-5].

20-22°Cin 55 *= 5% humidity and a 12-h light-dark cycle; water and
food were given ad libitum. All reported experimentation was in line
with the ARRIVE guidelines and had been approved by the Institutional

Animal Ethical Committee (IAEC) of BSRC Alexander Fleming and the
local governmental prefecture. All randomly-assigned, age-matched,
experimental groups were composed of male littermate mice.

All mice were bred at the local animal facility, under specific pa-
thogen-free conditions. Mice were housed at a constant temperature of
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2.2. Mouse BLM model and drug administration protocol

Lung fibrosis was induced in C57BL/6J male mice (8-10 weeks old;
average weight 25g) by intratracheal (IT) administration of 3.2U/Kg
bleomycin hydrogen chloride as previously described [7]. In a pro-
phylactic setting, inhibitors were dosed twice daily (b.i.d.) for 15 days
(from day —1 to 14). PF-8380 and AM095 were administered by oral
gavage (p.o.) dissolved in vehicle (Hydroxypropyl Cellulose 2% (w/v)/
Tween 80 0.1% (v/v)). Control mice received only the vehicle.

2.3. Bronchioalveolar lavage fluids (BALFs) collection and analysis

BALFs were collected following the previously described procedure
[7]. Total protein concentration was assessed with Bradford protein
assay according to the manufacturer's instructions (Bio-Rad, Hercules,
CA, USA). Quantification of soluble collagen was performed using the
Sirius Red assay protocol [7]. BALF samples were examined for LPA
levels using HPLC- MS/MS [20].

2.4. Blood collection and analysis

Blood was collected 1, 3, 6 h upon last administration and plasma
was prepared as previously described [21]. ATX activity in plasma
samples was measured with the TOOS assay, and LPA levels, as well as
PF-8380/AMO095 concentrations were quantified with HPLC- MS/MS, as
previously described [22].

2.5. Lung histopathological analysis

Lung tissues were stained with haematoxylin/eosin (H&E) or
Masson's trichrome and immunostained with a-SMA antibody as pre-
viously described [21]. Histopathologic analysis of fibrosis was per-
formed in a blinded fashion using the modified Ashcroft score [23].
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.

2.6. RNA extraction and Real Time RT-PCR analysis

Total RNA was extracted from the left lung lobe using the reagents
and the previously described procedure [21]. Primers sequence for
collal was the following: (f, 5- CTA CTA CCG GGC CGA TGA TG-3/, r,
5’- CGA TCC AGT ACT CTC CGC TC-3’, 188 bp). Real Time PCR analysis
was performed as previously described [21]; expression values were
normalized to the corresponding levels of 32-microglobulin.

2.7. Statistical analysis

Unless otherwise indicated, statistical significance was assessed
with one-way ANOVA, complemented with Bonferroni or Dunn's mul-
tiple pair test accordingly. Values are presented as means ( = SEM);
*denotes statistical significance (p < 0.05).

3. Results and discussion

PF-8380 ([6-(3-(piperazin-1-yl) propanoyl)-benzo[d]oxazol-2(3H)-
one]) (Fig. 1A) is an orally bioavailable small molecule ATX inhibitor
with a low nanomolar ICsg in vitro (1.7-2.8 nM) [21,24]. PF-8380 (at
30mg/kg) was shown to decrease LPA levels, both systemically and
locally, resulting to the attenuation of inflammatory hyperalgesia in an
rat air pouch model [18]. In order to evaluate the efficacy of PF-8380 in
pulmonary fibrosis, we employed the, most widely used, BLM-induced
animal model in mice [25]. An intratracheal (IT) challenge of BLM (3.2
U/Kg) was administered to littermate male mice, that were sacrificed
14 days later at the peak of the modeled disease in these settings [7].
The selected BLM dose was chosen after extensive local testing to
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minimize lethality (for practical and ethical reasons) while preserving a
robust phenotype that correlates with all standardized disease indices.
Noteworthy, the severity of BLM effects depends on many different
parameters, including the precise genetic background (i.e. C57Bl6 J vs
N, which might also further differ depending on vendor, country and
local genetic drift), the health status of the corresponding animal fa-
cility, the dose, route and efficiency of BLM deliverance, the selected
endpoints, as well as the assignment of littermate mice to sex-and-age-
matched experimental groups.

PF-8380 (60 and 120mg/kg), or the corresponding vehicle
(Hydroxypropyl Cellulose 2% (w/v)/Tween 80 0.1% (v/v)) were dosed
twice daily (b.i.d.) by oral gavage (p.o.) for 15 days (from day —1 to
14) (Fig. 1A). The doses were selected based on reported efficacies and
preliminary local trials with this batch. 1, 3 and 6 h post the last ad-
ministration mice were sacrificed and plasma, BALF and lung tissue
were isolated. Pharmacokinetic (PK) analysis indicated adequate com-
pound bioavailability (Fig. 1B), while pharmacodynamic analysis con-
firmed that PF-8380 decreases ATX activity and LPA levels in both
plasma and BALF (Fig. 1 C-D and E-F respectively). Noteworthy, dif-
ferent LPA species were reported to be modulated by different ATX
inhibitors in different experimental settings [14,17,18,26,27], most
likely reflecting differences in plasma collection, lipid extraction and
analytical MS/MS procedures. Moreover, LPA has a very rapid turn-
over, while the current state of art suggests that LPA forms and acts
locally, facilitated by the cell surface associations and structural con-
formation of ATX [3,28]. Remarkable, BLM and PF-8380 administration
resulted in fluctuations of plasma and BALF LPC levels (data not
shown), reflecting a possible interaction of the PLA2/LPC and ATX/LPA
axes [5], that requires further investigation. However, and given the
large excess of LPC levels compared to the LPA levels, the different
concentrations of the different LPC species in plasma and BALFs, as well
as the rapid turnover of LPA, no secure conclusions can be reached on
the possible substrate utilization of ATX in the context of pulmonary
fibrosis.

Given the minimized lethality in the employed BLM model, no
statistically significant effect on mice survival was noted following PF-
8380 administration (Fig. 2A). However, ATX inhibition with PF-8380
decreased weight loss (Fig. 2B, C), a systemic indicator of BLM-induced
damage and disease. On the other hand, no adverse effects to healthy
mice have been observed upon the long term administration of high
doses of PF-8380 or the inducible complete genetic deletion of ATX in
adult mice [21], suggesting that the bulk of ATX activity is dispensable
for adult healthy life and that ATX therapeutic targeting is not asso-
ciated with toxicity.

LPA has several effects in endothelial physiology, while endothelial
LPAR1 was suggested to mediate BLM-induced vascular leak [3,6].
Accordingly, ATX inhibition had significant effects in attenuating total
protein concentration in BALFs (Fig. 2D), an indication of pulmonary
edema. Beyond endothelial permeability per se, ATX/LPA has been
suggested to promote the recruitment of inflammatory cells via dif-
ferent mechanisms [29-33]. In line, PF-8380 administration decreased
inflammatory influx into the lungs (Fig. 2E), albeit not statistically
significantly in this final endpoint. In the same BALFs, decreased so-
luble collagen levels were detected with Sirius red (Fig. 2F), in agree-
ment with collagen 1al mRNA levels in lung tissue from the same mice,
as detected with Real-Time RT-PCR (Fig. 2G). Histopathological ana-
lysis of pulmonary tissue by H&E staining and disease scoring (Ash-
croft) indicated that ATX inhibition suppressed the BLM-induced al-
veolar septae thickening and the fibrous obliteration of the
peribronchiolar and parenchymal regions (Fig. 3A and B). Moreover,
myofibroblast numbers, as assessed with a-SMA immunostaining, as
well as BLM-induced collagen deposition in the lungs, as assessed using
Masson's trichrome staining, were also attenuated by PF-8380 (Fig. 3A).

All the published studies on the effects of pharmacological inhibi-
tion of ATX (Table 1), as well as the present one, have been performed
in a prophylactic setting. Therefore, the effects of PF-8380 were also
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Fig. 2. Pharmaceutical targeting of autotaxin (ATX) with PF-8380 prevents the development of bleomycin (BLM)-induced pulmonary fibrosis. (A) Kaplan
Meyer survival curve of experimental groups. (B) Body weight and (B) percentage (%) of weight loss upon BLM administration. (D) Total protein concentration in
BALFs, as determined with the Bradford assay. (E) Total inflammatory cell count in BALFs. (F) BALFs soluble collagen content, as measured with Sirius Red. (G) Real-
Time PCR analysis of relative Collal mRNA expression levels in lung tissues, normalized to the expression levels of B2-microglobulin (ddct/b2M). In all panels,
statistical significance was assessed with one-way ANOVA, complemented with Bonferroni or Dunn's multiple pair test accordingly. Values are presented as means
( £ SEM); *denotes statistical significance (p < 0.05); n = 8-12/group. (For interpretation of the references to colour in this figure legend, the reader is referred to
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Fig. 3. PF-8380 decreases BLM-induced collagen deposition and myofibroblast accumulation in the lung and sustains a normal lung architecture. (A)
Representative images of H&E/Masson/a-SMA-stained lung sections from BLM-challenged mice that either received vehicle or 60/120 mg/kg PF-8380. (B)
Quantitative histopathological analysis of fibrosis was performed by the modified Ashcroft score.
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Fig. 4. Therapeutic administration of PF-8380 attenuates the development of BLM-induced pulmonary fibrosis. (A) Schematic representation of experimental
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complemented with Bonferroni multiple pair test, and are presented as means ( + SEM); *denotes statistical significance (p < 0.05); n = 10/group.

evaluated independently (in a different animal facility) in a therapeutic
setting in a 7-day disease model (Fig. 4A-H). PF-8380 was administered
(30 and 100 mg/kg; p.o.; b.i.d.), 3 days post BLM treatment (2U/Kg; tip
delivery) (Fig. 4A). ATX inhibition resulted, as expected, in decreases of
LPA plasma and BALF levels (Fig. 4B and C) that were accompanied by
decreases in pulmonary inflammation (Fig. 4D) and collagen deposition
in the lung tissue, as measured with hydroxyproline content (Fig. 4E).
Noteworthy, differential analysis of inflammatory BALF cells, indicated
that ATX inhibition decreased only the infiltration of the lymphocytes
in the BLM-challenged lung (Fig. 4F-H), in line with the suggested
ATX/LPA effects on lymphocyte transmigration [29-33] and the pre-
vious reports suggesting that ATX/LPA have little effects in acute pul-
monary inflammation [21]. A new PF-8380 derivative with improved
properties was recently published [34], however its efficacy in animal
models has not yet been reported.

Beyond ATX inhibition, LPAR1 antagonism has been also shown to
prevent the development of BLM-induced fibrosis [8,19]. AM095 (so-
dium, {4’-[3-methyl-4-((R)-1-phenyl-ethoxycarbonylamino)-isoxazol-5-
yl]-biphenyl-4-yl}-acetate)(Fig. 5A) is a selective, orally bioavailable
LPAR1 antagonist with average ICs, values of 0.98 and 0.73 uM for
human and mouse LPARI, respectively [19]. To confirm previous
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findings and compare efficiencies, AM095 was administered (200 mg/
kg; p.o.; b.i.d.; Fig. 5A) to BLM-challenged mice exactly as above; given
that the vehicle used was the same as in the case of PF-8380, the ex-
periments were performed simultaneously using the same control group
for direct comparisons. PK analysis of AM095 indicated adequate
compound bioavailability (Fig. 5B). No significant effects in mouse
survival or weight loss were noted (Fig. 5C and D). However, LPAR1
antagonism reduced vascular leak (Fig. 5E) with minor effects in in-
flammation (Fig. 5F), as previously shown [3,6]. Moreover, blocking
LPAR1 signaling resulted in the overall prevention of pulmonary fi-
brosis (Fig. 5G and H; Fig. 6A, B), despite that collagen metabolism per
se seems unaffected (Fig. 5G and H), indicating, as previously suggested
[6,35], that de novo collagen expression is not mediated through
LPAR1. Overall, both ATX inhibition with PF-8380 as well as LPAR1
antagonism with AM095 were shown to potently protect from the de-
velopment of BLM-induced pulmonary fibrosis, however with qualita-
tive and quantitative differences. ATX inhibition and thus reduction of
LPA levels was shown, in these formulations and experimental settings,
to be more effective in lower compound concentrations and affecting
more disease aspects while having better systemic effects. Noteworthy,
the same compounds were both recently shown to also prevent lung
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38



L. Ninou et al.

allograft fibrosis [36].

Interestingly, it has been reported that simultaneous ATX inhibition
and LPAR1 antagonism, with different compounds, exhibited additive
effects in inhibiting melanoma metastasis [37]. Given the current state
of the art suggesting that ATX bound to membrane integrins delivers
LPA to its adjacent receptors locally [3,28], simultaneous ATX inhibi-
tion and LPAR antagonism could offer improved efficacy at lower
compound concentrations. This conceptual hypothesis is further sup-
ported by the reported efficacy of 1-bromo-3(S)-hydroxy-4-(palmitoy-
loxy)butyl-phosphonate (BrP-LPA), a metabolically stabilized LPA
analog that acts as a dual function ATX inhibitor and pan-antagonist of
LPA receptors [38]. BrP-LPA, despite its poor pharmacokinetic and
pharmacodynamic profile [22], has been widely used and was shown
effective in many pathophysiological situations with a proven in-
volvement of the ATX/LPA axis [39-43]. The hypothesis was tested in
the BLM model, by dual administration of low doses of PF-8380 and
AMO095 (60 and 100 mg/kg respectively; p.o.; b.i.d.). However, only
minor, but promising, additive effects were observed (data not shown)
with these compounds, formulations and experimental settings.

Taken together, ATX inhibition with PF-8380, one of the most po-
tent small molecules reported, was shown for the first time to prevent
BLM-induced pulmonary fibrosis. Moreover, the presented findings
confirm again the key role of ATX in the pathogenesis of the modeled
disease. ATX inhibition was shown for the first time that can work at a
therapeutic setting, as compared with the prophylactic setting of all
previous studies. In addition, ATX inhibition was shown, in these set-
tings and with these compounds and formulations, to outperform
LPARI1 antagonism in a head-to-head comparison, while suggesting that
simultaneous interventions hold promise. Finally, it should be noted
that LPA-stimulated cellular pathways are similar or converge to the
same cellular hubs with the pathways that are targeted by the recently
approved for IPF drugs (nintedanib and pirfenidone). Therefore, ATX
inhibition could be also be proven useful as an adjuvant therapy for IPF,
an intriguing hypothesis that awaits experimental confirmation.
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ABSTRACT: Autotaxin (ATX) catalyzes the hydrolysis of
lysophosphatidylcholine (LPC) generating the lipid mediator
lysophosphatidic acid (LPA). Both ATX and LPA are involved
in various pathological inflammatory conditions, including
fibrosis and cancer, and have attracted great interest as
medicinal targets over the past decade. Thus, the development
of novel potent ATX inhibitors is of great importance. We
have developed a novel class of ATX inhibitors containing the
zinc binding functionality of hydroxamic acid. Such novel
hydroxamic acids that incorporate a non-natural d-amino acid
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residue exhibit high in vitro inhibitory potency over ATX (ICs, values 50—60 nM). Inhibitor 32, based on S-norleucine, was
tested for its efficacy in a mouse model of pulmonary inflammation and fibrosis induced by bleomycin and exhibited promising
efficacy. The novel hydroxamic ATX inhibitors provide excellent tools for the study of the role of the enzyme and could
contribute to the development of novel therapeutic agents for the treatment of fibrosis and other chronic inflammatory diseases.

B INTRODUCTION

Autotaxin (ATX) is an enzyme that has attracted great interest
as a medicinal target over the past decade.' It was originally
isolated in 1992 as an autocrine motility factor from A2058
melanoma cells and characterized as a 125 kDa glycoprotein.”
ATX, also known as ENPP2, belongs to the seven-membered
family of ectonucleotidepyrophosphatases/phosphodiesterases
(ENPPs), which are characterized by their ability to catalyze the
hydrolysis of pyrophosphate or phosphodiester bonds in
nucleotides.” It is unique among the ENPPs, because it exhibits
lysophospholipase D (lysoPLD) activity, catalyzing the
hydrolysis of lysophosphatidylcholine (LPC) into lysophos-
phatidic acid (LPA) and choline (Figure 1).”° The bioactive
lipid mediator LPA binds to specific G-protein-coupled
receptors (LPA,_,; in mammals) and activates several signal
transduction pathways including the migration, proliferation,
and survival of various cell types.”” ATX is produced in various
tissues and is essential for vascular development, but it has also
been involved in a variety of chronic inflammatory conditions,
such as arthritis and cancer, as summarized in various review
articles."”®* ' As a result, both ATX and LPA have been shown
to be involved in pathological conditions, and their implications
in human diseases make them attractive targets for the
discovery of novel drugs.

ATX consists of two N-terminal somatomedin B-like
domains (SMB1 and SMB2), a central catalytic phosphodies-

-4 ACS Publications  © 2018 American Chemical Society
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terase (PDE) domain, and a C-terminal nuclease-like domain.
A threonine (T210) residue in the active site located in the
phosphodiesterase domain, along with two zinc ions, is
responsible for its hydrolytic catalytic mechanism." In 2011,
Nishimasu et al. presented the crystal structures of mouse ATX
alone and in complex with LPAs,"* which provide the first
structural evidence for LPA production by ATX and reveal how
ATX generates and delivers GPCR-signaling lipid mediators,
while Hausmann et al. reported on the structural basis of
substrate discrimination and integrin binding by ATX,"
describing how ATX promotes localized LPA signaling.

A variety of synthetic ATX inhibitors have been developed in
both academia and pharmaceutical industry, and the chemical
classes of synthetic inhibitors have been summarized in various
review articles.”'®”"? The structures of selected ATX inhibitors
are depicted in Figure 2. PF-8380 (1, Figure 2) exhibited low
nanomolar ICg, in isolated enzyme assay (1.7 nM in LPC assay
and 2.8 nM in FS-3 assay) and 101 nM ICs, in human whole
blood.” It caused >95% reduction of rat plasma LPA at a dose
of 30 mg/kg, and it reduced inflammatory hyperalgesia in a
dose-responsive manner with the same efficacy as 30 mg/kg
naproxen. HA1SS (2, Figure 2) represents an important class of
ATX inhibitors, the boronic acid derivatives.”' Inhibition of
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Figure 2. Structures of known ATX inhibitors.

ATX by the inhibitor ONO-8430506 (IC, 100 nM) has shown
to delay breast tumor growth and lung metastasis in mice.””
Within the last year exciting results on a number of novel
inhibitors have been described. Highly potent non-carboxylic
acid ATX inhibitors (for example, compound 3, Figure 2) were
reported to reduce melanoma metastasis and chemotherapeutic
resistance of breast cancer stem cells.”> Miller et al. reported
small molecule ATX inhibitors with a discrete binding mode,”*
while a structure-guided evolution of weak physiological
allosteric inhibitors (bile salts)** led to the design of potent
competitive ATX inhibitors (for example, compound 4, Figure
2) that do not interact with the catalytic site.”® Galapagos
reported an imidazo[1,2-a]pyridine series of ATX inhibitors,””
demonstrating that inhibitor GLPG1690 (S, Figure 2) was
efficacious in a bleomycin (BLM)-induced pulmonary fibrosis
model in mice and in reducing extracellular matrix deposition in
the lung.”® This first-in-class ATX inhibitor is under evaluation
in a phase 2 study in idiopathic pulmonary fibrosis (IPF)
patients.

The aim of our work was to develop novel ATX inhibitors
that may find applications in vivo. We envisaged that the
hydroxamic acid functionality may target the active site of ATX,
and in the present article, we present the synthesis of a series of
novel hydroxamic acids, the evaluation of their in vitro activity
against ATX and in vivo results demonstrating that such a novel
hydroxamic acid inhibitor is active in a mouse model of
pulmonary fibrosis.
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B RESULTS AND DISCUSSION

Design and Synthesis of Hydroxamic Acid Inhibitors.
Over the past decades, the biochemistry of hydroxamic acids
has attracted considerable attention due to their pharmaco-
logical properties.””*° Some of them have been advanced into
human clinical trials for the treatment of several diseases.
Vorinostat, a hydroxamic acid derivative that inhibits histone
deacetylases, is an approved drug (under the name Zolinza) for
T-cell lymphoma.®>" In the case of vorinostat and related
hydroxamic acid medicines (belinostat, panobinostat), the
mechanism of action is based on enzyme inhibition through
binding to Zn>" ion. We decided to use the hydroxamic acid
functionality as the zinc binding group in our ATX inhibitors,
expecting interaction of the hydroxamic acid functionality with
the active site Zn>* of ATX.

We began our studies by synthesizing a number of
hydroxamic acids incorporating the 4-aminophenylacetic acid
residue, because phosphonic acids based on this moiety have
been proven efficient inhibitors of ATX.””** The synthesis of
such derivatives is presented in Scheme 1. Carboxylic acids 6a—
m were converted into corresponding ethyl esters 7a—m, and
subsequent treatment with hydroxylamine and EtONa led to
hydroxamic acids 8a—m. The amino group of phenylacetic acid
was coupled with a variety of carboxylic acids containing a
medium or a long aliphatic chain or chains bearing an aromatic
ring. The synthesis of carboxylic acids 6d, 6g, and 6k is
presented in Scheme 2. Starting from aldehydes 9 and 12 and
after a Wittig or a Horner—Emmons olefination reaction,
respectively, the unsaturated derivatives 10 and 13 were
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“Reagents and conditions: (a) Ethyl 4-aminophenylacetate-HC],
EDCIHC, Et;N, CH,CL, 0 °C to rt; (b) NH,0OH-HC, EtONa,
EtOH, 0 °C to rt.

hydrogenated leading to carboxylic acids 6d and 6g after
saponification. Carboxylic acid 15 was coupled with ethyl 5-
aminovalerate, and saponification led to acid 6k. All the other
carboxylic acids were either commercially available or
synthesized as described in literature (see experimental part).

Since among them we identified a micromolar inhibitor of
ATX, we synthesized the pentafluoromethyl ketone derivative
18 as well as the boronic acid derivative 21, in order to compare
their inhibitory abilities. Compound 18 was synthesized by
conversion of 17 into the corresponding chloride and
immediate treatment with pentafluoropropionic anhydride in
the presence of pyridine (Scheme 3).>* Commercially available
boronic acid derivative 19 was coupled with 6h using 1-ethyl-3-
(3-(dimethylamino )propyl)carbodiimide (EDCI) as the cou-
pling agent. The protecting group of 20 was removed under
acidic conditions producing compound 21 (Scheme 3).

To introduce chirality in the backbone of hydroxamic acid
potential inhibitors, the natural amino acid glutamic acid was
used as a starting material. Dimethyl (S)-glutamate 22 was
acylated by a number of carboxylic acids to afford compounds
23a—e (Scheme 4). Hydroxamic acid derivatives 24a—e were
obtained by treatment of 23a—e with MeONa, while
compound 25a containing two hydroxamic acid functionalities
was also synthesized (Scheme 4). Compounds 28ab were
synthesized by a similar procedure, as shown in Scheme §,
starting from dimethyl (S)-2-aminohexanedioate (26), which
was synthesized as described in literature.”

We had previously described the synthesis of non-natural
optically pure §-amino acids.”>”” Starting from Boc-protected
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S-norleucine (29), we synthesized methyl ester 31, which was
converted to hydroxamic acid 32 (Scheme 6).

In Vitro Inhibition of ATX: Structure—Activity Rela-
tionship Studies. All synthesized hydroxamic acid derivatives
were tested for their in vitro activity on recombinant mouse
ATX using the Amplex Red PLD assay kit (Molecular Probes,
Interchim, Montlucon, France).*”*® LPC (16:0 and 18:0) was
used as substrate, and the inhibition results are presented in
Tables 1—-3. The molecular weights of the new synthetic
compounds as well as the ClogP values, calculated using
ChemOffice Ultra 11.00, are included in Tables 1-3.
Reasonable molecular weights and lipophilicity are important
for the drug-likeness of an ATX inhibitor, and thus, such
physicochemical properties should be taken into consider-
ation."”

At first, hydroxamic acids based on 4-aminophenylacetic acid
were tested, and the results are summarized in Table 1.
Compound 8b containing a long acyl chain of 14 carbon atoms
exhibited an IC;, value of 1 uM. Its comparison with
compound 8a containing a shorter acyl chain of 10 carbon
atoms (ICy, higher than S uM) clearly indicates that the
inhibitor should be lipophilic enough. To reduce the lip-
ophilicity and the flexibility, the long chain was replaced by
various chains incorporating a benzene ring. None of the
compounds 8¢, 8d, and 8e presented any appreciable inhibitory
activity. Insertion of an oxygen atom at the fS-position to the
amide carbonyl (compound 8f) led to interesting inhibition
results (ICs, 1 M), while insertion of the oxygen atom at the
other side of the benzene ring (compound 8g) led to modest
inhibitory activity (ICg, 4 uM).

Compound 8h consisting of a short acyl chain carrying a
benzene ring linked by an amide bond showed a promising ICs
value of 1.2 yM (Table 1). Its low lipophilicity (ClogP 0.89) is
an additional attractive property. Increase of the carbon atom
number from 4 to 6 (compound 8i) led to decrease of ICs, (2
uM). Inversion of the amide bond of 8h (compound 8;j) led to
similar results (ICs, 1 uM). The introduction of a substituent at
the para position gave the same results in the case of a methoxy
group (compound 81), while it had a detrimental effect in the
case of a fluorine atom (compound 8k). Finally, the 7-
phenylheptanoyl chain (compound 8m) led again to promising
inhibitory potency (ICg, 0.7 uM). It should be noticed that
using 18:0 LPC as a substrate, instead of 16:0 LPC, we
observed lower IC., values (0.2—0.3 uM) in the case of
compounds 8b, 8f, and 8j, but a higher value for 8m (2 uM).

The next step was to confirm that the hydroxamic acid
functionality indeed led to better inhibitory activities in
comparison to other functionalities (Table 2). Replacement
of the hydroxamic acid functionality by a simple carboxyl group
(compound 17) abolished the inhibitory activity. A penta-
fluoroethyl ketone functionality (compound 18) led to ICq,
values of 3 uM and 0.5 uM for 16:0 LPC and 18:0 LPC,
respectively. The structurally related boronic acid derivative 21
exhibited IC, values of 0.7 uM and 4 uM for 16:0 LPC and
18:0 LPC, respectively.

The above structure—activity relationship studies confirmed
that the hydroxamic acid functionality may efficiently serve as a
novel functionality targeting ATX. Thus, we decided to keep
the hydroxamic acid functionality and the 6-0x0-6-
(phenylamino )hexanoyl chain of compound 8h and to replace
the 4-aminophenylacetic acid residue by an amino acid residue,
thus introducing chirality into our molecules. Glutamic acid was
selected, because it confers a distance of three carbon atoms
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between the amino group and the side chain carboxyl group.
Gratifyingly, compound 24a based on y-hydroxamate a-methyl
(S)-glutamate exhibited an ICg, value of 0.4 uM (Table 3).
However, conversion of both carboxylic groups of glutamic acid
to hydroxamic acid groups (compound 25a) led to loss of the
inhibitory activity. The inversion of the amide bond of 24a
(compound 24b) destroyed the activity, while the introduction
of substituents at the para-position (compounds 24c—e) had
also detrimental effects.

Increase of the distance between the hydroxamic acid
functionality and the amino group of the amino acid residue
by one carbon atom proved critical and led to a potent ATX
inhibitor. Compound 28a (GK400) presented an IC, value of
0.05 uM (Table 3). Replacement of the 6-ox0-6-
(phenylamino )hexanoyl chain by the 7-phenylheptanoyl chain
(compound 28b) destroyed the inhibitory activity. Finally,
compound 32 (GK442) based on the non-natural amino acid
o-norleucine exhibited potent inhibitory activity with an ICg,
value of 0.06 1M, confirming the importance of the four-carbon
atoms distance between the hydroxamic acid functionality and
the amino group and that the backbone of a d-amino acid
confers the appropriate distances between the essential
functionalities.

Among the novel hydroxamic acids developed in this work,
compound 32 presents potent in vitro inhibition of ATX (ICs,
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0.06 uM) and possesses favorable lipophilicity (ClogP 1.11)
and thus was selected for in vivo studies.

Binding Mode of Inhibitor 32 to ATX. Computational
studies, such as molecular docking and virtual screening, may
provide new insights into the inhibitory surfaces of crystal
structure of ATX and may contribute to the development of
improved small molecule ATX inhibitors.*”*° Since hydroxamic
acids represent a novel class of ATX inhibitors, docking studies
were performed to elucidate the binding mode and interactions
of the most potent inhibitor 32. For the docking studies, the
crystal structure of ATX (PDB code 2XRG) was employed."
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The nanomolar boronic-type ATX inhibitor HA1SS interacts
with the active site forming a reversible covalent bond between
the boron atom and the hydroxyl group of the catalytic residue
Thr209 of mouse ATX, which is further stabilized by two zinc
ions (Figure 3a)."' The hydroxamic acid functionality of
inhibitor 32 (GK442) similarly interacts with Thr209 in
addition to Asn230 and Tyr306 (Figure 3b).

In Vivo Effect of Inhibitor 32 on a Mouse Pulmonary
Fibrosis Model. IPF is a disease characterized by progressive
and irreversible scarring of the lung.“_44 The disease is fatal,
with a median survival time between 3 and S years from
diagnosis. The pathogenesis of IPF is not completely
understood, and limited therapeutic options exist. In 2014,
two drugs that slow the progression of the disease,
pirfenidone,” a drug with poorly understood mechanisms,
and nintedanib,*® a tyrosine kinase inhibitor, have been
formally registered. However, it is unclear whether these
drugs improve symptoms such as dyspnea and cough or
whether their beneficial effect on functional decline results in
increased survival. Thus, new therapeutic approaches that
substantially improve the survival time and quality of life of IPF
patients are urgently needed.**

Recent studies indicate an increase in LPA levels in the
bronchoalveolar lavage fluid (BALF) of IPF patients, as well as
increased ATX levels in the lung."’ Galapagos has recently
reported that a first-in-class ATX inhibitor, GLPG1690 (S,
Figure 2), has been efficacious in a bleomycin-induced
pulmonary fibrosis model in mice.”> GLPG1690 has entered
clinical trials, and most recently positive top line results with
GLPG1690 in patients with IPF in the FLORA Phase 2a trial
have been announced.*®

The bleomycin-induced pulmonary fibrosis model in rodents
is considered the most commonly used animal model to
investigate the potential of new agents as novel therapies for
IPF.* One of our most potent in vitro hydroxamic acids,
inhibitor 32, was tested for its efficacy in a 14-day model of
pulmonary inflammation and fibrosis induced by bleomycin.
C57Bl/6 BLM-challenged mice were injected intraperitoneally
with 30 mg/kg of inhibitor 32 or vehicle once daily for 15 days
started on day —1 prior to bleomycin installation. The
administered dose was selected based on reported efficiencies
of known ATX inhibitors. The efficacy of inhibitor 32 was
evaluated based on histopathological changes in lung
architecture, BALF total inflammatory cells as well as BALF’s
protein and collagen content. As shown in Figure 4A,
bleomycin administration resulted in thickening of the alveolar
septa, alveolar inflammation, and formation of fibrotic masses.
ATX inhibition improved lung architecture; contiguous fibrotic
walls and fewer fibrotic lesions were predominantly observed in
microscopic field of HE lung tissues. Moreover, bleomycin
administration caused inflammatory cell influx (neutrophils,
macrophages, and lymphocytes, etc.) in bronchoalveolar lavage
fluid as compared to control group (Figure 4B), which was
decreased by 50% upon inhibitor 32 treatment. Furthermore,
bleomycin lung injury induced an increase in pulmonary
vascular permeability, which was reflected by an increase in
BALF total protein after challenge (8-fold compared to control
group, Figure 4C). The total protein concentration in BALF of
BLM-challenged mice that received the inhibitor 32 was
markedly reduced compared to vehicle group (Figure 4C).
Another hallmark of bleomycin injury, increased collagen
production and deposition in lung and BAL fluids, was also
abrogated by inhibitor 32 (Figure 4D). In addition, BALF ATX
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activity reduced back to normal level after treatment with
inhibitor 32 (Figure 4E). Taken together these observations
suggested that the hydroxamic acid inhibitors have beneficial
effects in the development of pulmonary fibrosis.

An LC—MS/MS method for the determination of inhibitor
32 was developed and its levels in mice plasma were quantified.
Blood was sampled 1, 3, and 6 h postdosing for the
determination of the levels of inhibitor 32 and mean plasma
concentrations of 32 are shown in Figure 4F. Following ip
administration of inhibitor 32 at a dose of 30 mg/kg, a
concentration of 70 ng/mL was detected after 1 h, while after 3
and 6 h, 35 ng/mL were present in plasma.

B CONCLUSION

In conclusion, we describe a novel class of ATX inhibitors
based on the hydroxamic acid functionality. Structure—activity
relationship studies led to identification of hydroxamic acid
derivatives of d-amino acids presenting inhibitory potency over
ATX at the nanomolar range and highlighting the importance
of the four-carbon atoms distance between the hydroxamic acid
functionality and the amino group. Inhibitor 32, a hydroxamic
acid derivative based on d-norleucine, presented an ICs, value
of 60 nM and exhibited promising efficacy in a mouse model of
pulmonary inflammation and fibrosis induced by bleomycin.
The low lipophilicity of inhibitor 32 (ClogP 1.11) together with
the fact that the hydroxamic acid functionality is present in
marketed drugs make it an attractive candidate for further
studies. The novel hydroxamic ATX inhibitors may be excellent
tools for the study of the role of the enzyme in cells and in
animals and may contribute to the development of novel
medicinal agents for the treatment of inflammatory diseases.

B EXPERIMENTAL SECTION

General. Chromatographic purification of products was accom-
plished using Merck Silica Gel 60 (70—230 or 230—400 mesh). Thin-
layer chromatography (TLC) was performed on Silica Gel 60 F254
aluminum plates. TLC pots were visualized with UV light or
phosphomolybdic acid in EtOH. Melting points were determined
using a Biichi 530 apparatus and were uncorrected. 'H and *C NMR
spectra were recorded on a Varian Mercury (200 and SO MHz,
respectively) in CDCl;, CD;0D, and DMSO-d. Chemical shifts are
given in ppm and coupling constants (J) in Hz. Peak multiplicities are
described as follows: s, singlet, d, doublet, t, triplet, and m, multiplet.
Electron spray ionization (ESI) mass spectra were recorded on a
Finnigan, Surveyor MSQ_Plus spectrometer. HRMS spectra were
recorded on a Bruker Maxis Impact QTOF Spectrometer. Dichloro-
methane was dried by standard procedures and stored over molecular
sieves. All other solvents and chemicals were reagent grade and used
without further purification. The purity of all compounds subjected to
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biological tests was determined by analytical HPLC and was found to
be >95%. HPLC analyses were carried out on a Shimadzu LC-
2010AHT system and an ODS Hypersil (250 mm X 4.6 mm, S ym)
analytical column, using H,0O/acetonitrile 20/80 v/v at a flow rate of
1.0 mL/min.

Synthesis. Carboxylic acids 6a—c, 6m, and 4-aminophenylboronic
acid pinacol ester 19 are commercially available. Carboxylic acids 6e,*
6f°" 6h,>> 6i,> 6j,>* and 61,>* ethyl 4-aminophenylacetate-HCI,*® ethyl
S-aminovaleracetate-HCL, > diethyl (S)-glutamate-HCI (22),>” and
dimethyl (S)-2-aminohexanedioate (26)°° were synthesized as
described elsewhere, and their analytical data are in accordance with
literature.

Method A. A solution of the ester (1.00 mmol) in 1,4-dioxane (2
mL) was treated with NaOH, 1 N (1.5 equiv, 1.5 mL, 1.50 mmol), at
room temperature overnight. The solvent was removed in vacuo, H,O
(10 mL) was added, and the solution was extracted with Et,0 (10
mL). Then the aqueous phase was acidified with 1 N HCl and
extracted with Et,O (3 X 10 mL). The solvent was removed in vacuo
to afford the acid.

Method B. To a stirred solution of the amine (1.0 mmol) in
anhydrous CH,Cl, (10 mL), Et;N (2.2 equiv, 0.31 mL, 2.2 mmol in
case of hydrochloride salt of the amine or 1.1 equiv, 0.15 mL, 1.1
mmol in case of free amine), EDCI (1.2 equiv, 230 mg, 1.2 mmol),
and the appropriate acid (1.2 equiv, 1.2 mmol) were added at 0 °C.
HOBt (1.0 equiv, 1.0 mmol, 140 mg) was added if an asymmetric
center existed. The reaction was stirred overnight at room temperature
under argon and then washed with H,O. The product was obtained
after drying the organic phase over anhydrous Na,SO,, evaporation of
the solvent under reduced pressure, and purification by column
chromatography.

Method C. To a stirred solution of esters 7a—m and 31 (1.0 mmol)
in EtOH (4 mL), which was cooled at 0 °C, NH,OH-HCI (10.0 equiv,
695 mg, 10.0 mmol) and a solution of 21% w/w EtONa (20.0 equiv,
1.36 g, 20.0 mmol) in EtOH (7.25 mL) were added. The solution was
stirred at room temperature for 2—24 h under argon and quenched by
adding HCl, 6 N. The pH was adjusted to 8 by the addition of 1 N
NaOH, and the organic solvent was evaporated under reduced
pressure. Chloroform was added, and the product, which remained
insoluble, was collected on a filter and washed consecutively with
chloroform, methanol, and diethyl ether.

Method D. A mixture of the unsaturated ester 10 or 13 (1.00
mmol) in MeOH (10 mL) and 10% palladium on activated carbon (27
mg) was hydrogenated for 12 h. After filtration through a pad of
Celite, the solvent was removed in vacuo to give the saturated
compound.

Method E. To a stirred solution of esters 23a—e, and 27a,b (1.0
mmol) in MeOH (4 mL), which was cooled at 0 °C, NH,OH-HCI
(10.0 equiv, 695 mg, 10.0 mmol) and a solution of 25% w/v MeONa
(20.0 equiv, 1.08 g, 20.0 mmol) in MeOH (4.2 mL) were added. The
solution was stirred at room temperature for 48—72 h under argon and
quenched by adding HCl, 6 N. The pH was adjusted to 8 by the
addition of 1 N NaOH, and the organic solvent was evaporated in
vacuo. The residue was extracted with CHCl; (3 X 10 mL), and the
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Table 1. In Vitro Potency of Hydroxamic Acids Based on 4-
Aminophenylacetic Acid”

Table 2. Comparison of Hydroxamic Acid 8h with
Pentafluoroethyl Ketone 18 and Boronic Acid 21
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organic layer was dried over anhydrous Na,SO,. The solvent was
evaporated, and the crude product was purified by flash column
chromatography on silica gel eluting with methanol/chloroform, 1:9.

Compounds 6d, 6g, and 6k were synthesized from compounds 11,
14. and 16 by method A.

3-(4-Octylphenyl)propanoic Acid (6d). Yield 99%; white solid; mp
44—46 °C. "H NMR (200 MHz, CDCl,): § 7.30—7.00 (m, 4H), 2.93
(t, J = 8.0 Hz, 2H), 2.80—2.50 (m, 4H), 1.80—1.50 (m, 2H), 1.50—
1.10 (m, 10H), 0.88 (t, ] = 7.0 Hz, 3H). *C NMR (200 MHz,
CDCly): 6 179.4, 141.0, 137.2, 128.5, 128.1, 35.7, 35.5, 31.9, 31.5, 30.2,
29.5, 29.4, 29.3, 22.7, 14.1. MS (ESI) m/z (%): 26122 [(M — H)",
100].

3703

“Amplex Red PLD assay. “Calculated using ChemDraw.

5-(4-Butoxyphenyl)pentanoic Acid (6g). Yield 78%; white solid;
mp 74—76 °C. 'H NMR (200 MHz, CDCL,) § 7.06 (d, ] = 8.0 Hg,
2H), 6.80 (d, J = 8.0 Hz, 2H), 3.92 (t, ] = 6.0 Hz, 2H), 2.55 (t, ] = 8.0
Hz, 2H), 2.35 (t, ] = 8.0 Hz, 2H), 2.00—1.40 (m, 8H), 0.95 (t, ] = 8.0
Hz, 3H). *C NMR (200 MHz, CDCl,) 6§ 179.3, 157.3, 133.9, 129.2,
114.3, 67.7, 34.6, 33.8, 31.4, 31.0, 24.2, 19.3, 13.9. MS (ESI) m/z (%)
24922 [(M — H)~, 100].

6-((4-Fluorophenyl)amino)-6-oxohexanoic Acid (6k). Yield 85%;
pink solid; mp 110—112 °C. 'H NMR (200 MHz, CDCl;) § 7.90—
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Figure 3. Hydrogen bond interactions between ATX and (A) HAISS
and (B) inhibitor 32.

7.60 (m, 2H), 7.37 (br s, 1H), 7.10—6.80 (m, 2H), 3.50—3.10 (m,
2H), 2.40—2.00 (m, 2H), 1.80—1.40 (m, 4H). 3*C NMR (200 MHz,
CDCly) § 176.5, 167.3, 164.4 (d, ] = 249.5 Hz, C—F), 130.2 (d, ] = 3.0
Hz), 129.2 (d, J = 10.0 Hz), 115.2 (d, J = 21.5 Hz), 39.4, 33.3, 284,
21.8. F NMR (200 MHz, CDCl;) § —108.9 (F). MS (ESI) m/z (%)
238.19 [(M — H)~, 100].

Compounds 7a—m were synthesized from compounds 6a—m by
method B.

Ethyl 2-(4-Decanamidophenyl)acetate (7a). Eluent ethyl acetate/
petroleum ether (40—60 °C) 30:70. Yield 85%; white solid; mp 81—83
°C. "H NMR (200 MHz, CDCl,): § 7.45 (d, J = 8.0 Hz, 2H), 7.36 (s,
1H), 7.20 (d, J = 8.0 Hz, 2H), 4.13 (q, J = 7.0 Hz, 2H), 3.55 (s, 2H),
2.32 (t, J = 8.0 Hz, 2H), 1.80—1.50 (m, 2H), 1.50—1.10 (m, 15H),
0.86 (t, ] = 7.0 Hz, 3H). *C NMR (200 MHz, CDCl,): § 171.7, 171.6,
137.0, 129.7, 119.9, 60.9, 40.8, 37.7, 31.8, 29.4, 29.3, 29.2, 25.6, 22.6,
14.1. MS (ESI) m/z (%): 332.35 [(M — H)~, 100].

Ethyl 2-(4-Tetradecanamidophenyl)acetate (7b). Eluent ethyl
acetate/petroleum ether (40—60 °C) 30:70. Yield 55%; white solid;
mp 88—90 °C. 'H NMR (200 MHz, CDCl,): § 7.46 (d, ] = 8.0 Hg,
2H), 7.24 (s, 1H), 7.19 (d, ] = 8.0 Hz, 2H), 4.13 (q, J = 6.0 Hz, 2H),
3.56 (s, 2H), 2.33 (t, ] = 8.0 Hz, 2H), 1.80—1.50 (m, 2H), 1.40—1.10
(m, 23H), 0.87 (t, J = 6.0 Hz, 3H). *C NMR (200 MHz, CDCL,): §
171.7, 171.4, 138.0, 136.9, 129.8, 119.8, 60.9, 40.8, 37.8, 31.9, 29.6,
29.5, 29.4, 29.3, 25.6, 22.7, 14.1. MS (ESI) m/z (%): 390.40 [(M +
H)*, 100].

3704

Ethyl 2-(4-(4-Octylbenzamido)phenyl)acetate (7c). Eluent ethyl
acetate/petroleum ether (40—60 °C) 40:60. Yield 41%; white solid;
mp 114—116 °C. '"H NMR (200 MHz, CDCLy): § 7.85 (s, 1H), 7.76
(d, J = 8.0 Hz, 2H), 7.58 (d, ] = 8.0 Hz, 2H), 7.26 (m, 4H), 4.13 (d, ]
= 7.0 Hz, 2H), 3.58 (s, 2H), 2.65 (t, ] = 8.0 Hz, 2H), 1.80—1.50 (m,
2H), 1.40—1.00 (m, 10H), 1.23 (t, ] = 7.0 Hz, 3H), 0.83 (t, ] = 8.0 Hz,
3H). 3C NMR (200 MHz, CDCL,): § 171.6, 165.7, 147.3, 137.0,
1322, 130.1, 129.8, 128.8, 127.0, 120.2, 60.9, 40.8, 35.8, 32.8, 31.8,
31.2, 29.4, 29.2, 22.6, 14.2, 14.1. MS (ESI) m/z (%): 394.28 [(M —
H)~, 100].

Ethyl 2-(4-(3-(4-Octylphenyl)propanamido)phenyl)acetate (7d).
Eluent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 61%;
white solid; mp 99—101 °C. 'H NMR (200 MHz, CDCL,): § 8.00 (s,
1H), 7.38 (d, J = 8.0 Hz, 2H), 7.20—7.00 (m, 6H), 4.12 (q, ] = 8.0 Hz,
2H), 3.54 (s, 2H), 2.97 (t, ] = 8.0 Hz, 2H), 2.58 (q, ] = 8.0 Hz, 4H),
1.70—1.40 (m, 2H), 1.40—1.20 (m, 10H), 1.23 (t, J = 8.0 Hz, 3H),
0.89 (t, ] = 8.0 Hz, 3H). '*C NMR (200 MHz, CDCL,): § 171.8, 170.8,
140.7, 137.7, 136.9, 129.5, 128.4, 128.1, 120.1, 60.8, 40.6, 39.1, 35.4,
31.8, 31.5, 31.0, 29.4, 29.3, 29.1, 22.5, 14.0. MS (ESI) m/z (%): 422.36
[(M — H)~, 100].

Ethyl 2-(4-(5-([1,1'-Biphenyl]-4-yl)pentanamido)phenyl)acetate
(7e). Eluent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield
85%; white solid; mp 136—138 °C. "H NMR (200 MHz, CDCL;): §
7.70 (s,1H), 7.69—7.10 (m, 13H), 4.13 (q, J = 8.0 Hz, 2H), 3.55 (s,
2H), 2.66 (t, ] = 8.0 Hz, 2H), 2.34 (t, ] = 8.0 Hz, 2H), 1.90—1.50 (m,
4H), 1.24 (t, ] = 8.0 Hz, 3H). 3C NMR (200 MHz, CDCl,): 6 171.7,
171.3, 141.1, 140.9, 138.6, 136.9, 129.6, 128.7, 128.6, 126.9, 126.8,
119.9, 60.8, 40.7, 37.3, 352, 30.9, 252, 14.1. MS (ESI) m/z (%):
416.15 [(M + H)*, 100].

Ethyl 2-(4-(2-(4-Octylphenoxy)acetamido)phenyl)acetate (7f).
Eluent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 40%;
white solid; mp 80—82 °C. 'H NMR (200 MHz, CDCL): § 8.27 (s,
1H), 7.53 (d, ] = 8.0 Hz, 2H), 7.36 (d, ] = 8.0 Hz, 2H), 7.13 (d, ] = 8.0
Hz, 2H), 6.88 (d, ] = 8.0 Hz, 2H), 4.56 (s, 2H), 4.13 (q, ] = 8.0 Hz,
2H), 3.57 (s, 2H), 2.55 (t, J = 6.0 Hz, 2H), 1.70—1.50 (m, 2H), 1.50—
1.10 (m, 10H), 1.23 (t, J = 8.0 Hz, 3H), 0.86 (t, ] = 8.0 Hz, 3H). *C
NMR (200 MHz, CDCL,): § 171.5, 166.4, 155.0, 137.0, 135.8, 130.6,
129.9, 129.6, 120.2, 114.6, 67.8, 60.9, 40.8, 35.0, 31.8, 31.6, 29.4, 29.2,
22.6, 142, 14.1. MS (ESI) m/z (%): 424.35 [(M — H)~, 100].

Ethyl 2-(4-(5-(4-Butoxyphenyl)pentanamido)phenyl)acetate (7g).
Eluent ethyl acetate/petroleum ether (40—60 °C) 20:80. Yield 49%;
white solid, mp 132—134 °C. "H NMR (200 MHz, CDCL): § 7.43 (d,
] = 8.0 Hz, 2H), 7.40—7.10 (m, 2H), 7.06 (d, ] = 8.0 Hz, 2H), 6.80 (d,
J = 8.0 Hz, 2H), 6.69 (d, ] = 8.0 Hz, 1H), 4.12 (q, J = 8.0 Hz, 2H),
391 (t, ] = 6.0 Hz, 2H), 3.55 (s, 2H), 2.57 (t, J = 8.0 Hz, 2H), 2.33 (t,
J = 8.0 Hz, 2H), 1.90—1.30 (m, 8H), 1.23 (t, ] = 8.0 Hz, 3H), 0.95 (t, J
= 8.0 Hz, 3H). *C NMR (200 MHz, CDCL,): § 171.6, 171.1, 157.3,
136.8, 133.9, 129.8, 129.2, 119.8, 114.3, 67.6, 60.9, 40.8, 37.6, 34.7,
312, 29.7, 25.2, 19.3, 14.2, 13.9. MS (ESI) m/z (%): 429.25 [(M +
NH,)*, 90].

Ethyl 2-(4-(6-Oxo-6-(phenylamino)hexanamido)phenyl)acetate
(7h). Eluent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield
99%; white solid; mp 160—162 °C. '"H NMR (200 MHz, CDCL;): §
791 (s, 1H), 7.82 (s, 1H), 7.70—7.40 (m, 4H), 7.40—7.00 (m, SH),
4.12 (q, ] = 6.0 Hz, 2H), 3.55 (s, 2H), 2.60—2.20 (m, 4H), 1.90—1.50
(m, 4H), 1.22 (t, ] = 6.0 Hz, 3H). '*C NMR (200 MHz, CDCL,): §
172.4, 171.0, 166.4, 138.0, 133.3, 129.6, 128.7, 124.0, 119.9, 119.8,
114.8, 60.9, 49.7, 48.9, 40.7, 36.6, 24.9, 14.0. MS (ESI) m/z (%):
383.07 [(M + H)", 100].

Ethyl 2-(4-(8-Oxo-8-(phenylamino)octanamido)phenyl)acetate
(7i). Eluent ethyl acetate/petroleum ether (40—60 °C) 30:70. Yield
71%; white solid; mp 140—142 °C. 'H NMR (200 MHz, CDCL,): §
8.00—7.80 (m, 2H), 7.60—7.40 (m, 4H), 7.40—7.00 (m, SH), 4.12 (q, J
= 8.0 Hz, 2H), 3.55 (s, 2H), 2.31 (m, 4H), 1.90—1.50 (m, 4H), 1.50—
1.30 (m, 4H), 1.23 (t, J = 8.0 Hz, 3H). >*C NMR (200 MHz, CDCl,):
5 172.6, 172.1, 168.8, 138.1, 137.2, 129.5, 128.6, 123.9, 119.9, 119.8,
117.3, 60.9, 49.8, 48.1, 40.6, 36.8, 35.6, 28.2, 25.1, 13.9. MS (ESI) m/z
(%): 411.31 [(M + H)*, 100].

Ethyl 2-(4-(5-Benzamidopentanamido)phenyl)acetate (7j). Elu-
ent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 52%;
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Figure 4. Pharmacologic inhibition of ATX with inhibitor 32 diminishes BLM-induced pulmonary fibrosis. (A) Representative hematoxylin/eosin-
stained sections from control mice and BLM-challenged mice that received either vehicle or inhibitor 32 (X100, X200, X300 magnification). (B)
Total cell counts in BALFs (X10° cells/mL). (C) Total protein concentrations in BALFs (mg/mL). (D) BALF soluble collagen concentrations (ug/
mL). (E) ATX activity in BALFs (nmol/min/mL), from control mice (white bar) and BLM-challenged mice that received either vehicle (black bar)
or inhibitor 32 (gray bar). (F) Plasma concentrations of inhibitor 32 1, 3, and 6 h after last administration.

yellowish solid; mp 148—150 °C. '"H NMR (200 MHz, CDCL,): & 8.43
(s, 1H), 7.78 (d, ] = 8.0 Hz, 2H), 7.60—7.30 (m, SH), 7.16 (d, ] = 8.0
Hz, 2H), 6.92 (t, ] = 6.0 Hz, 1H), 4.11 (q, ] = 8.0 Hz, 2H), 3.54 (s,
2H), 3.43 (q, J = 6.0 Hz, 2H), 2.37 (t, ] = 6.0 Hz, 2H), 1.80—1.40 (m,
4H), 1.22 (t, ] = 8.0 Hz, 3H). '*C NMR (200 MHz, CDCL,): § 171.8,
171.8, 168.0, 137.3, 134.3, 131.4, 129.6, 129.5, 128.5, 126.9, 119.8,
60.9, 40.7, 39.0, 36.5, 28.8, 22.5, 14.1. MS (ESI) m/z (%): 383.19 [(M
+ H)*, 100].

Ethyl 2-(4-(5-(4-Fluorobenzamido)pentanamido)phenyl)acetate
(7k). Eluent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield
539%; white solid; mp 146—148 °C. 'H NMR (200 MHz, CDCL): §
8.74 (s, 1H), 7.90—7.70 (m, 2H), 7.47 (d, ] = 10.0 Hz, 2H), 7.32 (t, ]
= 5.0 Hz, 1H), 7.12 (d, ] = 8.0 Hz, 2H), 6.98 (t, ] = 8.0 Hz, 2H), 4.09
(q,J = 8.0 Hz, 2H), 3.52 (s, 2H), 3.34 (q, ] = 7.0 Hz, 2H), 2.31 (t, ] =
7.0 Hz, 2H), 1.80—1.40 (m, 4H), 1.20 (t, ] = 8.0 Hz, 3H). *C NMR
(200 MHz, CDCl,): § 171.9, 166.9, 164.7, 164.5 (d, ] = 250.5 Hz, C—
F), 137.3,130.8 (d, J = 3 Hz, arom), 129.6, 129.5, 129.3 (d, ] = 10 Hz,
arom), 119.9, 115.3 (d, J = 22 Hz, arom), 60.9, 40.6, 39.3, 36.4, 28.7,
22.5, 14.0. ’F NMR (200 MHz, CDCl,): § —108.8 (F). MS (ESI) m/
z (%): 401.21 [(M + H)*, 100].

Ethyl 2-(4-(5-(4-Methoxybenzamido)pentanamido)phenyl)-
acetate (7). Eluent ethyl acetate/petroleum ether (40—60 °C)

3705

40:60. Yield 45%; white solid; mp 167—169 °C. "H NMR (200 MHz,
CDCLy): § 8.62 (s, 1H), 7.90—-7.60 (m, 2H), 7.60—7.40 (m, 2H),
7.20—7.00 (m, 2H), 6.95—6.90 (m, 1H), 6.90—6.70 (m, 2H), 4.10 (q, ]
= 8.0 Hz, 2H), 3.79 (s, 3H), 3.53 (s, 2H), 3.50—3.20 (m, 2H), 2.50—
2.20 (m, 2H), 1.80—1.30 (m, 4H), 1.21 (t, J = 8.0 Hz, 3H). 3C NMR
(200 MHz, CDCly): 6 171.9, 167.5, 162.1, 155.2, 137.4, 129.6, 129.4,
128.8, 126.6, 119.9, 113.6, 60.9, 55.3, 40.7, 39.0, 36.5, 28.9, 22.6, 14.1.
MS (ESI) m/z (%): 413.12 [(M + H)*, 100].

Ethyl 2-(4-(7-Phenylheptanamido)phenyl)acetate (7m). Eluent
ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 64%; White
solid; mp 80—82 °C. 'H NMR (200 MHz, CDCL;): 5 8.30 (s, 1H),
7.48 (d, ] = 8.0 Hz, 2H), 7.40—7.00 (m, 7H), 4.14 (q, ] = 6.0 Hz, 2H),
3.55 (s, 2H), 2.58 (t, J = 8.0 Hz, 2H), 2.30 (t, J = 8.0 Hz, 2H), 1.90—
1.50 (m, 4H), 1.50—1.20 (m, 4H), 1.24 (t, ] = 6.0 Hz, 3H). *C NMR
(200 MHz, CDCl,): § 171.8, 171.7, 142.4, 137.1, 129.4, 129.3, 128.1,
128.0, 125.4, 119.9, 60.7, 40.5, 37.2, 35.6, 31.1, 28.9, 28.8, 25.4, 14.0.
MS (ESI) m/z (%): 366.26 [(M — H)~, 100].

Compounds 8a—m were synthesized from compounds 7a—m by
method C.

N-(4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)decanamide (8a).
Yield 75%; white solid; mp 187—189 °C. 'H NMR (200 MHz,
DMSO): § 10.63 (s, 1H), 9.83 (s, 1H), 8.83 (s, 1H), 7.49 (d, ] = 8.0
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Hz, 2H), 7.15 (d, ] = 8.0 Hz, 2H), 3.20 (s, 2H), 2.27 (t, ] = 8.0 Hz,
2H), 1.80—1.40 (m, 2H), 1.40—1.00 (m, 12H), 0.85 (t, ] = 7.0 Hz,
3H). 3C NMR (200 MHz, DMSO): § 171.2, 167.1, 137.8, 130.5,
129.1, 119.0, 38.8, 36.4, 31.4, 29.0, 28.9, 28.8, 25.2, 22.2, 14.0. HRMS
(ESI) m/z calculated for C;sH,sN,O; — H™ [M — H™]: 319.2027.
Found: 319.2029.
N-(4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)tetradecanamide
(8b). Yield 67%; off-white solid; mp 112—114 °C. 'H NMR (200
MHz, DMSO): § 10.74 (s, 1H), 9.90 (s, 1H), 8.94 (s, 1H), 7.47 (d, ] =
8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 3.20 (s, 2H), 2.25 (t, ] = 8.0 Hz,
2H), 1.70-1.40 (m, 2H), 1.40—1.00 (m, 20H), 0.82 (t, ] = 6.0 Hz,
3H). C NMR (200 MHz, CD;0D): § 169.3, 159.6, 132.4, 130.7,
129.9, 121.2, 41.4, 40.2, 37.8, 34.8, 33.7, 33.1, 30.8, 30.7, 30.5, 27.0,
24.1, 23.8, 22.7, 14.5. HRMS (ESI) m/z calculated for C,,H;(N,0; —
H™ [M — H™]: 375.2653. Found: 375.2675.
N-(4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)-4-octylbenzamide
(8¢). Yield 66%; white solid; mp 240—242 °C. 'H NMR (200 MHz,
DMSO): 6 10.67 (s, 1H), 10.13 (s, 1H), 8.86 (s, 1H), 7.84 (d, ] = 8.0
Hz, 2H), 7.66 (d, ] = 8.0 Hz, 2H), 7.31 (d, ] = 8.0 Hz, 2H), 7.21 (d, J
= 8.0 Hz, 2H), 3.24 (s, 2H), 2.62 (t, ] = 8.0 Hz, 2H), 1.80—1.40 (m,
2H), 1.40—1.00 (m, 10H), 0.83 (t, J = 8.0 Hz, 3H). 3*C NMR (200
MHz, DMSO): § 167.4, 165.5, 146.4, 137.8, 132.4, 131.3, 129.2, 128.4,
127.8, 120.4, 35.1, 31.4, 30.9, 28.9, 28.8, 22.2, 14.1. HRMS (ESI) m/z
calculated for C,3H;N,O; — H™ [M — H7]: 381.2184. Found:
381.2185.
N-(4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)-3-(4-octylphenyl)-
propanamide (8d). Yield 73%; white solid; mp 195—197 °C. 'H
NMR (200 MHz, DMSO): § 10.67 (s, 1H), 9.90 (s, 1H), 8.88 (s, 1H),
748 (d, ] = 8.0 Hz, 2H), 7.30—6.90 (m, 6H), 3.21 (s, 2H), 2.85 (t, ] =
6.0 Hz, 2H), 2.57 (t, ] = 6.0 Hz, 4H), 1.70—1.40 (m, 2H), 1.40—1.00
(m, 10H), 0.84 (t, ] = 6.0 Hz, 3H). 3C NMR (200 MHz, DMSO): §
170.6, 167.5, 140.1, 138.5, 137.8, 130.8, 129.3, 128.4, 128.3, 119.2,
350, 31.5, 312, 30.7, 29.0, 289, 22.3, 142. HRMS (ESI) m/z
calculated for C,sH;N,0; — H™ [M — H7]: 409.2497. Found:
409.2497.
5-([1,1"-Biphenyl]-4-yl)-N-(4-(2-(hydroxyamino)-2-oxoethyl)-
phenyl)pentanamide (8e). Yield 52%; off-white solid; mp 181—183
°C. 'H NMR (200 MHz, DMSO): § 10.67 (s, 1H), 9.87 (s, 1H), 8.83
(s, 1H), 7.80—7.20 (m, 8H), 7.20—7.00 (m, SH), 3.55 (s, 2H), 2.64 (t,
J = 8.0 Hz, 2H), 2.32 (t, ] = 8.0 Hz, 2H), 1.70—1.40 (m, 4H). *C
NMR (200 MHz, DMSO): § 170.9, 169.5, 156.2, 154.3, 139.4, 135.8,
128.6, 1269, 125.1, 124.5, 117.0, 34.3, 34.2, 32.6, 28.7, 25.3. HRMS
(ESI) m/z calculated for C,sH,N,O; — H™ [M — H™]: 401.1871.
Found: 401.1870.
N-Hydroxy-2-(4-(2-(4-octylphenoxy)acetamido)phenyl)-
acetamide (8f). Yield 55%; white solid; mp 182—184 °C. 'H NMR
(200 MHz, DMSO): 6 10.68 (s, 1H), 9.97 (s, 1H), 8.81 (s, 1H),
7.70—7.40 (m, 2H), 7.40—7.00 (m, 4H), 7.00—6.80 (m, 2H), 4.63 (s,
2H), 3.25 (s, 2H), 2.50 (t, J = 6.0 Hz, 2H), 1.70—1.40 (m, 2H), 1.40—
1.00 (m, 10H), 0.85 (t, ] = 6.0 Hz, 3H). *C NMR (200 MHz,
DMSO): § 167.4, 166.8, 156.0, 136.9, 135.2, 131.5, 129.3, 119.8, 114.6,
67.4, 34.4, 31.4,29.0, 28.8, 22.3, 14.0. HRMS (ESI) m/z calculated for
C,H;,N,0, — H™ [M — H7]: 411.2289. Found: 411.2289.
5-(4-Butoxyphenyl)-N-(4-(2-(hydroxyamino)-2-oxoethyl)phenyl)-
pentanamide (8g). Yield 46%; off-white solid; mp 198—200 °C. 'H
NMR (200 MHz, DMSO): § 10.62 (s, 1H), 9.83 (s, 1H), 8.81 (s, 1H),
748 (d, ] = 8.0 Hz, 2H), 7.30—6.90 (m, 4H), 6.81 (d, ] = 6.0 Hz, 2H),
3.90 (t, J = 6.0 Hz, 2H), 3.20 (s, 2H), 2.29 (t, J = 8.0 Hz, 2H), 1.80—
120 (m, 10H), 091 (t, J = 8.0 Hz, 3H). *C NMR (200 MHz,
DMSO): 6 171.1, 167.2, 156.8, 137.8, 133.8, 130.5, 129.1, 119.0, 114.2,
67.0, 36.3, 34.1, 30.9, 24.8, 18.8, 13.7. HRMS (ESI) m/z calculated for
Cy3HyoN,O, — H™ [M — H™]: 397.2133. Found: 397.2126.
N'-(4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)-N°-phenyladipa-
mide (8h). Yield 70%; off-white solid; mp 253—255 °C. 'H NMR (200
MHz, DMSO): § 10.20 (s, 1H), 10.16 (s, 1H), 8.49 (s, 1H), 7.80—
7.40 (m, 4H), 7.40—7.10 (m, SH), 7.10—-6.90 (m, 1H), 3.23 (s, 2H),
2.40-220 (m, 4H), 1.80—1.30 (m, 4H). C NMR (200 MHz,
DMSO): § 171.4, 1712, 167.1, 139.5, 137.9, 130.7, 129.2, 128.7, 123.0,
119.1, 119.0, 36.2, 30.8, 24.9. HRMS (ESI) m/z calculated for
CyoH3N;0, — H™ [M — H7]: 368.1616. Found: 368.1615.

3706

N’-(4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)-Né-phenyloctane-
diamide (8i). Yield 96%; white solid; mp 195—197 °C. '"H NMR (200
MHz, DMSO): & 10.64 (s, 1H), 9.84 (s, 2H), 8.83 (s, 1H), 7.70—7.40
(m, 4H), 7.40—7.10 (m, 4H), 7.10—6.90 (m, 1H), 3.22 (s, 2H), 2.40—
2.10 (m, 4H), 1.80—1.40 (m, 4H), 1.40—1.10 (m, 4H). *C NMR
(200 MHz, DMSO): 6 171.3, 171.1, 167.2, 139.4, 137.8, 130.5, 129.1,
128.7, 123.0, 119.1, 119.0, 38.8, 36.4, 28.6, 25.1. HRMS (ESI) m/z
calculated for Cp,H,,N;O0, — H™ [M — H7]: 396.1929. Found:
396.1932.

N-(5-((4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)amino)-5-
oxopentyl)benzamide (8j). Yield 59%; off-white solid; mp 179—181
°C. 'H NMR (200 MHz, DMSO): § 10.68 (s, 1H), 9.90 (s, 1H), 8.87
(s, 1H), 8.51 (t, J = 6.0 Hz, 1H), 7.82 (d, J = 8.0 Hz, 2H), 7.60—7.30
(m, SH), 7.14 (d, ] = 8.0 Hz, 2H), 3.27 (t, ] = 6.0 Hz, 2H), 3.20 (s,
2H), 2.31 (t, ] = 6.0 Hz, 2H), 1.80—1.40 (m, 4H). *C NMR (200
MHz, DMSO): § 171.4, 167.5, 166.4, 137.9, 134.8, 131.3, 130.7, 129.3,
128.5, 127.3, 119.2, 40.2, 39.8, 36.7, 29.4, 23.4. HRMS (ESI) m/z
calculated for C,yHp;3N3O, — H- [M — H7]: 368.1616. Found:
368.161S.

4-Fluoro-N-(5-((4-(2-(hydroxyamino)-2-oxoethyl)phenyl)amino)-
5-oxopentyl)benzamide (8k). Yield 88%; white solid; mp 269—271
°C. 'H NMR (200 MHz, DMSO): § 9.89 (s, 2H), 8.56 (s, 2H), 7.91
(t, ] = 7.0 Hz, 2H), 7.47 (d, ] = 7.0 Hz, 2H), 7.40—7.20 (m, 2H), 7.14
(d, J = 8.0 Hz, 2H), 3.40—3.20 (m, 2H), 3.14 (s, 2H), 2.40—2.10 (m,
2H), 1.80—1.40 (m, 4H). *C NMR (200 MHz, DMSO): § 171.0,
166.3, 165.1, 164.8 (d, J = 240.0 Hz, C—F), 137.5,131.1 (d, ] = 3.0 Hz,
arom), 129.9, 129.2 (d, J = 8.0 Hz, arom), 129.1, 118.8, 115.2 (d, J =
21.0 Hz, arom), 39.2, 38.9, 36.1, 28.9, 22.8. ’F NMR (200 MHz,
DMSO): 6 —110.3 (F). HRMS (ESI) m/z calculated for
CyH,,FN;0, — H™ [M — H™): 386.1522. Found: 386.1522.

N-(5-((4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)amino)-5-oxo-
pentyl)-4-methoxybenzamide (8l). Yield 99%; white solid; mp 216—
218 °C. 'H NMR (200 MHz, DMSO): & 10.60 (s, 1H), 9.85 (s, 1H),
8.81 (s, 1H), 8.34 (s, 1H), 7.81 (d, J = 8.0 Hz, 2H), 7.50 (d, ] = 8.0
Hz, 2H), 7.14 (d, ] = 8.0 Hz, 2H), 6.97 (d, ] = 8.0 Hz, 2H), 3.79 (s,
3H), 3.50—3.30 (m, 2H), 3.20 (s, 2H), 2.40—2.10 (m, 2H), 1.80—1.30
(m, 4H). '*C NMR (200 MHz, DMSO): § 171.1, 167.2, 165.6, 161.5,
137.8, 130.6, 129.2, 129.0, 126.9, 119.0, 113.5, 55.4, 38.9, 38.3, 36.1,
29.0, 22.8. HRMS (ESI) m/z calculated for C,;H,N;O0 — H™ [M —
H™]: 398.1721. Found: 398.1724.

N-(4-(2-(Hydroxyamino)-2-oxoethyl)phenyl)-7-phenylheptana-
mide (8m). Yield 67%; off-white solid; mp 176—178 °C. 'H NMR
(200 MHz, DMSO): § 10.64 (s, 1H), 9.85 (s, 1H), 8.84 (s, 1H), 7.51
(d, J = 8.0 Hz, 2H), 7.40—6.90 (m, 7H), 3.22 (s, 2H), 2.56 (t, ] = 8.0
Hz, 2H), 2.27 (t, ] = 8.0 Hz, 2H), 1.70—1.50 (m, 4H), 1.40—1.00 (m,
4H). '*C NMR (200 MHz, DMSO): § 1712, 167.1, 142.3, 137.9,
130.6, 129.2, 1283, 125.7, 119.0, 36.4, 35.2, 31.0, 28.5, 25.2. HRMS
(ESI) m/z calculated for C,H,N,0; — H™ [M — H™]: 353.1871.
Found: 353.1872.

Methyl (E)-3-(4-Octylphenyl)acrylate (10). A solution of aldehyde
9 (800 mg, 3.66 mmol) and PhP—=CHCOOCH, (1.5 equiv, 1.84 g,
5.50 mmol) in dry THF (5 mL) was refluxed under argon overnight.
The reaction mixture was then cooled to room temperature, and the
solvent was evaporated under reduced pressure. Then Et,0 (S mL)
was added, the mixture was filtered through a pad of silica, and the
solvent was removed in vacuo to afford the pure product. Yield 69%
(0.69 g, 2.51 mmol); colorless oil. 'H NMR (200 MHz, CDCLy): &
7.68 (d, ] =17.0 Hz, 1H), 7.43 (d, ] = 8.0 Hz, 2H), 7.18 (d, ] = 8.0 Hz,
2H), 6.40 (d, ] = 17.0 Hz, 1H), 3.79 (s, 3H), 2.61 (t, J = 8.0 Hz, 2H),
1.80—1.50 (m, 2H), 1.50—1.00 (m, 10H), 0.87 (t, J = 7.0 Hz, 3H). °C
NMR (200 MHz, CDCL,): § 167.6, 145.7, 144.9, 131.8, 128.9, 128.0,
116.6, 51.6, 35.8, 31.8, 31.2, 29.4, 29.2, 22.6, 21.6, 14.1. MS (ESI) m/z
(%): 292.16 [(M + NH,)*, 10].

Methyl 3-(4-Octylphenyl)propanoate (11). Compound 11 was
synthesized from compound 10 by method D. Yield 88%; white solid;
mp 97—99 °C. 'H NMR (200 MHz, CDCly): § 7.30—7.00 (m, 4H),
3.67 (s, 3H), 2.93 (t, J = 8.0 Hz, 2H), 2.70—2.50 (m, 4H), 1.80—1.50
(m, 2H), 1.50—1.10 (m, 10H), 0.89 (t, J = 8.0 Hz, 3H). *C NMR
(200 MHz, CDCL,): 8 173.4, 140.8, 137.5, 128.4, 128.0, 51.5, 35.7,
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35.5, 31.8, 31.5, 30.5, 29.4, 29.3, 29.2, 22.6, 14.1. MS (ESI) m/z (%):
29441 [(M + NH,)*, 100].

Ethyl (2E,4E)-5-(4-Butoxyphenyl)penta-2,4-dienoate (13). A
suspension of aldehyde 12 (1.00 g S$.61 mmol), triethyl 4-
phosphonocrotonate (1.5 equiv, 1.91 g, 8.42 mmol), lithium hydroxide
(1.5 equiv, 0.35 g 842 mmol), and molecular sieves (beads, 4—8
mesh, 8.40 g, 1.50 g¢/mmol aldehyde) in dry tetrahydrofuran (56 mL)
was refluxed under argon for 24 h. The reaction mixture was then
cooled to room temperature and filtered through a thin pad of Celite,
and the solvent was evaporated under reduced pressure. The residual
oil was purified by column chromatography on silica gel eluting with
ether/petroleum ether (40—60 °C) 20:80. Yield 68% (1.57 g, S.71
mmol); white solid; mp 98—100 °C. '"H NMR (200 MHz, CDCL,) §
7.50—7.30 (m, 3H), 6.96—6.60 (m, 4H), 5.92 (d, ] = 17.0 Hz, 1H),
422 (q,J = 8.0 Hz, 2H), 3.97 (t, ] = 7.0 Hz, 2H), 1.90—1.60 (m, 2H),
1.60—1.40 (m, 2H), 1.30 (t, ] = 8.0 Hz, 3H), 0.97 (t, ] = 8.0 Hz, 3H).
3C NMR (200 MHz, CDCL,) 6 167.3, 160.0, 145.0, 140.2, 132.0,
128.6, 123.9, 119.9, 114.7, 67.7, 60.2, 31.2, 192, 14.3, 13.8. MS (ESI)
m/z (%) 27525 [(M + H)*, 100].

Ethyl 5-(4-Butoxyphenyl)pentanoate (14). Compound 14 was
synthesized from compound 13 by method D. Yield 84%; colorless oil.
"H NMR (200 MHz, CDCl,) 6 7.07 (d, ] = 8.0 Hz, 2H), 6.81 (d, ] =
8.0 Hz, 2H), 4.12 (q, ] = 8.0 Hz, 2H), 3.93 (t, J = 6.0 Hz, 2H), 2.56 (,
J = 6.0 Hz, 2H), 2.31 (t, ] = 8.0 Hz, 2H), 1.90—1.40 (m, 8H), 1.24 (t, ]
= 8.0 Hz, 3H), 0.97 (t, ] = 8.0 Hz, 3H). *C NMR (200 MHz, CDCl,)
51737, 157.2, 134.0, 129.1, 128.6, 114.5, 114.3, 67.6, 60.2, 34.6, 34.2,
31.3, 31.1, 24.5, 19.2, 14.2, 13.8. MS (ESI) m/z (%) 296.24 [(M +
NH,)*, 100].

Ethyl 5-(4-Fluorobenzamido)pentanoate (16). Compound 16 was
synthesized from compound 15 by method B. Eluent ethyl acetate/
petroleum ether (40—60 °C) 40:60. Yield 89%; off-white solid; mp
74—76 °C. 'H NMR (200 MHz, CDCl,) & 7.90—7.40 (m, 3H), 6.90—
6.50 (m, 2H), 3.75 (q, J = 8.0 Hz, 2H), 3.30—2.90 (m, 2H), 2.10—1.80
(m, 2H), 1.80—1.60 (m, 2H), 1.50—1.20 (m, 2H), 1.22 (t, ] = 6.0 Hz,
3H). '*C NMR (200 MHz, CDCL,) & 172.6, 166.3, 163.8 (d, ] = 249.5
Hz, C—F), 130.3 (d, ] = 3.0 Hz), 1289 (d, J = 10.0 Hz), 114.4 (d, ] =
21.5 Hz), 59.5, 389, 33.0, 28.2, 21.6, 13.4. ’F NMR (200 MHz,
CDCL,) & —109.9 (F). MS (ESI) m/z (%) 268.11 [(M + H)*, 100].

2-(4-(6-Oxo0-6-(phenylamino)hexanamido)phenyl)acetic Acid
(17). Compound 17 was synthesized from compound 7h by method
A. Yield 98%; white solid; mp 215-217 °C. '"H NMR (200 MHz,
CD;0OD): § 7.47 (m, 4H), 7.40—7.10 (m, 4H), 7.10—6.90 (m, 1H),
3.51 (s, 2H), 2.50—2.10 (m, 4H), 1.90—1.60 (m, 4H). '*C NMR (200
MHz, CD,0D): § 177.0, 174.3, 164.9,138.4, 132.0, 130.7, 129.7,
125.1,121.2, 119.8, 113.1, 41.1, 37.6, 30.9, 26.5, 22.1. HRMS (ESI) m/
z calculated for C,oH,,N,0, — H™ [M — H7]: 353.1507. Found:
353.1508.

N'-(4-(3,3,4,4,4-Pentafluoro-2-oxobutyl)phenyl)-N°-phenyladipa-
mide (18). Oxalyl chloride (3.0 equiv, 0.93 mL 2 M solution, 1.86
mmol) and N,N-dimethylformamide (25 uL) were added to a solution
of carboxylic acid 17 (220 mg, 0.62 mmol) in dry CH,Cl, (25 mL).
After 2 h stirring, the solvent and excess reagent were evaporated
under reduced pressure, and the residue was dissolved in dry CH,Cl,
(6 mL). Pyridine (8.0 equiv, 0.4 mL, 496 mmol) and pentafluor-
opropionic anhydride (6.0 equiv, 0.73 mL, 3.72 mmol) were added
dropwise to this solution at 0 °C consecutively. After 2.5 h at 0 °C, ice
was added, and the mixture was stirred for 30 min. The two phases
were separated, and the organic phase was washed with brine and
dried (Na,SO,). The solvent was evaporated under reduced pressure,
and the residual oil was purified by flash column chromatography on
silica gel eluting with methanol/chloroform $:95. Yield 21% (32 mg,
0.07 mmol); yellow solid; mp 184—186 °C. 'H NMR (200 MHz,
CDCly): § 8.00—-7.00 (m, 9H), 3.47 (s, 2H), 2.80—2.10 (m, 4H),
2.10—1.50 (m, 4H). *C NMR (200 MHz, CDCL,): § 196.2 (t, ] = 26.1
Hz, COC,Fy), 172.6, 171.6, 130.7, 129.4, 128.6, 128.3, 123.9, 119.8,
119.6, 117.8 (qt, J, = 284.9 Hz, ], = 34.1 Hz, CF;), 113.3, 1069 (tq, J;
=265.6 Hz, ], = 37.9 Hz, CF,), 36.4, 30.6, 29.5, 24.9, 22.5. ’F NMR
(CDCl,;): 6 —83.4 (CF;), —121.9 (CF,). HRMS (ESI) m/z calculated
for Cy,H, FsN,05 — H™ [M — H™]: 455.1400. Found: 455.1406.

3707

N'-Phenyl-N°-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
phenyl)adipamide (20). Compound 20 was synthesized from
compounds 6h and 19 by method B. Eluent ethyl acetate/petroleum
ether (40—60 °C) 40:60. Yield 60%; off-white solid; mp 211—213 °C.
"H NMR (200 MHz, DMSO): § 10.05 (s, 1H), 9.91 (s, 1H), 7.70—
7.50 (m, 6H), 7.28 (t, ] = 8.0 Hz, 2H), 7.02 (t, ] = 8.0 Hz, 1H), 2.40—
2.10 (m, 4H), 1.80—1.40 (m, 4H), 1.27 (s, 12H). *C NMR (200
MHz, DMSO): § 171.6, 171.3, 142.3, 139.4, 135.5, 128.8, 119.2, 118.2,
83.6, 38.3, 36.4, 25.1, 24.8, 14.4. MS (ESI) m/z (%): 423.31 [(M +
H)*, 100].

(4-(6-Oxo-6-(phenylamino)hexanamido)phenyl)boronic Acid
(21). To a stirred solution of the ester 20 (35 mg, 0.08 mmol) in
THF (2.5 mL) an aqueous solution of HCl, 1 N (2.5 mL), was added,
and the mixture was left under stirring for 24 h. After evaporation of
the solvent under reduced pressure, CH,Cl, (10 mL) was added and
washed with H,O (10 mL) and brine (10 mL). The product remained
insoluble and was obtained after filtration and washing with CH,Cl,.
Yield 71% (20 mg, 0.06 mmol); white solid; mp 218—220 °C. 'H
NMR (200 MHz, DMSO): § 9.92 (d, ] = 8.0 Hz, 2H), 7.93 (s, 2H),
7.69 (d, J = 8.0 Hz, 2H), 7.65—7.40 (m, 4H), 7.40—7.10 (m, 2H),
7.10-6.90 (m, 1H), 2.50—2.20 (m, 4H), 1.80—1.50 (m, 4H). *C
NMR (200 MHz, DMSO): § 171.3, 171.2, 140.9, 139.3, 134.8, 128.6,
123.0, 1192, 117.9, 36.4, 25.0. HRMS (ESI) m/z calculated for
CysH,,BN,0, — H™ [M — H]: 339.1522. Found: 339.1518.

Compounds 23a—e were synthesized from compound 22 by
method B.

Dimethyl (S)-(6-Oxo-6-(phenylamino)hexanoyl)glutamate (23a).
Eluent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 99%;
white solid; mp 116—118 °C; [a]p®® = +11.1 (¢ 1, CHCL;). 'H NMR
(200 MHz, CDCL,): 6 8.41 (s, 1H), 7.53 (d, ] = 6.0 Hz, 2H), 7.26 (t, ]
= 6.0 Hz, 2H), 7.04 (t, ] = 6.0 Hz, 1H), 6.83 (d, ] = 8.0 Hz, 1H), 4.56
(t, ] = 8.0 Hz, 1H), 3.69 (s, 3H), 3.63 (s, 3H), 2.80—2.00 (m, 8H),
1.80—1.50 (m, 4H). *C NMR (200 MHz, CDCL): § 173.3, 173.2,
172.4, 171.5, 138.2, 128.8, 123.9, 119.7, 52.5, 51.9, 51.6, 36.8, 35.5,
30.1, 26.7, 24.8, 24.5. MS (ESI) m/z (%): 379.21 [(M + H)", 100].

Dimethyl (S)-(5-Benzamidopentanoyl)glutamate (23b). Eluent
ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 99%; off-white
solid; mp 38—40 °C; [a]p?® = +9.8 (¢ 1, CHCL;). 'H NMR (200 MHz,
CDCly): 6 7.75 (d, ] = 7.0 Hz, 2H), 7.50—7.30 (m, 3H), 7.02 (s, 1H),
6.81 (s, 1H), 4.60—4.40 (m, 1H), 3.64 (s, 3H), 3.58 (s, 3H), 2.60—
1.80 (m, 8H), 1.80—1.40 (m, 4H). 3C NMR (200 MHz, CDCL,): §
1732, 172.3, 170.5, 167.6, 134.4, 131.2, 128.3, 126.9, 52.3, 51.7, 51.5,
39.0, 35.2, 30.0, 28.5, 26.8, 22.3. MS (ESI) m/z (%): 379.31 [(M +
H)*, 100].

Dimethyl (S)-(6-((4-Fluorophenyl)amino)-6-oxohexanoyl)-
glutamate (23c). Eluent ethyl acetate/petroleum ether (40—60 °C)
40:60. Yield 94%; pink solid; mp 99—101 °C; [a]p® = +9.6 (c 1,
CHCL,). 'H NMR (200 MHz, CDCL,): 6 8.49 (s, 1H), 7.60—7.30 (m,
2H) 7.10—6.80 (m, 2H), 6.98 (s, 1H), 4.70—4.40 (m, 1H), 3.65 (s,
3H), 3.60 (s, 3H), 2.70—1.80 (m, 8H), 1.80—1.40 (m, 4H). 3C NMR
(200 MHz, CDCLy): § 173.3, 173.2, 172.3, 171.5, 165.6 (d, J = 257.0
Hz, C—F), 134.6 (d, ] = 3.0 Hz, arom), 121.9 (d, J = 8.0 Hz, arom),
115.5 (d, J = 22.5 Hz, arom), 52.4, 51.8, 51.7, 36.6, 35.5, 30.0, 26.7,
24.8, 24.5. "F NMR (200 MHz, CDCl;): § —119.0 (F). MS (ESI) m/
z (%): 395.13 [(M — H)~, 100].

Dimethyl (S)-(6-((4-Methoxyphenyl)amino)-6-oxohexanoyl)-
glutamate (23d). Eluent ethyl acetate/petroleum ether (40—60 °C)
40:60. Yield 70%; pink solid; mp 127—129 °C; [a]p® = +9.5 (¢ 1,
CHCL;). '"H NMR (200 MHz, CDCl,): 6 8.74 (s, 1H), 7.30 (d, J = 8.0
Hz, 2H), 7.22 (d, ] = 8.0 Hz, 1H), 6.65 (d, ] = 8.0 Hz, 2H), 4.50—4.30
(m, 1H), 3.60 (s, 3H), 3.55 (s, 3H), 3.50 (s, 3H), 2.50—1.80 (m, 8H),
1.70—1.40 (m, 4H). '*C NMR (200 MHz, CDCL,): § 173.2, 172.9,
172.1, 171.3, 155.6, 131.2, 121.5, 113.5, 55.0, 52.0, 51.4, 51.3, 36.2,
35.2, 29.8, 26.3, 24.7, 24.6. MS (ESI) m/z (%): 431.21 [(M + Na)*,
100].

Dimethyl (S)-(6-((4-Ethoxyphenyl)amino)-6-oxohexanoyl)-
glutamate (23e). Eluent ethyl acetate/petroleum ether (40—60 °C)
40:60. Yield 99%; pink solid; mp 122—124 °C; [a]p® = +9.6 (¢ 1,
CHCL,). 'H NMR (200 MHz, CDCL,): 6 8.48 (s, 1H), 7.39 (d, ] = 8.0
Hz, 2H), 7.14 (s, 1H), 6.77 (d, ] = 8.0 Hz, 2H), 4.60—4.40 (m, 1H),
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3.94 (q, ] = 8.0 Hz, 2H), 3.67 (s, 3H), 3.61 (s, 3H), 2.50—1.80 (m,
8H), 1.80—1.50 (m, 4H), 1.33 (t, ] = 8.0 Hz, 3H). *C NMR (200
MHz, CDCI3): 6 173.8,173.4, 172.4, 171.8, 155.3, 131.3, 121.6, 114.5,
63.6, 524, 51.6, 50.3, 36.6, 35.4, 30.0, 26.7, 24.9, 24.6, 14.7. MS (ESI)
m/z (%): 42327 [(M + H)*, 100].

Compounds 24a—e were synthesized from compounds 23a—e by
method E.

Methyl (S)-N°-Hydroxy-N?-(6-oxo-6-(phenylamino)hexanoyl)-
glutaminate (24a). Yield 20%; off-white solid; mp 118—120 °C;
[a]p®® = —13.0 (¢ 0.6, MeOH). 'H NMR (200 MHz, CD;0D): § 7.43
(d, ] = 8.0 Hz, 2H), 7.17 (t, ] = 8.0 Hz, 2H), 6.97 (t, ] = 8.0 Hz, 1H),
4.30—4.00 (m, 1H), 3.52 (s, 3H), 2.50—1.70 (m, 8H), 1.70—1.40 (m,
4H). 3C NMR (200 MHz, CD;0D): § 175.8, 174.7, 174.2, 170.6,
139.9, 129.8, 125.1, 121.1, 52.2, S1.5, 37.6, 36.4, 30.9, 28.3, 27.3, 26.4.
HRMS (ESI) m/z calculated for C;gH,sN;Og — H™ [M — H7J:
378.1671. Found: 378.1677.

Methyl (S)-N?-(5-Benzamidopentanoyl)-N°-hydroxyglutaminate
(24b). Yield 18%; off-white solid; mp 139—141 °C; [a]p® = —14.0
(¢ 0.5, MeOH). '"H NMR (200 MHz, CD,0D): 6 7.77 (d, ] = 8.0 Hg,
2H), 7.60—7.30 (m, 3H), 4.30—4.10 (m, 1H), 3.60 (s, 3H), 2.50—1.80
(m, 8H), 1.80—1.40 (m, 4H). '*C NMR (200 MHz, CD;0D): §
175.9, 174.7, 170.6, 170.3, 135.8, 132.6, 129.5, 128.3, 52.2, 51.5, 40.5,
362, 31.0, 29.9, 28.3, 24.2. HRMS (ESI) m/z calculated for
C,sH,N;O — H™ [M — H™]: 378.1671. Found: 378.1670.

Methyl (S)-N?-(6-((4-Fluorophenyl)amino)-6-oxohexanoyl)-N°-
hydroxyglutaminate (24c). Yield 19%; off-white solid; mp 147—149
°G; [a]p* = —18.0 (c 1, MeOH). 'H NMR (200 MHz, CD,0D): §
7.60—7.40 (m, 2H) 6.99 (t, ] = 8.0 Hz, 2H), 4.26 (t, ] = 8.0 Hz, 1H),
3.61 (s, 3H), 2.60—1.80 (m, 8H), 1.80—1.40 (m, 4H). *C NMR (200
MHz, CD,0D): § 175.8, 174.7, 174.1, 170.6, 169.7 (d, ] = 241.5 Hz,
C-F), 136.1 (d, J = 3.0 Hz, arom), 123.0 (d, J = 8.0 Hz, arom), 116.2
(d, J = 22.5 Hz, arom), 52.2, S1.5, 37.5, 36.4, 31.0, 28.3, 26.5, 26.3. '°F
NMR (200 MHz, CD,OD): § —121.1 (F). HRMS (ESI) m/z
calculated for C;gH,,FN;Os — H™ [M — H7]: 396.1576. Found:
396.1573.

Methyl (S)-N°-Hydroxy-N?-(6-((4-methoxyphenyl)amino)-6-
oxohexanoyl)glutaminate (24d). Yield 16%; off-white solid; mp
157-159 °C; [a]p® = —17.6 (¢ 0.5, MeOH). 'H NMR (200 MHz,
CD;0D): § 740 (d, J = 8.0 Hz, 2H), 6.82 (d, ] = 8.0 Hz, 2H), 4.30—
4.10 (m, 1H), 3.72 (s, 3H), 3.61 (s, 3H), 2.50—1.80 (m, 8H), 1.80—
1.50 (m, 4H). *C NMR (200 MHz, CD;0D): § 175.8, 174.7, 174.0,
170.6, 157.8, 132.8, 123.1, 114.9, 55.8, 52.2, 51.5, 37.4, 36.4, 31.0, 28.3,
26.5, 26.4. HRMS (ESI) m/z calculated for C;,H,,N;0, — H™ [M —
H™]: 408.1776. Found: 408.1789.

Methyl (S)-N?-(6-((4-Ethoxyphenyl)amino)-6-oxohexanoyl)-N°-
hydroxyglutaminate (24e). Yield 17%; white solid; mp 146—148
°C; [a]p®® = —17.8 (c 0.4, MeOH). '"H NMR (200 MHz, CD,0D): §
7.38 (d, ] = 8.0 Hz, 2H), 6.80 (d, J = 8.0 Hz, 2H), 4.30—4.10 (m, 1H),
3.96 (q, ] = 8.0 Hz, 2H), 3.61 (s, 3H), 2.50—1.80 (m, 8H), 1.80—1.50
(m, 4H), 1.32 (t, J = 8.0 Hz, 3H). *C NMR (200 MHz, CD;0D): §
175.9, 174.7, 174.0, 170.6, 157.1, 132.7, 123.0, 115.5, 64.6, 52.2, 51.5,
37.4, 36.4, 31.0, 28.3, 26.5, 26.4, 15.2. HRMS (ESI) m/z calculated for
CaoHaN;0, — H™ [M — H]: 422.1933. Found: 422.1908.

(S)-N'-(1,5-Bis(hydroxyamino)-1,5-dioxopentan-2-yl)-N°-phenyl-
adipamide (25a). To a stirred solution of ester 23a (168 mg, 0.44
mmol) in EtOH (1.78 mL), which was cooled at 0 °C, NH,OH-HCl
(617 mg, 8.88 mmol) and a solution of 21% w/w EtONa (1.21 g,
17.76 mmol) in EtOH (6.63 mL) (commercially available) were
added. The solution was refluxed for 3 h under argon and quenched by
adding HCI, 1 N. The pH was adjusted to 8 by the addition of 1 N
NaOH, and the organic solvent was evaporated under reduced
pressure. The aqueous residue was extracted with CHCl;/MeOH 9/1,
the two layers were separated, and the organic phase was dried over
anhydrous Na,SO,. After evaporation, the product was collected on a
filter and washed with Et,O. Yield 53% (87 mg, 0.23 mmol); yellowish
solid; mp >250 °C; [a]p®® = —10.0 (¢ 0.1, MeOH). 'H NMR (200
MHz, CD,0D): § 7.49 (d, J = 8.0 Hz, 2H), 7.22 (t, ] = 8.0 Hz, 2H),
7.00 (t, J = 8.0 Hz, 1H), 4.30—4.10 (m, 1H), 2.40—2.00 (m, 8H),
1.80—1.50 (m, 4H). *C NMR (200 MHz, CD,0D): § 174.3, 171.4,
170.7, 169.4, 144.7, 134.8, 128.7, 119.1, 50.8, 39.8, 39.3, 36.4, 35.0,
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28.6, 18.1. HRMS (ESI) m/z calculated for C;;H,,N,O4 — H™ [M —
H™]: 379.1623. Found: 379.1621.

Compounds 27a,b were synthesized from compound 26 by method
B.

Dimethyl (S)-2-(6-Oxo-6-(phenylamino)hexanamido)-
hexanedioate (27a). Eluent ethyl acetate/petroleum ether (40—60
°C) 40:60. Yield 67%; yellowish oil; [a]p* = +6.8 (¢ 1, CHCL,). 'H
NMR (200 MHz, CDCL,): & 847 (s, 1H), 7.53 (d, ] = 8.0 Hz, 2H),
7.24 (t, ] = 8.0 Hz, 2H), 7.01 (t, ] = 8.0 Hz, 1H), 6.92 (d, ] = 8.0 Hz,
1H), 4.70—4.40 (m, 1H), 3.68 (s, 3H), 3.60 (s, 3H), 2.80—2.00 (m,
8H), 2.00-1.50 (m, 6H). *C NMR (200 MHz, CDCL,): § 173.3,
173.2, 172.5, 171.6, 138.4, 128.7, 123.7, 119.7, 52.6, 51.8, 51.6, 36.7,
35.4, 30.9, 30.1, 26.8, 25.2, 24.8. MS (ESI) m/z (%): 393.14 [((M +
H)*, 98].

Dimethyl (S)-2-(7-Phenylheptanamido)hexanedioate (27b). Elu-
ent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 65%;
colorless oil; [a]p®® = +19.3 (c 0.8, CHCL,). '"H NMR (200 MHz,
CDCL,): § 7.20-6.90 (m, SH), 6.81 (d, J = 8.0 Hz, 1H), 4.60—4.30
(m, 1H), 3.57 (s, 3H), 3.50 (s, 3H), 2.46 (t, ] = 8.0 Hz, 2H), 2.30—
2.00 (m, 6H), 1.70—1.40 (m, 6H), 1.40—1.10 (m, 4H). *C NMR
(200 MHz, CDCL,): § 173.0, 172.7, 172.4, 142.1, 127.8, 127.7, 125.1,
S1.8, 512, 51.0, 35.6, 35.3, 32.7, 30.8, 29.6, 28.6, 28.5, 26.5, 25.1. MS
(ESD) m/z (%): 378.36 [(M + H)*, 100].

Compounds 28ab were synthesized from compounds 27a,b by
method E.

Methyl (S)-6-(Hydroxyamino)-6-oxo-2-(6-oxo-6-(phenylamino)-
hexanamido)hexanoate (28a). Yield 20%; white solid; mp 118—
120 °C; [a]p® = —15.6 (c 0.4, MeOH). '"H NMR (200 MHz,
CD,OD): §7.53 (d, ] = 8.0 Hz, 2H), 7.27 (t, ] = 8.0 Hz, 2H), 7.06 (t, |
= 8.0 Hz, 1H), 4.40—4.10 (m, 1H), 3.62 (s, 3H), 2.60—2.20 (m, 8H),
1.90—1.50 (m, 6H). 3C NMR (200 MHz, CD;0D): § 175.8, 175.4,
174.2, 170.9, 139.8, 129.7, 125.1, 121.2, 53.3, 52.0, 37.5, 36.4, 34.0,
32.4,31.7, 26.4, 22.2. HRMS (ESI) m/z calculated for C,yH,,N;O¢ —

H™ [M — H™]: 392.1827. Found: 392.1814.

Methyl (5)-6-(Hydroxyamino)-6-oxo-2-(7- phenylheptanamldo)
hexanoate (28b). Yield 19%; white solid; mp 60—62 °C; [a b2
—17.7 (¢ 1, MeOH). 'H NMR (200 MHz, CD;0D): § 7.30—7.00 (m,
SH), 4.30—4.10 (m, 1H), 3.58 (s, 3H), 2.54 (t, J = 8.0 Hz, 2H), 2.30
(t, ] = 8.0 Hz, 2H), 2.17 (t, ] = 8.0 Hz, 2H), 1.80—1.40 (m, 8H), 1.40—
1.20 (m, 4H). *C NMR (200 MHz, CD,0D): § 176.2, 175.3, 171.0,
143.9, 129.4, 129.2, 126.6, 52.1, S1.9, 36.8, 36.7, 34.1, 32.6, 32.5, 30.1,
30.0, 26.9, 22.2. HRMS (ESI) m/z calculated for C,,H;oN,O5 —

[M — H™]: 377.2082. Found: 377.2078.

(S)-1-Methoxy-1-oxononan-5-aminium Chloride (30). To a
stirred solution of 29 (360 mg, 1.31 mmol) in MeOH (1.5 mL),
cooled at 0 °C, SOCL, (1.2 equiv, 0.11 mL, 1.57 mmol) was added
dropwise, and the solution was stirred at room temperature for 4 h
equipped with a CaCl, drying tube. The solvent was evaporated in
vacuo, and the product was obtained after recrystallization (MeOH/
Et,0). Yield 99% (290 mg, 1.30 mmol); white solid; mp 43—4S °C;
[a]p® = —4.0 (¢ 1, MeOH). '"H NMR (200 MHz, CDCl,): § 8.35 (br,
3H), 3.65 (s, 3H), 3.40—3.00 (m, 1H), 2.50—2.20 (m, 2H), 1.90—1.60
(m, 6H), 1.60—1.10 (m, 4H), 0.90 (t, ] = 7.0 Hz, 3H). *C NMR (200
MHz, CDCly): § 173.5, 52.2, 51.7, 33.3, 32.2, 31.9, 27.2, 22.3, 20.6,
13.8. MS (ESI) m/z (%): 188.16 [(M — CI)~, 100].

Methyl (S)-5-(6-Oxo-6-(phenylamino)hexanamido)nonanoate
(31). Compound 31 was synthesized from compound 30 by method
B. Eluent ethyl acetate/petroleum ether (40—60 °C) 40:60. Yield 66%;
white solid; mp 120—122 °C; [a]p®® = +1.5 (¢ 1, CHCl,). 'H NMR
(200 MHz, CDCl,): 6 9.20 (s, 1H), 7.50 (d, J = 8.0 Hz, 2H), 7.15 (t, ]
= 8.0 Hz, 2H), 6.94 (t, ] = 8.0 Hz, 1H), 6.40 (d, ] = 8.0 Hz, 1H),
3.90—3.60 (m, 1H), 3.53 (s, 3H), 2.50—2.00 (m, 8H), 1.90—1.40 (m,
6H), 1.40—1.00 (m, 6H), 0.80 (t, ] = 8.0 Hz, 3H). *C NMR (200
MHz, CDCL): § 1742, 173.1, 172.1, 138.5, 128.4, 123.4, 119.7, 52.8,
512, 362, 34.1, 33.4, 31.1, 27.9, 27.1, 25.0, 22.3, 21.1, 19.4, 13.8. MS
(ESI) m/z (%): 389.24 [(M — H)", 100].

(S)-N'-(1-(Hydroxyamino)-1-oxononan-5-yl)-N°-phenyladipa-
mide (32). Compound 32 was synthesized from compound 31 by
method C. Yield 81%; yellowish solid; mp 161—163 °C; [a]p* = —1.9
(¢ 1, MeOH). 'H NMR (200 MHz, CD;0D): § 7.53 (d, J = 7.0 Hg,
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2H), 7.28 (t, ] = 7.0 Hz, 2H), 7.06 (t, ] = 7.0 Hz, 1H), 3.80—3.60 (m,
1H), 2.39 (t, ] = 6.0 Hz, 2H), 2.23 (t, ] = 6.0 Hz, 2H), 2.08 (t, ] = 8.0
Hz, 2H), 1.80—1.50 (m, 6H), 1.50—1.10 (m, 8H), 0.87 (t, ] = 6.0 Hz,
3H). C NMR (200 MHz, CD,0D): § 175.3, 174.0, 172.5, 139.7,
129.6, 125.0, 121.2, 121.1, 49.7, 37.5, 36.9, 35.6, 35.3, 33.3, 29.2, 26.7,
26.4, 23.5, 23.1, 14.4. HRMS (ESI) m/z calculated for C,;H;3;N;0, —
H™ [M — H™]: 390.2398. Found: 390.2392.

In Vitro ATX Activity Assay. The in vitro activity of the synthetic
inhibitors was tested with the Amplex Red PLD assay kit (Molecular
Probes, Interchim, Montlucon, France) originally designed for the
measurement of PLD activity.”*® All reactions were performed with 2
nM purified ATX (mouse ATX-f from Sino Biological) and S0 yM
LPC (16:0 or 18:0) at 37 °C. Inhibitors, stock (3 mM), and working
solutions (0.001 to S umol/L) were dissolved in DMSO. The ability of
ATX to cleave LPC was detected using a coupled assay that monitors
the release of choline using Amplex Red (10 mM), choline oxidase
(0.2 units/mL), and horseradish peroxidase (2 units/mL). The rate of
fluorescence increase was measured in a fluorescence plate reader
(Tecan Infinite 200 microplate reader from Tecan Trading AG,
Switzerland). The ICj, values were determined using the mean values
obtained from two independent experiments. The ICy, values were
determined graphically using the sigmoid dose—response fitting
method (PrismH software) by the equation f = y, + a/(1 + exp(—(x
— x,)/b)) given by SigmaPlot 11.0.

Docking Studies. The crystal structure of ATX (PDB code
2XRG) in complex with boronic acid inhibitor HA15S has been used
as the molecular model for our investigation, and the compounds were
docked into the enzyme active site. The computational molecular
docking studies were performed using Molegro. All structures were
prepared using Molegro’s Molecules & Protein Preparation Wizard
(Molegro Virtual Docker $.0). Proper bond assignments, bond orders,
hybridization, and charges were calculated by Molegro Virtual Docker
software (MVD version 5.0). Explicit hydrogens were added, and their
hydrogen bonding patterns were also determined by MVD. The
“simplex evolution” algorithm performs a combined local/global
search on the poses generated by the pose generator. The number of
the maximum iterations of the simplex evolution algorithm (Nelder—
Mead simplex minimization) was set to 300, while the neighbor
distance factor, the factor that determines how close the point of the
initial simplex will be to the other randomly selected individuals in the
population, was set to 1.0 (causing the initial simplex to span the
neighbor points exactly).

Mouse Model of Pulmonary Fibrosis and Inhibitor Admin-
istration Protocol. All reported experimentation in mice, in line with
the ARRIVE guidelines, was approved by the Institutional Animal
Ethical Committee (IAEC) of BSRC Alexander Fleming and the
Veterinary service and Fishery Department of the local governmental
prefecture. All randomly assigned experimental controls were
littermate sex- and age-matched mice. All experimental mice were
housed under specific pathogen-free conditions, at a constant
temperature of 20—22 °C in 55% =+ 5% humidity and a 12 h light—
dark cycle; water and food were given ad libitum. CS7BL/6 male and
female mice, 8—10 weeks old, were administered at day 0 with 0.01 U
of bleomycin sulfate diluted in 50 uL saline 0.9% orotracheally or
equal volume of saline 0.9% (control group, n = S). Animals were
blindly randomized to receive inhibitor 32 (30 mg/kg, n = 10) or
vehicle (1x PBS with 5% Tween 80, n = 10), once daily for 15 days
(from day —1 to 14) by intraperitoneal injections.

Sample Collection and Preparation. Mice from each exper-
imental group were sacrificed at day 15 after initial BLM
administration and blood, BALF, and lung were collected. Blood
was collected at 1, 3, and 6 h after the last administration, in tubes
containing EDTA, pH 8, at a final concentration of 50 mM. For
plasma preparation, whole blood was centrifuged at 2000g for 20 min
at 4 °C, and the supernatants were stored in siliconized tubes at —80
°C. Lungs were lavaged three times with 1 mL of 0.9% sterile sodium
chloride. BALF after centrifugation at 1200 rpm for 10 min was kept at
—80 °C, while cell pellets were used for total cell counts with 0.4%
Trypan Blue solution.
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Total Protein Content Determination in BALF. Total protein
concentration in BALF was measured using the Bradford protein assay
according to the manufacturer’s instructions (Biorad, Hercules, CA,
USA). Values were obtained by converting the OD readings in mg/mL
using a standard curve with BSA (0—2 mg-mL™").

Soluble Collagen Content Determination in BALF. Soluble
collagen concentration in BALF was measured using the Sirius Red
assay protocol. Briefly, BALF samples (100 L) were diluted in 1 mL
of 0.5 M acetic acid, and an equal volume of Sirius Red (direct red 80;
120 pug-mL™" in 0.5 M acetic acid) was added. Samples were incubated
at room temperature for 30 min, and after centrifugation, the
absorbance of sample supernatant was read at 540 nm. Values were
obtained by converting the OD readings in pg/mL according to a
standard curve with collagen type I from rat tail (0—500 pg-mL™").

Lung Histopathology. Lung tissues were fixed in 10% v/v neutral
buffered formalin and embedded in paraffin. Paraffin-embedded lung
tissues were sectioned in 4 um slices, stained with hematoxylin/eosin
(H&E) according to standard procedure, and imaged 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.

ATX Activity Assay. ATX/LysoPLD activity was measured in BAL
fluid samples, using the TOOS activity assay as previously
reported.””*

Statistical Analysis. Statistical significance was assessed in
pairwise comparisons with control values using a paired Student’s t
test, using SigmaPlot 11.0 (Systat software Inc, IL, USA), and
presented as means + SE. Values p < 0.05 (*), p < 0.01(**), and p <
0.001 (***) were considered significant.
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Bl ABBREVIATIONS

ATX, autotaxin; BALF, bronchoalveolar lavage fluid; BLM,
bleomycin; ENPP, ectonucleotide pyrophosphatase/phospho-
diesterase; EDCI, 1-ethyl-3-(3-(dimethylamino)propyl)-
carbodiimide; FS-3, fluorogenic substrate 3; H&E stain,
hematoxylin/eosin stain; IPF, idiopathic pulmonary fibrosis;
LPA, lysophosphatidic acid; LPC, lysophosphatidylcholine;
PLD, phospholipase D; PDE, phosphodiesterase; SMB,
somatomedin B; TOOS, sodium 3-(N-ethyl-3-methylanilino)-
2-hydroxypropanesulfonate.
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Abstract

Autotaxin ~ (ATX) is a  secreted
lysophospholipase D  catalyzing the
production of lysophosphatidic  acid
(LPA), a growth factor-like signaling
lysophospholipid. ATX and LPA signaling
have been incriminated in the pathogenesis
of different chronic inflammatory diseases
and various types of cancer. In this report,
increased ATX levels and disturbed lipid
homeostasis have been discovered during
the  development of  experimental
autoimmune  encephalomyelitis (EAE)
suggesting that the ATX/LPA axis
participate in its pathogenesis. ATX
expression from astrocytes is shown
necessary for embryonic development,
suggesting astrocytic ATX expression
upon EAE as an aberrantly re-activated
developmental program. ATX expression
from oligodendrocytes, or systemic levels
of ATX, are shown not to have a major
effect in the same settings. More
importantly, ATX genetic deletion from
infiltrating macrophages and resident
microglia are shown to attenuate EAE
pathogenesis, likely  through  LPA-
mediated autocrine macrophage activation,
thus providing the genetic proof of
principle for pharmaceutical interventions.

Introduction

Multiple sclerosis (MS) is the most
common debilitating disorder of the
central nervous system (CNS), imposing a
substantial personal, and socioeconomic

burden®. MS is a chronic inflammatory,
autoimmune  and  neurodegenerative
disease, characterized by loss of myelin
sheaths and oligodendrocytes in the brain
and spinal cord, resulting in aberrant
axonal conduction leading to neurologic
disabilities and, eventually, impaired
mobility and cognition®.

Despite the inherent limitations of
modeling a human disease in experimental
animals, valuable insights into MS
pathophysiology were provided by the
model of experimental autoimmune
encephalomyelitis (EAE), that can be
induced by immunizing animals against
myelin antigens®. In this context, current
research suggests that inflammation is a
prominent feature of MS pathogenesis,
initiated by autoreactive lymphocytes in
the periphery, substantiated by leakage of
the blood-brain barrier (BBB) and
dominated by macrophages®. Chronic
neuroinflammation leads to microglial and
astrocyte  activation and eventually
demyelination, axonal or neuronal loss and
astrogliosis®.

No existing treatment can reverse the
progressive neurologic deterioration in
MS; however, the discovery of fingolimod
(FTY720), the first oral drug to treat some
forms of MS, has introduced a new
paradigm and has attracted attention to the
biology of bioactive lysophospholipids,
such as sphingosine 1 phosphate (S1P).
S1P expression levels are controlled by a
multi-controlled  enzymatic  metabolic
system regulating S1P effects, imposed



through its five cognate G-protein coupled
receptors (GPCRs; S1PR.s)*. FTY720,
after in vivo phosphorylation, inhibits S1P-
mediated lymphocyte egress from lymph
nodes and attenuates the pathogenic
autoreactive lymphocyte attack to the
CNS°. Additionally, it has been suggested
to decrease BBB permeability,
macrophage recruitment and polarization,
astrocyte activation and migration, as well
as oligodendrocyte process extension and
retraction®”.

FTY720 has also been reported to
inhibit  cytosolic  phospholipase A2
(cPLA2a)®, which controls the rate
limiting step in eicosanoid formation.
Increased eicosanoid levels have been
reported in EAE and cPLA2a deficient
mice have been shown to be resistant to
EAE"®. Non-withstanding the central role
of cPLA2 in eicosanoid metabolism,
cPLA2 is also centrally involved in the
production of lysophophatidylcholine
(LPC)**, a well-known demyelinating
agent whose effects in the CNS can be
blocked by FTY720". Moreover, FTY720
has been reported*** to inhibit autotaxin
(ATX, ENPP2), a secreted
lysophospholipase D catalyzing the
hydrolysis of LPC and the production of
lysophosphatidic acid (LPA), while
several reports have suggested an
intersection and interplay of the
PLA,/LPC and ATX/LPA axes in
pathophysiology®. Although ATX can also
hydrolyze  sphingosylphosphorylcholine
(SPC, the precursor of S1P) in vitro®, the
main enzymatic activity of ATX in vivo
has been shown to be the production of
extracellular LPA™.

The enzymatic product of ATX, LPA,
is a Dbioactive growth factor-like
lysophospholipid that can be found in
most biological fluids corelating with
ATX levels®. LPA, which is negatively
regulated by a group of membrane-
associated lipid-phosphate phosphatases
(PLPPs)™®, signals through at least six

GPCR receptors (LPAR1-6) that exhibit
widespread  tissue  distribution  and
overlapping  specificities;  LPAR1-3
belong to the endothelial differentiation
gene (EDG) family together with the S1P
receptors**®. LPARs, as well as S1PRs,
couple with G-proteins, crucial molecular
switches that activate many signal
transduction  pathways, leading in
pleiotropic  effects in almost cell
types4'19’2°.

ATX/LPA have been shown to be
essential for embryonic development;
ATX deficient mice exhibited severe
neural tube defects and impaired neurite
outgrowth, indicating a major role in CNS
development“. In adult life, the bulk of
ATX activity has been shown to be
dispensable in healthy conditions?, but
increased ATX expression has been
detected in many chronic inflammatory
disorders and cancer', suggesting the
ATX/LPA axis as a developmental
program  aberrantly  re-activated in
pathophysiological situations.

The adult healthy CNS is one of the
highest ~ ATX  expressing  tissues
predominately  expressing the CNS
specific ATX vy isoform which, in
comparison to the most abundant f
isoform, contains a 25 aa insert of
unknown function®®?*, In the CNS, ATX is
expressed by oligodendrocyte precursors
at the onset of myelination, choroid plexus
epithelial cells and leptomeningeal cells,
while increased ATX staining has been
detected in activated astrocytes following
neurotauma®; increased ATX levels have
been also reported in neuroblastomas and
glioblastomas®. Moreover, it was recently
shown that PLA2/ATX-dependent
LPA/LPAR1 signaling is crucial for the
initiation of neuropathic pain®"?. In the
same context, increased ATX and LPA
levels have been reported in the sera and
CSF of MS patients®, however opposing
results have also been reported™®.



In this report, we show that upon
EAE development ATX/LPA levels
increase, while ATX staining was detected
high on activated astrocytes, as well as on
some macrophages and microglia. Genetic
deletion of ATX from astrocytes resulted
in embryonic lethality, while its genetic
deletion from monocytic cells attenuated
EAE development, thus establishing a
pathologic role for ATX/LPA in MS/EAE.

Results and Discussion

Increased ATX and LPA levels in EAE.
To explore a possible involvement of the
ATX/LPA axis in the pathophysiology of
relapsing-remitting MS, we first examined
the levels of ATX/LPA and related
molecules during the development of
EAE. Towards this end, C57BI6/J (H-2°)
10-12-week old male mice were
immunized with myelin oligodendrocyte
glycoprotein  (MOGzsss in CFA),
following a widely used EAE protocol
(Fig. 1A)*, as previously reported®®.
Immunized mice were weighted (Fig. 1B)
and monitored macroscopically for clinical
signs of EAE for 22 days (Fig. 1C), in
comparison with naive littermate mice.
Blood plasma, as well as spinal cord
tissue, where EAE  predominately
manifests in this model®*, were collected at
the onset (d.7), peak (d.15) and remission
(d.22) of EAE (Fig.1 A,C).

Increased ATX (a-€) mRNA levels
were detected with Q-RT-PCR (using two
different sets of primers amplifying
different parts of the mRNA) in the spinal
cords of mice throughout the development
of EAE (Fig. 1D). ATX mRNA levels
were significantly higher at the onset and
the remitting phase of the disease, rather
than its peak, possibly consolidating an
early report that indicated reduced ATX
MRNA levels at the peak of the disease in
a different (SWR/SJL F1s; H-2%°) EAE
model®’, as well as the conflicting reports
on the ATX expression levels of human

patients. A similar expression profile was
also found for the ATX vy isoform (Fig 1
D), which is predominantly expressed in
the CNS*"*®, suggesting that at least one
part of the increased levels of ATX is
derived locally from resident CNS cells.
On the contrary, no significant changes in
the mRNA profile of PLPPs, largely
responsible  for  extracellular  LPA
degradation'®, was noted (Fig. S1A).
Moreover, the mRNA levels for the
different receptors of LPA were found to
fluctuate during EAE development (Fig.
S1B), possibly implying exacerbated LPA
signaling in the spinal cord®. In the same
context and given the likely involvement
of PLA,/LPC axis in MS/EAE, as well as
the suggested interplay of the PLA2/LPC
and ATX/LPA axes in pathophysiology?®,
the mRNA levels of different PLAZ2
isoforms were interrogated, revealing, as
expected, an upregulation of various
isoforms (Fig. S 1C); the mRNA levels of
COX-1/2, guiding the synthesis of
eicosanoids, were also found increased in
EAE (Fig. S 1D). Of interest, a search for
putative functional partners of ATX at
STRING returns mostly PLA2 isoforms,
suggesting possible physical association of
ATX and PLA2s and intriguing
possibilities in the regulation of local LPC
and LPA production during EAE
pathogenesis.

TNF and IL-6, intricately linked with
EAE development®*®, have been reported
to stimulate ATX mRNA expression in
different, non-CNS, cell types’®*;
however, possibly hampered by tissue
heterogeneity, no apparent association of
ATX mRNA expression with TNF/IL-6
MRNA levels was observed in EAE spinal
cords (Fig. S1 E-F). Concerning other
possible inducers of ATX expression in
the CNS, it is important to note that
galectin-3 (Gal-3) has been shown to
modulate ATX expression in melanoma
cells®. Gal-3 is a p-galactoside-binding
lectin which recognize N-
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acetyllactosamine and form multivalent
complexes with certain glycoconjugates in
the cell surface®. Different CNS and
inflammatory cell types have been
proposed to express Gal-3 during
MS/EAE*, while it’s deficiency reduced
the severity of EAE® although its role is
complex and remains controversial.
However, both Gal-3 and ATX are
secreted proteins, also detected in
exosomes, are involved in oligodendrocyte
differentiation and have been suggested as
matricellular ~ proteins mediating cell
adhesion and ECM interactions®***.
Therefore, a possible interplay of Gal-3
and ATX in the pathophysiology of
MS/EAE seems very likely, urging further
dissection.  Moreover and  beyond
neuroinflammation, both Gal-3 and ATX
are well established pro-fibrotic
factors*®447%%- however, no obvious
association of ATX mMRNA expression
with fibrotic or anti-inflammatory gene
expression was detected (Fig. S1 G-L). It
is worth noting that the increased
expression of different collagens, likely
driven by TGFb, indicates that typical
wound healing responses also characterize
EAE development and resolution that
warrants further investigation.

Beyond the ATX mRNA expression
profile in spinal cords, indicating de novo
synthesis by CNS resident and/or
inflammatory cells during EAE, a similar
ATX protein expression profile was
obtained upon western blot analysis of
spinal cord homogenates (Fig. 1E and
S2A), confirming an upregulation of ATX
levels in the spinal cord during EAE.
Moreover, immunofluorescent staining of
ATX (with two different antibodies) in 7
um transverse spinal cord cryo-sections
confirmed elevated ATX protein levels
and localized staining in white matter
lesions during EAE progression (Fig. 1F
and Fig. S2B). More specifically, double
immunolabelling suggested that in the
diseased spinal cord ATX is likely

expressed from different cell types, as
previously suggested for other
pathophysiological settings and tissues:
mostly activated astrocytes (GFAP®; Fig.
S2C)*°, as well as from a subset of
macrophages/microglia (CD68"; Fig.
S2C)*"**2, Limited staining was detected
in oligodendrocytes (MBP"; Fig. S2C), as
expected®®. The observed staining does not
exclude the possibility that some ATX
may be bound on cell surfaces via
integrins®*®, or other cell surface
molecules, implicating ATX modulation
by ECM components®##°7%¢,

No statistically significant changes of
ATX levels were detected in the CSF
during the development of EAE (Fig. 1G),
suggesting that choroid plexus and
leptomeningeal cells constitutive
expression of ATX is not severely affected
in EAE. However, due to study limitations
(very low volume of mouse CSF, 1-2 pl),
definite proof will be provided only by a
future conditional genetic deletion of ATX
in these cells. On the contrary, increased
levels of ATX were detected in the plasma
of EAE mice (Fig. 2H). However, it is not
clear if the increased plasma levels
contribute to the spinal cord ATX levels,
given the increased permeability of the
blood brain barrier (BBB) during EAE, or
vice versa. It should be noted that the
development of EAE relies on the
administration, at the initial stages of
disease induction (Fig. 1A), of pertussis
toxin (PTx), a known inhibitor of Gi
protein-coupled signaling pathways, such
as LPA. On the other hand, LPA has been
suggested to feedback regulate ATX levels
under certain conditions®®®°; however, no
significant changes of ATX spinal cord
MRNA or plasma activity levels were
observed upon PTx administration in mice
in the absence of immunization (Fig. 1 I-
K).

To correlate ATX expression levels
with its enzymatic template and product,
we then performed HPLC/MS/MS



lipidomic analysis of spinal cord
homogenates and plasmas isolated from
mice undergoing EAE development. The
increased ATX levels in the spinal cord
and plasma resulted in an analogous
increase of total LPA levels (Fig. 2 A-C),
while no major changes were observed in
LPC levels (Fig. 2 A, D-E). Accordingly,
intraspinal injection of LPA or contusive
spinal cord injury has been shown to
trigger demyelination of central neurons®.
It should be noted that beyond the
LPC/LPA species, a deregulation of
various lipids was detected in the spinal
cords of EAE mice, such as
sphingomyelins and ceramides (Fig. S3A),
while a striking increase of unsaturated
fatty acids was also observed (Fig. S3B).
ATX/LPA were recently shown to
modulate fatty acid synthesis in the liver*!,
while a same effect was also suggested in
lung  cancer®,  warranting  further
investigation. The expression of ATX
from astrocytes that provide metabolic
support to other neural cells, favors the
hypothesis.

Therefore, EAE development is
accompanied with a deregulation of
various enzymes involved in
lysophospholipid homeostasis, including
ATX, that results in local increases of
LPA levels, suggesting that the ATX/LPA
axis is involved in MS/EAE pathogenesis.

Systemic ATX/LPA levels do not affect
EAE pathogenesis. 40% of serum ATX is
thought to derive from the adipose tissue®,
known to secrete various hormones and
cytokines (i.e. adipokines) that exert
significant effects on various distant
pathophysiological processes, including
neurodegeneration®. Therefore and given
the increased BBB permeability in EAE,
the increased plasma levels of ATX (Fig.
1H), as well as the reported effects of LPA
in brain endothelial cells®*®", we examined
if systemic fluctuations of ATX/LPA
levels could affect EAE pathogenesis.

Towards this end, EAE was induced in
the heterozygous complete knock out
mouse for ATX (Enpp2*"; 50% of normal
serum ATX/LPA Ievels)21, as well in
homozygous transgenic mice
overexpressing ATX in the liver
(TgEnpp2*™), driven by the human ol-
antitrypsin inhibitor (altl) promoter
(200% of normal serum ATX/LPA
levels)®®. No differences were observed
between Enpp2*" mice (Fig. 3 A-C) or
TgEnpp2*"™* mice (Fig. 3 D-F) and their
littermate controls in EAE incidence, onset
or severity, suggesting that systemic
fluctuations of 50-200% in ATX/LPA
serum levels have no effect in EAE in this
mouse model. Similarly, no effect of
systemic ATX/LPA has been observed,
using the same genetically modified mice,
in other chronic inflammatory diseases,
such as rheumatoid arthritis*  or
pulmonary fibrosis *’, highlighting the
importance of local or inflammatory ATX
expression.

ATX expression from astrocytes is
necessary for embryonic development.
Astrocytes are the most abundant glial
cells, responsible for physical and
metabolic support of other neural cells.
They participate in the regulation of
immune responses in the CNS, and
orchestrate tissue repair following injury®.
Moreover, astrocytes are increasingly
recognized as active players in
myelination and MS pathogenesis’ .
Increased ATX staining of reactive
astrocytes has been observed following
neurotrauma®, as well as upon EAE
induction (Fig. S2C), completely absent in
physiological conditions®. The expression
of ATX from reactive astrocytes (GFAP"
cells) during EAE was further confirmed
by confocal microscopy (Fig. 4 A).
Therefore, and in order to examine a
possible role of ATX expression from
reactive astrocytes in MS pathogenesis,
ATX was genetically deleted from



astrocytes by mating the conditional
knockout mouse for ATX (Enpp2™)?* with
a transgenic mouse line expressing the Cre
recombinase under the control of the
hGFAP  promoter  (TghGFAP-Cre)™.
However, genetic deletion of ATX from
astrocytes (GFAP™) resulted in embryonic
lethality (Table 1, Fig. 4 B), irrespective of
the origin (paternal or maternal) of the Cre
transgene. Noteworthy, the very few

hGFAPCreH'EnppZﬂ/ﬂ mice that were born
had not recombined the Ennp2 gene,
unlike the malformed and growth retarded
embryos. Therefore, ATX expression from
astrocytes is necessary for embryonic
development, extending previous studies
indicating aberrant neural tube formation
in ATX deficient embryos“, whereas
neural tube patterning is closely linked
with specification and functions of
astrocytes®.

Beyond the vital role of astrocytic
ATX expression in development that
needs to be further dissected, its re-
expression in reactive astrocytes upon
EAE and its likely role in its pathogenesis
can be only deciphered in future studies by
employing inducible genetic deletion in
adult mice. Astrocytic ATX expression
could have different roles in EAE
pathogenesis via the production of LPA.
As the current dogma/hypothesis suggests,
LPA forms and acts locally while different
effects of LPA in astrocyte physiology
have been suggested via well-established
signal transduction pathways™. In brief,
LPA can induce several of the hallmarks
of reactive astrogliosis such as cytoskeletal
re-organization’*"®,  proliferation”  and
axonal outgrowth™’®. Moreover, LPA has
been reported to modulate astrocytic
glucose uptake® and glycogenolysis™,
suggesting that LPA is involved in
metabolic regulation of astrocytes and
hence to the overall CNS energy
metabolism, due to the central role of
astrocytes in it. Other possible secondary,

indirect effects of astrocytic ATX/LPA
include neuronal differentiation® and
possibly  synaptic transmission®  that
require further exploration.

ATX expression from oligodendrocytes
has a limited role in EAE pathogenesis.
Oligodendrocytes (OLs), which arise
during development from oligodendrocyte
precursor cells (OPCs), are responsible for
axon myelination, i.e. the electrical lipid
insulation necessary for
neurotransmission.  The  characteristic
demyelination in MS is mediated by OL
dysfunction and apoptosis, as well as by
the reduced generation of OLs from OPCs,
resulting in insufficient remyelination,
axonal damage and neuronal loss®.

ATX mRNA levels were found
upregulated during OPCs
differentiation®"%3#*, where was suggested
to regulate process network formation and
focal adhesion organization, independent
of LPA, via its matricellular properties®.
Moreover, ATX/LPA have been shown to
modulate MBP mRNA levels in
differentiating LPAR-expressing OPCs®,
suggesting an additional layer of ATX
effects in OL maturation and axon
myelination.

Given the developmental expression
of ATX from OPCs, we next ablated ATX
in OLs by mating the conditional knockout
mouse for ATX (Enpp2"™* with a
transgenic mouse line expressing the Cre
recombinase under the control of the
MOG promoter (TgMOG-Cre)®’.
MOGEnpp2” mice were born with
mendelian ratios, did not exhibit any
behavioral phenotype, nor any appreciable
effect in CNS gross morphology under
healthy conditions; no major effect in EAE
incidence (Fig. 5A), onset (Fig. 5B) or
cumulative score (Fig. 5C) was observed,
suggesting that ATX expression from OLs
does not have a dominant role in EAE
pathogenesis.



ATX expression from
macrophages/microglia amplifies EAE
severity. Microglia and macrophages are
well recognized as essential players in
CNS diseases including MS, while
macrophage infiltration dominate the CNS
inflammatory ~ response  in  EAE®®,
Differential and even opposing
contributions of infiltrating vs resident
monocytic cells has been reported in
MS/EAE pathogenesis®, although a
consensus has not been reached. Both
resident and inflammatory monocytic cells
are highly heterogeneous and at a constant
dynamic equilibrium with regard to
activation or polarization status®.

Lung macrophages (LysM*) post
bleomycin-mediated epithelial damage
have been shown to produce ATX leading
to LPA production in the bronchoalveolar
space’’, while LPS-mediated TLR
activation of monocytic THP-1 cells also
led to ATX production®. In the CNS,
microglial activation has been shown to
mediate de novo LPA production in a
model of neuropathic pain®. As shown
here (Fig. S2B), a subpopulation of
monocytic (CD68") cells stained for ATX.
To verify ATX expression from
macrophages/microglia upon EAE
induction we performed FACS analysis of
spinal cord homogenates upon EAE
induction®®, that indicated that both
microglial cells (CD45"°"CD11b"), as well
as infiltrating blood derived myeloid cells
(CD45"CD11b") express ATX (Fig. S6 A-
B).

Therefore, and in order to access a
possible role of ATX expression from
macrophages/microglia  in MS/EAE
pathogenesis, ATX was genetically
deleted in these lineages by mating the
conditional knockout mouse for ATX
(Enpp2™?* with a transgenic mouse line
expressing the Cre recombinase under the
control of the CD11lb promoter
(TgCD11b-Cre)®. CD11bEnpp2” mice
were born with a mendelian ratio and had

properly recombined the Enpp2 gene as
qualitatively shown with PCR of DNA
extracted from spinal cord sections (Fig.
6A). Genetic deletion of ATX from
monocytic cells, decreased mMRNA levels
in the spinal cord (Fig. 6B), as well as
ATX activity levels in the plasma (Fig.
6C). CD11bEnpp2” mice did not exhibit
any behavioral phenotype, nor any
appreciable effect in CNS gross
morphology under healthy conditions; no
major effect in EAE incidence (Fig. 6D) or
onset (Fig. 6E) was observed -either.
However, EAE progression in
CD11bEnpp2” mice was significantly
attenuated, with mice presenting with less
disability at the peak of disease (Fig. 6E),
resulting in a decreased cumulative score
(Fig. 6F). Histological analysis of diseased
spinal cords indicated that the genetic
absence of ATX from
macrophages/microglia resulted in
decreased inflammation, as detected with
H/E staining, decreased demyelination, as
detected with luxol staining, as well as
significantly less activated astrocytes
(GFAP"), a hallmark of EAE (Fig. 6G).
Therefore, ATX  expression  from
macrophages and microglia have a major
role in disease pathogenesis, amplifying
the intensity of clinical symptoms.

Notwithstanding the LPA effects in
most neural types™ and focusing on the
likely autocrine effects of ATX/LPA in
monocytic cells, it was recently reported
that LPA stimulated the expression of
F4/80, a  well-known macrophage
activation marker®, in bone marrow-
derived and splenic monocytic (CD11b")
cells®®.  Accordingly, most macrophages
and microglia expressing ATX upon EAE
were positive for F4/80 expression (Fig.
7C), suggesting that the pathogenetic
effect of ATX expression from monocytic
cells in the context of EAE includes their
activation.

Macrophage biology in the CNS
remains understudied and controversial,



however, it is generally accepted that
macrophages and microglia can have
differential roles in the pathogenesis of
CNS disorders®. In EAE, myeloid cells
are thought to have a greater role,
promoting disease onset and progression.
By contrast, microglia have been
suggested to have a beneficial role,
especially in the remitting phase, by aiding
in tissue repair, as well as by inducing the
differentiation of OPCs to OLs, thus
promoting remyelination®. Therefore, the
observed EAE attenuation upon genetic
deletion ATX in CD11b" cells (Fig. 6),
can likely be attributed to the abolishment
of its expression from inflammatory
macrophages. However, further studies are
required, especially since there other types
of CNS resident macrophages, namely
perivascular, meningeal and choroid
plexus macrophages®, that are localized at
sites of high ATX expression.

Conclusions

In this report, we have demonstrated that
ATX levels increase in the spinal cord
upon EAE development in mice, leading
to local increases of LPA levels, strongly
suggesting that the ATX/LPA axis
participates in the pathogenesis of EAE. In
the diseased spinal cord, ATX expression
was localized in activated astrocytes and
its conditional genetic deletion resulted in
embryonic  lethality, thus extending
previous observations on the vital role of
ATX/LPA in embryonic development and
opening new research directions. In the
context of EAE, astrocytic ATX-mediated
LPA stimulation is likely to have autocrine
effects in their metabolism, cytoskeletal
organization and proliferation, as well as
in axonal outgrowth, thus likely promoting
disease development.

More importantly, both macrophages-
microglia upon EAE were shown to stain
for ATX, whereas the majority of ATX
stained monocytic cells also stained for

F4/80, suggesting that ATX/LPA mediate
their activation. Although macrophages
and microglia likely have opposing roles
in EAE development, the overall effect of
the genetic deletion of ATX from
macrophages-microglia was the
attenuation of EAE severity, proving an
overall detrimental role of monocytic-
derived ATX in EAE pathogenesis, likely
though  LPA  mediated  autocrine
macrophage activation, and providing the
proof of principle for pharmaceutical
interventions in MS. Indeed,
pharmacologic potent ATX inhibition was
recently reported to attenuate the
development of EAE®, while the
discovery of novel ATX inhibitors is
booming®.

Besides the autocrine ATX/LPA
effects on macrophages and astrocytes and
the possible secondary effects in other
neural cells”®, LPA can also affect BBB
permeability® "% thus additionally
modulating the entry of inflammatory
mediators in the CNS. Beyond LPA
signaling and effects, ATX has been
reported to have matricellular properties
regulating process network formation and
focal adhesion organization in
oligodendrocytes, thus affecting their
maturation®®. Moreover, ATX has been
shown to be an adhesive substrate for
homing lymphocytes®, thus extending the
possible ATX effects in MS/EAE
pathogenesis.

Materials and Methods
Mice

“All mice were bred under specific
pathogen-free  conditions in  their
respective genetic backgrounds
(C57BI6/J) for over 10 generations at the
animal facilities of the Alexander
Fleming Biomedical Sciences Research
Center. Mice were housed at 20-22°C,
5545% humidity, and a 12-h light-dark



cycle; water and food were given ad
libitum. All reported experimentation in
mice for this project, in line with the
ARRIVE guidelines, was approved by
the Institutional ~ Animal  Ethical
Committee (IAEC) of BSRC Alexander
Fleming (#449) and the Veterinary
service and Fishery Department of the
local governmental prefecture
(#1369/3283/3204).  All  randomly-
assigned experimental groups consisted
of littermate sex- and age-matched
mice.” The generation and genotyping
protocols for Enpp2™ %, Enpp2" %,
TgEnpp2*"* % TgMOG-Cre¥, TgGFAP-
Cre’?,  TgCD11b-Cre®  genetically
modified mice have been described
previously.

Induction of EAE and Clinical
Evaluation. EAE was induced in 10-12-
week-old male mice. Mice were
subcutaneously immunized with 100 pg of
35-55 myelin oligodendrocyte
glycoprotein (MOGs3s 55,
MEVGWYRSPFSRVVHLYRNGK,
GeneCust), emulsified in Freund’s
Adjuvant supplemented with 1mg of heat-
inactivated Mycobacterium tuberculosis
H37RA (Difco Laboratories) to the side
flanks. In addition, mice received two
intraperitoneal injections of 100 ng
pertussis toxin at the time of immunization
and 48h later. Mice were weighed and
monitored for clinical signs of EAE
throughout  the  experiment. EAE
symptoms were scored as follows: 0, no
clinical disease; 1, tail weakness; 2,
paraparesis (incomplete paralysis of 1 or 2
hind limbs); 3, paraplegia (complete
paralysis of 1 or 2 hind limbs); 4,
paraplegia with forelimb weakness or
paralysis; 5, dead or moribund animal. At
the day of sacrifice, blood plasma and
spinal cord tissue were harvested.

Pathology and Immunohistochemistry.
Mouse spinal cords were embedded in

OCT and cryopreserved at -80°C. 7 pm
sections were sliced transversely into
super frost glass slides. Sections were
prepared and rehydrated for Luxol fast
blue staining of myelin and counterstained
with hematoxylin/eosin (H&E) according
to standard protocols®. For
immunocytochemistry, sections were left
to dry and then were fixed in 4%
paraformaldehyde for 20 min at room
temperature.  Sections  were  then
permeabilized with 0.2% Triton-X for 5
min for intracellular antigen detection
wherever it was necessary. Non-specific
antigen sites were blocked with blocking
solution (Zytomed) for 5 min, followed by
addition of appropriate primary antibodies
in 2% BSA at 4°C overnight. All washes
were performed using PBS-Tween 0.05%.
The following day the appropriate
secondary antibody was applied to the
sections for 1h at room temperature,
followed by counter-staining with DAPI
(Fluoroshield  with  DAPI histology
mounting medium, Sigma). The following
antibodies were used: rat anti-mouse
CD68 (1:50, AbD Serotec), rat anti-mouse
F4/80 (1:50, AbD Serotec), rat anti-mouse
CD11b (BD Pharmigen,1:50), mouse anti-
glial fibrillary acidic protein (GFAP) clone
G-A-5-Cy3 (sigma, 1:2000), rabbit anti-
mouse ATX (1:500, Cayman or Sigma),
anti-rat Alexa488 (Abcam, 1:1000), anti-
rabbit Alexa555 (Abcam, 1:1000). All the
appropriate isotype controls were used:
Rabbit IgG, Rat IgG.

Imaging. Histology images were obtained
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 software.
Immunofluorescence images were
captured under a Zeiss Axiovert200
microscope (Carl Zeiss, Oberkochen,
Germany), while confocal images were
captured using a Leica TCSSP5 laser-
scanning confocal microscope. The Leica



LASAF software and Adobe Photoshop
(for contrast, brightness, and color
simultaneous adjustments) were used to
create figures and process images.

Flow cytometry. Mononuclear cell
suspensions of spinal cords were prepared
according to the standard protocol®.
Briefly, spinal cord tissue  was
homogenized with 1X HBSS in the
presence of Golgi Plug (1:1000, BD
Biosciences, San Jose, CA) and passed
through nylon mesh filter for further
dissociation. Monocytes from SCs were
isolated from the interphase of a gradient
isotonic Percoll (30/70%, Sigma) at room
temperature. Single-cell suspensions from
spinal cord were incubated with Fc block
(CD16/32-clone 93, BioLegend) and then
stained  with  fluorescent-conjugated
antibodies for surface markers: Alexa700
anti-mouse CD45 (BioLegend), APC-Cy7
anti-mouse CD11b (BiolLegend) and
phycoerythrin (PE) anti-mouse F4/80 (BD
Biosciences). For intracellular staining,
cells were permeabilized
(Permeabilization wash buffer 10X,
BioLegend) and stained with rabbit anti-
mouse ATX (Cayman), followed by
incubation with a FITC-conjugated anti-
rabbit antibody. The appropriate isotype
control (rabbit 1gG) was used. Data was
collected on a FACsCalibur and analyzed
by Flowlo software (Tree Star, Ashland,
OR).

Immunoblotting. Mouse spinal cords
were flushed from the spinal column, snap
frozen in liquid nitrogen and stored at -
80°C thereafter. Tissue was homogenised
with a glass-glass homogeniser in lysis
buffer containing leupeptin, pepstatin and
phenylmethanesulfonylfluoride. Following
centrifugation at 17000 g the supernatant
(cytoplasmic and soluble proteins) was
collected for analysis with western
blotting.  Protein  concentration  was
determined with the Bradford assay using

a standard curve of BSA (0,125-2mg/ml).
Proteins were separated by 8% SDS-
PAGE and transferred to Protran
nitrocellulose membranes (GE Healthcare,
Bucks, UK) using the Trans-Blot SD
Semi-Dry Transfer system (Bio-Rad
Laboratories, CA, USA). Primary anti-
ATX Ab incubation (monoclonal 4F1,
1:1000, unless otherwise specified) was
performed overnight in 2.5% (wt/vol) non-
fat milk at 4°C. The membranes were then
washed three times with TBS-Tween
0.05% and incubated with an anti-rat
HRP-conjugated secondary Ab (1:1000)
for 1 h at room temperature. Membranes
were washed three times with TBS-Tween
0.05%, and antibody-antigen complexes
were revealed using luminol as a
chemiluminescent reagent.

ELISA. To quantify ATX in CSF,
duplicate samples and standards in coating
buffer (0,012M NaCO; and 0,028M
NaHCO;, pH 9,6) were incubated
overnight at 4°C. Samples were diluted
1:100 after titration was performed.
Custom made autotaxin (ENPP2-8H,
AGF06181012) (Ascent Gene, MD, USA)
at concentrations (100-3.125) ng/ml was
used to construct a linear standard curve.
After blocking for 1.5 hours with 1.5%
BSA in PBS-T, samples were incubated
with a-ATX rabbit anti-mouse antibody
1:1000 (10005373, Cayman, Tallinn,
Estonia) for 1 hour. The a-ATX antibody
was detected with an a-rabbit HRP
conjugated antibody 1:2000 (4010-05,
Southern Biotech, AL, USA). Colour was
developed using TMB  (3,3’,5,5’-
Tetramethylbenzidine, A7888, Sigma,
USA). The reaction was stopped with 2M
H,SO, and readings were obtained at
450nm.

RNA extraction and Q-RT-PCR
analysis. Mouse spinal cords were flushed
from the spinal column, snap frozen in
liquid nitrogen and stored at -80°C
thereafter. RNA was extracted from SC



tissue with Tri Reagent (Molecular
Research Center, OH, USA) and treated
with DNAse (RQ1 RNAse-free DNAse,
Promega,Wis, USA) in accordance to the
manufacturer’s  instructions.  Reverse
transcription of 3.5ug isolated RNA was
achieved with M-MLV reverse
transcriptase (M1705, Promega, WI, USA)
following the manufacturer’s instructions.
Real-time PCR was performed on a
BioRad CFX96 Touch™ Real-Time PCR
Detection System (Bio-Rad Laboratories
Ltd, CA, USA). Values were normalized
to the expression values of hypoxanthine-
guanine phosphoribosyltransferase
(HPRT). The sequences and product
lengths of Q-RT-PCR primers can be
found at Appendix Table S1.

ATX activity (TOOS) and HPLC
MS/MS. ATX activity in plasma samples
was measured with the TOOS assay as
previously described'®. Lipidomics in
plasma and spinal cord tissue samples was
performed in a RSLCnano system coupled
with an LTQ Orbitrap XL mass
spectrometer as previously described.

Statistical analysis. In EAE, statistical
significance at specific timepoints between
experimental groups was assessed with
Mann-Whitney Rank Sum Test using
SigmaPlot 11.0 (Systat Software, IL,
USA). Otherwise, one-way ANOVA or
student t-test were used. Values are
presented as means (tSEM). * indicates a
statistical significance difference between
groups (p <0.05).
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Table 1. ATX (Enpp2) deletion from astrocytes (GFAP® cells) results in
embryonic lethality. The expected and observed genotypes from mating the
conditional knockout mouse for ATX (Enpp2™ with a transgenic mouse line
expressing the Cre recombinase under the control of the GFAP promoter (TghGFAP-
Cre).

@ Cre*" Enpp2™ @ Cre” Enpp2™ Q Cre” Enpp2™ Q Cre™ Enpp2™
& Cre™ Enpp2™ & Cre*" Enpp2™ & Cre*" Enpp2™ & Cre™ Enpp2™

genotype No %* No %* No %* No %*
Cre™ Enpp2™ | 10 | 14.71(25) 1 1.82 (25) 0 0 (12.5) 0 0 (12.5)
Cre*"Enpp2™ | 46 | 67.65(25) | 26 47.27 (25) 22 31.43 (25) 12 | 2353 (25)
Cre” Enpp2*™* | 0 0 (0) 0 0 (0 12 | 17.14(125) | 18 | 35.29 (12.5)
Cre"Enpp2™ | 12 | 17.65(25) | 22 40.00 (25) 13 | 18.60(125) | 10 | 19.61(12.5)
Cre” Enpp2™ 0 0 (25) 6 10.91 (25) 19 27.14 (25) 1 1.96 (25)
Cre” Enpp2*™ | 0 0 (25) 0 0 (0 4 5.71 (12.5) | 10 | 19.61 (12.5)
Total 68 | 100 (100) | 55 100 (100) 70 | 100 (100) | 51 | 100 (100)

%*: observed (expected); Cre: hGFAP-Cre
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Figure 1. Increased ATX levels during EAE pathogenesis. (A) Schematic representation of the EAE
protocol. Mice were weighted (B) and monitored for clinical signs of EAE (C) throughout the
experiment. (D) Q-RT-PCR analysis of total ATX (Enpp2) mRNA levels (with two different set of
primers), as well as of the ATX brain-specific y isoform in whole spinal cord lysates (n=7/group). (E)
Densitometry analysis of ATX protein levels as detected with western blot in spinal cord homogenates
(Fig. S2A). Expression was normalized to the levels of p-tubulin. (F) Representative
immunofluorescent staining of spinal cords from mice sacrificed at different time points post
immunization with an anti-ATX ab. (G) CSF ATX protein levels (n=4-5/group) and (H) plasma ATX
activity (nmol/min/ml) as measured with the TOOS assay (n=7/group). (I) Q-RT-PCR analysis of total
ATX mRNA levels and (J) plasma ATX activity (nmol/min/ml) in mice treated with saline or PTx
(n=4/group). All values are presented as mean (+SEM); Statistical significance between experimental
groups was assessed with one-way ANOVA complemented with Bonferroni or Dunn's multiple pair
test or Student t-test accordingly (I and J); *p<0.05.
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Figure 2. Increased LPA levels during EAE pathogenesis. (A) Heat map of LPA and LPC species
levels as measured with HPLC/MS/MS in plasma (h=10-12) and tissue (n=5) of mice upon EAE
pathogenesis. Total LPA (B-C) and LPC (D-E) levels in spinal cords and plasma respectively. All
values are presented as mean (+SEM), normalized to the corresponding values of naive mice.
Statistical significance between experimental groups was assessed with one-way ANOVA
complemented with Bonferroni or Dunn's multiple pair test accordingly; *p<0.05
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Figure 3. Systemic fluctuations of ATX/LPA levels do not affect EAE development. (A) EAE
incidence in Enpp2*" mice (50% of normal serum ATX/LPA levels) and littermate controls (Enpp2*'*,
n=13/group). (B) Clinical score of Enpp2*" and Enpp2™* mice. (C) Cumulative score of EAE
progression in Enpp2*" mice and littermate controls. (D) Incidence of EAE development in
TgEnpp2*™* mice (200% of normal serum ATX/LPA levels) and TgEnpp2” littermate controls
(n=16/group). (E) Clinical score and (F) Cumulative score of TgEnpp2** and TgEnpp2™. Values are
presented as mean (= SEM). Statistical significance between experimental groups was assessed with

Mann-Whitney Rank Sum Test (B and E) or Student t-test (C and F); *p<0.05.
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Figure 4. ATX and astrocytes (GFAP™). (A) Confocal images of double immunofluorescent staining
for ATX and GFAP™ at EAE lesions reveal colocalization. (B) Genetic deletion of ATX from

astrocytes (GFAP+) results in embryonic lethality. hGFAPEnpp2” and control embryos at E12.5 and
E10.5.
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Figure 5. ATX expression from oligodendrocytes (MOG™) has a limited role in EAE pathogenesis.
(A) EAE incidence in MOGEnpp2”~ mice and littermate controls. (B) Clinical score in MOGEnpp2”
and littermate controls. (C) Cumulative score of EAE progression in MOGEnpp2™ mice and littermate
controls. Values are presented as mean (= SEM); (n=18/group). Statistical significance between

experimental groups was assessed with Mann-Whitney Rank Sum Test (B) or Student t-test (C);
*
p<0.05.
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Figure 6. ATX expression from macrophages/microglia amplifies EAE pathogenesis. (A) PCR
analysis indicates accurate recombination in CD11bEnpp2” mice. (B) Q-RT-PCR analysis of Enpp2
mRNA levels in the spinal cords of CD11bEnpp2” mice and control littermates (n=4/group). (C)
plasma ATX protein levels (n=7/group). (D) EAE incidence in CD11bEnpp2” mice and control
littermates (n=5-10). (E) Clinical scores of the same mice. (F) Cumulative scores of EAE progression
of the experimental groups. (G) Representative H/E and Luxol fast blue stained spinal cord sections
and immunofluorescent staining for GFAP™ cells. Values are presented as mean (= SEM). Statistical
significance between experimental groups was assessed with Mann-Whitney Rank Sum Test (E), one-

way ANOVA complemented with Bonferroni multiple pair test (F) or Student t-test (B and C); *
p<0.05.
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Figure 7: ATX is expressed by activated macrophages and microglia. Representative flow
cytometry profile from spinal cord suspension prepared from EAE (d15) and naive mice. (A)
CD45/CD11b FACs plot of EAE and naive mice following forward scatter and side scatter gating and
doublets exclusion from CD45" cells. lymphoid cells: CD45"CD11b’; microglia: CD45°“CD11b";
myeloid cells: CD45"CD11b*. (B) Representative ATX expression in microglia and macrophages in
EAE and naive mice and isotype staining control. (C) F4/80 expression in ATX" cells (n=3-4/group).
Statistical significance between experimental groups was assessed with one-way ANOVA
complemented with Bonferroni multiple pair test. * p<0.05.
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Figure S1. Deregulated expression of genes involved in phospholipid homeostasis. Q-RT- PCR
analysis of (A) lipid phosphatases, (B) LPA receptors, (C) PLA2 isoforms, (D) Cox-1/2, (E) Tnf-a and
11-6, (F) Tgf-b and 11-10 and (G) collagens (collal, col3al, col4al). Values are presented as mean (£
SEM); n=7/group. Statistical significance between experimental groups was assessed with one-way
ANOVA complemented with Bonferroni or Dunn’s multiple pair test; *p<0.05.
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Figure S2. Increased ATX levels during EAE pathogenesis. (A). Representative western blot (out of
three) of ATX expression in whole spinal cord lysates from mice upon EAE pathogenesis. Cumulative
densitometry results are shown in Fig. 1E. (B) Representative immunofluorescent staining of spinal
cords from mice sacrificed at different time points post immunization. 7um sections were stained with
an anti-ATX ab (sigma) and the nuclei were counter-stained with DAPI. (C) Double
immunofluorescent staining for ATX and GFAP* or CD68" at EAE lesions.
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Figure S3. Increased levels of sphingomyelins, ceramides and unsaturated fatty acids during
EAE pathogenesis. (A) Heat map of sphingomyelins, ceramides and unsaturated fatty acids
species measured with HPLC MS/MS in spinal cord tissue (n=5) of EAE mice compared with naive.
Values are the mean of each group.



