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ITPOAOI'OX

H mapovoa dwatppn mpaypoatonombnke otov Topéa Bioroyiog Kvttdpov kot Brogpuoikng
tov Tpqupatog Broloyiag tov IMavemotnuiov Abnvov, vrd v emifreyn g Kadnyntplog x.
Iowodpag Z. [Tanacidépn. Oa NOera va ekppdom Tic Pabiég pov guyapiotieg oy emPAErovca g
AWokToptkng pov dtTpPnc kot oevbvvrpia tov Touéa BroAoyiag Kvttdpov kot Broguoikng,
Konyntpia k. Iowdopa X. Ioaracidépn, TOG0 Yo TV EUTIGTOGVVT TOL OEYVEL 6TO TPOGMTO OV TOL
televtaio (TOAAG) xpoOvia, OGO KOl Yol I OLVATOTNTOA TOV LoV £0MGE VO EPYACTM GTO EPYACTNPLO
™me. Xopic ™ Pondela kot T1g ovuPovréc ¢ o kdbe emimedo (epeLVNTIKO KOl TPOCHOTIKO) 1
mopovoa epyosio dg Ba NTav duvatd va TpaypaTomomoet.

Eniong evyoapiotieg opeihw ota péAN G TPYWEAOVG GULUPOVAEVTIKNG EMITPOMNG, TNV
Avaminpotpia Kodnyntpie k. Boacuukn Aiemdpov ko tov Emikovpo KabBnynm) k. lodvvn
Tpovykako, yio Tic GLUPOVAEG TOVG OTTOTE AWTO YpeldotnKe. Avtiotorya Oa NBela vo vyaPIoTHoW®
tov Kanyntm k. Keovotavtivo Bopyid, tov Ermikovpo Kabnynt) k. Anuntpn Ztpofonddn, tov
Enikovpo KaOnynm k. Avaotdcio Kpiepmdpon kot t Aéktopa K. Mapidvva Aviovérov yio v
TIUN TOV HOL €KOVOV LE TY] GLUUETOYY] TOVG GTNV EMTOUEAN EEETUCTIKY] EMTPOMY TNG TOPOVCOG
dwTpiPng. Oa NBera emiong va exkepdow slkpveig evyapiotieg otov Oudtipo Kadnynt k. Aovkd
Mopyopitn o omoiog pov €dwoe v evkapior vo. epyact® gpevvnTikd otov Topéo Bioioyiag
Kvttdpov kot Blopuoikng oe mpomtuytoko Kot LETAmTUYLoKd enimedo.

[dwntépmg, moAAd evyaplotd avikovv otn Aéktopa k. Mapidvva X. Aviovérov yio v
KOTOALTIKY] cvppetoyn g ot owrpn avty. H xabodnynon kot ot yvdoewg or omoieg pov
TPOcEPEPE, Bondncay va oYNUOTICH EMGTNUOVIKY] Kpion Kol Vo 0pyavdce® TNV Topeia Tng epyociog
eva M Gvev dpov Ponded e oe KaBe (Nua (epguvnTkd M un) vanpée avektipnt. o Ndeia va
gvyapotom tov Enikovpo Kabnynm k. Avactdsio Kpepmdpon yua mm @rhoéevio 6to epyactnpto
oV ot gyKataotdoelg tov TEL AOMvag kabag emiong kot t PonBeld tov e {ntuota apodosiog
Kot opybvaoong g perétng. Emmiéov, éva peydio guxapiotd ovikel otnv Ymoynewo Addktopa K.
Xapd 'ewpyoatldrkov yio v dyoyn cvvepyacio Kot TNV TPOYUOTIKA TOAVTIUN Kol TOALETITEST
BonBeta mov pov mpocépepe amhdyepa KaBOAN TN OdpKELD EKTOVNONG TNG OOAKTOPIKNG OaTPPNg
pov, Kabmg emiong Kot OAOVG TOVLG TPOTTLYLOKOVS POLTNTEG TOL EPYNCTNPIOV UE TOLG OTOIOVLG
GLVEPYAGTNKA.

210 onueio avtd Ba NBeda va ekepdom Tig evxaploTies Lov oty K. Agovtivi) Dovvtovddkn-
[Moamapilov (AtevBbvrpira g povadog aipodoaciag tov I'evikov Kpatucod Nocoxopeiov Nikotog) kot
tov k. Kovotavtivo Ztapovin (Aevbuvt tov EBvikov Kévipov Ayodocioc) yuo v molvtiun
Bonbewo 1660 6TO AUIYDG OUOTOAOYIKO KOUUATL TNG WTPIKNG TV HETAYYicE®V OGO KOl GTNV
OTPOTOAOYNON KOl TOV TANPT EAEYX0 TV 26 €0EAOVIOV OUOSOTMV TOV GLUUETELYOV GTO €X ViV
TUNUO TNG CLYKEKPIUEVNG peAéG. O k. ZtapovAng NTav avtdg 0 0moiog eVIOMIGE TOAD VOPIg TV
ONUOVTIKT GUUPOAT] TOL PAVOUEVOL JLAPOPOTOINCTG 0TV ailaTog 6TtV amodnkevtikn PAAPN Tov
€PLOPOKVTTAPOV KO TPOETPEYE TNV EPEVVNTIKT LA OPAGTNPLOTNTO GE VTV TNV Katevhuvon).

EeymploTég EVYOPIOTIEG OPEIA® GTOVG HETASIOUKTOPIKOVG £pELVNTEG K. Aavdaon Belévila kot
K. [Tdvo Berévila yia ) Porfeta kot Tic uUPOLAES TOVG OOV Kol OTOTE YPEdoTnKE (Kot dgv NTay
Myeg avtéc ou @opéc). Ba Mrav mapdAetyn vo punv avaeépm Tig Kvupiec Mapiva Apyovtdxkm kot
Aquntpa Avayvoctonoviov, ypoppateic tov Topéa Brodoyiag Kuttdpov kot Broguowkig, kabmg
emiong kot OAa o péAN tov Touéa Broroyiog Kvttdpov kot Biogpuokng yuo t @riolevia kot tnv
ayooTr cvvepyacio KoBOAN T SldpKeld EKTOVINONG TG TOPOVGOS daTpIPns. Oa NBela KAeivovTag
VO EVYOPIOTHCM TNV OIKOYEVELYL LoV OV 6TdONKE iAo Lov GAO TO YPOVIKO OACTNUA TOV CTOVODV
pov. Télog (last but not least), ToALd gvyapiotd oty Apetn pov yio ™ Ponbeta kot ™) otpién oe
K@0e eminedo KaOMOC Ko Yo TNV TOTN TOL OEiyVEL 6TO TPOGMTO Kol TIC OLVATOTNTES LLOV.

Baoiierog A. T{oOvaxoag
ITovioc 2015



2YNTOMEYXEIX

2,3 DPG: 2,3 diphosphoglycerate (2,3 di1pmo@oylukepvikd o&)
ALP: Alkaline phosphatase (AAikoiikn Poocpotdon)

ALT: Alanine aminotransferase (Auwotpaveepdon g odovivng)
AQP-1: Aquaporin-1 (Ydatomopivn-1)

AST: Aspartate transaminase (Tpavceoputvacn aomapTikov)

ATP: Adenosine triphosphate (Tpipwopopikn adevocivn)

BAS: Baseophils (Bacedpiia)

Ca: Calcium (AoBéotio)

CAT: Catalase (KataAdon)

CLU: Clusterin (Khaotepivn)

EOS: Eosinophils (Hoowogila)

FA: Follic acid (®oAko 0&D)

FC: Flow cytometry (Kvttapopetpio ponq)

Fe: Iron (Zidnpoc)

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase (Ag@udpoyovaon g 3-@OOQOPIKNG
YAVKEPAASEHOTG

GLUT-1: Glucose transporter-1 (Metagopéac yAvkolng-1)

GPx: Glutathione peroxidase (Yrepo&eiddon g yrovtadeiovng)
GR: Glutathione reductase (Avaywydon g yAovtabeidvig)

GSH: Reduced form of glutathione (Avnyuévn yAovtadeidvn)

GSSG: Oxidized form of glutathione (O&eldmpévn yAovtabeldovn)
H,0,: Hydrogen peroxide (Ynepo&eidio tov vdpoydvov)

Hb: Hb concentration (Zvykévtpwon aipoceaipivig)

HCT: Hematocrit (Awwotokpitng)

HDL.: High density lipoproteins (YynAng mokvomrog MTonpmTeiveg)
HRP: Horseradish peroxidase (Ynepo&elddon tmv ayplopagavidmv)
K: Potassium (Kdiwo)

LDH: Lactate dehydrogenase (I'oaloktikr apudpoyovion)

LDL: Low density lipoproteins (XounAng mokvotntag MmonpoTeivec)
LYM: Lymphocytes (Agppokvttopa)

MCEF: Mean corpuscular fragility (Méon xvttopikn gvbpovcetotto)
MCH: Mean cell Hb (Méon mocotnto apoc@aipivng)

MCHC: Mean cell Hb concentration (Méon cvykévipmon aipooceatpivig)
MCV: Mean cell volume (Mécog gpvOpokvtTapikog 6yKoq)

MFI: Mechanical fragility index (Agiktng unyoavikng evbpavotdtnTog)



MON: Monocytes (Movokvttopa)

MP: Microparticles (MikpokvoTtidia)

MPV: Mean platelet volume (Mécog aipometoiiaxog ¢ykoq)

Na: Sodium (Ndazpio)

NE: Neutrophils (Ovdetepopira)

NR-RBC: Non reversible red blood cells (EpvOpoxvttopa un avaotpéyiung mapapudpemong)
NO: Nitric oxide (Movo&eidio tov aldtov)

P: Phosphorus (®dogpopog)

PCT: Plateletcrit (Awonetaiiokpitng)

PDW: Platelet distribution width (Evpog katavoung oponetaiiov)

PFK: Phosphofructokinase (docpoppovktokivacn)

PLT: Platelets (Awometdiia)

PS: Phosphatidylserine (Pooceotidviocepivn)

PK: Pyruvate kinase (ITvpoctaguAiky kivéon)

RBC: Red blood cells (EpvOpoxvttapa)

RDW: Red blood cell distribution width (Ebpoc katavoung epvdpokvttdpwv)
RNS: Reactive nitrogen species (Apoaotikég popeég aldtov)

ROS: Reactive oxygen species (Apaoctikég popeég o&Euyovov)

SOD: Superoxide dismutase (Aiopovtdon g pilag Tov covrepo&eldiov)

TAC: Total Antioxidant Capacity (OAkn avtio&eld®Tikn tkavoTTo)

tBHP: Tert-butyl-hydroperoxide (Tept-BovtvAo-vdpodmepoeidio)

TIBC: Total iron binding capacity (OAikn 6161p0odeGUEVTIKN IKAVOTITAL)

UA: Uric acid (Ovpiko 0&D)

UA-AC: Uric acid antioxidant capacity (Avtio&eidmtikn tkavotnta ovptkod 0&£0Q)
VLDL: Very low density lipoproteins (IToAd yaunAng mokvotntog MmonpmTeives)
WBC: White blood cells (Agvkokdttapa)

yGT: Gamma-glutamyl transferase (y- ylovtapvd tpaveeepdon)
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KEDPAAAIO A:
ERAI'QI'H



Al. TO AIMA

To oaipo amotedel vypd 1016 (€101KN KoOTNYOpioL €EPEICTIKOL 10TOV) TOL GMOUOTOGC,
YOPOKTNPIOTIKO TWV TOAVKVITTOP®OV opyavicudv. Emitedel didpopec Aettovpyiec OMmMC peTAPOPA
OpENTIKOV OVOIDOV, OPUOVAOV KOl PBLITOMVAV, GTOLG IGTOVG, OMOUAKPLVOT (YPNOT®V OLGLOV TOL
mopdyovtal Katd Tov peETafolopd, ovtaidayn aepiov (opooceorpivn), mén (ocpometdiio Kot
napdyovteg TENG TOV TAAGHOTOG), duvva (Aevkd apoceaipia) Kot Opéyn (TAdopa). Amoteleiton
amod KOTTOPO KOl PEVOTN HECOKLTTAPLA ovcia. Ta KOTTApPO TOV GIHATOG OMOTEAOVV TO EUHOPPO
OVLGTOTIKG TOV Kot dlakpivovtal o€ epupd atpooeaipta, AEVKA opoceaiplo kot aporetdia (Berne
kot Levy, 1996).

Ta gpvOpd apoceaipia (RBC) eivor ta miéov moAvdpOpo kdttapa oe kuklogopio Kabmg
amoteAovV mepinov 1o 40% tov aipartoc. Exovv oynua apeikotiov dickov, pkpod péyebog (ddpetpog
8um) kar epgaviCouv Waitepn eAACTIKOTNTO KATL TO 0010 T KaO1GTA 1kavd vo mepvohv uéca amd
ta Tpryoedn ayyeia. [Hapdyoviar 610 HVEAD TOV 0GTAOV KOl GTNV OPYLN HOPPT TOVS glvar amdpnva,
evad M péom odpkewn Lomng tovg etvar 120 nuépec. Kopra Aettovpyia tovg givar n petopopd tov
o&vuyovov mov mpocsrapPdvetar amd Tovg mvedoveg kot Tov 010&eiov Tov dvBpaka mov TapdysTo
amd ta kottapa (Turgeon, 2011).

Ta Agvkd apooeaipio (WBC), mov mapdyovtat Kot vt 6T0 HVELO TMV 0GTMV, GUUUETEYOVY OTHV
dpovo Tov 0pyavIGHoD Kot O10KPIVOVTOL GTOVE TAPOKAT® TOTOVG: TOAVHOPPOTHPTVO KOKKIOKVTTOPO
7OV gtvat Ta 0VOETEPOPILA, TO NOGIVOPIAL Kot TO, BAGEOPILD, TOL LOVOKVTTOPO KO TOL AEUPOKVTTOPO.
Ta oupometdMa eivon KutTopikd Opadopoto TV PEYOKOPLOKLTTAP®Y, UNKovg 2 - 4 um, ta omoia
aroteAovV Ayotepo amd 10 1% tov aiparog. Tlailovv kabopiotikd pdAo oty TEN TOL OURATOG Kot
™V apdeTOcT, ONANOT OTNV OVOGTOAN TNG Ooppoyiog 1 TG KuKAOQopiog HECH £KKPIONG TOV
evlbpov g BpouPoxivaong (Turgeon, 2011).

A2. TO ITAAXMA

To mAdopo etvar 1 peLOTH LECOKVLTTAPLO OVGIO HEGH GTNV OOl AlwPOVVTOL TO, KOTTOPO KO
amotedeitan amd Evav peydrlo apBud opyovikdv kot avopyaveov OUTOSAVTOV 0voL®Y. ATotelel
éva TOAOTAOKO pHiypo TpOTeEivaV, evip®V, BpenTIK@OV Kot dpnoTOV 0VGLAOV, OPLOVOV Kol 0EPimV.
To 90% tov TAGCUATOG OmoTEAEITOL OTTO VEPO EVD O TPWTEIVES (aABovpivee, capives, vmS0YOVOo)
etvar 10 KOplo0 cvotaTkd and dmoyn Pdapovg Sadpopartilovtag Pacikd poOAO oTn HETAPOPE, TNV
apova ko ™ OpouPwon (Saladin, 2004). To avOpdTIvo TAGGO EIVOL EPOSIOCUEVO UE L0 GELPA LN
eVODUIKOV OVTIOEEWDOTIKAOV CPVVTIKOV UNYOVIGUOV VA 1] OVTIOEEWDMTIKN TOV 1KOVOTNTO UTOPEL Vo
BehtiwBel péom ™ STpoPns (TPOGANYN KAPOTEVOEWD®MY, TOAVQUIVOAMV KOl QAAPOVOEDDV)
(Cimen, 2008). Ta onuoavtikdtepa, poOpPLo. Tov eUEOVILOVY AVTIOEEIOMTIKY KOVOTNTO Eivol HETOED
GAA@V 1 yAovtabeovn, to ackopPikd o0&y (Prrapivn-C), 1o ovpikd 0&D, N a-tokoeepoAn (Prrapivn-
E), n yoAepvOpivn ko arPoopivn (Frei et al., 1988).

A2.1. I'hovtadsiovny Hidocnatoc

H ylovtabeidvn (GSH) anotekei tov kuptotepo un eviouikd puOuiotn e EVOOKLTTOPIKNG
avto&edmTikng opotdotaocng (PA. mapdypapo A4.4.1). H GSH umopei va eviomiotel e mowkidia
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OTOV KOl KUTTAP®V OT®G Ta. €pLOPOKVTTOPO KOl TO AELKOKVTTOPO KOOMG EMIONG KAl GTO TAAGLLOL.
Oocov agopd oto mAdopa 1 ovykévipowon GSH eivar moAd yoaunAdtepn (SuM) oe oyéon pe v
avtioToryn Tov oAkov aipatog (2mM) kabmg 10 99% mpoépyetar amd ta epvBpokvtTapa. EmmAigov n
yhovtaBeidvn tov TAdopatog PpiokeTal meplocdTepo oty ofewmpévn g popen (GSSG) oe oyéon
pe o epuBpokHTTOP EVM 1 LETPNON TNG TAPOVGIALEL SuoKOAES KaBMG 0 Ypdvog nuiceag (wng oto
TAdopo gtvorl polg pepka Aemtd (Mills ko Lang, 1996).

A2.2. AokopBiké o0&V (Brtapivny C)

To ackopPikd 0&D givor pa véatodiaAVTH Prrapivn Kot To To GNUAVTIKO avTIOEEIOMTIKO GToL
eEokuttdplo vYpd cvppeTéyovtag oty ekkabdpion elevBépwv pilov o&uydvov (ROS) kar aldtov
(RNS) mpootatedovtag pe avtd tov TpoOmo Amidio Kot mpoteiveg amd o&edmtikn PAAPn. Zta
e€oKuttdplo vVYpa, £xel TV wavotTa vo eovdetepdvel erevBepec pileg dmwg VIPoELAiov Kot
VIEPOEELDIOV EVAD €lval TO TPADTO AVTIOEEWOMTIKO TOV KATAVUADVETOL GTO TAACUO UETE amd dpdon
ewyevoig o&edmtikov gpebiopatoc (Frei et al., 1989). Asitovpyel emniong avayovrag 1Ovta YoAkoy
Kol GO POL v pmopel va dpa cuvepytotikd pe ) Prrapivn E Bonbovrog kot oty avayévvnon g
televtaiog (Cimen, 2008). IMaparoufdvetor pe v tpodr kabdg otov avBpmmo dev vmdpyel M
dUVaATOTNTO TAPAYWOYNG TOV KOl UETAPEPETOL LECH TOV TAAGUOTOS — TOGO GTNV AVIYUEVT] OGO Kot
otV o&edmuévn tov popen (apvdpo-ackopPikd o) — oe OAa ta kOTTapa (Troadec ko Kaplan,
2008). Ta eminedo ackopPikcov in Vivo givar mapaminola peta&hd RBCs kot mAdopotog eved €xet
Bpebel mwg Ta RBCS umopovv va peta@épovy apudpo-aokopPikd 0&EH 6To €6MTEPIKO TOVG, HEGH TOL
ueta@opéa. YAvkolng mov dwbétovv (Glutl) kot pvOuion omd ™ otopativn. Exel to agudpo-
ackopPikd avayetal og ackopPikd o0&y ki anedevbepmdvetar ek véou oto mAdopo (Montel-Hagen et
al., 2008).

A2.3. o-Toxkooepoin (Brrapivn E)

H Puropivn E elvar o Aumodiodvty Prropivy mov omoteleiton amd mOAAEG 1GOHOPPEC,
YVOOTEC G TokoPepOLeC. H a-tokopepOAN givar 1) o gvepyn kat apbovn popen ot evon (Fuchs et
al., 2003). Amoteiei éva onpovtikd avto&eldwtikd tc0 Adym ¢ agboviag tg 660 Kot ™G
wavoTnTag TG va avtdpd tayvtato pe tig ROS (RO, nporappdvovtag tny o&eidmon tov Mmdiov.
Me av16 ToVv TpdTo dratnpeitor 1 Sopun Kot 1 Boroyikn dpacTnpldTnTa TV TOAVUKOPESTOV ATOPDOV
oféwv. Amotélecpa ™G apykng avtidpaong eivar n mopaymyn wog pilog a-tokoepOANg 1 omoia
otabeponoleital HEGH GLVTOVIGHOV Kot uropel va avtidpdost pe emmiedv pia RO;". Ovoaotikd éva,
LOPLO O-TOKOQEPOANG UTOPEL VO GTAUOTNGEL dVO avTIdpacel; Mmidikng vreoteidwong (Traber ko
Atkinson, 2007). H Brrapivn E aAniemidpd pe moivdpOuo avioéedmtikd onmg Prropivn C, GSH,
B-kapotévio 1 Mmoikd o&D, Ta omoia £xovv TV KavotTo v avayevvovv tn Prrapivn E and v
o&edwuévn g popen (Coombes et al., 2001). H popraxn doun tng S1EVKOADVEL TNV OTEVEPYOTOINOT)
tov ROS og éva Mmdikd mepipdirov, witepa tig pileg LOO™ mpoépyovtar amd v ofeidmon g
YOS mukvotntag Mmonpwteivng (LDL) (Vasankari et al., 1997).

A2.4. AABoonivny

H oAPoopivn eivor Swhvt mpwteivy tov TAGCUOTOC Kot TePLEYEl o ektefeiuévn
GOVAPLOPLAOUEOO GUUPBAALOVTOG GE CUAVTIKO TOGOGTO oTa £Mimeda Oglohdv Tov TAdopatoc. ‘Eyet
TOAAATTAOVG POAOVG, £VOG €K TV OTTOlV givor 1 Opacn TG ©¢ eEMKLTTAPIO AVTIOEEWOMTIKO. MeTa&y
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TOV AVTIOEEWMTIK®OV TNG POA®V, cuvoéetan oteva pe 10vta Cu Ko achevdg pe wovta Fe peiovvovtog
N JBEGILOTNTO TOV GLYKEKPILEVOVY 1OVTOV Yo TV avtidpaon Fenton. Ascuevel emiong v aiun
otapatovtog v eaptopevn amd aiun oéeidwon tov Amompoteivov. H oAfoopivn €xer
duvatotnTa vo avTidpd ypryopa pe vroxAmpiddeg o&d kot motkileg ehehOepec pileg (ONOOT, NOy',
RO,", RO") 1 otiyuf; mov 1 avtidpact g pe 1o vrepoeidio tov vdpoydvov (H,0;) mpoympd apyd
(Taverna et al., 2013).

A2.5. XolepvOpivny

H yoAepuBpivn eivon to 1ehkd mpoidv kotaforcpod g aipung. H oévyevdon g aiung
JLOTA TOV QOKTOALO TNG OUUNG TTPOG CYNUATICUO YOAOTPAGIVIG, 1 OTTOlo 6T GUVEXELD AVAYETOL OO
™MV avoywydon e yolompacivng oe yoiepuvOpivi. Av kot 1660 M yoiepvOpivn 660 Kot 1M
Yorompacivn  elvar  avoywywkd €idn, 1 yoiepvOpivn Oewpeiton T0  KOAHTEPO  PLGLOAOYIKO
avtioéedotikd (Baranano et al., 2002). Ipdypati, n xoAepubpivn Kotéxel 1oxvPN AVTIOEEBMTIKN
dpdon anévavtt otig pileg RO, kot mpootatevetl and to&ikd enineda tov Ho0,. ‘Exet mpotadei mwg n
oLVoEDN NG YoAepLOPivIG pe TV aABovpivn Tov TAACHATOG HUopel v TPOSTATEYEL TOGO TO ATapd
o&éa 660 Ko TV id1a TV oAPoupivn amd o&eidwon (Stocker et al., 1987).

A2.6. Ovpikd o0&V

To ovpikd o0&V elvar t0 TEMKO TPOIOV HETABOMGHOD TOV TOVPWVAV GTOVG 0vOpOTOVC.
Amoterel 10 60% TG AVTIOEEWMTIKNG GULVOS TOL TAAGUATOS OPMOVTAS MG 00TNG NAEKTPOVIOV Kol
ekkafaplotic elevfépov pilav o&uydvov kot aldtov (Benzie xou Strain, 1999). ITw cvykekpipéva
AopBaver pépog oy ekkabdapion poplakod o&vyovov (0y), 6Lovtog (O3), vroylwpuddovg o&éo,
pildv do&ediov tov aldtov (NO7'), 0EEBOTIKOV HOPE®Y NG GiUNG TOL TOPAYOVIOL amd THV
o&eidmon ¢ apooealpivng k.o (Ames et al., 1981). Mia GAAN onuavtiky avtloed®Tikn 1ot
TOL OVPIKOV 0&EEOG €ival M KAVOTNTA TOV Vo dpa ®G YNAKOG mapdyovtog oynuotiloviag otabepd
ovumAoka pe dvta o pov. Me avtd 1oV TpOTO TaPEUTOdiLeTor N 0EEWMTIKY OpACT TOV WOVIWOV
o1ONpPov (FeS+) péocw tov aviidpacewv Fenton kot Haber-Weiss pe oamotéleopa v avooToAn
avtidpdoemv ofgidwong mov kataAidovral amd to cidnpo (Miura et al., 1993). 'Eyel Bpebei moc 1
oeidmon v Mmdiov Tov TAAGHATOS Kot TG HEUPPEvNS, 1 ALOAVOT] TTOL TPOAyETL Ao 0&eidmOoN
(Becker, 1993) kabmg emiong kot n emayopevn omd vitpmodn ovta o&gidmon g o&votpoopapivng
(Smith, 1991) propodv va avacTaAlovy I Vo KabvoTEPHGoVY TapovGio ovpiKoL 0&EoC.

A3. TO EPYOGPOKYTTAPO (RBC)

A3.1. T'evika

Metd 1o téhog ¢ epvBpomoinong Exovv TALov dnpovpyndel Ta amdpnva epvbpoxidTTOpa TO
omoia givol TANP®G TPOCAPLOGUEVA GTN POCIKT TOLG AgttovpYio, TOL Eivol 1 HETOPOPA TOV OEPIOV
NG OVOTTVONG TTPOG Kol amd ToLg 16Tovs (0&uyovo kot dtoéeidto Tov avBpaka avtictorya). [Ipv v
ameAeVOEPWON TOVG OTN YEVIKY KLkAo@opio, Kot agod &xel omoPindel mAnpwc kabe mupnviKod
KOTAAOWUTO, TO KVTOGOMKO TOLG opyavidla ek@uAiloviat. 'Etol tehkd 10 dpuo gpuBpokidtrapo
amoteAeiTal OVOLOOTIKG amd povo pio Kuttapikn pepPpdvn (AMmdwn Surhootifdoa) m omoio
nePIKAElEL TNV aposearpivn, kabmg kot Eviopo kot TpoTeiveg amopaitnTo Yo T Stpnon g
axepadTNTag Tov. H mepiektikdtmra o apooceaipivn eivar n vynAdtepn mov mopatnpeitor oto
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KOTTOPO TN EPLOPOEIBOVS GEPAC, KATL TO 0TOil0 EIvVOL PLGIOAOYIKO, POV OTTMC £xel MO avapepOel
TO. TPONYOVEVE GTAdWL  Olapopormoinong  yapoaktnpilovior amd cvvey mopAy®Yn HOopimV
ALLOcPaALPivG KAT® 0md TV enidpaocn g epvOpomomrtivng (Spivak, 2002).

A3.2. Aynocoorpivn

Eivor to mpmteivikd poplo mov emterel ™ petapopd o&uydvouv amd Tovg TVEVLOVES GTOVG
16T00¢ Kot ToV 010E€1310V TOV AvOpoaKka amd Tovg 16TOVG 6TOVE TVEVUOVEG. AToTEAEiTAL OO TEGGEPIC
TOAVTENTIONKEG OAVGIOES avdl dVO OUOLEC, TOL KOAOVVTAL CQUPIVES, KOl TEcoEP HOpLo aiune, Eva
ywo. kGOe oAvcida (eidvo 1). Ze évo, QUGIOAOYIKO EVAAMKO GTOUO Ol dVO GAVLGIOEG OVIKOLY OTNV
OLKOYEVELDL TOV 0-COUPIVAV Kal ot AAAeg dV0 oTig B-opapiveg. Ot opddeg g aiung mepiéyovv
oidnpo, o omoiog epeavilel yarapn cvvoeon pe To 0ELYOVO Kal pe To d10&eid10 Tov AvOpaKa KATL TOV
d1evkoAvVEL TN Agttovpyia Tov popiov. H ouyyévela e apoopaipivng pe 1o o&uydvo e€aptdtan amod
N GLYKEVIPOON TOv, T0 PH 0AAG Ko TNV aAAnAemiopacmn HeE OpYaviKEG evdoelg Omwg 10 2,3-
drpwopopoylukepvikd  o&H  (2,3-DPG).  'Etor  aipocoapivny  goptopévn  pe  o&vydvo
(o&varpocatpivn), eTavel pe v KukAo@opio Tov aipatog 6Tovug 16Tovs, 0mov to PH givar younio
Kot M ovykévipmon CO2 vynAy, anodidovtag o o&uyovo kot deopedovtog to CO2 (1 amodéopevon
tov O2 mpodyetan ko amd 1t décpevon 2,3-DPG oty o&variposearpivn). To aipa mov emotpéeet
OTOVG TVEDHOVEG QEPEL aupoo@atpiv cuvdedepévn pe COz (kopPapvo-apoceotpivn). Exkel 1o
vynAotepo pH kot n avtiotpoer] TG avaioyiag ocvykévipmong vaép tov Oz odnyovv og
anerevBépwon tov d10&e1dion kot ekkivnomn evog véov KOKAOL avtodlayng aepiov (Fischbach,
2004).

Moépio aigoo@aipivng

/ Aipn

Epupo 1 N
aipooc@aipio g N - )
(Trepiéxel ‘ G2 \{‘ e T /
EKATOVTASEG ' = i
XINIGSeg : ,Q)u S
popIa o Sy
algoo@aIpiv @4
ng)

7]

To o§uyovo ouvdEéeTal oTHV
aiun Tou popiou TnNg
algoo@aIpivng

Ewdva 1: Zynuotikd n doun g aposeapivng (Avardmwon and A.D.A.M., 2008).

A3.3. Aounp Tnc EpvOpoxvrrapiknc MsuBpavnc

H gpvbBpoxvtrapun pepppdvn katariapPaver empdveio 163 umz, N omoia elval kaTd TOAD
HEYOADTEPN OO TNV EMPAVELN GPAipOg OYKOV 160V pe Tov gpvBpokvTTapov (85 umz). Me ) otevn
évvola Tov 0pov M pepPpdvn amotereiton amd pior MoKy duthootifdoa, mhyovg mepimov 10 nm,
HEGO OTNV OTOi0L OITOVTAOVTAL Ol JOUEUPPOUVIKEG TpwTEIVEG, TOV gUPavIovTol ¢ dtapeUPPoviKd
COUOTION OTO MAEKTPOVIKO MIKPOOCKOTIO HE TNV TEYVIK TOL WYUKTOTEUOYIGUOV KOl TNG
yoktoeEdyvoons. Me v guputepn Opmg €vvola Tov Opov, mepapPdvel Kot 10 OiKTLO TOV
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TEPLPEPELOKDOV TPOTEIVOV, TAYXOLS Tepimov 10 nm, mov Pploketal G€ €MAPY HE TNV KVTOGOAIKN
EMPAVELDL TNG TAOGUATIKNG HEUPPAVNG, CLUVOEOUEVO HECEH OUOLOTOMK®YV OAANAETOPACE®Y, KOl
amoteAel Tov vropeuPpaviké okeletd Tov pvbpokvTTdpov (Pasini et al, 2010).

H dopkn opydvwon e avOpodmvng epubpokvttapikng peufpdvne (eixévo 2) diver
duvaTdTTo 6TA EPLOPOKVTTAPA VO VITOGTOVV UEYAAES AVACTPEYIUES TOPALOPPDCELS, OLUTNPDOVTOG
TapdAAnAa T dopikn tovg akepodtnto. H peuPpdvn elvar e€oupetikd eAaotikn kot €xel T
duvaTOTNTO VO OVTOTOKPIVETAL YPNYOPO. O EQPUPUOCUEVO HUNYOVIKO OTPEG &V gppavileTon
e€aPETIKA 1oY(LPN OGOV APOPA TNV avtioTaon o€ dpBpwtikég adiayéc. I[Tapdia avtd dev pmopel
Vo ovTEEEL 0AAOYEG OTO EMPAVELNKO TNG EUPadd, axoua K av avtés givarl g 1aéng tov 3% - 4%.
Oocov apopd otn ymukn g cvataor 52% ¢ cvvoAkng palag eivar mpwteiveg, 40% Mmidio Ko
8% moAvcakyapiteg and tovg omoiovg 7% @Epoviarl 6e YAVKOoEryyoMTidl, v TO vOAowro 93%
Bploketar ocvvdedepévo pHe T HOPEOY] OMYOCOKYOPIK®V OAVGIO®V OTIS YAVKOTPMOTEIVES TNG
uepPpavng (Kaushansky et al., 2010).

avTiyovo Rhesus VAUKOQ@OPIVN A
VAUKOTTPWTEIV LW —_ /
vAuko@opivn C/D
™ Rh
olelelelole >0
1 “1 4 r B ’ 3 3
ééO\lof)\ " -
~ -~
P33 - 4.1R
49
;\ Sukrivn . p A D
4 1R
C C-TEAMS GKDO - —
N/ RB-oTTEKTPIVN
; f Q-OTTEKTPIVN
TPOTTOHUOTIVN N-TEAIKO GKpO

Ewodva 2: Eynuotikd n dopn g epuvbpoxvttapcng pepPpivng. (A) To mpmdto onueio ovvdeong tng
nepPpavng pe to okehetod. (B) Zopnioko Rhesus. (C) To devtepo onueio ovvdeong pepppavng-okeretov. (D)
AMmiemidpboeig petal&d a- kat B-onektpivng (Avardrwon arxé Delaunay, 2007).

A3.3.1 Awriowo e MeuBpavng

H yoAnotepon kot 1o @oopolmidwe amotelodv 10 95% 1oV OoMkdV Mmdiov TG
gpuBpokvtTopikng LepPpavng, v to vrororo 5% Katéyovv ta yAvkoooryyolniowe. Téooepa elvar
o KOplo. ooeolmidin: 1 ewoatidvioyorivn (PC), n ewoeatidvio-abavorapivny (PE), n
ewopatdvriooepivy (PS) kot m oeryyopveriivny (SM). H owoeatidvrio-tvooitorn (Pl) kol ta
QPOCEOPVAOUEVE Tapdywyd ™G elvar Aydtepo dobova. Ta @ooeolmidow sivor acvOupeTpo
Kataveunuéva (emovo, 3) ota 600 el e Mmdikng dumhootifadag. H PC kot n SM kuprapyodv
oV e&mtepikn povootiada, evd 1 PE kot PS givor apBovitepeg oty ecwtepikn (Mohandas xau
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Gallagher, 2008). Ta yAvkoo@tyyolmidwo kabmg kot ta. GPIS mov ypnoipebovv g dykvpa yio
ovvoeon Tov GPI-tpwteivav ot pepPpdvn, Bpickovror oty eEmtepikn povootiada.

Ta popo v pooeoMmdinv Tapovstdlovy [WKPN TGN Vo TEPVOLV amd TN Mol AUTOKN
povootifada otnv GAAN, wa dradikacio mov sivar yvootn o¢ «flip-flopy». Qotdoo, pio pikpn tétola
KATOKOPLON pOoN VEIoTOTOL KOl UTopel HAAMOTA Vo TAPEL HUEYOADTEPES OLUCTAGELS OMEIMMDVTIOG TN
eooeoMmdky acvupetpio. ‘Etol, vmdpyst évag  pnyaviopdg mOv  PETAPEPEL  EVEPYA  TOL
AULVOPOCQOMTIOIN TTOV £YOVV TEPACEL GTNV eEMTEPIKT LOVOSTIPAON TAAM Tio® TNV €6MTEPIKN. To
vevdouvo yuo ovtn ™ Sradikasio EVELHO ovopdleTon QUIVOPMGEOMTIOIKY UETATOTACT) Kot Eivot pio
ATP-eEaptopevn tpoteivn. Amevepyomoinon avtov tov punyovicpov, gite Aoym amovoiog ATP gite
a6 GAAn autia Omwg 1 0&eidmon, B 00Ny oEL TEMKA, GE ATMAELL TS POCPOMITIOIKNAG OCVUUETPIOG
™G HEUPBPavNG HE XapaKkINPIoTIKO Tapadetypa v eémtepikevon PS 1 onoia pumopet va 0dnynoet oe
eayokvttdpwon. Evaliaxktikd emiong, n oaAAnienidpoocn tov eoo@oMmidiov pe T0 HeUPpavikd
okehetd Bo pmopovice va meplopicel v mpog Ta £E® kivnom Tovg, otafepomoidvtag £TGL TN
peuppdvn kot ehattdvovtag to mocd tov ATP mov amatteiton yio T detipnon g OAGOUUETPNG
katavoung (Yu-Bin Ji et al., 2005).

H eomtepkn emodveln g otfddog tov Mmdiov givar éva diktvo omd mpoTEIVES TOL
GLYKPOTOVV TO GKEAETO TOL gpubpokvLTTAPOoL. O CKeEAETOG cLVOEETAL LE TN OTIRAdE TV AMmTdimV
HECH KAOETOV OAAAETOPACEDV VD 1) 6TaOEPOTOINGN TG LEUPPAVIG EMLTLYYAVETOL KOl HECH TWV
op1lovtiov aAlniemidpdocwv (kupiapyo poro mailel | orextpivny) (McMullin, 1999).

Zuvoho
50 —
25 b= SM PC
PE PA
o o PS Egwrepiki omipabda
I—I EcwTtepixn oTifdada
25 p—
50 = SM, ogryyopushivn

PC, pwogpaTnduhoyohivn

PE, puwogaTiduho-oBovohayivn
PS, puwogpanduhooepivn

PA, pwogandiké ofd

PIPn, n-pwogopikr puogaTniBuioivoaiTohn

Ewodva 3: Katavoun tov ¢oo@olmidiny 610 eEOTEPIKO KOl TO E6MTEPIKO HEPOG TNG LEUPPpavng (Avatdrwon
ané Daleke, 2008).

A3.3.2. Iporteivec tng EpvOpoxkvtropikinc MenBpavne

Otav  amopovouéveg epvBpoxvttapikéc  peuPpavec miektpoeopnfodv  oe  TNKTOUO
nmolvakpviapiong mapovoio SDS (Laemmli et al., 1970), spopaviovtor mowileg {dveg, votepa amd
ypmdon pe coomassie blue. Me 1t pébodo ovtr divetar M SVVOTOTNTO VO TOPOTNPTGOVLE
KOVOTTOMTIKG OAES TIC TPMOTEIVEG EKTOG Al TIG AyKLPIVES KoL TIG YAVKopopives. [ va avaivBodv ot
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aykvpivec mpayuoatomoleitar niektpopopnon kotd Fairbanks (Fairbanks et al., 1971). Ot {dvec
apOpovvtan apyilovtog amd TV Kopuen TOV TNKTOUTOS Kot avoapépoviot oG {ovn 1, {dvn 2 KA.

I'evikd ot pepuPpovikéc mpwteiveg pmopovv va  dokplBodv o€  OlapepPpavikés Kot
ePLPEPELOKES. Ot StoupeUPPaviKeS damepvovy TV MIOKT SITAOGTIPAON Kol OAANAETIOPOHV UE TOV
VOPOPOPO MTOKO TLPNVA, EVD Ol TEPUPEPEINKES TTPMOTEIVEG AAANAETIOPOVV LE TPMTEIVES KO Ao
ot HeUPpaVIKY EMPAVELL OAAG OV €10XWPOVY GTO AMMOKO otpdpa. Ot pepPpavikéc npmrteiveg
enPaviCouv AEITOLPYIKN €TEPOYEVELD KOOMG AEITOVPYOVV MG UETAPOPELS, OC UOPLO TPOGKOAANGNG,
®G VTOJOYEIG ONUATOIOTNONG Kol GAAES aKOpO aTPocdlOploTeg dpactnprottes. H cuyyévela pe tnv
omoio GLVOEOVTAL Ol TPWTEIVES e TN HepPpvn dev givar pia otatik] Widtnta aAld emnpedletat amd
10 Pabud eoopopviimong, yAvkolvAiwong, peBLAIOONC TOvg N TV TPOTOTOiINon TV AmdiwV
(Kaushansky et al., 2010). Extdg amd Ti¢ StopepPpoavikec Kot TEPLPEPEINKES TPMTEIVES VITAPYOVV Ko
ot pepppavoouvvoeopeves, ot omoieg pmopet va Ppiokoviar gvdokvuttapikd (otopativn, EAOTIAAIVEG)
(Salzer xou Prohaska, 2001) 1 va mpocaptdvtor 6t HEUPPavn eE@KVTTOPIKA HEGH OUOLOTOMKNG
ovvdeong pe GPI (Cross, 1990). IMapakdto avolboviatl ot PactKOTEPES TPWTEIVES TOV ATAVTOVTOL
o€ W TUTIKT €puOporvTTOPIKT HEUBPAVN.

A3.3.2.1. Zovn 3 1} avwovroovraildaktng (AE1D)

H Covn 3 1 oaviovioavtodhdktng eivor 1 kOplo  StopepPpoviky] mTpoTeiv TV
€PLOPOKLTTAP®Y, OVTITPOCOTEHOVTOS TTEPITOL TO £VA TPITO TOV OAMKAOV HEUPPOVIKDOV TPOTEIVOV.
Kabe epvBpoxidtrapo mepiéyet 10° avtiypapa povopepdv Covng 3, pe poprokd Papog 95 kDa.
Awpopeg popeés s Lovng 3 cuvavtdvial oty epufpokuTTapiky] pepPpdvn, OTmMG opodepn,
tetpopepn 1 ohyopepn (Lu xou Liu, 2007). To yovidid g edpaletar oto ypoudooua 17 kot
Kodwomnotel mpoteivn pe 911 apvo&ikd katdroma. Amd avtd ta 432 aviKovv 6TV KVTOGOAIKN TNG
neployn evod ta vorowta 479 ot dwpepuppavikn. To dwopepPpavicd g tunpa dwucyiler 14 popég
™m Mmdwkn dumhootiBade (ewova 4) (Hochmuth xe: Warren, 2002), eved to opvoteMkd Kot TO
kapPo&utelkd g dkpo Ppickovtal 610 KVTOGOA0. TNV gpvbpokvttapikny peuPpdvn n {ovn-3
oynpotiler owepn kou tetpapepn. Ta dwepn ocvvodovtar pe v mpoteivn 4.1 1 petaxwvovviot
elevbepa 610 eminedo G LEUPPAVNG, EVO TA TETPAUEPT] LECH TNG OyKLPIVIG Kol TG TP®TEIVIG 4.2
ovvoéovtan pe 1o okeletd (Bruce et al., 2003). Xto ouwvoteMkd ™G GKpO TPOGOEVOVTAL
QULOGQOIPIVT, OLULOXPOUATO, d1APopPa YAVKOALTIKG &vivua, Kivdoeg Kot poogatdosg (Ferru et al.,
2011) 6mwg emiong kon aykvpivy, Tpoteivn 4.1 ko tpoteivn 4.2 (Bruce et al., 2003).
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Ewodva 4: Amewcovion g {ovng 3 6mov @aivovior kot ot B€celc TpoOcdesns dAPOop®Y TPOTEIVOV GTO
apVOTEMKO Gkpo (Avatdmwon arxo Daleke, 2008).

Baoum Aettovpyia g {dvng 3 6Tovg 16T00G £ivor 1) avToAlayn avidvTeVv LE TOV EEOKVTTAPLO
YDPO KOl O GLYKEKPUEV HCO* ue ta aviovro Cl” tov nAdopotog, 1 omoia emteleitol amd 10
kapPo&utelkd g akpo (Heinrich et al., 2001). £tovg mveduoveg n dwadikooio avtiotpépetat. Mia,
devTepM Acttovpyia g tvar 1 cupuPoAn ot daTnpnon TG doUng TG EpLOPOKLTTAPIKNG HEUPPBEVTG
KOl TOL YOPOKTNPIOTIKOD GYNUOTOS TOV €PLOPOKLTTAP®V. AVTO emTtLYYAvVETOL HEGHD TOV
cLuumAEypaTog mov oynuatifel n tetpapepng {ovn 3 pe ™ yAvkoeopivn A, v tpwteivn 4.2 kot v
aykvpivn Kot tn oOvdeon pe 1o okeretd omektpivng. To ocdumieypa g {odvng 3 pali pe to
ocoumieypo Rhesus, ouykpotodv 1o pakpocvumioko e (ovng 3 (eikdva 5) 1o omoio oyvpomotel
aKOUN TTEPIOGOTEPO TN GLVOEST TNG HeUPpdvne pe to okeletd omektpivng (Bruce et al., 2003). H
dwepng popen g {advng-3 deouedetan TPOTAPYIKE He TNV 0d0LGivn Kol Onpovpyel Eva devTEPO
HOKPOGVUITAOKO QTOTEAOVUEVO Ao TIG £ENG TPWTEIVES: TN YAvKOQOpivn C, T0 GOUTAEYUO TPOTEIVOV
Rh, v axtivn, ™ tpomopvocivn, ™ TPOTOHOVIOVAIVY, TV adovcivn, T depotivn, v pSS, v
npoteivn 4.1 kot 4.2 kot o mowkidio amd yAvkolvtikd évlvpa (eikova 5). Avtd ta dbo peydla
CUUTAOKO TTPAOTEIVOV KOODS Kt YEQPUPES TOVG GTOV GKEAETO GMEKTPIVNG-aKTivig elvar vrevBuva Yo
TIG LOPPOAOYIKEG KoL pUNYAVIKESG 1310t TEG T™V gpvbpokvttdpwv (Anong et al., 2009). IMapdiinia,
opyavmvel kot puOpilet éva dAho pakpocOumioko yAvkoivtikav evibpwmv (GES) (Ferru et al., 2011).
Yvykekpyéva, to Eviopa GAPDH (yAvkepaldehion-3-pwopopikn agpudpoyovdon), ardordon, PFK
(pwopoppovktokivaon), PK (mvupootaguiikn kwaon) ko LDH (yoloktikn agudpoyovaon)
Tpocdévovtal o€ o BEomn TupRVEOONG TOV OUIVOTEAMKOV GKpov ™S COvng 3, OMUovpYdVTaS TO
evlopkd ovumhoko GE oty eomtepikny emodvewa g pepPpavng (Puchulu-Campanella et al.,
2013). H Lovn 3 eaivetor va oyetiCetar pe v andntoon tov RBCS kabdc to apivotelkd e dkpo
nepiEyel Béoelg didomaong and v kaondon 3 (Mandal et al., 2003). ‘Etol n ahAnAeniopaon pe v
TpOTEIVY 4.2 omOSVVAUADVETOL KOl KOT EMEKTOOT YAVETOL 1) oOVOESN NG UEUPPAvVNG LE TOV
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vropeuPpavikd okeAetd. TEAOC oLooOUAT®ON N TPOTEOAVOTN TNG TPOTEIVIG TOpATNPEiTOL OE
MEPITTOOE KLTTAPIKNG ynpovong N ofeidwong (Arese et al., 2005), divovtag yéveon o710
EMPOVELOKO VEO-avTryovo ynipavong (Ando et al., 1993, Arese et al., 2005).

ayyeio
yYAukotrpwreivn LW {|
\ 2
Rh Zu’ovn 3 {wvn 3
0 i CD4
«;l::pggl‘(,:ﬂdplm avTiyévo
Rhesus
CAll
4.2
KUTOOGMIO /V o o
G3PD s0xy H
ayKupivn
N
— ZKeAeTOC OTIEKTPIVIC

Ewodva 5: Angicovion tov pokpocdumiokov g (odvng 3 omov dakpivovtar to cvopmhoko Rhesus (kokkivo
Bérog), To ovumhoko g Lovng 3 (umhe BEAOG) Kot 1 obVOEST LECH TNG TPWOTEIVIG 4.2 TOV dVO GVUTAOK®OV
ueta&d toug (nawpo PErog) (Avatdmwon omd Bruce et al., 2003).

A3.3.2.11. XrekTpivn

H onektpivn moiler wvplopyo polo o©TO GYNUOTIGHO TOL VTOUEUPPOVIKOD GKEAETOV,
anoteldviog 10 27% tov GuvoAoL TV uepPpavikov Tpoteivov (Bennett xoz Gilligan, 1993).
Bpioketor vo ) HopPT| ETEPOTETPAUEPOV HOPIOV (s1kdva 6) oV oynpotilovTal omd 600 a-0AvGideg
Kot 000 B-aivcides. Ta tetpopepn AmMOTEAOLV TN AELITOVPYIKY HOPON TNG OMEKTPIvNG Kot PBociky
OOUIKY] HOVASO TOL S1GOACTUTOV GKEAETIKOV OIKTVOV, KOOMS TO SYLEPT] OMOIKOSOUOVVTOL TAYIOTO
(Palek xar Liu, 1979). Ot a-onektpiveg (MB 240 kDa) amotelovvtor and 22 avtoteAeic douikég
neployés (al-a22). Ov B-omextpiveg (MB 220 kDa) oamotelovvtor omd 18 avtoteleic dopikég
mePLOYES, amd TG omoieg M TPMTN omoTeEAEl TN cvvInpNUEVN Teployn Tpdcsdeong g aktiving. Ot
Béceig Tpocdeonc g aykvupivng evronilovtan ot 14" - 15" emavdinyn g Bl omektpivng, oty
KEVIPIKN TTEPLOYT TOV gTepoTETpapepovs (Yasunaga M. et al., 2012).

Tetpapepéc omektpiviyg  Mepioy o-EAmag B-mruxw) mepio) l
ABD
O )1111)))111)}111)&-“111 R REEE D00
Anm IHIHHHHH]]J‘rwl]I))lllH)lllHH—O
AVABD
O¢on Gt apcuong 1oviov déon Stopcuong
aapeariov AKTIVING

Ewodva 6: Ameikdvion tov €TepOTETPOUEPOVG TG omekTpivng. Daivetol n avimapdAinin dievbémon tov o-
kot B- ahvcidov. Alakpivovior ot 0écelg mpodcdeoNc, TG OKTIVIIG OTO CpIVOTEAMKO Akpo NG P-aAvcidog
(koKKWVO BENOC) Kot Tmv vty Ca™? 610 KapPolutelikd Gipo e a-olvoidac (umhe BENOC) (Avardrwon amd
Cooper, 2000).
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Ot alvoideg ¢ a kot B omektpivng cvvtifevian o mepiooeio. H évapén tng ocvvoeong petalo
TOVG, AauPdvel ydpo GTNV TEPLOYN TUPNVOONG ToL oynuatiletonr and ta emovolapfovouevo
Tunuoto al9 oc a22 (kapPolutelikn meployn ¢ a-aAvcidag) kal Bl ¢ B4 (apvotelkn meployn
g B-odvoidag). ‘Etotl pia a-oivoida kot pio B-aAvcida tomobetodvior o€ avimapdAAnin odtoén
Kot oVVOEovTaL HETAED TOVG U OUOLOTOAKA G TOAAL onpeia Kol oTo dKpa TOVS, oynuotilovtag Eva
eTeEPOOIEPEG HOPLo omekTpivng unkovg 100 nm (Speicher et al., 1992). Anévavtt amd v Teployn
TUPNVOOTG, OVO ETEPOOIUEPT] OCLVOLOVTOL KEPOAY HE KEPOAN 7Yoo vo oynupoticovv &va
ETEPOTETPOUEPES LOPLO omekTpivng (etxovar 6) pnqkovg 200 nm. Avti 1 dadikacio eivor TOAD
onNUavVTIKN Yoo T otabepdtnTa TG HePPpavne Kot Aapfavel yodpo oe dVo TavtooNueg BEcELS, ot
0moiEG GLVIOTOVV TNV TEPLOYN avTocVYKPOTNONG etepotetpauepovg (Lux xaz Palek, 1995).

H omnektpivn ovvdéetoar pe g0 moKAlo TPOTEIVOV OTOC 1 axtivi, M aykvpivn,
KOALOVTOUAIVY, mpwteivn 4.1 k.o. (Bennett xoz Gilligan, 1993). H svkapyia tng motedetar Ot
amoTeEAEl TOV TPOTAPYIKO TOAPAYOVTO TOV ETOPE GTNV EANCTIKN TAPALOPP®GCT TOV EPLOPOKVTTAP®V
Katd v kivnon Ttouvg oto KukAo@opikd ovotnuo. Efvor m peyaddtepn mpwrteiv otov
KUTTOPOCKEAETO TMOV EPLOPOKVTTAPWV, GUUUETEYEL 6TA CVOUTAOKA CEVENG KOl amoTELEL TO KLPLOTEPO
oLOTUTIKO TV 0pLLOVTIOV OAANAETIOPAcE®Y (AVTOGVYKPATNON OTEKTPIVIG Kot cVumloka (evENG)
oTov gpLOpoKLTTOPIKO okeAeTH. Topumhoka (evéng ovoudlovior To. KOUPIKA onUEi TOV GKEAETOV
OOV JCTOVPMOVOVTIOL TO TETPOUEPT TNG OMEKTPIVNG Kol cvvdéovtor petald TOvg Kol HE T
npotovnuatio axtivng (Liu et al., 1989).

A3.3.2.111. Aykvpivn

AmoteAeitarl amd pio opddo TOAVTENTIOIWV TOV KOTAAAUPAVOLV TIG NAEKTPOPOPNTIKES LDVES
2.1,2.2,2.3 xon 2.6 (Platt et al., 1993). Mmopei vo. d1oay®ploTel 6€ TPELS AELTOVPYIKES TEPLOYES LECM
nmog npmtedivong: pio meployn mpoOGdeoNs TG UEUPPEVNG OTO OUIVOTEAIKO (GKPO TOL TEPLEYEL
Béoelg ovvoeong vy ) Covn 3 Kot GAAOVG GLVOETEG, LioL KEVIPIKY TEPLOYN TOL TePEXEL BEaElg
npdodeong g omektpiving kot éva KapPolutedkd pvBuilotikd dkpo mov emmpedlel TIg
aAANAETIOpAcELS aryKLpivNg — TpwTeivaV (Bennett kox Healy, 2008).

H pepPpavo-covoeduevn meployn mepiéyel 24 O01000yIKEC EMAVOANYELS, Ol OToieg €iva
vynid cvvempnuéveg (Michaely et al., 2002) kot avodimAdvovtal 6€ [0, GEPA AVTITOPAAANA®Y 0~
gAK@V cVVOEdeUEVOV e ONAEG, ol omoiec £xovv didtaén kdbetn otic a-éhkeg (Bennett oz Baines,
2001). H pvBuiotikny meproyn amaptileton amd TOAUTAES 1GOUOPPES, Ol OTOIEG TPOKVITOLV UE
evolaktikd patiopa (Gallagher et al., 1997). Mia and avtég T1g 1copopeég (aykvpivn 2.2) evicyvet
™V Tpocdecn ™G aykvpiving ot Covn 3 ko ™ omektpivn. H ayxvpivn mopéyel v mpotapyikn
dtovvdeon o©10  pepPpoavikd oKeAETO HECHO NG TPOCOEONG TNG OMEKTPIVIG, OTN  AUTIOKY|
dmhootiBdda aAnAemidpavtog pe T (ovn 3 kot Tpodyst aAANAemOpacels pe o cvumieypa Rh-
RhAG. H napeunddion omolacdnmote and avtég TG S0cVVIEGELS 00NYEL GE GNUOVTIKY pelmon TG
otafepotnrag g pnepppdvng. H aykvpivn eriong @aivetor vo eUTAEKETAL GTOV TOMIKO SO(WPICUO
SpEUPPAVIKOV TPOTEIVOV EVTOC AEITOVPYIKOV TEPLOY®V TG nepuPpdvne (Kaushansky et al., 2010).

A3.3.2.1V. lIpwteivy 4.1

H epvBpoxvttapikn npoteivn 4.1 £xet popraxd Papoc 79 kDa amoteleitor amd 622 apvoléa
kot vdpyer oe 200.000 avtiypapo/epvBpoxvttapo. Atokpivovial 4 yopokTnPIoTIKEG OOMIKA Kot
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Aerrovpykd aveEaptnteg meproyéc (domains) oto udpio: o) 30 kDa (katdrowra 1 uéypt mepimov 300),
B) 16 kDa (xatdrowma 300 fwc 404), y) 10 kDa (katdrowma 405 éwg 471) o 6) 22/24 kDa
(xatdroura 472 £mg 622). H 30 kDa meployn givar vopo@oPn, modd avadimAmuévn Kol UTopel va
TEPLEYEL DIGOVAPIIIKOVS dEGHOVC. AAMANAETOPA IN Situ pe ) yAvkogopivn C kot v PS5, kabdg kot
ue ™ Lovn-3 kot v keApovtovAivn (Baines et al., 2009). To apwvotehkd Gkpo Tov popiov givat
Baockd ko mepéyel Béoeig déopevong yia ATP, poceatidviocepivn, {dvn-3 kot yAvkopopivn. To
KapPoéutelkd dxpo givar 6&vo. H avopotoyéveln oto kapPfoluteid dkpo mpokorel v vmapén
dvo oopopeav 4.1a kot 4.1b o1 omoiec drapépovy katd 2 kKDa. H dagopd avti oto poptakd Bapog
TV Vo 1oopopeav TG 4.1R elvarl amotélecuo HoG UETO-UETOPPACTIKNG TPOTOTOINGONG OTNV
aocmapayivn, mov cvuPaivel katd ™ dtdpketo TG YApaveng Tov epvBpokvttapov (Inaba et al., 1992).
[a 10 AOy0o avtd dAlwote m mpwteivin 4.1R amoterel mOAD koAd Oeiktn g MMkiog TV
epLBpOKLTTAP®Y. AVAUESH GTO CUIVOTEMKO KOl TO KAPPOELTEMKO AKPO VTAPYOLV TEPLOYEG TOV
etvar poopopvlopéveg pe mpwteivikn kwvdon C kot pe o egaptopevn amd c-AMP mpwteivikn
Kwaon. Ta enineda pwspopvrimong g 4.1 mbavov ennpedlovv Tig aAlnAemdpacels pe t Lovn 3,
™ yAvkogopivn C, ) omektpivn kou tnv axtivny (Diakowski et al., 2006). Xt cvvinpnuévn neployn
tov 10 kDa Bpicketon 1 Béon mov mpodyetl thv aAlnienidpaon peta&d onektpivig kor oktivng (Lu
xor Liu, 2007). MetoArayéc oto yovidio g mpwteivig 4.1 cuvdéovtar pe TV KAMVIKY €KOVA TG
eMemtokuttapwong (Delaunay et al.,, 1996), peimon ™¢ mapapopE®GIUOTNTOG TOV €PLOPOV
apoceapiov, unyavikn actddela kot kottapikn Opavon. Ot mopandve aAlayéc 6T ELGLOAOYIN TOV
epLOPOKVLTTAPOV, EVIGYVOLV TNV Amoyn TG 1 KAACGIKN Agttovpyion ™ mpwteivng 4.1 ota
epuBpokHTTOPO EIVOL 1] GUVEIGPOPE TNG OTI UNYOVIKEG 1O10TNTEG TG MEUPpdvNg, TpomBmvTag TNV
aAAnienidpaon peta&h omekTpivng Kot aKTivig.

A3.3.2.V. llpwtsgivy 4.2 (IToildivny)

Eivau éva meproepetaxod pepPpavikd mentidlo pe poprokd Bapoc 72 kDa, anoteleitor amd 691
apwvo&éa kot vrapyet oe avaroyio 200.000 avtiypapo/epvBpoxkvttapo. Amotelel pEpog TG
OLKOYEVELNG TMV TPOVGYAOVTOUIVACHV. QQ6TOC0, OV KATEXEL EVEPYOTNTO TPAVCYAOVTAUIVAGTS O10TL
g Agimetl éva kpiowo KatdAouro oty evepyn B€omn tpavoylovtapuvdonc. Bpioketor otn pepfpdvn
OG TETPUUEPES, EVAD GLVOLETOL e TNV KVTOCOAIKN mepoyn g Ldvng-3, v aykvpiv kot v
npoteivn 4.1 (Bruce et al., 2003). EmmAéov n maAMdivn @aivetat vo. oAANAETIOPA LE TO GOUTAEYLLOL
Rhesus (uéow g CD47) evid otabepomotel T chvdeon omekTpivig-akTivig-aykvpivng pe ) Lovn 3.
H nmapovsio g kpiveton amapaitntn vy t otabepdtmra g pnepppdvng, agod PAdPec Tov yovidiov
™G 0dnyovv ce gvBpavota epvhpoxvttapa. DEpel opAdeg HVPIOTIKOD 0EEWMC cLVOEdENEVES e N-
YALKOLIO1KOVG OEGLOVG GE KATAAOUTO YAVKIVNG, KOOMOC Kol OpLddES TAAUTIKOD 0EEMG. e TEPIMTMOGELG
mpavons 1 epufpoémtwong 1 ohvoeon g maAldiving pe v {dvn-3 amoduvapdveTal, opov GTOo
QLVOTEAMKO GKPO TNG TeEAeVTaing vdpyovv Bécelg didomaong yo tqv kaondaon 3 (Mandal et al.,
2003), kot kot’ emEKTOOT YOVETOL ) GOVOEGT TNG LEUPPAVIG LLE TOV VTTOUEUPPAVIKO CKELETO.

A3.3.2.VI. I'hvkooopiveg (PAS)

Ot Loveg PAS (Periodic Acid Schiff) amotelobvior amd poplo. yAukoopvadv, ot omoieg
oLVIoTOOV pio opddo TPOTEIVOV TAOVGLIOV o€ vdoTavOpakeg (clodkd o&éa, vynAdg Padudc
yAvkolvAiwong). Ot yAvkopopives cuvictodv tave ard 60% tov kabapov apynTikov eoptiov oIV
emoedvela tov gpvBpoxvttdpov. ‘Etol, pmopovv va puvBuicovv TG aAAniemdpdoelg ToV
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epLOPOKLTTAP®V LETAED TOVG (OUOTLTIKES) OAAG Kol [E Ta EVOOOMALaKA KOTTApaA. XVVIGTOVV T0 2%
™me TpOTEIVIKNG nalag g epvbpokvttopikng pepPpavne (Delaunay, 1995¢). Me dwaympioud twv
EPLOPOKVTTOPIKAOV HEUPPAVIKOV TPOTEIVOV GE TNKTMUO TOAVAKPLAOUIONG KO E01KT aviyveELOT| L
ypmon PAS diakpivovtar 4 kOpieg npwteives: 1 A (GpA), n B (GpB), n C (GpC) koun D (GpD). Mg
1ebOd0VG LOPLOKNG OVAALGNG AVOKOADQTNKE Kot Eva TEUTTO péELog g owoyévelag, 1 GpE (Colin,
1995). Ot yAvkopopiveg dtakpivovior 6€ dvo opddec amd Tic omoieg N TpdTn TepthauPdavel tig A, B,
E mov yapaktnpilovror wg kvpieg, kot 1 devtepn 11 C, D mov yapaktnpiloviol g deuTepELOVGEC.

H GpA eivar 1 kOplo Stopepfpavikny GloA0YAVKOTPMTEIVY TOV £pUOPOV AHLOCPUIPIOY Kot
puooTiKny TpwTeivy Tov cvuTAnpopatos. Eival poceopviiopévn kot Aettovpyel g popéag Tov
mAacpmdiov g ehovociog. To uodpo ¢ yivkoeopiving (GpA) (eikova 7), €xer 35 apuvo&ikd
KOTAAOUTO GTNV KVTOGOAIKY| TAELPE, 32 KOTAAOWTO TOL JTEPVOLV TN ATOIKTY STAOGTIPAd Kot 64
apvo&éa otov  eEMKLTTOPLO YOPO TOL ovvdfovtal pe ookd offéa. Mall pe ™ Covn-3
GULVEICQEPOVY OTIG UNavikég 1otnteg g pepuPpdavng (Prchal et al., 1987). Yrdpyovv emiong
evoeilelg 0Tl aAAnAemdpd pe v mpwteivn 4.1, m {odvn-3 kot v maAldivny o pepppdvn tov
opov epudpov apoopatpiov (Heller et al., 1993). Xe avtifeon pe 11 kOpieg yAvkopopiveg ot
devtepehovoeg dtadpapatilovv porlo 6T SITPNOT TOV GYNUATOG KOl GTNV KOVOTNTA ELOGTIKNG
TapapOpem®onNg Tov gpubpov arpoopaipiov (Yawata, 1996). H GpC oalinAemidpd dueco pe v
mpoteivn 4.1 Kot ™V PSS Yoo T0 oYNUATICUO TOV TPLUSIKOD GLUUTAOKOL, TOV GLVIGTE Eva KOUPkd
onueio otpigng Tov vopepPpavikov okeletov (Nunomura et al., 2011).

EfwKuTTdpIa AmrAoomBdda Evokutrdpia
mwEPIOXH] —l wepIoxn
proxn —
e
——
—

Ewodva 7: Amewcovion tov popiov g yAvkoeopivinc. Ot zmpdotvor poufor 6to €£®@KLTTAPLO TUNUQ
vrodelkvoovy Bécelg Tpdodeonc voutavlpakikdv aivcidwv (Avatdrwon and Berg et al., 2002).

A3.3.2.VII. Xtopativy (Zovn-7.2b)

Eivow pia pepPpavocuvvdedpevn npoteivn pe poplakd Papog 31 kDa, amotelel péhog tov
CVUTALYHATOG TNG {OVNG-7 Kol EUTAEKETOL GTOV EAEYYO TNG OLOTEPATOTNTOG TMOV LOVIIKMDV KOAVOAIDV
Kot TNV opyaveon Mmdikov meproyov (Wang xar Morrow, 2000). H otopativny eoc@opviidveTal,
EVAOVETOL e POPLOL TOATIKOD 0EE0G Kol 6TO HOPLO TG vrtapyovv Bécelg yYAvkolvAiwong. Oewpeitat
N KOplo TPOTEIV TOV MIISIKOV oxedidy, 1 omoia oAAnAemdpd pe t1g eAotidiveg (Salzer et al.,
2002). Xe mepumtdoelg avENoNs TOV ETIES®V EVOOKVTTAPIKOD Ca* evromiletal oTo HIKPOKLOTIOW
(Salzer xa: Prohaska, 2003). Emiong, €xet deiyfel 611 n otopativn avocokatakpnuviletol pe to
uetapopéa yAokolng (Khan et al., 2008). H aAAnenidpaon pe to petagopéa yAvkding, m omoia
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nmeprapPdavel v kappoutelkn mepoyr] tov GLUT1, umopel va odnynoetl 6e po dSopukn aAiayn,
eumodilovtag tn damepaTdtnTo TS YALKOING 0td TOV TOPO SEVKOADVOVTAG TOPAAANAQ TNV E10PON
apudpoackopPikod o&fog (Montel-Hagen et al., 2008).

H otopativn opeidel 1o 6vopd ¢ oto yeyovdg OTL mapatnpeital avendpkeld e o pia
oudoo achBevov pe KANPOVOUIKT oTopotokvTtdpmorn. H xinpovopukn otopatokvttdpoon M
VOPOKLTTAPMOT €lvar pior CUOALTIKN avarpio pe cuvnBmg cofapn KAMVIKY ekdva, OV aPopd TO
TePLEYOUEVO TOL KLTTAPOL o€ vepd. To Pacwkd otoyeio yioo ) Sdyvoon eivar M epedvion
epuBpokvTTapoV pe pio KoAd kaboptopévn GYIGU OVTL TG KOVOVIKNG GLUUTTIECONG Kot 1] aviyvevon
TPOTOTOMNUEVOV GLYKEVIPMDGEMV OVTIOV 610 £pLOpokdTTapo (sikova 8). H ocpmtikny otabepotnta
etvar ELOTTOUEVT, OG OMOTEAEGLO TNG TEPIoTELNG VEPOL 6TO KOTTOPO. H omAnvektoun eivol cuyva
amopoitnTn oTo TPAOTA 6TAde TG LONG TOV 0c0evadv. XapaKTNPIoTIKO VPN ATOTEAEL 1] oToVGia
N N eldTTOoN ™S oTOMOTIVIIG 08 acBeveic e KANPOVOUIKY] CTOUATOKVLTTAP®ON Ywpig OU®G Ot
vevBuveg petodlayég va apopovv 6to yovidlo g otopativing (Delaunay et al., 1999, Delaunay,
1999).

Ewodva 8: Apiotepa: Potoypagia epvbpokvttdpmv achevodc pe KANPOVOUIK GTOUOTOKVTTAP®OOT O7td
POTOVIKO HKPOOKOTO. Meydlo mocootd TV epufpokuTtdpy eu@avilel T YOPOKTNPIOTIKY CYIGUN GTO
péco (kokkwvo BEAN). Aegra: Hiextpovioypopiot GTOUATOKVTIOP®Y 0d NAEKTPOVIKO WKPOGKOTIO GOPMOTS.
(Avordmawon oxd Flatt kou Bruce, 2009).

A3.3.2.VIIIl. Ydazomopivn CHIP28

H véatonopivn (AQP1 11 CHIP28) eivon dwapepfpavikny mpmteivn pe poprakod Bapoc 28 kDa
Kot pmopel va etvan yAvkoloAiwpévn. EvtoniCetan oe apbovia ot pepppavn tov epubpokuttdpmv
Kol T VEQPIKA cwAnvdpua, Kabdhg emiong kot o€ emOnio Le LYNAN SOMEPATOTNTO GTO VEPO
(Nielsen et al., 1993). Anote)leitar amd TPEIC SIAUEUPPAVIKES TEPLOYES LUE OOUN G-EAIKOG, EVD KO TO
dvo ¢ dxpa Ppickovtal oty KuTTOpOoTANCUATIKY TAELPA TG pepPpavng (Murata et al., 2000).
YymuotiCel opoTteETpapEP) COUTAOKO oTn HEUPpavN Kol Aettovpyel ©¢ TPOTEIVIKOS dlowAog
emlextikog Yo To vepd (Preston et al., 1994). Qotoco kabe povopepéc Aertovpyei g ave&aptnto
KavaAl popiov vepov. H gucloroyia g vdatomopivng eEunmpetel, emmAéov, LOploKd Kot KOTTAUPIKE
yeyovota TV epubpodv oocealpiov. H vymAn dwmepatdmta vepoy €uvoel evepyslokd tnv
epLOPOKLTTOPIKT HEUPPAVI 0OMYDVTOGS TNV G KLUATIOUOVS (1 ToAavTdoelg). Ot Kivioelg auTéc,
EKTOG amd TO YEYOVOG OTL KOTOVOADVOLY TO EANYIOTO TNG evEPYEWS petotomilovtag vepod, mailovv
ONUOVTIKO POAO Ko TNV kivnon tov gpubpokvttdpov pécw Tov Tpryocdadv. Télog, N vynin
dlmepatdHTNTO TG HEUPPAVNG EMTPEMEL TNV TAVTOYPOVN UETATOMION TOV HOPI®V TOL VEPOV LE
taxeio €i6odo kat €060 vty o0mwc Cl” kou HCO3 kou dtadlvpéveg ovaieg, dmwg yAvkoln, evad ot
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HOPLOKOL OYKOL OVTMOV TV WOVI®OV KOl TOV HOpiov elval onuaviikd vynAdtepol and eKeivov tov
vepoL (Benga, 2012).

A3.3.2.1X. Aktivn (Zovn 5)

Yndpyovv wepimov 500.000 pdpro povopepotc ocpapikng G-oktivng o kdbe epvBpoxiTTOO.
Avtd mohvpepilovrar ava 10-12 povopepn kot oynuatiCovv kovtd vnudrtia F-axtivng. H aktivn
Bploketon 610 oKEAETH pE TN HOPPN OAryouep®V, OV To KaBéva €xel 12-17 popla G-axtivng ko 1
uopo tpomopwocivig (Lu xaz Liu, 2007). Eto gpvbpd arpocpaiplo. mopatnpeital GuyKeKPUEYN
GOHOPON NG axtivng, N P-aktivy. Idtaitepo yapaktnplotikd g eivar 4Tt ToL ViUdTid TG €ivon moAw
KOVTUTEPQ, OTOOEPOTEPA KOl UE TOAD UIKPOTEPO PLOUO OVOKVKA®ONG OO TO VNUATIOL TG OKTIVIG
nov Ppiokovtal o dAla kottapa (Delaunay et al., 1996). H B-axtivn eivan 1 katoAAniotepn yio To
oYNUOTIGUO VIHOTIOV, AOY® NG WAVIKNG OEVTEPOTUYOVS TS OOUNG Kol TG GAANAETIOPACG TNG LUE
GAdec mpoteiveg ovvdéteg (Delaunay, 1995b). H @uowm 0éon g axtivig ot peufpavn tov
gpvBpoxvttapav givor pali pe ™ onextpivn ota cvpmhoka Levéng. H onpovpyio Tov copmidkov
TpoimobETEL OUMG KOl T GVVEPYATIKY Opdon ¢ TpoTeivig 4.1 ko g Tpomopvocivng (Ribeiro et
al., 2000).

A3.3.2.X. Mvocivn, Tporopvosivn, Tportopovioviivn

Ot gpuBpoxvtTopikég tpomopvooiveg (29 ko 27 kDa) dagépovy amd TIC Uoikéc oto OTL
dwbétovv acBevéotepn wavoTNTO OVTOGLYKPOTNONG. Me Vv TPOGOEsN TOLG OV OKTiv
GYLPOTOLOVV TA TPMTOVNUATLO, GTOOEPOTOOVV TOV TOAVUEPIGUO TOVS Kot Eppeca puvOuilovv Tov
aplfud tov popiov omektpivig mov oévovior oe ke mpotovnudtio (Sung et al.,, 2000). H
Tpomopoviovdivn €xet MB 40,6 kDa kot avactéhAel T cOVOEST TNG TPOTOUVOGIVIG GTIV OKTIVN,
kobdg kor pe T Odepativny (Lorenzo et al., 1994). H pvocivn eivor emiong mapodoo oty
gpvbpoxvtTapky pepPpdvn kot oAANAeTdpa pe v aktivn kot mlava pe v tpoteivn 4.1 (Hardy
etal., 1979).

A3.3.2.XI. Agpozivn (Zovn 4.9)

H depotivn amoteAeiton amd 600 cvyyevikég vmopovadeg 52 kar 48 kDa avrtictoyya. H
npoteivn 4.9 oynuoatiler Tpuepn Ko mokeTdpel v axtiviy oe 0éopes. O Pacikodg poOAOG ™G
depotivng  aopd oty pOOuion g Asttovpyiog Kol TG UNXOVIKNG  oTtafepdtnToc  TNg
gpvBpokvtropikng pepPpdvng. Amotelel LIOGTPOUA TOAADY TPOTEIVIKOV KIVOUGOV, OAAL HLOVO M
Q®oPopLAimoN amd v e€aptdpevn and 10 c-AMP pmTeivikn Kvaon ovaoTEAAEL TNV evepydTNnTa
noaketapiopartog g axtivng (Koshino et al., 2012).

A3.3.2.X11. Adoveivny

H adovsivn mpowbel ™ odvdeon omekTpivng-akTivig, evd avti 1n ohHvOoeon avacTELAETOL
Otav M KOALOVTOLAIVT dévetar oty adovcsivi. H adovcivn amoteAeiton omd pio a- wkou pio B-
vropovada pe MB 103 kot 97 kDa avtiototya. Ot d00 VIOHOVASES TEPLEYOVV TPEIC TEPLOYES TTOV OO
10 N- ot0 C-1ehkd dikpo, mepthappdavouv: ™ ceopikn meproyn 39 kDa, t cuvdetikn meployn 9 kDa
Ko v wadn meployn 33 kDa mov mepiiappdver kvpimg vopoé@oPa katdrowra. To kapBo&uteikd
Gxpo TV dVo VIopovadwv TepAaupdvel po Tavopotdtunn doun 22 auwvoééwmv (Joshi et al., 1991).
H adovcivn amavidtor 6e TOAAOVG 1GTOVG Kot 01 VITOOUAOES TNG KOIKOTOLOVVTOL OO OOPOPETIKE
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yovidwo. Zto gpuBpod apoceaipto vrapyovv 15.000 tetpapepn adovsiving kot 1 LGIKN Tovg Béom
eviomiong etvar oto ovpmrioko CeOEng. [evikd, mpodyel v aAAnAenidpocn oKTivG-omeKTPivG
aveCdptta and v mpoteivn 4.1, Ponboviag £tor ot otabepomoinon Tov OKEAETOD TOV
gpvbpoxvttapwv (Minetti kar Gana, 2003). OvclooTikd, KOADTTEL TA AKPO TNG OKTIVIG KOl €TCL
eumodilel T HETOPOAN TOV UAKOLE TOV TPMTOVILOTIOV, EDVOOVTOS TNV TPOGOECT TNG OMEKTPIVNG.
Empoobeta, cuvdéetar pe peydn ovyyévela pe Ca'4/codpoviovkivy kot omotehei veooTpmpo i
1§ mTPOTEIVIKEG Kivboeg A kot C. H xdivyn tng aktivng kot 1 oTpatoAdynon TG omekTpivng
OVOOTEALOVTOL PE PWGPOPVAI®OT amd TV TPOTEIVIKY Kvaon C tov meploy®v kol TpdGoEcT NG
KOALOOOVAIVIIC. ATO v GAAN mAevpd @oceopviimon pécm g Rho-kwvdong, evioyvel Tig
aAANAemdpaoelg axtivng-adovoivng kat T otpatordynon onektpivig (Robledo et al., 2008). Télog,
oynuotilel o yépupa Tov GLVOLEL TO OIKTLO CTEKTPIVNG-OKTIVIG TOV KLTTOPOOKEAETOD pe TN {dvn
3, Vv kVplo pepPpoviky TpoTeivn ¢ dmhooTiPddag. Luvenmg, 1 adovcivn tomobeteital o€ TéTO0
0éon mote vo. Aettovpyel OMOTEAEGUATIKA OTOOEPOTOLOVTOS TN HEUPPAVN Kol GuUBAALOVTOS OTN
pevotomta g (Pariser et al., 2005).

A3.3.2.XI1l. Hpwteivy p55

H mpwteivn p55 eivor éva molvmentioo pe poplokd Bapog 55 kDa mov mepihapBaver 466
apwvo&éa. Ymapyovv 40.000 dyuepn pSS oe kdbe epuBpokitropo. Xto popld g vadpyovv dpbova
popla ToAtikov 0&éog. Avtummpocwnedet pa omd Tig (dves g meployng 4.5, 0mwg epeaviCovtat og
mktopa SDS-PAGE. H kappolutelkn meployn g mopatnpninke va £l evepyOTNTA YOLOVUAIKNG
Kwaong (Chishti, 1998). To yovidio mov ™V kKmdwkormotel Ppicketar 610 pokpld Ppayiove Tov
ypopocopatog X. H mpoteivn avt oynpatifer copmioko pe v 4.1 ko v yAvkogopivn C, mov
puOuilel ™ otabepdmra Kot TIg unyavikég 1010tTeg g epvbpokvttapikng pepuPpdavng (Alloisio et
al, 1993). Avtdg 0 cuveviomoudg TPOTAONKE omd TNV EALELYN TG PS5 6€ dtopo Tov GTEPOLVTAV
oAokAnpoTikd mpwteiv 4.1 (popeig KAnpovopkng eAleimtokutiapwons) 1 YAvkogopivy C
(Delaunay et al., 1996). Exniong £xet deiybei 6tL 1 pS5 TV gpubpokvttdpnv dadpapatifel poAo otV
oA o™ TV ovdetepopiwv (Quinn et al., 2009).

A3.3.2.X1V. Meraoopéoc tnc MNwokotne (GLUT1)

Onwg n mpoteivn P53, £161 Kot N TPOTEIVT OV PETAPEPEL LOPLOL YAVKOLNG GTO E0MTEPIKO TOV
KutTdpov, evtomiletar oty meployn tov {ovav 4.5 oe SDS-PAGE mriktope. O petagopéag
yAokolng amavtd oe avoroyio 700.000 avtiypaga/kittapo, Exet MB 55 kDa kot omoteleiton omd
492 auwvo&éa. To popid tov meprhapPdver 12 pepfpavocuvoedpeveg meployés pe 1o koappouteikod
KOl TO OpVOTEMKO GKpo va Ppiokovior 6to kKuTocOAo. Agv glval gpuBpoctdkn TpwTteivn KabmG
exepaleTor Kot o€ GALOVG 16T00G. MEo®m TOL PETOPOPEN EMTLYYAVETOL M TaONTIKY O1dyvon TG
YALKOING. ATO TN HEUPPAVN OTTOUOVAOVETOL LE TN LOPPT OIUEPDOV 1 TETPOUUEPDV, TO TETPAUEPT ElvarL
Oumg M euoikn Katdotaon g tpwteivng in vivo (Khan et al., 2008). Ta enineda éxepaocnc tov
yovidiov GLUT1 otig pepppdves v kuttdpmv ovéavovtot and To Hetmpévo. enimedo YALKOING Kot
pewdvovtal pe v avénon tov emmédwv yAvkolng (Tanner, 1993). Ilpoéceata Ppébnke mmg o
petagopéag yAokolng-1 éxet xor xpioipo doptkd poro ot peUPpAvn CLUUETEYOVTOG G EO1KO
ocvumroko. [T cvykekpipéva o GLUT1 oymuatilet éva €101kd cOUTAOKO GTO 0010 GUUUETEXOVY Ol
TPOTEIVEG adovaivn Kot depativi. Ot dVvo awtég Tpwteiveg umopobv va cuvdéovion pe tov GLUTL
(omVv meproyn TV cvpTAOK®V LeVENS) oynuatilovtag £vo LoKPOGUUTAOKO OV THAVOV EVIGYVEL TN
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obvdeon 1oL vroueuPpavikod okeietov pe ™ pepPpavn (Khan et al.,, 2008). Emumiéov n
OAANAETIOpOOT e TN GTOUATIVI Ko GAAES pepPpovikég TpmTeives etvan mhavo va emnpedlel 1060 ™
o1afepOTNTA TOV GLUTAOKOVL OGO Kol TNV evePYOTNTO. HETOPOPAs yYAvkolng (Zhang et al., 2001).
Oocov apopd oV evepyodtNTo. HETAPOPAS YAVKOLNG, He OedOUEVO TG O AvOpPOTOG oTEPEITOL TNG
wavomrag de novo ovvBeong aokopPikov o&€og, o petapopéag YALKOIng Ttwmv epubpdv
OLLOGQAPI®V OVOTANPAOVEL QLT TNV EAAENYT TPOYLOTOTOIMVTAG LETOPOPE TOL APLIPOAGKOPPIKOV
péoa ota kottapa. H otopativn npocdévetar oto GLUT1 kot aAldlel tnv mpotiunon tov, o Tpog
TO VTOGTPOUA TOV UETAPEPEL, 0md YALKOLN o€ apvopoackopPikd. Méoa ota pvbpd apocEaiptlo To
aQLOPOACKOPPIKO avayetal 6 aoKopPikd ol katl amelevfepdveTan Tow 6TO TAAGHA, ALEAVOVTAG
£tol ) ovykévipwon tng Prrapivig C og avtd (Montel-Hagen et al., 2008).

A3.3.2.XV. Ca'? - ATPéon

H avtiio 6viov aofeotiov givar pia dtapepppavikny tpoteivy 140 kDa. Méow vdpdivong
ATP cuvtedeitar ££000¢ 16VT@V 0oPeCTION pe TaVTOYPOVT 10080 1OVT®V VIPOYOVOL EVM TAVTOYPOVOL
arouteiton 1 Tapovsia Wvtowv payvnciov evtodg tov gpvBpoxvttdpov. H evlvuikn dpactnpiotta
puBpiletan omd To cOpTAOKO Kadpovrovhiviig/Ca*? (Noble xa: Herchuelz, 2007).

A3.3.2.XVI. Xdemnqua Rhesus (Rh)

Ot pwteiveg Tov cvotiuatog Rhesus kot cuykekpyéva ot D, C, ¢, E kot e ekppaloviot ota
gpvOpoxvTTOPO KOt AAANAETIOpOVV pe TIG pepuPpavikég mpoteiveg RNAG, LW, CD47 kot v GpB
(eikova 5). H aAAnAenidpacn Tov HOKPOGLUTAOKOL TMV TPOTEVOV TOV cvothuatog Rh pe tov
vropepPpavikd okeretd towv RBCs emtvyydverat pe m Pondeia tov mpoteivov 4.2 kot aykopivig,
vroPfonfovrag Tig pnyavikég 1010tteg g pepPpavne. To ovomua Rh givar amd T mo
OVOGOYEVETIKOL KOl TOAVUOPPIKE CLGTAUATA GTOV GvOp®OTO OGOV a@opd TIC OUAdES OiHOTOC
(Callaghan et al., 1993). Ta avtiyova tov cVOTAUATOC S0P Tilovy TOAD GNUAVTIKO PLGLOAOYIKO
pOAO otn dwthpnon Kot pHluon g yMukng otabepdtmroc g pepPpdvne, kabwg dtav Asimovv
(m.y. obvdpopo Rhpyy) mapatnpeitar ooumtik €00PAVOTOTNTO KOl AVOUAMES 6T HOPPOAOYiD T®V
epLOPOV apocEapimv Kot TV Katavoun tov Mridiov ot peuPpdvn (Cartron, 1999; Huang et al.,
2000).

Ocov agopd ot doun tov cvumAdokov Rh yvopilovpe ta Topakdt®: O TLPHVOC TOL
oLUTAOKOL (g1kdva 5) glvar va TeTpapepéc amotelovuevo and dvo Rh kot 600 RhAG vropovadec
(Eyers et al., 1994). Zvuminpopotikd arxaviovior CD47 aivoideg kat ot tpoteiveg LW kar GpB ot
omoieg cuvdéovtal 6To cOuTAOKO un opotomoikd (Anstee, 1993). H otabepomoinomn tov cuumiokov
EMTLYYAVETAL UE TN GVUVOECT] GTOV KLTTOPOCKEAETO, HECH TOL KOPPOELTEAMKOD KOl OUIVOTEAKOD
axpov Tov Tpoteivov Rh kot RhAG (Eyers et al., 1994). O npwteivec Rh xar RhAG ovopdlovrtan
KOplEg TPOTEIVEG TOL cuuTAdKoV, evd ot CD47, LW ko GpB devtepevovcec. ATovsia Tov kbhplov
TPOTEIVOV 001MYel o€ advvapio otafepomoinong Tov GLUTAOKOV GTO ££MTEPIKO TG UEUPPAVNG. X
avTn TV advvapio oesilovtal Kot ot avouadieg mov sueoviCovtol og acbeveic pe cdovopopo Rhnyy
(Cartron, 1999; Huang et al., 2000).
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A3.3.2.XVII. Iporeivy CD47

H mpwteivn CD47 ovopdaletar ko AP (Integrin Associated Protein), aviumpocmnedel Eva
KOO HEAOGC TV OVOGOGPOPIVAV Kol ivOl EKTEVMOG KaTavepnuévn oto gpvbpokvttapo. Elvar o
empavelokn yiAvkorpoteiv ue MB 50 kDa mov ocvupetéyel oto ocbumioko Rhesus. Méovo 1
GOHOPON-2 NG TPMOTEIVIG ekppdleTol ota epuBpd apocEaipia, evd o1 GALES YEVIKE 1GOLOPPEG TG
exppaloviar o mAN00G 16T®OV. AAMANAETIOPA Aettovpyikd pe TiG wreykpives ayB3 kot a2pBl, kot to
GUUTAOKO OV OYNUATICOVV OAANAETIOPE e TN GEPE TOL e TpmTEivec G PTIdYVOVTOC ETEPOTPIUEPT].
To etepotpiuepés paiveTorl vo EUTAEKETOL GE LOVOTATIO, GNUATOOOTNONG OTMG GTNV EVEPYOTOINGN
TOV OUOTETAAM®Y, TNV KLTTAPIKT TPOGKOAAN O™ Ko 1 gayokvttdpwon (Brown xa: Frazier, 2001).
H npwteivn CDA47 emiong arAniemidpa pe v npwteiv SIRPa (signal regulatory protein o) twov
LOKPOQAY®mV, 0ONYDVTOG O TOPEUTOOIOT) TNG EVEPYOTOINGNG TOVS KOl TS £PLOPOPAYOKVTTAP®ONG.
Y& TEPWTMOELS YRpavons, tOco in Vivo (oto movtikia) 660 kot eX VIVo (otov GvOpwmo) Exet
nmapotnpnOel peiowon g mpoteivng CD47, pe emakdiovbo T QOyOKVLTTAP®ON TOV AVTIGTOLY®OV
gpvbpoxvttapwv (Oldenborg, 2004). Ovclactikd n mapovsio CD47 ot pepPpdvn omotelel deiktn
emPioong yia ta epuhpd aoceaiplo kot orpe “non eat me” anévavtt oto pokpoedyo. [pdceata
Bpénke mog n CD47 pnopetl va vrootel ahlayn ™S oTEPEOOAUOPP®ONS TG TOGO GE YNPUCUEVQL
gpvbpokvtTapa (in vitro) 6co kot kdtw amd cLVONKES 6TPEG KATL TO OMOI0 £XEL WG AMOTEAEGUA T
TpOTOTTOMEVN Hopen (LeTd amd chvdeon pe Opopfoosmovoivn Tov TAAGLATOS) VO GUVIEETAL LIE TOV
vrodoxéa SIRPa twv o@oayokvttdpov Aeitovpydviag mALoV ¢ onua  ekkabdpiong omd To
eayokvttapa (Burger et al., 2012).

A3.4. Aigv0étnon Meuppovik®v ko XkerleTik@v [poTeivov

210 gpupd apoceaipia 0 okeletdc ovopdletor vropepufpavikos, Kabmg avaTTOCCETAL G
éva 0100100TOTO TPMOTEIVIKO EAAGUO GTNV E0MTEPIKY] TAELPA TNG MTOIKNG dmAootifdoag. e
avtifBeon He TOV KLTTOPOCKEAETO TOV EUTVPNVOV KLTTAP®V O £PVOPOKLTTOPIKOG CKEAETOG TEPLEEL
uévo mpwtovnudtio aktiving (dev evromilovtal pikpocsmAnvickot 1 evolduesa widia). Eivar dwaitepa
avamTUYIEVOG Kot eEac@aAlel og HEYAAO TOGOOTO TIC UNYOVIKES 1010TNTEG TNG MEUPPAVIG (LUMyoviKn
otafepotnra, avOekTIKOTNTO, EANCTIKY TOPAUOPP®ST). YO QUGLOAOYIKEG cLVONKEG TEPimTOL TO
65% TNG KVTOGOMKNG EMPAVELNG KOADMTETOL OO TO OKEAETIKA OOMKA otoryeio. O oKeAETOG
AVOADETOL G€ €V TAEYO. TTOADYOVIKGOV, Kuping eEayovikav, dopdv (Liu et al., 1987). O mhgvpéc
KOODGC Kol Ol OKTIVEC OUTAOV TV TOAVYOVIKGOV GYNUATICU®OV, OVTITPOCOTEVOVV EKTETOUEVA
tetpapepn onektpivng. H omektpivn anoterel to 75% tov 0KEAETOV KOl GTO KEVIPO TEPIMOL TMV
TETPOUEPDV TNG OOKPIVOVTOL GOOIPIKES OOUES Ol omoieg amoteAovviat and aykvpivn kot {dvn-3
(ewcova. 9) (Derick et al., 1992). Ta xopupikd onueic. Tov GKEAETOV OTOL SLOCTOVPOVOVTOL TO
TETPALEPT] TNG OTEKTPIVNG GLVIEOVTOL LETAED TOVG KOl LE TOL TPMOTOVIUATIO OKTIVNG Kol ovopaloviot
ovumloka {evéng.
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Ewdva 9: Hhextpovioypaeio petd omd apvntiki Xpdon TNV Omoio. Gaivoviol Ol GOUIPIKEG OOUEG TOL
amoteAobVTOL 0o aykvpivn kot {odvn-3 (Lovpo drokekoppuévo BEAoC), kKabmg emiong kat to cOumAoka (evEng
(novpo Bérog) (Avatdmewon aro Alberts et al., 2002).

Ta odpmhoka CeOng avtimpocomevovy oplloviieg SUEUPPavVIKES OAANAETIOPACELS GTO
eninedo Tov okeletov (sikdva 10). Yrdapyovv 30.000 cvopmioko (eHéEng oto okereTd kat o€ KABe Eva
amo avtd dtctavpmvovtar 4-6 tetpapepn onektpivng. H onektpivn €xel Béceic mpdcdeong yia v
axtivn, Vv KoApoviovAivny kot v aykvpiv. Ta owepn g omektpiving mpocdévovial oTa
TPOTOVNUATIO OKTIVIG AALL SV LTOPOVV VA, TOL GUVOEGOVY HETAED TOVG, WO1OTNTA TOV £XOVV LOVO TO.
tetpapepn. H mpoteivn 4.1 otabepomotel v emoen omektpivng-axtivng. Emiong n adovcivn
OLVOEETOL UE TO TPOTOVNUATIOL TNG OKTIVIIG ©OC TPMTEIVI] KAALYNMNG Kol ®G TPOOY®WYOS TNG
ovyKpOTONG TG onektpivng (Bennett kou Baines, 2001). [TAgvpikd TV TPOTOVNUOTIOV TG AKTIVIG
Bpioketon n tpomopvosiviy n oroia kaBopilel To prKog Tovg, evd 6to avtifeto dkpo evromiletan éva
uopto tpomopovrovdivig (Sung et al.,, 2000). Télog n mpoteivn 4.1 aAAniemdpd kot upe
SwpepPpavikés mpoteiveg 0mmg 1 GpPC kot 1 {Ovn-3 KAEWOVOVTOG OVGLUGTIKA TO CKEAETO OTN
ueuPpavn (Bennett kou Baines, 2001).
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Ewodva 10: Amekdvion tov oplloviiav OAANAETIOPAGEDY TOV 0ONYOVV GTO GYNUOTICUO TMV GUUTAOK®V
(evéng. Alokpivovtol oyedov OAEG Ol TPAOTEIVEG TOV GLUUETEXOLY oTN dladikacia. (A) Aplotepd @aivetol o
Aemtopépeta 1 doun Tov cuumhokov (Avatdrwon aro Alberts et al., 2002).

AOY® TOV OAMAETOPACEDV e TOV VIOUEUPPOVIKO GKEAETO, Ol SOUEUPPAVIKES TPOTEIVES
enpaviCovv meplopiopévn maevpikn kivntikdtra (Branton et al., 1981). To diktvo g omektpivig-
axtivng ovvdéetor pe TN pepPpovikn Sumhootifada, Kupimg HESH TG OAANAETIdpAoNG NG
onekTpivng pe v aykvpivn, n omoia pe tn oepd ¢ mpocdévetal otn (ovn-3. To devtepo onueio
oLVOEoNC, UETAED okeAeTOL kol pepPpdvne, Ppioketor otig Béoelg TV cvumiokmv (eHEng kot
neptlopBdvel T dnpovpyia evog GLUTAOKOL AVAUESH OTIS TPMOTEIVEG OTEKTPIVY, OKTIVY, TPMOTEIVN
4.1, yAvkogopivn C kot mpwteivn p55 (Bennett xa: Baines, 2001). To tpito onueio odvdeong sivan
HEC® NG AUEONC OAANAETIOpaOTG TNG omeKTPivG Kat TG TpwTeivg 4.1 pe ) pwcseatidvAocepivn
(Delaunay, 1995a). Xoppova pe tehevtaion povtélo vmdpyovv Kdamolo emmAéov  omueia
oAANAETIOpaONG KLTTOPOOKEAETOD Ko peRPpdvng. To mpdto amd ovtd Onpuovpysitol and tnv
aAANAemtidpaon g aykvpivng pe v npoteivi) RhAG, pe anotéleopa m obhvdeon Tov GLUTAOKO
Rhesus pe to diktvo omektpivig (Nicolas et al., 2003). 'Eva oaxopo onupeio KotokOpLENG
otabeponoinong amoterel 10 €101KO cvUTAOKO 6T0 omoio cvppetéyovv o GLUTI kot or mpwreiveg
adovcivn kot dgpotivn. H odvdeon avt) eaivetar vo dmpovpyel pio akodpo «yépupa» evioyvong
avapeoa 6to okeAeTd Ko T Mmdikn durhootiBada (Khan et al., 2008).

H oavtoocvykpoétnon tov okeletod oaivetar va vmokewtar oe pvduion amd Pondntikég
TPOTEIVEG Kol  UNYAVIOHOVG, On®O¢ TO  cOoTNUO Ca+2/Ka?upovrou7dvng Kol KoAmoivng, 1
QOGPOPVAI®GN Kot GAAeS petapetappootikés Tpomonomoels (Luna xor Hitt, 1992). Ou tehevtaieg
dlakpivovtor o€ SOUIKEG Kot pLOUIGTIKES. ZTIG OOUIKEG OVIIKOUV 1) GULVOTEAIKT] LVPLOTIM®OON NG
moAAMdivng, M ofeldwon, n un evlopatikny yAvkolvAiwon Kol kdmolot tumor mpwtedAvong. Ot
TEPLGGOTEPES A0 AVTEG EIVOL N AVTIGTPENTES Kot GLVNOWE 00T YOVV GTNV TANPN OTOTKOOOUNGT TWV
TPOTOTOMUEVAOV  TPOTEIVOV. XTI PLOUOTIKEG TPOTOMOMGELS VTAYOVTOL Ol0dIKOGIEG OTMG M
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QPOOEOPLAI®ON N N aKVM®ON TOV MTopdV 0EEMV, 01 0moieg cLVNHBW®E SIELKOADVOLV TN AElTOLPYiN
TOV VTOCTPOUATOV TOVg Kot eivar avtiotpentéc (Cohen kou Gascard, 1992).

A3.5. Kvtocoikéc llpmteivee mov Xyetilovror pne tn MeuBpdvn

Ta epvOpd apoceaipila £xovv Eva TANB0G KLTOGOMK®OV TPOTEIVAOV, Ol 0Toieg eivarl vevBvveg
Yy TN OlEKTEPUMOT TV AEITOVPYIOV TovG. Mio celpd amd évivpa, OTwg KIvAceS, pOOPATACES,
TPWOTEACES, OVTIOEEOMTIKA EvELUOL K.l OTOTEAOVV OVATOCTAGTOVS UNYOVIGUOVS pudiong, mov
gyyvmvot TV g0pvbun Aettovpyia twv epvOpokvtTap®y. TGO G PLGIOAOYIKEG GUVONKES OGO Kot
oe mepmtoel otpec (ueiwon ATP, apoAvtikée ovolpiec) Kot yNpovong mOAAEG KUTOGOMKEC

TPOTEIVEG GLGCMPEVOVTOL KATO UAKOG TNG ECMTEPIKNG emipavetlog tng pepPpavng (Kriebardis et al.,
2007b).

A3.5.1. KoAimaivee

Ot koAraiveg eivan pio opdda TPOTEIVAOV TOV amOTEAEITOL A0 TIG TPOTEAGES - Kot M-, TNV
koAmoitvn 10, TG 10T0EWKEG KOATOIVEG KOL TOV OVOGTOAEN TOLG TOL AEYETOL KOATOGTOTIVN
(Sorimachi et al., 1997). Eivax tpwtedoeg kuoteivng eEaptodpeveg and acPéotio. Lta epudpokiTTapa
TOV IAAGTIKOV cuvavtdvTal ot KoAroiveg p- kar M- ue MB oyedov 75 kDa. ITo cvykekpiuéva, n
KoAmodvn-p Oapecorafel otn Odomacn ™G HEUPPOVO-GLVIEOUEVNG Ca2+/ATPd6ng, n omoia
pvOuiler | petapopd acPeotiov ota gpvBpokvttapa. EmmAiéov, pecorafel otn mpotedrivon g
apoceapivng. Ovclaotikd, 1 gvepyomoinon g KoAToivinc-iL £xel oG amoTéAeoa T puOUoN TV
YEYOVOT®V GLPPIKVOONG TG HEUPPEVIG TV £pLOPOKVTTAPMOV TOV TPOKOAEITAL ATO TNV E10POT} TOV
acPeoTion, Ve TPOGPATH EVPNLOTO KATAIEIKVOOLV OTL Ol KOATOIVES POGPOPLAIDVOLV TPMTEIVEG,
o6mwcn 4.1R (Wieschhaus et al., 2012). H evepyomoinon toug epuniéketol 6€ Qaivopevo Kot achéveleg
ynpotog kobmg eniong kol ot yHpaven tov gpvbpokvttapov (Tang et al., 2007; Soldati et al.,
1996). AmoteAovV OVOTOOTOOTO TUNUO TNHG €PLOPOTTMONG N OToleL OMOTEAEL TN YAPAKTNPIOTIKN

LOPON TPOYPULLUOTICUEVOD KLTTAPIKOD Bavdtov mov cuvavtdtatr oto gpubpokdttapa (Lang et al.,
2014).

A3.5.2. Yrepotsrooliveg

Ot vrepoleldosiveg GUVIGTOOV U0 «TOVTOXOD TOPOVCH» OIKOYEVELWL VIEPOLEWDUACHV [LE
avTo&emTikn Asttovpyio. Ymdpyovv 6 tomol 6ta ONAACTIKA, TOPOVIES GE OAPOPOVS 1GTOVE TOV
opyaviopov. 1o avOpodnva gpvBpokittapa gviomiletar n vaepoéedoivn-2 (Prx2) ue MB 21,8 kDa
OV XPNOWOTOLEL  KOTOAOUTO, KLOTEIVIIG Yoo Vo  amocvuvhécsel vmepoleidwn. Aviaymvileton
OMOTEAECUOTIKO LE TNV KOTAAAGN KOl TNV LIEPOEEWAON TNG YAoLTABEOVNG Yoo TV eKkoBApion
YOUNADV ETTEODV VTEPOEEIGIOV TOV VOPOYOVOL, GUUTEPIAUUPOVOUEVOVY KOl QLTMV TOV TPOKVITTOVV
amod v owto-o&egidwon g apooeoatpivig (Low et al., 2008). H Prx2 Bpicketatl 610 KVTOGOAO aAAG
0€ TEPIMTAOGELS EVTOVOL 0EEWDMTIKOD GTPES Kol ALENUEVOD EVOOKVTTAPIKOV Ca*? TPOGOEVETAL GTN
ueuPpdvn (Biondani et al., 2008). Kotd tv amobrkevon tov epuOpokvttdpov 6€ 06KOVG
petdyyong mopatnpeitor avénon npodcdeong e Prx2 om pepPpdvn, 1660 ot povopepn 660 Kot
OTNV OMYUEPIGUEVT] LOPON TNG, TTPOTOVTOC TOL Ypdvov (Bosman et al., 2008a).
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A3.5.3. Hportivec Oepmkov Yok (Hsp)

O npwrteiveg Beppkov cok, ev ovvtopio Hsp (Heat Shock Proteins), ivat poplaxég cuvodoi
oV Toilovv TOAD oNUAVTIKO POAO GTI QUGLOAOYIKY| AElTOVvpYio TOV KLTTAPOL. Emdpovv oe Adbog
avadITAOUEVEG TPOTEIVES Kot BonBodV 611 6T avadimA®oT) Tovg 1} TNV ATOUAKPLVGT TOVG Ot TO
kottapo (Gething xa: Sambrook, 1992). Xopaktnpiotikn givar 1 owkoyéveln twv Hsp70 n omoio
evtomiletar Ko ot gpvOpokiTTapa. DPuoloAoyIKA €ivol o KUTOGOAMKN TPOTEIVN, M omoin o€
ovvOnkeg oTpec, YAPOVONG Kol KOTA TNV omofnkevon UeTaTOmI(ETOL KOl TPOCOEVETOL OTNV
gpvOpoxvttapikn pepppavn (Gudi ke Gupta, 1993; Antonelou et al., 2010a).

A3.5.4. KaOswiveg

Eivotl po peydAn otkoyEvelo TpmTeac®V aGTOPTIKOD, | OTTO10 GLVOVTATOL GE TOAAOVG TOTOVG
Kuttdpov. Ocov apopd ta epvBpokvtTapa 1 kabeyivn E gtvon pio pepppavo-oyetildpevn npwtedon.
Y& MEPMTMOOCELG IN VIVO yR\pavene, mopatnpeital gvepyomoinon kot ameAevfépwon g &v AOY®
TPOTEIVNG 0o TN pepPpavn mpog to kutosoito (Yamamoto et al., 1989).

A3.6. AvmidkEc Xyeoiec

O Mumidkég oyedieg eivar Aettovpyikd aveEapTnNTES TEPLOYES TNG KLTTOPIKNG HEUPpvng, OOV
T0 QOGPOMTIOIKO GTPOUA EUTAOVTICETOL He POPLL GOIYYOMTIOI®MV Kol YOANGTEPOANG. Amoterohv
adldAvteg oe amoppuTavTikKd meployxes pe péyebog mov moikikel. OvclOGTIKE €ivol OpYOVOUEVES
OLYKEVIPMOELS YOANGTEPOANG, YALKOCOLYYOMTOIWV KOl TPOTEIVOV YOPIS KATO0 CLYKEKPYUEVO
oynuo. Agv Topopévouy  oKivnteg, OAAG HETOKIVOUVTOL TAEVPIKE ®G Hovado pall pe Tig
aykvpoPoinuéveg oe avtég GPl-cuvdedepéveg mpoteiveg Ko TG OlOpEUPPOVIKEG TPMTEIVEG.
EpgaviCouv peydn etepoyévela ot Asttovpyio Tovg, KATL TO 01010 OPEIAETOL GTN SLOPOPETIKT) TOVG
ovotaon (Lai, 2003). Xe cuvvbnkeg mpepiog Ppiokovior StGomapteg 6TV KLTTOPIKH HEUPPAvVN
KaAOTTovVTog €mG kot to 40% NG emeaveldg e, eved HETA omd S€YEPCN GLGCMPEVOVTAL GE
abpoiocpata yio gvioyvon tov onuatog (Sacamoto, 2005).

Ocov apopd o1l MTOIKES GYedieg TV £PLOPOKVLTTAPWYV, AVITPOCOTEVOVV KOl OVTEG
etepoyeveic dopég tv omoimv 1M ovoTaon (6€ MmO Kot TPOTEIVES) SPEPEL amd TEPLOYN OF
nepoyn (Simons xoz Ikonen, 1997). Eivon dopég mhovoteg o€ Heufpavocuvosdpeveg mpmteiveg Ommg
oTopaTiVY), PAOTIAVEG KOl AKETVAOYOANVESTEPAOT] KOl GE KVTOGOMKES OMwG cuveEivn kot copkivn.
H otopativn kot ot pAotidiveg @aiveton Tmg oynuotilovy olryouepn otic Mmidikég oyedieg (Salzer
ror Prohaska, 2001).

A3.6.1. Po)loc Tov Aumotkov Xysdiov

['evikd, o poOLog TV MTIOIKAOV oyediv gival Kupiwg onuatodoTikos, kabmg kabodnyodv
CLUTOKV®OT, TN OIOUEPIGUATOTOINGN 1| TOV ATOKAEIGUO LTOJOYEWV. 1o pLOpd arpocPaipla Exet
Bpebei mwg o1 Mmidikég oyedieg eivar vrevOvveg yo T pkpokvotidionoinorn (Greenwalt, 2006) kot
ywo. TV €icodo tov mapacitov Plasmodium falciparum (Murphy et al., 2004) oto ecwtepikd TOL
Kuttdpov. EmmAéov, peléteg amodeikvoovv Ot M evepyomoinomn tov €£mYEvoLg LOVOTOTION TNG
amoTTmoNG Aappavel yopa otig ev Aoym meployég (Mandal et al., 2005).
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A3.6.2. 2067061 TOV AITOKOV Xy£0imV

Ta Amidil mov omavioviolr ot AMmdwkég  oxedleg eivor 1 yoAnctepOAn, T
YAVKOGQLYYOMTTIOL0, 1] GOLYYOLUVEAIVT] KOl TO, KOPEGUEVA YAVKEPOPOGPOATIOI. Atatnpeitor Kt €dm 1
acLUUETpia avapeca oe eEMTEPIKN Kol e6MTEPIKN oTIPAdA. O TPpOTEIVEG TNG EEMTEPIKNG TAEVPAS
TOV MTOKOV oyxedlov elvar ovvdedepéves pe yAvkolviopmopatidvroivoottodn (GPI), evd omv
E0MTEPIKN TAELPA EVTOTILOVTOL AKETVMOUEVEG KIVAGES TUPOGIVNG TG oKoYEévelag Src. H mpocbnin
TOALUTIKNG Opadag eivotl To kKOpto onua mov kabodnyel tig mpmteiveg otic Mmdikég oyedieg (Magee
kor Parmryd, 2003). Zto gpuOpokvtTopa eviomilovial 6€ TEPLOYES MITOIKMV HKPOSOUMY TPOTEIVES
omwg  otopativ,  QAOTIAMVN-1,  @loTiAivn-2,  ovveEivn, copkivn, vdatomopivy Kot
aKETVAOYOANVESTEPAOT]. AgikTeg amotedovy ta popta. CD59 kar GAS (Mandal et al., 2005).

A3.6.2.1. Protrrivn-1

H @Arotidivn-1 givan pio pepppavocsuvdeouevn tpoteivn pe MB 44 kDa mov amopovaOnke pe
™ Ponbeia tov amoppvmoviikod Triton-X 100. Zvppetéyelt o€ povomdrtio. €vOOKOTTOONG KOt
eueavilel oporoyio e TO avTIYOVO EMWOEPUIKNG EMPAVELNS. TpoOcpata Ppédnke OtL 1 eAoTIAIvN-1
nali pe aAleg mpmteiveg TV MTOIK®OV oxediov oynuatifel Kpiopo @TIdyVovTag OALYOUEPT OTN
uepPpavn (Langhorst et al., 2008).

A3.6.2.11. ®roTrrivn-2

H plotihivn-2 givar pio pepPpavocvvdeouevn tpmteivi ue MB 42 kDa mov mailet poro ot
SLKVTTAPIKT EMOEPUKT] TPOGKOAANGT, Ttailovtag kpioyo podo otn doun aALd Kot TN dTnpnon
g emdepuidag. Karorlapupdver peyddn meployn otig Mmidkég oyxedieg. 1o puhpokvTTOPE KOl GE
KOTAOTACELS ovENOTG TOL evdokvTTopkod Ca'? kar amdielag epuOpokLTTAPIKTG HepBpEvNg, M
QAOTIMVN-2 Bpébnke o€ HIKPOKVLOTIOWL YWPIG OUMG Vo Tapatnpeitar epmiovtiondc tovg (Salzer et
al., 2002). H pLotihivn-2 éxel v tdon vo oynuatifel oAtyouepr| Kot GOUTAOKO, HE GALEG TPMTEIVES
TOV MTOIKOV oyedinv, 0nmg 1 eAotidivn-1 (Langhorst et al., 2008).

A3.6.2.111. Yvvekivy

H ave&ivn VII M ovve€ivn eivar pio kutooohkn mpoteiv pue MB 50 kDa. Avikel otnv
oKoYEvVELD TOV aveSIVAV, elval @OGPOMTIZ0-cLVIEOUEVN TPp®TEIVN Kot e€aptdtor amd 10 acBEcTIO.
To kapPo&utelkd dxpo elvar vIELOVVO YO TNV EOCPOMTIIIKT) GOVIEST], EVD 1| AUIVOTEAIKT) TEPLOYN
eaivetal va Tpocdidel Asttovpyikn mowkihopopoeio (Herr et al., 2003). Av kot yevikd 0 QUGIOAOYIKOG
™™g pOAOG dev elvar axodpa amdAvTo Kotavontds, motedeTol g emnpedlet kot pvOuilel yeyovota
nov gaptovtal and acPESTo, OTMG 1 EKKPLoT OVoldV. Oempeitar amapaitnn ot dodikacio Kot
mv mopeio anelevBiépwong Kvotwiov amd to epvfpokLTTAPO. XE KOTAOTACELS EVIOVOL OTPEG

LETOVOOTEVEL OO TO KLTOGOAIO GTN HEPPPavn, Adym adénong Tov EVOOKLTTOPTIKOD Ca* (Salzer xou
Prohaska, 2001).

A3.6.2.1V. Xopkivny

H copkivn givar pio kutocohkn tpmteivy ue MB 22 kDa, n onoia mailel podo ot petaymyn
onpatog mov e&aptaror and 10 acPéotio. ‘Exet 4 meproyés npdcsdeons acPectiov S0 amd Tig omoieg
ekdNAdvovv 1oyvpn oporoyia pe to potifo “EF hand” tg xoipovrovdivng. H copkivn veictatot
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LETATOTION amd TO KVTOOOAMO o1 uepPpdvn votepa. and advéEnon g vopoeoPfikdtntd g (Salzer et
al., 2002).

A3.6.2.V. CD59

H mpoteivn CD59 givar peufpavocuvosduevn pe MB 18-25 kDa. Zuvvdéetar otn pepfpavn
KOl CUYKEKPIUEVO OTIC AMTIOIKEG oyedieg Héocw tov aykvpoPoiiov GPl mov dwbétel. Elvan évag
PLOUGTIG TOL GUGTHOTOS TOV GLUTANPAOUATOG, O OTOI0G OVOCTEAAEL T1 ONUIOVPYIN TOV GLUTAOKOV
uepuPpavikng enifeonc (Huang et al., 2006).

A4. METABOAIXMOX EPYOPOKYTTAPOY

Ad4.1. I'evika

To povadikd poplo mov ¥pNoLoToEiTol amd To EPLOPOKVLTTOPA YO TV TUPAYMYY| EVEPYELNG
etvar m yAvkdln m omola €10épyetor evrog Tov KLTTéPoL pe vroPonBovuevn dudyvon. Ady® g
TavTeAOVS EAAEWYNG Opyavdimv Kot mupnve o dpiua epudpokdtrapa dgv €xovv T duvatdtnTo
Topaymyne evépyelag pécm tov kukiov tov Krebs vrnd aepofieg ocvvOnkes. Qg ek tovTov M
mapoywyn evépyelog Paciletar oto avaepoPlo povomdrtt e yAvkdivong (Embden-Meyerhof), to
aepoPfio povomdtt v pocpopik®v mteviolmv (PPP) kot tov kdOkAo Rapoport-Lubering (eixova 11).
H avaepofioa yAvkdivon evBovetar yuo to 90% tov mopayodpevov ATP pe to povomdrtt tov
POCPOPIKAOV TEVTOLDV va, KotaAapPavel poig to 10%. Katd m «dtaxhddwon» tng YAVKOAVOoNG Tov
oyetiCeton pe v mapdkoapyn Rapoport-Lubering mpaypoatonoeiton petotponn petasy 1,3 ko 2,3
DPG. H avtidpaom avt cuvdéetl T YALKOALON e Ta emimeda cLYYEVELOG LETAED apoc@atpivng Kot
o&vyovov (D ’Alessandro et al., 2014).

Glucose NADP* NADPH
1 ATP
ADP 11 6-Phosphogluconolactone y
Glucose-6-Phosphate —J—) 12
2} 6 molecules of 6-Phosphogluconate
f 5. NADP*
Fructose-6-Phosphate  €————{ Ribulose-5-phosphate 13
3 ATP can be converted to 5
_/i/' molecules of Glucose-6- co, NADPH
ADP Phosphate if ribose in 7
Fructose-1,6-BisPhosphate ™ Ribulose-5-Phosphate
| not needed.
v v 4 v The Enzymes
Dihydroacetone Glyceraldehyde-3- Hexoldntce

phosphate 2 phosphate Phosphodextrose isomerase
Phosphofructokinase

‘ﬁr NAD*
14 NADPH Aldolase

1:
2:
3:
4:
= 1,3-Bisphosphoglycerate 5: Triose Phosphatase Isomerase
6:
7
8:
9:

2,3-Bisphospho: 7 ADP Glyceraldehyde-3-Phosphate Isomerase
glycerate ATP

Phosphoglycerate Kinase
15 Phosphoglycerate Mutase
3-Bisphosphoglycerate

Enolase

The Pathways 8¢ 10: Pyruvate Kinase
1. Glycolysis 2-Bisphosphoglycerate 11: Glucose-6-Phosphate Dehydrogenase
2. Rapoport-Luebering I 12: 6-phosphoglucolactonase
glycolytic shunt Phosphenolpyruvate 13: 6-Phosphogluconate dehydrogenase
3. HMP Shunt "21/ ADP 14: Bisphosphoglycerate Mutase
15: 2,3-Bisphosphoglycerate Dehydrogenase
ATP
Pyruvate

Ewoéva 11: Ta Poowd  povomdrtie  mopayoyng evépyewg Ttov  gpuBpokvttapov.  (ITnyn
www.allaboutblood.com).
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H 13w n Aertovpyia twv gpvbpokvttapwv (petapopd o&uydvov) Kot 1 TOTOAOYIO TOVS EVTOG
T0L avOpOTIVOL cOpatog (Tvedpoves, meplpeptkol 16tol) kabopilovv ™ petdfaocn amnd to éva
HOVOTATL d1AoTOoN S TNG YAVKOLNG 010 GAAO. XTOVG TTVeLUOVEG OOV 1 Heptkn Ttieon o&uydvou gival
Wwitepa vyMAN, Ta gpvbpokvTTapa extifevior ce 0LeWdMTIKO OTPEC TO OmMoio EALYYETAL HECH
nopayoyng avaywywkng ovvauns (NADPH) ard to povordtt PPP. Avtifeta o mepipepikods 16tovg
N pepkn mieon o&uydvou HEIBVETOL alsONTA VD TAVTOHYPOVE TO. EPLOPOKVTTAPO VTOKEVTOL EVIOVO
UNYOVIKO 0TPES KOOMG pEOLY GTO LIKPOTEPNC OO TN KT TOVG dLopETPov TpLyoewdn. To anotélecua
NG UNYOVIKNG KaTamdvnong eival 1 OTOAELN KOTIOVT®OV Kot 1| LETAPaoT o1 YAVKOALGN KabMG eivon
amapoitnn 1 wapayoyn popiov ATP yio ) dtatipnon g evéokvuTtapiag icoppomiog 1ovimv (Lewis
et al., 2009).

A4.2. PYOmion Tov Metafolonov

To 1wolhyo avdpeso 6t YAvkOALON KOl TOV KUKAO TOV QOGPOPIKOV TEVTOLOV VTOKELTOL
omv KAlaoowkn ovyovo-eEaptdpevn pvBuon n omoia efaptdror and to emineda pH, CO,, ATP
(Jensen, 2004) kadmg emiong Kot ™G AvoAOYiag CUYKEVIPAOGE®Y YOAUKTIKOD 0EE0C/TVPOGTUPLAIKOD
o&éog kar NAD/NADH (Tilton et al., 1991). Qotdco, vdpyovV TEWPAUATIKEG 0modei&elc OTL M
petafoliky] avty pvBuon pmopel va copfaivel kot aveEdpmto ond v Téon TPOGOESNS TOV
o&uyovov otV apoceolpivr, YEYovog TOv LTOSNAMVEL TNV VIOPEN EMITALOV povOoTaTi®V. 'Evog
EVOALOKTIKOG pUMyovVIopog, virootnpilel 01t 0 petafoMoudc TV epubpdv apocealpiov pubuiletot
pécm g oSvyovo-eEaptopevng tpocdeons yAvkoAvtikav eviopmv (GEs) og apvntikd poptiopéveg
Béoelc Tov apvoteAkod dkpov g dapeuPpavikng mpmteivng (ovng-3 (Lewis et al., 2009). ITwo
OLYKEKPLUEVO 1 KVTOGOAMKN Thevpd ¢ (ovnec-3 (CDB3) amotelel Béon ohvdeong YAVKOATIK®V
evlopov 6mwg GAPDH, aAdordon, PFK, PK ko1 LDH. H npdcdeom mpodyetor amd v mapovcia
o&vuyovopévng aipoceotpivng kot dnpovpyet Eva evOopkd cOUTAOKO GTNV ECMTEPIKY] EMPAVELL TNG
HEUPPAVIG Le OMOTEAEGHO. TNV OMEVEPYOTOINOT TV v Ady® eviOU®V Kot TOV KOTOPOAMGUO TNG
YAvKOOng péom tov kvkhov PPP. Avtifeta n mapovoia pn-o&uyovopévng apocseapiving odnyet oe
npodcdeon g 101G otnv CDB3 meployn pe tavtdypovn anelevfépwon TV YAVKOATIKGOV evEOU®V
Kar evepyomoinon g yAvkoivong (Low et al., 1993). Eyxet mpdéooata mopatmpndei ot 1M
Qeo@opLAimon ¢ {dvne-3 ota kotdAowta tvpocivng otic Béoelg 8 kot 21 emdpd ot cvvoeon
YAVKOATIK®OV eviOp®V Kot pn-o&uyovouévng aoceatpiving otmv CDB3 meployn. O vmokeipevog
UNYOVIGHLOG QaiveTol va TeptAapfaver Tnv eEaptdpevn amd emc@opvAiocn avénon otov aptuod Tomv
OPVNTIKOV QOPTIOV TOL OULVOTEAIKOD GKPOV, YEYOVOS TOL OLEAVEL TN GLYYEVELD OEGUEVLONG TNG UN-
o&uyovouévng apoceapivng extomiloviag to YAVKoALTIKd éviopa. Q¢ amoTEAEGUATO TO GUGTNO
odnyeitan og avénon (+45%) tng yAvkoivong kat peiwon (-66%) tov katafolopuod pEcw ™G 0800
TV pooeopikadv mevtoldv (Rogers et al., 2009). A&ilel va onpeiwbei 611, amo&uydvmon eaivetat vo
pomBel T pOGPopLAimEN ToV apvoteAkoD dikpov g (dvne-3 (Matte et al., 2012).

e ovvinkeg amodnkevong, 6mov 1 Beppokpacio eivar younAn kot to PH cvveydg eOivet, ot
petafoAtkoi pvOuol peidvovior aucOntd pe amotéhespa tn otadlakn peioon tov ATP kot tov 2,3
DPG. H yoaunin Oeppoxpacio kot n ntoon tov pH eanpedlovv 1660 Vv evepydtnta tov eviOumv
660 Kol T ovyyévela Tpdedeong tov o&vuydvov otnv apoceorpivny (D ‘Alessandro et al., 2014). Xta
apykd otadio (2 mpwteg ePfdouddeg) ta amobnkevuéva RBCS Sacmodv ™ yAvkoln péow
YAVKOAVONG KATL TO 0moio VIOdEKVOETOL Ko o T otafepn adénon Tov YorokTikoy 0&€0g viog
™m¢ povadag petdayyong (Messana et al.,, 2000). To 2,3 DPG PBpioketor akopo o€ eninedo mov
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€LUVOOUV TNV 0Td-0ELYOVOUEVT] LOPOT] TNG ALLOGPOLPIVIG 1 OTTOi0 TPOGOEVETAL GTO OUIVOTEAKO GKPO
™m¢ {dvne-3 evvomvtog TN dpdorn Twv YALKOATIK®V evlbpwv. 'Etol ta kuttapa mpocmadovv va
avTomeEEAMOOVY OTIC AVENUEVES EVEPYEINKES OVAYKEG TNG amobNKeELONG TPooTaddVTAG KUplg va
TNPNGOLY TNV EVOOKLTTAPLY CLYKEVTIp®OT 1WOvtwv. [Ipoodevtikd 10 pH peidveror Adyw g
OLGGMPELONG  YOAOKTIKOD 0&E0C OpMOVTOG OVOCTOATIKA 7Yloo TNV mopeid ™G  YALKOALONG
(D Alessandro oz Zolla, 2013). EmutAéov o€ avt ™ ypovikn mepiodo 1o 2,3 DPG e&avtisiton (-
98%) pe amotéhespo TNV aENGCT TNG CLYYEVELNG TG ALLOGPALPIvIG e TO 0ELYOVO Kot TN PEIMGT TNG
OLYKEVTIPMONG  OO-0ELYOVOUEVIIC  QUUOGQAIPivg 1 omola MAEOV OEV  OMOTEAEL OVOCTOATIKO
TOPAYOVTA Y10, TV TPOGOEST TWV YAVKOADTIK®V eVEOI®V (Kl EMOUEVOG TNV OEVEPYOTOINGT TOVG)
ot {dvn-3. Q¢ ek TOVTOV N 1GOPPOTIN HETATOTILETO GTOV KOKAO TOV QOCPOPIKAOV TEVTOLMV TPOG
mopayoyn NADPH 1660 yuo v avaywyn g 0&e0mpévng YAouTafelidovng 660 Kot ®¢ amOKPIGT GTO
YEVIKOTEPO OEEDMTIKO GTPEG TO OMOi0 evieiveTal eviog tng povddag petdyylong. Ilpoidvtog tov
rpovov to amodnkevpéva RBCS cvocwpevovv PAaPeg kupimg AdOym tomv glevbépwv piiov mov
TOPAYOVTOL UE AMOTEAECLO TNV EVEPYOTOINGT LOVOTATIOV Y POVONG KOl TOTTMONG (evepyomoinom
mpoteacVv). Etol petald dhiov mapoatmpeitar ko Opavon g meproyng CDB3 g {dvng-3 ue
AmOTELEGHO, TNV amOAELR KavOTNTOG pLOUoNg TV petafolkodv povoratidv (Castagnola et al.,
2010). Télog m o&eidmwon Kot 1 OmodATOEN TG OHOoPAPivNG KAT® omd cLVONKEG £VTOVOV
0&eMTIKOV 6TpeG VOEXETAL VL EMNPEALOVY TNV TPOUVOPEPOLEVT] pOBLIGT KaODS o&edmuéva Kot
amodaTaypéva  popla  opoc@aipivng  epeaviCovv  avénuévn  wavotto  mTpoOcdESNS  oTNV
Kuttaponlacpatiky eptoyn g Covng 3 (Lion et al., 2010).

A4.3. Otsdmtikd Xtpec oto EpvOpoxkvtTapa

Ta gpvBpoxvTTapa eivar emppent) e 0EEOOTIKY PAAPN AOY® TOV VYNADV CLYKEVIPOGEMV
TOV Hoplokol o&uydvov, TG opados aipng, TV EAeVBEp®V ATOUMY GLONPOL Kol THG GLGTACTG TNG
uepPpévng oe molvakdpeosta Mmapd o&éa (Kanias ka1 Acker, 2010). H cupospopivn 610 @AePod
aipa givar ev pépet kopeopévn pe o&uydvo. To 0&uydvo apnvel cuvexdS £va LOPLO OLOGPALPTvIG Kot
OLUVOEETOL HE €V GAAO €V TEPIOTACLOKA, TOpATNpEiTOl ovTO-0&eidwon TG o&vyovopUEVNG
apoceopivng oe peboposeaipivn, mov cuVNB®G AVOKVKADVETAL GE AEITOVPYIKT OLLOCOOLPivY aTd
TO CVOTNUA avay®ydong g pebaposealpivng, mov eaptdrar amd NAD/NADH. H avto-o&gidmon
™mg apoopatpivng amoteiet ™ Pacwkny myn ROS ota gpvbpokvttapa kabdc mapdyovior pileg
vrepoledikdv avidviov (0z ) kot pebayooearpivn. Emmdéov pileg O, mopdyovior kotd tnv
o&eldmon Tov GNPov TG aiung otV TPLebevn Lopen Tov (Fe*"). To TPOTO TPOTOV 0EEIOMONG NG
aooparpivig (027), eivor Wwitepo. SpacTikd KOl IKOVO VO GUUUETEEL GE  AVTIOPUCELS
ofewoavaymyng, ot omoieg umopel vo 0dMNyNcovV 6to SyNUATIoHO TV gapetikd To&ikdv ROS,
KkaBmg kol o€ vepo&eidrto Tov vdpoydvov (H202). To H20, dev givan diaitepa T0E1ko, d1o0€Tel OPmC
dvo 1010t1eg Mov TO KOBoTOOV Emikivovvo: 1) Mmopel va Owmepvd G peuPpdveg pe
YOPOKTNPIOTIKY €VKOMO KATL TO omoio 10 KaO1oTd emkivouvo otov €£MKLTTAPLO YMPO OTOV Ol
avTIOEEWMTIKOT pnyoavicpol givor Aryotepor kot 2) ‘Eyer m duvatdtto vo GUUUETEXEL GTIG VO
ONUOVTIKOTEPES OVTIOPACES 0EEIdmONG oV dtaBétovy T epuBpokiTTopa dNANON TIG AVTIOPAGELS
Fenton kot Haber-Weiss otig omoieg mapdyovtar To&ikég pilec vopo&uAiov kot 0EedmpéVog 6idnpog
(Cimen, 2008).
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02" + H,0, — O, +OH + OH’ (Haber-Weiss Reaction)
Fe'" + H,0,—> Fe'™™ + OH + OH" (Fenton Reaction)

To 0devtepo mPpoidv o&eidwong g aoceapivng, n pebopoceaipivny, dev umopet va
deopevoel o&uyovo akOUo Kol 6€ QUOIOAOYIKEG cuvOnkeg pO2, HEIOVOVTIOG ®G €K TOLTOL TNV
KovotnNTo, TOV £pVOPOKVLTTAPOY Vo petapépovv o&vyovo (Kanias wkor Acker, 2010). Mopio
pebapooeapivg HUmopovyv Vo GUGGMPEVOVTOL GTNV E£CMTEPIKN TAELPA TNG €PLVOPOKVLTTAPIKNG
pepPpavne, 6mov mapdyovv mepartépm ROS cvuppetéyovrog otig avtdpdoelg Fenton ko Haber-
Weiss (Lion et al., 2010), emmpedlovtog v avaktnorn tov gpvbpokvttdpov (Kanias ko Acker,
2010). H o&edotikny BAGPN ¢ pebopoc@oipivng Hmopel vo TPOKAAEGEL TN WETATPONN TNG O
actadeic dopéc, Omwe To apoypOUaTo. To CHOYPOUUTO CLGCMPEVLOVINL GTNV ECMTEPIKY] TAEVPA
™G epLOPOKVTTAPIKNG UEUPPAVNG KO dECUEVOVTOL OHOIOTOAIKA UE KVTTUPOCKEAETIKEG TPMTEIVES
Om®G M OMEKTPIVY, TPOKAADVTOG E AVTO TOV TPOTO UETAPOAES GTNV IKOVOTNTO TOPAUOPPOCNS TOV
gpubpokvttdpov. EmmAéov, aAAAETIOPOLV LE KLTTOPOTMAACUATIKEG TePLOYES ™G Covng 3 ko
00MYOUV OTN GLGCOUATOOT TNG, dNUOLPYID VEO-AVTIYOVOL YNPOVONG KOl KVTTOPIKY OVoyvAOPLoN-
exkafapion (Delobel et al., 2010). Téhog, mpo®wBOOV TV GIUOAVOT HECH UNXOVIGUMY Ol 0010l
neplhappdvouy v vrepoteidwon Amdiov kot v ofeidmon Tov opddwv 0eding (Kanias rou
Acker, 2010).

Ad.4. AvtioEgiomTikoi Mnyavieuoi tov EpvOpokvttdpmv

Ao to mopamdve yivetar epeovég Ot T1Oc0 N emPioon 060 Kol 1| 6MOTH Agttovpyio TV
gpuBpokvttdpov e€optdtor omd TV KAVOTNTO TOVG VO AVTATEEEPYOVTIOL GE GLVONKES £VTOVOL
o&edmtikov eoptiov kaBOAN ™ dbpkela g Long Tovg. e To Adyo avtd dwbétovy pia cepd
AVTIOEEIDMTIKOV LUNYAVIGUL®V 01 070101 dtakpivovtal o€ eviLukovs kat un eviuuikovg (sikova 12).

HbO, T_T HbFe'B
NO,
NADPH Oxidase & 0,
NOS (@)
Zanthine Oxidase Fe++Cu++
O2 —— e
LOCH LOO
SOD
VitE’ VIitE
CAT |
J2 YO —— 1tC VitC*
SH ewageem NADPH#mwugee= - Phosphogluconate
G SHPx Gl.Red G6PD
¥ GSSG = NADP =" Glucose 6-Phosphate
H,0O

Ewodvo 12: Ta Pacikd povomdrio, petoforiopod erevfépov pllav ota epvbpokidtropa (Avardmwon amod
Cimen, 2008).
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A4.4.1. Mn Evlopikoi Avtioégidootikoi Mnyovieuoi

Onwg avaeéptnke avolvtikd oto Ke@dAoo tov TAdopatog (PA. mapdypoapog A2) ot un
evQopkol avtio&edmtikoi unyavicpoi teptiapfavoovv m Prropivny C, ™ Prrapivn E, ta phafovoeidn,
TG Oe0reg (GSH), 10 ovpikd 0&L, T @epprrivn, TN Yohepvbpivn Kol KATOWL UIKPOGVGTOTIKA
(o1dnpog, YoAKOS, YELAPYVPOGC, LOYVAGLO) TO OO0 AEITOVPYOVV G EVELIIKOT GUUTOPAYOVTEG.

H ylovtaBeldvn amoterel 10 onpovtikotepo un evlopukd pubuIoTy G EVOOKLTTAPLOG
0&e1doavaymyIKng opoldeTacng o€ OAOLG TOVG TUTOLG KLTTAPWV. Ta gpuOpPoOKVLTTAPA ATOTEAOVV
Baocikovg Proroywovs @opelc GSH mapéyoviag éva onuaviikd ocOomuHo omoto&iveoong g
KukAoopioc. H de novo cvvleon e€aptdtor omd ) dabeoudtra towv apvociémv e Kot Woitepa
NG KLOTEIVIG Ko TV 800 cuvbetac®v Tov Kataddovv ) ovvBeon tng (Dumaswala et al., 2001).
Yrdpyer omv avnyuévn (GSH) koar v o&edopévn popeny (GSSG) g evd ovuppetéyel oe
avtpboelg ofewoavaymyng HECH NG avtioTpentig ofeldmomng g evepyng OeldAng mov
nephappdver. H GSH pmopei vo deopedetol opotomolkd oTic TpOTEIVES HECH LLOG SLOTKOGTOG TTOV
ovopdleton yAovtabetovudioon kot va evepyel og cvvéviopo yio didgopa apvvtikd Eviupo Tov
kuttapov (Pompella et al., 2003). Apa Aowdv dueca exkabapilovrag erevBepeg pilec N upeoa mg
vrooTpopa Yo to. Eviopa GST kot GPX katd v amoto&ivwon and HyO,, vdpoimepoiedinv twv
Mmdiov ko niektpoviopilov eviocewv (Masella et al., 2005). Zta gpvBpokittapa mpoctatedel
ONUOVTIKEG TPOTEIVEG OM®MG M omektpivn, o&eldwon g omoiog odnyel oe axopyioc To
epuBpokvtropa. H GSH dev vroompiler poévo v avto&edotikn quova, oAAdd eivorl emiong pio
onpoavtikn de&apev covApuopvAiov, dtutnpavtag -SH opddeg onv aposearpivny kabmg eniong Kot
évlupa og avnypévn kotaotaon (Baynes, 2005).

A4.4.2. Evlokoi Avtioeiootikoi Mnyovienoi

Ta  onuovikotepa  evipukd  ovTloedOTIKA  cLumepAapfPdvouy TV LIEPOEEIDIKT
dwopovtaon (SOD), v koatardon (CAT), v vrepoleddon g yrovtabeiovng (GPx) kot v
avaywyaon g YAovtabeiovng (GR).

A4.4.2.1. Yrepotadiki) dispovtaon (SOD)

H vrepo&eidkn diopovtdon ivat n Kopla dpova amévovtt otig pileg vrepoéediov Kot givor n
TPATN PO dpovag anévavtt 6to 0&eoTiko otpeg. H SOD katalvel v avtidpaor LETATPOTNG
100 02" og H,0,. ta Onhoaotikd vrapyovv tpeig ioopopeéc SOD (SOD1, SOD2, SOD3) kot 6ieg
AOITOVV €V OEEL00VAYMYIKO OPUCTIKO HETOAAO UETAMTOCE®MG oTnv evepyn Béom v va
npaypatonomdei n Kotolvtikn didomacn Tov vrepoéedkon aviovtog (Culotta et al., 2006; Suzuki et
al., 2000). Ao 11 woopopeéc SOD dvo Ppickoviol 6TO0 £0MTEPIKO TOV KLTTAPOL EVAO M TPitn
Bpioketar otov eEwkuttdplo yodpo (Suzuki et al., 2000).

A4.4.2.11. Katordon (CAT)

H xotaAidon eivon mopovoo oe kdbe kutTapikd TOHTO Ko yapoaktnpilel Ta vreposeicmuara,
KUTTOPIKE opyovidld Tov ypNoHomolovy o&uyovo e oKomd vo. amoToEIvMoovV TOEIKESG OVLGIES
nmapdyovrag H,O,. Amotedeitar amd TEGOEPIS TPOTEIVIKEC LIOUOVASEG Kobepion amd TIG OMOiEg
mePLEYEL o opada aipng oto evepyo toug kévrpo. Kabe vmopovada eépel éva nopto NADPH, to

40



omoio ocvuPdrrel otn otabepotnta Tov evivpov. Kataiver v petatpony tov HoO, oe vepd kot
o&vyovo (Antunes et al., 2002).

A4.4.2.111. Yrepotardaon tne yhovtafsiovne (GPX)

Yta Onhootikd Exovv evtomiotel mévte €i01 vepoeddong e yrovtabeidvng (GPX1-GPx5)
(Drevet, 2006). H GPx xotolvel v avaywyn tov H,O2 §) tov opyovikod vépoimepoeidiov (ROOH)
og vepo (H20) ko ahkoOoAn, avtictorya, ypnowonolwvag v GSH 1 6¢ kdmoleg mepumtdoelc v
Belopedo&ivn | v yAovtapedo&ivny wg 66t niektpovimv (Callahan et al., 2001). Otav n GSH &ivat
0 00TNG NAEKTPOVI®OV, 0e1ddVETAL G 0100VAPIO10 TG YAovuTaBedvN G (GSSG). To yeyovog 6t GPx
avlyst por peyddn mowido vOpovmEpoLEdiny, TNV KaOoTA £va OMUOVTIKO €VOOKVLTTAPIKO
avTIOEEWMTIKO YloL TNV TPOCTUGIO TOV ATV Kol TV TPOTEIVOV omd PAGPec mpoepydueves amd
ROS. ®aiveron mog 1 GPX givar moAd onpovtikny yio v avtipetdnion tov HoO, mov mpoépyeton amd
NV aTOEEIOMOT TNG ALLOGPALPIVIG EVD 1] KOTOAGCT ER@avifETOL WO10iTEPO YPNOULN GE TEPIMTMOCELS
ékbeong tov epvbpokvttdpov oe avénuévn “pon” H,0O, (Cimen, 2008).

A4.4.2.1V. Avayoydon e yrovtadsiévne (GR)

H avayoydon g ylovtabeidvng eivar vmevbovn yio v ovayoyn g 0EE®UEVNG
yvhovtaBeovng (GSSG) oe GSH kot ocuvendc ywoo T OSathpnon TG QUOIOAOYIKNG avoAoyiog
GSSG/GSH o610 gomteptkd Tov KLTTAPOL. ATtoTtedeiton amd dVo vopovadeg kabepio amd TIG Omoieg
TEPIEXEL BTNV EVEPYO TTEPLOYN NS £va PAaPvo-adevivo-dtvovkAieotidlo (FAD). To NADPH avéyet to
FAD, 10 omoio omn ocuvéyelo HETOQEPEL TO NMAEKTPOVIA TOL GTN OGO0VAPOKY Yépupa. Ot 6vo
GOVAPLOPLAONAdES OV Tynuatitoviar aAiniemdpovy pe v GSSG kot v avdyovv ce 2 popla
GSH (Sun, 1990).

AS.THPANXH TQN EPYOPOKYTTAPQN

Y16 pucloroyikég cuvinkeg Oha ta avOpodmiva epvBpoxidtropa Covv mepinov 120 pépeg otnv
KuKAogopio. TOv aipatog, KATL TOL VTOvoel TV VIOPEN AVGTNPOV PLOLCTIKOV HOPLOKOV
UNYOVICU®V, VTELOLVOV YloL TOV TPOYPOUUATICHO TG dwdpkelng ConNg Kot g pn toyoiog
amopdkpovvons twv RBCs. Ta gpubBpokittapa, 6vrag amdpnva, oTtepodvIal EVIEADS TNV KOVOTNTH
TPOTEIVOGVVOESTG. ZVVETMG, 1 PLGLOAOYIO TOVG EEUPTATOL ATOKAEIGTIKA amd TPp®TEIVES Kot Evivpa
TOV VIAPYOLV ATO TO TEAOG TNG MPILOVOTIG TOVG GE OIKTLOEPLOPOKVTTAPA. AVTH 1) GTOOEPT LOPLOKT
pnyovr, Aoutov, sivoar vmevBovn yioo v KOplo Asttovpyio TV gpvBpokvTTap®V  (LETOPOPA
o&uyovov), yua ) dtbprela {oNG TOVS, TN GLVTPNON OGUAOTIKNG OUOOGTACTG KO AKEPALOTNTOG TNG
HeUPBPpAVIG, TNV TOpoy®Y ] EVEPYELNG KOL TNV OVIIHUETOMION EEMTEPIKMOV KOTATOVICE®V, ONW®G
0CUMOTIKO 60K, £kBeon o€ TOEIKEG 0VGieg 1 0EEWOMTIKO OTPEG. AEdOUEVIG TG OTATIKNG PVONG TOV
TPOTEIVOV Kol TV eviOU®OV TOVG, Ta £pVOPOKHTTOPA LPICTOVTOL IO TPOOSEVTIKY| OTMAELL TNG
Aertovpyiog Tovg katd TN Odpkeln tng Long tovg, mov oyetiletonr pe avénuévn axopyio Tov
KUTTOPOCKEAETOD, UEIOUEVA TOGOGTO YAVKOALONG Kol OAAOIDCES o€ Amidlo, TPMTEIVEG Kol
nolvcakyapiteg e epvBpokvttapikng pepPpavng (Lion et al., 2010). Q¢ ek tovtov, N dwwdiKacio
YNPAVONG TOV €PVOPOKVTIAPWV, AVIUTPOCSHOTEVEL VA GVUVOLO YPOVOECAPTOUEVOV OAAL OYL KOT’
AVAYKN YPOUUIKOV LOPLOK®V YEYOVOT®OV, T 0TToia TEALKA 001 yoOV og KuTtaptkn ekkabdpion (Walsh
et al., 2002; Franco, 2009).
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AS.1. In vivo Xnnotodotikd Movormdtia ko Agiktee I'ipavone toov RBCs

Ta gpvBpoxidTTOpa VYioTAVTOL £V TAN00G HETAROMK®Y KOl PUCIOAOYIKAOV OALAY®DV KaODG
ynpaokovv, énwg 1 kvotdlonoinon (Willekens et al., 2003), ot puetatponéc ¢ apoc@apivng Kot
vroPabuon g opoldoTacng Kol TN avToSedmTIKNG dpvvag. Q¢ deikteg yHpovens Wropovy va.
BewpnOodv N un-evlopatikn yAvkolvdimon g apooeaipivig (Bosch et al., 1992), n avénon g
kuttapikng mokvotntog (Piomelli kou Seaman, 1993) kot 1 anapudioon e npoteivng 4.1b oe 4.1a
(Mueller et al, 1987; Lutz et al., 1992). AauBdvovtoac vadyn v EAAewyn mpoteivocvvleong ota
GpLua pVOPOKLTTAPN, Ol UETPNOIHOL OEIKTEC YHPOVOTG TPOKLITOVY OO JPOPOTOCELS GE 10N
vrapyovta pope. O QovOTLTOG TV YNPAGUEVEDY gpubpokvuTtdpmy oyetiletor pe peimon ot
HETAPOMKY| EvEPYOTNTO, GTOOIOKY OAACYT] OTO GYNUO TOV KLTTAP®OV, avadouncmn g Hepppavng,
ofedwTiKk PAAPN o©TO KOTTAPO, IKPOKVLOTIOOTOINGOT NG HeuPpdvng ko eEmtepikevon
EMPOAVEIOKDV OEIKTAOV avayvopions. OAeg ol mpoavagepheiceg LETOTPOTEG 0O YOVV EUUECT 1] AULECH
oe gpubpopayokvttapmon (Bosman et al., 2008b).

AS5.1.1. MiKpOKVGTIOLOTOINGY

H ppoxvotidronoinon amoterel pépog g mpipavong tov epvbpokvttdpov. Emraydveton
o€ Ynpotdtepa KOTTOPOU VO UTOPEL Vo SPAoEL ite KOTA TV EPLOPOKVTTAP®V, EXPEPOVTOS ATMAELL
Hb xot peuPpavng, eite vaép avtodv, Ponddviog 6TV OTOUAKPLVOYN KOTEGTPUUUEVOV KOl
ONUOTOOOTIKA OTOTEAEGUATIKOV CLOTOTIKOV TOV Kuttapwv. H eEoxittoon pn Astrtovpyikaov
TPOTEIVAOV Kol OEIKTOV YHPOVONG HECH KLGTIOOTOINGNGS, Ol LOVO TPOGTOTEVEL T EpLOPOKVTTAPA
amod mpdwpo Bdvato, aArd Kot amodeikviel 0Tl Ta 101 GvidAa avayvapiong pecoiafoldv yio T
paydaio. OTOUAKPUVOT] TOV YNPOCSUEVOV £PVOPOKLTTAPOV KOl TOV KLGTIWOI®V amd TNV KLKAOQOpin
(Willekens et al., 2008). Méow g cvveyovg anofoAng kKvotidinvy, Ta gpubpokdTtapa, oArdlovv T
ocOoTOoN Kot T doun TG HepPpdvng tovg kabds ynpdckovv, ow&dvovy TV TUKVOTNTO TOVG, EVEM
TOPGAANAO TOPOTNPEITOL HEIMOT OTNV KAVOTNTO EAACTIKNG Tapapdpemong g pepfpavng (Bosch
et al., 1992). H mkewovotnto TV TPOEPYOUEVOV amd To £PLOPOKVTTOPA KLOTIOI®V 7TOV
OTOLOVOVOVTOL 0O TO OOl VYOV 0TV EMTEPIKELOVY POGPATIOLVAOGEPTVN evd TtepiEyovv 1gGs
Kol €va Tpoiov ddomaong g (ovng 3, 10 omoio avTidpd LE OVTICOUATO EVOVTL GAANAOLYIOV TNG
Lovne-3 ot omoieg oyetiCovron pe ynpaocuéva epudpokvttapa (Willekens et al., 2008).

AS5.1.2. To Bacwlousvo otn Zovn-3 Movoratt I'jpoveng

Kevipiwcd podho ot ynpovon tov epubpdv opoceapiov  dwadpopatifet 1 ok
aKEPALOTNTA Kot 1) 66T Tomoloyia ¢ (dvns-3. H cvsoopdtoon (Pantaleo et al., 2008) kot o
tepayiopog (Kay, 2005) g ev Aoym mpoteivig ommotehodv onpovtiko Prita otn dnpovpyia evog
VEO-aVTLYOVOL YN PAVOTG TO 0010 €ivat 6TOYX0G avOGOAOYIKNG amdkpione. H dtoapdpemon avtod tov
ONUOTOC YNPOUVONG OYETICETON e TNV 0EEIOMOT UECH EVEPYDV EAEVDEPOV OEEDMTIKMV PILOV (€1KOVaL
13). ‘Etot kdto and téTto1eg GUVONKEG 1 AUOGPALPIVY TPOTOTOLEITOL KOl TOAAES POPES LETOTPETETAL
og aoypouata, to onoia petatoniCovror ot uepPpavn (Rettig et al., 1999). H petatdmion g
oeldmuévng apoceatpivng eaivetor va otobepomolel To cvoocouaTOpaTe ™G (OVWNG-3, uHe
ATOTELEGLO, TOV OYMVICUO TOV VEDV VTOV aVTIYOVIKOV 0écemv amd avosoopaipives 1gGS (mbavd

OULVOEETAL KOl TO GLGTATIKO TOL cuumAnpouatog C3), mpokarmvtag epvdpopayokvttdpwon (Kay et
al., 1988; Lutz et al., 1993).
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avoooo@aipiveg- G

0EEIBWTIKO OTPEC

Ewodva 13: To Pacikd povomdtt ynpaveng tev epuBpokuTtédpmv 6To omoio EUTAEKETOL 1| TPOTOTOINON NG
Swapepppavikng mpoteivig (odvne-3. 1. Ofewdotikhy amodidtaln Tng opoceapivig mov odnyel oto
oynuatioud apoxpoudTev, 2. To alpoyp®UITe ToV TPOGOEVOVIUL GTIV KUTTOUPOTAUCUATIKY TAELPE TN
ovng 3 evd TanTOYpOVa TOPATNPEITOL POCPOPLAIMGOT TG GE cLYKekpLuEves Bécels, 3. ATocuvdeon amd tov
KUTTOPOCKELETO Kol OAlyOUEPIoUOG TG Lavng 3, 4. Zynuaticpdc cuumieypatov (ovng 3/apoypouiToy Kot
OYOVICUOC a0 TO QUGLOAOYIKG OVTICOUOTE TOL 0pov kol To ovotatikd C3b tov cuumAnpoOUOTOC
(Avotdmawon omé Pantaleo et al., 2008).

EmmAéov 1 avaxkotavoun g {ovng-3 o@aivetor vo emnpedletol GUVEPYOTIKA KOl O
uetaPoréc o pwoeopvAivon kataloinwv tvpocivng (Pantaleo et al., 2008). Idwaitepo poro otV
Katdotoon eoo@opviimong g {dvne-3 dtadpapatifel n avénon g GLYKEVIP®OONG EVOOKLTTAPLON
ca®*. Ynb QLOAOYIKEG ouvOnKkee 1M owogatdon tuvpociving (PTP1B) deopedeton  otnv
KUTTOPOTTAACUATIKY] epLoyn TG {dvng-3 kot €16t ta 600 KatdAoura Tvpocivig dutnpodviotl €
ATOP®GPOPLAIOUEVT KaTdoTaon. Otav dwutapdoocetat to Ca™, N Kwdon tvpocivng Sk kot otn
ouvéyela ol kKvaoeg Lyn evepyomolobvtat Kot TGt 01 TuPOGiveS PmGPopPLALDOVOVTOL. O pOLOG VLTMV
TOV KOTOAOIT®OV Tupocivng dev givol TANPOS KOTOVONTOS, OAAG (OIVETOL Vo 0yKUPOBOAOLY TOV
KUTTOPOOKEAETO pe ™ Covn-3 péom g oAnAemidpaong pe mpwteivec-4.2 Kol GMEKTPIVES, Vo
ovovdéovion  pE  YAUKOALTIKG  évlopa,  Om®G  3-@o@OyAVKEPOASEHON,  agudpoyovaom,
(POGPOPPOVKTOKIVAGT, AASOAACT], POGPATACT] TVPOGIVIG, KIVAOT] TUPOGIVIG KOl VO OEGUEVOVTOL LIE
aoooatpiveg (Lion et al., 2010).

A5.1.3. Opovéstacn Iovrov Ca'™

H dwatapoyn g opotdctaom Ca*? givan mOovdS KopUATL EVOG GALOL LLOVOTOTION YHPAVOT|G,
gite g mopayovtag evepyomoinong, eite g ouvvémeln avtov (Samaja et al., 1990). H esiopon
acPeotiov oyetileton cap®dg pe TV 0EEB®TIKY (UL, TNV KLGTIOOTOINGT, TV APLIATMOT KOl TIG
LOPPOAOYIKEG TPOTOTOMNGELS TV ynpoouévev gpvbpokvttapmv (Kiefer xaz Snyder, 2000).
Enopévog eppaviCeton o évag capng osiktng ynpavone. To ocbvoro tov acPectoesaptduevov
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LOVOTATLOV TOV AELITOVPYOVV 6Ta £pLOPOKVTTAPA MG OTOKPLoT 6€ GTPES (0EEWDMTIKO, OGUMOTIKO K.OL.)
ovopaletar gpvbpomtmon (BA. mapdypapo A6.1.) (Lang et al., 2006). ITapd 10 yeyovog Ot TO
acBéotio eppaviletar mg évag caeng deikTng YRPavong 1 oyEon g epudpdnTmong pe ™ yHpaven in
VIVO dgv €yet akopa e3patmOei.

AS5.1.4. Xnnorodotnon Méicw Kaosnasdv kan EEwtepikgvon PS

H gpuvbpoxvtrapikn mpokacmdon 3 gvepyomoteital in Vitro kdto amd cuvOnkeg 0EE8MTIKOD
OTPEC, 0ONYOVTOG GE TPOTOTMOMGELS TG Cdvng 3, ékbeom PS kar epvbpogayorxvttapmon (Mandal et
al, 2002; Miki et al., 2007). 'Evag tétotog unyaviopds eivar moAd mbavd vo €xel in Vivo évav
QUGLOAOYIKO POAO OTN YHPOUVCT/ATOUAKPUVOT] TOV EPVOPOKLTIAP®V, OTMG ATOOEIKVOETOL OO TNV
aviyvevon g evepyol kaomdong 3 Kot 8, 0T Kot amd TO0 GYNUOTICUO Tov cvumAéyuatoc Fas
(oxetildpevo ¢ Pnuo Bavdrtov) oe mEPLOYES MIOIKOV OYeddV NG HeUPpdvng ynpaocuévov
kuttapov (Mandal et al, 2003). Ta ynpadtepa gpvbpokvdTTOPO TAPOVGIALOVY YOUNAOTEPN
evepyOTNTO. UETOTOTACNG OUIVOPOCEOMTISI®OV Kot vynAdtepa emimeda «ekteBeévne» PS og
obvykplon pe veotepa (Mandal et al., 2005). H gvepyomoinomn g kaomdong 3 Katd T yRpoven tov
epLOPOKLTTaPOY KAT® amd To €pEBiopa 0EEBWTIKOD 0Tpeg, Bo umopovce va «tepayice» 1 va
tpornonomoet ) {dvn 3 (Ficarra et al., 2009), mpokaAdvTog Vo KOTOpPAKTN LOPLOK®OV YEYOVOTMOV
7OV 0dNYOVV GE AMOUAKPLVCT TV KVTTApwV. H gvepyomoinon ToV KAGTOCMV 0€ KATEGTPOUUEV 1)
ypacuéva epvBpoxvttapa, Bo UTOpPOVCE VO TPOKOAEGEL TN QOYOKVLTTAP®GY TOLG MOGTE VO
amoevyOel  apdAvon.

To meprocdTepa KLGTIOWL TOV TPOEPYOVTAL 0o epvBpokvTTapa ekbétovv PS (Willekens et al.,
2008). Emiong moAAéc arpatoroyikég acbiveleg kot 1 dwoxeipion Twv gpudpokuttdpmv in Vitro kdto
and ocvvOnkeg otpeg 0dnyovv og ékbeon PS (Lang et al., 2006). ITapoia ovtd, n £ékbeon PS og vy,
ynpacpéve epubpokvTTapa IN VIVO amotehel onueio «dtapdyme», Kupimg Ady® ToV GKETTIKIGHOD TV
EMKPOTEL AMEVAVTL OTIG TEXVIKEG TOL YPNOLLOTOLOVVTAL Yo, TV amoudveoon avtdv (Connor et al.,
1994). Tlewpopatikd, £xel Ppebei evepyn kacmaon ko ékBeon PS oe khdopo RBCS, amopovouévov
amd v KukAopopia Tov aipartog (Bratosin et al., 2009). Eivatr moAd mbovo, Aaufdavovtag vaoyn v
woyvpn OpopuPoyevetikn emidpaom ¢ ektebeévng PS, avti va mailer poAo ot yRpoven Kot v
OTTOLLAKPVVGT] LGLOAOYIKMV 1| KOl GTPECOUPICUEVOV EPLOPOKLTTAP®Y VO OPICUEVEG GLVONKEG, LECW
NG gvePYOTOINGT G TMV d0POP®V oNpatodoTik®mv povoratidv (Antonelou et al., 2010b).

AS5.1.5. Emzliéov Mnyoviepoi Epv@poxvrtapikiic F'paveng In vivo

Aot pnyoviopoi mov €xovv mpotabel yuoo vor €€NyNoovv TNV EMAEKTIKY OVOYVOPLION
YNPOAGUEVOV £pLOPOKVLTTAP®V aTd TO. LOKPOPAYQ, TEPIAAUPAVOVY TN XPOVOEEAPTAOUEVT] CLGYETION
TOV PEUPPOVIKOV TPOTEIVOV e TO olAKO o0&y 1 mapdywyo ovtov, Tov odnyel oe éxbeon
YAVKOTETTIO IOV MG TapayovIwV ynpoavong o€ ynpaopévo kottapo (Aminoff et al., 1992). Extog and
TO UNYOVIGUO TOV OYOVIVOV TOV OECUEVLOVTAL OTO EpLOpOKVTTOPA, TO CloAKd oo aAAd Kot
uepppavikd cvotatikd 6tmg to CD47, tovhdyiotov ota (mikd povtéla, aivetal va tailovy évav
akoun  pubotikd  poA0 otV €EQAEYN  YNPOCHEVAOV  KLTTOPWOV  OVOCTEAAOVIOG TNV
gpvbpogayokvttapmon (Ensinck et al., 2006). H peuppavikn tovg tomoloyio kot otoryelopeTpia,
Aertovpyel ©C €vo OMOTEAEGUOTIKO “NON-eat-me” onuo. Yo T HOKPOPAYo 7OV (EPOVV TOLG
avticToyovg VITOdoyEis. QoT0G60, pia Tétoto Asttovpyio Yo to CD47 eivon €1d0-e1d1kn (Bosman et
al., 2005), dedopévon OTL PEXPL GTIYUNG OEV VTLAPYOLY GTOoLKElR TTOV VO VIToaTnPilovy OTL avOpdTIva
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Rhesus apvmtiké  epvbpokvttopa pe pewwuévo CD47  mapovoldlovy  avénpévo TocooTod
eayokvttdpwong (Arndt xa: Garratty, 2004). Ilépav oOpmg tg peiwong g CD47 oy
epuOpoxvTTOPIKN HEUPPAVN TPOGPATA TPOTAONKE EVOG EMITALOV UNYXAVICUOG YNPAVONG OYETILOUEVOG
pe TV &v AOY® mpmTeivn Tov 0dNYel 68 payokvtTapwon. ITio cvykekpipéva eaivetor tog n CD47
UTOPEL VoL VTTOGTEL OAAAYT TNG OTEPEOSIOUOPPMONG TG TOGO G€ YNPacuéVa, pudpokvTTapa in Vitro
0G0 Kol KAT® omd GLVONKES OTPEG KATL TO OTOI0 £XEL O AMOTEALEGILA 1] TPOTOTONUEVT] LOPPY| (LETA
a6 ocvvdeon pe Bpoppocmovdivn Tov TAAGUATOS) Vo AEITOVPYEL TAEOV G ONLLO EKKOOAPIONG Otd T
eayokvttapa (Burger et al., 2012).

AS5.1.6. Xvoyftion pe 10 OEEI0®TIKO XTpec

Kdamowa dedopéva mpoteivouv KeVIpikn BEomM Tov 0EEOMTIKOD GTPEG OTN GNUATOOOTNON TNG
ypavong twv epvdpokvttdpmv. Extdg and 11¢ emmtdoelg Tov otn {dvn 3 Kot TNV EVEPYOTOINGN TOV
OTOTTOTIKMV TOPAYOVI®V, TO 0EEWMTIKO GTPEG EMNPEALEL TNV ALOCOOLPIVY Kot TIG OAANAETIOPACELS
™ ue to pepPpavika otoyyeio (Kiefer xou Snyder, 2000), kabd¢ kot v kaondon 3 (Tellone et al.,
2008). Av kot T0 KOPLO YOPAKTNPLOTIKO TOV OEEWOMUEVOD £pVOPOKVTTAPOL Elvar 1 GECUEVOT] TNG
ofedmpévne apoceapivng oe Béoeilg g (ovng 3 pe vVYNAN ovyyéveld TPOGOEoNS, 1 OUEIDTN
GLUTAOKOTOINGN TNG OOCEOLPIVIG LE TN OTEKTPIvT ivan emiong Evag onUavVTIKOS Kot TOAD Tlavog
delkng ¢ y\paveng in vivo, mov oyetiletar otevd pe avénuévn dvokayio Tov puOpoKVTTaApMV,
LEIOUEVT IKAVOTITO TOPAUOPPOONG, EXVOKVLTIOP®OT kat epvOpogayokvttdpmon (Snyder et al.,
1985; Fortier et al., 1988). Avtd 10 cOumieypa pnopei va mpowdnoel dapbpmtikég aAlayig ot
Covn 3, dwrapdocovtag T o0levEn Tov KLTTOPOCoKEAETOV e TN durhootifdda. Emmpocheta, o
oYNUOTICUOG TOL UTOPEL VO AMEIAOEL TOV KOVOVIKO GYNUATICUO TOL TETPAUEPOVS TNG OTEKTPIVNIG,
Kol TNV 0&Eldmon TV QOCEOMTOIOV Héom TG &vepyodtnTog TNg AcPEcTOEEaPTMUEVNC
Mmo&ryevaong-quasi g o&edmuévng apooeotpivig, odnymvtag o€ ékbeon PS kot onpotodotiky
avayvapion and tov vrodoyéo CD36 tov pakpoedymv (Kiefer kor Snyder, 2000).

A6. KYTTAPIKOYX OANATOX

O 6davatog TV Kuttdpmv pmopet va dlaxpifel oe dvo tomovg, ™ Nékpwon nov amotelel pio
un eAeyyopevn popen kuttapkov favarov kot tov lpokaBopropévo Kuttapiko Odvarto (ITKO), o
omoiog amottel evépyswn pe t popen ATP yw tv oloxkAnpwon tov. H vékpwon avtiotouyel
OVLGLOOTIKA GTNV €VIOAYYELOKN OUOAVOT TV €puBpdv apoceapiov Kot a@opd TOAD HKpd
mocooTO NG omdovpong ynpacpévav epvbpoxkvttapov. Kupimg ogeidetan oe dvopeveic 1
TaBOAOYIKEG eEOTEPIKES GLUVONKES OMMG Ol CHOALTIKEG ovalpies. Xe avtd tov TOmo Bavdrtov,
TPOYUATOTOEITOL ADON NG €PVOPOKLTTAPIKNG HEUPPAVNG Kol amelevBépwon arpoceapivng Kot
GAL®V KOTTOPOTAAGLOTIKOV GTOLYEIDV 0T0 e£OKVTTAPLO TEPPAAAOV.

A6.1. Mnyovienoc Arontmonc oto EpvOpoxkvtrapa (Epvlpéntwon)

H gpvOpomtmon yopoxtnpiletor amd cvppikveoon Tov KLTTAPOL, GUCOAMIOTOINoT NG
HeuPpévne, evepyomoinorn mPMTEACOV Kol eEMTEPIKELON NG POOEUTIOVAOGEPIVNG (stkova. 14).
YuvBmg evepyomoleitan amd OGUMOTIKO GOK, ATMOAELL EVEPYELNS KOl KUPIMG Omd 0EEOMTIKO CTPES.
Ext6g t0v koomac®v, T0 0EE0MTIKO OTPEC EVEPYOTOLEl EMMAEOV OVO UNYOVIGHOVS KUTTOPIKNG
ekkaBdpione. O mpdtog oyetileronr pe 10 oynuationd mpootoyrovdivng E2 mov odnyel oe
gvepyomoinon KavolMdv acPectiov kot 0 deVTEPOG LE T POSPOAMTAcN A2 mov evepyomotel TV
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AmEAEVOEPOON TOV TAPAYOVTIOL EVEPYOTOINGONG OLUOTETAAI®V UE OMOTEAEGUO VO EVEPYOTOLEITAL M
oryyopvelvaon (n televtaio 0dnyel 610 oynuaticpd kepoudiov). H avénon tov gvdookvttapikoh
acPeotiov pall pe v mapovcio Kepoudiov odnyodv o€ ovodidtaln g HeuPpdvng kot
eEmtepikevon pwopatidviocepivng. EmumAiéov 10 acPéotio evepyomoiel to acPectosEaptdpeva
Kavoio, Kodiov pe omotélecpo 1o KutTopo va yboer peydio mood KCl (kar Hy0) ko va
ovppikvmbel. To kvtocoAMKO acPéotio dleyeipel TV TPOTEACN KOATOIVI] LE ATOTELECUO TNV
QTOIKOOOUNOT TOV KVTTOPOGKEAETOD omeKTpivng, axtivng kar (dvng 4.1R (Lang et al., 2006).
EpvBpoéntmon mopatnpeiton eniong o€ mepmtdoelg NG EALEWYNS @Oo@opikdV. Ocov apopd o1
oLPPIKVMOON TOV KLTTAPOV, VT 0PEIAETAL OTNV EvEPYOTOiNoN 10VIIKOV Kavaimy Gardos (kovdia
kaiiov) kot Cl” to omoia eivan acPectoctaptodpeva (Lang et al., 2012). H g&wtepikevon tng PS
Qoivetal vo eivol amoTEAECUO. TNG EVEPYOMOINOMG TNG OKPOUTAACNG M OMEVEPYOTOINONG TNG
apvopwo@opikng petatonaong (Dekkers et al., 2002; Seigneuret ko Devaux, 1984).

Cell shrinkage

i
Phosphatidylserine

Ewodva 14: Aneikdvion Tov Pacik@v yEYOVOTOV TOL QAIvOUEVOL TG epLBpotTtoNg. (Avatorwon aro Lang et
al., 2006).

Avaoctoleic g epvBpdmtong Bewpovvion ovciec OmwG M gpvBpomomtivn Kol ot
Kkateyolopive, mov pvBuilovv apvnTikd ta kovaio acPeotiov. H @uotodoywikn onuocio tov
(QOVOIEVOL £YKELTOL GTNV OTOUAKPUVOT| YNPOCUEVOV £PLOPOKVLTTAP®V amd TNV KukKAopopio (dev
&yxel deryBel In vivo), v amoguyn g odivong kol TV amotponn eEdmimong maboyovmv
(awénuévog puOuog epvbpdmToNg o TEPITTMOELS Aovooiog kot wpumv) (Lang et al.,, 2012).
Qot660, glvar yeyovog 01t Ta epuBpd apoceaiplo veictovtal o€ Kémolo Pabud andnTOon Kot T
duwapkeln amodnkevong tov aipatog. H dadikacio g andntoons agopd o motkidio OepueMwdodv
aAaydv, ocvumepthapfavouévng g ovadldtaEng g peuPpdvng ko g €kBeong
QPOOEATIOVAOGEPIVIG OTNV  EEMTEPIKN  EMPAVED TOV KLTTApOV kobBOC Kou TV PAAPn
KUTTOPOGKEAETIKOV Ko ALV tpoteivov (Dzik , 2003).
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AB.2. Aronttowon Mécm Yrodoyimv ato EpvOpd Awnocoaipra

Y10 gumdpnvo. KOTTOPO TO0 €EMYEVEG LOVOTATL TNG AMOTTMONG £0PTATAL OO TN CLVOEOT
vrodoyémv Bavatov (FAS/TNF-R) ue toug avtiotoryovg ovvdéteg (FASL/TNF). To povomdtt avtd
VILAPYEL KO 6TO. EPLOPA CPUOGPOIPIO KOt TO GLYKEKPIUEVO £E0PTATAL OTO TOV VITOdoYEN BavaTov
FAS/CD95, o onoiog mepiéyel 6T0 KVTOGOAMKO TOL TUNUO, [0 SLOKPLTH TEPLOYN OTOPALTNTY Y10, T
LETay®Yn Tov omomteTikoy onpatog (Mandal et al., 2005).

Ta epuBpoxvdTTOPI GE KOTAGTACELS 0EEOMTIKOD GTPEG N KATA TN YNPAVOT] CUGCOUATDOVOVY
ohyouepr; FAS/CD95 oty gpvbpokvttapikn peufpdvn kot cvuykekpiuévo otig Mmidikég oyedieg. O
oMyouepiopog owtdc mpooeikvel tov FADD (FAS activated death domain) mov eivan €181kK0g yio. Tov
FAS/CD95 mpoteivikog mpoocapuootc. H exhektikn tovg c0uvdeon npokael T d1adoyikn cuvoeon
™G TPOSPOUNG KAGTACNG-8 6TO GUUTAEY O TOL VITodoyEa. H otpatoldynon g tpokacndons-8 6to
CUUTAEY O TOV EVEPYOTOMUEVOD VTOSOYEN TTPOKOAAEL TV AVTOTPWTEOAVOT| TNG O EVEPYO KOOTAGN -8
(Mandal et al., 2005). H gvepyomomuévn koaombon-8 ameievbepmdvetol amd 10 GOUTAOKO TOL
VTOOOYEN KO UETOKIVEITOL GTO KVLTOGOA0 OmOL avayvopilel Kol TPOTEOAVEL EKAEKTIKA TNV
npokaondon-3 oe evepyd kaondon-3. H kaomdon-3 npmteoidel Kot avTh Ue TN GEPE TG TIG KUPLEG
TpOTEIVEG TOV gpuBpoKkvTTépoL, O0mtmg eivor N {dvn-3, N omekTpivn Kot M axtivr, eved TpokoAel
TOVTOYPOVE KOl EEMTEPIKEVOT TNG POCPUTIOVAOGEPIVIG, LE TEMKO OTOTEAEGLLO T1 POYOKLTTAP®OON
(Mandal et al., 2003).

A7. XYNOHKEY ATTOOHKEYXHX

Amd to mponyoOuEVA GUVETAYETOL TOC 1 UEAETN TOV TPOOVUPEPHEVTMV LOVOTATIOV KOt
Qowvopévev, glvarl KouPikng onuaciog yo ™ Katavonon g Asrtovpyiog Kot g opoldoTaons TV
epuBpav arpoceapiov. Ta arodnkevpéva epuBpokdTTapa amoteAoVV Eva TPOTLTO LOVTELD TOGO Yo
TN HEAETN NG 0EEOMTIKNG EMPEPVVONG OGO KOl TOV HOVOTUTIOV YPOVONG KOl TPOYPUUUATIGULEVO
KutTapkoV Bavdtov ota epuBpd aposeaipta. [IEpav dpmg amd ) cupfoin oy épgvva, N KAVIKNY
onpacio Tov TPOG UETAYYION aipatog elval tepdoTtia. Xe OA0 Tov KOGpHo petayyilovrol mave ond 80
EKOTOUPOPIO. LOVAOEG CLUTLKVOUEVOV gpvBpokvTTapV KAOe Ypdvo. Idwitepa oTIC avamTLYUEVES
Yopeg, mepimov 10 1% Tov TANBLoHOD AauPavel petdyyion oe etholo Paon (Hess, 2010). Kotd
GUVETEL, 1] ATOTELEGLOTIKY 00ONKEVON TOV £PLOPOV APOCPALPI®Y TOV GipLoTog eX VIVO amotelel
Bacikn mpotepadTNTA Yoo TNV WTPIKN TPOKTIKY. H dvvatdmta amobnkevong t1ov cuGTATIKOV TOV
aipatog mov mpoopilovtar Yo LETAYYION EMITPENEL TO SLOYWPIGUO TOVL SOTN KoL TOL JEKTY GTO YMDPO
Kot To ypodvo (Hess, 2009).

A7.1. T'evika

H mocomta tov aipatog piog mpdtumng arpodooiog avépyetol o mepimov 450mL ywpic to
avTnktiko. [lpootiBetatl cuykekpiévn mocdTNTo OVTITNKTIKOL TTov avépyetal ota 60 mL. To aipo
OV GULAAEYETOL G€ AOKOVG peTdyyiong amobnkevetar ot Oeppokpocio 4°C uéypt vo vrootel
enefepyooio (Brecher, 2008). Ot povadeg petdyyiong daywpifovrar 6ta GLGTOTIKA TOVG (TAGGUA,
OLUOTETAAL. KOl CUUTLVKVOUEVO €pLOpPa aupoc@aipla) Kol gv cvveyeion mepvohv 1OV omapaitnto
EPYUOTNPLOKO EAEYYO. XE TOAAEG TEPUTTAOCELS TPOSTIOETAL EMTAEOV GLVINPNTIKO Yo PEATIGTOTOINGN
TOV GLVONKOV TOONKELONE TOV KVTTAPMOV Kot EXUKLVOT TOL ¥povov cvvinpnong (World Health
Organization, 2007). Kéafe povada aipoatoc mov mpoopiletat yio HETAYYIon Vol DITOXPEMTIKO Vo
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eheyyBel vy 10 ovotnua ouddwv ABO kou Rhesus (Rh). EmmAéov kdbe mapdywyo eAéyyetar yio
Aomdon voonuota, 6mwg to AIDS, n nratitwa B, n nratitoa C, n cveiin ko o HTLV. Xe moAlég
YOPES avaAoya Kot pe acbéveleg mov evONUODY OTO GUYKEKPIUEVO YEMYPOUPIKO Olapépiopo givort
avaykaio vo yivovtal eminpocOetor Eeyyot (T.y. xdpeg pe avénuéva mocootd erovoasiag) (Epnuepioo
twv Evponoixov Kowotntwv, 1998). Axolovbel 0 mO0TIKOG €AEYYOC TOV GUUTVKVOUEVOV
epuBpokvttdpov. O 6yKoc Tovg mpénel va kvpoiveror ond 280-330mL. To epyastiplo €réyyov
noldTNTOg gival vrevBuvo va eAEyyxel Tov arpatokpitn (65-75%), v apooeatpivn (459) kot v
apoAvon oto téA0G TG amodnkevonc. ['a tovg Aevkapoperévoug aoKoNE TPEMEL Vo YIveTon Kot
HETPNOT AEVKOV OGP AIPI®Y, To 0Ttolo Ogv TTPEMEL va. Eemepvovv 10O 1,0x10° avé HoVAada aipotog
(Emizponn ¢ Evpamne, 2000). Metd to TEAOC TV £pYOOTNPLOK®V EEETAGEMY Ol 00KO1 onuaivovot
HE €01KEC ETIKETEG OV TTPOocdlopilovy o oTorKEior TOL TEPLEYOUEVOL aipatoc. Ta cupmuKVOUEVa
epvBpokvTTOpa anodnkevovial avotnpd otovg 4°C, e to ypovo anobfkevong va sEaptdrol amd to
Sl cuvtnpnong mov ypnowonoteital. o mapdadetypa pe 1o avimnktikd CPDA-1 o ypovog
amofnKeLONG TOV GLUTLKVOUEVOV gpvBpokvttdpmy eivor 35 HEPES, €V HE TO OVIUINKTIKO
CPD/SAGM avépyetar otig 42 pépeg (World Health Organization, 2007).

A7.2. AwwAdpoto Xovinpnonc

To aipa aroBnkedetor oe draAdpata Kot Tpoopiletal yro LeTdyylon tdve omd 90 xpovia. Ta
TPOTO SIIAVOTA GVVTRPNONG TEPLElYAV KITPIKO 0&D Kot YAvkoln. Katd v mepiodo tov Agbtepov
[Maykoopiov IMoAépov mapackevdotnke Katw ond cuvOnkeg amooteipowong to ACD (Acid Citrate
Dextrose) 1o omoio pmopovoe va dwatnpnoet epvdpoxvttopa yio 21 uépeg (Loutit xoz Mollison,
1943). To emodpevo Prua ot odvleon TETOWV SOAVUATOV HTAV 1| TPOGHNKN POCPOPIKDY GTO
petypo. Ta ooo@opikd Katdeepvoy vo oVOTANPOGOVY TNV TOPATPOVUEVT] OTOAELD POCPOPOL OO
10, pLOpoKVTTOPO, datnpdvtag Tavtdypove 10 ATP o€ mo anodextd mocootd (Hess et al., 2002).
"Etot mapdybnke to CPD (Citrate Phosphate Dextrose) to omoio avénce 1o ypdvo datrpnong otig 4
gpoopddec (av kot tehMkd ypnowpwomombnke poévo yuwn 3 eBdopddeg amobnkevong) (Orlina xau
Josephson, 1969).

H «enavdotaon» otig pebddovg amobnkevong mupodomnbnke omd v avokdAvym Kot
KOTOGKELT] TOV TPOTOV TAACTIKOV OOKAOV UETAYYlong (dekoetio Tov "60) mov ypnoipomolovvTal
puéxpt ko onuepa. Iépav @V TPAKTIKOV €VKOM®Y OV TPpocEpepay (Katalapupdvovv Aydtepo
Y®PO, aepooteYeic), fondncav kot ot emPiwon T@V amodnkevuEvav KVTTAPOV AOY® TG GVGTACTG
tovug (Hess, 2006). Ot ackoi mov katackevalovratl amd moAvPivoroydwpidio (PVC) mepiéyovv kat
wmukn évoon DEHP (Diethylhexyl Phthalate). H mlootik] cvotacn tov ackod Oyt povo ogv
onpovpyel mpdPAnpa oto KOTTApo. aAAG Asttovpyel kot guepyetikd. [To cuykekpuéva n doppon
DEHP mov mapatnpeitat, odnyel o€ €i6000 610 gcmTEPIKO TOV £pLOPOV arpocpatpiov (Hill et al.,
2001). H eicodog axorovdeitar and peimon andAeag TG HEUPPAVIG, TNG LIKPOKVGTISIOTOINGNG Kot
g aporvons. Ta epvBpoxvttapa pmopodv va amobnkevtovy e yevikég ypappés oe PVC ackovg,
Y10, SITAAG10 Y¥POVO amd OTL 6 0MOL0dNTOTE A0 TANGTIKO ) o€ YvaAi (Hess, 2006).

I[ToAd onuovikd onueio oty 1otopion TG OMOONKEVONG OMOTEAEGE 1) TMOPOCKELY TOL
ocvvmnpntikov CPDA-1 (Citrate Phosphate Dextrose Adenine-1) petd and mpocbnkn adevivne. H
nmpocOnKn adevivng fonda otn datpNom ToL PLGTIOAOYIKOD KLTTOPIKOV GYNHOTOS, T GLYKEVIPMON)
ATP ka1 yevikd ot Procipotnra, avsdvovtog tantdypova Ty mepiodo amodrkevong otig 35 pépeg
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(Shields, 1969). Mg Baon to CPDA-1 kot mpocHnkn emmAéov SWAVUAT®OV £XOVV TOPUCKEVUGTEL
dtdpopa péco ovvtppnong, éva ek tov omoimv eivaw to CPD/SAGM (Citrate Phosphate
Dextrose/Saline Adenine Glucose Mannitol) (Hogman et al., 1981). Entypappotikéd 1o GOGTATIKA
TOV €V AOY® S10ADHOTOG Agttovpyobv o¢ eENg o) Ta kitpikd wg avtimnktikd, B) Ta poceopikd yio
AVOTANPOGCT] TNG ATMOAELNG POCPOPIKMOV AOY® dtdoracns Tov 2,3 DPG kot dnpiovpyio véwv popiov
ATP, y) H yAvkoln ko n deE1poln ywo evépyela, 0) H adevivn yioo avamAnpwon tov avtictot oV
amoAeldv kot €) H povitodn yio peiowon tov oEedoTikOv emdpacewv (apov Agttovpysl ©¢
avtio&eldmTikd, «kabapilovtag» Tig elevbepeg pileg) kot otabepomoinomn g uepppavng (Beutler ko
Kuhl, 1988). Mg 1t ypnon CPD/SAGM o ypovoc amobnkevong éptace Tig 6 efdonadss. To
OLYKEKPIEVO SLIAVLOL ¥pNoIpomonOnke kol otnv Tapovoa epyacia. [ToAAd TpocHetikd dtaddpoto
EYouv MON TOPUCKELOCTEL KOl ETTLYYAVOLV ETUNKLVON TOL Ypdvov amobnkevone ot 7
(CPD/PAGGS-M) ko 8 gfdopadeg (CPD/EAS-81). Tétowa pésa cuvinpnong mbovd vo anotehovv
Kot t0 péAdov tng oamobnkevong (Hess, 2006). Tavtdypova 1 mpoomdbeio, TG EMOTNUOVIKNG
KowdtTog v eloyiotomomoet Tig PAAPEG kaTd T didpkelo TG amodnkevoNg Kot va. LEYIGTOTOMGEL
T0 KMVIKO OQEAOC OTO OEKTI NG UHETAYYIONG &YEL OONYNOEL OTINV OVATTLEN EVOAAUKTIKOV
oTPATNYIK®OV amodnkevong twv gpvbpokvttdpov. TEtoleg oOTPATNYIKES OVTIGTOLXOVV OGNV
KPLOGLVTAPNGT TMV TOKETAPIGHEVOY epvBpokvttdpmv otovg -20°C kabdg emiong kol otnv
amofNKeLoT| TOVG VIO avaEPOPLeg GLVONKEC.

A7.3. AroOnkevtikiy BLafn tov EpvOpoxvrtdpmy

Onwg 6Aa ta kuTTOpO oV Ppickovror E£® amd T0 PLGLOA0YIKO TOVG TEPIPAALOV £TGL Kot TaL
epLOpd apocaipia vokewtol o€ pia cepd Prafodv kotd T SIOPKEW TNG TOPAUOVIG TOV GE
aokoVg petdyyions. To odvoro TtV Ploynukov, UNYOVIKOV Kol HEUPPOVIKOV OAAAYDV OTY
Aertovpyio Ko TNV oKepALOTNTA TOV £PLOPOKVLTTAP®V KT TN dLpKELR TG amobKeLONS, TO 0Toio
emmpedaler v emPioon kot Aerrovpyion in Vvivo, ovopdletor «Amobnkevtikny BAGPn tov
EpvBpoxvttdpovy. H ynpavon yevikd o@aivetor va emrtoybdveTon 1 vo dTOPAGGETOL AOY® NG
yaumAng Bepuokpaciog (Antonelou et al., 2010b). Ot Adfeg katd v €X Vivo amobrjkevon pmwopovv
va dtokptBovv oe: o) Bloynuikéc/Metapoiikéc ariayég (ttmon tov pH, peioon 2,3 DPG kot ATP,
avénon evookvTTapKoD acPecTion, EMOEKTIKOTNTO G€ O0EEOMTIKO oTpeg K.0.), ) Mmnyavikég
OAAAYES (TOPOUOPP®OT|, LETACYNUATIGUOG G EXVOKVTTAPA K.0.) V) Meuppavikég adlhayég (andAsia
Mmdiov, eEotepikevon PS, petafoln oe empavelokods deikTeg, HeiOON EANGTIKOTNTOG K.0.) Kot J)
O&e1dmtrég arlayég kar PAdPeg (Kor et al., 2009).

O kuprotepeg Proymuukés petaforég mov AapBdvouy ydpa Katd TV amrodnkevon apopodv )
ueioon tov 2,3 DPG kot tov ATP (Raat et al., 2005) kafdg kot to petaforiopd Tov pHovo&ediov Tov
aldtov (NO) (Reynolds et al., 2007). ITwo yapaxtmpiotikny eivan 1 tayxeio peioon tov 2,3 DPG to
onoio péoa o€ xpovo 800 efdouddwv ivor un-avivedopo (Almac ko Ince, 2007). To 2,3 DPG givar
€vag aALOCTEPIKOG TPOTOTONTNG TNG aospatpivng, o omoiog dtadpapatifel onuavtikd poro otV
anerevBépwon tov o&uydvov otovg 1otodve (Kor et al., 2009). YynAn cvykévipoon tov 2,3-DPG
euvoel Vv amedevBépwon ovydvov amd TV opoceopiviy eved YOUNAQ emimeda ovEAVOLV TN
ovyyévewn peta&d tovg. ‘EAdetyn tov 2,3-DPG mapepumodiler v wkavotnto g Gposeaipivng yu
napoyn o&vyovov (Delobel et al., 2010). IMapd tic apykég avnovyies v A amedevBipwon
0&uy6voL 6TOVG 16TOVG amd To petayyllopeva epuhpokvTTOp, EOIVETOL VoL NV VOIGTOVTOL GOPUPES
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KAvikég emmtdoeig (D ’Almeida et al., 2001) kabmdg ta eninedo tov 2,3 DPG avakduntovv toydtata
evtoc Mymv opov and ) uetdyyion (Heaton et al., 1989).

Eniong peyding onuociog eivor n ypovo-eEaptopevn peiwon tov evdokvttapikov ATP. H
nton ota eninedn Tov ATP @aivetorl mo onpoavtikn oe amodnkevon mov Eemepvd Tic 5 efdouddec.
Koatd ™ yAvkoivon, ta gpuBpokitTopa omotkodopovv €va popto yAvkolng mpog o6vo popla
yYoAoktikov 0&€og, 600 mpwtovia, Vo popto ATP kot 600 NAD+ peiwvovtog ta 1codbvopuo NADH.
Ta wpwtévia mov moapdyovior ot YAvKOAvon kobiotovv 1o OSldAvpa amofnkevong Kot To
epuBpokHTTOPU OAO KOl TO 0EEBOTIKA. AVTH 1 0EEIOWON UE TN P TNG EMPPASVVEL TEPOULTEP® TN
YAVKOAVOT, ENTEWN TA TPOTOHVIO AVASTEALOLV TIG KIvAoeg TG €E060NG Kot TN ¢OGPOPPOVKTOKIVAGT,
évlopa gvepyomoinomg e KPS YAVKOALTIKNG 0000. Q¢ amotédecua, Ayotepa popwe ATP kou
uoptoe NADH moapdyovrot pe tnv mapodo tov xpovou amodnkevonc. Ot dtotapoyéc 6to LeEToPOAGHO
o0 ATP emdpodv omv evepyotnra ¢ ATPdong Na'-K*, 1t pepppavicry otobepdmnta, v
KOTOVOUN TOV @OCEOMTISIOV ot pepppdvn, T HeTa@opd YALkOING KOl TOVG OVTIOEELOMTIKOVS
unyaviopotve (Raat et al., 2005). Onwg ko oty mepintwon tov 2,3 DPG étotl ki €dd t0 ATP
EMOVEPYETOL OE (QULOLOAOYIKG €mImMEdO UETG TN UETAYYION Kol Ol HOPPOAOYIKEG UETOUPOAEC
(exwokvttdpwon) mov wpokodel eivar avaotpéyipeg (Kor et al., 2009).

To povo&eidio tov aldtov (NO) mailet onpoviikd polo GTNV ayyE0dGTOAN, 1 omoia ivarn
o&vyovo-gaptopevn. H mopoandveo dwdikacio dapesorofeitor and v opoceoipivy 1 omoio
anerevBepmvel tov ayyelodtaotortikd mapayovra SNO (S-nitrosothiol) avdloya pe v éktaon g
neprpepetakng vroSapiag. o ovykekpéva éva dtopo Beiov cuvdéeton pe ) B-93 kvoteivn g
ded&u-apoopaipivng Kot €Tot o €PVOPOKLTTOPA UETAPEPOVY TOV OYYELOOOGTOATIKO TOPAyOVTO
SNO. Otav 1 mieon tov 0&uydvou givat yapmAr, avTd aViXVELETAL OO TNV OLLOGPALPIVY Kot HECH G
devtepOrenta amelevfepdveTar M avoyKaio TocOTNTO TOL TOPdyovia amd To. £pLOpoKLTTUPC,
TPOKOADVTOG LE OVTO TOV TPOTO OYYEWOOCTOAN Yol TNV £PLOPOKVLTTAPIKY] SEAELON UECH TV
ao@opwv ayyeiov (Van de Watering xkou Brand, 2011). e nepurtdoelg amobnkevong 1 vepyotnta
tov SNO peidverar Todd ypryopa (evtdg 3 mpdv oe eX VIVO oovbijkeg) kol umopei vo ennpedlet
LETAPOPA 0ELYOVOL 6TOVG 10ToVG petd amd petdyyion (Reynolds et al., 2007). agov amortodviot
OPKETES MPES Yo Vo evepyomotnOel.

Téhog 10 pH t0L apy1Kov StoAdpaTog amodnkevong eivor £vog oNUavVTIKOG TapayovTos yio
T0 petafoiopd kot v emPioon tov amodnkevuévav epvdpokvttdpmv. Xe pH pikpotepo tov 7.2,
gvvoegitan 1 dtdomaomn tov 2,3-DPG kot avtd 0dnyet o pia apykn avénon rapaywyng ATP kot g
avénuévn ouyyévela g alpooeoatpivig yo. to ouyovo (Hess, 2010). H peiwon tov pH mov
nopatnpeitor Kotd TN Sudpkeld amofnkevong ogeileTor oTNV  AVENCT GLYKEVIPMONG TOV
ToPAYOUEVOV TPOTOVIOV KOODG €MioNG Kol T GLCCMOPEVOT YOAOKTIKOV 0£E0C KATL TO OTOi0
emnpedlel mokileg Aertovpyieg TV amodnkevUEVOV £pLOPOKLTTAPMV.

Ot unyovikég adhayéc mov veiotavior ta amobdnkevpévo epvbpokdtropa oyetilovror pe
HETAPOAEG GTO KLTTOPIKO GYNUO, TOPUUOPPMOOT), OGUMOTIKY €0OpavcTOTNTA, PLGOAOOTOINGT Kot
uetaPoin oto evéokvttaptkd 1E®deg (Almac xar Ince, 2007). Ot arlayéc avtég emnpedlovv ) diodo
TOV £PLOPOV AUOGPUPIOY GTA TPLYOELDN Kol 01YOUV G€ EAATTOOT TG 0&LYOVmGNS TV 1otdv (Luk
et al., 2003). H mo yapaxmmplotikn LOpPOAOYIKT) UETAPOAN €lval M HETATPOT GE €YIVOKVLTTOP
(apyud) ko cearpo-gxtvokvTTapa (TeAkd). Ta tedevtaio dev £xovv TN dvvatoOTNTA Vo ETOAVELOOLVY
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0TO (LGLOAOYIKO TOUG GYNUO LETO TN HETAYYION E€MEWN £XOVV OMWAECEL PEYAAO TOGOCTO TNG
HeUPBpavne Kot etvar vwoymelo Tpog ekkaBdpion oto Sk (yopoktnpilovtal g Un OVIIGTPETTNG
napapopemonc RBCs) (Hess xkar Greenwalt, 2002).

Oocov agopd otig pepPpovikés arlayés, Keviptkd poOAO £€YovV: M ATOAEWL HLEUPPAVNG, M
wikpokvotidtonoinon (Hess xar Greenwalt, 2002), n avakotovoun tov Amdiov ot durhootiBado
Kot ot tporonomoelg mpoteivov (Wolfe, 1985). H avakoatavoun tov oc@oMmidiov o@eiletolr 6To
aLENUEVO  0EEWBMTIKO QOPTIO TOV KLTTAP®V KOl TIOTEVETOL TMOC TPOKOAEL EAATTOON NG
TOPALOPPOGCIUOTNTOG Kol TG entPimong in vivo (Brunauer et al., 1994). Eniong un avtiotpentég
aArayég g Covng-3 eaivetal vo Aappdvouy yopa apketd vopig (Muépa 12) katd v amobnikevon,
EMIPMOVTAG GTNV OAAXYT TNG LopPoAoYiag Tav Kuttapwv (Karon et al., 2009).

A7.4. XInquorodotikd Movoratio kou Asiktee I'pavenc tov RBCS 6g XuvOnkec AroOqkevonc

EpvOpd aipoceaipio e cuvinkeg amobnikevong (Lovadeg petdyyonc) epneavifouv apketég
JaPopég OGOV aPOopa OTIC dAdIKAGIES YNpOvoT G, e oxéon Me Tig ouvOnkeg In vivo. H dwtipnon
otovg 4°C emitayhvel T yRpavon OT®E ETIGNG KOL 1) ATOVGIN YEITOVIKOV KLTTAP®V Kot TAGGUATOC,
oV ovveYdS TPoeodotovv Ta RBCS pe mapdyovieg emPimong. 'Eva dGAlo onuoviikd otoryeio to
omoio dev mpémel va, TapaPAETETOL €IVl 1 TPOOSEVTIKT] GVGGMPEVCT] KLTTOPIKAOV OTOPANT®OV GTOV
ao6KO, T omoia ennpealovy duouevas kabe diepyacio tov kuttdpwv (Antonelou et al., 2010b).

EbdxoAa avayvopioeg Ploynuikéc emmtmoelg g amobnkevong ivat n peioon tov ATP, tov
2,3-DPG, 100 pH ka1 t00 mTOGOGTOL YALKOAVLOMG, 1| GLGGMPELGT TOVL YOAOKTIKOD 0EEMG Kot 1M
abENoN TOL  EVOOKVLTTAPIKOD Ca. H Kuplotepn Proeuoikn) emidpacmn g amobnkevong eivan
mbavotato 1 amdiel peUPpavng Kot opoceapiving, HEcH amd TNV TPOOOEVTIKN avENCT NG
Kkvotidlonoinong (Greenwalt, 2006). Ocov a@opd 6To PN AEVKAPAPEUEVE, OETYLLOTO. OPVITIKY &ival
KOl 1 EMIOPOCT TV AEVK®OV oploc@atpiov ta omoia aredevBepdvouy Evivpa, Kuttapokives ko pileg
o&uyovov powbavtac Tic PAGPeg amobrikevong (Anniss et al., 2005). Exniong pe v mdpodo tov
YPOVOL amoONKELGNG TOPATPOVVTOL OLPOPETIKES EMOPACELS EOPTOUEVES Omd TNV 0EEIOMOT, KATL
7oV @aivetorl va oyetiCeton kot pe T ahayég e (ovng-3 (Messana et al., 2000). Yrdpyovv 1oyvpég
evoeilelc g o xpovoeEaptapevn oEemTIkn enifeon oy arpoceatpivn, T pepPpdvn kot to
OLOTATIKA TOV KLTTOPOOKEAETOV, moilel €EAIPETIKG ONUAVTIKO POAO ©TN QLGOAOYiD TV
anofnkevpévav RBCs (Antonelou et al., 2010a; Kriebardis et al., 2006; Kriebardis et al., 2008).
Téhog yapaxtnpiotiky eivor n petokivnon ot pepPpavn, KLTOGOMK®OV TPOTEIVOV OTMS Hoplakol
ovvodoi, Kivdoeg, poceataoss k.o. (Antonelou et al., 2010a; Kriebardis et al., 2007a).

A7.4.1. To Bacwopevo otn Zodvn-3 Movondr 'jpoaveng ko n Kvetidromoinen EX vivo

Onwe NToV avVOUEVOUEVO DTTAPYOLV SAPOPES ovapesa ot yRpovon in Vivo kot exX Vivo,
Ommg M petafoin oto pEyehog, To oYU Kol TO TEPIEXOUEVO TOV KLOTIOIMV. AVAAVOT TOV KLGTIOIMV
delyvel v mapovcio tpomomomuévng {odvne-3, ofewdmpévne apoceapivng, 1gGS Kot cuoTaTIKOY
TOV GUUTANPOUATOC, KATL TOL ETAANOEVEL TOV EVEPYETIKO POAO TNG KLOTId0TOINoNG 0TV EMPBimon
tov arodnkevpévov RBCs (Kriebardis et al., 2008; Bosman et al., 2008a; Antonelou et al., 2010a).
EmumAéov, n cuykévipwon oEE0OUEVOV TPOTEIVOV G KVGTIOW VTOONADVEL OTL 1| KUGTIO0TOINGN
Aertovpyel cov €vog OMOTEAEGUOTIKOG TPOTOG OMOAAAYNG OO TIS KOTECTPOUUEVES TPMOTEIVEG TOV
TOPAYOVTOL OTIS HOVAdES UETAYYIoNG AOY® TOv 0&eWmTIKoy oTpeg mov oyetiletar pe v
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arofnkevon. H dapknc cuvimopén tov KuoTdiov pe To KOTTOPO TOVL TO TOPNYOyov &ivol pio
Kawvotopio mov 0 cuvavtatat in Vivo. Tlapd Tig dtapopég ot euoaAldonoincn o KOTTOPE TOV
@UAdGoOovVTOL o 0oKoVUG ekppdlovv  KAamowo omd  To  TLUMKG  onueio  yRpoaveong Kot
gpvbpogayoxvttapmong (Bosman et al., 2010). Ocov agopd oto povomdrtt ¢ {dvne-3 6o ta
Booikd yapaKTnploTika Tov Exovv tekunplobdel oe cuvOnkeg ex vivo. Topadeiypota anotelodv: n
TPOUN Kot GTASIOKT 0OENGN TNG GLGCOPEVOTG OEEIOMUEVIG ALOGOOLPTVIG GTN HEUPPAvn Kol TOV
KUTTOPOCKEAETO, M TPAOUL EUTAOKN TNG OMEKTPIVIG WLE TNV OUOGPALPIV, O OAyOUePIGUOS NG
Covne-3 ot uepPpavn kar n evorobeon IgGs (Kriebardis et al., 2007a; Kriebardis et al., 2007b).

A7.4.2. Emidpoon Ca™ kaw Movordrtio Anértoong Ex vivo

Ta xvotida mov wpoépyovror and armobnkevpéva RBCs ekppdlovv PS oty empdveld toug
Kot yeEVIKG mopoatnpeitan pon avénon oty eEwtepikevon g poogatidviooepivng (Bosman et al.,
2010). Ocov agopd otnv emidpoaon Tov ooPectiov givol YvOOTO TS M AVASIOPYAVOOT] NG
Heuppavne meptlapfaver v mTPOcdEST TG GOopkivng Kot tng ovvelivng, 600 TPOTEIVOV 7OV
e€optdvTol omd 0 aoPECTIO, OTMC CLUPAIVEL KO GTN UETAY®YT GNUOTOC KOTA TNV YApaven in Vivo
(Kriebardis et al., 2007a). EEaAAov gival yapaktnpiotikég ot amodnkevtikég PAdPes tov RBCS Adyw
vymrotatev emmédov Ca? (umopei vo Eemepvd to. 100pmol/L ) otiyun mov in Vivo to enineda
kopaivovtor ota 16 umol/L). EmmpooBétwc, mapotetouévn amobnikevon ovoyetifetor e
TPOTOTONOELS TPOTEIVOV OV oyetifovton pe Tov Fas kot evepyomoinon kacmacmv (Antonelou et al.,
2010a; Kriebardis et al., 2007a). Ouwg péypt ofuepa dev givar cagég av TEMKE 1 Evepyomoinom
avt oxetiCeton pe v gpLOPOTTOON 1N TNV ATOMTMOOY] YEVIKOTEPA, GE £PLOPOKVLTTOPA ACKMOV
petdyyonc. Ilepopatikd dedopéva  dciyvouv mapdAa avtd OTL 1 EvePYOmOINoN TV KAGTOCOV
ovuTinTEL pe aAAayEg TG pepPpavng oto arodnkevuéva kottapo (Antonelou et al.,2010a). Avtég ot
mOOVAOC emOyOUEVEG OO TNV KOoTAoN UeTABOAEG TG HepPpdvng, umopetl va mapepPaivovv otig
UNYOVIKES TNG WO10TNTEG, TNV EKTAOT TNG KLOTIOOMOINGoNG Kol TN ONUATOdOTNON NG YHPOvVoNg
(Suzuki et al., 2007; Pietraforte et al., 2007).

A7.4.3. dDayoxvrTapmon ystilopevn ne CD47 o AnoOnksopéva RBCs

Ocov apopd oTo LIWOAOTO. LOVOTATIOL YNpavens, £xel mapotnpndel andiew tov CDA47,
waitepo ota o ynpacpéva kottapo (Sparrow et al., 2006), kotd tn dtdpKelo TG AmOONKEVTIKNG
neptodov. IIpopavadc n tpomomoinon avt) PUmopel vo KOTAGTAGEL Ta EpuOpoxvTTAP Mo gvaicinTa
omv ekkabdpion, ool petayyisBovv. EmmAéov eaivetor vo vmdpyel pio oNUOVIIKY GLOYETION
petald tov aplfpol TV EVOTOUEVAVI®MV AEVKOKVTTAP®V GTN HOVAOQ LETAYYIONG KOl TOV EMITEI®V
éxppaong tov CD47, kabdg 1 amopdkpuven g AEVKOKVTTAPIKNG oTIPAd0S GLUVAOEL e aEN o™ otV
éxppaon tov CD47 (Kamel et al., 2010). To CD47 &yet aviyvevbei eniong oe eAedBepa KvoTidl, KATL
To omoio Ogiyvel o Olpkn OAANAEmiOpaocT HETOED TV OWIOA®V Tov oyetilovion pe 1
eayokvttdpwon (Bosman et al., 2008a; Kriebardis et al., 2008). Téhoc oe epvOpd arpoceaipia Tov
elyav amobnkevtel yuoo peydlo ypovikd duwotmuo, m mpoteivn CD47 gpedvice aAloyn ot
SUOPE®OT| TNG OV £lye w¢ amotélecpa Ty Tpdcdeon BpouPootovdivig-1, yeyovdg mov Agttovpyel
®¢ onpa yo payokvttdpmon (Burger et al., 2012).
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A7.4.4. Xyéon Tov OtsidmtikoV X1pec ne v Ex vivo 'paven tov RBCs

Me 10 mépacpo Tov ¥pOVOL KATA TNV amodnkevon MEPTEL 1 avTIOEEWMTIK GULVE Kot
OLGGMPELOVTUL OO KOl TEPIOCOTEPEG OEEOMTIKEG PAGPEC ot HEUPPAVN KOl TOV KLUTTOPOCKEAETO
(Antonelou et al., 2010a; Kriebardis et al., 2007a). Ot o&eldmwTikol pnyavicpoi mov avapépnkay
Kotd ™ yRpaven in Vivo, ival Tapdvteg Kot 6€ KOTTOP TOV PLAACCOVTOL GE 0IOKODG LETAYYIONG Kot
mBavog oyetifovral pe emitdyvvorn Tov dladKaclOV oV euniékovtal otn ynpovorn (Kanias xou
Acker, 2010). Yrdapyouvv dedopéva mov vrootnpilovv twg 1 o&eidwon mailel onuavtikd poro TG0
otV Kvotwilonmoinon 660 Kot TNV LIOPAOUIOT  TPOTEIVIKOV CLOTOTIKOV  (EW01KA  TOV
kuttapookeietov) (D’Amici et al., 2007). T'a mopddstypo katd v omobnkevon, 10 1OV TOv
VEPOEELDTIOV UTOPEL VO OAANAETIOPAGEL e GIONPO Kol VEPD, EXOVTAG OC OMOTEAECUO. TN ONpIovpYio
plov vOpo&vAiov Kavmv vo emttefodv Kol Vo KATOoTPEYOLV TO60 TPMTEIVES, 660 Kot Amida,
odNy®VTOG €161 0N JIIOTOGT, TOLG KOl TN ONHovpyio. GLGCOUATOUATOV. XAPaKTNPIOTIKOTEPY
petatpony] amotelel ekelvn ™G oupooeolpivng o awpoypopate. H o&eldotikn Kotdotaon g
apoceapivng Ko ot pepPpavikéc PAaPeg mov mpokodel, amotelobv KouPikd onueio 160 o1
euoloAoyio TV €pLuBPOKLTTAP®Y OGO KOl GTNV TPOUY®YN WU OVACTPEYIL®OV OCTLUOTOOOTIKMV
novoratidv (Antonelou et al., 2010a; Kriebardis et al., 2008). OLot o1 mapandve TopayovVIEG UIopet
va cupfdaiiovy otn dnpovpyia véo-avitydovmv ynpavens. To dtapopetikd potifo EKkppacng KAmolwv
dewktdv ynpavong otav to. RBCsS amobnkedoviar mopovsio pavvitoAng (avtiogedmtiky opdon),
evioyvEL TN ovoyétion ofedoTtikdv Prapov kol ynpavong ex vivo (Antonelou et al., 2010a). Av
GLUVLTTOAOYIOTEL KOl 1 OTOVGio UNYAVICU®V EKKABAPIONG OTOV 0oKO HETAYYIoNG, YIVETOL KATOVONTO
OGS TO TEMKO OMOTEAEGUO TV TPOAVAPEPHEVTOV UNYOVIGUOV «ToAAATA0GIALETO, €1G BApOg TG
emPimong tov mpog petdyyion epvbpokvttapmv (Antonelou et al., 2010b).

A7.5. Hapdyovtec mov Exnpedalovv tnv Howdtnto Anodnkeopuéivov RBCs

To Pacikd epOTUA TNG WOTPIKNG TOV UETAYYIGEDV, TEPAV TV THAVOV KAMVIK®OV EMNTTOGEDV
plog petdyyong, €lvar m amocagnvion TV ortiov mov 0dnyobv Ta epvBpoxvttapa oTig PAAPeg
amofnkevong mov avaeEpOnkay otnv ponyovuevn evotnta. Ta televtaio 30 ypodVia To GLGTHUATO
amofnkevong epvbpoxvttdpwv 1660 oty Evpdnn 6co kot otigc HILA a&oloyodvtan pe Bdon v
KovOTNTO 0vAKTNONG IN VIVO (peyolvtepn and 75%) Kot Tov emmédmy atoAvong EVIOS TOV 0oKOD
(Lkpdtepn amod 0,8-1,0% tng olikng arpocsearpivig). Ta amotedéopata amd TOAAEG LeATEG ExOUV
delEel OtL €61 mopdyovieg emnpedlovy TNV OvAKTNOoTN HETA omd omobnkevon kol mOUVOV TNV
apdivon evtog g povadag petdyyions. Ot mapdyovreg avtoi givar: 1) 1 didpketa g amobnkevong,
2) 1o €id0¢ MAOGTIKOL OV YPNOLUOTOLEITOL GTOV AoKO, 3) 1 cVuVBEST TOL OOADIOTOS GLVTIPNOTG
01OV 00KO, 4), 0 OYKOG TOL SLHADLOTOG GUVINPNONG GTOV 0GKO, 5) 1 TOLOTNTA TG AELKAPOIPESTC,
Kol 6) N €0G TOPO OVETAPKMOG KATAVONTH OIOKVLOVOT TV SLPOPETIKMOV dOTOV OGOV apopd otV
Kavotnto, arobnkevong twv epudpokvttapwv tovg (Hess, 2012). Tty napovoa perétn avolvdnikay
01 000 TEAEVTOLEG TTOPAUETPOL AETTOUEPELEG TOV OOV AKOAOVOOVV GTIG ETOUEVES TAPAYPAPOVG.

A7.5.1 Asvkaoaipeon

H Aevkagaipeon sivor pio dadikacio Katd tnv omoio. a@otpodviol To AEVKE aocOoiplo
(ko Tor oupomeTaMa) amd To aipo wov mwpoopiletan yio petdyyion. H apaipeon emrvyydvetor pe
dmobnon o eiltpo mov Katakpatd o Aevkokvttapa. H Asvkagaipeon amopaxpvvel to 99,9% tov
AevKdV aipooeotpiov kat apometodiov tov 86ty (Grimshaw et al., 2011). Ta Asvkagoaipepéva
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epvbpoxvTTOpa, £ivon amapaitnto vo ypnoipomoovvtol 6e moAvpetayyiopevovg acbeveig kabmg
emiong kol 6€ ac0eVEIQ [l 1GTOPIKO TLPETIKMV UN OUUOAVTIK®OV OVTIOPACEDV KAOMDS 1 YPNON TOVG
LLELMVEL TIC TUPETIKEG KO U1 aptoAvTikéG ovTidpdoelg oto oéktn (World Health Organization, 2007).
Mia povada petdyyiong yu vo Bempndel Agvkapoapepévn Tpénet vor eEpeL apliud AEVKOKLTTAPWOV
UIKPOTEPO TOV 1x10°.

H onuoacio g Aevkagaipeong elvar eLQovig av ovaAOYIGTEL KAVELG TNV 0pYNTIKN EMOpAOT
OV UTOPEL VO TPOKAAEGEL 1] TOPOLGIN TOV AEVKOKVTTAP®V GTO Ao ToL TpoopileTal yio HeTdyyon,
1060 6€ KAMVIKO 060 Kot poplakod eninedo. Ocov apopd otnv KAvikn Tpasn, To U AEVKAQaIpEUEVHL
delypata 6e TOAAEG TEPIMTAOCELS TPOKAAOVV TNV 0VOGOPLOA0YIKY amdkpion Tov Oéktn. Edikd og
TEPIMTMOCEL, TOAVUETAYYILOUEVOV 00OEVOV 1 OVIIOPOOT TOV OHLVIIKGOV HNYOVICU®V  givol
EKTETOUEVT (TEPAY TOV TLPETOL OV EUPOVILETOL GUYVA KOl O OMAEG TEPUTTOGELS LETAYYIONG) KO
avoipel kabe 6pelog amd ™ petdyyon (Blumberg xo: Heal, 1998). Avtd ocvuPaiver Adyo g
ékBeong tov aviryovov HLA taEng 1 ko tééng II omv emoedveia tov Agvkokvttdpwv. Emmiéov
Kamolot 10l 6mwg o kvtropopeyaroiog (CMV) (Bowden et al., 1995) ko acbéveleg Omwc M
Creutzfeldt-Jacob (Klein et al., 1998), umopoiv va petadofodv Adym Thg Tapovuciog AEVKOKVTTAPMYV.
EmumAéov avemBounteg emmlokég mov oyetiloviot e TNV TOPOVGio. AEVKOKLTTAP®OV GE HOVADES
HETAYYIONG AmOTEAODV Ol Un OUOAVTIKEG gumupeteg avtidpdoelg petdyyions (NHFTRs), n o&eila
nvevpovikny PAAPN (TRALI), ot PBoktnplokés AOW®MEES, 1 TOALOPYOVIKY| OVETAPKELDL KOl Ol
BpopPotikéc kot @Aeypovadelg avtdpacelg (Grimshaw et al.,, 2011). Kanow omd ta dvouevn
KMvikd amoteléopata mov avagépbnkav oOmwg ot (NHFTRs), m ovocokatactoAn kot 1
EVEPYOTOINGT TOL QAEYUOVAOOOVS GULGTHUOTOS TOV OEKTN OQEIAOVTOL OTIS TOPOYOUEVES OO
Aevkokvttapa kvtokiveg, IL-1PB, IL-6, IL-8 kot TNFa (Tinmouth xor Chin-Yee, 2001). Télog, pio
Myotepo emBePatmpévn Bewpio vmootpilel TOG M UETAYYION UN AELKAQOIPEUEVOV OHUATOG,
emnpedlel v avocoppHOuIoN 61O OEKTN, KATL TOV UTOPEL VO 0N YNOEL GE PEIMON TNG IKOVOTNTOG
amdKpilong oe pOAVVON N o€ emavepEavion kapkivov (Vamvakas, 1996).

Ye popwokd emimedo, M Aevkoeoaipeon emmpedlel kol TG OLVONKES ocLVINPNONG TOV
COUTVKVOUEVOVY £pLOPOKVTTAP®OV. AVTO cvpPaivel yioti To Aevkd arpooeaipio 6tovg 4°C Kot KAt
and 115 6&wveg oLVONKES NG AmOONKELONG KATAGTPEPOVTIOL TOAD YPNyopa, OmEAELOEPDOVOVTOG
TpOTEACES Ko Mmdoeg mov tpavpatiCovv to epvbBpoxvttapo (Hess, 2006). H apaipeon Pondd ot
petmon g apdAvong Kot TNy KaAOTEPT avaKTnon TV HetayylloUevmv epuOpOKLTTAP®Y GTO JEKTN
(Heaton et al., 1994). H Aevko@aipeon givol KOAd v TPOYUATOTOLEITOL TPV TNV OTOONKELGT) TOV
aipatog Kot Oyl Tpwv TN UETAYYIoN, AOY® TOL OTL £TGL amoPEVYOVTOL TPOPANLATA TOV TPOKVITTOLV
Ao T OpAomn TV AELKOKVTTAP®V Kol TV TPoidovImv Tovs. Katt tétoto cupfaivet yiati ot dpactikég
OVGIEC TTOL TOPAYOVY TO AEVKOKDTTOPN (KoL TO OUUOTETAALR) €X VIVO pmopodv Kot Samepvoiy To
eiktpa Aevkaeaipeong (Canadian Coordinating Office for Health Technology Assessment, 1998).

[T ovykekpéva, To AEVKOKOTTOPO KOt TO OUOTETAALL £X0VV gvoyomomBel yio emtdyvvon
Tov pLOUOYL ¢ oamobnkevtikng PAAPNG TV epvBpoxvTTApOV Kot gvBvvovtol Yo avENUEVN
apdAvon, Swappory K kar yia pikpokvotidionoinon (Tinmouth xai Chin-Yee, 2001). Amontotikd
EKPUAIGUEVO AEVKOKDTTOPO amEAEVOEPDOVOLY GTO d1dAVUO TTOIKIAOVG PBlogvepyOVs Tapdyovteg Ommg
KVLTOKivEG, 1otauivec, Mmidwa, (Tinmouth kor Chin-Yee, 2001) npwtedoeg, Mmdoeg, yAvkol1ddoec Kot
aAro evdoxvtTopikd Eviopa (Hess, 2010). Ocov agopd 6To OTETAAL AEITOVPYOVV PVGIOAOYIKE.
®G PLGIKA OVOGOTOUTIKG KOl QAEYLOVMON KOTTOPO, TOL GUUUETEYOLV OTNV OIUOCTOCT KOl O
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OpopPotikéc kataotdoels. Opwmg, xoatd 1t  Oowdpkew amobnikevong TV  gpvdpokvTTdpmv
aneAevBepdvouy mapdyovieg, Ommg o eAeypovadng CD40 kot Proevepyéc vrepolelddoes Mmdiwv
(Van de Watering xoz Brand, 2011).

[MapdAAnio, ot MTAGEC TOL TOPAYOVIOL OO TO AELKOKVTTOPO WITOPEL VO SOGTACOLV
eoo@oAmidla. ITo cvykekpyéva, N EOGEOMTACN-A2 ATOUKVMOVEL TPLOAKVAOYAVKEPOAEG TV
gpLOPOKLTTAP®V, SNUIOVPYOVTOG HE AVTO TOV TPOTO Avcopwopontidw (Zimrin ko Hess, 2009). Ta
AooPwo@oMmidia pmopovv va mpokarécovy o&ela mvevpovikn BAAPN (TRALI) oto petayyilduevo
(Hess, 2010). H agaipeon Aevkokvttdpov @aiveton va eumodilel oe peydro Pabud v acbéveio
TRALI kot HEU®VEL CNUOVTIKA TIG GVYKEVIPAGELG TOV AVcoPoo@olmidionv. EmmAov, n ékBeomn g
PS otv gpvbpoxvttapikn pepPpdvn oyetietar pe ta Agvkd apoceaipia. Mo cvykekpyiéva, to
Aevkagoaipepéva  epudpokvttapa mopovostdalovy pkpn ovénon omv ékepoon PS, evd oe un
Aevkaarpepévo aipa amd ™ 2" efdopddo amobnkevong nopatnpeiton onuaviiky avénon (Van de
Watering xoz Brand, 2011). Oco peyoldtepn givor 1 didpkelo amobnkevong Tmv epubpokuTTdpmy,
1660 TEPLocOTEPA OO aVTA TO PLOAOYIKAS dpacTikd Amiowa mapdyovtal. H ékppaon g PS ota
epvBpoxvTTOpa ETOPE oTNV ALENUEVN TPOoKOAANGN TOovg 6To £vooOnAlo. H Asvkapaipeon peidvet
TIG oAAOYEG TOL TPOKAAOLVTOL OTe amofnkevpéva epvfpd opocEaiplo Kol KOT'  ETEKTOON
SIEVKOAVVEL TN PON TOV QULATOG SLUUECOD TOV TPLYOEW®V ayyeiwv Tov petayylopevov (Zimrin xau
Hess, 2009). Ot yAvkoo18006e¢ amopakphvouy oliyapa. amd YAVKOMTIOW, YAVKOTPMOTEIVES, OAAG Kot
oAk 080 kat ddpopa Telkd cdicyopa and TG gpvbpokvtTapikéc puepPpives. H anmmieio avtdv
TOV GOKYApov amd v epvbpoxvttapikn pepPpavn pmopel vo exbécel vmokeipeveg OOUEG pe
amotéAecpa TV avénon g OEoUEVONG TOV €PLOPOKVLTTAP®Y G €VOOOMALIKA KOTTOPA TOV
uetayyopevov (Hess, 2010).

O apBudc pkpokvotidiov avéavel otabepd pe v mipodo tov ypdvov amobrjkevone. H
TOPOVGI0 ASVKOKVTTAP®V, EMPapVveL To amodnkevpéva epvBporvTTapa Kot Tpowbel v Tapaywyn
Kvotwiov. Ta pkpokvotidw oyetiCoviotl e avocoamokpicels, OpouPdoels Kol EAEYUOVES GTOVG
petoyyillopevovs.  IMapdia avtd m  Asvkagoipeon dev  eEOAeipel TO  MKPOKLOTIOW  TOV
napovoialoviar oto vrepkeipevo (Grimshaw et al., 2011). Tt avté to Adyo eivor amapoitnn M
BeAtioTomoinon ¢ mOOTNTAS TV amodnkevpévav epudpokuttdpoyv. H avénuévn andretn K
TOPOVCI. AEVKMOV OIHOGPOIPIOV GUVOEETOL UE TO AELKOKVLTTOPIKO &vivpo yvpobpoyivn, o
Kotwovik Tpoteivy (Hogman xor Meryman, 1999). Téhoc, n moapoaywyn tov eievbépmv pllov
o&uyoévov emoOpA YEVIKOTEPU O©TA €PLOPOKLTTOPOL TPOAYOVTAS TO OEEWMTIKO OTPEG KOl TNV
amonkevTiky PAGPN.

YoumepocaTIKG, T mpoomodnkevtiky  OMONom  AEVKOKVLTTAPOV KOl OUUOTETAAI®V
TOPOVGLALEL ELEPYETIKN €Midpacn oty amodnkevtiky] PAAPN tov epvbpodv  apoceapioy,
pewwvovtag v eviopikn PAGPN, ™ HKPOKLOTIOOTOINGT), TNV AUOAVCT TV EPLOPOKVLTTAPOV GTO
TéA0G NG amobnkevong katd mepimov 50% kol avEAVOVTOG TNV UETAUETOYYIGLOKY] OVOKTNOY TOV
gpvbpoxvttapwv katd 2% (Hess, 2010). Katd ocvvémela, mpoc@épel onuoviiky Peitioon otnv
To1OTNTA TOV €PLOPOKVLTTAPMOV KOl KAT EMEKTOON OTIG UETUYYIGES, HUEWDVOVTAG TN oLYVOTHTO
petddoons v kot Tto Eupecd, oAAG cofoapd, emProfry kAwvikd amoteAéopata. QotdOGO, 1M
mpoamodnKevTIKy AgvKagaipeon Oev eSoheipel OAd TO AELKOKVTTOPO KOL TO  OULOTETOALL.
YTOAEIUHOTO TOVG GLVLTIAPYOLV LLE TO. GUUTLKVOUEVO epLBpa apoceaipto kot givar oe Béomn va
napdyovv dSuvnTikd Plodpactikég ovoieg empépovtag mhovov avemBounteg emdpdoeic. Emiong yxet
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mopatnpnoel mowg epuHpoxkvTTAPA ATO SLOPOPETIKOVS 0OTEG EULPAVILOVV JLUPOPETIKY| EMOEKTIKOTNTA
oe owpolvon (Hess, 2009). Q¢ ek tovTov, €EakoAovOEl Vo, VITAPYEL OVAYKN OTOCAPIVIONG TMV
TOOVOV EMTTOCEOV TS AevKapaipeong otnv e£EMEN TG amodnkevTikng PAAPNC Kabhg emiong Ko
OTNV OMOTEAECUATIKOTNTO, IN VIVO KO GTIG SUGUEVEIC EMMTMOGELG TNG UETAYYIONG.

A7.5.2. Exiopocn Eyyevov XopaKTnploTik®v Tov A0Tn

To yeyovdg 0Tt pio Lovado PETAYYIoNG TOPACKEVALETOL CUEPA OO it OTOMIKT] OLOO0Gia,
0€ GLVOVLOGUO LLE TNV EVPEIN SOUKDLOVOT] TOKIAW®V TAPOUETP®V 6TOV TANOLGUSO TV SOTOV AiUATOG
UTOPEL VO 00N YNOEL GE ONUAVTIKEG OLUPOPES MG TPOS TO TEPIEXOUEVO TV EMUEPOVG Lovadmv RBCs,
660V 0popd otov Oyko Kol TNV meptekTikdTTa. oposeatpivine. Ipdypatt, éxer mapoatmpndel pio
TepdoTior LeTaPANTOTNTO OTIC 1O10TNTEG OmOONKEVONG Kot AvAKTNONG HETA TNV ammodnKeELON aipLaTog
amo dpopetikovg d0teg. o dyvmotovg Adyoug ta gpubpokiTtapa KAmolwwv S0tV epgaviovv
KOKT omofnKevTIKy tkavotta, KAt 10 omoio eivol yvootd and to 1966 (Dern et al., 1966).

H extiynon tov ypoévov omobnkevong oG HOVAOSIKY GLVAPTNON TNG EKTOONG TNG
amodnkevTikng PAAPNC, 0dNyNoE TV €pevva NG EMOPOONS TOV OOUTEPMV YOPUKTNPIOTIKOV TOV
d0TN otV aeaveld. Q¢ anotéhespa, 1 HetafAntdtra oTig 116TNTEG 0modnKELONG TOV AiUATOG OO
SPOPETIKOVG OOTEC EYEL OMOTEAEGEL ONUOVIIKO GAVTO TPOPANUO GTINV EKATOVTOETH 1GTOPi
avanTuENG TV TEYVIKOV omobnkevong aipatog. Elvar yvootd mhéov mwog epvbBpokidtropa amd
GLYKEKPIUEVOLG BOTES gppavilovy vynAotepa emineda opdivong (Hess et al., 2009) kot youniotepa
emineda avaktnong 24 dpeg petd ) petdyyion (Dumont kor AuBuchon, 2008). Axdun Kot 6ta TAEOV
oLYYpPOVO amoONKELTIKA HECH, SLOPOPETIKOTL OHOJOTEG EUPAVICOLV SLOPOPETIKES OLVOTOTNTES
amofnkevong UeE TO 1O10HTEPU YOPOKTNPIOTIKA TOLG VO OVOOEIKVOOVTOL (OC O TO ONUAVTIKOG
TopAyovTag Tov 0dNYel 6€ AUOAVGT EVTOC TOL OCKOV aKOUN Kot dtav Aapupdvovtoar vtoyn OAot ot
VTOAOUTOL TOPAYOVTES TTOV TTpoavapEpOnKay (Aevkapaipeon, didpkela amodnKevong, 100G Kot OYKOG
ouVINPNTIKOD SoAVUATOG KAT). Q0TdG0, eKTOG Amd T EMIMESN AMUOGPALPIVIG TOV dOTN, eV £YOLV
e€etaotel uéEypL oTIyUng GALD £YYEV XOPAKTNPIGTIKA TOV £PLOPOV AOGPaALPi®Y TOL B LTOpPOVGAVY
VoL ETNPEGGOVV TNV TOLOTNTO TOV TPOS UETAYYIoN aipatog Kot ThavOTaTo TNV OTOTEAECUATIKOTNTO
™G 1010G TG LETAYYIONG.

Televtaio, OA0 Kol peEYOADTEPOG OPOUOG HEAETMV E0TIALEL GTO POIVOUEVO TNG SLOKVUOVONG
ATOONKEVTIKADV YOPAKTNPIOTIKAOV EVTOS TG LOVAOAG LETAYYIONG GUVAPTNGEL TG TPO-OTOONKEVTIKNG
EWoOvag Tov apoddT. DVGIOAOYIKES TAPAUETPOL TOV OTOOMKELUEVOV EPVOPOKLTTAPOV OTWS M
Kuttapiky evBpavotomra (Tarasev et al., 2014), n awdivon (Dumont xa: AuBuchon, 2008), n
ovyKévipwon mowkidov petapfoitdv (Roback, 2011), n kvotidionoinon g pepPpavng (Bosman et
al., 2008a) kabmg emiong kot deikteg 0&edmTIKOD GTPES Kot avTlo&edmtikng wkavotntog (Bosman et
al., 2010; Rinalducci et al., 2011; Antonelou et al., 2012) @aivetor TAéov Tmwg ep@avilovy caQeic
SPOPES  AVAUESO OE  OLOPOPETIKOVG VYIElG apodotes. Ocov apopd ot ovvdeon i Vivo
YOPOKTNPIOTIKOV TOL OLUOdOTN HE OmOONKEVTIKES TAPOUETPOVG EVTOG TNG HOVASAG UETAYYIONG, O
Dinkla kot ot cuvepydteg Tov €6e1&av TPOCPUTO TG LVILAPYEL pio BETIKY GLOYETION AVAIESO OTO
npo-amodnkevTiKd emineda eEwtepikevong PS kot v apdivorn eviog g povdoag amodnkevong
(Dinkla et al., 2014). EmumAéov 1660 1 oAkn cuykévipwon ooopapivng (Agnihotri et al., 2014)
660 kot to Kutocohkd emimeda GSH/GSSG (Van't Erve et al., 2014) ¢aivetor mwg eppavilovv
VYNAAQ kot dpeca eEaptopeva amd 1o 60T mocootd dtakvpavons. [oapdpetpor Onwe o1 mwapamdvem
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TOAVOV Vo LItopovV va ¥pNoiedcovy ¢ Plodeikteg mpdPAeyMg TG TOLOTNTAG TOV AmOONKEVUEV®V
€PLOPOKVLTTAPOV.

[Ipopavmg, £va LEPOC TNE TOPATPOVUEVIG ETEPOYEVELNG GE AMOONKEVTIKEG TOPAUETPOVS TWV
RBCs avdueca oe vyleic apoddteg Bo pmopovoe va opeihetol o€ yeveTIKoOg mapdyoviec. Eivan
Loy éva yevetiko mAaiclo mov emPaidet eyyeveic Tpononooelg otig 1810ttec Twv RBCs in vivo
va kaBopilel o€ kdmoto Babud v avoTnTo amobKELONG TOVG /KL TNV ATOTEAECUATIKOTNTO TNG
petdyyonc. o mapaderypa, Exet avaeepBel 60tL n péon nAkio twv RBCS ™ otiyun g apodociog
umopet va exteivetal amd 38 mg 60 nuépeg (Cohen et al., 2008). Aaufdvovtag vroyn 6t | NAkia
tov RBCs cvvdéetan pe to péyebog g amodnkevtikng PAapng (Sparrow et al., 2006), uropei koveig
va BepNoEL TG YEVETIKEG TOPAUETPOL TOV GyETICOVTOL e TNV emtdyvvon g ynpavons tov RBCs
N 10 0&ewTIKO oTpec Oa pmopovoav va exnpedlovv Kol v Kavotto arobrkevong. Emiong
YEVETIKOL TOPAYOVTEG TOV OOMYOUV GE AVENGN TNG UNYOVIKNG VOpaLGTOTNTAS UITOpEl va EMOPOVV
OTN OOMIKN OKEPULOTNTA TV £pLOpPOKVLTTAPWV KaTh TN OldpKeln TG Asvkapaipeons. Ewdwotepa,
éxet avaeepbel 6tL to 40% g apdrvong mov cvpPaivel Katd ™ SdpKeE TG AEVKAPAIPESTG
amodidetar og 86teC €1EpOlvYOVg Yo dpemavokvttapiky avouuio (Hess, 2010). Emumpdocheta €xet
mapotnpn0el o apdivon petd and PETAYYIon o€ amodékTeg Hovadmy moketapiopévav RBCS ot
onoieg mpoépyovtan and d0teg pe EMetyn tov evlvpuov G6PDH (Shalev et al., 1993). [TiBavadc 1
TOPOTNPOVUEVT] OUUOAVOT] VO €lvol OMOTEAEGHO TOV  OTOONKELTIKOV OALOIDGE®V Ol OTOlEg
EMOEVOOMKAY A0 TO GLYKEKPUEVO YEVETIKO YOPOKINPIOTIKO Tov 00tr. [Iépav twv yevetik®dV
wWutepottov (eTEpoluyDTES Y10 LEGOYELOKN 1] OpEmAVOKVLTTAPIKY] avorpio, EAlewyn G6PDH «Am.)
ot BAGPeg katd T ddpkela g amodnkevong eaiveror va oyetiCovtor pe to eOA0, TV NAkia, Tov
TpoOmo {oNg Tov oodoTn (KATVicpa) Kot To enimeda YAVKOLLAM®UEVNC aplos@otpivng T OTLyUn TS
awpodoaiog (Norton kez Rand, 1981; Raval et al., 2011; Antonelou et al., 2011a; Wenk et al., 2011).

2KOIIOX

O oKomdg TG POV pYaciag elval 1 HEAETN TNG ONUOTOOOTNONG KLTTOPIKNG YNPAVONG
Kot Bavarov In Vitro oe mowkileg cuvOnkeg mov ypnoomolovVTaL IGO0V Y0 HETOYYIGES KOl 1)
mOavi] GLGYETION OVTOV TOV GNUOTOJOTIKAOV HOVOTATIOV UE YOPUKTNPIGTIKO TV ETAEYUEVOV
dotdV In Vivo. ATtdtepog 6TOY0G Elval 1 EKTIUNGT TNG EMIOPOOTG TOV AEVKDOV QLOGPALPI®V Kot GpoL
™m¢ Owdwociog ™ Aevkagaipeong oty emPimon Kot T SOMKN/AEITOVPYIKY] EMAPKELL TOV
epvBpoxvtTdpv mov mpoopilovror yio petdyyion kobag emiong Kot 1 SOAEDKAVOT TOV EYYEVAOV
JILOTOAOYIK®V YOPUKTPIOTIKAOV TOV 00T T omoia emmpedlovv mbavog v  Kavotta
amofKeELONG TOV TPOG LETAYYION TOPOYDYDV OHLOTOGS.
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B1. YAIKA

B1.1. Xnuikd Avtiopactiplo

e O&ob 0y

e  O&wod vatplo

e AockopPiko 0&y

e 2.4,6-tripyridyl-s-triazine (TPTZ), SIGMA

e FeCl3* 6H,0

¢ Ovpwdon, SIGMA

e KH,PO,

o KzH PO4

e 55'-dithio-bis 2-nitrobenzoic acid (DTNB), SIGMA
e Y0VAPOGOAVKIMKO 0ED

e [(-NADPH , SIGMA

e Avaymydon g yAovtabeiovng (GR), SIGMA

o Avnyuévn yrovtabeiovn (GSH), SIGMA

e Avtidpactipro Drabkin’s, SIGMA

e Brij 35, SIGMA

e Avudpactipio Bradford, BIO-RAD

o Axpvlopion

e Annexin-V Fluos, ROCHE

e Fluo-4 AM, (Invitrogen)

e Ymrepbetiko appmvio (APS)

o B-ueproamtootBovoin

e o-KvTTOpivy

e Kovtrtapivn tomov 50

e Dis-sulfosuccinimidyl-suberate (BS3) crosslinker, Thermo scientific
e sodium orthovanadate, Calbiochem

e N-ethyl maleimide (NEM) (Sigma)

e CM-H,DCFDA, INVITROGEN

o  DOopilovra oparpidu, Megamix — Biocytex

e AokyooTikoi coAfveg pe oporpidia TruCount™, BD Biosciences
e tert-Butyl hydroperoxide (tBHP), SIGMA

e Dimethyl sulfoxide (DMSO)

e Amdéivtn abBavorn, MERK, BDH

e Ethyleno-diamino-tetraacetic acid disodium salt (EDTA), RESEARCH ORGANICS
e [Aovtapikn aAdehion

o [Avkepoin

e [hukivn

e Txoln

*  Y3dpoyAwpikd o&L
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e Iocompomavorn

e  MebBavorn

e ['dla og okovn (Gmayo)

o  Xlwplovyo vatpio (NaCl)

e Xlwplovyo kéio (KCI)

e  Xlwplovyo acPéotio (CaCl,)

e Ydpo&eido vatpio (NaOH)

e Hepes

e [lvpootapuAiikd vatplo

e Na;HPO,*2H,0

o NaH2P04*H20

e N, N, N’, N’ — Tetramethylethylendiamin (TEMED), SERVA
e Tetpoleido tov ocpiov, OsO,

e Phenyl methyl sulfonyl fluoride (PMSF), SERVA
e Phosphate Buffer Saline tablets (PBS)
e Sodium dodecyl sulfate (SDS)

e  Kakodvlko vaTplo

e Xovkpoln

o Tris

e Tween-20

e Percoll

B1l.2. Kyt Epnmopiov

e ECL Western Blotting Detection Reagents, GE HEALTHCARE

e ECL Plus PERKIN ELMER

e Oxyblot detection kit, Millipore

e Nitric oxide detection kit (ELISA), Cusabio

e Human clusterin detection kit (ELISA), BioVendor

e Plasma protein carbonylation kit (ELISA), BioCell Corp

e Zymuphen microparticles activity kit (ELISA), HYPHEN BioMed

B1l.3. XpmoTtikéc

e Coomassie Brilliant Blue G-250, (SERVA)
e Bradford dye reagent concentrate, (BIO-RAD)
e  Mrmhe g Bpopopavorng, (SIGMA)

Bl.4. Avticounota

e anti-4.1R (rabbit)
e anti-4.2 (rabbit)
e anti-stomatin (mouse)

60



e anti-cathepsin E (rabbit), Santa-Cruz Biotechnology

e anti-CD59 (goat), Santa-Cruz Biotechnology

e anti-Hsp70 (rabbit), Santa-Cruz Biotechnology

e anti-flotillin2 (mouse), BD Transduction Laboratories
e anti-synexin (mouse), BD Transduction Laboratories

e anti-a-adducin (rabbit), Acris

e anti-glycophorin A (rabbit), Santa-Cruz Biotechnology
e anti-glycophorin C (rabbit), Santa-Cruz Biotechnology
e anti-agpl (rat), Cell Signaling Technology

e anti-band 3 (mouse), Santa-Cruz Biotechnology

e anti-calpain-1 (rabbit), Santa-Cruz Biotechnology

e anti-CD47 (rabbit), Santa-Cruz Biotechnology

e anti-GAPDH (mouse), Abnova

e anti-Glut-1 (rabbit), Acris GmbH

e anti-Hb (goat), Europa Bioproducts

e anti-human-1gGs-HRP, SIGMA-ALDRICH

e anti-phosphorylated tyrosine (mouse), Millipore

e anti-prx2 (rabbit), Acris GmbH

e anti-sCLU (goat), Santa-Cruz Biotechnology

e anti-spectrin (rabbit), SIGMA-ALDRICH

e Annexin-V-FITC, BD Pharmingen

e anti-glycophorin A-PE (CD235) (rabbit), BD Pharmingen
e anti-human CDA47 (clone 2D3) (yw kuttapopetpio pong), eBioscience
e HRP-conjugated anti-mouse IgG, DakoCytomation

e HRP-conjugated anti-rabbit IgG, R&D Systems

e HRP-conjugated anti-goat 1gG, SIGMA-ALDRICH

B1.5. Dotoypooikd Yiikd

o Axtwvoypoeikd euip (X-ray film), (KODAC)
e Eupgaviotéc aktvoypagikov eiiu (KODAC)
o Xtepemtng (fixer) aktwvoypapucov iy, (ALPHA CHEMICALYS)

B1.6. Avoirdcuua

e  AmOntko yoapti Whatman 3MM, (SCHLEICHER & SCHUELL)
e Eppendorfs diapopwv dykmv

o  Kvuéteg pacpoatopwtopétpov (SIGMA)

o KvPéteg pbopiopdperpov

e  Nupokvttapivny 0.45 um (BIO-RAD)

o [lméreg pog xpnong dpopwv OYKmV

e Alovuwvoyopto
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o Avtikeyevo@opot (stubs) yioa niextpovikd piKpOoKOTIO GAPMOONG
o Kolvmtpidec

o AVIIKEWEVOPOPOL Y10 PMOTOVIKO UIKPOGKOTIO

*  Xbpryyeg

e Belovec apoinyiag (19G)

e  Metahlikd cporpidia

o  Xopti meyapnéTpnong

o  Towia dumAng dyng

e Axpogioia yio miméte tomov Gilson

Bl.7. Opyava — XvoKEVLEC

o Wyuyouevn emrpanélio puyodkevtpog Heraus, kepoin #3344
e ®dotouetpo (ZEISS)

e  ®Oopoudpetpo (BIO-RAD)

e  Xvokeun niextpoeopnong (BIO-RAD)

e KiiBavog

e  Hlektpovikdg Luyog (KERN PRS 320-3)

e  Hlektpovikd meydpetpo

e Emupanélio puyokevtpog Eppendorf, 5410

e Transblot — SDI Semidry Transfer Gel, (BIO-RAD)

e  Hlektpovikd Mikpookomnio Zapwong (SEM 515, PHILIPS)
e  Mikpookomio ®Oopiopod (Nikon TE 2005)

o Iimétec tomov Gilson

o Kovttapouerpo (BD FACsCan)

e Awatoroyikog avorvtig, Sysmex K-4500 (ROCHE)

e Buoymuikog avaivtc niektpoivtav, Elecsys Systems Analyzer (ROCHE)
o ®otouetpo ELISA (ASYS Jupiter)

e  Bioynukog avorvtc, (HITACHI 902)

e Ynepouyokevrpog Sorvall, Kepain Ti-70

B2. MEOGOAOI

B2.1. Asvkaoaipeon

[Mpwv and «éOe mepopatikd TPOTOKOAO Tov akoiovdel to delypota (ue e€oipeon to
delypoto.  mov  mpoépyoviow amd NON  ASLKAQOPEUEVEG UE  QIATPO  povadeg  HETAYYoMG)
Aevkagoaipovvtatl. H Asvkagaipeon yivetor 6e KoAdveg S10pOpOV GYK®V TOL AroTEAOVVTOL 0td S0
TOmovg KutTapivng oe popen okovng (Beutler E et al, 1976). Ot 6vo tomot kuttapivng dnuiovpyodv
«@OPOVESY 0md TOVG OTOIOVG TEPVOVV HOVO T EPLOPA ALOGPAIPLAL, EVD TOVTOYPOVO KATAKPOTOVVTOL
T Aevkd Ko o opometdia. H mepapatikn dadikacio et g €ENG:
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o  Avauén tov 600 TOHTEV KLTTOPIVNG

e Eumotiopnog g Kohovog pe dtdhvpa PBS

e  Metdyyion Tov Tpog EETOOT AIATOC GTNV KOADVO

e XvAloyn tov aipotog og PBS (e 1 yopic epopproyn apvntikig mieong)

B2.2. Aropovoen EpvOpokvrropik®@v Msufpovov oo OMko Aipna

Mo v amopdvmon epuhpoKLTTOPIK®Y HePPpavdV xpnoipomomonke aipa TG0 Tpiv 66O Kot
HETE TNV 0mOoONKEVOT GE LOVADES HETAYYIONG. ATO TN GTIYUN TG UOANYioG Kot ETELTO, Kot apoD
oAOKANPBOOLV Ol gpyactnplokoi £heyyol, 1o aipo Swutnpeitor povipwg oe yaunAn Beppokpoacio
+4°C. H younAy Oeppoxpacia eivar anapoitntn, ce OAn m Swdikacio g anoudvoong, yio tov
TEPLOPIGUO TNG OPAoNG TPOTEOALTIKAOV evivuwv. H amopdvmon tov epudpokuttopik®dy pepfpavov
ehevbepmv apoceatpivng yivetor pe m pébodo g vrotovikhg apdivong (Dodge et al., 1963), n
omoia Baciletor 6To POIVOUEVO TNG OGUMONG, EAAPPE TPOTOTOMUEVT] LE TNV TPOGHNKN OVOGTOAEWV
npoteacdv (PMSF) yia tyv avaotoin g npotedivong (Advani et al., 1992). T'a v amopdipoven
TOV UEYOADTEPOV dVVATOD OGOV TNG CLUOCEUPIVIG KAOMS Kol Yol TNV OToQVYN CALOIDGE®Y GTN
ueuPpbvn emiéyovtar KatdAinieg ocvvOnkec toviikng toyvoc kar pH (20mOsm xor pH 7,4,
avVTioTOLY).

Hepauatiky Argdikacio,

Mo v amopdveon £puipoKLTTAPIKOV LEUPPAVAV, OPYIKE TPOYLATOTOLEITOL PUYOKEVTPTON
oMoV aipatog (1000xg), v 10 Aemtd kot avappdenon Tov mAdouatos. Akolovdel dtaympiopdc
TV £pLOPOV apoceapiev amd To LITOAOTA EUUOPPO GLGTATIKA TOL OIHOTOG UE TAVGLUO GE
106tovo puiutotikd Sidlvpa pooeopikdy (SmMM didivua poceopikedv Na;HPO4/ NaHPO,, pe
npocOnkn 150mM NaCl, pH 8,0) kot guyokévipnon oe yoyduevn evyodkevipo (1000xg) ywo 10
Aemtd. H dwdwocion vt TPoyUATOTOlEiTal TPES QPOPEG, WE OMOUAKPLVON NG LREPKEILEVNS
oTIPAd0G TOL TAGGLATOG KO TG LEGOPACNG TOV AEVKOKLTTAP®VY, VOTEPA Amd KAOE PLYOKEVTPNOT).
21 ocuvéyel mpoypatonoleitar Avon tov gpubpoxkvttdpmv pe TPosHnKn vrdTovov pPLOUICTIKOD
dwdvpatog poceopikedv (SMmM, pH 8.0) oto onoio &xovv mpootebel 0,3MmMM PMSF. To arpdivpa
enwaletalr otov mayo yo 45 Aemtd, pe avadevon avd S5 Aemtd pe Mmieg Kwnoelg (dradikacio
amapoitnTn Yo TI¢ SapeuPpavikég mpoteiveg). Akorovdei puyokévtpnon (19000xg) yo 20 Aemtd
Kol LETA avoppOPNOT TOV VIEPKEIUEVOL UE TNV olocPatpivn Kabdg kot Tov devTEPOV WKNUATOS GTO
omoio TEPLEYOVTOL TO AEVKOKVTTAPO, TO AoTOGTA £pLOPOKLTTAPO KOt Ol TPMOTEAGES. TEAOC, YivovTat
TAOGELS e LTOTOVO SIALHO DOCTE VO amopakKpLuvhel OAn 1 TocOTNTA NG OHOcPUPivig Kot Vo
peivoov  amokAeloTikd ot peuPpdvec tov epvbpokvttapmv  (ghosts). H dwdwkacio avt
emovaLapPaveTotl 0GEC POPES YPEICTEL DGTOV VO OTOYPMUATIGTOVV TO Mo Kot TO VIEPKEIEVO.

INa tov éleyyo oAryopepiopov ¢ Covng-3 to deiypota emwalovior mpy ) Adon TtV
gpvbpoxvttdpmv yuo 30 Aemtd pe to avtdpaotipo BS3 (bis-sulfosuccinimidyl-suberate) to omoio
otabepomotel TG OAANAEMOPACELS OVAUESH OE TPOTEIVIKA HOpla. Avtictolyo To. emimeda
Q®SPopLAI®oNG ™S LdVNG-3 o€ Katdloima Tupocivng eEAEYXONKOY HETA amd ENDOCT TOV dEIYUATOV
(mpwv ™ Aom Y 1 dpa) pe tov avactoréa pomopatac®dv ortho-vanadate (o-van). Téhog yio tov
EVTOTIGHO duepdv NG viepo&edoivig-2 (Prx2) kot v amopuyn o&eidmwong e Tp®TEIVIG KATd T
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dbpkelo, T Swadikooiog anopdvmone, mponysitaw endaocn (mpwv ) Adon y 15 Aemtd) pe 1o
avtwdpootipio NEM (N-Ethylmaleimide) 1o omoio ovtidpd pe ouddec Oeroddv. o ) perétn
pHepPBpovov oe  SQopeTikovg TANOBVoUODS €PLOPOKVLTTAPOV OVAAOYO HE TNV «MAKIO» TOVG
akolovbeitor 1 mopamdve Jwdikacio a@oh mponyndel OTOUOVOOT VEAPDOV KOl YNPUCUEVOV
€PLOPOKLTTAPMV LE KPITHPLO TNV KLTTOPIKT TOLG TUKVOTNTA VOTEPO OO KAUCUATMON GE OCLVEYN
KAlon ovykévipwong mtepkoAns (amod 1,087 émg 1,098 g/mL).

B2.3. Yroloyiopnoc Oikne HpoTeivikig JuyYKEVIPpOenS ASiynotoc

Aol amopovwbovv ot gpvbBpokvttapikés pepPpdves, akolovbel m pétpnon g OMKNG
TPOTEIVIKNG GVYKEVTp®ONG ota detypata. Avtd yiveton pe ) puébodo Bradford, n omoia Poaocileton
ot dnuovpyia otadepod GVUTAOKOL KLavoD ¥pOduIATOS, TG XpwoTikig Coomasie Brilliant Blue pe
TIG TPWTEIVEG, TO 0010 Pmopel va aviyvevdel e potouétpnon oe unKog kopatog 595nm (Bradford,
1976). H ovykévipoon g npwteivng vroloyiletar pe ™ Pondeta mpdTumng KapmdAng avopopdic,
TPOTEIVNG YVOOTNG cLYkEVIpoons. O 0ykog mov pwtopetpeitor yio 1o kébe dstypa eivor 1 mL, oto
onoio mepiEyovral 790 A vrdtovov duAdbpatog oceopikadv, 200 A dtaivpotog Bradford kot 10 A
delypatog epvBpoxvttapikdv pepppoavov. To Tverd mov ypnoomomOnke mepielye 800 A vwdTOVOL
draivpatog ko 200 A dteddpartog Bradford.

B2.4. lIpostowmacio MeuBpavav yio SDS Hisktpooopnon

Ot amopovouéves pepufPpaves mpwv v NAeKTpo@opnon, enesepydlovion pe ddivpa 20%
SDS-10mM EDTA mov mepiéyet yAvkepoin 10%, B-pepkamtooBovorn wor 1% pmhe g
Bpopopovoing. H mocémrta g «ébe ovciag efaptdror and tov tEAMKd OYKO TOL OLOADUOTOC
YPAOONG TOL YPEWLONOCTE, LE TV OVOAOYID TOV OYKOL TOV TOPATOVE® SLHAVUAT®OV Vo, gtvol Tavta
10:10:5:1, avtictorya. To Pappévo delypa, otn cvvéyela, tonobeteitar oe vepd mov Ppdlet yo 3
AEMTA KOl 0TN CLVEKELN YiveTon amobnkevon atovg -80°C.

2V TEPITTOGT VIWOAOYIGUOV TNG U1 OVACTPEYIUNG KOPPBOVOM®OONG TOV TPOTEIVOV oTNV
epubBpokvtTopikn pepPpdvn ta detypata enmdlovrol, TP TNV NAEKTPOPOPNOY| TOVG Kol Y®PIG va
Bagtovv pe v mapandve dadikacia, pe to avtidpaotipio DNPH (2,4-dinitrophenylhydrazine) to
omoio avtidpd pe KopPovuAkéEg opddeg onuovpydviog to otabepd mapdyowyo DNP  (2,4-
dinitrophenyl). Mg ovtd tOovV TPOTO EMTLYXAVETOL 1| TOGOTIKOTOINGT] TOV TPOTEVAOV OV £XOVV
tporomromBel amd o&ewdmtikég emdpdoels. Xvvomtikd: 1) Ot pepPpaveg (12-15pug mpoteivaov)
daAvtomotovvtar o Swddlvpe. 12% SDS, 2) Xt ouvvéyeln mpootibetar duthdolo mocoHTNTO
avtdpactpiov DNPH kot akolovBei emdaon yoo 15 Aentd oe Ogppoxpacio dopatiov, 3) H
avtidpaon teppatiletal pe mposhnkm SoAdpaTog ovdetepomoinong kot 4) to piypa avayetol pe B-
pepkamroatfavorn (5% telkr cuyKEVIp®ON).

B2.5. Eningdn SDS-PAGE Hiektpoodipnon Hpoteivov katd Laemmli

H nAektpopopnon npwteivdv amoterel pior HEB0S0 dloy®PIoUOD POPTIGUEVOV LOKPOUOPImV
COUP®VO, L€ TO HOPLIKO TOLG PAPOS, TO IGONAEKTPIKO TOLG OMUEIO 1 TO QOPTIO TOVLE, LTO TNV
emidpaocn niektpicov mediov. Ipaypoatonomdnke eninedn SDS-PAGE niektpo@dpnon oe mikTmU
KAlong moAvakpvroudiov kord Laemmli (SDS-polyacrylamide gel electrophoresis) (Laemmli 1970).
To SDS decpevetal oTig TPOTEIVEG, He AmOTELECUA OVTEG VO OPTILOVTOL APVNTIKG KOl VO EXOVV
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TopOUolEG avaroyieg poptiov/Bapove. Emopévac, o dtoywpioplos Tov TpmTeivdy 6€ NAEKTPIKO TTedio
e€aptdTol amOKAEIOTIKA oo T PEYEH0C KO TO GYNLLOL TOVG.

Koatd tv niektpopopnon Tpoteivay, xpnoiomodnkay to TopoKdT® St oo

o Axpvlouidio — bis-akpviapisdio (30:0,8 w/v)

e Stacking Gel Buffer: 0,4% SDS (w/v) e 0,5M Tris HCI, pH 6,8
¢ Resolving Gel Buffer: 0,4% SDS (w/v) oe 3M Tris HCI, pH 8,8
e 10% Ammonium Persulfate (w/v)

e TEMED

[évo and to mikTope dtyopiopov (resolving gel) emotifdlerol évo mktopo xopnAlotepng
OLYKEVIPMOOTG OKPLAAUIONG Kot pe yauniotepo pH (stacking gel — niktopo maxetapiopatog). H
SPOPETIKT KvNTIKOTNTA YA®Piov Kol YAVKivNG Kot 0 YapunAog puOuog €160d0v TV Hopiwv GTO
TNKTOUA Sy®Popov Ponbodv €1t ®OTE OAES 01 TPMTEIVEG VAL GLYKEVIPMOVOVTOL GE Uit YPOLLLUT|-
Covn avapeoa oto dV0 TNKTOUATO. AVTd EMTPENEL, TAPA TN POPTMOCT OELYUATOV SUPOPETIKMV
CLYKEVIPOOEMY Kol OYK®V, TNV €KKivon OA®V TV TpoTeivedv amd to ido onueio. Ta 600
JLPOPETIKA TNKTOUATA TAPASKEVALOVTOL WG EENG:

[IMktopa dtyopiopod  [Nkropo toketopicpatog

Axpolopidio — bis-akpvriopiolo 10% axpovrapion 3,05% axporopion
Buffer 0,375M Tris/HCI pH 8,8  0,127M Tris/HCI pH 6,8
SDS 0,1% SDS 0,1% SDS
APS 0,025% APS 0,05% APS
TEMED 0,083% TEMED 0,17% TEMED

[Mopackevaletor apyikd T0 TNKTOUO SY®PIoHoD, TO 0moio TomobeTelTOl GTN GLOKELY|
niextpopodpnonc. H ocvykévipoon g axpvropiong oto aiktopa eivor avt mov kabopilel kot
OLKPITIKY TOVL KOVOTNTO, KOOMG HEYAAN GLYKEVIPOON OKPLAOUIONG €YEl OC OMOTEAECUO TNV
KOAVTEPT] OVOALGT TPOTEIVOV YOUNAOD HOPLakod BApovg evd YOUNA CLYKEVTIPMOT OKPVAOUIONG
Bonba onv avaivon pmteivdy vyniobd poptakol PBapovs. [pootibeton pikpr tocdtta dH0 oty
EMPAVEIL TOV TNKTOUOTOS OSoY®Popoy (mpv avtd méel) @ote va  opoiomomBel. A@pov
TOAVUEPIOTEL TO TNKTOUO OO®PIGHOD Kol amopokpuvhel to vepd, mPootifetal oI GLOKELN
NAEKTPOPOPMNONG KOl TO TNKTMUO TOKETOPIGHOTOS HE TO €10IKO YTEVAKL Yo TN Onpovpyic v
Béoemv pdpTmong deiypatog. Extog and ta detypota, torobetode oe pio 0éon SA deiktn poprokov
Bapovc.

o v nAeKTPOEOPNOT TOV TPOTEIVOV Ypnoiponoteital dtlvpa niektpodiov (Running
buffer) mov Bon0d ov enidpacn Tov pevATOC TAVD 6T TPWTEIVEG. To d1dAvUA NAEKTPOSI®V TOL
ypnoonoteitar wepéyet 17,7 mM Tris, 192 mM yivkivn kot 0,1% SDS pH 8,3. Anatteiton 1diaitepn

65



mpocoyn otn pvduon tov pH, n omoia dev mpémer vor yivetal pe LOPOYAMPIKO 0ED O10TL T 1OVTA
YAOPIOv HEIOVOLY TNV AVOAVLTIKN KavoTnTo TG HeBddov. H cvokevn niektpopdpnong kAeivel Kot
0. 000 MAEKTPOOI. GLUVOLOVTOL HE €0IKN OLOKELY] €Poppoyng tdong. 'Etol, emttuyydvetor o
S @PIoPOS TV TPOTEIVAOV VO otafepd pevpa [=20 mA, yuo KOs TAKTOUN TOKETOPICUATOS Kot
V16 otabepd pevpa [=35 mA, yuo kKdbe TKTOHA So®PIGHOD.

B2.6. Xpoon OlMkov Hpoteivov g IInktona

Metd 10 TEA0G TNG NAEKTPOPOPNONG KOL TN UETOPOPH TOV TPOTEIVAOV TOL TNKTOUATOS O
HeuPpavn vitpoxvtTOopivng, Moo Odlkacios 1 omoilo TEPIYPAPETOL TOPUKAT®, TO TNKTOUATO
VEIoTAVTOL XPOCN MOTE VO YIVOVTOL OPOTES Ol dloy®Plopéveg o antd mpwteivec. o ) ypoon
ypnoonotleitar | ypwotikn Coomassie Blue-R250. Ta 6tddio mov axoiovBovvral givar ta e€Ng:

¢ Enooon tov mktoudtov oe dtdAvpa 25% comporavoin-10% v/v o&ikd o&o (Fixer).

e TIpootnkn ypwotikng 0,05% w/v e dtdAvpo 10% o&ikov o&éog. Endaon og kKAifovo yo 1
opa kot 30 Aentd otovg 60°C.

e TIpocOnkn dwdvpoatog Fixer. Exdoon yia 2 dpeg vnd avadevon.

e TIpocOnkn dtodlvpatog 5% VIV icorportavoing o 10% VIV 0&iko 0&0. Endaon yio 800 dpeg
Vo AVASEVOT).

e A@aipgon Tov TponyodueEVoD dtodldpaTog Kot endact o€ 10% VIV 0&ikd 0&D.

e Agaipeon Ttov 0&KOV 0&E0C Kot TPOGHNKN OMECTAYUEVOL VEPOL UEYPL Vo Yivel
TAQGTIKOTTOINGT) TOL TNKTMWUATOG.

Metd and v mlooctkomoinom, yivetol clpmon Tov TNKTOUOTOS Kot amofnKevon Tng
€1KOVAG TOV, 1) oToia Uropel va ypnoonombel Yo ToGOTIKY EKTIUNGT TOV TPOTEIVOV.

B2.7. Teyvikn Avocsoamotvraupatoc (Western Blotting)

H teyvucn tov avocoamoTumdpoTog TV mpoTeivev sivar po ovoAutiky péEBodog mov
TEPAAUPAVEL TN UETAPOPE TOV TPOTEIVOV, TOL £YOLV OlYWPLOTEL NAEKTPOPOPNTIKE, Omd TO
TNKTOUO 6 £voL AeTTO Kot LEUPPavAdes VAIKO otipiEéng (Vitpokvuttopivn) kabmg kot tnv aviyvevon
TOVG LE QVTICOUATO. AVTH 1] dodtKaciao Elvar YPNOLUT Yo TNV EVKOADTEPT] OVIXVELGT TOV TPOTEIVOV
amd To aviticopate KofMg ol TPOTEIVEG TPOGOEVOVTOL ETIPAVEINKA OTLG HeUPPAvVES NG
VITPOKLTTOPIVIG.

[To ovykekpéva, HETG TO TEAOG TNG MAEKTPOPOPNONG OPUIPOVVTIOL TPOCEKTIKA T
TNKTOUATO 6T 010l £XEL YIVEL O dYOPIGUOC TV TpOTEIVOY. H petapopd tov mpoteivav yivetan
ue ) xpnon ewikng cvokevng g Transblot-SDI Semidry Transfer Gel. Apywd, toroBetovvor 6
eVAla yoptiov Whatmann to omoia €yovv eumotiotel mPoNyoLUEVMG GE PLOMIGTIKO StdAvpa
uetapopac (Transfer buffer). Xtn ocvvéyeia tomobeteiton m pepPpdvn vitpokvtTopivig n omoia
TPONYOLUEVOS ExEl epmoTiotel o€ ameotayuévo vepd. Axolovbel n TomoBEmon Tov TNKTOUATOG
TOV® TNV VITPOKLTTAPIVI HE TO COGTO TPOGUVATOACUO Kol TEAOG TomobeTovvtol dAla 6 @OA L
yaptiov Whatmann eumoticpéva oe puBuiotikd didlvpa petoeopdsc. H ovokevn evovetar e
TPOPOOOTIKO HEG® MAEKTPOOI®MV KOl OKOAOVOEL 1 HETOPOPE TPOTEIVOV GTN VITPOKLTTOPIVY Yo
nepinov 1 dpa kor 10 Aentd oe otabepn taon 20 V. H odotaon tov puOuotikod StoAdpotog
petapopds eiva:
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e Tris 50mM

e [vxivn 40mM

e SDS 0,04%

o MebBavorn 20% , pH ~8.3

Metd ™ pETOQOPE TOV TPOTIEVOV 6TO QUAAO VITPOKLTTOPIVIG 0KOAOVLOEL aviyvevon
TPOTEIVOV PE avTicopata. To mpdto Prua eltval 1 kGAvyn Tov un KoV Bcemv TpOGdEcNC TOV
aviicopotos. H déopevon tov un edikov Bécewv oty empavelo e pHepppdvng yivetor pe tmv
npoctnkn pubuotikod dreAdpotog déopevong (blocking) ya 1 dpa vd avadevon. To didAvua
déopevong (dmoyo yaia), e€ivar mAoLGO o€ TPWTEIVEG MOV KatalouPdvouv ehevBepec Béoelg
TPOCOESG OTN UEUPPAVN, HE OMOTEAEGHO VO €hoyloTomoleitol 1 Un €01k OEGUELGN TOV
TP®TOYEVOLS avTio®patos. Ev cuveyela n pepppdvn vitpokvttapivng enmaletor yuoo 1 opa vmo
avAadELGT, LE TPOTOYEVEG avticopa (apatopévo oto dtdAvpoe blocking) mov deopevetar oty mPOC
aviyvevon mpoteiv. H peuPpavn Eemiéveton pe PBS-T (Tween-20 0,1% oe PBS). AxolovBel
endaon ywo. 1 ®pa pe devtepoyevég avticopo ocvlevyuévo pe vaepo&eddon (HRP — horseradish
peroxidase) otic id1eg akpipdc cvvinkeg. H vitpokvttapivn Eemiéveton pe PBS-T.

To tehkd Prpa oty avédrvon kotd Western etvor ) aviyvevon g mpoteivig otn pepPpdvn
NG VITPOKLTTOPIVIG. ZVYKEKPLUEVQ, YivETaL aviyvevon Tov ofpatog pe to cvotnue ECL (Enhanced
Chemi-Luminescence) mov Baciletor otn ymperogotavyswe. H vitpokvttopivy enmdletor pe 1o
vrooTpopa Tov evidpov HRP, m luminol, n onoia o&eddveran ko dieyeipetat. Emotpépoviag oty
KaTAoToon Npepiog mapdysl oG To omoio TPocPailel pmTogvaictnta el avtopadioypaeiog. H
aviyvevon Tov ONUOTOS YiveTol o€ oKOTEWO OdAapo, AOy®m g @oTogvoucOnciog TV QUL
[Mpaypatonoteiton enmoon g pepppavne pe ECL kot akoiovBel tomobétnon g o€ €101k KacETa
podli pe 1o KOpPATL Tov EIANL. XT1 cuvéyeln YiveTon epedvion Tov (ovov pe to otdivua D19. To g
Eemhévetan og vepod kot akolovBel «otepémon» e poTOYpaPko ddAvpa Fixer.

Metd 10 TéAOG TNG AVOGOEVIOMIONG, €lvol dUVATN 1 EMOVOYPNOILOTOINGN TG HEUPPAvNG
VITPOKLTTAPIVIG, VOTEPO OO KATAAANAY enelepyacia, Y100 TOV EVIOMIGUO KOl GAA®V TPOTEIVAOV TOV
mBavoév vapyovv oto 1010 dstypa. T v mpaypatomoinon vog vEou KUKAOL 0VOGOEVTOTIONG,
gtvor avaykaio n omokOAAnon (stripping) tv mponyovpevav tyvndetdv mov tomobetnkav 6t
peuppavn, Katd tov mpdTo KOKAO. AVTO emTuyYdveTal Pe ENMAOCT TG HEUPpdvng Yo 45 Aemtd
otovg 60°C oe pubpiotikd didhvpa anokdAAnong (Stripping buffer) mov mepiéyet Tris-HCI 62,5mM,
pH 7,6 ka1 2% SDS, oto omoio mpoctifetar dStdvpa B-pepkantoatfavorng (0,7%).

B2.8. ITosotikn Extiunon tov Hpotsivov IInktopdtov kor Dip

Ta mkrOpate KoBdg Kot T PIAL GOpOVOVTOL Kol TUKVOUETpovvVToL e T Ponbeio tov
npoypaupatog eneepyaciog ewovov Gel Analyser. O ypfotng opilel v mepoyn tov vVIoPadpov
mg {dvng Ko omn ovvéxewn to mepiypappo g Covng. Metd v aeaipeon tov vmofddpov
vroloyiletat To dOpoicpa TS POTEWVOTNTAS OA®V TOV glKovoaToyEimV (Pixels) mov mepiéyovtol ot
Covn kot ot Tiuég mov pokvmrovy enelepyalovro ue tn Pondeia tov mpoypaupatog Excel. T kébe
delypo, vmoroyiletow M T ™G kdbe mpwteivikng {dvng, 10 GOpolcHa TOV TIUOV OA®V TOV
TPOTEIVOV Kabdg Ko 1 iU tov Adyov ¢ kdbe mpwteivng mpog 10 dfpoicpa avtd 1 mpog pia
TPOTEIVN avapopdc 1 oroia epeavilel otabepég TIHEG avapesa oto dElyHOTL.
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B2.9. Avaivon IIhdonaztoc

B2.9.1. EAc00spn Awnocoarpivy — Awnwélovon

Ta enineda glevbepng apoceaipivng vroAroyilovtar eoTopeTpikd pécm e pebddov mov
ypnowonomdnke mpdto omd tov Harboe (Harboe, 1969). H pébodog petpd to eminedo o&v-
QLLOCPLPIVIG OTO TAAGUO. 1| OTO VIEPKEINEVO NG Hovadag petdyyions (uéyloto amoppodenong
415nm). X10 1010 UKOC KOUATOS OToppo@ovV Kol AALEG OVGieg OTTMC 1 YoAepvOpiv Kot 1 aABovpivn
k.0.). T 10 X0yo avtd 10 mAGopo amopovodvetar petd omd @uyokévipnon (1000Xg) ko M
amoppoOeno”n peTpdtor oe tpion unkn kopotog (415, 380 and 450 nm). H axpifng petatpomn oe
GLYKEVIPMOOT GLLOCPOLPIVIG TPayLOTOTOLEITOL e ToV akOAovBo ToTo (S1opbmaon katd Allen) (Han
et al., 2010):

Hb (mg/100ml) = [(167.2XA415) — (83.6XAsz80) — (83.6XAus0)] X 1/1000 X apaicwen (in dH,O) x 100
Omov Ayis ,Aszgo kot Agsp 01 0TOPPOPNGELG GTA AVTIGTOLYOL LK KOULATOG.

To mocootd ™C apdAvong TpocdopileTan amd T HETpnomn g eAeV0epNG aposeapivng
oV amelevepOVETOL 6TO TAAGUO 1| GTO VIEPKEINEVO NG Hovadag petdyyions. H pétpnon oty
yiveton ypnowonowmvtog ™ HEBodo ¢ Kvavopeboooeapivng, Kotd tnv omoia To dsiyua
AVOLLYVOETOL e TO avTIOpaoTiplo tov Drabkin, 1o omoio mepiéyel G1dMpoKLAVIOV) O KOl KUAVIOU)O
drata. To odnpokvaviovyo 1OV 0EEWBMVEL TO GIONPO NG OCLULOCEUPIVIG, UETOTPEMOVTOG TNV
apoceapivn o peBoposearpivn. H pebopoceaipivn evovetor pe to Kuaviovyo 10v mopdyoviog
Kvovopedopooaipivn, n omoia divetl Eva ypdUA TO 0010 PETPATOL PMOTOUETPIKE Kot 1] EVTAGY] TOV
oyetiCetoar pe ™ oLYKEVIpOON NG oupoceapivng oto delypo. Me m pébodo avtny umopet va
VIOAOYI0TEL TO GUVOAO TNGg €AelBepng opoc@alpivig ANV TG EAIYIGTO TOPOVGOUS GOVAPO-
alpooalpivig 1 omoia dev o&gddvetar amd To avidpactiplo (Zwart et al., 1996). To mocootd ™G
ALUOAVONG TPOKVATEL OTO TOV TOPAKAT® TOTO:

Aworvon (%) = Hb vrepkepévov (g/L) X [100 — aparokpitng (%)] / Oruciy Hb (g/L)

B2.9.2. Ok Avrwoéswomtikn Ikavotnta [IAdonatoc

H pétpnon  tov  emmédwv  GUVOAKNG  OVTIOEEWMTIKNG  IKOVOTNTOS — TAGGLOTOG
TpaypotonomOnke pe ™ ypnon mg pebodov FRAP (Ferric Reducing Antioxidant Power) n omoia
vrohoyilel v wavoTTo. avaymyig tov Fe** oe Fe?* amd pikpd popia tov TAAoHoTog Omeg To
ovpkd 1 10 ackopPikd o&H (Benzie xou Strain, 1999). Xe yaunid pH, n avayoyn tov cvoumidkov
tp1ofevoig ordmpov-TpurvptovAoTPLaLivy (Fea+-TPTZ) o€ ocvuumAoko dtebevoig odnpov-TPTZ (Fez+-
TPTZ) odnyei o€ £&viovo pmke ypodUO TO 0T0i0 peTpdrol o€ pnKog kKopotog 593nm. o ) pétpnon
TOV TOGOGTOV GUUUETOYNG TOV OLPIKOV 0EE0C KOl TV VITOAOITOV OVTIOEEWDMTIKOV GLGTUTIKAOV, GTNV
AVOY®YIKT KAVOTNTO TOL TAAGUATOG, ypnoporominke 1o EvOupo ovpikdon 1o omoio VOPOADEL TO
ovpkd o0&y (Duplancic et al., 2011). Xvvortikd axolovBovvTol Ta TapaKaT® Prpoto:

o TIpocOnkn mAdcpatog (pe N yopic ovpikdon) oto avtidpactipo FRAP
o Endoaom otovg 37°C yia 4 Aemtd
e dotopétpnon ota 593 nm

68



e Ymoloyiopdg g cvykévipwong (UM) Fe** LE QVTIOTOIYNON NG TWUNG TNG AmoppOPNONG OE
TPOTLTIN KOUTTOAN
To avtwpactplo FRAP mepiéyel oe avoroyio 10:1:1, puOuiotikd ddAvpa oEikov o&Eog —
o&wov vatpiov (300mM), didivua TPTZ (2,4,6-tripyridyl-s-triazine) (10 mM) oe HCI (40mM) ka1
dtéAvpo FeClz (20 mM) avtiotoya.

B2.9.3. Hewopotikéc Awdwkocicc pe tq Xpnon e Me0odov ELISA (Enzyme-Linked
ImmunoSorbent Assay)

H avocoevluuikn pnébodog ELISA ypnowonoteital yioo v aviyvevon e mapovsiog evog
AVTICOUOTOS M €VOG avilyovou oe €va oetypo kot Paciletor oty €dkodTNTO. TOL gUEOavVIel 1
TPOGOEST] AVTIYOVOL-AVTIGMUATOS. XPNCUOTOLEiTAL TOGO Y10 TO0TIKN OGO KOl TOGOTIKY avAALGN.
YV TEPINTMOON MOCOTIKNG OVOALONG 1 EMGNUOVOY TOL TPOG HEAETN Hopiov pmopel va
npaypatonombel pe padevépyela, Eviopa 1 @Bopilovcec ovoieg. Xnv mapovoa epyacio M
aviyvevon £Yve QOTOUETPIKA LETA OO AVTIOPACT LLE YPOULOYOVO.

B2.9.3.1. Enireda Movolerdiov Tov Alatov (NO)

H pérpnon povo&ewdiov tov aldTov TPAyUOTOTOMONKE POTOUETPIKA PE KATOAANAO KiT
ELISA ocOpeova pe tig 0dnyiec tov katackevaoty (Cusabio). Xpnoyomombnke pikponidxo 96
0éoewv emkaivppévn pe ko avticopo évavit NO oty omoila Tpootédnkay apykd To detypota
Kot o TpoTLTe. Stohvpota (Yoo T dnuovpyia mpdtumng kapmoAng). Ev cuvveyela mpootédnke
noAvkAwvikd avticopo £vavit NO onuocpévo pe Brotivn axoiovBoduevo amd mpocsOnkn afidivng
ovlevyuévng pe vrepo&eddon (HRP). Téhog ewonydn otig 0éoelg g KpOTAGKAS TO KOTAAANAO
vrootpopa TMB (3,3',5,5' tetramethyl-benzidine) ywa v mpaypatoroinon eviopuknig avtidpoone. H
avtidpacn oAlokAnpmOnke petd amd mpocHnkm Oeukod o0&fog Kor M OMTIKY  TLKVOTNTO
npocdiopiotke oto, 450nm. H cvykévipoon NO (ng/mL) vroloyiotnke petd amd cOYKpPLon TV
TIUOV AmoppOPNONG LE TIG OVTIOTOLYES TNG TPOTLTNG KAUTVANG TOV KATACKEVLALETOL TOPAAANAQL.

B2.9.3.1l. Hocotwkomoinon Kiactepivne

H pétpnon «haotepivng mpaypoatomombnke ootopetpikd pe koatdAinio kit ELISA
oOpe®va Le TG 0dnyieg Tov katackevaot (BioVendor). Xpnoomomnke pikporidka 96 Oécemv
EMKOAVUUEVT] HE HOVOKAWMVIKO OVTICOUO £VOVTL KAOGTEPIVIG OTNV OToio. TPOSTEOMKOY apyIKd To
deltypoto kot tor wpdTtuma StoAdpota (Yoo T onuovpyion mpOTLING KOUTOLANG). AxoilovOnoce
TPOGONKN SELTEPOYEVODS HOVOKA®VIKOD OVTICOUOTOG onuacuévov pe Protivn kot mpocsOnkm
otpentafidivng ovlevyuévng ue vrepo&eddon (HRP). Téhog iofybn otic Béoeig TG ikpomAdkag to
Kat@AAnAo vroéotpope TMB (3,3',5,5" tetramethyl-benzidine) yioa v mpaypotoroinon eviupikng
avtidpaong. H avtidpaon oroxinpdbnke petd amnd mpocHnkm o&ikov 0EEOC Kol 1 omoppoOeNoN
npocdlopiotmke oto. 450nm. H ovykévipoon rkiaotepivng (ng/mL) vmoloyiotnke petd amod
GUYKPLON TOV TYOV amoppOeNoNS LE TIS OVTIOTO(ES TG TPOTLANG KOUTOANG OV KOTAGKELALETOL
TOPEAAN AL
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B2.9.3.111."’Eigyyoc Emntomv KapBovoouévov Ipoteivov

Ta enimedo KopPOVOMOUEVOY TPOTEIVOV HETPNONKAV QOTOUETPIKE LE KOTAAANAO KIT
ELISA cOuemva pe tig 0dnyieg tov katackevaotr (BioCell Corp). Xpnowomombnke uikponidko
96 Bécewv oty omoio mPooTEOMKAV OpyKA To deiypota Kol o TPOTLTOL StAvpaTe (Yoo T
dnuovpyioe TPOHTLANG KOUTVANG) HETA TNV avtidpoon tovg pe dwrrpogarvorvdpalivy (DNP).
AxorovOnoe agaipeon g mepicosiag DNP kot mpocHnkn frotivollopévon avTio®uUatog EvavTt g
DNP. Ev cvveyeia mpootédnke otpemtafidivn cvlevyuévn pe vrepoéedaon (HRP) kot katddinio
vrootpopo TMB (3,3,5,5' tetramethyl-benzidine) ywo thv mpaypatomoinon eviuuiknig avtidpaocne. H
avTidpaor oTANATNGE UE TV TPOSONKN TPYA®pPoSikod 0&E0G KOl 1 OToppOeNoN HETPNONKE T
450nm. H nocdtta kapfovoliopévev tpoteivav (nmol/mg) vroloyictnke peTd amd cOyKpLon TOvV
TIUOV QTopPOPNONG LE TIG OVTIOTOLYEG TPATLANG KOUTOANG TOV KATOOKELALETOL TOPAAATACL.

B2.9.3.1V. Métpnon Oponpotikinc Ikavotnroc Kvetidimv

Ta enmimedo OpopPotikng KavdTToS TOV KLOTWIOV UETPNONKAY QOTOUETPIKA UE TO
Zymuphen MP-activity ELISA kit cOpemva pe 11 0dnyieg tov kotaokevoaot (HYPHEN BioMed).
Xpnowonombnke pikpomAdiko 96 0écewv emkaivppévn pe otpemtafidivn kot Protivolopévn
avvegivn V oty omola mpootédnkav apyikd to delypato Kot to. TPOTLTAL OlADUHATE (Yoo T
onpovpyia TpdTLNNG KAUTOANG) apot®péva o€ pLOUICTIKO dtdAvpa To omoio TePlelye avacsToAElg
acPeotiov, mapdyovra Xa kot OpopPivne. Ev cvveyxeia mpootédnke mocotta mapdyovia Xa mov
neplelye acPéotio kot mpoBpoupivn. Ta detypoata mov mepielyayv HIKPoKLOTIOW e EEMTEPIKELUEV
poopatidvrooepivny (PS) mpocdébnkav oty avveéivn V emutpémovtag otov mapdyovio Xa
(mrapovsio acPeotiov) va petatpéyer v mpobpoupivy oe Bpoufivn. Metd and mpocsOnkn tov
VIOGTPAOMOTOS TG OpopPivng Kot OAOKANP®ONG TG avTidpaons HE KITPIKO 0EL M amoppoOenon
petpnOnke ota 405nm. H petatponn oe Opoufivn eivar evBémg avdroyn g meplekTikdTNTOg TOV
delypatog oe PS emopévag ypnoionotdvtag mpdTumn KOUTOAN 1) GUYKEVIPMON UIKPOKLOTIOI®V
exkppaletar o€ nM PS.

B2.9.4. Ilocotikoc Ilpocoropiondc Kvotidimy

H pétpnon tov ovvoAiikod apiBuod kvotdiov kot o éleyyoc eEwtepikevong PS oe avtd
npaypotoromnke pe kvttapopetpio pong (flow cytometry, FC). Ta kvotidia tavtomombnkay pe
Baomn 1o uéyedog tovg (copotido <1 pm) kor v ewtepikevon PS (AnnexinV+). IMapd to yeyovoc
OTL VIAPYOLVV  UIKPOKLOTIOW 1oL Oev ekBétovv PS omv empdveld tovg, 1 pETPNON TOV
vromAnfucpov kpokvoTwiny to onoila e&mtepikedovv PS eivarl diaitepng onpaciog kabdg n
OpouPmtikn woavottd tovg e&aptdtot amd v mapovoia 1) ot PS (Connor, 2010). I'a to Adyo avto,
evtoc 15 Aentdv amd v apoinyia to aipa euyokevipiOnke (1000xg) dvo popéc oe Beppokpacio
dopatiov. Mikpr| ToGHTNTO ATOUOVOUEVOL TAAGLOTOS EMMACTNKE UE OVTICOUATO EVAVTL avVESTVIG
V kot yAvkopopivng A (CD235), onuacpéva pe dopopetikd @bopiopoypodpata. To oviicopo
CD235 ypnoyomomnke yuo. TOV EVIOMIGUO £PVOPOKLTTOPIKMV HKPOKLOTIOI®MV. META TV Tpodo
20 Aemtv M ovTidpoon oTapdnoe Kot o detypota eAéyyOnkay pe tn fondela KutTtapdUETpOL Y
™mv mapovsio SmAd Oetikdv pkpokvotidiov (avveEivn V/ICD235) peyébovg pikpdtepov tov lum.
o tov mpocdopiopd tov peyébovg TV copatdiov To omoio opioTnKov ®G KLoTidW
ypnoworomdnkav @Bopilovia ceapidio cOueove pe TG 00nyieg Tov Kotackevoaoty (BD
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Biosciences) ka1 g Awebvoic Etaipeiog @pdupmwong kar Awooctaong (Lacroix, 2010). T'o tov
TPOGOIOPICUO TOV ATOAVTOV OPIOHOD UIKPOKLOTIOIMV (XlOG/HL) YPNOLOTOMONKAY SOKILOGTIKOT
oOMVES YVOOTNG oVYKEVTIp®ONG o€ eBopilovta cearpidia (TruCountTM).

B2.9.5. Aronovoon Kvstidoimv

H amopovmon kuotdiov amd 10 VIEPKEILEVO TOV HOVASMV UETAYYIONG TPAYUATOTOMONKE
010 péco (Muépa 17) ko oto téhoc (Muépa 42) ™ amodnKeLTIKNG TEPLOSOVL. Apyikd, HETO Omd
euyokévipnon (2000Xg) TokeTaplopéVeV £pLOPOKLTTAP®Y ATOUOVAOONKE TO VLTEPKEINEVO Kot
kabopiomke pe amootelpopéva @idtpa vitpokvttapivng (uéyebog mopwv 0,8um). AxoArovOnoce
vrepeuyokévtpnon (37000xg) tov euhtpopiopévov vrepkeévov yio 1 dpa. Télog to inuo tov
KuoTWiwv emavadtalvtoromdnke oe PBS kot  okohovOnoav 00  QUYOKEVIPNGES OTIg
npoavapepheiceg ocuvOnkes. Metd to méPAG ™G OdKACING 1) TPWOTEIVIKY] GLYKEVIPWON TMV
ATOLOVOUEV®V KVOTIOImV Tpocdiopiotnke pe t puébodo Bradford.

B2.10. Avaiven EpvOpokvtTapwy

B2.10.1. Ocumtikn Ev@povetotnrta

H pébodoc avtr Paciletor 6to yeyovog OTL VIAPYEL VOGS GLYKEKPLUEVOS OYKOG LEYPL TOV
omoio €évo. gpvBpokvTTOpPo Umopel Vo amoppoenoel vepd ywpig va mpokAnbel Oidomaocrm g
peuppavne. Xe éva detypo epufpav arpoceapiov kdbe kOTTOPo £xel Ta OIKA TOL OpLo UEYIOTNG
avektng HeTaPoANG OYKOL (0plokdg OYKOG), EMOUEVAOS 1 OGUMOTIKY €VOPOLGTOTNTA TOL GLVOAOL
axolovbei pio kavovikn katavoun. Ta epuBpokdtrapa dtav tomobetodviorl 6e VIOTOVIKE StOAVLOTO
pe av&ovopevn ocvykévipwon NaCl, aroppo@ovv vepod AOY® 010popag GTNV OGUMTIKY TLEGT UEYPL VAL
@TAcOLV GE AVTOV TOV 0plaKod Oyko kot HeTd akoAovBel diappnén tov xvttdpov. H mpoodesvtikn
ueimon g meplektikdmTog ToL doddpatog e NaCl, amd 0,9% ce 0%, odnyei o apdolvon Kabdg
10 dtdAvpa 0,9% NaCl givar 16otovo Yo to. gpuBpokdttapa (310mOsm). Apod mapacKeLOoTOHV
daivpato avavopevng cvykévipoong NaCl (0% - 0,9%) axoiovbel mpocbnikn olikod aipatoc o
avaroyio 1/100 kou endaon yia 15 Aentd oe Beppokpacio dopatiov. Ta deiypato guyokevipohvtan
Kol To vrepkeipevo portopetpeitor ota 540 M. TEAOG peTd amd avTIGTOlYNOT TV OTOPPOPNCEDV LE
11 ovykevipmoelg NaCl kot tn dnpovpyia g KapmdANG oop®TIKNG gvdpovotdmrac, vroloyileTot
o oeiktng MCF (Mean Corpuscular Fragility) mov avtiotoyel oe exeivn ) ovykévipwon NaCl n
omoia mpokaiet 50% Adon TV epvbpoxvTTdpwV.

B2.10.2. Mnyovikn EvOpovetotnrta

H pébodog avt eAéyyet v wKavotto TV €pLOPOKLTIAP®V VO, OVTEXOVV GTI UNYOVIKY
Katandvnon. [ 10 Adyo avtd ypnoyomotodvion petaAlkd ceotpidia (beads) ta omoia, petd amod
avapelEn pe to delypa Kot avadevo, ackodv unyavikd otpeg oto epvdpokvtrapa. [apdiinia pe ta
delypata mov £(0VV LTOGTEL UNYAVIKY KOTATOVNOY| EAEYYOVTAL KO delypata-pdpTupes Tov idtov 40T
oto. omoio. dev €yovv mpootebei beads. Ta delypoto @vyokevipovvror (1000Xg) ko ta
gpvpokiTTOpa apatdvovtal pe 1ooétovo didhvpe PBS og apatokpitn 20%. Akolovbel avaueiEn pe
HeTaAMKAE cpatpidia kot avadevon yia 1 dpa otovg 4°C. Ta Seiypata puyokevipovvtor (2750Xg) ko
10 vEepkeipevo ypnotponoteitanr (petd amd véa euyokévipnon — 20800xg) yw ™ pétpnon g
apocopivig mov £xet amelevfepwbel katd ™ dadikacia. TOGo 1 evookvLTTAPLO dpOoGPaLpivn OGO
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Kol M apooceopivny mov anelevbepmdvetar oto vIEpKeievo vroAoyilovtatl pe yprion g puebosov
Harboe. O dgiktng unyovikng evbpavototntag (MFI) vrodoyileton amd v axdiovdn eEicmon:

MF1(%) = [(EA£00£p1 HD(s spupiois) — EAE00£pT HDuiprupacy)/ (HD — EA£00£p1 HD(uipropac] X 100

Omov «Hby» 1 evéokvttdpia ouposeapivny og arpatokpitn 20%.

B2.10.3. Métpnon Avnyuévne 'hovtadsrovne (GSH)

H pébodog Baciletar omnv avtidpacn e GSH pe 1o avtidpactipio tov Ellman (5,5'-dithio-
bis 2-nitrobenzoic acid — DTNB). H GSH o&giddvetar amd to DTNB pe amotéleopo tn dnpovpyia
oV ypouo@dpov TNB (GS-TNB). To npoidv g avtidpaonc (GS-TNB) avayetor e GSH moapovocio
0V evQhov avaymydon g YAovtabeiovng (GR) kot NADPH. O pvbuog g mapoayoync TNB givat
avdAoyog tov cuvorov g GSH mov vdpyel oto delypa kot peTpdrol og uRKog kopatog 412nm.
Apywd 1o oaiua @uyokevipeitar (1000Xg) vy 5 Aemtd kot to ilnua TtV gpvbpokvtTapmV
avapetyvoetar pe 10% covipocalvkiaikd o&H oe avaroyio dykwv 1:4. To pelypo emoaleton kot
euyokevtpeitan (10000xg) yioo 10 Aemtd. AkoloVBmG pKkpOG OYKOC VIEPKEUEVOD TPOOTIOETOL O
JOKIHOoTIKO GwANVe. 0 omoiog mepEyel 1mL pvbuiotikod SwAivuatog KPE (KH,PO4 0,1M —
K2HPO4 0,1M — EDTA 5mM) oo onoio £xet mpootebei DTNB (0,6mM). Televtaio mpootifeton 1
avay®ydon g yAoutabelovng Kot 1 ovtiopacn moapakoiovbeitoar eoTopeTpikd ota 412nm yo 2
Aentd. [Ipokepévou va mocotikoromnBodv ta amoteréspota (WM), o puOuog pnetafoAng g OnTikng
TUKVOTNTOC GULYKPIVETOL UE TPOTLMN KOUTOAN KOTAGKELOOUEVT pe OtoAdpota GSH yvwotng
GLYKEVTPMOTG.

B2.10.4. Métpnon Emnédmv Evéokvrtdprov Evepydv Mopodv O&vyovov (ROS)

INo ™ pétpnon tov evdokvttdpiwv emmédov ROS ypnoipwonombnke to avtidpactiplo
CMH,;DCFDA. TIpoxetton yuo €va Mmwodgiro pn eBopilovia eotépa 0 omoiog pumopel vo domepva T
TAOGLOTIKY HepPpdvn Kon va gieépyetor oto kuTTopo. Exel koPeton and eotepdosg, o&edmveTot amd
ta gvdokvttdpla ROS ko @Bopilet. ‘Etor, 1o mapaydueva emineda eBopiopod eivar aviroya tng
gvdokvTTaplag ovykévipoons tov ROS. Apykd to aipa euyokevrpeitar (1000Xg) yio 5 Aemtd ko
AQOIPEITOL TO VIEPKEINEVO KoL 1 LEGOPAOT TMV AELKOKVLTTAPWYV. XT0 £pvOpoKVLTTAPO TPOSTIOETAL
wotovo owdivpo PBS kot eotépag CMH,DCFDA (2uM) kot akohlovBel endaon v 30 Aentd ot0
okotaol. Metd and puyokévipnon (1000xg) n nepicoeia tov eotépa aparpeital, Tpootifetat 166ToVo
PBS ka1 ta gpvBpoxvttapo emwalovtarl yio 12 Aentd o okotddl. Télog ta kOTTOpa Avovtal pe
ameotaypévo vepd kat ta eninedo twv ROS petpodvtat og phopiopoduetpo (UKog KOUOTOG S1EyEPONC:
490nm, pfkog kOuatog ekmoumng: 520nm). T tov éheyyo towv emmédwv ROS Aoym 1rng
EMOEKTIKOTNTAG TOV EPLOPOKVTTAP®V GE EEMYEVES 0EEOMTIKO epEDioL TOL KOTTAPO EMMAGTNKAY Y10
20 Aemtd pe 100uM tov o&ewwmtikob avidpaoctnpiov tert-Butyl hydroperoxide (tBHP) mpwv v
TPOcHNKN TOL £6TEPQL.
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B2.10.5. Métpnon Emnédwv Evookvttdprov AcBestiov

H pétpnon tov evéokuttdplov emmédmv acPestiov mpaypatortomdnke pe mm ypnon Tov
avtwpaotnpiov Fluo 4-AM. Tlpokettan yio Eva Mmoeiro, un eBopilovta eotépa 0 0moiog umopel va
SlmePVA TNV TAAGUATIKY HepPpdvn Kot va gicépyetar 610 kuTtapo. Exel kOPeton and eotepdoed,
avTopa e 1via acfeotiov Ko eOopilel pe Ta mapayoueva enineda eOOPIGLOL va eivar avaloyo NG
evooKVTTAPLOG oLYKéEVIpwong acPeotiov. To aipa @uyokevrpeiton (1000Xg) ywoo 5 Aemtd ko
AQUIPEITOL TO VITEPKEILEVO KOL | LECOPAOT] TOV AeVKOKLTTAP®V. Ta epvBpokvdTTApPO TOTOOETOVVTOL
o€ 160Tovo puiuiotikd didAvpa acPeotiov (NaCl 145mM — KCI 7,5mM — CaCl; 1,8 mM — I'wkoln
10mM — Hepes/NaOH 10mM — mvpooctapuiikd vatpio 10mM), mpootibeton eotépag Fluod-AM
(5uM) ko akoArovBel endaon yio 40 Aentd oto okotddl. H mepicoeia tov €0tépa agaipeitor pe
euyoKévTpnon, mpootifetal didAvpa acPeotiov kot tor epuOpokvTTapa enmalovtol €k véov yia 30
Aentd o€ oKOTAOL TéLOG Tar KOTTOPO AVOVTOL LE OMEGTUYUEVO VEPD Kol TO EMIMEON EVOOKVLTTAPLOV
acPeotiov petpdvrar og @BopiopopeTpo (UNKog KOpoTog Séyepong: 485nm, pnKog KOHOTOC
gkmopmc: 520nm).

B2.10.6. Aviyvevon ®mcoatidviocepivne (PS)

Mia amd 11 ahrayég mov cvpPaivouv TOG0 KOTd TN ddpKELD TG ATOTTOGNG OGO KOl KOTd
mv e&EMEN TG YNpaveng TV epuBpokuttapnv eival  eEmtepikevon e eoceatidviocepivig (PS).
O evromopdg ™G PS o010 efwtepikd pépoc G HeuPpavng mpaypotomombnke pe XuveosTioko
Yoapotikd Mikpookonio Laser (CLSM) kot kuttopopetpio ponc.

Ocov agopd oto CLSM pia déoun laser capdvel 1o mopockevooua ite Kivovpevn 1 1010
(beam scanning) eite pe petaxivion tov mopoackevacuatog (object scanning). H cdpwon tov
avtikelévoy and ) déoun laser yiveton pe ) Pondeia mepiotpe@ouevav Kobpentdv (oynUaTIcHOg
ewovog og 0,1 sec), apod n oamdkMon déoung etog dev glval dvvatd vo mpaypatomombel pe
drapopeTkd Tpdémo. To pikpookomo avtd yopaktpiletor amd 60 GNUAVTIKE TASOVEKTLOTO EVOVTL
TOV KAUGIKOU OTTTIKOV UIKPOGKOTIOL: o) TN PeATimpévn optldvTia Stakpitikn tkavdttd tov Kot ) )
LOVOdIKT] duvaTdTnTa Yoo avédAvon tov BaBovg Tov delypatog, KATL TO 0moio meEPLypAPETAL LE TOV OPO
«omtikn pkpotopioy (Wilson xar Carlini, 1987). O evtomopds g PS ot0 emtepicd pépog g
ueuPpvng mpaypotomodnke pe tn xpnon g ebopiCovoag ovsiog Annexin-V-Fluos, couepwvo. pe
™V TopoKAT® dladtkacio, Onwg opiletal amd TOV KATOUCKELUOTY:

e 10° kOtropa mhévovron pe PBS kat guyokevrpodvtat (200Xg) yia 5 Aentd.

e To ilnuo tov KuTtTapoV enavadiaAvtonoleital o€ didivua Annexin-V-Fluos.
o Axolovbei avddevon oto okotdot yio 15 Aentd.

e Emioctpwon HiKpNG TOGOTNTOS GE AVTIKEYLEVOPOPO TAAKCL.

e [lopatnpnon oe cvveotiakd pikpookomio Laser (CLSM)

O éheyyog efmtepikevong PS péow wvttapopetpiog pong mpaypotomodnke HETE oo
EMMOCT WKPNS TOcOHTNTOS £pLOPOKVLTTAPW®V pe avTicopato Evavtt avvesivng V kot yAvkoeopivng A
(CD235). To avticopa CD235 ypnoyomombnke yio v To0ToTOINGT TOV EPLOPOKLTTAP®Y KAOMG N
YAvKoQOpivn A amotelel YOPAKINPIOTIKY TOVG TPOTEIVY. Metd v mapodo 20 Aentdv N avtidopaon
otopdtnoe kot to oetypato eAéyyOnkav pe ) Pondeio KLTTAPOUETPOL YO0 TNV TOPOVGIN SUTAA
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Betikdv kuttapov (avve&ivny VICD235). T'o tov mpocdiopiopd tov amdALTOL aptiuold KuTTapmV
mov eEmtepikevovv  PS (X106/pL) YPNOUOTOMONKOY  SOKIHOOTIKOL GMOANVEC HE  YVOOTNG
ovykévipmong eBopilovta cearpida (TruCountTM).

B2.10.7. Hopatnpnon t™e Mopooroyiac EpvOpokvrtdpov pne Hlektpovikd MikpocKOTLO
Yapmwonc - HMX (Scanning Electron Microscope - SEM)

To HAektpovikd Mikpookomio Zdpwong otnpiletal oty apyn Aettovpyiog evog kabodikon
COANVO, Kol TEPEXEL TNVICL Yo TNV OTOKAIOT OEGUNG TOV NAEKTPOVI®V, 1 OTOl0 «GOPMVEL) TNV
EMPAVELN TOVL TAPUCKELAGUATOS. H aAANAENIOpaoT TV NAEKTPOVI®OV LE TO TAPUCKEVOGLO UTOPET
Vo €YEl ®G OmOTEAEGHLOL: ) TNV avakAaoT Tov niektpoviov (omicBookedaldpeva), B) v ££0d0 TV
NAeKTpOVi®V OO TNV EMPAVEIL TOVL TOPUCKELACUATOS (OgVTEPOYEVN), ) TNV €AeLBEpmOoN
NAEKTPOUOYVITIKNG akTvoBoAlag. Avadoya Tig TANPOQOpies TOL BELOVILE VO TTAPOVLLE Ol OVIYVELTEG
YPNOOTOOVV KOl T avTioTowyo nAektpovia. [a mapddetypa, yioo TV Topatnpnon e oKpOTOTNG
EMPOAVEIOKNG LOPPOAOYIOG, YPNOLOTOOVVTOL UOVO T OEVTEPOYEVI] MNAEKTPOVIQ, €V Yo TNV
napatnpnon g Pabvtepng popporoyiag, ta omcOookedalopeva. TN cCLYKEKPLUEVN epyacia £yve
TOPATNPNON TNG EMPAVEINKNG HOpeoAOYiag Twv gpvBpokvttdpwv. o v mopayoyn Ttov
JEVTEPOYEVMV NAEKTPOVI®OV amtd TNV EMUPAVELD TOV OElYLATOG TPAYLLATOTOLEITAL KAALYT) UE CTPOLL
Xpooov-TTarhadiov (Au-Pd) dote o detypa va yivel aydypo.

Hewpoauazinny Aiadikocio

1. Ouyokévipnon KLTTOPIKOD EVOUUOPNUATOS GE YOUNAEG CTPOPES YL TO OYWOPIGUO TMV
epLOpOKLTTAPOV OO TO SLAAVLA GLVTIPTONG.

2. TIpocOnin dwwidpatog 2% yrovtaparoctione/0,1 mM  kakodviikd vatpro pH 7,4 oe pkpd

OYKO KLTTAPOV Kot ETMaoT Yo 1 apa.

Zémopa tov kuttdpov pe dteivpa 4% covkpdlng oe 0,1 mM kakodvAikd vatpro pH 7,4,

[Tpocbnkn 1% OsO46¢ 0,1 MM kaxodvAikd vatplo pH 7,4 kot endaom otovg 4°C.

Eémopa pe dodavpa 4% covkpolng o 0,1 mM kaxodviwo véatplo pH 7,4.

Awdoykn apuddtmon TV KVTTdpmv o€ dtalvpata afovoing cvykevipoocewv 30, 50, 70,

85, 95 xon 100%.

Enictpoon pikpomocdtntog pudpokuttdpmv 6e KaAvmTpida.

Kéioyn pe Xpooo-ITarridoro.

9. Mapampnon oto Hiextpovikd Mikpookonio Zépmongc.

o ok w

® ~

B2.11. YtotioTik Avalven — Avaiven AKTO®V

Kabe meipapa mpaypotomodnke o TpELg EXAVOAYELS Yo TN Sloc@AAloT TG a&lomioTiog
TOV amotehecpdtov. o ™) otatioTiky eneiepyacio ¥pnoLoTomOnKe 10 GTATIGTIKO TPOYPOLLLOL
IBM SPSS (Statistical Package for Social Sciences, éxdoon 22.0 ywo Windows). Ot dwapopég
aVAUESH GE OUPOPETIKEG OUAdES delypaTV eA&yyOnKay péow t-test yuo avefaptro detypoto Kot
avaivon dwokvduaveng Katd éva moapdyovta (one way analysis of variance, ANOVA). Ou ypovo-
e€opTdpeveS O10POPEG EVTIOTMIOTNKOY HE OVAALGN SOKOUOVONG ETOVOAAUPAVOLEVOV LETPICEDV
(repeated measures ANOVA). H katnyoplomoinon otpodotdv Kol TopaUETpOV TpayHoTomomnke
ue avoilvon mopoyoviov (factor analysis) kot cvetadmv (cluster analysis) avtictoyo. Iepattépm
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OTOTIOTIKA HOVTEAQ TO. ool ypnoomomonKay, TepAapuPavouy TOADTUPAUETPIKES AVAAVGELS Y10
™V €0PECT TOVTOYPOVOV UETAPOADY Kot OAANAETIOpacNC TapaydvVI®mV oTa Tpog e&étaon delypuato
(moivmapapetpikn-multivariate  ANOVA, pewtd povtéha  molvmapopetpiknc-mixed  model
multivariate ANOVA «.a.). H mpopreym mopapétpov evolapépovtog TpoyatonomOnke HEc® aming
Kot TOMOTANG aviivong moiwvdpounone (simple and multiple regression analysis). T'io tov
EVTOTMIGUO TOOVOV GUGYETICEMY OVAUESH GE OUPOPETIKEG TOPUUETPOVS TPUYLOTOTOWONKAY 01
éleyyot Pearson and Spearman avdloyo pe v Kotavoun Tv wpog e&€toor mapapétpov. Xe kade
avéivon mov oavaeépbnke mpaypoatomomOnKay OAOl ot omapaitnTol EAEYXOL OGOV QPOPA OTIG
npovmobécelg ypnong tov emdeyuévov povtédov. Ta amotedéopata Bewpnbniov oTATIOTIKA
onuoavtika yuo P<0,05 1 P<0,01.

H avdivon dwtdmv mpaypatomodnke pe t ypnon tov mpoypdupatog Cytoscape (ékdoon
3.2.0) 1o omoio gvdeikvyTal Y10 TV OTTIKOTOINGT KOt TV aVAALGT| PLOAOYIKOV SIKTO®V CLUGKETIGEDV
Kot oAniemdpdoewv (Assenov, 2008). Q¢ dedopéva €16000V YPNOIUOTOMONKOY OLULOTOAOYIKEG,
Broymuucég Kot PLoAOYIKES TOPAUETPOL AVAIEGO GTIS OTOIEG TOPATNPNONKAY GTATIGTIKG ONUOVTIKES
ovoyetioelc. Ot Tipég tov deiktn cvoy€tiong I kaboOPIGE TO UNKOG TMV GUVOEGEMV UETOEL TMV
TOPOUETPOV (LEYOADTEPT TN ' — UIKPOTEPT amoctacT moapapétpwv). [a va ghayiotomomBel n
TOOVOTNTO EVOOUATOONS YELOMG BETIK®OV (TANV CTATICTIKA CNUAVTIK®V) GUCYETIGEMY 6T diKTL A,
amopPIPONKAY TEPITTOCELS GUVIEGEWMV LLE GLUVIELEGTH GLGYETIONG HikpdTEPO TOL 0,25 (r<0,25).

75



KEDAAAIO T
AHHOTEAE2MATA



I'l. ENTAPAYH THYX AEYKA®AIPEXHY XTHN INIOIOTHTA MONAAQGN METAITIXHY

Xpnowonombnke oAeficd aipo amd 8 dppeveg vyieic apodéteg (4 Asvkaparpepéva
detypata L — 4 un Aevkagaipepéva detypota N). Ta toketapiopéva epufpokidtrapo omobnkedtnray
o€ HOVAdEG METAYYIoNG TToL Tepteiyay ovTunkTikd dwivpa CPD (citrate-phosphate-dextrose) o
npdcebeto didAvpa cvvtipnong SAGM (saline-adenine-glucose-mannitol) yio pio mepiodo 42 nuepdv
oe Oeppokpacio 4°C. T ™ pedétn g yHPOVONE Kol TOL KLTToPIKoD Oavatov eviog T Hovadag
HETAYYIONC, TOCO TPOTOVTOG TOV YPOVOL 060 Kal avauesa o€ Aevkapopepéva (L-RBCS) ko un (N-
RBCs) oelyuata mpaypatomombnke detypotoAnyio oe eBdopadtaio. Pdon kdto amd donmteg
ouvOnkes. T v aeoaipeon TokeTapGUEVOV €PVOPOKLTIAPOV OO TIG HOVAOEG WETAYYIONG
ypnowonomdnkay Perdveg peyding dSwpétpov (19G) éror @ote va  amopevybei mOovog
TPOVUOTIGUOC 1 AVOT) TOV KVTTAP®V.

I'l.1. Aynatoroyiko Ilpoturo kol Broynuikn Xvetoon tov Yaepksiuivov tov Movadwy

Amd ™ peréTn ™G YPOVOEEUPTOUEVNG SOKVUAVOTNG TOV OLUATOAOYIK®OV Kol BloynpUikdv
TOPOUETPOV OV e€eTdotTnKaY, TPOEKLYE 6TOTIOTIKA onuavtikh (P<0,05) avénon g opodivong,
tov dgiktn MCV (uécog epvbpokvttapikds 6ykoc), tov dgiktn avicokvttdpwong RDW kot tng
OLYKEVIPMONG KoAlov o©T10 vmepkeipevo (e tavtdHypovn pelwon g ocvykévipmong vatpiov)
TPOiIOVTOg TOV ¥POHVOL amobr|KeLOTG Kol 6TIG 000 ouddes (mivarxas 1). Tlapdia avtd deikteg OT®G TO
RDW «at n e€okvttdplo cvykévipoon koiiov euedavicav otabepd younAidtepa emineda otig L-
povadeg o peybdo pépog g amofnkevtikng meptodov. EmumAiéov ta emimedo vmoAewmdpevmv
AgvkokuTtdpmv Kot opometoMov ot1lg L-povadeg Ppiokovioar evidg tov emutpentdv  opiwv
emPefardvovtog v emruyn owdwacia Aevkapaipeons. Evolapépov mapovotdlel 1o yeyovog mwg
1660 ta eninedo eEOKVTTAPLOL KaAiov 660 Kol TNG AHOALONG EREAVICOVY LYNAITEPO EMUTEDD GTIC
L-povédeg tn otryun g apodosiog (Muépa 0) pe v eKOva vo avTIGTPEPETOL LE TNV TTEPOSO TOL
povov amobnkevong (P<0,05).

MH AEYKA®AIPEMENA RBCs (N) AEYKA®AIPEMENA RBCs (L)
HMEPEX ATIOGHKEYXHX

0 20 30 42 0 20 30 42
Agvkokbrrapa (x10%/pL) 8,1+0,0* 7,7+0,0* 5,1+0,5* 4,4+1,0 0,3+0,0 0,3+0,0 0,1+0,0 Nd
EpvOpoxodtrapa (x10%/pL) 8,4+0,8 8,5+1,3 8,6+1,1 8,6+1,1 8,30,1 82+0,1  81+0,0  81+0,0
AyromreTéira (x103/pL) 283+10 203+2 179+81 151+71 Nd
Awooorpivny (g/dL) 22,7404 23,0+0,1 23,4+1,1 23,4+1,2 22,4+1,5 23,0425 228420 22,7423
AwaTokpitng (%) 80,0+11,5  80,0+11,2 83,3+9,8 83,2+10,0 75,6+1,8 76,7+0,6 77,5820 77,0+1,6
MCV (fL) 90,0+2,4 94,8+1,6 97,1+1,0 98,2+1,0 88,9425 93,1421  95,6+£2,7  96,5+3,0
MCH (pg) 30,8+20  31,5:10  31,5:06* 32,1204 30,301 30,106 30,1:04 31315
MCHC (g/dL) 313403 31,7404 318401 323403 30,8408 31,513 31,1410 32,004
RDW (%) 12,7+0,7 14,6+0,2 15,8+0,8 16,7+0,6* 11,7+0,6 14,1+0,4 14,6+0,4 15,6+0,4
Na* (mhGopa) (mmol/L) 139,5+0,7%  84,0+14* 795421  67,5:80,7  142,5+0,7 89,0428 815421 625+2,1*
K* (mhaopa) (mmol/L) 44403  169+08*  24,3+36  358+15*  6,0:0,1* 151403 21,0604  26,3:0,6
Aypodlven (%) 0,13+0,06  0,59+0,21* 0,72+0,24* 1,484+0,33* 0,33+0,01* 0,24+0,05 0,30+0,02 0,70+0,11

Hivokog 1: ZuykevipoTikog mivakog SKVUAVGEDV OUOTOAOYIKAOV KOl BLOYNIIKOV TOPOUETPOV (TAACLL-
vrepkeipevo). Ta amoteAéopota mapovoldloviolr ©¢ UEGOS Opo¢ + Tumikn amokdon. (*): ZtatioTikd
ONUOVTIKEG dlapopéc avapeoo o€ L- kat N- RBCs, Nd: un aviyvevoua enineda.
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I'1.2. Emidpacn TOV ALUKOKVTTAP®OV 6T AOMIKY] AKEPOIOTNTO KOU 6T AWTNpnen Tnc
MeuBpaviknc Emoaveioc tov EpvOpav Awnocoorpiomv

Moppoioyikés Tpomomoiyeels

Kotd ™ Sidpketo g amobnkevong, ta epubpoxvttapa veicTovTol oTadloKny oAAoyn 61O
oMU, OO SIGKOKVTTOPM GE EXLVOKVTTOPO KO TEMKE GE GOALPOKVTTAPO KOl OKOVOVIGTOV GYNLOTOS
KOTTOPA, 1 OTOoiol GLVOEETOL GTEVA pE AmMAELR TNG LEUPPAvNG VIO TN Lopen HKkpokLoTdiwy. [Tapd
10 yeyovog Ot 10 péco gpuBpokvttapo eaiveror va givor oe Béon va avtiotabuicst pa pétpla
ammAglo  pePPplvng, TO TEMKO GOOPOEYVOKVLTTAPIKO oTddo  eivor pion pn  avaotpéyun
tpomonoinot. Metd amd v KatdAinAn tpostopacio ke delypatog, akohovOnoe Tapatnpnon o€
HMX kot &eviomiotnkov yYopoKITNPIoTIKEG UETOPOAEG oI HOPQOAOYiD T®V amodnkevuévov
ePLOPOKLTTAP®V (e1kova 15). AVIITPOCOTEVTIKEG LOPPES TV SOPOPETIKAOV TOTMV EPLOPOKVTTAP®V
OTOTEAOVV TO GTOUOTOKVTTOPO, TO AETTOKVTTOPO, TO €XWVOKOTTOPO Kot To kKvilokvttapa. ITwo
OLYKEKPIUEVOL OTNV TTapovso PEAET 00ONKE EUQAON OTIG PN OVOCTPEWYIUES TPOTOTOUWGELS TMOV
€PLOPOKLTTAP®Y Ol OTTOIEC UTOPOVV VAL EMNPEACOVV TO TOGOGTO AVAKINGNG UETA amd peTdyyion. H
nopatipnon npoyuatoromonke oty apyf (2" nuépa), To uéco (21" nuépa) kot to téhog (42" nuépa)
g amofnKevong.

AiokokUTTapa Mn avooTpEWIYEG HOPPES

BRSNS EVE
— |

Ewodva 15: Hiektpovioypapies Asvkapapepévav (L) kot pn (N) derypdtov ondé HME (peyébuvon x1000).
Awokpivovtol guelodloyikd epuBpokidttapo, (TPActvol KOKAOL) Kol UN OVOCTPEYILES EXIVOKVTTOPIKEG LOPPEC
(koKKIvOol KOKAOL). XT0 TAV® HEPOG TNG €KOVOS TopatiBeTor LIOUVNUO HE TNV KOTNYOPlOTOiNon TV
KUTTAPOV OVAAOYA LE TIG LOPPOAOYIKEG TOVG TPOTOTOMGELS. Mmdapeg peyébuvong: 10pum.

Ta epvBpokvTTOPA TOV VO OUAS®Y EUEAVICOV EVIOVEG HOPPOAOYIKES TPOTOTOU|CELS
TPOIOVTOG TOV YPOHVOL amoBNKELONG LE TA KOTTOPO WU OVOCTPEYIUNG TOPAULOPPOONG VO, PTAVOLY
010 30 — 35% eni Tov GLVOAOL G610 TEAOG TNG amobnKeLTIKNG TeEPLOdoV. Tavtdypova mapatnpnOnke
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HEIOON TOV (QLGIOAOYIKMOV OIGKOKVLTTOPIKAOV HOPEAOV KOl OTIG OVO OUAOES OOK®MV UETAYYIONG.
Evtovtolg, av kol ™ 0gbtepn nuépa amobnkevong dev mapoatnpnonkoay doagopéc ota emineda pun
avVOOTPEYIUNG  EYVOKVLTTAPWONG oavapesa ot L- wxor 1i¢ N- povadeg, amd 1o péco TG
amoOnkevTikng mepldoov ot N-HovAdeS EUEAVIGOV GTOTIOTIKA CNUOVTIKG LYNAGTEPA TOGOGTA
OQULPOEYIVOKLTTAPWV (draypogiuo 1).

100% -
80% -
60% - B ANASTPEWIMA
40% - ® MH ANAXZTPEWYIMA
oo @l ©OYSIONOTIKA
EPYOPOKYTTAPA
O% T T T T T 1
L2 N2 L21 N21 L42 N42
HMEPEX
MH ANAXTPEYIMA 2,9+1,2 3,7+0,8 13,2+£3,9 24,14£5,2 31,5432 38,7+3,2
ANAXTPEYIMA 73,3+6,3 73,6+4,5 | 67,1£12,2 | 57,1£7,2 59,145,8 52,7442
DYXIOAOTTKA 23,9+7,5 23,0+5,1 18,7+8,7 18,8+9,5 9,44+2.9 8,7£3.5
Awypappa 1: [Mocootd @ULOIOAOYIKOV €puBpoKVTTApOY KOOMG EMIONG KOl OVOCTPEYIH®V KoL Un

OVOOTPEYILWOV LOPPOAOYIKAOV Tpomomtotcemy. Ta amoteléopata mapovoldlovial ®g HEGOG 0pOg £ TLTIKN
amokAlon. (*): ZTaTioTikd onuavtikés dtopopés avaueso o€ L- kaw N- RBCS, ypopuéc opdAuotog: tumiknm
OTTOKALOT).

Kvotiownoinon

Ta enineda KvoTd0MOINONG peTPNONKAV VTOAOYILOVTOG TNV GUVOMKY TOGOTNTO TPMTEIVNG
OV TEPIEYETOL OE OMOUOVOUEVO, KLOTIOW avé povado Oykov tov oaokoV petdyyiong (ng/mL).
ZOpeove [E TO ATOTEAEGUOTO TOPOVGLAGTNKE CTATIOTIKE CNUAVTIKY avENnon kol oTig dV0 OUAOES
nmpoidoviog Ttov ypodvov (P<0,01). TopatNPNONKE  OTOTIOTIKO  OMNUOVTIKY  dopopd
KLGTIOWK®OV TPOTEIVOV 0TI N povadeg oe ovuykpion pe g L amd to péco tng amobnkevong Ki
énerta (P<0,01). ITwo cvykekpipéva t 17" nuépa to enineda Hrav 3,3 évavtt 9,2 pg/ml otic L- ko N-
HOVAdEC avTioTolya e TN JPopd Vo LEYIGTOTTOLEITOL 6TO TEAOG TG amobnkevong (27,7 évavtt 51,8
pg/ml yio t1g L- kon N- povadeg avtiotowya) (diaypouyo. 2).

Qo1600,
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Aypoappa 2: ATEIKOVIOT TG TOGOTNTOS KVOTIOI®MY 6T0 HEGO Kot To TEA0G TNG amodnkevane. (*): ZTatiotikd
oNUaVTIKEG dtapopég avdpeoa og L- ko N- RBCs, ypappég cpdApatog: Tumkn andkiion).

o

. Mg kuoTIdlokwv TTpwteiviov/mL RBCs

Elowtepinevon pwopatioviocepivys (PS)

Opropévec amd TIg Tpomonomcels mov epeavitovtol oe amodnkevpéva epvbpokdtrapa, OTOS
1 onuatodoTnon Kuttapikhg ekkabapiong (eEmtepikevon poopatidviocepivig (PS)) oyetiCovtar pe
newpévn emiPioon tov petayyllopevov epuipokuTTdpmy HETA TN HeTdyyion Kot avEnpévo Kivouvo
ELPAVIONG KAVIK®OV TAPEVEPYEIDV 0TOVG 0ékTec. Kot ot dvo opddeg epubpokuttdpmv Topovsiacay
H0 JIKPY OAAG OTOTICTIKG CNUOVTIKY Kol TPoodeuTikny avénon g eémtepikevong PS amd v
TpOTN KoAag nuépa g amodnkevong (P<0.05) (diaypauuo 3). Evéd ta un amobnkevpévo deiypoto
(NS) exBétovv PS og moAd pikpd mocootd (L- 0,09+0,01% wor N- 0,11+0,01%), evidg tov apdTov
NUEP®V amoONKELGONG TO TOGOGTO AVTO TavEL va eivar apeintéo (L- 2,56+0,38% wat N- 3,75+0,67%)
pe v avénon va cvveyiletal og to TéAog g anobnkevong. Emnpocheta, 1660 TIc TpdTeg NUEPES
660 Kol 6TO PEGO NG TEPOdOV amodfkevong ot N-povadec mepiéyovy mepiocdtepa PS*-RBCs évavtt
tov L- povédwv (4,69+0,50% évavtt 3,45+0,29%, P<0,05) pe tic drapopéc va eEicmdvovtot v 42"
Nuépa mapapovig otov aoko petdyyiong (L- 6,90+0,70% évavtt N- 6,1340,63%).

8 1 r
1 ESwrepikeuon PS
© " —=N %
¥
N
2
0
NS 2 21 42
HMEPEZX

Awypoppo 3: AypoppoTiK)  OTEKOVIGT TOV TOGOGTOL TV  gpubpokuttdpmy Ta omoia ekbEéTovv
oooeatidviooepivy Tpy (NS) kot katd ) Sidpketa g amodnkevonc. (*): TTOTIOTIKA oNUAVTIKEG S10(pOPES
avapeca og L- ko N- RBCs, ypoppég opaApiotog: Tumikn oandokAion.
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Télog petd amd mopotipnon oe ovveotiokd pikpookdmo LASER (CLSM), mépav tng
ypovoeEaptodpevng avénong omv emtepikevon PS, evtomiotnkav (uoévo) otic N-  povadeg
amominTovio AevkokvTTapa (apyr amodnkevong) kot kKvotidw peyébovg <lum ta omoio ex@palovv
eoopatidviocepivn (tedevtaio nuépa g amobnkevonc) (levka Peln exova 16). To amotéheoua
aLTd GLVAOEL pE TN UEYOADTEPY] GLYKEVIPMON KLOTIOWKNG TPOTEIVNG Tov petpninke otic N-
LOVAOEG HETA OO OMTOUOVMOGCT] KUGTIOWOV LE VITEPPLYOKEVTPNOT).

Ewodva 16: dotoypagicg gpvbpokvttdpev Oetikdv yia eEwtepikevon PS amd CLSM (ueyébuvon x600).
‘EvBeto ewdvag N2: Aegvkokvttapo mov amomintel, pumdpeg peyébovong: 10pum, Aevkd BéAn: kvotidw Betikd
v PS.

I'1.3. Evromionoc Aaoopév ota Eninedo Evéokvrrapikod AsBeotiov (Ca’h)

Yrdpyovv evoeicelg 0Tt 1 cvoompevon acPectiov, Tov cvvodevEl gite TN YNPAVON TOV
epvOpokvTTdpV gite TV iN Vitro emPoin otpecoyovev epebiopdtov, Tpokorel dueca 1 mpombel
EUMECO €va KATAPPAKTN YEYOVOT®V GUUTEPIAAUBAVOUEVOV TNG KLTTOAPIKNG GLPPIKVOONS, NG
OTTMOAELNG TOPUUOPPOCIHLOTNTAS KOl TNG EXWVOKVTTAP®ONG. ZOUPOVO HE TOV QOOPIGLOUETPIKO
TPOGOIOPICUO aviveLONKE GTATIOTIKA OMNUAVTIKY oOENOT TOL EVOOKLTTOPIKOD 0GPECTION PETd TNV
7" nuépo. e amobnKevoNG 6€ GYEON UE T TPO-0TOONKEVTIKG EMIMESA KO 6TIC dVO GEPES deLy ATV
(P<0,05). Ta N-RBCs mapovoialovv otabepd vyniotepa. enineda aoPfeotiov oe oyéon ue to L-
RBCs xaB6An 1 dudpkelo g amodnkevone pe tn Oopopd OUMS VO OVOOEIKVOETOL CTOTICTIKA
onpovtikn povo v 29" nuépa g anobfkevong (P<0,05). Ta enineda kopvemvovtatl Thv 38" nuépa
eved akolovbel mtdon v teAevtaio nuépa Kot ot dVvo ouddes. Iopd to yeyovog OtL m poévn
OTATIGTIKG, GNUOVTIKY S10pOpd aVAUESH 6E AEVKaQalpeUéVa Kot un deiypota evtomiotnke tnv 29"
nuépa amobrkevonc, ta N-RBCs gppavilovv EgkdBapn tdon yio vynAdTEPO EMITEDD EVOOKVTTAPLOV
ca® (ue O,Tt avTd cvvendyetal) o kABe ¥Povikd onueio oto omoio mpoypaTomoOnke pétpnon

(owaypoyuo. 4).
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Aypoppa 4: AloypoppoTIKh amEKOVIOT] TNG XPOVOESOPTMOUEVTG OLUKDLOVOTC TMV ETTESWMYV EVOOKLTTAPION
0oPecTioOV 58 AEVKAPALPEUEVEG Kot PUn LoVEAdEeg LeTdyytons. (*): XTOTIOTIKA ONUOVTIKES S10POPES AVALESH GE
L- kot N- RBCs, ypoppég c@aAuatog: Tumik omoKALo.

I'l.4. Emineda Evepyov Pul@v QO&vyévoy (ROS)

Me 0ed0péEVO OTL TO 0EEBMTIKO GTPES PaiveTOl Vo dOPANOTICEL ONUOVTIKO pOAO TOCO T
apykd otddio TG epuBpdTTOONG 660 Kot oty €EEMEN NG YNPOvong, Ta detypota eAEyyOnKav dGov
apopd ota eninedo evepydv piodv o&uyovov mpwv (NS) kot katd ™ Sibpkea ¢ omodnKevong
(Srarypappa 5). apatmprnke otoTioTIKA onuavtiky avénon tov emmédmv Twv ROS, o€ oyéon e
ta NS delypota, and v Tpd™ Kiodag pépa g amobnkevong ota N-RBCs (P<0,05) o€ avtifeon pe
ta L-RBCs ota omoia 1 avénomn avadeikvdeTol GTATIGTIKG CNUAVTIKY UETA TNV TpOTN €fdouddn
anoffkevong (P<0,01). H abEnomn cvveyiotnke péypt ko v 38" nuépa pe ta enineda va petdvovon
v teAevTaia NUéPa, kAT T0 omoio cupPadilel pe v avtioToyn €KOVA EVOOKVLTTAPLKOV Ca®. H
nTOon ovt) mbavd oeeideton oty advvapio Tov avipacTnpiov va mopapeivel evtog TV
epLOPOKLTTAPOV AGY® VYNADY £MTEd®V AUOAVLONG KAODG EMIONG Kol GTN XOUNAY| EVEPYOTNTO TV
EGTEPUCOV TOV YNPacuéEveov epvbpokuttapwv (Gottlieb et al., 2012). Mio akoun ypovoeoaptdpevn
dwpopd avapeca oe N- ko L- RBCs amotelel n otabeponoinon tov emnédwv ROS ota devtepa
Katd 0 péco g anodnkevTikhAc Teptddov (Muépeg 21 kar 28). Ty wepiodo avth (3" — 4" efdopdda
amofKeELONG) AVOOEIKVIOVTOL KOl Ol GTOTIOTIKO ONUAVTIIKEG OPOPEG AVALESH OTIC OV0 GEPEG
derypatov pe ta N-RBCs va gpgaviCovv vyniodtepeg tiuég (P<0,05). Evtovtolg ot dapopéc avdpeoa
0TI OVO OHAOEG OIOKMV UETAYYIONG TOPOVCIALOVY HEYAAN OUOLOTNTO LE TNV OVTIGTOU(N O1KVUOVOT
TOV EMIEI®MY €VOOKLTTAPLOL ca®* kaBoAn ™ dudpkewn ¢ amodnkevong kabBmg ot N- povdodeg
yapaxtpifovrar omd otabepd avénuéva evookvttapia ROS (eite oToTioTIKG ONUAVTIKA €iTE OYL).
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Awypoppo 5: Alaypoppotiky ameikovion g ypovoegoptdpevng dlakvpovong tov emmédnv ROS oe
AEVKOQOIPEUEVES KoL PN LOVAdEG HeTdyyong. (*): ZTaTioTikd onpovtikég dapopés avdueoa oe L- kot N-
RBCs, ypappéc 6QALULOTOC: TUTIKT amOKAGT.

I'1.5. HpmTeivikn Avalvon

I'1.5.1. Avaowap0pwon thne Meuppavne — XpovosEaptonevn peiétn

Ocov agopd 611 YpovoeSapTOUEVT] SIOIKDUOVOT], 1] TAEWOVOTNTA TOV TPOTEIVOV EUEAVILEL
OTOTIGTIKA ONUAVTIKEG OPOPES TPOIOVTOG TOV YPOVOL OVEEAPTNTMOS Agvkapaipeons (mivaxog 2,
eixova. 17). Tlopatmpeitar ototiotikd onuavtiky peimon (P<0,05) oe mowkileg mpwteiveg kot
pepPpoavikovg vrodoyeic Ommg N onektpivn, N 4.1R, n maAldivn, n {odvn-3, ot KOpieg YALKOPOpiveg
(GpA, GpC) 0 vrodoyéag CD4A7 kau o vrodoyéag CD59, pe ™ peiwon va kopaiverar peta&d 20 ko
35% enl g apywng tune. EmmAéov eviomiomnkav avénpéva eminedo Opavopudtmv CKEAETIKMOV
npoteivov (omektpivn kat 4.1R) g tdEemg tov 55 g 85% emi g apyikng TS TV TEAEVLTaAiN
gPpoopdda g amobnkevong. H otatiotikd onuavtiky (P<0,05) sppdvion Opavopdtov Eekiva and to
uéco g amobnkevong kol kopvedvetar v 35" nuépa g anobfkevong. H ovumlokonoinon
OTEKTPIVING — OLUOGPUPIVIG, TOV OmMOTEAEL YapaKkTNPloTKO deiktn ynpavong (Snyder et al., 1983),
av&avetal KoTaKOpLEA TPOIOVTOG TOL YPOVOL aTodNKELONG HE TO POVOUEVO Va. EeKva TOAD vopig
(10" nuépa) evtog g povadac petdyyiong. Téloc, eviopépov mapovotdlel n wpdodeon Kot M
oTpATOAOYNON o1 HEUPPEVN KLTOGOMK®OV TPOTEIVOV Kot evidpmv avtictorya. [T cvykekpiuéva
nopatnpiOnke peydan adénon tov emmédwv mpdcdeons ofewdmpuévne apoceopivng (5,6 @opég
avénomn oe oxéon e v apyn g amodnkevong) kot 1gGs (2,6 popég abénomn oe oxéon pe TV apyn
™G anobfkevong) ot HepPpavn pe To anoTeAEoUTO VO, Eival 6TATIOTIKG onuavTikd arnd tn 10"
nuépa M 1o péco NG amobrkevong avtiotoyyo. Avtictoryo M mpwTeEdon KoAmoivn (deikng
gpufpdnTOOoNC) Kol M poplakn ovvoddc Hsp70 mpocsdévovion otn pepPpdvn omd to HECO TNG
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amofnkevong evd avtiBeta N poplakn cvvodds KAaoTtepivn eppovilel 6TATIOTIKE oNUAVTIKY peiwon
TIc Terevtaieg efoopdoeg (Muépeg 25 €mg 42) g amodnKeLTIKNG TEPLOJOV.

I'1.5.2. Avadrvap0pmwon the Meupavne — Exidpaocn tne ASVKOQAipEGNC

[Tépav g emidpaong tov YpOVOL omobBNKELONG OTN OOMIKN OKEPOLOTNTO KOl TNV
avadlapBpwon e HeUPPAVIG EVTOTIOTNKAY KOl CTUOVTIKES SLOPOPEG OVALESH OTIC OVO OHADES
00KOV HETAYYIoNG. XapoKITNPIOTIKA, TO EMNEdN KATOI®V OEIKTOV oL oyeTilovTol [e N y\povon
Kol T0 0EEWMTIKO OTPEG OTMC M KaATaivn, ta. oAryopepn Hb, n cvumlokonoinon onextpivng-Hb, n
npdodeon IgGs ka1 n Hsp70, mapovsialovior peiopéva og d0TeC 6TOVE omoiovg €xel mponynOel
Aevkaoaipeon (L) (mivaxag 2 xar exova 17). Khaoowoi Prodeikteg yfipaveng Ommg 1
ovumAokonoinon onektpivng-Hb, n mpdcedeon o&edmuévng aposeapivng kar 1gGs ot pepppdvn
KOl 1] LEIMOT TOV KOPLOV YAVKOTPOTEIVOV eLavilouV GTOTIGTIKA GNUOVTIKY avénon TG EKPPaons
toug oT1g N-povadeg oe OAeg 6YedOV TIC YPoVIKES TeplOdovg pétpnone. o mapddetypa  tpdcodeon
olyopep®dv awpoc@oipivng otn peuPpdvn evtomiletar o dmhdoia oxeddv mocootd amnd v 4"
nuépa g amobnkevonc. EmmAéov ta emimeda mpwtedivong g omektpivng ko g 4.1R givan
otafepd vyniotepa otig N-povadeg kaBoAn tn Odpkeln ¢ amobnkevong eved ta Opavouata
eupaviCovtat dvo efdopddes vopitepa oe oyéon pe TG L-povéoes.

Mia okopo coeng dpopd avALESH GTIG OV0 OUHAdES JEIYUATOV apopd To emimedo TV
acPecToeEapTOUEVOV TIPOTEIVOV KoATdivn (mivokog 2) ko ovvelivn (eikdva 17), ot omoieg
oxetiCovior pe v gpubpomtwon Kot TV Kvotwonoinon avtiotorye. Kot ot dVvo mpwmreiveg
petatomilovtar ot pepPpavn oe otabepd LYNAOTEPO TOGOGTO GTIC UN AEVKOPOPEUEVES LOVADES
VTOJEIKVOOVTAG TPOMON O TOV S1001KOCIHOV TPOYPAUUATICUEVOD KUTTOPIKOD OavATon Kol OTOAELNG
pepPpovikng emedvelog pécw Kvotidlonoinons. Emmpocheta nmpwteiveg or onoieg evromilovtal o€
Kvotidl omwg M Covn-3, n otopaTiviy, M EAOTIAAIVN-2, M KAaotepivny, n CD47 xor m CDS59
nmapovotalovy pio otabepn téom (akOpa Kt OTOV Ol OPOPES OEV EIVOL GTOTIGTIKG CUAVTIKES) Yo
avénpévn anoiela oto N-delypata. H petopévn ékppaon tov deiktn CD47, o onoiog amotpémetl )
QOYOKVLTTAP®WGT, Kot Tov vrodoyéa CD59, o omoiog givar pvOUIGTAC TOL CLUTANPOUATOS, £ival
apKETE onuavtikn Kabdg ennpedlel T0 TOGOCTO TOV TPOG LETAYYION £PLOPOKLTTAPOV KAOE HOVASOG
T0. omoia Oa ekkaBaploTOHV GTOV OPYAVIGUO TOL OEKTY.

Téhog 110itEPO EVOLAPEPOV TAPOLGLALEL 1] SLAKVUAVOT| TNG TPWOTEIVIKNG EKPPUCNS OVALEGH
oTovg 00teg (0 mowkida ypovikd onueio) akdpo ki 6tav avikovv otnv O eEetalopevn opdoa
(rivaxog 2). Agikteg Ommg M mpodcdeon ofewmpévne aposearpivng, koAmaivng kot 1gGs tov
TAAGLOTOG OTn UeUPPavn epeavilovy TOWKIAOHOPEI0 OVAUEGH GTOVG OLUOOOTEG WE TO EMIMEON
dwakopavong va etavovv puéxpt kKot 1o 20% g péong tyung. Emumhéov mopdperpor pe mopdpoto
eminedo, dakduavong eivar 1 cvpmlokonoinon omektpivig-Hb kar 1 mpwtedivon oxeletikdv
npoteivav. A&ilel vo onuelmbel Tog to enimeda HLAKOUOVONG O SOPEPOLY GTUTIOTIKO GNUOVTIKA
avapeco oe L- ko N- povadeg pe ta mocootd va avadeikvhioviol TapomAncle oxeddv o€ Kabe
YPOVIKY] TTePi0d0 UETPMNONG UE EAGYIOTEG TPOTEIVES VA dLoPOPOTOoHVTOL Omd avtd TO TPOHTLTO
(ovumhoko omektpivng-Hb tic nuépeg 12, 19 kan 25 6mov vrdpyet peyaddtepn dwokvpoaven otig N-
povadeg). Mia tétolo mopOTAPNOT LIOSEIKVVEL TNV VTOPEN €MTALOV TOPAYOVI®V Ol Omoiot
emnpedlovv TV TPOTEIVIKN EkEpacn Katd TN Oldpkeld TG amodnKeLTIKNG TEPLOOOV TEPAV TOV
TANOLVGLOV VITOAEMOUEVOV AEVKOKVTTAP®V.
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HMEPEX AITOOHKEYXHX

MpoTeivy 4 12 19 25 33 42
YmekTpivn 1,00+0,05 1,01+0,06 0,97+0,09 0,920,058 0,83+0,06 0,80+0,04*
1,00+0,09 0,98+0,11 0,93+0,12 0,85+0,10% 0,74+0,05 0,69+0,05
Zéwn 3 1,00+0,03 0,97+0,11 0,940,05% 0,87+0,04* 0,76+0,05 0,77+0,04*
1,00+0,04 0,99-:0,06 0,900,078 0,760,05 0,71+0,06 0,660,06
4.1R 1,00+0,03 0,940,048 0,90+0,03 0,85+0,04 0,870,05* 0,82:£0,08*
0,99£0,04 0,87+0,06% 0,83+0,04 0,79+0,07 0,75+0,05 0,66+0,06
Maridivy (Zévn 4.2) 1,00£0,06 0,95+0,08 0,98+0,07 0,85+0,06% 0,80+0,07 0,76+0,08
1,00£0,05 1,13+0,08 0,95+0,05 0,86+0,07% 0,77+0,06 0,72+0,09
Kvpieg yhvko@opiveg 1,00+0,08 1,09+0,05 0,96+0,07 0,880,078 0,81+0,06 0,83+0,08*
1,00£0,05 1,050,06 0,99+0,05 0,880,05% 0,72+0,07 0,62+0,07
Troparivy 1,00+0,03 1,10+0,04 0,95+0,08 0,88+0,04%% 0,89:£0,08* 0,8620,07
1,00+0,05 0,97+0,05 1,00+0,09 0,73+0,06% 0,63+0,09 0,76+0,05
®hoTihhivy-2 1,00+0,03 0,98+0,05 1,01£0,07* 0,95+0,05* 0,830,06° 0,65+0,08
1,01+0,06 0,87+0,06% 0,83+0,05 0,79+0,06 0,75+0,07 0,72+0,07
Mporektivy (CD59) 1,00£0,06 1,18+0,12% 0,99-:0,09 0,89+:0,08 0,92+0,09 0,82:£0,06°
0,87+0,07 0,91+0,12 0,85+0,08 0,80+0,11 0,85+0,09 0,75+0,08"
CD47 1,00+0,06 0,95+0,05 0,92+0,06 0,81+0,05% 0,86+0,04* 0,79+0,06
1,00+0,04 0,98+0,06 0,850,078 0,77+0,07 0,72+0,07 0,69+0,05
1gGs 1,00+0,09 0,91+0,09* 1,60+0,17* 2,48+0,36* 3,1240,28* 2,63+0,34*
1,05+0,11 1,20+0,13 2,07+0,32% 4,67+0,62 3,86+0,43 3,40+0,41
?ﬁﬁ:ﬁ'ﬁ&?‘ CKEMETIKOY 1 0040,12% 0,95+0,19* 1,23+0,19%* 1,32+0,21* 1,85+0,32* 1,55+0,32*
1,60+0,28 1,89+0,39 2,00+0,43 2,25+0,46 3,16+0,53" 2,69+0,59
PONTROKO GTEKTPVAST 1004013 1494027%  2734042¢ 2204053  255:041%  494%0,89"
1,00+0,15 4,11+0,94° 4,85+1,10 5,86+1,34 7,61+1,42 12,24+2,12
Movopepi Hb 1,00+0,07 1,2140,22 1,12+0,19 1,32+0,19¢ 1,1540,17 1,590,22
1,00+0,09 1,03+0,18 0,87+0,12 1,03+0,16 0,94+0,15 1,30+0,18¢
Olryopepi Hb 1,00£0,18*  1,81+0,36%* 1,5740,37% 2,57+0,56* 3,08+0,56* 5,62+1,26*
1,94+0,38 2,97+0,61% 3,61+0,77 5,22+1,24 7,35+1,62 9,44+1,79
Kahmaiv 1,0040,15% 1,06+0,19% 1,73+0,31%* 1,45+0,24% 2,3140,47* 2,64+0,43*
1,38+0,17 2,22+0,38% 3,96+0,73 2,63+0,45 4,31+0,79 4,65+0,83
Hsp70 1,0040,18* 1,06+0,23 1,36+0,23 1,96+0,32%* 2,52+0,34 3,08+0,58*
1,54+0,28 1,62+0,34 1,92+0,37 2,38+0,36% 3,13+0,43 5,20+1,13
Khaotepivy 1,00+0,08 1,07+0,10 0,93+0,08 0,85+0,06%* 0,87+0,06 0,78+0,08*
1,00+0,10 0,94+0,08 0,85+0,11 0,68+0,08% 0,72+0,09 0,58+0,09

Hivakoag 2: TTocotikomoinon T@vV TpOTEIVIKOV UETAPOADY KOTA TN OdpKELD TG Um0 KEVONG G LOVADEG
petayyione. ‘Evrovot yopoxtpec: Agvkapoapepéve epvbpokvttapa L-RBCs, (*) p<0,05 L-RBCs évavtt N-
RBCs, (%) p<0,05 évavtt nuépac 4 tov L- f N-Setypdrov (H évieién § eppaviletol povo 610 mpdto ypovikod
onueio 610 0moi0 TOPATNPEITAL GTUTIOTIKA CNUOVTIKY aOENCT] TPOIOVIOS TOV YPOVOL, VTOJEIKVDOVIOG TMG
OAEG Ol JOPOPEG LETA TN CLYKEKPIUEVT] YPOVIKT TEPIOdO €lvarl oTATIOTIKA onpoavtikég). Ta amoteléopata
Topovolalovial Mg HEGOC OPOC + TUTIKY OTOKAOT HETA amd KOVOVIKOTOINGT TMV TIU®V 6To enineda tng 4™

NUEPOS.
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Eucova 17: AvTImpoo®TELTIKEG EIKOVES AVOGOEVTOTIONG LETA omd Srodikaoio Western yio tig mpmteiveg mov
avagépovtarl otov mivoka 2. TTapovoidlovror {dveg yia v apyn (Muépa 2) kot o téAoc (Muépa 42) g
amofnKevTIKNG TEPLOS0V T0G0 610 L- 660 Kot 6t N- delypata. H mpwteivn 4.1R mov PBpioketal otn fdon g
EIKOVOAG YPNOUOTOMONKE ©OC €CMTEPIKOS HAPTUPAS TOV TEPAUNTOS OVOCOEVIOTIONG Y. TOV EAEYYO
1GOPOPTMONG TOV JELYLATOV.
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I'1.5.3. Hpmtsivikic Tpororomeerc wov Xyetilovror pe to Movormdti I'pavenc e Zovnc-3

Oocov apopd 6TIC TPOTOTOMCELS TOL oyYeTilovTal pe To povomdrtt ynpavong g {dvng-3, ta
N-RBCs eppaviCovv avénuéva enineda goo@opLAImong ™ &v AOY®D TPOTEIVIG o KatdAouta
Tupocivnc (kupimg 6to péco ¢ amodnkevong) (eikova 18). Ovolaotikd ot nuépeg 30 ko 42 givor ot
uoveg otic onoieg epgaviletar otatiotikd onuavtikny (P<0,05) advénon pwoeopvrivong e (ovne-3
Kot oTIg 600 opddeg derypdrmv. Ot dapopég mov mapatnpodvtor avapesa oto N- kot ta L- delypata
v 4" kot 5" efdopdda anodfkevong eEoporbvovtal TNy TeElevTAia NUEP.

L N
N N '
& & e
(-) © o S~ 6
|_
.
p-Tyr —> | g 4 *
— ® ) [=3
Q
S
X
W
\§ 2
3
R [ mm——] A
- 0
HMEPA 30 HMEPA 42

Ewova 18: Emineda ¢owoeopvriimong g (dvng-3 upetd omd ypfon TOL OoVOGTOAED (POOPUTICHV
orthovanadate (0-van). Apotepd: e1kOVo, AVOGOGEVTOMIONG LUE AVTICMO, EVOVTL QOCPOPLAMUEVNC TVPOGTIVIG
(p-Tyr) yio v 30" nuépa g amobnkevong. H npmteivn 4.1R ypnoomomdnke wg 6OTEPIKOS LAPTLPAS TOV
TEPAUATOG OLVOGOEVTOTIGNG Y10, TOV EAEYYO 100QPOPTMOGNC TV JEYHOTOV. AEELd: SLOyPUUUATIKY OTEIKOVION
ToV emmEdwV P-TYr otig 600 e€etaloOpeveg opddes yuo TG televtaicg efdopnddeg g amobnkevone. (*):
2TOTIOTIKG ONUOVTIKEG Olapopég avapesa oe L- kot N- RBCs, ypappéc cpaApatoc: Tomikn amoxion.

H emdépevn tpomomoinon peilovog onuociog yw to povomdrtt ynpavons g {ovng-3 mov
eAEYYONKE NtV N IKOVOTNTO SYULEPITUOV-0ALYOUEPIGHOD TG €V AOY® TpwTeivng. ['a To Adyo avtd Ta
gpvbpoxvtTapa enmdotnkay pe g01kd avidpactiplo (BS3) 1o onoio endyel ™ cvGCOUATOON TNG
Covne-3. Ta amoteAéopata eKPpalovtal ®g EMIMEIN GYETIKNG EKPPOONG LETA OO KOVOVIKOTOINGN
ota apywd emineda g mpoteivne. [opatmpndnke avénuévn wavotnto cvcscopdtoong s (dvne-3
oto. N- o oyéon pe ta L- deiypora v 28" nuépa g amobnkevong (eixdéva 19). Metd and
TOGOTIKOTOINGN Ta £mineda oAryopepiopov aviAbav oto 297 + 38% évavtt 188 + 37%, oe N- ko L-
detypoto avrictoyo (P<0,05). Emmpocheta ta enineda evamopeivovcag povopepovg {ovng-3 frav
37 £ 8% évavtt 59 + 8%, oe N- xou L- deiypata avrtiotoyo (P<0,05). Téhoc m adénom
OLOGCOUATOUEVNG (DVNG-3 oTa U Aevko@opepéva, Otypato @aiveTon vor 00Myel o€ TaTOYPOVI Ko
avaroyn avénon tpdcedeong IgGs (P<0,05).

87



L N 400

HMEPA 28 *

C BS3 C BS3

Alpepi —>

w

o

o
1

Zwvn-3 —

IgGs —

emimeda Tng {wvng-3
N
o
o

% éK@paon og oXEon ME TA

4.1R

-y—!

MONOMEPH OAIFrOMEPH

Ewodva 19: Eminedo cvoocopdtoong g {dvng-3 peTd amd ypnon Tov emaymyéo cvooopdtmong BS3.
AproTEpPG: €1KOVO, VOG0GEVTOTIONG e avtioodpata évavtt (dvne-3 kot 1gGs y v 30" nuépa g
arofnkevonc. H mpwteivn 4.1R ypnoyomoidnke mg ecmTEPIKOG LAPTVPAG TOL TEPAUATOS AVOGOEVTOTIGNG
YL TOV EAEYXO 100QOPTOONG TV Ociyudtov. Agfld: Ol0ypoUUOTIK) OTEKOVIOT] TOV ETTEO®V
CLUGCMUATOUEVIC Kot povopuepovg (dvng-3 ot dvo efetaldpeves opddec. (*): XtaTioTIKG OMUOVTIKEG
Spopés avapesa og L- kat N- RBCS, ypappés cQAALOTOS: TUTIKT amOKAo.

I'1.5.4. Ilpoteivikoi Agikteg OCadmtiking Empapvveng

O d¢eiktng xappfovoimong tov mpoteivav g nepppavng (PCI) eppdvice avénon mpoidvrog
TOV YPOVOV aTodNKeEVONG Kot 6TIG dV0 opddeg detypdtwv (sixove 20). H avénon avty mapatnpndnke
uéypt v 21" (N-RBCs) kor tnqv 30" (L-RBCs) mnuépo amobrikevong upe to emineda va
0T00EPOTOLOVVTOL GE EAAPPAS YOUNAOTEPO ETIMED N TIG TEAEVTALEG NUEPES. AVApESH GTIC VO OUADES
enpaviotnke otatiotikd onuavtikny (P<0,05) dwpopd pdévo 610 TPAOTO UIGO TNG OTOONKELTIKNG
neplodov pe to. N-detypata va d1abétovv peyaAdtepo mocootd KopPovoMoéveoy Tpoteivay. Ato
mv 21" nuépa k1 énerta o1 Sropopés eElcopponodval.

3 6 L N
:2
B 5 * 4 2 4 a2
© 3 ;/,/_*/
b & 4
§ g }//’r - ' . i
o & -
54 -
14
52 27 .| - —
elEd KapBovuAiwon (PCI) a
3 14
Q —— N
g | — 5
o . . , , | e
4 12 21 30 42 —
HMEPEZX

Ewodva 20: Eninedo kopfovolopévov npoteivav. (¥): ZtatioTikd onpovtikég olapopég avapueca o L- kot
N- RBCs, ypoppéc 6QAaALaTOG: TUTIKY OTOKAION.
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EmmAéov n pekétn tov avtio&edmtikod eviduov vrepo&eldolivn-2 (Prx2), mpocdeon tov
omoiov otn pepPpdvn TOGO GTN LOVOUEPT] OGO KOl GTNV OALYOUEPICUEVT] LOPPT] TOVL AOTEAEL dElKTN
o&elmTiKNg emiPdapuvong, £oeiée vymidtepa enineda ota N-RBCs (eikova 214). Ta eninedo eivon
avénuéva oto pun Aevkagatpepéva delypata td6o o€ avoywykés (Lovouepnc Lopen) 0600 Kot GE U
avaymyés (oAyopepiopévn popen) cvvonkes. [apd to wiaitepa VYNAO TOc0GTO draKvUAvVoNS (o€
Kamoleg meputtdoelg peyorvtepo tov 50%) g Prx2 axodua kot oe 86teg NG d10G opddag (sixovo
21B) 01 310p0pES OVAOEIKVYOVTOL GTATIGTIKG OTULOVTIKES KaBOAN TN d1dpKela TNG amobKevoNC.

A , .
Mn avaywyikég ouvOnKeg
~ 4 22 42
X *
a o Movouepn Prx2 - s | <--- OAiyopepn
= “* B8 Ohyopepn Prx2 '
8. 1,0 - " | <«<— Movopepn
S o8 I
! ! 4
:g 0,6 * — ._ - = @ <-- ONiyopepn
X 0,4 . . |
';',< 0,2 1 <— Movopepn
W o,o-M . HPg —— gy
L2 N2 122 N22 L42 N4 Lssmess|4.1R
AEIFMA
B
HMEPEZXZ A[TOOGHKEYZHZ )
Avaywyikeég
4 22 42 4 22 42 4 22 42  guUVONAKES
4 22 42
N | = o ““q- i
IR | e - g w— — oy | — - - |- - -

Ewodva 21: Erninedo mpoécdeonc g vaepoleldolivig-2 ot UeUPPpavn GE avOy®YIKES KOL U1 OVOYOYIKEC
ouvOnKeg. A. AlOYPOUUOTIKY OTEIKOVIOT KOl EIKOVEC OVOOGOEVTOTIONG LE avTicmpa EvavTl g Prx2 oe un
avayoywkés ovvinkec. H mpwteivn 4.1R ypnowomomdnke ¢ €0®TEPIKOC UAPTUPOC TOV TEPAUOTOS
OVOGOEVTOTIOTG Y10, TOV EAEYYO 160POPTOONG TV OEYUATOV. (*): ZTOTIGTIKG ONUOVTIKEG OLUPOPES AVAUEST
oe L- koau N- RBCs, ypapupéc opdipatog: tomkn andxiion. B. Evdeiktikég €ikoveg avocoGeVTOTIONG OF
avaymYkég cuvOnKeg yuo Ty TpmTeivn Prx2 otic omoieg @aivetal 10 YnAd T0606TO SOKOUAVONG OVAUEGO
oToVG £eTalopEVOLG apoddTeg KaBOAN T S1apKELN TG ATOONKEVTIKNG TEPLODOV.
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I'1.6. Xvykprrikn Avdivon Neapav (Y) ko I'npasuévov (S) EpvOpokvttdpmv

H pelétn g e£EMENG TNG KLTTOPIKNG YNPOVONG TPOYLOTOTOONKE HETA 0md KAOGUATMO
€PLOPOKVTTAPWOV GE KAIGN GUYKEVTPOONC TEPKOANG KOl OTOUOVMOGCT VITOTANOVGUOV EUTAOVTICUEVDV
oe veapd (Y) ko ynpacpéva (S) kbttapo e KprTnplo thy Kuttapikn tokvotnto. Kaboin tn didpkeia
™G amofnkevong Kot aveCaptNTMG OUAdNS OOKMV (AELKOQEOIPEUEVOL 1N UN) TO YNPOUCUEVA
gpvbpoxvtrapa yapaktmpiCoviav amd pewwpéva emineda MCV kot avénuéva MCHC (P<0,01)
(rivaxog 3). EmmnpocOeta o vronAnfucpudc tov ynpacpévav epufpokuttdpmy epeovilel 6ToTIoTIKA
onuovtikd (P<0,05) avénuéva eminedo STV ynpoavong Onmg to ovumhoko omektpivng-HDb, 1
o&eopévn Hb kot ot tpororomoeig g {dvne-3. Tehog kot 66OV apopd ot cvyKpion peta&y L-
kot N-povadmv n mapovsios AEVKOKLTTAP®OV Kol UOTETOM®V @aivetar vo emPBoapdvel v eiKova

TOV €PVOPOKLTTAPOV Kot KLpiwg Tov vromAnbuouot veapmv RBCS omw¢ paivetar otov mivako 3
(P<0,05).

KAAXMATQYXH EPYOPOKYTTAPQN
L-RBCs HMEPA 8 N-RBCs HMEPA 8 L-RBCs HMEPA 36 N-RBCs HMEPA 36

Y-RBCs S-RBCs Y-RBCs S-RBCs Y-RBCs S-RBCs Y-RBCs  S-RBCs

Agvkokbrrapa (x10%/puL) 0,2+0,0 0,2+0,0 0,2+0,0 nd. n.d. 0,1£0,0 0,10,1 0,1+0,0
MCV (fL) 98,6+2,2%  82,1+1,8" 94,3+1,7%* 82,1+2,5' 96,8+2,3"*  859+1,7" 91,5+2,8%  83,2+1,3"
MCH (pg) 29,4+0,5% 31,3+0,3%* 27,9+0,8% 29,7+1,1* 30,3+£0,3"*  32,1+0,5%*  26,8+14%*  30,3+0,9%*
MCHC (g/dL) 29,8+0,4° 38,1£0,5'* 29,5+0,3' 36,2+0,6"* 31,3+0,6%*  37,2+0,7°  29,3+0,5"*  36,4+0,6°
RDW-CV (%) 13340,6  14,5+0,7 13,105 14,105  12,3+0,7 13,1£0,6 11,7+0,6 12,5+0,4

Topmhoko emektpivig-Hb®  1,0+0,2%* 17£1,8°  9,6£2,3% 1944358  64,8+9,2%  103,5£16,7%* 97,8+12,3%*  188+25,6%*
OZe1dopévn Hb® 1,0£02%%  2.4+04*  24+04%  39+0,5%  5,6+08% 8,9£1,1* 10,0+2,1%*  14,5+1,9%

Tpomononoeig (dvng-3° 1,0£0,2%  3,3+0,5* 1,0£0,3%  23+0,4*  4,9+0,9% 11,9+1,8 9,7+1,5%* 15,842,5

Hivakog 3: Avaivon TV YTomANfueUdY Veapdv Kol Ynpacuévav epubpokuttdpov og L- kot N- povadec.
[Mocotikomoinon TV TPOTEWVIKOV peTafoldv Katd TN S14pKELD, TNG amodnKeELeNC 6€ HOVAdES pueTdyylong. (*):
p<0,05 L-RBCs évavtt N-RBCs, (Y) p<0,05 Y-RBCs évavtt S-RBCs, (nd): pn oviyvevoiuo emineda, (b):
KOVOVIKOTIOINGT ¢ TPog TG TES g nuépag 8 tov L-RBCs. Ta amoteréopata mapovstaloviol og UEGOGC
Opog £ TLTIKN ATOKAMON.

Axolovbwg to Ostypato eAEyyOnkov yu deikteg 0eldTIKNG emMPAPLVONG, OLOLOGTOCNG
aGPECTION Kot TPOTEIVIKOV GTPEG. 00V o€ KABe ypovikn mePiodo TG amobnKevoNg Ta YNPUCUEVA
RBCs guoaviouv otatiotikd onuoviikd vyniotepa enineda ROS, gvéokvttdpiov acfectiov Kot
KapPovorioong pepPpavikdv apoteivedv (didypouuo 6). Eviodtolg ToAD GUYKEKPIUEVEG SLUPOPES
AVOOEIKVOOVTOL GTATIOTIKG onpoaviikég avapeso o N- kow L- deiypoto (eite ovykpivovran
ynpoouévo ite veapd RBCS). TTio ocvykekpyéva ot evepyéc pilec o&uydvov mapovoidlovv pio
oxetkd otobepn thon yo avénuéva emimedo oto N-delypoto kor 6tovg 600 VTOTANOLGHOVG
gpvbpoxvtTapmv (Ynpaouéva-veapd) pe Tig da@opés va eivor otatiotikd onuavtikég (P<0,05) oto
téhoc (Y-RBCs) 1 v apyn tg oamobnkevone (S-RBCs). IMapopota eivor kot n €koéve tov
EVOOKLTTAPLOV emMEOWV ooPeotiov KaBdg N-Oelypoto KoTaAnyovv HE ONUOVIIKG LyMAdTEP
emineda ota veapd epvBpokvttapo v muépa 42. Avtifeta o dgiktng xopPfovuAioong nMrav
avénpévog (Wiaitepa 6To YNPacUévo VIOTANOLGHO) GTA U1 AEVKAPUIPEUEVE, JETYIOTA GE TOIKIAES
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YPOVIKEC TTEPLOBOVE amd TO PEGO TG amOONKELONG Kot PETA e TNV E1KOVA Va. avTioTpéeetol Ty 42"
nuepa.

Neapd EpuBpokUTtTapa Mpaocuéva EpuBpokutTapa
(Y-RBCs) (S-RBCs)
o
g' 800 + . L ROS S * 2000
& 0 MN 1500
D
S
o 400 1000 +
10
E 200 500 -
R o
3 8 23 36 42
6000 6000
‘3 Ca2+
=1 5000 5000
b
Q 400 | ML % 4000
°)
qsp_ 3000 - @ N 3000
lg 2000 2000 4
w
E 1000 - 1000 -
Ll 0 0 -
3 23 36 8 23 36
312
> KapBovuAiwon 3
W T *
-
23 *
SE 8
: 3
E3
\o 3
X _|
g2
O
a
a 0
g 23 36 42 23 36 42
HMEPEZ ANMOGHKEY2ZHX

Awypappa 6: Amewcovion Tov emmédov ROS, evdokvttdpiov acPeotiov kot KapPBovoAImoNG TPOTEVGY TNG
ueuPpdvng yio tig 0o ouddeg aokmv petdyyrong (L- kou N-) kot tovg dHo vromAndvopode kuttdpav (Y- kat
S- RBCs). (*): Ztatiotikd onpovtikés dopopés avaueoso o L- kot N- RBCs, ypappés o@dipatoc: tumkn
amoKAon.
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Téhog, eotidlovtag poévo otov vmomAnbuoud tov veapwv RBCS, mépav g tdong yu
avénuéva emineda ROS, Ca® ko KopPovolimong oto N-Oelypuato eVTomioTnKay ONUOVTIKEG
OPOPEG 0 OEIKTEG TPOTEIVIKOD OTPEG OMMG Ol TPONMOMOMOELS TG (dvneg-3, M KOAmoivny, To
oAtyopepry Hb, n ovumiokomoinon omnektpivng-Hb, n mpodcdeon IgGs kot m vrepo&eldosivn
(o1aypopo. 7 kor eikova 22). Dot ot mpoovapepBivteg deIKTES EUEAVICOY GTATIGTIKA CNLLOVTIKA
(P<0,05) avénuéva enineda otig N-povadeg gite kaboAn (o&ewdwpuévn Hb) v amobrkevon eite oe
HéEPOG oG (KoAmaivn, Prx2).

Neapd EpuBpokiTTapa
(Y-RBCs)
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X 400 */ / 400 / )
AR o N
e —F o0 w7

0,00 : . 0,00 :
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0,00 . . 0,00 T T

8 23 36 8 23 36
HMEPEXZ ANMOOHKEYZXZHX

Awypappa 7: Tpa@ikn anekoévion TOV ETTEIOV ETMAEYUEVAOV OEIKTMOV TPOTEIVIKOD GTPES Yo TIC OV0 OUASES
aockdv petdyyiong (L- kot N-) pévo otov vrominbooud tov veapdv epvbpokvttdpov (Y- ko S- RBCS). (*):
2T0TIoTIKG oNUaVTIKEG dtopopéc avapeoa oe L- kar N- RBCs, ypappés opdipotoc: tomikn onokAion. Ta
amoteEAécpato €YoV Kavovikorombel g tpog v T tov L-detypdtov g 8™ nuépac.
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NEAPA EPYOPOKYTTAPA

L N L N
8 36 8 36 8 36 8 36
T — | ¢ Prx2 N S «— Awepiy {ovng-3
o
Youmhoko
—
S ~_e onektpivng-Hb
. e e | 19Gs
- . ' —O&WBopévn Hb | v e - | «— KoAmaivn
S w— — | — 4.1R S w— — | — 4.1R
— — - — — —
—  wr o ee— T e

Ewodva 22: AVIITPOCOTEVTIKEG EIKOVEG OIVOGOEVTOTIONG LETA amd dladikacio Western yio i mpwteiveg mov
eMéyyOnkav otov vromAnBucud tov veapav gpvbpokuttdpmv. [lapovcidlovtar {dveg yio v apyr (Muépa 8)
Kot to TéAog (Muépa 36) g amodnkevTikng mepLddov 1600 ota L- 660 kot ota N- deiypata. H mpmteivn 4.1R
mov Ppiloketor ot Pdon g edvog YPNOUOTOMONKE ©C €0MTEPIKOC UAPTLPOS TOV TEPALOTOC
OVOGOEVTOTIONG Y10l TOV EAEYYO 1GOPOPTMCNG TV OELYLATMV.
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I'2. MEAETH THX AIAKYMANXYHY EITENON XAPAKTHPIXTIKOQON YE YTIEIX
AIMOAOQOTEZX in vivo kau ex vivo (Donor Variation)

o ™ pekétn og mpo-omobnkevtikd eminedo (in Vivo) ypnotponodnke AePikod aipo amnd
137 appeveg vyreic ampoddtes nhikiog 18-25 €1dv o1 omoiol TANPoVGOV TAL KPITHPLOL ALLOOOGTNG
(Hb>13,5 g/dL). Avtictoyyo ywo tnv €X VIiVO avilvon Kot Tn 6OVOEsT TPO-0modnKELTKAG Kot
AmOONKEVTIKNG EIKOVAG TV £PLOPOKVTTAP®V TOL AHOdOTN YpnoomoOnKay 10 Aevka@aipepéveg
povades petayywons (vyeic pun komviotég apodoteg nikiog 20-27 etov, Hb>13,5 g/dL). Ta
TOKETOPIGUEVO, EPVOPOKVTTOPA ATOONKEVTNKAY GE HOVADES UETAYYIONG OV TEPLELYOV OVTITNKTIKO
dilvpa CPD ko mpodcBeto dddlvpa ocvvinpnong SAGM yw pion mepiodo 42 nmuepdv o€
Bepuokpacia 4°C. Ocov apopd otov €leyyo g omobnkevtikng PAAPNg evidc ¢ povadag
HETAYYIOMNC TPOIOVTOG TOV XpOVOL TTpaypatonmomonke derypotoAnyio oe fdopadiaio fdon kdtm and
donmteg cvvOnkes. [ TV aQaipeon TOKETAPIGUEVOV EPLOPOKVTTAPWV ATO TIG LOVADES LETAYYIONG
ypnowomomdnkav PBerdveg upeyding odapuétpov (19G) étor dote vo  omogevybel mOavog
TPOVUATIGUOGC 1] AVOT) TOV KUTTAP®V.

I'2.1. lpo-omodnkevtiky) Ewxova Awpodotdv (in vivo)

I'2.1.1. Aynatoroyko Ipétvro ko Broymuka Xapaktnpiotikd

Onwg avopevotav, 1 TAELOVOTNTO TOV VYOV OIOO0TOV ELQPOVILEL PUCIOAOYIKES TIUES OTIG
TEPIOCOTEPEG OMO TIG OLUATOAOYIKEG TTAPAUETPOVG oV e€eTdotnkay. Qo1d60, T0 29% TV ATOU®V
mov eA&yyOnkav mapovctdlerl un eucoloroykég e MCH, evod 1o 14% kou 10 18% eiyav avénuéva
emimedo AeVKAOV Kol £pLOpdOV apoceapiov aviictolya (Tivaxos 4). Xto VTOAOUTO OLOTOAOYIKA
YOPOKTNPLOTIKE TO TOG00TO €0EAOVTAOV L TIHES eKTOC oplwv Ogv Eemépace 10 10%.

AIMATOAOTTKO IMPOTYIIO (N=137)

®YZIOAOTIKEE  AQTEX"  EYPOX % %

TIMEX
Agvkoxbrrapa (10%/puL) 4,0-9,0 6,07 £ 1,6 3,7-13,0 14 2
EpvOpoxirrapa (10%/pL ) 3,8-5,3 4,8+ 0,6 4,1-6,4 18 0
Awocapivn (g/dL) 12-18 154+ 1,6 11,8-17,4 0 1
Awpotokpitng (%) 36-56 43,6 +2,2 37,3-52,6 0 0
MCV (fL) 80-100 91+38 60-102 1 7
MCH (pg) 27-32 29,6 +£2,7 19,6-35,7 16 13
MCHC (g/dL) 32-36 33,2+0,9 29,9-36,2 2 5
RDW (%) 10,0-16,5 135+1,3 11,2148 0 0
Aworetého (10%/puL) 120-380 227 + 37 151-467 1 0

[ivokog 4: AOTOAOYIKA YOPOKTNPIOTIKA VYOV OpodoT®dv. (*): TocooTd alplodoT®dVv HE TIHEG EKTOGC
QUOIOAOYIK®V oplov (avénuévn 1 petwpéva). (**): ta amotedéopato Topovclaloviol ®g HEGOG OPOG + TLTTIKN
OTOKALOT).
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[Ma ) Proymukn avaAivor tov opov petpridnkav eikoot tévte mapaueTpol. Me v e€aipeon
™G YOANGTEPOANG, TOV 0VPIKOV 0EEmG, TG LDL, tov 610mpov kat tov tprylukeptdiomv, 1o froynuikod
TPAOTLTTO TOV OOTMOV NTOUV EVTOG TOL PLGIOAOYIKOV VPOV (Tivaroag 5). TTo cvykekpyéva ta emimedo
yoAnotepoAne, LDL kot tprylukepidiov Bpédnkav avénuéva oe onuavtikd T10606To €l TOL GLVOAOL
tov gEetalopevov deiypatog (37%, 26% kar 10% avtictowya). Emumiéov, apketd vynid mocootd
1660 0VPKoD 0EE0C OGO Kol GLONPOL aviyvevdnkav o€ £va onuavtikd mocootd tov eEgTaldevon
mAnBucpov (35% kot 25%, avtictowya). IToAd pikpog apBudc atdpmv (<5%) yopaktnpictnke amod
TaBOLOYIKEG TIHEG OE OPKETEG OO TIG VITOAOITES TOPAUETPOVS TTOV EEETAGTIKAV.

BIOXHMIKEX [TAPAMETPOI (N=137)

OYZIOAOTTKEEZ  AQTE:X" EYPOX %1 %]
TIMEX

XoAnotepoin(mg/dL) 140-199 182 +29 113-281 37 3
Ovpiko o&0 (mg/dL) 3,5-7,2 6,6 +0,9 4,2-9,3 35 0
LDL (mg/dL) <130 108 + 25 42-169 26 0
Yidnpog (mg/dL) 35-150 132 +19 50-189 25 0
Tprylokepidwa (mg/dL) 10-150 102 + 23 41-434 10 0
VLDL (mg/dL) 8-40 26+ 11 8-87 7 0
AST/SGOT (U/L) 5-40 24 + 14 14-144 7 0
AcBéotio (mg/dL) 8,6-10,0 9,3+0,5 9,0-11,2 5 0
Narpro (mmol/L) 135-145 139+2 135-148 4 0
Kalo (mmol/L) 3,6-5,1 45+0,5 3,6-5,3 3 0
HDL (mg/dL) 37-70 58 +12 36-79 3 1
HDL/LDL 1,00 0,42+0,11 0,25-1,08 3 0
yGT (U/L) 5-85 33+ 16 6-78 2 0
Kpeatwvivy (mg/dL) 0,31-1,11 0,68 +0,13 0,02-1,40 1 1
ALT/SGPT (U/L) 7-56 22+9 7-63 1 0
OMkég mporeiveg (Mg/dL) 6,4-8,2 74+0,7 5,8-9,0 1 5
Alpovpivn (mg/dL) 3,5-5,5 45+0,2 4,2-5,6 1 0
Kopeopoc tpavepepivng (%0) 20-50 36+7 19-58 1 2
Tpavoeepivy (mg/dL) 200-400 297 +41 214-398 0 0
®deprrivn (ng/mL) 18-270 103 + 39 35-232 0 0
TIBC (mg/dL) 260-390 317 +26 256-387 0 0
I'wkéin (mg/dL) 65-110 86+8 59-107 0 1
Ovpie (Mg/dL) 10-50 27+ 9 10-39 0 0
ALP (U/L) 17-142 67 + 14 33-86 0 0
dhepopog (Mg/dL) 2,5-4,9 3,1+0,6 2,4-4.4 0 2

Hivokag 5: Bioynuixn avdivorn tov opold LYV opodotdv. (*): Tocootd alpuodotdv pe THEG EKTOG
QLGLOAOYIK®OV 0pimVv (awENUEV 1 Hetpéva). (*¥*): Ta amotedéopato Tapovctdloviol Mg HEGOS OPOG £ TUTIKN
OTTOKALOT).
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I'2.1.2. Bioroywkéc Merpiosic EpvOpokvttdpov ko IIldonatog

Ext6¢ TV KAOGGIKOV OILOTOAOYIKOV KOt BLOYNUIK®OV TOUPOUETPOV Ol OUOSOTEG EAEYYOMKAY
vy ProAoywkovg odeikteg ot omoiot mBavov oxetiCovion pe oamobnkevtikny PAAPN oe mepimtoon
aoddTNONG 68 aoKOVG UETAyYlons. MetpnOnkav to eminedo 0GUOTIKNG €VOPALGTOTNTOG, OAKNG
avTloEedMTIKNG tKavotntag tov mAdouatog (Total Antioxidant Capacity — TAC), povo&ediov tov
alowtov (NO), erevbepnc Hb (awtooupdAivon), kAaotepivng kot KopBovolimong TpoTeividv Tov

TAQGLOTOG,

H doxyocio oocpotikig evbpavotdémtag omotedel €va pETPO TG avTIOTOONG TOV
EPLOPOKVTTAPOV OTNV AUOAVOT] TOV TPOKOAEITOL AOY® OGUMOTIKNG TEoNG 7OV OoKEiTOl omd
VTOTOVIKA OloAvpato endoons. Me Bdon to oOVOAO TOV HETPNCEMV GYNUOTIOTNKE TPOTLAN
KOUTOAN OGUOTIKNG EVOpOCTOTNTAG 1 07O ATEIKOVILEL TO TOGOGTO Bpavong TV EpLOPOKLTTAPWV
oe av&avopeves TéES oopeTKNG mieong (ovykevipmoes NaCl 0-0,9%, vrdtovo-166tovo) (eikdva
23). H cupdivon gaiveton va Eekva mepimov oto 0,55% [NaCl] kou @tavel og péyiota eninedo 6to
0,27% [NaCl]. Ocov a@opd oto Ociktn péong epvbBpokvtropikng gvbpovototnroc (Mean
Corpuscular Fragility — MCF), mov avtiotolyei ot GLYKEVIPOON TOL YA®PLOHYOVL VOIPIOV TTOL
npokarel 50% Avon, ot pucloroykéc Tég kovpaivovron petald 0,375 ko 0,426% [NaCl] eved 1o
g0pog daxvuaveong aviiotoryel o 0,332 pe 0,487% [NaCl]. A&ilel va onuewwbet 611, T0 19% TV
dotwv gite mapovoiace vynin (N=18) eite younin ocpwtikn evbpavotomra (N=8), couemva pe
v extipnon g mopapétpov MCF.

KAMNYAH OZMQTIKHZ EYOPAZTOTHTAZ
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Euwoédva 23: Koumoin ocupwmtikig evbpavototnrag (Osmotic Fragility). H yxpt meployn tov ypagnuotog
VTOOEIKVVEL TO €0POG OMOOEKTMV TUMV VD TO dMAO PEAOG TN QUOIOAOYIKY| dlakvpaven tov deiktny MCF.
Mavpo: ovénuévo MCF — ykpt: uetwpévo MCF).

Avtictolyo vymAd mO0c00TA TOOOAOYIKAOV TIUOV TOpATNPNONKOV Kol OTIC VTOAOUTESG
Bloloyikéc HeTpNOES TOL TpaypotomomOnKoy, OTMG QAIVETOL OVOAVLTIKE OTN OLOYPOLLUOTIKY
TOPOVGIOCT) TOV GUVOAOL TMOV TAPOUETPOV LE TO UEYUADTEPO TOGOGTAE TY®V €KTOS OpimV MOV
akohovBel (eixova 24). o cvykekpyéva eviomioTnKay ATOHO e SIOKOUOVGT EKTOG PUGLOAOYIKOD
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€0POVG THAV GE TOGOoTA OV KupdvOnkav peta&d 24 kot 37% yio tovg deikteg TAC (37%), NO
(31%), erevbepn Hb (29%), xapPovvrioon mAdouatog (24%) kot kKhaotepiv mAdouatog (23%).
AVOALTIKY] TOPOVGIOGT TOV LETPNCEMV TEPIAAUPAVETAL OTNV EIKOVA 24.

O ®YZIOAOrIKO EYPOX

< MEIQMENA ENINEAA AIMATOAOTIKA AY=HMENA ENINEAA—>

N=1 i N=22
1 m—-—%m-| 27 N=97 + 2 4 35,3
96 (24,0 £ 2,9) e o (800215 S 33110
0,332 N8, | 0,375 N=111 MCEF (%NaCl) (0,404 + 0,018) 0,426|-~N:—18—I 0,487
(0,35 £ 0,02) (0,448 + 0,027)
[3,8 N=112 RBC (10%/uL) (4,8£0,2) 5,3} N=25 464
(5,7+0,3)
N=3 _
374240 N=115 WBC (10%/uL) (6,5+1,1) 9’0}—71.6’\'_5'%? 13,0

OPOZ / MAAZMA

N=4 N=51
fo—oe = 4 |4l-l-l—l-l-l—‘.—l-|
113 |14o N=82 XoAnotepoAn (mg/dL)(171+19) 199 (219 £ 18) 281

N=25 | N=26
678|-= ae -----|1841 N=86 2+ 980 £ 81 1127 L | 1286
! (785 + 49) | UG ([l e ) I (1198  46)
— 2 7 6,2+0,7 P_“_‘ﬂ_:‘ﬂg_‘l ,
|3,5 N=89 Ouplk6 ocU (mg/dL) (6,2+0,7) 7,2 (78+05) 9.3
oo N.:21 = ﬂ'_Nfg'_q
1,361—*—(1,64 - 0,26)| 2,41 N=94 NO (ug/mL) (3,70+058) 47 EIETYT) 5,59
N=16 _ . F._.M_..
o 2,4)| N=08 EAe0Bepn Hb (mg/dL) B7.9£9.8) 623[ 7m0t 1243
N=36 ,
| N=101 DL (ma/dL) (102 + 20) 130| @46t 12) 169
N=34
35 = i 118 + 21 1 !
| N=103 Sidnpoc (mg/dL) (118 +21) 50] Gorz1z) 180
. - 1 N=33 ,
| N=104 KapBovuAiwon (nmol/mg) (0,041+0,026) 0,100 02251¢ 0,132)| 0,503
lees oo N726 =«152,8 N=105 KAaoTepivn(ug/mL) (98,5 + 26,7) 137 2-:['\1-34 167,6
20,2 28851L7) , = pivniug 02 38 28 ' '
[10  N=123 TpiyAukepidia (mg/dL) (95 £ 26) 150% 434
+

Ewodva 24: T'papikn amecdévion TG KATOVOUNG TOV OLOd0TOV OGOV a.pOpPd GTIG OLUATOAOYIKES, PloynUIKEG
Kot BLoAoyikég TOPAUETPOVS OTIC OTOIEG EVTOTIGTNKOV UN QLGLOAOYIKEG TIUEG (aENUEVES 1 HEIUEVES KATA
10% oge oyéon He TIG OVOTEPEC N KATMTEPES PLGLOAOYIKES TYEC) GE TOCOGTO ATOUMV UEYaAVTEPO TOL 10%.
Oho to amoteréopata mapovstdloviol g Hécog 6pog = tumikn amdkAlor. ['kpt mhaicia: apBpog dotdv pe
QULGIOAOYIKEG TIUEG, OTU GKPO TOV TAUGI®V OVOYPAEOVTOL Ol KATMTEPES Kol AVATEPEG PLGIOAOYIKEG TIUES,
KOUKIOEC! OYETIKY KATAVOUR 00TV He TABOAOYIKES TIHEG, OTA AKPO TOV TAEVPIKOV YPOUUDV divovTol ot
axpOTATEG TIUEG IOV aviyvevOnkav atov €etalduevo TAnbucuo.

‘Eva pkpd pépog tov minfucpod tov aipodotav (9%) avrictoryovoe oe dtopa etepoluya yio
B upecoyewokn avaipio. Ot 06teg avtol Ppédnke mwg opepav amnd tov vrorowmo eCetaldpuevo
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minfvoopd oe TANOOpa  opoatoroyikedv (Kuplwg), Poymukodv Kol POAOYIKOV  TOPARETPOV
(owaypouo 8). Ot etepoluyot d0TeC YopakTnPiloviay amd GTATIOTIKA CNUOVTIKA VYNAGTEPQ EMIMES QL
amdivtov aplBuov epvbpoxkvttdpmv, deiktn avicokvttdpmoong RDW kot pésov dykov opometaiiny
(MPV) kabd¢ emiong ko yapmidtepeg Tég atpatokpitn (Hct), pésov epvbpoxvtropikod dykov
(MCV) , péong mocdtnrag Hb (MCH), MCF kot ehetbepng Hb (P<0,05). And tic mpoavagepbeiceg
TIwég owtég mov avtiototyovoav ota RBC, MCV, MCH ka1t MCF xvpaivovtay ce mafoloyucd
enineda eved o enineda twv MPV kat oAikedv tpwteivav opod (T-PROT) fitav opaxd puetodoyikd.

Etepdluyol 86TeC yia B-B8aAacoaldia (n=12)

RBC 5.88 + 0.34*

(G 3084 1 2.20

plsll 1296+ 0.81

\Ylea 68.07 +6.72*

MCH 2211 £ 2.42*

lelsloal 32.49+ 0.67

1

NN 13.64 + 0.88

MPV 9.24+£217*
MCF [ERENCry
pHb

T-PROT 6.78 £ 0.56™*

o

20 40 60 80 100 120 140

Awypappo 8: Tlapapetpotl e oNUOVTIKEG Ol0pOopEg avdipecso og etepoluyovg Kot Un 00TeC Yo B HEGOYELOKN
avopio. Ot povpeg pafdot avTioToLYOUV GE KAVOVIKOTOUEVES (G TPOG TOVG PUGLOAOYIKOVG dOTES TLLES (YKPL
ddotiktn ypopun 100%). Ta amoteréopato mapovoldlovior ®g HEGOS Opog + tumikh omdkAon. (*):
mofoAoyIkéEG TIMES, (F*): oplokd EUGIOAOYIKEC TIES. ['pappéc GEAMIOTOC: TUTIKY aTdKALGT.

I'2.1.3. Xvoyericsic Aynoatoroyikav HopapTtpoy

Ao ohoKANPOOMNKAV 01 TEPAUATIKEG S10OIKAGIES, Ko GTNV TPOSTAdElnl Vo Yivel KatavonTi
1 OUOAOYOVUEVOC TOADTAOKT EIKOVA TOV OUOd0T®V IN VIVO, paypotorotdnke Edeyyog yia mbava
OTOTIOTIKA ONUAvTIKEG cvoyetioels (Pabudg ocvoyétiong kotd Pearson kou Spearman yio Kavovikn
Kol U1 Katovoun ovtiotoryo) peTald tov petafAntaov mov egetdomkay. Ot GLGYETIOES AVTES, e
ovvieleot) I mov kvpowvotay omd 0,252 uéypr 0,959 (P<0,05), eionqybnoav oto mpdypoppa
Kotaokevng Poroyiwkadv (kar oyt uoévo) diktvwmv Cytoscape pe omotéAespo TV TOTOAOYIKN
AMEIKOVIGT TOV GLUVOAOL TOV OAANAETIOPACEDY avapecso otig e€etalopeves mapapéTpovg in Vivo
(etcova 25). T AOYOuG 0E0MOTIOG TOV OMOTEAECUATOV Kol Yo vo pewwbdel 1 mbavémra va
ovoumepAn@Body o100 dikTvo YeLdMG OeTikég ocvLoYETIoEIC Ol Omoieg Ogv vmhpyovv N Vivo
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aroxkAeiotnkav Tég r<0,250. Kabe cvoyétion avtiotoryel o€ pio ypopp| Tov dAANAETIOPOCMUATOG
(interactome) pe To uNRKog TG va eivat avTioTpOPmS avaAoyo ToV cLVTIEAEGTH cvoyétione. To diktvo
elval un Kevipomomuévo, HE YOUNAT TLUKVOTNTO KOl TOPOLGIN HETAPANTOV pHe HeYOAO aplOpd
ouvdécewv (TOAVOLVOETEG) KOOMG emiong Kot péEco Opo ovvdéocemv avd petafinty 6,638.
Amoteleitor amd oVOTAdES TOPAPETP®V Kol HETAPANTEG OV evtomilovTal GTNV TEPLPEPELD EVD
yopoktnpiletor amd Vo Pacikég TEPLOYES, €K TOV OMOI®V M TPATY (KOKKIVOS KOKAOS gkova 235)
AVTIGTOLYEL GTOV TUPVA TOL SIKTVOV GTOV 0010 TTEPLEXOVTOL O PAGIKEG AULOTOAOYIKESG TOPAUETPOL
Kol 1 0e0TEPT (UmAe KOKAOG E1kOVO, 25) TNV OUAdA TOV AMTOTPOTEIVAOV. O1 6 BloAoyikég TapaUETPOL
katatdoocovtar o mepipepelakéc (TAC, NO) wou kevipikég (MCF, oipudivon, xhootepivn
TAAGLOTOG, KapPovuAimon TpomTeivev TAdouatoc). Ao 11 meprpepetokég 10 NO cuvdéeton povo pe
dvo mopopétpoug (K* xon HDL) kou evtomileton oty meployf] Tov Mmonpoteivdv evd 1o TAC pe
JelKTEG OHO1OGTAON G GONPOL Kot TO oVuptkd 0&D). Ot Téocepig LVIOAOUTEG HETAPANTEG OVIIKOVY GTOV
TLPNVA TOV SIKTOLOL Kot AAANAETOPOVV LE POCIKES AUOTOAOYIKES Kot PLOYNUKES TOPAUETPOVE.

OAIKA avTIOEEIBWTIKA

/ IKQVOTNTA TIAGOUATOG

AiudAuon K

\ \"\
‘/1‘!& MCH

7oA MCV_iiiS
‘ ‘Fer 3 4 "l ’\"a\
.t \\’s‘,. h‘.‘ ‘\

OouwTIKNA
€ubpauoToTNTA cr g o A
“‘!/'%.. T e -
KAaoTepivn ,@.&L%}%?;(;‘:'{l"’?l
TTAGOPATOC % F ) //w 5'}"':514
e T
N 7P
\\§’!’,}‘qp‘."1.‘.l‘ pCar
NN Q)

KapBovuliwaon
TTPWTEIVWV
TTAGOPOTOG

Movoégidio
TOU adwTou

.
.
-------------

Ewova 25: Aiktvo oAANAoGLGYETIONG OLUATOAOYIKGOV TapapsTpov in Vivo. Kdbe cbvdeon amewkovilel pio
oTaTIOTIKA onpavtiky cvoyétion (r>0,250, P<0,05). Zvveyeic kot S1GGTIKTEG YPOUUES: OETIKES KO OPVITIKES
ovoyetioels avtiotorya. Kokkivog kokAog v’ apBudv 1: muprivog diktoov, umie kbkhog v’ aplfudv 2: opudda
Mrompmteivov. p: mhdopa, Trigl: tprylvkepidia, Col: xolnotepoin, Glu: ylvkoln, Creat: kpeatvivn, pCarb:
kapPfovorioon tpoteivov mhdouatoc, T-PROT: olkéc mpmteiveg opov, ALB: aABovuivn, Trf: tpavopepivn,
Trf-S: kopeoude tpavoeepivng, Fer: pepprrivn.
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‘Eva 6ALo Bacikd yopakTnploTikd TOU GUYKEKPIUEVOD OAANAETIOPOCOUATOS Eival TO YeYOVOg
OTL mepéyel MOAAEG petafAntéc pe younAn ovvoesoomrto (NO: 2 ocvvoéoels, Aeppokivtrapa: S5
OLVOECELG) OAAG Ko apKETEG e peyalo aplfud cvvoécemv (>9) (eikova 26).

@D MCHC RDW 3
Tuvdéoeig: 14 Tuvdéoeig: 11

MCF 10 D vy

>uvdéoelg: 9 . .

9 ALP

4 Tuvdéoeig: 11

PCT @ 3 MovokiTTapa
Juvdéoeig: 12 2uvdéoeig: 12

Ewodva 26: TTapduetpor pe peydro aptOpd cuvdécemv (TOAGUVIETEC — YKPL ¥PDLO). ZVVEYEIC KOl SIOCTIKTEG
ouvdéoelg: Oetikég Ko apvnTikég ocvoyetioelg avtiotorya. Ot apiBuol mov cvvodegvovv kdbe mopdueTpo
AVTIGTOLYOVV OTIC TEPALTEP® GLVOLGELC TNG CLYKEKPLUEVNG LETAPANTIC 6TO apykd dikTvo in Vivo.
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XopoKTNPoTIKA  Tapadeiyuata ToAVCLVOET®Y amotehobv ot petafintéc MCHC (14
ouvvdioelg), Het (12), PCT (12), ta povokvttopa (12), WBC (12), Hb (11), MCH (11), MCV (11),
RDW (11), PLT (11), MPV (11), ALP (11), n tpavogepivn (11), ta ovdetepopira. (10), MCF (9),
ALT (9) xkar yGT (9). Kbdpiog ovvdéng avadeikvoetar o MCHC o omnoiog oyetileton (60mmg ftav
avopevouevo) pe epvbpokvttapikovg odeikteg (Hb, MCV, «.a.) xabdc emiong kor dgikteg tmV
VOOV KVTTOPIKOV TANOvoudY Tov aipatog (WBC kot PLT). ITapopota eikdva mapatnpeitot Kot
v 10 oeiktn RDW o omolog cuvdéetar pe 1660 pe 1o epuhpokhtropa 6GO Kot UE TO. LOVOKVTTOPO
Kol T OOTETAALN. ATtd T1g Proroyikég mapapéTpovs, 1o MCF dnuovpyel opdoa pe ta RBC, MCV,
MCH xotr RDW xaBdg eniong kou pe v arpdAvon ko oupometaitakots dsiktec. To 30 pe 50% tov
ovvoéoewv tov petafintadv PCT kot povokdttapo avtiotoyo oyetiCetor pe €puOpoKuTToptkong
deiktec. Téhog petald tov Poynuikodv mopapétpov n ALP eppdvice T meplocoOTEPEG GLOYETIGELS
(opo1dotacn o1dNPov — JEIKTEG OAMV TV KLTTOPIK®V TANBLoUDV).

'2.2. AmnoOnksvtiky Exxova EpvOpokvttdpmv (X Vivo)

I'2.2.1. XpovogEaptodpusvn Avalvon

Me dedopévo OtL M Odpkewn tng omobnkevong Bewpeitor évog amd ToVg PACIKOTEPOVG
TOPAYOVTEG TOL EMNPEAlEL TNV OOMKN KOl AETOLPYIKY OKEPAUOTNTO T®V £pLOPOKLTTAP®V
empedlovtag to emineda amobnievtikng PAAPNG, ot apoddTeg eAEyxOnkav Yo pio TANOmpa
Broroyikdv mopapuétpov 1060 wpv (NS) 660 Kot Katd T SbpKeE TG CLVINPNONG OE AOKOVG
uetayyionc. Oocov agopd oto vaepkeipevo tov povadwv (avtictorya nAdopo otnv NS cuvOnkn)
nopatnPOnKe otadlKny  xpovoeLaptdpevy  ovénon G dpdAlvong,  TOV  TOPAYOUEVOV
LIKPOKLOTIWOIOV Kol TV KopBovoMouEvev Tpoteivav kobmg emiong kot pHeimon Tov emmédmv
povo&ediov tov almtov, g KAaoTEPIVNG Kot TNG AVTIOEEWDMTIKNG IKAVOTNTOG GE GUYKPLON TOCO LE
10 TTPO-0TOONKEVTIKG EMimed0. OGO KO pE TO TPOWA 6TAd TG amobnkevTikng meptddov (P<0,05)
(mivarag 6). TIo cvykexppévo v 42" nuépa ¢ amodKeLoNg Ot TIHEG TOV TUPATAVE® TOPUUETPOV
eiyov petaPinbei oe oxéon pe ta NS eninedo pe Paon 1o axodAovbo mpdtvmo: elevBepn Hb (avénom
4,7 popég), wkpokvotiow (avénon 10 popéc), kapPovurinon (dumhaciacpog), NO (90% ueimon),
Khootepivn  (75% peiwom) kot avtioedotik]  KavotnTo  (VTONMANGLOGHOG).  ZNUOVTIKES
€PLOPOKVTTOPIKES TOPAUETPOL OTTMG 1| OCUMTIKN KOl UNYovIKY €v0pavcotodTNTa KOONDS £miong Kot M
o@apogytvokuTTapon (avénom 11 @opéc) epeavicay GTATIGTIKO CNUAVTIKY aOENOCT G GUYKPIoN
ue ta in Vivo enimedo and 1o péco g amobnkevong kat petd (P<0,05). H evdokvuttdplo cuocmpevon
ROS ka Ca?* mapovcioce PeYAAn avénon €wg o péco g amobdnkevong evd 1 GSH peiddnke oto
60% tng apywng g Twng. Emmiéov avigvevOnke dwitepa peydn avénon (56 @opic)
eEmtepikevonc PS ot pepfpdvn tov epubpokuttdpwv. TELog n TpmTeivikny avdivon g pepPpdvng
emPePaivce Vv avadidpbpwon mov mpaypatomoleitoar kotd TN ddpkewn g amodnkevonc. Ta
gpvbpoxvtTapa yopoaktnpilovior and otatiotikd onuoviiky (P<0,05) cvcompevon (o€ oyéon e ta
NS dciypata) deiktdv o&edmtikod (mpdcodeon Prx2, avénon 17 @opéc), uetapoikod (rpocdeon
GAPDH, avénomn 6 @opéc) ko mpoteivikov otpeg (mpodcdeon Hsp70, advénon 2 opég ko
tpomonoinom (ovng-3, avénon 4 popéc). Emmiéov evtomiotnioy avénuévor deiktec otpeg acPectiov
(kaAmaivn, ovénomn 4 eopég) kol yipavong (cobumioko omektpivng-Hb, avénon 7 popég). Avtibeta
vrpée tdon peiwong yw to petagopéa yYAvkolng (GLUTL), ) @lotilhivn kot Tn oTtopotivn.
dtévovtoc 610 TEAOG TNG OMOOKELONG 1 TAELOVOTNTO TOV OEIKTMOV OV €EETACTNKOV EUPAVICE
TOOOAOYIKEG TIUES.
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METABAHTH HMEPEX AIIOOHKEYXHX

NS HMEPA 2 HMEPA 21 HMEPA 42
M\Gopa/Yrepkeipevo
E)ev0gpn Hb (mg/mL) 0,17+0,03 N/D 0,29 £ 0,04* 0,94 + 0,50%"
Awpérven (%) N/D N/D 0,096 + 0,016 0,391+ 0,210
Movoégiono ald@Tov (nug/mL) 2,55+1,22 1,10 + 0,54* 0,52 + 0,40%" 0,31 £0,15*
Avtioéerootikn wkavotnto (pM F e2+) 758 +£ 98 495 + 64* 385 + 36*" 340 £27*
Evepyétnrta ovpikod (uM Fe®*) 465 £ 78 358 £ 53* 224 + 60*" 203 +42*
Koppovorioon (nmol/mg) 0,087 £ 0,039 N/D 0,182 £ 0,033* 0,178 £ 0,053*
Klootepivy (ng/mL) 62645 + 27856 N/D N/D 12536 + 8635*
Kvoridwa (counts/pL) 6762 +2125 9349+ 1318* 13484 +2157*" 37293 + 6507*"
BOpopfoTiki) tkevoTnTe KvoTWioy (nM PS) 4,25+ 1,51 7,39 +1,06* 15,76 + 3,02*" 40,33 + 8,38*"
EpvOpoxvrrapa
OopoTiki gv0pavetétnro (YoNaCl) 0,414+ 0,038 0,449 +0,045* 0,495 + 0,058+ 0,490 + 0,056*
Mnyavikn gvBpavotéTnTo 0,540+ 0,153 0,650+0,201 0,986 + 0,217*" 0,893 £ 0,262*
Evepyés pileg O, (RFU) 278 + 35 361 +42% 703 +80%" (D14) 409 + 51"
E&wyevadg enayopeva ROS (RFU) 515+ 123 720 + 144 1782 + 497+ 881 + 133*"
I'ovtabeiovny (uM) 605 + 43 N/D 485 + 61 366 + 41*"
AcBéoTio (RFU) 3070 £ 320 3850 +£ 551* 4423 + 752* (D14) 4759 + 497*
YompogyvokvtTapa (%) 2,8+0,3 N/D 15,2 +1,8* 32,1 £2,3*"
"Ex0gon PS (%0) 0,14 £ 0,04 0,69 £ 0,22%* 3,27+ 1,17+ 7,82 +1,85*"
Tpomomowmpévy CD47 (%) 2,10+ 0,62 N/D 2,69 £ 1,08 3,31 +1,83
Mporeiviki avdioon

IpoTtedivon 4.1 1,00+ 0,15 N/D 1,45+ 0,07* 1,67 + 0,08*T
Tpomomoujosis OV G-3 1,00 = 0,19 N/D 3,02 £ 0,75% 4,12 + 0,90*
KaAmaivy 1,00 £ 0,47 N/D 2,05 £ 0,63 4,10 + 1,88*"
Klaotepivn 1,00 £ 0,34 N/D 1,53 £ 0,46* 1,36 £ 0,45
®rotiddkivn-2 1,00 £ 0,18 N/D 0,90 + 0,09 0,68 + 0,12*"
GAPDH 1,00 + 0,26 N/D 2,11 £ 0,55* 5,94 +1,01*"
Meragopéag yAvkolng-1 1,00 + 0,46 N/D 0,71+ 0,32 0,65+ 0,22
Hsp70 1,00 £ 0,44 N/D 1,52 +£ 0,69 2,24 +0,38*"
Ynepo&erdosivn-2 1,00 + 0,36 N/D 3,31 £1,62* 16,75 + 11,05*"
TaekTpivn 1,00 £ 0,06 N/D 1,02+0,13 1,15+0,30
Yoprhoko erektpivg-Hb 1,00 £ 0,42 N/D 2,75 £1,21* 6,66 = 2,62*"
XropaTivy 1,00+0,31 N/D 0,89+ 0,20 0,81 +£0,13

Hivaxag 6: XpovoeaptdUeV] avAALoT TPV Kol KATA T O1dpKeLn TG AmoBNKELONG GE AOKOVG UETAYYIONG.
(NS): un amobnkevpéva deiypota. (*): P<0,05 amobnkevpéva évavtt un amobnkevpévov derypdtov. (T):
P<0,05 évavti mponyoduevng xpoviknig meplodov amobnkevong. N/D: dev mpocsdiopictnke. ‘Evtovn ypaen:
nafoloywkés Tés. Ta anoteléopata mapovstdlovior ¢ HEGOS OPOG £ TUMIKN ATOKAION €V Ol TIHEG TG
TPOTEWVIKNG AVAALGNG £XOVV KAVOVIKOTOOEL G TPOS T TPO-0moOnKevTIKd enimeda kdbe TpmTeivNg.
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Ouadomoldvtag to mopomdve amoteAéopato pe Paon ™ PloAoyikn Tovg cvvagEld
TOPOTNPEITOL TOG €VTOG TNG MOVAONG HETAYYIoNG TOGO 1 OCUHMTIKN OGO KOl 1 WUNYOVIKY
evBpavotdTTO AKOAOVOOVY TOPOUOL0 TPOTLTTO dlaKVUOvVeNG (etkovo 27). EmmpocBeta n peydin
nTOon povoéediov tov al®mTov gival avTiIoTPOP®S avAaAoyn TG adENONG TOV EMTESIDV OUOAVLONG
KO TOPAY®OYNG KUOTIIMV EVA 1 KATOKOPLET TTMOGCN TG KAUGTEPIVIG OTO VIEPKEIEVO GLVIVALETOL
pe avénomn 1oV KapPovOMOUEVEOV TPOTEIVOV. AVTICTOYXO 1] TTOCY GTNV EVEPYOTNTO TOV OLPIKOV
o&éog ocvpPadiler pe ™ pelwon g OAMKNG OVTIOEEIOMTIKNG TKOVOTNTOG TOV LAEPKEUEVOL EVD Ol
TPOTMOTMOMOEL, OtV emedveln G MepPpavne  (e€wtepikevon PS  kar  tpomomoinon
otepeodopudpewong g CDA7) eaivetor vo punv akolovBodv kowvd ypovoeEapT®UEVO TPOTLTO.
Télog n OpopPotikn wkoavotta tov kvotidiov (MPs-PA) sivol evBémg avarloyn tng moapovsiog un
avaotpéyiuev kuttapov (NR-RBCs).

*
——— MCF (% * -
1,051 = =« = MFI ) /} -~ { ——p-MPs-PA(nM PS) * 2 -
’ . 40 {= = = NR-RBCs (%)
0,80 , 4
= F£-- 1 * N Ins. — p-gpﬁovu’)\mon
0,50 /‘) 20 1 ~I- p-KAaoTepivn
] N Z!
: n S ~ *
0,40 - 0 . ;|
—— ROS (RFU) —=—p-Hb (mg/mL) . - = = MpwTedAuon Jwvne-3
5000 - = * 'tCBHP . £ 70 p-NO (ug/mL) i | —— Ziwn-3
. N a 1- = p-MPs (counts/pL)//
4
3400 - N 45 ,;// /,%
‘: /I\ 2’0 l * PR ’I,’
1600 4 S A~ * 2 L7 %
// \\* - ~ i ",
800 ] ————'/ ' 1,0 r L t% NS -’
* = =3
— =
0 * 0 0
1,27
i —+— p-TAC (UM Fe?)
800 - = - p-UAAC
0,8
400 - s ]
* T g 04 ——t— ZTOQTIVN
- - -y
* * ] - = = GLUT21
0 0,0
NS 2 21 42 NS 21 42
XpovIKn TTepiodog

Ewcova 27: Zoykpttikn anetkovion Ploloyikd cuvapov TopopéTpoy Tpoidvtog Tov xpdvov amobnkevonc. (p):
mAdopo N vaepkeipevo. (*): P<0,05 évavtt un amobnkevpévov dstypdtov. (IBHP): eEmyevdg emoydueveg
ROS. (NR-RBCs): kottopo pUn avaoTpéyiung Topaudpeoons, kuping ceapoeyvokdttapa. (MPs-PA):
Opoupfotiky wovotra  kvotdiov. (UA-AC):  avtofedotik wkavomnto ovpwkod offoc. (CD47):
tpomomompévn otepeodiopndpemon. (MFI): deiktng unyovikng evBpovetdmtog epvbpokvttdpov. I'pappég
OQAALOTOC: TUTTIKO GOAALLOL.
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I'2.2.2. AvukOpoven Avaueco 6tove AHod0TeS

‘Eva 101aitepa onUovTiKO GTOLEIO0 Yol TV OTOCAPNVIOT NG EMOPAcNg TOV Wloitepwv
YOPOKTNPLGTIKOV TOV 00T 6TV AmodNKELTIKY KavOTNTA TOV £pLOPOKVLTTAPWV £ivar 1 dtakHoven
TV e£eTalOUEVOV TOPAUETP®V AVAUESO GTOVG VYIEIS apoddTec. e TPoamodnKeLTIKO EMimedo, Ta
VYNAOTEPO. TOGOGTH  SOKOUOVONG  EVIOTOTNKAV o€  Tapapétpovg Tov  mAdopatog  (NO,
KapPovorioon, wlaotepivn kot OpopPotikny KavoétTo KLOTWiMV) KoOOC emiong Kol og
gpvbpokvTTopIKéC TpwTEIvEG Onmwg 1 KoAmaivn, n Hsp70, to cdumioko omektpivig-Hb kot o
uetapopéag GLUT-1 (didypouua 9). H dtokduaven otnv opdivon, 10 povoéeidio tov aldtov, tnv
KAGTEPIVI TOV LIEPKEIUEVOL Ko TV TPOGdeoT Prx2 otn pepfpdvn avéndnke onuaviikd Katd
ddpkelo ¢ amobnikevong. Ta enimeda tpomomomoewv T (dvne-3 (oAtyouepiopdc Kot
TPOTEOAVGT) TOPOVGIAGAV VYNAG TOGOGTA SOKOUOVONG HOVO EVTOG TNG LOVASOG HETAYYIONG EVD
OTOV QVTimoda, 1 Topaymyn KLOTWOI®V Slapépel Eviova HETOED TOV d0TMV Kupimg in vivo. Tnv
tehevtaio nuépa ¢ amobnkevong n Prx2 kot n tpormomomuévn CD47 gppdvicav v eviovotepn
dwkopavorn avdpeso otovg 06teg (>60%). Téhog ot gpvBpoxvtTapikol deiktec epgaviCovv
pKpOTEPT SKVILOVGT TOGO TPV OGO Kol KATA T SLIPKELN TG ArofKevoTG.
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Awypappo 9 Tpoagiki ovomapdotacn TV TOPAPETP®V TOL  EUPAVICOLY TO HEYOADTEPO TOCOGTO
drakdpaveong aviueoca og vyieic apoddtec in Vivo kot ex vivo. (Band3*): tpomomomoeig {dvng-3. (CDAT*):
Tpomonmomuévn otepeodtapdpemon. (PCLU): Khaotepivn mhdouatoc.
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Evdlpépov mapovciace emiong 10 TPOTLMO  OAKVUOVONG TPOTEIVIKOV OEIKTOV TOV
ePLOPOKVTTAPOV HETAED TOV OUOJOTOV (etkova 28). XapoKInploTikn €ivol 1 amovcion pHeyoimv
OlPOPMV OTOL EMIMEDD OKEAETIKOV Kol HEUPPAVIKOV TPpOTEIVOV. Avtifeto To poplo e T
LEYOADTEPO TOGOGTH SKVUAVONG OVTIGTOLYOVV G€ HEUPpavocuvdeoueves — LepPpovooyeTilONEVES
TPpOTEIVES 0TS M KoAmoivn, n Prx2 fyn Hsp70.
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Ewdva 28: AvImpocmmevTikéc EIKOVEG 0voc0evTomiong Hetd and drodikacio Western yia tic mpmteiveg pe ta
UEYOADTEPO, TOGOGTA SLUKVUAVONG UETAED TOV alpodotdV (Tapovotdloviol 8 dapopetikol 60TeC TPV TNV
arofnkevon, oto péco kot to téhog avtng). H mpoteivn 4.1R mov Ppioketon ot Pdon g ekovog
YPNOWOTOINONKE OC ECOTEPIKOG LAPTLPAG TOV TEPAUATOS OVOGOEVTOTIOTG Y10 TOV EAEYYO 1GOPOPTOONG TOV
detypatov.
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I2.3. Xovdéeon e Amodnkevtikne HMowvtntoc EpvOpokvrtdpov (ex vivo) pe Idwizepa
Xopoktnprotikd Awmodotdv (in vivo)

I'2.3.1. Avlukopoven Avaueso 6Tove AHod0TES

[Topd v TOAVTAOKOTNTO OTN SOKOLOVOT] TOV TOPUUETPMY KOl TNV ETEPOYEVELN AVALESO
OTOVG a1p0d0TEG TOGO IN VIVO 060 Ko €X VIVO, eVTOTioTnKaY OpKETES UETAPANTES UE SLUKDULOVOT
EVTOC TNG HLOVASNG amodnKeLoNG EVOEMG AVALOYN TOV TPOUTOONKEVTIK®V TOVG EMTESMV (TIVOKAS 7).
H avoioyio avt) emPeformdnke péoom tov 1oyupodv Kot enavorapuPavopevov oe kdbe ypoviko
onueio ¢ amobfkevong otatioTikd onuavtik®v cvoyeticemv (P<0,05 kot P<0,01) avaueco ota
enineda, in Vivo (kvpimg) kot eX Vivo tov id1ov deiktn. Ocov a@opd 610 VIEPKEIUEVO TOV OOKOV
HETAYYIoNG TETOEG HETAPANTEG €lvol TO HOVOEEIS10 TOV al®dToL, 1 KAOGTEPIVY Kot 1] EVEPYOTNTA TOV
ovpkol 0EE0C, o1 0moieg doTPOVV TO TPATLTTO SLOKVLLUAVGNE TTOL LIPYE UETAED TV SOTAOV Kol GTO
mAdopo wpw v anobnkevon. Emmdéov evtomiomnkav kot 600 deiktec (OAkn ovTlo&edmtiky
KOVOTNTO, VIEPKEEVOD KOl TOGOTNTO KVOTISIMV) Ol 0010l EUPAVICAV SLUKDLOVOT] OVAAOYT TOV
oV ™m¢ 2" nuépog g amobfikevone kot dvcavdioyn tov avtictoyywv in vivo. KAloooikég
apatoAoykég mapapetpot 0nmg ot MCV, MCH, MCHC kot RDW napovsialovv vymidtato Baduo
GLGYETIONG LE TO TPOaToONKELTIKA ToVS emineda kaBOAN T didpkela TG amodnkevong. [apdiinia
amo TG POAOYIKEG TOPAUETPOVG OV EEETACTNKAV TOPOUO0 TPATLTO OKOAOVONGAV 1) OGUMOTIKY
gvBpavotomra, N ékbeon PS kot 1o evookvttdplo acPéctio. Lyeddv Oheg ot mpoavapepbeioeg
uetaPintég (ektog Tov PS kot Ca2+) umopovv va tpoPrepBodv oe eminedo amobnkevong pe ypnon
otatoTikd onuavtikodv (P<0,05) poviéAov ypoppukng malvopounong ta ool ¥pnotonotovy Tig in
VIVO TIpéC ®¢ ove&apTnTeS TopapéETPous (TPOGUPLOGHUEVO R peta&y 61 ko 99%).

XPONIKH MNMEPIOAOZ

NS 2 10 21 30 42
MAdopa / Yrepkeipevo
Movoéeidio awTou 0,974" N/D 0,812* N/D 0,928"
KAaaTepivn N/D N/D N/D N/D 0,880*
EvepyoTnTa oUpIKOU 0,950" 0,844* 0,938" 0,830* 0,807*
AvTI0EEIdWTIKA IKAVOTNTA NUEPAG 2 0,913" 0,947" 0,826* 0,808*
KuoTidia nuépag 2 N/D 0,962" 0,812* 0,916"
EpuBpokuTtTapa

MCV 1,000" 0,999" 0,999" 0,995 0,995
MCH 0,993" 0,997" 0,996" 0,994" 0,9947
MCHC 0,845* 0,957" 0,885" 0,808* 0,808*
RDW 0,817* 0,894" 0,959" 0,907" 0,907"
OopWTIKA EUBPAUOTOTNTA 0,979" 0,990" 0,985" 0,997" 0,969"
"Ek@eon PS 0,763* 0,807* 0,758* N/D 0,821*
AcBéoTio 0,517 0,836* 0,838* 0,807* 0,827*

Hivaxag 7: Toyvpéc kot emavolopuBovOIEVES GTATIOTIKG GTUOVTIKEG GUGYETIONG OVAUESH 6T EXinedo iN VIVO
Kot eX Vivo tng i61o¢ mapapétpov. XpovoeEaptduevn avaivorn Tpv Kot Kot T S1dpKelo TG amobfKevong o
aockovg petayyione. (NS): un amobnkevpuéva deiypozo. (*): P<0,05. (T): P<0,01. N/D: dev npocdiopiotnke. Ta
OTOTELECLLOTO OVTIOTOLYOVV GTO GLVIEAEGTN cLoYETIoNG I' (cvoyetioelg Pearson 1 Spearman avdioya pe v
KOTOVOUT TMV TOPAUETPMV).
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Avtiotorya mapotnpnOnkav ototiotikd onuoviikés ovoyetioelg (P<0,05) avaueca og
TOIKIAEG TTPOOTOONKEVTIKEG UETAPANTEC KOl OlOPOPETIKOVG OmoONKeLTIKOVG Ogiktec KOBOAN 1
ddpketo, ¢ amodnkevons. o mopddetypo 1 dakduoven otny Tpave@epivy Tov 0pod iN Vivo
eupavice BeTikn cuoYETION e TOLG deikTeg KuTTaptkNg vBpavotdttag MCF kot MFI kabag emiong
Kot pe ™ OpouPotikn tkavomta TV Tapaydpevev kuotdiov. [Hapopoing  cvscdpesvon ROS kot
70 T0G0GTO gpvOpokvTTAp®V OV gkBEToVY PS In Vivo oyetiotnke apvnrikd pe to deiktny MCHC tov
amodnkevuévov RBCs. To 60voho TV GTOTIGTIKG GNUAVTIKOV GLGYETICEDV AVAIESH TV IN VIVO
KOl TNV €X VIVO cuvOnkn ypnolpomodnke yio t dnpovpyio evog Blodoyikod S1KTOOV OV GUVOEEL
™V amoOnKeLo HE 1010UTEPA TPOOTOONKEVTIKA YOPOKTNPLOTIKA TOL Oopodotn (sixova 29). Ta
Adyovg a&lomioTiog TV amoTEAEGUATOV Kal Yoo Vo petwbel n mbavotnta vo cuumeptAng@bovv 6to
OlkTLO YEVLOMG BeTIKEG cLoYETioELS, emAEXONKAV LOVO GLGYETIOELS Ol omtoieg evtomilovian og KGO
¥povikd onueio ¢ amobnkevong (nuépeg 2, 10, 21, 30, 42).

@@ ©-—0 ®
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Ewodva 29: Bioloyikd Oiktvo oAANAOGUGYETIONG TPOUTOONKEVTIKOV YOPUKTNPIOTIKDY KOl  OEIKTOV
amoffkevong (muépa 42). Avtiotoymg HOpeNG OIKTLO AVTIGTOLOLV KOl OTIC VIOAOWTEG MUEPES NG
amofnkevone. Kabe obvdeon amewovilel pio otatiotikd onuoavtikn ocvoyétion (P<0,05). Tuveyeic won
dboTikTeg Ypoupic: BeTIKEG Kol apynTikég cvoyetioelg avtiotoyo. Eyypouor kdxhot mapduetpor (nodes)
vyning ouvvdeowomtas. B3-prot: mpwrtedivon Covne-3, MPs-PA: Bpopfotikn wavomnto kuotidimv.
UA_AC: ovTio&eldmTikn tkavotnto ovpikol o&oc.
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To tehMkd SIKTLO ELPAVIOE EVOLOPEPOVGES OUOIOTNTESG UE TO AVTIOTOL(O AAANAETIOpOCOUA. IN
Vivo kafd¢ deikteg 0mmwg ot MCHC, MCF kotr RDW cvuveyilovv va givatl moAvcuvaETeg Kot va govv
Kevipikn Béom kal oe avtd 1o diktvo. Emmpdoheta n daxdpovon in VIVO ¢ KAooTePivig TOV
mAdopotog, e ékbeong PS, tov cpapogyivokuttdpov (NR) kot tov apocseatpvév HbA2 kot HbF
(xupimg) oyetiCeton pe TANOOPa YoPAKTNPIOTIKOV TV amodnkevpévov RBCS kot tov vrepreévon
TOV ALGKOV UETAYYIONG.

AviLoyo SIKTLO KATOOKEVAGTNKE 0vauesa 6To. apyikd (2" nuépa) kot ta tehkd (42" nuépa)
oTAolL NG omoONKeLTIKNG 7EePLOdov (eikova 30). Alokpivovtolr GULGTAOEC TOPAUETPOV UE
YOPOKTNPIOTIKOTEPES OVTEC TOV TEPIEYOLV TIG OUOTOAOYIKEG TOPOUETPOVS KaBMG emiong OeikTeg
avtio&edmTikng kavotntog tov vrepkeévov (TAC — UA AC). H emdektikdtta oe emyevn
o&edwtikd epebiopata (tBHP) t 2" nuépa g anodfkevonc oyetileton pe ta enineda mpotedlvuong
¢ Lovne-3 kot cvpmiokonoinong onektpivig-Hb (nuépa 42) evad ta apyikd enineda MCF kot ca®*
eaivetol va emmpedlovv T Un avaostpéyiun mapapopencn twv RBCS (muépa 42).

&

»
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\ HMEPA

g © z

® 0@
Ewoéva 30: Bioloywd diktvo oAnioocvoyitiong mapouétpov ovapeso ot 2" kot v 42" nuépa g
amofnkevonc. Avtictoyne HopPNG SIKTLO AVTIGTOLYOVV KOl OTLS VITOAOWTES NUEPEC TG amodnkevonc. Kabe

ovvdeon amekoviler pia otatiotikd onpavtikny cvoyétion (P<0,05). Tuveyeic kot StdoTiKTeg Ypopupés: Oetikég
Ko apvnTikég ovoyetioelg avtiotoyo. Sp-Hb: ovunioko onektpivng-aipoceapivig.
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I'2.3.2. Enidpoon tov Emnédov HBF in vivo og Hopapétpovg Amodfikevonc

Me dedopévn v kevipikn 0éomn mov katarapuPdaver n guPpukr opooseapivy (HBF) oto
diktvo (in Vivo — amobfkevon) Kabmg emiong Kot T0 YEYOVOS OTL OMOTELEL TOV TOAVGLVIET TOV €V
Myw dwtoov (ovvdéoelg pe MCF, TAC, Hsp70, Prx2 «.a.) eAéyybnke nm mbBavommto
KOTNYOPLOTTOiNong TV a1ptodotdv pe Baon ta eninedo HOF in vivo (diaypouua 10). O éheyyoc tov
a1podotdv avédelée 600 opdadeg pe Paon v HBF in vivo: 5 dtoua pe mavtedn amovoio HoF kot 5
dropa pe mapovsic HbF oe @uololoyikd emimedo (0.76 £ 0.31%) ek tov omoiwv évag d0TNG
etepdluyog ywo B pecoyetaxn avoupio (HbF 2.1%). TToAvmopoapetpiky oTatioTiky aviivon é6e1ée
TG 00tec pe  euololoyikd emimeda HbBF  eppavifovv  tavtdypove  younAdtepa  eminedo
avtio&edmTikng  wavotrag vrepkeévoy (TAC), oopotikng svbpavototntog (MCF) kot
OpouPotikng avotntog kvotdiov (MPsS-PA) kaboin ) didpkela g anobnkevong ev cuykpicel pe
d6teg mov yopoktnpilovior amd amovoio HbF (P<0.05, power=0.906). Emimtiéov o deiktng MCF tov
amoOnkevuévov RBCs pmopei vo mpoPrepbel and ta eminedo HOF in vivo péoom avaivong
TOALVOPOUN GG 08 KAOE Ypovikd onpeio ¢ amodnkevtikng teptodov (P<0,05) (eikdva 31).

HbF HbF*
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Abypappo 10: Tpoagikn aneikovion tov Sopopdv aviueoa oe 86teg pe (+) kou yopic (-) HbF petd ond
TOAVTAPOUETPIKT ovaAvon Yo To uEco ¢ amodnkevonc. (*): P<0,05.
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AvdaAuon TTaAivopdéunong
(Regression analysis)

In vivo: MCF = 0,449 - (0.51 - HbF)
Adjusted R2 = 0,817 P = 0,003

HMEPA 2 MCF = 0,485 - (0,59 - HbF)
Adjusted R2 = 0,782 P = 0,005

HMEPA 21: MCF = 0,544 - (0,75 = HbF)
Adjusted R2 = 0,850 P = 0,002

HMEPA 42: MCF= 0,539 - (0,75 «HbF)
Adjusted R2 = 0,887 P = 0,001

Ewova 31: E&omoeig mpofreync tov emmédov MCF 1660 tptv 660 kot katd T didpKela ¢ amodnkevong.
Ta wpoamobnkevtikd enineda HOF ypnoyonoobvial mg ave&dptntn petapint oe kabe nepintmon. Aivovon
emiong Ta eninedo oTOTIOTIKNG onpavtkodTTac P kabdg emiong kat 0 Tpocappocpévog deiktng R? o omoiog
avTIoTOLYEL 6TO TO0G06TH Srakvpoveng g s€aptnuévng petapintig (MCF) to omoilo pmopel va eEnynbel amd
™ dakvpaven ota enineda g aveEdptng petapintmg (HbF). Xpnowonoteitat o mpocappocpuévog deikmg
R? kaBdC PETE TOVG AmOPAiTITOVS GTATIGTIKOVS ELEYYOVG TPOGPEPEL TN SVVOTOTITA YEVIKEVGTIC TOV LOVTELOV
otov mAnBuoud.
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I'3. EINTIAPAYXH TON INPO-ATTIOOHKEYTIKON EMMNEAQGN OYPIKOY OEEOX YXTHN
HOIOTHTA MONAAQGN METAITIXHY

"o ™ perétn oe mpo-omobnkevtikd eninedo (in Vivo) ypnoipomomdnke eAefikd aipa and 78
appeveg voyielc apoodtes nikiag 21-27 etdv ot omoiot mANPoLGAV TO KPLTHPLOL OHOS0GTOG
(Hb>13,5 g/dL). TIpvv v oupodoocioc «dOe opodotng CLUTANP®GCE EWOIKE  SLOUOPPOUEVO
EPOTNUATOAGYIO GYETIKO HE TIG cLVNOEEG TOV TPOTOL {WNG TOV (KATVIGHA, STPOPIKES GV BELES,
KOTOVOA®GT 0AKOOM K.0L.).

I'3.1. Hpo-arodnkevtikoc Eleyyoc Aynodotdv (in vivo)

I'3.1.1. Tpomog Lome, Awpatoroyiké Ilpétvmo kon Broynmuka XopoKTnpileTika

Ye oyéon HE TO mponyovpevo okéAOg TG mapovooag olatpiPng (Donor variation) n
npoamodnkevTiky perétn mepteAdupave 78 emmiéov 06teg. Ot Adyol Yo Tovg omoiovg emAEYONKeE N
OLYKEKPIEVN oTpatnyikn eivarl ot akoiovbot: 1) EmPefainon tov mponyoduevov anotelecudtmv
kaBmg mowkileg mapdaperpor (yoAnotepoAn, LDL, tpryAvkepidia, ovpikd o0&y k.0.) epepavicov
ooy IkEG TWES o€ ALENUEVO TOCOGTO OHOJ0TAOV, 2) METATOTIoN TOV NAMKIONKOD €0POVG TMV
ALOd0TOV €16l MOTE va PEWwbel 0 aplfudg TV aTOU®V TOL OHOdOTNGOV TPMTN GOPA Kol O
e€etalopevog mAnBuo oS va Tpocopoldlel akOUa TEPICCOTEPO GTO GUVOAO TMOV TOKTIKAOV OLULOO0TMV,
3) "Exovtog evtomicel v evowapépovoa Béon kamowwv tapauétpeov (MCHC, MCF, RDW, ovpiko
0&Y K.0.) 1660 610 dikTVO OAANAETOPAGE®Y IN VIVO 0G0 ka1l 6TO OvTioTOO €X VIVO, émpeme va
ereyyBel n mBavoTTA KATNYOPLOTOINGNS TV VYOV ALLOd0TAOV [e Bdomn Kamowa and TG HeETAPANTES
EVOLLPEPOVTOG.

Me dedopévo 0Tl To emimedn AMOTPOTEIVOV, GONPOL Kol AVTIOEEWMTIKNG GULVAG TOV
aipartog pmopet va oyetiCovron pe tov 1pomo Long TV apnodotmv eA&yydnkay mbaveég dapopég ot
dTpon, TV AOANGN, TO KATVIGUA, TNV KOTOVAA®MOT OAKOOA Kol GAAEG KOOMUEPVES GuVTBELEC.
Metd omd a&loldynom Tov EPOTNUATOAOYIOV 7OV GLUTANPOONKE TPV TNV  alpodocior dev
TopaTNPNONKOY OTOKAICEIS GE GUYKPIOT LE TO OVOUEVOUEVE TOGOGTH OGOV 0POPE TIC KOOMUEPIVES
ocvvnBeleg TV apodotwv (dwaypouua 11). ITo cuykekpipéva oxeddv ot picol eBeAoVTEG OOJOTES
Ntav KOmvVioTéG eV HOAIG €VOG OTOVG TEGOEPIS KOTAVAA®MVE TEPIGCOTEPO TOL EVOG TMOTA GE
gBoopadtaia Baon. H dOAnom amotelovoe koppdtt tov RSO0V TPOYPAUUATOS TOV OOV
atOp®V (He PEYAAN N evALdpEST GLYVOTNTA), TN GTIYUN OV T0 27% TV e€eTtalOUEVmV KOTAVIAOVAY
kpéag o @opd v efdopdda. H cuvvipurtikny mieioymeio OMA®CE TG O YPNOLLOTOLOVGE
CUUTANPOUOTO OLOTPOPTC KOl KATAVAAMVE KUPIOG GTITIKO ooynTo.
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Awgypappa 11: Atapopég otov tpomo {wng petald vyiov apodotodv (N=78). Ta arnoteréopota aviiotoryody
0€ TPELG SLUKPLTEC KATIYOPIES, VYNADV, EVOLAUECSHOV KOl YUUNADV ETTESDV.

Ocov apopd 610 UATOAOYIKO Kot Bloynpikd mpoOTLTO TV OLOd0TOV Topatnpnonke Kot
TAAL VYNAO TOCOGTO ATOUMV HE TIUES EKTOC TMV QUGIOAOYIKAOV OpimV G TOPAUETPOVS OTMG 1
xoAnotepoAn, n LDL, n khaotepivn kot 1 kapBovorinon Tov TAAGHOTOG, TO 0VpKO 0&D Kot 1 OMKN
avTo&eOTIKN KavotTTo Tov TAAGHOTOC. Evrodtolg ta mocootd oto cvykekpyévo delypa dgv
Eemepvovoav 10 30%. Ovolaotikd povo T0 oVpKd 0&D eueavice emimedo ektog opiwv (7.5 = 0.4
mg/dL) o€ 060616 Tov Ayyile T0 30%, amoTélecua e 1B10ITEPO EVOLOPEPOV QPEVOS YI0TL TO OVLPIKO
o0& emmpedlel 6 ONUAVTIKO TOGOGTO TNV OMKN OVIOEEWMTIKY GULVA TOL TAAGHOTOS OPETEPOL
vyt emPefainoe 10 TPOTLTO SOKHUOVONG TOV TAPOTNPNONKE GTNV TPONYOVUEVT] OHASA VYLDV
dotcdv (N=137) (draypouua 12).

ETitreda oupikou o&€og
O€ UYIEIG aINODOTEG

EvTOG QualoAoyikwv opiwv
(5.68+0.85 mg/dL)

Augnuéva etritreda
70.7% o (7.50+0.40 mg/dL)

Awypappo 12: Enineda ovpikod o&€og vytav apodotav (N=78). Ta anoterécuato mopovctdloviol mg LEGOG
OpO¢ £ TLTIKY| aTOKMOT).

EminpocBeta Proroyicéc mapaueTpol Tov TAACHOTOS 0TS 1 KOPBOVOM®ON TPOTEIVAOV Kot M
KAaoTepivn mapovoiacayv pHeyalo e0pog dlakduaveng avapecso otovg 66tec (75 kol 60% avtictoryn)
TN GTIYUN 7OV Ol aVTIGTOLEG TIUEG Yo TNV €AevBepn arpoceotpivn Kot To Hovo&eidto Tov aldtov
ntav 50 kot 30% avtiotoiywg. H cvvolikn eikdva tov e€etalopevou detypotog mapovctdletor ot
oeMda mov akoAovOel (Tivarog 8)
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AIMATOAOTIKO - BIOXHMIKO ITPOTYIIO (N=78)

Mopaperpog Dvo10L0YIKES TIHEG AOTES
Awpoocarpivn (g/dL) 12-18 15,0+ 1,2
EpvOpoxirrapa (10%/pL ) 3,8-5,3 5,0+0,4
Aypatoxpitng (%0) 36-56 44,0 £2,8
MCV (fL) 80-100 88+ 7
MCH (pg) 27-32 30+3
MCHC (g/dL) 32-36 34,0+1,1
RDW (%) 10,0-16,5 12,5+0,7
Agvkoxbrrapa (10%/puL) 4,0-9,0 7,0+1,8
Awponeraha (10°/pL ) 120-380 245 + 51
I'wkoln (mg/dL) 65-110 89+9
XoAnotepoin (mg/dL) 140-199 188 £31
LDL (mg/dL) <130 113 £27
HDL (mg/dL) 37-70 52+9
HDL/LDL ratio 1,00 0,49 + 0,15
VLDL (mg/dL) 8-40 22£12
Tpryhvkepiove (mg/dL) 10-150 111 £29
Yionpog (mg/dL) 35-150 129 £27
TIBC (mg/dL) 260-390 328 +33
Depprrivy (ng/mL) 18-270 96 + 43
Tpaveeepivny (mg/dL) 200-400 306 £ 44
Kopeopog tpaveeepivng (%) 20-50 39+ 6
Ovpio (mg/dL) 10-50 21+6
Kpeatwvivy (mg/dL) 0,31-1,11 0,79 £ 0,20
Ovpiko o&0 (mg/dL) 3,5-7,2 69+1,1
Acféotio (mg/dL) 8,6-10,0 9,5+ 04
Nazpro (mmol/L) 135-145 140+ 3
KaXiwo (mmol/L) 3,6-5,1 43+04
doceopos (Mg/dL) 2,5-4,9 33+04
OMkég mporeives (Mg/dL) 6,4-8,2 7,2+0,5
AlBovpivy (mg/dL) 3,5-5,5 4,8+0,3
AST (U/L) 5-40 27 +£18
ALT (U/L) 7-56 18 = 10
yGT (U/L) 5-85 24 £12
ALP (U/L) 17-142 59+ 11
Miéopa
Elev0epn Hb (mg/dL) NA 41 £21
Movo&gidrov aldTov (ng/mL) NA 3,59+1,18
TAC (pM Fe?") NA 984 + 143
Khlaotepivny (ng/ml) 52,8-137,2 86,4 £ 51,9
Kappovvrioon tpoteivav (hmol/mg) <0,1 0,084 + 0,063

Mivaxag 8: Apotoloyikéc, Bloymuikés Kot BloAoyiKEG TOPAUETPOL VYLDV 0ilpodoTdV IN Vivo. To anotelécpoto
apovcldlovial g PEGOG Opo¢ = TLMIKN amOKALon. NA: un dtabéotun .
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I'3.1.2. Katnyoprwomoinon Ayodotdv ko Onadoroinen Hapanétpmv

Ev ouveyeio ko pe tn ypnon avaivong ovotddov (cluster analysis) eléyyOnke av ot
apod0TeS umopohiv vo KotnyoplomomBodv e dtakpitéc ouddes. Ta amoteAéopata g ovaiAlvong
vrédet&ov v vmapén tprdv opddwv (P<0,05): Opdada A vyniov ovpikol o&éog (UA) (7.56 + 0.59
mg/dL), Opdda B puetoloyikdv emmédmv pe HETATONION OTA AVAOTEPO EMLTPETTA Opa (6.96 £ 0.51
mg/dL) kot Oupdéda I' guotoroyikdv emmédwv (6.01 + 0.63 mg/dL) (eikéva 32). Or cvotddeg
diépepay emmAéov petaEd TOovG (UEPIKMG) G TPOG T EMImMEdA GLONPOV, PePPLTIVIG, OMKNG
o1dnpodeouevtiknc ikavotntog (TIBC) ko TAC (P<0,05).

2uoTaoa B
(N=22)

UA (6,96%0,51)
{(D Fe (159+22)
eppITivn(181+33)

TAC (1036+35)

ZUET_GS(()] A ,’/ TIBC (34629 . SUGTESG C
(N=30) (N=26)
UA (7,5640,59) ":1 UA (6,01%0.63)

Fe (128+26) 1y’ Fe (120+24)
QeppiTivn(81+25 ®eppitivn (87+£30)
TAC(o76xo)] _ f ] N { TAC (840+64)
TIBC (337+26) TIBC (312+21)

Ewodva 32: Avédivon cvotddmv cOUemVO Ue TNV 0Toio, Ol OOTEC KOTIYOPLOTOIOVVINL GE TPELG OUAOES TOV
dwpépovv Kupiowg ota emimeda ovpikod o0&€og. Ot opadeg SPEPOVY ONUOVIIKA E€MTAEOV KOl OTIG
TOPAUETPOVS TTOV VITOdEIKVHOVTAL amd To dtakekoppéva BéAn (P<0,05). Ta amoteléopata tapovetdlovial mg
HEcog 6pog + tomikn amokiion. Ta enineda twv Topapétpwv Egovv petpndel oe mg/dL pe e€aipeon exkeiva
tov TAC (UM Fe*) ko tg pepprrivng (ng/mL).

H ocuvvimapén tov mapapétpov TAC, UA, TIBC, geppitivin Kot G1dMpov GTIC GUGTAOEG
npoidedlel yia peta&d toug cvoyétion. I't avtd akolovOnoe avdivon mapaydviov (factor analysis)
Yo T0 OOVOAO TOV TOPOUETPOV Ol omoieg petpnOnkoav, €161 dote va eEakpiPmbBodv opddeg
oxetillopevov petafhd tovg petofAntov. To amotélecpo Mtav n onuovpyic 9 vmo-opddwv
HETAPANTAOV OTEVA GULOYETICUEVOV UETOEL TOVG (etkdva 33). TIo ovykekpyéva ekTOC TV
OVOUEVOUEV®V TOPAYOVTIOV 0TS TO. EPVOPOKLTTOPN, TO. AEVKOKVTTAPO, Ol NTTIKOL dElKTEG KOl Ol
Mmompoteiveg, emPePfaidbnke n obvdeon Tov 0VLPKOL 0&Eog pe Tapapétpovg ofeidmong kot
aVTIOEEIBMTIKNG tKOVOTNTAG KaOMG emiong Kat pe OgikTeg opoldoTaong odnpov (pepprrivn, cidnpog,
TIBC) mov vanpyav kot ot avtiotolyec ovotddec. Evolopépov mapovotdlel 1 aAAnAieniopaon
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OVALESH GTNV VTO-OUAON TOV OLPIKOV 0EE0G KL EKEIVT] TV OEIKTAOV OLOIOGTACNG GLONPOL HECH TMV
kowav mapapétpov TIBC kot kapPovoriioonc. Télog n kapfovurioon mov popaletor oe 600 vIo-

opdoeg etvarl avtioTpoOPm¢ avaroyn tov emnédwv UA Kot avaloyn Tov 0eKTdv Tov oyetilovtotl pe
10 Gidnpo.

EpuBpokuTtTapa EkkaBapion NO HmraTikoi deikTeg

RBC* MCV*
MCH* MCHC*

EAeUBepn Hb*

Hct*  Hb* Ner

A€UKOKUTTOPO NirrotrpwrTeiveg A OCeIdWTIKA/AVTIOEEIBWTIKA

Aukén®
LDL*

HDL/LDL-

Cholesterol* KapBovuliwon™,

VLDL* Fe+

TpiyAukepidia* Qeppritivn’®

AlgoTreTaAia NAirroTTpwreiveg B OpoléoTaon o1drpou

Ewodva 33: AvdAvon Tapayoviov GOUP®VO. LE TV 0TTOi0, Ol TUPAUETPOL KOTNYOPLOTOLOVVTAL GE 9 VITO-OUAdES
aviloya pe ) ueto&d tovg ovoyétion (Betikn | apvntiky, + 7 — avtictoyyo, P<0,05). Ot petapintéc ALP,
yoAnotepoAn, TIBC kot kapPfovorioon avikovv 6€ meptocdtepes TG piag opdoes. (-/+): deiyvel mmg
N KapPovuAioon oyetileton apvnTiKd pe TOV 0EEOMTIKO/OVTIOEEOMTIKO Tapdyovta kot OeTikd e
aVTOV NG OUOIOGTACTS GLOTPOV.

I'3.2. AroOnksvtikn Merétn: H Enidopacn tov Ovpikov O&£oc

"o vo gleyybei n vrobeon Ot 1 dakOHOVOT TOV ETTESOV 0VPLKOD 0EEOG IN VIVO oyetiletan
HE TNV amoONKELTIKT WKavOTNTO TOV pLOpOKLTTAPOV emALYONKAY Yia arpodocia 8 vyieig TokTikol
a1podoteg (un kamviotég, nakiag 22-29 etdv, Hb>13,5 g/dL) ot omoiot yapaktnpilovtav amd younid
(4.73 £ 0.25 mg/dL, ¢@uooroywkéc Tég) N vynAad (7.52 + 0.5 mg/dL, ghoppdg Gve TV
euoloroyikadv opimv) erineda UA. Ta maketapiopéva epuBpokidttapo omodnkedtkay 6e LoVAdES
petdyyiong mov meptetyov avtimnktikd dtdivpe CPD ko mpodcbeto didivpa suvinpnong SAGM yu
uio mepiodo 42 nuepdv oe Oepuokpacio 4°C.H avilvon mokilmv mapouétpov amodnKevTikic

115



BAGPNG Ko 0Ee1d®TIKNG emPapuvong, avedelée MG ONUAVTIKOTEPES TIG O1ULPOPES AVAUESH OTIG 0VO
oudoeg (KaBOAN TN d1dpKELlD TG OTOBNKEVGNC) TOV APOPOVV TA EMIMEIN EVOOKVTTAPIOV aGPecTiov,
un avootpéyuewv RBCs (NR-RBCs), evepyotntag ovptkod 0EE0C Kot OMKNG OVTIOEEIOMTIKNG
wovotrag mAdopatoc/vrepkepévoy (TAC) (P<0,05) (wivaxkag 9). To ovykpitikd mpoTLTO
KO UAVOTG TPV Kot KT TN S1dpKelo TG amofnKeLTIKNG Teptddov Tapovstdletol 6Tov akdAovbo
nivako, (ivaraog 9).

YXYT'KPITIKH MEAETH TAPAMETPQN ATTIOOHKEYTIKHX BAABHX

IMAPAMETPOX OMAAA XPONIKH ITEPIOAOX
(N=8) NS 2 21 42
p-TAC (uM Fe*") XAMHAO 690 + 64* 469 £44*t 364 +14*+% 317 £23*%
YYHAO 866 + 96 618 £ 1077 463 £ 52+ 440 + 68+
p-Evepyotnta ovpikod (uM Fe?)  XAMHAO 377 + 34* 337 £38* 184 +£24*f% 174 + 47*+
YYHAO 483 + 64 497 £103 292 £ 3311 278 £ 367
p-TAC (yopic ovpiké) (uM Fe?*)  XAMHAO 313+40 132 + 14+ 180 + 20+% 143 £ 27F
YYHAO 383+44 121 £ 135 171 +£ 2111 162 £ 317}
AcBéotio (RFU) XAMHAO 3813 +218 ND 4353 £ 131*+ 5331 £ 327*%%
YYHAO 3365 + 493 ND 3834 £ 320F 4413 + 353}
Mn avaostpéyipa RBCs (NR) (%) XAMHAO 2,37+ 0,90 ND 14,68 £ 1,04*+ 32,55 £+ 1,45%+1
YYHAO 1,90 +£ 0,23 ND 11,95+ 1,42+ 27,26 +£1,15%%
O\vyopepn {dVNG-3 XAMHAO 1,00 + 0,14 ND 4,35 £ 0,81*F 4,48 + 0,98+
YYHAO 1,26+ 0,19 ND 2,96 £ 0,527 4,27 £1,12%
®)roTiArivy-2 XAMHAO 1,00 £ 0,18 ND 0,99 + 0,14 0,66 = 0,07+
YPHAO 1,00 + 0,24 ND 0,98+ 0,11 0,80 + 0,06
ROS (RFU) XAMHAO 233 £25 321 £ 12%% 563 £ 16+ 284 + 163
YYHAO 222 +£23 288 £217F 551 +32%% 265 + 401
p-Erev0gpn Hb (mg/mL) XAMHAO 0,246 £ 0,029 ND 0,269 + 0,028 0,897 +0,177+%
YYHAO 0,215 + 0,046 ND 0,476 £+ 0,363 1,090 + 0,816
GSH (uM) XAMHAO 628 £16 ND 558 + 73 434 £102%
YYHAO 712 £ 163 ND 520 + 84 385 +72F
p-Keppovorioon (nmol/mg) XAMHAO 0,108 + 0,058 ND 0,173 £ 0,024 0,195 + 0,066
YYHAO 0,057 £ 0,052 ND 0,151 +0,042 0,132+ 0,076
Mpotedivon {Ovne-3 XAMHAO 1,00 + 0,22 ND 2,80 £ 0,18+ 4,18 + 0,75+%
YYHAO 1,16 0,46 ND 2,13 +0,14F 3,49 +0,707%
KoAmaivy XAMHAO 1,00 + 0,53 ND 2,12 + 0,82+ 4,47 £ 2,12+
YYHAO 1,06 + 0,41 ND 1,59 £ 0,47 3,24 + 1,827
Ynepo&erdo&ivn-2 (Prx2) XAMHAO 1,00 + 0,20 ND 2,5 +1,3+ 15,7 £ 10,711
YYHAO 0,80 £ 0,30 ND 1,8+0,9 10,8 + 6,971
p-Khiaotepivny (ng/mL) XAMHAO 59169 + 44401 ND N/D 10920 + 9915+
YYHAO 78195+ 10536 ND N/D 23292 + 15760F
Yropativy XAMHAO 1,00 + 0,37 ND 0,97 +£ 0,27 0,91 £ 0,28
YWYHAO 1,15+0,26 ND 1,00+ 0,15 1,02+0,18
Metagopéag yhvkolng-1 XAMHAO 1,00 + 0,34 ND 0,51 + 0,35 0,61 £ 0,19
YWYHAO 0,69 + 0,32 ND 0,51+0,15 0,61+0,17

ivaxag 9: ZUykpion mopapéTpmv evolapEPOVTOC TPV Kol KT Tr O1dpKela TG amofnKevong avAUESH OTIG
Vo opddeg dotawv (N=4 v xébe oudda). To amoterléopata mapovcldloviol ®¢ HEGOS OPOG £ TLTIKN
amoxhon. Ta anoteléopote TUKVOUETPNONG TPOTEIVOVY £xovv KavovikonomOel w¢ mpog to in vivo (NS)
enineda Tov 60tdv yopuniod UA. (NS): un amobnkevpéva detypata. ND: pn dwbéoun tun. (*) P < 0.05
avaueoo otig dvo opddes. (T) P < 0.05 amobnkevuéva deiypoto Evavtt tudv in vivo. () P < 0.05 évavt
TPONYOVUEVTG YPOVIKNG TTEPLOG0V. (P-): TAPAUETPOG TOV TAACUATOC/ VTEPKELUEVOD.
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Avalvtikotepa, 1 dlapopd ota emineda ovpikov 0EE0C IN VIVO @aivetar vo dtotnpeitat Kot
EVTIOC TNG HOVAOOG UETAYYIONG OMMC YIVETOL KATOVONTO omd TS SopopEéG oL evtomilovTol oTnyv
OVTIOEEOMTIKY EVEPYOTNTA TOV OVLPIKOV 0EE0G (TTptv Ko kalBOAN TN didpketla g amobrkevong). To
010 axpifdg mPOTLTO aKoAovLOEiTOL KOl GTNV TEPITTOON NG OVTIOEEWMTIKNAG 1KOVOTNTO TOV
TAdouaTog (drdypoya 13). AvtiBeta ot S1opopEg OTO EMIMEDD U OVACSTPEYIUNG EXLVOKVTTAPMONG
Kol EVOOKVLTTAPIOV aGPRECTION avadElkvVOOVTOL HOVO €VTOG TG Hovadag petdyywons. ‘Etot, 60teg
VYNAGV po-amodnkevtikav emmédwv UA yapakmmpilovior and avénuévn TAC vreprepévon g
novadag kabdc emiong Kot Aydtepa oQOIPOEXIVOKLTTOPO Kol evookvTTaplo acPéotio (P<0,05).
EmmAéov n petafoin TV GUYKEKPIUEVOV TUPAUETPMOV QOIVETOL VO EIVOL YPOLUIKT] GUVAPTNON TOV
YPOVOL amOoONKELONG LLE TN OTATIOTIKY] OvAALON (emimeda RZ) VoL VTOOEIKVVEL aENUEVT TBaVOTHTO
mpoPrleyng kdBe petafAntg oe kabe onueio g amobnkevone yvopiloviog TV TN NG OF
OTOL0ONTOTE TPOTYOVLEVO YPOVIKO G UELD.

A B ¥ XAMHAO UA € YWHAO UA
XAMHAO UA YWHAO UA
5800 . %
5300 | ® R2=09924  Ca -
5500 | Caz* @ S 4800 R?=0,9726 .
L
5000 fodis O 4300 |
0 * x 3800 2
L
Lasol T
* T 3300
4000 X
2800 .
3500 T NS 10 20 30 40
560 TAC * * % ,
520 900 4
Sm n
480 | TAC ® R2=0,8246
& & " R?=0,9397
440 600 -
- l§ k i * *
Sl S
360 = *% | [
300 |
320 & o0l , _ v B
35 . . - NS 10 20 30 40
NR RBCs ? s .
*% 30 NR RBCs
30 % %k
g 25 1 ®R2=0,9876
w F x 20| R2=0,9899
T %
s 15
14 * *
iy 10
Lrl 5
10 - . ! . . 0- ‘ .
21 42 21 22 NS 10 20 30 40
HMEPEZXZ HMEPEZ

Abypappo 13: A, Tpagiki] omeikovion Tov Sla@opdv yio Ty oMkn avtioéedmtikny wavotnta (TAC), 1o
evOOKLTTAPLO aoPécTio Kot To KOTTapa un avaotpéyung moapoudpeonons (NR-RBCS) avdusoa oe d0teg
ynAov Kot younAod ovpikod o&foc (UA) oto péco kat 1o téhog ¢ amodnikevonc. (*),(**): yaunid évovtt
vynid UA yuwo 10 péso kot 1o téhog tng amodnkevong avtiotoyo, P<0,01. B. H dwkdpovon tov dimv
TOPAUETPOV EIVOL YPAUUIKY GLVEPTNOT TOL amobnkevTikoD xpovov. (*): younid évavtt vynio UA, P<0,05.
O dubotikteg ypapupég oto ypaenuo g TAC aviiotoryyodv 6t HEYAAN TTOOT] TOV TOPATNPEITAL OVAUESO
otV in Vivo cuvOnKn Kot Tig TpmTeg PHEPES TNG OmoBNKEVOT|G.
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EmimAéov evromiotnkav petafAintés (avaivtikd otov mivaka 8) o1 omoieg d1apEPOVY OVALETO
0TI OVO OUAOEG OOTAOV UOVO GE GLYKEKPIUEVA XPOVIKG onueia TG amobnkevong. ' mapdoetypa ot
86tec vynrov UA mapovsiacay yapnidtepa enineda ROS ) 2" nuépa g amodnkevtikig neptddov
(P<0,05). Avrtictoyo ce TPOTEIVIKO emimedo mapatnpndnkav otatiotikd onuoviikég (P<0,05)
dapopéc 6Tov olryopepiopnd g Lovne-3 (21" nuépa) kot t AoTiAAivn-2 (42" nuépa) pe Tovg d6Teg
vynov UA va vrepéyouv kot otig 600 mepmtdoelg (YopunAdTepo EMIMESN OALYOUEPIGHOL KoL
KOADTEPT O1TPNON GAOTIAAIVNG ot HepPpavn) (eikova 34).

XAMHAO UA

YWHAO UA

B

®AoTiAAivn-2 (D42)

YWHAO UA

XAMHAO UA

~

~

Ve

~

- - - -] —

OAlyopepiopog {wvng-3 (D21)
YWHAO UA XAMHAO UA

Ewodva 34: A. Avtimpooonevtikég niextpovioypopieg (peyéBuvon x1000) otic omoieg amotvmdvovtol ot
OTOTIOTIKA GNUOVTIKES SPOPEG KLTTAP®V LN OVACTPEYIUNG TOPAUOPPOONG OVAUESH GTLS 000 OUAdEC.
Mmrdpeg peyébovong: 10um. B. Aviimpocmmevtikég ekOVeG avocoevTomiong uetd and dwdikacio Western
0TI OTOieg €ivol gREAVEIG Ol d10POopPEG ot EMimeda OAYOUEPIGHOD TNG (dVNe-3 kot tng eAoTiAAivng-2. H
npoteivn 4.1R mov Ppioketar ot Pdon g €woOVag YPNOLOTOMONKE ¢ E0MOTEPIKOG UAPTLPOS TOL
TMEPAUATOG UVOGOEVTOTIOTG Y10 TOV EAEYYO 1GOPOPTMONG TMV SEYUAT®V. Tuveyn Kot dtdotikta BEAN: {ovn-3
Kot oAryopepn avtiotorya. D21 — D42: nuépeg 21 kon 42 avticTtorya.

AxolovOnoe molvmapapetpikny availvon (multivariate analysis) ywo va e€akpiPobel moiég
petafintég yapaxtmpilovv Tic povadeg HeTdyyiong mov mpoépyovtal and d0tec vyniov UA. T to
Aoyo ovtd ypnowonomnke g aveEaptntn petaPinty n ovykévipoon UA in vivo kot og
eCapmmuéveg petofAntéc Oieg ov efetaldueveg mopdaueTpol o kAbe ypovikd omueio g
anobnkevong. H avdlvon £6gi&e mwg ot 300 OUAdES SLOPEPOVY TAVTOXPOVA GTIG TAPAUETPOVS: O)
EVOOKVTTAPLOL GLYKEVTP®GN 0oPECTION, B) OAKY AVTIOEEIOMTIKY IKAVOTNTO TOL VIEPKEUEVOV, )
TOGOOTO GOUPOEYIVOKVLTTAP®Y, 0) oAtyouepn (odvng-3 (udévo v nuépa 21) kot €) GAOTIAAIVY-2
(uovo nuépa 42). O drapopég 1oyvovy TO60 6T0 PEGO OG0 Kol 6TO TEAOG NG amobnkevong (extog
TOV TEPUITMOCENMY TOV OVAYPAPETAL) UE TOL LOVTEAN VO VOl OPKETE 16YVPE ad GTATIGTIKNG ATOYNG:
F (4,3)= 56,119, P=0,024, pepikd 1°=0,942, 106c=0,836 yio tnv 21" nuépa xar F (4,3)= 89,564,
P=0,011, pepwcod n2:O,994 Kot 16x06=0,990 yio v 42" nuépa. EmmAiéov molvmopapetpikn aviivon
emavolappavopevov petprioeov  (repeated measures multivariate analysis) emPefaiooe T
TOPATAV® HOVTELD OELYVOVTOG WS 1GYXVOVY TAVTOHYPOVO TOGO Yot TO HEGO OGO KOl Yo TO TEAOG TNG
AmoONKEVTIKNG TEPLOSOV.
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A@ob emPefourdbnke n SLVATOTNTA KATNYOPLOTOINONG TOV OUOO0TOV e Pdorn To emimeda
UA in vivo, zmpaypotomomdnke availvon moiwvdpounone vy vo eleyybel koar m mibavotnta
TPOPAEYNC KATO0G EK TOV TOPOTAV®D TOPAUETPOV. XPNGLOTOLOVTOG MG ave&aptnTn LETAPANT TN
ovykévipoon UA in Vivo mappydncov oTatioTiKG onuavtikd povtéda mpoPfreync yio TG
napapétpovg Ca’*, TAC kat NR-RBCs oto péoo kat 1o téhog g amobfkevone (eixove 35). Ta
apyIKd emimeda ovpkov 0EE0G AotV pmopovv va mpofAéyouy pe oxetikn axpifeia (54 — 96%)
SKOUAVOT] TNG OVTIOEEOMTIKNG TKOVOTNTOG VIEPKELUEVOL, TOL EVOOKLTTAPIOV OCPECTION Kot TOV
TOGOGTOV GPAIPOEYLVOKVTTAP®Y GTOV 0GKO HETAYYIONG.

. @

N
HN
[ =0
— A XAMHAO
HoH UA

ﬂ @\;Aucn TTaAIvOpounong(N=8)

< | Ca?*=6141-(336-UA) TAC =182 + (38 - UA) NR = 26,4 — (2,1 - UA)
m Adjusted R? = 0,542 Adjusted R2 = 0,963 Adjusted R2 = 0,591
= P =0,039 P = 0,0001 P =0,026
S| ca?r=6332-(282-UA) TAC =92 + (46 - UA) NR = 39,5 — (1,6  UA)
é Adjusted R? = 0,636 Adjusted R? = 0,912 Adjusted R2 = 0,742
= P=0,023 P = 0,0005 P = 0,009

Ewoéva 35: Avaivon maAvopounons xpnoonoimvtas owg toapdyovia tpofreyng ta exineda UA in vivo. H
dkopaven tov TpoPfrendueveov TapapéTpev punopet va eEnyndei, oe mocootd mov kvpaivovtol petald 54
Kot 96%, oo T dtakduoven ovptkol o&Eog in Vivo.

Téhog, mapd 10 YeYOVOS OTL OEV EVTOTMIGTIKOV CTOTIGTIKA CUAVTIKES OLPOPES GTIG VITOAOUTES
TOPAUETPOVG TTOL HETPNONKAV, TOpaTNPNONKE TAOT Y10 KAADTEPT SLOKVUAVOT| GTIV TAEWOVOTNTO TOV
dewt®Vv amofnkevtikng PAAPNS otovg d6teg vymrod UA (eixovo 36). Ilpéypott dcov agopd
LETPNOELS GTO VIEPKEILEVO TOV OGKMV, 01 dOTEG e VYNAAQ TpoamodnkevTiKd emimeda ovpikod 0&Eog
eUQAavIcay younAdtepa emimeda kopPovurimong kot vynAdtepa khaotepivng. Ilepvavrtag oe
€PLOPOKVTTOPIKES TAPAUETPOVS 1) TACT Y10 KOADTEPO OTOONKEVTIKA EMiMEd D GE OEIKTEG OUOIOGTAONG
aoPeotiov Kot OVTIOEEIOMTIKAOV —HNYOVICUOV &lval  gueoving otovg 00teg vymiov  UA.
Xapaktplotikd ivor to otabepd younidtepa eminedo mpwtedivong g Lovng-3 kot twv ROS
KaBd¢ eniong kot g Tpdcdeong KaAmoivng Kot Prx2 ot pepppavn. Emmiéov 1660 n tpwtedivon
™ dvng-3 060 Kol M TPOCOEST] KOATAIVNG ot HepPpdvn @aivetal va cvpuPaivouy eha@p®g
vopitepa 6T povada petdyyions. Avtifeta, eved dev moapatnpnOnke koppio dStopopd oty EKEpaot
tov petagpopéa yAvkolng (GLUT1) ot pepppdvn katd v amobnkevon, ot 86teg youniov UA giyov
yapmAotepo emineda. in Vivo. Télog dev vifpEav dtapopés doov apopd oty evepydtnta GSH.
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Ewodva 36: Awaxdpoven PoAoyikdv TopapéTpmy TOL deV TEPLEYOVTIOL GTO TOAVTAPOUETPIKO HOVTEAO (GTO
KévTpo G ekdvag). (NS): un anobnkevpéva detypata. (*):P < 0,05, 66teg vynAod évavtt yauniov UA.
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Al. ETITIAPAYXH THY ATAATKAYIAY AEYKADAIPEXHY

Kotd ) odpkela g amobnkevong ta epvbpokvttapa veictavtor pioc TAnddpa aArloydv,
OPIOUEVEC OO TIG OMOleg €lval Un avaoTPEYIUEG HETA TN UETAYYION, EMPUPOVOVTOS TOIKIAOTPOTMS
1o déxtn (Berezina et al., 2002). Kdmolo amd tor apvnTIKA OOTEAEGUOTO TG UETAYYIoNG epLOpDV
apocpupiov oyetilovtor pe To EUTEPEXOVTO AEVKOKVTTAPO, KOOMC KOl TO TAPAy®YE TOVG TOL
eKAOVTOL EVTOG NG Hovadag petayylong (kvtokiveg, mpmrtedoeg k.o.) (Frabetti et al., 1998). Eyet
deyBel mwg N amobrkevon, Wiaitepa o€ U AELKAPOUIPEUEVOVS AOKOVG EMOPA TOGO GTN PLGLOAOYIN
TV gpvbpokvttdpwv (Anniss oz Sparrow, 2006) 66o kot oty Totdtnta g petdyyong (Greenwalt
et al., 1990). Ze avtd 10 KePAAao cuvoyilovtal To. KUPLOTEPD CLUTEPAGHOTO TNG CLYKEKPIUEVNC
gpyaciag, OGOV a@opd oTNV EMOPUCT NG AELKAPAIPESNG  OTN HOPPOAOYin, TN OOUIKY Kot
AELTOVPYIKN endpreln TOV amoOnKeLIEVOV €PLOPOKVLTTAPOV, mv OLO100TOON
0&EWMTIKOV/AVTIOEEWOOTIKOV UNYOVICUOV KOl TO TPOTEOUO TNG EPLOPOKVTTAPIKNG HEUPPEVNG Kot
TOV KUTOGOAOV.

Al.l. Awoazoroyiké IIpotvmo, Aok Axepowdtnto Kov Awwtnpnon e MeuBpoviknc
Emoavewoc tov EpvOpav Awmocoorpimv

Awazroloyikd

H ovénuévn apdivon mov mopatnpnOnke oTig AELKOQOIPEUEVEG LOVAOEG GTNV OPYN TNG
amofnkevong mOavov oyeTileTal e S10POPETIKY] GLUTEPIPOPA SLUPOPETIKMOV dOTMV OGOV QpOpd 6N
dwdkacio Asvkapaipeons. Ilpdyupott, Omwg €xer avaeepbei, epvBpokidtrapo Kdmolwv VYOV
QHOB0TMV EREOVICOVY PEYOADTEPT TACT Y10 AOAVOT KOTA T d1dpketa Thg Aevkapaipeong (Hess et
al., 2009). Avrifeta deikteg Omwg 1o RDW kot 1 e€mkuttdplo cuykEvipmon KaAiov gupavicay
otafepd vVyNAOTEPO Emimeda OTIG UN  AELKOQOIPEUEVEG HOVAOEG o HEYOAN OldpKeEwW NG
AmoONKELTIKNG TEPLOAOL, KATL TO OTTOI0 VITOOEIKVVEL GUGYETION LUE TV QVENUEVT EXLVOKLTTAPMOT) KO
TPOTEOAVGN TOV TopaTNPNONKAV oTo cLYKEKPLUEVO delypata. Xapaktnplotikd, oe acBeveic e
VEQPPIKN avemdpkelo, teAkol otadiov maboroywés Tinég RDW oyetiCovror pe avEnuéva emimeda
ROS ka1 gywvokvttapmwong (Antonelou et al., 2011b).

Mpn avaoctpéyun mopouoppwen — Kveridwonoinon

Téco 1 popeoroyia TV epuBpOV ALOGPEALPI®Y OGO KOl 1 ATOAEN LEUPPEVIG LE TN LopON
KLOTIOIOV EMOEIVOVOVTAL TPOTOVTOS TOL YPOVOL amodKELONG Kol 0TIG OVO0 ORAdES. L26TOGO, LETA TO
HEGO NG amoONKEVTIKNG TEPLOSOV VINPEE GTOTIOTIKG ONUOVTIKY adEnon epvBpokvttdpmy un
OVOGTPEYIUNG TOPAUOPPOONG Kol KUGTIOOTOINGNG TOPOVGin ASVKOKVTTAP®V Kol OLOTETOAM®Y, GE
ovykplon pe o Aevkagotpepéva detypota. Katd m dudpketa g amobnkevong, ta epubpokvtrapa
veioTavTal Hio 6TOSWOKY 0AAYT OTO GYNUO, omd OIGKOKVTTOPO GE EXLVOKVTTOPO KOl TEMKO GE
oQOPOKVTTOPA KOl OKOVOVIOTOV GYNUOTOG KOLTTOPO, 1| OOlo GLVOEETOL OTEVA LE OTMOAEWL TG
pepPBpavne vd ™ popen pkpokvotwiny. [Tapd to yeyovog o1t 10 péco epvbpokiTTapo PoiveTon va
elvar og Béom va avtiotabuicel o pétpla ammAele HepPpdvng, 10 TEAMKO GOUIPOEYIVOKVTTAPIKO
otddo eivan éva un avaotpéyipo amotédecpa (Hess, 2010). Ovolaotikd To. 6QAPOEXLVOKDTTAPO
glvorl Ta TpmTO VITOYNELH TPOG eKKaOdpion KOTTapa petd and petdyywon (Haradin et al., 1969) pe
tov Grennwalt kot Tovg Guvepydteg Tov va evtomilovy aVENIEVE TOGOGTA GE [T AEVKOQULPEUEVES
novadeg (Greenwalt et al., 1990). EmmAéov, kot pe d€d0puévo OTL TO TOPATNPOVUEVO KLOTIOW Elvat
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Kupimg gpvbpoxvttapikng mpoéhevong (Kriebardis et al., 2008) yivetor eueovig n apvnriky
EMIOPOON TNE TOPOLGING AEVKOKVTTAPMV KOl OUOTETAAMMV GTNV OPTIOTNTO KOL TNV OKEPULOTNTO TNG
epvOpoxvtTopiKng pnepppdvng. H pikpoxvotidtonoinon givor pia dtadikacio amofoing oEedmpévey
KOl KOTEGTPOUUEVOV GLUOTOTIKOV TOV £puOpokvTTdpwv kot poll pe T CEOPOE(IVOKLTTAPWOON
AmoTEAOVV PAGIKG YOPUKTNPIGTIKA TOV GAIVOTVITOV KVTTAPIKNG YApaveng in Vivo kot in vitro. To 600
aVTE QOIVOUEVO £YOVV GUGYETIOTEL PE PEOAOYIKEG OAAMYEC, UEI®OTN NG KOVOTNTOG EAOGTIKNG
napapopemong (Hess, 2010) kot petopévn avaktnon tov RBCs petd amd petdyyion (Berezina et
al., 2002). Q¢ ek tOVTOL AVTEG Ol OAAAYEG YPNOUOTOOVVTIOL G UETPO TNG TOOTNTAS TMV
amoOnkevuévov RBCs (Dumaswala et al., 1996) pe 1o anoteréouata TG TOpOLGOS EPYAGIaG Vo
VTOOEIKVOOLV TNV OPVITIKN ETLOPACT] TV EVOTOUEIVAVI®MV AEVKOKVTTAPMV.

H ovppikvoon tov xuttdpov, mn aAloyr] GTO QULGLOAOYIKO CYNUO KOl 1 KLOTIO0MTOinom
eaivetal va cvuoyetiCovtal pe andAgto 1OVIOV Kaiiov Kot peimon ota eminedo tov ATP in vitro (van
de Watering xoz Brand, 2008). Ocov apopd otn peiwon tov ATP, T0 QavOUEVO EIVOL AVOGTPEYILO,
Oyt opwg oamd 10 PEGO NG OamOOMKELTIKNG TEPLOSOL Kot HETA, Omov To oynuatilopeva
opalpogyvokvTTapo dev pmopovv va emovéAbovv (Hess xar Greenwalt, 2002). H mepiodoc avth
CUUTMTEL UE TO YPOVIKO OMUELO TG ADENONG TOV TOGOGTAOV GPALPOE(IVOKVTTAP®YV, KLGTIOOTOINGNG
Kot 10VTOV KOAIOL GTOVG U1 AEVKOPALPEUEVOVG OIOGKOVG, VITOJEIKVOOVTAG TNV KAVIKN onuocio Tov
gupnuatog Kabag Exel avapepOel mmg n vrepKaAopioo HETG amd petdyyion oyetiletan pe coPoapég
KOPOLOKEG OVOAELTOVPYiEG Kl 0€ KATOlEG TTepUTOGEl; avénuévn Bvnootnta (Vraets et al., 2011).
Emmpdobeta, wamoleg peiéteg vmootnpilovv mwg mn amoAeld o 1dvta Kaiiov, mov odnyel oe
CLPPIKVOCN KOl TAPOUOPPOOT] TOV EPLVOPOKLTTAP®V, UEIDVETOL GE TEPMTMOGES OMOL £xel Yivel
Aevkogaipeon tov derypdtov (Greenwalt et al., 1990; Heaton et al., 1994). H mapovcia
AeVKOKVLTTAPp®V ovvdéetar pe  avénuévo  eminedo  eoopolmdong A2 KOl KUTOKIWVOV — UE
TPOPAEYLOVDOELS Opdoels, kabBmdg pekéteg €yovv Ogiel mwg 10 TAAGHO  amodnkevUEVEV
gpvbpoxvtTapmv gvepyonolel molvpopeomvpnva kvuttopo (Zallen et al., 2000). Xvvévalovtog ta
TOPOTAVE OedOUEVE YIVETOL EUQAVIG M ETIOPACT) TV AEVKOKLTTAP®V GTNV TVPOOOTNON TNG
epLOPOTTOONG Ko TOOVE TNV EmicTEVON TNG YNPAVONG EX VIVO, BaGIKO XOPOKTNPLOTIKO TNG 0T010G
amoTeAEl M TAPAUOPPMOOT TOV £PVOPOKLTTAPMV KOt 1| KvoTdomoinon. Eviovtolg av Anebel vmoyn
TG 0 GUGYETIGUOG AVALEGO GE EXVOKVTTAP®OT, KuoTidionoinon, omdieta K kou peioon ATP Sev
gtvar Wwitepa 1oyvpog katd ™ ddpketo tng amobnkevong (Tinmouth xe: Chin-Yee, 2001) ot
npoavapepBeiceg aAlayE eVOEXETAL VO OPEIAOVTOL GTNV KOKT] O10THPNGT) CKEAETIKOV TPMTEIVAOV TOV
OVOAVETOL TOPUKAT.

Elwrtepixevon pwopatioviocepivis

Téhog, N e€wtepikevon g PS amotedel onuoviikd onpa Yoo KUTTOPIKY £KKOOAPIon LECH
QOYOKVLTTAP®ONG KaOmG emiong kot mapdyovio Kivovvov yio Opoufmtikd eavopeva (Lu et al., 2011)
Kot TpockOAANon oto evootnho (Luk et al., 2003). TTapatnprnke avénon omd T TPOTEC NUEPES
™m¢ amofnkevong pe avénuéva mOcooTA OTIC WU AELKOPOIPEUEVEG LOVAOES KOTO TO WEGO TNG
amofnkevtikng mep1doov. Ta ovykekppéva amoteréopata cvpPadilovv pe mPOCEOTEG UEAETEC,
ocOuemvo pe Tig omoieg N PS av&dvel aveEapmtog Asvkapaipeons, Kupimng Opmg dtav vIapyovy
evomoueivovto. Aevkokvttapa (Kamel et al.,, 2010). EmmAéov n ékbeon g PS oe N-povadeg
eaivetar va Eekva omd TIc TpdTES Klolag efdopnadeg g amobrkevong (Bennett-Guerrero et al.,
2007). H e&iooppomnon emnédnv avipesa otig 800 ouadec v 42" nuépa eivor mbovo vo opeileton
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OT0L  UEYOADTEPO. TOGOOTA  KLOTWOOMOINONG Kol  olldALONG TOL  TOPATNPOVVTOL OTO  UN
Aevkagapepéva detypata, o coppovia pe tolaotepeg Epsvveg (Greenwalt et al., 1990). H odhayn
otV tomoloyia TG PS paivetan va oyetileton pe evepyonoinomn g SKPAUTAGONG 1] OeEVEPYOTOINoN
™G AUVOPOGPOPIKNG petatondong (Dekkers et al., 2002; Seigneuret xoi Devaux, 1984) Aoyw
ueioong pH kot ATP ot povada petayywong (Verhoeven et al., 2006). Ziyovpo to moapdvta
AgvkokVTTOpa-oponeTdAlo dgv glvar n aution TG mapatnpovpevns €kbeong PS, eaivetar dpmg va
eVTelvOuV 10 Qovopevo emnpedloviag T060 ta epLOPOKVTTAPO OGO Kol TO VIEPKEIUEVO TOV AGKOD
(Sparrow et al., 2006; Cardo et al., 2008). Ot mpotevopevol punyavicpoi teptroufdavoovy v avénon
TOL €VOOKLTTAPIOL 0oPeCTiOL Kol TNV AMEAEVOEPOON VELPAUIVIONCHY OTd TO AELKOKVTTOPO
(Bratosin et al., 2001). EmimAéov de umopei vo anokAelotet 1 angvbeiog petapopd PS oto RBCs
pécw ovvinéng He  KuoTidl  mpoepyOUEVO  amd  AEVKOKDTTOPO TO OMOi0l  OTOTIMTOVV,
KLoTId0To10vVTaL 1| Abovtal Adym G yaumAng Oepurokpaciog amodnkevong (Frabetti et al., 1998).

AL.2. Onordotocn Ca’’

Yrdpyovv evoeilels 0Tl 11 GLGGOPEVOT AGPECTIOV, TOL GLUVOOEVEL ElTE TN YNPOVOT TOV
gpvbpoxvtTapwy gite TV in Vitro emifoln otpecoydovav epebioudtov, Tpokaiel queco 1 Tpombel
EUUEGO €va KOTOPPAKTN YEYOVOT®V GULUTEPIAAUPAVOLEVOV TNG KLTTOPIKNG Guppikveoong, g
OATOAEWNG TOPUUOPPOCIUOTNTOG, TNG EYVOKLTIAPMONG, NG €PLOPOTTO®ONG Kol TNG TPOTEIVIKNG
avadopdpewong (mpotedivon — ocvumiokonoinom) (Antonelou et al.,, 2010b). H ortotiotikd
onuavtiky avénon evdokvttapikod acPeotiov mov mapatnpnidnke upetd v 70 nuépo TG
amoffKevong Kol oTIC OV0 GEPEC SelYHaTOV cuvadel pe moAodtepec uedéteg (Wolfe, 1985).
Avtiotoyo n mapatnpovpevn téomn yio otabepd avénpéva emineda ca’ ot Un AEVKOQOPEUEVA
RBCs (mapd to yeyovdg OTL 01 d10popéG Oev €ival GTOTIOTIKA ONUOVTIIKEG) GE GLVOLACUO HE TO
amoteAéopato €kBeong PS, kvotidomoinong kot eqvokvTTap®OoNG avApeso oTlg 000 OUASES
VTOJEIKVOOLV SLOPOPES GTO PALVOTLTIO YNPUVONS GYETILOUEVES e TO TANDOG TMV AEVKOKLTTAPMV Ko
aponetodiov ¢ povdoas. Eviovtolg o ypodvog amobrjkevons eaivetar va amotehel 1oyvpdtepo
oTPECOYOVO TTAPAYOVTO €V GLVYKPIcEL Le T Aevkagaipeon. H pukpn adénon 1ig mpdTeg nuépeEg mov
akolovOeital omd oTATIGTIKA onuavtiky avodo tv 4" ko 5" efdopdda amobfikevong cuvadel pe to
TPOTLTO  EVOOKLTTAPLOG UETATOMIONG O00PECTOEEAPTOUEVOV TPOTEIVOV OTWG 1 KOATOIV] Kot 1
ocvvelivn. Idwitepo evolopEépov €xel 0 GLGYETICUOG aVAIESH GE EMimEdN ca®* xa KoATaivng kabmg
éyel mpotafel dumhog Tpdémog emidpacng oty aviiia acPeotiov (Salamino et al., 1994). ITw
GLYKEKPIUEVA Y10, CUVTOUES TEPLOSOVS amobdnKeELONG KAt YOUNAYL Eimeda Ca? N KoAmoivn ov&avet
v vdpdivon Tov ATP kot v gvepydTTa TG AVTAMOG, Evd og avtifeteg cuvOnKeg mpokaAel v
amodOUNoN TOKIA®V TPOTEIVOV HeTAED TOV OTOimV KoL 1 ovTAlL Ca?",

Al.3. Oésiomtikn Empapuvven

Evooxvrrapia eriredo ROS

Y& ovpeovia pe mponyodueveg peAétec mopatnpnOnke cvoowpevon twv ROS gvidc tov
LOVAS®MV HETAYYIONG UE TO QOVOUEVO Va EEKIVEL apydTEpQ 0T0 AsvKapapepéva delypoto (Kanias ko
Acker, 2010) ka1 to enineda ROS vo otabepomolovvtal o YUUNAOTEPES TIUES OTIG AEVKOUPULPEUEVEG
novadeg oto péco g amobnkevong (D Alessandro et al., 2012). EmmAéov ta pun Aevkoapopepéva
delypata gpeaviCovv tdon yuo otabepd vynAodtepa eninedo ROS mopdpota pe v avtictoyn eikova
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TV 16vtev acPeotiov. H onuovpyio ROS pmopet va amodobel oe dadikacieg mov oyetiCovion pe
TNV KLTTOPIKT] YNPAVOT), TNV 0EEIOMOT TG AUOSPOPIVIG, TNV AmTodOUNoT HEUPPOVIK®OY AMITidimy Kot
OAAOYEG GTOVG AVTIOEEIOMTIKOVG UNYOVIGHOVS GYETILOUEVEG LE TPOTOTOMNUEVT] HETAPOAIKT pLOUIoN
(Lion et al., 2010; Kanias xa: Acker, 2010; Jozwik et al., 1997; Messana et al., 2010). Ot
npoavapepbeioeg petaforég dvvatar vo odnyodv oe pewwpévn emPioon twv RBCs petd amd
uetayylon (Lachant et al., 1984). Ta Aevkok\TTOPO TIGTEVETAL TOG EMLTAYLVOLYV TV ATOONKEVTIKN
BAGPN péow TOLAGYOTOV VO TPOTMWV: TPV TNV KATAGTPOPY] TOVG HECEH KOTOVAAWMONG TNG
dBéotung YAukolng kot onuovpyiog wopampoioviwy Tov LETUPOAGLOD KOl LETA TV KOTUCTPOPY|
ToVG HEc® amerlevfépmonc eviimY Kol TOSIKMOV Kol PlOAOYIKE EVEPYDV OLGLOV TOV UTOPOVV VO
tpovpaticovy ta gpvbpoxvtrapo (Hess xor Greenwalt, 2002). Ovtwc, ehevbepeg pileg mov
TPOEPYOVTAL OO AEVKOKDTTOPO UTOPOVV VO TPOKOAEGOVV OLEWMTIKN KOTOTOVNON Kol OOALOT
(Racek et al.,, 2001; Weiss, 1980) ce amoOnkevuéva RBCs 1t otiyur mov éyel kataypoget
VYNAGTEPOG PpLOUOC KoTavailwong YAVKOING o un Asvkapaipepéveg povadeg (Pietersz et al. 1989).
[Mopoia owtd oty mapodoa perétn petd v 28" nuépa e amobfikevone ta enineda ROS Nrav
TOPOUOLN. OVAUESH OTIG 000 ouddeg, mpoidedalovtag Yoo TV VIOpEN EMTAEOV  UNYOVIGUAOV
o&emTiKng emdpuvong (61o TEAOS TG amodnKevoNg) aveEAPTNTOV TN TAPOLGING AEVKOKLTTAP®V.
To ebpnua oavtd ovpuPadiler pe mpomyodueveg peAéteg KOTA TIG Omoleg 1 &vepyomoinom
ovdeTEPOPAV amd vrepkeipevo oamobnkevpévov RBCS dev emmpedotmke amd ) Sadwkacio
revkapaipeong (Chin-Yee et al., 1998). Evtéher 0moteg ki av givor ot mbavég mnyég evookLTTAPLOV
ROS, n mapovsio Aevkokvttdpwv-aiponetoriov avopuévetar va oxetiletal pe avénuévo o&eldmTikd
otpeg ota omobnkevpéva RBCS to omolo evdéyeton va 0dnyel o€ oNUATOdOTNOT YNPOVONG Kot
KuTTaptkod Bavdrtov, orlhayuévn popeoroyia kat kvotidlonoinon (Wagner et al.,, 1987) koabmg
emiong ka1 o&edmtikn PAAPN npoteivedv ko Mmdiov (Racek et al., 2001).

Kappovviiowon rpwteivav Ty ueufpavys

[Mopopown ewdéva pe tic ROS gppdvice n kopfovoiioon TpoTeivdv g HepPpavng Kabmg
eppaviCovror otafepd vymAdtepa T0G00Td KapPovoliwpéveoy mpoteivav ota N-RBCs péypt 1o
HEGO NG amofNKEVONG EVD TO EMIMEN KO OTIG dVO OUAOEG GTAOEPOTOLOVVTOL TPOG TO TEAOG TNG
amoffkevong emPePfardvovioc morodtepeg peréteg tov epyaotnpiov (Kriebardis et al., 2006). O
delkng kapPovorimong ypnolonoteital VpEMG Yo T UETPNON TPOTEIVIKOV PAafdv Katd tnv
amobnKevon pe TIC HEAETEG va delyvouy Tmg oyetiletar T060 pe to xpdvo amobrkevong (Kriebardis et
al., 2006), 6co kot pe To dtdivpo cvvtnpnong (Antonelou et al., 2010a). H otabepomoinon mov
napatnpeitor mpog 10 TéAOG NG amobnkevong evdéyetar vo oyetiCetan pe v ovénuévn
Kvotidlonoinon (exkadapion kappfovoimpuévov tpoteivav) (Kriebardis et al., 2008), v apoivon
(Antonelou et al., 2010a) kabmg emiong kot pe v TPdGdeoT eVEDUOV KOl LOPLOK®DY GLVOIMYV OTN
ueuBpdvn (Bosman et al., 2008a).

Meratomon vrepoéerooivys-2 (Prx2) oty usufpavy

Téhog N perém tov avtoéebotikon evidpov Prx2, n npdcdeomn tov onoiov otn pepppdvn
KOODG Kot 0 OAyOUEPIOUOG TOV OmOTEAOVV OeikTeg 0EEOMTIKNG emPapuvong, £deiée vymAdtepa
enineda oto pun Aevkaeapepéva RBCs. EmmAéov mapoammpndnke avénon mpoidviog tov ypodvov
amofnkevong kobmO¢ emiong Kol GLOYETIGUOG e OEIKTEG OEEWOMTIKNG EMPAPLVONG KO YNPAVONG
omw¢ n tpodcdeon IgGs ko n cvpnlokonoinom onektpivng-Hb oe mAnpn cvpeovia pe Tpoyevéotepeg
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ueiéteg (Rocha et al., 2008). H Prx2 Bpioketar og peydAn moodtnta ota £puhpokdTTopo Kot
Aerrovpyel g avtio&edotikd évivpo (Low et al., 2008) kot popraxn cvvodog (Stuhlmeier et al.,
2003) pe t otpatordoynon g ot peuPpdvn vo oyetiCeton pe ovénuévo evéokvttdplo acPéotio
(Moore et al. 1997) kot kataotdoelg o&edwtikov otpeg (Rocha et al., 2008) cuumepiiappavouévng
¢ amobnkevong (Bosman et al., 2008a). Mg dedopévo to yeyovog e M 0Eeidmon TOV TPMTEIVOV
dradpopatiCel onpoviikd poro oty amodnkevtiky PAAPN Tov un Asvkapaipepévov RBCs (D Amici
et al., 2007) yivetar gppavég mog 1 avénuévn npdcedeon oTig eV Aoym povadeg kabpeptilel kot to
&vtova 0&eldmTIKO TEPPAAAOV TOL dNOVPYEiTAL EVTOS TOVC.

Al.4. AvaorwapOpmwon tne MenBpavne

Movomazi yijpavens tns {ovys-3

[MopammpnOnke emPdpovon tov un Aevkagaipepévov RBCs 66ov apopd 610 cuykekpipévo
LOVOTATL YNpavong Kabdg ot ev Adym povadeg speavifovv petd amd 4 efdopddec amobnikevong
avénpéva eninedo eoo@opvAimong {ovns-3 oe katdlowra Tvpocivig (elcoppdnnon EMIES®V TV
42" nuépa), kabmg emiong ko VYNAITEPE TOGOGTH OAYOUEPIGUOD TNG KOl TPOGOEVOUEVOV GE QVTH
1gGs. H {ovn-3 katéyet kevipikd pOAO GTN YHPOVOT Kol T GNUATOSOTNOT KUTTAPIKOD BovAatov TV
RBCs. Aopukég Kot AEITOVPYIKEG TPOTOTOMGELS TNG TPMOTEIVNG OTMG 1) TPOTEOAVGT], O OALYOUEPIGLLOG
KOl 1| QOGPOPLAI®GN TG 6€ KaTaAowma Tvpocivng dtadpapatifovv KopPikd poro ota LEXPL GTIYUNG
amodektd poviéda ynpovong (Antonelou et al., 2010b; Low et al., 1985; Minetti et al., 1996). ITépav
™G YNPOVONG OUMOS N POceopLAMmon g (dvne-3 emdyetanr amd epebiopato OTMG T0 0EEBWTIKO
otpeg Kot ta emineda acPeotiov (Lion et al., 2010; Terra et al., 1998;) kot mpodyel v TALLPIKN
KivnTikod Tt TG Tpmteivig kabog emiong kat tov olyopepiopd g (Ferru et al., 2011; Pantaleo et
al., 2009). A6 ) otiyun mov povo n o&edmpévn (dvn-3 pooeopvAidveTal Kot dtaympileTar amo
TOV KUTTaPOoKeEAETO AdY® o&eldmTikov otpeg (Pantaleo et al., 2009), o vynidtepa enineda TV Un
Aevkoapopepévov  RBCs  evdéyetar va  oyetilovtar pe ta  avtiotoyo ovénuévo  emimedo
KLGTId10ToINoNG TOV TTapATNPOVVTOL 6TIG 1d1ec povadeg (Ferru et al., 2011). Avtibeta petd v 5"
efdopdda g amodnKevong ToLv Ta EMIMEdN 0EEOMTIKNG EMPApLVONG O dapépovv avdpesa og L-
kot N-povdodeg dev  eppaviovior Kot O0@opés o1 QOGEOpLAMmon TG mpoteivng. Ot
TOPOTNPOVUEVES TPOTOTOMGELS TG {dVNG-3 epeavifovy ONUOVTIKY) CLGYETION HE TN HOpPOAoYia
TOV  €PLOPOKLTTAPOV KOl TNV KLOTWOWONOINGT HEC® TOV OAAAYOV TOL TPOKAAOVV  GOTIG
aAAnAemdpaoeilg pepPpavnc-vmopeufpavikov okeretov (Ferru et al., 2011). X amdAvtn tadTion pe
TPONYOVUEVEG UEAETEG 1| TTapOoVoa epyacio £3€1Ee Tc 1 Tpdcsdeon avtorloywv 1gGs e&aptdtol TG0
amd v katdotoorn ofgidwong/olyoueptopov e (ovng-3 (Turrini et al., 1991) 6co kot omd ta
eninedo pwopopvAimong g o€ katarowra tvpocivng (Pantaleo et al., 2009).

2VPKEPITIKG TIPOTOTO TPWTEIVIKDV UETAPOLOV KATA TH JIAPKELD THS ATOONKEVGHS

H mopovcio Asvkokvttdpmv Kol OUOTETOAI®V €VTOG TOL OOKOU WHETAYYIONG (QOiveETOl VO
TPOKOAEL EMTALOV TPOTEIVIKO GTPEC 0T HEUPPAVN KOODS TapaTNPOVVTOL GNUOVTIKES OL0POPES OTN
EKQpooN TOKIA®V TPOTEIVIK®OV deIKT®V 6Tpec. Kowvol delkteg ynpavong OTme 11 GCLUTAOKOTOINGN
onektpivng-Hb, n mpdodeon oedopévng Hb ko 1gGS otn pepPpdvn kot n amdiewn KOpLoV
YAVKOQOPIVAV gUEEVIGay vynAdTEPa emimeda oTIC Un Aevkapatpepéveg povades. Ta arotedéopata
avtd ocuvvadovv pe mponyovueves peréteg (Bratosin et al., 2001) ko meportépm mpoteivovv
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OLOYETION TOL POLVOTOTTOV YNPAVONG HE T emimedn evookvTTaptmv ROS kot eyvokuttdpmv OTmg
éyet oeryBetl in vitro (Snyder et al., 1985). H mpmtedlvon OKELETIKOV TPOTEIVOV OT®E 1) OTEKTPIVN
kot n 4.1R epopoaviler vynAdtepo MOCOCTA OTIS MEPIGCOTEPO OEEWMTIKG emMPapvuEveg Un
AevkoQopepréveg pHovaoeg kabdg emiong kol mapopolo ypovoeEaptopevo wpoétvmo pe 11 ROS
vrodekvoovtag tnv vmoapén oyéong artiag-artiorov (D ’Amici et al., 2007). Omowo 1 av givar 10
aitio, 1 TPOTEOAVGN KVTTOPOCKEAETIKOV TPOTEIVOV omoTeAEl Pacikd TapAyoVTa KLGTIOOTOINGNG
péom g e€acBévnong twv ocuvvdécewv pepPpavnc-uropepPpavikod ckeAETOH KATL TO OmOi0
vrootnpileTon amd v avénon exvokuTTapwv ota un Asvkoeapepévo RBCs.

Oocov apopa otic acPectoeéoptdpeves Tpmteiveg Kahmaivn kot cuvesivn (Salzer et al., 2002;
Glaser et al., 1994), to avénuévo eminedo TOL EVIOMIGTNKAV GTIS U1 AEVKOUPOUIPEUEVES HOVADES
Aoy opeilovtal ota avénuéva emineda evookvTTaplov acPectiov. AvEnuéva enineda acPectiov
Umopovv va gvepyomomoovy Eviupa Ommg M KoAmoivn kot dadkacies Omwg 1 mpOTEOALGN
00N YMVTOG GE KLTTOPIKY 0pLIATMOT| KOl TPMTEIVIKNY amodounor. H mpdsdeon g Kahmoivng odnyel
0€ KUTTOPOCKEAETIKA Opavcpata evd 1 OpACT] EVEPYOTONUEVIG TPAVOYAOLTOUVACTG 2 €mdyet T
ovuTAOKOTTOINON TP®TEIVOV Tov KuTtTtapookeletod (Lion et al., 2010). Kot to dvo @owvoueva
emnpedlovy TV TAAGTIKOTNTO TOV KVTTOUPOCKEAETOV KOl TNV KAVOTNTO EANCTIKNG TOPAUOPPOCTG
tov RBCs. Emmpocheta ta vymAdtepa eminedo pHepPpoviKdV TPOTOTONGEDY GYETILOUEVOV LE TO
oTpeG aoPecTiov oTa [N AEVKOPOUPEUEVO OELYLOTO CUUPOVOVY HE TNV QLENUEVT] EXLVOKLTTAPMOT)
KOl TNV andAglo e aoTtikng mapapdpeoons (Hess, 2010) ev cvykpicetl pe to Aydtepo EXNPEACUEVOL
LAevkapaipepéva detypata (Henkelman et al., 2010).

H ovykpitikd peyaddtepn anmdielo tpoteivov mov evtonifovral ota kvotidwo (Kriebardis et
al., 2008; Willekens et al., 2008) 6mwg n {dvn-3, n otopativny,  eAotidrivy, 1 CD47 kor 1 CD49
oyetiCeton EekABapa pe TV EVIOVOTEPT KLGTIOOMOINGT TV UN ASvKOQOPEUEVOVY povadwy. T
CLYKEKPLUEVA TTpONYOoOLEVEG HeEAETES £xovv Ogilel peyddn andiero CD4A7 mapovoio AevKoKLTTAp®Y
(Sparrow et al., 2006) Loyw amehevBépmong g mpoTeivig oto vrepkeipevo (Anniss et al., 2002).
Emiong n pewwpévn ékppacn CDS9 otic N-povadeg ocvvadel pe v ondiew. GPl-cuvdedpuevov
YAVKOTPOTEIVOV Kot TN Owdpkeln g omobnkevong 1dwitepo Otav To  gpuhpoxvTTapa
amodnkevovtar yopic Aevkagaipeon (Long et al., 1993). Aedouévov tov poéAov g CD59 ¢
PLOUICT TOV GLUTANPOUATOS TOL AEITOVPYEL TPOCTATEVOVTOG TO EPLOPOKVTTOPA HEGH AVAUCTOANG
dnuovpyiag tov cvumhokov pepPpavikng emibeong (Huang et al., 2006), mbavov 10 mopamdve
amotéleopa va emnpedlel ta mocootd emPimong twv RBCS petd amd petdyywon. EmmAéov 1o
yeyovog 0tL ta un Aevkagaipepéva RBCS gaivetor vo cuoowpedovy meptocOTePes TPOPANUATIKEG
npwteiveg, umopel va oyetileronr pe ovénuévn dpdon TOL TPOTENCOUOTOS EVOVIL TOV UN
Aerrovpyikdv popiov (Goodman et al., 2007). EEaAlov 1 avénuévn petatdmion otn pepPpavn
KUTTOGOMK®V HOPOK®OV ouvoddv omwc m Prx2 kot m Hsp70 mov mapotmpeitor ota pn
Aevkagapepéva RBCs ¢ andkpion oe otpecoyova epebiopoto (Antonelou et al. 2010a;
D ’Alessandro et al., 2012) vodeikvieL TNV TOPOVGI0 TPOTOTOINUEVOV TPOTEIVIKOV Lope®dv. BéBata
0 Pobuog otov omoio ot 000 OVTEC TMPMOTEIVEG KATAPEPVOLV VO TPOGTATEVGOLV Kol Vo
otafepomomoovy  TIC TPOPANUATIKEG TpwteEiveg oyetileton ko pe tov  gkdotote  Pabuod
KvoTdomoinong kabdg 1060 1 Prx2 6co kor n Hsp70 evromifovtar oto kvotidwo (Bosman et al.,
2008a).
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A1.5. Yvykprriknl Avaivon Neapav (Y) kon I'npocuévev (S) EpvOpoxkvttdpmy

H mopovsio Aevkokvttdpwv Kot opometadimv @aivetor va emPapvvel TV €KOVO T®V
epvOpoxvTTapOV, Kabmg TPoidvtog Tov ¥pdvov 1060 T veapd (Kupimwg) 660 Kot ta ynpacuéva N-
RBCs eppaviCovv aioOntd vyniotepa emimedo oty mAcovotto TV eEetalOUeveV OEIKTMV
aroOnkevtikng PAGPNG. Ocov apopd 610 ynpoacuévo vronAnbvcopd, mopatnpnONKay GNUOVTIKEG
Jpopéc avdpeso otic dVo opades ota emineda KapPovuriinong. Ta emineda Tov &v AOy® deiktn
ntav avénuéva ota un Asvkoaeopepévo RBCS oe 0An v amofBnkevon pe v ewkovo vo
avTIOTPEPETOL TNV TeEAevTaio Muépa TG amobnkevong mhovov Adym g wiaitepo avENUEVNG
aldAVoNG Kot KVOTIOTOINoNG TV Un AsvKapopepévey povadwv. Iepvaviag otov vrominbucouod
TOV VEOPDOV EPLOPOKVTTAP®Y M CAPDS YXEPITEPT KOVA TV Un Aevkapapepévov RBCS og dAovg
OYEOOV TOVG TPMOTEIVIKOVG OEIKTEC OTPEC KOl YNPAVONG LIOJEIKVVEL EMITAYVLVOT] TOV POIVOTOTOV
YNPOVONG TAPOLGIN AEVKOKVTTAP®V.

H 7ynpovon etvor pio moAdmAokm poploky] Oadikacio. mov  TEPAAUPAVEL  1GYVPES
aAAnAemdpdoelc avdueso ota KOTTopa Kot T0 TEPPAALOV Tovg. 't awtd 10 AOYO O10pOpPETIKES
ouvOnkeg amoBnkevong (mapovsion 1 Oyt AevKOKVLTTAP®V) pmopel va 0dNYoOV GE JPOPETIKO
TPOTLTO SEIKTMV 0EEBMTIKNG eMPAapvVoNg Kot kKuttapikng yipavong (Antonelou et al., 2010a). Ot
évtoveg dlopopég oe mPMTEIvEG TG HeuPpavng emPePfordvovv ) Agttovpyia ™G peUPpdvng g
gvaictnto deiktn KuTTOpKod oTpes. Te avtideon Aowmdv pe Tic perprioelc ROS kar Ca** oe Ghucta
KOTTOPO, 1 OVOALON TPOTEIVOV ™S HEUPplvNg elvar mePlocdTEPO OTOYELUEV Kot THavOV
AVOOEIKVOEL GUYKEKPIUEVO OMOTEAECUATO TOV dloTapaydVv oTo emimedo elevfépov pldv Kot
evookutTaplov acPectiov. 'Etol 0 yopakpiotikdtepog deiktng 0&edmTikng emiPapuvong sivat 1
npdodeon ofewdopévng Hb ot peuPpdvn pe ta pn Aevkaeopepéva RBCS vo epgoaviovv
VynAOTEPA T0G00TA. H Tpdcdeon oe pepPpavikés Kol KUTTOPOCKEAETIKES TpWTEIVES Omwg M {dvn-3
Kot n onektpivn (Kriebardis et al., 2007b) diver T0 évavopa yio Evav Katappdktn yeyovotmv mov
emnpedlovy TN OOUIKN OKEPOIOTNTO, TN HOPPOAOYiD, TNV TPOCKOAANGN o©T0 €vOoONAl0, TNV
gpvbpoayokvtTapmon kabmg emiong kol v eniPioon tov RBCS uetd and petdyywon (Lion et al.,
2010; Lachant et al., 1984; Snyder et al., 1985). X¢ avtifeon pe tig ROS 1oL KVTTOGOAIOVL, 01 ROS
nov oynuatiCoviol Kovid otn pepPpavn petd v npocdeon Hb dev givar emapkmg tpocsPaciueg oto
AVTIOEEWOMTIKO TOL KVTTOGOAIOL KOl YU avTO TO AOYO pmopel va givor dtaitepa OpacTIKEG TOGO
TOTIKG OGO KOl GE TOPUKEILEVOVS 16TOVG HeTd TV anehevbipwon tovg amd to. RBCs (Nagababu et
al., 2010). ‘Exovtag g dd0pévo OTL TaL YNpacuéve, KOTTOPO dEV OmOUAKPOVOVTAL KOTA T SLIPKELL
™™g amodnkevong, o avENUEVOS TANOLGUOG TOVG OTIC UM AELKOQUIPEUEVES LOVAOES Umopel va
gmTayvVeEL TV IN Vitro dwadikacio ynpavong tev arobnkevuévov RBCs (Bratosin et al., 2001). Xe
CVUQ®VIOL  HE  TPONYOVUEVEG UEAETEG TOL  AVAPEPOLY  OWENUEVT]  QOYOKLTTOAPMON U
Aevkagapepévov RBCs in vitro (Bratosin et al., 2001) mapoatnpnbnke otL m yeurvioon e
AguKoKVOTTOPO, Kot oupomeTdAla kobwotd to veapd N-RBCs katd kdmoio tpoémo ynpotdtepa o€
ovykpion pe ta veapd L-RBCs. Mia mbavn e&nynon o propovoe va eivar 1 éxbeon o€ eviovotepo
OTPEC N/KOL EVIOVOTEPT TTOGT 6TOVG dafEGOoVG avTloEedmTikovg punyavicpovs (Lion et al. 2010;
Jozwik et al., 1997). Oviwg, éviupo AEVKOKVTTOPIKNG KoL QUOTETAALKNG TPOEAELONG KOOGS emiong
Kot ovénuéva eminedo evepydv LOpE®OV 0ELYOVOL Kot aldTOL EVIEXETAL VO EMOPOVV TN UNYOVIKY
otafepdmrTa kot TV gpuBpopayokvuttdpmon HEcw EMPAUPOV AAANAETIOPAGEWV HE TOUKIAM
epvbpoxvtrapikd cvotatikd (Racek et al., 2001; Greenwalt et al., 1990; Hogman xa: Meryman,
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1999; Weiss, 1980). Axoua ki éva pukpd uépog g omodnkevTikng PAAPNG TV AEVKOQUIPEUEV®V
RBCs 0o umopotvoe va opeidetor og Bpavcuata kol Plogvepyég ovsiec mov amelevfepdvoviat amod
KOKKLOKOTTOPO, (Tl 07010l KataoTpépovtal EvIog Tmv tpoteov 24 opav) (Humbert et al., 1991) ko
pumopovv va Tepvovy ta giktpa Asvkagaipeons. Ilapoia avtd oe YeVIKES YPAUUES TO OTOTEAEGLOTOL
™g mopovcag datpiPng deiyvouv Tmg n Aevkagaipeorn kabvotepel v e£EMEN TG YNpAVONG GE
amodnkevpéva epuBpokdtTopa THoVOV HEGCH EAATTMONG TOL 0EEWMTIKOD GTPEG Kot PeAtimong g
opo6eTaoN G AGPECTIOV.

Al1.6. IIBavoi Mnyovicuoi Emidpocnc AguKoKUTTAPOV-ALUOTETOMOV 6TNY AT0ONKEVTIKN
BLaPBn o Moproko kor Kvttopiko Erineoo

Ta AevKOKVTTOPO KOL TO OUUOTETAAD OVTITPOGMOTELOVY £va, TOAD UIKPO TOGOCTO TOL
GLVOAOL TOV KVTTAPIKOV TANOLGHOD EVTOG TNG povadag petdyyionc. [apdia avtd 1 cvvarodnkevon
T0UG pe Ta. gpuBpokvTTOpa Yoo 42 Nuépeg otoug 4°C Oo pmopovoe va emSEVAOGEL T SOMIKY Kot
Aertovpyikn| akepardnta v RBCS péom piog oepdc PAaPepdv S10K0TTOPIKOV OAANAETOPACEDV.
EmumAéov Oa mpéner va Anebel vtdyny tmg 1 TAEovOTNTe TOV AEVKOKVTTAP®V KOl TV OLLOTETOA MV
Exouv HkpOTEPO YpoOvo {ong o€ oyéon pe ta gpuBpoxvtTapa. o mapddetypo, To ALLOTETAALN TOV
npoopilovtal yio petdyyion amodnkevovtot yia 5 nuépeg otoug 22°C t ottyun mov Ta 0vdeTEPOPILA.
dev dOvator va amoBnkevBovv. Mg dedopévo to yeyovdg OTL 0 aoKOG HETdyylong omoteAel éva
KAEIOTO GOOTNUHO YOPIG UNXOVIGHOVG ekkaBdpiong, yivetalr 0KOAN KaTtovontd TS TO KOLTTOPO
empPiovoov oe éva meplPdAlov mov yopoknpileTor amd ouvvEY OLGGMPELON  ETMPAAPDOV
napompoidvtewv. Ta AevKoKOTTOPO Kol TO  OUUOTETAALL ETOPOVV  GTNV  OKEPULOTNTA TWOV
amodnkevpévov RBCs péow tou petafolopol toug, e katavilmong g dtabéoiung yAvkolng ko
g anehevBépmaong Progvepydv ovoldv (ehevBepec pileg, évlopa, Kuttapokiveg, eEmkvotidn K.a.)
TOV TTOPEYOVTOL HETA TNV AMOTTOOT 1| TN VEKP®OT Tovs. H mapatnpodevn peimon tov aptBpov tov
AEVKOKVTTAP®V TPOTIOVTOG TOL YPOVOL amoBNKeELONG OPEIAETOL GTNV OMOMTMOOT TOL VPIGTAVTOL
OapYIKE TO KOKKIOKOTTOPO KOU GE OgVLTEPO YPOVO TO AEUPOKLTIOPA TIG TPATES 2-3 TMUEPES
amofnkevong. Me avtd TOV TPOTO Ao TIG TPMTEG UEPEC TNG omobnkevTikng meptdodov ta RBCS
emPopdvovtar and ™ dpdomn Ploevepydv OLGLOV KOl KVLTTAPIK®V Opavoudtov mov umopodv va
OAANAETIOPOVY HE OVTA Kol Vo TUPOSOTOVV povomdTio, Kuttapikng ekkabdpiong (Frabetti et al.,
1998). Eival yvoot1d mw¢ 01 TapayOUEVEG KUTTOPOKIVEG EUTAEKOVTAL GTOV OMOTTOTIKO Bdvato ™
OTLYUN TOL T OVOETEPOPLAN, HECM Ekkplong Fas-L, pumopovv va dapecorafodv tn onpotododtnon
KutTopkoV Bavdatov ota Aeppokvttapa Kot oto. RBCS. Xopaktnpiotikd, T0G0 01 TPOTOTOWGELS TNG
Cdvng-3 Kot Tov KVTTapooKeAETOV 000 Kot 1 €kBeon PS mov akolovbel 1o pepppoavikd povomdrt
andéntwong evromilovtal Kol og ynpoopéva (in vivo) kot og amobnkevuévo RBCs (Kriebardis et al.,
2007a; Antonelou et al., 2010a; Mandal et al., 2003; Mandal et al., 2005).

Ta AeVKOKVTTOPO KOU TO EVEPYOTOUUEVO OLUOTETAALL OTOTEAOVV ONUOVTIIKEG TNYEG
erevBépv pLlodv Kot PLOAOYIKE SpaCTIK®V OVGLOV OGOV apopd TNV eEEMEN NG YNPOVONS KOl TNG
amofnkevtikng PAaPNG. Ot evepyég pileg o&vyovou kot aldtov kabmg emiong kot dAvtd Evivpa
TATTIOVV dueca TIG evoicnteg epvOpPoKVLTTOPIKES TPMOTEIVEG KOl TO AUTOWL Tr OTIYUR 7oL
ONUAVTIKES TOGOTNTES EEMKVOTIOIMV (AEVKOKVTTOPIKNG KO OULOTETAMAKNG TPOEAEVONC) EVIEIVOLV
v to&KoTNTO TOV VITEPKELUEVOL. Eyet detybel g ol mapaydueves omd ta ovdetepopiia ROS sivan
KuTTapoto&ikég vavit Tov RBCS péowm evog punyaviopov o&eidmong g Hb (Weiss, 1980) o omoiog
amodekvieTal KOUPkdg Yo kdmota kKvpla povomdtio ypavons. Emmpdcsbeta, o1 mpoepydueveg amd
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AEVKOKDTTOPO KOl OUUOTETOAMO TPMOTEAGES OVOUEVETOL VO TPOKOAODV CTUOVTIKOTEPO TPOPANLATO
EVTOC TNG HOVASOC UETAYYIONG €V GLYKPIGEL pe TNV IN VIVO cuvOnkn kobmg ta amobnkevpuéva
gpLOPOKLTTOPO GTEPOVVTAL TPOOTAGING GO OVACTOAEIC TpOTEAC®OV TOL TAdopotog (Bocci et al.,
1981). Ocov agopd To oupometdAa moapatnpeitar Evrovn oamobnkevtikny PAAPN oe youniég
Oepurokpacieg n omoia odnyel oe petwpévn emPimon petd and PeTAYYIoN, dTHPNON GE KOTACTAOT
EVEPYOTOINGNG KOU ONUOTOSOTNON MHEC® TAAGUHOTIKNG HeuPpdvne. Ta mopamdve €xovv o¢
OOTEAECUO: U1 OVOOTPEYIUN TOPAUOPO®MCT], OVENUEVO EMIMESD €VOOKVLTTAPIOL AGPRECTION Kot
Qeo@opLAimon (dvng-3 o€ KATAAOUO. TLPOGIVNG, CLOOMUATMOGYN AMTIOKOV CYEOIDV, EKKPIoN
AGOCOUIK®OV TEPLEYOLEVOVY, avadIATOEN TNG EMPAVELNKNG YAvkonpwteivng Ib, evepyomoinon tov
P3BMAPK kot owcpolmbong A2, €kkpion opayldovikov o&Eog, omdmtmorn, £kbeon PS ko
eEmkvotidionoinon (Egidi et al., 2010; Kaufman, 2005; van derWal et al., 2012; Bode xo: Knupp,
1994). Ovtog, PAcel PETPHCE®V TOL TPOYUATOTOWONKOY GE U AEVKOQOIPEUEVEG LOVADEG, TO
OLULOTETOAOKA KVOTIOW CLGOMPEHOVTOL GTN HOVASH UETAYYIoNG Oomd TNV TPAOTN MUEPA TNG
anoffkevong (avotepa emineda v 20" nuépa) o avtibeon pe T AEVKOKLTTOPIKG TO. OTOio,
epeaviCoov onuavtikny ovénon petd v 30" nuépa (Jy et al., 2011). ‘Exer Ppebei mwc n mpo-
amoONKeVTIKY Aevkapoipeon LeEDVEL TV KuoTdonoinomn TV arodnkevpuévov RBCS kot ta enineda
HKpOKLOTISIOV pHetd and petdyyon (Sugawara et al., 2010). Emmpdobeta o gpmiovtiopds piog un
AgvKOQUPEUEVIC LOVADOG HeTdyylong o€ KuoTidw oonyel e ahENGT Tov dVVAIKOD SLOKVTTAPIKNG
emkowvmviag KaBdg to kvotidw elvar @opeic mowiAwv  GMUATOSOTIKOV 0LGLDV  (UeYOIANG
oLYKEVTPMOTG) OTMG o1 kaomdoeg Kot 1 PS. Q¢ ek tovtov pmopodv va epeovilovy TAE0TPOTICUO
o Opdon Tovg HEC® OAANAETIOPOONG e VTOSOYEIC N AUEONG LETOPOPAS AMTIBIWV Kl TPOTEIVAOV
Héo® oHvéng pe v Thaouatikny pepppavn tov epvbpokvttdpov (Mause kar Weber, 2010) kdrtt to
onoio &yel avaeepbei in vivo (Sloand et al., 2004). Telkd 1 peydin moikihioo eE@KLOTIOI®Y TOLV
TOPOATNPEITOL OTIG UM AELKOAQOPEUEVEG HOVAOEC OVOUEVETOL VO TPOTOTOLEL TOVG UNYOVIGUOVG
onpatoddtMong tov arodnkevpuévov RBCs.

Al.7. Youmepdopoto

Eotidlovtag oty ektipunomn tov emdpacE®my TG AEVKOPUIPESNC GE LOPLOKO EMIMESO Kol O
OLYKEKPIUEVOL GTOVG TOMEIG TG amofnkevtikng PAAPNG, KutTapikhig ynpaveong kot Bavdtov twv
epLOpOV apocealpioyv cuvoyiletoar TG N ASVKAPOIPEST HOVAS®MV HETAYYIONG TOKETOPIOUEVOV
epuBpokLTTAPOV GYeTICETAL LE TIG EMOPACELS TOL GLYKEVIPAOVOVTOL GTNV E1KOVL, 37.

AvoALTIKOTEPO O CLVOVOAGUOG TOV EMTEI®V TOV TOPATAVE TOUPUUETPOV KOTE TN dApKEL
NG amoONKELONG AVAUEVETOL VO 00MNYNOEL G PEATIOUEVT EIKOVO TOV AEVKAPUPEUEVOV LOVAOWDV GE
OTULOVTIKA CMUATOSOTIKA LOVOTTdTIor COUPOVE e TO akOA0VBO TPpdTLTTO:

v H peioon tov wottdpov pun oavaostpéYlung mopopopeoons omd To UEGO TNG
amofnKevoNg Kot PETH, GE GLVOLAGHO LE TN HEIEVN eEmTepikevon ¢ PS v 101a mepiodo,
) otafepotepn mapovcio CD47 o pepfpdvn kon ) PBektiopévn gidva Tov vToTANBvc LoD
TOV VEOPDOV EPVOPOKLTTAPOV EVOEYETOL VO OOMYNCEL GE OVOEKTIKOTNTO GE KLTTOPIKN
exkabdpion Ko ovénuéva eninedo PlootudtnTog HETA amd HETAYYLoN.

v H eldttoon mpoteolvtikedv Opavcpdtov kot dipepdv {dvne-3, 6& GLVOLOCUO WE T
HEIOUEVO ETMEND POCPOPVAI®ONG Kol oyoviopov ¢ (ovng-3 amd avtoroya 1gGs
VTOOEIKVVEL KOBVGTEPNGN TOV CNUAVIIKOTEPOV LOVOTOTION YPOUVONG TOV EPVOPOKVTTAPMV.
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Xe ovvovacud pe to yaunid emineda HSp70 ta amoteAéopoto avtd mpodiabétovv yio
KOADTEPT TPOTEOGTOOT] AOY® UEWOUEVNG CLGGMPEVONG TPOPANUATIKOV TPOTEVOV OTIC
AEVKOPOIPEUEVES LLOVADEG.

v Ta  youmAdtepa  emimeda  evookvttdplov  ooPeotiov  kabdg  emiong Ko
aoPecTOEEOPTOUEVOV TPOTEIVOV Om®G 1 KOAmoivy Kot 1 ovvelivn ovTioTol oV of
KaBvotépnon g epuBpdntwong kot ¢ Kvotwdlonoinong. ‘Etolr ta Asvkagoipepéva
gpuBpokdTTopa dtaTnpovy o€ peydAo Pabud v akepotdOTNTO TS UEUPPAVNG TOVG, T
OoNUOTOOOTNOT aGREGTION Kot TNV TEPLEKTIKOTNTA TOVS 6€ «(MTIKA GVGTATIKA.

v Ta younidtepo emineda ROS, Prx2 kot xapfovolopévov mpoteivedv kaBoAn 1
olgpkelon ¢ amobnkevong N oe PEPOG awTNG Oglyvouv amovsia. £vIovov 0&edmTIKOV
TEPPAAAOVTOC EVTOG TMV AEVKAPALPEUEVDV LOVAIMV.

v Téhog, ta ocapmg younAdTEpo emimeda  opudAvong Kol KVOTIOOTOINoNG TV
AEVKOPOPEUEVDV LOVAOMV EVOEXETOL VO EAAYLGTOTOLOVV TNV TOOVOTNTA KAVIKOV ETTAOK®DV
0TO OEKTN TNG UETAYYLONC.

‘ AipgdAuon
Xpovog amobnkeuong
Mn avaoTpéwiun
TTAPANOPPWON
Mn Aeuka@aipepéveg povadeg ‘ KuoTidiotroinon
. ‘ ‘EkBeon PS
@ >uoowpeuon ROS
Zuoowpeuon Ca?
Aeuka@aipeéveg Hovadeg “ Movorrdm guvng 3
N B Mpwrteivikoi deikTEG
- OTPEG
/ Eikova veapwv RBCs

Ewodva 37: Tpoa@ikn) anekévion Tov GLVOLOL TV S10POPAV AVAUESH GE AEVKAPALPEUEVEG Kot U povddeg. To
peyoaAdtepo PEAOG aVTIOTOLYEL KOl OTNV EVTOVOTEPT] amobNKeVTIKN PAGLN.
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A2. AIAKYMANYH ETTENOQN XAPAKTHPIZXTIKON XE YI'TEIX AIMOAOTEX

H petafintommro otic 1010mteg omofnKevons Tov aipatog amd SpopPETIKOVS 00TEG £xEL
OmOTEAECEL ONUOVTIKO GALTO TPOPANUO OTNV EKOTOVTOETH 10TOPIOL OVATTLENG TGV TEXVIKOV
amobnkevong aipotog. Elvor yvootd mAéov mwg epvbpokidtropa amd GUYKEKPIUEVOVS OOTEG
enpaviCovv vynAdtepa eninedo arpoivong (Hess et al., 2009) kot younAdtepa enineda avaktnong in
VIVO 24 dpeg petd tn petdyyon (Dumont and AuBuchon, 2008). Akoun kot ota TAéoV GuYYpOva
amofnkevTikd péca, S10PopeTIKol apPodOTEG EUPAVILOVY SPOPETIKES dVVATOTNTEG OO KELONG LE
T0 WOHTEPA YOPAKTNPIGTIKA TOVG VO OVOSEIKVOIOVTOL MG O TTLO CUAVTIKOG TOPEYOVTOG TOL 00NYEl 6
apdAvon eviog Tov 0oKoV. QoTOC0, €KTOC amd TO EMMESD OUOGPALPIVIG TOL 30T, OV EYOovV
e€etaotel HéyptL oTIyUNG GALD EYYEV XOPAKTNPIGTIKA TOV £PLOPOV AOSPaApi®mV oL B pTopovCaV
VoL EXNPEAGOLY TNV TOLOTNTO, TOL TPOG METAYYION OiUATOC Kot THOVOTOTO TNV OTOTEAECUOTIKOTITO
™m¢ 101G TG HEThyyons. 1o mapdv KePAAoo cuvoyiloviol To KuplOTEPO GLUTEPACUATO, OGOV
aQopa otV £KTACN NG TOKIAONOPPIG avALEsH G€ VYLElS OpoddTeg Kol TNV €midpacn TV
WWHTEPOV YUPOUKTNPLOTIKAOV TOV OLOdOTN GTNV TOLOTNTO OTOONKEVUEVAOV EPLOPOKVTTAP®Y TOV.

A2.1. Awnotoroyikn Exkéva Awmodot@v (in vivo)

A2.1.1. Etgpoyévero Metold Yyuov Aunodotav

[Tapd to yeyovog mmg N e€etalopevn opdda apodotdv dev mapovsiole dopopés 6Gov apopd
otnv nAkia (Rizvi kox Maurya, 2007) kot t0 @OA0, mapatnpiOnKe HEYAAN ETEPOYEVELD GE TOIKIAEG
aaToAOYIKEG Ko Proymukéc mapoapéTpouvs. ‘Eva pépog avtig e mowthopopeiog opeiletal otnyv
mopovsio atopmv etepolvymv Yo B pecoyelok avaipio, pio KOTAoTOCT TOAD GUYVI] OVALEGO GE
"EMnveg (kan yevikd Meodyeiong) apoddteg (Tiwari et al., 2010). Onwg €xet deybet, n etepolvymtio
avtn emnpealel epvBpokLTTAPIKOVS KOl OUOTETOAOKOVS OgikTeg KaODG €miong TNV OGUMOTIKN
evbpavototnta twv RBCs (Vaya et al., 2014). H yeopetpio tov Bolaccoyukdv epudpokuttapov
KOl TO TPOTLTO SlameEPATHTNTAG NG UEUPPAVNG TOLG Ge Katdvta, €lval Ol TOPAYOVIEG TOV TO.
Ka016ToOV avOekTiKd 68 aLENUEVT OGUMTIKY| Tieon €v cvykpicel pe o P BOAOCCOLUIKA KOTTOPO
(Gunn et al., 1972; Schrier et al., 1989). Avtd 10 YOPOKTNPIOTIKO GE GLVIVOCUO LE TO YAUNAOTEPQ
eninedo, apdlvong in VIVO mov gUQAVICOY Ol GUYKEKPLUEVOL OOdOTEC, NTAV 1O10ATEPA ONUAVTIKO
dedopévne ¢ emPapuvtikng dpaong e amodnkevong Kot otig dvo mapouétpove (Almizraq et al.,
2013). Q61600 1 TAEOVOTNTO TOV ALOS0TOV deV EpPavice etepoluymTia yia f HECOYELIOKN avatpio
Kot omoteLovVTaV amd appeves e0eloviég ywpig owdnpomeviky avaiio (Booth et al., 2014; Skikne et
al., 1984) kabmg 34% tev opodotdv epeavile avénuéve enineda gdNPov 6tov opd. OVCIAGTIKA 1
TOPOTNPOVUEVT] OLOKOUOVOT] GTO OLUOTOAOYIKO TPOTLTO TV 00T®MV dev umopel vo amodobel og
TOPAUETPOVG OGS M MAkio, TO VA0, 1 TOPOLGIO YEVETIKOV Topaydviov N 1 OloTapoyn o€
TOPAYOVTEG OLOLOGTACTG GLOT)POV.

AveEapTNTOC TPOELELONG, N ETEPOYEVELD LETAED TOV OLOSOTMV IN VIVO gvdéyetan va odnyel
og dpopeTikod onueio Evapéng yio v e&EMEN T amobnkevTikng PAGPNG o€ pHovadeg petdyyiong.
Oviwg, amokAlvovceg TYES GE €YYEVN OPOKTNPLOTIKA T 0moio emPapivovtal amd TNV amodnkevon,
oG N ocH®TIKN evOpavoToTTa 1 N apdivon (Almizraq et al., 2013), avapévetal vo VTOGKATTOVY
v amofnkevTiky KavoTNTo TOV €V AdY® KLTTAp®V. Eival yopaxtnpiotikn GAA®OTE 1 HEYAAN
OLKOLLOVOT] OTNV OGUMTIKY €VOpavoTOTNTO avApESH Gg VYIES a1poddTeg OlaPoOpmv eBvikoTHTOV
(Eber et al., 1992). ITapopoimg, avénpéva, apykd enimedo c1dpov Kol 0EEWOMTIKOD OTPEG 6 £val
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ONUOVTIKO TOG0GTO atopmv (25-35%), Omwmg yiveton epeaveés amd ta emimeda KapPovurioong
npoteivav (Dalle-Donne et al., 2003), klaotepivng mhdouatog (Trougakos, 2013; Antonelou et al.,
2011a), ovpwov o&éog (Ames et al., 1981; Itahana et al., 2014) ko1 oAkNG avTIOEEBMTIKN
KOVOTNTAG TAACLOTOG, AVOUEVETOL VO, TUPOOOTOVV OEEWMTIKA KOl YNPOVTIKG LOVOTTATIO EVTOG TNG
novadag petdyyiong (Antonelou et al., 2010a; Bosman et al., 2008b). Akopa mo onuovtikd givot to
YEYOVOS TG £pLOpOKLTTOPA TOV TPoOoPIfovTal Yio HETAYYIoN CALA yapoKkTnpilovTol amd avénuévo
enminedo G1dMPov Kot KOPPOVOMOUEVOV TPOTEIVOV KOOMOG €MIoNG KOl UEIWUEVT] OVTIOEEOMTIKN
wKavotTo, pmopel  va  dnuovpynoovv  mPOPANUe o€ BOANCCOIUIKOVC OEKTEG Ol OToiot
TOAUTOPOVVTL OTTO VILEPPOPTMGT G1d1POoL Kot Eviovo ofedmtikd otpeg (Livrea et al., 1996). Télog
o, avEnuéva enimeda yoAnotepoAne, LDL xot tprylvkepdiov umopel vo elvar vOSIKTIKA Yo
TPOTOTOMCEL OTNV 0EEIdMON TV €pLOPOKLTIAP®VY, TN HOPPOAOYiD, TNV EAACTIKOTNTA, TN
damepatoOTNTO. AVIOVTOV KoOMG emiong kot to emineda oupdAvong (Mazzulla et al., 2014). Qg ek
ToUTOL O NTav Wiaitepa evOLAPEPOV va peretnBel n IKavoTNTO aTodnKevong epLOPOKVTTAP®Y TOLV
eLEavilovy T eV AOY® YOPOKTNPLOTIKG iN VIVO.

A2.1.2. BioAoyiko Aiktvo AAAAETIOPAGEMY TOV ATHOTOS

Ta diktva. ypnotpomolovvtol ot ProAoyio yoo TV OvVOTOPAGTOCT KOL TNV OvVAALON
OTNUOVTIKOV dtodikaciov, kabhg eniong Kot yio TNy anelkdvion aAANAETOpAcemy HETAED PLOAOYIKA
oxetikmv Topoayoviov (Yeung et al., 2008; Cline et al., 2007). Avoldywg 10 opatoloyikd diktvo mov
KOTOOKELAGTNKE PAGIGTNKE GE GTATIOTIKG CNUAVTIKEG GUOYETICELS AVAUEGO GTIS TOPAUETPOVS TOV
petpnOnkayv. OvclooTKd T0 TEMKO AAANAETIOPOCOUN amodeiyOnke TOAD KOVIO GTO TPAYLOTIKO
diktvo In VIvo kabmg meplelapfave TG TEPIOCOTEPES AVAUEVOUEVES GLoYETIoES. [0 Topdderya
TapoTNPNONKOV GUVOEGELS AVAUESH 08 MTOTPMTEIVEG (YOANGTEPOAN, TPLyAvkepidlo KAT), deikteg
opotdatacng onpov (tpaveeepivny, TIBC «im.) kot oapotoroyikés mapapétpovg (RBC, MCV,
MCH «An.). H kapBovolioon TpmTelvdv Tov TAAGHOTOG AOYIKA GYETI(ETOL HE TNV OVTIOEEISMTIKG
evepyn aAPoopivny (Quinlan et al., 2005) kot ™ ¢epprrivny (Orino et al., 2001). EmumAéov,
EVTOTIGTNKAY KOl KATOEG Ol TOGO TPOPAVEIS GLGYETIGEIS OTMG 1 TOTOBETN G TOV HoVoEEdiov Tov
alotov evtdg g opdoag tov Aumdiov Tov opol mov emiPePordvel v mapaywy] NO and ta
gvooniokd kottapa petd and diéyepon amd v HDL (Kypreos et al., 2014). Avtictoyo 1 oteVh
oLVOEDN NG KANGTEPIVIG TOL TAAGUOTOS LE OUOTETOAMAKOVS OEIKTEC GLVAdEL HE TNV oLENUEVN
EMPOVELOKT £KQPOCT] TG &V AOY® mpwTeivng oto awponetdlo. (Gnatenko et al., 2003) kot v
eEokvttoon ¢ (Pienimaeki-Roemer et al., 2013), tovAdyotov «kotd TNV amobfkevon
awpometariov. TELoc o cvuvevromopdg acPeotiov kar RDW mbavov kabpeptilel v enidpacm tov
acBeotiov oV KavoTNTA TOPALOPP®ONS TV epudpokvttapny (Bogdanova et al., 2013), n onoia
enpaviCer peydiAn dlokOUOVoT 6€ KUKAOQOPOUVTO KOTTAPO TTov yopaktnpilovior amd erepoyévela
oto péyebog (Patel et al., 2013).

Ot ovyvég O-KLTTOPIKEG ovoyeTioelg (). HOVOKLTTOPO UE  OUUOTETOMO Kol
epLOPOKLTTOPIKOVS OEIKTES) AVTIGTOLYOVV OTIS TOAVTAOKES OUPIOPOUES OAANAETIOPACEIS UETAED
dpopetik®v  mAnbvopudv mov  moapatnpovvtal N Vivo. Tétoov  €idovg  oAANAETOPAGELS
dwopecorafoivial €ite HECH UNYAVICUAOV Ol0-KVTTOPIKNG EXOPNG 1T HEGH SOAVTOV TOPAYOVI®MV
(xvttapoxiveg, oidnpog, KAT) kot pukpokvotwdiov (Mause xkar Weber, 2010). To amotélecpa avtg
™m¢ emkowamviog eivar n puduon g Aertovpyiag (m.y. apdotacn), Tov KokAov {ong (amdmTmon,
€PLOPOPAYOKVTTAPM®GCT) KO TNG KATAGTAONG EVEPYOTOINONG (T.Y. PAEYLOVAOOIEIS AVTIOPAGELS) TOV
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OVOETEPOPIAMV, TOV HOVOKDTTAP®YV, TOV OUOTETOM®V Kol GAA®V KutTopikdv tonwv (Scapini ko
Cassatella, 2014; Pawelski et al., 2014; Antunes et al., 2011; Mebius xa: Kraal, 2005). Xe
TaBoPVGIOLOYIKEG KOTAOTAGELS, Ol Tpoovapepbeiceg cvoyetioelg eEoptdvTol amd TNV TOPoLGia
0LeldmTIKOY  oTpeC, OMWG OTNV  TEPITTOON  OEEWMUEVOV/YNPACUEVOV  €PLOPOKVTTAPWY OV
enPaviCouv avocopLOGTIKEG Kot GAEYHOVAOIELS dpacTnploTNTeS {OTIKNG onpaciog yuo v e5EMEN
™mc abnpockinpvvong (Profumo et al., 2011).

H mapovsio molvouvdetdv £0e1&e TG TO TPOTLTO OPYAVMOONG TOV OAANAETOPAGEDV OEV
etvar toyoio oAAG TPOCOUOALEL HE TO OVTIOTOWO TPOTEIVIKAOV, HUETAPOAIKMOV KOl YEVETIKMOV
Broroyikadv dwtowv (Zhu et al.,, 2007). Ou deikteg MCHC, ALP kot MCF anotehodv ToLC
GYLPOTEPOVS ALLOTOAOYIKOVG, Ploynuikods Kot Blodoyikovg molvouvoéteg avtiototya. H oopomtiky
evBpavotdtra oyetiCetor pe OAOVE TOVG EPLVOPOKVTTOPIKOVG OEIKTEG, CLUTEPIAUUPBAVOUEVNC TNG
apdivong (Tumkn cuoyETion otovg tepoluyovg Yoo B Bokacoaipio 00teg), £KTOG TOL dElKTN
MCHC, ygyovdc mov LTOJEIKVOEL OITOVGI0 COAULPOKLTTAP®ONG avapeso otovg doteg (Godal xar
Heisto, 1981). H ALP oynuartiet vmodiktvo pe to AEVKOKLTTOPO Kol TOPAYOVTIEG UETOBOAGLOD
ownpov. To amotéleoua avtd GVUP®VEL PE PEAETEG GE EMIMESO YOVISIOUOTOC OV OgiyvouV g 1
EVEPYOTNTA OAKOAIKNG GOOOATACNG VYOV aTOU®V umopel va ennpedletal and mowiAio yovidiwv,
O6mwg o yovidia tov opddwv aipatog ABO (exepalovtar e moAld kOTTapa ANy tov RBCS), kot
npoteivn oyetllouevn pe amtooeorpivy (Chambers et al., 2011). Emmdéov n ALP éyel cvoyetiotel
ue v TpovePepivi tov opov vyiwv gpnPov (Misaki et al., 1991) kabnhg emiong kot pe un
dEGUEVIEVO OE TPAVOQEPIVT 6idNPo og acbeveig mov vrofdilovtal og arpodidivon (Malyszko et al.,
2014).

A2.2. AmoOnkevtiky BLaBn (ex vivo) kor Xvvéeon ne Eyyeviy Xapoktnpiotikd Awodotdv (in

vivo)

A2.2.1. Avuxvnaven Avaneoso 6tove Anoootee Ipoidvrog Tov Xpovov Arodnnkevonc

Katd ™ odpken ¢ amoBnkevong mn mowdnta TV gpvbpokvttdpwv vrofabuileton
TPOTOVTOG TOV XPOVOL HEC® ing TANODPAG UNyavicu®V KutTapikng entapuvons (Antonelou et al.,
2012). O1 meplocldTtEPEC MOPAUETPOL TOV EEETAGTNKAY EUPAVICAV OTUOVTIKY YPOVOEEAPTMUEVT
dpopomoinon TV emmEO®V TOVG. To AVTIOEEWMTIKO SLVOIKO TOV HOVASWV, OTMG EKTIUATOL 0T
To. EMIMESD OMKNG OVTIOEEWOMTIKNG KAVOTNTOS TOV VLIEPKEWUEVOL, KapPOVOAI®MONG TPOTEIVOV,
Khaotepivng, GSH kot ROS, ¢bfiver otadaxd (Jozwik et al., 1997). Avtictoya M TpoodevTIKY
avénon exkkaboplot®V TOov pHOVOEEWioL TOL al®Tov, OmMWG M €AevBepm aipoceopiv Kol To
wikpokvotidw (Donadee et al., 2011), odnyovv og katakopven mtdon tov NO gvtdg ™ povadac.
Téhog, OMMG KOl GTO TPOMNYOVUEVO GKEAOG TNG Topovoag STpiphg, mapatnpndnkav avénuéva
emineda. pun avaotpéyung exwokvttapmons (D ’Alessandro et al., 2012), e wtepikevon PS,
tpomontomcelg ¢ Covng-3 kabdg emiong ko tpomomomuévng CD4A7 mov Asrtovpyel ¢ onua
ekkobapiong kot evromiletan o€ mePTOOELS YNpavong Kot o&edmtikng PAafng in vitro (Burger et
al., 2012).

Ocov apopd 6T S1KVUOVGET OVALESH GTOVS OOTEG EVOLAPEPOV TOPOVGIOGE TO YEYOVOG OTL OL
delkTeEC 0EEIBMTIKOD GTPEC TOL MAACUATOC ELPAVIGOY VYNAGL TOG0GTH TOGO N VIVO 660 Kot X Vivo.
H mapammpovuevn dakvpaven ota eminedo NO, klootepivng kot mpocsdedepuévng ot peuPpavn
Prx2 (Rinalducci et al., 2011) av&dveton &vtdg TG UOVASAG VTOSEIKVOOVTOC OLOPOPEG OTNV
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OVTILETOTIOT TOL 0EEIOMTIKOV KOl OLILOAVTIKOD TEPIPAALOVTOC TNG HOVAOAG LETAYYIONG HETAED TV
J0TMV. ZTOV OVTITOda, To KLUKAOPOPOUVTO UIKPOKVGTIOW TapoLGLAlovV HEYAAES OLOPOPES OVALET
o€ VYLeic apnoddteg in Vivo, emiPePoardvovtag mponyovueveg pedéteg (Bastos-Amador et al., 2012),
Kot TOAD pkpotepeg €X Vivo. To avtiotpo@o mpdtumo axorovdeital yio o enimedo aipoivons kabdg
10 TEPIPAALOV TOV 0oKOV eMNPEGLEL SUGUEVMOG OAAA [LE TOAD SLOPOPETIKO TPOTO EPLOPOKVTTAPO TTOV
npoépyovtal and StopopeTikovg arpoddteg (Hess et al., 2009). Empdcbeta 1660 1 ocp®tiky 660
KOL 1 UNYOVIKY] €00panoTdTTA TOPOVCINGOV TNV OVOUEVOUEVT OOKVUOVGT TOGO TTPOIOVTOG TOV
YpOVoL 060 Ko petald tov dotmv (Almizrag et al., 2013; Raval et al., 2010). Evtobdtoig o deiktng
MFI eppdvice tpummAdoio dakvuaveon oe oxéon pe tov avtiotoyo MCF mpv kot katd tn ddpkeia
™m¢ amofnkevone. [hbavov N kavoétnTa TOV EPLOPOKVLTTAPMY VO OVTATEEEPYOVTAL GTO UNYOVIKO
otpec puOuiletar omd TEPIGGATEPOLS KO O TTOADTAOKOVG UNYOVIGUOVS (T.Y. cVVOEST LeUPpdvng —
VIOUEUPPAVIKOD OKEAETOV) GE GYEOT LLE TOVG AVTIGTOLYOVS £VOVTL OGUMOTIKNG Katamovnong. Télog ot
TPOTEIVEG UE TNV €VTOVOTEPT OlOKOUOVOT €lval OgiKTEC OTPEC KOl OVTIUETMOTIONG CTPECOYOVOV
epediopdTov, pe yopokmmplotikdtepa mopadsiypota v Prx2, v koimoivny kot v HSp70 evo
dopkég mpwteiveg OTMG M omekTpivn epueavilovv oyetikd otabepd mpotvmo. Mio té€tola drapopd
delyvel TG 1 onuavtikdtepn dSpopd avdpeso oe vytelc apnoddtes mbavov givor 1 KavotnTo
TPOCUPUOYNG O GLVONKES HETAPOAKOV, OEEWBMTIKOD KOl QUGLOAOYIKOV OTpeg OM®S aKkpPmg
ocvupaivel oto mePPAALOV piog LovAadag LETAYYIONG.

A2.2.2. Xvvocon Eyyevav XopaxktnproTik®v — AnoOnkevtikng Ilowtnrog

Bpétnke nog pia oepd opatoloyikdv Kot floAoyikdv topapétpmv otatnpet ta idwo enineda
KO UAVOTNG aVAIESO GTOVG OLOOOTEG TOGO TPV OGO KOl KOTA TN SIUPKELD TNG OMOONKEVTIKNG
meptodov. H avaroyio ovt pmopel vo givor TOAD ypIoIUn Yoo TO YOPOKTNPIGUO KOl TNV
KOTNYOPLOTTOINGY| LOVAO®V HETAYYIONG Ol TN GTIYU KIOANG NG oupodociag. ‘Exet mpotabel mwg
oMK™ ovykévipwon opoceapivng (Agnihotri et al., 2014) ka1 1 mocodtnto. GSH/GSSG (van't Erve
et al., 2014) katd v amobnkevon eivol VOO AVAAOYES TOV TPOOTOONKEVTIKMOV TOVG EMTES®V.
Avtictoyo otV Topodoa HEAETN TEPOV TOV AVOUEVOLEV®V otpatoloyik®mv mapapétpev (MCV,
RDW «k.a.) avadeiynkav deiktec OTmg 1 oopmTiky evBpavctotnta, n £ékBeon PS kot 1 suykévipoon
NO 1teV omoimv 1 SKOLLIOVET EIVOL YPOLUUIKT GLUVAPTNOT TOV eXTEd®V TOV IN VIVo. Avtibeta, oty
TEPINTOON TG GLGCMPELONG KVOTISIMY 6TO VIEPKEipEVO mapotnpeitar avoroyio avipesa oty 2"
nuépa kot Vv vedéAowtn  amofnkevorn, wOAvOV  AOY®  SOQOPETIKNG GULUTEPLPOPAS TV
epLOpoKLTTAPOV KOTE TN dadKaGio TOpAyWYNS TNG LOVAdaS petdyyiong (m.y. Asvkapaipeon). Eyet
avapepbet mmg to 40% 6YedOV TG AOALONG OV TOPATNPELTOL KOTA TN AEVKAPAIPEST] AVTIOTOL EL
og dropa etepdluya yio dpemoavokvtTapikn avarpio (Hess, 2010).

Emnpdéobeta  evtomiotnkav  moAAéEC  mopduetpor  in VIVO  mov  mapovotalovv
EMOVOLAUPOVOLEVES GUOYETICELS HE GAAEG TOPAUETPOLS KOTA TN Oudpkeld TG amodnkevong. H
T0m00£TNON OOV TOV EXAVOAAUPBAVOUEVOV GLGYETICEMV GE £va PLOAOYIKO dTKTVO OV GLVOEEL TIG IN
VIVO kot ex Vivo cuvinkeg emPePainoe tov kopPikd poro mapapétpov omwg to. MCF, MCHC «ot
RDW (mov «xoteiyav kevipikrp 0éom In Vvivo) oty epvbpokvttapiki opoidotoot. I[Ipdoeata
npotadnke o To emineda PST epvbpokvttdpmy in Vivo oyetilovrar pe TV apdlvon eviog Tng
novadag petayyiong (Dinkla et al., 2014). TTapopoing mapotnpinke apvnTiKn GLOYETION AVAUECH
ota PS" RBCs in vivo kot 10 dgiktn MCHC evtog g povadoc. ITapd to yeyovoe Ot ot
TOPOTNPOVUEVEG GUOYETIGELS (TOL deiyvovTal Yia TpdTN Popd 6e amodnkevuévo epvhpoxidTTOpa) OV
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VROKPOTTOVY GYECT  oUTIOG-OUTITOD  OVAUESH OTIG EUTAEKOUEVES UETOPANTEG, O OTEPOVVTOL
Brodoyikng Aoyikng kou e€nynong. o mopddetypo, To Un ovaoTpEYlpo exvokvTTapa in Vivo
oyxetilovtan Oetikd pe ta emineda ékbeong PS ota amoOnkevpéva RBCs emPefaidvoviag
AELTOVPYIKY OYXEON UETAED HOPPOAOYIKAOV OAAOIDGEMY KOl GNUOTOSOTNONG KVTTAPIKNG EKKaOGpLong
ota gpvBpokvttapa. Emmiéov, ta mpoamobnievtikd eminedo kAactepivng (oto TAGOUO Kol GTO
RBCs) eupgpavifovv 0Oetikn ovoyétion pe epvbpokvttapikode Ocikteg kor €kbeon PS ota
naketopispévo RBCs vroypappifoviag to polo g omnv £puOPOKLTTOPIKT OHOLOCTOCT KOl TNV
Kvotdomoinon g pepPpavng (Antonelou et al.,, 2011a). Idwitepo evOAPEPOVOEC GLOYETIOELS
napatnpnonkay 6cov agopd to eminedo HOF in vivo. H eufpuikn apoooipiviy Katéyel KEVIPIKN
0¢om oto dikTvo Kot oyetiletan pe deikteg evBpavotodTTOG (APVNTIKE) Kot 0EEWDMTIKNG eMPapvvoNng
(BeTkd) 16060 Tov RBCs 660 kat tov vepkeévov. Exet avaepepbel mwg epvbpokidtrapa mlodoila o
HbF 6noc avutd tov veoyvav givar avbektikd oe ocpmtiky kotomovnon (Gunn et al., 1972) oira
EMOEKTIKG o6& gpuBpoTTOOT PETd omd o&edwtikd otpeg (Lang xar Lang, 2015). Ta enineda HbF wan
F-kuttdpov mowilovv gvpémg (10-15 @opég) HETOEL LYUOV EVAAMK®VY, VIO TNV EMOPACT LEYPLS
OTIYUNG AYVOOT®V YEVETIKOV Tapayoviov. Ev cvykpicel pe v HbA, 1 HbF éyet peyoldtepn
ovyyévela oOvoeong e 10 0Euyovo kol avénuévo mocootd aneAevfEépmong G1O1Pov KATL TO0 0moio
evoéyetan va dadpapatifel onpavtikd polo oty 0&eldmomn pLOPOKLTTAPIKAOV GUOTOUTIKMOV TOV
UITOPOVV VO 03N YNGOVY GE VEO-OVTIYOVO YNPAVONG KOl 0KOAOLOT amopdkpuven amd TV KukAopopia
(Comporti et al., 2002). ITapdopoie GvGYETION VEICTATAL KOl 6TO dIKTVO AVAUESH GTNV OpyT| KOl TO
TEAOC NG amofnkevong 0oL emidpaon e eEmyevég 0EEBMTIKG epEdicpa oyeTileTal pe TpmTedivon
mg Covng-3 kar ovumiokomoinon omektpivinc-Hb. Télog ta emimedo tov mMo  dobovov
aVTIOEEMTIKOD TOV TAACUATOS, TOV ovptkoh o&éoc (Ames et al., 1981) oyetilovion woyvpd pe v
AvTIOEEWOMTIKT IKOVOTNTO TOL VITEPKEUEVOL Kol AAAEG QOO KEVTIKES TOPAUETPOVC.

A2.3. Youmepaocnota

Eotuwalovtag oy ektipnomn mg enidpaong TV YYEVOV YOPOKTNPICTIKAOV TOV OLoddTN TNV
moldtTo TV amodnkevpévav gpvBpokuttdpov kot TV eEEMEN  amobnkevtikng PAAPNS, NG
KLTTOPIKNG YNpavong Kot Bavdtov tov epufpav apocpapiov cuvoyiletol Tmg:

v Ot vyteig a1poddTeg in Vivo mapd to yeyovog 0Tt TANPOvV T KPITHPLL TG aplodociog 6gv
amoteAovV Evav opoloyev TAnfucpd Koo HEYGAo TOC0GTO OTOKAIVEL OO TO PLGLOAOYIKO
€0POG SLOKVUAVONG TOAADY TAPAUETP®V OT®G vl 1 KVTTOPIKT EVOpaLGTOTNTA, N AUOAVCT
Kol 1 avto&eldotiky wovotnta. H motkilopopeia avty, toco ota epubpd apoceaipio 66o
Kol 6T0 TAAGLA, EVOEXETAL VO 0NYEL G€ dLOPOPETIKO onueio exkiviong yia TV avamtuén g
amoOnkevTikng PAAPNS TV epLBpoKLTTAP®Y KoL Vo oxeTileTan pe S10POPETIKT| AmoONKELTIKN
KOVOTITO TOV TOPOYDYMV OiLOTOG.

v H #mpo-omobnkevtikn ewkdvo €vOg opoddTtn ovvoéetar AQupeco pe Ty moldtnto
amobfKevong £pLOPOKVLTTAPOV TOV GE HOVASES PETAYYIONG UE TapapéTpovg ommg ot HbF,
MCF, MCHC, RDW «k.a. vo omoteAovv kKouPucohg Oeikteg Tng OpoldcTOcNG TOL
gpvbpokvTTAPOL TOGO IN VIVO 660 Kol eX VIVO Om®¢ YiveTol avTIANTTd HECHO NG aVOAVONG
SKTO®V.
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v Yvykekpluévol Oeikteg  epeaviCouv  peyaADTEPT OKOUOVOT €VIOC TNG  HOVADOG
petdyyone. Tétolor Oelkteg avTIoTOOLY KLUPIOG o TMpwTeiveg mov oyetilovror pe ™
pHeuPBpavn Ko deiyvouv mopovsio. oTPECOYOVMOV TOPAYOVI®V N OVIIGTOON GE 0VTOVC, UE
YOPOKTNPIOTIKAE Topadetypoto ) KoAmoivn, v Prx2 kot mv HsSp70 kabog emiong kot un
TPOTEIVIKOT OelKTES OTPES OTMG Ta eMinmeda povo&ediov Tov aldTov.

v [Mapdipetpor 6T®G o1 PS"RBCs, MCV, MCH, MCHC, RDW, MCF, NO kot KAooTepivn
TAACUOTOG QaiveTal Tmg yopakmpilovv T povdda amobnkevong omd Tn oTiyun g
apod0ciog, Kabmg 1 KO UAVGY TOVG EVTOG TNG HOVAdAG HeTdyYiong e&apTdTal dpeso amd
TOL TPOATOONKEVTIKA TOVS EMIMEDL.

v H mopovoic HbF oe @uoioloywd eminedo oyetiCetor kuplog pe TNV avTIOEEWOMTIKN
KOVOTNTO  TOV LREPKEUEVOD, TNV OGUMOTIKN €VOPAVGTOTNTA TV EPVOPOKLTIAPMOY KOl TN
OpopPotikny wovotnta Tov epudpokvTTapik®V KLoTWiIOV Kabmg emiong Kot pe mowiAovg
Topayovteg amobnikevtikn PAGPNG (Prx2, ceapoeyvokuttdpmon K.o.).

A3. AIAKYMANXH EITENON XAPAKTHPIXTIKON XE YTIEIX AIMOAOTEX

A3.1. Katnyopwomoinon Awnodotdv ne Baon to Eminedo Ovpikov O&og (UA) in vivo

Me Bdomn v avaivorn GVCTAd®MY TOV TPAYHOTOTOMONKE TO oVPKd 0EH KT YOPLOTOlEl TNV
emAeypuévn opada arpodotmv. EmmAéov avth 1 Katnyoplomoinon oakoAovdeiton kot omd deikteg
opotdeTaong oWNPoL Kot 0&edmTIKOV/avTo&edmTikoD duvapikod, Omwg emPefoimbnke pécw
avaALGN G TOPAYOVI®V, JElYVOVTAG TS 1 SLOKVUAVGT] TOL OVPIKOV 0&E0G EVTOS PLUGLOAOYIK®OV OpimV
umopetl va emnpedlel ta eyyevn eminedo avtogewdwtikng apovvag. O mapdyoviag mov mEPEXEL TO
ovpkd o&L (Benzie xaz Strain, 1996) eaivetor va dAANAETIOPE HE TOV AVTIGTOLXO TMV OEIKTOV
onpov (Cook et al., 1986) péow g kapfovorioons TPOTEIVOV TOV TAACUATOG KOL TOV O&IiKTN
TIBC. Ocov agopd otV KapPovodioon, n apvntikny ¢ cvoyétion pe to UA pmopel va opeidetal
oV 1oyVPN avTloEEBMTIKY dpactnploTnTa Tov devTEPOL 610 TAGoua (Ames et al., 1981). Av ka1
dev €xel avapepbel obvoeon avdapeoca ota enimedo c1dNPov Kol KapPfovuAimong tov TAAGHATOC,
&xovv Bpebel avEnuéva emineda kapPovolopévav tpoteivev ce apokabapopevovg acbeveic mov
AapBdavovv oidnpo evdoeiéfro (Michelis et al., 2003). Avtictoya o deiktmg TIBC epgavilet
avaAoyio pe T0 oVPIKO 08D, AMOTEAEGLLO TTOV CLUUPMOVEL LLE TPOTYOVUEVES LEAETEG TTOV GLVOEOVV TNV
nopoyoyn UA ue v opotdotoon owdfpov (Ghio et al., 2005). EEaliov 1o UA, péom g dpdong
T0V ©¢ YNAKOS mapdyovtag, dadpapatilel onuaviikd poAo Ge YNUKES OVTIOPAGELS OTIC OMOies
GUUUETEYEL O GIONPOG LE YOPUKTNPIGTIKOTEPT) TNV AVOGTOAN TNG ovTidpaong Fenton katd tnv omoia
napdyovtor ROS (Glantzounis et al., 2005).

A3.2. Xvvoeon Emnédowv UA in vivo ko AroOnkevtikic BAaBnc

2OUQOVe [UE TO OMOTEAEGUOTO, TO TPOATOONKELTIKA emimeda ovpikov o&€og oyetilovran
wyLVpa He 1WloiTtEPO ONUAVTIKOVG Ogikteg omobnkevtikng PAAPNG Om®g 1 oMK avTIOEEWBMTIKY
KOVOTNTA TOV VIEPKEUEVOD, TO EVOOKLTTAPLO AGPECTIO KOl 1) U1 AvOSTPEYIUN extvokvuTTtdpwon. H
avaivorn moAvdpounong enifefaince ™ onuacio tov enmédwv UA in ViVo ot dtakdpoven tov
TOPOTAVE  TOPOUETP®V  €VIOC NG MHOVAdoS petdyylons, kabog 91%, 64% wow 74% g
petafAntdéTTag Tovg Oavrtiotowo umopel vo amodobel otnv avtictolyyn OKVUAVCT) TOL OLPIKOV
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o&éoc. Ot petafAntéc autég amotehovV TOPAYOVTES KAEWH TG MOOTNTOS TOV AToONKELUEVOV
epvOpoxvttdpov: N TAC TOL VIEPKEWEVOL OVIUTPOCMATEVEL WL GLVOAIKN EKTIUNOCT TOL
avTlo&eldmTikoy duvapukov, ta ceapogyvokvttopa (Blasi et al., 2012; D Alessandro et al., 2012)
vrookdmtoov v emPioon tov RBCS petd omd petayyon (Grenwalt et al., 1990) kot 1o
EVOOKLTTAPLO OOPECTIO Umopel Gueca 1 EUUECH VO TPOKOAECEL £VO KATAPPAKTN OVIIOPACEWV UE
TEMKO  OMOTEAEGUO TNV KVLTTOPIKY 0QUIAT®OT, TNV €puBpdntmon, TN e(voKLTTAp®ON, 1T
amodounon mpoteivov k.a. (Antonelou et al., 2012; Palek et al., 1974; Bogdanova et al., 2013).
[Tpoktikd t0 evamopeivav ovpikd 0O tov 60tn pmopel va pewwost 1o emineda ROS/RNS
elottovovtog TNV oeldwTikn enibeon oe Mmida ko wpwteiveg. ITiBavov yu avtd mapotnpndnke
OPVNTIKY GLGYETION UE TNV KapPovOMmon TpOTEIVOV TOV TAACUATOC KaBmG emiong kot vymAdTEPQ
eninedo. kapPovolimong in Vivo otovg 06tec yauniov UA. Emummdéov 1o kaAdtepo emimeda
avTIOEEWMTIKNAG  IKAVOTNTOG TOV VTEPKEIUEVOL EVOEYETOL VO, EAOYIOTOTOOVV TNV OEEWMTIKN
emPapuvon TOV KAVOADV ca® Bonboviag oe kaAvtepn pLOUoN HETOPOPAS OVIOV GTO
amonkevuévo epvBpokvttapa (Bogdanova et al., 2013). 'Etoi, Oewpnrtikd tovAdyiotov, dev
napatnpeitar omdreion K' amd to kavého Gardos kot omo@edysTon 1 KLTTOPIKY Guppikvoon
(Bogdanova et al., 2013), 1 kvotidromoinon kot n opaipoeyvokvttdpwon (Kiefer xox Snyder, 2000).
To 6hvoAo TV TAPATNPOVUEVOV OTOTEAEGUATMOV, TOL APOPOVV YAUNAOTEPO EMITEON EXVOKVTTAPOV
Kot gvdokvuTTdplov acfeoctiov, kabvotepnuévn mpdcsdeon KoAmaiving kot Prx2 ot pepfpdvn xot
KoAOTEP StaTpnon TG PAOTIAMAIVIG-2 TV Mmdikav oxedwdv (Kriebardis et al., 2007a) cuvadet pe
NV ToPATave vrodeot).

Emmpdcheta 10 ovpkd o&h pmopel va dpa kot evookvtrapia. ‘Exet avapepbel mog to UA
umopel va 16€pYeTaL 6€ 0EEWMUEVA 1] KOPKIVIKE KOTTOPO Y10 VO OVTILETOTOTEL 1 0EE0TIKT PAGPN
(Itahana et al., 2014). Xta gpvbpokidtrapa cvykekpipéve to UA 100 TAAGLOTOG EIGEPYETOL EITE HEC
nafntikng didyvong site péom ATP g&aptduevov vmodoyéa (Lucas-Heron xa: Fontenaille, 1979). H
dwamepatotnTo TG pepPpavng oe UA avEavetar og younAéc tiuég pH (Lucas-Heron xo: Fontenaille,
1979), mapduoleg pe ovTEC TOL cvvavidvior oe povadeg petdyywong (Pallotta et al.,, 2014) pe
OMOTEAECUO. TN OTAdOKY oVENGCT TOLv PLOUOL €16000V TPOTIOVTOG TOL YPOVOL ATOOKELGONG
(Buzdygon xaz Zydney, 1989). v mapovca pelétn n onuavtiky peioon mg evepyodmrog UA mov
napatnpinke v 21" nuépa ocvuminter pe Vv andtoun odEnon evdokvttdpiov ROS war
dedopévn mtoon oto pH (Hess xar Greenwalt, 2002), 600 cuvOnkeg mov €uvoolv TV 16080 EVTOC
TV anodnkevpévov RBCs.

H napoywyn pilov vdpouiiov, oG anotéAespa TG GLENUEVIG GUYKEVIP®ONS GLONPOL Kol
0&uyovov, anotelel Tp@ToPYKO punyaviopud o&edmtikng PAAPNS Tov epvbpokvttapwy (Jozwik et al.,
1997). 'Exyovtag ®¢ 0€d0UEVO TOV TPOOTATELTIKO POAO TOV YNMKOV TOpoyOvVIOV £VavTl TOV
TPoidovImv TV avidpdoemv Fenton kot Haber-Weiss mov mpaypotomotovvtol katd kdépov oto
epvBpoxvTTopa, mBovov 0 Mo onuavtikdg porog tov UA va elval 0 oynUaTIGHOS GUUTAOK®OV LE
wvto Fe** k EMOUEVAC 1) OVAGTOAN TV oYETILOUEVOV HE 6idNpo o&edmTik®V avidpdoeswv (Miura
et al., 1993). "Exet deybei mwg mapovoio UA 1 vrepoleidmon tov Mmidimv Tov TAGGHOTOS Kol TNG
uepuPpdvng, N apdAVon mov mpodyeton amd vrepoteidio (Becker, 1993) kot n dapecorafovpevn and
vitp®dn ovta ofeidmon g oawpooeoatpiving (Smith et al., 1991) ctapatodv 1 kabvcstepovV.
EmumAéov, evtog tov RBCS to ovpwd 00 amotpémer tv ofeidwomn 1ng opooeaipivng oe
Heboos@apivn Kot apoyp®dpoto Kot mavov tov akdiovbo olryopeptopod g (dvng-3 (Low et al.,
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1985; Bosman et al., 2008a; Kriebardis et al., 2007b) 6mw¢ deiybnke kol otV TOPOLGO PEAETN
oToVG 00TEG LYMAOD UA.

Onwc kabe avtoéedmtikn ovoia, £tol kot 0 UA umopel va dpa o&edwtikd pe ™ pila
OVPIKOV KOl TNV aAAavToivn va omotelobv Ta cuviOn mpoidvta ofeidmwong tov. Eviovtolg n pila
oVPIKOV Umopel vo ovTopd pe 10 aokopPikd o0&V mPog mopaywyn TG wo axivouvng pilag
ackopPuov (Becker, 1993). Tavtoypova gival yvootd nog o petapopéag GLUT-1 og cuvepyaocio pe
TN GTOMOTIVI SOUECOAAPOVV GTN HETAPOPE apLdpo-acKopPikov evtog Tmv RBCS 6mov kot avayetat
oe ackopPikd oy (Montel-Hagen et al., 2008). O cuvdvacudg Tov Tapamdve dedouévev ue To
QOTEAECUOTO. TNG TOPOVCAG MEAETNG TIOV Ogiyvouv Tdom Yoo vymAdtepa eminedo GLUT-1 otoug
d6teg yauniov UA in vivo vrodeikvoel mibavhy oAnAEnidpaon avapeso oe ovpikod Kol ackopPikd
0&0. Ilpog emPePainon, £xel mpotabel TS N 0EEidmON TOV AoKOPPIKOV TPOYWPE TOAD O apyd amd
TNV AVTIGTOYYN TOL OLPIKOV GE TEPMTOGELG OTWE 1 ovpotpio (Bakaev et al., 1999). ITpopavdg dpmg
oL avTWPACELS QVTEG etvar ap@idpoES Kot 1 SUVALIKT 1GOPPOTHO TV OVTIOEEIOMTIKMY UNYAVIGUAOV
noAdmAokn pe omotédespa To UA va propet kdAlota va Asrtovpyel kot ¢ 0EE0MTIKO.

A3.3. Movtéro Apacnc Ovpikov OEfoc Evroc tne Movadoc MeTayyionc

Ta dedopéva TOV TAPOVGIACTNKAY GE GLVOVACUO UE: A) TNV 16XV TOV GTATICTIKOV LOVIEA®DV
(TOAVTOPAUETPIKY] OVAALGT Kol avAALGT TAAVOPOUNGNG) oL TapNONcav Katd TV avdivon, B)
TNV KWNTIKN TOL ovpkol 0&E0G Kot y) TNV avTIOEEWMTIKN TOL dpdon, odNynoav Gty TPOTUGT TOV
povtédov dpdong mov akorovBel (eikdva 38). AxorovBdviag TN CEWPE TOV YEYOVOT®V TOL
avaropiotavio otV ikova 38 mpoteivetan 0tL: 1) To UA apyikd dpa eEmxuttdpilo og eKKabaploTng
ROS (Ames et al., 1981) peidvovtag Tig ofedwtikég embféoelc o€ peuPpavikd Kovailo Kot
petopopeis. 2) Me avtd tov 1pomo eEacaiileTon KaAvTep pHOUIOT TOV KOVOAIDV TOV GyeTilovTon
ue 1o aoPéotio kabhe emiong kat tne aviiiag Ca’* (Bogdanova et al., 2013). 3) Emnpdodeto, 1
eMdttoon Tov eEnkuttdpiov ROS propel va avacteilel ev pépet v KopPovuAinon Tp®TEIVOV TOV
vrepkeévov.  4) H mpoodevtikn peiwon tov pH ot0 vrepkeipevo kotd T SdpKew Tng
amofnkevong odnyel o avénon Tov puBuoL £166d0v Tov UA 610 £puBpoKHTTOPO LE TO PAVOUEVO VO
givarl avaioyo tov ypovov amobnkevong (Buzdygon xar Zydney, 1989). H gicodog tov UA yiveton
gite pe mabntikn dudyvon ite pe evepyntikny petopopd (Lucas-Heron xo: Fontenaille, 1979). 5) 1o
eomtepkd tav gpvbpokvttapmv to UA exkabopiler ROS ka1 RNS (Itahana et al., 2014), 6)
neplopifovtag TN UETATPOTN TNG ULUOCEOIPivIG og pebopospapivn kot ocpoypopata (Smith et al.,
1991), 7) emopévmg kot tov oAryopeptoud g {ovneg-3 ot pepPpavn. 8) ‘Eva dAlo onuavtikd
O0peLOC TG evdoKkLTTAPLOS Opacng Tov UA givar 1 kaATepT d10TpnoT TOV MTIOIKOV GYEONDV (OTMG
yivetar epeavég amd o VYNAOTEPO EMTEdD PAOTIAAMYNG-2 GTOVS BOTEG LYNAOD OVPIKOV) Kal 9) 1 ek
TV o0 Pedktiopévn pOOon KoToviKav Kovoldv mov  eEac@oiilet TV 100ppommuévn
€16000/££000 16vTV acPectiov anotpénovag T cuocmpevon evtog Twv RBCS. 10) Qg ek tovtov TaL
YOUMAG ETITESA EVOOKVTTAPIOV OGPECTION EAAYIGTOTOLOVY TNV EVEPYOTOINGT TV Kavolmv Gardos
Ko Tic omdisieg Wvtov K'. 11) Telkd @oivetor ToC GmOTPEMETOL 1 KLTTUPIKY GLPPIKVOGH
(Bogdanova et al., 2013), 1| kvotidtomoinon ™G UEUPPAVIG Kot LEWMVOVTOL TO, EMITESO KUTTAP®V 1N
avaotpéyiung topapdpemong (Kiefer kar Snyder, 2000) gvtog g povadag petdyyiong.
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Ewodva 38: Ilpotewvopevo poviélo yio tnv dpecn oOpdacn Tov ovplkod 0EE0G Katd TN OGpKEW TNG
amofnkevonc oe povadeg petdyyions. Ot dVo opddeg dot@V dapépouy KabOAN TN ddpkelo TG omobnkevong
oT0 eMimeda evePYOTNTAG TOL OVPIKOV 0EEOG, YEYOVOG TTOV UTTOPEL VO DTTOSEIKVVEL KOt TIG d1apopES PETAED Tovg
0€ MOWKIAOVG TAPAYOVTEG.

[Tapoéro avtd dev amokAeieTon 1 GLGYETION TOV OVLPIKOV 0EE0G Vo lval EUUIEST] Kot Vo, Unv
opeiletan og amgvbeing Opaon tov eviog ¢ povaodag petdyyiong. [IiBavov ta epvbpokitrapa dotdv
yopniov UA vo avTimpocOmeEDOVV TEPIMTMOELS YEWPOTEPOV PACIK®OV EMMEdOV (TN OTIYUN TNG
a1podociog) o&edmTikng empPdpuvong Kot ovToEEMTIKOD dVVapIKOD, MG ATOTELECUA THG YPOVIOG
emaENS Le Eva Teyd o€ ovpkd 0&L mepPdriov. Ovimg, ot 66teg yauniov UA yapaktnpilovtol amd
yopnAotepo emineda TAC kot towtdypova ToBOAOYIKES TIHEG KOPPBOVOAIWONG TPOTEIVOV TOL
mAGopatog in Vivo. EmmAéov mapatnpeitat tdomn yio xeipotepa £ninedo KAAGTEPIVIG TOV TAAGHOTOG,
Kot evookvttaplov emumédwv GSH wor Prx2 pe to emimeda whaotepivng vo  avadeikviovtol
naforoyikd (in Vivo) puoévo otovg d0teg yauniov ovpikod o&éog. Me dedouévo OTL N KAOoTEPIVN
EUMALKETAL € TOIKIAEC PUGLOAOYIKEG dladtKacieg (YNPOvon, amdOTTOGT, KUGTIOOMOINoT), PAEYLOVN
k.0.) (Trougakos oz Gonos, 2009; Antonelou et al., 2011a) ko oyetiCeton Oetikd pe to eninedo UA
o€ vyleic eviilikeg o amotédespo avtd mapovotldlel Witepo evdtapépov (Won et al., 2014).
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A3.4. Yourepaocuoto

Ye Kabe mepintmon, elte pécm AGueong opdomng evtog TG HOvAdaG HETAYYIoNG €ite HECH
enidpaong ota Pacikd emimeda 0Ee0MTIKOV/AVTIOEEWOMTIKOD SVVAUIKOD TOV 00TMV, 1 OKVUOVOT
OV oVPIKOD 0&E0G IN VIVO aivetal va unv gival ovdétepn 660V agopd otny amobnkevtikny PAGSN
Tov gpubBpokvttdpmyv. Me Bdaon ta amoteAéopato TG Topovcas OaTpBng 0 POAOG TOV OVPIKOV
o&éog ovvoyiletat ota akdAovba:

v To ovpikd 0&D i VIVO avadelkvieTal 6€ CNUOVTIKO TapayovTa, KaTyoplomoinong vyiov
TOKTIKOV OUOS0TMV KOOGS To EMIMEdE TOL OUAOOTOOVV OMOTEAECUATIKA VA TVY0L0 dElypL
78 atopwv. To yeyovog avtd sivor waitepng onpaciog av Anedei vwoyn 6t  avéivon
ocvothdwv mepteAauPave to cbvoro Tov efetalopevov mapapétpov (N=48). Emumiéov 10
oVpKo o0&V KotatdooeTal otny 1010 opada cuyyévelag mapapétpov pe tig petapfintéc TAC
kot TIBC, ot omoieg d1apEPOuy HEPIKMG OVAUEGH OTIC SLAPOPETIKEG ORAdES ovptkoh 0EEOC,
OAAMAETIOPAOVTOGS LLE CTLLOVTIKOVS TOPAYOVTES TNG OLOOGTAGNG GLOT|POV.

v A6TEG LYNAOV OVPLKOD 0EE0G epPavifovV TAoM Yo KOADTEPT SLOKOUOVGT) GE OAEC GYEDOV
TIG amoONKEVTIKES TOPAUETPOLS TTOV eEETAGTNKAV KOt oyetilovtal pe v o&eldwon kot v
KUTTOPIKT] YNPOAVOT).

v To ovpikd 00 TOL AOdHTN IN VIVO (evidC TV QUGLOAOYIKOV OpimV) umopel vo
KOTNYOPLOTOGEL TO TPOG UETAYYION TPOidV 0cov aeopd o€ Poapdvovcag omnpaciog
TAPOUETPOVS OEEWOMTIKNG EMPAPLVONG, OUOOGTAONG AGPRECTION KOU U1 OVOCSTPEYIL®OV
petaformv Kot va ypnooromBel mg osikng mpoPieync (ne emapkn axpifein) tov ev Ady®
YOPOUKTNPIOTIKAOV. Q¢ €K TOVTOV TO OVPIKO 0EL UTOPEl Vo AELITOVPYNGEL G £VOS EVYPNOTOG,
TPOGPAGILOG Kot 0IKOVOLKOG PlodeikTng amodnkevTikdv PAABdV.

A4. 'ENIKA YYMIIEPAXMATA

[Topd t0 yeyovog 61t M mapovoa OwtpPn eotioce oty emidpacn TG OdKAGIOG TNG
AEVKOQAIPESNG KL TV EYYEVAOV YOPUKTNPIOTIKGOV ToL 86T (donor variation) otv omofnkevtiky
BAGPn, eréyxOnke pio mAnBopa mopapétpov mov EEXWPIOTA 1 GTO GUVOAO TOUG EVOEYXETAL VO
eEMOPOVY otV moldtnTo. TV oamodnkevuévov epvbpokvttdpmv. Q¢ ek TOoLTOL TO POCIKA
GLYKEVTIPMOTIKO COUTEPACLATO TNG CLYKEKPIUEVNG LEAETNG cuvoyilovTol ot EENG:

v H amoOnkevtikn PAaPn dev oyetiCeton poévo pe m odpkela amobrkevong. Evoéyetan
dAhot mopdyovteg OTMC O YEWPOUOG TV HOVAdwV petdyylong (Asvkagaipeon) kol To
010UTEPA YOPAKTNPLOTIKA TOL 00T VoL 100 papaTtilovy oNUOVTIKOTEPO POAO.

v Kpivovtag pe optydg ex Vivo dedouéva (glvar amapoitnTeg Kol UETO-UETAYYICIOKEG
UEAETEC) TPOTEIVETOL 1] XPNIOM TNG TPO-ATOONKEVTIKNG AEVKAPAIPES S GTNV KAVIKNY TTPAEN.

v [Towileg mapdapeTpot eppaviCovv Wwaitepa avENUEVO TOGOGTA OLAKVUOVOTG OVOUESO GE
VYLEIC apoddTeg TO6O IN VIVO 060 kat X VIVO pe T1 SloKOUOVGT) 0UTH VO, OTOSEIKVOETOL TOC
dev glval ovdétepn 66OV apopd oty amodnkevtikny PAAP.
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v Tn otyun g apodociog vmdpyet M SVVOTOTNTO YOPOKTNPIGUOV TNG HOVASOG
petayylong kot mpoPreymg g amoOnkevtikng PAAPNc Yoo moikileg moapapéTpoug
SLUTEPTAOUPOVOUEVOV TOGO OLUOTOAOYIKMV 0G0 Kot BLOAOYIKAOV TOPAUETPMV.

v Mo wpdt| @opd mpoteivetanr £vog €UKOAOC, YPNYOPOS KOl OIKOVOUIKOG OgikTNg
amoOnkevTikng PAAPNG OTTC TO oVPKO 0&D, 0 omoiog yopakTnPilel Eva KOAO 0oKO.

v H yepvpwon ¢ mpo-amodnkentikng eKOVag Tov aipodoTn pe v amodnkevtikny PAGLN
KoL 1 €0peon 0YPNOTOV BLOSEIKTMOV TOV TOPOVGIALOVTOL GTNV TOPOVGO LEAETT], LITOPOVV VL
OTOTEAECOVV TO OvVOYKOi0 TPMTO PrUo Yo TN O®GTOTEPY OOYEIPION TOV TOAVTIL®V
amofepdtov aipoatog kot Vv €&EMEN OV cvotnudteV amodnkevong mPog OPEAOG TOL
UETAYYILOUEVOL 03N YADVTOG TNV WUTPIKT TOV UETAYYIGEDV GTNV TOALTOON TN e€aTopiKeELoN NG
HETAYYIONG OULLOTOG.

142



HHEPIAHYH

Onwc 0la Ta KOTTOpA TOL PBpickovial £E® amd TO PUGIOAOYIKO TOVG TEPIPAALOV £TGL Kot Ta
epLOpa opoopaipto vVITokewvTol o€ pio oepd Prafodv Katd ™ OPKED TG TAPAUOVIG TOVG GE
povadeg petdyyions. To oOvVolo TV HETAPOAIKOV, UNYOVIKOV Kol HEUPPOVIKOV OAAAYDV OTN
Aettovpyia KoL TNV AKEPALOTNTO TOV EPVOPOKVTTAPWOV KATA TN OdPKELD TS 0mobnKeEVONG, TO 0TToio
evoéyetar vo emnpedlel v emPioon kot Aettovpyia in VIVO (petd ) petdyyion dniadn), ovopdaletat
«Amobnkevtikny BAAPN tov Epvbpokvttapmvy. Ot PAdfeg katd tv amodnkevon ex Vivo umopolv va
dwkpBovv oe: o) Buoynuukés arrayés (mtoon tov pH, peiwon 2,3 DPG koar ATP, avénon
EVOOKLTTOPIKOD 0oPeoTion, EMOEKTIKOTNTO O 0EEWMTIKO OTpec K.o.), ) Mnyavikés oAhoyég
(IKovoTTO. EAOCTIKNG TOPOUOPPOONG, UETUCYNUOTIOUOS OE GEAPOEYIVOKVTTOPO K.0L) Kot )
MepBpavikéc arlayéc (amdieln Mmodiov, eEmtepikevon PS, petafoin oe empavelokols OelKTeC,
aALOYEG OTNV TPOTEIVIKY cVGTACT TNG LEUPPAVNGS K.0L.).

H mieiovomra tov napandve PAafodv odnyel o @ovotumo TaBoloyikdv /Kot ynpacuévey
gpubBpokvttdpov (pelowon otn petafoiikny evepydtnmrta, OAAMY] OTO OYNUA TOV KLTTOPOV,
avadounon g pepPpavne, ofewdwtikég PAAPeg oT0  KOTTOPO, UIKPOKLGTIOOTOINGY Kot
eEMTEPIKELON EMPOVEINKDV OEIKTMOV OvVOyVdPIong Kot omopdikpovong). H ynpavon pe tig aAlayég
ov emeépel, amoterel évav amd Tovg Toapdyovieg mov Ba odnynoovv ta. epvbpoxvTTapa. GE
exxkafapion Kvping péow eayokvttdpmong. [Ié€pav dpmg g amopdkpuveng HECH PAyOKLTTAPMONG,
T0 gpLOpd arpoceaipa givar dvvatd va odnynbovv oe Ilpoypappaticpévo Kuttapud Odvato
(ITK®) kot mo cuyKeKplUéva pe omdTTMOoN UECH UEUPPOVIKOV VTOJOXEMV N pe epvBpomTOoT. Ze
K60e mepintmon éva mM0GoGTd TOV TPOG HETAYYIoN €pLOpOKLTTAP®Y B KaTUGTPAPEL 0ONYDOVTOS GE
pelmon g amoTeELECUATIKOTNTAG TNG LETAYYIONG.

‘Exer oeyyfel mwog €51 mapdyovteg emnpedlovv 10 TOGOGTO AVAKTNONG TOV £PLOPOKVLTTAPOV
petd omd amobnkevon. Or mapdyovieg avtol eivar: 1) n dibpkelo g amodnkevong, 2) to €160g
TAQGTIKOTOTN OV YPNOLUOTOIEITOL 6T Hovada, 3) 1 ovvOeon tov dtwddpatog cuvinpnong, 4), o
OYKOG TOL OWAVUOTOS cuvInPnong S5) M moldtnTa ™G AgvKagaipeons, kot 6) 1 €0¢ TOPQ
JVGEPUNVEDTN OLOKDLOVGT] TOV OLPOPETIKAOV 00TMOV OGOV 0pOopd GTNV KAVOTNTO OTOONKELONG TMV
gpuBpokvttdpov tove. Eivar yvootd mAéov mmg epvBpoxvrttopa amd GUYKEKPIUEVOUG OOTEC
eupaviCouv vynAotepa emineda opdOALONG Kol YounAdtepa emineda ovaktnong 24 dpeg petd
petdyyon. Akoun Kot oto TAEOV GUYXPOVa amodNKeLTIKA HEGO, SLOPOPETIKOTL aploddTES ERPAVIiOvY
SLUPOPETIKEG dVVATOTNTEG ATOONKELONG LE TO OAHTEPO YOPAKTIPLOTIKA TOVG VO AVASEIKVOIOVTOL MG
0 O CNUAVTIKOG TAPAYOVTOG TOV 00MYEL GE AUOAVGT EVTOC TOL ACKOV aKOUN Kot dtav Aoppdvoviat
VEdYN OAO1 01 LITOAOITOL TAPAYOVTEG TTOL TTPOOVOPEPONKAY (Aevkapaipeot), dldpkeln amodnkevong,
€100¢ ka1 GyKoG GUVTNPNTIKOV SOAVUOTOG KAT). QoT1d60, ekTdg Omd T EMIMEdD ALLOCPUPIvVIG TOV
d0TN, 0ev &xouv eEeTaoTel UEXPL OTIYUNG GAAL EYYEVT] XOPOKTNPIOTIKA TV EpLOPOV apocpupinV
nov Ba puropovoav vo ETNPEAGOVY TNV TOLOTNTO TOV TTPOG UETAYYIoN OiloTOC Kot mlavoTtato v
ATOTEAECUATIKOTNTO TNG 110G TNG LETAYYIONG.

2KOTOG TG TapoVGOS SATPIPNG NTAV 1 LEAETT TNG GNUOTOOTNONG KLTTUPIKNG YNPOVONG Kot
Oavdrtov in vitro ce mokideg cuvOnkeg (6mmg 1 Aevkapaipesn) Tov ypnotponotovvial EiGov yia

petayyioelg Kot 1 mlavi GLGYETIOT OVTOV TOV GNUOTOOOTIKAOV HOVOTATIOV LE EYYEVT] PLGLOAOYIK(
YOPOKTNPLOTIKA TV EMAEYUEVOV SOTMV IN VIVO.
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o 10 okomd avtd ypnowomombnke EAePikd aipo amd 215 dppeveg vylelg apoddteg ot
omoiol TANpovGaV TO. KPLITNPL TNG podosiog kabmg emiong Kot arodnkevpéva epvbpokvttapa amd
26 povadeg petdyyong. Ta detypato eléyyOnkov Yo TOWKIAEC OUUATOAOYIKES, Ploynmuikég Ko
Broroyikée mopapéTpovc. Metald GAAOV TPOYUOTOTOWONKE KUTTOPOUETPIO. PONG Yot TOV EAEYYO
TPOTOTOINGTG EMPAVEIOKDV OEIKTAOV, TOPATHPNCT O MAEKTPOVIKO HIKPOGKOTIO GAPWOONG Yo
HEAETN TNG HopeoLoYiag KOOMG emionNg Kol POTOUETPIKES Kl POopiopopeTpikég pébodot eAEYyoL
Bloynuk®v Kot QUGLOAOYIK®V TAPAUETPOV TOV EPLOPOKVTTAP®V.

Tao amoteléopata ™G HEAETNG EMIOPAONG TG AEVKOQAIPESNS £0E1E0V TG N ATOUAKPLVON
AEVKOV oOcQopimV amd T HovAda LETAYYIoNS 00NYEL O€:

1. KoAbdtepn dothpnon e akepotoOTnTag TS LEUPPAVNS AOY® HEIOUEVOV EMTEOWV KUTTAPWOV
Un avaoTpEYIUNG TOPAUOPPMOONS (OPOIPOEYIVOKVTTOPM), £EMKVOTIOONOINGNG, OUOALONG Kot
e€MTEPIKELONG POCPATIOVAOCEPIVIG OTIC AEVKOPAIPEUEVES HOVASEC GE GYECT UE TIG N
AEVKAPOPEUEVEG,.

2. Xouniotepo eminedo dektdV 0EedTIKNG emPdpvvong omwg ehevbepeg pileg o&vydvov,
kapPovorioon TpoTEIVOV ™G HEUPpavng Kot Tpodcdeon vrepoEeldosivng-2 ot uepppdvn tov
AEVKOQUPEUEVDV OELYUATMV.

3. KobBvotépnon g epvbpodmtoong HECH UEWOUEVOV EMTEI®V  EVOOKVTTAPIOV Cca® kot
TPOCOECTG TNG OCPEGTOEEAPTAOUEVTG TPOTEACTG KAATOIVIG GTNV EpuOpoKLTTAPIKNY HEUPPvn.

4. Xouniotepa enimedo TPOTONTOMGE®Y (POSPOPLAI®GT, olyoueptopog, tpocdeon 1gGs) g
Lovng-3 mov oyetilovrot pe to Pacikd HLOVOTATL YHPOVGNS TOV £pLOPOKVLTTAPOV.

5. Bektiopévn eikdéva veapmv EpuOPOKLTIAPOV OTIG AEVKOPALPEUEVES LOVAOES.

Ta amoteléopato TG HEAETNG EMOPAONG TOV EYYEVAV YUPOUKTNPLOTIKOV TOV OLHOOOTY)
£0e1&av TmG:

1. Ot vyeig 0podoteg in VIVo Topd to yeyovog 0Tt TANPOVV TO. KPLTHPLOL TNE Ood0Giog dev
amoTEAOLV évav opoloyevi) TANBuopd Kob®OG peydlo TOGOOTO OmMOKAIVEL OO TO (QULGLOAOYIKO
€0pOg SKVUAVOTG TOAADV TOPAUETPOV OTTMG £ival 1] KLTTOPIKY €VOPOLGTOTNTA, | ALLOALGT Kot
1N OVTIOEEWOMTIKN TKOVOTNTA.

2. H mpo-amoBnkevtikn ewova evog olptoddtn GUVIEETAL QUECO LE TV TOWOTNTA aoBKELONG
€PLOPOKVTTAPWOV TOV GE HLOVADES LETAYYIOTG.

3. Tapauetpor énwg ot HbF, MCF, MCHC, RDW «k.a. dwadpopatiCovv Kevipikd poro otnv
OLLO106TOOT TOV £PVOPOKVTTAPOL TOGO IN VIVO 660 Kol €X VIVO, 0Ttmg YiveTal avTIANTTO HECH NG
aVIAVONG OIKTOMV.

4.  Asgikteg pe peyoldtepn oakvpaven evtog TG HOVADOG LETAYYIONG OMOTEAOVV TPMOTEIVEG TOV
oyetiCovton pe ) pepppavn (koAmaivn, HSp70 k.a.) kot pun tpoteivikol deikteg otpeg (KAaotepivn
Kot povo&eidto tov al®Tov 610 TAAGUA).

5. IIépav tov apatoroyikov yapaktnpotikov (MCV, MCH, MCHC, RDW) napduetpot émwg
N EOTEPIKELOT POGPATIOVAOGEPIVIG, | OCUMTIKT EVOPALGTOTNTA KOt 1] KAOGTEPIVY] TAAGUATOC
eneavifouv dtakdpover Katd tn oldpkela g amodnkevong 1 onoia givarl avarloyn TV EMTEI®V
TOVG IN ViVO, yapaktnpilovtog T povada PeTdyyiong.

6. H mopovsioc. HbF in vivo ce @ucloloywkd emineda @aivetor vo KOTyOPlOmolEl Tig
TOPAYOUEVEG LOVAOEG LETAYYIOTNG OGOV QPOPE GE TOPAUETPOVS OIS 1) OVTIOEEIOWTIKY KOVOTNTAL
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TOV VIEPKEUEVOL, 1] OCUOTIKYT] EVOpaLGTOTNTA TV EPLOpOKLTTAP®Y Ko 1] OpopuPmTiKn IKavOTnTO
TOV EPLOPOKVTTUPIKAOV KLOTIOIMV.

7. AOTEC QULOIOAOYIKA AVENUEVOV EMTEd®Y 0VPIKOD 0EEOC IN VIVO gugoaviovv KoADTEPO
mpotumo  eEEMENG G amofnkevtikng  PAAPNG  epvBpokvTTApOV  (GEOPOEYIVOKVTTOPA,
EVOOKLTTAPIO 0oPEoTIO, avtioéedmTikol dgikteg, eminedo mpoteivodv ™G peuPpdvng 1
oYETWLOUEVOV LE QLT K.0L.)

8. To ovpwkd 0&O TOovL EEoddTN IN VIVO (8VIOC TOV QUGLOAOYIKOV Opimv) umopel va
KOTNYOPLOTOGEL TO TTPOG UETAYYION TPOIdV OGOV apopd 6€ PapOvovcas oUOGIOS TUPAUETPOVS
0&eldOTIKNG emPapuvong, ouoldeTaonS acPecTion Kol UN OVOSTPEYIUL®OV UETAROADY Kol vo
ypnoporomei wg deiktng mpOPAEYNS TOV €V AOY® YOPOKTNPLOTIKOV.

Svumepacpatikd 1 amrodnkevtiky PAAPN o0& oxetiletor povo e TN SdpKELD TG AmOOKELOTG.
Evdéyetar dAlol mopdyovies, OT®MG 0 YEWPIGUOC TOV HOVAd®V HeTdyyiong (AevKagaipeon) kol To
Wuitepa YOPaKTNPIOTIKG TOVL 0T va dtadpapatilovy onuoviikdtepo poro. ITo cuykekpéva Kot
KPIVOVTOG HE apy®dS eX VIVO 8edouéva 1) amoUdKPUVGT TOV AEVKOKVTTAP®V QOIivETOL Vo PEATIOVEL
aoOntd v ot TOV TPOG HETAYYIoN €pLOpOKLTTAPOV Kol THAVOG VO LEIDVEL TIG KAVIKEG
EMMAOKES LETA OO LETAYYION.

EmumAéov, 10 €0pog g dtokOpavong 6€ TOAAN OUOTOAOYIKE/BLOAOYIKA OPOKTPLOTIKA gV
elval oVOETEPO OGOV OPOPE GTNV EMOEKTIKOTNTO TOV EPVOPOKVTTAP®OV GTNV amodnkevTikny PAGPN.
[Mapdpetpot tov 0pododTn iN VIVO 0mw¢ M ootk evBpovototnta kot 1 eE@TEPIKELON
QwoPaTdVA0cEPIVIG YapoakTNPilovy KOl TN TAPOYOUEV] LOVAOO, HETAYYIONG OO TN OTLYUN TNG
a1podociog uéypt To TEAOC TG amodnKeLTIKNG TePtddov. TELOG T0 oVPKd 0EL TOL aoddTy IN VIV
EMOEIKVOEL KAAG YOUPOKTNPIOTIKA VTOYNPLOL PlodeikTn amodnKevTikng tkavotntag epubpokvTTdpmV
KaOdC Katnyoplomotel Kot TPOPAETEL CNUAVTIKEG TOPAUETPOVS OmobnkevTiKNG PAGPNG, OT®G TO
eMimedn €VOOKLTTAPIOV AGPECTION, TO TOGOGTO WUN OVACTPEYIL®V EXLVOKVTTAP®OV KOl 1] OMKN
avTIOEEWMTIKT TKOVOTNTO TOL VIEPKEUEVOD TNG HOVAdAG UETAYYIoNS (TOCO £vOOKLTTAPLO OGO Kot
eEokuttdplo dpdon tov ovpkov 0E€og). To ovpkd o0& @aivetar va dpa Kot EVIOS TNG LOVASOG
petdyyionc. Av n opdcn tov oeeileton og KOAOTEPA OPYKA EMITEDD 0EELODTIKOV/OVTIOEEWOMTIKOV
ooluyiov tov 86t N g awénuéva eninedo ovpkoD 0EE0G eVTOG TNG LOVAJOS OTOTEAEL AVTIKEIILEVO
TEPAUTEP® LEAETNC.

H yepdpwon g mpo-amodnkenTiKng €1k vag TOL a1ptod0Tn ue TNV amobnkevtiky PAGSN Kot n
ghpeom eLYPNOTOV PLOGEIKTAOV TOL TAPOVSIALOVTAL TNV TOPOVCO, LEAETT] LWITOPOVV VO ATOTEAEGOVY
TO avoyKoio Tpdto P Yo ™ 6oTdTEPN SLYEIPIOT TOV TOADTIUOV ATOOEUATOV AiATOS TPOG
6pel0g ToL peTayylopevoL (eEaTOIIKEVOT) 1OTPIKNG TOV UETAYYIGEWDV).

145



ABSTRACT

Like every cell removed from its natural environment, red blood cells (RBCs) stored in blood
banks undergo a series of physiologic alterations that collectively called "Storage Lesion”. These ex
vivo alterations are classified into three broad categories: A. Biochemical changes (drop of pH, 2,3
DPG and ATP depletion, increase in intracellular Ca®* levels, susceptibility to oxidative stress, etc.),
B. Mechanical changes (reduced deformability, transformation into  non-reversible
spheroechinocytes, etc.) and C. Membrane changes: lipid loss, PS externalisation, alteration in
surface markers and membarne’s protein content, etc.).

Most of these changes result in abnormal phenotype and/or premature senescent erythrocytes
(decrease in metabolic activity, change in cell shape, membrane rearrangement, oxidative cell
damage, microvesicles formation and externalization of surface markers for recognition and
clearance). The impairments, caused by aging, are among the factors, which lead to erythrocytic
clearance mainly through macrophage recognition. Apart from phagocytosis, RBCs can also die
through programmed cell death (PCD) and more particularly via membrane receptors—-mediated
apoptosis or eryptosis. In any case, a part of the transfused RBCs is going to be destroyed in the
recipient leading eventually to inefficient transfusion.

It has been shown that six factors affect the recovery rate of the erythrocytes in vivo: 1) the
storage period, 2) the type of unit’s plasticizer, 3) the composition of the additive solution, 4) the
volume of the suspending solution, 5) the quality of leukoreduction, and 6) the so far — imperfectly
understood variability among different donors in respect to the storage capacity of their erythrocytes.
It is now well accepted that certain donors’ erythrocytes exhibit higher levels of hemolysis and lower
in vivo recovery 24 hours post — transfusion. Even in the most contemporary storage solutions, when
all the above mentioned factors have been taken into consideration (leukoreduction, storage period,
type and volume of preservative, etc.), different donors exhibit quite different RBC storage capacity.
Thus, certain donor-associated characteristics are correlated with factors affecting the in-bag
hemolysis. However, apart from donor’s hemoglobin, other inherent characteristics, which can affect
blood transfusion quality and effectiveness, have not yet been examined.

The scope of this thesis was to clarify how the RBC aging and death signaling proceeds
during the storage period in various conditions (such as leukoreduction) used in transfusion practice ,
as well as the possible relevance of these signaling events with intrinsic physiological characteristics
of eligible blood donors in vivo.

For that purpose, venous blood (N=215) and ex vivo stored RBCs (N=26 blood units) from
healthy male donors who met blood donation criteria were used. Samples were tested for a variety of
hematological, biochemical and biological parameters and various approaches were followed.
Among them, flow cytometry was performed to monitor modifications in cell surface markers,
Scanning Electron Microscopy was used to study cell morphology and finally photometric and
fluorometric methods were held in order to examine biochemical and physiological parameters of
RBCs.

The results of the leukoreduction project illustrated that the removal of the majority of the
white blood cells from the packed RBCs unit leads to:
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1. Better preservation of the membrane integrity observed through the decreased levels of
irreversible cell transformation (spheroechinocytes), vessiculation, hemolysis and
externalization of phosphatidylserine at the leukoreduced units compared to the non
leukoreduced ones.

2. Lower levels of oxidative stress indexes, namely reactive oxygen species, carbonylated
membrane proteins and binding of peroxiredoxine-2 (Prx-2) at the cell membrane of
leukoreduced samples.

3. Delay of erytosis through reduced levels of intracellular Ca®* and binding of the calcium-
dependent protease, calpain, to the erythrocyte membrane.

4. Lower levels of band-3 modifications (phosphorylation, oligomerization, binding of 1gGs)
functionally associated with the main erythrocytic aging pathway.

5. Improved homeostasis of the young RBCs at the leukoreduced units.
The results of the donor-variation effect on RBC storage capacity showed that:

1. Regular blood donors, despite meetting the established criteria for blood donation, do nor
represent a haematologically homogeneous population. In fact, a large proportion of them
exhibited aberrant values in RBC osmotic fragility, hemolysis, antioxidant capacity and other
factors probably associated with the RBC storability.

2. The prestorage hematologic profile of each donor is correlated with the quality of stored
erythrocytes in the transfusion units, in many ways.

3. Parameters such as the HbF and the MCF, MCHC and RDW indexes play a central role in the
homeostasis of erythrocytes, both in vivo and ex vivo, as perceived through network analysis.

4. Parameters presenting the greater variation among the stored RBC units are membrane-
associated proteins (calpain, Hsp70, etc.) and non-protein stress markers (clusterin and nitric
oxide in the plasma).

5. Apart from the classic hematologic parameters ie. MCV, MCH, MCHC, RDW,
phosphatidylserine externalization, osmotic fragility and plasma clusterin varied during
storage in proportion to their levels in vivo and as such, they characterize the blood unit.

6. Normal levels of HbF in vivo seem to classify the transfusion units with respect to parameters
such as the antioxidant capacity of the supernatant, the osmotic fragility of the erythrocytes
and the microparticles-related pro-coagulant activity.

7. Donors exhibiting within normal range- elevated levels of uric acid in vivo are characterized
by a better RBC storage lesion profile (spheroechinocytes, intracellular calcium levels,
antioxidant markers, levels of membrane proteins or membrane associated proteins, etc.)

8. Uric acid levels in vivo may classify the transfusion unit with regard to oxidative stress
parameters, calcium homeostasis and irreversible changes and thus may be used as a predictor
of those storage lesion-indicative characteristics.

To summarize, the storage lesion phenomenon is not only a parameter of the storage duration.
Other factors such as the processing of the transfusion units (leukoreduction) and donor’s inherent
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characteristics may play a greater role than the ex vivo preservation time. More specifically, and
based exclusively on ex vivo data, removal of the residual leukocytes appears to significantly improve
the quality of the transfused red cells and possibly reduce the post-transfusion clinical complications.

Moreover, the variation observed in several hematologic/biological characteristics is
associated with the erythrocytes’ susceptibility to storage lesion. Donor-specific osmotic fragility and
externalization of phosphatidylserine characterize the transfusion unit from the beginning the end of
the storage period. Finally, donor’s uric acid levels in vivo might be a good candidate biomarker of
erythrocytes’ storage capacity because it secems to effectively categorize and predict important
parameters of storage lesion, such as intracellular calcium levels, irreversible echinocytosis and total
antioxidant capacity of the supernatant. It remains unclear if the differences observed can be
attributed to the increased levels of uric acid inherent by the high-UA donors to the blood unit or to
the better baseline (in vivo) redox status of these donors compared to the low-UA ones.

In conclusion, bridging the in vivo hematologic with the storage lesion profile and finding, in
parallel, handy biomarkers of the storage lesion, like those presented in this PhD thesis, may be the
necessary first steps to the effective management of the precious blood stocks in respect to each
donor specificities and to the recipient clinical needs (personalized transfusions).
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1. Introduction

Effective ex vivo storage of red blood cells (RBCs) is an essential
requirement for medical practice. Stored RBCs undergo a series of
time-dependent - yet early enough recognizable — physiological,
structural and biochemical alterations, which are only reversible
to some extent [1]. In the RBC storage lesion context, physiolog-
ically important disturbances in energy metabolism, rheological
properties (shape, deformability, aggregability, intracellular vis-
cosity), oxidation/carbonylation stress and finally, in cellular
aging process have been widely characterized [1,2]. Altered
membrane surface and cytoskeleton contribute to the RBCs
damage and clearance [3,4]. Although the clinical importance
of the RBCs storage lesion is poorly understood, some of the
irreversible deteriorations of the stored RBCs, like hemolysis,
potassium release and microvesicles accumulation, are associ-
ated with reduced post-transfusion survival/efficacy and in-
creased risk of adverse reactions in the recipients [5,6].

The currently used techniques for the preparation of
standard RBCs products include the pre-storage filtration of
blood to remove the contaminating donor leukocytes and
platelets. Despite controversy among the randomized clinical
trials on the beneficial or neutral effects of filtration [7,8],
the introduction of pre-storage leukoreduction has provided
significant improvement in transfusions by lowering the
incidence of viruses transmission and the circumstantial, yet
severe, untoward clinical effects (alloimmunization, immuno-
suppression, inflammatory responses etc.) that have been
related to increased morbidity/mortality liability [5,9]. More-
over, the leukoreduction exhibits a beneficial effect on
RBCs storage lesion, by improving both the hemolysis and
the post-transfusion recovery of leukoreduced RBCs [9,10].
Activated, apoptotic or degenerated leukocytes could equally
trigger adverse transfusion reactions and storage-associated
damage, since they represent a source for bioactive factors,
like oxygen free radicals, cytokines and enzymes [10,11].
However, pre-storage leukocyte reduction has not eliminated
all the leukocyte-related responses [12] nor the biochemical
and morphological changes that occur to RBCs as a conse-
quence of aging and storage [13]. As a matter of fact, some
authors claimed that there is but a modest improvement
in post-infusion viability of leukoreduced RBCs vs. the
non-leukoreduced ones [14]. Further on, a recent study
suggested that the pre-storage filtration may aggravate blood
storage lesions [15]. Finally, although leukoreduction has been
assigned as a standard in the labile products making, today,
approximately 20% of the transfusions in the United States
[16] and much higher percentage of those performed in
several European countries are still conservative, namely
non-leukoreduced. Therefore, there is still a need for clarifying
the probable effects of leukoreduction on storage lesion
progression as well as on in vivo efficacy and adverse transfu-
sion effects. Adequate inventory and understanding of RBCs
storage lesion in relation to various storage strategies currently
followed in clinical practice is probably the only way to mitigate
the disturbances that render RBC transfusions dangerous or
less effective.

This study aims at reporting experimental facts touching
the effect of residual leukocytes in the progression of RBCs
storage lesion under standard blood banking conditions, with

emphasis to the senescence and oxidative stress associated
molecular and cellular modifications. To this purpose, we
evaluated a series of storage quality measures in RBCs stored
in either leukoreduced (L) or non-leukoreduced (N) units. A
careful standardization of sample harvesting, process and
storage was set up in order to minimize the pre-analytical
variations. Our hematological, structural, biochemical and
proteomic data suggest that the residual leukocytes and
platelets represent an additional stressful factor for the stored
RBCs, affecting almost all RBCs removal signaling mechanisms
and thus their structural and functional integrity. The partial,
yet significant, alleviation of so many storage-related manifes-
tations in L-RBCs compared to N-RBCs is presented for the first
time and provides a rational mechanistic interpretation of the
improved storage quality and transfusions observed after the
introduction of pre-storage leukoreduction.

2. Materials and methods
2.1.  Material supplies

Antibodies against band 3, spectrin, human IgGs and
HRP-conjugated antibodies to goat IgGs, as well as protease
inhibitor cocktails, phosphatase inhibitor cocktail 2, t-butyl
hydroperoxide (t-BHP) alpha-cellulose, microcrystalline cellu-
lose (type 50), N-ethylmaleimide (NEM), Percoll medium (d=
1.13 g/ml), Drabkin’s reagent components and common
chemicals and buffers were all obtained from Sigma-Aldrich
(Munich, Germany). Electron microscopy grade glutaralde-
hyde solution was from Serva (Heidelberg, Germany). Anti-
bodies against hemoglobin (Hb) and peroxiredoxin 2 (Prx2)
were obtained from Europa Bioproducts (UK) and from Acris
GmbH (Herford, Germany), respectively. Antibodies against
CD47, clusterin, HSP70, calpain-1 (u-calpain), cathepsin E and
band 3 were from Santa Cruz Biotechnology (CA, USA).
Anti-human CD59 and HRP-conjugated anti-rabbit IgG were
from R&D Systems (MN, USA). mAbs against synexin (annexin
VII) and flotillin-2 were obtained from BD Transduction
Laboratories (CA, USA). Sodium orthovanadate and Syk
inhibitors II and IV were from Calbiochem (Darmstadt,
Germany). bis-sulfosuccinimidyl-suberate (BS3) crosslinker was
from Thermo Scientific (Rockford, IL). Anti-phosphotyrosine
(pTyr, clone PY20) mAb, MF membrane syringe driven filters
and the Oxyblot® detection kit were obtained from Millipore
(Temecula, CA). A-23187 ionophore and annexin-V-Fluos solu-
tion were from Roche Diagnostics (Burgdorf, Switzerland).
5-(and-6)-chloromethyl-2’,7’-dichloro-dihydro-fluorescein diace-
tate, acetyl ester (CMH2DCFDA) and fluorescent calcium indica-
tor Fluo-4 (Fluo-4 AM) were from Invitrogen, Molecular Probes
(Eugene, OR). HRP-conjugated antibodies to rabbit IgGs, ECL
Western blot detection kit and Percoll solution (d=1.131 g/ml)
were from GE Healthcare (Buckinghamshire, UK). HRP-
conjugated antibodies to mouse IgGs were from DakoCytomation
(Glostrup, Denmark). Rabbit anti-human CD235a was from AbD
Serotec (Oxford, UK). Bradford protein assay was obtained
from Bio-Rad (Hercules, CA). Western lighting Plus ECL was
from Perkin Elmer (CA, USA). mAb against stomatin and
antiserums against proteins 4.1R and pallidin (band 4.2) were
kindly provided by Prof. R. Prohaska (Institute of Medical
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Biochemistry, University of Vienna, Austria) and Prof.
J.Delaunay (Laboratoire d'Hématologie, d’Immunologie et
de Cytogénétique, Hopital de Bicetre, Le Kremlin-Bicetre,
France) respectively.

2.2. Study planning, subjects and RBCs storage in blood
bank conditions

Venous blood of 12 eligible, young (22-42 years old) blood
donors was used in the present study. Initially, packed RBCs
from 8 different donors stored in citrate-phosphate-dextrose
(CPD) (CPD)/saline-adenine-glucose-mannitol (SAGM) units
with (L, n=4) or without (N, n=4) filter leukoreduction were
studied. By preliminary hematological analysis any aberra-
tions from the average hematological profile were excluded.
In order to examine the influence of donor variation to the
diversification observed between stored L- and N-RBCs, we
prepared L-RBCs preparations from 4 additional donors (n=4)
under the same storage conditions. After a rational period of
time, the same donors donated blood to prepare N-RBCs units
(n=4). That approach was considered more reliable compared
to the usually engaged division of a unit into filtered and
non-filtered components, because it allows analysis of cell
components under original volume and blood banking condi-
tions. The hematological and blood biochemical analysis
performed after the second donation verified the presence of a
stable, normal hematologic profile, while a strict standardization
of all procedures, analytical protocols and methodologies
followed (blood collection conditions, type of anticoagulant and
additive solutions, time/temperature before processing, working
and storage duration and temperature, sampling volumes and
timing, needle-to-analysis time, freeze-thaw cycles for frozen
membranes etc.) ensured minimal levels of pre-analytical and
analytical variations among the different measurements. The
study has been submitted and approved by the Research
Bioethics and BioSecure Committee of the Faculty of Biology/
NKUA. Investigations were carried outin accordance with the
principles of the Declaration of Helsinki. Informed consent
was obtained from all blood donors participating in this
study.

Collection and processing of blood, as well as isolation,
storage and sampling of packed RBCs under various conditions
were performed as previously described [17]. Briefly, whole
blood was collected in a CPD/SAGM triple blood bag system
(Baxter, Rome, Italy), anticoagulated with 63 ml of CPD (2.63 g
sodium citrate dihydrate, 0.30 g citric acid monohydrate, 2.55 g
dextrose monohydrate, 0.222 g monobasic sodium biphosphate
monohydrate) and passed through leukoreduction filters (only
for the L-preparations) according to the manufacturer’s
instructions. In order to prepare fresh frozen plasma from the
same donations (for transfusion purposes) the blood units were
filter leukodepleted after 8 h hold-up time at room temperature.
RBCs concentrates were prepared by centrifugation in an
automated blood processing device (Compomat G4, Fresenius
HemoCare) before 100 ml of SAGM solution (0.9 g dextrose
monohydrate, 0.877 g sodium chloride, 0.0169 g adenine,
0.525 g D-mannitol) was added. Then RBCs were stored for
7 weeks at 2 to 6 °C. From the first 24 days of storage and
weekly thereafter, a sample was collected from the stored units
(5-20 pl for the microscopy and fluorometry experiments, 2.5~

3.5 ml for the RBCs fractionation and membrane preparations
and 60 ml for the vesicles preparation on day 17 of storage) by a
sterile sampling device, after gentle mixing of the unit content.
As controls, donor RBCs collected before the banking procedure
as well as stored RBCs of days 04 were used. Differential
leukocyte and RBC counts, hematocrit (HCT), Hb concentration
and RBCs indexes (mean cell volume, MCV; mean cell Hb, MCH;
mean cell Hb concentration, MCHC; RBC distribution width,
RDW) were performed using an automatic blood cell counter
(Sysmex K-4500, Roche). Residual leukocytes measurement
post-filtration was performed manually by the Tiirk’s solution
method. Percentage hemolysis was determined by comparing
the supernatant Hb to total Hb concentrations, using Drabkin’s
method [18,19]. The HCT of each sample was measured before
assay using microhematocrit centrifuge.

2.3. Electron microscopy

For the morphological evaluation of RBCs by scanning electron
microscopy, purified RBCs were fixed with 2% glutaraldehyde
and post-fixed with 1% osmium tetroxide in 0.1 mol/L
sodium cacodylate buffer, pH 7.4. Fixed cells were successively
dehydrated in ascending ethanol series and allowed to settle on
standard microscopic cover glasses. Finally, RBCs were coated
with gold-palladium (Tousimis Samsputter-2a, Rockville, Mary-
land) before being examined in a microscope (Philips SEM515).
Classification of cell transformations was achieved by using
the standard criteria with minor modifications as previously
described [20,21]. All spherocytic modifications of the stored
cells (spherocytes, spheroechinocytes and spherostomatocytes)
along with RBCs presented with degenerative shapes were
assorted to the “irreversibly” transformed cells group, as
previously suggested [22,23]. The percentage of discocytes and
that of irreversible (see above) or reversible (all the other types
of minor to severe shape modifications, e.g. echinocytes type III)
was estimated by 3 independent individuals in “blind” electron
micrographs containing at least 2000 cells from randomly
chosen fields. Only the perfectly shaped discocytes have been
included in the category “normal RBCs”. Discocytes with even
minor alterations in volume, surface or contour were charac-
terized as reversibly changed cells.

2.4. PS externalization in stored RBCs

Detection of phosphatidylserine (PS) exposure was performed by
confocal laser scanning microscopy (CSLM) analysis of RBCs
labeled with annexin V that is a calcium-dependent, sensitive PS
probe. 10° L- and N-RBCs stored for various periods in CPD-SAGM
were incubated in a calcium-containing buffer (10 mmol/L
Hepes/NaOH, pH 7.4, 140 mmol/L NaCl, 5 mmol/L CaCl,) and
labeled with the fluorescent Annexin-V-Fluos solution for 15 min
at 20 °Cin the dark, according to the manufacturer’s recommen-
dations. Examination was performed with CLSM (Digital Eclipse
C1, Nikon, NY) using an excitation wavelength of 488 nm and
detection in the range of 515-565 nm (green), with recordings
at the same exposure times. As positive controls, we used
N-ethylmaleimide- (inhibitor of aminophospholipid translocase)
pre-treated cells, in vitro oxidized cells or cells loaded with
calcium/ionophore A23187. As negative controls, non-stored
RBCs from each donor as well as freshly donated blood were
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used and were either free of signaling or they presented with
extremely low percentage of PS-positive cells (<0.06%). The
percentage of PS-positive RBCs in each sample was evaluated in
triplicate assays, by counting 800 RBCs at least in randomly
chosen fields.

2.5.  Determination of intracellular ROS and calcium

ROS accumulation in stored RBCs was detected with the
membrane-permeable, non-fluorescent and redox-sensitive
probe 5-(and-6)-chloromethyl-2’,7’-dichloro-dihydro-fluorescein
diacetate, acetyl ester (CM-H,DCFDA) according to the
manufacturer’s guidelines with minor modifications as previ-
ously described [21]. CM-H,DCFDA is de-esterified inside the
cell. Oxidation of the de-esterified product by intracellular ROS
yields the fluorescent DCF (dichlorofluorescein) product that
can be quantified by fluorometry or flow cytometry. More
specifically, isolated, leukocyte-depleted (by cellulose col-
umns, see below) and thoroughly washed RBCs at 1% HCT
(each sample in triplets) were loaded with 10 pmol/L
CM-H,DCFDA in PBS buffer for 30 min at 25 °C. Afterwards,
the CM-H,DCFDA-loaded RBCs were washed once with PBS
and incubated for a short recovery time of 10-15 min in order
to render the dye responsive to oxidation. Fluorescent DCF
production was measured using the VersaFluor™ Fluorometer
System (Bio-Rad) at 490 nm excitation and 520 nm emission
wavelengths. Intensity records were normalized to the protein
level (~1.0-2.0 mg/ml). CM-H,DCFDA sensitivity to ROS detec-
tion was verified in H,O,- or t-BHP-treated stored RBCs suspen-
sions. The following negative controls were used: (1) unstained
RBCs incubated with only PBS buffer to detect auto-fluorescence,
and, (2) cell-free mixtures of dye and buffers.

For the intracellular calcium measurement, L- and N-RBCs
were resuspended (final HCT 0.32-0.64%) in a buffer
containing 145 mmol/L NacCl, 7.5 mmol/L KCl, 10 mmol/L
Hepes/NaOH, 1.8 mmol/L CaCl,, 10 mmol/L glucose and
10 mmol/L sodium pyruvate (pH 7.4). The cells were loaded
with the membrane-permeable acetoxymethyl ester deriva-
tive of the fluorescent calcium indicator Fluo-4 (Fluo-4 AM) at
2 pmol/L final concentration for 40 min at 37 °C, in the dark
[24]. Following wash in dye-free buffer, the cells were
incubated for a further 30 min at room temperature. The
fluorescence intensity of Fluo-4 AM after the binding of
intracellular calcium was measured in the VersaFluor™
Fluorometer System at 485 nm excitation and 520 nm emis-
sion wavelengths. The possible degradation of the AM ester
aliquots and the responsiveness of the dye to the RBCs
cellular environment (use of A-23187 ionophore in a control
experiment) were checked before each assay, according to
the manufacturer’s guidelines. Each sample was measured in
triplicate.

2.6.  Treatment of RBCs

In order to evaluate the tyrosine phosphorylation of band 3,
we treated L- and N-RBCs with ortho-vanadate that is a
protein tyrosine phosphatase inhibitor. Tyrosine phosphory-
lation state of a protein is the result of the competing
activities of protein tyrosine kinases and protein tyrosine
phosphatases. In human RBCs tyrosine phosphatases activity

is very high in relation to that of tyrosine kinases, resulting
in a low basal phosphotyrosine level. As a result, tyrosine
phosphorylation of band 3, constituting the major site of
phosphorylation, cannot be detected in untreated RBCs
[25,26]. However, upon treatment with protein tyrosine phos-
phatases inhibitors a large increase in erythrocyte protein
tyrosine phosphorylation is observed. Ortho-vanadate induces
hyper-phosphorylation of band 3 on tyrosine residues probably
by inhibition of RBCs tyrosine phosphatases. The mechanism
underlying the activation of tyrosine phosphorylation is
thought to involve the sequential action of two protein
tyrosine kinases, Syk (p72syk) and Lyn (p53/56lyn) and
probably some type of protein conformational change in
the membrane skeleton that generate a new or more
accessible binding site that is otherwise occluded or
inaccessible in no stimulated cells [27]. To detect tyrosine
phosphorylation, stored L- and N-RBCs were diluted (at 30%
HCT) in PBS containing 5 mmol/L glucose (PBS-glucose) and
incubated with 2.0-2.5 mmol/L ortho-vanadate for 2 h at
37 °C. For controls, RBCs were either left untreated or
pretreated (before addition of o-vanadate) with 1 uM Syk
inhibitors Il and IV for 1 h at 37 °Cin the dark. Each reaction
was stopped by washing with PBS-glucose. For membrane
preparation phosphatase inhibitors were included to the
cell lysis buffer.

The ability of chemical cross-linkers to cross-link band 3 in
stored RBCs was assessed by incubating RBCs (~ 25 x 10° cells/ml)
with 1.0-2.5 mmol/L bis-sulfosuccinimidyl-suberate (BS3) in
non-amine-containing conjugation buffer (20 mmol/L sodium
phosphate, 150 mmol/L NaCl, pH 8.0) for 30 min at 20 °C. RBCs
were then washed in quenching buffer (150 mmol/L NaCl,
25 mmol/L Tris pH 7.4), to inactivate residual cross-linking
agent. After both treatments, membranes were prepared and
analyzed as described below.

2.7. Density fractionation of RBCs

RBCs’ fractionation according to density was performed
by means of a Percoll discontinuous gradient as previously
described [28,29]. Briefly, the gradient was built up in five
layers of Percoll medium varied between 1.087 and
1.098 g/ml. RBCs suspensions (40% HCT) were layered on
the top of the gradients and the fractions were collected
by low speed centrifugation (2700 xg) for 40 min at 20 °C.
Cells were excessively washed to remove Percoll and a
range of age-dependent RBCs parameters were recorded in
each fraction (MCV, MCHC etc.).

2.8. Isolation of vesicles and RBCs-membrane preparation

Vesicles were isolated from the supernatant of L- and N-RBCs
units (n=4) on days 17 and 42 of storage by high-speed
centrifugation at 4 °C as previously described [30,31]. Briefly,
RBCs aliquots were centrifuged at 2000 xg and the superna-
tants filtered through sterile 0.8 pm nitrocellulose filters. The
filtrate was ultracentrifuged at 37,000 xg for 1h and the
pellet of vesicles was resuspended in PBS and ultracentrifuged
twice under the same conditions. After the addition of protease
inhibitors mix, the protein concentration was determined using
the Bradford protein assay. Quantification of the extent of
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vesiculation was based on the total protein content of the
vesicle suspensions in relation to the volume of the RBCs as
previously described [31]. To our knowledge, this method along
with that of centrifugable Hb estimation, have an advantage
over the less laborious and cell-specific flow cytometry ap-
proach in that they allow the analysis of smaller (less than 200-
300 nm) microvesicles.

RBCs were isolated by the method of Beutler [32]. Briefly,
leukocytes and platelets were removed from the RBCs
samples by filtering through columns of alpha-cellulose and
microcrystalline cellulose mixture in isotonic saline, PBS or
Hepes-buffered isotonic saline (133 mmol/L NacCl, 4.5 mmol/
L KCl and 10 mmol/L Hepes, pH 7.4) supplemented with
protease inhibitors. RBCs were extensively washed and
diluted to an appropriate HCT. Purified RBCs were lysed
with hypotonic (5 mmol/L) sodium phosphate buffer (pH
8.0) containing a cocktail of protease inhibitors and
membrane fractions were prepared as previously de-
scribed [17].

2.9. Immunoblotting analysis and estimation of mem-
brane proteome carbonylation index

Equal amount (12-25 pg) of RBCs total membrane protein was
loaded in Laemmli gels, blotted to nitrocellulose membranes
and probed with primary and HRP-conjugated secondary
antibodies. Immunoblots were developed using an ECL reagent
kit and quantified by scanning densitometry (Gel Analyzer v.1.0
image-processing program, Athens, Greece). Purified RBCs
plasma membrane proteins were processed for the detection
of carbonyl groups using the Oxyblot detection kit as per
manufacturer’s specifications. For quantification purposes, the
proteome carbonylation index (PCI) was calculated [21].

2.10.  Statistical analysis

Presented experiments have been repeated at least two times,
unless otherwise stated. Data points correspond to the mean
value; error bars denote SD. Individual protein levels were
quantified against a reference membrane protein or against the

sum of the normal proteins, occasionally further normalized to
the respective corresponding controls (untreated, non-stored,
L-RBCs, or young cells). For statistical analysis the MS Excel and
the Statistical Package for Social Sciences (IBM SPSS; version
19.0 for Windows; administrated by NKUA) were used. Signif-
icance was evaluated using the one-way ANOVA. Comparisons
between different groups were performed by the independent
t-test or the chi-squared test. Spearman’s correlation test
(two-sided) was used to assess the relationship between vari-
ables (correlation coefficient r). Significance was accepted at
p<0.05.

3. Results and discussion

3.1. Supernatant composition and hematological profile
differences between L- and N-units

Storage resulted in increased hemolysis and potassium release
in both groups throughout the entire storage period (Table 1).
L-units were characterized by substantially higher hemoly-
sis and supernatant potassium compared to the N-units
(p<0.05) on the day of donation. However, afterwards and
until the end of the storage period both parameters were
significantly higher in N-RBCs (p<0.05) as expected [9,10].
Storage of both groups was also associated with a signifi-
cant elevation of MCV after the first week as previously
reported [33], equally processed for L- and N-RBCs until the
last day. After prolonged storage the RDW index of N-RBCs
was also substantially higher compared to the L-RBCs.

The increased hemolysis seen in L-units on the day of
donation probably relates to donor variations regarding the
leukoreduction procedure. Indeed, as previously observed [9],
the RBCs from some healthy individuals are more susceptible to
hemolysis during the filtering than other. On the other hand,
the RDW index variation probably reflects the N-RBCs-related
increase in spherocytosis and cellular fragmentation. Notably,
in renal disease patients the aberrant RDW was found positive
correlated to the degree of echinocytosis and intracellular ROS
accumulation [21].

Table 1 - Hematological analysis and supernatant biochemical data for L-RBCs and N-RBCs units (n==8).

Non-leucodepleted units (N)

Leucodepleted units (L)

Day 0 Day 20 Day 30 Day 42 Day 0 Day 20 Day 30 Day 42
WBCs (x10%/uL) 8.1+0.0" 7.7+0.0* 5.1+0.5* 44+1.0 0.3+0.0 nd? nd? nd?
RBCs (x10°%/pL) 8.4+0.8 85+1.3 8.6+1.1 8.6+1.1 8.3+0.1 8.2+0.1 8.1+0.0 8.1+0.0
PLTs (x10%/uL) 283+10 203+2 179+81 151+71 nd?
Hb (g/dL) 22.7+0.4 23.0+0.1 23.4+1.1 23.4+1.2 224+15 23.0+£2.5 22.8+2.0 22.7+2.3
Hct (%) 80.0+11.5 80.0+11.2 83.3+9.8 83.2+10.0 75.6+1.8 76.7+0.6 77.5+2.0 77.0+1.6
MCV (fL) 90.0+2.4 94.8+1.6 97.1+1.0 98.2+1.0 88.9+2.5 93.1+2.1 95.6+2.7 96.5+3.0
MCH (pg) 30.8+£2.0 31.5+1.0 31.5£0.6" 32.1+0.4 30.3+0.1 30.1+0.6 30.1+0.4 31.3x15
MCHC (g/dL) 31.3+£0.3 31.7+0.4 31.8+0.1 32.3+£0.3 30.8+£0.8 31.5+13 31.1+1.0 32.0+0.4
RDW-CV (%) 12.7+0.7 14.6+0.2 15.8+0.8 16.7+0.6" 11.7+0.6 14.1+0.4 14.6+0.4 15.6+0.4
Supernatant Na* (mmol/L) 139.5+0.7* 84.0+14" 79.5+2.1 67.5+0.7 142.5+0.7 89.0+2.8 81.5+2.1 62.5+2.1*
Supernatant K* (mmol/L) 4.4+0.3 16.9+0.8* 24.3+3.6 35.8+1.5" 6.0+0.1* 15.1+0.3 21.0+0.4 26.3+0.6
Hemolysis (%) 0.13+0.06 0.59+0.21* 0.72+0.24* 1.48+0.33" 0.33+0.01* 0.24+0.05 0.30+0.02 0.70+0.11

Results are presented as mean=+SD.
# Non-detected (less than detection limit).
" p<0.05 L-RBCs vs. N-RBCs.
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3.2 Effect of residual leukocytes on RBCs structural
integrity and membrane preservation

We analyzed the morphology of L- and N-RBCs by means of
scanning electron microscopy at three time points of the storage
period (n=8). We used the previously established criteria for the
classification of the irreversibly shaped RBCs (all spherocytic cells
and that of degenerated shapes, see index in Fig. 1A) but more
strict criteria for the category of normal discocytes, by classifying
as such only the perfectly shaped cells (see Materials and
methods). RBC morphology was deteriorating with increasing
storage time in both groups (Fig. 1A). However, while at the
beginning of the storage the two groups exhibited an equal
percentage of shape changes (Fig. 1B), on day 21 and afterwards
there was a significant increase (p<0.050) in the irreversible
transformations in N-RBCs compared to the L-RBCs. This finding

A discocyte

is probably associated with the extent of vesiculation and
membrane loss observed in N-RBCs after the second week of
storage (see below). Towards the end of the storage period, the
gap divergence in the percentage of irreversible transformations
between the two units was narrowed (still however significant),
probably in relation to the N-RBCs hemolysis (Table 1).

We next estimated the degree of vesiculation, expressed as
the total protein of the collected vesicles per volume unit of
RBCs (ug/ml). The vesiculation was increased in both groups
(n=4) over storage time (Fig. 2), as previously reported [1,31].
Nevertheless, there was a statistically significant increase in
the amount of vesicular protein collected from the N-RBC
supernatants compared to the L-RBC ones on the 17th day,
which was maximized at the end of the storage period
(p<0.010, 3.3-27.7 png/ml and 9.2-51.8 pg/ml for the L- and
N-units, respectively).

Irreversible transformations
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Fig. 1 - Morphologic evaluation of L- and N-RBCs by scanning electron microscopy during the storage in CPD-SAGM. (A) Index of
“irreversible” RBCs transformations and representative electron micrographs from a donor’s RBCs stored in either L- or N-units
for 2, 21 or 42 days. Scale bars, 10 pm. (B) Average percentage of discocytes, reversibly and irreversibly (see Materials and

methods) changed stored RBCs for the indicated storage time-points. Error bars indicate SD (n=8); (*) L- vs. N-RBCs p<0.01 and

<0.05 for the days 21 and 42, respectively.
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Fig. 2 - Vesiculation degree of L- and N-RBCs. Comparative
estimation of the averaged total vesicular protein content per
volume of packed RBCs, collected from the supernatant of
both groups on days 17 and 42 of storage. Error bars indicate
SD (n=4); () p<0.01 L- vs. N-RBCs.

During storage, RBCs undergo a progressive change in
shape, from discocytes to echinocytes and finally to spherical
and degenerative shaped cells, closely associated with mem-
brane loss in the form of microvesicles [34]. Although the
average stored cells appear to be able to compensate for a
moderate membrane loss following the replacement of the
echinocytogenic medium (reversibly modified cells), the final
spheroechinocyte stage is an irreversible outcome [34].
Indeed, spheroechinocytes are dying or about to die cells,
with very short life expectancy and post-transfusion viability
[35]. Greenwalt et al., [36] has found improved RBCs morphol-
ogy and microvesiculation in L-units compared to the
non-leukoreduced ones using phase microscopy, while the
opposite finding was recently reported at confocal laser
scanning microscopy level [15].

The membrane vesiculation results evidenced the clinical-
ly significant accumulation of more microvesicles inside the
N-RBCs units compared to the L-ones. Undoubtedly, in the
case of L-units those vesicles are released almost exclusively
from the stored RBCs, representing a direct measure of the
membrane surface loss. In the case of N-units however, the
precipitable material inevitably contains vesicles released
from the contaminant leukocytes and platelets as well.
Although the cellular origin of the vesicles collected from the
N-units is outside the scope of our study, it is expected that
the great majority of them was produced by RBCs membrane
vesiculation. In view of (i) the high ratio of RBCs to leukocytes
and platelets (1 leukocyte per 2000 RBCs at the end of the
storage period, see Table 1), (ii) previous studies showing that
the majority of the vesicles collected from N-units of packed
RBCs contain Hb [31] and (iii) the significantly increased
echinocytosis of N-RBCs compared to the L-RBCs (Fig. 1), it is
unlikely that the two- or three-fold increase in vesicular
protein detected in N-units compared to the L-units is
attributed to the vesiculation of the contaminant cells.
Instead of that, it probably reflects the detrimental effect of
residual leukocytes and platelets on N-RBCs membrane
preservation.

Microvesiculation of the membrane contributes to the
elimination of oxidized, damaged and signaling effective
components from RBCs [37]. At the same time, vesiculation and

irreversible transformation is part of the RBCs aging phenotype,
both in vitro and in vivo [38]. The shape modifications of stored
cells are associated with rheologic changes, increased viscosity
and reduced flow in capillary systems [34]. Degenerative shape
modifications and loss of membrane surface contribute to
deformability defects that threaten post-transfusion viability of
stored RBCs [6,22]. They also result in the release of vesicles that
are rich in oxidized material, death signaling mediators and PS.
The specific composition of the vesicles renders them highly
pro-inflammatory and pro-thrombotic, increasing thus the risk
of adverse post-transfusion reactions. As a result, the degree of
vesiculation and irreversible transformation of stored RBCs
have been used as measures of storage quality [39]. Despite
that, the identity of the storage parameters that slow or promote
vesiculation, is still elusive. In vitro, both echinocytosis and
microvesiculation are promoted by intracellular calcium eleva-
tion and ATP depletion but during routine storage this correlation
is poor [40]. According to our results (see below) the poor
preservation of proteins that contribute to the effective adhesion
of cytoskeleton to the lipid bilayer, seems a plausible alternative
explanation. In support, the effect of cytoskeleton protein
damage to the vesiculation susceptibility of stored cells has
been previously reported [41]. In conclusion, the comparative
analysis of L- and N-groups showed that the residual leukocytes
and platelets militate against the structural integrity and
membrane preservation of stored RBCs.

3.3. The contaminant cells exacerbate PS exposure on N-
RBCs

Annexin V binding by RBCs was assessed over storage time by
means of fluorescent microscopy. In view of the very low
presentation of other cell types in the samples (Table 1) and
their effective discrimination by size and morphology criteria,
only the RBCs of the units were included in the measurements.
Our approach revealed a small but significant and progressive
increase in PS externalization of both groups’ RBCs (n=8) during
the storage (Fig. 3). In agreement with previous studies
documenting PS exposure on RBCs already after the first day
of storage [42], we detected a significant increase (p=0.028) in
PS-positive cells on day 5 (L 2.56+0.38% and N 3.75+0.67%)
compared to the scanty percentage observed in the non-stored
blood of the same donors (L 0.09+0.01% and N 0.11+0.01%).
Likewise, the N-units contained on average more PS-positive
RBCs compared to the L-units in the middle of the storage
period (4.69+0.50% vs. 3.45+0.29%, p=0.019), however near the
last days the differences were flattened following a trend for
greater PS exposure in L-RBCs (6.90+0.70% vs. 6.13+0.63% in
N-RBCS). Probably, the higher vesiculation (Fig. 2) and hemoly-
sis (Table 1) levels result in a smaller subpopulation of
PS-positive aged RBCs in N-units [43,44]. On the last day
of storage an obvious difference between the two groups
appeared at the fluorescence microscopy level, where the
N-RBCs of all donors examined were surrounded by a dense
“cloud” of PS-positive particles of 1 um or less in size (arrows in
Fig. 3, photo N42) which probably represent RBCs-derived
microvesicles [34].

Since PS externalization is a potent removal signal, it might
menace in vivo viability of stored RBCs [45]. In overall, PS exposure
in both L- and N-RBCs is rather low, reflecting the previously
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Fig. 3 — PS exposure on stored RBCs. L- and N-RBCs were
stored for various days in CPD-SAGM and their PS exposure
was determined by CLSM using fluorescently labeled
annexin V. Representative CLSM images from a donor and
the average percentage of PS-positive RBCs in both groups
during the storage are shown. Scale bars, 10 pm. Insert in
image N5: apoptotic leukocyte. Arrows in image N42: Small
(less than 1 pm) PS-positive particles seen after prolonged
storage. NS: non-stored RBCs of the same donors. Error bars
indicate SD (n=8); (*) p<0.05 L- vs. N-RBCs.

documented intrinsic capability of stored RBCs in preserving
membrane phospholipid asymmetry [46]. This finding has been
associated with the very low levels of scrambling activity during
storage in spite of a reversible decrease in ATP, pH and flippase
activity levels [46,47]. Although there is no clear consensus
whether a fraction of stored erythrocytes expose PS [48,49],
according to our results the prolonged storage seems to
overcome the physiological competence of the cells, even of the
leukoreduced ones, confirming earlier data [44,46]. Residual
leukocytes and platelets are definitely not the cause of
increased PS exposure, but they seem to exacerbate it in both
RBCs and supernatants, as previously reported by others
[49-51]. Several mechanisms have been proposed to inter-
pret this effect, like the increase in intracellular calcium and
the release of leukocyte-derived neuraminidases [50]. The
transfer of PS to RBCs by fusion of vesicles shed by
contaminant cells undergoing apoptosis, vesiculation and
lysis [52,53] during refrigerated storage (see insert in Fig. 3
photo N5) cannot be excluded. This finding is of clinical
importance in light of studies showing that PS expressing
N-RBCs exerts procoagulant effects [43] and increased
adherence to the endothelium [54].

3.4. Differences in the calcium and ROS accumulation
between L- and N-RBCs

We next asked whether RBCs storage in the presence or absence
of contaminant cells would have any effect in the intracellular
calcium levels. For that purpose, stored L- or N-RBCs (n=8),
without any stimulation in vitro, were loaded with the fluores-
cent calcium reporter Fluo-4 and the fluorescence intensity was
measured by fluorometry. Although there is a probable effect of
SAGM-induced MCV modifications to the Ca?* measurement
performed, this is expected to affect equally the two groups
(L and N) of SAGM-stored RBCs. Our results (Fig. 4) show that
intracellular calcium increased slowly, but gradually on day 7
onwards in both groups (p<0.05, NS vs. day 7), with the N-RBCs
exhibiting constantly higher levels of calcium compared to the
L-RBCs in all donors and time-points (n=8) examined. The
fluorescence intensity was peaked on day 38, followed by a drop
on the last day of storage in both groups (Fig. 4). Although the
only significant difference in calcium accumulation between
the L- and N-RBCs was detected on day 29 of storage (p<0.01),
the total storage-induced calcium accumulation in N-RBCs was
higher compared to that of L-RBCs in paired comparisons
(p<0.05).

There is evidence that free calcium content of human RBCs is
a parameter of cell aging in vivo and in vitro [2,55]. The increase in
intracellular calcium, accompanying either RBCs senescence or
in vitro imposed stressful stimuli, directly induces or indirectly
promotes a cascade of molecular and cellular events like
potassium leakage, cellular dehydration and shrinkage, loss of
deformability, echinocytosis, protein degradation/crosslinking,
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Fig. 4 - Graphs showing the averaged intracellular calcium
and ROS accumulation in L- and N-RBCs throughout the
storage. Data represents the mean + SD (error bars, n=8) of
Fluo-4AM (for calcium) or DCF (for ROS) fluorescence levels
estimated by independent experiments done in triplicates.
NS: non-stored RBCs of the same donors. (*) p<0.05 L- vs.
N-RBCs. (§):p<0.05 vs. NS RBCs.
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recognition signaling and eryptosis [2,56,57]. Calcium accumula-
tion has been characterized as a probable secondary mediator of
injury in stored RBCs in the past [58]. Indirect manifest of
calcium activity in stored RBCs came by the finding that the
storage-dependent remodeling of the RBCs membrane includes
the calcium-promoted binding of sorcin and synexin [3].
However, other studies reported that there is not significant rise
in intracellular calcium levels during storage, especially in
L-RBCs [40,59].

Ourresults suggest that the residual leukocytes and platelets
aggravate to an extent the calcium accumulation in stored
RBCs. In addition, according to our measurements, short
storage in CPD-SAGM stimulates a little calcium increase in
stored RBCs but after the 4th or 5th week for the N- and L-units
respectively, the storage effect is more stressful, irrespectively
of the leukoreduction. This storage-related profile of calcium
variation is especially interesting in light of reports showing the
dual action of calcium-activated calpain on the calcium pump.
At low calcium levels and short exposure times, calpain
markedly increases ATP hydrolysis and pump activity while at
high calcium concentrations or long exposure times, calpain
action results in a progressive pump degradation, loss of
pumping activity and membrane protein degradation [60].
Since our study did not involve an absolute measurement of
intracellular calcium concentration, the question of whether
the distortions observed have the potential to trigger calcium
signaling activity, cannot be answered in direct. Despite that, in
combination with the structural, PS and vesiculation data they
pointed out a differentiation in the RBCs aging phenotype that
might be partially associated with the calcium homeostasis
under conditions implicated or no pre-storage leukoreduction.

In order to estimate the ROS accumulation in stored L- and
N-RBCs (n=8), we used the redox-sensitive dye CM-H,DCFDA.
Compared to the non-stored cells of the donors (Fig. 4), in
N-RBCs there was a gradual increase in ROS levels already
from day 1 onwards (p<0.05, NS vs. day1). In L-units increase
in ROS levels begun later on, after the first week (p<0.01, NS or
day 1vs. day 7), in line with previous data showing that 7 days
of storage of L-RBCs double the levels of baseline ROS [61].
Moreover, unlike N-RBCs, ROS accumulation in L-RBCs
reached a plateau in significantly lower levels than N-RBCs
(p<0.05) during the middle of the storage period (Fig. 4). This
finding was consistent with the recently reported study of
Zolla’s group in L-RBCs [23]. The fluorescence intensity was
peaked on day 38 and significantly reduced on the last day of
storage in both groups (Fig. 4), similarly to both intracellular
calcium levels and membrane PCI fluctuation (see below). The
reduction in ROS levels shown on the last days of storage
might be attributed to the leakage of the probe from the leaky,
hemolyzed RBCs, to the lower concentration of Hb and to the
lower activity of cellular esterases in senescent RBCs, as
previously reported [61,62]. As a result, statistically significant
difference in ROS levels between the L- and N-RBCs was
observed from the 3rd to the 4th week of storage (p<0.05). In
summary, our analysis revealed that ROS accumulation is a
very early manifestation in stored RBCs in the presence of
contaminant cells while pre-storage leukoreduction can allevi-
ate the impact of storage on cellular oxidative stress. Further-
more, our study defines the fifth week of storage in CPD-SAGM
as a critical period regarding the levels of intracellular ROS.

Intracellular oxidative injury has been demonstrated during
both RBCs in vivo and ex vivo aging [1,2,4,17]. According to our
results the duration of storage accentuate the intracellular ROS
accumulation in greater extent than the calcium accumulation
in both groups (Fig. 4). ROS origin could be ascribed to cell
senescence, Hb oxidation, decomposition of membrane lipids
and finally, to metabolism-associated changes in cellular
antioxidant defenses [1,63-65], that contribute to reduced
post-transfusion survival [66]. Leukocytes are thought to accel-
erate the rate of storage lesion by at least two ways: before their
breakdown, they consume glucose supplies and create waste
products while after their breakdown they release enzymes, toxic
and biologically active compounds that can hurt RBCs [10].
Indeed, leukocyte-derived free radicals are capable of evoking
oxidative damage and hemolysis to stored RBCs [11,67], while
significantly higher glucose consumption has been reported in
N-units [68]. In our samples, pre-storage leukocyte/platelets
removal reduced the levels of intracellular ROS only before the
4th week of storage, but afterwards both groups showed similar
levels of ROS (Fig. 4), suggesting that mechanisms independent of
the contaminant cells effect contribute to RBCs oxidative stress
in the later period of storage. These findings support previous
reports showing that oxidative burst/potential of neutrophils by
stored RBCs supernatants was not significantly reduced by
leukoreduction [69]. Whatever the possible sources of intracellu-
lar ROS might be, the leukoreduction is expected to be connected
to lower oxidative stress in stored RBCs, which according to
the literature, might be reflected in aging and death signaling,
membrane deformability and vesiculation [41] as well as in lipid/
protein oxidative damage profiles [11].

3.5.  Membrane proteome remodeling in L- and N-RBCs

Significant increase in tyrosine phosphorylation of band 3 was
observed between the 4th and 5th week of storage in both units
(Fig. 5A), at the same time when the peak in intracellular
ROS and calcium levels was evident (Fig. 4). Band 3 tyrosine
phosphorylation predominated in N-RBCs compared to the
L-RBCs on day 28 measurements (n=8), while towards the end
of the storage period the two groups contained practically equal
levels of phosphorylated band 3 (Fig. 5A). This happened in
striking timing correlation with the observed kinetics of ROS
and calcium measurements (compare Figs. 4 and 5A). Since only
the oxidized fraction of band 3 is phosphorylated - and thus
dissociated from the underlying cytoskeleton - under the
trigger of oxidative stress [70], the higher levels of phosphory-
lated band 3 in N-RBCs might also be associated with the greater
vesiculation of the same group vs. L-group (Fig. 2), as previously
observed in ortho-vanadate-treated non-stored RBCs [26]. By
the same way, the compensated levels of tyrosine phosphory-
lation between the two groups after the 5th week of storage
(Fig. 5A) could reflect the average effect of increased oxidative
stress and vesiculation in N-RBCs.

To estimate the cross-linking potential of band 3 in L- and
N-RBCs stored for 4 weeks in CPD-SAGM, we treated RBCs
suspensions with BS3, a membrane impermeable cross-linking
agent known to cross-link band 3, and examined the relative
percentage of the resulting high molecular weight band 3
aggregates. According to our results (Fig. 5B), the N-RBCs were
more susceptible to the BS3-induced cross-linking of band 3
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Fig. 5 - Band 3-associated signaling modifications and membrane proteome carbonylation index (PCI) in stored RBCs.

(A) Tyrosine phosphorylation (p-Tyr) of band 3 in ortho-vanadate-treated (0-van) L- and N-RBCs stored for 28 or 38 days.
Representative immunoblot analysis [(-): control, see Materials and methods] and bar graph representing the averaged (n=8)
relative proportion of p-Tyr band 3 (normalization to the endogenous 4.1R protein levels) in L- and N-RBCs, are shown.

(B) Cross-linking potential of band 3 and IgGs binding in BS3-treated RBCs stored for 4 weeks in CPD-SAGM. Representative
immunoblots and bar graph representing the mean (n=_8) percentage of band 3 clusters as well as of monomeric band 3 left in
BS3-treated cells (normalization to the basal band 3 levels), are shown. (C) Graph showing the collective densitometric analysis
of membrane PCI levels variation in stored RBCs in relation to the leukoreduction. Error bars: SD; (*): p<0.05 L- vs. N-RBCs.

compared to the L-RBCs. That finding was established by
measuring both the relative percentage of band 3 clusters
(297%+38% vs. 188+37%, respectively, p<0.05) as well as the
concomitant depletion of monomeric band 3 (37 +8% vs. 59+8%,
respectively), after normalization to the basal levels (untreated
RBCs, n=8). Moreover, as shown in Fig. 5B (left panel), there was
increased membrane binding of IgGs in the N-RBCs compared
to the L-RBCs, roughly analogous to the levels of band 3
oligomerization.

Band 3 possesses a core position in RBCs senescence and
death signaling mechanisms. Structural and functional modifi-
cations of this protein, like proteolysis, clustering and increased
tyrosine phosphorylation, are major senescence-associated
changes in the currently established models [2,71]. Apart from
senescence, tyrosine phosphorylation of band 3 is induced by
various stimuli including oxidative and calcium stress [1,25,70,72]

and it enhances the lateral mobility of the protein and its
cross-linkability [26,70]. All these band 3-associated modifica-
tions are correlated with significant changes in RBCs morphology
and vesiculation through changes in the membrane-cytoskeletal
interactions [26]. Our findings are totally consistent with previous
reports showing that naturally occurring IgGs binding to the RBCs
surface depends on the band 3 oxidation/oligomerization state
[73] and that the band 3 tyrosine phosphorylation-induced
clustering is associated with IgGs binding [70].

We next estimated the membrane proteome carbonylation
index (PCI) of the L- and N-RBCs by means of immunoblotting.
As expected, prolonged storage aggravated the membrane
protein carbonylation in both groups (n=8, Fig. 5C). The PCI
increased constantly from day 4 to day 25 (N-RBCs) or day 33
(L-RBCs) where the peak of ROS levels was also observed, while
afterwards there was a trend for stabilization to lower levels, as
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previously reported [17,23,74]. By the same manner, the N-RBCs
were characterized by higher values of PCI compared to the
L-RBCs until the middle of the storage period (p<0.05), but
afterwards there was no significant differences between the
two groups (Fig. 5C).

The PCI has been widely used as a measure of membrane
and plasma protein injury in storage, where it has been found
distorted, in correlation to both the storage length (days) [74]
as well as the preservation medium [17]. In our study, the
pattern of PCI variation seen after prolong storage in L- and
N-RBCs (plateau formation and balancing between the groups,
Fig. 5C) might be associated with the extent of vesiculation
that leads to the clearance of the carbonylated material [31],
the hemolysis of the severely damaged RBCs [17] as well as
with storage-related changes in the membrane binding of
enzymatic, proteolytic and chaperone components [75].

Further on, we tested our samples for another potential
oxidative stress biomarker [76], the membrane-bound Prx2.
We detected gradually increased membrane association of
Prx2, under both reducing (Fig. 6A) and non-reducing (Fig. 6B)
conditions in L- and N-RBCs (n=8). Although there was an
obvious donor variability regarding the Prx2 membrane levels
(reflected in the high SD values), probably associated with the
RBCs antioxidant capacity of each donor [76], the monomeric
and dimeric forms of membrane Prx2 exhibited not only
positive correlation to the duration of storage (correlation
coefficient r=0.852) but also significant (p<0.05) increase in
the case of N-RBCs compared to the L-RBCs (Fig. 6B). In some
cases, the N-RBCs were characterized by a transient increase
in Prx2 levels on the first days of storage that was afterwards
normalized to the anticipated storage variation pattern (see
right panel in Fig. 6A). Membrane-bound Prx2 was further
proportional to the expression of a wide array of senescence
and oxidative stress markers on RBCs membrane, including
autologous IgGs binding and cross-linkings of Hb (see below
Fig. 6C and Table 2), as previously shown in both storage and
hereditary spherocytosis [17,77].

The highly abundant erythrocytic Prx2 is a 2-cys
peroxiredoxin that functions as an antioxidant enzyme in
the disposal of endogenous H,0, and also as a chaperone
[78,79]. Its recruitment to the membrane has been described
in the presence of increased intracellular calcium levels [80] as
well as under various oxidative stress conditions [21,77],
including prolonged storage [17,23,75]. According to previous
reports, protein oxidation is the main contributor to the
storage lesion seen in SAGM-stored N-RBCs [81]. The oxidative
stress-associated progressive linkage of cytosolic proteins to
the membrane has been repeatedly reported in RBCs stored
under various conditions and mediums.

Table 2 presents the averaged variation (n=8) in the expres-
sion profile and Fig. 6C some representative cases of membrane
protein variations observed during the storage of L- and N-RBCs.
The overall membrane remodeling in both groups is a panel of
protein modifications that have long been described in stored
cells: significant loss of proteins and surface receptors (Table 2:
spectrin, band 3, 4.1R, pallidin, CD47, protectin etc.), cytoskeleton
proteins (spectrin and 4.1R) fragmentation, inter-protein conju-
gation (e.g. spectrin-Hb cross-linking) and recruitment of cyto-
solic proteins (oxidized/denatured Hb oligomers, HSP70) and
plasma IgGs. Some of them are currently assessed as molecular
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Fig. 6 - Membrane proteome remodeling during the storage
of L- and N-RBCs. (A) Representative comparative immuno-
blot (IB) analysis under reducing conditions, for the presen-
tation of donor variability in the membrane-bound Prx2. Four
different donors are shown. (B) The same Prx2 analysis
under non-reducing conditions, for the detection and quan-
titative analysis of membrane-bound Prx2 monomers and
oligomers (indicated by solid and discontinuous arrows,
respectively in Prx2 IB). Error bars: SD (n=8); (*) p<0.05 L- vs.
N-RBCs. (C) Representative cases of membrane protein
variations observed in L- and N-RBCs by immunoblot
analysis. Membrane preparations of only day 2 and 42 are
compared.

markers of senescence, vesiculation and cellular stress, including
oxidative stress that may lead to the increased clearance of
transfused cells [2,29,82].

In a comparative aspect, the presence of residual leukocytes
and platelets in the labile product seemed to inflict extra
proteome stress in the membrane, as documented by the
significant diversification in the protein expression between the
two groups examined (shown by asterisks in the Table 2). Indeed,
common senescence biomarkers like the cross-linkage of
spectrin with hemoglobin [83], the binding of oxidized/denatured
Hb and IgGs as well as the loss of major sialoglycoproteins,
exhibited higher expression in N-RBCs compared to the L-RBCs
(Table 2, Fig. 6C). Towards the end of the storage period there was
a greater deficiency in the CD47 protein, an erythrocyte marker of
self, in N-RBCs (Table 2). Previous studies have reported
that without prior leukodepletion, the stored units exhibit an
increased population of senescent RBCs and increased in vitro
phagocytosis [50]. Our findings hold with those conclusions and
further suggest a probable correlation of the senescence pheno-
type with the intracellular ROS levels and the degree of
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Table 2 - Membrane protein analysis in L-RBCs and N-RBCs during storage in CPD-SAGM.

Days of storage

Protein 4 12 19 25 33 42
Spectrin 1.00+0.05 1.01+0.06 0.97+0.09 0.92+0.05° 0.83+0.06 0.80+0.04°
1.00+£0.09 0.98+0.11 0.93+0.12 0.85+0.10° 0.74+0.05 0.69+0.05
Band 3 1.00+0.03 0.97+0.11 0.94+0.05° 0.87+0.04° 0.76+0.05 0.77+0.04*
1.00+£0.04 0.99+0.06 0.90+0.07° 0.76+0.05 0.71+0.06 0.66+0.06
4.1R 1.00+0.03 0.94+0.04° 0.90+0.03 0.85+0.04 0.87+0.05° 0.82+0.08*
0.99+0.04 0.87+0.06° 0.83+0.04 0.79+0.07 0.75+0.05 0.66+0.06
Pallidin (protein 4.2) 1.00+0.06 0.95+0.08 0.98+0.07 0.85+0.06° 0.80+0.07 0.76+0.08
1.00+0.05 1.13+0.08 0.95+0.05 0.86+0.07° 0.77+0.06 0.72+0.09
Major glycophorins 1.00+0.08 1.09+0.05 0.96+0.07 0.88+0.07° 0.81+0.06 0.83+0.08*
1.00+0.05 1.05+0.06 0.99+0.05 0.88+0.05° 0.72+0.07 0.62+0.07
Stomatin 1.00+0.03 1.10+0.04 0.95+0.08 0.88+0.04°2 0.89+0.08* 0.86+0.07
1.00+0.05 0.97+0.05 1.00+0.09 0.73+0.06° 0.63+0.09 0.76+0.05
Flotillin2 1.00+0.03 0.98+0.05 1.01+0.07* 0.95+0.05° 0.83+0.06"° 0.65+0.08
1.01+0.06 0.87+0.06° 0.83+0.05 0.79+0.06 0.75+0.07 0.72+0.07
Protectin (CD59) 1.00+0.06 1.18+0.12° 0.99+0.09 0.89+0.08 0.92+0.09 0.82+0.06°
0.87+0.07 0.91+0.12 0.85+0.08 0.80+0.11 0.85+0.09 0.75+0.08°
CD47 1.00+0.06 0.95+0.05 0.92+0.06 0.81+0.05° 0.86+0.04* 0.79+0.06
1.00+£0.04 0.98+0.06 0.85+0.07° 0.77+0.07 0.72+0.07 0.69+0.05
IgGs 1.00+0.09 0.91+0.09° 1.60+0.172° 2.48+0.36° 3.12+0.28* 2.63+0.34°
1.05+0.11 1.20+£0.13 2.07+0.32° 4.67+0.62 3.86+0.43 3.40+0.41
Spectrin, 4.1R 1.00+0.12* 0.95+0.19° 1.23+0.19°2 1.32+0.21° 1.85+0.32° 1.55+0.32°
Fragmentation 1.60+0.28 1.89+0.39 2.00+0.43 2.25+0.46 3.16+0.53° 2.69+0.59
Spectrin-Hb 1.00+0.13 1.49+0.27° 2.73+0.42° 2.29+0.53° 2.55+0.41° 4.94+0.89°
Cross-linking 1.00+0.15 4.11+0.94° 4.85+1.10 5.86+1.34 7.61+1.42 12.24+2.12
Hb monomers 1.00+0.07 1.21+0.22 1.12+0.19 1.32+0.19° 1.15+0.17 1.59+0.22
1.00+£0.09 1.03+£0.18 0.87+0.12 1.03+£0.16 0.94+0.15 1.30+0.18°
Hb oligomers 1.00+0.18* 1.81+0.36°2 1.57+0.37° 2.57+0.56° 3.08+0.56° 5.62+1.26°
1.94+0.38 2.97+0.61° 3.61+0.77 5.22+1.24 7.35+1.62 9.44+1.79
Calpain 1.00+£0.15% 1.06+0.19° 1.73+0.31°% 1.45+0.24° 2.31+0.47° 2.64+0.43°
1.38+0.17 2.22+0.38" 3.96+0.73 2.63+0.45 4.31+0.79 4.65+0.83
Hsp70 1.00+0.18% 1.06+£0.23 1.36+0.23 1.96+0.32°% 2.52+0.34 3.08+0.58*
1.54+0.28 1.62+0.34 1.92+0.37 2.38+0.36° 3.13+0.43 5.20+1.13
Clusterin 1.00+0.08 1.07+0.10 0.93+0.08 0.85+0.06"2 0.87+0.06 0.78+0.08*
1.00+£0.10 0.94+0.08 0.85+0.11 0.68+0.08" 0.72+0.09 0.58+0.09

Bold characters: L-RBCs.

Results are presented as mean+SD after normalization to the day 4 values of L-RBCs (n=8).
& p<0.05 L-RBCs vs. N-RBCs.

® p<0.05 vs. day 4 of L- or N-group.

echinocytosis in stored RBCs, as previously reported in in vitro
studies [84].

Spectrin and 4.1R proteolysis is increased after the 2nd week
of storage to day 33 in L-RBCs (Table 2), in line with recent
reports [23], while in N-RBCs it is detected earlier (Table 2).
Notably, in both groups the cytoskeleton proteins fragmenta-
tion maximized on day 35 (Table 2), concomitantly with the
peaking in the intracellular ROS and calcium levels (Fig. 4),
substantiating a causative effect, as previously suggested [81].
Whatever its origin might be, proteolysis of cytoskeletal
components is a triggering factor for membrane vesiculation
by weakening the cohesion of the skeleton to the lipid bilayer,
as further supported by the significantly increased number of
echinocytes in N-RBCs.

Another prominent difference between the two groups
examined, was the increased membrane binding of synexin
(Fig. 6C) and calpain (Fig. 6C and Table 2) in N-RBCs. This
is probably correlated to the variation in intracellular calcium
levels, since the migration of both proteins to the membrane
is a calcium-dependent procedure [85,86]. Increased calcium

levels might up-regulate a number of enzymes (e.g. calpains)
and processes (e.g. proteolysis) that lead to cellular
dehydratation and protein degradation. Membrane-bound
calpain in calcium-stressed RBCs challenges cytoskeleton
fragmentation, while under the influence of activated
transglutaminase 2, cytoskeletal proteins crosslinkings are
observed [1]. Both actions obviously affect cytoskeleton
plasticity and cellular deformability. The higher levels of
calcium stress-associated modifications in the membrane
proteome of N-RBCs might correspond to the higher degree
of spheroechinocytosis and the significant loss of cellular
deformability [34] compared to the minimally affected L-RBCs
[33].

The comparative higher loss of vesicle-associated compo-
nents [31,37,75,87], like band 3, stomatin, flotillin-2, clusterin,
CD59 and CD47 (Table 2 and Fig. 6C) might be associated
with the intent vesiculation of the RBCs membrane in the
non-leukoreduced units. Previous studies have reported signif-
icantly higher CD47 loss from the stored RBCs membrane in the
presence of leukocytes [49] that is largely due to the release of
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the protein in the supernatant [88]. The significantly decreased
expression of CD59 (protectin) in N-RBCs reported here
is consistent with the loss of glycosylphosphatidyl-inositol
(GPI)-linked glycoproteins during the storage, especially in the
presence of leukocytes [89]. Since CD59 is a complement
regulatory protein that functions to protect blood cells from
autologous complement attack (assembly of membrane attack
complex), it may potentially play a role in the in vivo survival of
transfused RBCs. In addition, considering that the N-RBCs
accumulate more senescent defects, the observed protein
loss might also be associated with the triggered activity of
RBCs proteasomes in order to effectively remove the non-
functional components [90]. In support, the more prominent
stress-responding [17,21,23] migration of the cytosolic chaper-
ones HSP70 (Table 2 and Fig. 6C) and Prx2 (Fig. 6A, B) to the
membrane of N-RBCs suggests that the storage in the presence
of contaminant cells triggers the generation of modified
proteins that need assistance by the repairing molecular
machinery of the cell. Whether or not and to what extent this
cellular defense mechanism is effective in protecting and
stabilizing the damaged components, is apparently a function
of the membrane vesiculation degree, since both proteins are
sorted for vesiculation in stored RBCs [17,75].

3.6. The residual leukocytes and platelets promote a
premature senescence phenotype expression in N-RBCs
compared to their age-mate L-RBCs

Fractions enriched in RBCs of various ages can be obtained by
Percoll gradient fractionation based on cellular density [91].
Therefore, we separated fractions enriched in young (low
density, Y-RBCs) and senescent (high density, S-RBCs) RBCs of
various storage periods from both groups (n=4) according to
cell density and we compared the intracellular ROS and
calcium accumulation, as well as the membrane PCI between
cells of comparable density. Furthermore, the variation in a
series of cellular aging and stress protein markers has been
evaluated in the low-density RBCs fractions collected at three
time points of storage.

In RBCs of all storage periods, increased cell density was
associated with a decreased MCV (p<0.01) and a proportionally

increased MCHC (p<0.01) (Table 3). To further validate the
fractionation, the derived lower and higher density subpopula-
tions were examined for the presence of well-established RBCs
membrane proteome aging markers, such as cross-linking
between spectrin and Hb [83], binding of oxidized/denatured
Hb and structural modifications (proteolysis/clusterization) of
band 3 [38,57,71]. Indeed, compared to the low-density cells, the
densest RBCs fractions exhibited significantly increased
(p<0.05) expression of all those markers (Table 3), verifying the
predominance of senescent cells.

Almost all the high-density preparations examined (n=4)
were characterized by an average increase in ROS and calcium
intracellular accumulation as well as in the membrane PCI
compared to the low-density ones (Fig. 7A-C). Calcium and
oxidative damage accumulation, PS externalization and loss
of deformability have been previously reported in senescent
RBCs [44,55,57,92,93]. Notably, data have shown that upon
calcium-loading the Y-RBCs restore their cell volume and
deformability, while the S-RBCs become dehydrated and less
deformable [93]. With the exception of calcium levels that
were maximized in S-RBCs on day 36 of storage (Fig. 7B), both
ROS levels (Fig. 7A) and PCI (Fig. 7C) were either stable or
decreased compared to the day 23. This is probably related
to the senescence and death progression, as reflected by
changes in the membrane vesiculation, Hb concentration and
esterase activity in S-RBCs [62,63]. No significant difference was
observed in the ROS/calcium levels of S-RBCs between the L-
and N-groups (Fig. 7A, B), except for the ROS levels on day
8 (p<0.05 L- vs. N-RBCs). Although not important, higher ROS
accumulation was measured in the leukoreduced S-RBCs
during the middle of the storage period in almost all the donors
examined (n=4). On the opposite, significant higher membrane
PCI was found in non-leukoreduced S-RBCs on days 23 and
36 of storage, vs. L-ones (Fig. 7C). This ratio was totally
reversed towards the end of the period, probably as a result of
the comparatively higher vesiculation and hemolysis seen in
N-RBCs (Fig. 2, Table 1).

The comparative monitoring of the above mentioned
storage-associated variations in the every time “younger” L-
and N-RBCs of lower density outlines the storage lesion course in
relation to the aging and cellular stress phenotype. As shown in

Table 3 - Leukocyte (WBCs) content, RBCs Indexes and membrane protein senescence markers in cell density fractions

enriched in young (Y) and senescent (S) RBCs separated from L- and N-RBCs units (n=4) during the storage.

L-RBCs day 8 N-RBCs day8 L-RBCs day 36 N-RBCs day 36

Y-RBCs S-RBCs Y-RBCs S-RBCs Y-RBCs S-RBCs Y-RBCs S-RBCs
WBCs (x10%/uL) 0.2+0.0 0.2+0.0 0.2+0.0 nd.? nd.? 0.1x0.0 0.1+0.1 0.1+0.0
MCV (fL) 98.6+2.2%*  82.1+1.8% 94.3+1.7%  82.1x25" 96.8+2.3%* 85.9+1.7" 91.5+2.8%* 83.2+1.3%
MCH (pg) 29.4+0.5%*  31.3+0.3%*  27.9:08* 29.7+1.1* 30.3+0.3%* 32.1+0.5%* 26.8+1.4%* 30.3+0.9%*
MCHC (g/dL) 29.8+0.4% 38.1+0.5%*  29.5:0.3% 36.2+0.6%*  31.3+0.6%* 37.2+0.7% 29.3+0.5%* 36.4+0.6%
RDW-CV (%) 13.3+0.6 14.5+0.7 13.1+0.5 14.1+0.5 12.3+0.7 13.1+0.6 11.7+0.6 12.5+0.4
Spectrin-Hb complex® 1.0+0.2%* 17+1.8% 9.6+£2.3%  19.4x3.5° 64.8+9.2%*  103.5:£16.7%*  97.8+123%*  188+25.6%*
Oxidized Hb" 1.0+0.2%* 24+04* 24+04%*  39:05* 5.6+0.8%* 89+1.1* 10.0+2.1%* 14.5+1.9*
Band 3 modifications” 1.0+0.2° 3.3+0.5" 1.0£0.3% 2.3+0.4" 4.9+0.9%* 11.9+1.8 9.7+1.5%* 15.8+2.5

Results are presented as mean=SD.

# Non-detected (less than detection limit).

® Normalization to the day 8 levels of L-RBCs.
* p<0.05 L-RBCs vs. N-RBCs.

§ p<0.05 Y-RBCs vs. S-RBCs.
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Fig. 7A-C, there was a constant trend for higher distortions levels
in the non-leukoreduced Y-RBCs compared to the L-ones, that
reached statistic significance on days 36 (calcium and PCI) or 42
(ROS) of storage. The stress phenotype was even more intently
manifested at the membrane proteome level, namely in the
variation of a range of aging and oxidative/calcium-associated
markers, as those shown in Fig. 7D. Indeed, either during some
period (band 3 modifications as well as membrane bound IgGs,
calpain and Prx?2), or during the whole storage time (spectrin-Hb
cross-linking and binding of oxidized/denatured Hb to the
membrane), the non-leukoreduced Y-RBCs were characterized
by substantially higher expression of stress markers compared to
the pre-storage leukoreduced Y-RBCs (Fig. 7D). The molecular
chaperone HSP70 was also found significantly increased in the
Y-RBCs of the non-leukoreduced units vs. the L-ones after
prolonged storage (data not shown).

Aging is a complicated molecular process that involves
strong interrelationships between the cells and their cellular
and biochemical environment. Ex vivo storage of RBCs under
various conditions is a model system for studying those
effects. For instance, differential pattern of cellular senes-
cence and response to oxidative stress has been found in RBCs
stored with or without mannitol [17]. In the same context,
RBCs aging-related events are expected to be differently
influenced by the presence of contaminant leukocytes and
platelets during the storage.

The excessive manifestation of aging and stress markers
on membrane proteome is not a surprising finding, consider-
ing that the RBCs membrane is an unusually dynamic
structure and a sensitive biosensor of cellular stress. Unlike
the ROS and calcium measurements that performed on whole
cell preparations, the membrane proteome analysis is more
focused and as such, it probably reveals the targeted effect of
ROS and calcium disturbances. For instance, the main,
directly visible feature of the oxidatively altered RBCs is the
accumulation of membrane-bound oxidized/denatured Hb
that was found significantly elevated in the low-density
N-RBCs. The cross linked Hb species bind to membrane and
cytoskeleton targets such as band 3 and spectrin [4] to trigger
a cascade of events affecting RBCs rigidity, echinocytosis,
adherence, erythrophagocytosis as well as post transfusion
survival of damaged RBCs [1,66,84]. Unlike cytosolic ROS, ROS
generated in close proximity to the membrane after Hb
binding, are not fully accessible to the cytosolic antioxidants
and as such they might be especially active not only against
local targets but also against nearby tissues and cells after
their release from RBCs [94]. Considering that S-RBCs are not
removed during the storage, their increased population in
N-units [50] may therefore accelerate the in vitro aging process
of stored RBCs.

In accordance with previous studies reporting increased
in vitro phagocytosis of RBCs without prior leukodepletion [50],
our findings imply that the vicinity with contaminant cells
renders the young N-RBCs of the lower density fraction somehow
older, injured and more stressed than their age-mate L-RBCs.
This effect might be related to either higher stress imposition
and/or to more severe diminution in RBCs antioxidant defense
capacity [1,64]. Indeed, leukocytes- and platelets-derived en-
zymes, toxic reactive oxygen and nitrogen species might
affect RBCs mechanical integrity and erythrophagocytosis by

performing detrimental interactions with numerous RBCs com-
ponents [11,36,53,67]. Considering that granulocytes disintegrate
after 24 h [95], their fragments and released material may pass
the filter and still contribute to secondary RBCs storage damage.
Therefore, a proportion of the storage lesion seen in the L-RBCs
might also be related to the donor leukocyte effects. Despite that,
our results provide new evidence to support the notion that
pre-storage leukoreduction effectively reduces RBCs damage
caused by the residual leukocytes and platelets. Leukoreduction
slows down the progression of the senescence process in stored
RBCs, probably by alleviating the oxidative and calcium stress.

3.7.  The possible molecular and cellular effects of contam-
inant donor’s cells on stored RBCs

Although the donor’s contaminant cells represent a scant
minority compared to the predominant population of RBCs,
their co-storage for 42 days in the cold might aggravate the
RBCs structural and functional integrity through an array of
detrimental intercellular interactions. We have to take into
consideration that the majority of the leukocytes and plate-
lets have significantly shorter lifespan compared to that of
RBCs. Furthermore, platelets produced from whole blood
donations are effectively stored for transfusion purposes for
five days at 22 °C while neutrophils are not stored at all.
Moreover, the storage unit represents a close system. In the
absence of a clearance mechanism, the cells have to put up with
their own and other cells wastes and by-products. The contam-
inant cells might affect RBCs through their metabolism, glucose
consumption and release of a great variety of biologically active
compounds (free radicals, extracellular vesicles, enzymes, cyto-
kines etc.) that are restively produced after cellular activation,
apoptosis or breakdown. Table 1 depicts a decrease in the
absolute leukocytes and platelets number over storage time.
Leukocytes apoptosis, first of granulocytes and then of lympho-
cytes, starts from the first 2-3 days of storage and results in the
formation of biologic response modifiers and membrane frag-
ments that can be adhered to stored RBCs initiating removal
signaling cascades [52]. Cytokines are known to be involved in
apoptosis, while neutrophils, by Fas ligand shedding, might
mediate death signaling in the Fas-bearing lymphocytes
and RBCs. Notably, cytoskeleton and band 3 modifications
as well as PS externalization following the activation of the
membrane-based apoptotic pathway have been reported in the
past in both senescent and stored RBCs [3,17,96,97]. Leukocytes
and activated platelets are important sources of free radicals and
biologically effective molecules that are simply accumulated in
the supernatants probably not as innocent bystanders but rather
as effective mediators of RBCs senescence and cold storage stress.
Reactive oxygen and nitrogen species as well as soluble enzymes
hit directly the sensitive RBCs proteins, glyco-conjugates and
membrane lipids while significant amounts of platelet- and
leukocyte-derived extracellular membrane vesicles enhanced the
toxicity of the storage supernatant. It has been reported that the
ROS generated by human neutrophils are cytotoxic for RBCs
via an Hb oxidation mechanism [67] that is the initiating
event in some major RBCs senescent pathways. Moreover, the
contaminant cells-derived proteases are expected to be more
effective toward stored RBCs compared to the in vivo conditions
because stored RBCs lack the protective effect of the protease
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inhibitors-containing plasma [98]. In addition, the residual
platelets experience a kind of “cold storage lesion” at the low
temperature of the RBCs units, which apart from poor survival in
the circulation, includes a type of activation state and relevant
signaling via the plasma membrane: irreversible transformation,
increase in intracellular calcium and protein tyrosine phosphor-
ylation, lipid rafts aggregation, secretion of alpha granule and
lysosomal contents, rearrangement of the surface glycoprotein
Ib, P38MAPK and cytosolic phospholipase A2 activation, arachi-
donic acid release, apoptosis, PS externalization and accelerated
membrane vesiculation [99-102]. Indeed, it has been reported
that platelet-derived microparticles accumulate from day 0 and
peak on day 20 of storage, while the leukocyte-derived vesicles
are increased after the day 30 in stored non-leukoreduced RBCs
units [103]. Pre-storage leukofiltration not only substantially
reduces RBCs membrane vesiculation but also post-storage
platelet-derived microparticles count [104]. The enrichment of
supernatant in microvesicles under non-leukoreduction condi-
tions leads to a sharp increase in the inter-cellular communica-
tion potential of the unit. The extracellular vesicles are potent
packages of information since they contain numerous and
highly concentrated signaling materials, including activated
caspases and PS. As a result, they might exhibit pleiotropic
stimulatory effects on cells via receptor interactions or direct
transfer of their protein and lipid components by fusion with
the cellular membrane [105], as previously reported for the
RBCs-derived vesicles in vivo [106]. Consequently, the greater
variability in extracellular vesicles released in N-RBCs is
expected to effectively modify the signaling machinery of
RBCs targets.

3.8. Conclusions

The present study provides further insight into the mecha-
nisms of the RBC storage lesion in relation to the effect of
pre-storage leukoreduction. Although storage lesion is usually
enhanced in both L- and N-RBCs by prolonged storage, it is
partially alleviated by filtering removal of the donor’s
contaminant leukocytes and platelets. Substantiated evi-
dence comes from a series of different yet physiologically
interlinked experimental data. L-RBCs excel N-RBCs at almost
all the storage quality measurements examined, either for a
part or for the whole of the storage period. Indeed, hemolysis,
irreversible echinocytosis, microvesiculation, removal signal-
ing, ROS and calcium accumulation, band 3-related senes-
cence modifications, membrane proteome stress biomarkers
as well as emergence of a senescence phenotype in the lower
density RBCs that is disproportionate to their age, are all
encountered more or mostly in N-RBCs compared to the
L-ones. It seems that the residual leukocytes and platelets
impose a great burden of oxidative and calcium-associated
stress on RBCs that is reflected in the accumulation of more
senescent defects. Although a direct connection between the

elevated ROS and calcium levels with their triggering potential
towards senescence and death signaling is missingin our study,
the different storage lesion profile in relation to the presence
or no of contaminant cells implies a significant degree of
correlation. Probably through the early events of cellular
activation, apoptosis and degeneration of the donor’s leuko-
cytes and platelets, a considerable fraction of the N-RBCs that
are not yet physiologically senescent become damaged and
more susceptible to the noxious effects of storage. The currently
reported molecular and cellular data provide a mechanistic
basis for the improved storage and post transfusion recovery
seen in the case of pre-storage leukoreduction. Based on these
results it will be interesting to evaluate the contaminant
cells “cold storage lesion” in parallel to the RBCs defects
during the storage period in order to assign specific roles in
every participant of this clinically important cellular
fellowship.

Acknowledgements

The authors wish to thank all blood donors that have
participated in the present study, and especially the four
friends that donated twice, for their prompt, volunteer
response, and exceptional collaboration; the PhD student
Georgatzakou H. and the pre-graduate students Taihert M.
and Kollarou A. (Dept. of Cell Biology & Biophysics, Faculty of
Biology, NKUA) for their assistance in the performance of a
part of the immunoblotting experiments; and finally, Assistant
Prof. I.P. Trougakos (Dept. of Cell Biology & Biophysics, Faculty
of Biology, NKUA) for the kind disposal of fluorometer device.
This study was partly supported by the “Special Account for
Research Grants of the NKUA” to Associate Prof. I.S. Papassideri.

REFERENCES

[1] Lion N, Crettaz D, Rubin O, Tissot JD. Stored red blood cells: a
changing universe waiting for its map(s). ] Proteomics
2010;73:374-85.

[2] Antonelou MH, Kriebardis AG, Papassideri IS. Aging and

death signalling in mature red cells: from basic science to

transfusion practice. Blood Transfus 2010;8(Suppl. 3):s39-47.

Kriebardis AG, Antonelou MH, Stamoulis KE,

Economou-Petersen E, Margaritis LH, Papassideri IS.

Storage-dependent remodeling of the red blood cell

membrane is associated with increased immunoglobulin G

binding, lipid raft rearrangement, and caspase activation.

Transfusion 2007;47:1212-20.

Kriebardis AG, Antonelou MH, Stamoulis KE,

Economou-Petersen E, Margaritis LH, Papassideri IS.

Progressive oxidation of cytoskeletal proteins and

accumulation of denatured hemoglobin in stored red cells.

J Cell Mol Med 2007;11:148-55.

3

(4

Fig. 7 - Comparative analysis of young (Y) and senescent (S) RBCs of various storage periods separated from L- and N-units by
Percoll density gradient fractionation. Averaged (n==8) intracellular ROS (A) and calcium (B) accumulation as well as membrane
PCI (C) analysis revealed a different variation profile not only between Y- and S-RBCs but also between L- and N-groups.

(D) Graphs showing the averaged variation in a series of cellular aging and stress protein markers in low-density L- and N-RBCs
collected at the indicated three time-points of storage. Error bars: SD; (*) p<0.05 of L- vs. N-RBCs.
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Uric acid variation among regular blood donors is indicative of
red blood cells susceptibility to storage lesion markers: a new
hypothesis tested

Vassilis L. Tzounakas," Hara T. Georgatzakou,’ Anastasios G. Kriebardis,” Effie G. Papageorgiou,®

Konstantinos E. Stamoulis,*® Leontini E. Foudoulaki-Paparizos,”* Marianna H. Antonelou,’

and Issidora S. Papassideri’

BACKGROUND: Oxidative stress orchestrates a
significant part of the red blood cell (RBC) storage lesion.
Considering the tremendous interdonor variability
observed in the “storability,” namely, the capacity of
RBCs to sustain the storage lesion, this study aimed at
the elucidation of donor-specific factors that affect the
redox homeostasis during the storage of RBCs in
standard systems.

STUDY DESIGN AND METHODS: The hematologic
profile of regular blood donors (n = 78) was evaluated by
biochemical analysis of 48 different variables, including in
vivo hemolysis and plasma oxidant and antioxidant
factors and statistical analysis of the results. The
possible effect of the uric acid (UA) variable on the RBCs
storability was investigated in leukoreduced CPD/SAGM
RBC units (n = 8) collected from donors exhibiting high or
low prestorage levels of UA, throughout the storage
period.

RESULTS: Among the hematologic variables examined
in vivo, cluster analysis grouped the donors according to
their serum UA levels. Plasma antioxidant capacity, iron
indexes, and protein carbonylation represented
covariants of UA factor. RBCs prepared by low- or high-
UA donors exhibited significant differences between
them in spheroechinocytosis, supernatant antioxidant
activity, and other RBC storage lesion—associated
variables.

CONCLUSION: UA exhibits a storability biomarker
potential. Intrinsic variability in plasma UA levels might be
related to the interdonor variability observed in the
storage capacity of RBCs. A model for the antioxidant
effect of UA during the RBC storage is currently
proposed.

|D: vedhanarayanan.m Time: 14:46 |

ABBREVIATIONS: GSH = glutathione; HDL = high-density
lipoprotein; LDL = low-density lipoprotein; NO = nitric
oxide; ROS = reactive oxygen species; TAC = total
antioxidant capacity; TIBC = total iron-binding capacity;
UA = uric acid.
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TZOUNAKAS ET AL.

n the context of “red blood cell [RBC] storage lesion,”

stored RBCs undergo a series of time-dependent

physiologic alterations that are only partially reversi-

ble.!? These alterations are probably related to the in
vivo recovery of RBCs.®> Growing evidence suggests a cen-
tral role for oxidative stress in the RBCs aging in health
and disease context as well as under storage in blood
banks.” Storage lesion comprises a number of interde-
pendent processes that are possibly orchestrated by the
management of the oxidative stress ex vivo.> Reduction in
the antioxidant activity of both stored RBCs and superna-
tant leads to time-dependent oxidative assaults on lipids
and proteins, including hemoglobin (Hb), that are
intrinsically involved in the loss of cation gradients across
the membrane, microparticles release, spherocytosis, and
generation of senescence neoantigens at cell surface.””

Uric acid (UA) is the final product of purine metabo-
lism pathway. It functions as a general electron donor and
scavenger of singlet oxygen, hydroxyl radicals, oxoheme
oxidants, hydroperoxyl radicals, and hypochlorous acid in
the plasma.? In fact, UA represents the most abundant
plasma antioxidant with a concentration close enough to
its solubility limits (120-450 umol/L).8 Its antioxidant
activity has evolutionarily replaced ascorbate as the major
water-soluble antioxidant.® Furthermore, UA uptake by
RBCs, oxidatively stressed cells, and cancer cells suggests
an antioxidant role for UA as an intracellular scavenger to
prevent the accumulation of reactive oxygen species
(ROS)-associated damages.®'°

Blood donors can exhibit a wide variability in the
“storability,” namely, the capacity of RBCs to sustain the
storage lesion,'! as well as in the recovery of stored RBCs
after transfusion.'? Inherent variations in the oxidative
burden and antioxidant activity of the donated blood
might to some extent determine the storability of RBCs
and probably their posttransfusion efficacy.'*® This study
aimed at the elucidation of donor-specific hematologic
characteristics that affect the redox homeostasis and stor-
ability of RBCs.

MATERIALS AND METHODS

Material supplies

Common chemicals and anti-band 3 (B-9277, Sigma
Aldrich, Munich, Germany); anti-flotillin-2 (610384, BD
Transduction Laboratories, San Jose, CA); anti-calpain-1
(sc-7531, Santa Cruz Biotechnology, Santa Cruz, CA); anti-
peroxiredoxin 2 (Prx2, SP5464) and glucose transporter 1
(GLUT1, AP10084PU, Acris GmbH, Herford, Germany);
5-(and-6) chloromethyl-2’,7’-dichloro-dihydro-fluorescein
diacetate, acetyl ester (CMH2DCFDA) and Fluo-4 AM
(Invitrogen, Molecular Probes, Eugene, OR); horseradish
peroxidase (HRP)-conjugated antibodies and ECL Kkits
(Perkin Elmer, Santa Clara, CA; and GE Healthcare, Buck-

2 TRANSFUSION Volume 00, Month 2015

|D: vedhanarayanan.m Time: 14:46 |

Stage:  Page: 2

inghamshire, UK); bis-sulfosuccinimidyl-suberate (BS3)
cross-linker (Thermo Fisher Scientific, Rockford, IL);
Bradford assay (Bio-Rad, Hercules, CA); and plasma car-
bonylation, nitric oxide (NO), and clusterin enzyme-
linked immunosorbent assay (ELISA) kits (BioCell Corp.,
Papatoetoe, New Zealand; Cusabio, Wuhan, China; and
BioVendor, Asheville, NC, respectively).

Blood donor preparation of RBC units

For the prestorage study, 78 young (19-24 years old) male
regular blood donors were examined. Blood was collected
into EDTA or citrate vacutainers. The RBC storability was
evaluated in prestorage leukoreduced units prepared from
8 young, nonsmoking male donors exhibiting high (n = 4)
or low (n = 4) levels of serum UA in vivo. RBC units con-
taining CPD/SAGM were stored for 42 days at 4°C. The
study has been submitted and approved by the Research
Bioethics and BioSecure Committee of the Faculty of Biol-
ogy/NKUA. Investigations were carried out in accordance
with the principles of the Declaration of Helsinki. All sub-
jects gave a written consent before their participation in
the study.

Lifestyle, hematologic, and serum biochemical
analysis

The donors filled out a lifestyle questionnaire (diet, smok-
ing, alcohol consumption, etc.). Blood cell counts and
indexes (mean cell volume, mean cell Hb, mean cell Hb
concentration, RBC distribution width, neutrophils, lym-
phocytes, monocytes, platelets [PLTs], mean PLT volume,
plateletcrit, hematocrit, etc.) were estimated by an auto-
matic blood cell counter (Sysmex K-4500, Roche, India-
napolis, IN). Twenty-five biochemical variables including
iron (Fe), total iron-binding capacity (TIBC), UA, low-
density lipoprotein (LDL), high-density lipoprotein (HDL),
alkaline phosphatase (ALP), aspartate transaminase (AST),
alanine aminotransferase (ALT), y-glutamyl transferase,
and so forth were measured in serum samples by using an
automatic analyzer (Hitachi 902, Roche). Measurement of
potassium (K*) and sodium (Na™) was performed with an
electrolyte analyzer (9180, Roche) and of ferritin with an
assay (Elecsys Systems analyzer, Roche).

Plasma and supernatant analysis

Free Hb concentration and percentage of hemolysis were
calculated by the methods of Harboe'® and Drabkin,'”
respectively. The total antioxidant capacity (TAC) was
measured by the ferric reducing antioxidant power
assay.'® The contribution of UA to the TAC was deter-
mined by uricase treatment.'? Protein carbonylation, NO,
and clusterin were measured by ELISA kits according to
the manufacturer’s instructions.
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Characterization of RBCs

RBC morphology was evaluated by scanning electron
microscopy. Purified RBCs were fixed in 2% glutaralde-
hyde and postfixed in 1% osmium tetroxide in 0.1 mmol/
L sodium cacodylate buffer, pH 7.4. Fixed cells were suc-
cessively dehydrated in ascending ethanol series and
coated with gold-palladium for examination. ROS and cal-
cium accumulation were detected by fluorometry, using
the redox-sensitive probe CM-H,DCFDA and the calcium
indicator Fluo-4AM, respectively.?® Glutathione (GSH)
determination was accomplished by the recycling assay
method of Tietze*! that measures the reduction of Ell-
man’s reagent by the GSH in the presence of NADPH and
GSH reductase.

Immunoblotting analysis of RBC membrane
proteins

RBCs were isolated by the method of Beutler and col-
leagues®? and hemolyzed in 5 mmol/L sodium phosphate
buffer (pH 8.0) containing protease inhibitors. Membrane
fraction was prepared as previously described.”’ Equal
amounts (12-25 pg) of membrane proteins were loaded in
Laemmli gels, transferred to nitrocellulose membranes,
immune-probed for RBC proteins, and detected by HRP-
conjugated secondary antibodies and ECL development.*°
The relative membrane expression of each component
was estimated by scanning densitometry.

Statistical analysis

All experiments have been performed twice, unless other-
wise stated. For statistical analysis, computer software
(Statistical Package for Social Sciences, IBM SPSS, Version
22.0 for Windows, IBM Corp., Armonk, NY; administered
by NKUA) was used. Donors or variables for the prestor-
age evaluation were categorized using the cluster and fac-
tor analysis, respectively. Time course analysis was
performed by using repeated-measures analysis of var-
iance (ANOVA). Intergroup differences were evaluated by
one-way ANOVA and general linear models. Prediction
outcomes were estimated by regression analysis. Pearson’s
and Spearman’s correlation tests were performed to assess
the relationship between variables. Significance was
accepted at p values of less than 0.05.

RESULTS

Prestorage examination

Lifestyle, hematologic, and serum biochemical profile

Considering that the lipid, iron, and redox homeostasis in
the blood might be related to the donor’s lifestyle, we ini-
tially examined the interdonor variation in diet, physical
exercise, smoking, and alcohol consumption aspects. Evalu-
ation of the questionnaire revealed a common average life-
style for the volunteers participating in this study. Half of
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Fig. 1. Lifestyle (A) and serum UA (B) variation profile among
the regular blood donors examined (n = 78). Percentage of
donors exhibiting high, medium, or low frequency of red
meat and alcohol consumption, physical exercise (GYM), and
smoking as well as aberrant levels of UA is shown.

them were smokers and had physical activities on a weekly
basis, 75% were not consuming more than one drink per
week, and 27% were consuming red meat once per week
(Fig. 1A). Moreover, the vast majority of the subjects dis-
played the anticipated normal range variation in most of
the hematologic and serum and plasma biochemical varia-
bles examined (Table 1). However, donors with aberrant
levels of serum cholesterol, LDL, iron, UA, AST, and clus-
terin were also detected. In particular, approximately 30%
of the donors examined exhibited higher levels of serum UA
(7.5 = 0.4 mg/dL) compared to the normal range (<7.2 mg/
dL; Fig. 1B). This finding was very interesting, since UA
accounts for up to 60% of the TAC of the plasma.'®

Classification of subjects and variables
To test for a possible classification of the donors on the
basis of their variable hematologic profile (48 variables), we

used cluster analysis. By this approach, all subjects were 2i:
indeed grouped into three clusters according to their serum 21:
UA levels: high-UA Cluster A (7.56 = 0.59 mg/dL), upper :

border—UA Cluster B (6.96 = 0.51 mg/dL), and normal-UA
Cluster C (6.01 = 0.63 mg/dL), respectively (Fig. 2A). The
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TABLE 1. Hematologic profile of the blood donors
(n=78)*

Variable Normal range Donors
Hb (g/dL) 12-18 15.0=1.2
RBCs (x10'?/L) 3.8-5.3 50*0.4
HCT (%) 36-56 440x28
MCV (fL) 80-100 887
MCH (pg) 27-32 30x3
MCHC (g/dL) 32-36 34.0+1.1
RDW (%) 10.0-16.5 125+0.7
WBCs (X10%L) 4.0-9.0 7.0+1.8
PLT (x10%L) 120-380 245+ 51
Glucose (mg/dL) 65-110 89+9
Cholesterol (mg/dL) 140-199 188 + 31
LDL (mg/dL) < 130 11327
HDL (mg/dL) 37-70 52+9
HDL/LDL ratio 1.00 0.49 +0.15
VLDL (mg/dL) 8-40 22+12
Triglycerides (mg/dL) 10-150 11129
Fe (mg/dL) 35-150 129 =27
TIBC (mg/dL) 260-390 328 =33
Ferritin (ng/mL) 18-270 96 + 43
Transferrin (mg/dL) 200-400 306 + 44
Transferrin saturation (%) 20-50 39+6
Urea (mg/dL) 10-50 21+6
Creatinine (mg/dL) 0.31-1.11 0.79+0.20
UA (mg/dL) 3.5-7.2 6.9+1.1
Calcium (mg/dL) 8.6-10.0 95+0.4
Sodium (mmol/L) 135-145 140+ 3
Potassium (mmol/L) 3.6-5.1 43+0.4
Phosphorus (mg/dL) 2.5-4.9 3.3x04
Total proteins 6.4-8.2 72+0.5
Albumin (mg/dL) 3.5-5.5 4.8+0.3
AST (U/L) 5-40 27 =18
ALT (U/L) 7-56 1810
vyGT (U/L) 5-85 24 =12
ALP (U/L) 17-142 59 * 11
Plasma Hb (mg/dL) NA 41 =21
Plasma NO (ng/mL) NA 3.59+1.18
Plasma TAC (umol/L Fe?") NA 984 + 143
Plasma clusterin (ng/mL) 52.8-137.2 86.4 =51.9
Plasma protein <0.1 0.084 +=0.063

carbonylation (nmol/mg)
* Data are presented as mean = SD.
vyGT = y-glutamyl transferase; MCH = mean cell Hb; MCHC = mean
cell Hb concentration; MCV = mean cell volume; RDW = RBC distri-
bution width; VLDL = very-low-density lipoprotein.

clusters that have arisen were also different between each
other in plasma TAC, iron, ferritin, and TIBC levels (double
arrows in Fig. 2A). By evaluating the cluster analysis results,
we next asked whether the UA variation exhibited any sig-
nificant interrelation with the cosegregated variables of
TAC, TIBC, iron, and ferritin. Factor analysis revealed nine
subsets of closely interrelated variables, including the
anticipated RBCs, WBCs, PLTs, Hb and scavenging, liver,
and lipid homeostasis factors as well as the UA-specific fac-
tor that cross-talked with that of iron indexes by TIBC and
plasma carbonylation variables (Fig. 2B).

Storage examination: the UA effect

To test whether UA variation in vivo correlated with the
storability of RBCs, we selected eight regular blood donors
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exhibiting low (4.73 = 0.25 mg/dL, normal range) or high
(7.52 = 0.5 mg/dL) plasma UA levels, to prepare and store
leukoreduced RBCs in CPD/SAGM for 42 days at 4°C.
High-UA donors exhibited UA values slightly above the
normal range to be consistent with the cluster A of the
prestorage analysis shown in Fig. 2A.

Stored RBC units prepared from high- or low-UA
donors differed (p <0.05) from each other in certain RBC
and supernatant characteristics typically affected by the
storage (asterisks in Table 2). Considerably better intracel-
lular accumulation of calcium, spheroechinocytosis per-
centage (nonreversible RBC shape modification), and TAC
of the supernatant were found in units prepared from
high-UA donors compared to the low-UA ones throughout
the storage period (Figs. 3 and 4A). The distribution of
those variables’ levels in both groups at the middle and the
end of the storage period is shown by the representative
boxplots of Fig. 3A. After each variable was plotted against
storage duration, linear progression graphs arose, with R?
values high enough to allow a safe prediction of a value
anywhere in the storage period on the basis of any one pre-
vious time point value, including the prestorage one (Fig.
3B). Intracellular calcium activity and spheroechinocytosis
percentage (Fig. 4A) as well as protein factors like Band 3
oligomerization (Day 21) and membrane expression of
flotillin-2 (Day 42; Fig. 4B) varied significantly (p <0.05)
from low- to high-UA units of stored cells, while they did
not in vivo (Table 2, Fig. 3B). High-UA stored RBCs were
characterized by normal calcium accumulation and super-
natant antioxidant capacity until the last days of storage
while expression of flotillin-2 was decreased at pathologic
levels only in low-UA RBCs stored for a long period ex vivo.

Multivariate analysis using serum UA concentration as
an independent variable and the majority of the measure-
ments (on RBCs and supernatants) collected throughout
the storage period as dependent variables indicated a sig-
nificant multivariate effect on the combined dependent
variables of 1) intracellular Ca**, 2) supernatant TAC, 3)
percentage of spheroechinocytes, and 4) degree of protein
Band 3 oligomerization (Day 21) or flottilin-2 membrane
levels (Day 42) in respect to the donor UA levels in vivo
with F(4,3) =56.119, p=0.024, partial n>=0.942, and
power = 0.836 for Day 21 and F(4,3) =89.564, p=0.011,
partial % =0.994, and power = 0.990 for Day 42, respec-
tively. Additional repeated-measures multivariate analysis
showed that the above-mentioned multivariate effect was
concomitantly significant at both the middle and the end
of the storage period. Finally, to evaluate whether the pres-
torage plasma UA levels can predict the storage-associated
variation profile, regression analysis using UA as the inde-
pendent variable was performed. By this approach, signifi-
cant prediction models for supernatant TAC, intracellular
Ca*", and spheroechinocytosis were made (Fig. 4C).

Apart from the variables of the multivariate UA model
that showed combined significant differences between
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Cluster C
(N=26)

UA (6.01+0.63)
Fe (12024)
Ferritin (87+30)
{TAC (840+64)
TIBC (312£21)

Liver

Oxidant/Antioxidant

Ferrum Indexes

Fig. 2. Multiparametric statistical analysis (n = 78). (A) Cluster analysis using 48 different hematologic, serum biochemical, and RBC
variables grouped the donors to three clusters according to their serum UA levels (mg/dL). TAC (umol/L Fe**), TIBC (mg/dL), Fe
(mg/dL), and ferritin (ng/mL) were significantly (p <0.05) different between clusters (double arrows). Cluster B differed from Cluster
C (p<0.05) in all five variables included (bold-lined double arrow). Data are shown as mean = SD. (B) Factor analysis aggregated the
same variables ensemble in nine subsets of closely interrelated (positively + or negatively —) factors specific for blood cells, free Hb,
liver, iron, lipid, and oxidant and antioxidant homeostasis. ALP, cholesterol, TIBC, and carbonylation were present in more than one
subset. (—/+ superscript indicates that carbonylation is negatively correlated with the oxidant or antioxidant factor but positively
with the ferrum factor). GGT = y-glutamyl transferase; LYM = lymphocytes; MCF = eeeeeee; MCH = mean cell Hb; MCHC = mean cell
Hb concentration; MCV = mean cell volume; MON = monocytes; MPV = mean PLT volume; NEU = neutrophils; PCT = plateletcrit;
RDW = RBC distribution width; VLDL = very-low-density lipoprotein; WBCs = white blood cells.
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TABLE 2. Time course evaluation of the variability observed in selected RBC and supernatant characteristics among
the high- and low-UA donors during the storage period*
Time point

Variable Group (n=8) NS Day 2 Day 21 Day 42

pTAC (umol/L Fe®™) Low 690 + 641 469 + 44+ 364 + 1411 317 + 23t
High 866 = 96 618 = 107+ 463 *+ 52f 440 + 68%

UA-dep AC (umol/L Fe?®") Low 377 + 347 337 + 38 184 + 24+1§)| 174 + 47+ ||
High 483 + 64 497 =103 292 + 331§ 278 + 36%

UA-ind AC (umol/L Fe?") Low 313+ 40 132 + 144 180 + 204§ 143 + 27%
High 383 + 44 121 =13% 171 = 214§ 162 = 31%

Calcium (RFU) Low 3,813+ 218 ND 4,353 = 131§ 5,331 = 327F1§||
High 3,365 *+ 493 ND 3,834 + 320% 4,413 = 353%||

NR (%) Low 2.37+0.90 ND 14.68 = 1.041%|| 32.55 + 1.4511§|
High 1.90+0.23 ND 11.95 + 1.42¢%| 27.26 = 1.15%§||

Band 3 oligomers Low 1.00+0.14 ND 4.35+0.81t%| 4.48 +0.98%||
High 1.26 +0.19 ND 2.96 + 0.52%|| 427 +1.12%|

Flotillin-2 Low 1.00+0.18 ND 0.99+0.14 0.66 + 0.071%§||
High 1.00 +0.24 ND 0.98 £ 0.11 0.80 £0.06

ROS (RFU) Low 233+ 25 321 = 121 563 * 161 284 + 16§
High 222 + 23 288 +21% 551 = 321§|| 265 * 408§

pFREE Hb (mg/mL) Low 0.246 + 0.029 ND 0.269 + 0.028 0.897 = 0.1774$§
High 0.215 + 0.046 ND 0.476 = 0.363 1.090 £0.816

GSH (umol/L) Low 628 + 16 ND 558 + 73 434 +102f||
High 712 + 163 ND 520 + 84 385 + 72%||

p-Carbonylation (nmol/mg) Low 0.108 = 0.058]| ND 0.173 = 0.024|| 0.195 = 0.066||
High 0.057 + 0.052 ND 0.151 +0.042|| 0.132 +0.076||

Band 3 proteolysis Low 1.00 +0.22 ND 2.80 = 0.18%|| 4.18 = 0.75%§||
High 1.16 +0.46 ND 2.13+0.14%| 3.49 + 0.70%§||

Calpain Low 1.00 + 0.53 ND 212+ 0.82%] 4.47 +2.12%|
High 1.06 + 0.41 ND 1.59 +0.47 3.24 +1.82%|

Prx2 Low 1.00 + 0.20 ND 2.5+ 1.3% 15.7 + 10.74§||
High 0.80 + 0.30 ND 1.8+0.9 10.8 + 6.9%§|

pClusterin (ug/mL) Low 59,169 + 44,401 ND N/D 10,920 + 9,915%||
High 78,195 + 10,536 ND N/D 23,292 + 15,7601 ||

Stomatin Low 1.00 +0.37 ND 0.97 =0.27 0.91+£0.28
High 1.15+0.26 ND 1.00 +0.15 1.02+0.18

GLUT1 Low 1.00 = 0.34 ND 0.51 £0.35 0.61£0.19
High 0.69 =0.32 ND 0.51 £0.15 0.61*=0.17

* Row data are presented as mean + SD except for RBC membrane densitometry results that are further normalized to the nonstored values

of low-UA donors.

T p < 0.05 low- versus high-UA donors.

1 p < 0.05 stored versus nonstored samples.

§ p<0.05 versus the previous time point of storage.

|| Abnormal values.

ND = not determined; NR = nonreversible; NS = nonstored.

high- and low-UA units throughout the whole time of stor-
age (graphically shown in the core of Fig. 5), the UA-specific
antioxidant capacity was also better in unit supernatants
prepared from high-UA donors compared to the low-UA
ones and was not affected by the storage until Day 21 (Fig.
5). In contrast, the UA-independent antioxidant capacity of
the supernatant exhibited a sharp decrease (by 30%-40%)
soon after the preparation of the RBC units compared to
that of the plasma in vivo in both groups. At the end of
the storage both activities were reduced to approximately
half the in vivo values (Fig. 5). An increase of the UA-
independent activity was noticed on Day 21 supernatants
(Table 2). Additional storage-associated factors, including
in-bag hemolysis (Table 2) and intracellular GSH (Fig. 5),
were also examined in both low- and high-UA units but
they were not statistically different from each other. How-
ever, a trend for better variation in redox and calcium
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homeostasis markers was evident in high-UA units com-
pared to the low-UA ones (Fig. 5). Among them, lower
plasma protein carbonylation, Band 3 proteolysis, and
membrane binding of calpain (calcium stress marker) and
Prx-2 (oxidative stress marker), alongside with greater
plasma clusterin levels in the high-UA units than in the
low-UA units, were included. A significant increase in the
intracellular ROS levels was observed in low-UA units soon

after the beginning of the storage. Abnormal binding of cal- -
pain and Prx-2 to the membrane of stored RBCs was 31:
observed earlier during the storage in the low-UA RBC units 31:
compared to the high-UA ones (Table 2). Finally, although -
no significant change in the membrane expression of sto- 31
matin and GLUT1 was detected in stored cells, the low-UA :
donors exhibited a trend for higher levels of GLUT1 in vivo. -

The same was also observed for the plasma carbonylation
measurement (Fig. 5).
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Fig. 3. In vivo UA levels as an evaluator of donor-specific RBCs storability (n = 8). (A) Representative boxplots showing the distribu-
tion of intracellular calcium (Ca?*), TAC, and nonreversible RBC shape modification (NR RBCs) levels in low- (4.73 + 0.25 mg/dL)
and high-UA (7.53 £ 0.51 mg/dL) donors at the middle (white boxplots) and the end (gray boxplots) of the storage period. *Low vs.
high donors on Day 21; **low vs. high donors on Day 42; p<0.010. (B) Time course variation of the same variables throughout the
storage period compared to the nonstored (NS, in vivo) levels. The differences showed are significant (*p <0.05, low vs. high UA),
linearly progressed (R* values) and predictable for any time point of storage based on any previous time point value, including the
in vivo measurements. Discontinuous lines in the TAC scatter plot indicate the sharp gap in TAC between plasma in vivo and

stored units’ supernatants. Error bars = standard error of the mean.

DISCUSSION

Regular blood donors, though meeting the established cri-
teria for blood donation, do not represent a hematologi-
cally homogeneous population. More importantly, a part
of this variation in vivo seemed not to be functionally neu-
tral regarding RBC storability but rather associated in part
with the capability of RBCs to cope with the oxidative
stimuli imposed by the storage system. It is worth saying
at this point that the currently selected storage strategy
(leukoreduced CPD/SAGM units of RBCs) is superior com-
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pared to similar alternatives (e.g., nonleukoreduced units
in CPDA) by exhibiting longer and better biopreservation
as well as milder oxidative lesions.'*

330
331
332
Donors’ classification according to the prestorage 333
levels of serum UA
Cluster analysis with an input of 48 different hematologic 335
variables in vivo grouped the donors according to UA levels. 336
Iron and redox homeostasis indexes followed the UA-based 337
classification of both donors and profiles according to the 338

334
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Fig. 4. (A) Representative scanning electron micrographs (Philips SEM515) of stored RBCs from donors exhibiting low or high
UA levels in vivo, showing the prevalence of spheroechinocytosis in the units of low-UA donors at both the middle and the end

of the storage period (scale bars =10 pm). (B) Representative immunoblot analysis showing the lower membrane expression of

flotillin-2 as well as the higher proportion of Band 3 oligomerization in stored RBCs prepared from low-UA donors compared to

the high-UA preparations. Band 3 and oligomer bands are indicated by solid and discontinuous arrows, respectively. (C) Regres-

sion analysis using in vivo UA levels as an independent variable produced several significant models (equations) to predict the

levels of the Fig. 3 variables throughout the storage period.

cluster and factor analysis, respectively, suggesting that
normal-range UA variation in vivo may reveal intrinsic inter-
donor variation in the basal redox status. The UA factor'®
seemed to cross-talk with that of the iron indexes® through
plasma protein carbonylation and TIBC. As for the first one,
its negative correlation with UA might be associated with
the well-established antioxidant activity of urate in the
plasma.® Although a direct association of iron levels with
plasma carbonyls has not been previously reported, plasma
protein carbonylation has been found elevated in hemodial-
ysis patients treated with intravenous iron.?* TIBC was also
found proportionate to the serum UA levels in line with the
previously reported correlation of iron homeostasis with
urate production.?® It has been suggested that UA inhibits
the Fenton reaction and thus the ROS generation through its
ion chelator activity and formation of stable coordination
complexes with iron ions.?®

8 TRANSFUSION Volume 00, Month 2015
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In vivo levels of UA and stored RBC susceptibility
to storage lesion markers

Our findings suggested that intrinsic interdonor variability
in serum UA levels is associated and might reveal the
RBCs susceptibility to certain storage lesion hallmarks.
Indeed, regression analysis of the data collected by inte-
grated analysis of the stored RBCs showed that 91% of the
supernatant TAC, 74% of the spheroechinocytosis, and
64% of the intracellular calcium level variability observed
in the units examined might be associated with the inher-
ent variability in UA concentration. These variables repre-
sent key factors of the storage quality: supernatant TAC is
a holistic meter of the antioxidant status of the blood bag,
spheroechinocytosis?”?® undermines the posttransfusion
viability of the stored cells,?® while intracellular calcium
can directly induce or indirectly promote a cascade of
events leading to cellular dehydration, echinocytosis,
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Fig. 5. Variation in measurable biologic metrics that are no components of the UA multivariate model (core panel). Plasma or

supernatant (p) as well as RBC variables are shown in stored units versus nonstored (NS) samples. A trend for better variation

in redox and calcium homeostasis markers is evident in high-UA units compared to the low-UA ones. (*p <0.05, low vs. high

UA).

protein degradation, recognition signaling, and eryptosis
inside the blood bag.'33%3!

Donor UA present in the residual plasma of RBCs
unit might reduce the ROS and reactive nitrogen species
accumulation in situ leading to less oxidative hits to pro-
tein and lipid targets in the soluble component and the
RBC surface. According to cluster analysis, UA variation
was negatively correlated with protein carbonylation and,
notably, low-UA donors were characterized by abnormal
mean levels of plasma protein carbonylation in vivo. At
storage system, RBC units produced by high-UA donors
exhibited better supernatant TAC compared to the low-UA
ones throughout the storage period owing to the UA anti-
oxidant effect and not to that of the coexisting plasma
compounds (ascorbate, albumin, a-tocopherol, carotenes,
etc.). Those antioxidants seemed severely affected by the
unit preparation steps exhibiting a sharp decline during
the first days of storage compared to the plasma in vivo,
unlike the UA-dependent activity. Better supernatant TAC
may alleviate the oxidative attacks to the Ca*"-permeable
nonselective cation channels and Ca®* transporter extrac-

|D: vedhanarayanan.m Time: 14:48 |

ellularly, ensuring better ion transport regulation in stored
RBCs.*! In turn, better regulation of Ca®>" influx and efflux
can minimize the activation of Gardos channel and, as a
result, the calcium-dependent K* loss, cell shrinkage,*
membrane blebbing, and spheroechinocytic transforma-
tion of stored RBCs.” Our results, showing lower calcium
accumulation, late appearance of the calcium-driven
membrane binding of calpain and Prx2, better preserva-
tion of the lipid raft-associated flotillin-2,* and lower
level of spheroechinocytic transformation in the high-UA
units, were in agreement with that hypothesis.

Further on, the UA might also act intracellularly. It
has been reported that serum UA enters oxidatively
stressed and cancer cells to prevent wide spreading of oxi-
dative assaults.'® Regarding RBCs, plasma UA can enter
them either by passive membrane diffusion or through
ATP-dependent transportation probably involving UA-
specific protein carriers.>®* RBC membrane permeability to
UA is increased under low-pH conditions®® like those
present in RBCs.>* In line with that, an increased influx:ef-
flux ratio of UA has been shown in stored RBCs in

Volume 00, Month 2015 TRANSFUSION 9
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proportion to the duration of storage.*® In our study, the
significant decrease in UA activity in Day 21 supernatants
coincided with the sharp increase in intracellular ROS and
the previously reported opposite decrease in pH,*® condi-
tions that jointly promote UA influx to RBCs.

As a result of the high iron and oxygen content, the
generation of hydroxyls represents the primary mecha-
nism of oxidative injury in RBCs.>” Considering the pro-
tective role of chelators against the products of Fenton
and Haber-Weiss reactions carried out in RBCs, the most
important role of UA in RBCs might be the formation of a
coordination complex with Fe** ions and thus the inhibi-
tion of iron-catalyzed oxidations.*® Not surprisingly, the
peroxidation of plasma and RBC membrane lipids, the
peroxide-induced hemolysis,8 and the nitrite-induced oxi-
dation of oxyhemoglobin®® can be stopped or delayed by
UA. Inside RBCs, UA could restrain Hb from oxidation
and denaturation into methemoglobin and hemichromes
as previously reported® and consequently the Band 3
clustering on the membrane,®**°*? currently shown in
high-UA donors. Interestingly, high-UA uremic plasma
from renal disease patients can effectively mitigate the
intracellular ROS accumulation in CPD/SAGM-stored
RBCs in vitro (unpublished results), providing additional
evidence for the antioxidant effect of UA influx into RBCs.

Urate radical and allantoin represent the ordinary
products of UA oxidation. Urate radical can react with
ascorbic acid (if present), regenerating urate and produc-
ing the more innocuous ascorbate radical.? Membrane
GLUT-1 transporter in collaboration with stomatin protein
transports dehydroascorbate to RBCs where it is reduced
to ascorbic acid.*® In light of our data showing a trend for
higher GLUT1 expression in low-UA donors in vivo, a
redox homeostasis cross-talk between ascorbic acid and
UA cannot be excluded. To support, it has been reported
that oxidation of ascorbic acid to dehydroascorbic pro-
ceeds much slower in high UA states, like uremia.** Cer-
tainly this reaction might be bidirectional in that UA, as
most antioxidants can also exert a prooxidant effect.
Dehydroascorbic acid can be reduced by UA inside RBCs
leading to generation of UA radical and ascorbate that can
be subsequently released extracellularly. In our samples,
the transient increase in the UA-independent (and prob-
ably ascorbic acid-dependent) antioxidant capacity of the
supernatant on Day 21 might be associated with that UA
effect and its increased influx inside RBCs. Apparently, the
steady state of those redox reactions and pathways operat-
ing inside the closed system of stored RBC units needs
further investigation; even more regarding UA that is not
reactive against oxidants involved in RBC homeostasis,
such as superoxide.

The currently presented data in association with the
previously reported UA kinetics and functions discussed
were integrated into the model proposed in Fig. 6. Follow-
ing the shown series of events, a part of the interdonor
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variability in the RBCs susceptibility to certain storage
lesions can be associated with donor-related variation in
the UA molecules inherently present in the residual
plasma of the RBCs units and its well-established antioxi-
dant effects. In support of this, UA-related antioxidant
capacity was constantly higher in supernatant of units
produced from high-UA donors compared to the low-UA
ones throughout the storage period. However, the donor-
dependent implication of UA in the storage quality of
RBCs might be indirect and not causal. UA variation
within normal range might be indicative of the donor’s
basal antioxidant capacity that inherently characterizes
the stored RBC units. By following this reasoning, low-UA
donors’ RBCs probably correspond with worse starting
level of antioxidant competence and redox homeostasis
on Day 0 of storage, due to the chronic contact with a UA-
poor natural environment in vivo. To support this view,
low-UA donors were not only characterized by lower
plasma TAC compared to the high-UA ones, but also by
pathologic levels of plasma protein carbonylation in vivo.
A trend for worse levels of plasma clusterin, intracellular
GSH, and Prx2 variation was also evident. In fact, patho-
logic levels of the secreted chaperone clusterin were only
measured in low-UA donors in vivo. Clusterin is a marker
of oxidative stress and injury in many cells including
RBCs.*® It is involved in several physiologic processes
including apoptosis, inflammation, cellular senescence,
membrane vesiculation, and in vivo aging.*®*” Notably, its
plasma levels have been positively correlated with UA in
healthy adults.*®

In any case, namely, either through direct antioxidant

function or as an indicator of the basal redox status and =

homeostasis, UA variation among donors seemed to be
associated with the RBCs storage lesion profile. To our

knowledge, the new hypothesis that has been introduced -
and tested by this study reported for the first time the pos- 5
sibility of predicting storage lesion components based on
a simple and accessible serum factor that can be meas- 5
ured accurately before, at the time, or after blood dona- :
tion for producing RBCs transfusion units. Both statistical 5
significance and power (=0.990) of the multivariate model 5
currently reported indicate that the sample size used to 5
test our hypothesis at storage level was sufficient to sup- 5
port our results. Apparently, the typing of UA as a RBC
storability biomarker needs further investigation in large- 5
scale studies examining the storage lesion profile in 51
groups of eligible blood donors associated by default with 5
normal range UA variability, including women and ulcer
patients. Based on our pre-storage and storage analysis °
we strongly suggest UA for evaluation in storage quality 51¢
biomarkers identification studies. Finally, whether UA var- 5
iation in vivo is also indicative of stored RBC performance :
after transfusion is a much harder—yet necessary—target 52
to hit. Although recovery is expected to be better for a 5
low-spheroechinocytosis unit compared to a higher one, 5
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Methemoglobin/
Hemichromes

% Carbonylated Proteins
& ROS/RNS
O Plasma Antioxidants

' UA Transporter
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. Cation channels

. Ca?* Transporter

Fig. 6. Proposed model for a direct antioxidant effect of inherent donors’ UA on supernatant and stored RBCs during the storage

period. As an effective electron donor and ROS scavenger,” UA exhibits antioxidant activity extracellularly by lowering the oxida-

tive attacks to RBC membrane channels and transporters (1). This effect on Ca2+-permeable nonselective cation channels and

Ca®* transporter ensures better ion transport regulation in stored RBCs®' (2). Moreover, UA-based ROS scavenging can partly

inhibit supernatant protein carbonylation (3). UA might enter RBC

through UA-specific transporters or by membrane diffusion®

(4). The progressive lowering of the pH of the supernatant during the preservation period causes an increase in the influx rate

of UA in RBCs that is proportional to the storage time itself* (4). Inside RBCs, UA similarly alleviates the oxidative burden

in situ!® (5), thus restraining Hb from oxidation or denaturation into methemoglobin and hemichromes®® (6) and consequently

the Band 3 clustering on the membrane (7). Another benefit might be the better preservation of the lipid rafts (showing by the

high flotillin-2 levels; 8) as well as of the membrane channels activity (the selective cation channels and the Ca®*-transporter

are indicated in the graph), ensuring better calcium influx and efflux rate and thus low levels of calcium accumulation in RBCs

(9). Low Ca?* activity intracellularly minimizes the activation of Gardos channel (10) and as a result, the calcium-dependent K+

loss, cell shrinkage,®' membrane blebbing, and spheroechinocytic transformation of stored RBCs” (11).

posttransfusion studies will lead to the identification of
RBC biomarkers or assays to safely predict RBC recovery
and function inside the recipient.

Concluding remarks

Storage time is only a relative quality criterion for the
evaluation of the RBC storage lesion since donor-related
factors are probably more effective in determining its
profile. RBC storage lesion depends on the ability of
stored units to cope with a range of oxidative stimuli
and defects. Intrinsic variability in UA levels in vivo
seems to be associated with RBCs storage lesion hall-
marks like the degree of spheroechinocytosis. Although
it is currently not known whether this association arises

|D: vedhanarayanan.m Time: 14:48 |

by direct antioxidant function of UA inside the RBCs 5:
unit or by its capability to reveal the redox homeostasis 53

of the individual donor, normal-range variation in UA

might be used to evaluate the susceptibility of blood 5

labile product to storage lesions. The ability to evaluate

storage lesion profiles by using easily accessible donor 5
factors is probably the first step for the effective man- :

agement of the donated blood (storage strategies, addi-
tive solutions, leukoreduction, appropriate storage
period, etc.) by the blood bank services. Although we

cannot claim the discovery of a storability biomarker, 5

we strongly recommend UA for consideration and eval-

uation in future large-scale studies on donor variation 5
effects, on storage quality biomarkers, and on individu- :

alized therapies applicable in transfusion medicine.
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Abstract

Background and Objectives Baseline haematological characteristics concerning or influencing red blood
cell (RBC) properties might affect storage lesion development in individual donors. This study was
conducted to evaluate the variation in haematological characteristics among blood donors and its probable

relationship with storage lesion.

Materials and Methods The haematological profile of =137 eligible blood donors was evaluated in vivo.
A paired-study of n=10 fresh blood versus RBC concentrates was also conducted. Haemolysis,
microvesiculation, phosphatidylserine exposure, fragility and other variables were tested and analyzed by

statistical and network analysis tools.

Results Aberrant levels of haemolysis, antioxidant capacity, iron and other variables were observed in 20-
40% of the donors. Factors like plasma nitric oxide and membrane peroxiredoxin-2 exhibited high
interdonor variability that further increased during storage. RBC indexes, osmotic fragility,
phosphatidyleserine exposure and supernatant nitric oxide fluctuated throughout the storage in proportion to
their values in vivo. Donor levels of phosphatidyleserine exposure and HbF correlated with stored cells

MCHC, oxidative stress markers and cellular fragility, respectively.

Conclusion Although numerous storage measures exhibit wide interdonor variation, fluctuate in proportion
to their own or other parameters’ levels in vivo. Construction of “in vivo versus storage” biological networks

might provide deeper insight into the donor variation effect on RBC storage lesion.

Key words: donor variation, storage lesion, haematological profile, network analysis.
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