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NONT! AE KAl EWIOPKOYNTI TANANTIA TOYTENN.
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INMOKPATEIOZ OPKOZ
META®PAZH

«OPKIZOMAI ZTO OEO OTI GA EKIMAHPQZQ TON OPKO MOY AYTO KAI TO
2YMBOAAIO AYTO ZYM®ONA ME TH AYNAMH MOY KAI THN KPIZH MOY OTI
OA OEQPQ EKEINON TMOY MOY AIAA=ZE THN TEXNHN AYTH IXON ME TOYZX
FONEIZ MOY. OTI A XPHZIMOMNOIHZQ TH OEPATMEYTIKH AIAITA MONO TI1A
Q®EAEIA TON APPQZTQON, OzO E=APTATAI ANO TH AYNAMH KAI THN KPIZH
MOY, KAl (YNOZXOMAI OTI) ©A TOYZ MNPOD®YAA=Q AMNO KAGE BAABH KAl
AAIKIA. AEN A XOPHIMHZQ ©GANATH®OPO PAPMAKO >E KANENAN, OO0 KAl AN
NMAPAKAHOQ, OYTE KAI ©A YMNOAEI=Q TETOIA ZYMBOYAH. EMNIZHZ AEN OA AQzZQ
2E T'YNAIKA ®APMAKO EKTPQTIKO, AITNH KAl KAOAPH OA AIATHPHZQ TH ZQH
MOY KAl THN TEXNH MOQOY. ZE OzA ZIITIA NMPOXKAAOYMAI, ©A MIMAINQ INA TO
KAANO TON APPQZTQON, KPATONTAX TON EAYTO MOY MAKPIA AlNO KAOGE
OEAHMATIKH AAIKIA H AAAH AIA®OOPA KAI MNMPO MNMANTQN MAKPIA AMNO KAGE
ADPOAIZIAKH MNMPA=H. OXA AE KATA TH AIAPKEIA THZ OEPATEIAZ ©A AQ H OA
AKOYZQ, 'H KAI MEPA AMNO TIZ AZXOAIEZ MOY 2THN KAOHMEPINH ZQH, O>A AEN
MPEMElI TOTE NA KOINOAOIOYNTAI 2TOYZ E=Q, O©A TA AlOzZIQMNQ,
YTMOAOTIZONTAZ OTI AYTA EINAI IEPA MYZTIKA. OzO AOINON ©GA THPQ TON
OPKO MOY AYTO, KAI AEN OA TON MAPABIAZQ EIOE NA METYXAINQ ZTH ZQH KAI
2THN TEXNH MOY, EXONTAZ KAAO ONOMA TIANTOTE ANAMEZA 2zTOYZ
ANOPQIOYZ, EAN OMQZ TON [APABQ KAI TINQ EMIOPKOZ, NA MAGQ TA
ANTIOETA. AIAONTAZ AYTON TON OPKO EYXOMAI NA EXQ TH BOHGEIA TOY
OEQY 2TH ZQH MOY».
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MpéAoyog
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avoxn, TNV Karavonorn Kal Tn CUPTTOPAoTacn K HEPOUG TOU.

Oa nbeAha va euxapiotTiow T0 d1EuBuvTh TNG A" KAIVIKAG €vTaTIKAG BepaTreiag K.
Zakuvlivé Zmupo. EmmmAéov, Ba ABeAa va esuxapiothiow Tov emiAémovia K. Opgavd
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Anpotrouhou lwévva-Mapia, KaBnyAtpia, Pouton XpioTiva, KabnynTpia, BaciAsiddn
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Emiong, 8a ABeAa va euxapioTiow Bepud OAOUG TOUG OUVOOEAPOUG HE TOUG
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OAa Ta etireda. H okéwn pou gival atn pvrjun Tou giAou Kal cuvadEéApou AIOAETN BayyEAn
TTOU €QUYE TOCO VWPIG Kal AdIKA.

KAgivovTag, Ba f1BeAa va euxapioTAcw oASWUXa TNV OIKOYEVEIG OU KAl TOUG QiAoug

MOU yia TNV aydTrn Kal TNV UTTooTAPIEN OAa autd Ta Xpdvia.

AyyeAIKA
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MepiAnyn

H autotagivn (ATX, Enpp2) ival pia ekkpivopevn Aucopwo@oAittdon D n oTroia BpiokeTal
o€ d1a@opa BloAoyikd uypd, CUPTTEPIAOUBAVOUEVOU TOU QiaTOG. ATTOTEAET TO KUPIO £VCUO
TTOU KOTOAUEI TN PETATPOTTH TNG Auco@wo@aTiduhoxoAivng (LPC), evdg ouoTaTikoU Twv
KUTTAPIKWY UEUBpavWV, o€ Aucopwo@aTidikd ogu (LPA). To LPA cival éva BlodpaoTiKo
PWOPOAITTIOIO, TO OTTOI0 OMOIACElI PHE TN ASITOUPYIO TWV AUENTIKWY TTOPAYOVTWY KI ETTAYEI
MIa TTANBWPA KUTTAPIKWY OTTOKPIoEWV 0€ OAOUG OXeDOV TOUG KUTTAPIKOUG TUTTOUG. H
MeTaywyr ofjpaTtog atrd 10 LPA diapecohafeital amrd TouldyioTov €1 uttodoxeic Tou LPA
ouleuypévoug pe G mmpwreiveg (GPCRs). O1 uttodoxeic Tou LPA (LPARS) éxouv eupeia
Katavoun, evw TTapouaidfouv aAAnAeTTIKaAuTITOpEVN e€cidikeuon. H ékppaon Tng ATX kai
n TTapaywyn Tou LPA cival atmrapaitnTeg otnv €uPBpUIkn avamTugn, kabuwg xel deixBei OTI N
KaBoAIKr yeveTikry atraloipr] Tng ATX aT1o éufpuo odnyei oTo BAvaTto Tou guppuou Adyw
BA&BNG oTa ayyeia kal 010 veupikd owAnva. Ztnv evAAikn {wnA n ATX mmapouciddlel eupeia
£K@paon o€ OAOUG TOUG I0TOUG, VW £XEl BpeBei auEnuévn o€ ApKETEG XPOVIEG PAEYHOVWOEIG
TTaBroeIg aAAG Kal OTOV KapkKivo. Z& (wIKA JOVTEAQ aaBeVEIWV, N UTTO OPOUG GTOXEUMEVN
yeveTiKr atraAoipn Tng ATX kaBuoTépnoe TNV avatTuén tng peupaTocidoug apBpitidag, TNG
TIVEUMOVIKAG ivwong Kal TOU NTTATOKUTTAPIKOU KAPKIVWHUATOG, UTTODEIKVUOVTAG évav TTIBavo
poAo Tng ATX oTtnv TTaBoyéveia Twv TTAPATIAVW VOoWV. AedopévnNG TNG EUTTAOKNG TOU
agova onuatodotnong ATX/LPA og TToAAéG TTaBoAoyYIKEG KaTaoTAoEIG, N ATX PTTOpEi va
BewpnBei w¢ évag TBAVOS PAPHAKEUTIKOG OTOX0G OTN XPOVIA GAEYHUOVH KAl TOV KOPKIVO.
MNa 10 Adyo auTo PEXPI OTIYHNAG £XEl TTapaxBei évag peydAog aplBuog avacToAéwy TG ATX,
EVW 0 TTPOCBIOPIoUSGS TNG KPUOTAAAIKNG SOMNG Tou evEUOU ETTITPETTEI TO OXEOIOOHO VEWVY
Papudkwy. ZTNV TTapouca epyacia deixbnke OTI n eTTayOPEVN KABOAIKR YEVETIKRA aTTaAOIPN
NG ATX OTOV €VAAIKO TTOVTIKO, KABWG KAl N 10XUPr GAPHOKOAOYIKA avaoToAR Tng, €ival
KOAQ QVEKTEG, XWPIG VO ETTIPEPOUV ETTITITWOEIS OTOV OPYAVIOHO, ATTOTEAWVTAG Mia EvOEIgn
OTI N BepaTreuTikn oTOXEUON TNG ATX dev gival TOGIKN yIa TO EVAAIKO TTOVTIKI. ZUYKEKPIPEVQ,
n yevetikn e€dAeiyn tng ATX dev gixe wg amotéAeopa kdmoia emBAaBr) aAAayr] oToug
KUTTOPIKOUG TTANBUCPOUG TOU aipatog fi oTn QuOIoAOYIKA A&IToupyia Tou RTTOTOG, TOU
TAYKPEATOG 1 Twv  Vveppwyv. EmmAéov, n Tapatetapévn  XopHynon  uywnAwv
OUYKEVTPWOEWY avaoToAéwv TNG ATX dev emméepe atmwAeia BApoug oTa TTOVTIKIA, OUTE
IoToTTaBoA0YIKEG aAAayEG o€ 13 KUpia 6pyava. Ooov apopd atnv eutrAokr Tng ATX otnv
TTaboyEveon TNG CUCTEUIKAG QAEYPOVNG, av Kal dia@avnke évag eIRBAABAS poAog Tng ATX
oTnv emayopevn ammd 10 LPS ouoTepikn @Aeypovr, dev rtav duvatr n egaywyr €vog

Baoiyou cupTrEpAoPaTOG, dedoEVNG TNG TTOAUTTAOKOTNTAG TNG ORWNG.
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Abstract

Autotaxin (ATX, Enpp2) is a secreted lysophospholipase D widely present in biological
fluids including blood. ATX is the major enzyme catalysing the production of
lysophosphatidic acid (LPA) by hydrolysis of lysophosphatidylcholine (LPC), a cell
membrane component. LPA is a bioactive, growth factor-like lysophospholipid promoting a
large variety of cellular responses in almost all cell types, mediated from at least six G-
protein coupled LPA receptors (LPARs) that exhibit overlapping specificities and
widespread distribution. ATX expression and LPA production were shown to be necessary
for embryonic development, as ubiquitous genetic deletion of ATX resulted to vascular and
neuronal defects leading to lethality. In adult life, ATX is widely expressed and upregulated
levels have been reported in various chronic inflammatory diseases and cancer.
Conditional genetic deletion of ATX attenuated the development of rheumatoid arthritis,
pulmonary fibrosis and hepatocellular carcinoma in mouse models, suggesting a primary
role in disease pathogenesis. Taking into account the involvement of ATX/LPA signaling in
various pathological conditions, ATX has emerged as a promising therapeutic target in
chronic inflammatory diseases and cancer. As a result, a large number of ATX inhibitors
have been developed. Moreover, the crystal structure of ATX was solved enabling rational
drug design. Here it is reported that inducible, ubiquitous genetic deletion of ATX in adult
mice, as well as its potent pharmacologic inhibition, are well tolerated, alleviating potential
toxicity concerns of ATX therapeutic targeting. In more details, genetic ATX ablation
appeared to have no major effects neither in the hematopoietic system nor in tissue
homeostasis exhibiting no deleterious changes indicative of liver, kidney, or pancreatic
function. High dosing of ATX inhibitor for a prolonged period resulted in no weight loss of
mice or histopathological changes in 13 major organs examined. As it pertains to the
involvement of ATX in the pathogenesis of systemic inflammation, despite a detrimental
role of ATX in LPS-induced systemic inflammation, current results were relatively

inconclusive, rendering a valid conclusion unsafe, reflecting the complexity of sepsis.
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ZUVTOMOYPAPIES

AC adenylyl cyclase, adevuAikr] KUKAGON

AGPAT 1-acylglycerol-3-phosphate O-acyltransferase, akuAtpavo@epdon Tng 3-
PWOPOPIKAG AKUAYAUKEPOANG

Akt PKB protein kinase B, TTpwrTeivikr Kivaon B

ALDH1 aldehyde dehydrogenase 1, aAdeUdIkr apudpoyovdon 1

ALI, acute lung injury, xpovia TTveupoviKr BAGRN

ALR AIM2-like receptor (absent in melanoma 2), utrodoxéag 1mou opoladel otnv AIM2
TTPWTEivn, n otroia avayvwpilel kal TTpocdéveTal aTo dikAwvo DNA

aPC anticoagulant protein C, avTiTTnkTIKr TTpwTeivn C

ASC apoptosis-associated speck-like protein containing a CARD domain, TrpwT€ivn 10U
OXETICETAI PE TNV ATTOTITWON Kal TTEPIEXEI Wia TTepioxry CARD

ATM serine/threonine protein kinase, Kivaon cepivng/Bpeovivng

ATX autotaxin, autotagivn

AUF1 AU-rich element RNA-binding protein 1, Heterogeneous nuclear ribonucleoprotein
DO (HNRNPD), Tpwrteivn Tou TTpocdével To RNA

BALF bronchoalveolar lavage fluid, BpoyxokuweAIdIKO EKTTAUMO

BAT brown adipose tissue, Ka@¢ ATTwdng 10T6G

BMP2 bone morphogenetic protein 2, JOP@QOYEVETIKA TTPWTEIVN TWV 00TWYV 2

BrP-LPA a-bromomethylene phosphonate LPA, avraywvioTig tng ATX Kal OAwv Twv
uttodoxEéwv Tou LPA

CAFs cancer-associated fibroblasts, IvoBAdOTEG TTOU OXETICOVTAI PE TOV KAPKIVO

CAMP cyclic adenosine monophosphate, KUKAIKA] HOVOQWOQOpPIKI adevoaivn

CARD caspase activating and recruiting domain, Trepioxr) TTPOGEAKUCNG KI EVEQYOTTOINONG
NG KaoTTdong

CASP colon ascendens stent peritonitis, povréAo onwng pe TTpOKANCN TTEPITOVITIOAG HE
evOOQUAIOKK) TTp6Beon

CL cecal slurry, yovtéAo ofyng ue evOOTTEPITOVAIKI) XOPryNnon TTEPIEXOMEVWYV TOU TUPAOU
CLD cronic liver disease, xpovieg NTTATOTTAOEIES

CLP cecal ligation and puncture, povtéAo onwng pe atmoAivwaon kal vién Tou TUQAoU
COX-2 cyclooxygenase-2, kukhooguyevaaon 2

cPA cyclic phosphatidic acid (1-acyl-sn-glycerol-2,3-cyclic phosphate), KukAIk6
Qewo@aTidIKd oguU

CRI cancer-related inflammation, ¢Aeyuovr] TTou OXETICETAI JE TOV KAPKIVO

DAG diacyl glycerol, diakuhoyAukepOAn

DAMPs danger associated molecular patterns, popiakd poTiBa Biogopiwy Tou &evioTA
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DIC disseminated intravascular coagulation, didotrapTn evdoayyeiakh TMEN

ECM extracellular matrix, eEwkuttapia BepéAia ouaia

EDG endothelial differentiation gene, yovidio diagopoTtroinang evoodnAiou

EGFR epidermal growth factor receptor, uttodoxéag Tou €TTIOEPUIKOU auEnTIKOU
TTapdyovta

ENPP2 ectonuclease pyrophosphatase phosphodiesterase, egwvoukAedon,
TTUPOPWOPATACT], PWOPOBIECTEPATN

EPO erythropoietin, epuBpoTroinTivn

ESI electrospray ionization, TEXVIKI 10VIOHOU UE NAEKTPOWEKACHO

FAK focal adhesion kinase, Kivion Tupocivng TTou EUTTAEKETAI OTNV KUTTOPIKI)
TIPOCKOAANGCN

FcR fragment crystallization region receptor, uttodox£ag TTou TTPoodEvel TNV FC TTEPIOXA
TWV AVTICWPATWY

FGF fibroblast growth factor, au¢nrikég mapdyovrtag IvoBAAoTwY

G-CSF granulocyte colony-stimulating factor, mapdyovTag emaywyng aTroikiag
KOKKIOKUTTApWYV

GM-CSF granulocyte macrophage colony-stimulating factor, mapé&yovrtag emraywyng
QTTOIKIOG KOKKIOKUTTAPWY KAl JOKPOPAY WV

GPCR G protein-coupled receptor, utrodoxéag mou culedyvuTal he G TTpwTEiveES

HCC hepatocellular carcinoma, NTTatoKuTTAPIKO KapKivwua

HEVs: high endothelial venules, peydAa evoobnAiaka @AeRidia

HIF1a hypoxia-inducible factor 1a, mapdyovrtag utrogiog 1¢

HMGB1 high-mobility group box 1

HuR (human antigen R), rpwrteivn TTpdadeong ato RNA

IFN interferon, ivtep@epdvn

IL-18 interleukin-1(, vtepAeukivn 13

iINOS inducible nitric oxide synthase, erayouevn ouvBdon Tou povoéeidiou Tou alwTou
IPzinositol triphosphate, TpIpwo@OpIKA IVOCGITOAN

IPF idiopathic pulmonary fibrosis, 1810TTa8RG TTVEUPOVIKN ivwon

IRAK IL-1 receptor associated kinase, Kivaon 1Tou oXeTi¢eTal pe Tov uttodoxéa 1ng IL-1
IRF3 interferon regulatory factor-3, puBuIoTIKOG TTapdyovTag 3 TNG IVTEPPEPOVNG

JAK Janus kinase, kivaon JAK

LBP LPS-binding protein, rpwTeivn TTou TTpocdéveTtal oto LPS

LIPH PA-PLA1a, PA-c1BIKA wao@oAirtaon Axa

LIPI lipase member | PA-PLA4B, PA-€181kr} ewao@oAittaon Aafd

LPA lysophosphatidic acid (1-acyl-2-hydroxy-sn-glycero-3-phosphate), Auco@wo@aTidIKo

o&u
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LPAAT LPA acyltransferase, akuAtpavo@epdon Tou LPA

LPAR LPA Receptor, uttodoyxéag Tou LPA

LPC lysophosphatidylcholine, Auco@wao@aTtiduhoxoAivn

LPE lysophosphatidylethanolamine, Auco@wao@atiduhoaiBavoAapivn

LPS lysophospatidylserine, Aucogwao@aTtidulooepivn

LPS lipopolysaccharide, AirtotTtoAucakxapitng

LPP lipid phosphate phosphatase, wo@atdon Twv Quwo@oAITTIdiwV

Lyso-PLD lysophospholipase D, Auco@wo@oAittdon D

MAG monoacyl-glycerol, povodkuAoyAukepdAn

MCP-1 monocyte chemoattractant protein-1, TpwTeivn XNUEIOTTPOTEAKUCNG
HMOVOKUTTAPWYV

M-CSF macrophage colony-stimulating factor, TTapdyovtag £maywyng atmoIkiag
MOaKPOPAYwWV

MIF macrophage migration inhibitory factor, map&yovrag avacToAig HeTavaoTeEuong
MOaKPOPAywV

MMP matrix metalloproteinase, petaAAoTTpwrEivdoeg TNG BepéAiag ouaiag

MyD-88 Myeloid differentiation factor 88, MueAo€idr¢ TTapdyovTag diagpopoTroinong 88
NAFLD nonalcoholic fatty liver disease, un-aAKooAIKA AITTwdng NTTATIKr vOC0g

NASH nonalcoholic steatohepatitis, un-aAKOOAIKr} GTEATONTTATITION

NETs neutrophil extracellular traps, eEwWKUTTAPIKESG TTAYIOEC OUBETEPOPIAWYV

NFAT1 nuclear factor of activated T cells, TTupnvikdg TTapAyovTag TwV EVEPYOTTOINKEVWY
T kuTTGpwV

NF-kB nuclear factor kappa-light-chain-enhancer of activated B cells, Tupnvikég
METAYPAPIKOG TTAPAYOVTOG

NLR nucleotide-binding oligomerization domain (NOD)-like receptor, uttodoxéag TTou
opoIagel ue Tnv TrepIoxr) NOD

NLRP3 nucleotide-binding domain, leucine-rich-containing family, pyrin domain-
containing-3

Nrf-2 (Erythroid-derived 2)-like-2 nuclear factor 2, TTupnvikog peTaypa@ikdg Tapdyovtag
NUC nuclease domain, repioxr pe Opdon VOUKAEAONG

PAF platelet-activating factor, mapdyovtag evepyoTtroinong aioTreTaAiwy

PAI-1 plasminogen-activator inhibitor type-1, avactoAéag TOTTOU 1 TOU EVEQYOTTOINTH) TOU
TTAQCIVoyévou

PAMPs pathogen associated molecular patterns, popiakd poTtifa cuvtnpnuéva o€
TTaboyoéva

PAR1 protease-activated receptor 1, utTTod0x£0G TTOU EVEPYOTTOIEITAI ATTO TTPWTEACH

PC phosphatidylcholine, pwo@aTtiduloxoAivn
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PDE phosphodiesterase domain, trepioxr Je 6pAaan euoPodIEaTEPACNG

PE phosphatidylethanolamine, pwao@aTtiduAoaiBavoAapivn

PI3K Phosphatidylinositol-4,5-bisphosphate 3-kinase A phosphatidylinositol-3-kinase,
Kivaon NS 3 @wo@aTidIKrG IVOCITOANG

PKC protein kinase C, mpwrteivikA kivéon C

PKR RNA-dependent protein kinase, RNA-£¢apTwuevn TTPWTEIVIKA Kivaon

PL phospholipid, pwao@oAitidio

PLA phospholipase A, pwo@oAirraon A

PLC phospholipase C, pwo@oAirtaon C

PPs Peyer’s patches, Aep@ocidr] BUAGKIa OTO EVTEPO, KUPIWG OTN VAOTIOA Kal ToV €IAEO
PPARYy peroxisome proliferator-activated receptor gamma, TTupnvikdg uttodox£ag
PRR pattern-recognition receptor, utrodox£ag 1Tou avayvwpifel PAMPs kai DAMPs
PS phosphatidylserine, puwo@aTtidulooepivn

RAGE Receptor for advanced glycation end products, utrodox£éag

ROCK Rho-associated kinase, kivaon 1ng Rho

ROS reactive oxygen species, evepyég pieg oEuyovou

S1P sphingosine 1-phosphate, 1-puwo@opIkr a@iyyoaivn

SFs synovial fibroblasts, apBpikoi IvoBAdoTeC

SIRS systemic inflammatory response syndrome, cUvdpou0 GUOTENIKAG QAEYHOVWOOUG
aTTOKPIONG

SNPs single nucleotide polymorphisms, TTOAUPOP@ICHOI VOGS VOUKAEOTISIOU

SMB somatomedin B-like domain, trepioxr) cwuaropedivng B

SP signal peptide, anuaTtodoTiké TTETTTIO0

SPC sphingosyl-phosphorylcholine, a@iyyoouA-@uwo@opuA-xoAivn

SPF specific pathogen-free, eykaTtaoTAoEIG avaTPOPRG TTEIPAUATOLWWY ATTAAAQYUEVES
atrd TTaBoyOVoUG TTAPAYOVTEG

STATS3 signal transducer and activator of transcription 3, petaypa@ikdg mapdyovrag
T3SS Type lll secretion system, ekkpITIkG oUoTnpa TUTTOU Il Twv Gram apvnTIKWY
Baktnpiwv

TCR T-cell receptor, uttodoxéag oTnv €mM@AVEIA TwV T AEUPOKUTTAPWYV

TGF-B transforming growth factor B, aug¢nTikdg TTapdyovTag JETAOXNKOTIOUOU

TIR Toll/IL-1 receptor homology domain, Trepioxfi opdAoyn pe Tov uttodoxéa Tng IL-1
TIRAP TIR domain-containing adaptor protein, mpwrteivn mpooapuoyéag tou TIR

TLR Toll-like receptor, uttodox€ag Tmou opolddel e Tnv Tpwrteivn Toll

TNF tumor necrosis factor, TTapdyovtag vékpwong OyKwv

TRAF TNF receptor-associated factor-6, pwreivn Tou oxeTieTal e Tov UTTOSOXEQ TOU
TNF
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TRAM TRIF-related adaptor molecule, pépio Tpocapuoyéag mou oxeTifetal pe Tov TRIF
TRIF TIR receptor-inducing interferon-beta, uépio TTpocapuoy£ag TToU GXETICETAI UE TOV
TIR ki eTrayel TNV IFN-B

VEGF vascular endothelial growth factor, evdo8nAiakog augntikég TTapdyovTag Twv
ayyeiwv

WAT white adipose tissue, AcUKOG AITTwdNG 10T6G
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1. Eicaywyn

A’ Mépog. O poAog Tng ATX oTnv evijAikn puoioAoyia

1.1. ATX

H autotagivn (ATX, Enpp2) civail éva TuTTou |l diapepBpavikd eEwéviupo 125 kDa pe TTOANEG
OOUIKEG TTEPIOXEG.

1.1.1. Mapaywyn Tng ATX

H ATX mapdayetal wg éva TTpoTTpo-£vCUo, To oTroio JETG atrd N-yAukoouAiwon kai
TIPWTEOAUTIKI] wpidavon atmmeAeuBepwveTal atmmd To KUTTAPO OTO £§WKUTTAPIO TTEPIBGAAOY
ME aTmroKOTI) OTO OwdEéKaATO apIivolu atrd Tn diauepBpaviky TTepioxy Tou ev{Uuou,
akoAouBwvTtag TNV KAaoIKN TTopeia ékkpiong. H avBpwtmvn ATX kwdikoTroigital atrd 10

yovidio Enpp2 Stracke, et al. 125,

1.1.2. Biohoyikég dpaoeig TNG ATX- KataAuTikEG 1816TNTEG

H autotagivn (ATX, Enpp2) gival évag auTokpIVAG TTAPAYOVTAG TTOU ETTAYEI TNV KIVATIKOTATA,
ue dpaon QwoeodieaTepdong Kal TTupopwaatdong . Emiong, n ATX mapouaiddel Kai
OpaoTIKOTNTA AucoQWao@oAITTaong D, kataAuovtag Tnv udpdAucn Tng EEWKUTTAPIKAG
Aucopwao@atiduloxoAivng (lysophosphatidylcholine: LPC), o€ Auco@wo@aTid®IKO 0&U
(lysophosphatidic acid: LPA) (Eikéva 1.1) 78, Alayovidiakd TTovTikia eTepOluya w¢ TTPOS TO
yovidio Tng ATX, ata otroia N ATX £xel amevepyoTroinBei yeveTikad aTo éva aAAfAio (Enpp2*"
), TTapouciacav Ta piod emimeda LPA otnv kukAogopia %1t H udpdAucn autr amd T
Aucopwa@oAirdon D mapatnpernénke yia mpwTtn gopd 1o 1986 oto MAdoua émeita atrd
emwaon otoug 37°C 2. H dpaoTikoTnTa Auco@wa@oAiTdong D amoddbnke otnv ATX kai
TauToTroINOnKe OTnV idla oikoyévela QuaoodieoTepacwy TNG ATX 10 2002 o€ 0pod euppuou

pudoxou Kal o€ avBpwTTIvo TTAdopa 13 14,

0

(0]
i ATX Q 0
0N 0o~ Pe

LPC LPA

Eikéva 1.1: To eEwkuttapiké LPA trapdyetal amré tn LPC pe 1n dpdon tng ATX 15,
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H ATX utopei va tmapdyel LPA XpnOIUOTTOIWVTAG KAl UTTOOTPWHATA TToU &gV
TEPIEXOUV  XOAivn, OTwg Tn  AucogwogarnduloaiBavoiauivn  (LPE) kol  1n
Aucopwa@atiduloaepivn (LPS) 17, OAeg ol yvwoTtéc Bioloyikéc dpdoeic Tng ATX
atrodidovTal oTnVv TTapaywyr Tou LPA Kai oTnv €TIKEIMEVN EVEPYOTTOINGN TWV UTTOBOXEWV
TOU.

H ATX dpa TOTIKA Kal OXI OUCTEMIKA, TTAPOAO TToUu BPIioKeETAl OTNV KUKAOQpOpIa
dlatnpwvtag otaBepd Ta emitreda Tou LPA. H ATX Tng KUKAOQOpPIiag €xel MIKPO XPOvo
nuioeiag Cwng, HIag Kal «kaBapifeTal» Gueaa aTrd Ta NUITOVOEISH evOoBNAIaKA KUTTOPA TOU
ATIATOG, 0€ XPOVIKO didaTnua Aiywv Aetrtiyv 8. MiBavég Tinyég Tng ATX Tou TTAGOUATOG
gival Ta Aep@Ika peydAa evdoBnAiokd @AeBidia (HEVS) kal o AITTwdng 10TOG, WIag Kal
TTaPAyouV Ki EKKpivouv upnAd emritreda ATX 1920,

To LPC Bpioketal o€ uwnAd emimeda (Tng Ta&Ng Twv YM) ota BioAoyika uypd 2 kai
OUYKEKPIPEVA OTO avBpwTTIvo TTAGoua (200uM) 14, AsiIToupywvtag wg TO QUCIOAOYIKO
UTTOOTPWHA YIa TNV €vOOKPIVH Kal TTapakpivr) dpdon TG ATX. To LPC otnv KukAogopia
gival Kupiwg TTpoadedepévo atnv aABoupivn Kal oTi¢ AIroTTpwreiveg 22, H ATX dpa Kal
QUTOKPIVWG OTO HIKPOTTEPIBAAAOV Tou GyKou, OTTOU TO KAPKIVIKO KUTTapo ekkpivel LPC kai
Méow TNg ATX TTpodyeTal O TTOAQTTAACIOOUOG Kal N KIVATIKOTATA TWV KAPKIVIKWY
KUTTadpwyv. H dpaoTikdtnTa TNG AUuCcOQWO@OAITTdong D Ocixvel «TTpoTiynon» yia Td
Aucopwa@oAiidia 2. Ta Auco@wa@oAITTidIa gival Ta TTAPAYWYA TWV GWOPONTTISiWY aTTd

TO OTTOIQ £XEI ATTOKOTTE N Mia akuA-oudda.

1.1.3. Okoyévela EvCUpwv NPP

H ATX avikelr otnv oikoyévela evlUuwv ENPP  (ectonucleotide pyrophosphatase
phosphodiesterase) mou atapTifetal amd €mTA YEAN PE OOMIKA TTAPOMOIEG KATOAUTIKEG
meploxég (Eikéva 1.2). Ta péAn g oikoyévelag NPP  kataAuouv Ttnv udpoAucon
PWOQPODIECTEPIKWY OETUWY ae dId@opa UTTOOTPWHATA CUUTTEPIAAMBAVOUEVWY  TWV
TPIPWOPOPIKWY VOUKAEOTIBIWY, TWV QWOPOAITTIOIWY aAAG KAl TWV QWOPOPIKWYV ECTEPWV
NG XoAivng 226, "Exel BpeBei 0TI n ATX udpoAuel ATP in vitro, aAA& Ta VOUKAE£OTIdIa dev

atroTeAOUV PUAIOAOYIKG UTTOOTPWHATA yia TV ATX 27,
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MAFP

B
name  Othar name Subsiabe __damain like domain
=
HPP1 PO, mcecits wal O[]

HPPZ AT, Ivanphosphaipid
kysaPLD, s kot T
PD-lia =3

HPPE  gpideis  nclecsde WM ]
CO2nd ;

B R

HPP& (PTG

KPPS nuclschide

HPPE  hysaPLC LPC, GRC

HPPFF  Alkalng M. LPC
EMlase

GPlanchor

Eikéva 1.2: Ameikévion Tng OOUAG Twv TIPpWTEIiVWV TNG olkoyévelag NPP  Twv  VOUKAgo-
TTUPOPWOPATACWY/ QuOoPodlecTEPAcWY. Kal Ta eTITA PEAN TNG OIKOYEVEIQG SIBETOUV KATAAUTIKN
meplox. O1 NPP4-7 civar mpwreiveg T0TTOU | HIKpOTEPEG O MEyeBog, evwy o NPP1-3 eivai
MeyoAUTEPEG Kal OlaBéTouv TTEPIOXEG CwHaTOUEDivNG TUTTOU B (SMB) 0TO auIvOTEAIKO GKPO Kal
TTEPIOXA TUTTOU VOUKAEAONG 0TO KapPBoguTeAIKO AKpo 27,

1.1.4. Aoun-loopop®ég

H ATX (ENPP2) mrapouciddel yeydAn opoidtnta oTn doun pe TIg TpwTteiveg ENPP1 kai
ENPP3 (Eikéva 1.2). Omtwg @aivetal otnv Eikéva 1.3, o1 mévTe 1Icopop@éC TG ATX Kai n
ENPP1 €xouv 010 apIvoTeAIKO Toug AKpo dUO TTEPIOXEG owaTouEdivng TUTTOU B (SMB:
somatomedin B) TTAoUCIEG O€ KUOTEIVN, Mia KEVTPIKY KOTOAUTIKF) TTEPIOXH ME 1010TNTA
ewo@odieoTepdong (PDE: phosphodiesterase) kai pia 1repioxr pe 1816TNTa VOUKAEAONG
(NUC) oT1o kapBouteAikd TOUG AKpo, n oTroia gival KaTaAuTIka adpavig. H mTepioxy NUC
AeiToupyei oav Béan TTpoodeang dioBevwv Katidviwy (Mg*?, Mn*?), Ta otroia @aivetar oI
puBuifouv TNV KataAuTik dpdon Tou evlUyou 24 EmimAéov, ol BIoCOUAQISIKOI deapoi
avAPESa OTA KATAAOITTO KUOTEIVNG OTNV KATAAUTIKA TTEpIoxn Kal otnv treploxy NUC 1ng
ATX eival atrapaitnTol yia TN owaoTh avadimAwon Ki ékkpion TNg ATX atré 1o KUTTapo %,
Omwg @aivetal otnv Eikdéva 1.3, 010 aPIVOTEAIKO AKPO UTTAPXEl HIa udpogofn
aAAnhouyia 19 auivoééwy, n otroia Bewpeital 6T AsiToupyei oav onUATOdOTIKO TTETTTIOI0
(SP), piag kai n ATX Trapdyetal oTo KUTTaPOo aAAG ekkpiveTal aTré auTo 2. H TTpwTE0AUTIKN
wpipavon (atrokoTtA) Tou SP kal n YAukoouAiwon oTa katdAoira acTrapayivng o€ 3 B€oeig
(N53, N410, N524) cival atrapaitnTeg d1adIKaaieg yia TNV EKKpion Kal Tn BEATIOTN EVCUMIKN
dpaoTikOTNTA TNG ATX 2930, T1NV KATAAUTIK TrEpIoXr) TNG ATX, TO GUVTNPNPEVO KATAAOITIO
Bpeovivng otnv apivogikh 6€on 210 gival atrapaitnTo yia TNV KATAAUTIKA OpacTIKOTNTA TOU

gvqUpuou 3L
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25 78 106 1424 N }88 209 582 631 925
ENPP 1 -SyISBEsHe) - svs-1 [SNe=2| | PoE | NUC

tmw 1-specific
ENPP2-specific  Basic insert 6aa deletion
18aa deletion l
325 377

1 27 3656 97 ~«1—~4-1 161 592 642 915

ATXa .x- SMB-1 [SHB2] | PDE -~ NUC
T210 340
1 27 36 56 97 141 161 540 590 863
ATXB B v [sB2 IEEER- - - NUC
T210
1 27 36 56 97 141 161 540 590 594 619 888
ATXy .x— SMB-1 SHB2) INMECER: - - - - -- NUC
T210
1 27 36 56 97 141 161 540 586 859
ATXS .x— SMB-1 |SNB=2! | BDE -l FIR--4 NUC
T210
Exons L 1-11 {2220 13-20 121 22-27 1

. Signal
Domains peptide) SMB1

ATX

915 aa

863 aa

888 aa

859 aa

911 aa

Exon 12
(52aa polybasic insert) (25aa insert)

4aa (VEPK) deletion in Exon 19

Eikova 1.3: A. ATreikdvion Twv SONIKWYV TTEPIOXWYV TWV TETOApWY KUPIWV Icopopewy NG ATX (a, B,
Yy, 0) kai TnGg ENPP1. SP: onuartodoTiké TreTTidio, TM: diaueuBpavikh TrepIoXH, OKOUPO UTTAE:
ToAUBacoikr aAAnAouyia apivogEwy, TTOPTOKOAL: «BnAeid» f Trepioxr cuvdéTn L2 (lasso loop) 6. B. Oi
KUpPIEG DOMIKEG BIAPOPES TWV 1I00UoPPWV TG ATX eival aTTOTEAECUA Piag ATTOKOTIAG 4 AMIVOEEWV
(VEPK) oT1o €€b6vio 19 kal Tou evOAAGKTIKOU PaTiopaTog Twv e€oviwy 12 kail 21 32,

O1 5 diagopeTikég 100popPés TNG ATX (a €wg €) (Eikova 1.3) eival TTpoidvta
EVOANOKTIKOU pATIONATOG TWV PETAYPAPWY TNG Kal €ival OAeg KataAuTikG dpacTikég. Ol
ICOMOPYES a, B Kal y dlagEépouv Pe Baon Tnv Trapouadia ) armmoucia aAAnAouxiwyv TTou
KwdIkoTroloUvTal atd Ta €€ovia 12 kai 21 3L H ATXB (ATX-t), n omoia €ixe apxikd
KAwVvOTToINBEi aTTd pia KUTTOPIKA OEIPA TEPOATOKAPKIVWHUATOG, €iVal N KAVOVIKA 1I00U0PQr),
TTOU €ival N EMKPATEOTEPN, 863 auIvOEEwy, OTnV oTToia £X€l aTTodoBEi N dpacTIKOTNTA TG
Aucopwao@oAittaong D (Lyso-PLD) kai gival n utrelBuvn yia Tn dIathpnon Twv ETTITTEOWY
LPA otnv kukhogopia 3. H ATXd cival oxedov idia pe Tnv ATXB, pe yoévn diagopd 611 atrd
TNV ATXd amouaidlouv 12 ¢.3. oto 3’ dkpo Tou ggoviou 19, TTOU KWAIKOTTOIOUV 4 auIVOEEQ
oTn «BnAcid» N TTeplox ouvdéTn L2 (lasso loop- Eikdva 1.3 : TTOpTOKAAI XpWwHa), n oTroia
ouvdéel Tig Treploxég PDE kait NUC 34,

H ATXa (ATX-m), n ueyaAutepn 1oodop@r, 915 aupivoééwyv, eival exeivn TTou
aTTopovwenke apxiké amd KUTTapa Yehavwuatog 1o 1992 3 kai éxel pikpr ékepaon. H
TTOAUBAOIK aAAnAouyia 52 apivogéwv otnv ATXa (kar otnv ATXe) (Eikova 1.3, pTTAe

XPWHA) TTou KWAIKOTToIoUVTal aTTd TO £¢6VIo 12, TTEpIEXEI WIa akoAouBia pe BEoeIg KOTITG-
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avayvwpiong amo Tn @oupivn 6. EmmAéov, n ATXa Tpoadévetal TTOAU I0XUPA OTNV
apvnTikd @opTiopévn napivn (Ke-108M). H nmrapivn €ival éva pdpio mmou opoldlel douikd
ME Tn Benki nmapivn (HS), n omoia atmmavrdral OTIG TTPWTEOYAUKAVES BENKNAG NTTapivng
(HSPG) 1Tou BpiokovTal oTnv KUTTAPIK PEPPPAvVN 11 oTnv €€wkuTTdpIa oudia. Miag kai
MOvo n ATXa Ttpocdéveral OTIG TTPWTEOYAUKAVEG BelkAG ntrapivng, €ivar mlavd n
TTOAUBACIKr aAAnAouyia Twv 52 apIvOgEWY va AEITOUPYE £TOI, WOTE VA «PEPVEI KOVTA» TNV
ATX kal dpa, n mmapaywyr Tou LPA va yivetal ditTAa otoug utrodoxeic Tou LPA oTtnv
KUTTOPIKA pEPBpavn 6. H ATXy (PD-la) BpiokeTal KUpiwg aToV eyKEPAAO, EKQPAZETAl OTA
OAIlyODevOPOKUTTAPA Kal @Epel TTPOOBNKN Hiag aAAnAouxiog 25 apivogéwv TTOU
Kw3IKoTToloUvTal aTré To £§dvio 21 3739,

MapodAeg TIG BOMIKEG TOUG OpoIOTNTEG, oI Tpelg ENPP  mrpwreiveg diagépouv
Quololoyikd kal KataAuTikd. H ATX dpa wg AucogwogoAimaon D, n ENPP1l wg
HEUBPAVIKA TTUPOPWOPATACN VOUKA£OTIDIWVY, evid n ENPP3 udpoAUel VOUKAEOTIOIKA
odakxapa, dnNAadr TNV EVEPYOTTOINUEVN MOPPH TWV PHOVOOAKXAPITWY. H aTToKoT) Twv 6
apIvogéwyv otnv KaTaAuTikr Trepioxn NG ENPP1 (Eikéva 1.3), evdexouévwg odnyei otnv
TPOcdeon Twv VOUKAeoTIOIwY, evw N EAAelwn Twv 18 auivoééwv amd tnv ATX otnv
kataAuTikA TNG Trepiox PDE, éxel wg ammoTéAeoua To axnuaTtiopd Tou BUAaka (pocket) kai
TNG avOoIKTAG orpayyag (open tunnel), 6mmou rpoodévovtal Ta Aimidia (Eikéva 1.5). Aticel
va onuelwBei 6T av kal n ATX utropei va udpoAuel voukAeoTidia in vitro, evTouTolg Oeixvel
«TTpoTiunon» yia Tnv LPC w¢ utrooTpwa, TTPWTOV YIATi TTApoUCIAdel TTEPITTOU OEKATTAGCIA
IKavOTNTa TTPO0deoNS yia Tnv LPC ammd 6T yia Ta vOUuKAeoTidla Kai, deuTepov, OIOTI N
€€WKUTTAPIA OUYKEVTPWOT VOUKAEOTISIWY €ival QUaIOAOYIKA TTOAU XaunAn 6.

H avBpwTrivn Lyso-PLD tou mAdouaTtog cival n diaAuth pop@n Tng ATX-t 4 PD-la
oMa 6x1 Tng ATX-m. H dpaoTikdtnTa TNG Lyso-PLD evioxUetal pe Ta 16via Co*™2 kal
avaoTéAeTal atrd T0 ATP. H lyso-PLD udpoAuel LPC pg akuA-, aAKUA- Kol GAKEVUA-OUADEG,
EVW O€ dpa OTNV SN-YAUKEPO-3-QUOPOPIKI XOAiVN, UTTOBEIKVUOVTAG OTI ATTAPAITNTN YIA TN
opdon g gival n udpdPofn aAANAETTIOpach TWV APIVOEEWVY OTO eveEPYO TNG KEVTPO HE TA
THAMATA TWV AITTAPWV 0&EWV TwV UTTOOTPWUATWY LPC. To MB Tng diaAutig ATX-m rTav
125 kDa kai n dia@opd Tng atrd Tnv ATX-t gival OTI ATTOKOTITETAI O€ DIAPOPETIKO GNEIO TTPIV

NV €kkpior| TG “°.

1.1.5. ¥xéon doung - Aeiroupyiag Tng ATX

H peAétn ¢ dopng tng ATX amokdAuge TO TIWG OI OIOPOPETIKEG TNG TTEPIOXES

opyavwvovTal KI aAANAemdpoUv, KaBIoTWVTag TNV dia povadik Auco@wa@oAittaon D.

1 oL nupodwodatdoeg voukheotiSiwy f voukAeoTiSdoeg eival dwodpatdoeg ou anodwodopuALWVOLY Ta
voukAeotidla og voukAsoaoibia kat opbBodwodopikad.
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Omtwg @aivetal otnv KpuoTaAAIk dou TnG ATXB (Eikéva 1.4), n KeEVTPIKN KATAAUTIKA
mepioxr] PDE aAANAeTTIOPA e TIG 2 TTEPIOXEG SMB atrd Tn pia TTAeupd Kail pe TNV TTEPIOXN
NUC atmé Tnv dAAn. H aAAnAetidpaon auth evioxuetal ue N-ouvdedepévn yAUKAvn avaueca
OTIG 2 TTEPIOXEG Kal PE HIa DIaTUNUATIK SICOUAQIBIKA yEQupa, evw N «BnAcidy (lasso loop)
TUAiyeTal yOpw a1réd Tnv mepioxr] NUC. OAeg auTég ol diapopewacig Bonbouv oTtn diatrpnon

NG SOUIKAG AKEPAIOTNTAG TOU KATAAUTIKOU KEVTPOU TnNg ATX 4142,

) & -
t; . 5 *\' ' .

_ active:site

N\ %

Eikéva 1.4: A. AvatrapdoTacn Tng KpUoTAAAIKAG dopng TG ATXPB, B. 'Eugacn ato Babu udpdgofo
BUAaka é1rou TTpoadévovtal Ta Amidia, Tn pnxr USPOPIAN AuAdKwWaOT), TNV AVOIKTH ORPAyya Kal TO
evePYO KEVTPO TNG KaTaAUTIKAG PDE Trepioxng tng ATX. MTTAE: udpO@IAn, TTOPTOKAAIL: udpd@ofn
Teploxn 16.

1.1.5.1. Pnxn auAdkwon kair Babuc udpodpoBog BuAakag

O mPoodiopIoudg TNG dopng TNG ATX kai TNG ENPP #4344 £3e1€e OTI 01 KATAOAUTIKEG TTEPIOXES
G ATX, Tng ENPP1 kai Tng XaNPP (NPP atré 10 Baktipio Xanthomonas axonopodis)
gival oxedOv TTAVOUOIOTUTTEG, EU@aviCovTag Tn VOUKAEOQIAN Bpeovivn (Thr) TTOAU KovTd o€
Ouo 16vTa weudapyupou (Zn), padi he Tta dlatnpnuéva katdAoimma 10Tidivng (His) kai
aoTTAPaAyYIVIKOU 0&E0G (Asp). ZTnNV KATOAUTIKA TTEPIOXN Twv 3 TTAPATTAVW OUIVOEEWV
oxnuatiCeTal pia pnxn auAdkwon (groove), n otoia SlIEUKOAUVEI TNV eyyUTnNTa TWV
OIOPOPETIKWYV UTTOOTPWHATWY KAl OCUYKEKPIUEVA, TNV TTPOCOEC TOOO TWV VOUKAEOTIDIWY,
000 Kal ToU THAKATOG TNG YAUKEPOANG TwV AUGOQWOPOAITTISIWY “2. To XapaKTNPIOTIKO OPWS
Tou KaBioTd povadik Tnv ATX évavti Twv uttohomwy ENPPs eivalr o BaBug (15 A)
udpoPoBog BUAakag (pocket), pe dyko Trepitrou 800 A, o otroiog BpiokeTal KATw atrd
pNXNA AQUAGKWON akpIBWS HECA aToV UBPOPORO TTUPrVA TNG KATAAUTIKAG TNG TTEPIoXnG. O
BUAaKag eival aTroTEAEOUA VOGS TTOAU ONPAVTIKOU £EEAIKTIKOU YEYOVOTOG TTOU OUVERN Jovo
oTnv ATX, Tng e€dAeipng Twv 18 apivogéwv atnv PDE mrepioxn Tng 2.

O BaBUg udpo@oRog BUAakag NG ATX ptropei va dexBei Ta Auco@wa@oATTidia,
TTOPOUCIAZOVTAG IO OXETIKY TTAAOTIKOTNTA OTN doury Tou. ATTO TNV AGAAN PEPIA, Ol OKUA-
OAUCIBEG TWV PWOPOAITTIBIWY PTTOPET v aANGgouv TN dIaudPPWOT) TOUG, TTPOKEINEVOU Va

TPocdeB0oUV KaAUTEPA 0TO BUAAKA TNG KATAAUTIKAG TTEPIoXNG TG ATX. H diagopd Tng ATX
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aTTo TIG UTTOAOITTEG QO POAITTACEG, OI OTTOIEG dpoUV evdoeTTIPavelakd (TT.X. PLA2), éykerTal
OTO OTI TO evEPYO KEVTPO Kal 0 TTOAU BaBug BUAakag Tng ATX eival TTavtoTte TTpooBdoiya o€
O1aAUTEG Kai AITTISIOKA uTTooTpWHATA. AUuTO emTPETTEl 0TNV €AeUBepn LPC Tnv Tpdodean
o010 BUAaka TNG ATX Kail, JE €vav PUNXAVIOPO TTOU OVOPAeTal «aTTooTaBepoTToincn Tou
UTTOOTPWHATOG», OTToU N XoAivn TNG LPC €pxetal TTOAU KovTd pe Ta 16vTa weudapyupou,
MElwveTal N evépyela evepyotroinong kai n ATX TTpoxwpd TNV KATOAUTIKA TNG dpdon.
AVTIBETWG, TO EVEPYO KEVTPO TWV UTTOAOITTWV QUOQONITTACWV £ival «KAEIOTO», ATTd KATTOI0
QUTO-AVACTOATIKO PNXAVIOPO Tou idIou Tou €vCUPOU Kal «avoiyel» pévo otav 10 EvCupo
OAANAETTIOPA PE TNV KUTTAPIKN MEMPBPAVN, emTPETTOVTAGE OTO AIMISIOKG UTTOOTPWHA va

TTPOODEDE] 41:42:45:46,

1.1.5.2. Avoikt; apayya (open tunnel)

‘Eva dAAo povadikd XapaKTnpIoTIKO TNG KATOAUTIKAG TTEPIOXAS TNG ATX cival n avoikTh
«onpayya» (open tunnel), n otroia axnuartiCel pia T-ouvdean ye T pnxn auAdkwon (Eikéva
1.5). Ta ToixWMPATA TNG AVOIKTAG «Orpayyas» oxnuarti¢ovral amoé Tn dia TAeupd atmd Tnv
KaTtaAuTikiy PDE TTepioxn kal a1rd Tnv GAAn atrd Tnv reploxy SMB1. To €va Toixwua gival
udpoPoRo, vy To GAAO UdPOYIAO. ‘Exel TTpoTaBEI OTI N avoIKTA «ChApayyo» AEITOUPYEI WG
KavaAl €6600u yia To veooxnuaTi{opevo LPA ki eTTeIdA €ival oXeTIKA JeydAn n atméoTacn
TTou TTPETTEl va dlavuoel To LPA atré Tov udpo@oo BUAGKA £wG TNV AVOIKTA «Crpayyo» yia

va €¢€ABe1 atrd TNV ATX, KATTOIEC BOUIKES AvVadIaUOoPPWOEIC TIPETTEl va culdBaivouy .

1.1.5.3. lNepioxéc owuarouedivng Kai mTpoadeon OTIC IVTEYKPIVES

O1 Trepioxég owpatopedivng (SMB) eival yvwoTd 6T TTaifouv pOAo oTnv aAAnAeTidpaon
TTPWTEIVWV-TTpWTEIVWYV. O1 dUo TrepIoEC SMB Tng ATX aAANAETTIOPOUV PE TNV KATAAUTIKN
TnG PDE T1repIoxn), TTapoucidfouv BOUIKA OpoIOTNTA, WOTOOO £XOUV JIAPOPETIKEG dIa- KI
evoopoplokeég aAAnAemdpdoeig. Mo ouykekpipyéva, n TepIoXy SMB1 OUMPUETEXEI OTO
OXNUATIONO TNG AVOIKTAG «OrPayyasy, vy N SMB2 aAANAemI®Pd pe AAAEG TTpwTEiVEG. EXEl
BpeBei 6T n ATX TTPoCdEVETOl OE EVEPYOTTOINUEVA QIMOTTETAAIO KI GAAQ KUTTAPA PECW
mPdodeong Tng SMB2 trepioxng TnG oTig B1 kai B3 vreykpiveg. H TTpdodeon tng ATX oTig
IVTEYKPIVEG gival £vag uNXavioudg TTou EMTPETTEI TV TTapaywyr] Tou LPA oTnv KUTTOPIKA
HepBpavn 444748 H mrepioxry SMB2 Tng ATX Trepiéxel otnv aAAnAouxia Tng 10 MOTIRO
TPOcdeong oTIG Ivieykpiveg RGD (apyivivn, yAukivn, actrapayiviké ofu). Qotéoo, €xel
OeIxOei 0TI To poTiBO auTO Bev gival aTTapaiTnTo Yia TNV AAANAETTIdpaan ATX-IvTeykpiviov 42,

ATO Ta péxpl Twpa dedouéva TTPOKUTITEl OTI N ATX, pe TNV TTPOOOECH TNG OTIG
IVTEYKPIVEG HEOW TNG SMB2 TTEPIOXNG OTO APIVOTEAIKO TNG GKPO A PE TNV TTPOCOEDN

OUYKEKPIUEVA TNG O ICOPOPYPNAS TNG OTIC MEMPPAVIKEG TTPWTEOYAUKAVES BEIKNAG NTTAPIVNG
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Méow TnG TToAuBacikAg aAAnAouxiag Tng PDE TepIoXAS TNG, ATTOKTA TETOIO EVIOTTIOHO
KOVTG OTNnV KUTTAPIKA MEUPBPAVN, waTE N TTapaywyr) Tou LPA va trepiopieTtal TOTKG SiTTAa

oToug uttodoxeic Tou LPA (Eikéva 1.6)%.

ENPP1 h Ifat Basic loop ENPP3
eparan sulfate .
00 & ) __ENppgp o
Y S \-j ®§ \ A’ENPPZG /T>j i ‘-.“ |‘
) “\‘ / o £ A ff I : | Extracellular
;‘-'(\‘_J/“)E\_) f\ \‘}]—\ r \: “"// .,‘ | J ‘\v\--\/‘ space
| A LPA \nn [ r / \ \ )
(% uip) 7 e
LPAT-6™ gy Membrane
GPCR ‘
; LPA-independent
LPA-dependent signaling ? Cytoplasm
signaling

Eikova 1.6: Ameikévion TnG OOMNAG, TOU UTTOKUTTOPIKOU-£EWKUTTAPIKOU €EVTOTTIOWOU Kal TWwV
oAMnAemdpdoewy Twv ENPP1, ENPP3, ATXa kai ATXf 18.

EmmAfov, €xel BpeBei 6T N ATX TTpoodEVETAl GTA EVEPYOTTOINUEVA AEUPOKUTTAPA
MECW IVTEYKPIVWIV, YEYOVOCS TTOU 0dNYEi TNV auénuévn KIVNTIKOTNTA TV AEUQOKUTTAPWY,
AOyw TOUu TOTIKA augnuévou LPA 204950 Ay kai akdun Oev eival yvwoTod TO Onueio
mPocdeong TNG ATX OTIG IVTEYKPIVEG, £XEI TTPOGOIOPIOTEI Kal £€va akOun PoTifo Tpdodeong
oTIG IvTeykpiveg (LDV), 1o otroio Bpioketar atnv kataAutikf trepioxr) PDE tng ATX. To
oupTtrépacpa gival 0t n ATX S100£Te1 DIAPOPETIKEG TTEPIOXES OTIC OTToieg gival duvaTd va
TTPOO0dEBOUV Ol IVTEYKPIVEG, DIEUKOAUVOVTAG €101 TOV EVIOTTIONO TNG OTNV ETTIQAVEIQ TNG
KUTTAPIKAG MERBPAvVNG #7. AauBdvovTag uttdwn OT Ol IVTEYKPIVEG EKTOC OTTO TNV KUTTAPIKA
TIPOCKOAANGCN Traifouv pOAO KAl OTn METAYWYH ONUATOG aTTd TO €GWKUTTAPIO OTO
evOOKUTTApPIO TTEPIBAAAOV, 0 OUVOUAOUO ME KATTOIO EUPAMOTA VIO PN KATOAUTIKI GAAG
onpatodoTtikh dpdcn TG ATX, evdexouévwg dOcicouv aTo PEANOV I avegdptnTn ammo To

LPA Aeimoupyia Tng ATX TTou €apTdTal atrd TNV TTPOODECT OTIC IVTEYKPIVEG 16,

1.1.6. 'Ek@pacn Tng ATX

H ATX ek@pddeTal eupéwg o€ dIAPOPOUS I0TOUG, TTAPOUCIAZoVTAG TA UEYAAUTEPA ETTITTEDON
EKQPOONG 0€ PUOIOAOYIKEG OUVONKES O AITTWON 10TO, EYKEPAAO, VWTIAIO HUEAD, WOBNKEG,
OPXEIG, TTVeUOVA, £VTEPO, VEPPOUG, AEUPABEVEG Kal KUPIWG OTa peyaAa evooBnAiakd
@AeBidia oTa Aepgoeidn opyava (rx. Peyer patches, HEVs: high endothelial venules), Ta
otroia eAéyxouv TNV €i0080 TwV AePQOKUTTApwy 16204951 "H ATX BpiokeTal KATAAUTIKG
OpaoTiKy 0¢ TOAMG BioAoyikd uypd OTwg o0pdg, TAGoua (0.4-1.3 mg/ml) 2,
Bpoyxokuwehidikd ékkpiga  (BALF), uypd o€ @AUKTAIVEG, €YKEQOAOVWTIOIO uypo,

TTEPITOVAIKS UYPO, apbpIkd uypd, olpa °3. ETiTAéov, n ATX ekkpiveTal QUOIOAOYIKE aTTd TO
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Bpoyxiko emmBRAIo 4, Ta HEVS 2°, To X0pIo€IBEC TTAEY A 3, TO EVEPYOTTOINPEVA ACTPOKUTTAPA

Kal oAlyodevdpokUTTapa °°, kaBwg Kal atd Ta eEwowuaTa 8,

1.1.6.1. PuBuion tn¢ ékppaaonc Tou yovidiou Enpp2

To yovidio Tng ATX (ENPP2) opyavwvetal o€ 27 €E6vIa KI €dpAleTal OTOV AvOpWITTO OTO
XPWHOowUa 8 (89g24). H OUYKEKPIMEVN XPWHOOWWIKA TIEPIOXN OXETICETAI PE OUXVEG
YEVETIKEC TPOTIOTIOINTEIG O€ OOBEVEIC HE KAPKIVOUC, KUPIWG TTOAATIAACIOoNOUG 22, KaBwg
KAl YE TN pUBUION TNG £KPPACNG TOU TTPWTOOYKOoYyovIdiou MYC, To oTroio £1Tiong edpdadeTal
oTnv idla yeveTikn Trepioxn °’. ETiTAéov, £xouv BpeBei atTAoi VOUKAEOTISIKOI TTOAUUOPPICHOI
oT0 yovidlo Enpp2 1} yUpw amd autd 8, TrepioxéC TTpoaywywv Tou Enpp2 pe utrep-
HEBUAiWaON o€ £MBETIKO KAPKiVO JaoToU 2, evw)y €xel TTPOTABEI KOl N ETTIVEVETIKA pUBUION
NG £KPPaang Tou Enpp2 péow avaoToARg TNG aTroakeTUAiwaNG Twv 1IoTovwy . To yovidio
¢ ATX (Enpp2) aTto TTovTikKi €dpadeTal 0To Xpwuoowua 15 37,

H upetaypagry Tou yovidiou ENPP2/Enpp2 puBuiCetal amd  did@opoug
METAYPAPIKOUG TTAPAYOVTEG OTOUG DIAPOPETIKOUG KUTTAPIKOUG TUTTOUG Kal avaAoya PE TNV
TTaBo-puoloAoyiky katdoTtaon (Hoxal3, Hoxd1l3, NFAT-1, v-Jun, c-Jun, STAT3, AP-1,
NFkB) 6167, Y& peta-pyetaypa@iko emitmedo, n otabepdtnTa Tou Enpp2 MRNA eAéyxeTal atro
TIG TTpwWTEiveg TTPOadeang oto RNA HuUR kal AUF1 %8, H ékppaaon Tou Enpp2 emrayetal atmod
Toug FGF, EGF, BMP2, Wnt-1 kai avacTéAAeTal attd Tov TGFB Kai Tnv IviepAgukivn 1L-4
avaAoya Je Tov KUTTApIkS TUTTo 318, ETriong, éxel TTpoTaBei 0TI Kal GAAOI TTPO-QAEYHOVWDEIG
TTAPAYOVTEG ETTAYOUV TNV £EKPpacn Tou yovidiou TG ATX avdAoya e Tov KUTTapIkG TUTTO,
omrwg ol TNF, IL-1B, IL-6, LPS, oAiyovoukAeoTidia CpG, LPC 297073,

1.1.7. Bioxnuikég 1016TNTEG TNG ATX

H ATX ek16g a116 T0 AUCOQWO@OAITTIOIA, TO OTTOIa ATTOTEAOUV TO KUPIO UTTOOTPWHGA TNG
Quaioloyikd, Opa Kal o€ YAUKEPOAUTOPWG@OAITTIOIa, TTapdyovtag LPA. Etriong, n ATX in
Vvitro utTopei va dpdaoel Kal o€ 0@IyYOOUA-QWO@OPUA-XOAivn (SPC) PeTaTPETTOVTIAG TNV O€
1-pwo@opikr) o@iyyoaivn (S1P), évav Amidiakd pecoAapnTr 27 avaAoyo Tou LPA. H ATX
o€ udaTIKA dIOAUNOTA XPNOIYOTIOIEI VEPO WG BATN NAEKTPOVIWY, EVW ATTOUCIA VEPOU, OTTWG
yla TTapddelyua o€ albEpa, xpnoihoTrolei wg 601N TNV udpofuloudda otn B€on sn-2 Twv
AucOQWO@OANTIBIWY, TTapdyoviag KukAik6 PA  (cPA) ™. TMapoucdia peBavoAng,
xpnoigoTtroiei wg 34N TN HeBavoAn TTapdyoviag Aucowao@aTiduA-pueBavoin 5. Ailel va
avaepBei 611 To CPA Kal N Auco@wo@aTidUA-ueBavoAn epgaviouv BIodpacTiKA IKAVOTNTA
TTaPOMOIa JE TwV AITTISIWYV Kal EVEPYOTTOIOUV TOUG UTTOdOXEIG Tou LPA, aAAG aoBevug .
‘Eva emmAéov XopokTnpioTIKG Tng ATX eival 6T n dpacTIKOTNTA TG WG

Aucopwao@oAittdon D eCaptaral ammé 10 AImTapd ogu Tng LPC kal «TrpoTiydel» 1O
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TEPIOTOTEPO aKOpeaTa NITTAPG 0ZEa OTTWGS TOo AIVOAEIKO Kal To apaxidovikéd ogu 27 fi/ kai LPC
bE MIKPA oAuaida Airapol oféog (14:0> 16:0> 18:3> 18:1> 18:0) %5, evwy n dpaaTIKOTNTA
¢ €€aptdtal amd digbevr) KaTidvTa 6TTws Co?" kal Mn?* 1653 H dpaaoTikdTnTa TN ATX
avaoTéAAETal aTTd TO TTPOIGV TNG, TO LPA Kal atmd 1o TTapdpoio Auco@wao@oAitidio, S1P.
MdaAioTa, éxel BpeBei OTI peyaAuTtepn eival n avacToAr] Tng ATX amd ta LPA pe pakpid
aAuaida Airrapou ogéog (18:1, 16:0) o€ oxéon Je ekeiva Pe HIKpSTEPN aAUTida, yeyovdg TTou
UTTOQEIKVUEI TNV TTI0 EUKOAN TTPOCRA0N TG AKUA-aAUCidag aTov udpo@oo «BUAaKa» Tou
gvlUuou >3177 H kivnTikr) avaAuon Tng ATX utrédeiée Tnv apyn atreAeubépwan Tou LPA
amd v ATX "8, mBavwg Adyw Tou uwnAoU OUVTEAEDTH oUyyEévelag Tou ev{UMOU yia TO

TIPOIOV TOU °.

1.1.8. POAog TG ATX o€ QUGCIOAOYIKES DIAdIKOTIES

H ATX aokei TIg UOIOAOYIKEG - BIOAOYIKEG TNG OPACEIC HECOW TNG TTapaywyns BIodpacTIKoU
LPA. H ATX cival atmrapaitnTn yia Tnv €uPpUIKA avdamTuén, yiag kai Ta ogoluya TTovTikia
TTou dev KWAIKOTTOIOUV TO yovidio TG ATX (Enpp2”) 8¢ yevviouvral kai Ta £uppua
meBaivouv TNV euPpuikn pEpa 9.5-10.5 Adyw avikavoTnTag oXNUATIOHOU TWV AINOPOpwY
ayyeiwv Tou AekiBIkoU adkou, epgavifovtag veupoAoyikd TrpoBAfuata 1170 H ATX eival
meavd va diadpauatifel pOAO oTnV AVATITUEN ME PN KATOAUTIKA dpdon, 181aitepa O0TO
veUPIKO auoTnua &. Emiong, n ATX diadpayartilel onuavtikd poAo oTn AITTOyEVEDH Kail N
EKQPAch TNG augaveral Katd Tn OIaQOPOTIoiNoN Twv TTPOSPOPWY AITTOKUTTAPWY O€
AiITTokUTTapa 8L,

H ATX gutrAékeTal oTnv aoBE0TOTTOINCN TS MATPOG TWV XOVOPWY TWV ApBpuCEWY,
OTNV TIPOYEVVNTIKA KOl WETAYEVVNTIKA QVATITUEN TOU KEVTPIKOU VEUPIKOU CUCTAMATOG,
KOaBWG Kal aTO OXNUATIONG TWV alpopopwyv ayyeiwy 4. ‘Evag emmrAéov polog Tng ATX eivai
OTI TTPOWBEI TNV €I0000 TWV AEPPOKUTTAPWY TNG KUKAOPOPIAG OTA DEUTEPOYEVH AEUPOEIDN
opyava (Aepgpadéveg, Peyer patches), aAAd Kal o€ un-A€P@OYEVEIG 1I0TOUG PE PAeypovh. H
augnuévn Tmapaywyn TG ATX ota gvdoBnAiakd kUTTapa Twv HEVS éxel wg atmoTéAecua
TNV TPOCOECN TWV EVEPYOTTOINUEVWY AEUPOKUTTAPWY PECW IVTEYKPIVWV OTNV ETTIPAVEIX
Toug pe TNV ATX. H ouvakéAouBn ToTTIKr TTapaywyn Tou LPA etrayel Tn xnueiokivnon Twv
T KUTTAPWV KI ETIQPEPEI HOPPOAOYIKEG aAAAYEG OTa AEPPOKUTTAPA TTPOWOWVTAG TnV

TIPOCOKAOAANCT| TOug OTa evdoBnAIaKG KUTTapa Twv HEVS (Eikéva 1.7) 2027,
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Eikéva 1.7: In vivo pdéhol Tou d&ova ATX/LPA ot @uoiohoyikég dladikaoieg kal TTaBoAOYIKESG
KOTOOTAOEIG 27,

1.1.9. P6Aog Tng ATX o€ did@opes TTABOAOYIKEG KATAOTACEIG
1.1.9.1. ATX kai Kapkivo¢

H ATX guTTAéKeTal OTN YETACTOON Kal EI0BOAR TWV KAPKIVIKWY KUTTApwV (Eikdva 1.7) 8283,
H aAAnAettidpaon tng ATX e Tnv IVTEYKPiv avB3 OTA KAPKIVIKA KUTTOPA, €AEYXEl TN
HETAOTAON TOU KAPKiVOU aTré To HaoTo oTa 00Td 8. Augnuévn ékppaon Tng ATX éxel BpeOei
0€ KOKONBEIC KAPKIVIKOUC I0TOUG OTTWG Tou pacToU &, Twv veppwv 8 ato Aéuowua
Hodgkin &, 1o nmrarokuttapikd Kapkivwua 8, to yholoBAdoTwua &. Mpdoearn ueAétn oTo
epyaoTpPIO pag €3eige auénuévn dpaoTikdTNTa ATX OTOV 0pO AOBEVWV PE KAPKiIVO TOU
Tveduova .

H ATX etmrdyel T PETAvAOTEUCN TWV KOPKIVIKWY KUTTAPWY MECW TOU UTTODOXEA
LPA; oTTwg éxel Ppebei o veuplkd KUTTapa PeTaoxnuatiopéva pge cDNA Tou LPA; °,
KUTTOpa Swiss3T3 %2, KapKIVIKG KUTTapa TTayx€og eviépou 2 kal Traykpéatog %4, Mia moavi
e€Aynon eivar 01T Ta KapKIVIKA KUTTapa atreAeuBepwvouv LPC oT1o BpeTTikd pECO NG
KOAAIEPYEIOG, TO OTIOI0 ALITOUPYEl WG UTTOOTPWHA yia Tnv ATX, pe amotéAeopa Tnv

Tapaywyr LPA, To otroio e Tn ogipd Tou €TTAYEl TNV KUTTAPIKNA KIvATIKOTATA 2,

1.1.9.2. ATX ka1 GAAeg aoBéveieg

H ATX diadpapaTifel poAo oTo veupoTTaBNTIKO TTOVO KOl OTNV OTTOMUEAivwon PEOoWw Tou
utrodoxéa LPA; (Eikéva 1.7) %7, TpaupaTioydg OTo TTEPIPEPIKO VEUPIKO GUCTNHA UTTOPEI
va odnyAoel o€ veupotradnTikd TTOVO, O OTTOI0G XOPAKTNPIZETAI ATTO TTOVO TTOU TTPOKAAEITAI
atd un empBAapn epeBiopata kai utrepaiynaia 6. H ouykévipwan kai n dpacTiKOTNTA TNG
ATX éxouv BpeBei auénuéveg oe aoBeveic pe xpovieg NTTATIKEG aoBéveleg. ETmimTAéov,

augnuéva emrireda ATX €xouv Bpebei o€ €ykueg yuvaikeg TTou yévvnoav TTPoOwpPa, O€
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TTEPITOVAIKO UYPO a0BEVWV JE KAPKIVO TwV woBnkKwy, depuaTikéS KUOTEIS Kal BAEVVWOES
KuoTadévwpa %, ato peTwmiaio PAoId acBevwv ye AAToxdipep *° Kal 0To eyKeQalovwTiaio

uypO aoBevwv Pe TTOANATTAR okAfjpuvon 1%,

1.2. LPA: 1o rpoidv Tng ATX

To LPA (dkuho-sn-3-ewa@opikr) yAukepoAn) (LM ID: LMGP10050000) ival To 1o atrAd
QPWOQPOAITTIOIO TO OTTOI0 aTToTEAEITAI ATTO PIa PWOPOPIKA oudda, Wia YAUKEPOAN Kal éva
ANITTapo6 o&u 27101, To LPA eival To 1110 atrAd BIodpaaTikKd QwO@OAITTIOIO KOl CUYKEKPIPEVA
AUCOQWO@OAITIOIO, pE Hopiokd Bapog 430-480 Da, 10 ommoio -OTTWG Kal TO KUPIOTEPO
TPOdPOUO PoOPIO Tou, TO LPC- atrapTifetal atrd didgopa «HopIaKa €idn» TTou dIapEPOUV
OTO UAKOG Kal TO BaBud KopeopoU Twv aAuaidwy Twv AITTAPWVY TOUG 0EEwv, Ta OTToIa Eival
eotepotroinuéva otn B€on sn-1 (i o omdvia ot 8€0n Sn-2) TNG «PAXOKOKOAIAG» TNG
yAUKepOANG (16:0, 18:0, 16:1, 18:1, 18:2, 20:4) 1219, EmmAéov, utrdpxouv Kail 1-aAKUA
1-aAkéVUA-LPA T1a oTtroia ouvdéovtal e aiBepikd OEOUO OTn  «POXOKOKAAIG» TNG

YAUKEPOANG, aAAG gival TTOAU TTio atrdvia (Eikéva 1.8) 16,
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Eikéva 1.8: SxnuaTikr atreikovion €1dwv LPA pe S1Ia@OpeTIKO PNKOG aAuaidag AITapou 0&Eog Kai
BaBuou kopeouoU 104,

1.2.1. To LPA o¢ BioAoyikd uypd

To LPA évtag udatodiaAuTo, €XeEl avixveuBei eCWKUTTAPIKG 0€ ONUAVTIKEG TTOOOTNTES TNG
16ENG Twv UM oTov opd (>5 pM) 6105 kal og pIKpOTEPEG OuyKevTpwoelg ~0,7 uM aTo
TAGopa kal <1 uM ata uttéAoitra BioAoyikd uypd 1%, drwg odAio %, gtrepuarikd uypd 107,
BuAakikd uypd %8, aokiTiké uypo 1° kai o€ aipa ard aobeveic Pe KapKivo Twv wobnkwy 10
oAAG Kal o€ evepyoTroinuéva aipotreTdAia 4611, Ta emieda Tou LPA aTtov opd €ival TToAU
MEYOAUTEPO CUYKPITIKA PE TO TTAdopa e€aitiag TG ammeAeubépwong Tou LPC amd ta
gvepyoTroinuéva algoTreTaAIa KaTd TNV TMEN Tou aipatog . Ta mo dgBova €idn Tou LPA
oTo TMAdoua gival Ta 18:2, 18:1, 18:0, 16:0, 20:4 112113,
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1.2.2. Biohoyikég dpaoelg Tou LPA

To LPA €k10G a1mo TTpddpopo péplo otn de novo BioolvBean uo@oAImdiwy, ouoIAdel Ue
TN ASITOUPYIO TWV AUENTIKWY TTAPAYSVTWYV KI ETTAYEI JIa TTANBWPEA KUTTAPIKWY ATTOKPICEWYV
o€ OAoug oxeddV TOUG KUTTAPIKOUG TUTTOUG 369 27 To LPA dpa in vivo wg Amidiakdg
MEOOAQBNTAG TOOO O€ QUOIOAOYIKEG OO0 KAl 0€ TTABOAOYIKEG KATOOTAOEIG. AladpapaTiCel
ONUAVTIKG POAO OTNV AVATITUEN Tou eykepdhou 4115 gTo veupotradnTikd mévo 18, otnv
guQUTEUCN TOU guBpUou 7, otnv avamTuén Tng Tpixag & kal oTo OXNUATIONO Twv
QIHOPOPWYV ayyeiwy 210,

O1 Mo KaA& XOPAKTNPIOUEVEG ATTOKPIOEIC TG anuaTodéTnong péow LPA eival n

METAVACTEUGDN, O TIOAAATTAQCIAOUOG Kal N €mIRiwon Twv KUTTapwy (Eikdva 1.9) 1632,
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Eikéva 1.9: ATToTéAEOPa TNG ONPATOBOTNONG HEGW Tou LPA gival pia o€ipd KUTTAPIKWY ATTOKPICEWY
TTou TrepIAapBdvouv TNV KIvNTIKOTNTA, TNV €mMBiwon, TNV avaTrtuén, Tov TTOAATTAaCIOoUO Kal Tn
oUoTTaon TWV KUTTApwy 119,

Mo ouykekpiyéva, 10 LPA emmdyel neurite retraction, Tnv evepyotroinon Kal Tn
OUCCWPEUOT  AIJOTTETOAIWY, TNV  €TTOUAWON  TPAUPATWY Méow Tng dladikaoiag
gmavaemonAiotoinong 2°, T olomaon Twv Agiwv PUIKWVY VWV, Tn XNnueloTagia, 1o
oxnuatiopd actin stress 3, v ayyelodpacTIKOTNTA, aAayEG OTn dlagopoTroinon, TNV
avaoToAl TNG ammoTITwong, TNV avadliopydvwon TOU KUTTAPOOKEAETOU, TNV KUTTAPIKA
TTPOOKOAANCN KaI TNV gvepyoTroinon kavaAiwv 10viwy. ETriong, éxer deixBei 611 10 LPA
emTAXUVE TNV E€PPPUIKA VEUPOYEVEDTN, TN METAYEVVNTIKA WpPihavon TnG PUeAivng Kai
ouvéBaAe oTov TTOAAATTAGCIGOUSO TTPWTOYEVWV OOTEOBAACTWY Kal Twv evooBnAlaKwyv
KUTTGpWY Twv ayyeiwv 4. H dpdon Tou LPA oTn SiamrepatdTnTa Twv ayyeiwv e€aptdral amo
Tov TUTTO KQI TO TTEPIEXOMEVO TWwV €vOOBNAIOKWY KUTTAPWY TWV ayyeiwv, Ta oTroia
KaBopifouv To onuAaTodOTIKO HOVOTTATI TTou Ba akoAouBnBei, ol evepyoTtroinon Tng RhoA,
n otroia e1rdyel TN diatrepaTdTNTA TOU £vO0BNAioU, Il evepyoTToinon TnG Rac, n otroia eTTayel
TN oTafepomroinon Tou &vdobnAiakol @payuol 3. Qotdoo, éxouv avagepbei Kal
avaoTOATIKEG Opdoeig Tou LPA, 6TTwg n avacoToArp Tng evepyotoinong twv CD8 T

AEUPOKUTTAPWY O€ peAGvwpa 121122,
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Ava@opikd he To poAo Tou LPA otnv eTouAwon Tpaupdtwy, €xel Bpedei 611 To LPA
eTTAyel TOV TTOAATTAQCIOONO Kal TN METAVACTEUCN TWV HECEYXUMATIKWY KI €TTIONAIOKWY
KUTTApwy, TNV Trapaywyr] TTPOQAEYHOVWOWY KUTTAPOKIVWY, TN OUCCWPEUCNH TNG
QIMTTPOVEKTIVNG KaI TN oUCTTaon Twv huoivoBAacTwy 3t Oogov agopd Tn xnueloTaia, £Xel
BpeBei 6T To LPA pe o pakpid kal aképeotn aAucida AITapou oéog emmayel Katd
TIPOTINNON TN XNMEIOTAGIO TWV OEVOPITIKWY KUTTAPWV in Vvitro, Toavwg AOyw dIa@opETIKAG

Tpdadeong Tou LPA aToug utrodoxeig Tou LPA 123,

1.2.3. Mapaywyn kai Biodiabeciudétnta Tou LPA
1.2.3.1. BioouvBeon tou LPA

To LPA mrpoépxetal atmo ta pepBpavikd pwogoAimidia (PC, PE, PS). Otrwg TTapouaialeral
otnv Eikéva 1.10, 1o évCupo ewao@oAirraon A (PLA) atmropakpuvel yia aluaida Airtapou
0&€og atrd Ta WO@OANITTIOIA, PETATPETTOVTAG Ta 0 Auco@wa@oAimidia (LPC, LPE, LPS).
‘Emrerma, n ATX atTodakpuvel TRV TTOAIKH opdda atmd 1a Aucowo@oNITTidIa TTapdyovTag
LPA. To LPC tmpoépxeTal €ite a1rd TN MEMPBPAVN, €iTE aTTO TNV KUKAOQOpPIa TTpoodedepEVO
otnv aABoupivn. To LPA utropei va tmmapaxBei evdokuTTapik@ atmd 1n dpdon g cPLA:
(cytosolic PLA,) pe Tnv TAuTOXpOVn aTTEAEUBEPWON ApaxXIdovIKOU 0¢£0G. EVOANOKTIKA, TO
QWOQPOAITTIOIO pE TN dpdon TNG PwaooAiTTdong D (PLD), ytropouyv va JETATPATTOUV 0t PA,
TO OTTOIO WE TN O€Ipd Tou OTAV XAOEl TN Wia aAucida Airtapou ogéog atrd Tn sPLA; (secreted

PLA;) YeTaTpETIETAI O€ LPA 104124125

Intracellular space

)
+ Arachidonic acid
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—Phospholipids
,— @D .. . l
& PC, PE, PS
0000000D0000OCO000000000080000000000000000C00000000000000DCC0000000000
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Eikéva 1.10: NMapaywyn Kal JETABOAIOUOG Tou LPA 104,

Mo ouykekpiyéva, 170 LPA Ttrapdyetal evOOKUTTOPIKA KI €CWKUTTAPIKA. AT
BloxnuikAg okommdg, 1o LPA utropei va ocuvteBei péow OUO BIAQOPETIKWY POVOTTATIWY,
KaBéva arrd Ta otroia atroTeAgital atrd duo oTddia (Eikdva 1.11). 210 TTPWTO BIOCUVOETIKO
MOVOTTATI, TO OTTOI0 KUPIWG EUTTAEKETAI OTAV EVOOKUTTAPIKN TTapaywyr tou LPA, To PA

apxIKa Trapdyetal €ite amd KATTOI0 QWO@OAITTIdIo (PL) pe 1T Opdon Tou evCUuou
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Qwao@oAittdon D, €ite amd 1n diakuAoyAukepoAn (DAG) pe Tn dpdon g Kivdong Tng
OIaKUAOYAUKEPOANG. 2Tn cuvéxela 1o PA petatpémretal o€ LPA pe 1n dpdon tou ev{Upou
ewo@oAirrdon A: (PA-PLA:a kai B: LIPH kai LIPI avrioTtoixa otov avBpwtro), 61TTwg
¢aivetal otnv Eikéva 1.11A 25, Opiopéva kopeapéva €idn LPA ptropei va Trapayx8ouv atrd
T0 HeMPBpavikd PA pe Tic PLA; kai PLA; og @Aeypovwdn KUTTApQ, evepyoTToinuéva
QIJoTTETAAIO Kal evdoBnAiakd KUTTapa 1?7, 310 deUTEPO BIOCUVOETIKO YOVOTIATI, TO OTTOIO
KUPIWG EPTTAEKETAI OTNV £GWKUTTAPIO TTapaywyr Tou LPA o€ BioAoyikd uypd, 18iwg o€ opd
Kal TTAGOUA, Ta QuOQOANITTIOIO apXIKa ueTaTpétrovial o€ Auco@wa@oAimidia (LPL) pe Tn
dpdon Tou eviupou ewaooAittdon A (PLA, PLA). ZTn ouvéxela, Ta LPL pe Tn dpdon Tng
ATX (Lyso-PLD) uetatpémovtal o€ LPA (Eikéva I'. A-B).

.\.'m Phnsphahdlc acid Callular T\espons@s

lespnollpld n-an-,lgl,ceml
anpnoipna A Pmapnolpna D nummml Kinase ha F = nln U K .....
e JJ,,\ | LPAALPA, |
Phosphalipid F""Fu'“ il a N

Lrsophmwnlpd Pnnsmuu.e acid H o ”'T_"aT“"
\ I .; head group x_pr'i"w-‘f‘-u'u*ww‘- o “-vww-r'\-.-w
1 Q 1 o
. ‘l-r‘v‘v"‘-"‘—f'\-‘w
i T r—"— @: phosphate n - . A
Y v Ty @ Lysophosphatidic acid
1]
LA, PLA, [ NP
.-i:  — .'I:\M T e L ‘*nmn»..a_w
AGPA‘I' Monoacylglycerol 3 .
s-phoaphats LPA Monoacylglycere! Lysophosphalipid

Eikéva 1.11: A. ATTEIKOVION TWV JOVOTIATIWV oUvBeong Tou LPA. B. EEWKUTTAPIKA TTapaywyn Tou
LPA péow tTng ATX kai Tng PA-PLA;: 77,

To LPA ekt6¢ ammd v ATX, utropei va mapaxBei €§wkuTTapiké Kal Péow evog
AlyéTEPOU KOIVOU POVOTTATIOU, TTOU TTEPIAANBAvEl TNV udpOAucn TOU QWOPATIBIKOU 0LE0G
(PA) otnv €EwTePIKA TTAEUPA TNG KUTTOPOTTAAOUATIKAG PEMPBPAvVNG attd Tn dpdon Tng
HEMBpPaVIKAG @wao@oAimdong A1 (PA-PLA: iy LIPH, LPDLR) (Eikéva 1.11B) 7128, To
TTaPAYOUEVO aKOPEOTO 2-akUA-LPA deixvel «rpoTiunon» otov uttodoxéa LPAg. ‘Exel Bpebei
OTI OTQ TTOVTIKIO TO oNUATO®OTIKO HovoTTdTtl PA-PLA:-LPAs puBuiel Tnv avaTmTugn Twv
TpIXoBuAakiwv (Eikdva 1.12) 128129 kai &1 otn diadikacia autry n ATX eivar Trepirtr 120,
MeTadAAagn oTo LIPH/MPA-PLALa yovidio gival utrelBuvn yia TNV KANPOVOUIKA diatapaxr)
“wooly hair” 131132,

O1wg @aivetal otnv Eikéva 1.11A, 10 LPA ptropei va mrapaxBei eEwWKUTTAPIKA Kal
MEOW TNG QWOQPOPUAIWONG TNG MOVOAKUA-YAUKEPOANG peE Tn Opdcn Tng Kivaong Tng
MOVOAKUA-YAUKEPOANG 133, v éva aKOPN HOVOTTATI EVOOKUTTAPIKAS BlooUvOeong Tou LPA
gival péow akuA-Tpavo@epacwy, OTTwg n  O-akuA-Tpavogepdon TNG 3-QWOPOPIKAG

yAukepOAng (AGPAT) n omroia Trapdyel LPA a1md 3-@wo@opikr) YAUKEPOAN 7.
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Eikéva 1.12: O d&fovag PA-PLA1a-LPA-LPAs

otnv avamrtuén Tou TpixoBuAakiou. H PA-PLA1a

oTa €mMONAIOKA KUTTapa TTapdyel To 2-AKUA-LPA,

J To0 omoio péow Tou LPAs evepyotrolei TO

Y TACE/ADAM17 TO OTIOI0 QTTEAEUBEPWIVEI TOV

e {Epithelial cell

( "P}\‘ PA-PLA TGFa 0 o110i0¢ YE TN OEIPd TOU EVEPYOTTOIET TOV
'L"H. EGFR yia To oxnMaTiopo Tng Tpixag 46,

PA-PLAG pp TACE ? TGFa
LF'M
EGFR
Epithelial cell 1
L

hair follicle development

1.2.3.2. BiodiaBeoiuornra rou LPA

‘OAa 1a €idn Tou LPA mrapdyovral atré Tnv ATX pe Tautdxpovn atmeAeuBépwan XoAivng atmo
TO avTtioToixo utmtéoTpwpa LPC. H Aucopwao@atiduloxoAivn cival pakpdv 1o 1o agbovo
AUCOQWO@OAITTIOIO OTO TTAAOHA Kal Tov 0p0, 0¢ cuykevipwoelg 100-200 uM, étrou
BpiokeTal Tpoodedepévn Kupiwg otnv aABoupivn 1 omravidtepa o€ AIMTTOTIPWTEIVES 1)
yAukoTrpwreiveg 34135 Te udamikd diaAUuata, Ta Auco@wa@oAimidia éTTwe n LPC kai n
LPE p1TOopOoUv va uTtdpxouv w¢ eAeUBepa povouepr, oXNMaTICOVTag MIKUANIO O€ XAUNAEG
MIKPOMOPIAKEG OUYKEVTPWOEIS (TNG TAENG Aiywv PM), evw TTpoodévovTal acBevwg oTnv
aABoupivn (Kd~ 2-5 uM). ‘ETol, Ta eAeuBepa povouepny LPC BpiokovTal o€ yia duvauikni
ICOPPOTTIa PE T HEYAAQ TTPOOdEdEPEVA OTO Popéa (aABoupivn) cucowpatwuarta LPC kai
mOavVWG AsIToupyolv wg TO QUOIOAOYIKG UTTOOTPWHA yia TRV ATX, piag kal eAdxioTa
MIKpopopla LPC eival apkeTd yia TO €VCUO TTPOKEIMEVOU VA YiVEI N ETTAYWYI TOU OAPATOG
16_

2e KUTTapIKG eTriredo, TO Trapayopevo LPA atroikodopucital Taxutata oTrod
HEMBPOAVIKEG QWOPATACES QWOQOPIKWY AImdiwv (LPPs) 3¢ ue amotéAeopa Tnv
amo@wo@opuliwaon Tou LPA og BioAoyikd adpavr] povodkuho-yAukepdAn (Eik.1.10, 1.13)
oTnV €SWTEPIKN TIAEUPA TNG KUTTAPIKAG MEMPBPAvNG, n oTroia pe €€aipeon TNV 2-
apaxidovoyAukepoAn dev eTTnpeddel TN peTaywyn onuatog 27138, H efwkuttapiki-dpdaon
Twv LPPs ocuuBdAer otn peiwon twv emmédwv Tou LPA OTO GUECO KUTTAPIKO
HikpoTTrepIB&AAoV 2. Mépa atrd 1 dpdaon Twv LPPs, n eAdTTwaon Tng onuatoddtnong péow
LPA vyiveral og eTritedo uttodoxEwyv, PE TNV ATTEUAICONTOTIOINGN KI €0WTEPIKEUAN TWV
uTtodoxEwv Tou LPA 32,

Ooov agopd oTnv KukKAogopia, £xel Bpedei 0TI To LPA 1TOU XOpnyeiTal evOoQAEBIa,
«koBapieTal» Aueca PEOW TNG NTTOTIKAG TIPOCANWNG, TBAVWGS OTA  NUITOVOEION
gvBoOnAiakd kUTTapa Tou ATTaTog 40, Mio avaAuTIKd, To LPA éxel xpovo nuioeiag {wng JOAIg
3 Aemrtd oTnv Kukhogopia %1, yia autd n dpdon Tou gival QUTOKPIVIAS Kal TTAPAKPIVAS dTav

TpoodéveTal oTnV aABoupivn 142,
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Eikéva 1.13: Atropwo@opuliwon Tou LPA pe Tn dpdon Twv Quo@atacwy TwV QuOoPOAITTISIwY
LPP1-3 og avépyavo pwa@opikd Kal JovoakuAoyAUKepOAn (MAG) 15139,

Mépa ammd tn dpdon Twv LPPs, otn BiodiaBeciudtnta Tou LPA onuavTikog gival o
POAOG Twv akuAoTpavo@epacwy Tou LPA (LPAAT), ol otmoieg kataAUouv Tnv TTPocOAKn
Miag dakuA-aAucidag oT1o LPA, petatpémovidg 1o oe PA otnv eowtepikh TTAEupd Tng
KUTTAPIKAG MepBpavng (Eikdva 1.10) 143,

‘Evag dAAog mrapdyovrtag Tou puBuilel Tn Biodiabeciudétnta Tou LPA eival ol
TpwTeiveg TTou TTpoodévouv 1o LPA. MNa mapddeiyua, Trapoucia aABouuivng, 10 LPA
gvepyoTtrolei Toug uttodoxeic LPA; Kal LPAz, aAAG éxi Tov LPA; 07, ETriong, Traidel poAo Kai
n 1oxupn TTpoadean Tou LPA aTtnv gelsolin Tou TAdopatog 144145, Kard ouvéTreia, Ta TOTTIKA
eTTiTeda TOU CUUTTAGKOU uTtodoxéwv Tou LPA-BioAoyikd dpacTikoUu LPA puBuiovTal atréd
Mia  TTOAUTTAOKN  aAAnAemmidpacn TG  ATX, Twv €AeUBepwyv  UTTOOTPWHATWYV
AucOQWO@OAITTISIWY, TWV PuOoPATaAcWY AITISIWV Kal TwV TTPWTEIVWV TTOU TTPOCdEVOVTAI
oT0 LPA 16, ymrodeikviovTag Tnv aucTnper pUBUICN OTNV OTToia UTTOKEITAl O PETARBOAIOUSS
Tou LPA 1%,

1.2.4. Tpétrog dpaong Tou LPA

To LPA dpa péow umrodoxéwv Tou ouvdéovtal pe G mpwreiveg (GPCRS),
EVEPYOTTOIWVTAG OIOQOPETIKA ONuATOdOTIKA povotramia 46 1 kal mBavwg péow Tou
TTupnvikou utrodoxéa PPARY #7, Tou utrodoxéa RAGE (receptor for advanced glycation
end products) 8149 kal Twv opeavwyv utrodoxéwv P2Y10 %° kai GPR87 5, Emiong, 10

LPA gival duvaTov va evepyoTrolnael Kal Tov utrodoxéa S1P; o€ TTaBoloyikéG ouvOrkeg 7.

1.2.5. "EAeyX0¢ TNG pUBUIoNG Tou LPA

O1 d1a@opeTIKEG BloAoyikéG dpdoelig Tou LPA gAéyxovTal atmd Tnv KATAVOMN TwV
uttodoxEéwv Tou LPA kai Tnv ameuaiodntoTroincr Toug, KaBwg Kal Ta TTITTEdA TOU TOTTIKOU
LPA, 61TTwg autd kaBopifovtal atmmd 10 100C0YI0 TwV eVCUPWY EKEIVWV TTOU TTAPAYOUV Kal
ekeivwv TToUu armoikodopolv 1o LPA 14 Emiong, 710 PloAoyikd aTTOTEAEOUA  TNG
onuatodotnong Tou LPA egaptdral atmd Tnv €k@pacn Twv uttodoxEéwv Tou LPA oToug

I0TOUG .
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1.2.6. Ymrodoxeig Tou LPA

To LPA dpa péow £¢1 uttodoxéwv (LPAR1-6 1) LPA1s), O1 OTTOiOI TTAPOUCIAZOUV DIAPOPETIKN
ékppaon Kal Tautdxpova OAANAETTIKAAUTITOPEVN i BloKPITH dPACTIKATNTA, MIAG KAl Ol
mpoadéteg (ligands) utropouv va Tpoadévovtal og TToAoUg uttodoxeic 17146, Ta yovidia
TTOU KwOIKOTTOI0UV TOUG UTTodoXEig Tou LPA yia Tov dvBpwTro cival Ta LPAR1- LPARG evw
yla To TrovTiki Ta Lparl-Lpar6 52, OAol o1 uttodoxeic LPA éxouv 7 diaueUBpavIKEG TTEPIOXEG
ue poplakd Bapog 39-42 kDa 192,

1.2.6.1. Aoun twv urrodoxéwv Tou LPA

O1 umrodoyxeic LPA1.s (LPAI/EDG2, LPA/EDG4, LPAS/EDG7) kwdikoTroloUvTal a1d Tnv
oikoyéveia yovidiwv EDG (endothelial differentiation gene) 4158 omnv otroia oikoyéveia
avrikouv 5 utrodoxeic GPCRs (S1P1s) yia 10 Amdiakéd diapecoAafnt) S1P (sphingosine
1-phosphate) °. O1 utrodoxeic LPAss (LPA4J/P2Y9/GPR23, LPAs/GPR94, LPAs/P2Y5)
QVAKOUV OTNV OIKOYEVEIO TWV TTOUPIVEPYIKWY uttodoxéwv (P2Y) GPCRs, Tng otroiag Ta

WEAN TTPOCBEVOVTAl TTEPICTATEPO TE VOUKAEOTIOIO TTAPA o€ AUCOPWO@OAITTIOIO 118:160-163

1.2.6.2. Meraywyn onuarog uéow Twv utrodoxéwy tou LPA

H onuatodotnon tou LPA akoAouBeital atmd evepyotroinon tng wao@oAmrdong C kai D
(PLC ka1 PLD, avrtioToixa), KivntoTtroinon acBeoTiou, avacToAr A eTTaywyn TNG adeVUAIKNG
KUKAGong (AC), emaywyr Twv MAP Kivaowv Kal geTaypa@r] yovidiwyv Tou puBuiovtal atmod
Tapdyovteg ammokpiong opoU k.4. (Eikéva 1.14) B, To Gaizz-OlapuecgolaBolpevo
Rho/ROCK kai Rho/SRF povoTrdar euTrAéKETAlI OTNV KUTTAPIKA KIVNTIKOTATA, KUTTAPIKN
€I0BOAN Kal o€ AAAQYEG OTOV KUTTAPOOKEAETO. TO Gagr1 EVEPYOTTOIET TN QWOPOAITTAon C
(PLC) n otroia etrayel TNV TPIQWOPOPIKA IVOOITOAN (IP3), ue atmoTEAECUA TNV KIVATOTTOINON
Tou Ca?" kai Tn OJlakuhoyAukepdAn (DAG), pe OTTOTEAECUO TNV E€vePyOTTOINGN TNG
TPWTEIVIKAG KIvdong C. To JovOTTATI auTO EUTTAEKETAI OTNV AYYEIOBIAOTOAN, TNV KUTTAPIKN
QvATITUEN Kal TNV avoooAoyik cuocowpeuon. H emaywynh Tou Ges-OlapecoAafoupevou
MovoTraTiou pe Tnv evepyotroinon Tng adevuAikhig KukAdong (AC) kai Tn cuvakoAoubn
TTapaywyr Tou CAMP, aTTOTPETTEI TNV KUTTAPIKA JETavAoTeuon. TEAOG, n evepyoTToinon Tou
Gailo ETTAYEI OPPOAOYIKES alayég péow Twyv Ras/MAPK kivacwv i avaoToAr TG AC A
MEOW TNG KIvaong TG wao@aTiduAloivooitoAng (PI3K) kal Tng Rac TTpoKaAEi KUTTOPIKN
peTavaoTeuon 1 TTAYEI TOUG PUNXAVIOPOUG KUTTAPIKAG £TTIRiwong péow PI3K/Akt (Eikéva

gg) 164,
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Eikova 1.14: Metaywyr oApaTog péow Twv 6 uttodoxéwv Tou LPA 104,

Omwg @aivetal otnv Eikéva 1.14, kdBe utrodoxéag tou LPA culeUyvuTtal HE
dla@opeTikéEG G-TTpwTEiVEG (Gi, Gq, Gs, Gi213). O1 utodoxeig LPA1 kai LPA2 Kupiwg
oulelyvuvtal Ye Gi TIPWTEIVEG, MEIWVOVTAG Ta ETTITTEd TOU KUKAIKOU AMP (CAMP) ue
TOUTOXPOVN EVEPYOTTOINON TWV TIPWTEIVWV Ras, Rac, ERK kai Akt 27. O1 utrodoxeic LPA;
Kal LPA2 oulelyvuvTal kal pe TIG TTpwTEiVEG Gizi13 EVEPYOTTOIWVTOG MIKPEG GTPAoeg (Rho),
ME aTTOTEAET A TNV avadIopyAvwWan TOU KUTTAPOOKEAETOU KAl TNV KUTTAPIKA METAVAOTEUCN
165166 H gUleutn Twv uttodoxéwv LPA; kal LPA; pe Tig Tpwreiveg Gq €IQEPEl TNV
EVEPYOTTOINON TNG PUOPOAITTACNG C e TN ouvakOAoubn KIvnTOTToinor Tou EVOOKUTTAPIKOU
aoBeotiou %6, H ouvdeon Tou LPA; pe TIG Tpwreiveg Gio evepyotrolei TiIc MAPK kai
uTTAOoKdpEl TNV adevUAIKA KUKAGon 7. O utrodoxéag LPA, SiapecoAaBei atnv augnon Twv
emmédwy Tou CAMP Kal oTnv KivnToTroinon Tou acBeaTiou 8 evw n ouleugn TOU
utrodoxéa LPAs e Tig TipwTEiveg Gizins SlapuecoAaBei oTo oxnuatioud Twv stress fiber 62,
TéAog, o uttodoxéag LPAs oulelyvuTal Pe TIG TTIPWTEIVEG Gigjag 169170,

1.2.6.3. Evepyorroinon twv utrrodoxéwyv tou LPA

H evepyotmoinon Twv utmodoxéwv Tou LPA egaptdral amd 10 €idog Tou AITapou
0&éog Tou LPA. Kai o1 £€1 uttodoxeic Tou LPA utropouv va evepyotroinBouv atmod 10 1-akuA-
LPA (Eikéva 1.8a) aAAG pe dIo@opeTIKA IKAvOTNTA TTPOCcdEoNG. evikd, Ta LPA pe akdpeaTo

AITTapd 0&U OTTWG Ta OAEIKA 0¢€a, Ta AIVOAEIKA o&éa i Ta apaxidoviké oféa TTpoadEvovTal
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Mo 1I0XUPd oToug uTTodoxEiG Tou LPA (XapnAég Tiuég ECsg) eTTayovTag TIG BIOAOYIKEG TOUG
Opdoeig, oUyKPITIKA Pe Ta LPA pe kopeapévo Aimmapd ofu. Ettiong, Ta LPA pe Mo « JakpId»
aAugida AITTapou o&éog cival TTIo «OpaACTIKA» GUYKPITIKG PE eKEiva TTOU OIaBETOUV AKUA-
oAugida pe Aiydtepa atopa dvBpaka 27171172 O ymrodoxéag PPARY £vepYOTIOIEITOI HOVO
a1o akdépeaTa LPA 76,

O1 utrodoxeic LPAs kai LPAs TTapoucidfouv pia povadikry €geidikeuon yia Tov
TTPOCOETN TOUG. 10 CUYKEKPIUEVA, EVEQYOTTOIOUVTAI IOXUPA aTTd LPA e akdpeoTn aAucida
AITTapoU 0&€og Kal JAAIoTA aTTOKPivovTal KAOAUTEPA 0TO LPA TToU dIaBETEl AKOPEDTN AKUA-
opada atn B€an sn-2 TNG «PAXOKOKAAIAG» TNG YAUKEPOANG (Eikdva 1.8b), mapd oe LPA ue
Kopeopévn i akOpeaTn akuA-oudda otn Béon sn-1 1627169 O ymodoxéag LPAs deixvel
«TrpoTiunon» yia 10 1-aAkuA-LPA (Eikéva 1.8d), Ttou omoiou 10 AITTapd ofu eival
ouvdedepévo e alBepikd deapo 21172 vy o uttodoxéag LPA, evepyoTrolgitTal IoXUpd aTrd
70 1-0A£0IA-LPA 160,

1.2.6.4. Ekppaon twv urmodoxéwv tou LPA

O1 Bioloyikég dpdoeigc Tou LPA oxetiCovrar pe Tnv €upeia Katavoun Kal OIa@OpETIKA
ék@paon Twv uttodoxéwv Tou LPA ota didgopa 6pyava kai kuttapa. O uttodoxéag LPA;
TTaPoUaIalel ueyaAn éKppaacn oTa KUTTOPA TOU VEUPIKOU ouaThiuatog 19166173 o | PA, aTa
Opyava TOU avoooTToINTIKOU CUCTAUATOG (BUO adéva Kal OTTAAVA), OTa AEUKA aipoo@aipia
Kal OPXEIC GTOUG avOpwTToUg, 0€ VeQPOUC, UATPA Kal OpXEIS oTa TTovTikia 198174 o LPA; o€
Kapdid, Trvelpova, TTAYKPEAG, TTPOCTATN KAl KUPIWG 0 OPXEIG, MATPA KAl WOBAKEG aTOV
avBpwTro %8, evw o1 uttodoyeic LPAs—LPAs TTapouaidouv eupeia Ek@pacn aAAd og XaunAd
etmimeda. Mo ouykekpipéva, o LPA4 ek@pdaletal oTIC WOBAKEG, 0 LPAs g AeTTTd €vTepo,
Kapdid, oTTAAvVA, EYBPUIKA BAACGTOKUTTAPA, TTVEUHOVA Kal eyKEPAAO 27175,

> € TTaBOAOYIKEG KATOOTACEIG Kal aoBEveEIEG TTapaTnEEiTal aAAayr TNG EKPPAONG TwV
uttodoxéwv Tou LPA. TNa mapddeiyua, n ékppaon Tou LPA, au&dvetal oTov KapKivo Tou
BupeoeIdoug, Tou TIaXEOG €vIEPOU, TOU MACTOU Kal Tou oTopdyou 7. ETmiong, éxel
TTapatnEnOei N TTOAUTTAOKOTNTA TNG ONUATOdOTNONG HECW TWV BIOPOPETIKWVY UTTOOOXEWV
ToU LPA yia Tnv idia vooo. MNa Tapaderyua, n «Eviaon» Yiag aoBEvEIag UTTOPET va PEIWVETAI
ME TN ONPATOdOTNON MECW TOU €VOG UTTOBOXEA TOu LPA Kal va augaveTal e Tn JETAYWYN
TOU OANOTOG HECW TWV UTTOAOITTWV UTTOBOXEWYV Tou LPA, utrodeikvUovTag Tn onuaacia tng
diagopoTtroinong-aAAaywv oTnv «a@Bovia» Twv utrodoxéwv Tou LPA oTtnv ekdoToTe
XPOVIKN oTiyun 5.

H dnuioupyia knockout TrovTikwyv TTou dev ekppdlouv Tov uttodoxéa LPA; (LPA;™)
€de1&e TTPOPBANUA OTNV AVATITUEN TOU €yKEQAAOU: MEIwWON TOu apPIBUOU TWV VEUPIKWV

KUTTAPWYV TOU KpaviakoU VEUPIKOU CUCTANATOG KI EAATTWON Tou apiBuoU Twv KUTTAPWY
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Schwann oT0 1oX10K6 veUPO, PE ATTOTEAECHA TNV KATA TO ANIOU BvNoIudTATA TWV VEOYVWV
TIOVTIKWV Kal TNV apyn avamtuén toug 4. Ixemika mpdogarta deixdOnke o1 Ta LPA;™"
TTOVTIKIO TTApOoUCiacaV PEIWMPEVN IKAVOTNTA OXNUATIONOU Tou KUWeAIBIKOU dla@pdyuaTog
Katd Tnv avdrrtugn 7. Etriong, o utrodoxéag LPA; gival utreUBuvog yia To VEUPOTTaONTIKO
TOVO MIOG KOI N YEVETIKA aTTaAoipry Tou OTa TTOVTiKIa, Ta KABIOTA avOekTIK& OTnv
aTTodUeAivwon Tou vwTidiou pueghou 116178 Meléteg €0eiav o1l o umrodoxéag LPA;
euBUvETOl  yIO TNV  KUTTAPIKA METAVAOTEUON O  OIAPOPOUG TUTTOUG  KUTTAPWY,
oupTTEPIAAUBAVOUEVOU Kal TOU KAPKIVOU, EVW EPTTAEKETAI OTNV TIVEUHOVIKN 17° Kal veQpIKA
ivwan 89, TeveTikA Kal papuaKoAoyIKr atralolpr] Tou utTtodoxéa LPA; TTeplopilel ONUAVTIKA
NV ivwon o€ veppoug, Tiveduova, aptnpieg kai dépua 8, O umrodoxéag LPA; ekppdleTal
KUPIWG Katd TNV ePPPUIKA wépa 9.5 aTo Trovriki 0.

H dnuioupyia knockout TTovTikwv TTou dev ekppdlouv Tov uttodoxéa LPA; (LPA,T),
£€0€IEE TNV AVTIATTOTITWTIKA KAl TTPOCTATEUTIKN dpdon Tou LPA: évavtl TnG €TTayOpevng
eviepIKAG BAGRNG &ite ammd akTivoBoAia pe akTiveg X 1] amd avTIKAPKIVIKA @dpuaka 82,
EmmAéov, Ta LPA," TTovTiKia eg@AvVICavV PEIWPEVN KOPKIVOYEVEDN TOU TTAXEOG EVTEPOU
MEIVOVTOC TTPOPAEYHOVWDEIC TTapdayovTtes (MCP-1, MIF) 183,

O umrodoyxéag LPA; ekppdletal ota emBnAiakd KUTTapa TG UATPAG KaTd €vav
TIPOYECTEPOVO-EEAPTWHEVO TPOTTO Kal Trailel pOAO OTNV apXIKA EUPUTEUCN TOU £UBpPUOU 84,
H e€aAeipn Tou yovidiou Tou uttodoxéa LPA; o€ BnAukd TTovTiKIa 0drynoe o€ EAATTWHATIKN
EMQUTEUON TOU gUPRPUOU AOYW pEIWPEVNG EKPpaong TNG KukAooguyevdaong-2 (COX-2) kai
OUVETTAKOAOUBN peiwon Twv ETITTEdWY TWV TTPOCTAYAAVOIVWY, 01 OTTOIEG Eival ATTAPAITNTEG
yia TV euBpuIKn eguteuon 7. O umodoxéag LPAsz @aivetal va diadpapartilel pdho otnv
avaTtapaywyikf Asiroupyia Tou apoevikou TovTikou 88, Ta LPA,” mrovTikia {ouv KavoviKa
XWPIG va TTapoucidfouv KATToI0 eAdTTwua, woTdéoo TTapoucidlouv 30% BvnoiudotnTa
mOavwg AOyw ayyelakoU TTpoPBARuaTOS Katd TNV euPpuoyéveon 86, O utmodoxéag LPAg
eKQPACeTal OTOUG BUAQKEG TNG TPIXOG KAl EMTTAEKETAI OTNV AVATITUEN TwV HaAAliwy (Eikova
1.12) 118,

1.3. A¢ovag onparodotnong ATX/LPA

O &&ovag petaywyng ouarog ATX/LPA gival amrapaitntog yia TNV avatTuén Tou ayyeiakou
Kal VEUPIKOU cuaTruaTog 17° kaBwg kai yia Tn diatipnon Tng OpoIdoTAoNS TWV ayyeiwv
137,187,188 To LPA euTIAéKeTaI 0 OIAPOPES PUTIONOYIKEG Kal TTABOAOYIKEG KATOOTAOEIC,
OTTWG €ival N €TOUAWON TwV TIANywv, n avdamAdon Twv 10TWV, N OUCCWPEEUON
aidoTreTaAiwy 8%, n mpoagéAkuan Aed@oKUTTApwY 204950190 'n n(BuIon TNG YuaIoloyiag Kal
NG diomepaTdTNTag TWV £vO0ONAIOKWY KUTTApwV ¥7, n abnpookAnpuvon 1, n pubuion

NG PuUaIoAoyiag Kal dlagopoTToinong Twv oAlyodevdpoKUTTApwY %2, n Trveupovikn ivwon
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%4179 o veupoTrabnTIKOG TTOVOG M8, To Kapdiayyelakd %3, o XOAOOTATIKOG KvNOpOG %4, n
omepparoyévean %, n avamrugn Twv TpIXWV Kai n eg€Aign Tou dykou (Mivakag 1.1) 8419%
197'

Nivakag 1.1: MaBoguaioloyikég dpdaoelg Tou dfova ATX/LPA 1%,

Patho-physiological roles  Enzymes Receptors

Hair folhicle development PA-PLA;jx  LPAg
Vascular development ATX, LPP3 LPA, 44
Pulmonary/renal fibrosis unidentified LPA,

Neuropathie pain ATX LPA,
Embryo implantation unidentifiecd LPA;
Spermatogenesis ATX, LFPl LPA,;

1.3.1. Atovag ATX/LPA oTtnv avatmapaywyn Kai e4RpUIKA avaTtuén

Mpéoarteg ueAETEG avadelkvUouv TO ONPAVTIKO pOAO Tng onuaroddtnong Tou Aagova
ATX/LPA otnv avatmapaywyr. O uttodoxéag LPA; 1Tailel poAo oTnv apXIKA EeUTEUCH TOU
eEUPBpUoOU OTn uATPa pEOW TNG EéKPPacng TnGg kKukhoofuyevaong-2 (COX-2) kal TN
OUVETTAOKOAOUBN Trapaywyr] TTpooTayAavOIvldv, Ol OTIOIEC €ival aTmmapaiTnTeG yia TNV
eUBpPUIKA eu@UTEUon. ETTiong, o LPA; pubuilel Tn oUoTTa0n TOU PUOMPNTPIOU Kal ETTAVEI

avadiopydvwaon TNG eEWKUTTApIag BeuéAiag ouaiag oTnv Trepioxr TG uRTpag (Eikéva 1.15)

117,184,199

embryo
@ _LPA

I'LP'A:
WL WAL WL WAL WL W W W

epithelium

COX-2
L 4 ECM remodeling
PGs'
til‘?‘ling stroma
myocontraction  myometrium EIKOva 1.15: O a§ovag onuatodotnong LPA/ LPAz otnv
s,;*a'c;ng EUPUTEUCH TOU EUPPUOU 5.
=

normal implantation

O TTOAAOTTAQCIAOUOG TWV OTPWHATIKWY KUTTAPWY TOU €VOOUNTPIOU TTOVTIKOU O€
KaAAiEpyela e€apTdaTal aTrd Tn onuaTodoTnon Tou LPA, diadikagia oTnv OTToia CUPPETEXOUV
10 id10 d1dpopol uTTodoxeic Tou LPA (LPA;1, LPA3) 2%, EiTAéov, BpéBnke o€ {wikd povTéAQ
N EMTTAOKA TNG METAYWYNAS OAPATOS Héow LPA otnv avatrTugn BuAakiwy Twv wobnkwv 22,

Katd 1n O&1dpkeia piag @QuUOIOAOYIKAG €yKUPOOUVNG Trapatnpeital auénon Tng
heTaypagnig Tng ATX atov TAakouvTa 292, Alatapaxry otnv mapaywyr 1ng ATX oTov
TIAGKOUVTO CUVOEETAI E TNV TTPO-EKAQUYIa, katdoTaon €Tkivduvn yia Tn YNTéPa Kal To

£uBpuo 2%, H goBapdTnTa TNG TTPO-EKAAUYIAC, N OTToia CUVOEETAI JE TNV APTNPIOKK TTiEDN
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Kal Ta eTiTeda oupIKoU 0EE0G TNG UNTEPAG BPEBNKE OTI CUCYKETICETAI KOl JE TA ETTITTEDA TNG
ATX aTov 0pd TNG uNTépag 2%4, Katd ouvéTeia, n otdxeuan Tou agova ATX/LPA utropsi va
BonBroel atnv £tmiAucn TTPORANUATWY ATTO ETTITTAOKEC KATA TNV yKUPOoUvn 15205206,

Ava@opikd pe TNV eUPpuUIKn avatTugn, deixBnke OTI n uPPUIKA BvnoIuéTNTA TWV
knockout wg 1mpog TNV ATX TToVTIKWY OTNnV €URPUIKN pEpa 9,5 ogeileTal oTnv EAAEIYN TNG
KATOAUTIKAG dpaOTIKOTNTAG TNG ATX, HIAG Kal pia onueIakr) JETGAAaEN oTo apivo&u 210 TTou
EXel we atmmoTéAeopa TNV aAhayr atrd Bpeovivn o€ alavivn emeEpel To BAvaTo Tou guppuou
207 'H mrpooBrikn LPA og kaAAIEpyela ex vivo, TOUAAXIaToV ev pépel BeATiwoe TIG BAGBES OTO
veupiké ovuotnua . H petaywyn ofuatog péow ATX/LPA kal n guyBoAn oTnv avamtugn
TOU VEUPIKOU CUCTAUOTOG ATTOTEAET £vav eEEAIKTIKG GUVTNPENPEVO Unxaviopo 92, Agiel va
avagepBei 6T EuBpua TTovTIKWY knockout wg Tpog Tnv TTpwrteivn Gaiz TTapouciacav
Tapdyola ayyelakd TpoBAnuaTta pe Ta ATX' éuBpua, yeyovog TTou UTTOdEIKVUEI TOV
Kupiapxo pOAo TNG TTPWTEIVNG Ga1z OTN METAYWYI) TOU ORPOTOG Héow Tou agova ATX/LPA
OTO QyyEIaKO oUoTnua 208209,

EmmpooBera, deixOnke 6T n utrepék@pacn NG ATX oe £upua TTovTIKOU 0drynoe
oT1o BdvaTo Twv eupplwy oTIg 9.5-11.5 euPBpuIKES NUEPES, TTapouaialovTag kKaBuaTepnuévn
avamTugn kal TpoBAAuaTa OTO VEUPIKO KI ayyelokd cuoTtnua. Etiong, mpoAfuata oTo
AyyeIOKO oUoTNUA EU@AVIOTNKAY KAl O€ VEOYVA TIOVTIKWY ETTEITA ATTO  €TTAYOMEVN
utrepékppacn TN ATX 21° EuBpuikr) Bvnoiudtnta mapoucidaTnke Kal o knockout TTovTikia
yia Tv LPP3 eugaviovrag mapopola ayyelakd mpoBAfuara 21212 Kard ouvémeia, n

OKPIBAG pUBUION TWV ETTITTESWYV Tou LPA KpiveTal aTTapaitnTn YIa TNV OPAAR avaTTugn °.

1.3.2. Agovag ATX/LPA otnv avooia

H atmoTeAeoPaTIKOTATA TOU AVOCOTTIOINTIKOU CUCTANOTOG EQPTATAI ATTO TN OUVEXN
pon TWV AEUPOKUTTAPWY PECO aTTO Ta deuTEPOYEVH Acupoeidr) 6pyava. Ta Aep@okUTTapa
NG KukAogpopiag péoa amo pia diadikaoia TTou  ovopdaderar lymphocyte rolling,
aAANAemdpoUV e Ta evdoBnAiokd KUTTapa Twv HEVS oToug Aepgpadéveg kal ota Peyer’'s
patches (PPs) Tou evrépou. Ta evdoBnAiakd kuTttapa Twv HEVS ekppalouv XNUEIOKIVES (TTY
CCL21, CXCL13) kar pépla KUTTApIKAG TTPOOKOAANONG, OTa OTToia TTpocdévovTal Ta
Aepgokuttapa kar diatrepvouv Ta HEVS. H aAMAnAemmidpaon auTtrh €ival TTpoocwpIvh,
avaoTPEWIUN KI ETTIPEPEI JOPPOAOYIKEG aAAayég aTa KUTTapa 5L,

O d&govag onuaroddétnong ATX/LPA diadpauari¢elr péAo otn pubuion ToUu
QvoOoOoTIOINTIKOU oucoThpaTtog. H  ATX putmopei va  Asiroupynoel w¢g  utréoTpwud
TTPOOKOAANONG yIa Ta Aep@oKUTTaPA, UTToBoNnBwvTag Tn dIaTTEPACH TOUG atrd To EvOoBrAIo
49-51 'H gAANAeTTidpac TwV AEUPOKUTTAPWY PE Ta ev0BNAIaKA KUTTapa pubuileTal atd Tnv

Tommikr) ATX Twv HEVS kai 6x1 atmé Tnv ATX Tng kKukAogopiag °1. Ava@opikd pe TNV EUeutn
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avooia, 10 LPA Tipodyel Tnv egayyeiwon Twv AEPQOKUTTAPWY, dlATNPWVTAS ThV
avoooAoyIKr) opoléoTacn ue Tn etaTtpot) Twv CD1lb+ povokuttdpwv oe F4/80
HaKpo@Aya, aTa TTOVTiKIa GAAG Kal aTov AvBpwTTo 213,

H ATX emdayetar ota KUTTOPA TOU QVOCOTIOINTIKOU CUCTHAMATOG ETTEITA OTTO
gvepyotroinon tou utrodoxéa TLR (Toll-like Receptor) amé LPS (AittommroAucakyapitn),
MEOW TNG IVTEPQPEPOVNG TUTTOU | €VEPYOTTOILVTAG TA HPOVOTIATIO ONUOTOdOTNONG TWV
JAK/STAT kai PI3K-Akt 3. H ATX ek@paleTal OTa OTPWHATIKA KUTTAPA TWV AePPadivwy
TTPOWBWVTAG TN METOKIVNON TwV T AEUPOKUTTAPWY OTOUG AEPPAdEVEG KUPIWG HECW TOU
utrodoxéa LPA; 214215 Ta avBpwtiva CD4* T Agy@okUTTOpa Kal Ta OevOPITIKA TTOU
TIPOEPXOVTAI ATTO TA MOVOKUTTOPA EKPPACOUV KUPIWG Toug UTTodoxEiG LPA1 kal LPA2. To
LPA emayel Tnv ékkpion NG IL-13 atmmd T1a evepyotroinuéva CD4™ T Agu@okUuTTapa
TTEPIPEPIKOU aigaTog Kal otrAfva 12, To LPA emdyel Tn YETATPOTI TwV TTOAUSUVAPWY
BAaoToKUTTAPWY O¢ naive BAACTOKUTTOPA MECW TOU ONUATOOOTIKOU HovoTratiou LPA;-
STAT3 216,

MeAéteg oe TTovTiKia Kai zebrafish €dei€av 611 n onuatodétnon péow ATX-LPA;
OUMBAAAel oTov TTOAAQTTAACIOOUO TwV XOVOPOKUTTAPWY PECW TNG 10600V OTN @AonN S Kal
ME PUBHION TNG OIATAENG TNG QIMTTPOVEKTIVNG, 0dnyei 0TO OXNUATIONO Tou XOvdpou 217,
ETriong, éxel deixOei 0TI n onuatoddTnon uéow Tou C18:1-LPA 1railel poAo oTn HETAYPAPIKN
pUBuIoN TTpWTOYEVWYV avBpwTIvwy IVOBAQCTWY TTOU HeCOAaPBolv oTn PBeAtiwon Tng
OUNITIBAG, EVW O€ TTEPITITWOEIC XPOVIAS QAEYUOVIS TTpowBEi TNV TrepiodovTiTida 218:219,

2Tnv ogeia @Aeypovn, n ATX augdvetal katd Tnv emdiépOwan Tou I0ToU. Ta uywnAd
etrimeda LPA peiwvouv 1n petaypa®r tng ATX péow tng onuatodotnong LPA:-PI3K. H
KaTaoToA} auTr] avtioTaBpietal ammd Tnv €mmaywyn Tng ouvbeong tng ATX péow Twv
QAeypovwdwy kuttapokivwyv TNFa kar IL-18. H ATX egaAcipetan ypriyopa ammd tnv
KukAogopia atrd Ta nuITovoeldr] evooBnAiokd KUTTApa TOu ATTATOG Kal €701, META TNV
emdIopBwon TG BAAPNG, Ta eTTiTreda TNG ATX Kai Tou LPA gmmavépyovTtal 0Ta QUOIOAOYIKA

TOoUG SpIa 77,

1.3.3. ASovag ATX/LPA o€ xpovieg @Aeypovwdelg TTabAoEIg

H puBpion 1ng ékppaong TG ATX atréd Tig did@opeg PAEYHOVWOEIG KUTTOPOKIVES £¢nyei Ta
uwnAa emmimeda Tng ATX aAAd kal Tou LPA otn xpovia @Aeypovh. XapakTnpioTIKO Tng
XPOVIOG QAeyuOvAG aTroTeAei n ouvexiCoéuevn uwnAn Tapaywyrn Tou LPA kal n
onpatoddétnon péow Tou LPA, yeyovog TTou €xel WG atmmoTEAeopa Tnv emdeivwon TG
aoBéveiag. Ta teAeutaia xpdvia, N XprAon in vivo povtéAwy TTEIpapaTolwwy oTo pyaoTrpId
Mag, Me yeveTikh atraloiph TG ATX o0& OUYKEKPIPNEVOUG 1I0TOUG CUVERAAE OTN WEAETN TNG

TraBoAoyiag TNg apBpiTdag 22°, TNg TIVEUNOVIKAG ivwang >4 kal NTTOTIKWY voowv .
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1.3.3.1. Aéovag ATX/LPA - @Aeyuovh Aimwdoug 10Tou Kai uetafoAiké auvdpopo

‘Exel TpoTabei 011 0 dgovag ATX/LPA gutrAékeTal OTNV TTAXUOAPKIA, OTNV QvTioTaorn oTnv
IVOOUAIVN Kal OTNV OMOIOOTOON TNG YAUKOZNG. 2Ta TrovTikia Trepimou 10 40% g ATX
TapdyeTal oo AITTWON 1070, TTOCOOTO TTOU QUEAVETAI PE TNV auénuévn KaTavaAwon
dlatpo@ikoU Airoug 221, Adyw NG augnuévng uadag Tou AITwdoug I0ToU OTnV TTaXUCapPKia.
H ékppaon tng ATX au&dvetal otn @Aeyyovh Tou AITTwdoug 10ToU 7. AuEnuéva eTTireda
ATX éxouv Bpebei oTov 0pd Kal 0TO OTTAAXVIKO AiTTo¢ aoBevwyv pe dlafATn TUTTOU 2 O€
oxéon pe Jn diapnTikoug aoBeveic. H ATX mmapoucidlel BeTIKA CUOXETION HE TO TTOCOOTO
AiTToug 0710 cwua Kal TNV augnuévn avaloyia AeTtTivng/ adimrovekTivng. H AeTttivn augdavel
TIC PAEYMOVWOEIC KUTTAPOKIVEG, Og avtiBeon We TNV adirovekTivn 222225, H avaloyia
AETITivNG/ adITTOVEKTIVNG CUOXETICETAI PE TO METABOAIKG oUVOpOMOo, evw N augnuévn ATX
oTov 0pd NAIKIWHEVWY TTaxUoApKwyV avBpwTtwy aTtoTéAece €vOeiEn avTtiotaong otnv
IVOOUAivn 226:227,

KAIVIKEG Kal in vivo peAéTeC deixvouv Tnv edmmAokn Tou dafova ATX/LPA otnv
Taxuoapkia. QoTtdoo0, £xel Ppedei apvnTiKA CUCXETION avaueaa oTo OeikTn HAJag CWUATOG
(BMI) kai Ta emmimeda tng ATX oTov 0pd Kal 010 AITwdn 1016 PN diafnTIKWwY atopwy.
AvTifeTa, Ta emrireda ATX/LPA fTav augnuéva aTtoug diapnTikoug aoBeveic 22, yeyovog TTou
evOeEXOPEVWG egnyeiTal attd To OTI 0¢ QUOIOAOYIKEG KATAOTAOEIG N ékppacn Tng ATX
avaoTéAeTal atTd TO TTPOIGV TNG, TO LPA, evw o€ pia TTpo-@Aeypovwdn katdotaon 6TTwg o
oIaBNATNG, N EMTTPOCOETN aTT TIG KUTTAPOKIVEG £TTAYWYN TNS TTapaywynig TnG ATX aAAdlel
TNV TTpoavagepBeioa avaaToAn . Mpdogata BPEBNKE OTI N OIKOYEVEIQ KUTTAPOKIVWYV |L-6
emmayel v ékepacn Tng ATX ota AitTokUTTapa Jéow Tou povoTtraTiol gpl30-JAK-STAT3

Kail 6T N avaoToAr Tou gpl30 BeATiwoe TNV avTtioTaon aTnV IVGOUAivn 22°,

1.3.3.2. Aéovac ATX/LPA Kai veupoAoyIKEC dIaTapayéS

To LPA €xel ouvepyloTikr) dpdon pe TIg Airtokiveg (AetrTivn, resistin, TNFa, IL-1B, IL-6) TTou
atreAeuBepwvovTal atrd T0 AEUKO AITTWdN 10TO WG TTPOG TNV TTPowBNON TG AEYHOVAG Kal
TNV TTapaywyn dpacTiKwy eAeuBEpwV pIfwyv, ol oTToieg diaTapdoaouy Tn dIATTEPATOTNTA TOU
QIMOTEYKEQPAAIKOU QpayuoU, odnNywVTag a€ atpo®ia Tou ITTTTOKAPTTIOU Kal avoia 230, ETriong,
augnuéva emmimmeda NG ATX ouoxetiCovral pe auénuévo Kivouvo eu@Aviong NATmwv
YVWOTIKWVY QUCAEITOUPYIWY, KABWGS Kal ue AAToxaiuep 23, Augnuéva emitreda ATX kai LPA
Exouv ava@epBei otov opd Kal TO €YKEQOAOVWTIAIO uypd aoBevwv HE TTOAAATTAR
okAfjpuvon. H gappakoAoyikry avacToAr) TN ATX tTepidpioe TNV EENIEN TNG TTEIPAPOTIKAG
gyKeaAopueAiTidag 2°.
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1.3.3.3. Aéovag ATXILPA kai apBpitida

21NV apBpiTida, o1 apBpikoi IVOBAACTEG (SFS) evepyOTTOIOUVTAI EKKPIVOVTAG PAEYHOVWOEIG
TTapAayovTeG. MeAETN OTO EpYAcTAPIO PAG £DEIE OTI 01 EvepyoTTOINKEVOI apPBPIKOI IVOBAGOTEG
at1rd aoBeveic pe apBPITIdA AAAG KAl ATTO TTEIPANOTIKA CWIKA JOVTEAA apBpiTIdag, TTapdyouv
onpavtikég TToooTnTeg ATX. H ékppaon Tng ATX errayeTal atmo Tov TNF, evw 1o LPA e1Tayel
TNV EVEPYOTTOINON TWV apBpIKWV IVOBAAoTWY O¢ cuvépyela ue Tov TNF. ETTiong, n YeveTikn
atroAoIPr Kal N QapuakoAoyik avaoToAry TG ATX ammd Ta PECEYXUMATIKA KUTTOPQ,
OUMTTEPIANOUPBAVOUEVWY TWV apBpikwy IvoBAacTwy, £0¢cige e€aoBévnon Tng apBpitidag,
uttodeIkvUovTag TNV €UTTAOKN Tou afova ATX/LPA otnv tTaBoyéveia tng apBpimidag aAAd
Kal T Xxpovia @Aeypovry 220:232-234

NedTepeg peAéTeg ouoyeTiCouv Ta etmiTreda TnG ATX oTo TTAGoMa Kal TO apBpikd
uypo aoBevwyv pe TN goBapdtnTa TNG ooTeoapBpimdac 5. Ta uwnAd emimeda ATX kai
onpaTodéTnong péow Tou LPA gutTAéKOVTal OTN pEUMATOEIDN apBpiTida, TTpowbwvTag Tnv
uTTEPTTAQCIQ OTNV APBPWAON Kal TNV TTPOOJEUTIKI) KATAOTPO®PN Tou XOvdpou 234, ETimTAéoy,
BpéBnke OTI TTovTiKIa TTOU akoAouBoucav diatpoPry UWnAnR o€ Airapd, eu@aviav o
ypryopa oateoapBpiTida Adyw XEIPOUPYIKAG ETTEPRACNG 1 YAPATOG, JE TN AETTTIVN va €TTAYEI
aAAayég aTo xOvOpo, pe attoTéAeapa augnon Tng ATX kal eEKpUAIoHS Tou XOvdpou aTrd Tn

dpacn Twv PETAANOTTPWTEIVATWY TNS BepéAiag ouaiag (MMP-13) 26,

1.3.3.4. Aéova¢ ATXILPA - mveupovikn ivwaon kar Gobua

MeAéTeg o€ CwikG povTéAa aAAd kal o€ aoBeveic e TTveupovIKn ivwan €B€IEav auénon Twv
emmmédwyY Tou LPA oTov kuweAidIkO xwpo. ETriong, Bpédnke OTI N peTavAOTEUCN TWV
IvOBAaCTWYV 0€ éva (wIKG HOVTENO TTVEUMOVIKAG ivwong TTOU dnUIOUPYEITal aTTo TNV £yXuon
MTTAEOPUKiVNG €€apTdTal ammd Tn onuatodoTnon péow Tou utrodoxéa LPA; H yeveTikn
atraAoIPr) KAl N QAPHOKOAOYIKN) avaoToAr] Tou uttodoxéa LPA; eixav wg atroTéAEouQ
e€aoBévnon TnG e€EAIENG TNG TIVEUPOVIKAG ivwaong 179237,

MeAETn oTo epyacTAPIO pag £0eige augnuéva ettireda ATX 0€ IVWTIKOUG TTVEUUOVEG
a0BevwV Kal TTOVTIKWY, KaBWg Kal OTI n YeveTIKA €¢aAeiyn 1ng ATX atd 1a KUTTOPa TOU
Bpoyxikou emmBnAiou kal Ta pakpo@dya eTTEPePE ££aaBEvnon TNG cofapdTnTag TG vooou,
uTTod€IKVUOVTAG TNV EUTTAOKN TNG ATX oTnv TTaBoyévela TG TIVEUPOVIKAG ivwong, aAAd Kkal
empBeBaivovtag TNV Trpoéheuan Tng ATX amd Tov TiveUdova °4 Ze pia GAAN PEAETN
OcixBnke 611 N augnuévn ATX oTo BpoyXoKUWEAIBIKO EKKPIUA TTOVTIKWY WG OTTOTEAETUA TNG
MTTAEOMUKIVNG €ixe TTPOEAEUCT aTTd TO TTAGO A Kal EI0AABE oTOoV KUWPEAIBIKG XWPOo PEoW TNG

ayyelakng diappong 28, Qatdoo, cival mOavo n ATX va TTPoadEveTal HECW IVTEYKPIVWV
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oTnV EME@AVEIA TWV KUTTAPWY TOU TTVEUUOVA, PE ATTOTEAETUA va BIaPeUYEl TNG EKKABAPIONG
KaTd TNV TOTTIKA dpdan Tng 292%,

Emmpoobeta, oto epyactipid pag Oev Trapatnperénke diagopd o€ HPOVTEAO
TIVEUMOVIKAG ivwong o€ diayovidiakd TTovTikKia TTou utrepek@palouv 1 uttoekppalouv ATX
Kal dpa £Xouv augnuéva 1 elwpéva, avtioToixa, emimeda ATX oTnv KukAogopia >4, MapdAa
QUTA, N CUCTEUIKN QOPUAKOAOYIKA avaoToA TNg ATX peiwoe Ta etTimeda Tou LPA kai
eTEQepe £€aaBévnon TNG TIVEUMOVIKAG ivwang 249241, Mapouola BeTIKG aTTOTEAETUATA WG
TTPOG TOV TTEPIOPICHO TNG AVATITUENG TNG TTVEUUOVIKE ivong €ixe N Xopriynon avaoToAéa
Tou uttodoxéa LPA:, aAAG Kai n KABOAIKI YEVETIKI atraAoi@r] Tou LPA; 1] Tou LPA, 242243,
A&iCel va avagepBei 611 o€ HOVTEAO TTVEUMOVIKAG ivwong, To LPA péow Tou LPA1 1 Tou LPA;
ETTAYEl TNV ATTOTITWON TWV €MONAIOKWY KUTTApWY 2*, Ta oTroia Bpébnke 6T ekPpalouv
TNF, o otroiog €ival yvwoTo 0TI eUTTAEKETAI OTNV TTaBoyéveon TNG TTVEUMOVIKAG ivwong

(Eikéva 1.16) 245,
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Eikéva 1.16: Zxnuatik avamapdcTaan Tou anuatodoTikou povotraTiol ATX/LPA GTnyv TIVEUHOVIKN
ivwon 2.

Mia 1Mo mpdoearn €peuva ouveédeoe TNV augnuévn Trapaywyn tng ATX pe Tnv
€KQpPaon TNG B-kaTtevivng Kal TRV KOIVA TOoug puBuion atd 1o PeTaypa@ikd TTapayovTa
NFATL1 (nuclear factor of activated T cells). H yeveTikr} /| @apuakoAoyIkr) avaoToAr Tng ATX
] Tou LPA; TTEpIOpICE TNV avdaTITUEN TNG TIVEUPOVIKAG iviuong HECW HEIWONG TNG EKPPacng
NG £vEPYNG B-KATEVIVNG KAl TNG ATTOPWAPOPUAIWONGS Tou TTapdyovia NFAT1 246,

MeAéTn oTo epyaoTpid pag €6<iEe 0TI n ATX kal 1o LPA atmd pdva toug dev gival
IKavd va eTTdyouv TTVEUHOVIKA BAARN per se. ZuyKkekpiuéva, n diatipnon Tng opoidéoTaong

oTov Trveupova dev artraitei yeydAa etmireda LPA. Ao Tnv dAAn, n utrepékppaocn tng ATX
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atrd 10 Bpoyxikd €TMIOAAIO 1] aTTd To ATTAP Oev EMPEPEI KATTOIA ETTITITWON OTOV TTVEUOVA
247'

Mépa atmd Tnv TIVEUHOVIKA ivwor, Ta auénuéva emmimeda Ekppacng Tng ATX éxouv
OuoXeTIoBel pe TNV TTaBoyéveln Tou AOBUATOG, OTO OTIOI0 TTPWTIOTWG EUTTAEKETAI O
uttodoxéag LPA,. ANepyIKA TTPOKANCTN acBevwy e doBua eTé@epe alEnon Twy ETTITTEOWV
ATX kai LPA o1o BALF 2%, TeAeuTaia, eAéyxovtal Ta TToAuakopeaTa C22:5-LPA kai C22:6-
LPA wg mBavoi PBIodeikTeg yia T coBapdtnTta TNG QGAEYHOVAG TWV OaEPAYWYWY AOYw

oMepyiag aTo AoBua 249259,

1.3.3.5. Aéovag ATX/LPA kai nTratikég aoBEVeIES

H tpoBAnuartiky onuatoddétnon péow LPA eutrAékeTal o€ pia TTANBwpa NITaTIKWV
a0BevelWV. Z& dia atmd auTég, TN XOAIKA aTtpnaia, n coBapdtnTa ThG vOOOU CUCXETICETAI JE
TNV NTTATIKA akapyia, Ta auénuéva ettireda Tng ATX oTov 0po Kal Th hJElwPEVN PeBUAiwon
Tou TTpoaywyéa TNG ATX 251, H ivwaon oT1o ATap Xapaktnpeiletal ammd auénuévn éKppaacn
NG ATX a1é Ta NTTATOKUTTOPA Kal augnuévn ékppaon Tou uttodoxéa LPA, atrd Ta NTTaTiKG
aoTepoeIdn KUTTapa 252253, EmmAéov, HEAETN OTO £pYaaThpIO Hag £Be1e augnuéva eTTiTeda
ATX kai Tou uttodoxéa LPAs oe aoBeveig pe Xpdvieg NTatotrdbeieg aveEapTiTou TTNYNGS
mpoéAeuong (NTaTikn, aAkooAikr i AImwdng) °. A&ilel va avagepBei 6T Ta emrieda ATX
oTOV 0pO UTTOPOUV VA XPNOIYOTTOIOUV WG TOAVOS PIOBEIKTNG YIa TN PUN-OGAKOOAIKA AITTwdn
nmatiky véoo (NAFLD) oe mayxUoapkeg un dioBnTikEG yuvaikeg 254, aAAd kol w¢
dlayvwaoTIKGG SEIKTNG yIa TNV NTTATIKA ivwaon 2%

APKETEG PEAETEG £xOUV ouvdéoel TNV ATX pe To XOoAoOTATIKG KVNOUO Kal TNV NTTATIKA
BAGBN. Zuykekpiyéva, aufnuéva emmimeda ATX éxouv PBpebei aTtov 0pd aoBevwv ME
TTPWTOTTA0R XOAIKA XoAayyelimida, TTpwTOTTadr] OKANPUVTIKR XoAayyelimida Kail Kippwan Kal
MAaAIoTa, N augnuévn ATX cuvdéeTal avTioTPOPA PE TO TTPOCDOKINO (WG OTOUG OOOEVEIG
auToUg, ol 0TToiol TTapouaidlouv auénuévn TTIBAvOTNTA YIO AVAYKN METAPNOOXEUONG NTTOTOG
255_

H xpovia 1oyevAg nTraTitida n otroia e¢eAicocTal o€ Kippwon gival utrelbuvn yia 10
70% TWV NTTATOKUTTOPIKWY KAPKIVWHATWY, Ta oTToia avTioToixoUv 010 90% Twv KapKivwv
Tou ATTaTog. Ta emitreda NG ATX oTov 0pd atroteAolv anpavTiké deikTn TPOYyvwong Tng
ivwong og aoBeveig pe xpovieg nTratitideg B kal C, KaBwg Kal Tov 1Mo agIémoTo OeikTn yia
TOV TTPOCBIOPIoHS TWV OTAdIWVY TNG iVoNG. ZUPPWVA PE TO UNXAVIOPO dpdang, N Aoidwén
atmd nmaTimnda C otabepoTrolei TTapdyovTteg emayouevous aTmd utrogia, ol otroiol odnyouv
oTnv augnon tng ékepaong tng ATX ammd Ta nrmatokuTTapda. O KUKAOG auTog evioxUeTal

TEPAITEPW aTTO TN onpaToddéTnon Tou LPA péow Tng PI3K, n otroia otaBepoTroiei Tov HIF-
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1a 2%, Katd ouvéTreia, n ATX ptropei va xpnoipoTroindei wg d1ayvwaTIKOS KOl POUOKEUTIKOG

OTOXOG OTNV TTPOCTIABEIa avaaToARg TNS e€EAIENG TNG IoyevoUS NTTATITISOG O€ Kapkivo 257,

1.3.3.6. To onueio mapaywyns tng ATX otn onuarodotnon 1N QAEyLoviS

‘Eva atmmd 1a {NTAPATa TToU €XOUV TEBEI OXETIKA PE TNV KATAvONon Tou TTaBo@ualoAoyIKoU
poAou Tng ATX cival edv n puBpIon TNG onuatodoTnong Tou LPA yivetal ammé Tnv ATX 10U
TTapdyetal TOTKA | a1rd Tnv oAkl ATX Tng KukAogopiag. MeAéteg €deiav 611 n ATX
TIPOCDEVETAI TOTTIKA OTIG IVTEYKPIVEG OTNV KUTTAPIKA £mTipaveia 41, ue ammotéAeopa 1o LPA
va dpa OTOUG YEITOVIKOUG uttodoxeic Tou LPA #2, To yeyovog OTi n Trapaywyn Tng ATX og
OUYKEKPIPEVOUG KUTTAPIKOUG TUTTOUG (AITTOKUTTAPA, IVOBAACTEG, NTTATOKUTTAPA, TTAPEYXUMA
TveUovVQA) EUTTAEKETAI OTNV EPQAvIoN TTaBoAoyiag o€ didgpopa dpyava, evioxuel TRV armoywn
OTI n TOomKA TTapaywyn Tng ATX eival utrelBuvn yia TN HETAywYyr) OAUATOG OTN QAEYUOV
Kal dpa, Tnv €mdIdpBbwan Tou I0ToU TOTTKA OTO GNEio Tou TpaupaTog. QaToco, n ATX givai
dpaaTIKN Kal OTav dev €ival TTPOadeSEPEVN OTIC IVTEYKPIVES 258, yeyovag TTOU EVOEXOUEVWG

e€nyei Ta auénuéva emimeda LPA atnv KukAogpopia o didpopeg aaBéveleg 15,

1.3.3.7. Aéovag ATX/LPA arnv gupavion Ki eEEAIEN ToU KapKivou

O &éovag petaywyng ofjuatog ATX/LPA diadpapatifel onuavtikd poAo otnv €&EAIEN NG
XPOVIOG QAEYHOVAG WG TTPOG T dnuioupyia HIKPOTTEPIBAANOVTOG TOUu GYKOU, TO OTTOIO
TIPOWOEI TNV KAPKIVIKI) avATITUEN, TNV avTiOTAon 0TO avoooTIoINTIKG, Tn YETAOTACN KAl TV
avOeKTIKOTNTA OTn Bepatreia. Ta OUO XOAPAKTNEIOTIKA TTOU MTTOPOUV va a1rodoBoluv
TTPAKTIKA 0€ OAOUG TOUG KAPKIVOUG €ival N YEVWHMIKA aoTABEIO KAl HETAAAQEN aTtrd TN pia Kai
N @Agypovr) TTou odnyei aTov dyko atd TNV dAAn 15259,

‘Exel BpeBei 611 OAeG 01 veOTTAACUATIKEG BAGBEG AAAG KAl Ol U VEOTTAAOUATIKOI OYKOI
TTEPIEXOUV KUTTAPA TOU AVOOOTTOINTIKOU CUCTAUATOG (AEUKA aipoo@aipida, Jakpo@aya) Kai
TTPOPAEYHOVWIEIS IVTEPAEUKiVES 20, To avoaoTroinTikd TOUAAXIGTOV GTNV apXK], TTPOCTTIAOE
VO KOTAOTPEWEI TA TIPO-KOKONON Kal KapKIVIKA KUTTapa. QoT1éoo, €av n QAeydovA
TTapapEivel Kal To Tpauua O BepaTtreuBei, N onNUATodOTNON TNG PAEYUOVHG XPNOIUOTTOIEITAl
a1rd TO VEOTTAAOUATIKA KUTTOPQ, ME ATTOTEAEOUO va OXNMOTIOTEI O Kapkivog. Omwg
Tapouaidletal otny Eikdva 1.17, n xpdvia @Aeyuovr) TTou TEAIKG odnyei 0€ KapKivo atroTeAe]
TO €EWYEVEG WOVOTTATI. 2T XPOVIG QAEYHOVH, 01 evePYEG pideg oEuyOvou Kal AAAa popIa
00NYoUV 0¢€ YEVETIKEG AANAYEG TTOU £XOUV WG ATTOTEAECHUA TNV EVEPYOTTOINCN OYKOYOVIBiWV

KAl TNV KATOOTOAR TWV OYKOKATACTAATIKWYV YOVISiwV, TTOU OTTOTEAET TO EVOOYEVEG HOVOTTATI.
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Eikéva 1.17: ExnuaTikr) avatrapdoTtaon Tng £vapgng Tou Kapkivou kai Tou poAou Tou dGgova
ATX/LPA 15,

Ta dUo povotrdTmia o€ ouvduacoud, odnyouv TNV aUENon Twv TTPOPAEYHOVWOWY
peTaypagikwy TTapayéviwv NF-kB (nuclear factor—kB), STAT3 (signal transducer and
activator of transcription 3) kai HIF1a (hypoxia-inducible factor 1a) ota Kapkiviké KUTTOpA
(Eikéva 1.18), emrdyovtag Tnv KUTTOPIKA £TIRIWON Kal TNV TTAPAYWYH KUTTOPOKIVWY KAl
XNUEIOKIVWYV OTT T VEOTTAACHATIKA KUTTAPA, KE TTEPAITEPW OTTOTEAECHA THV EEATTAWON OTA
VEITOVIKA ~ OTPWMATIKA  KUOTTAPQ, TNV  TTapaywyrf  TTEPICOOTEPWY  PAEYHOVWOWV
olapecoAafnTwy, TNV EVEPYOTTOINON KAl TTPOCEAKUCH TWV AEP@QOKUTTApwY. H augnuévn
METaYWYA CAPOTOG TTEPIAQUBAVEI TNV alénon Twv emTédwV NG ATX Kal Tou LPA kai Tnv
TAUTOXPOVN HEIWoN TNG dPACTIKOTNTAG TWV QUOPATACWY TwV GWOPOAITIdiwY (LPPS). O
TTAPATTAVW @QAUAOG KUKAOG €XeEl WG ouveTTela TNV évapén Ki €CEAIEN TOu Kapkivou Kal
TTOPOUOIAZETAI WG «TPAUMA XWPIG eTTOUAWGN» 15261119

H onuatoddtnon tou déova ATX/LPA 6x1 povo erayel Tov TTOAAQTTAQGIOoUO, TV
EMOETIKOTNTA KaI T UETACTACN TWV KOPKIVIKWV KUTTApWV 83262 aAAG emiTTAéov pE TN
@Aeypovwdn puBuion tou diatnpei (Eikdva 1.18), cuuPdarAer otn diagopoTroinan Twv
CAFs, oTtn Olcioduon AEUKOKUTTAPWY, OTNV QyyEIOYEVESHN Kal OTh OuvTiApnon Twv
BAaoTokuTTApWY, O1adIKaCieG atmmapaitnTeG yia TO PIKPOTTEPIBAAAOV Tou Oykou (Eikéva
1.19) 104,

21N Xpovia @Aeypovr}, n avénon Tng Trapaywyns g ATX oTa idia Ta KAPKIVIKG
KUTTapQ, OAAG Kal OTO TTOPAKEIPMEVO OTPWHATIKA KUTTOPA, OuvriiBwg ouvodeleTal atro
uTTEPEKPPAon Twv UTTodoxéwyv Tou LPA, 10iwg Twyv utmodoxéwv LPA; 3 kal peiwon g
OpPACTIKOTNTAG TWV QWOEATACWY TwWV QWo@OAIIdiwv LPP1/3. H cuvexig peTaywyn
onpartog péow LPA autdvel Tnv ayyeioyévean Kai TNV TTEPAITEPW AVATITUEN TOU KAPKiVOU
(Eikéva 1.19). Ta evepyotroinuéva aiOTTETAAIO atToTEAOUV TNV KUpla Ty LPA oT1o

HIKPOTTEPIBAANOV TOU Bykou 203265,
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Eikéva 1.18: O afovag ATX/LPA etrdyel TN @Agypovr TTou 0dnyei aTo oXNUATICPO Kal TNV €EEAIEN
TOU 6yKou. To LPA péow Twv uttodoxEwv Tou Kal Tn oUeugn Pe TIg ekGoToTe G TTpwTEiveg dpa péow
OIAPOPETIKWYV CNUATOBOTIKWY HOVOTTATIWYV, EVEPYOTTOIWVTAG HUETAYPAQIKOUG TTapdyovtes (NFkB,
HIF-1a, ATF) pe atmrotéAeopa Tn Slapkn TTapaywyr] @Aeypovwdwy diapecolapntwy (IL-16, IL-6, IL-
8, TNFa) 104,

1.3.3.7.1. Mnxaviouoi utrepékppaons tnc ATX oTov KapKivo

2TOUG KOPKIVOUG OTOUG OTToioug augdvetal n mapaywyr tng ATX, o1 yeveTIKEG alayég
apopoUv aTnv auénon Tou apiBuoU avtiypdewy Tou yovidiou TTou KwdikoTrolgi Tnv ATX 2,
>€ AAAeG TTEPITITWOEIG, N ATX UTTEPEKPPACETAI OTA KAPKIVIKA KUTTAPA WG ATTAVINON OTIG
BAGBeg oTo dikAwvo DNA petd amd o&eldwTIKO OTPEG, YEYOVOG TToU €¢apTdTal atmd TV
evepyotroinon Tou NLRP3 (Nucleotide-binding domain, leucine-rich-containing family, pyrin
domain-containing-3) @AeyyovoowpaTOG Kal TN PETAAAagn otnv  ATM  kivdon
oepivng/Bpeovivng. To @Aeypovoowpa €ival OMYOUEPEG €VOG OUPTTIAOKOU TTPWTEIVWY,
uTTEUBUVO YIa TRV évapén TNG GAEYHOVWOOUS OTTOKPIONG, TO OTTOIO ETTAYEI TNV EKKPICT TWV
TIPO-QAEYHOVWIWY KUTTAPOKIVWV IL-1B kai IL-8 26, T& peta-petaypa@ikd emimedo Tng
pUBUIoNG TNG ATX, éxel BpeBei 6T N TTpwTEivn TTou TTpoodével To RNA HUR (human antigen

R) otabepotroiei To MRNA 1ng ATX o¢ KUTTOPO PEAAVWMPOTOG Kal £T01, Qu&dvel Tnv
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Tapaywyn NG ATX 8, O1 d0o Tapatrdvw PNXavioPoi evOEXOUEVWE €EnyoUV TNV augnuévn

auTokpIvh TTapaywyn TNg ATX o Kapkivoug 5.
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Eikéva 1.19: ATX/LPA anpatoddtnon ato pikpotrepiBaAAov Tou dykou. H ATX atreAeuBepwveTal
oTO HIKPOTIEPIBAANOV TOu Oykou atrd Ta Trapakeiyeva Tou Oykou KuTtapa (AirrokuTtTopa, B
Aep@oOKUTTOPA), AAAG Kal a1Td TA id1a TA KAPKIVIKA KUTTAPA KOl TO KAPKIVIKA BAacTokUTTapa. To
TTapayouevo LPA e1Tdyel ToOv TTOAATTAACIAONO TWV KAPKIVIKWY KUTTAPWYV Kal BAACTOKUTTAPWY, TN
dlagopoTtroinon Twv CAFS, TNV ayyeioyEvean Kal avaoTEAAEI TNV KUTTAPOTOEIKA atrékpion Twv CD8
T Aep@OKUTTAPWY 104,

EmmpdoBeta, €xel amokoAueBei €va  poviéAO  TTapakpivoug pubuiong Tng
Tapaywyng TG ATX Og KAPKiVO PJOOTOU. ZUPQWVA PE OQUTO, N EKKPIOT QAEYHOVWOWVY
diapecoAaBnTwyv atrd 1o HaoTIKO OyKOo eTTdyel TV ék@paon TNG ATX oe ditAavoug 10Toug
TOU PacTOU, PE atmoTéAeoua Tnv auénon Tou LPA oTo pikpotrepiBdAAov Tou 6ykou. To
TTapayopevo LPA augdvel TepioodTEPO TNV TTapaywyn QAEYHNOVWOWY KUTTAPOKIVWV KAl
COX-2, ol otroieg Tpo@odoTolV TNV €mmaywyr TG TTapaywyng g ATX. MNapopoiwg, n
TTPoEPXOMEVN ATTO TOV OYKO PAEYHOVA OTO PACTIKG AITTwdn 1016 augavel TNV TTPOCEAKUON
Makpo@aywyv, Tnv Tapaywyn IL-8, IL-6, TNFa, yetaypa@ikwy mapayoviwyv (VEGF, G-CSF)

KAl KOTA CUVETTEIQ, TNV E€TTEKTACN TNG QAEYMOVAG Kal TNV TTeEpaITépw augnon tng ATX
195,267,268

1.3.3.7.2. Znuarodornon péow LPA otnv €EAIEN Tou Kapkivou
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H petaywyn onuatog péow LPA euTTAéKETAI OTO NTTATOKUTTAPIKO Kapkivwpa (HCC). Ol
aoBeveic e HCC kar auénuéva emimeda ATX mrapoucidlouv augnuéveg moavoTnTeS
Bavdrou 2%°. Ta aufnuéva emimeda Twv uttodoxéwv LPAzs utrodeikviouv augnuévn
KakonBela 2%, I10 epyaotpid pag, €xel Ppedei OTI n yeverikr amoloipry Tng ATX
OUYKEKPIYEVA ATTO TA NTTATOKUTTAPA TTOVTIKWYV €iXE TTPOOTATEUTIKA dpdan évavTti oto HCC
Kal TNV NTIATIKA iVvwon CUYKPITIKA e TNV opada TTovTIKWY gAéyxou °. TUupwva PE Ta
TeAeuTaia dedopuéva, n un aAkooAiki oteatonTratitida (NASH) Ba atroteAei Tov KUpla atia
onuioupyiag HCC péxpl 1o 2030 AOYw TWV OUVEXWG QUEAVOUEVWY TTOCOOTWY TTAXUCOPKIOG
271 Aedopévou Tou yvwaToUu poAou TG onuartoddtnong tou dafova ATX/LPA otnv
TTaBOYEVEDT TWV PETABOAIKWY CUVOPOUWY, N 0TOXEUOT Tou dgova ATX/LPA ue avaoToAEIG,
UTTOPE Va TTPOOTATEUTEI OTTO TO NTTATOKUTTOPIKO KapKivwua 15272,

O Kapkivog Tou TTayKpEéaTogG aTTOTEAEI TNV TTEPTITH KATA CEIpd aITia BavaTou OToUg
KapkKivoug o1o duTIKG KOOWO. ‘Exel BpeBei onuavTikn avénon tng dpacTikoTnTag TG ATX
oTov 0pO acBevwy Pe Kapkivo oto TTaykpeag. ETTAov, £xouv Bpebei augnuéva eTTireda
Aucogpwao@aTidulooepivng Kal AucoQwo@aTIOUAOYAUKEPOANG OTO YAOTPIKO ACKITH TWwV
TTapPATTavw acBevwy, uttodeikviovTag TNV TmBavh eUTTAOK AAAWV Aucopwo@oAImdiwy
€KTOG Tou LPA oTnv TTaBoyévean Tou Kapkivou, Aueon r EUPECN MECW PETATPOTTAG TOUG C€
LPA 273274 "Eyxel TIEpIlypOa@QEi O€ KAPKIVO TTOYKPEATOC N ONUATOdOTNON HECW TWV
uttodoxéwv LPA; kai LPAs, o1 otroiol emdlyouv Tov TTOAAATTAGCIaoud Kail TNV €I0BOAR Twv
KAPKIVIKWV KUTTApWY PECW EKKPIONG Twv HeTaAoTTpwTeEivacwy MMP2 kai cuvakoAoubn
gvepyoTtroinan Tng Kivaong FAK kai Tng Tpwreivng paxillin 27°,

2TOV KOPKIVO TwV WoBnKwv, Ta KapKIvikd BAacTOKUTTApa TTapdyouv Trepicocia ATX
KI EK@PAadouv uwnAd etireda Tou uttodoxéa LPA; péow Tou dova onuatoddotnong ATX-
LPA-LPA;-Aktl 2%, gv) o uttodoxéag LPA; eUTTAéKETAI OTN JETAOTAGN TOU KOPKIVOU TWV
woBNnkwv 2’7, H anuatoddtnon péow ATX/LPA éxel BpeBei 6T diadpaparTilel pOAO Kal aToV
Kapkivo Tou evdountpiou, HYE TNV €PTTAOKA Twv uttodoxéwv LPA; kai LPA: aTtov
TTOAQTTAQCIOCUO KOl TNV QYYEIOYEVEDT OTOUG KAPKIVIKOUG I0TOUG, TTAPOUCIAfovTag BETIKN

ouoxéTion Twv emmédwy ATX Kal uttodox£wv Tou LPA pe To oTddIio Tou Kapkivou 278,

1.3.3.7.3. O p6Aog rwv LPPs orov kapkivo

MeAéTeg in vivo deixvouv 0TI n algnon Tng ékepaons Twv LPP1/3 ota KapKIvika KUTTapa
Treplopilel TNV €ATTAWON TOou OyKoU 27°, Zuykekpipéva, Ta XaUnAd emmireda éKppaong Tou
yovidiou LPP1 (PLPP1) amoteAoUlv Ocgiktn Trpdyvwong TnG XApnAng emipiwong Tou
oXeTiCeTal PE TOV KApKivo Tou paoToU 280 Te avriBeon pe Tig LPP1/3, n LPP2 emigépel
avTiBeTa atroTeAéopaTa TNV AVATITUEN TOU OYKOU Kal TTapaTNEEiTal alénon TnG £Kepacng

TN¢ LPP2 oToVv KapKivo Tou PaoToU, Tou TIveUUova Kal Twv wobnkwv 20, TuvoTTikd, n
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augnon Tng ékepaong Twv LPP1/3 kai n peiwon TG ékgpaong TG LPP2 ota kapkivikd

KUTTOPO PTTOPET VO aTTOTEAECOUV VEOUC OTOXOUG OTn BEpaTTeia EVAVTIO OTOV KAPKIVO 15,

1.4. ATX ka1 utrodoxeig Tou LPA wg @UPHAKEUTIKOI OTOXOI

Aedopévng TNG eUTTAOKAG Tou agova onuatodotTnong ATX/LPA oe TTOAAEG TTOBOAOYIKEG
KaraoTaoelg, n ATX kal ol uttodoxeic Tou LPA ptropolv va BewpnBolv wg Tmlavoi
QPAPMOKEUTIKOI OTOXOI yia Tn OepaTreuTIKn TTPOCEYYION TOU KOPKiVOU, TNG XPOvIaG
PAeyPOVAG, acBevelov TToU OXETICovTal PE TOV TTOAAATTAQCIAONS TwV IVOBAACTWY, TWV
QUTOAVOOWV VOONUATwy aAAd kal Tou peTaBoAikoU auvdpduou 281283 Ma 1o Adyo auTo,
MEXPI OTIVUAG, MEYAAN TTpooTTdBEIa £XEI KATABANBEI yia TNV avdTTuén avaoToAéwyv TG ATX
284-286 ) AAGI KOl AVTAYWVIOTWVY TWV UTTODOXEWY Tou LPA 287-289,

O 1pocdiopiouds TG KPUOTAAANIKAG OouAg TG ATX emméTpewe TO OXEOIOOUO
PAPUAKWY TTPOG TNV KATEUBUVON TNG avaoTOANG TNG ATX 4142290281 " 110 guVNBIoPEVOS
EAEYXOC TNG ATTOTEAECUATIKOTNTAG TWV QVTAYWVIOTWY Twv UTTodoxEwv Tou LPA egival n
HETPNON TwV eTITTEdWY TOU €vOOKUTTAPIKOU Ca?* ata umd €AeyXo KUTTOPA, MIGS Kal Ol
aywvioTéG Twv LPAR aufdvouv Tnv KivnToTroinon Tou evOoKUTTApIKOU Ca?* evw ol

avaoToAeic Twv LPAR avaoTéAAouv Tnv atreAeuBépwaon Tou Ca?t 164,

1.4.1. AvaoToAeic Tng ATX

H mapeummodion tng OpaoTikOTNTAG TG ATX armoteAei évav atmoTeAEOUATIKO TPOTTO
QVTIMETWTTIONG TNG XPOvIaG @AeypovAg PBdaoel TTpoo@atwy HeAETWY. H onuacia Tng
avaoToAng Tng ATX katadelkvuetal OXI MOVO ammd T QOPUOKOAOYIKA ETTIOTNHOVIKA
oedopéva aAAd kal atrd To eATTIBOPOPO yeEYOVOG OTI 0 avaoToAéag Tng ATX GLPG1690
BpiokeTal AON o€ eTTiTEdO 2B KAIVIKWYV OOKINWY O€ aoBeveic Pe I810TTaBN TTVEUUOVIKA ivwon
283_

H dnuioupyia Twv TTpwTwyv avaoToAéwv Tng ATX cixe PacioTei o€ éva eupnua
oUuQWvVa Pe To o1Toio TO0 LPA kai To S1P utropoucav va avaaoTeilouv Tnv ATX og XaunAég
OUYKeVTPWOEIG LPC, VOUKAEOTISIWY ] TEXVNTWY UTTOOTPWHATWY. QOTOC0, QUTH N AVOOTOANR
¢ ATX atd 1o LPA 8¢ oupBaivel ag pualohoyikéc ouvenkeg °. Q¢ atroTéAeoya, Ta avaloya
Tou LPA w¢ avaoTtoAeic Tng ATX, kaBapifovtal TaxuTtata atrd TNV KUKAOQopia Xwpeig va
MEIVOUV Ta eTTiTTEdQ TOU LPA 76140,

H vedtepn yevid avaoTtoAéwv Tng ATX civar evwoelg mou PBacifovial oTn
Be1aloAidivodiovn 1, H dpaoTikdTnTa Twv avacToAéwyv TN ATX BpéOnke 0TI auEaveTtal Je
TNV TTPOCONKn PopovikoU 0&E0G, TO OTToiI0 OTOXeUEl TO KaTdAoITTo TnG Bpeovivng otnv

KaTaAuTIkA TTepiox TG ATX 292, O avaoTtoAéag Tng ATX HA155 oxnuarilel avaoTpéyipo

57



OMOIOTTOAIKG &0 pe TNV ATX, evo 0 avaoToAéag PF-8380 pelwvel ETTOPKWG Ta €TTITTEDA
Tou LPA oT0 TTAdopa aAAG Kal oTa anuegia TnG Aeydovig 2%, Ta XoAIKa ogéa dpouv we un-
OUVaYWVIOTIKOI avaoToAeic Tng ATX, utrodeikvuovtag o1l @apuaka TTou Bacifovial o€
OTEPOEIDN UTTOPET VO £XOUV AVTAYWVICTIKN Opdon évavTi atnv ATX 294,

MeAéteg in vivo €deiEav 0TI n TTapepTTddion TnG ATX ammd avaoToAEiG €ixe wg
QTTOTEAECUA TTEPIOPICHO TNG IVWONG O€ BIOPOPETIKA IVWTIKA JOVTEAQ, OTTWG YA TTAPAdEIyua
oTo Sépua 2%, aTo ATTap 27%2% kai aTov TveUpova 5240297 ETriong, o avaoToAéag Tng ATX
Compound 1 peiwoe Tov TIOVO OTIC OPOPWOEIC O MOVIEAD TPWKTIKWV 2% kal eixe
QVTIQAEYUOVWOEIG KAl avAAYNTIKEG 1010TNTEG O POVTEAA TTOAAQTTANG OKARpuvong Kai
@AePoVWBOUC VOoou Tou eviépou 220, Téog, o GWJI-A-23 eixe BeTIKN €TMidpacn oTo AoBua
Kal TNV TIVEUHOVIKN] ivwan 4250,

O avaotoAéag Tng ATX ONO-8430506 eAdTTwoe TN HeTAOTACN KAl TNV QVATITUEN
TOU OykKou KaTd 70%, peiwvovTag TNV EKk@pach PEXP! Kal 20 GAEYHOVWOWY KUTTAPOKIVWIV
KAl XNUEIOKIVWY, Ol OTToieg wBoUv TV OyKoyéveon AUEca OAAA Kal EUPECA PECW TNG
eTTaywyng Tng ékkpiong g ATX kai dpa TnG augnong Tou LPA 5, Mpdéo@aTta ol avaoToAeig
¢ ATX compound 3a, 3b kai 14 peiwoav T yeTdoTaon o€ KUTTAPA MEAQVWUATOS Kal TNV

avTioTaon oTn XnueloBeparreia oe BAACTOKUTTOPA KAPKiVOU Tou paoToy 3%,

1.4.2. AvaoToAgig Tng onuatodoTnong Tou LPA

To LPA trpooTaTeUel Ta KAPKIVIKA KUTTApA atro TNV oeidwTikA BAGRN Tou TTpokaAcsital atrd
TIG AVTIKAPKIVIKEG BepaTTeieg, oupTTEpIAauBavouévwy Twy tamoxifen, paclitaxel, cisplatin kai
TNG 10vifouoag akTivoBoAiag, Jéow TNG alénong TOU PETAYPA@IKOU TTUPNVIKOU TTapdyovTa
Nrf-2 (Nuclear factor 2), o o1roiog 1ayel TNV KQPAOT YOVIBiWY TTOU KWOIKOTTOIOUV avTI-
OCEIBWTIKEG TTPWTEIVES, TTPWTEIVEG ETAPOPEIG TTOU TTAPEXOUV AVOEKTIKOTNTA OE QAPHAKO
(ABCC1, ABCG2, ABCC2, ABCC3), Tnv aAdeudiky agudpoyovdon 1 (ALDH1) kai Tn
diatpnon Twv BAACTOKUTTAPWYV 0139 kai eTTdyouv TOUug PnxaviopoUg emidiIdpBwaong Tou
DNA 305,

O1 avaotoAeig NG onuatoddTnong tou LPA avapévetal va BeATILOOUV TNV
OTTOTEAEOPATIKOTNTA TNG XNMeloBeparreiag utTAokapovtag Tnv LPA-SiapecoAaoupevn
QAgypovy TTOU  €TTAYEl TOV  KOPKIVIKO OyKo. [llo OUyKeKpIPéva, TTEPIOPICOVTAG TN
OeOUOTTAQCTIKA avTidpaaon, n oTroia TTapePTTodidel TNV EVATTOBECT TOU PAPPAKOU OTOV OYKO
MIOG KAl CUMTTIECOVTAI TA ayYEia, aAAG €TTiONG MEIWVOVTAG T YEYAAN dIaTTEPATOTNTA TWV
ayyeiwv 3,

H Bepatreia pe akTivoBoAia oTa KapKIviké KUTTAPa TOU JOOTOU TIPOKOAEI PAEYHOVN
oTa KUTTAapa Tou AITTwd0ouUG 1I0TOU TOU PaoTou, e ouvakoAouBn augnon Tng éKpaong NG

ATX kal TNG onuaTodoTnong Péow LPA; kal LPA;, yeyovog TTou Ba putropoloe va odnynoel
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o€ alénon TNG eTMRIWONG TWV EVATTOPEIVAVTWYV KAPKIVIKWY KUTTAPWY Kal apa, oTn Peiwon
TNG ATTOTEAECUATIKOTNTAS OTNV EQAPHOYR TNG akTIvoBepaTreiag 397,

Mia a11d TIG TTApEVEPYEIEG TNG akTIVOBOAIaG gival n eTayouevn ivwon. H avaoToAn
Twv uttodoxéwv LPAy; pe Tov aviaywviot VPC12249 cixe wg atroTéAeoua Tn PeATiwon
TNG TIVEUMOVIKAG ivwaong TTou akoAouBnoe Tnv e@apuoyr] akTivoBohiag 308, Tuvetrwg, ol
avaoToAegig Tou LPA evdexouEVWG va JTTOPOUV VA PEIWOOUV TIG QVETTIBUUNTEG TTAPEVEPYEIEG
NG akTivoBepaTreiag 15309,

O avaoTtoAéag Twv uttodoxéwv LPAyz SAR100842 BeATiwOe Tn OUCTEPIKN
okAnpuvon %° o1 avaoToAeic Tou LPA; BMS-986202 kai BMS-986020 cixav OeTikd
armroteAéopaTta otnv 1810TTalr TTveupovikh ivwon (BMS 2011, BMS 2014), 6TTwg Kal 0
avaotoAéag Tou LPA; AM966 kal o aviaywvioTig Twv LPAyz VPC12249 243, O
AVTaYWVIOTAG OAWV Twv uttodoxéwv Tou LPA HLZ-56 kal o avaoToAéag Tou LPA; AM095
ueiwoav TNV ivwon og veppoUg Kal dépua oe Jwika poviéAa 31312 o avraywvioTAg Twv
LPA1; Kil6425 kal 0 avraywvioThig 6Awv Twv LPAR kai Tng ATX BrP-LPA uciwoav 10
KAIVIKG okop TnG apBpimidag oe {wika povtéAa 233313 O Kil6425 BeATiwoe TNV emrayduevn
a1d 10 LPA peTa-aipoppayikr udpoke@aAia o€ HOVTENO VEOYVWV TTOVTIKWY 314, H eTaipeia
Bristol-Myers Squibb €xel xpnoipotroifoel oe ratévra avaoToAeig Twv LPAR yia BAGBN oTo
VWTIAIO JUEAOS Kal TO veupoTTadnTiké TTovo 315,

Avaq@opIkd pe Tn xprion avaoToAéwyv Twv LPAR yia TV QVTIMETWTTION TOU KAPKivVOU
£xel OeixBei o€ in vitro yeAéTeg 6T 0 BrP-LPA kai o1 avraywvioTéG Twv LPA1s Kil6425,
Ki16198 kai Debio 0719 e€€acBévnoav Tnv KUTTAPIKA E€TTIBETIKOTNTA TOU KAPKiVOU Kal
augnoav TNV KUTTapIKA euaiobnaoia otnv akTivoBoAia péow avaocToAAg TnG onuaTtoddtnong
Rho/ROCK, MEK/ERK, Kal pgiwong Twv JETAAAOTTPWTEIVOOWV TN BepéNiag ouaiag 316-319,
Etriong, o avactoAéag Tou LPA; compound 35 peiwoe Tov TTOAATTAACIAOUS KAPKIVIKWV
KUTTAPWY TOU TTAXEOG EVTEPOU PECW ££a0BEVNONG TNG PWOPOoPUAiwang TN Erk 32°,

O upn Amdiokdég avaoctoAéag PF-8380 tpoodéveral ameubeiog otnv ATX
TapeuTrodidoviag 1N OpacTiKOTNTA AUCOPWO@OAITTdong D. 'Exel ICs 2.8 nM yia Tnv
atmopovwuévn ATX Kai ICso 101 nM in vivo 293321322 O avaoTtoAéag BrP-LPA avaoTéAAel

TNV ATX Kal TOUG UTTOBOXEIG LPA,.5 233323324,

1.4.2.1. AvaortoAcic Tn¢ onuarodornong rou LPA — KAIVIKES SOKIUES

O1 avaoToAgig TNG onuaTodoTnoNng péow LPA TtTou Bpiokovtal ndn o€ KAIVIKEG SOKIUEG Kal

a@opoUv o€ aoBéveleg EKTOC TOU KapKivou Trapouaialovral aTov Mivoka 1.2 241:309.325-327.310,
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Mivakag 1.2: 1601 TOU GEova onuaToddtnong ATX/LPA trou BpiokovTal o€ KAIVIKEG DOKIUEG 15,

Compound Mechanism of Action Clinical Stage Clinical Indication Company Clinicaltrials.gov ID

Galapagos NV

-LPG i inhibiti se 2
GLPG1690 ATX direct inhibition Phase IPF (Mechelen, Belgium)

NCT02738801

Bristol-Myers Squibb

. - ” .
BMS-986020 LPA; antagonist Phase 2 IPF (New York, NY, USA) NCT01766817
SAR100842 LPA, ;3 antagonist Phase 2 Systemic Sclerosis Sanofi (Paris, France) NCTO01651143

Lpathomab ™ LPA monoclonal antibody Phase 1 Lpath, Inc. NCT02341508

- (San Diego, CA, USA)

B Mépog. O péAog Tng ATX oTn OUCTEMIKN QAEYHOVA

1.5. ZAyn: Eicaywyn — EmdnuioAoyikd oToixeia

H ofyn atroTeAei éva atmd Ta KupIoTEPA TTPORAAUATA OTOV TOUEA TNG UYEIAS TTAYKOOMIWG,
Ol HOVO AGYW Tou uywnAou KOOTOUG yIa TNV QVTIMETWTTIONR TNG, aAA& Kupiwg Adyw Tng
augnuévng BvnoIuoTNTAG KAl vOONPOTNTAG TTOU WTTOPET va TTIQEPEL. H onfyn atroTeAei Tnv
MO ouXVN aITia BavAaTou OTIC OVAdES evTaTIKAG Bepartreiag 328, H Bvntdtnta Adyw oRwng
KUpdiveTal o€ TTOAU uwnAd TToo00Td, TNG TAgNG Tou 25-30%, evw ayyicel 1o 40-50% oTIg
TIEPITITWOEIC oNTITIKOU ooK 32°, YTtroloyietal o11 30 eKaToppUpla TTEPITITWOEIC CAYWNS
guavifovtal KGBe xpOvo TTAYKOOMIWG WE 6 ekatoupupla Bavdrtoug *°. O1 Bdavartol oTa
VOOOKOMEIO AOYW CAYNG KAl ETTITTAOKWY TTOU OXETICOVTAI PE TN CAWYN €ival TTEPIOCTOTEPOI
a1é ekeivoug Adyw KapKivou Tou paoToU Kail Toug TTaxéog eviépou abpolaTikd 23, Aicel va
avagepBei 0TI acBeveig Tou emBiwoav apxXIKG TG OAWNG, OUXVA UTTOKUTITOUV O€
METOYEVEOTEPEG ETTITTAOKEG, OTTWG €ival N AdUvVapia TOUG va ETTIOTPEYOUV OTNV TTPOTEPN
A&IToupyIkn Toug katdoTaon (chronic critical illness) kai n ToAu-opyavikr BAGRN 332, H orjyn
MTTOPEI va OUpBEl OTOV OTTOIOVONTIOTE WG ATTOTEAEOUA Wiag AOINWENG Kal va eTTNPEACE!
OTTOIOdNTIOTE PEPOG TOU OCWHATOG TTPOKOAWVTAG KATOOTPOQN TWV I0TWV Kol evog 1
TTEPICOOTEPWY OPYAVWY. AITIOAOYIKA, OTTOIAdNTTOTE «adUVAWia» TOU AvOOOTTOINTIKOU
OUCTAPOTOG TOU EEVIOTH TOV KABIOTA TTEPIOCOTEPO EUAAWTO OTNV AVATITUEN TNG CAWNG,
OTTWG yIa TTAPAdEIYHa O BPEPN PE AVWPIPO AVOOOTTOINTIKO, NAIKIWKEVOUG, aoBeveig e

KakonBeleg, utroBeppia, AIDS i} 6ooug AapBdvouv Bepartreia Ye KOPTIKOOTEPOEIDH 33,

1.5.1. 2Ayn — Opiopoi

Tig TeAeuTaieg deKaETIEG BIAPOPEG OPOAOYIEG EXOUV XPNOIPOTTOINGET yia TNV TTEPIYPAPR TNG
oAYnNG, METALU Twv OTToIWV orYn, cofapr ofyn, onmTikd ocUvOPOUo, onyaipia. ApXIKA n

onyn, 1o 1991, XapakTnEioTNKE WG TO GUVOPOUO CUCTEUIKNG PAEYHOVWOOUG aTTOKPIONG
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(SIRS: systemic inflammatory response syndrome) Tou &evioT atrévavtl o€ Aoipwen. MNa
™ Oi1dyvwon Tou SIRS £émperme va ummdpyxouv TOUAAxIoTov 2 atmd TIG TTAPAKATW
TTapapETPOUG 334

o Ogpuokpacia ocwpatog >38°C ) <36°C (TTupeTdG  UTTOBEPIQ)

e TayutraApia pe Kapdlakd puBud >90/min

o Tayutvola pe aplBud avarrvowyv >20/min ) uttokaTtvia ye Pco2<32mmHg

o AgUKOKUTTApwON 1 AcukoTrevia, e apiBud Asukwv aigoo@aipiwv >12.000/ul n

<4.000/ul A >10% BAGOTEG OTO TTEPIPEPIKO A

H mapoucia SIRS oe cuvduaoud e AVETTAPKEIQ VOGS I TTEPICCOTEPWV OPYAVWV
atmroteAouce Tn cofapr) onwn. H coBapn orfjyn oe cuvduacud ue katamAnéia, dnAadn
guMévouoa uttoTaon Adyw onyng, TTapd TN Xoprnynon uypwy XapakTipie TO oNTITIKO OOK
335, QoT1600, 0 TTAPATTIAVW OPIoKACS TNG CAYNGS AV Kal £DeIXVe PAEYUOV] WG ATTAvTnon o€
MIa Aoipwén, dev TTEPIEYPAPE HIG ATTEIANTIKA YIa TN wr) KATACTAON, EYEIPOVTAG EPWTHMATA
OXETIKA YE TNV EYKUPOTNTA Tou 33

H opyaviki avemmdpkela agopd o OuCAsiToupyia TOu  KaApdlayyelakou,
OVOTIVEUCTIKOU, VEUPOAOYIKOU, NTTaTikoU, aIJaToAOYIKOU 1 GAAou cuoTtiuatog 337,
Ymdpyxouv OIAQopa CUCTHAPATA KATNYOPIOTIoiNONG TNG oofapdTtnTag TnG OPYAVIKAS
BAGBNG, He kupidTepo TNV KAipoka SOFA (sequencial [sepsis-related] organ failure
assessment, lMivakag 1.3). Oco augdaverar n 1IN SOFA augdvetal kal n moavotnTa
BvntoTnTag 338, H kAipaka SOFA xpnoigoTroleital wg JETO yia TNV KAIVIKA avayvwpion evog
oNTTIKOU aoBevous. Tig TeAeuTaieg OEKOETIEG, N XPON OIOPOPETIKWY OPICHWY YIA TO
ONTITIKO OOK TTEPIETTAEKE TTEPICCOTEPO TNV KATACTAON, AOYW ONUAVTIKNAG ETEPOYEVEIAG OTNV
avagepopevn BvntétNTa. H eTEpoyéveld TTPOEKUTITE ATTO TIG OIAPOPEG OTIG KAIVIKEG
MeTaBANTEG (Oplo apTnpIoKAG TTiEong, €TTITTEdA YOAAKTIKOU 0E€0G OTNV KUKAO®OpIa, OYKOG
uypou avaBiwong, XPAon OyYYEIOOUCTAATIKWY TTapayoviwy, TauTOXpovn OpPYaviIK)
duaAeitoupyia), TNV TR TwV dedopévwy K.4. 336,

Katd cuvETTEla, n ETTIKAIPOTTOINON TWV OPICHWY Kal TWV KAIVIKWV KPITNPIWV yia TN
oNYn Kair To onNTITIKG OOK MTAV ETTITAKTIKI AVAYKN, ME OTOXO TNV €ykaipn didyvwon Tng
oAWnG. Na 1o oko1o autd, dnuoaoieudnke n 3" AigBvig Zuppwvia OpIcPWY yia Tn oHYN Kai
TO ONTITIKG OOK, YVWOTA WG ZAWnN-3, T0 2016 atrd pia opdda avayvwpIoPEVWY EIBIKWY OTO

OUYKEKPIUEVO avTIKEIPEVO 3¢, aglohoywvTag dedopéva atrd aveapTnTes BATEeIg dedopEVWV.
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Mivakag 1.3: KAipaka kAiviko-epyaotnpiakig aloAdynong SOFA (Sequential [sepsis-related] organ
failure assessment score) 336339,

Score
System 0 1 2 3 4
Respiration
Pao,/Fio,, mm Hg 2400 (53.3) <400 (53.3) <300 (40) <200 (26.7) with <100 (13.3) with
(kPa) respiratory support respiratory support
Coagulation
Platelets, x10*/pL 2150 <150 <100 <50 <20
Liver
Bilirubin, mg/dL <1.2 (20) 1.2-1.9 (20-32) 2.0-59 (33-101) 6.0-11.9 (102-204) >12.0 (204)
(pmol/L)
Cardiovascular MAP 270 mm Hg MAP <70 mm Hg Dopamine <5 or Dopamine 5.1-15 Dopamine >15 or
dobutamine (any dose)®  or epinephrine <0.1 epinephrine >0.1
or norepinephrine €0.1°  or norepinephrine >0.1"
Central nervous system
Glasgow Coma Scale 15 13-14 10-12 6-9 <6
score
Renal
Creatinine, mg/dL <1.2(110) 1.2-1.9(110-170) 2,0-3.4(171-299) 3.5-4,9 (300-440) >5.0 (440)
(umol/L)
Urine output, mL/d <500 <200

FIO2: TuAua eioTrvedpevou ouyodvou, PaO2: pepikr] Trieon ofuydvou, MAP: uéon aptnplakr] Trieon.
b: 8éo¢ig karexoAapivng ae pg/kg/min yia Touhdxiotov 1 wpa, ¢: okop katd Glasgow coma KAigaka
(3-15), 6110U TO 15 BEixVel KAAUTEPN VEUPOAOYIKA AgITOoupyia.

20POeWVaA JE TOUG aVAVEWHEVOUG OPICHOUC TNG 2AWNG-3:

H onun eivail pia atrelAnTikn yia TR {wr dUCA&IToupyia opyavwy wW¢ atToTéEAEoua
QTTOPPUBUIoHEVNG OTTOKPIONG TOU EEVIOTH O€ Wia Aoipwen.

H SuoAeimoupyia opydvwyv cupBath pe onyn avayvwpidetTar wg dia amoToun
METABOA oTnv KAipaka SOFA = 2 wg atrotéAeopa NG poAuvong. H apyikr iyl
SOFA o0¢ aoBeveic xwpig kdmoia yvwoThi Tpoltrdpxouca opyaviky BA&Rn,
Bewpeital 0. TiyA TG KAipokag SOFA mavw amd 2 deixvel augnuévo Kivduvo
BvntétnTag TG TéENg Tou 10% O¢ aoBeveic voonAeudUEVOUG OE VOOOKOMEIO HE
yvwoTA Aoipwén.

H onyn eival pia atmelAnTikg yia Tn {wr KaTdoTaon TTou TTPOKUTITEN OTav N duuva
TOU opyaviopoU &evioTr évavtl o€ pia AOiPwEn OTPEPETAI EvavTioV TwV OIKWV TOU
IOTWV KAl OpyAvwy.

To onmTIKG OOK €ival TO UTTOOUVOAO TNG OWNG OTTOU 01 UTTOKEIPEVEG KUKAOPOPIKEG,
KUTTOPIKEG Kal JETARBOAIKEG BIaTapaxEG €ival TOOO €KONAEG TTOU AuEAvVOUV GNUAVTIKA
Tn BvnréTtnTa.

H avaykn dueong avayvwpiong Twv onTITIKwY acBevwy, ol oTroiol gival moavo va
TTapapeivouv atn povada evraTtikAg BepaTreiag yia JeyGAo XpoviKO didaTnua 1 va
TEBAVOUV OTO VOOOKOuEIo, 0dAynoe oTn BEaTTIoN atrAoUOTEPNG KAIVIKAG KAIJOKAG

TTou ovopdoTtnke qSOFA (quick SOFA) kai atraitei 2 ammd 1a €€1g 3 KpITApPIA:
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2UoToAIKA apTnplakh Trieon = 100 mm Hg, apiBud avatrvowy = 22/min, aAkayr oTnv
WuyIKr)/ diavonTIKr KataoTaon.

o Q1 00Beveig Ye onNTITIKG COK PTTOPOUV VA avayvwpeIoToUV atrd Tn cuvexh uttdétaon
KAl TNV avaykn Xoprnynong ayyelooUOTAATIKWY TTOPAYOVIWY yia va diatnpnBei n
Méon apTnplokh Toug Trieon oe emimeda = 65 mm Hg kai Tn dlatApnon Tou
YOAQKTIKOU 0g€og oTov opd o¢ emmitreda >2 mmol/L (18 mg/dL) TTapd T xopriynon
uypou avaBiwong. Me Baon Ta KpITHPIO QuTd, N £vOOVOOOKOWEIOKN BvnToTnTa

Kupaiveral 1o 40% 336,

Eival euvénTo 611 o1 TTapatrdvw OpIoHOoi Kal Ta KAIVIKGA KPITAPIA YIa TN OAWn TTPETTEN
va uttokeivTal o€ pia diapkr agloAdéynon kal TTpooTradBeia BeATiwoNg w¢ dIayvwoTIKA
epyaleia Tpog 6peAog Tou acBevolug. H EAANvVIKA Opdda MeAéTng TG ZAWNG ékave pia
TTPOCTIABEIa AVadPOHIKAG avAAUGNG TwWV OPICHWY KAl TWV KPITNPIWV TNS ZAWNGS-3 we TTPOS
TNV €yKaipn €KTiNON TNG BvnToTNTAC KAl TNG dUCALITOUPYIag opydvwy, HECW TNG XProng
NG eAANVIKNG Bdong dedouévwy kataypa@ns Tng onwns. H ouykpion Tou gSOFA e Ta
Kpitpia SIRS (TouAdxioTov 3), £€5€1Ee ueyaAuTepn euaioBnaia Tou qSOFA oTnv TTpdyvwon
BvntéTNTag OTIC 28 nUEPES OTOUG aaBeveig ekTdg Movadwy EvratikAg O¢patreiag (MEO),
EVW WG TTPOG TNV TTPOYVWON opyaviKAG BUCAEIToupyiag ae aaBeveic ekTo¢ MEO peyaAuTtepn
euaioBnaia £dei€av Ta 3 kpimpia SIRS. H EAANvIk Oudda MeAETNG TNG ZAWYNG ME OKOTTO
N BeAtiwon Tou qSOFA w¢ diayvwaoTiKoU epyaAciou, TTPOTEIVE TNV TTPOOONRKN uiag
emmAéov TTapapéTpou, TNV TIMA pH aptnpiakou aipyatog < 7,30, kKoBwG augdvel Tnv
TTPOyvwaon BvntétnTag o€ aoBeveic Pe KAIVIKA utTowia AoiNwéNg TTou & CUUTTANPWVOUV
T gSOFA = 2 340,

1.5.2. NMaBoguaioloyia TnG oAYng

O1 TaBoyodvol TTapdyovTteg TTou ePTTAéKOVTaI OTRV TTaBoyéveon TNG onyng eival Gram-0eTIKA
BaktApia  (Staphylococci, Streptococci), Gram-apvntikd BoktApia  (Klebsiella,
Pseudomonas aeruginosa, Escerichia coli), yiknteg (Candida), mapaoita j 10i 2%, MNa v
Katavonon Twv TTABOYEVETIKWY WNXAVIOPMWY TG ONWNG apxik& emmxeipRbnke o
TTPOCBIOPIOUOG TWV SOMIKWY XAPAKTNPIOTIKWY TwV BakTnpiwv TTou apyiouv Tn onyn,
OTTWG yIa TTOPAdEIYUA TA JAOTiVIA.

21a Gram-apvnTiKG PakTipia Kupiapxo pPOAo €xel 0 AITTOTTOAUCOKXOPITNG (A
evdortogivn) LPS (lipopolysaccharide) Tou atroteAei ouoTaTiké TnG eEWTEPIKAG MEPPBPAVNG
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KAl QYKIOTPWVETAI OTO KUTTAPIKO Toixwua Tou
‘tha & abe O-antigen

= repeat 40 units Baktnpiou péow Tou ANimdiou A Tou popiou. ‘Exel

Core polysaccharide  [3DEOET OTI N TTI0 evepyr] Hop@A Aimidiou A €xel oxrua

DD PO | Diswcarice Kopuévou kwvou 34 Emiong, n mpwrteivn T3SS

Hpak o (Type Il secretion system) Twv Gram-opvnTIKWV
g Baktnpiwv n otroia opolddel Pe Ta POOTiyia €ival

B —_—_———. ONMAVTIKA WS TTPOG TNV TTaBoyoviKOTNTA Toug 328,

AvtiBeta, Ta Gram-6eTikd BakTApla €XOUv OTO KUTTAPIKO TOUG  TOiXWHA
TETTTIOOYAUKAVN KAl AITTOTEIXOTKA 0gEA, TA OTTOIa €XOUV E£TTIONG TNV IKAVOTNTA va ETTAYOUV
PAeypovwdn avrtidpaon. Kupiwg dpwg ta Gram-0BeTIKA BaKTHPIO TTAPAYOUV £GWTOEIVEG, Ol
OTTOIEG WG UTTEPAVTIYOVA TTPOCOEVOVTAI OTO PEICOV CUUTTAEYHA I0TOOUNBaToTNTAG TUTTOU |l
(MHC II) emayovtag tnv evepyotroinon Twv T Agp@okuttdpwyv. O dlagopéc oTtnv
AuIVOTEAIKA aAANAouxia Twv eEWTOGIVIOV TWV Gram-BeTIKWY BakTnpiwv dgixvouv TTpoTiunon
(AOyw ayxioTeiag) o SIaQopPETIKA avBpwTTiva aAARAIa HLA TdTTOU 11 341,

H moAumAokn aAAnAemmidpaocn Tou TmaBoydvou Trapdyovia HE Tov EEviOTh
EVEPYOTTOIEI TNV AVOOOAOYIKN avTidpacn a1rd To avoooTroiNTIKG oUoTnua Tou EevioTr). To
QvoooTroINTIKG cUCTNUO €ival n Auuva TOU OpyaviopoU atrévavtl oTnv €I0BOAN Twv
TaBoyoévwy Kai diakpiveTal o€ OUO KATNyopieg, 0To £UPUTO 1 evdoyevéG (innate) kal To
ETTIKTNTO 1] TTPOCapUOoCuévo (adaptive). H TTpwTn ypapun dGuuvag Tou opyavicuou gival ol
QUOIKOi  @payuoi: To Ofpua Kal oF BAevvwodelG PEUBPAVEG TNG YOOTPEVTEPIKNG,

QVATIVEUOTIKAG KAl OUPOYEVVNTIKNAG 0500 331,

1.5.2.1. Eueurn — emmiktntn avooia

H emiktnTn avooia opyavwvetal yUpw amd dUo Katnyopieg Kuttdpwy, 1o B kal T
AEPQOKUTTOPA, Ta oTroia ek@pPAlouv Wia TANBWpa utTodoxéwv TTOU  avayvwpeifouv
O1aQOPETIKA avTiyova, eEaa@alifouv TNV €10IKA avOCOAOYIKA aTTOKPIoN OAAG Kal TN MVAMN
ammévavtl o€ emavapoAuvon. Ta T AEU@OKUTTAPO OPYAVWVOUVY Tr GAEYUOVWON aTTOKPION
Kal Kupiwg Ta CD4* T BonOntika (Twl, Tu2 kai Tyl7) KOTTOPA, TO OTTOIO EKPPALOUV
OIaQOPETIKA TTPOPIA KuTTapOoKIVWYV: TTapaywyn IFN-y, IL-12 atrd ta Twl, IL-4, IL-5, IL-10,
IL-13 a1md 10 Th2 Kai IL-17 a1md 1o Thl7 KUTTapa 342,

O1 kutTapokiveg gival PIKpEG onuaTodoTikéG TTpwTeiveg <40 kDa o1 otroieg étav
TTPOO0dEBOUV O TUYKEKPIUEVOUG UTTODOXEIG, O€ BIGPOPOUG KUTTAPIKOUG TUTTOUG ETTAYOUV
EVEPYOTTOINGN, TTOAAATTAQCIOCWNO ) JETOKIVNON OTa KUTTApa aTéxoug. O 6pog KUTTapOKivn
avagépetal xovopikd oe tepitrou 100 {exwpIoTd yovidia Kal TTEPIAAUPBAVEL IVTEPAEUKIVEG,

IVTEPPEPOVEG, XNMEIOKIVES, augnNTIKOUG TTAPAYOVTEG Kal TOV TTAPAYOVTa VEKPWONG OYKWV
343
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AVTIBETWG, N €UouTn avooia, atroTeAcital atrd OAa ekeiva Ta popia dpdang TTou
TTAPEXOUV  TaXEia, QTTOTEAEOHATIKN Kal Wn €EEIBIKEUPEVN AVOOOAOYIKI OTTOKPION Kal
TTePINAPPBAvEl OAES TIG XUMIKEG, KUTTAPIKES KAl NXAVIKES BIadIKOCIEG TTOU TTPOCTATEUOUV TOV
&eviot a1réd Ta TaBoydva. To cupTmAfpwua gival Bacikd cuoTaTiké TNG EUPUTNG avoaiag,
OAAG atToTeAEi Kal pia A&IToupyIKn YEQuUPa avApesa oTnV €UQUTN Kal TNV ETTIKTNTA avoaia
344 To éu@uTto avoooTroiNTIkG oUaTnua eival 1Idiaitepa ocuvtnpenuévo Katd Tnv eEEAIEN. Ta
AeUKOKUTTaPO — KAEIDIG TNG €PeuUTNG aTmoKpIoNnG Eival Ta PovokUuTTapa/ Pakpo®dya,

OUdETEPOPIAA, NWOIVOPIAQ, BaoeGPIAA KaI Ta KUTTAPA QUOIKOi Poviddeg (NKs) 342,

1.5.2.2. Evapén ¢ @Aeyuovic

Ta KUTTOPA TOU QVOCOTTOINTIKOU CUCTAPATOG €KPPACOUV UTTODOXEIC ME TOUG OTTOIOUG
avayvwpifouv KUTTapIK BAGRN 1 MIKpoPIakr €IGBOAR o1 oTroiol ival yvwoToi wg pattern
recognition receptors (PRRs). H uikpoBiakr €iGBoAf avixveletal amd Ttoug PRRs e
avayvwpion ouvTnENPEVWY JOPIAKWY JOTIBwyv Twv udatavepdkwy Kal AITTapwyv 0gEwyv TTou
Bpiokovral otnv em@Aveia Twv TTABOYOVWY HIKPOOPYAVIOHWY, Ta OTroia ovopalovTal
PAMPs (pathogen-associated molecular patterns). Ta PAMPs &e¢v Trapdyovral oUTe
ek@palovtal amd Ta kUTTapa Tou Eevioth. Or umtodoxeic PRRs avayvwpilouv €1miong
€VOOKUTTOPIKEG TTPWTEIVEG A HECOAARBNTEG TTOU ATTEAEUBEPWVOVTAI ATTO KUTTAPA TOU EEVIOTA
TToU £xouVv UTTOOTEN BAGRN Adyw BIOAOYIKOU OTPEG KAl UPioTAVTAI ATTOTITWON, TIG AeyOUEVEG
aAapuiveg, TTOU ammoteAouv T DAMPs (danger-associated molecular patterns) kai
TTPoKaAoUV VéKpwon. Ta DAMPSs armreAeuBepwvovtal KUpiwg atmmd 1a JITOXOvopia Twy
TPAUUATIOPEVWY KUTTAPWY, Kal gival TTapOPoIEG TTPWTEIVEG aveEdpTnTa aTTd TNV AITia TNG
BAGBNG Tou KuTTdpou: AOYw PBakTnpPIakNSG €I0BOARG, €iTe Adyw TPAUPATOG, KAWiuaTog,
XEIPOUPYIKAG ETTEPRAONG KATT, YEYOVOG TTOU ATTORIDETAI OTO TTAPOHOIO YEVETIKO UTTOBAOPO
hIToxovdpiwv Kal Baktnpiwv . Qc DAMPS BswpoUvTal TIPWTEIVEG OTPES, HITOXOVOPIaKO
DNA, HMGB-1, ATP, evepyég pieg ofuydvou (ROS), 1I0TOVES Kal N ekpor I0VTWYV KaAiou 332,
O1 PRRs gvepyotroloUv TNV £ueutn avoaia 342343, K&Be eAdTTwua otoug PRRS Kal Ta
oNPATodoTIKA TOUG JOVOTTATIA KATA TNV avayvwpion Twv PAMPS gvioxuouv Tnv egeavion
™G onwng .

H apyiky Aoipwén €mayel Tnv TOTTIKN €U@QUTN AVOOOAOYIKA avTidpaon, KaTd Tnv
OTToi0 CUCOWPEUOVTAI AEUKOKUTTApa OTO onueio TnG BAGRNG yia va eEoAoBpeucouv Ta
BakTtApIa. Ta AcukokUTTapa (OUBETEPOPIAQ, POVOKUTTOPA, MAKPOPAYQ) £VEPYOTTOIOUVTAI
aT1TO CUVOIEYEPTIKA POPIA OTO CNMEIO TNG HOAUVONG, HE OTTOTEAEOUA VA EVEPYOTTOIOUV TO
TOTTIKO ETTIKTNTO AVOCOTTOINTIKO GUCTNUA YIA TNV AVTIMETWTTION TNG €I0B0AAG. O 0TOX0G TNG
€MouTtng avooiag cival n egaAeipn Twv DAMPs kai PAMPs kai akoAouBgital atté tnv

eTTiKTNTN avooia ue T ouvakdAoubn AUOn TNG avoooAoyIKAG avTidpaong. H emmiktnTn
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avoOOAOYIKN aTTOKpIon BacileTal oTnV wpihavon Kal Tov TTOAATTAQCIOOHO TWV KUTTAPWY,
YEYOVOG TTOU puBuileTal atrd TO «TTPOPIA» KUTTOPOKIVWV TNG €UQUTNG avooias. Yo
QPUOIOAOYIKEG GUVBNKEG, o1 BladIKaoieg auTég eival KAAA puBuI{OuEveg, dlaTNPWVTAG £TOI
TNV ICOPPOTTIO KAI KPATWVTAS TN GAEYHOVWSN atrokpion o€ TOTTIKG eTTiTreda 3L,

€ TIEPITITWON QVICOPPOTTIOG (TTPOPAEYHOVWAOUG KAl QVTIPAEYUOVWOOUG) Kal
atmoppuBuiong (wpigavong Kal TTOAATTAACIAoPOU) TNG AVOOOAOYIKAG ATTOKPIONG, N TOTTIKK
QAeypov TTOAATTAQCIAZETAI KAl ETTEKTEIVETAI € OAO TO CWHA PECW TNG KUKAOQOPIAG TwV
OVOOOKUTTAPWY Kal Twv OlIoOAUTWY pecoAaBntwy. H ammeAeuBépwon @Asypovwdwy
KUTTOPOKIVWV ETTAYVEI TNV TIEPQITEPW TTAPAYWYH Kol ATTEAEUBEPWON KUTTAPOKIVWV,
ONUIOUPYWVTAG £va «AUTO-TTOAAQTTAQCIAOUEVO» PAIVOUEVO TO OTTOIO EVW) EiXE WG APXIKO
OKOTTO TNV QVTIUETWTTION Tou €I0BOAéa Kal Tn dIaTAPNON TNG OMOIOGOTOONG, €V TEAEI,
TIPOKOAEI  OTTOPMOAKPUOUEVN KUTTAPIKA Kal opyavikl BAGBn. H utrepmapaywyn Twv
TIPOPAEYHOVWSWV KUTTAPOKIVWV £ival yVwoTr wg «BUeAAa KUTTapokIvwvy (Eikova 1.20)343
(Laszlo 2015).
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Eikova 1.20: «@UeANa KUTTAPOKIVWV» OTN aRwn 343,

H amékpion Tou &evioTh oTn Aoipwén TepIAauBdvel ekTOG atTd Ta ASUKOKUTTAPA KAl
Ta evdoBnAlokd kUTTapa. Ta evdoBnAlokd KUTTapa Oev ATTOTEAOUV WOVO «BUPO» TNG
QAeypovig, aAAG avtiBeta SiadpapaTtiCouv onuavtikd POAo OTnv E€TTEKTACH KAl TOV
TTOAQTTAQCIOOWO TNG QAeyHovWwdouUg aTTokpIonS. Q¢ atrdvinon OTIG TTPOPAEYUOVWDEIG
KUTTOPOKIVEG, TO evOOBAIo ek@padel popia KUTTAPIKAG TTPOOKOAANONG OTTwG Ta ICAM1 Kal
VCAM1 10 oTroia BonBouv Ta evepyoTroinuéva avoooKUTTapd va TTpocdeBoUv 0TO ToiXWUa

TWV ayysiwv Kal va €10éABouv oto onueio TG BAAGBNG, ouvBEéTEl XnUEIOKIVEG TTOU
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TIPOCEAKUOUV TO KUTTAPO TOU AVOCOTIOINTIKOU, TTAPAYEl TTAPAYOVTES TTAENG KAl TTAPAYOVTEG
IoTwv. EmmAéov, n evdoBnAiakr KUTTAPIKA OuCAciToupyia Kai vékpwan odnyei otnv
augnuévn dlaTTePATOTNTA TWV AyYEiwv, TNV auénuévn TTapaywyn Tou ayyeiodIaoTAATIKOU
rapdayovta NO kail Tnv opyavikr BAGRN Adyw 1oxaipiag 343,

H @Agypovi, EKONAWVETAI TTEPAITEPW HE EVEQYOTTOINGT TOU CUPTTANPWUATOG KAI TOU
MNXaviopou TTAENG, KATAAyovTag TEAIKG oTov KUTTapikd BdvaTto. ApXIKG cucowpelovTal
KI gvepyoTToloUvVTal T OUDETEPOPIAG, TA OTToid TTPOCTIABOUV va TTapAgouV TOGIKOUG
MEeTORBOAITEG OEUYyOVOU, PETATPETTOVTAG TO UTTEPOEEIDIO TOU UDPOYOVOU OE UTTOXAWPIWDOEG
0¢&U. O1 ToéIKoi auToi HETABOAITEG €ival 0€ KUTTOPOTTAACUATIKG KOKKiO Kal aTTEAEUBEPWVOVTAI
KaTtd TNV OTTOKOKKIWON TwWV OUDETEPOPIAWY, HIa dIadIKaoia TToU €TTAYEI TTEPAITEPW TN
@Aeypovr aAAd TOUTOXPOVA KATAOGTPEPEI TOUG TTOPAKEIMEVOUG I0TOUG 335346,

O1 kuTTapOKiveG TTOU aTTeEAEUBEPWVOVTAI OTTO T OUDETEPOPIAG KAl T HAKPOPAYQ
METAPEPOUV TO «ONHOA» MECW TWV OEVOPITIKWY KUTTApWY oTa B kal T AepgokiTTapa, ta
oTroia  TTOAAaTTAQCIAZovTal, WPEINAJoOUV  Kal  €KQPACOUV  OIOPOPETIKOUG  KUTTOPIKOUG
utTod0XEIG aTNnV £mIPAveId Toug. H avoooAoyikr) attékpion gival éva TTOAUTTAOKO OiKTUO TToU
atroTeAeital ammd Tnv TUTTOU-KATAPPAKTN EVEPYOTTOINGN KUTTAPOKIVWV, TTApAyovIwy TTAENG
Kal TNV atreAeuBEépwan TTpwWTEIVWV ofgiag GAaong, OPUOVWIV TOU OTPEG KAl XNHEIOKIVWY. To
KAEIDi yia Tn AUon TNG avoOoOoAOYIKAG aTTOKPIONG E€ival n 100pPOTTia avAPESa OTIG
TTPOPAEYHOVWOEIG KAl avTIPAEYOVWOEIG DUVAEIG, N oTToia kKaBopileTal aTrd TNV IC0PPOTTIa

™mg¢ Th1, Th2, Thi7 KAl YAT G'IT(')KpIOT]Q 331,

1.5.2.3. Mopiakoi unxaviouoi raBouaioAoyiag TN oRwng

H onyn &ekivdel ammd tn Popiakr) aAANAeTTiOpaon avApeoa O€ OUYKEKPIPEVA
OUCTATIKA TWV HIKPOOPYAVIOUWY Kal Ta KOTTapa Tou &evioTr. ‘Emerra, o1 TTOANATTAEG
QAeypovwodelg avTidpdoelg o€ TOTTIKO TTITTEDO, N CUCCWPEEUCN KUTTAPWY OTO CNMEI0 TNG
Aoipwéng 1 Tou TTPooBeRANUEVOU 10TOU Kal N GAEYHOVWONG avOOOAOYIKA aTTOKpIon OTNV
KukAo@opia euTTAéKovTal TNV £€EAIEN TNG orwng 3%,

Kard 1n didpkeia TG onywng, n avoooloyikr atrokpion Adyw PAMPs kai DAMPSs
€ival YEVIKEUPEVN KOl O€ TOOO PEYAAN €KTOON, ME ATTOTEAEOUA va ouvodeUETal ATTO Wid
aviooppoTTia oTNV aTTeEAEUBEPWON Kal Opdon TwV KUTTAPOKIVWY. H avicoppoTria auTh €xel
WG CUVETTEIQ VO JETATPETTETAI N QUOCIOAOYIKA WPEAINN avooOoAOYIKN aTTOKPION EvavTl OTh
Aoipwéen oe pia padikf KATAGTPOPIK GAEYHOVH] YIa TOUG ICTOUG TOU EeviaTr 342347,

Kard 1n O1dpkeia TnG oAWng, Ta KUTTAPA TOU AVOOOTIOINTIKOU u@ioTavTtal
PAIVOTUTTIKEG AANAYEG OO0V aQOopPd TNV KATAOTACH EVEPYOTTOINGCH G TOUG, TOV EVTOTTIONS Kal
Tov apiBud Ttoug. O1 aAAayég autég puBpifovralr oTTO TIG KUTTOPOKIVEG Kal TOUG

aipoTToINTIKoUG auénTikoug Trapdyovteg (HGF). O aiyoTroinTikoi augnTikoi TTapayovTeg
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(GM-CSF, G-CSF, M-CSG, EPO) cival ekkpIVOUEVEG 1 HEMPBPAVIKEG YAUKOTTPWTEIVEG TTOU
eMayouv TNV wpigavon, Tn dlagopotroinon Twv HUEAOEIdWY KUTTApWY Kall i Tov
TTOAAQTTAQGIOOWO TwV avoookuTTdpwy. ‘ETol, autdvetal o apiBudg Twy eEVEPYOTTOINUEVWV
KUTTAPWV TTOU €I0£pX0oVTal OTNV KUKAoQopia, e ouveTTela va diadpapatiouv poAo otnv
TTaBoguaioloyia TNG oAWNS TOCO aTnV apXr 600 Kal aTnV TEAIKR @aan 343347,

O1 utrodoxeic PRRs atroteAoUvtal atmo Toug ueupavikous utrodoxeic TLRs (Toll-
like receptors), Toug kuttapoTrAacpaTikoug NLRs (Nod-like receptors), RLRs (RIG-like
receptors), ALRs (AIM2-like receptors) kai Toug CLRs (C-type lectin receptors) (Eikéva
1.21). O1 TLRs gival n uttokaTnyopia Twv KaAUTepa PeAeTnuévwy PRRS pe onpavtiké pdAo
oTtnv avixveuon Twv PAMPs kal DAMPSs kal utreuBuvol yia Thv évapén TG @AEyUovwdoug
atrékpiong 342, H oikoyévela uttodoxéwv TLRs o1 omroiol opoidlouv atnv pwrteivn Toll Trou
avayvwpioTnke apxiké otn 0poco@IAa, atmmapTi¢etal amd 10 péAn yia Tov avBpwTro (12 ota
TTovTiKia), ME €Eeidikeuon o€ TTIPOCOETEG TTOU TrepIAaPBAvouv TTpwTEiveg BakTnpiwy,
MUKATWYV Kal UPopukATWY. MNa Tapddeiyua, o TLR4 gival o uttodox£ag yia 1o LPS ki €xel
MeAETNBEI o€ BABOC yia TNV ammoékpion Tou EevioTh aTnv evdoTtoivaiuia. O TLR2 avayvwpilel
KUpiwg OOMEC TOU KUTTAPIKOU TOIXWHATOS Twv Gram-BeTikwyv Baktnpiwv, o TLR5 TIg
@AayyeAiveg Twv paoTiyiwy, o TLRY trepioxéc CpG oTo Baktnpiakd DNA, o TLR1 TpiakuAo-
ANirrotrpwreiveg, o TLR3 dikAwvo RNA, gvwy o TLR7 povokAwvo RNA 341343 Q) TLRs
eVTOTTICOVTaI EKTOG ATTO TNV EEWTEPIKN ETTIPAVEIQ TNG KUTTAPIKAG MEMBPAEVNG TWV KUTTAPWYV
Kali oTn MEMPBPAvN Twv €VOOKUTTAPOTTAQCUATIKWY E€VOOCWUATWY, AUCOCWHATWY Kal
@ayoowpdtwy 333 3% H TLR-OlayeooAaBoupevn onuatoddtnon eival yvwoT) wg

«onuatodotoowpax» (signalosome) (Eikdva 1.21) 333 348,

Proinflammatory
cytokines,
chemokines

NFxB

Signalosome
Pathway
(TLR, NFkB)

< viral RNA

tvoe | qumel  RIG-I

interferon

MDP — IL-18

K+ efflux

K Urate

Eikéva 1.21: O1 utrodoxeig PRRS Kail n eTTaywyn TNG @AEYHOVWOOUGS ATTOKPIONG HECW DIAQPOPETIKWV
MOVOTTaTIWV («ONHOTOSOTOCOWHOY 1 «PAEYHOVOCWHAN) 333,

Inflhmmasome
Pathway
(caspase-1,
NLRP1, 3)

caspase-1

1.5.2.4. Avayvwpion Twv UIKPOBIaKWY CUCTATIKWY AaTTO TOV EVIOTN

H evepyotroinon Tou &evioTr) ammd 1o LPS yivetal ye 1n BorBeia 1ng mpwTeivng LBP (LPS-
binding protein) kai Tou uttodoxéa CD14. O CD14 cival eite pepPpavikdég (mCD14)
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UTTOOOXEQG OUVOEDEPEVOG HE TN YAUKOOUA-QWo@ATIOUAOIVOCITOAN 1 dlaAuTdég oTnv
KukAogopia (sCD14). To ouutrAoko LBP-LPS-CD14 evepyoTrolgi Tov uttodoxéa TLR4 péow
TOU OTTOiOU YiveTal N ONUATOdOTNON OTO ECWTEPIKO Tou KuTTdpou EevioTh (Eikéva 1.22),
YVWOTA WG «anuaTodoToowuay 333 342 To evdokUTTAPIKO THAMA Twv utTodoxéwv TLRS
gival opdAoyo pe ekeivo Twv uttodoxéwv TG IL-1 kai IL-18 kai ovopdletar TIR (Toll/IL-1
receptor homology domain) 34134,

‘Exel Bpedei Om yia TNV gvepyotroinon Tou TLR4 armaiteital n mpwreivny MD-2 Tng
KUTTAPIKAG ETTIQAVEING. TO €vOOKUTTOPIKO TUAMG Tou TLR4 TIR ouvdéetal péow NG
TpwTEivNG TTpocappoyéa MyD-88 kai/ 1 Tng TIRAP otnv kivaon IRAK (IL-1 receptor
associated kinase), n otoia erayel Tov TRAF6 (TNF receptor associated factor 6), TTou wg
METaYwYEAG oAPaTog oTo ovoTrdT Tou NF-kB, evepyoTrolgi Tnv Kivaon IKK kal odnyei otn
peTakivnon tou NF-kB oTov TTupfva pe ouvakdAoudn TTapaywyr] KUTTAPOKIVWY, OTTwG Ol
TNF-q, IL-1B, IRF3, IRF7, AP-1. YTdpxel Ki GAAO povotraT aveédpTtnto Tou MyD-88, oTo
ommoio 10 OnfPa amd Tov TLR4 petagépetal €vOOKUTTOPIKA MECW TNG TTPWTEIVNG
mpocapuoyéa TIRAP/ Mal (TIR domain-containing adaptor protein), n otroia evepyoTrolei
v kivaon PKR (RNA-dependent protein kinase) kai Tov puBuioTiké TTapdyovra 3 Tng
vteppepovns (IRF3). Exté¢ ammd tov TLR4 ki GAAa pépia TNG KUTTOPIKAG ETTIQAVEIOG
MTTOPOUV va avixveuoouv 1o LPS, Omwg eival o uttodox€ag Twv Hakpo@aywyv MSR
(macrophage scavenger receptor), To CD11b/CD18 kai kavdaAia 16viwv (Eikova 1.22,

Eikdva 1.23) 341350,

LPsS

Cytokines and effector molecules

Eikéva 1.22: Mnxaviouoi avayvwpiong Tou LPS atmé Tov EeviaTr 341,

YT1rapyel kai deUTEPO ONPATOBOTIKG HOVOTTATI TTOU EUTTAEKEI TOV TLR4 kal Tov CD14
£mreita a1rd Tn Opdaon Tou LPS, 10 otroio TrepIAauBavel TR evOoKUTTApwaon Tou TLR4 péow
TOU €vOOOWMIKOU OIKTUOU TOou KUTTApou Eeviotrh. O utrodoxéag CD14 ekTdG atmd 1O va

peTaépel To LPS oto ouptrAoko TLR4/MD-2, puBpiCel Tnv LPS-etTayduevn evooKUTTWON
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Tou TLR4. H onuatoddtnon evOOKUTTAPIKA PBacifeTal TTepAITEPW OTIC TTPWTEIVES
Tpocapuoyeic TRAM kai TRIF, o1 oTToieg pecoAaBolv TNV evepyoTToinon TOU PJETAYPAPIKOU

Trapdayovta IRF3 Trou pubuilel Tnv ékppaan TnNg IFN 34°,

\[’ Endésomes l’
MyD88 MyD88 TRIF
IRAK4 IRAK4 TRAFS ©-©-© TRAF6
IRAK1 iuw<2 e l, l,
TRAF6 @-@-@ TRAF6 RIP1 9@
\l/ \L Cytoplasm \L
TAK1 IKKa TRAF3 TBK1 IKKat TAKA
§TA32 — (kK ® ke )  ®ikkp) «— TABzi
TAB3  @-@-@NEMO IKKa NEMO@-@-@ TAB3
‘e o Y ' o oo Y ‘o
MAPKs KB NF-xB' IRF7 IRF3 KB NF-xB  MAPKs
M e gl Ak
A L 2 NG e—
= =

K63-linked
MyD88-dependent pathway  TRIF-dependent pathway § polyulbniqii\inahon

Eikéva 1.23: ZxnUaTikhi avamapdoTacn Twy OnNUaTodoTIKWY PJovoTraTiwy Tou TLR4, yéow MyD-88
f avegdpTnTo Tou MyD-88 350,

1.5.2.5. Avayvwpion Twv UIKPOBIaGKWY CUCTATIKWYV UECW PAEYLUOVOOoWUATOC

H evepyoTtroinon Twv evookuTTapikwy uttodoxéwv NLRs (kai ALRS) yivetal ammd ta DAMPSs
Kal amd pIKPOBIa TTou €Xouv payokutTapwOei, otav dnuioupyeital évag TTOPOG OTn
MEMBPAVN TOu KUTTApou EevioTh We Tautdxpovn ekpon 16viwv K i €icodo ATP kai
ouvettdyetal aAAayr NG diapdpewaong Twv NLRs (kai ALRS) pe TautdXpOVO OXNPOTIOUO
KI EVEPYOTTOINON €VOG CUPTTAGKOU, TOU PAeypovoowpaTog. Mévo mévre PRRs ptropouv va
oxnudatioouv @Aeypovoowpata, of NLRP1, NLRP3, NLRC4, pyrin kai AIM2. To
QAeypovOowa PTTopEi va evepyoTroindei kai pe ATP TTou atreAeuBepwveTal atrd Ta KUTTapa
TOU CeVIOTH O€ TIEPITTTWON KOTEOTPAPPEVOU Adyw avodiag 10TOU, MITOXOVOPIAKAG

duoAeiToupyiag 1 xnUIKWV dTTwg gival ol KpUoTaAAol oupikoU o&éog 332,

1.5.2.5.1. @Aeyuovéowua

To @Aeyyovoowpua eival €va GUPTTAOKO TO OTToi0 oTToTeAEl BacIikO GuUOTATIKO Tou
QVOOOTIOINTIKOU UNXAvIoPOU TOU EEVIOTH Kal PETAKIVEITAI EAEUBEPA OTO KUTTAPOTTAQCHA.
Bonbdel otn diatrpnon Tng opoidéoTaong ToU avoooTroinTikou, diadpapartifel poAo otnv
avayvwpion Twv €vOOKUTTAPIKWY TTaBoyOvwy Kal TV AVTIUETWTTION TOUG MECW TNG

pUBUIONG TNG TTPOPAEYUOVWOOUG avVOOOAOYIKAG atmokpiong. H evepyotroinon Twv
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evOOKUTTOPIKWY UTTod0oXEWwV NLRS kal ALRs aoxnuaricel €va TTepiTTAOKO OUUTTAEYUA TTOU
evepyoTtrolei Tig kaotraoeg 1 kar 11 (CASP1, CASP11) amd TIG avTioToIXeG TTPOKACTTACEG.
O1 CASP1 ka1 CASP11 odnyouv oTnv atmmeAeuBépwon Twy IL-1f kai IL-18 kal Tov KUTTapIkS
Bavato péow TUpoTITwong N vekpoémTtwong (Eikéva 1.24A). Katd ouvétteia, Ta
@AeypovoowuaTta Traifouv evepyd poAo oTnv TTaboyévean TNG CUCTEUIKAS AEYHOVAG 345,
Or IL-1B kai IL-18 egival a1rd TIG TTPWTEG TTPOPAEYHOVWOEIG KUTTAPOKIVEG TTOU
atreAeuBepwvovTal atrd Ta HaKpo@aya Kal devopITIKG KUTTapa. H IL-13 dpa wg evOOoyEeVEG
TTUPETOYOVO Kal gival UTTEUBUVN yIa TNV AtTEAeUBEPWON TTPWTEIVWV 0ggiag @aong atrd To
ATTaP, TV EVEPYOTTOINON TWV AEPPOKUTTAPWY Kal Tn ouvBeon TrpooTavoeldwy. H IL-18
ETTAVEI TNV UTTEPEKPPOAC MOPIWV KUTTAPIKAG TTPOOKOAANGCNG TTOU €ival ATTapaitnTa yIa TN
Oleioduon Twv oudeTEPOPIAWY OTO onueio TNG HOAuvong, Ty TTapaywyrh NO, XNUEIOKIVWV

Kal IFN-y (Eikéva 1.24A) 34,

T
3 J
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Eikéva 1.24: A. Zxnuatiki avammapdoTacn Tou OnPaTodoTIKoU povotraTtioU (Kavovikou Kal un) HEow
@Aeypovoowpartog kal B. Mopiakd ouoTtaTiké Tou pAeyuovoowuatog NLRP3 333345,

To @Aeyyovoowua aTToTEAEITAlI aTTO Mia avayvwpIioTIK TTPWTEIVN, Mia TTPWTEIvN
TIPOCAPUOYEQ Kal Jia KATAAUTIKA TTEPIOXN, TNV KaoTrdon. H avayvwploTiKA TTpwTEivn oTo
KaAUTEPQO PEAETNPEVO PAsypovOowUa, TO NLRP3, éxel pia TTepiox TTAOUCIO O€ AEUKivn OTO
apivoTeAikd dkpo Tng NOD kai Tnv Trepiox) PYD, pyéow TnG OTroiag TTPOOdEVETAI OTNV

mepioxn PYD tng mpwrteivng Trpocapuoyéa ASC. H ASC oTpaToloyei Ki EVvEPYOTTOIE TV
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kaotrdon péow TnNGg CARD TreploxAg TG, n omoia eival éva HOTIBO TTPWTEIVIKAG
OAANAETTIOpAONG TTOU €UTTAEKETAI OTN QAEYMOVN KAl TNV ammOTITwan, ocuuBaAlovrag oTo
oxnuUaTioud Tou pAsypovoowpatog (Eik. 1.24B) 333, Ta pAeyuovoowUaTa EVEPYOTTOIOUVTQI
UTTO OIOQOPETIKEG OUVORKES AoipwENG Kal uTTopei va odnyrioouv o oAYn €av dev UTTAPEEI

OTTOTEAEGUATIKA pUBUION.

1.5.2.6. Evioxuon ueraywyng onuarog

Ta povokUuTTapa diadpapartiCouv onPavtiké pOAo oTnV £UPUTN AVOOOAOYIKN ATTOKPIoN HE
TNV atreAeuBépwon Twv TTPOPAEyHOVWOWY KuTTapokivwy IL-1, 1L-6, TNF-a, aAAd kai
EMPO0BETWY, OTTWG Twv IL-12, IL-15, IL-18 aAAd kai GAAwv popiwv (Mivakag 1.4). H IL-1
kai o TNF-a ameAeuBepwvovtal Ta TTpwTa 30-90 Aemrtd amd Tnv €kBeon oT1o LPS. Ol
TTPOPAEYHOVWOEIG  KUTTOPOKIVEG pubpifouv  €va  TTEPITTAOKO  OIKTUO  OEUTEPOYEVWIV
atmmokpioewv. H IL-1 kai o TNF-a emmayouv €KTOG atmd KUTTAPOKIVES, AITTIOIOKOUG
OlapecoAafnTég, evepyEg piCeg 0EuyOVOoU Kal JOPIa KUTTAPIKNG TTIPOGKOAANGNG, TWV OTTOIWV
ol OpACEIC eVIOXUOUV TTEPAITEPW TNV OVOOOAOYIKI aTTOKPIoN KAl TTapouciddovTal oTov

mivaka 1.4 341,

Mivakag 1.4: MNpoidvta yakpo@aywyv TTou ePTTAEKOVTaI 0TV TTaBoyéveon Tng orfjwng (Cohen 2002).

Mediators Typical effects

Cytokines
II-1, IL-6, IL-12, IL-15, Activate neutrophils, lymphocytes and vascular
IL-18, TNF-ci, MIF, andothslium; upregulate cellular adhesion moleculss;
HMGB1, IL-10 induce prostaglandins, nitric oxide synthase and

acute-phase proleins; induce fever. Nole that IL-10 18
pradominantly a negative regulator of these effects

Chemokines
IL-8, MIP- 1o, MIP-13, Mobilize and activate inflammatory cells, especially
MCP-1, MCP-3 nsutrophiks; activate macrophages

Lipid mediators
Platelet-activating factor, Activat 2 vascular endothelium; requlate vascular
prostaglandins, tone; activale extrinsic coagulation cascade

leukatrienses, thromboxans,
tissue factor

Oxygen radicals
Supetroxide and hydroxyl Antimicrobial propearties; regulation of vascular tons
radicals, nitric oxide

To HMGB1 (high-mobility group box 1) apdyetal amd Ta Jakpo@aya Kal dpa weg
KuTtTapokivn diadpauartioviag poAo  o0Tn  OTOBEPOTIOINON  VOUKAEOOWMATWY, OTN
METAYpaQr] yovIdiwyv Kal 0Th dPACTIKOTNTA UTTOOOXEWY OTEPOEIDWY OPHOVWYV. Ta ETTITTEDA
Tou HMGB1 oTtnv KukAogopia augdvovTtal TToAU apyoTepa atd tTnv IL-1 kai Tov TNF-a,
TTEPITTOU 24 wpeg PETA TN Xopnynon LPS ot tovrikia. Mia emitTAéov TTpo@AsyovwONg
KUTTOPOKivn TTou pecoAafei otn onywn Kai To onmmkd ook amd Gram-apvnTiKA aAAd Kal
Gram-BeTikd BokTipia €ival o MIF (macrophage migration-inhibitory factor), o otroiog

ETTAYETAI HETAEU OAWV TWV UTTOAOITTWYV KOl ATTO JIKPF) TTO0OTNTA YAUKOKOPTIKOEIBWYV (EIKOVO
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1.25). H IL-18 emrayel Tnv TTapaywyn IFN-y, n otroia pe Tn o€1pd NG auédvel TNV EKPPaon
Twv TLR4, MD-2, MyD-88 até Ta avBpwTTiva JovoKUTTapa Kai avTioTaBuilel Tn peiwon Twyv
emmédwY Tou TLR4 a1rd 1o LPS 341342,

‘Exel BpeBei 6T éva un kwdikoTroldv RNA 1Tou ovopdletal microRNA euTTAEKETAI OTO
TTOAUTTAOKO OIKTUO PNXQVICHWY TNG OAWNG, eupavifovtag auénuéva etireda o€ onTITIKOUG
a0Beveig (MIR-132, miR-146, miR-150, miR-155) kai pubuidel TNV £k@pacn TwV yovidiwv
OTOXWV TTOU GUPMETEXOUV OTNV AVATITUEN TNG £MPUTNG avoaiag 37,

O1 uttodoxeig TLRs diapecoAaBouv Tn @Asypovwdn avtidpaon HECW avayvwpiong
atrd T0 CUPTTANpWHA. OTTWG gaiveTal oTnv eiIkova 1.25, katd tn didpkeia TNG oAyng, agou
EVEPYOTTOINOEI TO CUPTTANPWHA PEoW 3 povoTTaTiwy, N Bpoupivn HEow TNG dpdong Tng C5-
KovBepTAong Trapdyel Tnv ava@uAatogivn Cha. H Cha pubpilel apvntikd Tov TLR4, evw
EVEPYOTTOIEI TO INXAVIOUS TTENG KAl TNV ATTEAEUBEPWOTN TTPOPAEYHOVWAWY HETOAARBNTWY,
OTTWG Tou MIF kai Tou HMGBL. IMeviké n uttepBoAIkn TTapaywyr) TnG C5a katd 1n oAyn Xl
TTOMEG ETITITWOEIS OTOV CEVIOTH, OTTWG QAVOOOTTAPAAUCT, ATTOTITWON KUTTApWY Tou
avoooTToINTIKOU, Siatapax£g TAENGS Kal KapdiopuoTrddeia 337,

To HMGB1 10 omoio atreAeuBepwveral ot @QAeydovr) o1rd  Pakpo®dya,
MOVOKUTTOPA Kal OUOETEPOPIAA, dpa TTAEIOTPOTTIKA WG EVOOYEVAS AAAPMIVN, TTPOCOEVETAI
otov TLR4 ki emdyel mepairépw TN QAgypovr. lNapopoiwg dpa kal o MIF, o oTroiog
TTapdyetal a1rd Toug BAevvoydvoug Kai Ta AeukokUTTapa. Etrdyerar amd Bakthpia, TNF,
IFN-y, C5a kaiI o€ kataotaoelg otpeg. O MIF ouvdéel To avoooTroiNTikG GUCTNPA PE TO
EVOOKPIVIKO oUCTNPA, avaoTEAAOVTOG TNV avTiQAeypgovwdn Opdon TwV EVOOYEVWV
YAUKOKOPTIKOEIDWYV TOU €VOOKPIVOUG CUOTAUATOG. TO QUTOVOUO VEUPIKO CUCTNUA EAEYXEI
TNV ammeAeuBépwoaon Tou HMGB1 kai GAAwV KUTTOPOKIVWY KaTtd Tn onwn. H evepyoTtroinon
TOU XOAIVEPYIKOU QVTI-QAEYHOVWAOUG PovoTTaTiou KaTd Tn onywn avacTéAAel Tov HMGB1
Kal BeAtiwwovel v emBiwon (Eikéva 1.25). Z1nv apxf TG oAYNG, N evepyotroinon Twv
aOPEVEPYIKWY HOVOTTOTIWOV TOU CUUTTABNTIKOU QUTOVOPOU VEUPIKOU CUCTHHATOG TTPOAYEI
TNV TTPOPAEYHOVWAN ATTOKPION. TN OAWN, TO cUoTANA TTAENG AAANAETIOPA e TNV EUEUTN
avoaoia, yiag kal n evepyotroinon tou TLR4 ota aipotretdAia Eekivdel To oxnUOTIONS Twv
NETSs (neutrophil extracellular traps) até 1a oudeTepd@IAa 337:342:351

H IL-17A pubuicel TIg atmoKpioelg TNG EUPUTNG OAAG Kal TNG ETTIKTNTNG avoaoiag
(Eixéva 1.25), emrayovrag tov GM-CSF, Tpo@Acyuovwdelg kuttapokiveg (IL-183, IL-6, TNF-
a), xnuelokiveg (IL-8, Gro-a, CCR2/MCP-1) atmd evdoBnAiokd kUOTTOpa, €TmONAIGKA,
IVOBAGOTEG | pakpo@Aya, KaBwg Kal TNV aAANAeTTiOpacn avapeoa o€ Aeu@OoKUTTapa Kal

@ayokuTTOpa 337:343,
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Eikova 1.25: O1 kevTpikoi agoveg TNG AEyHovwdouUg atrokpiong atn onfyn 342,

Auénuéva emitreda IL-1B kai IL-6 €xouv PBpeBei oe onmmikoUg aoBeveic Kai
OUOXETICOVTaI e TN 0oBapdTNTA TNG OAWNG Kal TNV apvnTiKn éKBaon Tng acBéveiag. H IL-1
TapdyeTal  HPETA TNV  €vepyoTroinon Tou  @Agypovoowpatog (inflammasome). H
gvepyoTToinon Tou uttodoxEa TnG IL-1 odnyei oTnv evepyoTtroinon Tou povoTtratiou JNK-p38-
MAPK T0 otroio emdyel tov NF-kB. Ztn onfwn, n IL-6 mOavwg oxeTiCeTal pe tnv
EVEPYOTTOINCT TOU CUUTTANPWHATOC Kal Tn diappor] Twv ayyeiwv. H IL-12 au€dvetal kaTtd Tn
OIdpKEIO TNG CAWNG Kal ETTAYEI TN OlAQOPOTTOINON Twv naive T KUTTApWY O€ Twi KAl TV
evepyotroinon Twv NKs, pe armotéAecoua tnv Tapaywyr IFN-y. H IFN-y emdyer

@Aeypovwdn avridpaon atn aiyn 34,

1.5.2.7. Aiarapayxr oTou¢ unxaviouougs méng kai ivawdoAuons

Katd n didpkeia TnG oAWNGS, o1 UNXAVICHOI @AYoV G Kal TTHENG AAANAETTIOpOUV pE
QU@IdPOHO TPOTTO. OI TTPOPAEYUOVWOEIG KUTTAPOKIVEG ETTAYOUV TNV €KPPACT TTAPAYOVTWV
I0TWV (tissue factors) oTnv KUTTAPIKN ETTIQAVEIQ TwWV HOvVOTTUPNVWY, €€vOoBnAIaKwWY
KUTTAPWYV Kal IVOBAQOTWY EVEPYOTTOIWVTAG TO MNXAVIOWO TMENG oTnv KukAogopia. Ol
Tapdyovieg TAENG TNG  KukAo@opiag petafaivouv o010 onueio Tng PAABNSG Twv
£vO0ONAIOKWY aINOPOPWY ayyeiwv. ApXIKA, Ta KUKAOQOPOUVTA AIJOTTETAAIO TTpOCdEVOVTAl
OTO KOAAQyOvo pEOW Twv UTTOdOXEWV YAUKOTTIpWTEIVWY la/lla, dnuioupywvtag éva
QIMOOTATIKO TTAEyUa OTO onueio TNG BAGRNG, TO OTTOIO EVIOXUETAI PE TN OUVOEDN PEYAAWV
mpwTeivwy von-Willebrand-factor. Tnv idia oTiypr), T0 YOvOTIATI TENG EVEPYOTTIOIET TN
BpopBivn, n otroia PETOTPETEI TO IVWOOYOVO OE IVWdN Oudia, n OTToia PE TN OEIPA TNG
oTaBepoTtrolei TepaITEPpw TO TTAéypa aipotreTaAiwv. Katd tn ofwn, n diatapaxrn oTov
TINKTIKG PnXaviopo dnuioupyei didotraptn BpouBwaon otnv KukAogopia (DIC: disseminated
intravascular coagulation) (Eikdva 1.26) 335:337:342,

Tautoxpova, kata T didpkeia TNG oAyng, n utrapén DIC em@épel diatapaxi otn

AeiToupyia Tou IVWOOAUTIKOU unxaviouoU TTou QUGCIOAOYIKG dIacTrd Tnv Iviwdn ouadia, Adyw
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augnuévwy emmédwy PAI-1 (plasminogen-activator inhibitor type-1) oto mAdopa. H
dlatapaxn auTtr) o€ CUVOUACOWO HE TOV QUENUEVO OXNUATIONO IvOoUG ouaiag, Kal Adyw
MEiwoNg TNG evepyoTToinuévng avTITINKTIKAS TTpwTeivng C (aPC), n otroia @uaIoAoyIK&
QTTEVEPYOTTOIEI TOUG TTapayovTeg TMENG Va kai Vllla, €xel oav atroTéAecpa TNV evatmobeon
Ivwdoug Bpoufou oTa PIKPG ayyeEia, aveTTapkr] AINATWoN Twy I0TWY Kal dpa opyavikr)
BAGBN (Eikéva 1.26). H evepyotroinuévn PC eKTOG ATTO QVTITINKTIKA £XEI AVTIATTOTITWTIKNA
Kal avTipAeypovwdn dpdon, n otoia dlapyecoAafeital amd Tov uttodoxéa EPCR
(endothelial protein C receptor) kai Tnv atrokoTrr} Tou uttodoxéa PAR1 (protease-activated

receptor 1) 341:342.345,
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Eikéva 1.26: Aiarapayr) TG OJOIOCTATIKAG ICOPPOTTIAG AVAUETO O€ TINKTIKOUG KAl QVTI-TTINKTIKOUG
MNxaviopouUg KaTa Tn SIdpKEIa TNG GAWNG 341,

O augnuévog oxnuaTiouog BpouBwy EMOEIVWOVEI TNV UTTOQIMATWON TWV I0TWV.
MapdAAnAa, €€aocBevei n Aciroupyia Twv evOOBNAIOKWY KUTTAPWY TwV ayyeiwv OIoTI
OIOKOTITETAI N OTeVA OUVOECN TWV KUTTAPWY, ME OTTOTEAECHA TNV aAufnuévn QyYEIOKN
diappon kai To oidnua. Ta epubpd aigooaipia xdvouv TNV IKavVOTATA TTAPANOPPWONG Kal
oe ouvduaoud pe v ayyelodiaoToAr, Tn didppnén Tou ayyelakou evdoBnAiou kai Tn

ouvakoAouBbn uttdéTaon XeIPoTEPEUOUV TNV 0EUYOVWON TWV 1I0TWYV 3%,

1.5.2.8. AvripAsyuovwdng amokpion — avoooKATaoToArn oTn onwn

H €vtovn @Agyuovr| TTou TTapaTneEital oTn ofyn avtioTadbuideTal até pubpIoTIKG popIa Kal
MNXAVIOPOUG avTIPAEYHOVWAOUG dPACNG TTOU OTOXEUOUV OTN dIATAPNON TNG AVOOOAOYIKNG
IcoppoTriag 341,

H ofwn apxika €ixe XapakTnpIoTEN WG Wi UTTEPPAEYHOVWDNG ATTOKPIOT PE MEYAAN

augénon Twv QAEYHOVWOWV KUTTAPOKIVWYV, YVWOTH WG «BUEANA KUTTOPOKIVWVY». ZUVTOUO
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OMWG ap@IoBnTABNKE, Adyw TNG aduvaliag Twv avTI-QAEYHOVWOWY TTAPAYOVTWV
(kopTIkoaTEPOEIDN, avTaywvioTéG TNF, avacToAeic IL-1) va BeATiwoouv Tnyv emiwon Twv
aoBevwyv 2, Aiyol aoBeveic TeBaivouv oTa apxikd atddia Tng onyng. Or TrepioadTepOl
UTTOKUTITOUV OTA TEAIKA OTADIA, OTTOU ETTIKPATEI TTOPATETAUEVN AVOOOKATAOTOAN 242, Ta TO
AOYO auTé TTPOTABNKE OTI OTOUG ONTITIKOUG ACBEVEIG e TNV TTAPOSO TOU XPOVOU UTTEPIOXUEI
N avTIQAEYUOVWONG ATTOKPION KAl N avooOoKATaoTOAR %2, yeyovog TTou odnyei o€
deuTepoyeveig Aoldweelg 3L,

O1 avTIpAeyPOVWOEIG IVTEPAEUKIVES gival 0 avTaywvioTAS IL-1RA, n IL-4 kai n IL-10.
H IL-4 emrdyel Tov TToOAAaTTAaCIaopud Twy B kal T KUTTApwYV Kail Tn dlagopoTroinon Twv T o€
Thz. H IL-10 p1TAOKdpeEl TNV TTOPAYWYH TWV TTPOPAEYHOVWOWY KUTTAPOKIVWY ATTO TA
MueAhogidn kutTapa, Ta NK kai Ta T kOTTapa. Augnuéva ettitreda tng IL-10 cuoxeTiCovtal Ye
avoookaTaaToAn Adyw onyng 343,

Kard 1n onfyn, uJmmopei va TmapatnpnBei  «avoooAoyikr) TTapdAucn» Twv
OUBETEPOPIAWY KUTTAPWY, N OTToia XapakTnpidetal atrd TTANEn TTauon Twv evOOYEVWV
OnNMUATodOTIKWY TOUG JovoTTaTiwy. ETTITTAéoV, N dUCAEITOUPYIQ TOU ETTIKTNTOU AVOGOAOYIKOU
OUCTNMATOG TToUu GUpBaivel oTa PETETTEITA OTAdIA TNG oRWNS Adyw TnG peTaaong ammd Tyl-
KUTTaPIKN atmokpion o€ Tu2, Ptmopei va odnyroel o€ avoookataoToAr. H augnuévn
ATTOTITWON TWV Aed@oKUTTApwY (B kai CD4 T) kai 0evOPITIKWY KUTTAPWY TTOU cUuBaivel
oTn onYn, €kTOG aTTd TN PEiwan Tou apIBPoU TwV KUTTAPWY odnyEi o€ «avoooTTapaAucn»
AOyw TNG avOOOKOTAOTOATIKAG dpAONG TWV ATTOTITWTIKWY KUTTApwV. AvTiBeTa, KaTtd Tn
didpkela TNG oAWNG e CupPaivel ATTOTITWON OTA PJOKPOPAYa Kal OUBETEPOPIAA, YEYOVOG
TTOU €VIOXUEI EUPECO TIG ETTITITWOEIG OTTO TNV UTTEPPROAIKN TTPOPAEYHOVWON avtidpaaon.
levikd n apxik EUEUTN @AeydovwONG avtidpaon TEETTEl va akoAouBeitar amd v T-
KUTTaPO-OlaueCOAABoUpEVN aTTOKPIoN YIO TNV TTPOCTACIA TOU idIou TOU CeEVIOTH Kal TN
MEYIOTOTTOINGTN TNG GUUVAG TOU EVAVTIQ GTOV TTABOYOVO OpyavIiouo 331:342:352,

Ta gAeypovoowpata diadpapatiouv pOAO oTnV avoooKATAOTOAR KT TN SIdpPKEIQ
TNG ONWNG MIAG KAl N EVEPYOTTOINGT] TOUG £TTAYEI TO BAVATO TWV dEVOPITIKWY KUTTAPWYV Kal
TWV JOKPOPAYWVY JETW TTUPSTITWAONG 1) VEKPOTITWONG 34°.

O 6pog avoooTrapdAuan UTTOPED va TTEPIYPAPEi e JeyaAUTEPN aKpPIBEIa HE TOV OpOo
KUTTAPIKOG QvATTPOYPAUUATIONOG, KATA TOoV 0TToio cudBaivouv Tautdxpova dUOo avTiBeTeg
oladikaoieg. Ta KUTTOPA QIMOTTOINTIKAG TTPOEAEUCNG, TTOU TTPOEPXOVTAI OTTO TO HUEAS TWV
00TWYV, OTTAAVA, AEU@AdEVEG Kal aia UTTOAEITOUPYOUV, OE avtiBeon Pe Ta KUTTapa AAAwWV
IOTWV Kal opyavwy, OTTwG MTTATOG, VEQPWYV, TIVEUUOVA, EYKEQAAOU, YOOTPEVTEPIKOU
owAnva, Ta oTroia UTTEPAEITOUPYOUV Kal dnuioupyoUlv @Asyuovn 3L,

H avoookaTtaoToAr TrTaparnpABnke o€ onmTiK& PJOVTEAQ JUWYV OTTO PETPROEIG TTOU
éyivav TO00 OTnNV KUKAOQoOpia OAAG Kal o€ 10TOUG. BloXnuikA, KUTTOPOMETPIKA KOl

QVOOOIOTOAOYIKI] MEAETN onmTIKWV acBevwv Tou TéBavav oe MEGO  kartédeige

76



OVOOOKQATAOTOAN, n OToia @QAVNKE ME ETAYWY OVACTOATIKWV MPNXAVIOPWY, OTTWG
ETMKPATNON AVOOTAATIKWY UTTOBOXEWV £VAVTI TWV EVEPYOTTOINTIKWY UTTODOXEWV (UEIWUEVN
ék@paon Tou CD28 TTou evepyotrolei Ta T KUTTapa, auénon tou uttodoxéa CTLA-4 tTou
avaoTéAAEl TO avoooTroinTikG, peiwon Tou IL-7Ra ota T KUTTapa TTou QUGCIoAoYIKA TTpowOEi
TNV KUTTAPIKA €MIRIiwoN), EATTAWON TWV KATACTOATIKWY KUTTAPWY Treg TTOU QVAOTEAAOUV
TNV AVOCOAOYIKN ATTOKPION, ETTAYWYI AVOOTOATIKWY TTPpoodeTwV (ligands) kal uttodoxéwv
OTO AVTIYOVOTTOPOUCIAOTIKA (pgiwon Tou utrodoxéa HLA-DR Ttrou etrdyel T-KUTTAPIKA
QTTOKPION) KAl OTO TTOPEYXUMATIKA KUTTAPA, OAAG KOl PE PEIWPEVN EKQPAcn TwV
@AeyovwdWY KUTTapokivwyv TNF-a, IFN-y, IL-6 3%

O1 pnxaviopoi pe avTi@Aeypovwdn Opdon TTEPIAAUPAVOUV QVTAYWVIOTEG TWV
utmodoxéwv TNF kol IL-1, qTTevePyOTTOINTEG TOU  CUUTTANPWHATOG,  €TTAYWYA
QVTIQAEYHOVWOWY KUTTOPOKIVWY, KUupiwg NG IL-10, HeTABOAIKEG aAAayég (augnuévn
Tapaywyr KopTICOANG, aTTEAEUBEPWON KATEXOAAMIVWV), ETTAYWYH TTPWTEIVWV 0E&giag
@aong (acute phase proteins) ki evepyotroinon Tou evooBOnAiou pE eTTaywyr Twv Hopiwv
KUTTAPIKAG TIPOOKOAANONG, aTTeAcuBépwon TTpooTavoeidwy Kal  Tou  TTapdyovTa
gvepyotroinong aigometaAdiwy  (PAF). TMapdAAnAa, Tmapartnpeitar  amoTTwon  Twv
AEPPOKUTTAPWY N oTToia EKONAWVETAI hE peiwon Twv B kal CD4* AepgokuTttdpwy 341,

Opiopévol gpeuvnTéG uTTooTNPICOUV TNV ATTOWN OTI N AVTIPAEYUOVWONG avTidpaon
gival n aitia aveTrapkoUg atmOKpIonG Tou EEVIATH) 0T oW TTou 0dnyei o€ Babuiaia opyavikni
QVETTAPKEID KAl Apa  TIPOTEIVOUV TNV AVACTOAN] TNG OVOOOKATAOTOANG WG TPOTTO
BepaTreuTIKAG TTPOCEYYIoNS 34 H augnuévn @Aeyhovr KAl N OVOOOKATAGTOAR UTTOPEi va
oupBaivouv TauTéxpova OTOUG ONTITIKOUG O0BEVEIC, EVU) N AVOOOKATACTOAN UTTOPEI va gival
avaoTpéWipn. O1 duvapikéG avoooAOYIKEG aANAYEG TTOU XOPOKTNPICOUV TIG OIAPOPETIKEG
TEPITITWOEIG oNWNG €MPRAAoOUV Tnv TIpoowTroTroiNUévn Bepatreia, €ite TPOg TNV

KaTeUBUVON TNG AVTIPAEYUOVWOOUG 1} TNG AVOOOEVIOXUTIKNAG TTPOoaéyyiang 33,

1.5.2.9. Mnxaviouoi opyaviki¢ avermrapKeIiag arn onyn

H teAikr) autia BavdTou 0Toug onNTITIKOUG a0BeveiG gival N TTOANATTAR opyavikA aveTTApKEIQ.
‘Exel Bpebei ouoxémion avdaueoa otnv OavotnTa BvNTOTNTOG KAl OTOV OpIBud Twv
opydvouv TTou €xouv utrooTei BAGBN. Avetrdpkela o€ 4-5 Opyava aufdvel TO TTOOOOTO
BvnToTnTag 010 90% avegdpTtnTa amo T Beparreia.

H mraBoyéveon Tng opyavikrig duoAgiIToupyiag oTn CAWN €ival TTOAUTTOPAYOVTIKA
(Eikoéva 1.27). H diaxutn evammdBeon viwdoug ouaiag dnuioupyei ayyelakr éuepain He
OTTOTEAECPA TNV AVETTAPKN 0&uyOvwaon (UTTogia) Kal UTTOaINATWOoN Twv 10TWV. H €AAEIwn
TWV AyYEIOOPAOTIKWY OUCIWV OTTWG Yia TTapddelyua PAF, 1I0TOUIVEG Kal TTPOOTAVOEIDN

(TTpooTayAavdiveg, BpouBotdveg, TTPOOTAKUKAIVEG), dIATAPACOEl TNV AyYEIAKH opoIdoTaCT.
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H cucowpeuon KUTTAPWY, KUPIWG OUBETEPOPIAWY, TTPOKOAEI KATACTPOPN TWV ICTWV AOYW
TWV AUCOCWUIKWY evCUHWYV Kal Twv eAeuBépwv pifwv utrepoeldiou. O TNFa kal GAAEg
KUTTAPOKIVEG €TTAYOUV Tn cuvBdaon Tou povogeidiou Tou alwTtou (INOS), pye cuvétteia 1o
aug¢nuévo NO va emreivel v aoTdbeia Twv ayyeiwy, odnywvtag oTn HUoKapdIaK

SduaAeiToupyia TTou TTapaTnpeital aTn oryn 341354,

LPS and other
bacterial components

Endothelium Neutrophils Monocytes
\ J

Cylokines,

Oxygen radicals Lipid mediators
Gomplement
Increased
TF and PAI-1
Chemotaxis

Procoagulant effect Lysosomal enzymes

A
| Microvascular occlusion |{—b| Vascular instability |

y

{ I 3
Coagulopathy Fever Vasodilation Capillary leak

| Sepsis and multiple organ failure |

Eikova 1.27: MNMaBoyeveTIKOi UnXaviouoi aTn orfywn mou odnyoulv o€ opyavikn BAGRN 341,

H umroéia Twv 10TWv Katd Tn oAyn mTapouciddetal ws n dlagopd avaueca oTo
METOPEPOUEVO TTPOG TOUG I0TOUG OEUYOVO Kal OTIG ATTAITAOEIG € 0EUYOVO TWV I0TWV. EKTOG
OMWG atrd TNV UTTOgia, Ta KUTTOPO EVOEXETAI VO PNV KTTOPOUV VA XPNOIUOTIOINCOUV TO
O1a0éo1uo oguyovo, oavwg Adyw uttepPoAiking trapaywyrg NO. MeAétn oe Bioyieg
OKEAETIKWV PUWV ATTO ONTITIKOUG a0Beveig £0€1Ee EAATTWUATIKA HITOXOVOPIAKK] QAVATIVON
Aoyw avaoToAng amd 1o NO 3#2. H opyavikr] duoAsiToupyia o€ onTITIKOUG aoBeveic de
OXETICETOI PE AUENUEVO KUTTAPIKG BAvVATO OTA TTACXOVTA Opyava, aAAd uTTopei va atrodobei
o€ «KUTTOpIK avaioBnrotroinon» (cell stunning), mOavwg Adyw eAatTwpévng
katavaAlwong ofuydvou 32,

H mpoBAnuatik ofuyovwon Twv 10Twv Onuioupyei  duoAsiIToupyia  Twv
MITOXOVOPiWY, PE ATTOTEAEOUA TO TTUPOOTAPUAIKO OEU va PN XPNOIKOTIOIEITAl GTOV KUKAO
Tou Krebs, aA\d va avayetal o€ YOAakTIKO ogU. Ta eTrimeda Tou YOAQKTIKOU 0&EOG
au&dvovTal apxXIKG OTO KUTTAPOTTAOOMO Kal 0T OUVEXEIa dlaxEéovTal aTnv KukKAogopia,
OnNUIoUPYWVTAG UTTEpyaAaKTaIia. H utrepyaAakTaigia oTn oRyn €ival atroTEAEOPA TTOAAWY
aAMaywv o€ peTaBoAikég diepyaaieg. H OUOTEUIKY UTTOQIUATWON, N TOTTIKI UTTOQIMATWON
KaI N atrooTa0€pOTT0INGN TNG HIKPOKUKAOQOPIAG EUVOOUV TNV UTTEPYAAOKTAIMIA. H peiwpévn

MeTa@opd ofuydvou aTtd TNV KUKAOQOPIa Kal n uttooguyévwon Twy I0TWwY odnyolv o€
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avagpoBio PETABOAIOHS TwV KUTTAPWY, TTOU ETTIONG EUVOET TNV TTapaywyr YOAAKTIKOU 0&£0G
335.

H ouvexng ameAeuBépwan QAEYUOVWOWY KUTTAPOKIVWY OTNV KUKAOQOPIa ETTITEIVEI
TN duoAeIToupyia TG KapdIAS KAl TOU AyYEIOKOU CUCTAMATOG TwV OTTAGXVWYV. To aipa atrd
Ta oTTAGxva ueTapaivel e GAAa Opyava €10IKA AOyw uttoTaong, Kal dpa aufdvetal n
mOAVOTNTA YETAKIVNONG TWV EVTEPIKWY BAKTNPIWY HECW TOU BAEVVOYOVOU TOU EVTEPOU OTN
OUOTEUIKN KUKAOQOpia 3%,

2T onwn aAAGCel n ayyElIooUuOTOAN HECW TPOTTOTTOINONG TWV ETTITTEOWY TWV
TTpooTavVoEIdWY. Ta TTPOCTAVOEIDN TTAPAYOVTAl ATTO TO apaxIdovikd ogu Ye Tn dpdon TnNG
COX2. H artropuBpiouévn Trapaywyn €IKOOAVOEIdWY, CUNTTEPIAAUBAVONEVWY  TWV
TTPOCTAYAQVOIVWV KAl AEUKOTPIEVIWY, gival BavAoIun yia TOV CEVIOTH €6AITIAC TNG ATTWAEING

QYYEIOKOU UuypoU aTo £VTEPO KAl TNV TTEPITOVAIKI KOIAOTNTA 345,

1.5.2.10. Mnyaviouoi opyavikn< BAGBNS atn onwn Adyw @Asyuovoowuarog

2Tn onyn, n €Tmigovn AoiPwEN KAl N UTTEPEVEPYOTTOINGN TNG AVOTOAOYIKNG ATTOKPIONG
MTTOPEl va TTPOKAAECOUV augnuévn evepyoTroinon Tou @Aeypovoowuatog NLRP3. Auto
augavel TNV atreAeUBEPWOoN PIKPOOWHATIOIWY aTrd Ta BAvOVTa HAKPOPAYA TTOU TTEPIEXOUV
IL-18, ASC, CASP1, NLRP3, pe amoTéAeoua TNV augnuévn EKQPAoT HOPIiwV KUTTAPIKAG
TIPOOKOAANCNG atrd Ta €vdoBNnAIakd KUTTapa. H emakdAoubn auénuévn dicioduon Twv
oUdETEPOYIAWY/ HOVOKUTTAPWY Kal N HETAKIVNOR TOUG Of€ QTTOMOKPUOUEVA Opyava,
OUVEPYIOTIKA pe Tn Opdon ekkaBdpiong Tou TTaBoydvou OpyavioPoU, KATAOTPEPOUV Ta
TTaPATTAEUPa KUTTAPA Kal aTToudia eAEyxou Kal puBuIong, uTTopei va TTpokaAéacl BAGRN oTa
opyava (TTveUpoveg, veppoug, NTTap K.4.) 345,

A6 TNV GAAN TTAEUPd, N uTTEpEVEPYOTTOINGN TWY £vOOBNAIOKWY KUTTAPWY 0dnyei
OTNV KOTOOTPOQI TOUG KAl TNV aTTEAEUBEPWON HPIKPOOWMATIOIWY OTTO QUTd, Ta OTToIx
gvioxUouv 1O TTaBoyovo aTTOTEAECHO Twv evOOBNAIOKWY KUTTApwv. H Trapartetapévn
aAAnAemTidpaon avaueca ae oudeTepO@IAa/ PovokUTTapa Kal evooBnAiakd, OTTou n
gvepyotroinon tou @AeydovoowpaTtog NLRP3 emdyer tnv auénuévn ékgpacn Hopiwv
KUTTOPIKNAG TTPOOKOAANONG atmd Ta evooBNnAIaK& KUTTOPA, TTPOKOAEI Tn dIa0TTOPa TWV
MOpPIiWV KUTTOPIKAG TTPOOKOAANCNG OTNV KUKAo@opia kal opyavikry BAGRnN. Etriong, ot ROS

TTOU TTapAayovTal atéd Ta oudeTEPOPIAG TTPOKAAOUV KATAGTPOPN TWV I0TWYV 345,
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1.5.2.11. Aiktuo @Agyuovwdous amoKkpIons aTn oiyn

H @Aeypovwdng atmokpion otn oAyn TepIAapBavel pia TToAUTTAOKN aAANAETTIOpacon
avAapeoa o€ DIOPOPETIKA BIOAOYIKG CUCTAHATA KOI KUTTAPIKOUG TUTTOUG TOU EEVIOTHA TTOU €XEI
WG atmoTEAEOUA TNV ATTOPPUBUIoUEVN AsITOoUpyia Kal TNV atTwAgla TNG opoidéoTaong (Eikdva
1.28). Zmnv évapgn Tng onwng, n ameAeuBépwon PAMPs kai DAMPs atré Toug
€I0BAANOVTEG HIKPOOPYAVIOUOUG Kal Ta TTPOoRERANUEVA KUTTAPA TOU EEVIOTH avTioToIXA,
TIPOKAAEl uTTEPdIEYEPOT TwV PRRS O0TA KUTTOPA TOU AVOCOTTIOINTIKOU, TA OTTOId TTAPAYOUV
Mia «BUeANa KUTTAPOKIVWVY KOl TTPOPAEYHOVWOWY PECOAARBNTWY TTOU TTPOCEAKUOUV KI
GAAa kOTTapa. H evepyotroinon Tou adpevepyikoU JovoTTaTiou TOU CUPTTABNTIKOU VEUPIKOU
ouoTAMATOG Kall 1 N MPeEIwpPévn OpacTIKOTNTA TOU XOAIVEPYIKOU QvTIQAEYHOVWOOUG
MovoTTaTioU TOU TTaPACUMTIABNTIKOU VEUPIKOU CUCTAMATOG €VIOXUOUV TTEPAITEPW TNV
UTTEPBOAIKA TTPOPAEYHOVWON ATTOKPION OTA PAKPOPAYa, OeVvOPITIKA Kol OUBETEPOPIAT, N
OTTOIO OTPEPETAI EVAVTIOV TWV ICTWY Tou idlou Tou EeviaTr]. O1 TTaBoydvol opyaviouoi i Ta
TTPOIOVTA TOUG OTO Qipa TTPOKAAOUV CUCTEWIKI EVEPYOTTOINCN TOU CUMPTTANPWHATOG, TO
OTTOI0 TTapPAyYEl JEYAAEC TTOGOTNTEG AVAPUAATOEIVWYV, Ol OTTOIEC O€ TETOIEC CUYKEVTPWOEIG
gival emCApIES. H TauTOxpOVvn EVEPYOTTOINON TOU TTNKTIKOU GUCTAMATOG KAI N AVAGTOAN TOU
IVWOOAUTIKOU pnXaviopou diatnpouv TNV TTPOo@Asypovwdn avtidpacn Kal dnuioupyouv

didiyuTn evdoayyelakn TAEN, n otroia duvatal va TTPoKaAéael opyavikn BAGRN 342,

Invading pathogen
and/or tissue damage
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\ | adrenergic pathways

Innate
|mmunc cells
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/ gy
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g

| bic |
b
Eikéva 1.28: To OikTuo pAeyuovWOOUG aTToKpIonG aTn orfyn 342,
H ouvoAik avoooloyikip avtidpaon Tou &evioTh oTn Aoiywén kol oTn oAyn
TTapouaiadovral otnv €ikéva 1.29. H onyn cival yia kar@otaon O1Tou mraparnpouvtal A.
TTOPATETAPEVN EVEPYOTTOINON TNG EUPUTNG AVOOIAG, ME TNV TTAPATETAPEVN TTPOPAEYHOVWON

avTidpaon va  eTmMpEeddel TN AsiToupyia  TwWV  OUDBETEPOPIAWY  TTPOKAAWVTOG
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«avoooTrapdAucn» kKal B. kataoToArl TnG OUMPATIKAG T-KUTTAPO-OIauecoAaBoUpevng
QvOOOAOYIKNG aTTOKpIoNG KI evepyoTroinon Twv Treg KuTttdpwy, padi ge Tnv augnuévn
ATTOTITWON TWV AEPPOKUTTAPWYV Kal OEVOPITIKWYV KUTTAPWY 0dnyoUV GE€ AVOTOKATACTOAN, N
omoia au&dvel Tnv euaicBbnoia oe deutepoyeveic  Aolpweelc. H o ouvTpITiTiKn
TTPOPAeyovVWONG avtidpaacn dnuIoupyEi TNV opyavik SUCAEITOUPYIa, EVW N TTAPATETAUEVN
OVOOOKOTOOTOAR TWV ONTITIKWY 0a0Bevwyv TOoug KABIOTA €UAAWTOUG O OEUTEPOYEVEIG

AOIPWEEIG 342345,
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Eikéva 1.29: H avoooloyikr atmrdkpion Tou £evioTr oTn Aoipwén Kai otn aiyn 355,

1.5.2.12. O yeverikoi moAupop@iouoi otn oriyn

H amékpion Tou KGBe gevioTh oTn Aoipwen €¢aptaTal atd diIdQopous TTapAyovTEG OTTWG O
MIKPOOPYQVIOUOG, TO onueio TNg pOAuvong, N avooOAOyIKr) KaTdoTacon, n IcoppoTria
QVAPECA OTOUG TTAPAYOVTEG TIOU EVEPYOTTOIOUV TaA yovidla TTou gPTTAEKOVTAlI OTNV
TTaBo@uaioloyia TNG CAWYNG, N ETTIVEVETIKA pUBUION TNG YOVISIOKNG WETAYPAPRSG Kal Ol
TTOAUMOPQICHOI Twv yovIdiwv TTou oxeTiCovtal pe TN oAwn. Evw n mAsioyneia twv
TTOPATTAVW TTaPAyovIwyY diagépouv 010 Xpodvo, To DNA civar otaBepd. Or1 yeveTikoi
TTOAUMOPQICHOI TToU £XOuv €TTiOpACN OTO aTTOTéAeopa i T BvntéTnTa Adyw onywng Ba

MTTOpOoUcaV BewpnTiKd va aglotroinBolv yia Tnv KaAUTepn TTPOYvVwon Tou ouvdpduou.
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‘Exouv Bpebei TToAupop@iopoi Tou evog voukAeoTidiou (SNPS) o€ yovidia yia KUTTAPOKiVEG

(TNF-q, IL-10), uttodoxeic (IL-1Ra, CD14, TLR4, TLR1) Kal HETAYPAPIKOUG TTAPAYOVTEG 343,

1.5.2.13. AiayvwoTIK aTéxeuon

O1 TTOAUTTOIKIAEG EKONAWOEIG TNG OAWNG KAl N HEYAAN ETEPOYEVEIA TWV ONTITIKWV A0BEVWV
KaBioTouv aduvatn Tn oToxeuon TnG didyvwong PAcel evOG HEPHOVWHEVOU DEIKTN, O OTTOI0G
MTTOPEl va uoTepei o€ €¢e1dikeuon. O TayxUg Kal AUECOg TTPOCdIoPIoHUOG TNG Evapgng Kal ThG
ékTaong NG Paktnplakng €I0BoAng emBAAAETal yia TNV APEOn Xoprynon E£TTapkoug
avTIBloTIkAG BepaTreiag. MNupw oToug 200 BlodeikTeg €xouv XpnolpoTroindei yia Tn oAwn,
oTTwg n d10AuTH CD14 (presepsin), o d1aAuTég SUPAR, ol syndecan-1 kai -4, o1 o110iol OPwG
Oev civar €10iIkoi. O1 Mo €upEéwg XpNOIJoTToloUuevol BIOdEIKTEG yia TN OAWn €ival n
TpokaAaiTovivn Kal N C-avTidpwoa TTpwTEivn. Ta emimedd TOUg TTPETTEI VA epUNvEUOVTAal
OIaQOPETIKG avaAoya ME TNV aAiTioAoyia TNG CAWNG, €VW N KIVATIKA TOUG TIPETTEl va
AapBavetal repIcadTeEPO UTTOWN ATIO TIC ATTOAUTEG TIHEG 332,

‘Exouv BpeBei auénuéva emmimeda popiwv KUTTapiKAG TTPookoAAnong (ICAM-1,
VCAM-1) oTnv KUKAOQOpia onTITIKWV aO0Bevv Ta OTToia OUCYETICOvTal WE aufnuévn
BvnoiudTnTa Kal TToAuopyavikn BAGRN kai dpa xenoidoTToloUvTal WG TTPOYVWOTIKOG BEIKTNG
yia Tn oqwn. EmmAéov, wg &€ikTng TTPOYVWOoNG XpNoIoTTolouvTal Kal Ta TTiTreda Tou ATP

NG KUKAoQopiag, piag kai autd auéavovTal aTn anyn 34,

1.5.2.14. @eparreuTiKn TPOCEYYION

H Bepartreia yia Tn oAwn TTPETTEI va OTOXEUEI OTA TPiA XOPOKTNPIOTIKG TNG ofyng, dnAadn
TN Aoipwén, TNV atmmokpion Tou EevioTA Kal TNV opyavikh ducAsiroupyia. H yetaxeipion Twv
ONTITIKWY A0BEVWV £XEI KATNYOPIOTTOINOEI 0 aUTA TV 3 WPWV, 6 WPWV Kal 24 wpwy 335343,

O1 BepaTreuTiKEG TTPOCEYYIOEIG Yia TN onywn TepIAauBdavouv Tn BEATIOTOTTOINGCN TNG
QIMOBUVAMIKAG AEITOUpyiag PE XOprynon uypwv avafiwong €mOIWKOVTOG TNV ETTOPKA
o&uyovwaon TwV I0TWYV, ToV €AeyX0 TwV eITTEdWVY YAUKOLNG OTNV KUKAO®OpIia pe Bepartreia
IVOOUAIiVNG, Tn  xoprnynon HIKpAG OO00NG  KOPTIKOOTEPOEIdWY, TN Xoprnynon
QYYEIOOUCTOATIKWVY TTOPAYOVTWY OTTWG ETTIVEQPPIVNG, VOPETTIVEPPIVNG, 100TTPOTEPEVOANG,
doBouTapivng 331330341352 Mi9avoi BepatreuTikoi aTdX0I TNG OAWNG UTTopPEi va gival ol PRRs
(MTTAOKApIoua TLR4), o1 TTpo@AeyovwdEIg KUTTapokiveg (utmAokdapiopa MIF, HMGBL, IL-
17A), 10 ouoTtnua TAENG HE TNV avatrAnpwon Tng aPC yia TNV QVvTITINKTIKA Kal
OVOOOKATAOTAATIK TNG Opdon, €ite pe Tnv evepyotroinon Twv PAR1, PAR2, i ye Tn
xoprynon avraywvioTwyv Tou PAF kal GAAwWV popiwv 0To HOVOTTATI TTENG, TO CUPTTANpWHA
Me Tnv eEoudeTépwon TNG Cha Kal To UTTAOKAPIoHa Twy UTTOOOXEWY TNG, OAAA Kal TO

QuTOVOPO VveEUPIKG OUOTNUA HE EVEPYOTTOINON TOU XOAIVEPYIKOU QVTIQAEYHOVWOOUG
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hovoTTaTioU ) TNV avaaToAr Tou adpevepyikoU TTPoPAsyHovwdoug povoTtraTiol 342, ETriong,
n Oepatreia uTTopEi va oTOXEUEl TOUG BAKTNPIOKOUG OTOXOUG HE aAvTIBIOTIKA, HE XProN
TPOTTOTTOINUEVWY  ANITTOTTPWTEIVWV  yia TNV eEoudeTépwon Tou LPS, pe ofeidwuéva
Qwao@oAmidia Tou aAAdlouv Tnv IKavoTNTa TTPOadeong Tou LPS otnv LBP aAA& kai pe
QVTAYWVIOTEG TWV BECEWV TTPOCDEONS TWV EEWTOEIVWV TV Gram-BeTIKWV BakTnpiwy 341,

KAIVIKEG pEAETEG PE avaTTARpwon GyKOU Uuypwv avaBiwong o onmTikoUug aoBeveig
Oev gixav Katrolo 6@eAog OTnv emIBiwon Twv aoBevwyv, evw n oloTacn Tou uypou
avaBiwong mTapauével akoun uttd oulAtnon. Mapopoiwg, KAIVIKEG HEAETEG TTOU Eixav WG
OTOXO VO PETPIACOUV TN QAEYHOVWAN aTTOKPIOT 1 OTOXEUAV TIG KUTTAPOKIVEG ) TNV £TTIAUON
NG TINKTIKAG dlatapaxng Ye xopriynon aPC dev gixav KATToI0 BeTIKO atroTéAeapa 342,

Mia &AAn TTpooéyyion yia TNV QVTIHETWTTION TWV ETMTITWOEWV TNG «BUeAAAG
KUTTAPOKIVWV» OTOUG I0TOUG €ival n oTOXEUON Tou evO0BNnAiou. Zuykekpipéva, n heiwon g
IaTTEPATOTNTAG TWV AYYEIWV PE evepyoTToinon Tou povoTtratioU Slit-Robo4 otoxeuel oTov
TTEPIOPIOUS TNG AYYEIOTTPOKAAOUNEVNG KATACTPOPAG TWV I0TWV. ETTITTAéOV, N evepyoTToinon
ToU povoTratiou S1P-utrodoyxéag Tou S1P oTa evOoBnAIaKG KUTTAPA Kal GTA AEUPOKUTTApA
MEIWVEI TNV TTAPAYWYTH KUTTAPOKIVWV 343,

O1 o mpboaTeg BepaTTEUTIKES TTPOCEYYIOEIG yia Tn onwn TeplAauBdavouy 1. Tn
OTOXEUMEVN QTTOMAKPUVON TOEIVWV KOl QAEYHMOVWOWY HECOAAPBNTWY ME EEEIBIKEUUEVN
TTPocPOPNAON, OTIWG Eival TO AIJOPIATPApICHa PE TO avTIBioTikd polymyxin-B 10 oTroio
TTPOCBEVETAI KAl EOUDETEPWVEI TIG EVOOTOLIVEG, N CUOKEUN aIuoTTpoopopnong CytoSorb n
OTTOi0 ATTOMOKPUVEL TIG TTIPO- KaI AVTIQAEYUOVWOEIG KUTTAPOKIVES, 2. Tnv avoooBepartreia
avTl-PD-1 pe avaoToAr Tou uttodoxéa Tou PD-1 1} Tou TTpoodETn Tou Kai 3. Ta TToAuduvaua
MeoeyxuHaTIKG BAAOTOKUTTAPA OTTO TO JUEAS TWV OCTWYV TA OTTOiIa UTTOPOUV VA avaoTEiAouV
TNV TTOPAYwyr QAEYHOVWOWY KUTTOPOKIVWYV, VO E€vEPYOTTOIoouv Ta Treg kUOTTOPA, va
evioxUOOUV Tn @AyoKuTTapwaon amd Ta POaKpo@Aya Kal va aug¢ioouv TNV TTapaywyn
avTigikpoPlokwy TETTIOiwY. TEAOG, n YEVETIKN TIPOOEYYIoON WTTOPEl va aTTOTEAECE]
MEANOVTIKA dia evaAAAKTIKE Bgpartreia yia Tn oryn 331,

Mia eTITTPpOCGOETN BEPATTEUTIKN) TTPOCEYYION VIO TN GAYN YTTOPEI va gival n pubuion
NG TTapaywyAs Twv ROS amd Ta oudeTepOPIAa Kal n oTOXEUON TwV UTTOOOXEWY TNG
adevoaivng AzaR kai AzxR. 'Exel BpeBei 611 n xopriynon IL-33 €€aoBevei TN ouoTEUIKA
@Agypovr augavovTtag TNV TTPOCEAEUCT OUBETEPOPIAWY OTO anuegio TN @AsyuovAg ¢, To
QAeypovéowpa avaoTéAel TRV wpidavon kai ammeAeuBépwoaon Tng IL-33. Katd cuvéteiaq,

MOPIO TTOU OTOXEUOUV Ta PAEYHOVOCWHATA UTTOPOUV VA XPNOIPOTToINBoUV yia Tn BepaTreia

™G @AeypoVvAG Kal TNG opyavikig BAGBNG Adyw oryng **.
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1.6. H xpion TeIpapaTIKWV HOVTEAWYV TTOVTIKWYV Yia TN digpelivnon TG CAYNG

MNa TN SI0AEUKAVOT TWV KUTTAPIKWY KAl HOPIOKWY PNXaVIoUWVY TTaBo@uaioloyiag
TG ONWNG €XOUV XPNOIPoTToINGEi CWIKG TTeEIpapaTIKG JOVTEAQ, JE Kupiapxo TO TTovTiKI. To
TTOVTiKI, TTEPA ATTO TN dUVOTOTNTA TTOU TTAPEXEI YIa TN MEAETN TTOAUTTAOKWY avOpWITIVWV
QUOIOAOYIKWY  CUCTNUATWY KAl AEITOUPYIWY, ETTITPETTEL TN MEAETN  TTOAUTTAOKWV
TTaBoAoyIKWV dIadIKACIWY, YEYOVOS TTOU BaACifeTal OTN YEVETIKY KAl QUOIOAOYIKF OUOIOTNTA
ToUu e Tov AvBpwTTo (40% KOIVEG VOUKAEOTIBIKEG aAAnAouxieg). QOTO0O0, €xouv PENETNOEI
Kal ol OlopOPEG 0T YOVIDIWMATIKN £KOPach avBpwITTou Kal TTOVTIKOU WG aTTOKPIoN O€
OIaQOPETIKA HOVTEAQ OUOCTEWIKAG QAEYUOVAG, OTTWG Eivar n  evdoTogivaigia Kai n
TToAUHIKpOBIaKn oryn 32°.

Ta TTAEOVEKTAPATA XPONS TOU TTOVTIKOU WG TTPOKAIVIKOU HOVTEAOU VIO TN ORYn
Tapouaialovral oTnv €ikéva 1.30 kal TrepIAapBavouy Tnv augnuévn yoviudtnTta, 1o OUVIONO
KUKAO CWNAG, TNV EUKOAIO XEIPIOWOU, TIC MIKPEG QATTAITIOEISC CUVTHPNONG, TNV TTOIKIAIQ
oTeAEXWYV, ToV TTAPN YOVIOIWHATIKO XAPAKTNEIOUO TOU TTOVTIKOU, TNV eupeia d1aBeoiudotnTa
avTIOPACTNPIWY yIa TOV TTOVTIKO, Tn SnUIoUPYia TTOVTIKWY HE KUTTOPA TOU avBpwITIvou
QVOOOTTOINTIKOU CUCTAMATOG Kal TEAOG, TNV avaykaidtnTa Utrapéng TTPOKAIVIKWY (WIKWV
MOVTEAWV TTPIV TNV EQAPHOYH KAIVIKWV PEAETWYV oTOV AvBpwTTo, OTTWG 0pilel 0 MNaykdauIog

Opyaviopog Tpogiuwv kar Papudkwy (FDA: Food and Drug Administration).

C
< B Accelerated Low »
Life Cycle Maintenance D
High Necessity for
Fecundity Preclinical
| % Animal Model
! A 4
E
Evolving Well-
“Humanized” Characterized
Mice Genome
Widespread Inbred,
H Availability Outbred, &

of Mice and Transgenic EY
Reagents Strains

G 1

Eikéva 1.30: MNAgovekTApaTa Xpriong Tou TTOVTIKOU WG {wIKoU YOoVTEAOU O€ TTPOKAIVIKG TTEIpduaTa
yla Tn HEAETN TNG oRwng 32°.

Av Kal ol yevealoyieg avBpwTTou Kal TTOVTIKOU diaxwpioTnkav TTpiv Trepittou 75
EKATOPMUpPIa XPOvia, uttohoyiletar 611 T0 80% Twv yovidiwv TOU TTOVTIKOU Bpiokouv
avtioToixa opBdéAoya yovidla oTo avBpwTTIvo yovidiwpa. Q¢ atmoTéAeoa, n HEAETN HEOw
YEVETIKNG TPOTTOTTOINONG YoVISiwv TOu TTOVTIKOU Oivel ONUAVTIKEG TTANPOPOPIES yIa TNV
TEPITTAOKOTNTA TWV AVOPWTTIVWY YoVIBiWY, HE ATTWTEPO OTOXO TNV TIEPIYPAPH TWV

TTABOYEVETIKWV UNXAVICUWY TTOU JIETTOUV TNV EKACTOTE aoBéveia 32°,
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Me Tn xprion yveveTikwy epyaleiwv (Cre-Lox, TALON, CRISPR-Cas9) civail duvar
N 10TOEIOIKI) TPOTTOTIOINGN TNG YOVIOIAKAG £KPPAcNnG, n oTroia PTTopei va puBuileTal
ecwyevwe. ‘Eva onpavtikd emmiTeuypa €ival n TTARPENS QVTIKATACTOON TWV KUTTOPIKWYV
TTANBUC WY TOU AvOCOTTOINTIKOU CUCTAMATOG TOU TTOVTIKOU WE TOUG OOAOYyoUG avBpwITou
357 yeyovog TTou oToXeUel OTNV AvATITUEN QOPMAKWY OTa TTAQICIO TNG £CATOUIKEUMEVNG
IOTPIKAG %8,

AieBveig opyaviopoi (The Office of Laboratory Animal Welfare, NIH, The American
Association for the Accreditation of Laboratory Animal Care) BaciCovral atov Odnyo yia n
®povrida kai Xprion Twv Meipaparolwwy TTou £xel dnuooieudei atmd 1o EBviKG ZupBouAio
‘Epeuvag Twv EBvikwv EmoTtnuovikwy Akadnuiwv (National Research Council of the
National Academies of Science). ZUupwva pe Tov TTapatrdvw Odnyd emIRBAAAETAI N
avlpwTrivn Xprion Twv Tmeipapatolwwy. QoTé00, N XPAon avaAynTikwy o€ onTTIKA
MovTEAa pTTopEl va aAAGEel TNV atmokpion Tou &evioTtr) otn ofwn. MNa Toapddeiyua, Pn
OTEPOEIOEIG AVTIPAEYHOVWOEIG TTAPAYOVTEG JTTOPOUV Va ETTIQEPOUV aAAaYEG OTN AsIToupyia

TOU avooOoTTOINTIKOU 329,

1.6.1. Meipapatiké JovTEA I oryn Kal onTITikKG 00K O€ TTOVTIKIA

Ta meipapaTikd povréAa TTovTikwy yia oAyn (Eikéva 1.31) diakpivovtal og 3 KUPIEG
Katnyopieg avéAoya pe 10 pnxavioud tou xpnoigotroigitar: A. XopAynon £gwyevoug
To¢ivng, B. XopAynon dJwvtavou TraBoyévou kal . Aidotracn Tou evdoyevoug
TIPOCTATEUTIKOU @paypoU Tou {wou e amoTédeopa Tnv eioBoAf Baktnpiwv *°. Ta

XOPAKTNPEIOTIKA Twv JovTéAwY oAWNG TTapouacidlovTal atov lMivaka 1.5.

/ Toxaemia Model Bacterial Infection Model \
INJECTABLE >
N v
» “
Bt?hslniecﬁon ofmxin Py Injection of Viable Bacteria
e.g. Lipopolysaccharides (LPS) / N -
— 415\/ : }-_\’
Cecal Ligation s > Colon Ascendens
and Puncture (CLP) ) Stent Peritonitis (CASP)
Coben \ Hous - Colen Ve
\ \» N |
Puncruring o m\baL) )
Uigation N\ cocam Colon ‘ ]/' /_":.-—. /
— /é SURGICAL o @
= Canomm .-\'___,' \}
Caecum o
@ " 4

Eikéva 1.31: Ta 1m0 gupéwg xpnoigotroloUueva HovTéAa orjyng o€ rovTikia: Xopryynon eEwyevoug
T0givng, XopAynon CwvTtavou PBakTnpiou, Aidotracn Tou evdoyevoUg TTPOOTOTEUTIKOU (PPayuou

(atroAivwaon kai vuén Tou TugAoU - Cecal Ligation and Puncture, Colon Ascendens Stent Peritonitis)
360
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2TNV TTPWTN KATNyopia TTEIPAUATIKWY JOVTEAWY GAYng, n xoprynon toivng 0mmwg
AirrotroAucakyapitng (LPS), mou atroTteAei cuoTatikd TNG KUTTAPIKAS MEMPBPAvVNGS Twv Gram
apvNTIKWY BaKTnpiwv yiveTal 0To aiya, oTo TTEPITOVAIO 1) aToV TTveUpova. To LPS cival éva
atrAG péPog Twv TTOAUTTAOKWY PAMPS TToU atreAeuBepwvovTal atmo Ta BakThpia. AJECWG
onuioupyeital Ioxup PAeyuovwdng atrokpion, N oTToia opoIddel e TNV evepyoTToinan TNG
£UQUTNG aVOOIiag € TTEPITITWON ONYNG oToVv AvBpwTTo. Ta TTAEOVEKTHHATA gival n EUKOAIa
oTnVv eQapuoyr], N 0000eEAPTWHEVN AVOCOAOYIKA ATTOKPIoN Kal N eTTavaAn@iuétnta otnv
atrékpion ETeITa amod £yxuon g idiag ddong LPS 322361 H yopriynon uwnAwv 500wV

LPS trpokaAgi UTTOTOGN KOl UTTOBEPUI GTO TTOVTIKI, XOPOKTNPIOTIKA TOU GNTITIKOU OOK 362,

Nivakag 1.5: MeipapaTikd govtéAa TTOVTIKOU yIa GAWN KAl XapaAKTNPIoTIKA TOug 329,

Types of Murine ~ Examples Advantages Disadvantages
Sepsis Models
Exogenous Bolus injection of toll-like e Technical ease and reproducible e Sensitivity to toxins varies between species
Administration ~ receptor (TLR) agonist inflammatory response (e.g., humans are more sensitive to LPS)
of Toxin such as LPS or zymosan e Favors activation of the innate immune (Barber et al. 1995; Mahieu et al. 2006; Mestas
system and Hughes 2004; Warren et al. 2010)
o Trimodal response to zymosan with ¢ Inflammatory response to toxins is often
resulting chronic, low-grade short-lived (Copeland et al. 2005)
inflammation and organ failure (von ¢ Variable hemodynamic response (Fink and
Asmuth et al. 1990) Heard 1990; Wichterman et al. 1980)
Continuous [V o Reproduces hyperdynamic ¢ Transient inflammatory response (Buras
administration of LPS cardiovascular state of sepsis (Traber et al. 2005; Fink and Heard 1990; Fish et al.
et al. 1988) 1986)
Exogenous Inoculation of live bacteria e Technical ease e Often does no lead to colonization and
Administration ~ such as E. coli, S. aureus, e Involves a single organism which can be replication of bacteria (Buras et al. 2005)
of a Viable or Pseudomonas selected by the operator ¢ Immunological response may vary
Pathogen aeruginosa o Reproduces several features of septic depending on bacterial strain (Rubins and
shock Pomeroy 1997)
¢ Infection of different compartments can
alter host response (Buras et al. 2005)
Intraperitoneal o Fibrin delays systemic absorption of ¢ Involves single bacteria strain, whereas

Disruption of the

implantation of fibrin
clot impregnated with

viable bacteria

Cecal slurry (CS)

Cecal ligation and

trapped bacteria, promoting
development of a local septic focus (Fink
and Heard 1990)

Reduces early mortality

Induces polymicrobial sepsis

Favors innate immune response (Gentile
et al. 2014b; Wynn et al. 2008)

Preferable in neonatal mice given their
small size and the technical ease to
perform CS

Combines tissue necrosis and

human intra-abdominal sepsis is often
polymicrobial

No component of tissue necrosis
Inflammation does not persist as long as CLP
or CASP (Gentile et al. 2014b; van der Poll
2012)

Inter-laboratory and inter-operator

Endogenous puncture (CLP) polymicrobial sepsis (Cuenca et al. 2010) variability (Remick et al. 2000)
Protective often seen in intra-abdominal sepsisin e Age and strain variability (De Maio et al.
Barrier humans 2005; Nacionales et al. 2014)

Colon ascendens stent

peritonitis (CASP)

Produces an immune, hemodynamic,
and biochemical response similar to
humans (Deitch 1998; Wichterman et al.
1980)

Operator is able to adjust sepsis severity
Favors adaptive immune response
(Shelley et al. 2003)

Produces polymicrobial sepsis and
diffuse peritonitis (Buras et al. 2005)
Causes resulting bacteremia (Maier et al.
2004; Zantl et al. 1998)

Operator is able to alter sepsis severity

No component of tissue necrosis
Technically more challenging in comparison
to CLP

e Less characterized hemodynamic response
(Buras et al. 2005)
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2Ta pelovekTAMaTa TNG Xoprniynong LPS avhAkouv n dlagopd oT1o péyeBog Tng
QvOOOAOYIKNG avTidpaong oTn oAwn avBpwtiou — TIOVTIKOU. To ammoTéAeoua TNng
xoprynong LPS oTov avBpwTro Kal Tov TTOVTIKO SIaQEPEl WG TTPOG TNV Euaiodnaia Kai Tig
OUYKEVTPWOEIG TWV KUTTAPOKIVWY OTO TTAdoua. O avBpwTrog eival 1o euaiobnTtog oTn
Opdon Tng evdoTotivng, o€ avTiBeon PE TO TTOVTIKI TTOU TTAPOUCIALEl OXETIKN avOeKTIKOTNTA.
H LDso 860N LPS oTo trovTikl gival petagu 5-15 mg/kg, tepitmou 1000 @opéG peyaAuTepn
atroé Tnv avrioTtoixn 66cn oTov AvBpwTro. H CUYKEVTPWAN TWV KUTTAPOKIVWY OTO TTAAOUA
gival TToAU peyaAlTepn oTov AvBpwTro ammd Tov TTovTIKO 363, 'Eva dAAO PEIOVEKTNUO TOU
TTOPATTAVW WOVTEAOU OTO TTOVTIKI €ival N adUVAMIa avaTtapaywyAg TNG UTTEPOUVAUIKNG
KapdIayyEIaKNG KATAoTAoNG TTOU TTApaTNPEITal oTNV avBpwTTivn oRywn. Mia atré 1ig meavég
aITieg gival 6Tl GTTAVIA 01 a0BevEIG JOAUvoVTal aTTO évav JOVo TTaBoyovo TTapdyovTd, aAAd
MAAAov kaTakAuZovTal atréd didgopa BakTApia TTou EIGBAAAOUV aTTO TO onpEio TG HOAUVONG
329, To povtéAo xoprnynong LPS dev e€e1alel Tnv aAAnAeTTidpacn TraBoydvou — EevioTr oTnV
TepITTwon Gram BeTikwyv Baktnpeiwv A ToAupIkpoBlakhs ofywng. ETriong, mpétrel va
AauBdveral uttéwn n KaBapdTnTa Tou Xopnyouuevou LPS, kabwg edv TepiEéxel DNA A RNA,
METORAAAETAI N AVOCOAOYIKA ATTOKPIOT Tou EeviaTh 361,

Mia TTapaAAayr] Tou avwTépou PovTéAoU, N cuvexns evOoPAERIa xopriynon LPS, av
Kal avatrapdyel TNV UTTEPOUVAMIKN KapdIayyEIaKr) KATaoTaon TG onwng atov avpwTro,
£XEl EYKATAAEIPOEi AOyw aduvapiag avatrapaywyns OnNUAvTIKWY TITUXWY TG AVOTOAOYIKIG
atrékpIong, aAAG Kal Tou BpaxuBiou GAEyHovWdOUG aTToTeEAETPATOC TToU eTiQéPEl %9, H
xopriynon evdotogivng oTov TTVEUPOVA TOU TTOVTIKOU, €iTE PE VEQEAOTTOINON | ME GUEDN
evoTaAagn, dnuioupyei avatrapaywyiun ofecia rveupovikr BAARN, n otoia xapakTnpiletal
atéd padikn eiopor] oudeTePOPIAWY 34, TéNog, n evdoTTepITOVaikf Xopriynon YAUKAvNg Tng
KUTTAPIKAG ETTIQAVEIOG WUKATWY (zymosan) em@Eépel TTapOPoIa aTTOTEAECHOTA JE TNV
avBpwTrivn oniwn, OTTou N oAWN €ival TTOPATETAPEVN, ME £vTovn QAEYMOVWON OTTOKPION
oTnNV apxn Kal ToAuopyavikry BAGRN TTou cupBaivel aTnv apxr Kal aTo TEAoG 32

H deUTePN KATNYOPIQ TTEIPAMUATIKWY PHOVTEAWV OAYWNG OTA TTOVTIKIA TTEPIAAUPBAVEI TN
xoprynon {wvTtavou TTaBoyovou TTapayovTa evOOoTTEPITOVAIKA 1] evOOPAERIa. H evdo@ALBIa
xopnynon oteAexwv (wvtavwy Baktnpiwv (Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa) dgv avatrapdyel Tnv avlpwTmivn oryn dI0TI Ta BaKTipia dev
ToAaTTAac1dlovTal waTe va dnuioupynBei n eatia TNg péAuvong **° kai yia auTé atraiteital
MEYAANn TToodTNTG evo@OaApIopoUu. H evdotrepitovaik Xopriynon TTPOKaAEl pIKpOTEPN
@Aeydovwdn atrékpion ae oxéan Pe TNV evOo@AERIa 328, H ékTaon Tng BakTnplaiyiag oTo
MOVTEAO auTd eival TTOAU peyaAUTepn O€ OXEOn ME TN BOAKTNPICIMIKAG OAWn OTOUG
avBpwtroug. OTTwg Kal aTn xopriynon €vooTtogivng, n apXIkn eAeyuovwdng amokpion o€
BwAo Jwvtavwyv BakTnpiwv eival TTOAU peyaAuTepn ammd Tnv avBpwtrivn oAyn n amo

TIEIPAMOTIKA POVTEAD OAWNG TTOVTIKWY TToU TTpokARBnkav atd eaTia péAuvong 3°. Ta
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TEIpauaTIKA povtéAa xopriynong LPS kai wvtavwy BakTnpiwyv 8ev avatapioTouv Tnv
KAaTdoTaon OoAWng OToug avBpwTroug, TOUG OTToIouG UTTApPXEl oTaBepr) por] BakTnpiwv
oTNV KUKAogopia 362,

Mia TrapaAAayr] TnG BaKTNPIaKNAG £yxuong €ival n eueuTeucn Ivwdoug Bpdupou
(fibrin clot) TTou TTEPIEXEI OUYKEKPIPEVN TTOCOTNTA {WVTAVWY BAKTNPIWY OTNV TTEPITOVAIKN)
KOINOTNTA. AUTO Onuioupyei piIo ouvexr €oTia poAuvong, n otroia petaaivel otnv
KUKAOQOpIa, avaTtrapioTWVTAS TNV KATAOTAON avOpwTIvng oRwng %2, To TTAEOVEKTNHA TOU
MovTEAOU auTou eival OTI N IvwdNg ouaia kaBuoTepei TN dlAxuon Twv BakTnpiwv oTnv
KUKAOQoOpIa, PE atroTéAeopa Tnv évapén Twv Bavdatwyv Twv TTOVTIKWY TTo apyd. To
MEIOVEKTNPA gival OTI dIaQEPEl ATTO TNV TTOAUMIKPORIOKA Ofwn Tou avBpwTrou, PIag Kal
xpnoiyotroigital éva pévo Baktripio %2°. To yovTéAo auTo aveéDEICE TN onuaadia TNG yPRyopns
évapéng xoprynong avtiBIOTIKWY aTn anyn 66367,

O1 800 KUpIBTEPEG TTNYEG OAWNG OTOUG avBPWTTOUG £ival 0l EVOOKOINIOKEG AOILWEEIG
Kal n Tveupovia. Ta povréAa evOOKOIAIOKAG CAYNG TTOU XPNOIWOTIoIoUVTal €ival n
atroAivwaon kai vugn Tou TuAoU (Cecal Ligation and Punction: CLP), n evdotrepiTovaikni
xopnynon Trepiexodévwy Tou TUQAoU (Cecal Slurry) kai n TrepiTovimida TTou TTPOKAAEITal aTO
avw TUAMO Tou TTaxéog eviépou pe evdoauliokh TTpdBeon (Colon Ascendens Stent
Peritonitis: CASP).

H evdotrepitovaikr xopAynaon mepiexopévwy Tou TuAou (CL) eival éva povTéAo
oNwng TG deUTEPNG KATNYOPIOG TTOU KUPIWG EQAPPOLETAI O VEOYVA TTOVTIKWY AOGYW TOU
MIKPOU TOUG ueyéBoug Kal Tn pn OAOKANpwuévn avdmTuén Tou eviépou. 210 CL
OUYKEKPIYEVN TTOCOTNTA TTEPIEXOMEVWY TOU TUPAOU eyxueTal atrd éva TTovTiki 00Tn OTO
TToVTiKI OEKTN. To amroTéAEOUa €ival N €TTAYWYr MOAUMIKPOBIOKAG OAWNG, XWPIS OPWGS n
avoooAoyIkry atrokpion va €xel YeyaAn didpkela. Ta povottdma TTou evepyoTToloUvTal
KUPIWG aTo JovTéAO auTo gival TNG EUQUTNG avoaiag 368369,

TNV TPITN KATNYOPIa TTEIPAUATIKWY HOVTEAWY CAWNG OTO TTOVTIKI TTEPIAQUBAvVOVTaI
OUo TTapeuPaTika povtéAa, 1o CLP kai To CASP, 0TTwG ava@épBnKe TTPONYOUNEVWG. ZTO
CLP apxIk@ yiveTal pia PIKPR) TOMR OTO TTEQITOVAIO, aKOAOUBEi aTToAivwon uépoug Tou
TUQAOU, TTPOCTTABWVTAG Va TTapapeivouv ABIKTa Ta ayyeia TTou To algatwyvouv. H vién tou
TUQAOU yiveTal pe TR xprion BeAdvag, TTou €xel wg ATTOTEAECUa Tnv aTTeAsuBépwaon
KOTTPavWdoug UAIKOU a1Td Tov aUAS Tou TUQAOU aTnV TTEPITOVAIKK KOIAOTNTA %70, To povtéAo
CLP Bewpeital n xpuon TexVviKA yia TTPOKANON €vOOKOIANIOKAG CAWNG Kal avaTrapioTd
KOAUTEPA TNV TTOAUTTAOKOTNTA TNG avBpwTTivng oAWnG, ouvdudlovtag Tpadua Tou 1I0ToU
AOyw AatrapoTopiag, VEKPpwON ToUu 10TOU AOYyw aTmmoAivwong Kali PoAuvon Adyw
atreAeUBEépwOnG HIKpoPiakoU @opTiou atmd To éviepo 1. ITn ouvéxela, Snuioupyeital
TEPITOVITIOO KAl MPETAPOPA Twv PakTnpiwv oTnV  KUKAogopia. AUTO TO HOVTEAO

TTOAUMIKPOBIAKNG onwng OnuIoupyei ATTOTEAECUATIKI) AVOOOAOYIKK), QINOOUVAMIKE KOl
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Bioxnuikn atékpion oTov EevioTr (augnon Twv DAMPS), ue eTTaywyn KUpiwg TNG €TTIKTATNG
avoaiag 372, ‘Eva TrAeovékTnua Tou CLP ival 611 ye TV KatdAAnAn pUBuion (SIGUETPOS TNG
BeAbvag, uAKOG TUPAOU TTou atToAIVWVETAI i apIBPOG dlaTproewy) PTTopEl va aAAdEel n
ooBapdTnNTa TNG CAWNG Kal N ETTIKEIMEVN BVNOINATNTA TWV TTOVTIKWYV 329361,

2T1a pelovekTAuata Tou CLP cuykataAéyetal n HETABANTOTNTA TOU ATTOTEAECUATOG
TNG TEXVIKAG AOYW XEIpIoPoU akdun Kal aTov idlo XEIpIoTr, N diagopoTtroinon avaioya pe
Vv nAIKia kal To oTéAeXoG Tou TTovTikoU 373, avdhoya Pe To TTEPIEXOUEVO TOU TUPAOU
(oUoTaon Twv KoTTPAvwy) 74, aAAG Kal T dIATPOPIKA KATACTACT TOU TTOVTIKOU (VNOTIKO,
€ido¢ Tpo@ng) 375. ‘Evag emmITTA0V TTEpIOPIoNAS Tou povTéhou CLP eival Ti ouyxva o EevioThg
TEIVEI VA «ATTOUOVWVEI» TN MOAUCHEVN TTEPIOXN) OnUIoupywvTag £va  £VOOKOINIOKS
aTréoTNMA, JE ATTOTEAET A TA TTOVTIKIO VO NV JETABAIVOUV € ONTITIKO OOK KAl N KATAoTAOT
atd ofeia @Aeyyovn va yivetal xpovia 32°. Te ueAéteg £xel ava@epBei OTI N QUOIOAOYIKA
aTToOKpIoN Tou &evIOTA O0TO PovTéNO CLP e€aptdral atmd 1o uypd avapiwong, SIaPOPETIKA N
BvnTdTNTA TWV TTOVTIKWY gival JEYAAN, KaBWGS deV AVAKTOUV T QUOCIOAOYIKH AIJOBUVANIKA
Toug KatdoTtaon 7. EmimAéov, otnv epapuoyr Tou CLP trpétrel va AapBaverar utroyn 1o
€id0g NG xpnoiyotroloUuevng avaiodnaoiag, kabwg Eéxouv TTrapatnpenOei SIAQOPETIKES
EMOPATEIC OTOUG EeVIOTEG 377,

To meipapaTikd poviého onwng CASP ota movrikia TrepIAaufaver euputeucn
evOOQUAIOKNG TTPOBeong (stent) ouykekpiévng OIUETPOU OTO Avw TUAMA TOU TTaX£0G
eviépou pe Aarmapotopia 38, Me Tov TPOTIO QUTO ETTITUYXAVETAI GUVEXAG PON TWV
TTEPIEXOMEVWIV TOU EVTEPOU, TTOU TTEPIEXOUV EVTEPIKA BAKTAPIA, GTNV TTEPITOVAIKA KOIAOTNTA
ME aTrOTEAECUA TNV TTPOKANGN TTOAUMIKPORIOKAGS oyng Kai didxuTng Trepitovimidag **°. Z1a
TAOVEKTAOTA TOU PovTéAou CASP cuykataAéyeTtal n ouvettakOAoudn BakTnpiaiyia e
augnuéva emmieda LPS oTnv KukAo@opia KaBwg Kal 0TI 0 XEIPIOTAG PTTOPET va eAEyEel —
puBuicel Tnv évraon Tng aoBéveiag kal 70 PEyeBOG TNG QAeypovis. To poviého CASP
avattapdyel TNV opyaviky SUCAEITOUpPYIa TTOU TTAPATNPEITAI OTNV AvBPWTTIVN GAYN, HIAG KI
éxouv avapepBei BAGRES oe TTveUdova, ve@pPoUg Kal JUEAS Twv 0oTwV 3. MelovekTripaTa

Tou CASP ¢ival n atroudia véKpwaong Tou 1I0TOU Kal N QUOKOAIO EQAPUOYG TOU HOVTEAOU
329

1.6.2. MepIopIOUOI TWV TTEIPAPATIKWY JOVTEAWY CAYNG O€ TTOVTIKIA

MapdAo 1Tou n Xprion HOVTEAWV ONYNG OE TTOVTIKIA KPIVETAI aTTapaiTnTn YIO TNV
Katavonon Twv unxaviopwyv Trabo@uaioloyiag Tng oAWng Kal TNV TTPOCoTTdbeia
(PAPHAKOBEPATTEUTIKAG TIPOCEyyIong %% pe oTOX0 TN peiwon TNG BvnoiuoTNTAG Kal TN
BeATiwon TNG KartdoTaong Twv acBevwy, gival Ca@EG OTI deV UTTAPXE! TEAEIO TTEIPAPATIKO

MovTéAo onwng. Mapd Ta TTOAU peydAa TTo0d TTou £Xouv dartravnBei oTnv €pguva yia Tn

89



onwn, n BvnoiudtnTa Adyw oAwng Tapapével uwnAn 332, Oepartreieg Tou gixav BeTIK
OTTOTEAECUO O€ TTPOKAIVIKEG MEAETEG O€ TTOVTIKIO QTTOdEIXONKAV AVATTOTEAECUATIKEG OTOUG
QvOPWITOUG KAl OE OPICHEVEG TTEPITITWOEIG MAANIOTA, XEIPOTEPEUCAV TNV KATACOTACH TWV
aoBevwyv 30, gyeipovtag epWTANATA OXETIKA e TNV KATOAANASTNTA TwV {WIKWV POVTEAWY
QVaQOPIKA JE TN onfyn 8L,

Ol TTEPIOPIOTIKOI TTAPAYOVTEG OO0V aPOPd TN CUCXETION TNG BACIKAG €PEUVAG YIA TN
oNYn o€ TTovTiKia PE TNV KAIVIKA £Qapuoyr oTov avBpwTro gival ol dIa@opEg avapeoa o€
AvOpwTTOo Kal TTOVTIKG, Ol JIAQOPEG avAPECT OTA OIOPOPETIKA OTEAEXN TTOVTIKWY, N
eTTidpaon Tou TTEPIBAAAOVTOG Kal TNG NAIKIAg, n PeyaAn eTepoyéveld oTovV avBpwITIvo
TTANBUOPO, o1 TUXOV CUVUTIAPXOUOEG aoBEveleg, n duvaTdTNTA TTAPOXAS UTTOOTNPIKTIKAG
QPOoVTIdAG, o1 BIOPOoPEG OTNV EvTiacn TNG aoBévelag avaueoa oTa dUo €idn, N dIAPOPETIKA
XPOVIK] Kal avoooAoyIKfy amokpion oTtn ofywn 2. Ita meipayatikd {wikd PoviéAa n
Beparreia xopnyeital oe KABOPIOUEVO XPOVIKO onUEio TTPIV 1 JETA TNV €vapén TNG oAWNG,
KATI TTou gival aduvaro va emTeuxBei aTnv avBpwrivn orwn 2. Emriong, dA\oi Trepiopiooi
OXETIKA WE TN XPHon TTEIPANATIKWY MOVTEAWV onwng TrepIAauBdvouy TNV wpa dieaywyng
TOU TTEIPAUATOG, avaAynTIKd, avaiotnTikd, avTifIoTIKE, KaBwg kal Tov OyKo Tou uypou
avapiwong 2,

O KupIOTEPOG TTEPIOPICUOS TWV TTEIPAPATIKWY HOVTEAWY OAWNG O€ TTOVTIKIO
oxetiCeTan Pe TIG SlaQOopES avBpwTToU — TTOVTIKOU. To avBpwTivo yovidiwua Oviag KaTd
14% peyaAuTepo (2,9 Evavti 2,5 Gb) atré ekeivo Tou TTovTIKoU, diaBéTel Trepitrou 300 yovidia
TTOU EV UTTAPXOUV QVTIOTOIXA OTO YOVIDiWNA ToUu TTOVTIKOU. EKTOG atrd dlagopég o€ yovidia
TTOU €UTTAEéKOVTAI OTNV avatapaywyr, Tnv avooia kal Tnv éogpnon (Mouse Genome
Sequencing Consortium) 382, ymdpyouv SI0QOPES OTNV EUPUTN Kal €TTiKTNTN avoagia. O
KUPIOG TUTTOG AEUKOKUTTAPWY OTO aia Tou avBpwTrou cival Ta oudetepd@iAa (50-70%) Ta
otroia TTapdyouv avtigyikpoBlokd TemTidia (defensins), evwy oTO TTOVTIKI €TTIKPATOUV TO
AepokuTTapa (75-90%). H evepyotroinon Twv Jokpo@dywy Tou TTovTiIKoU pe LPS A IFN-y
eTTAayel TNV €KPpacn TNG ouvBdong Tou povogeidiou Tou alwTou (INOS), oe avtiBeon pe Ta
avBpwTTiva pakpo@daya. Ooov agopd TNV ETTIKTNTN avoaia, €ival OnNUAvTIKEG Ol SIoPOPES
METOEU avBpwTTOU Kal TTOVTIKOU OTnV €KQPAOCT Twv UTTodoXEwv FCR Kkal Twv 100TUTTWV
avooooaipivwy (Immunoglobulins), oTnv aAAayr TAENG avTICWPATWY, OTNV AVATITUEN TWV
B AEP@QOKUTTAPWY TTOU OXETICETAI PJE TA DIAPOPETIKA ONUATODOTIKA POPIA, OTNV avaTrTugn,
puUBuion kI evepyotroinon Twv T AEPQOKUTTAPWY HE OTTOTEAEOUA  OIOQOPEG OTN
onuaTodoTnon péow Twv uttodoxéwv TCR 329, Emriong, Sla@épouv To YéyeBog Kal 0 XpOvog
€vapéng TNG avoooAOYIKNG atTokpIong atmd Tn JOAuvon avaueoca oTov avepwTro Kal To
TTovTik1 37°.

EkT66 a116 TIg dlaopég avapeoa oTov AvBpwWTTO Kal TO TTOVTIKI, Ol SI0QOPEG HETAEU

TWV JIAPOPETIKWY OTEAEXWV TTOVTIKWYV dNUIOUPYoUV TTEPAITEPW TTOAUTTAOKOTATA WG TTPOG
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TNV agIoTToinon TwWV TTEIPOUATIKWY HOVTEAWV yia T OAWN KOl TNV €punveia Twv
OTTOTEAEOUATWYV. ZTEAEXN inbred TTOVTIKWY, TTOU XPNOIKOTTOIOUVTAl KUPIWG aTNnV £pEuva yia
TN ofYn, MTTOPEI va TTOIKIAAOUV WG TTPOG TA XOPAKTNPICTIKA TNG avoCOAOYIKAG aTTOKPIONS
WG atmmoTEAeoa PETAANGEEWY Kal TTOAUMOPQICHWY, €TTNEEAoOVTAg TNV £UQUTN Kal Tnv
etriktnTn avooia (TLR, NLR, TmapdyovTeg Tou cupttAnpwuaTtog K.AT.). H etmiktnTn avoaoia
TTOIKIAAEl OTA DIAPOPA OTEAEXN TTOVTIKWV avAAoyda MPE TNV €TTIAEKTIK TTOAwoN Twv T
BonénTikwyv KuTTATWYV. A TTAPdAdelypa, Ta TTovTiKia C57BL/6 deixvouv Kupiwg Twi-
QTTOKPION TTOU CUVETTAYETOI EVEPYOTTOINON TWV PAKPOPAYWY KAl TG KUTTAPIKAG avoaoiag,
eVW GAMa oTeAéxn trovTikwy (BALB/c, A/J, DBA/2) deixvouv KUpiwg Tho-atrdKpIon TTOU
odnyei oTnV TTapaywyr] avTicwPATwy KI EVEPYOTTOINON TwV NWOIVOPIAWY. Q¢ CUVETTEIQ, Ol
TTOPATTAVW OVOOOAOYIKEG BIAPOPOTIOINCEIG ETTNEEACOUV TO ATTOTEAECOHUA O€ MEAETEG
gualoBnaiag o TTaBoyovoug TTapdyovreg 383,

‘Evag GANOG TTEPIOPIOTIKOG TTAPAYOVTAG OTN XPNON TTEIPAPATIKWY HOVTEAWV ORYNGS
oe TrovTikia €ival To TTePIBGANoV. Ta epyaoTnplakd TTovTiKIO (OUV O€ OUYKEKPIPEVES
«kaBapéc» ouvlnkeg attarayuéveg atmd Taboyodvoug TTapdayovteg (SPF), ye amoTtéAeoua
TO QvVOOOTIOINTIKO TOUG OUCTNPA VA  €ival  avwpido, TTapoucidlovtag  EAAEIYN
dlagopoTtroiNuEVWY T KUTTApwWY dpdong Kal T KUTTAPWY PVIAHMNG, YEYOVOG TTOU AVTICTOIXEI
OTO QVOOOTIOINTIKO aUoTNHUa evag veoyvou. Apa, n TTPOKANGCN 181GITEPA TTOAUMIKPORBIAKAS
OAWNG eVOEXETAI VA £XEI ETTITITWOEIS GTNV AVOOOAOYIKI ATTOKPIGN TWV TTOVTIKWY 361:384,

H nAkia kol To QUAO TwWV TIOVTIKWY €ival dUO TIApAYOVTEG TTOU TTIPETTEl vd
AauBdvovtal utréwn OTav TTPOKEITAl Yo £§aywyr] CUPTTIEPAOHATWY GTNV £pEuva yia Tn
oAYn. ZUPQwva Pe eTIONUIOAOYIKEG HEAETEG, N ONWN EUPAVICETAI KUPIWG O€ avOpwIToUg
nAKKiog dvw Twv 65 eTwv. QOTO00, OTA TIEPICOOTEPA TTEIPAPOTIKA WOVTEAQ ORWng
XpnoigotroiouvTal TTovTikia 6-10 ¢Bdouddwyv, nAiKia TTou avTioToiXei o€ eproug Kal veapd
dTopa oToug avBpwWTTOUG. H TTPOKANGCN 0RWNGS o€ NAIKIWKEVA TTOVTIKIA EiXE WG ATTOTEAEO A
augnuéva TooooTé BvnNTOTNTAG CUYKPITIKA LE TA VEAPOTEPA ONTITIKA TTOVTIKIA KOl augnuévn
evaioBnaoia oto LPS. EmimmAéov, n XpAonN yNPAOUEVWY TTOVTIKIWY AUEAVEl TTOAU TO KOOTOG
NG £peuvag, evwy n O10Be0IPOTNTA Toug cival peiwpévn. Ooov agopd To QUAO, yeviKG
XPNOIYOTTOIOUVTal apPCEVIKA TTOVTIKIO OTn MEAETN TNG ONWNG vyia TNV  OTToQUYN
ola@opoTToINoewVv Adyw opuovwy, PIag Ki £xel Bpebei augnuévn emBiwon Twyv BnAuKwv pe
ofyn 329361

ATIO TIG HeEYaAUTEPEG DIAPOPEG aVAPEST OTA TTEIPAPATIKA CWIKA JOVTEAQ Oriwng Kal
OoTn CAWYN GTOV AVBPWTTO €ival N ETEPOYEVEIQ TTOU UTTAPXEI OTOUG AvOPWTTOUG Kal Of TUXOV
ouvuTtdpyxouoeg aobéveleg. Ta inbred TTovTikia TTAPOUCIAJOUV YEVETIKI) OUOIOUOP®Ia, HE
OUVETTEID TA TTEIPAPATIKA HOVTEAQ OAYNG O€ TTOVTIKIO VO NV JTTOPOUV VA avaTTapacTACOOUV
TN YEVETIKI TTOIKINOJOPQia TTOU TTAPATNPEITal OTOUG avBpwTroug. ETriong, n MEAETN TNG

oAWYNG o€ Uy veapd TTovTikia &ev avTIKATOTITPICEl TRV KAIVIKA €IKéva OTOV avOpwTmivo
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TANBuopo. AcBeveic TTou TTabaivouv oAwn, cuxvé voonAelovTal yio PEYAAO XPOVIKO
oldotnua  KiI evOeXOMEVWG  eu@avifouv  eMITTAOKEG, OTTWG ofgia veppiky BAGBNn R
TToAuopyavikr] BAABN 1 aduvauia va eravéABouv oTnv TTPATEPN UYIN KaTaoTaon. AuTéG Ol
TTaBoAOYIKEG KATAOTAOEIG €ival OUOKOAO va avarmapaxbouv oTa TTEIpAuaTIKA POVTEAQ
onyng %°.

‘Eva emmrpooBeTo TPOBANUA 0TV avatrapaywyr TG avlpwtrivng onyng o€
TTovTiKia gival n aduvapia aigoduvauikhig TTapakoAoUuBnong Twv TTOVTIKWY aAAG Kal
TTAPOXNG UTTOOTNPIKTIKAG BepaTtreiag (KapdlayyeIakr Kal TIVEUPOVIKR UTTOOTAPIEN, BepaTreia
VEQPIKAG aVTIKATAOTAONG, €yXUon QAPUAKWY Yyia uttdétach, avTIBIOTIKWY, EVTEPIKNAG Kal
TIOPEVTEPIKAS BPEWNG K.ATT.) Kupiwg Adyw Tou MIKpoU Toug peyéBoug 380, MapdAAnAa,
TTPETTEI va AauBdavetal utrown n diagopd TN XPOVIKH aTtTéKpion oTn OAWn avaueoa oTov
AvOpWTTO Kal T {WIKA TTEIPAUATIKA PoVvTEAA. ZTov AvOpwTTo N onRWn avamTlooETal o€
XPOVIKO €UpOG WPWV £WG NUEPWV EVW OTO TTOVTIKI EEKIVA QUECA €VTOG AETTTWYV, HE TNV
TToAuopyavikr BAGBN va kabuoTepei oTov AvBpWTTO €W Kal Bdouddeg, o€ avtiBeon e TO
TTOVTiKI TTOU oupBaivel yéoa o€ wpes. TEAog, Ta didpopa TTeIpauaTiKG JovTEAa oAWNG o€
TTOVTIKIO TTPOKAAOUV OIOQOPETIKA avOTOAOYIKI) aTTOKPION OTOV LEVIOTH Kal TTapouaidlouv
O1apopPESG WG TTPOG TO BavaTn@opo atroTéEAeTua. Mevikd dev UTTAPXEI CUPQWVIO OXETIKA HE
TO TTOIO TTEIPANATIKO HOVTEAO AVATTOPIOTA KOAUTEPA TN GAWN oToV AvBpwTTo 329359,

MNa ™ BeAtiwon Twv (WIKWV PJOVTEAWY TTOU XPNOIYOTToIoUvVTal OTn GAYnN, O€ £va
ouvédplo Trou d1e¢AXOn otn Biévvn 10 2017 pia opdda €1dIKWV £TTi TNG OAWYNG ETTIXEIPNOAV
TN B€0TmIoN PG o€Ipdg 0dNYIWYV yIa TNV TUTTOTTOINCT TwV TTPOKAIVIKWYV JOVTEAWV 0Rwng, N
otroia opioTnke wg MQTIPSS (minimum quality threshold in pre-clinical sepsis studies). H
avAyKn auTr) ATAV ETTITAKTIKY MIAG KAl TOOO oI KAIVIKOi OpIoHOoi TNG oyng 600 Kal ol odnyieg
dlaxeipiong Twv ONTITIKWY a0Bevwy  (surviving sepsis campaign guidelines) éxouv
avaBabuioTei kal TpotroTToINGei 3 QopEg, evw avtiBeTa, dev UTIAPEE Kapia TTpooTTaBEIa
TUTTOTTOINONG Kai dlaxeipiong TNG TTPOKAIVIKAG €PEUVAC Yia Tn aryn 8.

H eTepoyévela Twv onNTITIKWY aoBevwv TTPETTEN va An@Bei coBapd uttdywn, WIag Kal
ol acBeveic TTou AauBdvouv PEPOG o€ I KAIVIKA HEAETN TTAPOUCIALOUV BIAPOPEG WG TTPOG
TNV TINYA TG oNWNG, TNV €EENIEN TOU oNTITIKOU OUVOPOUOU, Ta ETTITTED PAEYHOVAG KaIl Apa,
WG TTPOG TNV atroKpIon oTn Beparreia. MNa 1o Adyo auTtd, aTTaITEITAI TIPOCEKTIKI ETTIAOYH Kal

UTTOKOTNYOPIOTTOINON TwV a00evwV BACEI CUYKEKPIUEVWY TTAPAUETPWY 1 BIOSEIKTWV 343,

1.6.3. O pbéAog Tou LPC oTtn @Agypovi

‘Exel Bpebei 611 To LPC -1o uttéoTpwpa TG ATX- au&dveTal oTIG TTEPIOKEG PE GAEyHOv). To
LPC emayel Tov mrpo@Aeyuovwdn diapecoAafnty COX-2 ota evdoBnAiokd KUTTapa Twv

ayyeiwv Kal o€ pakpo@aya trou gixav dexOei LPS. H COX-2 petatpérel 1o apaxidoviko o&u
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(AA), To otToio TTapdyeTal TaUuTOXpova e To LPA atd tnv PLA,, o€ rpooTtayAavdiveg Kai
Bpoupothveg, TTou gival onUavTiKa TTpoPAeypovwdn Aimmidia, uttodeikvUovTag Thy TTBavhA
pUBUIoN TNG PAEyHOVWOOUG aTTOKPIONG aTTO Ta WOo@OAITTIdIa. ‘Exel avagepBei 611 Kal To
LPA -To TTpoidv Tng ATX- emmayel Tnv ékppaacn TG COX-2 aTa oTpwHATIKA KUTTapa 22,

To LPC dpa péow TTOAAWY JOVOTTATIWY OTOUG SIOPOPETIKOUG KUTTAPIKOUG TUTTOUG
dladpapatiCovrag poOAo oTn QAsyuovr): TTAyEl TNV evepyoTroinon NG PKC, n otroia augdvel
TNV €KQPaON TNG P-OeAeKTiVNG oTa £vOOBNAIOKA KAl TO AINOTTETAAIA, AugdvovTag £TCI TNV
«KUANION» TWV AEUKOKUTTAPWY KOl TV KUTTOPIKK TTPOCKOAANGCN, puBuicel TNV £€K@pach Tou
NF-kB ota evdoBnAiokd KUTTapa avaloya HE Tn OUYKEVTPWON TOU OTO ONUEI0 Tng
PAeyPOVAG, EAEyxovTag €101 TN AsIToupyia Tou evooBnAIaKoU @payuoU Kal TV egayyeiwon
Twv peooAapntwy. To LPC emmdyel Tov KUTTAPIKG TTOAAATTAQCIOONO, TN XNUeloTadia Twv
TTPWTOYEVWV JAKPOPAYWYV, TWV T AEUPOKUTTAPWY, TWV T KUTTAPWY QUOCIKWYV QOVIAdWYV Kal
TN d1IAPOPOTTOINCN TWV JOVOKUTTAPWY O€ WPIPa OevOPITIKA KUTTapa. TéAoG, To LPC ptropei

va eTMQEPEI avTiBeTa atroTeAéopaTta oTn Xpdvia atréd Tnv ofgia pAeyuovn 2.

1.6.3.1. O pdAog rou LPC orn oryn

Meiwpéva etrireda LPC oyxetiCovral ge auénuévn BvntéTnTa o€ aoBeveic pe anwn, yeyovog
TTOU PTTOPEl va £ENyNBEi atTd TNV avoooKaTaoTAATIKr) dpdon Tou LPC péow TTpdodeor|g Tou
oTov uttodoxéa G2A, 0 0TToi0G EKQPAZETAI 0€ OUBETEPOWIAQ, T KUTTAPA KAl JOKPOPAYA Kal
MEIWVEI TNV KUTTOPIKI QVATITUEN 0 oUVOKeg oTpeg 88387, ETriong, n ouykévipwaon tou LPC
oTOV 0pPO ONTITIKWY A0BevWV PE BakTnpIaidia ATav XaunAGTEPN O€ OXEON WE TOUG a0BEVEIG
xwpic Baktnpiaiyia 3%, H xopiynon LPC ot 3 onmTiKG MPOVTEAO TTOVTIKWV  €iXE
TIPOCTATEUTIKI PACH EVAVTIO OTN CAYN HEIWVOVTAG TN JIKPoBIokA péAuvon KI augavovTag
TN PBOKTNPIOKTOVO Opdon Twv oudetepdPlAwyv 8% EmmAéov, Bpébnke 6T 10 LPC
TIPOCTATEVUEl ATTO TNV TTEIPOPATIKA oAWn oW Weiwang TNG Kuttapokivng HMGB1 3. To
LPC gptrAékeTan oTnVv TTapaywyr utrepogeidiou atrd 1a avBpwmiva oudeTepOPIAA, yeEyYovog
TTOU QTTOTEAEI TTPWTN YPOUHA AUUVag Tou EeVIOTH evavTia oTn Aoidwén Kal oTn 6pdon autn
diadpapartilel poAo n akuh-aAuagida Tou LPC 22,

Aedopévou o1 To LPC ptropei va petatpatrei o€ LPA e tn dpdon 1ng ATX in vivo,
ol TrTapatravw dpdoeig Tou LPC Ba ptropoucav TOUAGXIOTOV €v PEPEI va atTrodoBouv OTo
LPA. Mia peAétn £€0€1&e 0TI TO LPA £8pace TTpOCTATEUTIKA O€ £va HOVTEAO ETTAYOUEVNG ATTO
T0 LPS oAYNng o€ TToVTiKIo JECW AVOOTOAAG TWV TTPOPAEYHOVWOWY avTIOPAcEwY Adyw
evdoTogivng Kal OTI £xEl avTI-QAEyUOVWON dPACH HECW EVEPYOTTOINONG TWV CGNUATODOTIKWV
govotraTiwv ERK 1/2, Twv @wo@aracwyv oepivng/ Bpeovivng kal Kivaong g 3-
Qwo@aTIdUAO-IvoaITOANg 3. Mia AAAn peAétn €deile 6T To Tapopolo Pe To LPA

AUcOQWa@OAITTIdI0 S1P avaoTéAAel TNV TLR-diapecoAaBouuevn avoooAoyIKr atTokpion
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a1é Ta avlpwiva T Aep@okUTTapa 32, H diaAsUkavon Twv PNXAVIOUWY JE TOUG OTTOIoUG
10 LPC mrpooTaTevel atrd Tn ofywn Kai 1o av 10 LPA euTTAéKETAI OTNV TTPOCTATEUTIKI AUTH

dpdan, Ba uTTopoUce va odnyAoel O VEEC BEPATTEUTIKEC TTPOOEYYIOEIC 2.
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EIAIKO MEPOZ
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2. ZKOTrog

H ékppaon Tng ATX Kkal n TTapaywyr Tou LPA cival atmrapaitnTeg otnv eUBPUIKR avaTTuén
TOU TTOVTIKOU, KABwWG N KABoAIKN yeveTikr atraloipr] Tng ATX oTo €upBpuo odnyei oTto BdvaTo
Tou euBpuou Adyw BAGBNG oTa ayyeia Kal 0TO VEUPIKO oWARva. ZTnv evAAikn Cwh n ATX
TTapouoiddel eupeia Ekppaon o€ OAOUG TOUG 1I0TOUG, eV £XEl BPeBei augnuévn o€ apKETEG
XPOVIEG QAeyUOVWOEIS TTAOACEIC aAAG Kal OTOV KapPKivo. Z& (WIKA HOVTEAQ OPKETWV
aoBeveiwv, n uttd 6poug oToxeupévn e€aieipn Tng ATX kaBuoTépnoe TNV avamTugn Twv
voowv, uttodeikvoovtag évav meavd poho Tng ATX oTtnv TTaBoyévela Twv acBeveEIwV.
Aedopévng TNG euTTAOKNG Tou afova onuatodotnong ATX/LPA oe TTOAAEG TTaBOAOYIKES
kataoTaoelg, N ATX Bewpeital wg TMOAVOS QAPUAKEUTIKOG OTOXOG Yia Tn BEPATTEUTIKNA
TIPOCEYYION TOU KAPKivou, TNG XPOvIag QAEYUOVAG, aoBeveiwv TToUu OXETICovTal PE TOV
TTOAAQTTAQGIOO WO TWV IVOBAACTWY, TWV AUTOAVOCWY VOO UATWY aAAG KAl TOU JETABOAIKOU
ouvopdovu.

H apyikr] otoxoBeaia ATav va eAeyxBei edv n BepatreuTik atdxeuon TG ATX oTo
EVAAIKO TTOVTIKI ETTIPEPEI KATTOIO TOGIKOTNTA OTOV OPYAVIOUO, TTPOKEINEVOU VA ATTavVTNOEi TO
EPWTNHA Tou Katé TOco n ATX eival ao@aAég va XpnoIuoTroiNBei wg QAPPAKEUTIKOG
o10x0G. EmimrAéov, dedopévng TNG eUTTAOKAG Tou Ggova onuatodotnong ATX/LPA otn
XPOVIO @Agypovh, TEBNKE TO €pwTnUa Tou poAou NG ATX oTn cucoTeUIK @Agypovr. O
OKOTTOG AoiTTév TnG TTapouoag diaTpIBng Atav dITTdg. Emixeiprinke n digpelivnon Tou poAou
Tou G&ova onuatoddtnong ATX/LPA A. otnv eviAikn @ualoloyia Tou TTovTikou Kai B. oTn
OUOTEMIKA QAEyOV.

MNa TNV €TTiTEUEN TOU TTPWTOU OTOXOU, N TIPOCEYYION TTOU UIOBETABNKE TAV N HEAETN
TWV €MOPACEWY a) TG KABOAIKNAG YEVETIKAG £EAAEIYPNG TNG ATX oTOV €VHAAIKO TTOVTIKO Kal
B) TNG TTapaTeTapévng 1I0XUPHGS @apuakoAoyikAG avaoToAng Tng ATX. Me tov 1péTTO QUTO,
eEETAOTNKE N «aACPAAEIO» Kal KATOAANAGTNTA TNG atraAoipig TG ATX atmd Tov opyaviouo,
d6edopévou Tou onuavTikou QualoAoyikou poAou TnG onuatoddtnong Tou aéova ATX/LPA
oTtnv €mdIépOwan Kal avaTTAacn Twv I0TWV.

MNa tnv etmiteuén Tou OeUTEPOU OTOXOU, N TTPOGEYYION TTOU UIOBETABNKE ATav N
TTapakoAouBnon NG emBiwong-BvnoiudtnTag £meira ammd  TTPOKANCN  TTEIPANATIKAG
OUOTEPIKAG PAEYHOVAG pE Eyxuon AirrotoAucakyapitn (LPS) o€ diayovidiakd TTovTiKia TTou
A) uttepegéppalav ATX (200%). B) rapoucialav peiwpéva katd 50% etrireda ATX otnv
KukAo@opia. ') o€ TTovTiKia pJe akopn XaunAdTepa TTooooTd Ekppacng TN ATX, oTa oTroia
gixe armmevepyoTtroinBei yeveTika n ATX kal TTpoékuyayv atrd TOV TTPWTO OTOXO TNG TTAPOUCAS
o1atpIBng. & knockout TrovTikia wg Tpog A) Tov uttodoxéa LPA; kai E) Tov uttodoxéa LPA,.
Etriong, mpoadiopiotnkav Ta emimeda Tng ATX oTov opd Kal OTO TTAGOPA ONTITIKWV

aoBevwv.

96



3. YAIkd ko1 MéBodol

3.1. XnuIKéG ouaieg, avTidpacoTrpIa, EpYaOTNPIOKOS EEOTTAIOHOG
3.1.1. Xnuikég ouaiec — AvridpaoTripia

O1 xnUIKEG ouaieg Kal Ta avTIOPACTAPIA TTOU XPNOIYoTToiénkav ATav ato TiG EENG ETAIPEIEGS:
Mpwrteivadon K: Roche, 3115879, 100 mg, Tris: Fisher Bioreagents BP 152-5, EDTA:
Applichem Panreac A2937, SDS: Fisher Scientific BP166-500, Tamoxifen: Sigma T-5648,
LPS: from Escherichia coli 0111:B4 Sigma L4130, O&ciddon tng xoAivng amd Alcaligenes
sp., 0215349290- 500U, MP Biomedicals Santa Ana CA, Ayapdoln: Sigma.
Tri Reagent: Molecular Research Center, Inc, TR118, DNase: Promega (RQ1 RNase-free
DNase) M6101, AvtioTpopn petaypa@don: M-MLV Promega M170B kai peqGOLD M-
MuLV PEQLAB V0211, SsoFast™ EvaGreen Supermix Bio-Rad 172-5205, AvTidpaaoTriplio
Bradford: R1271, OCT: VW-361603E VWR Chemicals, BDH Prolabo, Molecular grade
DNase-RNase-free dH,O: Gibco, dNTPs: R0181 Fermentas, Triton X: Fluka, MeuBpdvn
VITPOKUTTApPIVNG Protran Whatman plc Maidstone, AvTidpaoTriplo xnueiopwrtauyeiag ECL:
32109 Pierce, Thermo Scientific, LPA ki LPC €idn: Avanti Polar Lipids Inc., Alabaster, AL,
Avaouvduaopévn ATXB: R&D Minneapolis, MN, AioAuteg yia HPLC (ueBavoin,
XAWPOQYOpUIo, €EAVIO, ICOTTPOTTAVOAN, AUMWVIOKO AAAG TOU @OPMIKOU 0&Eog): Sigma
(Sigma-Aldrich, St. Louis, MO), Avtidpactipio TOOS: TCIl Europe Antwerp, Choline
chloride, 4-AAP ka1 HRP: Sigma, TMB (3,3’,5,5’-Tetramethylbenzidine): T2885 Sigma,
BSA (Bovine serum albumin): A9647 Sigma, Ab rabbit a-ATX: Cayman, rATX: 6187-EN
R&D Systems, ENPP2-8H (AGF06181012): Ascent Gene Inc, Ab a-rabbit 4010-05
Southern Biotech, dinBnrikd xapTti: Whatman 3mm.

To pyovokAwVIKO avTiowua rat a-ATX 4F1 Atav euyeviki TTpoc@opd atrd Tov Dr. J. Aoki.

3.1.2. [1AaoTIKOC - yudAivog epyacTnpiakoc eE0TTAIOLIOC

MAaoTiKG akpo@uala Kal puyxn Twv 1000, 200, 20 kai 10 yl (tips): Costar, Sarstedt
ATtrooTeIpwpEVOl CWARVES e BIdwTS TTwua Twv 15 kai 20 ml: Corning, Falcon
MAaoTIkd cwAnvapia Twv 0.5, 1.5 ka1 2 ml: Eppendorf, Greiner bio-one, Sarstedt
AVTIKEINEVOPOPES TTAAKEG, KAAUTITPIOEG, YUGAIVEG TTITTETEG Pasteur, TpuBAia
MikpoTrAdkeg 96-6€ocwv yia Elisa: Nunc, Maxisorp plate

MikpoTTAdkeg 96-6€cewv yia TOOS: Costar

3.1.3. Opyava

Ta 6pyava TTou XpnolpoTroifenkav ATav Ta ENG:
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Mméreg: Gilson (P10, P20, P200, P1000), TToAukdvaAn TiTéTa

QuydkevTpol: Biofuge pico, Heraeus Instruments kair ThermoScientific

Wuxdueveg puyokevtpol: ThermoScientific kar Heraeus Frescol7 centrifuge

PwtopeTpa: Molecular devices, Optimax microplate Reader kai Tecan

®OopiopdueTpo: Tecan, Emwaotipeg: Memmert, AvakivoUpevol emmwacTApeS: New
Brunswick Scientific, C25 Incubator Shaker

Avakivoupegvn TTAdka avadsuong: Labnet Orbit 1000

Kardyugn -20°C kai -80°C: Liebherr Comfort, YdatoAoutpa, Heatblock: VWRScientific
Products kair Techne Dri-Block DB-3, Zuyoi: Kern, avaAuTikog ¢uyog, PH petpo: Inolab
WTW

2uokeun UV, Zuotnpa ewtoypdoeiong: Geldoc-It Imaging System W/Gel HR Cam
ZUOKEUEG NAeKTPOPOPNONG Kal Tpo@odoTiKA: Bio-Rad, Polpvog pikpokupdtwy: LG
O¢ppokukAotrointig DNA: Bio-Rad, PeqGold

O¢epuokukAoTroinTr¢ Real-time: Bio-Rad CFX96 Touch™ Real-time PCR Detection System
O¢epuaivopevn TTAaka avadeuong: LABINCO Magnetic Stirrer, Model L-71

2uokeun amoviopou Udatog: Milli-Q, Synergy UV, Millipak Express 20

MikpoTtouog, KpuoTtduog, Zuokeun epgaviong western: Chemidoc imaging system, BioRad
MikpookoTrio: Nikon Eclipse E800, Nikon Corp., Shinagawa-ku

Z0oTnua pwToypagiong MikpookoTriou: Q Imaging EXI Aqua digital camera

2UOKEUN KABETNG NAeKTPOPOPNONG TTNKTHG TTOAUaKpUAapIdiou TTpwTeivwy: Versatile mini-
Protean 3 electrophoresis cell, Biorad

2UOKEUN YETaPOPAS TTpWTEIVWY aTn PePBpavn viTpokuTTapivng: Trans-Blot SD Semi-Dry
Transfer system Bio-Rad Laboratories, Inc., Hercules

Bioxnuikog avaAuThg: Abbott Architect 8200, AipaTtoAoyikog avaAuTAg: Cell-Dyn 3700
Yypog xpwuatoypdgog: RSLCnano, Ultimate 3000 Series, Dionex Corporation
Xpwpatoypagikr) oTAAN Luna Silica Phenomenex, Phenomenex, Torrance, CA
QaoparéueTpo palag: LTQ Orbitrap XL, Thermo Scientific, Waltham, MA

3.2. Neipapoatélwa
3.2.1. Juvbrkeg diaBiwong Kai TTEIPAUATIKOU XEIPIOUOU TWV TTOVTIKWV

H avatrapaywynf Twv TTOVTIKWY £YIVE OTIG EYKATAOTACEIG TNG JovAdaAg TTEIPAPATOlWWY TOU
Kévtpou Bioiatpikwyv Emotnuwyv AAEEavdpog PAEuIvyK, oe kaBapd TrepIBaAlov. H
Bepuokpaaia nTav otabepry otoug 20-22°C, n uypacia kupaivotav o€ emmimeda 55+5%, n
evaliayr ewTég-okdTouG yIvoTav avd 12 wpeg, evw N TPo®n Kal To vepd Tav dlabéoiua

oT1a TTovTikKia Katd BouAnaorn. Ta TTovTikia TTou XpnoihoTroIndnkav gixav yeveTiké uttoppabo
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C57BL/6, ek16¢ atmd Ta LPARL knock-out (ko) TrovTikia TTou €ixav MIKTO YEVETIKO UTTORaBpO
C57BL/6-129Sv, aT1o otroio diatnprbnkav yia Tavw atmd déka yeviég. H 6An diadikaoia
UTTOKEITO OToug kavoveg Tou LA, 160/91, eykpiOnke amd Tnv €mTPOT NBIKAG Kal
oeovtoloyiag Tou EKEBE AAéEavdpog PAEpIvYK (#376) Kal avTaTrokpiBnke oTa diebvi
TTPOTUTTA KOBWC Kal OTIG OXETIKEG 00nyieg TNG AielBuvong KrnviaTtpikig YTnpeaiag mng
Nopapxiakfg Autodioiknong (#5365), Tpokelgévou va atro@euxBei o TTOvVOG, N aywvia Kai
N TOAQITTWPIC TWV TTEIPAPATOWWV.

Movrikia idlag NAIKiag (8-11 eBdouddwv) Kal UAOU KATAVEPNBNKAVY PE TUXAiIO TPOTTO
oTNnV TTEIPAPATIKA OPAdA KAl OTIG OPAdEG eAEyxou. TNa T diEEaywyn TWV TTEIPAPATWY TNG
TTapouoag dlaTpIBRg dev ammaitilnke n xprion avaiodntikolu i avaAynTikou, kaBdoT o€
XPNoIyoTroIRenKkav TTapeUPATIKEG A ETTITTOVEG TEXVIKEG. H KATAOTOON UYEIQG TWV TTOVTIKWV
eAeyxoTav oe kaBnuepiv Bdon A o ocuxvd (avd 4-6 WPES YIA TIG KAUTTUAESG BilwoiudTnTag
TwV CWwvV). Ta {wa BavaTwvovTav OTa TTPOKABoPICUEVA XPOVIKG onueia i TTIo vwpig éTav
auTd KpIVOTAV aTTapdaitnTo, yia TTapddelyua étav UTpXE atmwAela Badpoug TG Tagng Tou
20%.

3.2.2. 2uvbBnKes avamapaywyns Twy TTOVTIKWV

To ouvnBeg POVTEAO QvaTTAPAYWYAS TWV TTEIPAPATOlWWY TTOU XPNOIKOTTOINONKE OTNV
TTapouoa diatpIBA ATav £vag apoeviKOg e dUOo BnAukég. H kinon ota trovTikia dlapkei 20-
22 nuépeg. Tig TTpwTeG 8 NUEPES CWNG TWV TTOVTIKWY TTPETTEI VA ATTOQEUYETAI N dPeEon
ETTA@N Madi TOug yia TNV EAATTWON TOU OTPEG TWV veoyévvnTwy. MeTagu Twv 10-12 nuepwv
CwNAG Toug KOBeTal DAXTUAO, TTPOKEINEVOU VA YIVETAI N avayvwpion Twy {Wwv, KaBwg Kal
éva JIKpO TUAMO TNG oupdg (2 mm) yia Tov TIpoadiopioud Tou yevotutrou. O
QTTOYOAQKTIONOG TwV TTAIBIWV YiveTal OTIG 25 nuépeg, OTTOU XwpifovTal atmd TOUG YOVEIG

TOUG, KABWG Kal Ta apoevikKd atrd Ta BnAukd.

3.2.3. ZEIpEC TTOVTIKWY

XpnoiyoTroinénkav ol TTapakaTw OEIPEG TTOVTIKWV

FevéTuTrog FeveTik6 ur6Badpo Avagopd
Wit C57Bl/6 393
Enpp2nn C57BI/6 1
Enpp24id* C57BI/6 1

Enpp2 Tg C57BI/6 189
R26CreERT™ C57Bl/6 394,395
Rosa26 C57BI/6 396
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LPAR1 ko C57BL/6-129Sv 114
LPAR2 ko C57BL/6-129Sv 165

3.2.4. Oavarwaon Twv TOVTIKWYVY Kal ANWn Twv I0TWV

H Bavdtwaon Twv TTOVTIKWY TTpAayUoToTTolEiTal hE oTadliakh TTARpwaon Tou BaAduou pe COs..
Apou emReBaiwdei o BGvaTog Tou {wou, YE TN XPrRon WaAidiol dnpioupyeital Jia Tour oto
OEPMA KOl OTN OUVEXEID AVOIyETAl TTPOKEIMEVOU va eUpavicBouy Ta Opyava. ApXIKG KOBETal
TO dIdpPAyUa KAl UE TTPOCOX], APAIPEITAI Eva TUAMO TOU OTEPVOU TTPOKEINEVOU VA UTTAPXEI
AuEDN OTITIKA €TTOQN YE TNV KApdI& TOU (Wou.

MpwrTa yivetalr AWn aipgaTtog pe oupiyya Tou 1 ml 26 G atmd TRV KATW GAERA 0TNV
TTEPITOVAIKY KOIANGTNTA TOU TToVTIKOU (300-800 pl). To aipa TotroBeTeiTal 0€ oWANVApPIO Twv
1.5 ml, oto otroio TrpoacTiBeTal 1/10 Tou dykou Tou aipatog 0.5 M EDTA pH 8.0 (teAikn
ouykévipwaon 50 mM EDTA, pH 8.0) wg avriminkTikd. To piyua avadeletal ATIA Kal
QuAdooeTal oTov TTayo. MNa T Awn Tou TTAGGPOTOG akoAouBei gpuyokévtpnon o 2000 g
yia 20 min otoug 4°C.

2T OUVEXEIQ, TTPAYUATOTTOIEITAI ATTOUAKPUVON TOU aipaTtog atrd ta dpyava Kai Tnv
KukAo@opia pe didxuon 10-20 ml diaAuuartog 1x PBS (Phosphate Buffered Saline) otnv
kapdia (perfusion). Ao 10 KGBe Spyavo AapPdavovralr dUo kopudrtia 50-100 mg 10TOU
ékaoTo, yia amoudévwon RNA kal TTPWTEIVWV avtioToiXa, Kal ToTroBeTouvral e OUo
owAnvdpia Twv 1.5 ml, Ta omoia wuxovral aubwpei o uypd alwto (-196°C A -320.44°F)
(snap frozen). Metémreita, ol I0Toi QUAdooovTal oToug -80°C péxpl TNV eTTeepyaoia Toug. O
UTTOAOITTOG 1I0TOG AapBAveTal yia IGTOAOYIKA TTapATAPNON.

Ooov agopd oTov Trveuuova, yivetal £yxuon Pe KaBethpa atrd tTnv Tpaxeia 1 ml
@opuaAivng 10% A diaAupaTtog OCT/PBS (1:2) 4 4% PFA (avdAoya e TIG ATTAITAOEIG TOU
TTEIPAPATOG) KAl O TTVEUPOVAG OTOBEPOTTOIEITAI DIOYKWHEVOSG HE XEIPOUPYIKO pdua oTnv
Tpaxeia. Kardmiv agaipeital ye mpoooxr, padi pe kapdid, Tpaxeia kar Bupgo adéva. To
EVIEPO OQAIPEITAI TTPOOEKTIKA OTTO TO TIOVTIKI Kol atmmd 4 JIaQopeTIKG TUAuUaTA
(dwdekaddkTuho, vioTIdA, €IAED, KOAOV), AauBdavovTal KOPPATIA PrKoug TTepiTTou 4-5 cm
ékaoTo. AkoAouBei ékTTAuon Tou auAloU kaBe Tunpatog pe 1 x PBS (flashing) yia
atropdkpuvon Tou Trepiexopévou. ‘Emema, Ta TpApata Tou eviépou euBuypauuidovral,
TOTTOOETOUVTAI TTAVW OE KOUMATIO @QeAAOU, yepiovtal pe @opuaAivn 10% 13 didAupa
OCT/PBS (1:2) (avaAoya e TIG ATTAITHOEIG TOU TTEIPAPATOG) KAl oTaBepoTroiouvTal. Ta

uttoAoitTa dpyava de Xprigouv KATTOIOG IDIAITEPNG KATEPYATIAG TIPIV TN JOVIJOTToINoN.

AlaAuuaTta
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AidAupa 10x PBS (pH 7.4): 1.37 M NaCl, 100 mM NaxHPO4, 27 mM KCI, 18 mM KH2PO4

3.3. Emegepyaoia Twv 1I0TWV yIa (avoo0)IOTOAOYIKY £6ETAON
3.3.1. Aciyuara yia UIKpoToo

1. O 1016g uttokerrar o€ poviyotroinon pe 10% @oppaAivn (QopuaAdeiidn) yia 24 h
oToug +4°C. H povigotroinon dlatnpei TN HOP@OAOYIK Kal XNUIKA cuoTacn Tou
I0TOU, Xdpn aToug 6€0OUG TTOU OXNMATICEl N @OPUAAIVN WE TIG TTPWTEIVES (KUPIWG
ME Ta KaTdAoITa Aucivng). H povigoTtroinon yivetalr apéowg Yetd tn Ayn Tou 1I0ToU
yia TNV aTTOQUYH TNG autoAuong 1 TNG eTTIMOAUVONG.

2. H mepaitépw emefepyacia Tou 10TOU TTEPIAAPPBAvVEl OTAdIAKK Q@UOATWON Kal
dlauyaaon, 61Tou dIaAUETAI TO AITTOG TOU IGTOU.

3. AkoAoubegi TTapa@ivoTroinon Ki eyKAEIONOg 0 KOOETEG OKAvwong. H tmapagivn
Aeiroupyei WG oTEPEWTIKO PECO. O1 10TOI EYKAEIOPEVOI OTIC KACETEG TTAPAQYIVNG
dlatnpouvTal yia TTOAU ueyAAo Xpoviko dIdoTnua o€ BEpUOKPATiou dwuaTiou.

4. 'Emerma, amrd Ta uTrAoK Trapa®ivng AauBdavovtal ol eMOURNTEG TOUES TWV IOTWV OTO
MIKPOTOUO, TTéXOoUG 3-5 um, oI OTToieg TOTTOBETOUVTAI OE AVTIKEINEVOPOPES TTAGKEG
Kal a@rivovTal va OTEYVWOOUV. TN CUVEXEIQ, TTPAYMATOTIOIEITAI Xpwon yia TNV

TTAPATAPNON TWV ETTIHEPOUG CUCTATIKWY TOU EKACTOTE IGTOU OTO PIKPOOKOTTIO.

3.3.2. Aciyuara yia Kouotouo

O 1016¢ auéowg PETA TN AAWn Tou, TOTTOBETEITONI O QUTOOXEDIEG BRKeG aTTd
OAOUUIVOXOPTO, KOAUTITETAI TTPOCEKTIKA PE OCT (OTEPEWTIKO PECO YIO KPUOTOUEG) Kal
Wuxetal Tapauta o€ uypo alwrto. O Trvelpovag atraiTei emMTTAEOV KaTEpyaoia eEaiTiag TNG
QPXITEKTOVIKNAG TNG OouNAG Tou. MpwTa xpelddeTal yovipoTtroinan Pe 4% TTapa@opuaAdelion
(PFA) ka1 oTn ouvéxela kpuoouvThpnon o€ didAupa 30% ooukpdlng yia Aiyeg WPEG OTOUG
+4°C 1pIv TNV Wuén oe OCT e Enpd trayo. O1 1oToi o€ TTaywuévo OCT QUAGCCOVTAI OTOUG
-80°C.

3.4. Texvohoyia avacuvduacuou Cre/LoxP yovidIaKNG OTOXEUONG

Apxn NG peBOdou

H texvoAoyia avacuvduaopou Cre/LoxP divel Tn duvatdTNTa yia ETTIAEKTIKI) OTOXEUON EVOG
yovidiou, EMTPETTOVTOG TNV IO0TOEIOIKA OTTEVEPYOTTOINCN 1] €VEPYOTTOINCH TOU Kal
TIpaydaTOTIOIEITAl ATTO €10IKA £vCupa avacuvduaopou. H xprion tng Cre avacuvdudong

(Causes Recombination) atré 1o BakTnpio@dyo P1 £xel atroTEAETEl £va XPrOINO YEVETIKO
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gpyaleio yia Tnv umTd OuvOnKeg oTdxeuon yovidiwv aTtov TovTikd 7. XT10 CoUoTNUa
avacuvduacopou Cre-loxP, n Cre avacuvdudaon, n otroia gival yia totTou | Totroicopepdon,
kataAuel Tov Tommoeidikd DNA avacuvduacoud avdueoa oTig Béoeig avayvwpiong loxP
peyEBoug 34 C.3. Mia loxP 8¢on amroteAeital atrd duo avdoTpopeg eTTavaAnyelg 13 Baocwv
(TraAivopouIkEG aAAnAouyieg) TTou xwpilovtal ammo pia evOIGueon acoUPEeTpn TTepIoXh 8
Baoeswv. Eav 2 Béocig loxP €xouv ei0ayBei pe Tov idI0 TTpooavaTtoAIopd oTov KAtdAAnAo
YEVETIKO TOTTO (VIO TTOPAdEIYUA EKATEPWOEY £VOG £€oviou), TOTE N ékppacn TnG Cre €xel wg
armmotéAeopa Tnv atraAoipry Tou TuAuaTtog DNA TTou TrepIBAAAeTal aTmd TIG loxXP Béoeig
QTTOKAEIOTIKG OTOV 10TS OTOV OTT0i0 eKPPAleTal %8,

To emayouevo cUOTNPA TNG TTPOCWPIVAG YOVIDIAKAG puBPIoNG €xel we €gng: H
KATOOKEUN €vOg yovidiou ouvinéng avaueca otnv Cre kal dia peTaAAayuévn hopen g
TEPIOXNG TTPOCTdEONG TOU UTTOdOXED TWV 0I0TPoYOVWY (ER™), eutrodilel Tnv TTpoodean Tou
QUOIKOU TTPoadETN (17B-010TPadIOAN) OTOV UTTODOXEA, OE QUOIOAOYIKEG CUYKEVTPWOEIG,
evw avtifeta Tmpoadévetal To 4-udpotu (OH)-Tmx. H xipaipiki Cre- ER™ éxel wg
amotéAeopa TV ER™-g€apTwpevn KuttapotrAacuartikr déapsuon Tng Cre amd tnv Hsp90,
atroTpémrovrag Tov Cre-diapecohlaBoupevo avaocuvduaoud. Me tTnv Tpdodecn OUwWS Tou
Tamoxifen (Tmx) A Tou TTapdywyou Tou 4-udpotu (OH)-Tmx aTo peTaAAaypEVO UTTODOXEQ,
n Cre ameAeuBepwveral ammd Tnv Hsp90, emrpémoviag Tnv €icodo tng Cre-ER™ aTov

TTUPAVA Kal apa, TNV évapén Tou avaouvduaopoy 397399,

3.5. lMNMpoeTtoipacia Tou Tamoxifen

H ouykévtpwon stock Tou Tamoxifen Atav 45 mg/ml og 10% a1@avoAn 100% (v/v) kai 90%
apaBoaitéAaio (V/v).

1. Apyxikd To Tamoxifen diaAUeTal otnv aiBavoAn pe évrovn avdadeuon (vortex). ZTn
OUVEXEIQ TTPOOTIBETAI TO apaBooITEAIO Kol akOAOUBE K véou Evtovn avdadeuon. To
OWANVApPIo KAAUTITETAI HE AAOUNIVOXOPTO YiaTi TO Tamoxifen gival pwTtoguaiobnTo.

2. To piypa Bgpuaivetal otoug 55°C pe emavalapBavoueveg Evioveg avadeUuaelg.

3. 'Emema, emwdadeTal o€ avakivoupevo agpoAoutpo atoug 37°C yia 12-16 h.

To didAupa Tou Tamoxifen @uAdooetal oToug +4°C yia 600 dIdoTnua dIOPKEI TO TTEIpaP

OTa TTOVTIKIA, EVW KABE QOPA TTPIV TN XOPAYNOT) TOU, TO Hiyha avadeUeTal.

3.6. NoooTIKOG TTPOCBIoPICHOG TIPWTEIVWV e Tn HEBodo Bradford

ApxA TNG HEBBBOU
H pébodog Bradford Bacietal 1o yeyovdg 611 N xpwoTikp Coomassie Brilliant Blue G-250
aAAGlel xpwpua otav ouvdéeTal pe TTpwreiveg oe apaid 6&iva diaAuuarta. To cUUTTAOKO

XPWOTIKAG TTPWTEIVNG atmmoppo@d ota 595 nm.
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4.

To mpog péTpnon deiyha TTPwTEIVvNG apalwveTal he KATAAANAO dyko QualoAoyiKoU
opou (1:20-1:40 yia diGAupa TTpwTEIVNG aTTd 1I0TO TTOVTIKOU).

MoodTnTa 5 pl a1réd TNV apaiwuévn TTpWTEivn avauyvoeTtal pe 245 pl avridpaotnpiou
Bradford, To otroio €xe1 €pBel og Bepuokpaaia TTEPIBAAAOVTOG, O¢ TTAGKA 96-B¢0ewv.
Mpayuatotroigital emwacn yia 5 min oe Beppokpacia TTEPIBANAOVTOG, KATA TN
OIdpKela TNG OTToIaG N TTAAKO AVOKIVEITAI TTPOCTATEUUEVN ATTO TO PUWG.

MeTA TO TTEVIAAETITO TTPAYUOTOTTOIEITAI N METPNOTN OE QWTOUETPO OTA 595 nm.

O 1TpocdIopIoUOG YiveTal PE avapopd o€ TTPOTUTIN KAUTTUAN attoppd@Pnong CUVapTACE!

TNG OUYKEVTPWONG TTPOoTUTTOU dlaAUpaTog BSA (0-2 mg TrpwTeivng).

3.7. Xpwaon nwaivng-aiatofuAivng

Apxn TNG ueBBdOU

H xpwon nwaoivng-aiyatofuAivng Baciletar oto 611 n BaciKi XPWOTIKA aIdatofuAivn,

XPWHMATICEl TOUG TTUPAVES TWV KUTTAPWY OKOUPO UTTAE-UWB, BApovTag Ta 6EIva CUCTATIKA,

TTX VOUKAEOTTPWTEIVES, evd N OEIVN XPWOTIKA NWaivn XpwHuaTiCel To KUTTapOTTAaoua pod,

BagovTtag Ta Bacikd cuoTATIKA TTX TWV KUTTOPOTTAACHATIKWY TTPWTEIVWV.

APXIKA oI TOPEG, TTAXOUG 3-5 um, u@ioTavTal ATTOTTAPA@IVOTIOINGN TIPIV TN XPWOT], WG

OKOAOUBWG:
1. TNpayPaToTToIEiTal ATTOTTAPAPIVOTTOINCN HE EURATITION TWV TOPWY OE EUAEVIO yia 5
min (x3 QOpPEG).
2. AkolouBei otadiakn evuddtwaon ue diadoxikh euparTion Twv Topwv oe 100 %
a18avoAn yia 3 min, 96% aiBavoAn yia 2 min (X2 eopég), 70% aiBavoin yia 2 min,
50% aiBavoAn yia 2 min Kai TEAIKA €KTTAuon ye dH20.
3. 'Etreima o1 Topég BAgovTtal ue aiaToguAivn yia 2-3 min Kal EETTAEVETAI N TTEpicOEIn

NG XPWOTIKAG pe dH-O.

4. AxkoAouBouv 2-3 ypAyopeg epparTiosig o€ 1% acid alcohol kai petd og dH0.

2Tn OUVEXEIQ, Ol TOUEG eppaTTTiCovTal o€ diIdAupa Scot’s yia 3 min Ki EKTTAévOvTal PE
dH-0.
AkoAoubei ypriyopn eupartmion oe aiBavoAn 50% ki 70% kai xpwon o€ didAupa

nwaoivng yia 3 min.

‘Emrerma, paygatotroicital éKrAuon pe dH.O kai oTadiok apudaTwon PE YPHYOPES

epBaTrTioeig o a1BavoAn 50%, 70%, 96% ki 100%. TEAoG, o1 Topég epPaTtTTiCovTal
o€ EUAEvIO.
AkoAoubBei KGAUWN TNG KABE TOUAG WE KAAUTTTPIOA XPNOIMOTTOIWVTAG WG OTEPEWTIKO

pMéoo DPX (OuvleTIKr pnTivn) KOl TTAPOTAPENCN OTO OTITIKO MIKPOOKOTTIO.
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AlaAUpaTa

AidAupa Gills Haematoxylin: Haematoxylin 0.6% (w/v), Aluminum Sulphate 0.42% (w/v),
Citric acid 0.14% (w/v), Sodium iodate 0.06% (w/v), Ethylene Glycol 27% (v/v).

AidAupa Acid Alcohol 1%: Mukvé HCI 1% (v/iv) oe 70% aiBavoAn.

AidAupa Scot’s: Sodium Bicarbonate 2% (w/v), Magnesium Sulphate 0.35% (w/v).

3.8. Xpwon B-yaAaktooiddong (X-gal)

ApxA TNG pEBBdOU

H xpwon B-yaAaktooiddong Pacifetar oTnv IkKavotnTa Tou evluuou [B-gal Trou
KwOIKOTToIEITaI aTT TO YoVvidio lacZ, va udpoAUel Ta B-yaAAKTOCIDIa KAl TO OXNUATIOHO WTTAE
iIlnuatog €meira amd Tnv udpdAucn Tou X-gal (5-Bpwpo-4-xAwpo-3-IvOoAUA-B-D-
yoAakToTTupavoaidio). O TTupnvikog evIOTTIONOG Tou lacZ o€ diayovidiakd {wa TTou QEPOouUV
TO yovidlo ava@opdc EMITPETTEI JE TN XPWON TNG B-yaAAKTOCIOAONG TOV EVIOTTIONO TWV
KUTTAPWY TTOU EKPPACOUV TO YoVvidlo AOyw TNG KUTTAPOTTAACHUATIKAG £vOOYEVOUC EVCUMIKAG

OpPACTIKOTATAG.

Meipapartikh diadikaoia

1. loToi TTOVTIKWY KATEPYAOHEVOI OTTWG TTEPIYPAPTNKE GTNV £VOTNTA ETTEEEPYOTIA TWV
IOTWV YIa (avooo)ioToloyikh €&étaon B, ugioTtavral Topég trédxoug 6 pm oTtov
KPUOTOWO.

2. XTn OUVEXEID, Ol IOTOI JoVIYOTTOIoUVTal JE 2% @opUaAdelidn/ 0.2% yAoutapaAdeiion
yia 10 min otoug +4°C.

3. AxoAouBei ékTTAUCH 2 QOpég o€ KpUo piypa 1x PBS/ 2 mM MgCl, yia 10 min.
‘Emema, yivetal n xpwon e didAupa X-gal ouykévipwong 2 mg/ml oe 0.1 M
puUBUIOTIKG dIdAupa ewogopikou Na pH 7.3, 0.01% ©&cofuxoAiké Na, 5 mM
KsFe(CN)g, 5.7 mM KaFe(CN)g, 2 mM MgCls, 0.02% NP-40 otoug 37°C oT0 OKOTADI
yia 12-16 h.

5. Tnv emoéuevn nuépa, TTPAYUATOTTOIEITAI EKTTAUCN TWV TOPWVY 2 Qopég o€ 1x PBS/ 2
mM MgClz yia 10 min og Bepuokpaaia TTEPIBAAAOVTOG, XpWOon yia avTiBeon pe
nwaivn kal oTadiakr) a@uddtwon o€ alBavOoAeg Kal EUAEVIO.

6. AkoAouBei KdAuyn TNG KABE TOUAG PE KOAUTTTPIOO XPNOIKMOTTOILVTOG WG OTEPEWTIKO
péoo Mowiol (UBPOKOAAOEIBEG BAEVVOTTPOOKOAANTIKO pE BAcn Tnv TTOAUBIVUAIKN
aAKOOAN) Kal TTapATAPNON OTO OTITIKO PIKPOOKOTTIO.

O1 Topég petd Tn xpwon diatnpouvtal oToug +4°C.
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3.9. Atropoévwaon DNA atré Biowyia oupdg TTovTiKoU

‘Eva PIKPO TUAUA oupds TTOVTIKOU TTEPITTOU 2 mm KOBeTal atrd TTovTikl 10-12 nuepwv Kal
TotroBeTeiTal o cwAnvapio 1.5 ml.

1. 210 cWANVAPIO TTOU TTEPIEXEI TO TUAMUA TNG oupdg TTpooTiBevTal 400 pl diaAUpaTog
AUong (Tail Buffer), 4 pl rpwreivéong K kail 1o piypa erTwddeTtal otoug 55°C yia 12-
18 h.

2. Tnv eméuevn pépa, agou emmPReBaiwdei n Abon Tou 10TOU, TTPpOoCTiBevtal 400 ul
QAIVOANG Kal To Jiypa avadeuetal évrova yia 5 min.

3. ‘Emara, yivetar @uyokévipnon otig 13000 rpm yia 10 min oe Bepuokpacia
mepIBAAAOVTOG Kal n udatik @acn (-~ 350ul) PETOQEPETAI TTPOCEKTIKA O VEO
owAnvapio 1.5 ml.

4. 2TO UTTEPKEIPEVO TTPOOTIBETAI TTOOOTNTA TTAYWHEVNG IGOTTPOTTAVOANG ion ue 0,9 Tou
oykou Tou (315 pl) kail To piypa avadeueral ATTIA.

5. AkoAouBei @uyokévipnon oTig 13000 rpm yia 10 min otoug +4°C KI AmOXuon Tou
UTTEPKEIEVOU.

6. To inua exmAéverar pe 1 ml kpuag aiBavoAng 75% ki emavalauBaveral 1o
TTPONYOUHEVO PBrMa.

7. T€AOG, TO iCnuUa a@rVETAl VO OTEYVWOEI KI ETTAVAIWPEITAI o€ KATAANAO Oyko H.O
Gibco (50-100 pl).

AlaAuuaTta
AidAupa Auong (Tail Buffer): 50 mM Tris-HCI pH 8.0, 0.1 M EDTA, 0.1 M NaCl, 1% SDS.
Mpwreivaon K: 10 mg/ml in 50 mM Tris-HCI pH 8.0

3.10. KaBapiopodg dioAupatog DNA pe aiBavoAikr) kataBubion

Apxn NG peBOdou
H kaTtakprjpvion pe aiBavoAn atroTeAei Tnv KUpIa péBod0 avaKTNONG TwWV VOUKAEIKWY 0wV
atré udatikad SlaAlpaTa. H aiBavoAn peiwvel 10 KEAUPOG eVUDATWONG TWV VOUKAEIKWV
0wV, hE ATTOTEAEOHO va eAeUBEPWVOVTAI Ol APVNTIKA POPTIOUEVEG PWOPOPIKEG OUADEG.
Katiovta, 6Tmwg 10 Na* kai 1o K*, deopeuovtal OTIS QOPTIOUEVEG OPADES, EAATTWVOVTAG TIG
aTTWONTIKEG BUVANEIS avAPeEoa OTIG VOUKAEOTIOIKEG aAucideg oe Babud TéTolo TTOU Vva
uTTopei va axnuartioTei idnua 4%°. H mreipayatikn diadikagia epIAaUBAVEL:

1. MNpooBnkn oTto Hiypa CH3COOK 5 M péxpr TeAikAg ouykévipwong 0.25 M kai 2.5

Oykwv 100% kpuag (-20°C) aiBavoAng
2. Emwaon otoug -80°C yia 1h
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Quyokévtpnon otoug +4°C oT1ig 12000 rpm yia 10min
4. ATOppiyn UTTEPKEIMEVOU KI EKTTAUON Tou IANaTog 3 @opég pe 70% kpua (-20°C)
a18avoAn

5. ZApavaon Tou ICAKATOC KI eTTavadiaAuToTroinan o€ katdAAnAo éyko Gibco dH20

3.11. Napaockeun diIoAUpaATOg GaivoAng yia DNA

ApPXIKA N @aIvoAn, n oTroia gival Ye TN Hop@ry KPUOTANWY, £TTwAleTal 0TOUG 65°C yia va
yivel peuoTh. MpooTiBeTal udpofukuvoAivn oe TeAIKR cuykévTpwon 0.1%. H xpwoTIKA auTh
Ociyvel To Babuod oeidwong TN PaIvoAng. Mo ouykekpIpéva, TO KITPIVO XPWHA QVTICTOIXEI
O€ un oEeIdwHEVN HOPPH, EVWD TO TTOPTOKAAI/KOKKIVO/KAPE AVTIOTOIXEI O OEEIBWMEVN HOPPN
NG @aivoAng. AkolouBei e€ilcoppdTnon Tou OIOAUPATOG WE TTPOCONKN icou Oykou
olaAUpartog 0.5 M Tris-HCI pH 8.0 kai évrovn avadeuon yia 15 min. To didGAupa agAveTal
yia va diaxwpIioTouv ol @AcelS. MeTA TO dIOXWPICHO TwV ACEWY, GTTOUMAKPUVETAI N TTAVW
@aon (udaTikn) kal TTpooTiBeTal icog Oykog diaAuuaTog 0.1 M Tris-HCI pH 8.0. H diadikaaia

emmavaAapBdaveral U0 QopES.

3.12. Atropovwon RNA
3.12.1. MNaparnpnoeic doov apopd 1o xeipioud Tou RNA

O1 piBovoukAedoeg (RNAoeg) gival TTOAU oTaBepd ki evepyd €vCuua, Ta OTTOIa OEV ATTAITOUV
GAAOUG TTOPAYOVTEG yIa va dpacouv. ATTO Tn OTIYUR TTOU 01 PIBOVOUKAEAOEG gival SUOKOAO
va ATTEVEPYOTTOINBOUV, KI AKOWPN KI EAAXIOTEG TTOOOTNTEG ETTAPKOUV VIO VO KATAOTPEWOUV TO
RNA, €ival €mTOKTIKI] N XPAon avoAwoIdwy Ta oTtroia Oev gival ETTIPOAUCUEVA  JE
piBovoukAedoes. EmmmmAéov, 181aiTepn TTpocOxn TIPETTEl va OiveETal TTPOKEIMEVOU VO
ammopeuxBei n emudAuvon Tou RNA pe piBovoukAedosg 1000 Katd Tn OIAPKEIR TNG
QATTOPOVWONG, 600 Kal HETA TNV ATToUOVWOT| Tou.

Katé 1o xeipiopd Tou RNA emBAaAAeTal va akoAouBouvTtal OAEG oI PIKPOPBIOAOYIKES
aonTITIKEG TEXVIKEG. Ta XEpla kal n okovn armmoteAouv TTBavoug Qopeic BakTnpiwyv Kai
MoUxAag Kkai gival ol o Sladedouéveg TTNYEG POAUVOEwY pE pIBovoukAedoes. H xpron
YOVTIWV KATA TO XEIPIOHO TwV BEIYHATWY, KABWGS Kal 0 GXOAACTIKOG KABapIoPAdS TOU TTAYKOU
epyaaciag gival emReBANPEVES BIADIKATIES VIO VO ATTOTPATTOUV Ol PIBOVOUKAEACEG, Ol OTTOIEG
mOAVWS va TTPoEPYOVTal atrd To OEPUA 1 aTTd OKOVIOPEVO €pyacTnpPIakd eEOTTAICHS. Ta
yavTia TTpéTel va aAAGlovTal cuyvd Kal Ta @IaAidIa va TTapaPEVOUV E TA KATTAKIO KAEIOTA
oTav d¢ xpnoigotroiouvTtal. To RNA TTou atTopovwveTal TTPETTEl va dIATNPEITal TTAVTA OTOV

TAyo.
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MNa tTnv ammopdévwon Tou RNA xpnolyoTroicital I aTTO0TEIPWHEVOS TTAACTIKOG
EPYAoTNPIOKOG €EOTTAIONOGS MIag xpriong (tips pe @iATpo, cwAnvdpia KTA). To vepd TTOU
XPNOIUOTIOIEITAI VIO TNV OJOYEVOTTOINGT TWV IOTWYV uQioTatal kaTepyacia ye DEPC (diethyl
pyrocarbonate), oe ouykévipwon 0.2% (v/v) Kal aTTOOTEIPWVETAI YIA VO ATTOPAKPUVOOUV
TUXOV ixvn Tou DEPC. To DEPC atoTteAei 1o0xup0 avaoToAéa Twv PIBOVOUKAEACWY, EVW
gival mMOavwg KapKIvoydvo Kal yI' autd O XEIPICPOG TOU aTTaITEl IDIAITEPN TTPOCOXH, ME

yavTia, Jdoka Kal TTavTa JEoa O€ aTraywyo.

3.12.2. Ammouévwon RNA a6 1016 ue xpron tou Tri Reagent

Apxn TG ueBBBOU
H Baoiki apxr otnv otroia otnpiletal n amopoévwaon Tou RNA gival n amevepyotroinon Twv
piBovoukAeacwyv. Autd emmiTuyXAaveralr ge Tn xpenon tou Tri Reagent, To oTroio pe TO
ouvOUaouO @aivoAng Kai BgiokuavikoU youavidiou o€ éva PHovoeaoiko dIdAupa, TTapEXEI
UWNAR CUYKEVTPWOTN XAOTPOTTIKWY IOVTWY, Ta OTToia atrevepyotrolouv TiI¢ RNdoeg. Metd
TNV OMOYEVOTTOINON TOou OcEiyuaTog Kail Tn AUon Tou dnuioupyouvtal 3 @aoels. To RNA
Tapauével atnv udatikh (avwTepn) @aon, To DNA oTn yecodpacon Kal ol TTPWTEIVEG oTNV
opyavikr (katw) @aaon.

Apéowg petd TN Bavatwon Tou TTovTiKoU, AapBdvovtar 50-100 mg Tou 10TOU
evOIaQEéPOVTOg 0 CwANVApIo Twv 1.5 ml kal woxovTal Gueca o€ uypo ACWTO. 2Tr CUVEXEIQ,

@uAdooovTal oToug -80°C uEXPI TNV KATEPYOOia TOUG.

Meipapartikh diadikaoia

1. 1 mlTri Reagent rpooTiBeTal avé 50-100 mg Tou I0TOU Kal YiVETAI N OJOYEVOTTOINGN
ME TN XPHon NAEKTPIKOU OPOYEVOTTOINTH.
To opoyevoTtroinua TTapapével yia 5 min og Beppokpaacia TTEPIBAAAOVTOG.
MpoaTiBevral 0.2 ml xAwpopopuiou Kal To Yiyua avadeleTal EvTova yia 15 sec.

AkoAouBei eTTwoaon Tou Wiyuatog yia 15 min o€ Bepuokpacia TepIBAANOVTOG.

o > w N

Ev ouvexeia, 1o piyua guyokevrpeital ota 12000 g yia 15 min otoug +4°C kai 10

UTTEPKEIMEVO PETAPEPETAI TTPOCEKTIKA O VEO CWANVAPIO, EVW N PMECOPOCN Kal N

opyavikn @don @uAdooovTtal atoug +4°C yia emakoAoudn amopdvwon DNA kai

TTPWTEIVWV.

6. H kartakprpvion Tou RNA yivetal ye Tnv mpooBrkn 0.5 ml icotrpotravoAng kai ATTia
avadeuon. To piypa agivetal yia 10 min o€ Bgpuokpaacia TePIBAAAOVTOG.

7. AxkoAoubei @uyokévipnon ota 12000 g yia 8 min otoug +4°C Kal TO UTTEPKEIUEVO
QTTOPOKPUVETAI.

8. 'Emema, 10 ifnua exmAévetal pe 1 ml kpuag aiBavoAng 75% pe avadeuon kai

@uyokevtpeital ota 12000 g yia 5 min oTtoug +4°C.
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9. To uTTepKEIUEVO QTTOPPITITETAI Kal TO i(NUa a@AveTal va oTeyvwaoel yia 3-5 min.
TéNog, emavaiwpeital? og kKatdAAnAo dyko Gibco dH.O (20-50 ul) kai peTpdTal N
OUYKEVTPWON Kal N kaBapdtntd Tou ato Nanodrop. Zuykekpipéva, TTpoadiopioval
ol Adyor 260/280 kai 260/230, yia Tov €AeyXO TTPOOWICEwV ME TTPWTEIVEG Kal

OPYQVIKEG EVWOEIC (QaivoAn), avTtioToixa.

210 onpeio autd agidel va onueiwBei 4TI TNV TTEPITITWON TOU AcUKOU AITTWA0UG I0TOU
(WAT: White Adipose Tissue), yivetal Aypn 150-200 mg 10100, TOTTOBETNON TOU OF
owAnvapio Twv 2 ml kal opoyevotroinon pe mpoodnkn 2 ml Tri Reagent. AkoAouBgi
Quyokévtpnon ota 12000 g yia 10 min oToug +4°C Kal 0Th CUVEXEIA, AQAIPEITAI TIPOCEKTIKA
0 AeukOg appdg TTou TTPOKUTITEI AOYW Aitroug. ‘ETreima, Ta 2 ml yoipdlovtal iIcé1T000 O€ 2

owAnvapia Twv 1.5 ml kai n dladikaoia ouveyietal ammd 1o BAPa 2.

3.12.3. Karepyaaoia rou RNA ue DNaon

Apxn TNG ueBBdOU
To ammopovwpévo RNA, TTpIv TN Xprion tou o€ avTtidpaon RT-PCR, ugioTatal katepyaaoia
pe DNaon mpokeigévou va atrallayei atmd moavég Tpoouitelg pe DNA. H DNdon eivai pia
£vOOVOUKAEAON TTOU KATAAUEI TNV GTTOIKOOOUNON TOU JOVOKAWVOU Kal Tou dikAwvou DNA
O€ TUXQieG BEOEIG.

MNa tnv katepyaoia Tou RNA pe DNdaon xpnoipotroménkav 10 ug RNA. H avtidpaon
TTpaydaToTrolEiTal o€ TEAIKO 6yko 20 pl kai n ouoTach Tng TTapouaciadeTal otov Mivaka 3.1:

Mivakag 3.1: Y0oTaon piygatog avridpaong pe DNaon

ZUOTATIKO ‘Oykog

RNA (10pg) €wg 16 pl
Buffer 10x 2 ul
DNase (1u/ul) 2l
Gibco dH20 €wg T1a 20 pl
ZuvoAIKOG 6YKOG 20 pl

1. H avtidpaon die¢dyetal otoug 37°C yia 1-1.5 h.

2. Katémv, yivetal kataBubion Tou RNA e @aivoAn/ xAwpo@dpuio, wgs eEAG: O dyKog
oupTTAnpwveTal PEXp! Ta 200 pl pe Gibco dH.0 kai rpooTiBevtal 200 pl @aivéAng/
xAwpogopuiou (1:1).

2Ta Tnv emavaiwpnon peydAwv ToooTtrTwy RNA evdeikvutal n emrwacn atoug 65°C yia 5 min kai
ouvToun évrovn avadeuan.
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10.

To piyua avadevetal €viova yia 30 sec kal puyokevTpeital ota 12000 g yia 10 min
o€ Beppokpacia dwuartiou.

H mdvw @don peTa@épetal TTPOCEKTIKG 0€ vEO owAnvdapio Tou 0.5 ml kai
TIPOCTIBETAI I00G OYKOG XAWPOPOPHIiou.

To piyua avadevetal éviova yia 30 sec kal puyokevTpeital ota 12000 g yia 10 min
oToug +4°C.

H mavw ¢@don petagépetal oe véo owAnvapio Twv 1.5 ml kai TpooTiBevral 1 i
yAukoyovou 10 pg/ul, 1/10 Tou édykou CH3COONa 3M kai 2.5 Tou 6ykou Kpua
a1BavoAn 100%.

To piyha avadeUeTal ETTAPKWS Kal uAdooeTal otoug -80°C yia 3 h i} oTtoug -20°C
yia 12-16 h.

AkoAouBei guyokévrpnon ota 12000 g yia 10 min oToug +4°C Kal atrdoXuon Tou

UTTEPKEIEVOU.

‘Emerma, yivetal €KTTAuon Tou ICAUATOG ME aIBavoAn 75% ki €mavaAnwn Tou

TTponyouuevou BrANATOG.

To i(nua agrvetal va oTeyvwoel yia 3-5 min, emavaiwpeital o€ KatdAAnAo éyko
Gibco dH2O (~ 20 ul) kar pgeTPATAl N CUYKEVTPWON KAl N KaBapdTtntd Tou OTO
Nanodrop (A6yor 260/280 kai 260/230). O1 Trapamavw Adyol dgixvouv TTBaveg
TTPOGCMIEeIS Tou SlaAUPaTOG RNA e TTPWTEIVEC Kal OpyavIKEG EVWOEIG (PaivoAn),

avTtioTolxa.

3.13. AvTidpaon avtioTpoPng HETAYPOPNS

ApxnA TNG HEBBBOU

To RNA petaypd@eTal avTtioTpo@a 6To CUUTIANPWHATIKO Tou DNA (cDNA) ue Tn dpdon Tou
evCUuou avtioTpopn heTaypagdon, n otroia gival pia RNA-eEapTtwpevn DNA tToAupepdon.
MNa v avridpaon TG avrioTpoPng HETAypaQns xpnoiyotroiménkav 2 ug RNA
katepyaouévou pye DNdaon. Apxikd, oto cwAnvdpio TTpoaTiBevtal To RNA, 10 vepd Kail Ta
oAlyodeogupiBovoukAeoTidia Buuidivng (oligo(dT):s), Ta otroia uBpidiCovTtal oTnv TTOAU(A)

oupd Tou MRNA, wg akoAoUBwG:

Mivakag 3.2.A: ZU0oTaon Piyuatog avtidpaong avrioTpoeng JETAYPAPAS

ZUoTaTIKO ‘Oykog

RNA (2 ug) €wg 11 pl
Oligo(dT)1s (100 pmol/ul A 0.5 pg/pl) 1l
Gibco dH20 éwg Ta 12 pl
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1. TNpaypaToTroigital avauiEn Twy cuoTATIKWY KI ETTwach oToug 70°C yia 5 min yia va
KATaoTPaPouV ol deutepoTayeic douéG Tou RNA.

2. Apéowg peETE, TO Hiyda TOTTOBETEITAI OTOV TIAYO VyIa va ATIOTPATIEl O
ETTAVOOXNMOTIONOG TwV OEUTEPOTAYWY OOMWV Kal TTPOCTIOEVTAI TA TTOPAKATW

OUoTAaTIKA:

Mivakag 3.2.B: ZuoTaon Piypuatog avtidpaong avrioTpoeng JETAYPAPAg

ZUOTATIKO ‘Oykog
Buffer 5x 4 ul
dNTPs (10mM) 2 ul

AvrioTpogn Metaypagdaon M-MLV (200 u/pl) 2 ul
ZuvoAIkOg 6YKOG 20 pl

3. 'Etrerma, yivetalr AmMa avauién ki erwacn otoug 42°C yia 1 h.

4. TéMog, akoAouBei eTTwaaon atoug 70°C yia 10 min yia va TEPUATIOTEI N avTidpaan.

3.14. AAuo1dwTn avrtidpacn TmoAupepdong (PCR)

ApXA TNG HEBBdOU
H TexviKi TNG aAuoidwTAg avtidpaong Tng TToAupepdong (Polymerase Chain Reaction-
PCR) oTtnpietal oTnv evQUMIKA evioxuon PIOG OUYKEKPIYEVNG akoAouBiag DNA in vitro, pe
N BonrBeia TnG Tag TTOAUMPEPAONG KAl Twv eKKIVNTWY. H Taqg TToAupepdon eival pia
BepuooTabepny TTOAUPEPAOn n oTroia €€dyetal amd 1o Bepuod@iAo BakTApio Thermus
aquaticus. Or ekkivnTéG (primers) gival JOVOKAWVEG VOUKAEOTIOIKEG AKOAOUBIEG, OI OTTOIEG
uBpIdiCovTal OTIG CUPTTANPWHATIKEG BETEIC TwV dUO aAUCidwy, oTa AKPA TOU TUFAKOTOG TOU
mpog evioxuon DNA. ‘ETol, Aoimmdv, yia va TTpaydaToTroinBei o TToAAATTAQCIOoUOG Tou
OUYKEKPIPEVOU TURUaTog Tou DNA, 1o piyua avtidpaong Ba pEtrel va TTEPIEXEL: TN dikAwvn
akoAouBia DNA TTou TTpoKeITal va evioxuBei, Taq TTOAUEPAOT UE TO aVTIOTOIXO PUBUIOTIKG
OldAupa, TO Celyog TWV  EKKIVNTWY, OIGAUPNa  eAeUBepwv 5 TPIGWOPOPIKWYV
ocoéupiBovoukAeoTidiwy (ANTPS) Ta otroia xpnoigoTrolci n ToAupepdon kai didAupa MgCls,
TTou &IEUKOAUvEl Tn dpdon TNG TTOAUPEPAONG.

H diadikacia tng PCR TtrepiAapfavel emavaAapBavopevoug Bepuokpaciakoug
KUKAouG (30-35), kabBévag atrd Toug oTToioug TrepIAauBavel Tpia oTddia:
= Amodidra¢n Tou dikAwvou DNA oToug 94-95°C
= 20vOEON TWV EKKIVNTWY OTa OUO avtiBeTa dkpa TnNG JovOKAwVNG TTIa akoAouBiag-oToxo,

o€ Beppokpacia TTou e€apTdTal KABE Yopd aTTd TN OUVOECH TWV EKKIVNTWV
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»  EmékTaon, n otoia yivetar pye BE€puavon Tou Wiyhatog oTtoug 72°C, €101 WOTE N
ToAupepdaon va Trpayuartotroinoel Tnv avriypaen Tou DNA-oT1éxou he Tn BorBeia Twyv
dNTPs, &ekiviovTag atrd TOUG EKKIVNTEG.

H xpoviki didpkeia Tou kGBe oTadiou e€apTdral amd 10 YRkog (o€ bp) Tou uttd
gvioxuon Tunuatog DNA. Me tnv mmapammavw diadikagia emTuyXavetal n oulAoyn evog

EKATOPMUPIOU  TTEPITTOU  avTIYPAPWY TnG €mMOuUPNTAG akoAouBiag, pIoG Kol KABe

Beppokpaaiakdg KUKAOG dITTAacIAlel To TTPoidV Tou TTponyoUuEVoU KUKAou 401,

Meipaparikh dladikaaia

H k&Be avtidpaon Tpayuartotroigital o€ TEAIKO dyko 20 pl. O1 cuvBnkeg avtidpaong
(Bepuokpaacia uBpIdIoUOU TwWV ekKIVATWY: T annealing) emAéyovTal KABe popd avaloya pe
TN Bepuokpacia Tm TWV EKKIVATWY TTOU XpnoigoTrolouvTal. H Bgppokpacia Tm utroAoyileTal
atrod Tov Kavova: 4 X (G-C) + 2 x (A-T). Ta dNTPs xpnoigoTroiouvTtal o€ TEAIKA OUYKEVTPWON
0.25 mM, To MgCl, og 1.5 mM, ev 0 KABe ekKIVNTAG 0€ TEAIKN ouykEvTpwon 0.25 uM. ¢
KaBe PCR xpnoigotroigital mavra €va apvntiké control (xwpic DNA) yia Tov éAeyxo
MOAUvoewv, KaBWG Kal éva BeTiIkG control (yvwoTd deiypa DNA) yia Tov éAeyxo €mTITuXoUg
die€aywyng g avtidpaong. H mpogToiyaaia 1ng avridpacng die€ayeTtal aTov TTayo, Kabuwg
Kal N @UAa&n 0Awv Twv avTidpacTnpiwv KaTd Tn dIAPKEIa TTPOETOINATIAg TNG avTidpaong.

Mia Tutrikr) cucTaon avridpaong PCR trapoucidadetal otov lMNivaka 3.3.

Mivakag 3.3: EvoeikTikA ouoTaon uiypatog avridpaonsg PCR
AvTISpaoThpio ‘Oykog
Ekpayeio DNA 1 pl (5-100ng)

Tag DNA moAupepaon | 0.4pl

10X Buffer 2 ul
dNTPs (2.5 mM) 2yl
MgCl2 (25 mM) 1.2l
Ekkivntg F (5 uM) 1l
Ekkivnmg R (5 pM) 1l
Gibco dH20 11.4 pl
ZuvoAIkOg 6YKOG 20 pl

AlaAuuaTta
10X puBuioTikd didAupa Tag DNA troAupepdong: 500 mM KCI, 100 mM Tris-HCI pH 9
oToug 25 °C, 1% Triton X-100

O1 ekkivnTéG TTOU XpnoiyoTroiénkav yia 1ig PCR 1TpoodIiopiopou Twv YEVOTUTTWY

TWV TTOVTIKWV TTapouacidgovtal atov lNivaka 3.4.
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Mivakag 3.4: AAnAouxieg Twv XpNOIUOTTOIOUPEVWY EKKIVNTWY aTnV PCR yia Tov TTpoadiopioud Twv
YEVOTUTTWYV TWV TTOVTIKWV.

lovidio oTé)0g EkkivnTAg AAANnAouyia 5°-3’

ATX ko Al- Forward CGCATTTGACAGGAATTCTT

ATX ko B1l- Reverse | ATTTGTCACGTCCTGCACGA

ATX ko C1- Reverse | ATCAAAATACTGGGGCTGCC

ATX ko A2- Forward CGAATCTCTCCGATCACTAC

ATX ko B2- Reverse | TACACAACACAGCCGTCTCA

ATX Tg Forward GATCCCAGCCAGTGGACTTA

ATX Tg Reverse TCTGACACGACTGGAACGAG

B2M B2-pikpocaipivn | Forward TTCTGGTGCTTGTCTCACTGA

B2M B2-pikpoogaipivn | Reverse CAGTATGTTCGGCTTCCCATTC

L32 Forward TTAAGCGAAACTGGCGGAAAC

L32 Reverse TTGTTGCTCCCATAACCGATG
Collal Forward CATCCCTGGACAGCCTGGACT
Collal Reverse GCACGGAAACTCCAGCTGAT
LPAR1 ko Forward TATAGGAGTCTTGTGTTGCCTGTCC
LPAR1 ko Reverse GCCAATCCAGCGAAGAAGTC
LPAR1 ko Reverse GGTATTCTTAATTCTAGAGGATCAGC
HPRT Forward GGCCAGACTTTGTTGGATTT

HPRT Reverse CAGATTCAACTTGCGCTCAT
R26CreER™ Forward CAAAGTCGCTCTGAGTTGTTATCAG
R26CreER™ Reverse ATTGCTGTCACTTGGTCGTGGC
Rosa Forward AAAGTCGCTCTGAGTTGTTAT

Rosa Reverse GCGAAGAGTTTGTCCTCAACC
Rosa Reverse GGAGCGGGAGAAATGGATATG

O1 ouvbAKeg TTOU XPNOIYOTTIOINBNKAV OTa TTPOYPAPMATA TOu BEPUOKUKAOTTOINTA

TTapouaialovral otov lNivaka 3.5.

Mivakag 3.5: ZuvBnkeg TTPOYPANNATWY OTO BEPUOKUKAOTTOINTA YIa TO KABE {eUYOG EKKIVNTWV

ZeUyog EKKIVNTWV Mpoypappa BeppokukAoTToIinTA
Al-B1-C1 94°C yia 3 min

Al-B2-C1l 94°C yia 2 min

A2-B2 59°C yia 1 min, 30 sec x30
Al1-B2 72°C yia 1 min, 30 sec
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72°C yia 5 min
98°C yia 2 min
60°C yia 5 sec

65°C 5 sec
95°C 0.5C

98°C yia 2 sec
ATXTgF-ATXTgR
x39

98°C yia 2 min

98°C yia 2 sec
L32 F-L32R
58°C yia 5 sec x39

65°C 5 sec
95°C 0.5C

3.15. HAekTpo@dpnon tou DNA

ApxA TNG HEBBdOU

H nAektpopopnon Ttou DNA ¢givalr pia péBodog diaxwpiopol popiwv DNA  Kal
TTPOCBIOPIoHOU TOU PAKOUG Kal TNG KaBapdtntdg Toug. lMNa TuApata DNA pikpdTepa atrod
500 .., €101K& OXeOIOOUEVEG TINKTES TTOAUAKPUAAUIBIOU ETTITPETTOUV TO DIAXWPICHUO Hopiwv
TTOoU DIAPEPOUV O€ PNKOG aKOuN £wg Kai éva C.B. MNa 1o SiaXwPICHO HEYAAUTEPWY TUNUATWY
DNA xpnoipotroloUvTal o1 TTOAU TTI0 TTOpWwOEIG TINKTEG aTTd apaid dioAupaTa ayapolng (evog
TTOAUCOKYOPITA TTOU ATTOPOVWVETAl aTTO QUKN). H nAektpo@dpnon o€ TNKTAR ayapddng
EMTPETTEI KAl TNV atmoudévwon TunuaTwy DNA. lMpayuaTotrolgital oe opIfOvTia CUOKEUN
NAEKTPOQOPNONG Kail BacideTal ato apvnTikd gopTio Tou DNA, xdpn OTO OTT0I0 JETOKIVEITAI
TTPOG TO BeTIKG TTOAO 6TaV BpeBdei UTTO TNV €TTIdPACT NAEKTPIKOU TTEDIOU.

H petakivnan tou DNA ettnpedletal atmd Toug €€AG TTAPAYOVTEG:

1. MéyeBoc tunuaro¢c DNA: Ta ypouuik@ popia DNA petakivoUvTal GTnV TINKTH
ayapodns avtioTpoPws avaloya Tou dekadikou AoyapiBuou Tou ueyEBoug Toug.

2. 2uykévipwaon ayapolng: ‘Eva tuiua DNA kiveital TaxUitepa o€ TTNKTA ayapdlng ue
MIKPOTEPN OUYKEVTPWON atmmd OTl O€ TINKTA  HEYOAUTEPNG ouykévipwons. H
KIvNTIKOTNTa Tou DNA o€ oxéon he TN OUykEVTpwaon ayapddng divetal atrd Tov TUTTO:
log u = log Wo - ki t, 6TTOU [ N KIVATIKOTNTA TOU DNA, Mo N €EAEUBEPN KIVNTIKOTNTA TOU
DNA, kr 0 ouvTeAeOTAG KOBUOTEPNONG KAl t N CUYKEVTPWON TNG ayapoldng.

3. Taon mediou: O KaAUTEPOG BIOXWPIOHOG TWV Hopiwv emTUYXAveETal o€ Taon < 5
Volt/cm.

4. Aiauépewon rou DNA: Mépia DNA idiou pey€Boug aAAd S1apopeTIKAS dIaudppwaong

EXOUV OIaQOPETIKN KIVNTIKOTNTA. Ta pyoépia Tou DNA ptropei va gival KUKAIKG  (form-I:
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mAaouidia, Baktnpiakd A 11k6 DNA) 4 KukKAIKG Ta oTroia £xouv eykotrég (form-Il:
TTAaouidIa TTOU £X0UV €YKOTTEC OTN Wi aAuadida) i euBuypauua pépia (form-lll: givai
ouvBwg 6Aa T1a poépia DNA Ta oTtroia €xouv UTTOOTEI TTEWN WE TTEPIOPIOTIKES
VOUKAedoeg). H oeipd auénong Tng KivnTIKOTNTAG €ival: PoOpIo avoixTou KUKAoU
(xahapwpévo DNA-  relaxed), €uBuypauuo poplo  Kal  POPIO  KAEIoTOU

uTTEPOTTEIPWUEVOU KUKAOU (UuttepoTTEipwuévo DNA- covalently closed).

Meipapatikh dladikaaia

1.

Apxika TTpoeToipdlovtal 2 It puBpioTikoU dloAupatog 1X TBE (Tris-Boric acid-
EDTA) a6 10X TBE o€ moTip! (£0€WG.

MNa tnv TTapaockeun 1.5% 1NKTAG ayapodng, TotroBetouvTal 3.75 g ayapdlng oe
KWVIKA @IaAN Twv 500 ml kai mpooTiBevtal 250 ml diaAupartog 1X TBE. H kwvikn
KaAUTTTETQI ME OIATPNTO TIAPOQIAY Kol TO Miyua Bepuaivetal o€ @oupvo
MIKPOKUMATWY yia Aiya AETTTA PEXPI TNV TTAR PN diIdAuon TNG ayapdlng, avadelovTag
2-3 opég. To piyha TTpETTel va gival SIauyEg.

2TnN OUVEXEID VYIiVETAI N TIPOETOINOCIA  TNG OUCKEUNG NAEKTPOQOPNONG,
OUVOPHUOAOYOUVTAI TO ETTIMEPOUG TUNHATA OTO «KAAOUTTI» OTTOU Ba yivel n TINKTA, N
EM@AveIa pUBNICeTal WOTE va gival EVTEAWG ETTITTEDN Kal TOTTOBETOUVTAI TA KTEVIAL.
Otav n Bepuokpacia Tou SlaAupaTog ayapodlng ¢Bdoel Trepitou Toug 50°C,
TTpocTiBevtal oTnv Kwvik 8 ul Bpwuiouxou aiBidiou (EtBr) amd apxikd stock 10
mg/ml, pe TTTETA OTTOKAEIOTIKAG YIO TO OKOTIO autd Xprong woTe n TeAIKA
ouykévtpwan Tou EtBr va givar 0.32 pg/ml.

To Miyda avodeUeTal ETTOPKWG KI ATTOXUVETAI TTPOCEKTIKA OTO «KOAOUTTI» TTPOG
atropuyry  dnuioupyiag @uooAidwyv. Otav dnuioupynBei n TINKTH  ayapolng,
a@aipolvTal JE TTPOCOXNA TA KTEVIO KATAKOPUQA Yia Tn dnUIoUpYia TwWV QPEeATiLWY.
2TN oUoKeUr nAekTpoPodpnong TrpoaTiBevtal Ta uttéAoimma 1750 ml diaAupatog 1X
TBE ka1 58ul EtBr.

>1a 6¢eiypara DNA 1Tou TTpoopidovTal yia NAEKTPOPOPNON TTPOCTIBETAI 0 KATAAANAOG
OyKog puBpuIoTIKOU SiaAUpaTOog POpTWOnNnG (Orange G) o€ avaloyia 1:5 (Orange G:
DNA). To didAupa @oépTwong €xel PeyaAlTepo €I0IKO BApog atrd To vePO, UE
ammotéAeapa 10 deiypa DNA va Katokpateital oTov TTuBuéva Tou QPEATiou Kal va
EIOXWPEEI OTNV TTNKTH TNG ayapdlng META TNV @apuoyrh TG dlapopdg duvauikou.
Etriong, 1o didAupa eépTwong Bonbdel otnv TTapakoAolBNon TNG YETAKIVAONG Tou
DNA kaTd Tn dIApKeEIa TNG NAEKTPOPOPNONG.

AkoloubBei @opTwon Twv OEIyUATWY OTA QPEATIA TNG TINKTAG, KABwg Kal Tou
MapTupa DNA yvwoTtwy poplakwy Bapwv (DNA ladder).

E@appdletal otaBepr Taon (120 V yia 23 min).
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10. MeTd 1O TTEPAG TNG NAEKTPOPOPNONG N TINKTA EKTIOETAI O UTTEPIWDAN AKTIVOBOAIG
(302 nm), woTe va yivouv opatég ol {wveg Tou DNA, o1 otroieg @Bopilouv xdapn oTo

oUupTTAoKo DNA — EtBr. H pwTtoypd@ion Tng TTNKTAG £yive Pe To auoTnua Geldoc.

AlaAUpaTa

AigAupa 10X TBE (Tris-Boric acid- EDTA): 0.891 M Tris base, 0.889 M Boric acid, 31.8 mM
EDTA pH 8.0

To didAupa 10X TBE @uAdooetal oe Bepuokpacia TepIBAAAovToG. To TeAIKO didAupa 1X
ETOINACETAI AiyO TTPIV TNV NAEKTPOOSPNON.

PuBuioTikd didAuua edprwong: 15% ficoll 400, 0.25 % xpwoTik Orange G

Apxika 15 g ficoll og 30 ml ddH,O Bepuaivovtal oToug 55°C yia 15-20 min ye avadeuon
KA@Be 5 min, akoAouBei TTpooBikn ddH.O péxpr Ta 100 ml kai 0.25 g xpwoTikAg Orange G.
To piyda avadeveTal KaAd, xwpicetal oe cwAnvdpia Tou 1.5 ml kal ammoBnkeveTal OTOUG -
20°C.

3.16. MNoooTik aAucIdWTH avTidpaaon TTOAUPEPAONS TTpayuaTikou Xpévou (RQ-PCR)

Apxn TNG ueBBdOU

Me 1nv 1moooTikr] PCR mrpayuaTtikol xpovou (Real Time Quantitative Polymerase Chain
Reaction) TrpaydaToTTOIEiTAI QEIOTTIOTN AViXVEUON KAl PETPNON TWV TIPOIGVTWY TToU
onuioupyouvTal Katd Tn didpkela kaBe KUkAou PCR, Ta o1Toia avTioTOIXOUV GUECA OTO TTOCO
TOU QPXIKOU PNTPIKOU popiou katd Tnv évapgn tng PCR. Mg Tov TpOTTO QUTO PTTOPEi va
METPNBEi N TToodTNTA TOU TTPOIGVTOG PCR, eviy n avtidpaon BPioKeTal akOPN OTNV EKBETIKNA
@aon. MNa va emreuxBei autod, atraiteital pia EBOSOG yia TNV avixveuon Tou TTPOIOVTOG TNG
PCR kai éva unxdvnua oTo OTT0Ii0 va KATayPAPovTal Ta atroTeEAETUaTa KaTd Tn OldpKeEIa
KdBe kUkAou Tng PCR.

MpoutrdBeon yia Tnv TTOCOTIKOTTOINON €ival n avaAuon yovidiwv avagopdg. To
yovidio ava@opdg dev TTpETTel va dla@EépEl wG TTPOG Tov aplBud Twv avTiypdewy r 10
emiTedO E€KPPAONG O€ Oxéon ME TO UTTO MEAETN yovidlo. XTnv Trapouca dIaTpIfn
xpnoigotroidnke n Texvoloyia Tng SYBR Green. To 6pio o10 OTm0io O €10IKOG
@BopIouOG uTTEPPaivel Tov un €18IkOG @Bopioud (background) atroteAei 10 dlaXWPICTIKO
onueio (cut-off level). O kUkAog Tng PCR oTov oTroio yia TpwTtn @opd o pBOoPIcHOG
utrepPaivel To cut-off level ovoudletal KUKAOG peTamTwong (Ct), evw n TIUA Twv TTPOIOVTWV
OTOV KUKAO auTo €ival euBéwg avaloyn TTpog To 11000 TnG aAAnAouxiag-otéxou TTou
TEPIEXETAI OTO DEiYQ.

H k&6¢ avtidpaon mpayuatoTroigital o€ TeAIkd 6yko 20 ul. O1 ouvBrkeg avtidpaong

(Beppokpacia uBpIdIoUOU TWV ekKIVATWY: T annealing) emAéyovTal KABe Qopd avaAloya ue
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TN Oepuokpacia Tm TWV EKKIVATWY TTOU XpnoiyoTrololvTal. H Bgppokpacia Tm utroAoyileTal
atmd Tov Kavova: 4 x (G-C) + 2 x (A-T). Z1nv TTapouca diatpIfry o€ 0Aeg TIc RQ-PCR
XpnoiuoTtroinenke 1o éToiyo Master Mix SsoFast™ EvaGreen ¢ BioRad, TTou Trepigixe 10
évqupo, Ta dNTPs kai To MgClz. O kK&Be ekKIVNTAG XPNOIUOTTOINBNKE O€ TEAIKF) CUYKEVTPWON
0.25 uM. Ze kdBe RQ-PCR xpnoipoTroigital Travta éva apvntikd control (xwpic DNA) yia
TOV €AeyX0 MOAUVOEWY, KABWG Kal Wia TTPOTUTTN KAPTTUAN PE DIAdOXIKEG APAIOEIG EVOG
YVWOTOU TTOCOTIKOTTOINKEVOU OEiyUaTOG YIO TOV TIPOCBIOPICPO TNG ATTOdoong TG
avTidpaong eTTi TOIG £KaTO (efficiency %) Kal TNG OXETIKAG ) ATTOAUTNG TTOCOTIKOTTOINONG TWV
TTPOG £EETAON DEIYHATWV.

OAa T1a Odciypara (TTpog €¢€Taon, TG TTPEOTUTTNG KAPTTUANG Kal O apvnTiKOg
MApTUPAG) PTTaivouv €I dITTAOUV o€ TTAdKa 96-Bécewv. H TTposToigacia TG avridpaong
Oleg¢dyeTal oTOV TTAYO, KABWG KAl N UAaEN SAwv Twv avTidpacTnpiwv Katé Tn didpKeia
TIPOETOINACIOG TNG avTIOPAONG. 2TO TEAOG N TTAGKA «O@PAYiCeTal» KOAA HE TNV €IOIKN
O1d@avn HePPBPAvn, a@ou £xouv eAeyxBei OAa TA YPEATIA YIA ATTOPUYH UTTAPENG QUOAAIdWV.

Mia TutTikr) cuoTaon avtidpaocng RQ-PCR trapoucidletal otov lNivaka 3.6.

Mivakag 3.6: EvoeikTiKA oUoTaon Wiyyatog avridopaong RQ-PCR
AvtidpaoThpio Oykog
DNA i cDNA 1l
EkkivntAg F (5 uM) 1l
Ekkivnmg R (5 uM) 1l
EvaGreen MMix 10 pl
Gibco dH20 7 ul

ZuvoAIKOG 6YKOG 20 pl

AkoAoubei n pUuBpion Tou TTpoypdupatog TNG RT-PCR, n kataypa@r TG 6€ong Twv
OelyudTwyY oToV UTTOAOYIOTA Kal N avTidpaon ekiva. MeTd To TTEpag TNG avTidpaong yiverai
n emegepyaocia Twv Oedopévwy. XTnv Eikdva 3.1 Tapoucidlovral  eVOEIKTIKG Ta
atroTeAéoPATA EVOG TTEIPAPATOG, PE TIG KAPTTUAEG EVIOXUONG, TNV TTIPOTUTTN KAPTTUAN KAl TNV

KAUTTUAN TAENG TwV TTPOIOVTWYV, KABWG Kal £€va TUTTIKO BEPUOKPACIaKS TTPOYPaUUa.
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7] Data Analysis - Aggeliki_2015-09-04 ATX+B2M 25ng lung.pcrd
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Eikova 3.1: EvoeikTikO Treipapa RT-PCR. KauTrUAeg evioxuong Twv OelypdaTwy, TTPOTUTIN KOUTTUAN
pe amrédoon 99.7%, KauTTUuAN TAENG TWV TTPOIGVTWY, BEPUOKPATIAKS TTPOYPANA.

3.17. Avoooevqupiki puéBodog (Elisa)

Apxn NG peBOdou

H Elisa (Enzyme-linked immunosorbent assay) Bacifetar otn dnuioupyia oUuTTAOKOU
avTIyOVOU-avTIowpaTog Otav éva amd Ta OUo €ival akivntotroinuévo. To TTapaTTdvw
OUUTTAOKO aviXveUeTal OTav TO AvTiCWPa Tou GUUTTAGKOU A éva OeUTEPO QvTiICWHA TTOU
TIPOCOEVETAI OTO QVTIOWHA TOU CUPTTAOKOU €ival culeuypévo pe éva EvCUupo, TO OTTOIO ME
TNV TTPOCOAKN TOU KATAAANAOU UTTOOTPWHATOG TOU Ba dwael £va EyXPWHO TTPOIGV TO OTT0I0
METPATAI PACUOATOPWTOMETPIKA.

H Elisa yia Tov T000TIKO TTPOCdIoPIoNS Twy ITTEdwWY TNG ATX 010 TTAdoua Twyv
TTOVTIKWY TTOU XPNOIJOTTOINBNKE 0TO £pyaoTrpId Pag cival pia épueon Elisa otnv otroia n
TTOOOTIKOTTOINON YiveTal Je BAon pia TTPOTUTTN KAWTTUAN YVWOTWY OUYKEVTPWOEWY Hiag
avacuvduaopévng ATX.
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Meipapariki diadikaaia

2tnv Elisa xpnoigotroiotvrtal PIKPOTTAAKEG 96-B€0ewv atrd  €18IKO UAIKO, ouvABwg

ToAuoTupévio. Ta TTpog e&étaon OciypaTta, o1 apvnTikoi PYAPTUPEG KAl Ta onueia TNG

TTPOTUTTNG KAUTTUANG €€eTdlovTal €1¢ SITTAOUV.

1.

A)

B)

ApXIKG ToTToBeTOUVTAI TNV TTAGKA T ONEia TNG TTIPOTUTING KAPTTUANG, Ta deiyuaTa
ava@opdg Kal Ta TTPOG £&ETaon deiydaTa Pe TNV KATAAANAN apaiwon woTe 0 TEAIKOG
OYKOG O0¢ KABe ppedTio TNG TTAdKAG va gival 100 pl.

MpogTolyaaia TNG TTPATUTTNG KAUTTUANG

H avaouvduacopuévn ATX cuykévipwong 1000 ug/ml apaiwveral apxika pe didAupa
emioTpwong (coating buffer) oe 1000 ng/ml kar atrd ekei gava 1:10 og TEAIKO OyKO
450 pl (45 pl kai 405 pl didAupa ettioTpwong). 200 pl atmd TRV rATX CUYKEVTPWONG
100 ng/ml TotTroBeTOUVTAI 0€ BUO PPEATIA, TA OTTOIA ATTOTEAOUV TO TTPWTO ONHEIO TNG
TPOTUTING. AKOAOUBOUV JIAdOXIKEG OeIpIoKEG apaliwoelg 1:2 €wg  TEAIKA
ouykévTpwon 1.563 ng/ml pe TeAIKO Oyko o€ K&Be @pedTio Ta 100 pl.

MNpoeTolpacia Twv dEIYUATWY

Ta Trpog e&étaon deiypata (TTAdoua) apaiwvovtal 1:50 o€ didAupa eTioTpWONG HUE
TEAIKO 6yko 250 pl, atrd Ta otroia 100 ul diavépovTal o dUo PpedTIa.

2 K&Be TTAGKa e€eTalovTal dUO apvnTIKA KOVTPOA:

‘Eva xwpig 10 1° avTiowua, To OTToI0 TTEPIEXEI OEIYUa Kal

‘Eva xwpig TpwTeivn (TTAGOPQ) TO OTT0I0 TTEPIEXEI HOVO BIGAUMA ETTIOTPWONG.

H 1TTAGKa KAAUTITETOI PE TTAPAPIAY KAI KOTTAKI KI ETTWACETaI 0TOUG +4°C yia 12-16 h.
Tnv emmopevn pépa, adeIAdeTal TO TTEPIEXOPEVO TNG TTAGKAG PE YPAYOPO KI ATTOTOUO
XTUTTNUO O€ ATTOPPOPNTIKO XOPTI.

AkoAouBei TTPoOeKTIKN EKTTAUCH 5 @Qopég pe didAupa 0.05% PBST pe amoguyn
OXNMOTIOPOU QUOOAIdWY Kal ATTOPaKpUvETal TO dIGAUPA HE €vTovo XTUTTNUA TNG
TTAGKQOG O€ aTTOPPOPNTIKO XAPTI.

21N ouvéxela uTAokd&povTal o1 un €18IKEG BEoEIC TTPOCOEONG TOU QVTIOCWHATOS WE
100 ul 2% BSA o¢ 0.05% PBST ki etmwaon yia 1.5 h otoug 37°C.

Ade1GeTal TO TTEPIEXOPEVO TNG TTAAKAG KOl XwpIig EKTTAUCN TTPOOTIBevTal 0 KABE
PpedTio (ekTOG atmd Ta dUO PpedTia Tou apvnTikoU KOvipoA) 100 pl Tou TTpWTOU
avTiowpaTog a-ATX diaAupévou oe 2% BSA oe 0.05% PBST. H mAdka eTtwadetal
yia 2 h otoug 37°C, agpou TTpwTa £xel avadeuBbei yia 1 min oTnv avakivoupevn Baon.

To avriowua rabbit a-ATX Cayman xpnoigotroienke o€ TeAIKR ouykévipwaon 0.5
pa/ml.

‘ETreita, adeiddeTal To TEPIEXOUEVO TNG TTAGKAG KI ETTavaAauBdveTal 1o Briua 4.

AkoAoubBei TTpoobAkn ot kaBe @pedtio 100 ul Tou OeUTEPOU AVTIOCWUATOG
dlaAupévou og 2% BSA og 0.05% PBST. H mAdka eTrwddetal yia 1 h otoug 37°C,
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a@ou TTpwTa £xel avadeubei yia 1 min oTnv avakivouuevn Bdaon. To 2° avricwpa a-
rabbit xpnoiyotroicital pe apaiwon 1:2000 kai gival guleuyuévo Pe 1o éviupo HRP
(horseradish peroxidase), Tnv uttepogeIddcn Tou aypiopdaTTavou.

9. Z1n ouvéxela, adelaletal To TePIEXOMEVO TNG TTAAKAG KI eTTavaAauBaveral To Brpa
4.

10. H avdrrrugn tou XPWHOTOG YiveTal Pe TNV TTPOCBNAKN Tou utTooTpwHaToG TMB
(3,3’,5,5-Tetramethylbenzidine) ¢ HRP. 100 pl ¢@péokou diaAuparog TMB
TTPOCTIBEVTAI 0€ KABE PpedTIO Kal eTTwdlovTal yia 10 min o€ Bgppokpacia dwuatiou
OTO OKOTAD!.

11. H avtidpaon otauartdel ye tnv mpoconkn 50 ul 2M H2SO4 Kal To Wiypa OTTOKTAEI
KITPIVO Xpwua.

12. H atroppdé@non perpdral ota 450 nm pyéoa ota €TTOMEVA 5 min.

MNa kaBe deiypa uttoAoyidetal 0 PECOG OPOG Twv OUO TIHWYV Twv dUO PPEATILWY
(duplicates). ®Tidxvetal n TTEOTUTIN KAUTTUAN e BAON TIG ATTOPPOPATEIS TWV YVWOTWV
OUYKEVTPWOEWYV TNG avaouvduacopévng ATX kal atrd 1o yEco O6po a@alpeital n TIWAR Tou
apVNTIKOU YapTupd. H ypauuIkOTNTa TNG KAPTTUANG EAEYXETAI HE TNV TIMA 2. O1 aTTOdEKTEG
TIWEG Twv Oeiyudtwy TPETEl va Ppiokovtal eviog Twv opiwv TG Tpotutng. O
TTPOGOIoPIoHOS TNG OuyKEVTpwONG NG ATX (ng/ml) Twv delyudTwy yivetal ye Baon Tnv
e€iowon TTou TTPOKUTITEI ATTO TO YPAPNUA apoU TTOANATTAACIOOTE JE TNV APXIKN apaiwan

TOU OEiyuaToG.

AlaAuuaTta

AidAuua emiotpwong pH 9.6: 0.012 M NaCOs, 0.028 M NaHCO3

PBST 0.05%: 0.05% (v/v) Tween o€ 1x PBS

Ppéoko SidAuua TMB (pwrocuaiobnro): 0,1 mg/ml TMB o€ KITPIKO SIGAUNA QUTPOPIKWV
(citrate phosphate buffer). Z& 10 ml KITpIKOU dIGAUUATOG UOPOPIKWY TTpooTiBevTal 100 pi
TMB 10 mg/ml ka1 3 pl 30% H.O akpiBwg TTpIv TN XPrnon.

Kitpik6é diGAuua pwopopikwv pH 5: 0.085 M NaHPO..2H,O, 0.025 M KiTpikG 0&U
(CeHsO7.H20).

3.18. NMpoadiopiopdg evCupIKng dpacTiKOTNTAG TNG ATX (TOOS assay)

O poadiopioudg TNG EVEUUIKAG OpaaTIKOTATAG AucOPWa@oAITTaong D (LysoPLD) Tng ATX
TTpayuaTtoTroIinénke pe Tn uEBodo TOOS.

Apxn NG peBOdou
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H ATX kataAuegl TN YETATPOTTA TNG AUCOPWOPATIOUAOXOAIVNG 0€ AuCOPWOPATIBIKO 08U HE
Tautoxpovn ateAeuBépwaon TnG XoAivng. H atreAeuBepwpuévn XoAivn o&eidwveral e Tn
opdon Tng o&eiddong TnG XoAivng Tpog Trapaywyr Petdivng kalr utrepofeidiou ToU
udpoyoévou (H20z). To H20; dpa wg 0&eIdwTIKOG TTapdyovTag, TO OTT0I0 TTapoudia NG
utrepo&eiddong HRP (horseradish peroxidase), avridopd pe 10 avridpactipio TOOS (N-
ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline) kar 10 4-AAP (aminoantipyrene)

oxXnMaTiCovTag éva CUUTTAOKO pog XPWOTIKNG KIVOVEIPivNG, n oTToia atmoppo®d ota 555 nm.

Meipaparikh dladikaaia

OAa T1a deiypara egerdlovral €1 dITTAOUV. & KABe TrEipapa XpNOIMOTTOIoUVTAl Ol £ENG
MApTUPEG: ApvNnTIKOG PapTupag (blank- no sample) o o1roiog dev TTeEPIEXEl DEIYA OAAG HdvOo
O1dAupa+LPC, apvnTtikdg pdptupag Xwpic LPC (no LPC) TTou trepi€xel deiyua kal didAuua
Xwpi¢ LPC, BeTik6g papTupag choline chloride yia tov éAeyxo die€aywyng g deuTtepng
avTidpaong, KaBwg Kal éva yvwoTo BeTIKO deiypa.

1. ApxIK& TTapaokeudadeTal To puBpIOTIKO diIdAupa 1 X LysoPLD buffer atnv emBuunt
moootnTa. MNa 10 ml 1 x LysoPLD buffer (tTou avtioToixei o€ pia oAdkAnpn TTAGKa)
TpoacTiBevTal o€ giaAidio TUtrou falcon: 1 ml 1 M Tris-HCI pH 9.0, 1.25 ml 4 M NaCl,
0.025 ml 2 M MgClz, 0.025 ml 2 M CaClz, 0.02 ml 30 mM CoClz, 7.68 ml MilliQ-HO.

2. Amé 10 Trapatdvw didAupa, 200 ul euAdooovtal ae cwAnvdpio 1.5 ml TTou Ba
XPNOIEUOOUV YIa ToV apvnTIKO pudpTtupa povo lyso-PLD yxwpig LPC.

3. Ztofalcon pe 10 9.8 ml 1 x LysoPLD buffer mpooTiBevrai 100 pl LPC 16:0 até stock
100 mM A 50 pl ammd stock 200 mM LPC, rpokelgévou n TEAIKA CUYKEVTPWOTN TOU
LPC va givai 1 mM kai 10 piypa emmwddetal otoug 37°C yia 30 min.

4. Metd v emmwaon, o€ TAdKa 96-6€oewv TotmmoBeTouvTal 99 pl diaAvpatog 1 X
LysoPLD+LPC o¢ kGBe @pedTio, €KTOG aTro Ta 2 QPEATIA yIa TOV apvNnTIKO HApTUpa
no LPC étrou TotmoBeTouvTal 99 pl diaAupatog 1 x LysoPLD (xwpig LPC). EmittAéov,
oTa 2 epedTia Tou apvnTikoU pdpTtupa blank -no sample- totroBetouvTal 100 pl 1 x
LysoPLD+LPC.

5. lNa kd@Be deiyua, 1 pl mMAdopatog ovTikoUu apaiwvetal ota 99 ul diaAupaTtog 1x
LysoPLD+LPC (] LysoPLD xwpi¢ LPC otnv mepitrtwon tou ho LPC apvnrikou
MapTUPQ).

6. H mAdka emwddletal otoug 37°C yia 4 h KaAuppévn e TTAPO@IANY, KATTAKI Kal
aAoupIvOXapTO.

7. 15 TrepiTrou AETTTA TTPIV TO TTEPAG TWV 4 h, N atrairoupevn ToodTNTA TOU dIAAUNATOG
5 mM MgCl, oe 50 mM Tris-HCI pH 8.0 Beppaivetal otoug 37°C yia 10 min.

8. Aiyo mpiv T0 TEAOG TNG €TTWaAONG, €ToINAdeTal TO diGAUpa color mix wg €¢NG: e

@IaAidio TuTTou falcon TrpooTiBevTal Ta 9.55 ml Tou {eoToUu diaAuparog 5 mM MgCl.
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og 50 mM Tris-HCI pH 8.0, 150 ul HRP até stock 530 U/ml, 100 ul 4-AAP atoé
stock 50 mM, 100 pl TOOS amd stock 30 mM, 100 ul o&eiddon TnG XoAivng atmmoé
stock 200 U/ml kai To piypa avadeleTal KaAG.

9. 100 pl amdé T1O color mix TpooTiOevTal O€ KABE @PEATIO PE TTOAUTTITTETA
QTTOQEUYOVTAG TN dnuioupyia UCAAidwv.

10. AkoAouBei apéowg pia pérpnon NG amoppdenong ota 555 nm Kal 0Tn CUVEXEID
AauBdvovtal dIadoXIKEG PETPAOEIG TNG ATTOPPOPNONG KABE 5 AETITA yia XPOVIKO
d1dotnua 20 AeTTTWYV, KATA TO OTT0I0 N TTAAKA £€0KOAOUBET va eTTwaeTal 0Toug 37°C
KOAUPPEVN ME TTAPA@IAN, KOTTAKI KOl GAOUUIVOXOPTO.

11. 2Tn ouvéxela, n atroppOPnaon TTAPOUCIAeTal dlayPaPUATIKG EvavTi Tou XpOvou TNG
avTidpaong (0-20 min) kI €TAEYETAI TO YPAPMIKO TUAKA TNG avTidpaong, ouviBwg
0-10 min 1} 0-15 min. lMNa 1O YPAUUIKO KOPPATI TNG avTidpaong uttoAoyideTal n kKAion
NG KAPTTUANG (dA/min).

12. TéNog, n dpaoTikéTNTa TNG ATX uTtoAoyileTal Pe BAon TNV TTapakdTw egiowon:
ApaoTikdotnTa (U/ ml) = (umol/ min/ ml) = [dA/ min (&¢iypaTtog) - dA/ min (blank)] *
Vt/ (e* Vs* 0.5), 61T0U
Vt: GuvoAIkOGG Bykog TN avtidpaong ae mi
Vs: 6ykog Tou KaBe deiyuartog ae mi
€: OUVTEAEOTAG ammOoBEOnG TNG XPWOTIKAG KIVOVEIMIiVNG, O OTIoiog yia TIG
OUYKEKPINEVEC TUVBRKEG TNG TEXVIKAG gival 32,8 ymol/ cm?

0.5: Ta moles TNG XPWOTIKAG KIVOVEIPivng TTou TTapdyovTtal armd 1 mol H0x.

AlaAupuaTta

1 x LysoPLD buffer: 200 mM Tris-HCI pH 9.0, 500 mM NacCl, 5 mM MgCl,, 5 mM CacCl,, 60
UM CoClz, 1 mM LPC

Colour mix: 0.5 mM 4-AAP, 7.95 U/ml HRP, 0.3 mM TOOS, 2 U/ml choline oxidase o¢ 5
mM MgClz/ 50 mM Tris-HCI pH 8.0

Ta stock diaAupara NaCl, MgCl,, CaCl,, CoClz, HRP, 4-AAP, TOOS kai n o¢giddon NG
XOAivnNG @uAdooovTtal o PIKpoU Oykou UTTOTTOAAQTTAGCIO OTOoug -20°C Kal TTPETTEl va
TTpooTaTEUOVTAI ATTO TO PUWG.

To didAupa 5 mM MgCl, e 50 mM Tris-HCI pH 8.0 diatnpeital otoug +4°C TTPOCTATEUMEVO

a1Td TO PWG KAl PTTOPET va XPNOIUOTTOINBEI HEXPI KAl €va Jrva.
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3.19. SDS PAGE nAekTpo@dpnon TTPWTEIVWOV

ApxA TNG pEBBdOU

H péBodog auth Baocifetal 0TO dIAXWPICHO TwV TTPWTEIVWV BACEI TOU HOPIAKOU TOUG
Bdapoug kal TTpayuatoTrolEiTal UTTG OuvOnKeg TTou Blao@aAi(ouv TNV ATTOBIATAEN TWV
TIPWTEIVWV KAl TO YN OXNUATIONO CUCCWHATWHATWY. To Beikd dwdekuAikd vaTtpio (SDS:
sodium dodecyl sulfate) Trapoudia evog avaywyikou TrapdyovTa (B-pepkatroaiBavoAn) Kai
o€ ouvduaoud Pe TNV uywnAn Bepuokpacia atmodiaTAooEl TIG TIPWTEIVEG KATOOTPEPOVTAG
TNV TPIOdIGOTATN dOUN TOUG HE TN DIACTIOCN TWV HN- OUOIOTTOAIKWY dECPWY TouG. H B-
MEPKATITOAIBAVOAN ATTOTPETTEI TO OXNMUATIOUO SIGCOUAQIBIKWY deouwV. To SDS wg aviovikn
ETTIPAVEIOOPACTIKA OUCIa ETTIPEPEI APVNTIKO POPTIO OTIC TTPWTEIVEG OTAV TO UBPOYPOROo
TMAMG TOUu ouvdebei 10XUPG OTO USPOPORO TUAWA TWV TIETITIOIKWY OAAUGIdOWY Twv
TpwTeivwy. Katd ouvémela, ol TTpwTeiveg (CUPTTAOKO SDS-mroAutremTidiou) umd Tnv
eTTidpaan nAekTpikoU TTediou Ba KivnBouv TTpog Tnv avodo (BeTIkOG TTOAOG). H TaxutnTa
METOKIVNONG OTNV TINKTA TTOAUGKPUAGUISIOU OUYKEKPIMEVNG OUYKEVTPWONG £€apTATAl ATTO
TO PéyeBOG TWV TTPWTEIVWIV, TO OXNUA Kal T oUvdeon Toug ue To SDS. Me 1n xprnon
MAPTUPG YVWOTWV HOPIaKWY Bapwyv PTTopei va ekTIunNBei 10 popiakd BApog Twv
TTOAUTTETITIOIKWY OAUCIOWY TWV UTTO avaAuon TTPWTEIVWV.

H 1Nkt TTOAUOKpUAQUIdiou dnuIoupyEiTal WE TTOAUMEPIOPNO TOU HOVOUEPOUG
OKPUAQUIBiou TTou odnyei 0To OXNUATIONO aAucidwv TToOAUaKpUAauIdiou, o1 oTToieg gival
ouvdedepéveg e bis-akpuAauidio (cross links). Me tnv TTpooBAkn Tou TEMED (NNN'N’-
tetramethylethylenediamine) emrtaxuveral o TTOAUPEPIOPOG, KATAAUOVTOG TO OXNMATIONS
eAeuBépwyv pIfov o1 oTToieg TTapéxovtal atmd 1o utrepBekd apuwvio (APS). H 1nkTA

TToOAUOGKpUAQUIBiou TTepIAaPBAvel TNV TINKTH SiaXwPICHOU KAl TNV TINKTH €TIOTOIRAgNG.

Meipapartikh diadikaoia
Mapaokeur) TTNKTAS TTOAUGKpUAauIdiou
1. H ouykévipwaon NG TTNKTHG dlIaXwpEIoHOU TTIAEYETAI avAAoya PE TO opIakd BApog
NG Tpog e&Etaon Tpwreivng. MNa tnv ATX xpnoigotroiidnke 8%. A. MNa tnv
Trapackeury 10 ml 8% TNkt dlaxwpiopou TTPpooTéBnKav oe owAnvdpio 4.6 ml
atmoviopévou vepou, 2.7 ml diaAupatog 30% akpuAauidiou, 2.5 ml 1.5 M Tris pH
8.8 (d1dAupa diaxwpiopou), 0.1 ml 10% SDS, 0.1 ml 10% APS, 0.01 ml TEMED. B.
MNa v mapaokeu 4 ml 4% 1NKTAG €moToiBagng TTpoaTéBnkav o€ cwAnvdapio 2.7

ml atmoviopévou vepou, 0.67 ml diaAUpatog 30% akpuAapidiou, 0.5 ml 1 M Tris pH
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6.8 (d1dAupa ocuptrikvwong), 0.04 ml 10% SDS, 0.04 ml 10% APS, 0.004 ml
TEMED?.

2. A@ouU ocuvapuoAoynBei n cuokeur] xUTeuong TNG TINKTAG, eyxUETal EVvIOC Twv dUO
YUGAIVWV ETTIQAVEIWV ETTAPKAG TTOOOTNTA WiyuaTog diaxwpiopou uttoAoyifovTtag va
UTTAPXEI XWPOG YIa TNV TINKTH €MOTOIRagNG.

3. MNdavw ammd 10 Miyha dlaxwpiopou eyxUETAl ICOTTPOTTAVOAN HEXPI VA KOAAUQOEi
TTANPWG N CUOKEUR XUTEUONG.

4. Metd atré mepitrou 30 min Kal apou £xel OAOKANPWOET 0 TTOAUPEPIOUOG, ATTOXUVETAI
TTPOCEKTIKA N ICOTTPOTTAVOAN Kal EYXUETAI ATTIOVIOUEVO VEPO.

5. XTn ouvéxela atroxUveTal TO VEPO Kal ATTONOKPUVETAI N TTEPICCEIG TOU TTPOCEKTIKA
ME dINBNTIKG XapTi.

6. AkoAouBei €yxuon Tou piypaTtog £TmoToiBagng Tavw atrd TNV TTNKTH dIaxwpPICHoU
KAl GUEDN TOTTOBETNON TWV KTEVIWV ATTOPEUYOVTAG TN dnuIoupyia QUOAAIdwWV.

7. Merd amd Ttrepitmou 30 min OAOKANPWVETAI O TTOAUMEPIONOG. 2TO  UETASU,

TTpogToludlovTal Ta TTPOG e€ETaon deiyuara.

MpocTolpaaoia delyUATWY KAl NAEKTPOPOPNON

8. Zrta O&ioAUpaTa TwWv TIPOG NAEKTpOPOPNON TIPWTEIVWY TTPOoCTiBeTal  SiGAuua
OEIYMATWY TTOU TTEPIEXEI B-pepKaTITOAIBavVOAN Kail SDS kai Bgpuaivovtal aToug 95°C
yia 5 min.

9. ZuvappoAoyeital KaTAAANAQ N CUOKEUN KABETNG NAEKTPOPOPNONG KOl TOTTOBETEITAI
otnv €8Ik defauevrn n otroia yepieTal e TTePITToU €va AiTpo puBuIoTIKG diGAuua
NAekTpOPOPNONG* UE TN OTABUN Tou va BpiokeTal 1-2 cm TTavw aTTd TNV ETTIPAVEIX
TWV TTNKTWV.

10. AkoAouBei n popTWAON TwV OEIYUATWY KAl TOU HAPTUPG YVWOTWV HOPIOKWY Bapwv
a@oU €XOUv aQaIPEBEi e TTPOCOXN TA KTEVIO KI €XOUV KABAPIOTEI Ta QPEATIO WE
QTTIOVIONEVO VEPO.

11. H ouokeun Tpo@odoTeital he NAEKTPIKO peupa ota 80-120 V éwg 6Tou n {wvn TG

XPWOTIKAG SIOTPECEI KATA WAKOG TNV TTNKTH.

Xpwan yia LEAvion Twv TTPWTEIVWV

3 Ta APS kat TEMED nipootiBevtat Aiyo miptv yivel n emiotoifagn twv 800 SLaAUpPATWY pag kot To §Uo Spouv
KOTAAUTLIKA OTOV TTOAUKEPLOUS TOU akpuAauLsiou.

4 Mpwta yepiletar pe StdAvpo nAektpoddpnong o XWPog avApeso ot SU0 TNKTEG TIPOKELEVOU Vo
emPBeBalwBOel otL bev uTtdpyet Slappon.
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12. MeTd 10 TTéPAg TNG NAEKTPOPOPNONG N TINKTH ToTToBETEITAI O doxeio pe diGAupa
XpwoTiKAG Coomassie kal ugioTaTtal Xpwaon yia Tepittou 1 h oe Bepuokpacia
TrepIBAAAovTOG UTTO ATTIa avadeuan.

13. AkoAouBei €KTTAUGN TNG TINKTAG KE ATTIOVIOPEVO VEPO KAl ATTOXPWHATIONOG TNG WE
eMBATTIoONn o€ diIGAUpPa atToxpwuaTiopou yia 1-3 h 1 yia 6An T vuxta (O/N) avdAioya

MeE To didAupa TTou Ba XpPnNOoIhoTTOINOEI.

AlaAuuaTta

AidAupya 30% uiyuaro¢ akpuAauidiou: 29.2% (wilv) akpuAapidio, 0.8% (w/v) N,N’-
methylene-bis-akpuAapidlio

AidAuua deiyudarwy (sample buffer) Laemli 5x: 10% SDS, 50% yAukepoAn, 60 mM Tris pH
6.8, 100 mM DTT, 0.1% pmAe TG Bpwpo@aivoAng f evaAAakTikd 10% SDS, 30%
YAUKEPOAN, 625 mM Tris pH 6.8, 25% [B-pepkatrroaiOavoAn, 0.01% JtTAE TG
BpwuoaivoAng. duldooetal aToug -20°C.

AidAupa nAektpopdpnong (running buffer): 25 mM Tris base, 192 mM yAukivn, 0.1% SDS
AidAuua xpwaong tn¢ mnkti¢ Coomassie stain: 50% (v/v) peBavoAn, 10% (v/v) ofikd ogu,
0.1% (w/v) brilliant blue G

AidAupua ypriyopou ammoxpwpariopou (fast de-staining: 1-3 h): 50% peBavoAn, 10% o&Ikod
o&u

AidAuua apyou ammroxpwuariouou (slow de-staining: O/N): 5% peBavoAn, 10% o&iko o&u

3.20. AvoooaTtrotutiwon TrpwTeiviov (Western blotting)

ApxnA TNG HEBOBOU

H avoooamotUmwaon katd Western gival pia avaAuTikr) u€60dog atnv oTToia TTPWTEIVES TTOU
£XOUV BIaXWPIOTEI JE NAEKTPOPOPNON HETAPEPOVTAI ATTO TNV TTNKTH TTOAUGKPUAQuIdiou o€
AETTTA HEUPBPAVN Kal AVIXVEUOVTAI UE HOVOKAWVIKA i} TTOAUKAWVIKA avTicwpaTa. H pébodog
BaaoileTal aTnVv IKAvVOTNTA TTPOCOECNG TWV QAVTICWHATWY O€ AKIVNTOTTOINKEVES TTPWTEIVES
oTn MEMPBPAvN. To GUUTTAOKO avTIyOVOU-avTICWHATOS avIXVEUETAI e TN XpAon OeUTEpoU
QVTICWHATOG TO OTTOI0 TTPOCBEVETAI OTO TTIPWTO KAl €ival OPOIOTTOAIKA OUCEUYUEVO PE
¢vqupo. Mg Tnv TTpoaBrikn Tou KatdAANAOU UTTOOTPWHATOG Yia TO £vCUMO YiveTal avTidpaon,
n otroia TTapdyel éva £yXpwHo TTPOoIOv TTou BonBdel aTov evioTiopd TG TpwrTeivng. Ol

XPNOILOTTIOIOUUEVES HEPBPAVES gival VITPOKUTTAPIVNG, VAIAov 1] PVDF 42,

Meipapariki dlodikaoia
1. H mnkm) gpBamTifetal o€ KpUo pubuIoTIKO didAupa peTagopdg semi-dry yia 15-30

min.
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KoBovtalr 6 kopudtmia dinBntikou xaptiou Whatman 3mm kai n  peuBpdvn
VITPOKUTTAPIVNG OTIG dIGOTACEIS TNG TINKTAG KI guBarTifovial 0T0 PuBuIoTIKO
O1dAupa peTapopdg.

21n ouokeur Trans-Blot SD-Dry Transfer Cell cast TommoBeto0vral pye 1n ocipd 3
EUTTOTIOMEVA KOPPATIO BINBNnTIKOU XapTiou Whatman, n egmomiopévn heuBpdvn
VITPOKUTTAPIVNG, N TINKTI KAl TA UTTOAOITTA 3 €UTTOTIOMEVA KOPUATIO dINBNnTIKOU
xapTiou Whatman. Ztnv TTAeUpd TNG OUOKEUAG TTOU €ival n dvodog TTPETTEl va
BpiokeTal Ye oelpd N HEPPBPAVN VITPOKUTTAPIVNG KAl JETA N TTNKTA TTOAUGKPUAQUIBioU
K1 6x1 avTioTpo®a.

Eg@apudletal nAekTpikr) T@don 20 V yia 20 min ) 11 V yia 35 min.

‘ETeIma, EAEYXETAI N HETAPOPA TWV TTPWTEIVIIV HE XPWON ponseau yia eAGXIoTA sec.

6. AkoAouBei ékTTAUON TNG PEPBPAvVNG uTtd avadeuon TTPWTa PE vePd 2-3 YOopPES Kal

10.

11

12.

13.

META pe IXTBST péEXPI VO ATTOUAKPUVOEI TITARPWG N XPWOTIKH.

MpayuartoTtroigital emwacn NG PePBpdavng pe didAupa 5% (w/v) dtmayxou YAAAKTOG
(NFM) oe 1XTBST 0.05% yia 1 h umd avdadeuon oe Bepuokpacia dwpaTtiou
TTPOKEINEVOU VO KAAUPBOOUV oI un €10IKES BECEIC TTPOCOECNG TOU AVTICWHATOG OTN
MEPBPAvVN.

21N OUVEXEID, N MEMPBPAVN ETTWAETAI JE TO TTPWTO AVTICWHA apalwpévo o€ 5% (w/v)
dammayxo yaAa ae TBST 0.05% yia 12-18 h (overnight) umé avadeuon oTtoug +4°C.
XpnolyoTroinénke €ite 1o povokAwvikG avriowpa 4F1 tou é€xel mmapaxBei o€
apoupaio o€ apaiwan 1:1000 cite To TTOAUKAWVIKG Cayman TTou €xel TTapaxOei o€
KOUVEAI o€ apaiwon 1:250.

Tnv eméuevn nuEpa TTpayPaTOTIOIEITAI EKTTAUCT TNG MEURBPAvVNG pe IXTBST 0.05%
3 popég yia 10 min ékaoTn, uttd avadeuon.

2TN OUVEXEID N HEPPPAvVN eTTwWAleTal PE TO OEUTEPO QVTIOCWWA, TO OTIOIO Egival
ouleuypévo pe 1o éviupo HRP, yia 1 h og Bepuokpacia dwuatiou utrd avadeuan.
Qg delTepO avTicwpa XpnoidoTroINOnkKe giTe a-rat €ite a-rabbit avdAoya pe 1o TTpWTO

avriowua o€ apaiwon 1:2000.

. AkoAouBei éktTAuon TG PePPBPAvNg e IXTBST 0.05% 3 @opég yia 10 min ékaoTn,

uttd avadeuon.

To oUJTTAOKO QavTIYOVOU-QVTIOWWATOG  yiveTal opatd Je TN XPAon Tou
avmidpacTtnpiou xnuelopwrtavyeiag ECL  (enhanced chemo-luminescence).
AvapiyvieTal ion ToooTnTa avtidpacTtnpiwv avixveuong A kai B (1:2) akpiBwg tpiv
N Xprnon Kai emwadetal n yePPpavn yia 1 min oto OKOTAd!.

ATmropakpuvetal n Trepicoeia Tou ECL kal akoAouBei n atreikdvion Twv TTPWTEIVWV

ME To ouoTnua epeaviong Chemidoc tng BioRad.
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To avmidpacTripio ECL atroteAcital ammd AoupivoAn, Koupapiké ofu kal H2O-. To culeuyuévo
ME TO OeUTEPO avTiowpa €vCUPO TNG UTTEPOEEIBAONG KaTOAUEI TNV O&EIdoavaywyikh
avTidpaon avaueoa otn AoupivoAn kail To H2Oz. To Sieyepuévo evaIAUETO TNG TTAPATTAVW
avTidpaong METATTITITEI O XOUNAOTEPN EVEPYEIOKN KATAOTACON EKTTEUTIOVIAS QWG. To
Koupapiké ofu evioyuel £wg kal 1000 Qopég Tnv £vIaan TOU EKTTEUTTIOMEVOU QWTOG.

H €10IKOTNTA TWV XPNOIMOTIOINBEVTWY AVTICWHATWY €ixe EAeyXOei ae TTponyoUpuEvVn

MEAETN TOU epyaaTnpiou pag 2°,

AlaAuuaTta

AidAupa TBST 10x: 100 mM Tris pH 8.0, 1.5 M NaCl, 0.5% Tween 20

AidAuua petagopac orn ueuBopdvn semi-dry: 48 mM Tris base, 39 mM yAukivn, 0.0375%
SDS, 20% uebavoAn

3.21. Yypn xpwuaTtoypagia ouleuypévn Ue @acpaToueTpia palag HPLC-MS/ MS

Apxn TNG ueBBdOU

H uyph XpwuaTtoypagia gival pio d1axwpEIoTIKA TTOIOTIKA KAl TTOOOTIK avAAUTIKA TEXVIKN,
oTnv otroia o dlaxwpPIoHOS TwV CUCTATIKWY Tou Otiypatog Baciletal oTn ouvOuUACoTIKA
Opdon WIag OTATIKAG Kal Jiag KivATAS @aong. Me Tn fonBeia avtAiag, o uypdg dIaAUTNG TTou
TTEPIEXEI TO TTPOG avAAuon deiypa diEpXETal UTTO UYNAN TTieon HEOW HIOG OTHANG N oTroia
gival yeudtn pe éva oteped TTPoapo®nTIKG UAIKO “%3, H apxn Tng @acuartoueTpiag palag
BaoiCetal oTn dnuioupyia 1I6VTWY JIag évwong (Kupiwg BETIKWYV), To dlaxwpiopo Toug Bdoel
Tou Adyou TnG pAdag TTPOG To @OpPTio (M/Z) Kal TNV aviXVEUON TOUG PE ATTOTEAEOHA TNV
TTapaywyr @adocuaTog. ‘ETol, duvartal va TTpoadIopIoTEi TO JOpPIako BAPOG TNG £Evwong Kal 0
TPOTIOC OUVAETNS TWV S1IaPOPWV OPAdWY PETAEU Toug “%4. H alUleutn Tng euaiobnaiag Tng
MS pe Tnv emAekTikOTNTA TNG LC ptropei va avaAuoel TToIoTIKG 1] TTOOOTIKA AyVWOTEG

EVWOEIC i} EVWOEIS TTOU BpiokovTal g€ TTOAU XARNAEC OUYKEVTPWOEIG 4°°,

Meipapatikg diadikaoia avaktnong AImdiwy
H ekxOAion Twv Ammdiwv a1ré 170 TTAACHA TTPaYHOTOTTOINBNKE OTOV TTAY0, CUMPWVA WE TN
uéBodo Folch 4% e pikpég TPOTTOTIOINCEIG.
1. 50 pl mAdopatog avapryvuovtal ge 950 pl PBS kal eytrAouTiCovTal PJE TO Hiyha TwV
EOWTEPIKWV TTPOTUTTWV AImIdiwv (17:0 LPA/ LPC/ LPS/ LPG/ LPE).
2. MpaypatoTroigital eKxUAION o€ oudETEPO pH BUO QOPEG PE TNV TTPOCBNKN 4 ml KpUuou
Miypatog xAwpo@opuiou/ peBavoAng (2/1, viv) kai oTn CUVEXEIQ PE TNV TTPOCBNKN 2
ml KpUou piypatog xAwpo@opuiou/ peBavoAng (2/1, viv) kopeouévo e PBS.
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3. Metd amd kdbe BrAua ekxUAIong TTpayudaToTrolEiTal évrovn avadeuon (vortex) yia 1
min kai guyokévrpnon ag 3000 rpm yia 1 min oToug +4°C.

4. O KATW OPYAVIKEG QACEIC Kal aTTd Ta dUo oTddia €kKXUAIONG o€ oudétepo pH,
OUVEVWVOVTOI O€ éva cwAnvAapIo Kal dlaTnpouvTal 0Tov TTAYo yIa TNV ETTIKEIUEVN
péTpnon Tou LPC kai Tou PF8380.

5.  H avw udaTtiki pdon apou aebei va kpuwaoel oTov TTayo yia 10 min Kal JeTd atro
ogivion pe ofIkO 0&u €wg Tnv TN pH 3.0, ugicTatal ekXUAION dU0 QOpPEG PE KPUO
Miypa CHCI3/ CH3O0H (2/1, viv), 6TTwg 6To BAKA 2 TTPONYOUUEVWG.

6. O1KATW OPYAVIKEG PACEIG TTOU TTPOEKUWAV aTTd TIG OUO EKXUAICEIG EVWOVOVTAI O€ £va
owAnvaplo, oudetepoTrololvTal o€ pH 6.0-7.0 oTov TTayo Kal TTpoopifovTal yia ToV
TTPoodIopIoHS TwV Aucopwaoohimdiwy LPA, LPS, LPG, LPI kai LPE.

7. H o@ulaypévn kdtw opyaviki @Aacn TnG €KXUAIoNG ot oudétepo pH kKal n
eCoudeTepwUEVN OGIVIOUEVN KATW OPYAVIK @Acn e¢aTpifovTal JEXPI Enpou.

8. Ta iZRuara emmavaiwpouvtal o 0.15 ml 1commpoTravoAng kabapotntag HPLC
KAatdAAnAng yia HPLC-ESI/ MS/MS kai PeTd atrd oUvIoun €viovn avAadeuon
MeTagEpOvVTal oTa QIaAidIa Tou auTtéuaTtou derypaToAfTTn HPLC yia avdAuon.

H avakTtnon 1Tou emteuxOnke nrav 90% yia tov PF8380, 60—-85% yia Ta €idn Tou LPA kai
80-100% vyia ta LPC, LPS, LPG, LPI kai LPE.

Xpwuartoypagik avaiuon HPLC-MS/MS

H avdAuon mpayuartotmmoinbnke pye T othAn mupitiou Luna Silica column (2-250 mm,
péyeBog owpaTmidiwv 5 mm) TG Phenomenex (Phenomenex, Torrance, CA, USA)
xpnoigotroiwvtag  éva  Tpoypauua  OIMARG  diapdBuiong Tou  atroTeAsitar  atrd
I00TTPOTTAVOAN: £¢dvio: 100 mM @opuikéd aupwvio (NH.CO2H(aq)) 58:40:2 (kivnTA @daon A)
Kal 1o0TTpoTTavoAn: €¢avio: 100 mM @oppikd appwvio (NH4COzH(aq)) 50:40:10 (kivntA
@daon B). O puBuédg porg Tng Kivntg @daong Atav 0.3 ml/min kai 0 GuvoAIKOG XpOvog porg
fnrav 50 min yia k&Be deiyua. Me Bdon auth Tn péBodo Ta Aimidia ekAoUuaBnkav atrd TN
OoTAAN.

H avdAuon éyive pe TEXVIKN 10VIOPOU PECW nAekTpowekaouou (ESI) pe BeTikn
@opTion SIM (Single lon Monitoring) oTnv TTNYA 10viopoU yia Ta €idn Tou LPC kai tov
PF8380 1Tou avakténkav atrd 10 oudETepo KAAOUA Kal JE apvnTIKA GOPTION OTNV TTNYN
IoviopoU yia Ta €idn Tou LPA kai Ta LPS, LPG, LPI, LPE 1Tou avaktiénkav oTo ogIvVIouévo
KAdopa. H avdAuon eixe diakpimikr) ikavotnta 100 K mrapéxovrag uwnAl akpifeia yia n
METPNON TwV AucoPWoPoNITTISiwY. H cuAAoyr Kal N eTTECEPYATia TwWV OEBOPEVWV EYIVE E
10 Aoyiopiko Xcalibur (Thermo Scientific). H pafa tou rpédpopou 16vTog XpnoiuoTToinonke
yld TNV TTOOOTIKOTIOINON, €vw N KABe AMMOIOKN «TauTOTNTOY» ETIRERAIWOBNKE PE TNV

KAaoparotroinon Tou TTPOdPOUOoU 1I0VTOG Xpnaolpotroiwvtag Tnv TeXVIK CID (Collision
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Induced Dissociation), didotracng Adyw clykpouong. O1 avaloyieg TwV TTEPIOXWYV KOPUPHG
(AiTTidI0/  eowTEPIKG TTPOTUTTO) EvavTl TWV HOPIOKWY avaAoyiwyv (Aimidlo/ eowTepIKG
TIPOTUTIO) TTAPOUCIACTNKAV HE HOPPNA YPAMMIKAG TTAAIVOPOUNONG KAl KATAOKEUAOTNKAV Ol

TTIPOTUTTEG KAUTTUAEG.

3.22. PapuaKOKIVNTIKN Kal in Vivo avaoToAr NG dpacTikOTnTag TNG ATX

O avaoTtoAéag PF8380 xopnyndnke o€ movTikia NAIKiag 8 eBOouddwy e atrd TOU GTOPATOC
€yxuon atreuBeiag oto otopdxl (PO) og auykévipwon 120 mg/kg diaAupévog o€ @opéa (2%
udpotutrpoTtuA-kuTTapivn/ Tween 80 0.1%). Z1a TTovTiKia TNG OpAdag eAEyxou Xopnynonke
MOvo @opéag. Aiua atrd Ta TTovTiKia CUAAEXDNKE O€ XPOovIKA dlaoTANOTa £wg Kal 12 wpeg
META TN Xopniynon Tou avaoToAéa o0e€ owAnvdpia Trou Trepieixav EDTA og TeAIKA
ouykévTpwaon 50 mM. To mAdopa atmoBnkeuTtnke o€ siliconized cwAnvdapia otoug -20°C yia

péETPNoN TNG dpacTIKOTATAG TG ATX Kai TTpoodiopioud Twy emmTédwy LPA kair PF8380.

3.23. Z1aTioTikl AvaAuon

OAa 1a dedopéva ekppalovtal ws PEoOG Opo¢ * TUTTIKO G@AAua Tou Péoou. H oTaTIoTIKA
avaAuon Tpayuartotroindnke e 1o SigmaPlot 11.0 (Systat software Inc., IL, USA). Ta
OTATIOTIKA ONUAvTIKA dedopéva uTTohoyioTnKav ETTEITA OTTO KATA CeUYn OUYKPION MHE TIG
TINEG TWV OPAdWY EAEyXOU xpnolgoTroiwvTag Tn dokiyaoia Student’s t-test 1 Tn Mann-
Whitney o€ TTepiTITwon Pn KAvoVIKAG Katavoung. H oTaTioTik avaAuon yia TIG KAPTTUAEG
empBiwong €yive pe Tnv Kaplan-Meier xpnoiyotroiwvtag 1o Prism 4.0 (GraphPad Software,
Inc.), eV 01 OTATIOTIKA ONPAVTIKEG DIAPOPES TWV KAPTTUAWY EKTINAONKAV pe TN doKIpacia
Logrank test. Tiyég P<0.05 (*), <0.01 (**) ka1 <0.001 (***) Bewpoulvtal OTATIOTIKA
onPavTikéG. O apIiBUOS TwV €CeTACOEVTWY BEIYHATWY (N) KAl O apPIBPOS Twv BIECaXBEVTWYV

TeipapdTwy (exp) avagépovtal oTn Aefdvta TnG KABE €IKOVAG.
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4. AroteAéopara

4.A. O péAog Tng ATX oTtnv evAAIKn Quoioloyia

4.A.1. Emayopevn KoBoAIKy YeEVETIK atrevepyotroinon tng ATX otov &vhAiko

TTOVTIKO

4A1.1. TeverkG6 ouvuoTnUa emayodevou ammd T10 Tmx  Cre-dlauecolaouuevou

avaocuvouaopuou

MNa va digpeuvnBei 0 poAog Tng ATX oTnv eviAIKn QUOIOAOYia TOU TTOVTIKOU PEAETABNKE N
yeveTikr ammaAoipry Tng ATX ammd 6Aoug Toug 10Toug Tou Cwou. MNa va emTeuxBei auto,
xpnoigotroinénke n Texviki g Cre avacuvdudong (Evétnta 3.4) kar 10 diayovidiakd
TovTiki R26Cre-ER™ (ogipd 2151), 10 oTmoio Onuioupynbnke amd Tn Regeneron
Pharmaceuticals 3%43%,

To movtiki R26Cre-ER™ @épel éva yovidlo ouvinéng avdueca otnv Cre
avaocuvoudon Kal dia HeTAANayuEvn Hop@r TNG TTEPIOXAS TTPOCOECNG TOU UTTOOOXED TWV
oloTpoyovwy (ER™) pe otoxeuon oTto yeveTikd 160 ROSA26 (R26) (Eikéva 4.1A), o
OTT0i0G TTapousIadel supeia ékppaon o€ OAOUG TOUG I0TOUG, XPNOIUOTTOIWVTAG TTApSHoIa
OTPATNYIKI OTOXEUCNG OTTWG O€ TIPONYOUUEVEG MEAETEC 407-49° H gUvTnEn Cre-ER™ e10mx0n
oTo Ivipévio 1 Tou yowvidiou R26 paldi uye Tnv Koo€ta €MAOYNAG ThG UYPOMuKivng. H
METAYPA@IKN oUvTNgn euTTodidel TNV TTPOCDECN TOU QUOIKOU TTPOCBETN 17B-010TPadIOAN
(E2) otov uttodOXéD O€ QUOIOAOYIKEG CUYKEVTPWOEIG, VW QVTIBETO TTPOCBEVETAI TO
Tamoxifen (Tmx) fj To Tapdywyo Tou 4-udpofu (OH)-Tmx (Eikéva 4.1B)*°. To Tmx eival
évac OUVOETIKOC QvTOyWVIOTAG Twv oloTpoyovwy. H xiuaipiki Cre-ER™ éxel wg
atrotéAeopa TNV ER™-e€apTwpevn KutTapotTAacuatiki déapeuan Tng Cre, aTTOTPETTOVTAG
Tov Cre-diapuecoAafoupevo avaouvduaouo. Me 1n xopAynon Opwg Tou Tmx, TO OTT0io
Tpoodévetal oTo peToAMayuévo uttodoxéa ER™, n Cre ameAeuBepwvetal amméd 1o
KUTTOPOTTAQO WA, ETITPETTOVTOG TNV €i00d0 TNG Cre-ER™ aTov TTupriva kai dpa, Tnv évapén
Tou avaouvduaouoU aTig Béaeig loxP 39739 Ta diayovidiakd e1epoluya TrovTikia R26Cre-
ER™ 1a omoia épepav Tn PETAYPOQIKA oUVINEN aTo éva povo aAAnAio, dev TTapouadiacav

KGTTOIOV EUPAVH QAIVOTUTIO KAl ATAV BIWCINA KOl Yovipa 411412,
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Wild-type Rosa26 allele
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R26-CreERT™ targeting vector
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Eikova 4.1: A. ZXnuatikA avammapdoTacn TG OTPATNYIKNAG KATAOKEUNG TNG YOVIOIOKAS OTOXEUONG
oT0 yeveTIKO TOTTO ROSA26. H petaypagiki auvtngn Cre-ERT? e10rx0n oT0 yeveTikd 16110 ROSA26
pe opdAoyo avaouvduaouo otn Béon TTou aTtreikovigetal. E: EcoRlI, P: Pacl, CreERT2: splice acceptor
Tou adevoiol - CreERT? - PMC mrepioxn TToAuadevuliwong. B. Aopr Tou Tamoxifen.

4.A.1.2. 'EAeyxog Tou eTayouevou atré 1o Tmx Cre-diauecoAaBoupevou avacuvduacuou

MNa va eAeyxBei N ammOTEAEOUATIKOTNTA KAl N IOTOEIBIKOTNTA TNG TTayOueEvVNG atmd 10 Tmx
ékppaong t¢ Cre avaouvdudong, n OTToia €ival OTOXEUPEVN OTO YEVETIKO TOTTO Rosa26,
TTPoodlopioTNKE N dpacTIKOTATA TNG Cre TIPpIV Kal META TNV €TTaywyr] JE To Tmx. Auto
EMTEUXONKE dlaoTaupwvovtag To diayovidiakd TrovTiki R26Cre-ER™ pe 10 diayovidioko
TTOVTIKI ava@opdg Rosa26-laczZ 412,

To mrovTiki Rosa26-lacZ (R26R) ¢gépel To yovidio avagopdg TnG B-yaAakTooiddong
(lacZ) To omoio BpiokeTal UTTO Tn PETAYPAPIKN puBuion TnG Cre avacuvdudong. o
OUYKeKpIPEVa, avodikd Tou yovidiou lacZ 1o otroio €xel eloaxBei 0To yeveTIKO TOTTO ROsSa26
(R26), BpiokeTal n KAoETa €MMAOYNAG TNG VEOMUKIVNG HE TIG loXP Béoeig ekaTépwBev, UE
atroTéAeopa va gutrodifeTal N ék@pacon Tou yovidiou lacZ. Me Tnv gvepyotroinon g Cre
avaocuvoudonG OTTOUOKPUVETAI N KACETA «TEPHATIONOU» TNG VEOMUKIVNG Kal €TTAYETAI N
€k@paan TnG B-yaAaktooiddaong, n oTroia uTropei va avixveuBei pe Tn xpwaon X-gal 413,

MNa Tnv eTaywyn NG ékepaong NG Cre xopnyhbnke evdoTtrepitovaikd (IP) didAupa
Tmx 10 0TTOIO €ival apaiwpévo oe apaBooiTéAalo, o€ ouykévipwaon 100 mg/kg (wou yia 10
ouvexOueveg nUépeg oe TrovTikia R26Cre-ER™/R26R KaBw¢ Kal g€ TTovTiKIa TNG Ouadag
eAéyxou R26R atré Ta otroia éAeitre To aAAjAIo R26Cre-ER 2. Q¢ emmiTTAéov oudda eAéyxou
xpnoigotroinénkav  Trovtikia R26Cre-ERT™?/R26R oTta omoia  xopnynAdnke povo
apapooitéAaio. Atré Ta TrovTikia Af@Bnoav 12 101oi (ve@poi, ATTap, Kapdid, wOoBnKEG,
OPXEIG, EYKEPAAOG, OTTANVAG, EVTEPO AETTTO KaI TTaXU, TIVEUUOVAG, VWTIAIOG JUEAOG, BUUOG)
Ol OTTOIOI UTTECTNOAV XPWon B-yaAakToo1daong. H xopriynon Tou Tmx €iXe wg ATTOTEAECHA
TNV €upeia kai dIAoTTapTn dnuIoUpyia ITTAE XPWHATOG TTOU avIXVeUBnke pe Tn xpwon X-gal,
ot dlaPopeTIKO Baduo Ki €KTaoN oToV KABE 1I0TO Twv TTOVTIKWY R26Cre-ER™/R26R, yeyovdg

TTOU UTTOBEIKVUEI TNV QTTOTEAECUATIK KI gupeia egvepyotroinon g ékepaong g Cre
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R26Cre-ER™/ R26R

R26Cre-ER™/ R26R

R26R
+Tmx

+Tmx

+oil

avaocuvdudong Emmeira atmd T xopriynon tou Tmx. Emiong emBeBaiwbnke 611 n Cre
avacuvdudon dev TTapouciale Kapia dpacTIKOTNTA TTPIV TN XopAynon. Movo oto AeTrtéd
évtepo R26Cre-ER™/R26R TToVTIKWY TToU éAaBav apaBoacitéAaio TTapatnenonke o PIKpod
BaBud Tommkd evepyotroinon tng Cre avacuvdudong. Ta amoTteAéopaTta TNG ICTOEIBIKNAG

empepaiwong Tapouaidlovral oTnv Eikéva 4.2.
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Eikéva 4.2: >mopadikn gupeia ékppaon Tng emayouevng amd 1o Tmx Cre avacuvdudong o€
mrovTikia R26Cre-ERT?/R26R. loToi émeita améd xpwan B-yaAaktooiddong (X-gal) o€ mrovTikia Tng
TIEIPaMATIKAG opddag R26Cre-ERT/R26R 1rou éAaBav Tmx (f) hovo apafoaitéAalo) kal TG opddag
eAéyxou Rosa26-LacZ (R26R) émerra ammd xopriynon Tmx ae ouykévipwaon 100 mg/kg ¢wou yia 10
nuépes. KAipaka: 150 uym.

4.A.1.3. Y16 6poug knockout tTovTiki yia Tnv Enpp2

AQoU eAéyxOnke n A€IToupyiKOTNTA, N ATTOTEAEOUATIKOTNTA Kal N IOTOEIBIKOTNTA TOU

OUOTHPOTOG TOou eTTayouevou atmd 10 Tmx Cre-diapecolaBouuevou avaouvduaouou,
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ETTIXEIPAONKE N ETTAYOUEVN YEVETIKA aTTOKOTIA TNG ATX XPpnOIPOTToIWVTAG TO UTTO Opoug

(conditional) knockout TTovTiki Enpp2™" 10 oTroi0 €ixe dnuioupynBei aTo pyacTrpid pag .

A1/B1

T 'Iz ATX WT, no product

Left Arm  Central Arm Right Arm ] ATX neo 457bp
1 ATX FL/ (1-2 del)  no product

c1 B2

Coapi LoxP2 LoxP3 ATX neoFL/ (2-3 del) 457bp

At H a2 ATX dF/ (1-3del)  no product
4
[ LeftAm Neo Cassette f§ Central Arm Right Arm |
T 7
B1 1 B2 A1/B2
ATX WT 1456bp
LoxP1 LoxP3
ATX neo 3582bp
A1 A2
_l) ATX FL/ (1-2 del)  ~1600bp
| LeftAm Ce(n_"i Amm Right Arm ATX neoFL/ (2-3 del) 2363bp
1 ATX dF/ (1-3del)  422bp
1 B2
A B H20 +/+ dfix/+
tai tissue tissue

1456 bp ——p -

N n/n ni++/+dfii+n/nn/+ +/+dflii+A n/n n/+ +/+dfl/+n/n n/++/+dfi/+ N

“
1456bp

422bp

A1/B2

223bp
A1/C1

r

Eikéva 4.3: A. ZXnNUaTIKI avammapdcTacn TNG aTpaTtnyikrg axediagpou Tng PCR yia Tov éAeyxo Tou
avaoguvduacouou Emera amd evepyotroinon tng Cre avaouvdudong, Tou uttod 6poug (conditional)
knockout trovTikoU yia Tnv Enpp2. Me Tn oeipd atreikovifovTtal Ta aAAfAia Wt, Enpp2™" kai Enpp2x To
oTroio €xel yivel avaouvduaopog PETAtU Twv B€ocwv loxP1 kal [oxP2 Ki €€l ATTOKOTIEI N KACETA
veopukivng. O ouvABng avaouvduaopdg eival yetagl Twv Béoewv loxP1 kai loxP3, Tou odnyei oTo
aAAAAIo Enpp2dix (1-3 del), B. Avapevéueva TrpoidvTa evioxuong ékaoTou {eUyoug eKKIVATWY yid TO
k&Be ahAfhio, . Avdiuon PCR avacuvduaopoU yia Ta Trovtikia Enpp2mn,
A. Avaluon PCR avacuvduaopouU yia Ta TovTikia Enpp2™fix  Enpp2i+ Enpp2+,

Enppzdﬂx/+,

422bp —» -

A1/B1 '

460 bp

276 bp ——»
223pp—> == == N

n/n +/+ fix/fix fix/+

457 bp —> e

A

553bp:; — —

A1C1
ATXWT/

ATX neo/ 2256bp
ATX FL/ (12 del)  ~276bp
ATX neoFL/ (2-3 del) no product

ATX dF/ (1-3 del)

223bp

no product

ATXWT/ 460bp
ATX neo/ 553bp
ATXFL/ (1-2del)  553bp

ATX neoFL/ (2-3 del) no product

fix/+ fixffix +/+ fix/+ fix/+ n/n

+/+ fix/fix fix/+ fix/+ +/+

ATX dF/ (1-3del)  no product
o+ e/ flcfix fl/+
Sy e ame gy <4— 1600 bp
A1/B2
- ms
A2/B2
‘-A
A1/C1
\
]
L
- |
A1/B1
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MepIAnTITIKG, KaTeuBeiav avodikd Tou yovidiou TNG ATX €1I0AXON n KacETa eTAOYAS
TNG VEOMUKIVNG, N otroia TrepIBaAAeTal attd 2 loxP Béocig, Tig loxP1 kai loxP2. H 6éon loxP2
Bpioketal avodikd Tou g€oviou 1 Tou yovidiou Tng ATX evw n loxP3 émmetan Tou €€oviou 2.
Ta €¢ovia 1 kai 2 gvromifovral oTnv TTEPIoXA “central arm” 6TTwg epgavideTal oxnuUaTiké
omnv Eikéva 4.3A. Kard ocuvémeia, Pe Tnv evepyotmoinon g Cre avaouvdudong
TIPOYHOTOTIOIEITAI N EKTOMN Twv €oviwv 1 Kal 2 Tou yovidiou Enpp2. 3tnv Eikéva 4.3
TTapouciddovtal ol B€oelg Twy ekkivnTwy A1, A2, B1, C1, B2 (A), Ta avapuevoueva TTpoiovTa
gvioxuong £€kaoTou (eUyouG EKKIVNTWY YIa TO KABe aAAnAio (B), ol PCR avacuvduacpou yia
TTOVTiKI QuoikoUu TUTTOU (W1) Kai dlayovidiakd uttd époug knockout yia tnv ATX o€
opoluywrtia A eTepoluywTia pe  OAoug Toug TMBavoug Cre-diapecolaBoupevoug

avaouvduopoug (I kar A).

4.A.1.4. Emayopevn KaBoAIkr yeveTiki atraloipr] Tng ATX

2Tn OUVEXEID, ETTIXEIPABNKE N MEAETN TNG TOEIKOTNTAG TNG YEVETIKAG ATTAAOIPAS TNG
ATX, n otroia Trpayuartotroibnke 1600 o€ in vivo emimedo (emBiwon-6vnoiudtnTa Tou
TTOVTIKOU), 0G0 Kal O€ eX Vivo €TTTed0 e BIOXNMIKA KAl JOPIaKA avaAUC TwV KUTTAPIKWY
TUTTWV TTOU TTPOEPXOVTAI ATTO TOUG YEVETIKA TPOTTOTTOINWEVOUG TTOVTIKOUG. Na Tnv in vivo
gTTayopevn amevepyotroinon g ATX, diaoTaupwBnke 1o TTovTiki Enpp2™" ue 10 R26Cre-
ER™. Am6 Tn diactaupwaon Tpoékuyav Ta R26Cre-ER™/Enpp2™" TrovTikia, Ta oTroia
ATTOTEAECQV TNV TTEIPAMATIKI] OPAdA, KaBWG Kal Ta adEép@ia TOUG Ta OTToIa £pepav TO £va
atd Ta 600 yovidla Kal xpnoigoTtroinénkav wg opddeg eAéyxou, fTol Ta TrovTikia R26Cre-
ER™ kai Enpp2". Xe OAe¢ TG ouddeg xopnyridnke Tmx 1 pévo apaBooitéAaio e
O1aPOPETIKOUG TPOTTOUG XOPAYNONG KAl 0€ DIOPOPETIKEG CUYKEVTPWOEIG TMX.

ApxIKa xopnynonke ata TTovTiKia TmX Pe evOOTTEPITOVAIKA £VEDN O CUYKEVTPWON
50 mg/kg TToVTIKOU TNV NUépa yia 10 nuépes. H BavaTwon Twv {Wwv Kai N Ayn Twy 1I0TWY
EYIVE 2 NUEPEG PETA TO TTEPAG TNG Xoprynong Tou Tmx. QoTé00, N CUYKEVTPWON auTr dev
ATaV OPKETA yIa va €TTAyEl ToV €MOUPNTS Cre-diauecoAaoupevo avacuvOuaauod O OTT0I0G
eAéyxOnke pe PCR (Mivakag 4.1) kal Quoika dev gixe kauia emmidpacn otnv empBiwon Twv
Cwwv (Eikéva 4.4A).

2Tn ouvéxela, augnbnke n xopnyouuevn ouykévipwon Tou Tmx oe 100 mg/kg
TTOVTIKOU TNV nuépa yia 10 nuépeg. H al&non autn €ixe wg atmoTéAeopa emTuxh €10IKO
avaouvduaoud aTo yovidio Enpp2 Twv R26Cre-ER™/Enpp2™" TrovTikwy. H moToToinon
NG I0TOEIBIKAG EKPpacng TNG Cre eAéyxOnke ye PCR avaouvduaouou o€ OAOUG TOUG I0TOUG
TToU €A€yxOnKkav. H €1dIkdTNTA TOU avacuvduaouoU £yKEITal OTO yeyovog OTI GUVERN JOVO
oTa TrovTiKia TTou épepav To aAAfAio R26Cre-ER™ (Mivakag 4.1). OTrwg TTapouciadeTal

otov [ivaka 4.1, evepyotmoinon Tng Cre avaouvdudong TrapatneABnke Kal OTOUG
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£€eT000€vTEG 10TOUG TwV R26Cre-ERT™/Enpp2™ trovrikwyv tou éAapav apafoacitéAdio.
Omtwg @aiveral otnv Eikéva 4.4B, atrefiwoe éva mooooTd TnG T1aENG Tou 30% Twv R26Cre-
ER™/Enpp2"" mrovTikwWv TTou €éAaBav Tmx, Xwpic waTtéco n maparnpouuevn diagopd

OUYKPITIKA JE TIG UTTOAOITTEG OPADES Va gival OTATIOTIKA ONUAVTIKH.

Nivakag 4.1: R26CreER™-diapecoAaBolpuevog avaouvouaouog Tou yovidiou Enpp2, émeita atmod
avdAuon pe PCR 110U 01E€AXON O€ dIAPOPOUG IGTOUG TTOVTIKWY TNG TTEIPAUATIKAG opddag R26Cre-
ERT?/Enpp2Wn (ATXiCre) kal Twv opddwv ehéyxou Enpp2vn (ATX) kai R26Cre-ER™ (iCre).
Mapouaidfovtal n xopnyoUUeEVn CUYKEVIPWON Tou TmX, TO HOVTEAO KAl N XPOVIKN OIdpKEIa

Xoprynang.

ATX: opdluya Enpp2™n, iCre: eTepdluya R26CreERT2.

IP: evdotrepiTovaikn xopriynon; PO: atmod Tou aTéUATOG £YXUCT GTO OTOUAXI.

To + umrodnAwvel TTARPN avacuvduaoud Twv loxP1 — loxP3 kal ekTour Twv g¢oviwv 1 kal 2 Tou
Enpp2 kaBwg Kkal NG KACETOG TNG VEOUUKIVNG, OTTWG TTEPIYPAPTNKE TTponyouuévws (PMID:
20079728).

nd: dev €eTAOTNKE

To + 1/2 urodnAwvel €TTITUXH avaouvduaoud o€ €va aTrd Ta dUO TTOVTIKIA TTOU £EETAOTNKAV.

To * uTTodNAWVEI OTEYAON TWV TTOVTIKWYV TToU éAafav Tmx o€ EEXxwpIoTd KAOUBId.
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Genotype | ATXiCre | ATXiCre ATXiCre ATX ATX ATXiCre ATXiCre ATX ATX iCre iCre
Treattmen Tmx Tmx Oil Tmx Oil Tmx Qil Tmx Oil R
mg/Kg 50 100 - 100 - 100 - 100 - 100 -
Route IP IP IP IP IP IP IP IP IP IP IP
Days 10 10 10 10 10 5 5 5 5 5 5
Brain -11 +1/1 nd nd nd +4/4 +1/1 - 3/3 -11 -212 -212
Heart -11 +1/1 nd nd nd +2/2 +1/2 -3/3 -11 =212 -212
@ Lung -11 + 6/6 +2/2 - 4/4 - 212 +8/8 +4/5 - 6/6 - 4/4 - 6/6 -5/5
2 Gut -11 + 6/6 +2/2 -4/4 -2/2 +11/11 + 717 - 6/6 -4/4 - 6/6 -5/5
= Spleen -11 +6/6 +2/2 - 4/4 -2/2 +11/11 +7I7 - 6/6 - 4/4 -6/6 -5/5
£ Thymus -11 +1/1 nd nd nd +4/4 +2/2 -3/3 -11 =212 -22
[ -
S -1 +11 nd nd nd +3/3 +202 33 U1 22 22
< cord
5 Kidney -11 +1/1 nd nd nd +4/4 +1/1 -3/3 -11 =212 -212
E Liver -1/ +11 nd nd nd +4/4 +212 -33 -1l 22 202
3 Ovary -11 +1/1 nd nd nd +3/3 +1/2 -2 <11 =22 -2
T | Testis -1 +11 nd nd nd +11 nd a1 Ul 22 -2
Lymph nd nd nd nd nd +313 FUL .33 <11 w22 <212
nodes
Genotype ATXiCre  ATXiCre ATX ATX iCre iCre ATXiCre*  ATXiCre*
Treatment Tmx Oil Tmx Oil Tmx Qil Tmx Oil
mg/Kg 180 - 180 - 180 - 180 -
Route PO PO PO PO PO PO PO PO
Days 6 6 6 6 6 6 6 6
Brain +9/9 +2/2 -4/4 -3/3 -5/5 -3/3 +2/2 -2/2
» Heart +8/8 +2/2 -3/3 -212 -5/5 -3/3 nd nd
§ Lung +9/9 +2/2 -33 -33 - 5/5 -33 +1/1 -2/2
= Gut +11/11 +2/2 -414  -3/3  -5/5 -313 +1/1 -212
£ Spleen +11/11 +2/2 - 4/4 -3/3 - 4/4 -3/3 nd nd
s Stomach +8/8 +2/2 -3/3  -33  -5/5 -3/3 nd nd
§ Spinal cord +9/9 +2/2 -4/4  -3/3 -5/5 -3/3 nd nd
S Kidney +9/9 +2/2 -4/4 -33 -5/5 -3/3 nd nd
g Liver +11/11 +2/2 -4/4 -3/3 - 6/6 -3/13 +1/1 -2/2
& Ovary +1/1 nd =22 -212 -11 -11 nd nd
x Testis +6/6 +22 -11  -11  -11 -11 nd nd
Lymph nodes +10/10 +2/2 -4/4 -33 -5/5 -313 nd nd




A Tmx administration B Tmx administration

50 mglkg/day, IP Sacrifice 100 mg/kg/day, IP Sacrifice
L1111 4d1ll1 1 1 A A A e A A
1 2345 6789101 2 12345678910 220
100 - 100 l
75 751 L_.
E 50 g 50
§ % —m—R26CreER™/Enpp2™ +Tmx n=18
@D 25 ¥ 25 —O—R26CreER™Enpp2™ +oil  n=3
—m—R26CreER™/Enpp2™ +Tmx n=5 —&—Enpp2" +Tmx n=16
—&—Enpp2"" +Tmx n=5 —C—Enpp2 +0il  n=3
DO 1 2 3 4 5 0U 1 2 3 4 5 6
Days post Tmx Days post Tmx
c Tmx administration D Tmx administration
100 mg/kg/day, IP Sacrifice 180 mg/kg/day, PO Sacrifice
1111l 1 1 1111 11

1 2345 1.2 10 20 123456789 11830
1007@ 100—‘q_.iﬁ—x.:‘;=m
—®—R26CreER™/Enpp2™ +Tmx n=42
—{+R26CreER™/Enpp2™" +o0il n=14

-
a
~
o

{ —®—R26CreER™/Enpp2"" +Tmx n=44
—{—R26CreER™Enpp2"" +oil n=14

Survival (%)
3

Survival (%)
3

—&—Enpp2"n +Tmx n=29 —&—Enpp2m +Tmx n=31
251 —o—Enpp2™ +oil  n=15 251 —C—Enpp2™ +oil - n=15
—&—R26CreER™ +Tmx n=20 —&— R26CreER™ +Tmx n=17
0 —— R26CreER™ +oil  n=13 o —4— R26CreER™ +oill n=14
0 2 4 6 8 10 12 0 5 10 15 20 25 30 35
Days post Tmx Days post Tmx

Eikéva 4.4: H emaydpevn amd 10 Tmx YeVveTIKA atrevepyotroinon tng ATX dev emnpeddel Tn
BiwaoiudétnTa TWV TTOVTIKWYV. 'EALYX0C TNG €MIRiWONG o€ TTOVTIKIQ TNG TTEIPAMATIKAG opddag R26Cre-
ERT?/Enpp2™" kol Twv opadwv eAéyxou R26Cre-ERT™2 kai Enpp2"" émeira amd  xoprynon
OIOQOPETIKWY CUYKEVTPWOEWV TmX yia SI0QopeTIKE XPOVIKA dIaoTAUATA, XPNOIMOTToIWVTAS dUOo
povTéAa xopAynong (IP kai PO). Xopriynon Tmx: A. IP, 50 mg/kg/npépa yia 10 nuépeg, B. 1P, 100
mg/kg/nuépa yia 10 nuépeg, C. IP, 100 mg/kg/nuépa yia 5 nuépeg, D. PO, 180 mg/kg/nuépa yia 4
NUEPES, OIOKOTTA yIa 3 NUEPES KAl CUVEXION YIa AAAEG 2 NUEPEG.

O1 kauTrUAgg emBiwong Kaplan—Meier dev £€8€1Eav GTATIOTIKA GNUAVTIKEG DIAQPOPEG CUPPWVA UE TN
ookiun Logrank test. O1 aAANAETTIKAAUTTTOUEVEG KAPTTUAEG Beixvovtal pe d1adoxiké cupBoAa. Ta
OTTOTEAEOUOTA KAl O1 apIBPOi Twv TTOVTIKWYV gival aBpoioTika atmd 1 (A), 3 (B) kai 4 (C, D) Teipduara.

H ouykpimikp 1oToTmaBoAoyIkr] €¢étaon o€ 44 Ouvolikd 10ToUG R26Cre-
ER™2/Enpp2"" TTOVTIKWV PE YEVETIKA atrevepyoTroinuévn ATX aAAd Kal Twv ouadwy eAéyxou
TTou AEBNoav 2 NUEPEG META TO TTEPAG TNG XOPRynong Tou Tmx oto poviéAo Twv 100
mg/kg IP avd nuépa yia 10 nuépeg, O @avépwaoe 101AITEPA ONPAVTIKA €UPHNOTA, HE
€€aipeon Tov TTVEUOVA KOl TO YAOTPEVTEPIKO CWAAVA (EvTEPO AETTTO Kai TTaxU, oToudy!), Ta
oTToia TTapouciacav ATTIA, PETPIA KOl O€ OPICHEVESG TTEPITITWOEIS coBapr QAEyuovwdn
BAGBN (Mivakag 4.2, Eikova 4.5). Ta egetaoBévia dpyava frav: kapdid, BUuog, yAwooa,
oTépvo, TTvelpovag, Bupocldng, Tpaxeia, oleAoydvol adéveg, veQpoi, eTTIveQpidia, ATTap,
OTTAAVOG, TTAYKPEAG, YOOTPEVTEPIKOG OCWAAVOG, avatmmapaywyikd opyava, oupoddxog
KUOTN, Ofpua, MOOTIKOG adévag oTa BnAukd, ke@aAn (5 kouudtia), omioBio dkpo,

oT1TéVOUAOI, VWTIAIOG HUEADG (AUXEVIKOG, BWPAKIKOG, 00QUIKOG).
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Mivakag 4.2: Euprjpata 10ToTTaB0AOYIKNAG €€TaONG ETTEITO ATTO ETTAYOPEVN ATTO TO TMX YEVETIKH
atmmoAoipry TNg ATX ge TTovTiKia TNG TTEIpAUaTIKAG ouddag R26Cre-ERT2/Enpp2™n kal Twv Ouadwv
eAéyxou Enpp2"nkai R26Cre-ER™ (100 mg/kg Tmx yia 10 nuépeg, IP).

Mouse Affected tissues Diagnosis Severity
No
N295 Lung Interstitial pneumonia Moderate
Small gut Enteritis Mild
Colon Typhlitis Mild
Cecum Adult helminthes Mild
N1 Lung Interstitial pneumonia Mild
Small gut Enteritis Mild
x Colon Typhlitis Moderate
E Cecum Typhlitis Moderate
+ Spleen Histiocytosis
i Stomach Gastritis Mild
= N303 Lung Interstitial pneumonia Moderate
5 Small gut Enteritis Mild
& Colon Typhlitis Moderate
5 Cecum Typhlitis Moderate
& Spleen Histiocytosis
O N305 Lung Interstitial pneumonia Mild
S Small gut Enteritis Mild
e Colon Typhlitis Moderate
Colitis Mild
Cecum Typhlitis Moderate
N308 Lung Interstitial pneumonia Moderate
Small gut Enteritis Mild
Colon Typhylitis Moderate
Colitis Mild
N300 Lung Interstitial pneumonia Severe
Small gut Enteritis Mild
Colon Colitis Severe
N301 Lung Interstitial pneumonia Severe
Small gut Enteritis Mild
Colon Colitis Severe
Stomach Gastritis Mild
Lymph node Hystiocytosis, neutrophilia
E Spleen Neutrophilia
[ N304 Lung Interstitial pneumonia Mild
x Small gut Enteritis Moderate
ES Colon Typhylitis Moderate
=y Stomach Gastritis Moderate
& Spleen Hystiocytosis
N306 Lung Interstitial pneumonia Mild
Small gut Enteritis Mild
Colon Typhylitis Moderate
N307 Lung Interstitial pneumonia Mild
Small gut Enteritis Moderate
Colon Typhylitis Severe
Colitis Severe
Stomach Gastritis Moderate
N339 Lung Interstitial pneumonia Mild
Small gut Enteritis Moderate
Colon Typhylitis Severe
Colitis Severe
N341 Lung Interstitial pneumonia Mild
%: Small gut Enteritis Moderate
i x Colon Typhylitis Severe
L E Colitis Severe
Q+ N342 Lung Interstitial pneumonia Mild
& Colon Typhylitis Severe
Colitis Severe
N343 Lung Interstitial pneumonia Mild
Colon Typhylitis Severe
Colitis Severe
N346 Lung Interstitial pneumonia Mild
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Colon Typhylitis Severe

Colitis Severe
N250 Lung Interstitial pneumonia Mild
Colon Typhylitis Severe
Colitis Severe
N355 Lung No significant findings
€ Small gut No significant findings
a8 Colon No s!gn!f!cant f!nd!ngs
= = Spleen No significant findings
S NE + N357 Lung No significant findings
xe Small gut Enteritis Mild
il Colon No significant findings
Spleen No significant findings
R26CreER™/Enpp2"" R26CreER™ Enpp2mn
lung
gut
SR (VA
g
colon JwiLd, W
Ed

oil Tmx

Eikéva 4.5: H in vivo xopriynon Tmx £Xel w¢ atToTEAECUA ATTIC QAEYPOVH OTOV TTveUuova Kal TO
EvTePO (AETTTO Kail TTayU). AVTITIDOOWTTEUTIKEG EIKOVEG OTTO XPWON Nwaivng-aiyatoguAivng (H&E) oe
TOMEG 10TWV amé  TovTiKia R26CreERT2/Enpp2™" kal Twv ouadwv ehéyyxou Emeita ammd
evdoTrepITovaikr) xopriynon Tmx 100 mg/kg TTovTikou Tnv nuépa ) apaBoaitéAaiou yia 10 nuépeg.
Ta {wa BuoidoTtnkav 2 nuépeg PETA TO TTEPAG TNG Xoprynong. KAipaka: 50 ym.

Mapatnpwvrag Tnv Eikéva 4.5 kai Tov lNivaka 4.2 ouptrepaiveTal 6T OAA T TTOVTIKIA
oTa oTToia XopnyRonke Tmx eu@avicav TTapOUoIEG PAEYUOVWOEIG aAAaYEG aveEAPTNTA OTTO
TNV opdda oTnv oTroia avrkav (TTEIpapaTik i EAEyxou), o€ avTiBeon Pe Ta TTOVTIKIA TTOU
¢AaBav apaBooitéAaio oTa otroia dev TTAPATNPENONKE Kauia €u@avig 1I0TOTTAB0AOYIKA
BAGBN.

MNa TN peAéTn TNG emidpaong Tou TmMX GTOUG IOTOUG TWV TTOVTIKWY 0TO BaB6og Tou
XPOVOU, N TOKTIKA TTOU aKOAoOUBNBNKe ATav n BavdaTtwaon Twy TTOVTIKWY Kal n €TTakéAoudn
AWn Twv 1I0TWY 20 Nuépeg PETA TO TTEPAG TNG XopHynong Tou Tmx. H @Aeyuovr TTou €ixe
TTapaTnPENOEi OTIG 2 NUéPES WETA TNV OAOKANPWON TNG aywyng ue Tmx dev TTapaTnPROnKe
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étav ol 10T0i AeBnkav ammd Ta {wa o€ PeyaAUTEPO XPOVIKO dlAoTnua atmd 10 TEAOG

xoprynong tou Tmx, dnAadn o€ 20 nuépeg (Eikéva 4.6).

Enpp2" R26CreER™Enpp2™  Enpp2" R26CreER™/Enpp2™" Enpp2"" R26CreER™/Enpp2""

Ba F—
3 LA L e

CETRTR
& .-3 Ke

oil

Tmx:

¢

lung ' gut colon

Eikéva 4.6: H yeveriki ammahoipry 1ng ATX dev aAAGdel 10TOAOYIKE TN POPQPOAOYIO TWV 10TWV.
AVTITTPOOWTTEUTIKEG EIKOVEG aTTO XpWwon nwaivng-aigatouAivng (H&E) og Topég IoTwv atrd TrovTikia
R26CreERT4/Enpp2™" kal Twv OPAdwWYV eAéyxou émreita amd evdotrepiTovaik xopriynon Tmx 100
mg/kg TrovTikoU Tnv nuépa f apapoairéAaiou yia 10 nuépes. Ta {wa BuaidoTtnkav 20 nuéPEG PETA TO
Tépag TG XxopAynong. KAipaka: 150 pm.

Mpokeipévou va peiwdei n TogIkGTNTA TTOU dnuIoupyeiTal AOyw Tou TmX OTOUG
I0TOUG, TTPAYUATOTTOINONKE TO idI0 TrEipapa pévo TTou n aywyn ge Tmx difpkeoe yia 5
nuépeg avri yia 10. O1 5 nuépeg dIAPKEIOG TOU JOVTEAOU aywyng ME TmX ATAV APKETEG yIa
va emTeuxBei o emBuunTOG Cre-0louecOAABOUPEVOG avVAOUVOUOONOG OTA  TTOVTIKIO
R26Cre-ER™/Enpp2™ Tmou éAaBav Tmx (Mivakag 4.1). QoTt600, avaouvduaoudg
TapaTneriénke Kai oTa TovTikia R26Cre-ER™/Enpp2"" rou éAapav apaBoaitéAaio aAdG ot
MIKpOTEPO TT0000TO (Mivakag 4.1). Ava@opikd he Tnv emBiwon Twv (wwv, atreBiwoe Eva
TT0000TO TNG TAENG Tou 25% Twv R26Cre-ER™/Enpp2™" movTiKWy Trou éAaBav Tmx, Xxwpig
wOoTOCO0 N TTapatnpouuevn dlagopd o€ oUyKpIon ME TIG UTTOAOITTEG OpdGdeg va eival
oTaTioTIKA onuavTikh (Eikéva 4.4C). ETmTAéov, n I0TOAOYIKR TTAPATHENCN TOU TTveUOVA,
TOU evTépou Kal Tou oTTAAva dev €0¢1e dlapopég 1 BAGRBeg étav ol 1IoToi AeBnoav atrd Ta

Cwa 10 kai 20 nuépeg PeTA TO TTEPAG TNG Xoprynong Tou Tmx (Eikéva 4.7).

R26CreERT™ Enpp2"" R26CreER™/Enpp2™ R26CreER™ Enpp2""  R26CreER™/Enpp2™"
e 7 : R Ao R ORI FUPEAIIES PR PagP\ NN

LT

oil

lung ' gut
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R26CreER™ R26CreER™/Enpp2" R26CreER™ Enpp2" R26CreER™/Enpp2™"

N

colon spleen

Eikéva 4.7: H yeveriky amokotr) TNg ATX dev aAAdlel 10ToAoyikd Tn pop@oloyia Twv 1I0TWV.
AVTITTPOOWTTEUTIKEG EIKOVEG ATTO XPWON NWaoivng-aiyaToéuAivng (H&E) o€ Topég 1I0TWY aTTd TToVTiKIa
R26CreERT/Enpp2™" kai Twv opddwyv eAEyxou ETreita améd evdoTrepiTovaikn xopriynon Tmx 100
mg/kg TTOvVTIKOU TNV nuépa r apapoaitéAaiou yia 5 nuépes. Ta {wa BuoidoTnkav 10 (TTvelpovag,
AeTTTO €vTepo) Kal 20 nuépeg (KOAov, OTTARVAG) HPETA TO TTEPAG TNG Xopriynong Tmx, avTioToixa.
KAipaka: 150 pm.

4.A.2. To peyaAiUTepo péPOG TNG SpaocTIKOTNTAG TG ATX dev gival atrapaitnTo oTNV
eviAIkn Jwn

4.A.2.1. EmBeBaiwon NG YEVETIKAG artrevepyotroinong NG ATX pe OIAQOPETIKO TPOTTO
xopriynong Tou Tmx (PO)

Emopevog o1dxog ATav n empBeRaiwon TnG YEVETIKAG atraloiprg Tng ATX pe To €TTayOPEVO
a1ré TO TMX YEVETIKO oUCTNHA OAAG PE pia TTI0 EUPEWGS XpNOIPoTToloUhEVn 086 Xoprynong
Tou TmxX. H aywyn €yive ye atmd Tou oTéPATOG ATTEUBEIOG £yXuon TNG Ouaiag OTO OTOUAXI
Twv TToVTIKWV (oral gavage, Per Os: PO). Xopnybnke Tmx O€ TTOVTIKIO TNG TTEIPAUATIKAG
opadag Kal Twv opddwyv eAéyxou oe ouykEvipwaon 180 mg/kg TTovTikoU Tnv nuépa yia 4
NUEPEG, BIAKOTTN yIa 3 NUEPES Kal CUVEXION YIa GANES 2 nuépes. H BavaTtwon Twv {wwv Kal
N Aqyn Twv 1I0Twv €yive TN 18" kai TNV 30" nuépa atd 1o TEAOG TNG aywyng ue Tmx (Eikdva
4.4D). O Cre-diapecoAafoupuevog avacuvduaouog aTo yovidio Enpp2 Atav TUXS HOVO
o€ OAOUG TOUG IOTOUG TWV TTOVTIKWYV TTou épepav To R26Cre-ER™ aAAnAio (Mivakag 4.1). H
«dlappor» Tou cuaTApaTog Tou Cre avacuvduaouoU oTta TrovTikia R26Cre-ER™/Enpp2™"
Tou €AaBav apaBooITEAQIO aTTOPEUXBNKE WE TN OTEYAON TWV TTOVTIKWY TOU TTAPATTAVW
yevotUutrou Tou éAafav Tmx o€ gexwploTd kAoufid ammd ekeiva TTou €Aafav pévo
apapoaoitéAaio (Mivakag 4.1).

Oocov agopd Tnv empBiwon Twv TTOVTIKWY OTa oTroia atrevepyotroidnke n ATX,
OTTwG @aivetal otnv Eikéva 4.4D, 1a TovTiKia TNG TEIPANATIKAG ouddag R26Cre-
ER™/Enpp2"" oT1a omoia 868nke Tmx Trapouciacayv idia TToooaTd BvnaiudTnTag o oxEan
ME Ta TTOVTIKIO TNG ouadag eAéyxou R26Cre-ER™ 1Tou éAapav e1riong Tmx Kal oTa OTToia

oev amaAeipBnke n ATX (Eikova 4.4D). O éAeyx0G TOU OCWHATIKOU BAPOUG TWV TTOVTIKWV
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OAwWV TwV £€eTa0BEVTWY opddwy atrd TNV évapn TNG aywyns he Tmx éwg kai Tn 16" nuépa
META TO TIéPAG TNG xoprniynong, £0€iie oTadiakr oTTwAegia Bdapoug Twv R26Cre-
ER™/Enpp2"" kai R26Cre-ER™ mrovTiKwv TTou éAapav Tmx £wg kal TNV 41 nuépa YETA TO
TEPAG TNG AYWYNGS, VW oTadlokA augnon Bapoug onueiwdnke atrd Tnv 5" nuépa PEXP! TO
TENOG TNG TTapakoAouBnong (Eikdva 4.8). AgiCel va onueiwdei 611 01 dUO TTaPATTAVW OPAdES
TTOVTIKIWV TAV AUTEG OTIG OTTOIEG TTAPATNPABNKE BvNoINATNTA, N OTToia {EKivnoe aTTd TNV
4" nuépa (Eikova 4.4D). H 10ToAOYIKN €EETOCN TWV OpyAvwY (TTVEUUOVAG, AETTITO Kal TTaxU
Eviepo, OTTARvAG, BUuuog adévag, ve@poi, ATTAP, WOBAKEG) TwV TIOVTIKWY TOOO TNG
TTEIPAUATIKAG OJABdAG 00O Kal TV OUAdWY eAEyxou TTou €yive Tn 18" kai TRV 301 nuépa aTro

TO TEAOG TNG XOPAYNONG Tou Tmx dev £B¢1Ee kKATTOIa TTaBoAOYIKY BAARN (EikOva 4.9).
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Eikéva 4.8: '/EAeyX0G TOU CWHATIKOU BAPOUG TWV TTOVTIKWY KaTd Tn didpkeia 1ng PO xopriynong 180
mg/kg TTovTikoU Tmx A apafoaitéAdiou TNV Nuépa yia 6 NUEPES e evOlduean SIOKOTIA Kal PUETA TO
TEPAG TNG AYWYAG.

MNa 1 PeEAETN TNG €TTdPAONG TNG YEVETIKAG aTtrevepyotroinong mg ATX oTn
QuaIoAoyia TwWV TTOVTIKWY TTPAYMATOTIOINBNKE BIOXNUIKN KI AIJOTOAOYIKN) avdAuon oTa
TTOVTIKIO TNG TTEIPAPATIKAG opadag R26Cre-ER™/Enpp2™™ kal Twv ouddwyv eAéyxou ETTEITa
atré Vv PO xopriynon Tmx. Ta atmoteAéopaTa Twv eEETACEWV dev £DeIEav dIaPOpES OTIG
eAeyXOEioEG TTOPAPETPOUG TTOU VO UTTOBEIKVUOUV KATTOIO NTTATIKY, VEQPIKN i TTAYKPEATIKA
BAGBN (Eikdva 4.10), aAAG oUTe Kal d1a@opd OTOUG KUTTAPIKOUG TTANBUCUOUG TOU QipaTog
(Eikéva 4.11) Twv TTOVTIKWY HE YEVETIKA atrokopuévn ATX o€ axéon PE Ta TTOVTIKIA TwV
OMAdWV eAEyXOU.

R26CreER™/Enpp2™"
IPPTA T

oil

Tmx
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Eikéva 4.9: H yeverikr) amokot) Tng ATX dev €xel emidpacn atnv 10ToOAOyia Twv opydvwv.
AVTITTPOOWTTEUTIKEG €IKOVEG Xpwaong nwaivng-aigatoulivng (H&E) oe Topég 1oTwv Trveluova,
AETITOU KOl TTAXE0G EVTEPOU, OTTANVA, VEQPWY, BUPoU, ATTATOG KAl WoBNKWV atrd TrovTikia Tng
opdadag R26CreER™2/Enpp2™M kal Twy opddwy eAéyxou étera améd tnv PO xopriynon 180 mg/kg
TTOVTIKOU TmX 1] apaBociTéEAQIOU TNV NPEPQ YIa 6 NUEPES PE evdIGuean diakoTrr]. Ta {wa BuoidoTnkav
18 ka1 30 nuépeg PETA TO TTEPAG TNG Xoprnynong Tmx. KAipaka: 150 um
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Eikova 4.10: H yeveTikA atrevepyoTroinan Tng ATX dev em@épel aAhayEg OTIC BloxnNUIKEG AEIToUpYieg
TWV TTOVTIKWY. BloxnuikA avaAuaon Tou TTAGOPATOG TTOVTIKWY TNG opddag R26CreERT?/Enpp2™ kai
TWV oPadwyv eAéyxou émerra ammd Tnv PO xopriynon 180 mg/kg mrovTikoUu Tmx A apaoaitéAaiou Tnv
NUEPQA yIa 6 NUEPEG PE evDIAuEDn dIakOTTA. ApIBudg eEeTaoBévTwy TTOVTIKWY 3—8 o€ KABE KaTnyopia,
atTroteAéopaTa aBpoioTikd amd 2 Teipduara. AST: Tpavoauivdon Tou aoTrapayivikou, ALT:
Tpavoapivdon Tng alavivng, CPK: kivaon TG Qwo@opikig Kpeativng; LDH: yaAokTIKh
agudpoyovdon, y-GT: y-yAoutapuAoTpavoTTeTITIdAoN.

4.A.2.2. Emidpaon NG YEVETIKNAG atraloiprig Tou Enpp2 otnv ékepacn tng ATX Kal Thv
TTapaywyn Tou LPA

ATTO Ta €wg Twpa dedouéva gival yvwoTd o1 N ATX TTapouaciddel upeia ékppacn oTo
€VAAIKO TTOVTIKI, JE Ta PEYAAUTEPQ ETTITTEDQ EKPPACNG VA TTAPATNEOUVTAI OTOV EYKEPQAAO,
TA AVOTTAPAYWYIKG Opyava (OPXEIG, WOBNKEG), TO €VTEPO, TOUG VEQPOUG Kal ToV TTveUova
3, Emiong, €ival yvwoTh n Trapaywyn ki ékkpion Tng ATX otnv KukAo@opia amoé Ta
AITToKUTTOPA 414,
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Eikéva 4.11: H yeveriki amahoipry tng ATX dev emnpeddel Toug QINOTTOINTIKOUG KUTTAPIKOUG
TANBUGHOUC TTOVTIKWVY TNG ouddag R26CreERT2/Enpp2™n kail Twv OPGdwWY eAEyXou ETTEITA ATTO TNV
PO xopriynon 180 mg/kg mmovTikoU Tmx 1} apaBooitéAdiou TNV NUEPT yia 6 NUEPEG PE evOIAUEDN
OloKkoTTA. ApIBuog egeTaoBéviwy TTovTikwy 3—6 o€ KaBe kartnyopia. WBC: Asukd aigoogaipia,
LYMPH: Aepgokuttapa, MXD: povokUTttapa, Baced@ida, nwoivogida, GRA: KOKKIOKUTTApA
(oudeTepd@IAa), RBC: epuBpd aipoogaipia, HGB: aipyoo@aipivn, HCT: aiyatokpitng, MCV: uéoog
6ykog epuBpokuttdpwy, MCH: péan TepiekTIKOTNTA O€ aioo@aipivn, MCHC: péon ouykévipwon
aigoo@aipivng, RDW: €Upog katavoung epuBpwv aiyoo@aipiwy, PLT: aiyomretdhia, PCT:
QIMOTTETOAIOKPITRG, MPV: péoog 6ykog aigotreToAiwv, PDW: oxeTikd €0pog KATAVOWPNG
QIMOTTETAAIWV.

H avdAuon tng ékppaong Twv MRNA petaypdgwyv tng ATX og trovTikia C57BL/6
Quaikou TUTTou (Wt) TTou mrpayupatotroiménke pe Real Time RT-PCR empefaiwoe Tn
pEyaAUTepn €k@pacn TNG ATX oTov eyké@alo Kal To AITwdn 1070 (Aeukd-WAT Kal Kagé-
BAT), o6mwg ¢aivetar otnv Eikéva 4.12A. H emaydpevn amd 10 TmX YEVETIKN
atrevepyotroinon Tng ATX ata tovtikia R26Cre-ER™/Enpp2™" £mmeita ammd xoprjynon Tmx
oe ouykévipwon 180 mg/kg TTovTikoU Tnv nuépa yia 6 nuépeg pe evdidueon dIAKOTN,
ETTEQPEPE Peiwon TNG Ekppacng TNG ATX o€ HETAYPAPIKO ETTITTEDO O TTOCOOTO PEYOAUTEPO
amd 80% OUYKPITIKA We Ta TrovTiKia TG opadag eAéyxou R26Cre-ER™ og OAa Ta
e€eTa00évVTa Opyava, CUUTTEPIAGUBAVOUEVOU TOU EYKEQPAAOU Kal TOU AITTWOO0UG I0TOU, OTTWG

auTr TToooTikoTroIfenke pe Real-Time RT-PCR (Eikéva 4.12B).
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Eikéva 4.12: H errayéuevn amd 1o Tmx (180 mg/kg TTovTIKoU TNV NUEPQ yIa 6 NUEPES pE EvOIAUEDN
dlakoTr, PO) R26Cre-ERT2-diauecoAaBolpevn yeveTikr atmraloipr] Tng ATX PEIWVEl TNV éK@pacn
NG ATX oToug 1I0TOUG Kal To TTAdopa. A. ‘Exkgpaon Tng ATX oToug 10Toug TTovTIKwy Wt ue OXETIKN
TTOOOTIKOTTOINON WG TTPOG TO Yovidio TnG B2-pikpoo@aipivng pe Real-Time RT-PCR. B. % pciwon
NG ékppacong TNG ATX og peTaypa@ikd TTITTEd0 0€ BIAPOPOUG IGTOUG TTOVTIKWYV ETTEITA ATTO ETTAYWYN
pe Tmx 61Twg TTocoTikoTroinOnke pe Real-Time RT-PCR. C. Avoocoatrotumtwaon Western yia Tnv ATX
0710 TTAAOPA XPNOIKMOTIOIWVTAG TO avTI-ATX avtiowpa 4F1. D ApaoTikétnta Tng ATX % oTo TTAGoua
OTTWG TTPOadIoPIoTNKE PE TNV TEXVIKI TOOS.

Ap1Buo6g e€etacBévTwy TTovTikKWwy: (A kal B) 5-10 aBpoioTikd atmé 2 treipduara, pe e€aipeon 10
ANTTWdN 1016 (BAT, WAT) 610U e€etdotnkayv 4 (wa atréd 1 meipaua, (D) 13-27 aBpoioTikd atmd 3
TeEIpAPaTa.

H emayopevn ammdé 10 Tmx yeveTikr ammahoipry Tng ATX ota Ttrovrikia R26Cre-
ERT/Enpp2"", 6TIWG NTAV OVAUEVOUEVO, ETTEQPEPE Peiwan Twv emmédwy Tng ATX aTtnv
KUKAOQOPIQ TwV TTOVTIKWY OTTWG PAVNKE JE avOoooaTToTUTTWON KATa Western, hiag Kal n
ATX Atav eAdxIoTa aviXveUuoliun PE TO povokAwvikd avTl-ATX avriowpa 4F1 (Eikéva
4.12C). H mAjpng eikbéva Ttou Western, n xpwon Pe coomassie wg £Aeyxog 1061TooNG
@OPTWONG Twv OEIYNATWY KABWG Kal N avooooTToTUTIWON ME €va OeUTEPO EUTTOPIKO

avTiowpa, To TTOAUKAWVIKS avTI-ATX Cayman trapouaialovral otnv Eikéva 4.13 A-C.
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Eikéva 4.13: A. AvoooaTtrotutTrwon Western ato TAGoUa Twv avaypa@opEVWY TTOVTIKWYV JE TO rat
avTI-ATX povokAwvikd avtiowpa 4F1, B. Avoooartrotutrwon Western oto TTAAOPa Twv idlwv
TTOVTIKWV WE TO EUTTOPIKO rabbit avT-ATX TToAukAwVIKS avTiowpa Cayman, C. Xpwon pe Coomassie
brilliant blue wg €Aeyxog 106TOONG POPTWONG Twv delyudtwy. D. ApacTikdtnta g ATX o€
nmol/min/ml oTo TTAGOPQ TWV TTOVTIKWVY OAWV TwV oudadwy PETE atrd Afwn Tmx i apaBoaitéAaiou
OTwg TpoadiopioTnke Pe Tnv TeXVIKA TOOS. E. Zuykévipwon g ATX o010 TAGOPO TWV
avaypa@oUEVWY TTOVTIKWY € ug/ml 611wg TpoodiopioTnke pe Elisa. ApIBuog e¢etacBéviwy {wwv:
(D) 5-27, (E) 13-27 aBpoioTikd atrd 3 meipduaTta.

H dpaaoTikdTnTa TNG ATX 0TOo TTAdOUa Twv R26Cre-ER™/Enpp2™" TTOVTIKWY TTOU
éAaBav Tmx peiwdnke katd 80% OUYKPITIKA JE Ta TTovTiKia TNG opddag eAéyxou R26Cre-
ER™ 1rou é\aBav avtioToixa Tmx, 0TTwg TTPoadiopioTnKe We TNV TeXVIK TOOS o€ QUOIKA
utrooTpwpata LPC (16:0) (Exkéva 4.12D, Eikova 4.13D). Zmnv ekova 4.13D
TTapouaiadovral Ta emimeda TNG dpacTikOTNTag TNG ATX (nmol/min/ml) ota Ttovrikia
R26Cre-ER™/Enpp2"" e oxéon pe OAeG TIC OuAdEG eAéyxou £mTeima amod Afqwn Tmx R
apaBooitéAaiou, evw otnv eikova 4.13E 1a emitreda TG ouykévipwong g ATX (pg/ml).
Mapdpoia atroteAéopata Peiwong TnG OpaCTIKOTNTAG Kal Twyv emMTEdwY TNG ATX oTnv
KUKAOQOpIa Twv TIOVTIKWY AA@Bnoav pe Tnv  evdOTTEPITOVAIKN Xoprynon Tmx n

apapooitéAaiou yia 10 ) 5 nuépeg.
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H yevetiki e€dheiyn tng ATX ota movrikia R26Cre-ERT?/Enpp2™™ mépa amod
Meiwon TNG OpacTIKGTNTAG Tou evCUMOU, ETTEQEPE Meiwon Twv emmmédwy Tou LPA otnv
KUKAOQOpia, OTTwG ATAV avauEVOUEVO, vw Ta TBavda uttooTpwuaTta Tng ATX TTapéucivav
o1aBepd (Eikéva 4.14). Ta akdAouba €idn LPA (C14:0, C16:0, C18:0, C18:1, C18:2, C22:6)
Kal Ta Aucopwao@oAimidia-mlava uttooTpwpata Tng ATX LPI (C16:0, C18:0), LPG (C16:0,
C18:0), LPE (C16:0, C18:0), LPS (C16:0, C18:0), LPC (C14.0, C16:0, C18:0, C18:1,
C24:0) rpocdiopioTnkav oTo TTAGoa pe HPLC-ESI/MS/MS XpnOIYOTTOIWVTAG TO OUCTNUA
RSLCnano (Ultimate 3000 Series, Dionex Corporation) cuCeuyuévo PE TO QOACUATONETPO
Macag LTQ Orbitrap XL (Thermo Scientific, Waltham, MA).
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80
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40 *

= [N i m 0
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3

LPI LPG LPE LPS LPC

Eikéva 4.14: H emrayéuevn atmmd 1o Tmx (180 mg/kg TTovTIKoU TNV nUEPA IO 6 NUEPEG PE eVBIAUEDN
olakoTr, PO) R26Cre-ERT2-diapecoAaoupevn yeveTikh €§aAeipn Tng ATX €xel wg atroTéAeoua
peiwon Twv emmédwyv Tou LPA oTnv  KukAo@opia, Trapd Ta OTaBepd  emiTTEd  TWV
Auocopwao@oAImdiwy (TTlavwy uttooTpwpdTwy TG ATX), 6émmwg Tpoadiopiotnkav pe HPLC-
MS/MS. ApiBuog e€eTacBévTwy TTOVTIKWYV: 9—13 aBpoioTiké atd 2 Treipduara.

To povTéAO TnNG E€TTOYOUEVNG VYEVETIKAG atraloipric Tng ATX oTa  TTovTiKia
R26CreER™/Enpp2"" Trou TTEPIYPAPNKE OTIC TIPONYOUUEVES EVOTNTEG, EiXE WG ATTOTEAETHA
TN peiwon tng ATX katd trepitou 80% Twv QUOIOAOYIKWY ETTITTEOWYV, EVW N PEIWON auTh
Oev emé@epe Kapia 1ok BAGRN oTta TovTikia. lMpokeiyévou va emTeUXOEi TTEPAITEPW
Meiwon Twyv emTTEdWY TNG OPACTIKOTNTAG TOU €VCUPOU Kal va EKTIMNBEI TUXOV TOLIKOTNTA
oT0 €VAAIKO TTOVTIKI Abyw peyaAUTePNG peiwong TNG ATX oTnv KUKAOQOPIa, ETTIXEIPHONKE N
YEVETIKA atrahoipr) o€ TTovTikia R26CreER™/Enpp2™d™, Ao To dflx aAAfAio atrouciadel n
ATX, 6Tmwg Tmapoucidotnke otnv Eikéva 4.3A, oT1o otoio €xel oupPei avaocuvduaouog
MeTaEU Twv Béoewv loxP1 kai loxP3. MNa 10 okommd autd TrpaydaToTroiénkav ol €€ng

Sla0TAUPWOEIG TTOVTIKWY: ApxIKd R26CreER™/Enpp2™" ue Enpp2d™* kai Afjpbnoav ol
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yevoTutrol Enpp2Vdix ka1 R26CreER™/Enpp2™d™. 31n ouvéxeia, dlaoTaupwdnkav Ta
R26CreER™?/Enpp2™dx pe Enpp2"" kai 1o Enpp2"™ pe Enpp2""/R26CreER™ kai
TTpoékuwav armmdyovol, atrd ToUG OTToIoUG £TTIAEXONKAV Ta TTOVTIKIO PE TOUG €TTIBUUNTOUG
yevaTutroug. O1 OJAdES TTOVTIKWY TToU XpnoiuoTtroidnkav Atav n R26CreER™/Enpp2mdix
WG TIEIPAPATIKA opada kai ol Enpp2™, Enpp2"d™ ka1 R26CreER™/Enpp2™" w¢ opadeg
eAéyxou. H xopriynon tou Tmx €yive oTa TTOVTiKIO 0¢ ouykévipwon 180 mg/kg/nuépa yia 4
NUEPEG, akoAoUBnoe BIOKOTT yia 3 NUEPEG KAl CUVEXION TNG XOPAYNONG VI TIG ETTOUEVEG 2
nuépeg, OTWG Trepypdenke Trapatrdvw. Oplopéva  TTovTikia amd  KdBe  opdda
xpnoigotroimnénkav wg PAapTupeg K €AaBav povo apapooitédaio. OTTwG @aivetal oTnv
Eikéva 4.15, Ta Tovrikia R26CreER™/Enpp2™d™ 1rou éAaBav Tmx é{noav o€ TTOCOOTO
90%, evw Ta R26CreER™/Enpp2™" ye Tmx é{noav o moooaTd 80%, XwpIg va UTTApXEl

OTATIOTIK& oNUAVTIKA d1aQopd PETAEU TOUG.

+180mg/kg/day Tmx orally

Survival analysis
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Eikova 4.15: H yeveTiki atmrevepyotroinon 1ng ATX ota mrovtikia R26CreERT2/Enpp2Mdix ye amré tou
otopatog xopriynon 180 mg/kg/nuépa Tmx yia 6 nuépeg BeATiwoe TNV €MIRIWON TWV TTOVTIKWV.

Qa1600, n peiwon TG dpacTikOTNTAG TNG ATX oTa R26CreER™/Enpp2™d™ mrovTikia
mTou éAafav Tmx dev KupdvOnke o€ TTOOOOTO peYaAUTeEPO Tou 80% OTTWG ATAV N ApXIKA
TIPOCdOKia, 08 GUYKPIOT WE TO TTOVTIKIO TV OpAdwY eAéyxou Enpp2™d™X ko Enpp2™" Trou
¢AaBav Tmx r yovo apaBoaiTéAalo, yeyovog TTou evOEXOUEVWG UTTOONAWVEI OTI Bev gival

EQIKT pIa TTEPAITEPW EAATTWON TNG dPACTIKOTNTAG TNG ATX.

4.A.3. H 1oxupi @apuakoAoyikl avaoToAn Tng ATX dev emI@EPEl TOSIKOTNTA OTO
TTOVTIiKI

4.A.3.1. dapuakoAoyIkr) avaoToAr Tng ATX

MNa tn digpedvnon TG KAtaAANAGTNTAG Kal TNG «ac@aAeiagy NG ATX wg BepatreuTikou
OTOXOU, TTEPA OTTO TN YEVETIKI) AvACTOA iN ViVo HEAETABNKE KAl N QOPUAKOAOYIKA aVOOTOANR
g ATX.
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MNa 1o okomd autd, o€ TovTiKiIa QuUOIKoU TUTToU (Wt) Xopnynénke o 1o0xupdg
avaoToAéag Tng ATX PF8380 [6-(3-(piperazin-1-yl)propanoyl)-benzo[d]oxazol-2(3H)-one]
OTTWG TTEPIYPAPTNKE 0TV EvotnTa 3.22). O PF8380 cival éva pIKpd POPIO HE YPAUMIKA KI
€UENIKTN dopr, KaAN atrd Tou oTéuaTog B1odiaBeciydTnTa Kal e XaunAd IC50 tng Tagewg
Twv 1.7 nM og @Quoikd uttooTpwuata LPC 2%, H in vitro dokiurp Tou PF8380 o¢ QuOIKA
uttooTpwpata LPC emBeaiwoe Tn dpacTikdTNTA Tou TTpoodiopifovrag 1o IC50 ota 1.9 nM
(Eixéva 4.16A). H @oppakokivnTiIKp avAAucn Tou avooTOAEd  €D€IGE  ETTAPKN
BlodiaBeoiudTNTA, PE T ETTITTEDA TOU VA TTapAPEVOUV TTAVW aTTd Th ouykévTpwaon IC50 yia
TouAdxioTov 12 wpes (Eikdva 4.16B). Mapd tnv TTaparetapévn xopriynon tou PF8380 ota
TTOVTIKIA, ATOI BUO POPES NPEPNTIWG YIa XPOVIKO dIAoTNUa 3 €BdOUAdWY Kal TNV UynAn
0oon (120 mg/kg TTOVTIKOU), dev TTapATNERONKE atmmwAela Bapoug ota TTovTikia (Eikova
4.16C) N €vdeIEn ToEIKOTNTAG TOUAGXIOTOV HAKPOOKOTTIKA, VW N dpacTIKOTNTA TNG ATX Kal
Ta eTTiTTeda TOU LPA TnNG KUKAO®OpPIag HEIWBNKAY ONUavTIKA Kol TTapéPEIvay o€ XapnAd

etTieda £wg Kal 9 wpeg PeTd TNV TeAeuTaia xoprynon tou avacToAéa (Eikéva 4.16D,E,F).
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Eikéva 4.16: O avactoAéag PF8380 avaotéAAel Tn dpacTikdétnTa Tng ATX in vitro kai in vivo. A.
KautruAn 860ong amékpiong TG avacToAng TnG ATX UTrod SIOPOPETIKEG TUYKEVTPUWOEIG OVACTOAEQ
61TWG TTpoodiopioTnke pe TN pEBodo TOOS xpnoiyoTroiwvTag 50 uM 16:0 LPC wg¢ utmréotpwya, B.
dapuakokivnTikG TTPo@IA Tou PF8380 aTo TTAGOpO TTOVTIKWY £TTeima atré Xopriynon 120 mg/kg
PF8380 yia 3 e¢fdouddeg, C. H 1oxupn @apuakoAoyikr] avaotoArl Tng ATX pe tov PF8380 dev
EM@EPEl aANaYEG OTO CWUPATIKO BApog Twv TTovTiKwy, D. H % dpacTtikdétnTa Tng ATX OTTWG
TpoodiopioTnke pe TN pEBodo TOOS xpnoiyotroiwvtag 1 mM 16:0 LPC w¢ utréoTpwa o€ didpopa
XPOVIKA onueia perd tn xopriynon tou PF8380 oTa tovrikia wg avwTépw, E. Ta % emiTeda Tou
OAIkoU LPA kai F. Tng ouykévipwaong Twv €1dwv Tou LPA og diGd@opa Xpovikad anueia PeTd Tn
xoprynon Tou PF8380 aTa trovTikia wg avwTépw. ApIBudG eEeTagBEVTWY TTOVTIKWY: 4—7 aBpoIoTIKA
a11é 2 TeIpduara.
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MNa v Tepaitépw PEAETN TNG €TTiIOPACNS TNG APPAKOAOYIKAG avaoToAng Tng ATX
OTn QuOIoAoyia TOu TTOVTIKOU, €EeTdOTNKAV I0TOAOYIKG 13 KUpla dpyava TTOVTIKWY OTA
otroia €ixe xopnynbei o PF8380 OTTWG TePIYpAPTNKE TTPONYOUNEVWGS. H 10TOAOYIKA

TTapatripnon dev €d¢i1e kKatTola TTaBoAoyikr) aAhayr) (Eikova 4.17), amodeikviovtag 0TI n

ATX gival aoc@aAég va XpnoIUoTToINOEl WG PAPPOKEUTIKOG OTOXOG.

v“""‘vi colon

,f.“,"‘
W07

Eikéva 4.17: H 1oxupr ¢@appakoAoyikp avaaToAr] Tng ATX dev aAAdlel Tnv IoToAoyia Twv
€CeTOOOEVTWYV OpyAvwY (TTVEUPOVOG, AETTTO Kal TTayU €VTEPO, VEQPPOI, ATTAP, AEUPODEVES, OTTARVAG,
woBNKeg, eykEPAAog, BUPog adévag, vwTiaiog PueAds, Kapdid, OTOPAXOG). AVTITIPOCWITEUTIKEG
€IKOVEG aTTO TOUEG I0TWV £TTEITa aTTd XpWwon H&E oe rovTikia TTou €Aaav Tov PF8380 (120 mg/kg,
PO), i uévo @opéa (vehicle), duo @opég nuepnaiwg yia 3 efOouddes. KAipaka: 150 uym.
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Percent survival

4.B. O p6Aog Tng ATX oTn CUOGTEMIKA QAEYHOVA

4.B.1. ATX Kol OUOTEMIK QAEYUOVI) OTO TTOVTIKI

4.B.1.1. MetaBoAfy Twv emmmédwy Tng ATX otnv emayduevn amd 10 LPS ouoTepikn

PAeypovn

Mpokeiyévou va digpeuvnBei n mOavry eutrAoky TNG ATX OTOug TTOBOYEVETIKOUG
MNXAVIOHOUG TToU BIETTOUV T CUGCTEMIKN QAEYHOVH, apXIK& TTpoadlopioTnkav Ta eTmiTeda
NG OpacTIKATNTAG TNG ATX 0TV KUKAOQOPIO TTOVTIKWY QPUACIKOU TUTTOU 0€ KaBopiouéva
XPOVIKG SIa0TAUATO O€ TTEIPAMATIKO MOVTEAO OUOTEUIKNG GAEYHOVNG KAl £YIVE JEAETN O€ N
vivo emritredo (emBiwon/Bvnoiudétnra). To poviéAo onywng Tou XpnoIJoTroiénke oTnv
Tapouaa PeAETN ATav n evdoTTepiTovaikr xopriynon LPS amé E.coli, To otroio atroteAei
IoOXUpO6 evepyotroinT Tou utrtodoxéa TLR4. Ta movrikia €meita ammd 1n Xoprjynon LPS
TTAPOUCIaoaV KATTOIO XOPAKTNPIOTIKA OTN CUPTTEPIPOPA KAl TNV OWn TOUG EVOEIKTIKA TNG
OUOTEMIKAG @AeydovAG. AuTa TTepleAGUBavay PETAEU GAAWY avAONKWHEVO TPIXWHA,
ENAEIYN KIVATIKOTNTOG, KUPTWHEVN OTACN CWHATOG, AANAYUEVO AVOTTIVEUOTIKO puBuod,
KAEIOTA PATIO A/KOI JE EKKPIOEIG Kl ATTWAELIN BEPOUG.

‘Etreimra a1rd SOKIPEG WG TTPOG TN XOPNYOUUEVN OUyKEVTpwWOon Tou LPS, d68nkav e
evdotrepiTovaikr éveon 20 mg/kg trovTikoUu LPS o€ @uoikoU TUTToU TrovTikia C57BI/6 kai
TTapakoAouBnénke n empBiwon Toug ot oxéon ME TNV opdda eAéyxou TTou EAABE

@ualoAoyikd opd. Mia TUTTIKF) KaUTTUAN emiBiwong TTapouaialetal otnv Eikdva 4.18A.
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Eikéva 4.18: H cuaTepikr] @Aeypovr) Adyw LPS trpokaAei 1o BAvaTto Twv TTOVTIKWY KAl JEIWVEL TNV
ATX 21 wpeg perd tn Xopynon. A. H evdotrepitovdikn xopriynon LPS og tTovTikia @uoikou TUTTou
TTIPOKOAEI TO BAVATO TWV TTOVTIKWY O€ TTOO0OTO TTEPiTToU 88% O€ oXE0Nn Ue Ta TTOVTIKIa TTou éAaBav
QUOIOAOYIKO 0p0, B. ZxeTiKG eTTiTreda OpaaTIKOTNTAG Kai . guykévipwang TnG ATX oTo TTAdoua Twv
TTOVTIKWY 21 WpPEeG PeTA TN Xopriynon Tou LPS. ApiBuog e¢etacBévtwy TrovTikwy 11-12, aBpoloTiké
a11é 2 Teipduara.
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MNa Tov €AeyXo Twv eMITTEdWY TNG ATX aKPIBWG TTPIV TN XPOVIKA OTIYUA évapéng Tng
BvnoiuoTNTag TWV TTOVTIKWY OTNV LPS-etmayéuevn ouoTepIK @Aeypovr, Ta TTovTikia Wt
Buaiaotnkav 21 wpeg PeTd Tn xopriynon Tou LPS. Téoo Tta emimeda Tng ATX 600 Kal n
OpacTIKOTNTA TOu ev{Uuou OTO TTAGOpa Trapouciacav peiwon (Eikova 4.18B,C). Z1n
ouvéxela, atmo Tov TTPoacdIopIcud TNG OpacTiKGTNTAG TNG ATX oTnVv KUKAoopia 2, 4, 8 Kai
16 wpeg petd ™ XopAynon tou LPS trapatnpiBnke avénon tng ATX OTIC 2 WPEG Kal
eAattwon ard TG 8 wpeg (Eikova 4.19).
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Eikova 4.19: H dpacTikéTnTa TNG ATX OTO TTAGO WA TTOVTIKWY QUCIKOU TUTTOU QUEAVETAI OTIG 2 WPEG
META TV evdoTTEPITOVAIKN XOopriynon Tou LPS kal oTn cuvéxeia peiwveral. ApiBudg e€etacBévTwy
TTOVTIKWYV 4-21.

4.B.1.2. Aigpeuvnon Tou pOAoU TwV PEIWPEVWY eTITTEDWYV TNG ATX TNG KUKAOQYOpIag oTnv

TTaboyévela TNG oAWNG

AkoAoUBwg, yia Tn diaAeukavon Tou Moeavou poAou TG ATX OTn CUCTEUIKN QAEyovH,
eAEyXONKe €dv Ta OlIOQOPETIKA eTTiTTEdO TNG ATX GTNV KUKAOQOPpIa d1ayovISIaKWV TTOVTIKWY
eMTTAEKOVTOI OTNV TTaBoYEVEDN TNG ONWNG Kal £yIve HEAETN O€ in vivo eTTiTTEdO.

Apxikd, etepdluya complete knockout yia Tnv ATX Ttrovrikia TTou utroek@palouv
ATX uttoBARBnKav o€ TTEIPAPATIK CUOTEUIKA @Agypovr. Na 10 okotrdé autd, 20 mg/kg LPS
xopnynénkav ota etepdluya complete knockout Ttovrikia Enpp2¢™+ 1! 1a  omoia
TTapoucidfouv Katd 50% peiwpéva emrireda ATX kal LPA oTnv KUKAOQOpia o€ oxEon HeE Ta

@uaikou TUTToU TrovTikia Enpp2** kai TrapakoAouBrenke n Biwaiuotntd Toug (Eikdva 4.20).
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ATXY™ +20mg/kg LPS

Survival analysis
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Eikova 4.20: Ta peiwpéva Katd 50% emrimeda 1ng ATX oTnv KukAogopia Twv Enpp2dix/+ (AT Xdix/+)
TIOVTIKWYV O€ oxéon Pe To Enpp2+* (ATX**) ipoaTtateUouv aTrd TN GUCTEUIKA @Aeypovr Adyw LPS.
ApIBuo6G e€eTaoBEVTWY TTOVTIKWYV 29-31, aBpOoIoTIKA aTTd 4 TreipduaTa. ApioTepd TTapouaialovTal Ta
eTTiTTeda OpaoTIKOTNTAG TNG ATX OTO TTAACUA TWV TTAPATTAVW TTOVTIKWV.

A6 Tnv Eikéva 4.20 @aivetal 6T Ta peiwpéva katd 50% emimeda tng ATX oTnv
KUKAOQOpPIa TTPOOTATEUOUV aTTO TH OUCTEUIKI] QAEYPOvV augdvovTag Tnv emBiwon Twv
TTOVTIKWY, UTTOBEIKVUOVTAG evOEXOUEVWG évav eTTIBAARN pdAo Tng ATX OTn CUCTEMIKN
QAEyHOVA.

Mpokelyévou va eheyxBei n eTTidpacn akoun XaunAétepwy emmmmédwy NG ATX TnG
KUKAOQOPIAG 0€ OUVOAKESG TTEIPAMATIKAG CUCTEUIKAG QAEYPOVAG, XopnyAbnke LPS oTta
Tovtikia R26CreER™/Enpp2"™ oTa oTroia atrevepyoTrolinOnke yeveTikd n ATX émeira amd
TNV PO xopriynon Tmx Kai TTpoékuyav atmd Tov TTPWTo O0TOXO0 TnG TTapoucag diaTpiBng,
KaBwG Kal oTIG OpAdeS eAéyxou (EikOva 4.4D), 5 eBdouddeg petd 10 TEAOG TNG XOPNYyNong
Tou Tmx/ apaBoaitéAaiou (Eikdva 4.21). MNapatnerndnke 61 Ta peiwpéva katd 80% etmieda
™G ATX oTnv KUKAo@Opia TTPOCTATEUOUV OTTO TN CUCTEUIKY PAEYHOVH] augdvovTag Tnv
emMBiwon TwV TTOVTIKWY O OX£0N KE TIG OUAdES EAEyXOU, UTTOBEIKVUOVTAG £vav eTTIBAARA
poAo Tng ATX oTtn ouoTediky @Agypovr). Mapouoia atroteAéopata AA@Bnoav kai oTtn
YEVETIKN atTaloIpA TNG ATX ue evdoTTEPITOVAIKA XOPryNnon Tou Tmx yia 5 nuépeg.

+20myg/kgLPS
(5w eeks after the end of oral Tmx administration)
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Eikova 4.21: Ta peiwpéva katd 80% emrimeda 1ng ATX otnv KukAogopia Twv R26CreERT2/Enpp2™n
TOVTIKWV o€ oxéon Me Ta R26CreERT™ mrpooTareUouv ammd Tn CUCTEUIKN @Aeyuovr) Adyw LPS.
KautruAn emBiwong €mmeira otrd mnv evooTTepITOVaikl] xopriynon Tou LPS, 5 ¢Bdouddeg petd 10
mépag NG PO xopriynong Tmx A apapoaoitéAaiou. ApiBudg e€eTaoBEVTWY TTOVTIKWY 4-17.
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4.B.1.3. H cuotnuatikn utrepékppacn NG ATX otnv KukAogopia dev TTailel poAo oTnv
TTaBoyévela TNG oRWNGS

TN OUVEXEID Kal TTPOKEINEVOU va diepeuvnBei o poAog TnG TTAsovaloucag ATX Tng
KUKAOQOPIAG OTNV TTEIPAPATIKA OUCTEUIKT GAEYHUOVA, Xopnynonke LPS og oudluya TTovTikia
Enpp2 Tg*™* 1a omoia utrepekppalouv ATX (150%-200%) atré To ATTap uté Tn dpdan Tou
TTpoaywyou TnG avBpwtrivng al avtiBpuyivng (altl) *¥° kal ota QuoikoU TUTTOU adéAPIa
Toug ATX Tg™ ue Qualohoyikd emimeda ATX (Eikéva 4.22). H emmAéov ATX @aiveTtal OTi
Oev EM@EPEI KATTOIO aAAQY WG TTPOG TNV €MIRiWON Twv TTOVTIKWY OTNV TTEIPAPATIKA

OUOTEMIKA QAeyOVH Kal dpa dev UTTAEKETAI OTNV TTaBoyévela TG OAYNG.

Barrier ATX Tg+20mg/kg LPS

Survival analysis
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Eikéva 4.22: Ta auénuéva ocuaTepikd emitreda Tng ATX dev euTTtAékovTal oTnv TTaBoyéveia Tng
OUOTEUIKNG @AeypovAg. KautruAn emBiwong £meira amd evdotrepitovdiky XopAynon LPS oe
TrovTikia Enpp2 Tg**+ (ATX Tg**) Trou utrepek@padouv ATX katd 150%-200% kal 0T QUOIKOU TUTTOU
adéA@ia Toug Enpp2 Tg’- (ATX Tg™’). ApiBuog e€eTaoBévTwy TTOVTIKWY 22-25, abpoIoTIKd atrd 2
TEIPAUATA.

4.B.1.4. Aigpedvnaon Tou poAou Twv uttodoxEéwv LPA; Kai LPA2 aTnv TTEIPANATIKA CUCTEUIKA

pAeyuovin

Mpokeiyévou va diepeuvnBei o podAo¢ Tou onuatodoTikoU povoTtraTiol ATX/LPA kai va
avaAuBEi N EAATTWUATIKA HETAYWYN OAMATOG Tou LPA OTn CUOTEUIKN QAEYUOVH, apXIKA
dlayovidIakoi TTovTIKoi knockout wg TTpog Tov uttodoxéa LPA1, ol otroiol Tav oudluyol oTnv
eKuNdEVIOTIKN PETAAAAEN Tou yovidiou Ipal 4, utreBANONCAV O€ TTEIPAPATIKI] CUCTEUIKN
@AeypOVA.

H apxikn xopAynon LPS o€ ouykévipwon 20 mg/kg 6TTwg Kal TTPONYyoUNEVWG BeV
emé@epe peydAn Bvnoiyétnta. H avleekTikdTNTa Twv TTovTIKWY LPA;” kai LPA," o1o LPS
OQEIAETAI OTO YEVETIKO TOug UTTOBaBpo, Miag kal cUpewva e Tn PiBAloypagia, €évag
YEVETIKOG TOTTOG OTO XpwuOowHa 9 oxetidetal Pe TN dia@opoTtroinuévn atrokpIon Kal

MEYOAUTEPN AVOEKTIKOTATA TWV OTEAEXWYV TTOVTIKWYV 129S1/SvimJ kai FVB/NJ o1o LPS trou
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Xopnyeital  otnv  KukAogopia 4°. Tia TNV QvTIUETWTION Tou B&uarog autou,
TIPAYHATOTTOINBNKAV OPKETEG DIACTAUPWOEIS TwV TTOVTIKWY LPAR pe TToVTiKIO QUOIKOU
TUTTOU C57BI/6 TTpOoKeIyévou va augnBei To TTooooTo Tou yeveTikoU uttoBéBpou C57BI/6 kal
oTn ouvéxela xopnynbnkav auénuéveg déoeig Tou LPS. lMNa 1o okotrd autd, 30 mg/kg LPS
Kal atn ouvéxeia 50 mg/kg LPS xopnyndnkav ota movrikia LPARL 14 kail Ta adéA@ia Toug
(littermates) LPAR1** tou amotéAecav Tnv oudda eAéyxou (Eikova 4.23). QoTo00, n
eTayouevn amoé 10 LPS ouoTeuik @Aeypovh dev €ixe afloonueiwtn emidpacn oTn
BlwoIudTNTA TWV TTOVTIKWY HIOG KAl Ta ATTOTEAEOUATA OEV ATAV OTATIOTIKA CNUAVTIKA O€
Kagia amdé TIg dUo ouykevipwoelg LPS, umodeikvioviag 611 o utrodoxéag LPA;
evOEXOPEVWG OE BIadPANATICEl POAO OTN CUCTEUIKA QAEYUOVH.
30 mg/kg LPS
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Eikéva 4.23: O umrodoxéag LPA1 dev aifel pdAo oTn cuoTeUIKr) QAeyuovA Adyw LPS. KautruAn
empiwong émeira atro evdotrepitovaikr xopriynon 30 mg/kg LPS o¢ Trovrikia LPAR1 kai LPAR1*,
Ap1Bu6g e€eTacBEVTWY TTOVTIKWY 11-22, aBpoIoTIKG aTTd 2 TEIpAPaTA.

AkoAoUBwg, To Treipapa eTavaAieonke o€ dlayovIOIaKd TTOVTIKIA EAAEIUMOTIKA WG
pog Tov uttodoxéa LPA; (LPA;”). ZTa TTOVTIKIO aUTd, OTa OTroia £X€1 ATTOKOTIEl TURUQ TOU
yovidiou Ipa2 1rou KwdIKoTToEi TIG dlauepBpavikég Teploxég 1V €wg VI 1%, xopnyridnke LPS
oe ouykévipwon 30 mg/kg kai £yive n YEAETN O€ in Vivo €TTiTTEdO TTAPAKOAOUBWVTAG TN
Biwoiudétntd Toug (Eikdva 4.24).

30 mg/kg LPS
oo T -=— LPAR2+/+ n=14
. -o-LPAR2-- n=19

504

254

Percent survival

0

0 0 20 30 40 50
Hours post LPS

Eikéva 4.24: O utrodoyxéag LPA: dev 1Taidel pOAo oTnv TTaBoyEvelia TNG CUCTEPIKAG GAEYUOVIAG TTOU
emayetal amo LPS. KaptruAn emBiwong émerra amméd evdotrepitovaikr xopriynon 30 mg/kg LPS o€
movtikia LPAR27 kai LPAR2*. ApiBudg e&etaoBéviwy moviikwyv 14-19, aBpoioTikd ommd 2
TEIPAUATA.
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Aev Tapatnendnke Kayia atroAlUTwG S1aQopd WG TTPOG TNV EMIRIWON TWV TTOVTIKWY
O€ OUVONKEG CUOTEUIKAG PAEYHOVNG, UTTOBEIKVUOVTAG OTI 0 uTTodoxEéag LPA, dev euTTAEKETAI

oTnv TTaboyéveon TNG oRWNG.

4.B.1.5. dapuakoAoyikr) avacToAr) TNG ATX oTnv TTEIPAPOTIKY CUCTEUIKN QAEYUOVA

MNa 1N dlgpelivnon TNG BEPATTEUTIKAG IKAVOTNTAG TG ATX O CUVONKEG TTEIPAUATIKAG
OUOTEMIKAG PAEYPOVAG, MEAETABNKE n  @apuakoAoyik avactoAl Tng ATX. ApXkd
TTpaydaToTToINenKe avaoToAr TNg ATX kal OAwV Twv uttTodoxEwv Tou LPA pe xopriynon tou
avaoToAéa BrPLPA [1-bromo-3(S)-hydroxy-4-(palmitoyloxy) butyl-phosphonate] 23. O
BrPLPA eival éva avahoyo tou LPA pe dImTAn Asiroupyia wg avaoTtoAéag tng ATX kai
avTaywvioTNg 6Awv Twv uttodoxéwv Tou LPA. Ze trovtikia QuolkoU TUTTOU Xopnynenke
evootrepitovaikd BrPLPA oe ouykévipwaon 10mg/kg A vepd (o diaAluTng Tou BrPLPA). Mioh
wpa apyotepa akohouBbnoe n xopriynon Tou LPS o¢ cuykévipwon 20mg/kg kai
TTapakoAouBnénke n emBiwon Twv Tovrikwy. Omwg @aivetal otnv Eikéva 4.25, n
PAPMOKOAOYIKI avaaToAr] Tou afova ATX/LPA trpocTaTelel atmd T GUOTEMIKA QAEYHOVN
MEIWVOVTAG TN BvnoIuoTnTa, UTTOdEIKVUOVTAG £T01, £vav duvnTiKa emRAaRAR poAo Tng ATX

Kal TNG onuatodoétnong uEow LPA otn onyn.

Survival analysis

100- -=- LPS 20mg/kg

—+LPS 20mg/kg+BrPLPA 10mg/kg
754

504
P=0.0093
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0

0 24 43 72 9% 120 144 168
Hours post LPS administration

Eikéva 4.25: H pappakoAoyiky avaoToAr Tng ATX kai OAwv Twv uttodoxéwv Tou LPA TTpooTaTeUel
amd TN ouoTePiKA  @Aeypovry Adyw LPS. KautruAn emBiwong movrikwy Wt €mmera amo
evdoTrepITovaikr) xopriynon 20 mg/kg LPS kai 10 mg/kg BrPLPA. ApIBUOG £EeTOCOEVTWV TTOVTIKWV
15-17, aBpoioTikd aTd 2 meipduara.

Ev ouvexeia, peAeTNONKE N QAPPAKOAOYIKN avaoTOAr ouykekpipéva Tng ATX oTnv
eTTayopevn até 1o LPS ouoTepiki @Aeyuovh he Tn xprion Tou avacToAéa PF8380 2%, e
EVOOTTEPITOVAIKY] XOPrynon o€ OIOPOPETIKEG OUYKEVIPWOEIG. Ta TTOVTIKIO TNG ONAdAG
eAéyxou €AaBav povo vehicle, To d1aAuTn Tou PF8380. Miory wpa PETA TNV TTPWTN X0oprynon
Tou PF8380 xopnynbnke 10 LPS (20 mg/kg), evidy 12 wpeg WETA TNV apxikl d6on Tou
avaoToAéa, akoAouBnoe delTtepn xopriynon tou PF8380. H xopriynon tng peyaAng
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ouykévTpwaong Tou PF8380 (120 mg/kg) €ixe ev pépel TTpooTaTeUTIK OpAcH OTN CUCTEMIKA
QAeypovA, MIOG Kal TTAPETEIVE T {W TWV TTOVTIKWY YIa Aiyo, CUYKPITIKA JE TA TTOVTIKIA TNG

oHadag eAéyxou, OTTWG UTTOBEIKVUETAI aTTO TN OTATIOTIKA avaAuon (Eikéva 4.26).

Survival analysis
100+ o+ LPS +vehicle n=11

= LPS +PF8380 120mg/kg n=6

754

50+ P=0.0474

vehicle vs 120mg/kg

Percent survival

25+

0

— T T T T
0 5 10 15 20 25 30 35 40 45 S0
Hours post LPS

Eikéva 4.26: H @apuakoAoyikry avacToAr] Tng ATX Trapareivel Tnv emMBiwon Twv TTOVTIKWY OTN
OUOTEUIKN QAeypovh AOyw LPS. KautiAn emBiwong movrikwv Wt £mermra amd evOOTTEPITOVAIKT
xopriynon 20 mg/kg LPS kai 120 mg/kg PF8380. ApIBudg e€eTagBEvVTwY TTOVTIKWY 6-11, aBpoIoTIKA
a11é 2 Teipduara.

TENOG, yia Tn dlgpelivnon TNG EMTTAOKNG TNG HETAYWYNG ONUATOG CUYKEKPIPEVA HECW
Tou uttodoxéa LPA1 0Tn OUOTEMIKN QAEYHOVA, Xopnynonke atrd 10 oTOPA O avTaYWVIOTAG
Tou uttodoxéa LPA; Amira o€ TTovTiKia QUOIKOU TUTTOU, € dUO OUYKEVTPWOEIG. MIoH wpa
META TNV TTPWTN Xoprynon, xopnyneénke 1o LPS (20 mg/kg), evw 12 wpeg META TNV APXIKN
060N Tou avacToAéa, akoAouBnoe deuTepn xopriynon tou (Eikéva 4.27). MNMapatnprénke ot
n avaoToAr Tou uttodoxéa LPA1 dev emTnpeddel Tn BIwoiudtnTa TwV TTOVTIKWY O€ OUVONKEG
TTEIPAMPATIKIG OUOTEPIKNAG PAEYHOVIAG, YEYOVOG TTOU CUP@PWVEI YE TA YEVETIKG dedopéva
(Eikova 4.23).

Survival analysis

1004 -O-LPS + Vehicle
T 45 ——LPS + Amira 100mg/kg
z ——LPS + Amira 200 mg/kg
3
J 501
=
]
& 254
. ! =

o 1 1 L) l

0 24 48 T2 Qlﬁ 150 1:14 163

Hours post LPS
Eikéva 4.27: H ¢@appakoAoyikr) avaoToAr] Tou utrodoxéa LPA: de Sladpauariel pdAo oTnv
TTEIPAPATIKY) OUOTEMIKN @Agypovrh. KaptruAn emBiwong movrikwv Wt émerra ammd mnv IP xopriynon

20 mg/kg LPS kai Tnv PO xopriynon 100 kai 200 mg/kg Tou avtaywvioTr Tou uttodoxéa LPAL Amira.
ApIBu6g e€eTaGBEVTWYV TTOVTIKWY 7 0€ KABE opdada.
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4.B.2. ATX Kol CUOGTEMIK QAEPOVI OTOV AVBpWITO

4.B.2.1. MetaBoAn Twv emmédwV TNG OpacTiKOTNTAG TNG ATX OTNV KUKAOQOPIa GNTTITIKWV

aoBevwv

ATI6 Ta péXPI Twpa dedopéva TToU TTAPOUCIAoTNKAY, dlIa@AvnKe Pia meavr) eUTTAoKA TNG
ATX 0Tn cuoTeUIKR QAeyuovr] TTou TTPoKaAgiTal atrd 1o LPS oTo TTovTiki. MNMpokeiyévou va
eAeyxBei o mBavog podog g ATX otn oAwn oTtov AvBpwTro, TTPOCBIOPICTNKE N
OpacTikOTNTa TNG ATX 0¢ avBpwTiva deiyuata TTAGCUATOS Kal 0poU acBevwyv PE oriyn,
onmTiké 00K, Katd Tnv eicodo kI €006 Toug amod TO voookouegio (Eikéva 4.28).
MapatnperiBnke augnon tng dpacTikdTNTAG TNG ATX 0TO MAdoMa (Eikova 4.28A) kai Tov 0po
Twv acBevwyv (Eikéva 4.28B) 1Tou uttéotnoav onmmikd ook. H TTaparnpouduevn alténon tng
ATX oToug aaBeveig pe onTITikG oK ATavV aveCdapTnTn aTTd TO €AV 01 AGBEVEIG TEAIKG £Cnoav
N amefiwoav (Eikéva 4.28C), yeyovog TTou uttodnAwvel 611 n dpacTikdTNTa TG ATX 0TnVv

KUKAOQOpPIa Twv ONTITIKWY aoBevwyv dev PTTOPEI va Xpnolhotroindei wg d1ayvwoTIKOG

O€ikTNG yIa TN oAWn.
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Eikéva 4.28: Au¢non tng Opactikdtntag Tng ATX ot aoBeveic pe onmmikd ook. Emimeda
OpaoTikdTNTAG TNG ATX 0¢ TTAAOpPa Kal 0pd acBevwy o€ BIAQPOPETIKA oTAdIA TG OAWYNG, KATd TV
€icodo kI £€000 TWV aoBevVWVY ATTO TO VOOOKOWEID, OTTWG TTPOadIoPIcTNKE PE TNV TEXVIKA TOOS.

4.B.2.2. AmmdwpikA avadAuon oTnv KUKAOQOPIa aNTITIKWY 000evwv

21N ouvEXEIa TTPAYHaTOTTOINBNKE AITMIBWHIKA avAdAuon oTo TTAOGOUA ONTITIKWY 00BEVWV PE

v TEXVIKA UPLC/MS/MS Omwg Treplypd@tnke otnv Evétnra 3.21. Ta Aimidia T1T0U
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TpocdlopioTnkav ATav AImmapd o&éa, yAukepoAimmidla (TpiyAukepidia, BIaKUAOYAUKEPOAEG,
MOVOOAKUAOYAUKEPOAEG), YAUKEPOPWOPOAITTIOIO (PWaPaTIOUACIVOCITOAN, AuGoPWao@aTIdU-
AoivooIToAn, pwaoeartiduloaiBavoAiauivn, Aucopwa@aTtiduhoaiBavolapivn, ewo@aTiduAo-
ogpivn, Auco@wao@aTiduhooepivn, PoPATIOUAOYAUKEPOAN, AuGOPWOPATIOUAOYAUKEPOAN,
QWoPATIdUAOXOAIVN, AuCOPWaPaTIOUAOXOAIVN, PWaEaTIdIKO 0&U, AucoPWoPaTIdIKO 0EU),
oQIyyoNITTidIa (OPIYYOPUEAIVR, OQIYYOOUA-QUOPOPUA-XOAiVN, 1-@wWo@OopIK OQIyyoaivn) Ki
€0TEPEG YAUKEPOANG.

Otmrwg eppavicetal otnv EikOva 4.29, n oTaTIOTIKA ONPAVTIKA augnon Twv eTITEdWV
Twv AImmdiwyv TpIYAUKEPIdIA, BIOKUAOYAUKEPOAN, o PaTIOUAOYAUKEPOAN Kal YT PATIOUAO-
aiBavoAapivn oTo TTAAOUA oNTITIKWY acBevwy, avegdptnta atmd 1o oTadlo NG oAYnG, o€
ouykpion Pe Ta emmimeda AImmdiwv oTnNV KUKAOQOPIa PN onTITIKWY aoBevwy, ETTITPETTEI TO
OIaXWPICUO TwV ONTITIKWY OTTd TOUG PN ONTITIKOUG aoBeveic. H oTaTIOTIKG OnPavTIKA
dla@opd oTnv alénon Twv TTapatTtdvw AIMTIdiWV OToUG oNTITIKOUG acBeveic ATaV EPQAVAG
T600 OTNV TTEPITITWON HEAETNG POVO aoBevwy TTou €AaBav To avaloBnTikG TTPOTTOPOAN
(propofol), 600 kai aTnv TTEPITTTWON TTOU MEAETHBNKaAv OAol o1 acBeveic. AlGEnon Twv
EMTEDWY OTNV  KUKAOQOpIia onNTITIKWY acBevwyv TTapatnenénke kal yia 1o AmTidia
QWO PATIOUAOXOAIVN, PO @ATIOUAOIVOCITOAN, woaTidulooepivn 38:4, G@IyyouueAivn Kal
kepapioio 40:0 (Eikéva 4.30), xwpig Ouwe ol SIaPOopES AUTES Va ETTITPETTOUV TO dIaXWPICHO

TWV aoBevwyv 0g onTITIKOUG KAl N oNTITIKOUG.
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Eikéva 4.29: Aimmidia otnv KukAo@opia TTou diaxwpiouv onTITikoUg atrd Pn onmmikoug acBeveig,
6TTw¢ TTpoodiopioTnkav pe Tnv TeXVIKR UPLC/MS/MS. H otaTioTiky avéAuon BacioTnke oTn SOKIWL
Mann-Whitney cuykpivovTag Tn géon Tipr Twv U0 OPAdwV.
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TéNog, aTo Beppikd xa&pTn TNG Eikdvag 4.31 trapouciadetal n avénon ota emmeda Twv

TTPOGOI0PIoBEVTWY AIMTISIWY OTO TTAACHA CNTITIKWY aoBevwy TTou aTTERiwoav OUYKPITIKA

ME TOUG ONTITIKOUG a0BeveiG TTou €TTECNCAYV, ETITPETTOVTAG TO SIAXWPICUO TOUG.
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Eikéva 4.30: Al¢non Twv AImdiwv oTo TTAGOHA TWV ONTITIKWY acBevwy o€ oUYKPIoN HE TOUG N
onmTIKoUG aoBeveig, Xwpig wWoTOCGO aUTH va EMTPETIEI TO OIAXWPICKO TWV ONTITIKWY ATTO TOUG Un

onmTikoUg aoBeveic.
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Eikéva 4.31: Aigxwpiopudg oOnTITIKWY — a0Bevwyv  TTou
emédnoav amd onmTIKOUG acBeveig TTou amefiwoav Baoel
Tou TTPoCdIopIopoU Twv emMTEdWY Twv ANITdiwvV oTnNVv
KukAo@opia.
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5. Zu{ATnon

O1wg £xel avagepBei oTnV eloaywyn, N ékepaon Tng ATX eival atrapaitntn oTnv eUBPUIKA
QVATITUEN, KABWGS TO EUBPUO TTOVTIKOU OTO OTToio N ATX gival YEVETIKA aTTEVEPYOTTOINUEVN
0¢ yevviéTal kal TTeBaivel TRV eUBPUIKA nuépa 9.5. 2tnv evAAikn {wn n ATX tTapouciddel
eupeia Ekppaon ae OAOUG TOUG I0TOUG KAl €ival AUENUEVN O APKETEG XPOVIEG PAEYUOVWDEIG
dlaTapax£EC Kal OTOV KOPKIvo 22263, 3 e TTponyoUueveS HEAETEC OTO £pyaaThPIO pag, o JwIKA
MOVTEAa  peupaTocidoUus  apbpimidag, TIVEUMOVIKAG ivwong Kal  NTTATOKUTTAPIKOU
KAPKIVWHATOG, N UTTO OpoUg OToXEUMEVN atrokoTrr) Tng ATX kaBuoTépnoe TNV avdaTmTuén
TWV voowv 470220 AyTiBéTwE, N dlayovidiakn utrepék@pacn Tng ATX OTo HAOTO €ixe wWg
aTroTéAeaUa augnuévn avdamTuEén spontaneous KapKivou o€ NAIKIWPEVA TTOVTIKIA, TG OTToia
gixe ouviABwg TTponynBei xpdvia eAeyuovi®s.

H umrepékppaon tng ATX o€ 10TOUG PE Xpovia QAeydovh i veoTTAacoia, n oTroia
MOAVWCS EVTOTTICETAI OTNV KUTTAPIKNA ETMQAVEIA HETW TTPOCDETNC TNG OTIC IVTEYKPIvECH, £xel
w¢ amotéAeopa Tnv aug¢non tou LPA TOTKA, TO OTTOi0 PE TN O€Ip& TOUu ETTAYEl TIG
TTOBOAOYIKEG OATTOKPIOEIG TOU OTO WIKPOTIEPIBAAAOV Tou 10ToU %3, Kartd ocuvémeia, n ATX
MTTOPEl Vo BewpnBei wg £vag BavOg @aPUAKEUTIKOG OTOX0G 0T XPOVIA GAEYUOVA Kal TOV
Kapkivo. Na va eAeyxBei N KAataAANASTNTA TNG ATX WG BEPATTEUTIKOU OTOXOU ETTPETTE VO
atravTnOei To epWTNUA €dv n BepatreuTik oTOXEUON TNG ATX OTO €VIAAIKO TTOVTIKI ETTIQEPEI
KATtrola TogIKGTNTA OTOV Oopyaviouod. MNa To OKOTTO auTd, TTPAYHATOTTOINONKE N YEVETIKN
a1roKOTTH TNG ATX XPNOIKOTTOIWVTAG TO ETTAYOUEVO ATTO TO TmX yeveTikd ouoTnua R26Cre-
ER™ 1mou Baagiletal otnv Texvoloyia Tng Cre avacuvdudong.

APXIKA, yIa TOV €AEYXO TNG ATTOTEAECUATIKOTNTAG KAl TNG I0TOEIBIKAG £KPPATNG TNG
Cre avaouvdudong Emmeita amo emaywyr amo 1o Tmx, dlaoTaupwdnke 10 diayovidiakd
movtiki R26Cre-ER™ pe 10 dlayovidiakd TrovTiki avagopds Rosa26/lacZ (R26R). H
gvdotrepitovaiki xopriynon Tmx oTo tovtiki R26Cre-ER™/R26R £0¢I€e €KTeVH), €UpEia Ki
QTTOTEAEOPATIKN evepyoTToinan TnG Cre o€ diagopeTikd Babud oTov KAOe 1076 (Eikdva 4.2),
YEYOVOG TTou €TTIRERAIWIVEI TIG BN UTTAPXOUCEG TTAPATNPNOEIG TTPONYOUUEVWY HEAETWV
411412416 H ¢kppaon Tng Cre ota movtikia R26Cre-ER™/R26R pévo trapoucia Tmx Kal
avTioToIXQ, N WNn €vepyoTroinor TG oTa R26R TrovTikia TTou d¢ @épouv To R26Cre-ER™
oAAAAIO UTTOBEIKVUEI TRV auoTnPER puBuion NG yovidiokAG €kpacng. Movo oTto AeTTo
évtepo Twv R26Cre-ER™/R26R TrovTiKWv TTou éAapav apaBoaitéAalo TTapatnprénke ot
MIKPO BaBuod TotTIKG evepyoTToinon Tng Cre avaouvdudong (Eikova 4.2), itol o€ éva uévo
atd Ta dwdeka EeTaoBEVTA dpyava.

2Tnv eTayouevn a1rd 1o Tmx ekToun Tou yovidiou Enpp2, o €Aeyx0g TNG £KQPaong
™G Cre avaouvdudong pe PCR éd¢ige Cre-diauecoAafolpevo avaouvouaouo Kal oTa

TovTikia R26Cre-ER™?/Enpp2"" 1rou éAaBav apaBoaitéAaio kai oxi Tmx (Mivakag 4.1), aAG
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gixav oteyaoTei oto idlo KAouBi e ekeiva Tou €AaBav Tmx. Miag kai n PCR
avacuvduacopoU &ev atroTeAei pEBOSO TTOOOTIKAG avaAuong aAAd TTOIOTIKAG, N MIKPOU
BaBuou evepyotroinon g Cre avacuvdudong OTO AETITO £VTEPO TOU TTOVTIKOU ava@opdg
R26Cre-ER™/R26R émeima amd Ayn apaBoaitéhaiou (Eikdva 4.2) uttodeikvuel KATTOIoU
gidoug «diappor)» Tou ETTAyOUEVOU OCUCTHAPOTOG TOu cre avacuvduacuou (leaky
recombination) atroucia Tmx. To @aivouevo autd PTropei va EnynBei wg dIaoTaupoupEevn
EMMPOAUVON avAueoa oTa TTOVTIKIA TTou dev EAaBav Tmx Kal o€ ekeiva TTou éAafav. MpwrTov,
TO Tmx w¢ eAaIOBIAAUTA oucia pTTopei va TTPocAN@Bei eUKoAa aTTd To dépUa Kal DEUTEPOV,
ME TN VEQPIKN 1 YOOTPIKN QTTEKKPIOT TOU WTTOPEi va ETTIMOAUVEl Ta {wa TTou €AaBav
apaBooITéNalo, YOG K €XEl avaQePBEi KOTTPOQPAYIKI) CUMPTTEPIPOPA TwV TTOVTIKWY *Y'. To
TTPOBANUA TNG SIOCTAUPOUMEVNG ETTINOAUVONG ETTIAUBNKE PE TN OTEYACT TWV TTOVTIKWY O€
dlapopeTikA KAouBid (Mivakag 4.1).

‘Eva dA\o onpeio tTou agi¢el va TovioTei gival 0TI 0 eTTayéuevog atmd 1o Tmx Cre-
OIaPECOAOBOUNUEVOG AVOOUVOUQOWOG NATaV  ETMITUXAG OKOPN Kal OTav T TTOVTIKIO
Buaiaotnkav 30 pépeg PETA TO TTEPAG TNG XOPryNoNg Tou TmX, yeyovog TTOU CUPQWVEI JE
N BIBAIoypagia, piag Kai gival yvwaTo 6T To Tmx dlaTnpEeiTal oTov opyaviouo Kai ival IKavo
yia emaywyn TG CreER avaouvdudong uéxpl kal 4 €BOONAdEG META TO TEAOG TNG AYWYNAS
he Tmx 418,

H iotoraBoAoyikn e€étaon Twv 44 opydvwy atrd Ta TTOVTIKIA TOOO TNG TTEIPAUATIKAG
OMAdag 600 Kal TWV OPAdWY eAEyxou, TTOu BuoIAoTNKAV 2 NUEPEG META TO TTEPOG TNG
eVOOTTEPITOVAIKAG XOPriynong Tou Tmx o1o povtéAo Twv 100 mg/kg TTovTIKOU TNV NUEPA yIa
10 nuépeg, OnAadn oTnv apxr TnG TapaTnEoUPeVnS BvnoINOTNTAG TWV TTOVTIKWY R26Cre-
ER™/Enpp2"" (Eikdva 4.4B), £deife TPORANUA PHOVO OTO £VTEPO KaI TOV TIVEUUOVA TWV
TTOVTIKWY OTa o1Toia XopnynOnke Tmx (Eikéva 4.5, MNivakag 4.2). OAa Ta TTovTikia oTa OTToid
XopnyAtnke TmMx egeavicav TTapOoIEG GAEYUOVWOEIS aANaYESG aveEdpTnTa aTTO TNV oudda
oTnVv oTroia avikav (Treipapatikh 1 EAéyxou), TTou onuaivel 0TI ol TTapatnenBeioeg aAAayég
0¢ oxetiCovTal pe Tn yeveTikh atrokoTr TG ATX. ETttiong, 10 yeyovdg 611 oTa TTOVTIKIA TTOU
éNapBav apaBooitéAalo dev TTAPOUCIAOTNKAV I0TOTTAB0AOYIKEG aAAQYEG, UTTOBEIKVUEI OTI N
TTaparnenBecica @Asypovh oQeileTal aTn Xoprynon Tou Tmx.

‘Eva emritAéov gToIXEio TTOU ouvnyopei uTTEP Tou OTI T TTABOAOYIK& EUPrUATA TTOU
BpéBnkav oToug I0TOUG TWV TTOVTIKWYV £TTEITA ATTO Ajwn TmXx, 61av 1a {wa BuoidoTnKayv Tn
0eUTEPN NUEPQ PETA TO TTEPAG TNG AYWYNAS ME TmX, ogeidovTav oTnv TOEIKOTATA AGyw Tou
Tmx ka1 6x1 0Tn YEVETIKA atrokot TG ATX, gival 611 6Tav o1 1070 Twv {Wwwv Afednoav 20
NUEPES atrd To TEAOG TNG Xopriynong Tmx, dev utrhpxav iIoToTraboAoyikég arAayEg (EikOva
4.6). MNpayuart, ocuyewva e T PBiBAIoypa@ia, éva priva PETA Tn xopriynon Tou Tmx
eAATTWONKAV Ta @aIvOpeva TOZIKATNTAG AOyw Tmx oe movrikia R26Cre-ER™ in vivo,

mMOavwes Adyw TTOAAATTAACIAGHOU TWV KUTTAPWY TTOU £TTIRILVOUV 39,
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H togikotnTa a1mmd 10 TMx €€aptdrtal amd 1n doooAoyia NG xopriynong . MNa va
MEIWBEl N eTTayouevn atrd To Tmx TOEIKOTNTA OTA TTOVTIKIA, T TTEIPAUATA VIO TN YEVETIKN
atmaAoipr) Tng ATX TTpaypaTtotroifénkav pe evooTrepITOvVaikr xopriynon Tmx yia 5 nuépeg
avTi yia 10. O éAeyxog Twv 1IoTwV Twv (wwv 10 kail 20 nuépeg atmd To TEAOG TNG Xoprnynong
Tou Tmx dev £0¢ei1e TTaBoAoyikéG allayég (Eikéva 4.7). ‘Eva TToAU pIkpd TTOCOCTO Twv
TTovTIKWV R26Cre-ER™ 1Tou éAaav Tmx ameBiwoav (Eikéva 4.4C). Me T xopriynon Tou
Tmx ateuBeiag aomd TOu OTOUATOG OTO OTOPdYI, Trapatnenénkav idila TToocooTd
BvnoiuoTnTag Twv R26Cre-ER™/Enpp2™™ TrovTikwy oTa otroia 866nke Tmx o€ oxéan Pe Ta
TovTikia TNG opddag eAéyxou R26Cre-ER™ trou éAafav etmiong Tmx Kol oTa oTroia dev
atraAgipOnke n ATX (Eikéva 4.4D), yeyovdg TTou UTTOOEIKVUEL OTI N TTapaTnPoUPEvn
BvnoiudTNTa dev OQPEIAETAI OTN YEVETIKA atrevepyoTroinon tng ATX, TrpoTeivovtag 6T TO
MEYOAUTEPO PEPOG TNG dPACTIKOTATAG TNG ATX dev gival atTapaitnTo OTO EVAAIKO TTOVTIKI.
ETriong, uttodeikvuel 611 n BvnoiudtnTa dev o@eiAeTal pdvo oTo TMX, AAAG OTN CUVOUOCTIKN
T0EIKOTNTA AOyw Tmx kai Cre 4%, H Cre umopei va gival 1ok yia Ta KUTTOPA, OTAV
emMTIOETAI GTO YEVWUIKO DNA TOug, HIag Kai TO YoVISiwHa Twv BNAACTIKWY TTEPIEXEI KPUPEG
(cryptic) | weudo-loxP-Béacig, ol oTToieg atroTeAOUV BETeIC avayvwpiong atrd Tnv Cre 41°, H
amown o1l N ToCIKATNTa &ev oPeileTal POvo oTo TmX evioxUeTal ATTO TO yEyovog OTI Ta
TrovTikia TNG £TEPNG OuGdag eAéyxou, Enpp2™", trou éAaBav Tmx dev ameRiwaav. ANWOTE,
Oev TTPETTEl va TTapaBAETTETAI OTI TO TMX, WG £vag KAIVIKA XPNOIMOTTOIOUNEVOG BEPATTEUTIKOG
TTapdayovTag 420, utropei va €xel eUEPYETIKA £TTidpaan 421,

H gmrayouevn atmd 1o Tmx TogIKOTNTA TTOU TTapaTnpeital ota R26Cre-ER™ trovrikia
éxel avaeepBei Trponyoupévwg 25410, Ma autd, kpivetal IBIAITEPA TNUAVTIKA N XPAoN Twv
TTOVTIKWYV TNG opadag eAéyxou TTou gépouv To R26Cre-ER™ Siayovidiaké aAAfAIo Xxwpig To
Enpp2"" yia TNV ammoQuyrf TTAPEPUVEUONGS TwV atroTeAeoddTwy. Mevikd, n Xprion Twv
OWOTWV TTOVTIKWV €Aéyxou eTIRAAAETaI O€ TTEIpdUaTa Ye To Tmx, yia Tnv opBrR didkpion
avAapeoa oTa atroTeEAéouaTa AOYyW ATTEVEPYOTTOINONG £vOg yovidiou (gene knockout) ) Adyw
NG Xopnynong tou Tmx 42, H 1o&ikdTnTa Adyw Tmx Kai Cre TTou OXETICETAI JE TN CUCTEMIKN
gvepyotroinan kal TNV KaBoAIK ékppacn TnNG Cre-ER™ éxel ouoXeTIOOET Pe QIIATOAOYIKEG
QVWHAAIEG, avaoToAl TnG avaTmTuéng, MEIWPEvo TTOAAATTAQCIGONS, aATTOTITWON  Kal
QVETTIOUPNTN XPWHOOWHUIKA avadidragn ata aigoTroinTiKa KUTTapa 39,

O1 rapatnpenBeiosg pAeyuovwdelg alNayEG OTO EVTEPO TWV TTOVTIKWY TTOU Aapav
Tmx kal BuoldoTnkav 2 nUéPES WETA To TTEPAG TnG Xopriynong Tou Tmx (Eikéva 4.5),
MTTOpPOUV va €nynBouv atd TO yeyovog OTI Ta €mBONAIGKG KUTTOPA TOU EVTEPOU
TTOANaTTAQCIAZOVTAl TAXEWG —OTTWG KAI TA QIPJOTTOINTIKG— KAl OTTWG €ival yvwoTo, Ta KUTTApA
ME ypriyopo puBud TToAAaTTAQCIAoUOU gival TNIO euaiobnTa oTnV TOEIKOTNTA TNG CUCTEUIKNG
evepyotroinong Tng Cre avaouvdudong. Autd cupfaivel dI0TI TO yoVISIWHA TV TaAXEWG

TTOAATTAQCIAdOPEVWY KUTTAPWYV €ival TTI0 EUKOAa TTpoadoipo atnv Cre ouyKpITIKA YE TO
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OQIKTA «TTAKETOPIOMEVOY» YOVISIWHA Twv KUTTApwy TTou npepolv. ‘Exer rapatnpnOei
EVTEPIKO oidnua og TrovTikia R26CreER™ petd Tn Xopriynon Tmx 3%,

To yeyovog oOm amd Tn PloxnuiKA K aigatoloyikr) avadAuon Twv R26Cre-
ERT2/Enpp2"" TTOVTIKWV ME YEVETIKA atrokopuévn ATX Kal Twv opdadwyv eAéyxou, dev
TTPOEKUYAV BIOPOPES EVOEIKTIKEG NTTATIKAG, VEQPPIKAG I TTaykpeaTikng BAGRNS (Eikéva 4.10),
oAMG ouTe Kal dlagopd OTOUG KUTTAPIKOUG TTANBuopoug Tou aipatog (Eikova 4.11),
utrodeikvUel OTI N atraloipr) TG ATX dev ernpeddel TNV OPOIGOTACH TWV IOTWV KAl TO
aIoTToINTIKG cUCTNUA.

H ATX wg yvwoTo, ek@pdletal o€ OAOUG TOUG I0TOUG OTO €VHAIKO TTOVTIKI, ME
MEYOAUTEPN €KQPOCN Ot €YKEPAAO, WOBNKEG, TTAOKOUVTA, OPXEIG, EVTIEPO, TTVEUUOVA KAl
veppd 3138 gvy ekkpiveTal ammd Ta AimmokuTTapa 313753 H yevetiki ammokotr Tng ATX
OUYKEKPIYEVA ATTO TO AITTWON 10TO €iXE WG ATTOTEAECUA ONUAVTIKA Pelwpéva etTireda LPA
oTovV 0p0, TNG TANCG Tou 38% 1° Tou UTTOBEIKVUEI OTI O AITTWANG I0TOC CUVEITPEPEI
onpavtikd otnv ATX TnG KUKAogopiag. H avdAuon TnG ékppaong Tng ATX o€ pHeTaypa@iko
eTTiTedo oTnv TTapouca diatpIfA emPBePaiwoe Ta peyaAuTepa eTTiTreda ék@paong g ATX
o€ TrovTikia Wt o€ eyké@aho, Aeukod kal ka@é Aimmwdn 1016 (WAT, BAT) kai 6pxeis (Eikova
4.12), dedopéva TTOU CUPPWVOUV YevIKA Pe Tn BiBAIoypagia Kal TIC NAEKTPOVIKES BAoEIg

(http://biogps.org/#goto=genereport&id=18606,

http://www.gtexportal.org/home/gene/ENPP2).

Eivar agloonueiwto 6t ta emmimeda 1ng dpacTikdTNTag TNG ATX OTO TTOVTIKIO TNG
ouadag eAéyxou Enpp2™, Ta otroia, 6TTwg avageépdnke atnv Evétnra 4.1.3, gépouv Tnv
Kaoéta €mMAOYAG TNG veopukivng Kal €xouv 3 loxP Béoeig ekaTépwBev TNG KAOETAG TNG
VEOUUKIVNG Kal TwV £§oviwv 1 kai 2 Tou yovidiou Enpp2, Atav aiodntd xaunAdTepa o€ ox£on
be ekeiva TG opddag R26CreER™ ta omoia eivar Wt yia Tnv ATX (Eikéva 4.13D). To
yeyovog auTéd atrodideTal 010 UTTOHOoP@IKG aAAAio Tou ATX"° yovidiou (hypomorhic allele),
TO OTTOi0 gp@avifel 1I00dUvaPn AsiToupyikOTNTa PE TO Wt aAAfAio, aAAG XaunAdTtepn
EKQpOOoN o€ eTTITTEdO PETAYPAPAS KAl TTPWTEIVNG 422, MNa To Adyo auTd KpiveTtal IdlaiTepa
ONUAvTIKA N XPrion OAwvY Twv OPAGdWYV TTOVTIKWY EAEYXOU.

H yeveTIKA atrevepyoTroinon evog evfUpou dev apkei va emiBeBaiwBei pévo pe Tov
TTPOCBIOPIOUO TWV PETAYPAPIKWYV ETTITTEDWY TOU yovidiou, d10TI €101 € AapBAaveTal utrdyn
N TTOAUTTAOKATNTA TNG in Vivo KaTAoTaoNG TOU Opyaviouou, N uoIoAoyia Tou, Ol uNXAvICHOI
METO-PETAYPOAPIKNG KAl PETA-PETAPPOAOTIKNG puBpiong. MTropei va trapatnpnBsei diagopd
avdaueoa ota emimeda Twv MRNA peTaypd@wyv evog yovidiou Kal Ta eTTITTEdA TOU £VCUUOU
TTOU KWOIKOTTOIEITAI ATTO TO YOVidio auTd 1} TNG OpacTIKOTNTAG TOU, KABWG KAl TOU TTPOIOVTOG
Tou. H yovidiakr ék@paon €Eaptatal ammd TTOAAOUG TTapdyovTeg, OTTwWG atmmd To pubud
Evapéng TNG peTaypa@ng, Tn otabepdtnta Tou MRNA, TIG TUXOV OEUTEPOTAYEIG AVOOTOATIKEG

OopEG Tou MRNA, TNV ATTOOTIKOTNTA TNG HETAPPAONG, TO EVOEXOUEVO «UTTAOKAPIOHO» TNG
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TEPIOXNG TTPOCOECNG TOU PIBOCWHATOG, TIG META-UETAPPOAOTIKEG TPOTTOTIOINCEIG, TN
oTaBePOTNTA TNG TTPWTEIVNG 423, 'ETO1, OTnV TTapouca diatpiBr, TEPa atrd TN JETAYPOPIKN
avaAuon, TrpoodiopioTnkav Ta emiTeda dpacTiKOTNTAS TNG ATX, n OUykéEVIpWON TNG, N
EKQPACH TNG OTnNV KukAo@opia, KaBwg Kal Ta eTmeEda TOU TTPOIOVTOGC GAAG Kal Twv
UTTOOTPWHATWY TNG ATX. ZT10 onueio autd agilel va avapepBbei TTwg OAES oI HETPHOEIC TOU
LPA éyivav oTo TTAGOPA TWV TTOVTIKWYV BIGTI 0 0pdG TTEPIEXEI WO QOAITTIOIA KAl aABoupivn,
TQ oTTOia HEIWVOUV TN dpacTIKATNTA Tou LPC, T0 otroio rpoadévetal atnv aABoupivn 2.

Ooov agopd oTov TTPOCdIOPICPO TNG OUYKEVTPWONG TNG ATX oTo TTAAOUO Twv
TTOVTIKWV UE YEVETIKG aTTOKOUUEVO Enpp2 o€ axéan e Ta TTovTikia R26Cre-ER™, n peiwon
oTa emmiTeda Tou evfUPou dev ITav T600 PeYAAn TNG Tagng Tou 80% OTTwG TTapaTnprRénke
oTov TTpoodiopioud NG dpacTiKOTNTAG TNG ATX | TNG €KPPAONG € PETAYPAPIKS ETTITTEDO.
AuTl n diagopd ota atroteAéopaTa TnG Elisa ptropei va amodobei oTnv TEXVIKNA, €iTE O€
EEWTEPIKOUG TTAPAYOVTEG, OTTWG N TuXaia TTapaAAayn ] o€ E0WTEPIKOUG TTAPAYOVTEG, OTTWG
gival N guyyévela Tou avTioWUaToS i N CUXVOTNTA TWV ETTIITOTTWYV 424,

20PQWVA JE TTPONYOUUEVEG MEAETEG, N Peiwan katd 50% oTa etTiTreda ATX kai LPA
oT1o TTAdopa o€ diayovidiakd eTepoluya complete knockout yia Tnv ATX trovrikia (ATX KO)
dev gixe w¢ amoTéAeaua KAatolov epgavr) eaivoTutio 1, Ta amoteAéopata TG TTapoUoag
O1aTPIBAG ETTEKTEIVOUV TIC TIPONYOUMEVEG TIAPATNPEAOCEIG, ATTOOEIKVUOVTAG OTI OKOMN
MeyaAUTEPN peiwon Twv emmméEdwy TNG ATX kail Tou LPA aT1o gvijAIko TTOVTiKI, TG TAENG TOU
80%, Oev €TTEPEPE KATTOIA ETTITITWON OTNV IoTOTTaBoAoyia Twv opydvwyv ] 0Tn CUVOAIKN
eMPBiwaon Twv TTOVTIKWY Kal KATd CUVETTEIQ TNV EVAAIKN QUOIOAoYia.

H agBovia oTn onuatodétnon péow LPA kal Twv UTTodOXEWV TOU KATABEIKVUEI TN
onuaocia Tou AIMIdIOKOU autoU pecoAaBNTA OTn QUOIOAOYIKA KUTTAPIKK Asitoupyia 171,
AvoQopIKA pE TN MeyAAn ueiwon g ATX oTtov opyavioud, n eTTEPXOUEVN HEIWON Twv
emmEdWY Tou LPA utropei va avtioTaBuideTal atmd Tnv Tapaywyr] JIKPWY TToooTHTWY LPA
atd dAAa évCupua, OTTwG gival n PLAL 1 n PLA2. H Trapaywyr auth Tou LPA ptTopei va givai
ETTAPKNAG YIA TIG QUCIOAOYIKEG AEITOUPYIEG TOU OPYAVIOHUOU, XWpPIi¢ woTdCoO va gival IKavr) va
ETTIPEPEI KATTOIO TTABOAOYIKO aTTOTEAETHA 425428, "ETa1 AOITTOV, OEV UTTOPEI VO OTTOKAEIOTET
o1l Ta evartroucivavTa etmireda Tou LPA etTapkoUv yia Tn dlaTApNon Twv AEITOUPYIWY TOU
owpaTog, TTapOAo TTou £XEl ava@epBEi OTI TO KATW@PAI TNG CUYKEVTPWONG Tou LPA yia Tnv
TTPOKANGCN OTTOIOUBATIOTE OTTOTEAEOPATOG O€ OTTOIOdNTTOTE KUTTAPIKO TUTTO in Vitro €ival
TTOAU uPnAG, 1uM £wg kai 10 uM >3,

2Tnv TTpayuatikdétTnTa, o1 TeploodTepeg dpdoelig Tou LPA in vitro TTOU €XOUV
avagepBei, TTaparnpABnKav o€ PUn QUOIOAOYIKEG OUYKEVTPWOEIG, Ol OTTOIEG AVTIOTOIXOUV O€
TTaB0QUOCIOAOYIKEG KATAOTAOEIG auénUEVNG OUYKEVTPWONG LPA TOTTIKA, 0€ QAEYUOVWOEIG
TTEPIOXEG A JE KaKOoNBEIa, TBavVWG wg atmmoppola auénuévng ékppaong TnG ATX. EmimTAéoy,

agicel va onueiwdei 011 N KUTTAPIK Opdon Tou LPA egaptdral 6xi uévo atrdé Tnv TOTTIKN
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OUYKEVTPWOTN Tou, N oTroia puBpiCeTal atmod Ta etrireda kai Tn dpdaon TG ATX kai Twv LPPs,
OAANG Kal atrd TNV TOTTIKI KUTTApPOEIdIK agBovia Twv uttodoxéwv Tou LPA kal Tng
gvepyoTToinonig Toug atrd AAAOUG TTapAyovTeS 49 A TIC TOTTIKEC CUYKEVTPWOEIS TTPWTEIVWIV
TToU aAAnAemdpouv pe 10 LPA kai puBuiouv TIG Blohoyikég Tou Spdoeig 1 To LPA
avAaAoya e TN CUYKEVTPWOT Tou, UTTOPEI va eTTayel T OpdoT TOU EKTOG ATTO TNV TTPOCOEDH
TOU OTOUG UTTOd0XEiIG Tou LPA Kal HEow evePYOTTOINONG TOU TTUPNVIKOU uttodoxéa PPARY
1A yéow TPOTTOTTOINONG POKPOMUOPIOKWY CNUATOOOTIKWY CUUTIAOKWY e TTpdadean o¢
TIPWTEIVEG I} AVATIPOCAPHOYH TOU KUTTAPIKOU peTaBoAiopou (metabolic rewiring) 427. Katd
OUVETTEIA, T TOTTIKA €TTITTEDA TOU BIOAOYIKA dpacTikou LPA kal n eTakdAoudn BloAoyikn
Tou Opdon pubpifovTal AtTd pia TTOAUTTAOKN OAANAETTIOpaCN TwV UTTOdOXE WY Tou LPA, Tng
ATX, Twv eAeUBepWV UTTOOTPWHATWY AUCOPWATPOAITTISIWY, TWV PWOPATACWY AITISIWV,
TWV TIPWTEIVWV TToUu Trpoadévovtal oto LPA 8 tou mupnvikou utrodoxéa PPARYy,
uTTodEIKVUOVTAG TNV auaTnEr PUBUICT OTNV OTToIa UTTOKEITAI O HETABOAMIOUOG Tou LPA 123,

MNa tnv empBeBaiwon TnG KATAAANASGTNTAG TG ATX wg BePATTEUTIKOU O0TOXOU, TTEPA
aTTO TN YEVETIKA ATTOKOTTA TOU £v{UMOU, TTPAYUATOTIOINONKE KAl PAPUAKOAOYIKI avaoTOAR
ME TN Xprion Tou avaoToAéa TNg ATX PF8380. Ze mrponyoulpevn HEAETN ixe OeixBei OTI N
xopniynon PF8380 ot ouykévipwaon 30 mg/kg repidpice T @Aeyuovwdn uttepaiynaoia oe
éva PovTéAo @uoaAidag (air pouch) oe apoupaio, peiwvovTag TTavw atrd 95% Ta eTTireda
T600 TOoU TOTTIKOU LPA 0TO onueEio TNG @Aeyuovng, 6oo kal Tou LPA oT1o TTAdopa eviog 3
wpwv 2%, TV Tmapoldoa gpyaaia, n xopriynon tou PF8380 ot ouykévipwan 120 mg/kg
yia 3 eBdouddeg, peiwoe Ta ettireda TG ATX kai Tou LPA oTnv Kukho@opia TTavw atrd 90%
(Eixéva 4.16), kai dev emé@epe KaTTola TTaBoAoyiky aAhayry oTa 13 eEeTaaBévra dpyava
OTTwG TTPoEKUYe aTrd Tnv IoToAoyIk avdaAuon (Eikova 4.17), atmodeikvuovTag OTl n
mepiooeia Tng ATX dev eival atrapaitnTn otnv eviiAikn Cwr Kai dpa, n ATX atroTeAei Evav
ac@aAf BepatreuTikO 0TOXO. MNMapduoia atroTeAéouaTa gixav TTPOKUWEI atrd T XoprHynon
Tou avaoToAéa TG ATX ONO-8430506, o otroiog Trapouciace IC50 6.4—-19 nM 4?8, yia 4
£wg 21 nuépeg oe ouykévipwon 10 i 100 mg/kg, otTou etmiong dev TTapaTnEnRenke
BvnaoiudTNTa ) atmrwAeia Bdpoug ata TrovTikia 268,

NAapBdvovTag utTtdwn TNV €KTEVH Kal 0TaBepn peiwon Twy emmmédwy LPA atmmoé mnv
emayouevn yeveTikn e€aAeipn TG ATX kai Tn gappakokivnTikr (PK) Kal @apuoaKOdUVAIK
(PD) avaAuon Twv Ioxupwyv avacToAéwv Tng ATX tmou uttdpxouv, Bewpeital amiBavn n
o1aTPENoN TV PEIWPEVWY ETTITTEdWY Tou LPA yia 24 wpeg pe ouvOuaoud TNG YEVETIKAG Kal
@apuakoAoyikAg avaoToAns. MapdAa autd, akOun Kai auTr| n UTTOBETIKY) 0TOBEPA avaoTOAR
™G ATX katd 100%, Ba atrodeikvue OTI TO OUVOAO TNG EKPPACNG KAl TG OPACTIKOTNTAG TNG
ATX, o€ oxéon pe 10 80% 1Tou atrodeIkvUEl N TTapouca epyaacia, dev gival aTrapaitnTn oTnv

eVAAIKN @uaioloyia kal Ba £deixve OTI OTn dioTApnon Twv emTEdwy Tou LPA Tng
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KUKAOQOPIAG OUVEICQEPOUV EVAANOKTIKA OUVOETIKG HOVOTTATIO, TMOAVWGS PEOW TWV
ev{UpwV TUTTOU QWooAiTdong A (PLAL, PLA2) Y7,

AOGYwW Tou onuavtikoU péiou Tng ATX aTn xpdvia @Asydovn Kai Tov Kapkivo 0, Ta
TeAeUTaia XPoOVIa £XEl avaTITuXOei £vag HeyAAog apiBudS avaoToAéwy Tng ATX 53281284 ey
oplouévol atrd autoUg Trapouciacav BOeTIKA BepatreuTikd atroTeAéopaTa o€ air pouch
@Aeypovr) 2%, peupatoeidry apBpimda 2%, mveupoviki @Aeydovh Kal ivwaon Adyw
UTTAEOMUKIVNG 54297 aAAepyikO GoBua 247, petdoTaon WEAAVWMATOG Kal KAPKiVOU TOu
pHOaoTOU ?26531848.267.429  EqrmmAéov, n avaoToAl Tng ATX éxel mpotaBei w¢ BondbnTikn
Bepartreia evavTia OTOV KAPKiVO, AOYyW TOU TTPOTEIVOPEVOU POAOU TNG OTN XNUEIOBEpaTTEia
Kal TNV avTioTaon oTnV akTivoBoAia 301302,

AdiCel va avagepBei 611 n BeTIKA dpdon TNG avaoToAAg TG ATX OTIG TTEPICOOTEPEG
QPAPUOKOAOYIKEG  UeENETEG O OUOYXETICOTAV  TTAVIOTE  HE  TO  QOPHAKOKIVNTIKG/
QPAPHOKOOUVAMIKO TTPOQIA TOU AvOOTOAEQ, OTIG TTEPITITWOEIG TTOU AUTO ATAV BIOBECIUO, EVW
Oev TTapaTnPENBNKe peiwan Twv emmEdwY Tou LPA 1Tdvw atmd 80% yia TTepiocdTepeg aTTd
3 wpes. MNMapdAo TTou n dIEICOUTIKN IKAVOTNTA TOU AVACTOAEQ OTOV I0TO, N dIATRPNON Tou
OoToV I0TO Kal Ta TOTIKA eTTiTeda Tou LPA aTtov 1016 peTd Tn Bepatreia dev gival yvwaoTd,
gival ao@AAEC va CUPTTEPAVOUE OTI AKOWN Kal O TTI0 1I0XUPOG avaoToAEag Oev gival duvaTov
va diatnprioel oTaBepd Ta eAatTwuéva Katd Tavw atrd 80% emireda Tou LPA yia 24 wpeg.

ATI6 TNV GAAN, n TTapouca epyacia atrodeikvUel 0TI N oTaBepr] peiwon Tou LPA katd
80% oTnVv KukAo@opia eival KaA& avekTr] atrd Tov opyaviouo. Katd ouveTTEld, N aVOOTOAN
NG ATX uTTOopEi va €TTAYEI TIG EUEPYETIKEG TNG OPACEIG TNBAVWG PE PEIWON TWV aUENUEVWV
emMTTEdWV Kal TNG augnuévng dpacTiKOTNTAG TNG ATX TOTTIKA OTA onuEia TNG GAEYMOVAG Kal
KOKOABEIOG, XWPIiG woTOOO0 va TIPOKOAEI TOEIKEG TTAPEVEPYEIEG OTNV KUKAOPopia. MNavTwg,
o€ KABe TTePITITWON KPiveTal avaykaia n HEAETN dlapopeTIKwyY e1dwv LPA tTpokeipévou va
yivel katavonTtég o TpoTTog TTou To LPA dpain vivo 123,

AvoQOopIKA pE Ta TTEIPAPaTa TNG ETTAyOUEVNG aTTo TO LPS cuoTEUIKAG PAEYHOVIAG O€
TTovTiKIa, N TTapatnenBcica augnon Tng ATX oT1o TTAdoua 2 uOAIG WPES PMETA Th XOpHynon
Tou LPS kai n otadiokh peiwon TG atmo TG 4 wpeg Ewg T ETTOUEVA XPOVIKA Onueia TTou
eAéyxOnkav (8, 16, 21 wpeg), evoexouEVWG UTTOdEIKVUEI £va pdAo TnNG ATX oTtnv évapén g
ouoTedIKAG QAeypovig (Eik. 4.18, 4.19). H peiwon twv emmédwv Tng ATX Kal Tng
OpACTIKOTNTAG TNG OTIG 21 WPEG HETA TNV TTPOKANCN TTEIPAPATIKAG CAYNS CUUQWVEI JE TN
MEAETN Twv Ahn et al. (2017), o1 otroiol TTapatApnoav ueiwon NG ATX oT0 TTAGOHC
TIOVTIKWV 24 WPEG PETA TO povTédo onwng CLP #°. QoT1600, 0Tn OouyKekpipévn epyaaia
Bpébnkav autnuéva emimeda LPA oto TAGOMQ, yeyovog Tou Of Ouvadel PE TRV
TapatnpnBeioa peiwon TnG ATX kai TG SPLA2, Twv dU0 BIoouvBeTIKWY eviUUWYV Tou LPA,

oTnv Kukhogopia. MapdAa autd, Bprkav au¢nuévn dpacTikdTNTa TNG ATX 0TO ATTAP, OTNV
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oTroia amédwoav Tnv au¢non tou LPA oto mAdopa trpoteivoviag 6Tl n peiwon Tng
dpaaTikOTNTAg TNS ATX 0TNV KUKAOQOpIa €ival ATTOTEAETUA OVOOTOANG ATTO TO TIPOIdV 430,

Ta katd 50% cuoTnuatikd eAattwpéva emmimeda Tng ATX oTnv KukKAo@opia Twv
TTOVTIKWY TTPOCEPEPAV HEIWHEVN BvNOINOTNTA O€ OUVONKEG CUOTEMIKAG QAEYMOVAG OE
oUyKpIoN MWE TO QUOIKOU TUTTOU adéA@ia Toug, TTapéXOovTag TTpooTacia £vavTl oTn onyn
(Eixéva 4.20). To ammotéAeopa autd €TTeKTABNKE aTTO TN HEYaAUTEPN % emBiwon TTOU
TTaparnendnke ota trovTikia ye 80% eAattwuévn ATX aTnv KukAogopia o oxéon PE Ta
QuoikoUu TUTTOU adéA@Ia Toug (Eikéva 4.21). O TTapatnproeis ouTéG eVOEXOMEVWIG
utTodEIKVUOUYV £vav eTTIBAABN poAo TnG ATX oTn ouoTeUIKn @Agypovh. H uttdéBson autr Ba
MTTOpOUCE, TOUAAXIOTOV €V PEPEI, va £¢nynBei kal va cupBadioel pe Tnv TTapatipnon 0Tl o€
ONTITIKA MovTéAa TTOVTIKWY TO LPC eixe tmpootateuTik) dpdan evavTia otn oAyn MHE
d1dpopoug unxaviopoug 38° 30 Kard ouvémeia, 1o év{upo TTou udpoAUel To LPC ot LPA
MTTOPEI va £xel BAaBepn dpdon oTn oRwnN.

Mapatnpwvtag TNV Eikéva 4.21, cuptrepaiveTal Tl Ta TTOVTIKIA TWV OPAdWY eAEyYOU
TTou €ixav AdBel pévo apapooitéhaio, uttd Tnv emidpacn Tou LPS, eugdavioav 100%
BvnoiudtnTa, 0 avTiBeon Pe TA TTOVTIKIO TNG opAdag eAéyxou TTou eixav AdBer Tmx, Ta
OTToia UTTO OUVBAKEG OUGTEMIKNG QAEYUOVAC TTapouaiacay £éva TToo00TO emRiwong Tng
TaENG ToU 25%. To yeyovog autd ptropei va €¢nynBei atrd Tnv avTiyikpofiakr dpdaon Tou
Tmx, TO OTIOIO TPOTIOTIOIEI TNV AVOOOAOYIKN} ATTOKPION, €VIOXUOVTAG TNV OVOOOAOYIKI)
A&IToupyia Twv oUdETEPOPIAWY PECW TPOTTOTTOINGNG TWV EVOOKUTTAPIWY KepapIdiwy 43t 432
433_

Av Kal, OTTWG ToVIoTNKE TTAPATTAvVW, Ta YEIWPEVA eTTITTEdO TNG ATX TTpOCTATEUCAV
Ta TTOVTiKIa atrd T BvnoiuotnTa Adyw LPS, ta xpdévia augnuéva emimeda tng ATX oTnv
KUukAo@opia oTta TgaltlEnpp2 tTrovTikia 180 dev gixav kapia eidpacn atn OvnoiudTnTa Adyw
onwng (Eikéva 4.22), uttodeikvuovTag OT1 N €miTTAéov ATX TNG KUKAOQOpPIaG OE XEIPOTEPEUEI
TN OUCTEMIKN QAEYHUOVH Kal OTI eVvOEXOUEVWG N TOTTIKA ékppacn TG ATX eival ekeivn TTou
Taiel pOAO OTAV QVATITUEN TNG OUCTEMIKAG QAEyuoVAG. H TTapatipnon auth yia 10 pOAo
TwV emTAéoV emTTEOWV TNG ATX TNG KUKAOQOPIAG ouvadel e TTPONYOUUEVEG HEAETEG OTO
EPYAoThPIO Hag, o1 0TToiEG £B€1IEaV OTI T XPOVIA AuENUEVA CUOTEPIKAG eTTiITTEdA TNG ATX dev
TTaidouv POAO OTNV AVATITUEN TTEIPAUATIKWY PHOVTEAWVY XPOVIWV QAEYHOVWOWY TTaBACEWY
OTTWE N peupaToeIdnG apbpitida 22° kal N TIVEUPOVIKN ivwan %4, evw épXeTal o€ avTiBean We
v emidpaon NG TAeovdlouocag ATX oTnv ofeia @Aeypovr) kai 1o ALl 24, A6 Ta
TTAPATTAVW TTPOTEIVETAI €vag BIAPOPETIKOG POAOG TNG EUTTAOKAG Tou agova ATX/LPA oTn
ouoTEPIKA PAgypovh) Adyw LPS atrd 611 otnv ogia Tveupoviki BAGRN Adyw LPS.

A6 TN digpelivnon Tou péAou Tou d&ova anuatoddétnong ATX/LPA oTn OUGTEUIKA
@Aeypov pe Tn xopriynon LPS ot diayovidiakd opdluya knockout trovtikia LPA;” kai

LPA2", @dvnke o1l 0 utrodoxéag LPA, dev euTTA(KETAl OTNV TTOBOYEVEDN TNG CUCTEUIKAG
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QAEYPOVAG HIOG Kal Bev €iXe Kauia eTidpacn oTn BvNoIPOTNTA TwV TTOVTIKWY Adyw Tou LPS
(Eixéva 4.24). Ooov agopd Tov LPA;, @avnke 611 0 uttodoxéag LPA; evdexouévwg o€
oladpapartifel pOAO OTN CUCTEUIKN QAgyhovr HIag Kal n diagopd oTn BIwoIiudTNTA TWV
TTOVTIKWY Ogv ATaV OTaTIOTIKA onuavTikh (Eikéva 4.23). H mapatripnon aut CUPQWVE PE
TO amoTéAeopa atmd TN QAPHUAKOAOYIKA avaoTOA OUykekpipgéva Tou uttodoxéa LPAj,
emBePalwvovTag TN PN €UTTAOKN Tou LPA: oTnv TeIpapaTik ouoTePIKn @Agypovh. Ta
TTaPATTAvVW odnyouv aTnv uttéBeon OTI N HETAYWYH TNG oNUATOdOTNONG HECW TOU Ggova
ATX/LPA oT1n ouoTepikA @Asypovh pecoAaBeital atrd Toug UTTGAOITTOUG UTTOd0XEIG Tou LPA
mépav Twv LPA: kal LPA,.

H tautdéyxpovn @apuakoAoyikr] avaoToA] TG ATX kal SAwv TwV UTTOBOXEWV Tou
LPA pe Ttov avaotoAéa-avraywvioty BrPLPA in vivo (Eikéva 4.25), umédeite oOTi
TIPOCTATEUEI T TTOVTIKIO ATTO TN CUCTEWIKI QAEYHMOVA HEIWVOVTAG TR BvnoInoTNTd TOUG,
TpoTteivovTag €101, €vav duvnTikA €TTIBAABr] poAo Tng onuatodoTtnong péow LPA otnv
TTeIpapaTik oAwn Adyw LPS, TTapatipnon Tmou cuvddel JeE TOV TTPOCTATEUTIKO pOAO Twv
pelwpévwy emmédwy NG ATX katd 50% kai 80% oTta tovTikia Enpp2¢™* kai R26Cre-
ERT/Enpp2"", avtioTtoixa (Eik. 4.20, 4.21). H @apuakKeuTIKiy aTOXEUTN POVO TNG ATX e Tov
avaoToAéa PF8380 etrégpepe Wia ev YEPEI TTPOCTATEUTIKA dpdon atrd Tn onywn Adyw LPS,
MOvVo oTnv TTOAU peydAn cuykévipworn Tou PF8380 (120 mg/kg) étav autdg xopnynonke
evOOTTEPITOVAIKA, MIAC KOl TTAPETEIVE TNV E€MIRiwon Twv TTOVTIKWY Yia Aiyo HEXpl va
KaTaAn&ouv, CUYKPITIKG PE Ta TrovTiKia TG ouddag eAéyxou (Eikéva 4.26). Amo T1a
TTaPATTAVW dedOPEVA TG PAPUAKOAOYIKAG aVAOTOANG €IKAZETAI OTI 0 UTTOOOXE QG LPA: dev
EMTTAEKETAI OTNV TTOBOYEVEDN TNG OUCTEUIKAG QPAEYUOVAG, YEYOVOG TTOU OUVADElI PE TO
YEVETIKA amroTteAéoparta Twv LPA;” movTikwv (Eikdva 4.23). To yeyovog 0TI n avacoToAn
atTOKAEIOTIKG TNG ATX dev eTTé@epe Ta id10 BEAPATIKA ATTOTEAEOUATA PE TNV TAUTOXPOVN
avaoTtoAn TNG ATX kai Awv Twv LPARS, aAAG atmAd kaBuoTépnoe yia Aiyo To BavaTto Twv
TTOVTIKWY Kal JOVO OTnNV TTOAU PeYAAn ouykEvTpwaon Tou PF8380, evdexouévwg UTTopEi va
ammodoBei o1t0 LPA Tng KukAogopiag tmou Trapdyetal atmd AAAeG odoug, OTTWG yia
Tapddeiyya amd v sPLA; kal eival ave¢dptnto amd tv ATX. Katd ouvétteia, n
ouvduaoTIKN avaoToAR TG ATX Kal TO KABOAIKS PTTAOKAPICHO OAWV Twv UTTODOXEWY TOU
LPA, Trpokeiyévou va OlakoTTeEl n HETAywyr] Tou onpaTtog péow LPA, utopei va
TPOCTATEUCEl ATTO TN CUCTEUIKNA QAEYHOVA.

2€ KABe trepiTTwan, 1o BloAoyikd amoTéAeopa TG aug¢nong Tng ATX otnv apxA TNg
OUOTEPIKAG PAEYUOVIG, N oTToia cUuPPBadiCel PE TIG TIPOPAEYUOVWOEIG KUTTAPOKIVEG Kal TOV
TNF, ka1 TG peiwong TG dpacTIKOTNTAG TNG ATX OTnNV TTOpPEia TNG CUCTEUIKAG GAEYUOVAG,
eCaptaTal TTavroTe atrd TNV a@Bovia Kal TN dpacTIKOTNTA Twv UTTOdoXEwV Tou LPA oToug
OIaPOPETIKOUG KUTTAPIKOUG TUTTOUG TTOU AapBavouv pépog ata didgpopa aTadia EENIENG TNG

OUOTEPIKAG PAEYUOVAG KAl TOV TTPOTEIVOPEVO pOAo Tou LPA otn puBuion tng €TTikTNTNG
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avoooAoyIKAG atrdkpiang 434, ‘ETal, n TTARPNG Katavonan TnS EUTTAOKNS Tou afova ATX/LPA
OTn CUCTEMIKA QAEyHOVH Ba atmaIThoEl TNV aKpIRr] yvwon TG XWPOXPOVIKNG pUBuIonS TNG
ék@paong TG ATX kai Twv uttodoxéwv Tou LPA, KaBuwg kal Tnv KUTTapoc<idik dpdaon Tou
LPA oToug d1a@opETIKOUG KUTTAPIKOUG TUTTOUG TTOU EUTTAEKOVTAI OTN GUOTEUIKT) QAEYHOV
247.

H eptrAokn Tou dgova petaywyAg onuatog ATX/LPA oTnv TTEIPOUATIK OUCTEMIKN
QAgypovh, 0drynoe otn JEAETN Tou TTBavou poAou Tou Ggova ATX/LPA oTnv avBpwIrivn
onwn. Ooov agopd oToug oNTITIKOUG aoBeveig, N augnon Tng dpacTIKOTNTAG TNG ATX 0TO
ONTITIKO OOK KAl N ETTEPXOPEVN MEIWOT TNG KATA TNV £6000 TWV AoBevVwWY aTTd TO VOGOKOUEIO
Ocixvel TNV UTTAOKA TNG OTNV TTaBoyéveon TNG CAYNG KAl TOU oNTITIKOU 0OK. H TTaparfpnon
QuTA Ba pTTopoUcE va £¢nynOei TOUAAXIOTOV v UEPEI JE TN YEiwoN Twy eTITTEdWYV Tou LPC
o€ 00BeVEIC YE OYN KOI TO CUGXETIOPO WE TN BvnoiudTnTa Twv aoBevwv 8. H atgnon Tng
ATX oToug acBeveic Katd To oNTITIKO OOK O CUUPWVEI PE TNV TTapaTnenBcica auénon Tng
ATX pévo otnv évapén TG oNWNG OTO TTOVTIKI, YEYOVOG TTOU OQEIAETAl OTIG dIAPOPES
QVvAPETa aTNV avepwTTIivln onyn Kal T awn oTo TrovTiki %28, KaBwg Kal aTo 0TI TO JOVTEAO
TTEIPAPATIKNAG OUCTEUIKAG QAeyuovnG e LPS dev utropei va avatmrapaoTAoE! TTANPWS Thv
avBpwTTivn onyn. Ao TIC JEYAAUTEPES BIOPOPES AVAUETT OTA TTEIPAMATIKGA (WIKA PHOVTEAQ
oNYng Kal oTn cAYn oTov AvOpWTIO €ival N YEVETIKA ETEPOYEVEIQ TTOU UTTAPXEI OTOUG
QvOPWITOUG KAl 01 TUXOV CUVUTTAPYXOUCEG A0BEVEIEG, Ol OTTOIEG OEV ITTOPOUV va atrodoBouv
TANPWGS Pe Ta {WIKA TTEIPAUOTIKA POVTEAD onyng 32°.

H otamioTik@ onuavTiki auénon Twv AMmdiwv TpIyAuKepidia, S1akUAOYAUKEPOAN,
QWoPATIOUAOYAUKEPOAN Kal puo@aTiduAoaiBavoAauivn) TNV KUKAOQOPIa Twv ONTITIKWY
a0Bevwyv 0 OX€0on PE TOUG PN ONTITIKOUG aoBeveig, OTTwWG auTh TTPOEKUYWE atmd Tn
ATTOWIKA avAAucn Twv acBevwy, evOEXOUEVWG avadeIKVUEl TN XPNOINOTNTA TWV AITTISiwv
w¢ évag mBavéeg diayvwaoTIKOS Biodeiktng atn oAyn. O SlaXwPIoHOS TwV ETITTEOWY TWV
AITIdiwVv 0TNV KUKAOQOPIa onTITIKWY acBevwy TTou £1TéCNOav aTTd £KEIVOUG TTOU aTTERiwoav
evOEXOPEVWG BEIXVEI TN XPNOIKOTNTA TWV AITTISIWV WG £vag TTPOYVWOTIKOG BEikTNG éKBaong
TNG ONWNGS WG TTPOG TN BvnTdTNTA TWV ONTITIKWY aoBevwyv. ETeidl n Ammdwpikg avdAuon
TIPAYHOTOTIOINBNKE O WIKPO apIBPo aoBevwyy, attaiteital JEAETN Kal TTPOCOIOPIOHUOS TWV
Amdiwv o€ peyaAUTePO apIBud oNTITIKWY acBevVwVY.

H digpedvnon Tng onuatodoTnong Tou agova ATX/LPA 6Tn ouoTeUIKN QAEYUOVT] HE
ATTWTEPO OTOXO TNV e€aywyr XPAOIMwY OeOOUEVWY OXETIKA HE TOUG MNXAVIOWOUG
TTaboguaioloyiag NG onyng, umédeige évav mOavwg empBAaBy poAo tng ATX otnv
TTaboyévela  TNG OUCTEMIKNG  @Aeypovng. Qotéoo, eivar OUOKOAn n  eEaywyn
OUPTTEPAOUATWY dEDOUEVNG TNG TTOAUTTAOKOTNTAG TWV PNXAVIOPWY TNG oAYNnG. H onyn
aTToTeEAEl pia TTOAUTTAOKN KOTAOTOON, XWPEIG va UTTAPXEl Opolopopia oTo péyeBog TNG

MOAuvONG ) TNV Katavour TnG. H avoooloyikr atrékpion XapakTnPIgeTal aTTo Hid «YEVWHIKN
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BueAa» pe aAAnAetTidopacon XIAIGdwv yovidiwv TTou KaBIoTA Tn PEAETN Toug 18IaITEPO
TTEPITTAOKN 435,

To TTOAUTTAOKO Kai  dueca  aAAnAopuBuiféuevo SikTuo Twv  QAgypovwdwY
olauecoAafnTwy KAl TTaPayovIwyv TIou eUTTAéKOvVTal OTnv TTaboyévecon Tng onwng
uTTOOEIKVUEI TN OUCKOAIQ £€ayWYNAS CUPTTIEPAOUATOG OTN MEAETN TNG CAWNG ME TNV AVACTOAR
€VOg povo povotramiod 34, H oAwn utropei va mpoéABel atrd €I0BoAn SIOQOPETIKWV
TTaBoyovwy, N euaiodbnoia €vavTtl TwV OTToIWV UTTOPEI va €TTNPEQOTEI ATTd TO QUAO, ThV
NAIKia, TTEPIBAAAOVTIKOUG TTAPAYOVTEG, YEVETIKEG KI ETTIVEVETIKEG aAAayég oToug PRRS,
OTOUG HECOAABNTEC TNG PAEYUOVAG 1} TOUG UTTOBOXEIG Toug 342 352, H arjywn xapakTnpileTal
WG pia diapecoAaBoupevn amd Toug PRRs  ducAgitoupyio TOu  avoooTToINTIKOU
OUOTAMOTOG, £TTEITa ATTO €I0BOAN TTaBoyovou TTapdyovta. INa autd, n dlaTApnon TNG AETTTAG
ICOPPOTTIOG  AVAUESO OTIG TIPO- KAl QVTI-PAEYUOVWOEIG  ATTOKPICEIS  €ival  Kpiolun
TIPOKEIMEVOU Va ETTITEUXOEI N TTITUXAG OTTOKPICT TOU EEVIOTA TN aryn 436437,

H xpnoiyotroinon TreipapaTtofwwy oTn ORWn TTou €ival TTIo KOVTA YEVETIKA OTOV
avBpwTro, OTTWG Ta TTpwTeUOVTa, OtV gival NBIKG atrodekTr). Katd ouveTTela, TTPETTEl va
BeATIWOOUV Ta uTTAPXOVTA TTEIPANATIKG povTéEAa 329, KpiveTal 1IB1aiTEpa anUAVTIKA N SOKIKA
MIag UTTO JEAETN BEPATTEUTIKNG TTPOCEYYIONG O€ dId@Oopa TTEIPAUATIKA JOVTEAT aWNG TIPIV
TNV €Qapuoyn Ot KAIVIKEG MEAETEG OTov AvBpwTtro. ATTaiTeiTal N TumroTToinon —
KQVOVIKOTTOINGN TwV HOVTEAWYV TTEIPAMATOCWWY VIO TN OAYN TTPOKEINEVOU TA ATTOTEAETUATA
Va €ival CUYKPIoIPa JETAEU TwV DIAPOPETIKWYV EpyacTnpiwy Kal oTadlakh aténan ato Babud
TEPITAOKOTNTAG TOU KABe poviéAou. Ta TreipapaTtik@ poviéAa OAWNG TIPETTEL VO
QVATTaPAYOUV TIG OUVONKES TTOU ETTIKPATOUV OTIG KAIVIKEG OOKIUEG, yIa TTApAdEIlYUa VO
oupTrepIAauBAavouv Tn xopriynon avriBIOTIKWY Kal ETTOPKOUG uypou avafiwong, waoTe va
akoAouBouUv Ta TTPOTUTTA TNG PPOVTIOAS TwV agBevwy 352,

EmmAéov, amaiteital n BeAtiototroinon TNG QIHodUVAUIKNAG UTTOOTHPIENG O€
KATOOTAOEIG ONYNG KAl ONTITIKOU OOK, OXETIKA PE TOV OYKO, TO €idOG Kal Tn Bepuokpaaia
TOU UYypOU avaBiwong Kal TIg OTPATNYIKES avATTARPWONG UYpWY OTTWG N APECN XOpAynon
QYYEIOOPACTIKWY Kal IVOTPOTTIKWY Trapayoéviwy. ETmiong, mpétrel va mTpoodiopioTouv ol
moavég OlaPopoTToINoElS TTou  atrodidovial oTa  SIOQOPETIKA  XAPAKTNPIOTIKG Tou
TTaBoydvou Kal Tou EevioTr Ta oTToia eTTnpedlouv TNV €KBacn Tou atroteAéopaTtog 3%,

NOyw Tng OUOKOAiOG BIEEayWYNAG MEAETWV O€ €TEPOYEVA TTANBUCHO ONTITIKWV
aoBevwy, TTPETTEI VA TTPOOBIOPIOTOUV KAIVIKG TEAIKG onueia diagopeTikd atrd 1o BdvaTto Twv
ONTITIKWY aoBevwyv, OTTWG YIa TTOPAdEIYUA N PEIWPEVN CUXVOTNTA EUPAVIONG OPYAVIKNAG
QVETTAPKEIOG A/ KAl va SIaXwPIOTOUV TTIO OPOIOYEVEIG UTTOKATNYOPIEG AOBEVWV YIA T HEAETN
OUYKeKPIYEVWY OTOXwV 3*. Idavikd, o kGBe aoBeviic TIPETIEl va TTapakoAouBeital yia
OANaYEG O XOPAKTNPIOTIKOUG DEIKTEG TNG AVOOOAOYIKNG ATTOKPIONG KAl VA UTTOKEITAI O€

TTPOCWTTOTTOINUEVN AVOOOPPUBUIOTIKA BepaTreia 342,
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H digpelvnon tng onuarodétnong Tou aéova ATX/LPA oTn GUCTEUIKA QAEyUOV
MTTOpEl va dwael Xprolya 0edouéva OXETIKA PE TOUG Pnxaviopoug TTaBogualoloyiag Tng
onWng Kai va eEnynoel g n pubuion Twv emmmédwv LPC/ATX/LPA utropei va avaoTeilel
TNV avamTugn Ki €EENIEN TNG CUCTEUIKNG GAEYHOVAG.

Mépa atrd TNV Tapouca dIBAKTOPIKN dlaTpIRr, OTa TTAQIcIa TNG CUVEPYATiag Tng
£PYAOTNPIOKNG OUAdAG TOU K. Aidivn, aTTd TN CUPHETOXN POU OTIG HEAETEG DlEpEUvNONG TOU
poAou TG ATX oTtnv oégia Tveupovik BAGBN (acute lung injury) kal o€ TTOBROEIS TOU
ATTaTOG (ivon Kal KAPKIVOG) TTPOEKUYWAV TA TTAPAKATW ATTOTEAETUATA.

>Tnv oégia Tveupovikr BAARN (ALI), n otroia TTPoKAABNKe atd eiotvor LPS o¢
TTOVTIKIO QUOIKOU TUTTOU, BpéBnkav augnuéva emmimeda dpacTIKOTNTAG TG ATX OTO
BPoyxokuWeAIBIKO EKTTAUMA TWV TTOVTIKWY, Kal OTTWG ATAV QVAPEVOUEVO, augnuéva eTTiTreda
LPA. MapatnpABnke TTaxuvon Tou KUWEAIBIKOU TOIXWHATOG, £I0PON OUDETEPOPIAWY OTO
OIdpeco Xwpo Tou TveUpova, HIKpoayyelakn diappor kai oidnua. H augnon tng ATX
mOavVWG ATaV ATTOTEAECUA TNG XOAAPWONG ToU vOoBNAIOKOU @payuou, UTTOOEIKVUOVTOG
TNV TTpooéAeucn NG ATX attd Tnv Kukhogopia. Ta auénuéva £wg kal 200% etrireda NG
ATX oTnv KUKAOQOPIa TTOVTIKWY TTOU TNV UTTEPEKPPALOUV, T OTTOIO XPNCIKWOTToINBNKay Kal
oTnv Tmapouca d1aTpIfr], emodcivwaoav Tnv oeia Aeyuovn kai To ALI, o€ avtiBeon pe TN
OUGTEMIKA QAEYHOVA Kai TIG XPOVIEG PAEYHOVWOEIG TTaBNoeIC. QOTOOO, N YEVETIKI ATTOKOTTA
NG ATX ouykekpipéva atTd Ta KUTTapa Tou BpoyxikoU €1miBnAiou kal Ta Jakpo@daya, TTou
gival ol Kuplol ekppacTeEG TNG ATX oTov TIVEUPOVA, OTTWG KAl N QOaPUAKOAOYIKY) avaOTOAN
™G ATX pe tov GWJ-A-23 dev gixav atmmoTtéAeopa otn cofapdtnta tou ALl Amd 1O
TTAPATTAVW TTPOKUTITEI Wia diagopoTroinuévn UTTAOKN Tou GEova ATX/LPA otnv ofgia o€
oxéon Pe TN Xpovia Agyuovn.

Ooov agopd otn peAétn Tng ATX oTo ATTap, BPédnke augnuévn ékppaon Tng ATX
OTO ATTAP KAl OTnV KUKAo@opia acBevwv pe xpovieg nrratotmddeieg (CLD) diapdpwv
QITIOAOYIWY, N OTTOI0 CUOXETIOTNKE WE PIKPOTEPN £TTIRIWON TWV ACBEVWY, TTPOTEIVOVTAG TNV
ATX wg Biodeiktn. ZTa TTovTiKia, o€ dId@opa PovTéAa acBevelov Tou ATTATOS PPEBNKE
augnuévn ékppaon TG ATX oTa NTTATOKUTTAPA KAl OTTWG QVAPEVOTAY, AUTH OUVODEUTNKE
atmd augnuéva emmimeda LPA. EmimTAéov, TTapatnprénke evepyoTroinon Twv aoTEPOEIdWY
KUTTdpwyv Tou ATTaTog (HSCS) Kal alénon TTPoivwTIKWY TTapayovTwy. H yeveTikn eEGAEIyn
NG ATX ammd 1a NITATOKUTTAPA A N UTTEPEKPPACT TnG £0<1Cav évav TTPOIVWTIKG pOAo Tou
agova ATX/LPA oTo ATTap, v N QapuakoAoyikr avacToAr Tng ATX pe PF8380 utrédeite
TNV ATX WG KAAG QaPUAKEUTIKO OTOXO YIQ TIG XPOVIEG a0BEvelEG TOU ATTATOG. ETTITTAEOV, N
YEVETIKN atraloipry TnGg ATX amd Ta nmaTtokUTTapa €£aoBévnoe Tnv avaTtugn TOu
NTTOTOKUTTAPIKOU KOPKIVWUATOG, opifoviag Tnv eummAoky Tou dfova ATX/LPA otnv

TTaBoy£évean Tou NTTATIKOU KApKivou.
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Abstract

Autotaxin (ATX, Enpp?2) is a secreted lysophospholipase D catalysing the production of
lysophosphatidic acid, a pleiotropic growth factor-like lysophospholipid. Increased ATX
expression has been detected in a number of chronic inflammatory diseases and different
types of cancer, while genetic interventions have proven a role for ATX in disease patho-
genesis. Therefore, ATX has emerged as a potential drug target and a large number of ATX
inhibitors have been developed exhibiting promising therapeutic potential. However, the
embryonic lethality of ATX null mice and the ubiquitous expression of ATX and LPA recep-
tors in adult life question the suitability of ATX as a drug target. Here we show that inducible,
ubiquitous genetic deletion of ATX in adult mice, as well as long-term potent pharmacologic
inhibition, are well tolerated, alleviating potential toxicity concerns of ATX therapeutic
targeting.

Introduction

Autotaxin (ATX, Enpp2) is a secreted lysophospholipase D [1] widely present in biological flu-
ids including blood [2-4]. ATX is the major enzyme catalysing the production of lysophospha-
tidic acid (LPA) and ATX heterozygous null mice have half of normal LPA levels [5-7]. LPA is
a bioactive, growth factor-like lysophospholipid promoting a large variety of cellular responses
in almost all cell types [2, 8], mediated from at least six G-protein coupled LPA receptors
(LPARs) that exhibit overlapping specificities and widespread distribution [9, 10].

ATX expression and LPA production were shown to be necessary for embryonic develop-
ment, as ubiquitous genetic deletion of ATX resulted to vascular and neuronal defects leading
to lethality [5-7]. In adult life ATX is widely expressed, and upregulated levels have been
reported in various chronic inflammatory diseases and cancer [2, 11, 12]. Conditional genetic
deletion of ATX attenuated the development of rheumatoid arthritis and pulmonary fibrosis in
mouse models [13, 14], suggesting a primary role in disease pathogenesis [15, 16]. Transgenic
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mammary ATX overexpression resulted in enhanced rates of spontaneous breast cancer devel-
opment in aged mice, often preceded by chronic inflammation [17]. Therefore, ATX overex-
pression at chronic inflamed or neoplastic tissues, possibly localized to the cell surface through
integrin-binding [18], most likely results to increased local levels of LPA, which in turn exert
its pathologic effects at the microenvironment [2].

Consequently, ATX has emerged as a promising therapeutic target in chronic inflammatory
diseases and cancer [2] and a large number of ATX inhibitors have been developed [19, 20].
Moreover, the crystal structure of ATX was recently solved [18, 21] enabling rational drug
design. In this report we show that inducible, ubiquitous genetic deletion of ATX in adult mice,
as well as its potent pharmacologic inhibition, are well tolerated, alleviating potential toxicity
concerns of ATX therapeutic targeting.

Materials and Methods

Mice

All mice were bred at the animal facilities of the Alexander Fleming Biomedical Sciences
Research Center, under specific pathogen-free conditions. Mice were housed at 20-22°C, 55
+5% humidity, and a 12-h light-dark cycle; water and food were provided ad libitum. Mice
were bred and maintained in a C57BL/6 genetic background for more than 10 generations. All
experimentation in mice for this project was approved by the Institutional Animal Ethical
Committee (IAEC) of Biomedical Sciences Research Center “Alexander Fleming” (#376), as
well as the Veterinary service and Fishery Department of the local governmental prefecture
(#5365). Age and sex-matched littermate mice were assigned randomly to experimental and
control groups. All measures were taken to minimize animal suffering and distress; however,
neither anesthetics nor analgesics were used during the protocol, as no invasive or painful tech-
niques were performed. The health status of the mice was monitored once per day and no
unexpected deaths were observed. Mice were euthanized at predetermined time-points or
when they exhibited a <20% body weight loss. Euthanasia was performed in a CO, chamber
with gradual filling followed by exsanguination. The generation and genotyping protocols for
EnppZn/ " [5], R26Cre-ER? [22, 23], and R26R [24] mice have been described previously.

Tamoxifen treatment

Tamoxifen (Tmx; Sigma T5648, USA) was dissolved in a corn oil/ ethanol (9/1) mixture at 45
mg/ml. Tmx was administered either intraperitoneally (IP; 50-100 mg/kg) or by oral gavage
(Per Os, PO; 180 mg/kg), as previously described (Indra, et al., 1999, Hayashi, S. et al., 2002).
Control groups received corn oil.

Tissue processing and H&E staining

Fresh mouse tissues were fixed in 10% neutral-buffered formalin overnight at 4°C, processed
using a standard overnight protocol, and embedded in paraffin blocks. Sections of 4 um were
stained with Hematoxylin and Eosin (H&E) according to standard procedures 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. Images were taken and
evaluated blindly.

X-gal staining

Freshly isolated mouse tissues were embedded in OCT and frozen in liquid nitrogen. Sections
of 6 um were prepared on a cryotome and fixed in 2% formaldehyde/ 0.2% glutaraldehyde for
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10 minutes at 4°C, washed twice in cold PBS /2 mM MgCl, for 10 minutes and stained in X-gal
staining solution (2 mg/ml X-gal (5-bromo-a-chloro-3-inodyl-B-D-galactopyranoside) in 0.1
M Na phosphate buffer pH 7.3, 0.01% Na deoxycholate, 5 mM K3Fe(CN)6, 5.7 mM K4Fe(CN)
6,2 mM MgCl,, 0.02% NP-40) at 37°C in the dark overnight. The sections were rinsed twice in
PBS /2 mM MgCl, for 10 minutes at room temperature, counterstained with eosin, and visual-
ized under an Eclipse E800 microscope as in the previous section.

ATX activity assay

ATX / LysoPLD activity was measured using the TOOS activity assay. ATX catalyzes the cleav-
age of lysophosphatidylcholine to lysophosphatidic acid and choline. The released choline is
oxidised by choline oxidase to produce betaine and hydrogen peroxide. The latter is used as the
oxidizing agent. In the presence of horseradish peroxidase, H,O, reacts with TOOS (N-ethyl-
N-(2-hydroxy-3-sulfopropyl)-3-methylaniline) and 4-AAP (aminoantipyrene) to form a pink
quinoneimine dye which absorbs at 555 nm. 1 x LysoPLD buffer (100 mM Tris-HCI pH 9.0,
500 mM NaCl, 5 mM MgCl,, 5 mM CaCl,, 60 pM CoCl,, 1 mM LPC) was incubated at 37°C
for 30 minutes. Plasma samples (100 fold diluted) were incubated with 1 x LysoPLD bulffer at
37°C for 4 hours at a final volume of 100 ul in a 96-well plate. At the end of the incubation, a
colour mix (0.5 mM 4-AAP, 7.95 U/ml HRP, 0.3 mM TOOQOS, 2 U/ml choline oxidase in 5 mM
MgCl,/ 50 mM Tris-HCl pH 8.0) was prepared and 100 pul were added to each well. Absorbance
(A) was measured at 555 nm every 5 minutes for 20 minutes. For each sample, the absorbance
was plotted against time and the slope (dA/min) was calculated for the linear (steady-state)
portion of each reaction. ATX activity was calculated according to the following equation:
Activity (U/ ml) = (umol/ min/ ml) = [dA/ min (sample)—dA/ min (blank)] * Vt/ (e* Vs* 0.5)
where Vt: total volume of reaction (ml), Vs: volume of sample (ml), e: milimolar extinction
coefficient of quinoneimine dye under the assay conditions (e = 32,8 umol/ cm?) and 0.5: the
moles of quinoneimine dye produced by 1 mol of H,0,.

Western blotting

1 pl of plasma samples were diluted in Laemmli buffer, electrophorised on 8% SDS-polyacryl-
amide gels and transferred to Protran nitrocellulose membranes (Whatman plc, Maidstone,
Kent, UK) using the Trans-Blot SD Semi-Dry Transfer system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Primary a-ATX Ab incubation (rat monoclonal 4F1, kindly provided by J.
Aoki, 1:1000; rabbit polyclonal Cayman 1:250) was performed overnight in 5% (w/v) non-fat
milk in TBS-Tween 0.05% (TBST) at 4°C. The membranes were then washed three times with
TBST and incubated with HRP-conjugated secondary Abs (a-rat or a-rabbit respectively;
1:2000) for one hour at room temperature. Membranes were washed three times with TBST
and antibody-antigen complexes were revealed using ECL chemiluminescent reagent (Pierce/
Thermo Scientific, Rockford, IL, USA). Antibody specificity has been scrutinized previously
[13].

Plasma biochemical and haematological analyses were performed with the Abbott Architect
8200 and Cell-Dyn 3700 analysers respectively.

Real-Time RT-PCR

Total RNA was extracted from the left lung lobe using the Tri Reagent (Molecular Research
Center, Inc, USA) and treated with DNAse (RQ1 RNAse-free DNAse, Promega, Wis, USA) in
accordance to the manufacturer’s instructions. Reverse transcription to cDNA was performed
with 3.5 ug RNA by M-MLV RT (Promega) at a final volume of 20 pl. Real-time PCR was per-
formed on a BioRad CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad Laboratories
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Ltd, CA, USA). Values were normalized to 2-microglobulin (b2M). The primer sequences,
designated as f for forward and r for reverse, as well as the product sizes (in bp) were as
follows: Enpp2 (f, 5-GATGCATTCCTTGTAACCAACA-3,r, 5- TCATCCTCAATGT
CACGTAAGC-3,173bp), B2M (f, 5-TTCTGGTGCTTGTCTCACTGA-3, 1, 5-CAG
TATGTTCGGCTTCCCATTC-3’, 104bp). The annealing temperature for all primers was
58°C.

HPLC-MS/MS

PF8380, LPA (C14:0, C16:0, C18:0, C18:1, C20:4), LPI (C16:0, C18:0), LPG (C16:0, C18:0),
LPE (C16:0, C18:0), LPS (C16:0, C18:0) and LPC species (C14:0, C16:0, C18:0, C18:1, C24:0)
were determined in plasma by HPLC-ESI/ MS/ MS using an RSLCnano system (Ultimate 3000
Series, Dionex Corporation, USA) coupled with an LTQ Orbitrap XL mass spectrometer
(Thermo Scientific, Waltham, MA, USA). Plasma samples (50 pl) were mixed with 950 pl PBS
and spiked with the internal standard mix (17:0 LPA/ LPC/ LPS/ LPG/ LPE). Neutral extrac-
tion was performed twice with 4 ml ice-cold CHCl;/ CH;OH (2/1, v/v) followed by 2 ml PBS
saturated ice-cold CHCl;/ CH;OH (2/1, v/v). Each step of extraction was followed by a 1 min-
ute vortex and a 1 minute centrifugation at 4°C at 3,000 rpm. The lower chloroform organic
phases from both neutral extraction steps were pooled together and reserved for the LPC and
PF8380 measurements. The remaining aqueous phase was chilled on ice for 10 minutes, acidi-
fied to pH 3 with acetic acid and undergone a 2 step extraction with ice-cold CHCl;/ CH;OH
(2/1, v/v), as above. The lower organic phases were pooled and kept for LPA, LPS, LPG, LPI
and LPE determination. The neutrally extracted organic phase and the neutralized acidified
lower organic phase were evaporated to dryness. The residues were re-suspended in 0.15 ml
isopropanol for HPLC-ESI/ MS/MS analysis. Obtained recoveries were 90% for PF8380, 60-
85% for LPA species and 80-100% for LPC, LPS, LPG, LPI and LPE. The HPLC-MS/MS was
performed as previously described [25].

Mouse pharmacokinetics and in vivo inhibition of ATX activity

PF8380 was administered by oral gavage (120 mg/kg) dissolved in vehicle (Hydroxypropyl Cel-
lulose 2% / Tween 80 0.1%) to 8 week old mice. Control mice received only the vehicle. Venus
blood was collected at time points up to 12 hours post administration, in tubes containing
EDTA at a final concentration of 50 mM. For plasma preparation, whole blood was centrifuged
at 2000 g for 20 minutes at 4°C and the supernatant was stored in siliconized tubes at -20°C.
Plasma samples were examined for ATX activity and PF8380/ LPA levels using the TOOS
activity assay and HPLC- MS/MS, respectively.

Statistical analysis

All data are expressed as means + SEMs. Statistical analysis was performed using SigmaPlot
11.0 (Systat software Inc., IL, USA). The statistical significance was estimated in pair-wise com-
parisons with control values using a paired Student’s ¢-test, or a Mann-Whitney test in cases of
not normal distributions. Survival curves were calculated using Kaplan-Meier survival analysis;
the statistical significance of curves was assessed using Logrank test. P values <0.05 (*), p<0.01
(**) and p<0.001 (***) were considered significant. The number of samples (n) and the num-
ber of experiments/repetitions (exp) are indicated in each figure legend.
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Results and Discussion
Inducible ubiquitous inactivation of ATX in adult mice

An inducible strategy to inactivate ATX in adult mice was used. R26Cre-ER™? mice (line 2151),
generated by Regeneron Pharmaceuticals [22, 23], carry a Cre recombinase-Oestrogen receptor-
T2 (Cre-ER"?) allele targeted to the ubiquitously expressed ROSA26 (R26) locus (S1A Fig), as in
previous efforts [26-28]. The ER™ moiety retains the Cre recombinase in the cytoplasm until
tamoxifen (Tmx; a synthetic oestrogen antagonist) administration releases this inhibition, thus
permitting the nuclear translocation of Cre and the recombination of genomic loxP sites [29].

In order to confirm efficiency and tissue specificity of Tmx-induced Cre-mediated recombi-
nation, R26Cre-ER"? mice were crossed with mice carrying a Cre-responsive b-galactosidase
(LacZ) reporter allele [24]. In this reporter strain (R26R), a lacZ transgene has been introduced
into the R26 locus, preceded by a floxed neo expression cassette preventing lacZ expression.
Upon Cre recombinase activation, this “stop” neo cassette is removed and lacZ expression can
be detected using X-gal staining [24]. Intraperitoneal (IP) injections of Tmx (100 mg/kg per
day for 10 days) in R26Cre-ER"*/R26R mice resulted in varying degrees of X-gal staining in
almost all tissues examined (S1B Fig), as previously reported for similar strains of mice [26-
28], suggesting efficient and widespread Tmx-induced, Cre-mediated gene targeting. More-
over, no X-gal staining was detected in the absence of Tmx or the R26Cre-ER"* allele (S1B
Fig), indicating stringent control of gene expression.

For the inducible inactivation of ATX in mice in vivo, Enpp2™" mice [5] were crossed with
the R26Cre-ER"? mice yielding R26Cre-ER"%/Enpp2™"™ mice, which received different concen-
trations of Tmx via different routes of administration. Administration of 50 mg/kg Tmx IP per
day for 10 days was not sufficient to induce recombination (S1 Table) and had no effect in
overall mouse survival rate (Fig 1A). Increasing the Tmx dose to 100 mg/kg (IP; per day for 10
days) resulted in accurate recombination of the Enpp2 allele, which could only be detected in
the presence of the R26Cre-ER"* allele (S1 Table). R26Cre-ER">-mediated recombination was
also detected in littermate R26Cre-ER"?/Enpp2"™ mice not receiving Tmx but housed in the
same cages (see below and S1 Table) [30]. As genomic PCR is not a quantitative assay, the
results from the reporter mice (S1 Fig) suggest minimal levels of leaky recombination.

No statistically significant effect in the overall survival rate of mice was observed (Fig 1B).
Comparative histopathology of 44 tissues from R26Cre-ER™/Enpp2™'™ mice 2 days post Tmx
administration (100 mg/kg IP per day for 10 days) at the onset of the limited observed lethality
did not identify any significant findings after deletion of ATX, with the exception of lung and
gastrointestinal (GI) tract which had mild to moderate inflammatory changes (S2 Table and S2
Fig) and which were followed through the entire study. However, similar histopathological
changes were also observed in all control groups receiving Tmx (52 Table and S2 Fig), while
observed pathologies did not persist 20 days post Tmx administration (S3A Fig), indicating
that the observed transient pathologies in the lungs and GI tract were due to Tmx administra-
tion and not ATX ablation. To lower Tmx-induced toxicity experiments were repeated using 5
days of IP injections of 100 mg/kg Tmx with similar results. Enpp2 recombination was readily
detected (S1 Table), with no statistically significant effects in mice survival rates in comparison
to control mice (Fig 1C) and exhibiting no histopathological changes in lung and GI tract 10
and 20 days post Tmx treatment (S3B Fig).

n/n

The majority of ATX activity is not necessary for adult life

To confirm results utilizing a different and more widely used route of administration, Tmx
(180 mg/kg) was administered to R26Cre-ER"%/Enpp2™"™ and control littermate mice with oral
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doi:10.1371/journal.pone.0143083.g001

gavage (Per Os; PO) for 4 days, followed by a 3-day arrest and Tmx administration was contin-
ued for 2 more days (Fig 1D). Similar to the other dosing regimens reported here, Tmx-
induced recombination in all tissues could be detected only in the presence of the R26Cre-ER™
allele, while its minimal leakiness could be avoided with individually housing mice (S1 Table).
No statistically significant effect in the overall survival rate of Tmx-administered R26Cre-
ER™/Enpp2"'™ mice was observed in comparison to littermate Tmx-administered R26Cre-
ER"? mice, suggesting that the majority of ATX expression is dispensable for adult life and that
the observed lethality could be attributed to Tmx- and Cre- mediated toxicity as previously
reported [31]. No histopathological changes were detected in the lungs and GI tract of all
experimental and control mice 18 and 30 days post treatment (S4 Fig). Moreover, no deleteri-
ous changes indicative of liver, kidney, or pancreatic function were identified in clinical bio-
administered R26Cre-ER"?/Enpp2™"™ mice (S5 Fig). Likewise, no
differences were detected in blood cell populations (S6 Fig). Therefore, ATX ablation appears
to have no major effects in tissue homeostasis and the hematopoietic system.

chemistry analytes from Tmx-
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Based on limited published expression studies, ATX is thought to be widely expressed in
adult mice, with the highest mRNA levels reported in brain, ovary/testis, intestine, kidney, and
lung [2]. Moreover, ATX has been reported to be secreted from adipocytes [32, 33], while adi-
pose specific genetic deletion of ATX resulted in marked decreases of serum LPA [34], suggest-
ing the adipose tissue as a major contributor to serum ATX. Real Time RT-PCR analysis of
ATX mRNA expression confirmed the brain and adipose (gonadal white adipose tissue, WAT;
brown adipose tissue, BAT) tissues as the highest ATX expression tissues in wt C57BL/6 mice
(Fig 2A), in general agreement with on line expression data repositories (http://biogps.org/
#goto = genereport&id=18606, http://www.gtexportal.org/home/gene/ENPP2). Tmx-induced,
R26Cre-ER"2-mediated Enpp2 recombination resulted in >80% attenuation of ATX mRNA
levels in all organs examined including brain and adipose tissue (Fig 2B), as quantified with
Real-Time RT-PCR. As a consequence, ATX protein was barely detectable in the plasma of
Tmx-administered R26Cre-ER"?/Enpp2™™ mice (Fig 2C and S7 Fig), resulting to an 80%
decrease of plasma ATX activity levels (Fig 2D), as quantified with the TOOS assay on
natural LPC substrates. ATX activity levels were followed by a similar decrease in LPA levels
(Fig 2E) despite the unaffected levels of possible ATX substrates (Fig 2F), as quantified by
HPLC-MS/MS.

A 50% reduction in plasma ATX (and LPA) levels in heterozygous ATX KO mice was previ-
ously reported to result in no overt phenotype [5-7]. Our results extend these observations
proving that even an 80% reduction in ATX activity and LPA levels in adult mice has no effect
on tissue histopathology and overall survival. However, we cannot exclude the possibility that
residual total LPA may still be enough to maintain normal body functions, although the
reported LPA concentration thresholds to observe any effect in any cell type in vitro is much
higher (>>1 uM up to 10 uM)[2]. In fact, most reported effects of LPA in vitro were observed
at non-physiological concentrations corresponding to pathophysiological situations of
increased local concentrations of LPA at inflamed/malignant sites, most likely as a result of
increased expression of ATX. Moreover, it should be noted that cellular effects of LPA will
depend not only on its local concentration (controlled by the relative levels of both ATX and
LPPs), but as well as on the local cell-specific abundance of LPA receptors and their suggested
transactivation by other factors [35] or the local concentration of interacting proteins that have
been reported to modulate its biological effects [36]. Additionally and depending on the con-
centration, LPA may also elicit cellular responses not only through specific binding to cognate
receptors, but as well as through the activation of nuclear receptors [37], through the modula-
tion of macromolecular signalling complexes via direct docking to proteins or the metabolic
rewiring of cell metabolism [38].

Potent pharmacological ATX inhibition exhibits no toxic effects

Upregulated expression of ATX has been detected in a number of chronic inflammatory dis-
eases and cancer, while genetic interventions have proven a role of ATX in disease pathogene-
sis; establishing ATX as a promising potential therapeutic target [2]. However, the embryonic
lethality of ATX knockout mice poses a concern for the suitability of ATX as a drug target.

Inducible, ubiquitous genetic deletion of ATX indicated that the majority of ATX expression
is dispensable for adult life, suggesting potential safety of pharmaceutical targeting. To validate
the conclusion, mice were treated with the potent ATX inhibitor 6-(3-(piperazin-1-yl)propa-
noyl)-benzo[d]oxazol-2(3H)-one (PF8380)[39]. PF8380 is small molecule with a long linear
and flexible structure, good oral bioavailability, and a reported IC50 of 1.7 nM on natural LPC
substrates [39]. Oral administration of 30 mg/kg PF8380 reduced inflammatory hyperalgesia
in a rat air pouch model, exhibiting >95% reduction of LPA levels in both plasma and
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mice as determined with the TOOS assay on natural LPC substrates (n = 13-27; exp = 3). (E) Plasma LPA levels of the indicated mice as determined by
HPLC-MS/MS (n = 9-13; exp = 2). (D) Plasma lysophospholipid (LPLs) levels remain unchanged as measured with HPLC-MS/ MS (n = 9—13; exp = 2). All
values in every panel are means (+ SEM) and are presented (except A) normalised (%) to control values.

doi:10.1371/journal.pone.0143083.g002
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inflammatory site tissue within 3 hours [39]. In vitro testing on natural LPC substrates of syn-
thesized PF8380 confirmed its potency (IC50 1.9 nM) (Fig 3A), while pharmacokinetic profil-
ing indicated that its levels remained above IC50 values for at least 12 hours (Fig 3B). Wild
type 8 week old mice were treated twice daily for 3 weeks with 120 mg/kg PF8380 administered
by oral gavage (PO). Despite high dosing for a prolonged period, treated mice exhibited no
weight loss (Fig 3C) or macroscopic signs of toxicity. Histopathological examination of 13
major organs following treatment (S8 Fig) identified no pathological changes, confirming that
the bulk of ATX activity is dispensable for adult life and that ATX is a safe therapeutic target.
Similar conclusions have been reached following administration of ONO-8430506, a novel
ATX inhibitor (reported IC50 6.4-19 nM)[40], for 4 or 21 days at a concentration 10 or 100
mg/kg, where no lethality or weight loss was observed [41].

Conclusions

Given the extensive steady state reduction of LPA levels upon inducible genetic deletion of
ATX and the pharmacokinetics (PK) and pharmacodynamics (PD) profiles of existing potent
ATX inhibitors, it is highly unlikely to achieve experimentally a further, 24 hours-long, reduc-
tion in LPA levels by combining genetic and pharmacologic approaches. However, such a
hypothetical 100% constant ATX inhibition would not only prove that the entire ATX expres-
sion and activity (as opposed to 80% shown here) is dispensable for adult life, but would also
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indicate the relative contribution to serum LPA levels from alternative synthetic pathways pos-
sibly mediated by phospholipase A-type enzymes as previously suggested [42].

As the important role of ATX in chronic inflammation and cancer is emerging, a large num-
ber of ATX inhibitors have been developed over the last years [2, 20], while several of them
have exhibited therapeutic potential: in air-pouch inflammation [39], collagen-induced arthri-
tis [43], bleomycin-induced pulmonary inflammation and fibrosis [14], allergen-induced
asthma [44], as well as in the metastasis of melanoma and breast cancer cells [41, 45-48].
Moreover, ATX inhibition has been proposed as a potential adjuvant therapy to known cancer
treatments, given its suggested role in chemotherapy and radiotherapy resistance [49, 50].
Noteworthy, the therapeutic effects of inhibiting ATX in most reported pharmacological stud-
ies did not always correlate with the PK/PD profile of the compound, when available, and LPA
levels were never suppressed >80% for more than three hours. Although the tissue penetration
and retention of the compounds and tissue LPA levels post treatment are largely unknown, it’s
safe to conclude that even the most potent ATX inhibitors that do exhibit therapeutic potential
cannot attenuate LPA levels >80% at a steady state for 24 hours. On the other hand the present
study has shown that even a constant 80% reduction of LPA is well tolerated systemically.
Therefore, ATX inhibition can exert its therapeutic benefits by inhibiting, most likely, the
increased amounts of ATX at inflamed and malignant sites locally, without exhibiting systemic,
toxic side effects.
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S1 Fig. Widespread sporadic Cre excision in tamoxifen-treated R26CreER">/ROSAlacZ
mice. A. Schematic representation of the gene targeting strategy. The R26Cre-ER™? construct
was sequentially inserted into the Rosa26 locus by homologous recombination as depicted. E,
EcoRI; P, Pacl; CreER"™?, adenovirus splice acceptor-CreER"2-PMC polyadenylation site; H,
Hygro, PGK-hygromycin. B. Tissue sections from 8-week old double transgenic R26Cre-ER
R26R mice and littermates were stained for b-galactosidase activity to identify sites of active
Cre-mediated recombination. (Scale bar: 150 pm).

(PDF)

T2/

S2 Fig. In vivo Tmx treatment results in minor inflammatory changes in lung and gastroin-
testinal (GI) tract. Representative images of tissue sections (H&E staining) from R26Cre-
ER"?/Enpp2"™ mice and littermates treated IP with Tmx (100 mg/kg) or corn oil once per day
for 10 days. Mice were sacrificed 2 days post Tmx treatment. (Scale bar: 50 um). Mice treated
with corn oil had no histopathological changes indicating that the inflammatory changes were
due to Tmx administration.

(PDF)

S3 Fig. Genetic ablation of Enpp2 has no effect in tissue histology. Representative images of
tissue sections (H&E staining) from R26Cre-ER"?/Enpp2™"™ mice and littermates treated IP
with Tmx (100 mg/kg) or corn oil for A. 10 days and B. 5 days. Mice were sacrificed 20 or 10
and 20 days post Tmx treatment, respectively. (Scale bar: 150 pm).

(PDF)

S4 Fig. Genetic deletion of Enpp2 has no effect in tissue histology. Representative images of
tissue sections (H&E staining) from R26Cre-ER"*/Enpp2™"™ mice and littermates treated PO
with Tmx (180 mg/kg) or corn oil for 6 days. Mice were sacrificed 18 and 30 days post Tmx
administration. (Scale bar: 150 pm).

(PDF)
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S5 Fig. Genetic excision of Enpp2 has no effect in biochemical factors indicative of main
body functions. Plasma biochemical analytes from Tmx / oil-administered R26Cre-ER"?/

Enpp2™™ mice and littermates (n = 3-8, exp = 2). AST: Aspartate transaminase; ALT: Alanine
transaminase; CPK: Creatine phosphokinase; LDH: Lactate dehydrogenase; y-GT: y-glutamyl-
transpeptidase.

(PDF)

S6 Fig. Genetic excision of Enpp2 has no effect in hematopoietic cell populations. Blood cell
counts and parameters in Tmx-treated R26Cre-ER"?/Enpp2™™ mice and littermates (n = 3-6,
exp = 1). WBC: White blood cells; LYMPH: Lymphocytes; MXD: monocytes, basophils and
eosinophils; GRA: Granulocytes; RBC: Red blood cells; HGB: hemoglobin; HCT: hematocrit;
MCV: mean volume of erythrocytes; MCH: mean content of hemoglobin; MCHC: mean con-
centration of hemoglobin; RDW: Red cell Distribution Width; PLT: platelets; PCT: plateletkrit;
MPV: mean platelet volume; PDW: relative width of the distribution of platelets.

(PDF)

S7 Fig. Genetic excision of Enpp2 attenuates its protein levels in the plasma. (A) Western
blot of the indicated mouse plasma samples with a rat monoclonal antibody (4F1) against
ATX. (B) Western blot of the same (as in A) samples with a commercial (Cayman) rabbit poly-
clonal against ATX. (C) Coomassie brilliant blue staining of the same (as in A) samples, serving
as a loading control.

(PDF)

S8 Fig. Potent pharmacological inhibition of ATX has no effect on tissue histology. Repre-
sentative images of tissue sections from vehicle-treated and PF8380-treated mice (120 mg/kg
PF8380, PO, twice a day for 3 weeks), stained with H&E. (Scale bar: 150 pm).

(PDF)

S1 Table. R26CreER"2-driven Enpp2 recombination, as tested by PCR, in the indicated
mouse strains and upon the indicated treatments.
(PDF)

S2 Table. No major effects in tissue physiology upon inducible, complete genetic deletion
of ATX.
(PDF)
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S1 Fig. Widespread sporadic Cre excision in tamoxifen-treated R26CreER™/ROSAlacZ mice. A. Schematic
representation of the gene targeting strategy. The R26Cre-ER™ construct was sequentially inserted into the
Rosa26 locus by homologous recombination as depicted. E, EcoRlI; P, Pacl; CreER™, adenovirus splice
acceptor-CreER™-PMC polyadenylation site; H, Hygro, PGK-hygromycin. B. Tissue sections from 8-week old
double transgenic R26Cre-ER™/R26R mice and littermates were stained for b-galactosidase activity to identify
sites of active Cre- mediated recombination (Scale bar: 150 ym).



S2 Fig. In vivo Tmx treatment results in minor inflammatory changes in lung and gastrointestinal
(Gl) tract. Representative images of tissue sections (H&E staining) from R26Cre-ER™/Enpp2™" mice
and littermates treated IP with Tmx (100 mg/kg) or corn oil once per day for 10 days. Mice were
sacrificed 2 days post Tmx treatment. (Scale bar: 50 uym). Mice treated with corn oil had no
histopathological changes indicating that the inflammatory changes were due to Tmx administration.
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S3 Fig. Genetic ablation of Enpp2 has no effect in tissue histology. Representative images of tissue sections
(H&E staining) from R26Cre-ER™/Enpp2™" mice and littermates treated IP with Tmx (100 mg/kg) or corn oil

for A. 10 days and B. 5 days. Mice were sacrificed 20 or 10 and 20 days post Tmx treatment, respectively.

(Scale bar: 150 ym).
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S$4 Fig. Genetic deletion of Enpp2 has no effect in tissue histology. Representative images of tissue sections
(H&E staining) from R26Cre-ER™/Enpp2"" mice and littermates treated PO with Tmx (180 mg/kg) or corn oil for 6 days.
Mice were sacrificed 18 and 30 days post Tmx administration. (Scale bar: 150 pm).
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S5 Fig. Genetic excision of Enpp2 has no effect in biochemical factors indicative of main body functions. Plasma
biochemical analytes from Tmx / oil-administered R26Cre-ER™/Enpp2"" mice and littermates (n=3-8, exp=2). AST:
Aspartate transaminase; ALT: Alanine transaminase; CPK: Creatine phosphokinase; LDH: Lactate dehydrogenase;

y-GT: y-glutamyl-transpeptidase.



100

S 8
=] Q |
s 6 S 80
= g 601
= 4 < <
5 , 2 40
O | 4
o o aa] 0 -
WBC LYMPH MXD GRA LYMPH MXD GRA
= = 14 40
= - £ 30 40
X 6 =" . -
o C 4
€ 4 2 Z < 20 g ¥
& b= S 20
8 2 8 4 € 10 S
Q m o 101 I '
£ o o
I i
) ) ) MCV MCH MCHC RDW
1000 T
=) 8
S 800 gu 2
o 2 4
Y] Q
X 600 2
£ 400 g 4 B R26CreER™/Enpp2m
S 400
3 = ol 1 R26CreER™
5 200 T Enpp2
o 0 0
PCT MPV PDW

S6 Fig. Genetic excision of Enpp2 has no effect in hematopoietic cell populations. Blood cell counts and parameters

in Tmx-treated R26Cre-ER™/Enpp2"" mice and littermates (n=3-6, exp=1). WBC: White blood cells; LYMPH: Lymphocytes;
MXD: monocytes, basophils and eosinophils; GRA: Granulocytes; RBC: Red blood cells; HGB: hemoglobin; HCT: hematocrit;
MCV: mean volume of erythrocytes; MCH: mean content of hemoglobin; MCHC: mean concentration of hemoglobin;

RDW: Red cell Distribution Width; PLT: platelets; PCT: plateletcrit; MPV: mean platelet volume; PDW: relative width of the
platelet distribution.
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S7 Fig. Genetic excision of Enpp2 attenuates its protein levels in the plasma. A. Western blot of the indicated mouse
plasma samples with a rat monoclonal antibody (4F1) against ATX. B. Western blot of the same (as in A) samples with a
commercial (Cayman) rabbit polyclonal antibody against ATX. C. Coomassie brilliant blue staining of the same (as in A)
samples, serving as a loading control.
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S8 Fig. Potent pharmacological inhibition of ATX has no effect on tissue histology. Representative images of tissue
sections from vehicle-treated and PF8380-treated mice (120 mg/kg PF8380, PO, twice a day for 3 weeks), stained with H&E.
(Scale bar: 150 ym).



Supplementary Table 1. R26CreERT-driven Enpp2 recombination, as tested by PCR, in the indicated mouse strains and upon the indicated treatments

Genotype ATXiCre | ATXiCre ATXiCre ATX ATX | ATXiCre  ATXiCre ATX ATX iCre iCre
Treatment Tmx Tmx oil Tmx oil Tmx Qil Tmx Qil Tmx oil
mg/Kg 50 100 - 100 - 100 - 100 - 100 -
Route IP IP IP IP IP IP IP IP IP IP IP
Days 10 10 10 10 10 5 5 5 5 5 5
Brain -11 +1/1 nd nd nd +4/4 +1/1 -3/3 -11 - 212 - 212
» Heart -11 +1/1 nd nd nd +2/2 +1/2 -3/3 -1/1 -2/2 -2/2
% Lung -11 + 6/6 +2/2 -4/4 -2/2 + 8/8 +4/5 - 6/6 -4/4 - 6/6 -5/5
2 Gut -1/1 +6/6 +2/2 -4/4 -2/2 +11/11 +7/7 - 6/6 -4/4 - 6/6 -5/5
£ Spleen -11 +6/6 +2/2 -4/4 -212 +11/11 + 717 - 6/6 -4/4 - 6/6 - 5/5
s Thymus -1/1 +1/1 nd nd nd +4/4 +2/2 -3/3 -1/1 - 212 - 212
§ Spinal cord -11 +1/1 nd nd nd +3/3 +2/2 -3/3 -11 - 212 - 212
S Kidney -11 +1/1 nd nd nd +4/4 +1/1 -3/3 -11 -212 -212
g Liver -11 +1/1 nd nd nd +4/4 +2/2 -3/13 -1/1 -2/2 -2/2
3 Ovary -11 +1/1 nd nd nd +3/3 +1/2 =212 -1/1 -2/2 -2/2
o Testis -1 +11 nd nd nd +11 nd -1 -1 - 212 - 212
Lymph nodes nd nd nd nd nd +3/3 +1/1 - 3/3 -11 -212 -212
Genotype ATXiCre  ATXiCre ATX ATX iCre iCre ATXiCre* ATXiCre* | ATX: homozygous Enpp2™; iCre:
Treatment Tmx Qil Tmx Qil Tmx Oil Tmx Qil heterozygous R26CreER™?;
mg/Kg 180 - 180 - 180 - 180 -
Route PO PO PO PO PO PO PO PO IP: intraperitoneal; PO: oral; Tmx:
Days 6 6 6 6 6 6 6 6 Tamoxifen;
Brain +9/9 +2/2 -4/4 -3/3 -5/5 -3/3 +2/2 -2/2
" Heart +8/8 +2/2 -3/3 -2/2 -5/5 -3/3 nd nd + denotes detection of complete
% Lung +9/9 +2/2 -3/3 -3/3 -5/5 -3/3 +1/1 -2/2 removal of floxed exons falong with
£ Gut +11/11 +212 - 414 -3/3 -5/5 -3/3 +1/1 =22 the neo cassette, as described
= Spleen +11/11 +202 - 4/4 -3/3 - 4/4 -33 nd nd previously (PMID:20079728)
s Stomach +8/8 +2/2 -3/3 -3/3 -5/5 -3/3 nd nd nd: ot determined
§ Spinal cord +9/9 +2/2 -4/4 -3/3 -5/5 -3/3 nd nd '
'-E Kl_dney +9/9 + 202 -4/ -313 -5/5 -313 nd nd +1/2: denotes recombination in 1 out
g Liver +11/11 +2/2 -4/4 -3/3 - 6/6 -3/3 +1/1 -2/2 of 2 mice tested.
g Ovar_y +1/1 nd -2/2 -2/2 -11 -11 nd nd
Testis +6/6 +2/2 -11 -11 -11 -11 nd nd *denotes separate housing of mice
Lymph nodes +10/10 +2/2 -4/4 -3/13 - 5/5 - 33 nd nd receiving Tmx



Supplementary Table 2. No major effects in tissue physiology upon inducible, complete genetic
deletion of ATX

Mouse

No Affected tissues Diagnosis Severity
Lung Interstitial pneumonia Moderate
Small gut Enteritis Mild
N295 Colon Typhlitis Mild
Cecum Adult helminthes Mild
Lung Interstitial pneumonia Mild
Small gut Enteritis Mild
=< N1 Colon Typhlitis Moderate
E Cecum Typhlitis Moderate
+ Spleen Histiocytosis
g, Stomach Gastritis Mild
2 Lung Interstitial pneumonia Moderate
T Small gut Enteritis Mild
& N303 Colon Typhlitis Moderate
% Cecum Typhlitis Moderate
IR Spleen Histiocytosis
S Lung Interstitial pneumonia Mild
Q Small gut Enteritis Mild
& N305 Colon Typhlitis Moderate
Colitis Mild
Cecum Typhlitis Moderate
Lung Interstitial pneumonia Moderate
N308 Small gut Enterit_ig Mild
Colon Typhylitis Moderate
Colitis Mild
Lung Interstitial pneumonia Severe
N300 Small gut Enteritis Mild
Colon Colitis Severe
Lung Interstitial pneumonia Severe
Small gut Enteritis Mild
Colon Colitis Severe
N301 Stomach Gastritis Mild
Lymph node Hystiocytosis, neutrophilia
E Spleen Neutrophilia
[ Lung Interstitial pneumonia Mild
y Small gut Enteritis Moderate
%_ N304 Colon Typhylitis Moderate
= Stomach Gastritis Moderate
| Spleen Hystiocytosis
Lung Interstitial pneumonia Mild
N306 Small gut Enteritis Mild
Colon Typhylitis Moderate
Lung Interstitial pneumonia Mild
Small gut Enteritis Moderate
N307 Colon Typhylitis Severe
Colitis Severe
Stomach Gastritis Moderate
Lung Interstitial pneumonia Mild
N N339 Small gut Enteritis Moderate
e Colon Typhylitis Severe
w x Colitis Severe
u E Lung Interstitial pneumonia Mild
Q+ Small gut Enteritis Moderate
@ N341 g i
& Colon Typhylitis Severe
Colitis Severe
N342 Lung Interstitial pneumonia Mild




Colon Typhylitis Severe
Colitis Severe
Lung Interstitial pneumonia Mild
N343 Colon Typhylitis Severe
Colitis Severe
Lung Interstitial pneumonia Mild
N346 Colon Typhylitis Severe
Colitis Severe
Lung Interstitial pneumonia Mild
N250 Colon Typhylitis Severe
Colitis Severe
Lung No significant findings
o N355 Small gut No s!gn!f!cant f!nd!ngs
% Colon No significant findings
N E Spleen No significant findings
g = Lung No significant findings
N Small gut Enteritis Mild
e N357 Colon No significant findings
Spleen No significant findings

Examined organs as arranged and phenotyped in slides: Slide 1: Heart, thymus, tongue, sternum; Slide
2: Lung, thyroid, trachea, salivary glands; Slide 3: Kidneys, adrenals; Slide 4: Liver, spleen, pancreas;
Slide 5: Gl tract; Slide 6: Reproductive organs, urinary bladder, skin (+mammary glands for females);
Slide 7: Head (5 pieces); Slide 8: Hind limb; Slide 9: Vertebrae and spinal cord (cervical, thoracic,
lumbar)
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Abstract

Acute Lung Injury (ALI) is a life-threatening, diffuse heterogeneous lung injury characterized
by acute onset, pulmonary edema and respiratory failure. Lipopolysaccharide (LPS) is a com-
mon cause of both direct and indirect lung injury and when administered to a mouse induces
a lung phenotype exhibiting some of the clinical characteristics of human ALI. Here, we report
that LPS inhalation in mice results in increased bronchoalveolar lavage fluid (BALF) levels of
Autotaxin (ATX, Enpp2), a lysophospholipase D largely responsible for the conversion of
lysophosphatidylcholine (LPC) to lysophosphatidic acid (LPA) in biological fluids and chroni-
cally inflamed sites. In agreement, gradual increases were also detected in BALF LPA levels,
following inflammation and pulmonary edema. However, genetic or pharmacologic targeting
of ATX had minor effects in ALI severity, suggesting no major involvement of the ATX/LPA
axis in acute inflammation. Moreover, systemic, chronic exposure to increased ATX/LPA lev-
els was shown to predispose to and/or to promote acute inflammation and ALI unlike chronic
inflammatory pathophysiological situations, further suggesting a differential involvement of
the ATX/LPA axis in acute versus chronic pulmonary inflammation.

Introduction

Acute lung injury (ALI), or mild acute respiratory distress syndrome (ARDS) [1], is a diffuse
heterogeneous lung injury characterized by arterial hypoxemia, respiratory failure and low
lung compliance, as well as non-cardiogenic pulmonary edema and widespread capillary
leakage leading to alveolar flooding [2]. Different experimental animal models have been
evolved and used to investigate the pathophysiological mechanisms of ALI, mostly based on
reproducing known risk factors for the human condition, such as sepsis, acid aspiration and
mechanical ventilation [3]. Among them, LPS inhalation in (C57Bl/6) mice is a well-estab-
lished experimental model of ALI (LPS/ALI), characterized by acute neutrophil accumulation
in lung tissue/BALF and pulmonary edema [4]. Lipopolysaccharide (LPS), a component of
gram-negative bacteria cell walls and a potent TLR4 activator, is a common cause in both direct
and indirect lung injury (i.e. pneumonia and sepsis respectively)[4].
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Autotaxin (ATX, Enpp2) is a secreted glycoprotein, widely present in biological fluids,
including broncheoalveolar lavage fluid (BALF) [5, 6]. ATX is a member of the ectonucleotide
pyrophosphatase-phosphodiesterase family of ectoenzymes (E-NPP) that hydrolyze phospho-
diesterase bonds of various nucleotides and derivatives [7]. However and unlike other E-NPP
family members, the prevailing catalytic activity of ATX is the conversion of lysophosphatidyl-
choline (LPC) to lysophosphatidic acid (LPA)[8]. LPA is a phospholipid mediator [9, 10] that
evokes growth-factor-like responses in almost all cell types, including cell growth, survival,
differentiation and motility [11-13]. The large variety of LPA effector functions is attributed to
at least six, G-protein coupled, LPA receptors (LPARs) with overlapping specificities and wide-
spread distribution including the lung [14, 15].

A major role for the ATX/LPA axis has been suggested in chronic inflammation and cancer
[16], while the numerous LPA effects in pulmonary cell types in vitro have implicated the axis
in lung pathophysiology [17]. More importantly, genetic and pharmacologic studies in vivo
[18-20] have indicated a decisive contribution of ATX/LPA in the development of pulmonary
chronic inflammation and fibrosis [21-23]. Therefore, given the established role of the ATX/
LPA axis in pulmonary chronic inflammation and fibrosis in vivo, as well as the LPA effects in
pulmonary cell types in vitro, in this report we evaluated a possible role for the ATX/LPA axis
in endotoxin-induced acute lung injury.

Materials and Methods

Mice

All mice were bred at the animal facilities of the Alexander Fleming Biomedical Sciences
Research Center, under specific pathogen-free conditions. Mice were housed at 20-22°C,
55+5% humidity, and a 12-h light-dark cycle; water and food were given ad libitum. Mice were
bred and maintained in their respective genetic backgrounds for more than 10 generations. All
experimentation in mice for this project was approved by the Institutional Animal Ethical
Committee (IAEC) of Biomedical Sciences Research Center “Alexander Fleming” (#373/375),
as well as the Veterinary service and Fishery Department of the local governmental prefecture

(#5508). The generation and genotyping instructions of Enpp2™™ conditional knockout mice
[24], CC10-Cre [18] and LysM-Cre [25] have been described previously.

Construction of the TQCC10hATX transgenic mice

Vector pcDNA3.1/ZEO alAT-hATX-BGHpA carrying the cDNA of human ATX preceded
by the altl promoter and followed by the Bovine Growth Hormone polyadenylation site
(BGHpA) (a generous gift of G. Mills) was digested with HindIII/Nael to isolate hATX-
BGHpA. This was then ligated to pBS-CMV which had been cleaved with HindIII/EcoRV. The
resulting vector pBS-CMV-hATX-BGHpA was digested with Mfel/HindIII to remove the
CMYV promoter and made blunt by filling the 5> overhangs with T4 DNA polymerase. CC10
promoter was excised with a HindIII digestion from CC10-Cre-hGH and was also made blunt.
Ligation followed, thus, forming the pBS-CC10-hATX-BGHpA construct. The resulting con-
struct was verified with an Mfel/BssHII digestion, amplified in bacterial cultures and purified
by 2xCsCl. BssHII (Paul) digestion was employed to separate the vector backbone from the
transgene encoding fragment (transgenic device). The latter was then isolated by b-agarase
extraction.

For the production of transgenic mice from the transgenic facility of BSRC Fleming, fertil-
ized CBAxC57Bl/6 hybrid (F2) zygotes were injected with the transgenic device at a concentra-
tion of 5,38 ng/yl, diluted in Embryo max solution (mr-095-f, Chemicon International, CA,
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USA). In the same day, 233 zygotes were transferred to 11 surrogate mothers F1 CBAxC57Bl/6
to generate 54 offsprings.

The transgene was detected in tail DNA with PCR analysis (primers: forward 5-ACT GCC
CAT TGC CCA AAC AC-3" and reverse 5-TCT GAC ACG ACT GGA ACG AG-3’). From
the 54 FO mice 4 were identified as transgenic, which gave rise to the respective lines L13, L15,
L1e6, L39.

LPS-induced Acute Lung Injury Model

LPS was administered by inhalation, applying a previously described method with minor mod-
ifications [26, 27]. Briefly, bacterial LPS from Pseudomonas aeruginosa (serotype 10, Sigma,

St. Louis, MO, USA) was dissolved in normal saline at a concentration of 2mg/ml. 5 ml of this
solution was fully administered via a custom-made nebulizer at an oxygen flow-rate of 41t/min
for 25 minutes into a chamber containing 5-7 mice. For control mice, normal saline was
administered as above. All measures were taken to minimize animal suffering; however and
during the protocol no anaesthetics were used as no invasive or painful techniques were per-
formed. After the induction of ALI the condition of the animals was checked every two hours
during the light period. No adverse effects were observed that would necessitate the use of anal-
gesics and no animals died before the experimental points. Mice were sacrificed 24 hours after
the induction of ALI for all experiments apart from the time course experiment where sacrifice
was done at several time points between 6 and 48 hours after the induction. Sacrifice was per-
formed in a CO, chamber with gradual filling followed by exsanguination. In the pharmaco-
logic study, GWJ-A-23 (dissolved in saline, 2% DMSO) was administered intraperitoneally at a
dosage of 10mg/kg before exposure to LPS. The vehicle group was administered 2% DMSO in
saline.

Total Protein Content Determination

Total protein concentration in BALF samples was measured using the Bradford protein assay
(Biorad, Hercules, CA, USA) according to the manufacturer’s instructions. OD readings of
samples were converted to pg/ml using values obtained from a standard curve generated with
serial dilutions of bovine serum albumin (2000-125 pg/ml).

ATX activity assay

ATX activity was measured using the TOOS activity assay. ATX cleaves the LPC substrate to
LPA and choline. The liberated choline is oxidised by choline oxidase to betaine and hydrogen
peroxide. The latter, in the presence of HRP (horseradish peroxidase), reacts with TOOS (N-
ethyl-N-(2-hydroxy-3-slfopropyl)-3-methylaniline) and 4-AAP (aminoantipyrene) to form a
pink quinoeimine dye with a maximum absorbance at 555nm. Briefly, 1.25x LysoPLD buffer
(0.12 M Tris-HCl pH =9, 1.25 M Na(l, 6.25 mM CaCl,, 6.25 mM MgCl,, 6.25 uM CoCl,,
1.25 mM LPC) was incubated at 37°C for 30 minutes before adding 80ul/well in 20 pl BALF in
a 96-well plate. The mix was incubated at 37°C for 4 hours. At the end of the incubation, a col-
our mix (5 mM MgCl,, 50 mM Tris-HCI pH = 8, 8 U/ml HRP, 0.5 mM 4-AAP, 0.3 mM TOOS,
2 U/ml choline oxidase) was prepared and 100 pl added to each well. Readings were taken
every 5 minutes for 20 minutes. For each sample, the absorbance (A) was plotted against time
and dA/min was calculated for the linear part of the plot. ATX activity was calculated accord-
ing to the equation: Activity(u/ml) = [dA/dT(sample)—dA/dT(blank)] * V,/(32.8*V*1/2),
where Vt = total volume of reaction (mL), Vs = volume of sample (mL), 32,8 = the milimolar
extinction coefficient of quinoneimine dye (cm®/umol) and 1/2 = the mols of quinoneimine
dye produced by 1 mol of H,O,.
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Immunohistochemistry

Immunostaining was performed with peroxidase labelling techniques. Tissue sections were
deparaffinized and endogenous peroxidase activity was blocked by incubation in 1% peroxide.
The sections were preincubated with 2% Normal Goat Serum (NGS) in PBS-Tween (PBST) for
30 minutes, followed by incubation overnight at 4°C with the primary antibody against ATX
(Cayman Chemical Company, Michigan, USA). Sections were then washed in PBST and incu-
bated for 30 minutes with horseradish peroxidase (HRP)-conjugated anti-rabbit IgG (1:1000
dilution in PBS-T). The sections were further washed with PBST. Finally, colour was developed
by immersing the sections in a solution of 0.05% 3, 3’-diaminobenzidine (DAB; Sigma) and
0.01% hydrogen peroxide in PBS. The sections were counterstained with hematoxylin. The
specificity of a-ATX antibodies has been analysed in detail previously [28].

RNA Extraction and Real-time RT-PCR Analysis

RNA was extracted from the left lung lobe using the peqGOLD TriFast Reagent and treated
with DNAse (RQ1 RNAse-free DNAse, Promega, Wis, USA) prior to RT-PCR according to
manufacturer’s instructions. Reverse transcription was performed for cDNA synthesis using
the peqGOLD MMLYV H plus reverse transcriptase. All reagents were purchased from PEQLAB
Biotechnologie GMBH, Germany. Real-time PCR was performed on a BioRad CFX96 Tou-
chReal-Time PCR Detection System (Bio-Rad Laboratories Ltd, CA, USA). Values were nor-
malized to the expression of b-2 microglobulin (B2m).

HPLC-MS/MS measurements

LPA (Cl14:0, C16:0, C18:0, C18:1 and C20:4) and LPC species (C14:0, C16:0, C18:0, C18:1,
C20:4, C22:6 and C24:0) were measured in plasma by means of HPLC-ESI/MS/MS using an
RSLCnano system (Ultimate 3000 Series, Dionex Corporation, USA) coupled with an LTQ
Orbitrap XL mass spectrometer (Thermo Scientific, Waltham, MA, USA). Lipid extraction
from BALF was performed as previously described with minor modifications [29]. Briefly,
BALF samples (300 puL) were mixed with 700 pL PBS prior to extraction and spiked with the
internal standard mix (17:0 LPA/LPC). Neutral extraction was performed twice with 2 mL ice-
cold CHCI3/CH30H (2/1, v/v) followed by 1 mL PBS saturated ice-cold CHCI3/CH3OH (2/1,
v/v). Each extraction step was followed by a 60 sec vortex and a 1 min centrifugation step at
4°C at 3,000 rpm. The lower organic phases from both extraction steps were pooled and kept
for LPC measurements. The remaining aqueous phase was chilled in ice for 10 min, acidified
with HCI 6N 1o pH 3.0 and undergone further 2-step extraction with ice-cold CHCI3/CH30OH
(2/1, v/v) as above. The lower organic phases were pooled and kept for LPA measurements.
The neutrally extracted organic phase and the neutralized acidified lower organic phase were
evaporated to dryness. Finally, the dry residues were resuspended in 0.15 mL of isopropanol
for HPLC-ESI/MS/MS analysis. Recovery of LPA and LPC species ranged between 55-85%
and 80-100%, respectively. The HPLC-MS/MS was performed as previously described [29].

Statistical analysis

Statistical significance was assessed in pair-wise comparisons with control values using a
paired Student’s ¢-test, or a Mann-Whitney test in cases of not normal distributions, using
SigmaPlot 11.0 (Systat software Inc., IL, USA), and presented as means (+ S.E). In all figures,
*and ** denote p-values <0.05 and <0.001 respectively. All experiments presented are repre-
sentative of two repetitions; cumulative normalized-to-control values produce identical results
and conclusions.
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Results and Discussion

ATX was previously suggested as a candidate gene involved in the control of pulmonary func-
tions, development and remodelling [30], while the lung has been suggested to be among the
tissues expressing moderately high ATX mRNA levels in healthy conditions [17]. In patho-
physiological conditions, increased ATX/LPA levels have been detected in fibrotic lungs, both
in human patients and animal models [18, 20]. Accordingly, genetic deletion of ATX, LPARI
or LPAR?2 [18, 20, 31], as well as pharmacologic inhibition of ATX or LPAR1[18, 19], attenu-
ated the development of the bleomycin (BLM)-induced modelled disease. Therefore, a major
role of ATX and LPA in pulmonary chronic inflammation and fibrosis was established, attrib-
uted to LPA-induced vascular leak and fibroblast recruitment [21-23]. Moreover, a number of
LPA effects in pulmonary cells in vitro are consistent with a pro-inflammatory and pro-fibrotic
role of ATX/LPA, although a number of reports also suggest anti-inflammatory effects of LPA
[17]. Therefore, and given the role of ATX/LPA in chronic pulmonary inflammation and the
LPA effects in pulmonary cell types, we reasoned a possible role of ATX/LPA in acute inflam-
mation and lung injury.

Increased BALF ATX/LPA levels upon LPS-induced ALl

To examine a possible involvement of ATX in the pathogenetic mechanisms underlying ALI,
we first monitored its levels upon the time course of the modelled, LPS-induced, disease devel-
opment. Noteworthy, and since no animal model fully represent all the clinical characteristics
of human ALL a recent American Thoracic Society workshop suggested that the main features
of experimental ALI should include at least three out of the following four features: histological
evidence of tissue injury (such as the accumulation of neutrophils in the alveolar or the intersti-
tial space), alteration of the alveolar capillary barrier (such as the increase in total protein con-
centration of the bronchoalveolar lavage fluid; BALF), an inflammatory response (such as an
increase in the absolute number of neutrophils in the BALF) and evidence of physiological dys-
function [32]. Accordingly, aerosolized LPS (Pseudomonas aeruginosa) was administered by
inhalation to groups of littermate mice, which were then sacrificed 6, 12, 24 and 48 hours post-
administration (Fig 1). Histological analysis of isolated lungs indicated that LPS inhalation
resulted in alveolar wall thickening and leukocyte infiltration into the lung interstitium and
alveolar space (Fig 1A), as previously reported [26, 27]. Inflammatory cells (93% neutrophils;
[26]) were evident in BALFs already at the 6hr time-point and continued to increase at 48h
(Fig 1A and 1B). Pulmonary microvascular leakage and edema induced by LPS was reflected in
the gradual increase of BALF total protein content (Fig 1C).

Interestingly, ATX activity in BALFs, as quantified with the TOOS assay on natural LPC
substrates, showed a gradual increase as time progressed (Fig 1D), following total protein levels
(Fig 1C) most likely reflecting a relaxation of the endothelial barrier and thus suggesting
increased recruitment from the circulation. Similar findings have been reported in earlier stud-
ies, upon intratracheal administration of LPS (5mg/Kg) in Sv/129 mice [33]. ATX immunohis-
tochemistry (IHC) in lung tissue sections showed high constitutive expression from the
bronchial epithelium, as well as a weak diffuse staining pattern in the lung parenchyma upon
LPS/ALI (Fig 1E).

As the main known function of ATX is the hydrolysis of LPC to LPA, the corresponding
BAL fluids were analyzed with HPLC-MS/MS to identify perturbations in lysophospholipid
levels upon LPS-induced ALI. LPC, the substrate of ATX and precursor of LPA, peaked at 24
hours (Fig 1F), as previously reported for the lung surfactant of guinea pigs upon LPS-induced
ALI [34]. Total BALF LPA levels were also found increased (Fig 1G), as previously reported
[35], correlating with and confirming BALF ATX activity levels.
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Fig 1. Increased BALF ATX/LPA levels upon LPS-induced ALI. Mice were administered aerosolized LPS and were sacrificed 6, 12, 24 and 48 hours later
(n = 3-5; a representative experiment out of two is shown). A. Hematoxylin & Eosin staining of lung tissue sections following LPS exposure for the indicated
times resulted in alveolar wall thickening and leukocyte infiltration into the lung interstitium and alveolar space. B. Increased BALF cellularity upon LPS/ALL.
C. Pulmonary microvascular leakage and edema induced by LPS was reflected in BALF protein content. D. Increased ATX activity in LPS/ALI BALFs, as
measured with the TOOS assay. E. IHC for ATX in lung tissue showing constitutive expression from the bronchial epithelium, as well as a weak diffuse
staining pattern in the lung parenchyma. F-G. BALF total LPC/LPA levels respectively upon LPS/ALI, as measured with HPLC-MS/MS.

doi:10.1371/journal.pone.0133619.g001

Bronchial epithelium-specific ATX expression has a minor contribution to
ALI pathogenesis

ATX expression is localized mainly in the bronchial epithelium, both in healthy and inflamma-
tory conditions (Fig 1E)[17, 18, 36], suggesting this cell type as the main pulmonary source of
ATX. To confirm both its cell-specific expression, as well as to examine its possible contribu-
tion to ALI pathogenesis, ATX was conditionally deleted from the bronchial epithelium by
crossing the conditional knock out mouse for ATX (EnppZ”/ ")[24] with the TgCC10-Cre
transgenic mouse strain that expresses the Cre recombinase under the control of the mouse
CC10Kd (Scgblal) promoter [18]. As previously reported, CC10-Cre drives conditional ATX
recombination in CCI0Enpp2”~ mice exclusively in bronchial epithelial cells (with an efficiency
of 70-80%), while the transgenic Cre driver mouse strain itself exhibits no apparent pulmonary
phenotype even under inflammatory conditions [18].
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Fig 2. Genetic deletion of ATX from the bronchial epithelium has minor effects in ALI development.
Aerosolized LPS was administered in mice where ATX was genetically deleted specifically from bronchial
epithelial cells (CC10Enpp2™"), as well as wild type littermates. Mice were sacrificed 24 hours later (n = 3-8; a
representative experiment out of two is shown). A-C. Histological analysis (A) and BALF measurements (B &
C) indicated no significant changes in the lungs of mice lacking ATX expression in the bronchial epitheliumin
comparison to their wild type littermates. D. Conditional deletion of ATX from the cells of the bronchial
epithelium led to decreased enzyme activity of ATX in the BALF.

doi:10.1371/journal.pone.0133619.g002

LPS was administered to CCI0Enpp2”~ mice, as well as to wild type littermates, and disease
severity was assessed 24 hours later. Deletion of ATX from bronchial epithelial cells had minor
effects in attenuating disease development (a clear and reproducible, but not statistically signif-
icant, negative trend), such as tissue damage (Fig 2A), neutrophilic inflammation (Fig 2B) and
pulmonary edema (Fig 2C), despite decreased BALF ATX levels (Fig 2D).
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Fig 3. Generation of TgCC10Enpp2 mice. A. Schematic representation of the construct used for the generation of the transgenic mice. B. Genotyping PCR
of the 4 offsprings that carried the transgene, out of the 54 that were generated after the injections of the trangene-microinjected zygotes in surrogate
mothers. C. All four transgenic lines contained equal copy numbers, as identified with Real-Time PCR. D. Real-Time RT-PCR confirmed the expression of
the transgene (L39 is shown). E. Total ATX activity levels in the BALFs of TgCC10Enpp2 mice (L39) were found moderately upregulated with the TOOS
assay. F. In the same mice, BALF LPA was also found elevated, as measured with HPLC-MS/MS. (C-F n = 3-8).

doi:10.1371/journal.pone.0133619.9003

In order to further examine a role of bronchial epithelial cell-derived ATX expression, a
new transgenic mouse strain was constructed, expressing human ATX driven by the CC10 pro-
moter (TgCCI10hEnpp2; Fig 3A) which directs expression exclusively in bronchial epithelial
cells [18]. All 4 transgenic lines obtained (L13, L15, L16, L39; Fig 3B), contained 4-5 transgene
copies (Fig 3C), and expressed the transgenic (hATX) mRNA in the lung tissue (Fig 3D; L39 is
shown). Total ATX activity in BALFs of the transgenic mouse line was found moderately upre-
gulated (Fig 3E), resulting in similar increases in BALF LPA levels (Fig 3F).

To examine whether bronchial epithelial cell-derived hATX has any effect in LPS-induced
ALI LPS was administered in homozygous TgCCI10hEnpp2*"* mice (L16), which are healthy
and fertile and exhibit no overt lung phenotype at 8—10 weeks after birth (Fig 4A). The moder-
ate overexpression of ATX from bronchial epithelial cells had minor effects in exacerbating dis-
ease symptoms such as tissue damage (Fig 4A), neutrophilic inflammation (Fig 4B) and
pulmonary edema (Fig 4C), although an opposite trend in disease severity could be observed in
comparison to mice with bronchial epithelial deletion of ATX (Fig 2).

Therefore, bronchial epithelial expression of ATX does not seem to have a major role in
LPS-induced, acute inflammation and lung injury, as opposed to its role in BLM-induced
chronic pulmonary inflammation and fibrosis [18], suggesting a differential involvement of
ATX/LPA in acute vs chronic pulmonary inflammation.

Macrophage-specific ATX expression does not contribute to ALI
pathogenesis

To examine if myeloid cell derived ATX contributes to the pathogenesis of ALL the conditional
knock out mouse for ATX (Enpp2"/")[24] was crossed with a transgenic mouse strain
(LysM-Cre) expressing the Cre recombinase under the control of the mouse Lysozyme M
(LysM) promoter, which achieves a recombination efficiency close to 100% in granulocytes and
83-98% in macrophages [25]. No differences were observed in BALF ATX activity between
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Fig 4. Genetic overexpression of ATX from the bronchial epithelium has minor effects in ALI
development. Transgenic (TgCC10hEnpp2*/*) mice overexpressing hATX in the bronchial epithelium and
littermate wild type mice were administered aerosolized LPS to induce ALl and were sacrificed 24 hours later
(n=3-10; a representative experiment out of two is shown). A-C. Histological analysis (A) and BALF
measurements (B & C) indicated no significant changes in the lungs of mice overexpressing ATX expression
in the bronchial epithelium in comparison to their wild type littermates. D. Increased enzyme activity of ATX in
the transgenic mice.

doi:10.1371/journal.pone.0133619.g004

LysMEnpp2”"~ mice and their wild type littermates (Fig 5D), indicating no contribution of mac-
rophages to BALF ATX levels upon LPS challenge. Accordingly, no differences were observed
in all disease indices upon genetic deletion of ATX from macrophages (Fig 5), excluding a role
of inflammatory macrophage derived ATX in LPS-induced acute lung inflammation in the
lung, especially given the relatively few macrophages (<3%) in BALF infiltrates 24 hours post
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activity.

doi:10.1371/journal.pone.0133619.g005

LPS [26, 27]. On the contrary macrophage derived ATX was shown to be important for the
development of BLM-induced chronic pulmonary inflammation and fibrosis [18], where mac-
rophages are the most abundant (>60%) infiltrating cell type during disease development [37].
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Increased systemic ATX levels exacerbate acute pulmonary
inflammation

Genetic deletion of ATX from bronchial epithelial cells, although diminished, did not attenuate
pulmonary BALF ATX levels suggesting that a major part of BALF ATX is derived from the
circulation, through the possible relaxation of endothelial and epithelial barriers upon LPS-
induced ALI [4]. Therefore, and to investigate a possible role of circulating ATX in LPS/ALI,
we next examined whether systemic fluctuations of ATX could modulate ALI pathogenesis.
LPS was administered to homozygous transgenic mice overexpressing ATX in the liver driven
by the human ol- antitrypsin inhibitor (a1t1) promoter (Tgaltl1Enpp2; up to 200% of normal
plasma ATX/LPA levels) [38], as well as to the heterozygous complete knock out mouse for
ATX (Enpp2*’; 50% of normal plasma ATX/LPA levels)[24]. Chronically elevated serum ATX
levels in Tgalt1Enpp2 mice increased LPS-induced tissue damage (Fig 6A), BALF neutrophilic
infiltration (Fig 6B) and pulmonary edema (Fig 6C) in comparison to their wild type litter-
mates. However, reduced serum ATX levels in Enpp2*"” mice had only minor effects in LPS-
induced ALI (Fig 6A, 6E and 6F), suggesting that a 50% reduction of systemic normal levels of
ATX is not sufficient to confer resistance to ALL Therefore, systemic, chronic exposure to
increased ATX/LPA levels seems to predispose to and/or promote acute inflammation and
ALL

Noteworthy, systemic ATX levels were shown not to play a role in the development of
modelled chronic inflammatory diseases, such as pulmonary fibrosis and rheumatoid arthritis
where local ATX expression was shown to be the crucial event [18, 28], further suggesting a dif-
ferential role of ATX/LPA in acute versus chronic inflammation.

Pharmacologic inhibition of ATX does not alleviate ALI

It has been previously reported that pharmacologic inhibition of ATX using GWJ-A-23,a
nanomolar ATX inhibitor [39, 40], attenuated both the development of BLM-induced pulmo-
nary fibrosis [18], as well as triple-allergen (DRA)-induced asthma in mice [40]. Therefore, we
next investigated the therapeutic potential of ATX inhibition in ALL. GW]J-A-23 was injected
intraperitoneally just before LPS administration and disease indices were examined in compar-
ison with vehicle treated littermate mice. As shown in Fig 7, ATX inhibition (Fig 7D) and
reduction of LPA levels (Fig 7E) did not significantly attenuate ALI severity, as reflected in all
disease indices (Fig 7A-7C), in agreement with the studies in Enpp2*’~ mice. Likewise, pharma-
cologic antagonism of LPAR1 and 3 with kil6425 had minor effects in inflammation (<25%)
and no effect in pulmonary edema [35]. Therefore, the results further confirm a differential
role of ATX in acute versus chronic inflammation and suggest no therapeutic potential of tar-
geting the ATX/LPA axis in ALI/ARDS.

Conclusions

LPS administration to wt C57BI6 mice resulted in increased ATX/LPA levels in BALFs, as pre-
viously reported [33, 35]. However, genetic deletion of ATX from bronchial epithelial cells or
pharmacologic ATX inhibition, had minor effects in ALI pathology, as opposed to BLM-
induced chronic pulmonary inflammation and fibrosis [18], suggesting a differential involve-
ment of ATX/LPA in acute and chronic inflammation.

Similarly, the genetic deletion or pharmacologic antagonism of LPAR1 had no effect in vas-
cular leak and edema upon LPS administration [35], the major hallmark of LPS/ALI-ARDS
(and minimal, <25%, effects in inflammation, possibly due to genetic background differences
of control mice). On the contrary, LPA/LPAR1-induced vascular leak was the main attribute
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Fig 6. Systemic overexpression of ATX exacerbates ALI. Transgenic (Tga7 t1Enpp2*/*) or heterozygous complete knock-out (Enpp2*") mice and their
corresponding wild type littermate mice were administered with aerosolized LPS to induce lung injury and were sacrificed 24 hours later (n =2-6; a
representative experiment out of two is shown). A-D. Histological analysis (A) and BALF measurements (B & C) showed increased inflammation and edema
in the lungs of the transgenic mice with systemic overexpression of ATX as a result of increased BALF ATX activity (D). On the contrary, histological analysis
(A) and BALF measurements (E-G) showed non-significant effects in the lungs of the heterozygous knock-out mice as a result of decreased ATX activity
levels.

doi:10.1371/journal.pone.0133619.g006

(together with fibroblast recruitment) of the observed protection from BLM-induced chronic
pulmonary inflammation and fibrosis upon LPAR1 genetic deletion [20](where no inflamma-
tory changes were observed, especially in early time points) or pharmacologic inhibition [19],
turther supporting a differential role of ATX/LPA in acute vs chronic inflammation. The differ-
ences in LPA/LPARI-mediated endothelial barrier functions in acute and chronic pulmonary
inflammatory animal models suggest that the reported effects of LPA in endothelial
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Fig 7. Pharmacologic inhibition of ATX has no effects in ALI development. GWJ-A-23 was injected
intraperitoneally before challenging mice with aerosolized LPS. Mice were sacrificed 24 hours later (n = 3-7;
a representative experiment out of two is shown). A-C. Histological analysis (A) and indicated BALF
measurements (B,C) suggested minor effects in ALI development, despite decreased BALF ATX activity (D)
and the corresponding BALF LPA levels (E).

doi:10.1371/journal.pone.0133619.g007

permeability may need chronic exposure of target cells. Indeed, LPA effects in pulmonary
endothelial permeability were found to increase with time (and of course concentration)[41].
Accordingly, chronically elevated serum ATX levels in Tgalt1Enpp2 mice increased LPS-
induced acute lung injury by increasing both vascular leak and inflammation (Fig 6). On the
contrary the systemic levels of ATX/LPA had no effect in chronic pulmonary inflammation
and edema [18], perhaps due to the local expression of ATX leading to chronic LPA exposure
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of endothelial cells and a terminal increase of endothelial permeability that cannot be modu-
lated further.

The likely differential involvement of ATX/LPA in acute inflammation could possibly be
also attributed in part to macrophage specific ATX expression. Very few (<3%) macrophages
infiltrate LPS challenged lungs and our results have shown that they don’t contribute to the
BALF ATX load nor to disease development (Fig 5). However, reducing macrophage (the most
abundant, >60%, infiltrating cell type) ATX expression in BLM-induced chronic pulmonary
inflammation and fibrosis reduced both ATX BALF load and disease development [18].

Moreover, a more prominent role of ATX/LPA in chronic inflammation is consistent with
their role in cancer [16], given the increasing links of chronic inflammation and carcinogenesis.
Conditional deletion of ATX from bronchial epithelial cells that although had minor effects in
LPS-induced ALI, attenuated the development of both pulmonary inflammation and fibrosis
[18], as well urethane-induced lung cancer [42]. The issue is currently investigated in a more
suitable context for such studies, namely liver pathogenesis.

Finally, any biological outcome of increased ATX/LPA levels would depend on the abun-
dance and activity of the different LPA receptors in different cell types participating in the dif-
ferent phases of an inflammatory response, especially given the reported anti-inflammatory
effects of LPA/LPAR2 on innate immune responses in the lung [43] and the suggested roles of
LPA in the regulation of adaptive immune responses [44]. Therefore, the complete understand-
ing of the involvement of ATX/LPA in the various forms of inflammation will require precise
knowledge of the spatiotemporal regulation of ATX and LPA receptors expression, as well as
the cell-specific LPA effects in the different cell types involved in inflammatory responses.
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Hepatocyte Autotaxin Expression
Promotes Liver Fibrosis and Cancer

Eleanna Kaffe,' Aggeliki Katsifa," Nikos Xylourgidis,' Toanna Ninou," Markella Zannikou," Vaggelis Harokopos,' Pelagia Foka,?
Alexios Dimitriadis,” Kostas Evalngelou,3 Anargyros N. Moulas,* Urania Georgopoulou,2 Vassilis G. Gorgoulis,3’5’6

George N. Dalekos,” and Vassilis Aidinis’

Autotaxin (ATX) is a secreted lysophospholipase D that catalyzes the production of lysophosphatidic acid (LPA), a pleio-
tropic growth-factor-like lysophospholipid. Increased ATX expression has been detected in various chronic inflammatory
disorders and different types of cancer; however, little is known about its role and mode of action in liver fibrosis and can-
cer. Here, increased ATX expression was detected in chronic liver disease (CLD) patients of different etiologies, associated
with shorter overall survival. In mice, different hepatotoxic stimuli linked with the development of different forms of
CLDs were shown to stimulate hepatocyte ATX expression, leading to increased LPA levels, activation of hepatic stellate
cells (HSCs), and amplification of profibrotic signals. Hepatocyte-specific, conditional genetic deletion and/or transgenic
overexpression of ATX established a liver profibrotic role for ATX/LPA, whereas pharmacological ATX inhibition studies
suggested ATX as a possible therapeutic target in CLDs. In addition, hepatocyte ATX ablation and the consequent dereg-
ulation of lipid homeostasis was also shown to attenuate hepatocellular carcinoma (HCC) development, thus implicating
ATX/LPA in the causative link of cirrhosis and HCC. Conclusion: ATX is a novel player in the pathogenesis of liver

fibrosis and cancer and a promising therapeutic target. (HEPATOLOGY 2017;65:1369-1383).

everal chronic liver disorders (CLDs), including

chronic viral hepatitis, alcoholic liver disease,

and nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis (NAFLD/NASH), cause hepatocellular
injury and necrosis, triggering, in turn, inflammation
and a wound-healing response characterized by the
accumulation of extracellular matrix (ECM). If the
insult is acute or self-limited, wound healing responses
quickly restore normal tissue homeostasis and liver
architecture. However, if the insult persists, the

ensuing chronic inflammation and ECM accumulation
overrides the ability of liver to regenerate, leading to
fibrosis and ultimately to cirrhosis, a liver disorder with
dismal prognosis and the major risk factor for the
development of hepatocellular carcinoma (HCC)."
Autotaxin (ATX) is a secreted lysophospholipase D
catalyzing the hydrolysis of lysophosphatidylcholine
(LPC) to lysophosphatidic acid (LPA), a pleiotropic
growth-factor-like phospholipid.®’ LPA has numer-
ous effects in almost all cell types through its G-

Abbreviations: Acta2, actin, alpha 2, smooth muscle, aorta; Afp, alpha-fetoprotein; Alb, albumin; ALD, alcoholic liver disease; ALT, alanine amino-
transferase; altl, al-antitrypsin inhibitor; ATX, autotaxin; CLDs, chronic liver disorders; Col3al, collagen type III alpha 1 chain; Cond, concanava-
lin A; CVH, chronic viral hepatitis; Cxcr, C-X-C chemokine receptor; Cyp2§1, cytochrome P450 281; DEGs, differentially expressed genes; DEN,
diethylnitrosamine; ECM, extracellular matrix; ELISA, enzyme-linked immunosorbent assay; FA, fatty acid; GPCRs, G-protein-coupled receptors;
HA, hyaluronic acid; Heps, hepatocytes; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HPLGC, high-performance liquid chromatography;
HSCs, hepatic stellate cells; 1, interleukin; JFH-1, Japanese fulminant hepatitis type 1; KCs, Kupffer cells; LPA, lysophosphatidic acid; LPAR, LPA
receptor; LPC, lysophoshatidylcholine; LPS, lipopolysaccharide; MS/MS, tandem mass spectrometry; NAFLD, nonalcoholic fatty liver disease; NASH,
nonalcoholic steatohepatitis; NF-KkB, nuclear factor kappa B; PCNA, proliferative cell nuclear antigen; PE, phosphatidyl ethanolamine; Ppap2, phospho-
lipid phosphatases; PLA2, phospholipase A2; RAs, retinoic acids; S1P, sphingosine-1-phosphate; Scd2, stearoyl-Cod desaturase 2; aSMA, alpha-smooth
muscle actin; SREBPs, sterol regulatory element-binding proteins; TAG, triacylglycerol; Tnf, tumor necrosis Sactor; TOOS, N-ethyl-N-sulphohydroxy-
propyl-m-toluide; TUDCA, taurourdeoxycholate; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
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protein-coupled receptors (GPCRs; LPAR1-6), which
exhibit overlapping specificities and widespread distri-
bution.””) Up-regulated ATX expression has been
detected in various chronic inflammatory disorders and
different types of cancer.”) ATX was shown to play a
decisive role in the development of pulmonary fibro-
sis®; however, little is known about its role and mode
of action in other fibroproliferative diseases.

Expanding and complementing previous studies,
we have shown increased serum ATX levels in CLDs of
different etiologies, correlating with decreased survival,
as well as increased liver ATX mRNA expression, in
both CLD and HCC patients. Accordingly, increased
hepatocyte ATX and liver LPA levels were shown in
animal models of experimental toxic hepatitis and
HCC. Genetic and pharmacological interventions in
vivo, coupled with ex vivo studies, indicated that ATX
disturbs lipid homeostasis and promotes the develop-
ment of both fibrosis and cancer.

Materials and Methods
HUMAN SUBJECTS

Clinical and personal characteristics of patients are
presented in Supporting Table S2. Clinical investiga-
tions have been conducted according to Declaration of
Helsinki principles. All patients and controls con-
sented for anonymous research usage of their samples,
as approved by the Ethical Committee of the Universi-
ty of Thessaly Medical School.

7)

ANIMAL EXPERIMENTATION

All experimental mice were bred and maintained in a

C57Bl6/] genetic background (>10 generations) under

ARTICLE INFORMATION:

HEPATOLOGY, April 2017

specific pathogen free conditions at 20-22°C, 55 £ 5%
humidity, and a 12-hour light-dark cycle; water and food
(irradiated standard diet Mucedola #4RF21) were provid-
ed ad libitum. Generation and genoty[;ing protocols for
Enpp2™™®  Tgdlh-Cre” R26RAY and Tga1s1-
hEnpp2™) mice have been described. All randomly
assigned experimental controls were littermate sex- and
age-matched mice. All reported experimentation in mice
for this project, in line with the ARRIVE guidelines, was
approved by the Institutional Animal Ethical Committee
(#377) and the Veterinary service and Fishery Department
of the local governmental prefecture (#5366).

Acute and chronic intoxication with diethylnitros-
amine (DEN) and/or CCly, liver histology, liver cell
isolation and hepatitis C virus (HCV) infection, high-
performance liquid chromatography (HPLC)/electro-
spray ionization (ESI) tandem mass spectrometry
(MS/MS), ATX activity assay (TOOS), enzyme-
linked immunosorbent assay (ELISA), western blot-
ting, RNA extraction and real-time RT-PCR are
described in the Supporting Information.

STATISTICAL ANALYSIS

Statistical analysis is indicated accordingly in the
individual figure legends.

Results

INCREASED ATX EXPRESSION IN
CLD PATIENTS OF DIFFERENT
ETIOLOGIES

To interrogate human patients liver mRNA expres-
sion of ATX, as well as of LPA receptors (LPARI-6)
and phospholipid phosphatases (PPAP2A-C/LPP1-3),
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we performed data mining in all CLD patient microar-
ray data sets publically available at NCBI/GEO (Sup-
porting Table S1A). Statistically significant increased
ATX mRNA expression was found in the majority of
data sets/patient cohorts; the same is true for LPARG,
previously suggested to support the tumorigenicity of
HCC.? Similarly, increased ATX mRNA levels
were also detected in HCC data sets (Supporting
Table S1B), accompanied by decreased expression of
PPA2PB suggested to mediate LPA turnover.™®

Increased ATX sera levels were identified in patients
with CVH (including HCV and hepatitis B virus), as
well as in ALD and NASH patients (Fig. 1A; Support-
ing Table S2), suggesting ATX as a biomarker in all
CLDs regardless of the initiating insult. Noteworthy, the
CVH patient group, exhibiting a large number of values
close to the normal range, included 18 samples from
patients with inactive disease as a result of the appropriate
antiviral treatment. Interestingly, ATX levels in respond-
ing patients were significantly lower (155 [43-467] ng/
mL; P = 0.04) than 17 treatment-naive CVH patients
with an active disease (as defined by biochemical activity
and/or viral replication; 285 [109-3,500] ng/mL).

Significant, albeit weak, associations of serum ATX
levels were also discovered with a number of surrogate
disease parameters (Supporting Table S3), including
aspartate aminotransferase/alanine aminotransferase
(ALT) and bilirubin, indicative of hepatic damage and
loss of function, respectively. Importantly, low serum
ATX levels were significantly associated with longer
overall survival in a 10-year follow-up period (Fig. 1B),
further suggesting ATX as a prognostic indicator of
disease severity.

INCREASED, WELL-TIMED LIVER
ATX EXPRESSION IN
EXPERIMENTAL TOXIC
HEPATITIS

Chronic exposure to CCly resulted, as expected, in
tocal, confluent, and portal necrosis, followed by portal
inflammatory infiltration (Supporting Fig. S1A,B) of
different cell types (Supporting Fig. S1C-J). Apoptosis
(terminal deoxynucleotidyl transferase dUTP nick end
labeling [TUNEL] ™" cells) was profound at 4 weeks
post-CCly administration (Supporting Fig. S1K,L),
accompanied by a strong regenerative response and
hepatocytes (Heps) proliferation (proliferative cell
nuclear antigen [PCNA]™ cells; Supporting Fig. S1M,
N), as well as increased glycogen and neutral lipids
deposition (Supporting Fig. S10-Q). The initial
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FIG. 1. Increased serum ATX levels in CLD patients of differ-
ent etiologies, correlating with poor survival. (A) ATX serum lev-
els in CVH (n = 35), NASH (n = 12), and ALD (n = 12)
patients, as measured with ELISA, in comparison to healthy
controls (n = 20). Median values are shown; *P < 0.05 to con-
trol values; Mann-Whitney test. (B) High ATX levels (2-fold
higher than the normal values) are associated with poor cumula-
tive survival, in a Kaplan-Meier survival curve. n = 59; *P <

0.05, log-rank (Mantel-Cox) test.

cytotoxic and inflammatory response to CCly chronic
administration was followed by a strong fibrotic
response (Supporting Fig. S1R,S) and gradual collagen
deposition (Supporting Fig. S2A), leading to hepatic
damage at late stages (8-12 weeks; Supporting Fig.
S2B,C), resulting in aberrant liver clearance functions
(Supporting Fig. S2D).

Robust liver expression of ATX was detected (Fig.
2A-C) at 4w post CCl, administration (as well as after
continuous administration of thioacetamide; Support-
ing Fig. S3), following an increased inflammatory gene
expression profile (tumor necrosis factor [7%f], inter-
leukin [17]-14, and I/-6; Supporting Fig. S2E). Fibrotic
gene expression (transforming growth factor beta,
alpha-smooth muscle actin/actin, alpha 2, smooth
muscle, aorta [aSMA/Acta2], and collagen type III
alpha 1 chain [Co/341]) increased gradually throughout
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disease development (Supporting Fig. S2F); however,
significant aSMA protein expression was first detected
at 4 weeks (Fig. 2C), the peak of ATX expression,
accompanied by a major shift in the C-X-C chemo-
kine receptor (Cxcr)4/Cxcr7 mRNA expression ratio
(Supporting Fig. S2G), increased cytochrome P450
251 (Cyp281) mRNA levels (Supporting Fig. S2G)
and increased plasma levels of retinoic acids (RAs;
Supporting Fig. S2H). Therefore, CCly-induced,
ATX well-timed liver expression coincided with the
expression of several markers of HSC activation, sug-
gesting a role for ATX in the modulation of HSC
physiology and establishment of fibrosis.

DISORDERED PHOSPHOLIPID
HOMEOSTASIS IN
EXPERIMENTAL TOXIC
HEPATITIS

To possibly correlate ATX levels with the levels of
its enzymatic product, LPA, as well as to detect other
possible disturbances in lipid homeostasis, we next per-
formed lipidomic analysis of CCly-induced disease
progression with HPLC-MS/MS. Clustering of lipid
expression levels identified four major groups of lipids
with deregulated expression (Fig. 2E).

The first group was composed mainly of LPA spe-
cies, exhibiting comparatively the highest up-
regulation in liver tissue, peaking at 4 weeks both in
liver tissue and plasma (Fig. 2E and Supporting Fig.
S4A,B). As in human CLD patients (Supporting
Table S1A), Lpar6 exhibited the highest expression in
the liver, peaking at 4 weeks (Supporting Fig. S2I).
Therefore, the increased liver ATX expression upon
damage led to local increases of LPA, possibly further
sustained by the identified decrease in Ppap24 levels
(Supporting Fig. S2J).

A second group of lipids was composed mainly of
LPC species peaking at 4 weeks (Fig. 2E and Support-
ing Fig. S4E,F). Accordingly, most liver-abundant
phospholipase A2 (Pla2) isoforms, largely responsible

KAFFE ET AL.

tor liver LPC synthesis, were found up-regulated at 2-
4 weeks post-CCly administration (Supporting Fig.
S2K). In agreement, expression profiling of all publicly
available human CLD data sets, as described above,
indicated a liver overexpression of PLA2 g4C, ¢5, and
g7 isoforms (Supporting Table S1C), suggesting a par-
allel involvement of the PLA2/LPC axis in the patho-
genesis of CLDs and toxin-induced hepatitis.

The third group (Fig. 2E) was composed mainly
from triacylglycerols (TAGs), in agreement with the
observed neutral lipid deposition (Supporting Fig.
S10-Q). The last group, a clustering node by itself, was
composed mainly of phosphatidyl ethanolamine (PE)
and lysoPE species that surged in the plasma, most like-
ly as a direct toxic effect of CCl, on cell membranes.

HEPATOCYTE INJURY OR
INFECTION STIMULATES ATX
EXPRESSION

The increased ATX expression in the liver was
localized mainly to Heps by double immunolabeling,
which, furthermore, indicated that aSMA-expressing
myofibroblasts are not major producers of ATX (Fig.
3A). Accordingly, fractionated primary Heps were
found to produce and secrete the vast majority of ATX
(Fig. 3B,C), further confirming the increased Hep
ATX expression upon CCl, intoxication (Fig. 3D).

ATX expression from Heps (and Kupffer cells
[KCs]) ex vivo was stimulated by TNF and lipopoly-
saccharide (LPS; Fig. 3E,F), whereas elevated liver
ATX levels were detected upon concanavalin A
(ConA)-induced, T-cell-dependent, and TNF-
mediated, inflammatory Heps damage in vivo (Sup-
porting Fig. S5)." Remarkably, ATX expression was
also stimulated upon HCV (Japanese fulminant hepa-
titis type 1; JFH-1) infection in the permissive Huh7.5
hepatoma cell line or pJFH-1 RNA transfection in
Hep2G cells (Supporting Fig. S6A,B).

Remarkably, LPC (18:1) was also shown to be a

potent stimulus of ATX expression from Heps ex vivo

FIG. 2. Chronic CCly intoxication stimulates ATX expression and distorts lipid homeostasis. (A) In situ hybridization with an ATX
antisense probe and IHC with an a-ATX monoclonal antibody (7A5) in liver sections at the indicated time points post-CCly admin-
istration in WT mice. Sections were counterstained with 4',6-diamidino-2-phenylindole (DAPI; in blue). (B) Q-RT-PCR analysis for
ATX (Enpp2) mRNA expression in liver extracts at the indicated time points of the same mice. (C) Western blotting in liver extracts
for ATX, aSMA, and Tubulin as loading control. (D) Plasma ATX activity as measured with the TOOS assay. (E) Lipidomic analy-
sis with HPLC-ESI/MS/MS of liver tissue and plasma samples at 2-12 weeks post-CCly administration in WT mice. The heatmap
includes, for direct comparison purposes, the corresponding lipid profiles from CCly-treated, as well as DEN/CCly-treated (HCC),
AlenppZﬁF mice. Fold changes to the respective littermate oil-treated control values are shown; clustering was performed using the
Euclidean’s distance metrics. All values in all panels are mean = SEM; n = 4-6. *P < 0.05; analysis of variance post-hoc test. Scale
bars: 150 pum. Abbreviations: Ctrl, control; hyb., hybridization; IHC, immunohistochemistry; w, weeks; W, wild type.
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FIG. 3. Hepatocyte-specific ATX expression is stimulated by a variety of liver pathogenic stimuli. (A) Representative double IHC
staining for ATX and albumin or aSMA in liver sections, counterstained with DAPI, 4 weeks post-CCly administration and the rela-
tive quantifications. (B,E) Q-RT-PCR analysis for ATX (Enpp2) relative mRNA expression in primary liver cells ex vivo. (C,F) ATX
activity, as measured with the TOOS assay, in the supernatants of the cells shown in (B) and (E), respectively. (D) Representative
IHC for ATX in the indicated cultured hepatocytes. All values are mean = SEM; n = 3-6; *P < 0.05; analysis of variance post-hoc
test. Scale bar: 50 pm. Abbreviations: DAPI, 4,6-diamidino-2-phenylindole; FC, fold change; IHC, immunohistochemistry; LSCs,

liver stellate cells; tRA, trans-retinoic acid; w, weeks.

(Supporting Fig. S6C,D), while promoting their apo-
ptosis (Supporting Fig. S6E,F). In agreement, LPC
administration (18:1; 60 mg/kg intravenously) in mice
in vivo led to an increase of both ATX and apoptosis
(Supporting Fig. S6G-]), suggesting LPC as a potent
ATX inducer in the liver. On the contrary, no major
LPA effect in he ;)atocyte ATX expression was
observed (Fig. 3E). (15)
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HEPATOCYTE-SPECIFIC ATX
EXPRESSION ACTIVATES
HEPATIC STELLATE CELLS AND
AMPLIFIES THE FIBROTIC
RESPONSE

To examine whether Hep-specific ATX expression
plays a pathogenic role in the development of liver
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FIG. 4. Hepatocyte-specific ATX genetic deletion ameliorates CCly-induced liver fibrosis. (Aa-d) Representative staining images of
liver sections 4w post CCl, administration in A/bEnppi/ " and control (Ctrl; TgA/b-Cre) littermate mice. Scale bars: 50 um: a; 100
um: d; 150 pm: b; 200 pm: c. (B) Q-RT-PCR analysis for ATX (Enpp2) relative mRNA expression in the indicated liver extracts.
(C) Liver total LPA levels, as determined with HPLC-ESI/MS/MS. (D) Semi-quantitative scoring of necrosis, apoptosis (TUNEL™"
cells), hydropic cells, inflammation and fibrosis at the indicated mice at 4w post CCly administration. (E) Liver collagen deposition
was quantified by hydroxyproline levels (F) Q-RT-PCR analysis of pro-fibrotic gene expression in liver extracts. Q-RT-PCR arbitrary
(AACt) values were normalized to the expression levels of B2m in the same samples and presented as fold change to control values
(oil treated mice). Blind evaluation of all histology scoring was performed from 2 reviewers and confirmed by 2 independent expert
pathologists. All values are mean +/- SEM; n=3-9. *p<0.05 to the respective control or indicated values; Unpaired, two-sided Stu-
dent’s t-test, or Mann-Whitney test for non-normal distributions. Abbreviations: H&E, hematoxylin and eosin; IHC, immunohisto-

chemistry; w, weeks.

fibrosis, ATX was genetically deleted from Heps by
mating the conditional knockout mouse for ATX
(Enpp2™™)® with a transgenic mouse line expressing
the Cre recombinase under the tight control of the
albumin (Alb) promoter (TgAlb-Cre), directing effi-
cient recombination of floxed alleles specifically to
Heps (Supporting Fig. S7A,B).“'? Accordingly, no
Hep ATX expression could be detected in A/bEnpp2 ™"
mice 4 weeks post-CCly administration (Fig. 4Aa,B),
followed by diminished liver and plasma LPA levels
(Fig. 4C and Supporting Fig. S7C,D) and a complete
reversal of the corresponding lipidomic profiles (Fig.
2E), thus suggesting that CCls-induced Heps-specific
ATX expression results in local LPA production, that
is also reflected in the circulation.

Abrogation of liver ATX/LPA production resulted
in diminished necrosis (Fig. 4Ab,D), apoptosis

(Supporting Fig. S7Ea and Fig. 4D), and proliferation
(Supporting Fig. S7Eb and Fig. 4D); however, the
number of hydropic cells increased in the absence of
ATX (Fig. 4Ab,D), suggesting that ATX/LPA might
interfere with ionic and/or fluid homeostasis.*® The
overall liver inflammatory histopathological score was
not significantly reduced (Fig. 4D), although paren-
chymal inflaimmation appeared more diffuse rather
than periportal (Fig. 4Ab), inflammatory gene expres-
sion was modulated (Supporting Fig. S7F), and a
reduction in the number of infiltrating Gr1 ™" cells and
activated macrophages was observed (Supporting Fig.
S7I). Moreover, ATX deletion diminished the deposi-
tion of neutral lipids, but had no effect on glycogen
deposition (Supporting Fig. S7E). More important,
ATX ablation led to a diminished histopathological
fibrotic score (Fig. 4D), consistent with decreased
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collagen production (Fig. 4E), profibrotic gene expres-
sion (Fig. 4F), aSMA expression (Fig. 4Ad), as well as
liver damage (Supporting Fig. S7G,H).

Conversely, CCly administration to TgalzI-hEnpp2
mice, overexpressing a human ATX transgene in Heps
driven by the human «l-antitrypsin inhibitor (altl)
promoter,"V resulted in increased collagen deposition
and fibrosis (Supporting Fig. S8). ATX/LPA levels
in CCly-treated Tgalz1-hEnpp2 mice were not
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FIG. 5. ATX/LPA promote HSC
activation. (A) Hepatocyte-specific
genetic deletion in A/bEnppZ_/_
mice decreases Acta2 liver mRNA

ie) expression, whereas (B) transgenic
ifl__’ 50 % overexpression of ATX in
& 40 Tgalt1-hEnpp2 mice increases it,
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+© CCly, as determined with Q-RT-
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respective quantification. (D) Rep-
resentative images of F-actin
(phalloidin) staining in the same
cells and respective quantification.
(E) Q-RT-PCR analysis of Bax/
Bcl-2 mRNA expression, as deter-
mined with Q-RT-PCR; n = 3.
Q-RT-PCR arbitrary (AACt) val-
ues were normalized to the expres-
sion levels of B2m in the same
samples and presented as fold
change to control values. All val-
ues are mean = SEM; *P < 0.05
to respective control values;
unpaired, two-sided Student ¢
test; scale bars: 60 um (C) and 30
um (E). Abbreviations: B2m,
beta-2-microglobulin; Bax, Bcl-2-
associated X protein; Bc/-2, B-cell
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significantly higher than CCly-treated wild-type litter-
mates (Supporting Fig. S8G-I), given that transgenic
altl-driven hATX expression was not CCly induced
(Supporting Fig. S8J), suggesting that the chronic
exposure to LPA, rather than its absolute levels,
exerted the observed profibrotic effect.

In agreement with a chronic role of ATX/LPA
pathogenetic effects in liver injury, ATX Heps ablation

or overexpression led to minimal changes in the ConA
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FIG. 6. Pharmacological ATX inhibition attenuates CCly-induced fibrosis. (A) Representative H&E and Sirius Red staining (scale
bars, 100 and 200 um, respectively) in liver sections 4 weeks post-CCly administration in WT mice treated (2-4 weeks) with PF-
8380 or vehicle-treated littermates. (B) Semiquantitative scoring of inflammation, necrosis, and fibrosis in liver sections of the same
mice. (C) Liver collagen deposition in livers was quantified by hydroxyproline levels. (D,F) Liver/plasma total LPA levels as measured
with HPLC-ESI-MS/MS. (E) Plasma ATX activity measured with TOOS in the same mice. Blind evaluation of all histology scoring
was performed from two reviewers and confirmed by two independent expert pathologists. All values are mean = SEM; n = 5-7. *P
< 0.05 to vehicle values; unpaired, two-sided Student # test or Mann-Whitney test for non-normal distributions. Abbreviations:
H&E, hematoxylin and eosin; PF-8380, 3,5-dichlorobenzyl-[4-[3-ox0-3-(2-0x0-2,3-dihydrobenzoxazol-6-yl)propyl]Ipiperazine-1-car-

boxylate; w, weeks; WT, wild type.

model (Supporting Fig. SOA-D and S9I-L, respective-
ly), suggesting no major effects of ATX in acute, T-
cell-dependent, and TNF-mediated liver inflammatory
responses. Likewise, genetic deletion or overexpression
of ATX from Heps had also minor effects in acute
(single-dose), CCly-induced hepatic damage (Support-
ing Fig. S9E-H and S9IM-P, respectively).

Genetic deletion of ATX from hepatocytes also had
minor effects in liver regeneration following partial
hepatectomy (Supporting Fig. S10A,B), suggesting no
major effects of ATX/LPA in hepatocyte proliferation,
as observed in witro (Supporting Fig. S10C,D). LPA
stimulated 7%f, I/-6, and Cxcr4 expression in primary
hepatocytes in vitro (Supporting Fig. S10C); however,
the relative contribution of LPA-induced hepatocyte
responses to the overall liver proinflammatory and pro-
fibrotic gene expression (Supporting Fig. S2E-G)
remains unknown.

Despite the minimum involvement of ATX in acute
liver damage, deletion, or overexpression of ATX, in
AlbEnpp2~~ or Tgalt1-hEnpp2 mice, respectively,
modulated accordingly Acza2/aSMA liver mRNA levels
24 hours postacute exposure to CCly (Fig. 5A,B), fur-
ther supporting a decisive role of ATX/LPA in hepatic
stellate cell (HSC) activation. In agreement, LPA
stimulation of serum-starved primary HSCs in vitro
stimulated aSMA expression (Fig. 5C), while

promoting the rearrangement of their actin cytoskele-
ton, and inhibiting their serum-starvation—induced

apoptosis (Fig. 5D,E, respectively).

PHARMACOLOGICAL
INHIBITION OF ATX
ATTENUATES CCl,-INDUCED
FIBROSIS

To translate the genetic findings into potential treat-
ment options, CCly-treated mice were administered
(2-4 weeks post-CCly) with 30 mg/kg (intraperitone-
ally, twice-daily) of PF8380, a potent (half maximal
inhibitor¥ concentration, 1.9 nM) and well-character-
ized1'® ATX inhibitor. Pharmacological ATX inhi-
bition attenuated CCly-induced fibrosis (Fig. 6A-F),
confirming the genetic results and suggesting ATX as
a potential therapeutic target in liver fibrosis.

HEPATOCYTE-SPECIFIC ATX
GENETIC DELETION
ATTENUATES HCC
DEVELOPMENT

To examine a possible role of ATX/LPA profibrotic
effects in HCC development, male AléEnppZ_/ ~ mice
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FIG. 7. Hepatocyte-specific deletion of ATX attenuates HCC development. (A) Genetic deletion of ATX from hepatocytes signifi-
cantly improves survival upon DEN/CCL, treatment. n = 4-14; Gehan-Breslow-Wilcoxon test. (B) Macroscopic liver appearance of
DEN/CCly-treated A/bEnpp2™" (HCC*A™XY or control EnppZ”/" littermate mice (HCC). (C) Q-RT-PCR analysis of relative Enpp2
mRNA expression in the indicated mouse strains. (D) Tumor number and (E) average size of the largest tumor in the presence or
absence of hepatocyte ATX expression. (F) Representative Oil Red-O staining of liver sections (scale bar, 150 um) in the same mice
and respective quantification. All values are mean * SEM. n = 7-12. "P < 0.05 to respective control or indicated values; unpaired,
two-sided Student # test or Mann-Whitney for non-normal distributions. Abbreviation: Ctrl, control.

were administered, before CCl, intoxication and the
observed effects in liver pathophysiology and ATX
expression, with DEN (50 mg/kg; intraperitoneally at
15 days postpartum), thus coupling a genotoxic muta-
genic insult with toxin-induced fibrosis that results in
HCC.M”

All DEN/CCly-treated, surviving (60%; Fig. 7A)
control mice developed HCC (Fig. 7B). Among them,
the majority (70%) developed tumors in all the liver
lobes; in the remaining mice, tumorigenesis was con-
fined to the caudate lobes and left lateral lobes
(Supporting Fig. S11A). Increased ATX mRNA levels
were detected upon HCC development (Fig. 7C); no
changes in ATX plasma activity were observed
(Supporting Fig. S11B). ATX staining localized in
tumor cells, missing from healthy surrounding Heps
(Supporting Fig. S11C).

ATX genetic deletion attenuated ATX mRNA and
plasma activity levels (Fig. 7C and Supporting Fig.
S11B, respectively); however, residual ATX staining in
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remaining tumors could still be detected (Supporting
Fig. S11C), most likely as a result of not complete
(<100%) recombination and/or possible ATX attach-
ment to membrane receptors, such as integrins. 22"
All (100%) DEN/CCly-treated AbEnpp2™~ mice
survived the treatment (Fig. 7A); among them, 30%
did not develop any tumors and 45% developed
tumors only in some liver lobes (caudate lobes and left
lateral lobe; Fig. 7B and Supporting Fig. S11A), sug-
gesting that ATX/LPA amplify oncogenic signals.
The dramatic reduction of both tumor number and
size (Fig. 7D,E) was also reflected in liver weight
(Supporting Fig. S11D). Histological analysis indi-
cated a reduction trend in necrosis, inflammation, and
fibrosis (Supporting Fig. S12A-D) and a significant
decrease in CD34 and PCNA staining (Supporting
Fig. S12E-H); however, the most prominent histo-
logical feature observed upon the genetic deletion of
ATX was a significant decrease of neutral lipid depo-
sition (Fig. 7F).
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ATX DISTORTS HCC-RELATED
FATTY ACID METABOLISM

Lipidomic analysis indicated up-regulated levels of
liver LPA upon HCC development, found to be
diminished upon the genetic deletion of ATX (Fig. 2E
and Supporting Fig. S11F). Noteworthy, Ppap2b
mRNA levels were found to be decreased also in HCC
(Supporting Fig. S11G), as shown (Supporting Table
S1B) for human HCC patients, possibly accounting
for the sustainment of LPA levels. Although PPAP2s
have been also incriminated for sphingosine-1-
phosphate (S1P) degradation,?? no major differences
in S1P levels were observed in HCC (Supporting Fig.
S11H); however, large increases in expression of
sphingosine-1-phosphate receptor 3 were observed
upon HCC development, found to be diminished after
ablation of ATX and LPA (Supporting Fig. S11K;
Supporting Table S5), in agreement with previous in
vitro studies.

Strikingly, liver accumulation of some TAG species
in DEN/CCly-induced HCC was the most prominent
feature of the HCC lipidomic profile (Fig. 2E); HCC
TAG levels were found reduced in the absence of

ATX, in agreement with the observed decreased neu-
tral lipid deposition, suggesting a novel role for ATX/
LPA in HCC-related fatty acid (FA) metabolism.

To obtain mechanistic insights into the mode of
action of the ATX/LPA axis in HCC development, we
performed whole-liver, genome-wide expression profil-
ing of DEN/CCly-induced HCC. Stringent gene set
enrichment analysis of statistical significant differential-
ly expressed genes (DEGs) upon HCC development in
the absence of ATX identified mostly genes involved in
lipid metabolism, as well as genes coding for plasma
membrane and actin binding proteins (Supporting
Table S4). Expression of a large number of ATX/
LPA-affected genes seem to be regulated by the tran-
scription factor, activator protein 1 (AP-1) (Supporting
Table S4), a critical transcriptional regulator of inva-
sion®® reported to be regulated by LPA.*

Comparison of HCC**™* and HCC DEGs
revealed genes that are up-regulated in the liver upon
HCC development, but reverted toward physiological
levels in the absence of ATX (Supporting Table S5).
The HCC-induced, possibly ATX/LPA-regulated
genes (ATX-rDEGs; Supporting Table S5) include
alpha-fetoprotein  (4fp) and glypican 3 (Gpc3),
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established HCC serum markers,?” as well as well-
known markers of oncofetal transformation (4fp, H19,
and brain expressed X-linked 1),(19:20) proving, on a
molecular level, that ATX deletion attenuates HCC.

Among the multiple ATX-rDEGs involved in lipid
metabolism, stearoyl-CoA desaturase 2 (Scd2) was pre-
viously shown to be necessary for the biosynthesis of
monounsaturated FA, essential components of
TAGs.%” DEN/CCl,-mediated HCC development
induced its expression, whereas ATX deletion attenu-
ated its mRNA levels (Supporting Table S5; confirmed
with Q-RT-PCR, Fig. 8A). In agreement, LPA stim-
ulation of HepG2 cells in witro stimulated SCD
mRNA expression (Fig. 8B), neutral lipid deposition
(Fig. 8C,D), and cellular TAG levels (as determined
with liquid chromatography/MS; Fig. 8E).

Discussion

Increased ATX sera levels were detected in CLD
patients of different etiologies, associated with shorter
overall survival and surrogate disease parameters indic-
ative of hepatic damage and loss of function (Support-
ing Table $3).%® Moreover, increased liver ATX
mRNA expression was found in the majority of publi-
cally available CLD and HCC microarray data sets,
thus suggesting that hepatocyte injury can stimulate
autologous ATX expression and that ATX, beyond its
diagnostic or prognostic value, might also play a direct
role in liver pathophysiology.

In agreement, robust ATX and LPA expression was
detected in CCly-intoxicated injured mouse livers.
ATX expression was localized mainly to hepatocytes,
found to be induced by HCV infection, TNF-
mediated inflammation, as well as exposure to LPC,
all pathological stimuli linked with the development of
different forms of human CLDs. Interestingly, TNF
has been reported to stimulate ATX expression in hep-
atoma cells in vitro through nuclear factor kappa B
(NF-kB),?” whereas LPS, a well-known activator of
NF-kB in macrophage-like cells,®” has also been
shown to induce ATX expression in monocytic THP-
1 cells,®" as shown here with primary KCs. LPC has
been also shown to activate NF-kB in keratinocytes
and pancreatic AR42] cells,***® whereas the activa-
tion of NF-kB is well established in HCV infec-
tions.®® Moreover, in silico analysis of the Ennp2
promoter revealed NF-kB target sites, validated by the
respective coimmunoprecipitations,(34) strongly sug-
gesting that ATX expression in the inflamed liver is
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controlled, at least in part, by NF-kB, which had been
suggested to link injury, fibrosis, and HCC, depending
on cellular context and timing, as well as on activation
thresholds.®”

Hepatocyte ATX expression and LPA production in
CCly-intoxicated mouse livers coincided with a prolifer-
ative peak of hepatocytes, although no major effect of
ATX/LPA in hepatocyte proliferation was observed in
vitro, or in hepatectomized mice in vivo. Moreover,
hepatocyte-specific ATX deletion and the consequent
reduction in local LPA levels attenuated neutral ]j%)id
deposition. In agreement and as recently presented,”
hepatocyte-specific ATX deletion abrogated lipid depo-
sition in the liver and the development of steatosis in a
more relevant, high-fat-diet-induced NASH metabolic
model, associated with reduced expression of major
lipogenic genes. However, the relative contribution of
ATX/LPA to FA synthesis and TAG deposition in
comparison with other converging pathways, as well as
exogenous FA sources, remains to be determined.

On the other hand and most importantly, ATX
expression also coincided with up-regulated aSMA pro-
tein expression, Cyp2S1 mRNA expression, and RA
levels; all established markers of HSC activation.®®
Deletion or overexpression of ATX from hepatocytes
accordingly modulated aSMA levels in all disease mod-
els examined, whereas exposure of primary HSCs to
LPA promoted cytoskeletal rearrangements, inhibited
apoptosis, and stimulated aSMA expression. Moreover,
ATX well-timed expression coincided with the transi-
tion from regeneration to fibrosis, as shown with a
major shift in the expression ratio of Cxcr4/Cxcr7, a
recently reported modeled disease hallmark.®” This
predominance of CXCR4 over CXCRY is thought to
shift the angiocrine response of liver sinusoidal endothe-
lial cells, which it has been recently shown can be mod-
ulated by LPA,®® stimulating proliferation of HSCs
and enforcing a profibrotic vascular niche.®” Therefore,
CCly-induced and LPC-driven, hepatocyte ATX
expression enforces the entry to the perpetuation phase
of fibrosis development by activating HSCs, directly or
indirectly, through LPA, whose levels are possibly sus-
tained in relatively high levels attributable to the down-
regulation of Ppap2b expression, further stimulating col-
lagen production and hepatic fibrosis.

LPC, the main enzymatic substrate of ATX and a
potent inducer of its Hep expression, peaked at 4
weeks post-CCly in liver tissue, as also suggested for

NAFLD patients.(39) Moreover, LPC administration

has been reported to promote hepatitis®”; interesting-

ly, rats fed a high-fat diet displayed elevated serum
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ALT levels that correlated with increased Pla2 mRNA
expression and LPC levels,*” suggesting that LPC
and ATX/LPA could mediate diet and/or obesity
effects in liver pathophysiology, as suggested for pros-
tate disease.*) Different PLA2 isoforms were
detected aberrantly expressed in mouse and human
fibrotic livers, further supporting liver-specific de novo
LPC synthesis upon damage, and suggesting a synergy
of the PLA2/LPC and LPA/ATX axes in hepatitis
development.“?

Conditional genetic deletion of ATX from Heps
and abrogation of liver production of LPA modulated
inflammation and diminished fibrosis, thus establish-
ing ATX as a liver profibrotic factor. Conversely,
transgenic Heps-ATX overexpression promoted colla-
gen deposition and fibrosis; noteworthy, transgenic liv-
er ATX expression did not induce any liver phenotype
per se, suggesting that ATX expression is not sufficient
to induce fibrosis, but is rather required to amplify pro-
fibrotic signals.

Deletion of ATX from Heps and down-regulation
of liver LPA levels had also a profound effect in DEN/
CCly-induced HCC, promoting mice survival and
attenuating both liver tumor numbers and size. In
agreement with a procarcinogenic role for ATX, trans-
genic overexpression of ATX in the mammary gland
resulted in spontaneous breast cancer in aged mice™”,;
noteworthy, the late onset suggests that ATX is not
sufficient to promote carcinogenesis per se, as shown
here for fibrosis, but is rather required to amplify onco-
genic age-related signals. Moreover, reported LPA
effects in vitro are concordant with several of the sug-
gested hallmarks of cancer, a conceptual framework of
essential alterations in cell physiology that collectively
dictate malignant growth in most tumors.** LPA
effects, mediated by pathways well consistent with
their identity as GPCREs, include proliferation, resis-
tance to cell death, angiogenesis, as well as invasion
and metastasis.”’

Cancer cells, under the pressure of increased prolif-
eration and growth, have been suggested to reprogram
their cellular energy metabolism in many different
ways, including an increase in glutamine metabolism,
the decoupling of glycolysis from pyruvate oxidation in
mitochondria (the Warburg effect), and de novo FA
synthesis, despite sufficient dietary sup}aly and/or
increased lipolysis in adipose tissue.“**’ Excessive
FAs, that can be detrimental for the cell, are esterified
with glycerol backbones generating TAGs that are
stored in lipid droplets.***) At times of metabolic
need, such as malignant growth, accumulated TAGs
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can be converted back to FAs through emerging lipo-
lytic mechanisms that were also reported to be up-
regulated in cancer.***> Although this delicate bal-
ance of FA metabolism in cancer is far from being
understood, FAs are essential to cancer cells for the
synthesis of structural lipids required for the generation
of new cells and the required energy production to sus-
tain it, the biosynthesis of protumorigenic signaling
lipids, as well as the resistance to oxidative-stress—
induced cell death and chemotherapy.“+*%

Strikingly, the most prominent histopathological
effect of ATX deletion in DEN/CCl4-induced HCC
was the significant decrease of neutral lipid deposition,
indicating perturbations in FA metabolism; no signifi-
cant liver accumulation of TAGs was detected upon
the genetic deletion of ATX, whereas expression pro-
filing revealed, as mostly affected, genes that are
involved in lipid metabolism. Among them, Scd2
expression, essential for FA synthesis during early liver
development,?”) was shown to be aberrantly reacti-
vated in DEN/CCl-induced HCC, and was found to
be stimulated by LPA in wifro, correlating with
increased TAG accumulation. In support, Scd2 expres-
sion has been shown to be regulated by sterol regulato-
ry element-binding proteins (SREBPs; SREBP1a and
2),) transcription factors regulating FA synthesis,*®
and shown to be stimulated by LPA.“” Pharmacolog-
ical inhibition of SCD, as well as of other enzymes
involved in FA synthesis, have been reported to reduce
tumor growth and are currently at different levels of
preclinical and clinical development.*®) Noteworthy,
ATX/LPA also stimulated the expression of a large
number of lipase genes (Supporting Tables S4 and
S5), such as Patatin-like phospholipase domain-
containing 5 (Supporting Table S5), a neutral lipase
that localizes to lipid droplets and has been shown as a
link of TAG mobilization and autophagy.“*® There-
fore, the ATX/LPA axis is critically involved in FA
metabolism in cancer cells, in concert with other lipid-
modifying enzymatic cascades and likely orchestrated
from the adipose tissue, thus contributing to the
reprogramming of energy metabolism in malignant
cells, an emerging and maybe central cancer hallmark.

Pharmacological inhibition of ATX with PF8380
attenuated CCly-induced fibrosis, in agreement with
the genetic deletion results. Noteworthy, ATX was
recently reported to be inhibited by selective binding of
the bile salt, taurourdeoxycholate (TUDCA),“*? an
established treatment of primary biliary cirrhosis and
other cholestatic disorders, suggesting that TUDCA
efficacy could be partly attributed to ATX inhibition.
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Therefore, ATX emerges as a potential therapeutic tar-
get in CLDs and possibly HCC, perhaps as an adju-
vant therapy to current treatment options.
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