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ITPOAOI'OX

H mapovca d1daktopikn dwtpipn exkmoviOnke otov Touéa Broroyiag Kvttdpov kot
Bilopuvoimg, tov tuiqpotog BioAoyia tov Ilavemotnuiov AOnvav vid v emifieym g
Kanynrprog kag. Iowdwpag [Moracdépn kot oy Eva moAd Opopeo ta&idt 6Tov KOGUO TG
£pevvac, To omoio e 610ace TOAAG TPdyaTa Kot oL dNUovPYNGE VIEPOYO GLVOLGOT LT
Ta omoia Bo pe GLVTPOPEHOLY OTTOOV OPOLO KL AV AKOAOVONG® otV Topeia TS {ONG Hov.
21V 0AOKANP®ON OUMG QLTS TG EpYaciog, cuVEBaALaY TOAAOL AVOP®TTOL TOVG O0TOioVG
Ba NBeha va EVYOPIGTHC®.

Apykd, Ba n0era va evyaprotion v Kadnyntpua xa. Iowdopa Iaracidépn yiati
LoV £0(GE TNV EVKOUPIO VO OTOTEAEC® KL €YM HELOG TNG EPELVNTIKNG TNG OUASOC, VO, LLTT®
OTOVG EPYOOTNPLUKOVE YDPOLG Kot VoL aooANnBm pe Eva Bépa mov pe evolépepe dwaitepal.
®a Mbeho vo TNV €LXOPICTNC® YO, TN YEVIKOTEPN EMGTNUOVIKY] GOUUPOAN TG otnv
OAOKANP®OTN OVTNG NG epyaciog OAAG Kol yloti OTOLNONTOTE GTUYUN YPEWCTNKO TN
Bonbela kot Tig cVUPOLVAEG TG NTaV TAvTO TPOBvun vo pe Ponbnoet kou va pe otnpi&et
1060 G€ EMOTNHOVIKO OGO KOl G TPOoOTIKO eminedo. Eival moAd onpovtikd va aichdvecat
TS o1 avBpwmotl mov cvvepydlesal ivor dvOpmmol mov voldlovtat Kot EvOlapEPOVTOL Yo
EGEVA TPALYLLOTIKA.

[dwitepa, Ba MBera va evyapiotioo v Enikovpn Kabnynrpu xa. Mapidvva
AVTOVELOL Y10 TIG YVOGELS TOL LoV £XEL TPOCPEPEL ATAOYEPO, Y10 TV VITOUOV TNG VO UE
Oa&el Oyt HOVO GTO TMPOKTIKO KOUUATL TNG €pyociog OAAd Kot Vo PE ULTCEL GTOV
EMIGTNUOVIKO TPOTO GKEYNC, Y10 TV EUTIGTOCVVT] TNG KO YEVIKOTEPQ Y10 OAES TIG OLOPPES
OVOLLVIIOELG TTOV POV €Yl Yopicel OAa avTd Ta YpovVia Tov cvvepyaostiKape. Eivar évog
dvBpwmog mov TPooeEPEL TAvTA avidloteA®mg Ponbela dmote tov {ntndel ywpig devTepn
oKEYT Kol [LE YopoTolel ko pe TIHd wwaitepa 10 yeYovog ott vnpéa cuvepydTng TC.

Eniong, Oa n0ela va evyapiotiomn v Avarinpotpio Kadnynrpia ka. [Hovayovia
Kol ko tov Avaminpot| Kabnynt k. Atopdavtn Zidepn yuo v T Tov Hov £Kovoy
VO GUUUETEXOLV GTNV TPLUEA] GLUUPOVAEVLTIKY| emiTpom KOOMG Kot Yo TS a&lOAOYES
TOPOTNPNCES KOl EMONUAVOELS TOvG. Avtiotoya, Oa Mbeka va evyaplotio® TNV
KaOnyntpu ka. Baoctukn Aiemopov-Mapivov, tov Avaminpot) KaOnynm . lodvvn
Tpovykako, tov Emikovpo wabnynm k. Anuntpro Xtpafondon kor v Emikovpn
Kadnyntpua xo. Aviovérov Mapidvva ylo T T Iov Hov €KAVAY VO GUUUETEXOVY GTNV
ENTOUENT EEETACTIKY EMLTPOTY).

Evyopiotd mold tov Enikovpo Kabnyntn tov Tunpatog latpikodv Epyastmpiov tov
TEI AGnvov k. Avaotdotlo Kpiepndpdn yio ) @rlo&evia 6Tov €pyacTnplokd Tov YOpo Kot
NV QoY GLVEPYOTia OV elyope OAM aVTA Ta XPoOvia, KaBMG Kot Yo TV gvKopia mTov
pov €dmoe va cvppetéy®m oto Epevvntkd [pdypappo «APXIMHAHYE III: ENIZXYXZH
EPEYNHTIKQN OMAAQN XTA TEI» oto omoio emtédece emotnuovikog vevbuvog,.

®a MBeha va evyapiotiow tov Ap. Baciieio T{obvaka yio tnv dyoyn cuvepyocio
mov elyape. Nopilo g KatapEpape moAd KoAd vo GAANAOGUUTANPOVOLOGTE KOl TOPAL TIG
OVOKOAlEG OV TPOKVATOVY, OTOV VTAPYEL Tieon YPOVOL Kol AyY0S, UTOPECOUE VO
ONUIOVPYNGOLLLE LI TOAD OLLOPPT] OLADAL.

Oa NTav TopdAietyn va unv guyopiotiow tov latpd Neppordyo kot AtevBovin g
Movéadag Xpoviag ApokdBapong «lovio Ospamevtiplon, Tov K. Atdéctoro Kokkain yia
™V dplotn ovvepyasio HOG Kol TIG EMGTNUOVIKEG GULUPBOVAEG TOL KOOMG KOl TNV
TPOTCTOUEVT] TOL TUNHOTOG Ko Baotlela Xtovma kot v moAVTun cvpfoin tng oty
TaPOYN TOV PLOAOYIK®V OEIYUATOV.



‘Eva peydro gvyapiotd opeilw otov Ap. ABavdcio Bedévila 1600 yio T cvpfoin
0V oto mepdpata g HAesktpovikng Mikpookomiog Zapmong, oAAL Kuplog yo Tnv
napovcio. Tov otov Topéa. Eivar évag dvBpwmog mov vanpée dimha pov omoladnmote
OTLYUY], 1] TOPTO. TOL YPAPEIOL TOL NTAV TAVTO AVOLXTH Yio EUEVOL KO Etvar 101aitepT Yopd
LoV Ko KUPIMG TN LoV TTOL TOV £X® YVOPIoEL Ko VTAPYEL 6T (o1 Hov.

®a Mbeha emiong va evyapiotow v Emikovpn Kadnynrpio ka. Evotobio
[Moamayewpyiov, tov N'evikod Tunuatoc Mabnuatikdv tov TEI AOnvag, yia ) cvupoin
NG OTI GTOTIOTIKY] ENEEEPYOTIO TOV OMOTEAEGUATOV KOOMOG Kot Yo T duvaTdHTNTO TOV
LoV £3®GE VO GUUUETEY® 0TO epevvnTIKd TPoYpappa «Ecmtepukd [pdypappa Evioyvong
Epguvntav tov TEI ABvvag yia 1o étog 2015%» oto omoio vanpée emotnpovikn vrevdovn.

Ogeilm, emiong éva peyddo svyoplot® otv ko. Apteun BovAdyapidov yia v
TOADTIUN PonBetd TG TNV KATAGKELT TOV BLOAOYIKOV SIKTO®V.

[dwitepa, Bo MBeha va guyoplotNo® OAOVS OGOLG GLUVEPAANY GTNV OLKOVOLLKN
vrooTPEN TG dtatpPic pov kot cuykekpipéva to Topvpa AT Agpéving (A.G. Leventis
Foundation) yw v owovopikn evicyvorn mov pov mopeixe to ddotnua 2014-2016, to
npoypoppa Apyyundng 11-2012, to «Ecwtepikd mpdypappa evioyvons epevvntomv tov TEI
AMvag ywu to étog 2015» ko v EAAnvikn Etopeia MetayyicroBepancioc v v
vroTpoPio. Tov pov &dwoe Tto okad.étog 2016-2017 vmod v mpoedpeia Tov Ap.
Koveotavtivov Xtapovin, Atevbovii tov E6vikod Kévtpov Ayodooiag.

‘Eva peydro evyoapiotd og 6Aa ta pEAN AEIT ko ta vwoOAoma HEAN TOL TORED Y10 TNV
Gyoym cuvepyacio mov elyoyLeE.

Oa NTav TOPAAENYN VoL UV EVYOPLETHOO OAOVS TOVg 0gAoVTEG dOTEG Ko Waitepa,
T0VG acBeveig 00TEG O1 00101 FEXTNKAV GUUUETEXOVV GTY) GUYKEKPIUEVT] EPYAGTaL.

Téhog, T0 O peYOAO ELYOPIOTO TO OPEIA® GTNV OKOYEVELL [LOVL, GTN UNTEPO OV
YtéMAo Kol TV adepen pwov Evepocivn, yioo ) ompién Kol TV EUMIGTOLVY] TOV LOV
delyvouv O owTd T YPOVIA, GTOV TOTEPO LoV OedO®PO TOV 0moio EATIL® OTL £Y® KAVEL
VIEPNQOVO KL 0G UV lvarl mAéov Kovtd pov vo pov to Ogi&el, aAAd kupiwg tov dvBpwmo
g Cong pov, tov Keovotavtivo pov, o onoiog pov divel duvapun, ermidan, yopd, yopoyera,
elvar o avBpomog mov pe katoroPoiver, pe dkooroyel kot pe ompiler mavta pe
Katavonon Kot vropovy OAa avtd To xpovia mov Ppicketan dimia Lov.

Xapd O. I'ewpyatldkov
Méiog 2017



2XYNTOMOI' PADIEX

AC(-UA): avtio&eldmtikn 1KavotnTo OQENOUEV 6€ OVTIOEEWOMTIKO GLOTOTIKA TOL
TAdopoTog KTOG TOL ovpkov o&gog (uric acid-independent antioxidant capacity)

Add: adovoivn (adducin)

Alb: oApovpivn (albumin)

ALP: odkolikn powoeatdon (alkaline phosphatase)

Aqgp-1: voatomopivn-1 (aquaporin-1)

B3: {@wvn-3 (band-3)

YGT: y-yhovtapw tpavoeeepdon (y-glutamyl transferase)

Ca: aoBéotio opov (serum calcium)

Calp: xolnaivn-1 (calpain-1)

cHD: cvpPatiky ocpokdBapon (conventional hemodialysis)

Creat: kpeativivn (creatinine)

CRP: C-avtidpmnoo mpoteivn (C-reactive protein)

Disco: diokokvttapa (discocytes)

dHD: d1apketa o€ Oepameia apokabapong (duration of hemodialysis)

dROS: evdokvttapla enineda ROS géwyevarg enaydpevo omd diamide (diamide-induced
reactive oxygen species)

ESRD: veppikn avemdpketo teAkod otadiov (end stage renal disease)

Fe: cidnpog (ferrrum)

Fer: gepprrivn (ferritin)

fHb: elevBepn apoceapivn TAdopatog (free hemoglobin)

Flot-2: plotidrivn-2 (flotillin-2)

GAPDH: agudpoyovion g 3-pwoeopikfic yAivkepardeiong (Glyceraldehyde 3-
phosphate dehydrogenase)

Glut-1: petagpopéag yhokding-1 (glucose transporter-1)

Hb: awpwosearpivny (hemoglobin)

Hct: owpatokpitng (hematocrit)

HDF: awpodwaddnon (hemodiafiltration)

HDL.: vymAng mokvotntog Mmonpoteiveg (high density lipoproteins)

Hsp70: npwteivn Oeprukov cok 70 (heat shock protein 70)

iCa: evdokvttapia 16vta acPeotiov (intracellular calcium)

IROS: evdokvttdpuo emineda dpactikdv pilav o&vyovov (intracellular reactive oxygen
species)

IRR: epvbpokidttapa pn avootpéyung mopapopemong (irreversible deformation
erythrocytes)

K: kdA10 opov (Serum potassium)

LDL.: younAng mokvotnrag Mmonpoteiveg (low density lipoproteins)

MCF: péon ooumtikr evbpavototnto kuttapmv (mean corpuscular fragility)

MCPF’: péomn ooutikn ev0paveTdHTNTA KLTTAPOV PETH amd endaoT otovg 37°C

MCH: péon evdokvttaplo mocotnto apoceaipivng (mean corspuscular hemoglobin)
MCHC: péon evdéokvttdpia cuykévipmon apoceapivng (mean corspuscular hemoglobin
concentration)

MCV: nécog 6ykog epvbporvttapov (mean cell volume)

MDA: poAovdvoAdeion

MFI: deiktng unyavikng evbpavototrag (mechanical fragility index)
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Mono: povokdttapa (Monocytes)

Neu: ovdetpedoira (neutrophils)

NO: povoéeidio Tov almtov (nitric oxide)

oxHb: o&edmpévn/amodiataypévny apooparpivn (oxidized hemoglobin)

P: pdo@opog opov (serum phosphate)

PCI: deiktne npwteivikng kapBovurioong (protein carbonylation index)

Prot: mpwteiveg opov (total serum proteins)

Prx-2: vrepo&eipedoivn-2 (peroxiredoxin-2)

PS: poopatidvriooepivn (phosphatidylserine)

PTH: mapabopudvn (parathormone)

RBCs: gpvOpokvtrapa (red blood cells)

RDW: gbpog peyéboug epvbpokvttapwv (red blood cell distribution width)

RET: diktvogpvOpokvtrapa (reticulocytes)

REV: gpvBpoxvtrapa avactpéyiung napapdpoong (reversible deformation erythrocytes)
rhEPO: avOpodrivn avacuvdvaouévn gpubdporomrivny (recombinant human erythropoietin)
RFU: oyetikég povadeg pBopiopon (relative fluorescence units)

ROS: dpaotikéc pileg o&uyovov (reactive oxygen species)

R-MVs: gpvBpoxvttopikd kvotidwa (red blood cell-derived microvesicles)

SCLU: khaotepivn (soluble clusterin)

Sp: onextpivn (spectrin)

Sp-Pr: 6pavcparta omektpivng (Spectrin proteolysis)

ST: cropatokvtTopo (Stomatocytes)

Stom: otopoativn (Stomatin)

Syn: cvve&ivn (synexin)

TAC: ol avtio&edmtikn wkavotnta tAdopatoc (total antioxidant capacity of plasma)
TIBC: olikn| odnpodecpevtikn wkavotnto (total iron binding capacity)

tROS: enineda ROS eEwyevag emayouevo amd tBHP (tBHP-induced reactive oxygen
species)

UA: ovpucd 0&Y (uric acid)

UA/AC: avtiofeldotikn wavotnta ogeldpevn oto ovpikd o&v (uric acid-dependent
antioxidant capacity)

Ub: ovpmkovitivopéves tpoteiveg (ubiquitinylated proteins)

URR: deixtng amopdkpuveong ovpiag (urea reduction ratio)

WBC: Levkd oupooseaipio (white blood cells)
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A. EIZATI'QT'H

1. Aipo

To aipo sivor éva eEedikevpévo vYPO TOL COUOTOG TO OMOI0 OmoTEAEiTOL 0o
éupopoa kot dpopea cvotatikd. O dykog tov otov avBpwmo eivor mepimov 5 Altpa,
armoterel 10 8% TOL GLVOAKOV Papovg kat yapaktnpiletar amd elappd aikaiikd pH pe
TIWEG oL omoieg kvupaivovtor oto 7.35-7.45. Ta epubpd apoopaipio (epvBpokdtropa), To
Agvkd apoc@aipto (AEVKOKVTTOPO) KoL TO OUUOTETAAO ATOTEAOVY TOL EUUOPPO GLGTATIKA
EVOD TO AUOPPO GTolYEl0 TOL aipaTog eivan To TAAcua. Ot Agttovpyiec mov €xEL TO aipa GTOV
opyoviopd etvar moAAEg kot mepAapPavovy T peTaopd o&uydvov Kol OpemTiK®V
OLOTUTIKOV GTOVG TVEDHOVEG KOl GTOVG 16TOVC, TN Onpovpyia Opdupov yio v amopuyn
OTOAELNG HEYOA®V TOCOTNT®V OiLOTOS GE TEPIMTOON TPOVLUATIGHOD, TN UETOPOPA
KUTTOP®V KOl OVTICOUATOV Y10, TNV OVTILETOTION AOIUDEEWMVY, TN LETAPOPE TV GYPNOTOV
TOPOATPOIOVIWV GTOVG VEQPOVS Kol TO NTtap, OTov PiAtpdpeTon ko kobapiletor to aipa, ™
pvOuIon ¢ Bepokpaciog TOv GOUATOS K.

» [T\douo

To vypd cvotatikd Tov aipatog kaleiton TAGopa kot eival éva petypo omd vepd,
obucyopa, Almn, Tpoteiveg kot 1Ovto. AnoteAel mepimov to 55% TOVL GYKOL TOL CUHATOC Kot
N kOpr Aertovpyid TOL €ivor M UETOPOPA KLTTAPOV Kol OPENTIKOV GLOTUTIKMV,
ToPATPOIOVIOV  TOL  UETAPOMGCUOD, OVIICOUATOV, TOPAYOVI®OV TNENG,  YNLUK®OV
pesorafntav (m.y. oprOVES) Kot TPOTEIVAOV.

O pwteiveg givan Ta cuotatikd Tov Ppickovrol o€ peyaAvtepn apbovio 610 TAAGHA
Kol €OV oNUOVTIKY] GLUPOAN otnv TEN TOL AIHATOC, GTN HETAPOPE OLGLOV KOl GTNV
ALV TOL OPYOVIGHOD EVAVTL OLGLAOV IOV EIGRAALOVY 610 aipa. TTio cuykekpiuéva:

e 'Eyxouv onuaviikd poéro omv mapoyn oapwvoléwv. Awdpopa KOTTOpL OT®S TO
HOKPOPAYO  OlOTTOVV  TPMOTEIVEG TOL TAACUATOC o€  Ouvoééa, Ta  omoio
YPNOLOTOIOVVTOL Y1 TNV TAPUYMYT] VEDV TPOTEIVOV.

e AmotehoVv petapopelg dAhov popiov. [MoAld pikpd poplo TPocdévoviar Ge
TPOTEIVES TOL TAAGLOTOG KOl LETAPEPOVTOL OO TAL OPYAVO, TTOV TIS OTOPPOPOVY GE
GAAOVC 16TOVG Y10 TEPOUTEPM YPT|ON.

e Bonfovv ot odatnpnon ehaepdg Pacwkod pH oto aipo, xabbg mpocsdévovy )
nepicosia wWvtov H'.

o Yvuuetéyovv ot dnpovpyia OpouPov.

e PvOuilovv v katavourn Tov vePOL GTOV OPYOVIGUO HETAED TOL OUIOTOS Kol 10TAOV
(KOALOEIONG OGUMTIKT TEDT)).

H oABoopivn elvar n mo dpBovn mpwteivn kabndg amotedel mepimov 10 55% ToUL
OLUVOAOL TOV TPOTEVAOV 6TO TAACHA. AALO GLOTOTIKG TOL TAACUOTOS OTOTEAOVV Ot
o@apiveg, To VmO0YOVO, TO ApVOEED, TO 0EPLO, Ol NAEKTPOAVTES K.OL.

»  Aevkd oaocaiplo (AevkokHtTopa)
O x0p1og pOAOG TOV AEVKAOV OUOGPOIPIOV Elvol VoL TPOGTATEVOLV TO GAOUO OO
AOWOEEG emdyovtag avocoloyikr] amdvinor. Eivoar modd Aydtepa oe aplBud amd to

epuBpokitTopa, amotedmvtag mepimov t0 1% tov dyKOov TOV CHHOTOC EVD TO KOTTAPO, TTOV
OTOTEAOVV TO GUVOAO TMV AEVKOKLTTAP®V €ivol To AEUPOKVTTOPO, TO LOVOKOTTOP, TO
KOKKLOKOTTAPO (00OETEPOPILD, NOSIVOPIAQ, BOCEOPIAN) KOt TO, KOTTOPO «PLGIKOL POVEIG)
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(NK, natural killer). To péyef6g toug mokidder amd 8 péypt 18um, pe to ovdetepdPiAa Ko
T0 AEPPOKVTTOPO VO, ATOTELOVV TIG TOAVTANOEGTEPEG OUAOEG AEVKADV ALILOGPOLPIWV.

» Awomnetdha (BpouBokidttapa)

To owpometdAo amotelovv Opadopato KuTtapwv 2-3um, TPOEPYOUEVE OO TO
LEYOKOPLOKVTTOPA. ZUVUUETEYOLY oI Owdikacios mENG Tov  oipoTog HEC®  TNG
OLYKEVTPMONG TOVG GTNV TEPLOYN TS PAAPNG Ko TG cLUPOANG TOVG 6T dNoVPYic TOV

Opoupov wikng. Me avtdv 10V TPOTO, EUTOdIleToN 1 £16000¢ TAHOYOVAOV LKPOOPYOVIGUMV
KO 1] ATOAELD TOV OHLOITOC.

> EpvBpoxkvtrepa (epubpd ayoceaipio)

Ta opya epvBpokdtropa amotelovv 10 40-50% TOL OyKOL TOL QipaTOG, EYOULV
OoKOEWEG oyNUa, daueTpo mepimov Sum, mhyog 2um, 6yko 90fL, empdvein 140um2 Kol
uéon owpkewa Cong 120£20 nuépeg [1]. Ta xdtrapa ovtd £xovv peydAn KavoTnta
TAPAOPPMONG Kol LTOPOVV €VKOAN VO GUUTECOVTOL LEGN GTO TPLYOELDT|, TOL OTOT0, £YOVV
TOAD pKpOTEPT SIAUETPO ATO TN OIKN TOVG, KOl VAL ETOVEPYOVTOL TAXEMG GTO PUGLOAOYIKO
toug oynua. E&oattiag g éAletyng evookuTTaplov opyovidiomv, 1dtaitepo mopivae Kot
ptoyovopiov, doev €yovv 1KovOTNTO oLVOEoNS OaUvo&émv Kot Mmapdv o&émv e
OMOTEAECO, VO £XOVV UEIOUEVT UETOPOAKY] wkovOTnTaL M omoia emopkel poOVo Yoo v
emPioon tovg katd T Oudpkel g Cwng tovg. Kabdtt otepoldviar €vookvTTApLOV
opyavidimV, amoTEAOVVTOL ATOKAEISTIKA amd T pepfpdvn kot to kutocdAo. [Hapdtt Exovv
TOAEG  Aettovpyleg ©TOV  Opyowviopd Ommwg 1 pOOMoN NG ayYEOd6TOANG, 1|
aAAnAenidpaon pe KOTTOPU TOL AVOGOAOYIKOD K., 0 KUPLOG POAOG TOVS £ival 1 LETOPOPA
o&uy6vov amd TOLG TVEVLOVES GTOLG 10TOVG KOl 1 OORAKPLVOT, TOL olo&ewdiov Tov
dvOpoka amd TOVG 16TOVE GTOVG TVEVIOVES, LLE TNV KVTOGOMKN GLOG@opivn va omoTeAel
™mv veevBovn TpOTEIvN Yo, T dekmepainomn avThg TG dwadkooiag [2]. Ta gpubpokvTTapa
OTOLLOKPVVOVTOL GLUVEXMS OO TNV KLVKAOQOpPio. 610 d1KTLOEVOOONAloKS cvGTNU, OAAL O
aplOpog Tovg mapapével oe otabepd emineda PEc® NG ONpovpyiag vémv, amd T0 HLEAD
TV ootoV [3].

2. EpvOpoxvtTapukn pepppavn

H dopkn opybvaoon tng gpvbpoxvttaptknig pepPpdvng g diver tn dvvatdtnto va
volotatol  HEYAAES OVACTPEYUIES TOPAUOPPAOCELS, OWINPAOVING TN OOWUIKY  TNG
OKEPAOTNTO KATA TN SLAPKELD TNG TOPALOVIG TOL £pLOPOKVTTAPOVL GTNV KLKAOPOpia. YO
(QLOOAOYIKEG GLVONKES, TO €PLOPOKVTTOPO UTOPEL VO TAPOUUOPPOVETAL GE YPOLLUIKN
éxtaon mave omd 250%, aArd o avénon 3-4% oty empdveld Tov emeépel T AN TOV.
Ot povadikég 1010t TEG NG £pLOpPOKLTTAPIKNG HEUPPEVNG elvor amoTédesa TNG OOUNG TG,
KaBmg ot ayKvpoPoiel 6TO SLGOACTATO, EAACTIKO, VIOUEUPPOVIKO OTKTVO GKEAETIKAOV
TPOTEIVOV HECH TOV KVTTOPOTAAGLOATIKOV TEPLOYDV TOV dopepPfpavikav tpoteivov. H
angvbeiog AAANAETIOPACT] LEPIKDOV CKEAETIKOV TPMOTEIVAOV LE TO, OVIOVIKO POCOOMTIOIN
OVLVTELEL TEPALTEP® GTNV GVVIEGT TOL GKEAETIKOD SIKTVLOL pe TN AMmdiky otifada [1].

2.1 Mepppovika Mmiowa
H Mmdwn duthootifdda amotereiton and ioeg avaroyieg Bapove yoAnotepding Kot
eooeoMmdinv. H yoAnotepdin eival 1copepmdg Katavepunuévn avapuesa oto V0 QUAA
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™G OwmhooTIPAdos, eved Ta TEGCEPO KVUpLo €10 QoopoMmdiov sivolr acvppETpa
katavepmuéva. ‘Etot, 1 ooo@atidvioyoAivn kot 11 coryyopveAivn Bpickovtal kupimg oty
e€mTEPIKN HOVOSTIPAdM, EVD TO HEYOAVTEPO TOGOGTO TG PWSPATIOVA0OOVOAAUIVIG Kot
oM M eooeatdvAocepivn, pall pe pKpd mOcO0oTA PMOPOIVOsITidIwY, Ppiokovtal 6TV
€0MTEPIKN HovooTPddo. AVt M acvppetpio dwnpeitoar pe T SLUPOAN TOAA®V
SLUPOPETIKMV EWODV TPOTEIVAOV LETAPOPAS POCPOMTIOIMV, EITE LE KOTAVAADMOT EVEPYELQG,
elte yopic. ITo ovykekpuéva, ot “QMRTAcES” UETAPEPOVY POGPOMTIOWL amd TNV
e€mTePIKN LOVOSTIPAOO OTNV ECGMTEPIKT, Ol “QAOTMACES” UETOPEPOVY TO. POCPOATION
mpog TV avtifern katevbuvon pe KOTaVAA®MOT EVEPYELNS, EVAD Ol “OKpauTAdceS” To
HETAPEPOVY KO TPOG TIG OLO  KatevBovoelw, avtiBeta mpog T OwPdbuion g
OLYKEVTIPMOOTG TOVG, YWPIG Katovilmon popiov ATP.

> Ddooceatidviocepivy (PS)

H dwtpnon e ooc@OAMTIOKNG AGVUUETPIOG KOl GUYKEKPIUEVA 1 S1ATHPNGT TNG
POCPATIOLVAOGEPTIVIIG GTNV £0MTEPIKT TAELPE TG HEUPPEVNG EXEL CNUAVTIKO AEITOLPYIKO
poro, kaBdc 1 efmtepikevon TG €xEl ®C OMOTEAECUO. TNV  OVOYVOPIST  TOV
€PLOPOKVLTTAP®VY OO T LOKPOPAYO. KOL TNV OTOUAKPVVOT) TOVS 0td TNV KUKAOQOpio HECM
gpvbpopayokvtTapmong [1].

Aaktavrxepivn/
epouBoono_véivn

Fc receptor

Makpoddyo

Ewova 1: AMnAenmidpdocic petald TV OPU®V £puOpoKLTIOP®Y TNC KLKAOQOPING Kol TMV
pokpo@dywv tov onAnva. Ta gpuBpoxdtropa OAANAETIOPOVV LE TO GTANVIKA LOKPOQAYO EITE
dueco péowm vmodoyfwv &ite éupeco uéom popiov-cvvost@v. To ynpacuéva epvbpoxvrTopa
exppalovv uoplo. PS oty empdveld toug, to onoia gite cuvoéovtol dueco oty Stabilin-2 1 v
Tim-4 tov pokpo@dywv, eite éuueco pe oyovivee ommg 1 Gas-6, m Aoaktavryepivn M 1M
Opoppocmovéivn-1. Emmiéov, ta epuBpoxvttapa ekppalovy to CR1 oty emigpdveld Toug, To 0moio
ovvdéetan pe uoplo. oyovicpévo pe C3b mpowbavtag ™ @oyokvTtdpmorn omd To GTANVIKA
poakpoeayo pécom tov CR1 kot CR3 vrodoyémv. Ta puoikd avtoaviicodpato (NADS) tpocdévovtat
ot {ovn-3 tov gpubpokuttdpov Kot avayvopilovior amd tovg Fe vmodoyeic tov pakpo@dywv.
Télog, Ta epvBpoxvTTapa exEpaovv kat to popto CD47 to omoio cuvdéetar otov vmodoyéa SIRPa
TOV pHokpo@dymv (Avatdirwon and [4]).
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H ékBeon ¢ poopatidviocepivig avédvel TV TPOSKOAANGCT TV £pVOPOKLTTAPMOV
oto evoodniokd kottapa pécwm vrodoyéwv PS, o1 onoio Ppickoviar oty emipdveln Towv
evoonAlak®mv kuttapwv. apodtt Yo ToAAd xpdvia, BewpolTay OTL TO ATOTTOTIKA KOHTTOPO
avayvopilovtor amd ta pokpoedyo uovo pécw twv PS vrodoyéwv, ta tehevtaia ypovia
&xovv Ppebel k1 dALOL vmodoyelc ot omoiot @aiveror vo €yovv TNV 1KOVOTNTA VO
avayvopilovv ) PS oty emedvela tov kuttdpov, omwg ot Tim-1, Tim-4 kot Stabilin-2,
evd &yovv Bpebei ToANG nopla-tpocdétec Omme 1 Aaktavryepivn (lactadherin), n Gas-6 ko
N TPOTEIVI S TOV TAAGUOTOS TOV YEPUPDVOLY OVTHV TI GUVOEST] GLVOEOVTAG EUUEST TNV
PS ka1 pe tovg PS-vmodoyeic, tig avp3/5 wreypiveg kot tovg TAM vmodoyeig twv
QOYOKVTTAPWV. ATO 0TOVG TOVG LTOdOYElS, ot Tim-4 ko Stabilin-2 exepdloviot Kot oo
poakpo@dyo Tov epubpov moApov (Ewc.1) [4].

[Mapott, 6mmg éxovv deilel mewpdpato pe ProtuviMmpéva gpvbpokvttapa [5], 1
eEotepikevon PS  avtikatontpiler 10 pvbud pe tov omoio T gpvbpokrtTOpa
amopakpvuvovtal in ViVo omd v KukAogopia, o©To ynpacuéve  €pubpokvTTOpO M
eEwtepikevon g PS in vivo amotehel akoun éva Bépa mpog cvinmon, Wwitepa e&attiog
TOV OUEPOAIDV TOV VILAPYOVY OGOV APOPE GTIS TEYVIKES ATOUOVMOOTG TOV YNPUCUEVOV
gpvbpokvttapwv [6].

2.2 llpmteiveg
2.2.1 Avopepppovikég

[Teprocotepec and 300 dwopepPpavikés npmteiveg pe apbova avtiypaga Exovv Ppedet
oV epvbpokvttapikny HepPpavn, €k TV omoiwv pHeEYAAO TOGOGTO amoteAeiton Ao
d14popeg opadeg TV avtyoveov Tov aipatog [7]. Ot dtapepppavikéc TpmTeiveg umopel va.
&yovv Aettovpyio HETOPOPE®Y 1 Agttovpyio HOpiOV TPOGKOAANGNC. XTNV TPOTN OUHAd
avNKOLV TPOTEIVEG Omw¢ 1 CdvNn-3 (Hetapopéag avidoviwv), 1 voatoropivn-1 (petapopéag
popimv vepov), o petoeopéag yivkolng-1 (Glut-1, petagpopéag yivkolng xar L-
apuopoackopPuod 0&Eog), to avtydvo Kidd (petagopéag ovpiog), m ovvoepévn e
Rhesus yAvkompwteivn (RhAG, petagopéag aepiov, mbovd kat dto&ediov tov avOpaxa),
n ATPdon Na'-K*, n ATPdon Ca®*, o ovvpetagpopéoc Na'K'2Cl', o cvvpetopopéag
Na'CI’, o ovvpetopopéag Na'K*, o cuvuetagpopéac Na'Cl kot to kavéia Gardos evd ot
devtepn Katnyopia avikovv ot ICAM-4 kot Lu mov cuvdéovton pe vteykpives kot pe
Aopvivn, avrtictoyo [1].

Aviovtoovtoilaktig (Zovn-3)

H dwpepppavikn mpoteivn (ovn-3 anoteieitar and 911 apwvoléa, €xer poploxd
Bapog 100kDa, kwdwomoteitar amd to yovidio SLCAAL ko otnv epvBpokvtTopikn
peuppdvn cvvavtdtolr og mePimov 10° avTiypo@a avd KOTTOPO, VIO TN HOPON OUEPDOV 1
teTpapep®v. H KuttapomAacuatikn meployn g TpoTeivng dnuovpyeiton amd to apvoséo
1-402 won 892-911 eved m mepoyq tov apwvoééwv 403-891 elvor olapepPpovikn Ko
amoteAeitat amd TUApaTo To omoia dtamepvovv T pepPpavn 12-14 popés [8].

O K0p1og pOAOG TNG TPWTEIVNG €lval M AMOTEAECUATIKY LETAPOPE TV OEPi®V TOL
OLUUETEYOVV 0T dtadiKacio TG avamvone. [To cuykekpluéva, o unyoviopog avTaAloyng
07 kot CO; yivetar o¢ €€ng: t0 0&VYOVO gival TPOGOEUEVO GTNV QUHOCEALPiv, EVED TO
d10&eidio tov dvBpaka Tov TOPAAAUPAVETOL OO TOVG 1GTOVE PETATPENETAL GE OIKOPPOVIKO
aviév (HCO3) xou mpotévio (HY). To SucapBovikd eEdystar 6to mAdopa and t {dvn-3 e
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avToAAayn WOvIov yAopiov, 1o evookvttdplo pH peidVETOL Kot TO TPOTOHVIO CLVIEETAL
oV apoocealpivn evioydovtag v omehevBépmorn Tov o&vydvov otovg 1otovg. H
vdpoyovoon tov CO, oe kopPfovikd o&D koToAveTOl amd TO €vOOKLTTAPIKO £vivUo
kapPovikr avudpdon (Ew.2a).

H epvBpocidwn {ovn-3 eivar moAvAgitovpykn Kabdc, EKTOG Ao TN GUUUETOYN NG
OTN HETAPOPA 1OVIMV, GUUUETEYEL KOl Ot dour g epvBpoxvttapkng pepPpdvng. O
POAOC NG lval Vo GUUUETEYEL GTN CUVOEST TOL LTOUEUPPOVIKOD GKEAETOV OmEKTPIVIG-
axtivng pe ™ Aok SimAootifada, s cvvdeons pe v aykvpivr. KAnpovounouyueg
HETOALOYEG GE OLTAV TNV TEPLOYN OGVVOECNG, 0ONYOVV GTNV EUEAVICT) KANPOVOUIKNG
opaipokvtTapmong [8]. ‘Evag axdun dopkdc poAog g Tp@Teivg Elvan 1 dpacn TG ®G
Baocwkdg mPocdétng  MOWIA®V  TPOTEIVOV,  CLUUETEYOVTOG  OTO  OovoualOpEVO
“pnaxposvumioko g Lovng-37, vd ) popoen tetpopepdv (Euc.2y, d).

()

KapBovikA
avudpdon

Ewova 2: EZynmuotik avomopdotacn Tov Hopiov Kol ToLv HoKpocsLUTAOKoL ¢ (dvne-3. o)
Kvtropomhoopotikr, mievpd tng Cdvng-3 ocvvdepévn pe v KoapPovikr avvdpdorn, B) 10
tetpapepéc g Ldvng-3 pe v mpocdepévn 6£0EualoceaIpivn, To CUOYXPOUATO, TNV GAJOANCT|
KoL TNV 0pudpoyovao g 3-poc@optkng yAvkepardetiong (G3PD), v) Tpocdeon tov TeTpapepods
OTOV KUTTOPOOKEAETO HECH ayKLPivig, O) OGUVOEST TOV TETPOUEPOVG HE TO ovumioko Rh
(Avoromwon oo [9]).

Exto6g amd 10 dopkd g poro, M TPOTEIVI avT €YEL KOU OMUOVTIKO POAO OTN|
pOOLIoN TOL HETAPOAIGHOD T®V EPLOPOKVTTAPWV KAONDS GTO OUIVOTEAKO GKPO TNG LITAPYEL
OVTOYOVIGTIKY GUVOEST] HETAED TV YAVKOALTIKOV evEDU®V Kol TG de0&uatlocs@atpivig
(U o&vyovopévn apocearpivn)  (PA. kep.3  “Metafolopndc  epvbpoxvtTdpmv’).
Yvykekpyévo, n Lovn-3 eivar kOplo vrdoTpopa 000 TPOTIEVIKOV KIVOGHOV TOV
epvOpoxvTTApOoL, TG Kivdong kaleivng kol g Kvaong p72Syk [10]. H powopopvrinon
topoowv@dv in Vvitro ot (ovn-3 éyet deyybei Ot pvOuiler ™ yAvkoOAlvon TV
epLOPOKLTTAPOY, HECH amOGHVOESNG TOL eVIDUOVL APLOPOYOVAST TNG 3-POCEOPIKNG
yAokepordehiong (G3PD) mov €xel g anotéheoua v gvepyomoinon tov evivopov [11].
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AMayég ot @wo@opvAinon T {dVNG-3 GLUUETEXOVY EMIONG OTN UEl®OT TG GLYYEVELAS
™¢ e v aykvpivn [12] kou mbavd ot dnpovpyio Tov veoavtiydovov ynpovong [13].

INwkogopiveg

Ot ylvkopopivec eivor  SlOUEUPPOVIKEG TPMTEIVES, YOPOKTNPIOTIKEG Yo  TO
gpuBpokitropa, omoteAovv 10 10% TOL GLVOAOL TOV UEUPPOVIKOV TPOTEIVOV TNg
€PLOPOKVLTTOPIKNG HEUPPAVNG KOL OVIIKOLV GTNV OIKOYEVELD TMV GLUAOYAVKOTPOTEIVMV
otV omoia mepthapfavovior ot yAvkoeopives a, B, v, & kaw € (GPA, GPB, GPC, GPD,
GPE). Ot GPA, B xat E mepiéyovv v opdda aipatog tov avitydvov MNS evo ot GPC kot
D mepiéyovv v opdda aipotog Tov avityovav Gerbich. To popokd Bépoc avtdv tov
TPOTEIVOV TolkidAel peta&d 17-36kDa [14].

Ov yivkompoteiveg GPA kot GPD dnovpyodv otabepd dpuepn (o kot 2) 1
etepodipepn (ad) ko givar ot o dpboveg sroroylvkonpwteives ot pepPpavn, pe 600.000
kot 80.000 avtiypapa ava kbttapo, eved avtifeto n GPB etvar Aydtepo dopbovn pe 50.000
avtiypaeo avé gpudpoxdttapo [15].

Ocov agopd 610 pOAO OVTOV TOV TPOTEIVAOV POIVETOL TMG 01 YAVKOQOPiveg, AOY®
TOV GLOAKOV 0EEWV TTOV TEPLEYOLV, EXOVLV CNUOVTIKY GLUPOAN TNV amOO0GT OPVNTIKOD
(QOPTIOL OTNV EMPAVELL TOV EPVOPOKVTTAP®V, TOL UTOTPENEL T CLGOCOUATO®GT TOVG [16].
Exto¢ avton, &xovv mpotabel ko emmAéov Asttovpyieg Yoo KOmow pOPLoL YALKOPOPIVOV
OT®G ot TS HopLakng ovvodoL Yo T GPA n omola @aiveton vo pvOuilel ™ petopopd
TV popiov e {dvne-3 ot pueuPpdvn katd ™ Proodvbeon g [17], evd ot GPC kar GPD
CLUUETEYOLV  OTN  SWINPNON  TOL  GYNUOTOS TV  €PLOPOKVLTTAP®Y HECH  TOV
OAANAETIOPAGE®V TNG KLTTAPOTAAGIOTIKNG TEPLOYNG TOVG LE TOV VIOUEUPPOUVIKO CKEAETO
[18]. Zvykexpwéva, n GPC oaivetor va moilel onpoviikd poA0 6T QULOIOAOYIKN
Aertovpyio v epuBpokvTTdpoV PEGH NG aAANAETIOpacng TG pe TV mpwteivny 4.1R ko
pS5 ovvictovtag €vav  emmALoV  pnyovicpd aykvpoPoAnong g peuPpdvng otov
vropeuPpavikd okeleto [19].

Téhog, mpdopata odedopéva  TPOTEIVOLY TS 1 TPOCOECT] GLOTATIKAOV TOL
ocounAnpopotos ot GPA oe «atactdoelg @Aeypovig odonyel oe  avénomn TOV
evookvtTaplov emmédwv ROS péom g NADPH o&g1ddong, mupodotdviag 6T cuvEXELD,
gvepyomoinon g Kaomaonc-3, avénon mmg eooeopvAimong g {dvng-3 Kot amdAE
popiov  ATP, pe omotéhecpo  oAAayés oV KAvOTNTO  TOPOUOPPOONG  TOV
gpvbpoxvttapwv [20].

Ydéatomopivn-1 (Aqp-1)

H vdatomopivn-1 eivar g dopepfpaviky] mpwteivn 269 apivoSikdv KaTaAoimmy,
28kDa [21], n omoio dnpovpyei Eva StopepPpovikd Kavail damepatd 6To vePO, OALL Oyt
o€ GALOVG OADTEG M| QOPTIGUEVA pHoOpla. Amoteheitar amd €61 StopepuPpoavikd SOpKd
otoyeio (domains) vwd ™ pHOPPN O-eAlKOV Kol mEVTE ONAEC Ol omoieg oLVOEOLV TIg
SopeUPpaviKég TEPLOYES, EVA TO OUIVOTEAMKO Kot TO KapPo&utelkd dkpo tng PpiokeTon
oto kuttapoémiacpa. [lepéyet dvo cvuvimpnuéva potifa NPA (Aormapayivng - IIpoAivng -
Alavivng) otig OnAiég B kat E o1 omoieg stoympodv ot pepfpdvn ympic va tn damepvooy.
Ot ONAég avTég aAANAemdpohv HETAED TOLG OMUOVPYDOVTAG TO OVOUOLOUEVO “HOVTEAO
KAeYVOpag”, mov yoapoktnpiletal amd @opold e£mTEPIKE OvolyloTo HE M0 KEVIPIKN
otévoon (~3-4 A) omv mepoyn mov oAAniemdpovv Ta Vo potifa NPA. Kabe
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epuBpokitTopo @épel oty gpvbpokvttapikn pepPpdvn 40.000-50.000 tetpapepny ™G
vdatomopivnc-1 [22], pe Swmepardmnta 3x10° popia/povopepéc/devtepdrento.

H wopuo Aettovpyio tng voatomopivng-1 sivon n toyeio ko puBuldpevn petopopd
popimv vepol KaTA UNKOG TNG TAAGLATIKNG UEUPBPAVIG, N OTOl0l TPOKAAEITOL OCUMTIKA 1|
pécm Oldyvons. Xvykekpipuéva ota epvbpokvttapa, n vootomopivin-1 cvuPdiier kotd
~64% 61N CLVOAIKY] SLOTEPATOTNTA TOL VEPOD AOY® O18XVONG, LE TNV OVTIGTOYN AMTOTKN
dwmepatodtTo va givan mepimov 23%, evd cvpuPdAirel pe mocootd peyorvtepo tov 85%
OTN GLVOAIKY dSOmEPATOTNTA TNG UEUPPAVIG TOVL TpoKoAgital AGY® OCU®ONG, UE TNV
avtiotoymn Amdikny Samepatdmra va givor povo ~10% [23]. H Swmepatotnto tov
epuBpokvTTapmV oe vepd Aoy dopmong Bempeitor Tt vanpetel v avaykn yo tayeio
OGLOTIKY LETAPOPA VEPOD GTa EPVOPOKLTTAP AOY® TOV VIEPTOVIKOL TEPPAAAOVTOG TOV
VIGPYEL 6TO PVEAD TV veppdv [24]. Emiong, éxel avapepbel mwg 1 damepotdtnTa TOV
epLOPOKVLTTAPWV GE VEPO GLUPAAAEL TN pETOKIVIION TOVg péca ota TpLyoewdn [25]. v
gpuBpokvtropkn pepPpdvn, m  vooromopivn-1 dev  eppavilel aAANAEmMOPACELS e
KUTTOPOTAACUATIKES 1] AAAEG HepPpavikés TpmTeiveg aAld £xel Tpotabel 1 mapovsia g
oe MTOIKEG oyedieg 0mov cvv-tomobeteitan pali pe tn otopativn [26].

A. loéTovo TrepIBdAAov B. Ymréprovo TrepIBGAAoV
Ymodoxeag Ynoéoxi:ag'
TPAVOPEPPIVIG TPAVOPEPPIVIG

Movorrdn avakOkAwong

Movorrdn avakikAwong

Y&arorropivn-1 Y&aromopivn-1

OQUHTTIKOUITIVI

MovorrdT €kkpiong Movorrdn £kkpiong
efwowpara swopara

Ewova 3: Ilpotevopevo poviého dwodloyng tng voatomopivig-1 ota eémoopota KoTd TNV
opipaven tev  dktvogpudpokuttdpwv. Ymod @uooroyikés ocvvOnkee (A) ta emimeda g
voatomopivnc-1 puBuiloviar péow Tov EEMOMUIKOD HOVOTTATION. X& GuVOTKEG OGUOTIKOD oTpeg (B)
N amopdkpvvon g voatomopivig-1 eumodileTal, mbovd pécw puOUIoNG TG OVUTIKOVITIVIM®ONG
N p€o® POCEOPLMMONG, Kol To HOPLO TNG TPMOTEIVNG 0d TO HOVOTATL EKKPIONG EIGEPYOVTIOL GTO
LOVOTIATL OVAKVKAMGTG, OLEAVOVTOG TN CLYKEVTMOOT TNG TPMTEIVNG otn HeuPpdvn (Avatommon
ano [27]). MVE=rolvkvotidiokd evéocmpoto, PKA=pmnc@opikn kivdon A.

H éxppaon g voatomopivng-1 €xel peremBei ko ota mpdopopa epvBporkvrTapa. In
Vitro opipovern puBpokvuTTap®V TOVTIK®V £0€1EE AMOUAKPLVOT] TV HOPI®V TG TPMTEIVIG
and t pepPpavn péocw eEmwcopdtov (Le ovumikovitivoon), n omoia pvOuileton amd v
ooUOTIKOTNTO TOL eEmKuTTdplov  mepiPdarovtog. 'Etol, o vréptovo mepifairov,
umhokdpetor 10 €€OOOUKO HOVOTATL TNG TPOTEIVNG OTO OIKTLOEPLVOPOKVTTOPO LUE
amotéleopa To. popa g voaroropivng-1 va mapapévouv ot pepfPpavn (Ew.3). Eivon
mhovd Aowmdv, AMOY® TOV SOPOPETIKMOV GLVONKAOV GTO HVEAD TOV 0GTAOV GE GYXECN UE TO
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TAGOUO TOV OiHOTOC, T JIKTVLOEPVOpOKLTTAPA VO XPEWlOVTOL TEPIGGATEPA LOPLOL TNG
voatomopivng-1 kat yU' avtd N €KPpacn Tov Hopiov 6g aVTO TO 6TAd0 (NG TOV KLTTAPOL
va Bpioketal o€ VYNAL enineda To 0moio pE®VOVTAL KaTd TV @pipoaven tov [27].

Téhog, ota ynpacuéva epvbpoxivtropa £xel Ppedel petmpévn dwmepotdTNTO NG
pepPpavne oe vepd, yopic OpmG oNUOVTIKEG HETAPOAEG oTov Oplfud TV popiov TG
TPOTEIVNG avd KOTTOPO, TOOVE HECH OVOGTOANG TNG AELTOVPYING TOVL KOVOAOU AOY®
yMpavong.

Metagopéag yhokolng-1 (Glut-1)

O petagopéac yAvkoine-1 (Glut-1) eivon po tpwteivn, 54 kDa, ) onoia dtomepva
pepPpavn 12 gopéc kol eivor vrevbovn yio T pHETOPOPA popimv yALKOING HéGH oTO
kOttopa. To gpvBpokvtTopa ek@pdlovy vymAd emimedo TOv pETOPOPEN YALKOING ue
neptocotepo amd 200.000 poépo avd kvttapo, amoteddviag 1o 10% 1tng cuvoAKTg
TPOTEIVIKNG nalag g epvBpoxvttopikng pepppavng [28]. O Glut-1 tev gpvbpokvttdpwv
netapépel emiong poplo. L-apudpoackopPucod (DHA) o&oc, mov amoterel ofeldmpévo
evoldpecso tov aokopPikov 0&éog. To ackopPikd o0&V givol amapaitnTo Yo Tn daTHPNoN
NG OVOY®YIKNG KOVOTNTOG TOV TAAGLOTOS, OTOUOKPUVOVTAG T VIEPOLEEIdIL, HECH NG
ofeidmwong tov oe DHA. Apob e6élber 610 KOTTapo, to DHA avdystoan apéomg oe
ackopPikd 0o&L  cupPdrioviag otV ovOKOKA®GN Tov  ackopPuod  kobmdg T
gpuOpokvTTOpPO deV EYouv TN duvorotnta cvuvbeons véwv popiov [29]. O petagpopéag Glut-
1 &yel exhekTikOTNTO TOGO Yo pOptla YAVKOLNG 660 kat yia popro DHA, yopic va veictoaton
AVIOYOVIOUOG HETOED TV OVO, HE TN pvOpion g pHetaopds va yivetor HECH TNG
npwteivng otopativny [30] (Ewk.4).

Emnapkrg ouvBeon EAeLn Lkavotntag ouvBeong
Brrapivng C (movtikdg) Brrapivng C (avBpwrog)
YAUKAIn YAUKOIN @ @ DHA DHA @
gfwKuTTAPLA d ke
Glut4 Glut1 | Stomatin
£vEOKUTTAPLAL
YAUKGIn YAUKOIN & @ DHA om?0 i“
vit C vit C 1
Nppa epuBpokiTTApA Avipya gpuBpokiTrapa Npwa epubpokitrapa

Ewdéva 4: Xtov avBpomo kot o Kamolo GAda Oniactikd émov 1 de novo ProcuvBetikn kavoTTa
Brrapivng C (ackopPuco o&v) xel xabel, n ocvuyyéveln tov Glut-1 yia ™ petapopd yAvkoing ko L-
aguopoackopPicod o&éog (DHA) tpomomoteitoan omd ™ pepPpavikn mpoteivn otopativn. Ta
TPOdpoua EpuOPoEdN KOHTTAPA TOV pVEAoD ekppalovv Glut-1, mpotapykd gilodyovy yAvkoln kot
devtepevdvtwg DHA. Katd ) dwapopomoinon, n ékepacmn tng otopativig avédvetol dpaotikd. H
otopativn mpoodévetar otov Glut-1 ko oAralel v mpotipnon tov omd yiAvkoln yww DHA.
Evdoxvttdpia, to DHA avdyetor oe aokopPikd o&v, to omoio dwtifeton micw oto mAAGo,
av&dvovtag étot ) ovykévipwon g Preapivig C (Avatdnwon amd [31]).
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Emumiéov, éxer mpotabel 6T1 cuvdéetan pe T depativn Kot v 0dovcivn ota dkpo
TOV TETPOUEPDY OTEKTPIVIG, CLYKPOTAOVTIOS £VO LOKPOGVUUTAOKO TO OTOl0 TopEYEL pia
emmpdsOetn chvdeon Tov cupmAéypatog (evéng oty mhaouatikn pepBpdvn (Ew.8) [32].

AvtAria 16vrov Ca®*- ATPaon (PMCA)

H Ca®*-ATPdon (PMCA - Plasma Membrane Ca?* ATPase) eivar pa mpoteivn 1
omoio, €xel @G POAO TNV OMOUAKPLVON TOV WOVIOV 06PECTION amd TO £0MOTEPIKO TWV
KUTTAP®V. TNV €pLOPOKLTTAPIKN HEUPPAVI] OMAVTIATAL 1 IGOUOPPN TNG AVIAING 1OVI®OV
acPeotiov PMCAL. Avty n ATPdon sivon pa tpwteivn nepinov 140kDa, amoteieiton omd
1.220 apvo&éa ta omoia onpovpyodv o mpoteivn pe 10 Stopepfpavikés meployxés Kot
V0 €VOOKVTTAPIEG ONAES TTOV OTOTEAOVV TIEPLOYEG POOCPOPVAIMONG KOt TPOGIESG LopiwV
ATP. T'a v petapopd evog 10vTog Ca®" amoureiton N vopoAvomn evog popiov ATP, evod
HeTapEpeTal TapdAinia kot éva 16v H'. Otav ta evdokvttdpio emineda Ca®" giva YOUNAQ,
10t M aviAlo mopaUEVEL avevepyn, eved Otav givar vynAd evepyomoteitor omd TNV
KoApovtovrivn [33]. To xapPo&utedkd GKpO NG TPOTEIVING TEPEYEL MO TEPIOYN
TPOCOECTG NG KAALOVTOVAIVNG, 1 omola amotelel mEPLOY POGPOPLAIMONG Kol onueio
TPOGOECT|G JUPOPMV TPOTEIVAOV. AVTH 1 TEPLOYN OAANAETOPE LLE TNV KOTOAVTIKNY TEPLOYN
evog dopkov otoryeiov ¢ mpwteivng (domain) kot pe avtdv TOV TPOTO gUmOdileTan N
npoodecn twv popimv ATP, dwutmpovtag ™ dpactnpdmra tov eviOHov o€ Younid
emineda.

H adénon tov evdokvttdpiov emmédov 10viov ocPeotiov, evepyomolel v
KOALOVTOUAIVI] 1 omola. mpocdévetar otnv kopPoutedikn mepoyn g PMCA ko
OTTOLLOKPVVEL TNV OVTOKOTUGTOATIKY TEPLOYN OO TNV KOTAALTIKY TEPLOYn Opdong Tov
evlopov, av&dvovtag £tot v evepyodtnta g PMCA mepinov @td @opéc, mapiyovtag o
Kivntiplo Vv Yo TNV UETOPOPE TV 10VI®V Ca®" katd unkog g pepppdvng [34]. O
TEPLOPLOTIKOG TAPAYOVTOG 0TI OpAcn NG avTAiag givar 1 dwabecuotra tov popiov ATP.

Onog kot moAAd dALo pepPpavikd GuoTATIKE £TOL KOt M Ca2+-ATPdcm AMy® TV
GOVAPLOPLAIKDOV OUAO®Y OV TEPLEYEL EIvVAL SVVNTIKGL GTOYOG TV OEEOMTIKAOV HOPiwV.
Eneon vt n mpoteivn sivan Bacikng onpaciag yo T oatpnon e HeYOANS 01apopdg
TOV LILAPYEL OTO EMIMESA TOV 1OVIMOV AGPECTION EVOOKVTTAPLN GE GYECT LE TO EEMKVLTTAPLO
neptPaAlov, 1 ofeldmon kol 1 EMEPYOUEVT] AMMAEL TNG OPOCTIKOTNTOS TOL eviHLOL
oYETICETOL QUECO UE UELOUEV KAVOTNTO TOPAUOPPOCNS KOl TPOMPN KATAGTPOPY| TMV
Kuttapov [35].

CDA47 ka1 ovpmioko Rhesus

To popo CD47 (1 aAdg mpwteivn [AP-integrin associated protein) givor pio
TPOTEIV KLTTAPIKNG EMPAVELNG TOV AVIKEL GTNV VIEPOIKOYEVELD TMV OLVOGOGPULPIVAOV
(1g), eivor yAvkoloMmpévn ko €xel poprakd Papog 50kDa. To yeyovog 6tt 0 Rhpyy
eowvotomog oyetileton pe pewwpévn €kepacn tov popiov CD47 g wor 75%, &xet
odnynoetl otnv vdHeom Ot VITAPYEL CLVIEST LETAED TOV popiov CD47 kot Tov GLUTAOKOV
Rhesus (Rh) [36]. Ztnv epvBpoxvttopikr peufpdvn ta avtrydova Rh cuvééovior pe moAlég
dAeg mpoteiveg (YAvkopopivn B, LW, CD47, RhAG-cuvoepéveg pe Rh yhvkompwteiveg)
dnuovpymvtog To cvumioko Rh, 1o omoio gaiveral vo cuvdéeton kot pe ) Lovn-3 Kot v
4.2 koD HETOAMAYEC GE OVTEG TIC TPMOTEIVEG OOMNYOLV GE UEIOPEVN EKOPOCT) TOV
nolvmentidiov Rh, RhAG kot CD47 [37].
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Meléteg oe movtikia €xovv deilel otadiaxkn andieto Tov CD47 amd v empdveln
TOV OPUOV EPLOPOKLTTAPOV TNG KLKAOPOPIOG, HE To Ynpacuéve epvBpokdtrapa vo
epeaviCouv peimon émg kot 30% oe oyéon pe ta veapd [38]. To popio CD47 Bewpeiton
«OEIKTNG-eavTOD», KOOMG 1 OvVOYyVOPIG TOL OTNV EMPAVEID TOV £PLOPOKLTTAP®V
OVOOTEALEL TN QAYOKLTTAP®OTN &ved EAAEWYT] TOL 00NYeEl OE OAMOUAKPLVON TOV
€PLOPOKVLTTAPOV ATO TNV KLKAOPOPIN HEGH QAYOKLTTAP®ONS. To Hoplo avtd eKONADVEL
TNV GVOCTOATIKN TOV dpdon péEow mpdcdeong oto popto SIRPa towv pakpoedywv, To omoio
EMAYEL OVOOTOATIKY] onuatoddtnon (non-eat me signal) péow tov potifov ITIMs
(immunorceptor  tyrosine-based  inhibition = motifs) wov  Ppickovion otV
KUTTOPOTAOCHATIKY] ovpd Tov. H obvdeon avty mpokorel @oo@OpLAMmoN Kot
gvepyonoinon tov eoceatac®v SHP-1 kot -2 ot onoieg amevepyomolovv VTOGTPMOUATO
7oV glval amopoiTnTo Yo T SdKAGio TG PAYOKLTTAPMOONG, OTmg 1 pvooivn-II, n omoia
dnuovpyet o yevdomddia yio. T payokvttdpwon [39].

Z0 .7

dwodatdon

S - -

Axtopuooivn AKTOopvoGivn

Ewova 5: Kortoppoikd tng oOvdeong IgG-FcyR, ot kivdceg @mGQOPLAIOVOVY  TOALEG
KUTTOPOCKEAETIKEG TPWTEIVEG, ocvumepiiapfovouévng g pvocivne-Il, m omoia odnysl ot
onpovpyio Wyevdomodinv kot TEMKA ot eayokvttdpwon. H obvdeon opwmg CD4A7-SIRPa oomnyei
otV gvepyomoinon tov pwceatac®v SHP-1 mov amevepyomoovv t pwooivn-II. Otav vadpyet
axapyio Tov gpuBpoxvttdpov, avt) eaivetar va eunodilel ™ pecorofodpevn amd to popro CD47
VOGTOAN TG PayokvTtdpmonc. TTo cvykekpiuéva, n vapyovcso vrobeon vrootnpilel g (A)
oto gukaumta epvbpokvtTopa, 1 puecorafoduevn and CD47 avactoAr umopel va Eemepdoel TV
gvepyomnoinon g pvocivng-II aArd (B) ota dkaumto £puBpokhtropo 1 €VEPYOTOIOVUEVT] OO
LLOGIVY 0vad10pYEVMGT TOL KLTTOPIKOD GKEAETOV dev avaoTtéAhetan omd ) cvvoeon CD47-SIRPa
(Avatvnoon ano [40]).

Téhog, mpdopata dedopéva, VTOdMA®VOLY OTL KOTE TNV ovoyvodplon ToOV
epLOpOKLTTOPOY amd To QayokVTTOpa, Toilel MOAD onuavtikd poAo M kavoTnTO
TOPAUOPPOONG TV epvBpokvtTdpmy, To. omoia pmopel va ekppdlovv TG0 pOPLL
KLTTOPIKNG €KKaBdpiong 000 Kot popla «deiktec-eavtody. Daiveton mwg oto edkounTo
SLoKOKVTTOP, TOPE TNV TOPOLGIN OEIKTOV KLTTOPIKNG EKKAOAPIONS OTNV EMPAVELL TOVG
(IgGs), n ovvdoeon CD47-SIRPa eivon ikavn va eumodicel v evepyomoinom ¢ Huocivng-
IT ota paxpoedyoa yuwo T Onpovpyio yevdomodimv. Avtibeta, oto £pvOPOKVLTTAPO TOL
TOPOVGLALoVY HEIOUEVT] KAVOTNTO TOPAUOPPOONS, Topd TNV Tapovsio popiov CD47, n
pvocivn-1II vepevepyonoteital e anotédeopa va exdyetal n eoayokvttdpwon [40] (Ew.5).
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CD59

H mpoteivny CD59 (protectin) eivor o pepPpoviky yiAvkonpwteivy pe MB 18-
20kDa, n omoia éxet wg polo v mpootacic TV epvbpoxvttdpwv and Avon, HECH
OVOOTOANG NG €vepyomoinong tov cvuminpopotos. Katd v evepyomoinom tov
ocounAnpopatoc, 1 CDS9 oaAlniemdpd, elte pe mepoyés tov ovumidkov C5b-8
eumodilovtag v emagn tov popiov CI ue avtod, gite amevbeiag pe ta popa C9. ‘Etot,
eumodiletoan m ompovpyia tov cvpumidkov MAC (membrane attack complex) woi 1
emepyouevn Aon tov kuttdpov [41] (Ewk.6).

A B Ewova 6: [TiBavoi pnyavicpoi dpdong tov popiov CD59. A) H
apoteivy CD59 mpocdévetar oto oynuotilopevo MAC kon
ovykekpipéva oto C5b-8 popio, eumodifoviag v mpdodeon
Tov popiov C9. Oempeitol Tt 10 TPdTO POpLo C9 TPoodévetan
pev odAd advvatel va eloéAfBel ot peuPpdvn, Ady® g
nmapovciog Tov CD59. B) To CD59 mpocdéveron amevbeiog oe
uope C9 eumodifovioc v otpatordynon mepiecotepwv C9
popicmv mov givar amapaitnta yio tn dnpovpyio opov pécw tov MAC (Avatdmwon and [41]).

2.2.2 Mepfpavoouvoedpeveg
Xropativy (Zovn 7.2)

H otopativn eivar por pepPpoavoouvvoesopevn mpoteivn 32kDa, pe pia vopogopn
MEPOYN 1 Omole  EICEPYETOL  OTNV  KLTTOPOMANCUOTIKY TEPOYN] NG  ATOKNG
dumhootiBddag, xwpig va ) dwumepvd. H mpoteivn avt cuvdéetan pe meployes mAovcieg 6
YOANoTEPOAN (Mmidkég oyedieg), dnuovpyet olyopepn kot Tailel pOLO KPUDWOTOG Y10 TN
onuovpyion HEYOA®V GUUTAOK®OV AMTOIOV-TPOTEIVAV, €AEYYOVTOS £TGL TN Agttovpyio
TOALDV  PEUPPOVIKOV TPOTEIVOV pLuOUILovTOS OVTICTPENTA TN GCULUUETOYN] TOUG OTIG
MmOKEG oyedieg. Amo peréteg epuBpokuttdpmy ota omoia Asimel n oTtopativny eatveton o
pOAOg TG ot pYOoN ™G SOUEUPPAVIKNG HETAPOPAS KATIOVIOV HEGH TMV 1OVIIK®OV
Kavoldv, eve Exel amodeydel kot 1 puOuon tov petapopéa Glut-1 and avtiv. Emmhéov,
N avoyvaplon Kt GAA®V TPOTEVOV UETAPOPEDY TOV OAANAETOPOVV HE TN oTOMATIV,
omwg N Covn-3, o petagopeag ovpiag, M eeppomoptivi-1, 1M Caz+-ATPd0n Kol M
vdatomopivn-1 emPefardvel ™ Agttovpyio ™S @G PLOGTH TOV OVIIKOV KOVOADY Kot
TPOTEIVOV peTapopEmv [26].

H otopoativn éxet emiong Ppedel va cvv-tomobeteiton ot pepfpdvn pe T TPpOTEIVES
ovvelivn kot copkivn. Ot mpwteiveg avtég Ppiockoviar PHOVO GTNV KLTTOPOTANGLOTIKN
TEPLOYN TNG LEUPPAVNS, M TPOGIEST] TOVG EMAYETOL OO TNV OOENOT TS CLYKEVIPMOTG TOV
EVOOKVTTAPLOL 0OPECTION KOl GLUUETEXOVV TNV KuoTidlonoinon [42].

H otopativn, pall pe 11g rotiddives-1 kot -2, amoteAovv Poacikés mpoTEiveg TV
MITOKAOV oXedDV 6Ta EPLOPOKVTTAPA Ol OTOIEG OPYAVAOVOVTOL, GTNV KLTTOPOTAOGCLATIKY
mEPLOY MG MeuPpavng, o€  oAyouepr] obvumloka [43]. O  eumlovTiopog TV
picpokvotdiov (in Vitro kvotdonoinon pe avénon tov evdokvttdpov Ca®* i kvotid
amd AoKOUG HETAYYIONG), TOV TPOEPYOVTOL OO AENOT TOL EVOOKLTTAPIOL 0oPecTiov, o€
OTOMOTIVI] KOl TV VOVOKLOTIOIMV 68 cuvesivn Kot copkivi) DITOOMAMVOLV TN GNLOVTIKN
OLUPOAT] OVTOV TOV TPOTEIVOV o1 Odkacio TG KuoTidomoinons. Avtibeta, ot
QAOTIAAIVEC amovcldlovy amd To KLOTIOW KOl TOPOUEVOLV OTNV  £PLOPOKLTTAPIKN
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HeUPpavn, LVTOONADVOVTOS TG Ol CTOUATIVEG KOl Ol QAOTIAAIVEG GULUUETEYOLV GE
aveEApTNTOL OALYOUEPT CUUTAOKO ONUIOVPYDOVTOS OLUPOPETIKA “E1d01” MIIOIKOV oYESIDV
LE SLaPOPETIKO POAO KoL TPOOPIopd Yia To kabéva [44].

2.2.3 XkeheTIKEG

Ta KOpLoL GLOTATIKA TOL FVGIAGTATOL VIOUEUPPOVIKOD GKEAETIKOD OIKTVOV €ivar ot
TpOTEIvEC - kol P-omektpivn, aykvpivn, adovcivn, mpwteivn 4.1R, depativn, oktivn,
TPOTOLVOGIV KOl TPOTOLOVTOVALIVY).

YrekTpivn

H mpwteivn omextpivn amotelel kHplo cLGTATIKO TOL VIOUEUPPOVIKOD CKEAETOV Ko
yopoktnpiletor amd ™ onpovpyio pokpuov viuatiov o- kot B-omektpiving (240kDa kot
220kDa, avtiotoya). H a- ko B-omektpivn dnpiovpyodv Evo avtimapdAANA0 £TEPOSIUEPES
LEG® 1GYLPDOV TAEVPIK®OV OAANAETIOPpAcE®V TOV KapPoluTelkol dkpov NG a-omekTpivig
Le TO apvoteAko dxpo g B-omektpivng. To tetpapepés onektpivng, mov givar 10 KOPLo
JOMIKO CLOTATIKO TOL VTOUEUPPAVIKOD GKEAETOV, OMuovpyeitor HECH TAELPIKAOV
OAMNAETIOPAGE®V TOL OUIVOTEAIKOD (KPOL TNG 0-0ALGIONG TOV €vOG OePOVS, HE TNV
kapPoéutelikn meproyn g P-aivcidag tov dAlov dipepovg. To dALo dxpo Tov dpuepovg
CUUUETEYEL OTN GLYKPOTNON TOL GLUTAOKOL (evEng pe v F-aktivn kot v mpoteivn
4.1R [1].

Ot aAMAETOPAGES TOV OUEPDV GTEKTPIVIG KOl TOV TPAOTEIVAOV TOL GLUTAGKOL
Cevéng eivor VPOl PLOMGTEG TNG OKEPOIOTNTOS TNG UEUPPAVIG KOL TOV UNYOVIKOV
wWomtov  tov  gpudpokvuTTdpov  eumodiloviag TNV MOPAUOPP®GCT)  TOL KoL TN
Bpovopatonoinon e pepPpavng amd Tig mEcelg mov dExeTol otV kKukioopia [1] (Ew.7).
Extog 0pmc amd 1o dopkd e poro, Tpoceates LeAETEG LTOGTNPILOVY TV IKOVOTNTO TNG
OTMEKTPIVIIG VoL Opa ®C HOPlaKY ovvoddg, Ponbmdvtag in vitro to dimioua ToOV
amodlatayévey aloidowv a-ceatpivng [45].

Zwvn-3 RhAG Rh GPB

o

Ewéva 7: Zynuotikny ovomopdoTtocy TG opydveonsg e epuBpokuTtaptkng HeEUPpavng otov
avOpwno. (Avatdnwon and [46])
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Aykvpivn (Ilpoteivy 2.1)

H ayxvpivn tov gpubpoxvttdpov eivar po tpoteivn 1881 apvolikdv kataloinmy,
206kDa mov ywpiletal Aettovpyikd oe tpeic meproyés: 1) v apvotehkn meployn 89kDa
omv omoia cuvdéetar n Lovn-3, 2) v kevipiky mepoyn 62kDa, n omola mepi€yet v
meployn ovvoeons g P-omextpivng kan 3) ™ Asttovpyikn meproyn 55 kDa, gvaicOntn oe
TPOTEAGEC, 1 omoio. pLOUIlel TV OAANAETIOpaOT TNG QYKLPIVNG LE TN GTIEKTPIVI KOl TN
Covn-3. 'Etol, 1 wpoTeiv] 0T CULUUETEXEL G KOPLOG GLVOETNG OTNV TPOCOEST] TOV
OKEAETOD TNG OMEKTPIVIG OTNV TAUGUATIKY pHeuPpdvn, péow g Lovne-3 [14] (Ew.7).

[Ipéopateg pehéteg vmoompilovv 1Tr GLUUPETOYN TNG TPWOTEWVNG OVTAG OTNV
epuBpopayokvttdpwon. IMo ocvykekpiéva, dedopéva omd epvOPOKVLTTOPA TOVIIKMV
delyvouv OtL M In Vitro evepyomoinon ™¢ ewogopikng kivacng C (PKC) mov mpokodel
glopon Wvtev acPectiov odnyel oe €kbeon tov mepoy®v RGD g aykvpiving pécm
EVEPYOTOINONG  KOATOIVOV Kot OGAA®V  0GPECTIO-EEAPTAOUEVOV TPOTEIVOV 1 UECEO
ewo@opvrlimong mpwteivov [47]. H ékbeon tov RGD (Arg-Gly-Asp) meploydv tng
TPOTEIVNG GTNV EMPAVELDL TOV KLTTAPOL 0dNYel o mPdcsdeon ¢ ayfPs tvreykpivng Ko
TEMKA 6€ QAYOKLTTAP®GT TV gpvBpokvTTapwy [48].

Adoveivn (Zovn 2.8, 2.9)

H adovcivn eivor éva etepodipepéc a (81kDa) kar B (80kDa) aAvcidwv, pe 30.000
avtiypoaeo ovl epufpoKVTTAPO, TOL EMTEAEL GNUAVTIKEG AEITOVPYIES LLE T1] GUUUETOYN TNG
0TO VTOUEUPPOVIKO OKEAETIKO OIKTVLO, GUVOEOUEVY] GTO GUUTAOKO GREKTPIVIG-OKTIVIG
uéow g Kuttapomiacuatikig meptoyng e [49] (Ew.7). Tvykekpuéva, 1 TpmTeivny ot
dnpovpyet pa yépupa cHvoeoNS ToL GLUTAOKOV (EVENG OTN POCEOMTIOKT OUTAOGTIRAdN
uéom g Lovne-3 [50]. H otabepomoinon g obvdeong aktivng-omektpivng, eEoocparilet
TV OKEPULOTNTA TOL CLUTAOKOL (eVéng Otav ta gpvbpokvtrapa vmofdAilovior og
LNYOVIKEG TOUPOUOPPADCELS GTNV TEPIPEPIKT Kukhopopia [49], eved n pnén g odnyel oe
pepPpovikn aotdbela kol kvotdonoinon. Emmiéov, n adovsivn cuvdéetal ota dxpa TV
vnuatiov aktivng, eumodifovtag v ave&éheyktn emunkoven tovg [51], dwudikacio mov
puOuiletar péocw POoEOPLAI®ONG KOOMDSC 1 TPOTEIVY OVT OTOTEAEL VITOGTPMUA TOAADY
TPOTEIVIKOV Kvac®v, 6mwg 1 PKC ko n e€aptopevn and cAMP npoteivikn kivaon.

Mpwteivy 4.1 R

H npwteivn 4.1R amoterel 10 6% 10UV GLVOAOL TOV TPAOTEIVOV TG EPVOPOKVLTTUPIKNG
peuppavng pe 200.000 avtiypaga ové KOTTOPO Kol Guvavtdtol 6€ 600 1copopeés 4.1a kot
4.1b pe popuokd Papn 80kDa xor 78 kDa avtictoya. Exet wa weproyn 10kDa péom g
omoiog OAANAETIOPA PE TNV OpVOTEMKT Tteploy NG P-omektpiving, cvupdriioviog otnv
TPOGOESN NG OMEKTPIVIG OTNV OKTIVI, EVAD 1 OUIVOTEAIKT TNG TAELPE TPOGOEVETAL GTN
GPC ko1 og apvnTiKd QOPTICUEVE QOCEOMTIO TNG £0MTEPIKNG HOVOSTIPASOS TNG
pepPpavne, pondovrog v Tpdcdec TOV ATOUOKPVGUEVOV GKP®V TNG OTEKTPIVIG OTNV
gpvOpoxvtTapikr pepppavn [14] (Ew.7).

H mpoteivn 4.1R mpocdévetan 1660 oe AMmidia 6co kot og mpwteives. Ocov apopd
OT0 POCEOMTIOW, TPOCOEVETAL OT (PMOOPUTIOLAOGEPIVN Kol otV 4,5-019p®GPOoPIKN
ewo@aTdvAoivocttodn (PIP;), eved 6cov aeopd otig StopepPpavikés mpoTeiveg
npocdévetarl otn (ovn-3 kot ot yAvkoeopivn C pe v omoia onpovpyel évo GOUTAOKO
Hécw aANAemidpaong pe v Tpoteivn pSS. O wkavotnteg Tpdcsdeong g mpwteivng 4.1R
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Bpiokovton o pia meproyn 30kDa mov eivan yvowoty wg FERM mepioyn. H meployn ot
TEPLEYXEL TPEIS OOUIPIKOVS A0POVG, KaBEVOS amd TOVG OMOIOLG TEPLEYEL 0L LOVOAOIKN
nePLOYN TPOGdESNG TOV KatdAAniov cuvdét. ‘Etot, n {dvn-3 mpocdévetar otov Aofd A
(apuvotehkn mepoyn), N YAvkoeopivn C tpocdévetat otov KEVTPIKO Ao B kot ot p55 ko
eooeatidoviocepivn mpoodévovior oto AoPfo C  (kapPoluteiikry mepoyn). H PIP;
TPOGOEVETAL GTNV TEPLOYT avapesa otovg Aofoivg A ko C [52].

HoAmoivy (Zovn 4.2)

H meppepikn mpwteivn tov vropepPfpavikod okeAeTov maAldivn (Tpwteivn 4.2)
amotelel T0 5% TNG GLUVOMKNG TPMOTEIVIKNG TEPIEKTIKOTNTAS, LE 2.5x10° avtiypaea avd
epuBpokHTTOPO Kot cuvavtdtol oe 600 1GoHoPEES poplakoy Papovg 72kDa kot 74kDa.
AMNAETOPA LE TNV QUvOTEMKT TTEpLoyn TG {dvne-3 Kot e Ty aykoupivn eved Exet Ppedel
Kot ovvoeon ¢ pe to popro CD47 tov ocvumidkov Rhesus ocvufdiiovrog otnv
aykvpoPfOAnon Tov cvumlokov avtov otov vroueuPpavikd okedetd (Ew.7). ‘Eyet
ONUOVTIK GULUPOAN OTn STNPNON TNG OOUIKNG OKEPUIOTNTOS TG £PLOPOKVLTTAPIKNG
peuppdvne, pécm tov aAiniemidpdocswv pe TN {OVN-3 Kot pe GAAOL GLOTOTIKG TOV
VIOUEUPPAVIKOD OKEAETOV, €V M EAAEWYN NG £€XEL OC OMOTEAEGUO. TNV EUQAVION
ocpapokvtTapwons. EmmAéov, péow arinAemidopaong pe to popo CD47 mov eivon
«deikTng-govtovy, fonda oty emPiovon twv epvbpokvttdpwv otny kKuklogopia [53].

Agpativn (Zovn 4.9)

H dgpativn elvar mpoteivn tov vropepppavikov okehetod tng omoiog o poAog elval
VO TPOGOEVETAL GE LOPLOL OKTIVIG KOl VO T TOKETAPEL GE VNULATIOL OPIGHEVOL UnKovs. To
Aertovpykd pOpPO TG TPWOTEIVNG oVTNG omoteAeiton amd Tpelc vmopovades, VO
noAvmention poprakod Bapovg 48kDa kou éva 52kDa. Kdafe epvBpokdtrapo amnotereiton
ano mepinov 43.000 aviypaga g TpOTEIVNG AVTNG, LE VO LOPLO dEUATIVIG VO GLVOEETOL
og éva oAtyouepég aktiving [14].

H depativn Ppioketon otig meployéc oVVOEONS aKTIVIIG-GTEKTPIVIG Kot 1 KavOTNTA
¢ va otafepomotel ta viudtio axtivng puiuiletoar pécm poc@opvAimong. ZuyKekpipéva,
EVEPYOTOINGN NG MPOTEIVIKNG Kvaong A odnyel oe woopvMwon ¢ dspativig, M
omoio. eumodilel 1 ovvdeon TG omeKTpivng pe to popro F-axtivg peidvovtag
unyavikn otabepdtra g pepPpdavng [54]. EmmAéov, n depativn £xel onpavtikd SopKo
poro kaBd¢ pali pe v adovoivn kot tov petagopéa Glut-1 cvvdéovv T0 GUUTAOKO
Levéng ov epvbpokvttapikn pepppavn [32] (Ew.8).

Axrtivy (Zovn 5)-Tpomopvociviy-Tporopovrovrivy

‘Eva gpvOpoxvttapo amoteAeiton omd ~500.000 povouepn P-okrtivng, 6émov 12-13
HOVOUEPT] GLYKPOTOUVTAL Yoo TN Onpovpyion vog olyouepovg F-axtivne. ‘Etot, oe éva
epvBpoxvTTapo cuvaviovion tepimov 40.000 olyopepn kdbe Eva amd To 0moio GLVIEETAL
010, AKpo. pe évo popto depativig yia ) otabepomoinon tov [14] (Ewk.8).

H tpomopvocivn tov gpubpokuvttdpov eivar o tpmteivn mov anoterel o 1% tov
OLUVOAOL TOV TPOTEVOV NG epvBpokvTToPKnG HeUPpdvng. AmoteAeitan omd ovo
vropovadeg poptakov Bapovg 27kDa kot 29kDa kot mpocsdéveton o popla F-aktivng, oe
avaroyio evog popiov tpomopwvocivng (60kDa) ava 6-8 popla povouepdv aktivng [55].
Muw mBavr Asttovpyia g eivon n otabepomoinon TV KOVIOV Vnuotiov oktivig tov
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vIopEUPPavIKOD OKEAETOD evd €xel mPOTaBEl KAl 1| GUUUETOYN TNG TN STHPNON TNG
UNYOVIKNG otafepdtnTog TG HEUPPOvNg HEC® oTOBEPOTOINGNG TOL CLUTAEYUATOG
omeKTpiv - aktivn - Tpwteivn 4.1R [56] (Ew.8).

H tpomopovtoviivn etvan mpwteiv tov vopeuPpovikod okeletovn, 40,6kDa, n omoia
TPOGOEVETAL GTO €Va GKPO NG TPONMOUVOGIVIG KOl ¢ POAOG NG £xel mpotabel 1
TOPEUTOOIOT TNG EMUNKVVONG KO TOV OTOTOAVUEPIGUOD TMV VNUATIOV aKTIVIG Yol TN
datpnon otafePov PKOLG TOV VIUOTIOV aKTIVIC.

p5S5

H p55 elvor po mepipepikn moATOM®PEVN TPOTEIVN ™S €PVOPOKLTTOPIKNG
peuppavng, n onoia ywpileton oe dopKEg TEPLOYEG OTIG Omoieg TepAapPdvovtar | Teployn
PDZ (m omoia cuvdéetar oty kapPolutehikn meproyn tng yAvkopopiving C), n mepoyn
SH3, n meproyn mpodcdeong g pmteivng 4.1R Kot ) Teployn OGEOPLAIMOTG TVPOGIVAOV
[57]. H p55 ovvdéetan amevbeiog oty mpwteivn 4.1R odrd ko ot yAvkoeopivy C yio ™
dnpovpyia £vog TPLEPOVS GUUTAOKOV GTNV KLTTOPOTAAGLOTIKY TEPLOYT TNG TAAGLOTIKNG
peuppdvns (Ewk.8). Avtd 1o oOumioko cvvdEel TO GOUTAOKO OTEKTPIVIG-OKTIVIG HE TN
Mmdkn duthooTifdda kot Bempeiton 6Tt mailel onuovtikd poOAO oTn JTHPNON TNG
LOPPOAOYIOG TV EpLOPOKVTTAPOV KOl TOV 1810THTOV TG pHepPpdvng [58].

MeTagopéag .
yAukodng Glut-1  "AUKo@opivn C

Ewova 8: TIpotevouevo povtého cOVOEoTS TOL LIOUEUPPAVIKOD GKEAETOV OTN HEUPPavn pécm
TOL petapopéa yAukolng (Avartdnwon arnd [32]).

2.2.4 Kvtooohkég
Awyoc@arpivn

H awoopaipivn givor n mo debovn kvtocohkn mpmTeivn, poplakod Papovg 65kDa,
N omoia amoterel mhvew amd 10 97% g GLVOMKNG TPWTEIVIKNG AL TOV EPVOPOKLTTAPOL
[59]. H HbA &ivon 1 xOpia arpoopaipivy oto epvbpokitrapa (oe mocootd 97-99% tov
GLVOAOL TOV GEALPIVAOV) Kol ATOTEAEITOL OO TEGOEPIS TOATENTIOKEG OAVGIOEG GPAIPIVIG
17kDa, d00 a ko 600 B, 6mov otnv kabepio eivor mpocsdepévn o opdda aipung. H o
aAvoida amotereitar amd 141 ko 1 B advoida omd 146 apvosikd Katdlowma. Xe pkpdtepo
TOCOGTA GLUVOVIMVTAL GE EVaV LYW EVAAMKA Ol aipocpalpiveg Az (0202, 1,5-3%) ko F
(02y2,<1%). H opddo aipng divetl to yapaKTnploTikd KOKKIVO YpOU 6To puOpokdTTOpa
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Kot amoteleitor amd €va daKTOAO TOPELPIVNG UE €vol ATOUO GLONPOL GTO KEVTPO Tov. H
OLYYEVELD TNG OUOCPALPIVIG YL TO 0ELYOVO €E0PTATOL OO TN GLYKEVTIPMGT SoPOPOV
ANUIKOV TOpoyOvVImV, OTmG elval Ta TPOTOVIA, TO S10EE1010 TOv dvOpaka, Ta 1OvTa YAmpiov
Kot 70 2,3-01pwo@oyAvkepviko o&d (2,3-DPG).

H xopla Aettovpyio g mpoTeivng avtg elval n HeETaPopd Tov 0ELYOVOL amd TOVG
TVEDLOVEC GTOVLG 10TOVG KOl 1) EMGTPOPY] TOL 010&e1diov Tov AvBpaxa amd TOLG 16TOVS
otovg mvevpoves. ‘Eva mocootd mepimov 3% tng opoceaipiving kabnuepvd veiototot
avto-o&eidmon M omoio ogeiletor oTNV Am®AEN €vOG NAEKTPOVIOL amd TO UOPLO TOV
oWNPOL Kol OTN HeTATPOm TOov omd dwobevn oe tprobevn, pe TOVTOYPOVN TOPUY®YN
v1tePoeidiov Tov Vopoyovov (H207). To udplo g apooealpivig Tov eivol GLVOESEUEVO
pe poplo tpiefevovg olonpov dev Pmopel va EMTEAEGEL TN UETOPOPA TOL 0ELYOVOL Kot
ovopdleton peBarpocearpivn. Ynd guolohoyikés cuvinkes poévo €va mocootd g tééng
tov 1% g opoceapivig mapopével oty oewdmpévn popen kabmg to Eviupo
avayoydon tg pebopoceaipiving emava@épel TV OLOGOALPIVI] GTN AELTOVPYIKN NG
HopeN avéyovtag to popto Tov cidnpov [60].

Abon )
£pUBPOKUTTAPW Ta cvpmAoka atpoodatpivng-

nehevBépwon umood;mpi’vnqd)uyow'r]mpcbvovtm
Hb and ta pakpoddaya

Npoécbdeontng
Hb amno v
antoohaipivn H oOvbeon Hb-NO npokalei
QYYELOOUOTOAR, EvEpyOmoinon

Mewwpévn Mepikn
JUYKEVTpwon o§uydvwon
¢ Hb

2 QLpOTETAALWY KA.
s TpoiovTa

& 5 QAMOKOSOUNONG

5 g aipng

I %

avrtidpaon Fenton

O&el8wrikr) KoL
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Ewova 9: Zynuatiki] ovamepdoTocn TV ovIOPUCE®Y OTIG OMOieC GUUUETEXEL 1 €AevBepn
(e€oxvtTapia) oooeaipivr Tov TAdouatoc (Avoardmwon ond [61]). Hb=apoopapivn

E\ev0epn awpocoarpivn tidopotog (free Hb)

Otav ta gpubpoxvtTapa TG KukAopopiog veicTavTal AVoT (EvOoyYEINKT] QUOAVGT)
N oooceopiviy Tov ameAEVOEPOVETAL TPOGOEVETAL GTNV ATTOCPUIPivI] Ko Onpuovpyet
GUUTAOKO TO OTOi0L OOpOoKPOVOVTAL OO TNV KLKAOQOPio HECH TOV HOKPOQAY®V. XE
MEPUITAOGES OU®G VYNNG apodAvong, M aioceopiviy Opo cav TNyn mTopoyw®yng
dpactik®v piov o&uyovouv (ROS) mpokaimvroag PAaPes otovg yOpw 16T00G Kol T
evoonAla. Tavtoypova, aAAAETIOPE TOXEMG KOl U] OVOCTPEWILO PE TO HOVOEELDI0 TOoV
alotov (NO) peidvovtog onpaviikd tn dabecipudmrd tov oto aipo. To NO eivor éva
LOp1lo pe oNUoavTIKO pOAO GTN SOTNPNON TS THECNG TOV AUOTOC, GTNV AYYELOYEVEDT], OTIG
Aertovpyieg TOV OUOTETOAIDV, GTOV TOAAATANCIOCUO TOV ALV HUIKOV KOTTAP®V TOV
ayyeiov kot otn eAeypovn [60] (Ewk.9). Eropévac, maboloyikd vynid eninedo ehebOepng
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ALLOGQALPIVIG OTO TAAGO UTOPOVV VO, 001YIO0LV GE TOAAEG TABOAOYIKEG KATOOTAGELS,
Wuwitepa og acBéveleg mov yopaktnpifoviar amd VYNAN AOALGT 0TS 1 ¥POVIO VEQPIKY|
avendpkela [62].

YrepoEepedoéivn-2 (Prx-2)

H vrepo&elpedolivn-2 (Prx-2) eivan n tpitn mo aebovn KVTOGOMKY TPOTEIVY] TmV
€PLOPOKVLTTAPOV, HETE amd TNV apoceopivy kot TV KapPoviky avvdpdaon, pe 15 exar.
avtiypoeo avd kottopo. H mpowteivn avt) onuovpyst oMyopepr|, Kupiog Oluepn Kot
dekapepn ta omoio VO cuvinkeg o&eldwong amocvvtifevtal oe duepn. H Prx-2 sivon
KUTOGOAKY| 0AAG TTPOGOEVETOL TN HEUPPAVI VIO PLGLOAOYIKEG GLUVONKEG GE TOGOGTO TNG
1aENG Tov 0,05% [63]. O Adyog mpdcdecnc TG paiveTot va ivat 1) IKOvOTNTA TG VoL ovayeL
Mmdikd vrepoeidio TPOSTATEVOVTOS TNV EPLOPOKVLTTAPIKY HEUPPAVN OO TO 0EEWMTIKO
otpeg [64] 0AMG kot M KOVOTNTA TNG OC HOPLOKT GLUVOOOG VO GUVOEETAL WE TNV
apoceapivn tov epubpokvTTAp®V, VIO T HOPEY| JEKAUEPOVS, KOl VO TNV TPOCTATEVEL
and Vv emoyopevn omd 0EEBMTIKO GTPeg 0modlatosn Kol cvoocopdtmon [65]. Allot
porol mov €yovv mpotabel 0Tl emteAel givon mn mpootacio g {dvng-3 amd o&edmTiKN
BAGPN xatd TV Tpdodeon otV auvotelkn mepoyn ™¢ [66], n Aswtovpyia ¢ g
HoploKY] cuvoodg PonddvTag AALES TPOTEIVEG VO OLVOKTIIGOVV T AELTOVPYIKY] SIOUOPPOCT
TOUG OAAG Kot M emoyopevn amd 1ovta acPectiov mpodcdeon Sopmv vyniov MB g
TPOTEIVIS 0TV £pLOPOKLTTAPIKY HEUPPEVN, Yo T pOBLIoN e expong Wvtov K pécw
TV kavolov Gardos [63].

270 KUTOGOAO TOV €PVOPOKLTTAPOV 1 VIEPOEEPEDOEIVT VTTAPYEL LTO TN HOPOY|
olyopepadv (160-450kDa) to omoio dnptovpyovvTol amd TNV ovIYUEVT), LOVOUEPT LOPPT
(21,8kDa) tov popiov kat £xovv SPACTIKOTNTO VIEPOEEBAOT|G KOl HOPLaKNG cLVodoD. H
TPOTEIVY] OVTH TPOGTATEVEL TIG EPLOPOKVTTAPIKEG TPWOTEIVES OMO TO OEEOMTIKO GTPECS
kaBmg EAleyn g odnyel oe 0feldwon KOTOAOIT®Y KLGTEIVIIG TOAADV TPOTEIVOV TNG
gpvbpoxvttapiknc peuPpdvng [65, 67]. Otav n Prx-2 aAiniemdpd pe vrepoleidia,
o&eldmvetan ko opepiletor pe amoTéAEGA TN ONOVPYio OIGOVAPIOKOV OEGHOV, O OTTO10G
avayetor amd TN Oelopedolivn yio TV ETOVOPOPA TOL HOPIOV GTNV EVEPYT, OVIYUEVN
katdotoon. H Bsopedolivn, ot cuvéyeia emavépyetol pe tn dpdom g avayydong g
Beopedoivng kar T cvppetoyn NADPH. H Prx-2 givol anoteAecpatiKOS amotkodountng
TV VIEPOEEdiV VOPOYOVOL, 0TV aVTE PploKOVTal GE YUUNAES CYETIKE GUYKEVIPMOGELS.
Oumg og vYnAég cLYKeEVTPMGELS VITEPOEEWI®MV TOL VAPOYOVOL, N Prx-2 ofewddveratl kot
amouteiton M dpdion G Katohdong n/Kor g vrepolelddong g yAovtabelovng Yoo TV
eEovdetépmwon tovg. Emiong, petd amd oeidwon m Prx-2 epogoavifer younid puduo
emavevepyomoinong [68].

O mpootatevTikdg pOLOG awToL TOL popiov ot epvbpokvTTapa emPePordveTan amd
gpvbpoxvtTopo mpoepydeva amd movtikia knockout ywa to yovidio g Prx-2, ta omoio
napovctalovv: 1) evepyomoinon Tov GNUATOSOTIKOD povomatioy ¢ Syk kiwvdong, 2)
avEnpévn Tpocdeon popimv o&edmpévng aposeatlpiving kot 3) avénuévn Kuotidtomoinon
[69] (Ew.10).

Hsp70
Ot owoyéveln tov mpoteivaov Bepuikod cok (Hsp - Heat Shock Proteins)
neplhapPavel mpwteiveg 66-78kDa, kvtocoAkég kvpimg ot omoiegc €yovv TN dpdon
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poplak®v cuvodmv. Ot tpmteiveg Hsp70 tv dptumv epuBpokuttdpmy, vId QUCIOA0YIKES
ouvOnkeg Ppiokovial 610 KVTOGOMO, 0ALG 68 GLVONKEG GTPES PaiveTal va, GVUPAAAOVY
OTNV TPOCTOCIO. TV KLTTAPWV GTAOEPOTOIDOVING TOV VROUEUPPAVIKO OKEAETO HECH
aAAnAemdpdocwv pe T okedetikég mpwteiveg [70]. In vitro ueiétec £xovv dgi&et avénuévn
npdcdeon twv Hsp’s ot pepPpdvn tov dpemavokuttdpOVv G omdKplon 1o ovénuévo
o&e1dwTikd otpeg kat oty vro&io [67].

Makpodayo

SUCOWUATWHATO
{wvng-3

syk | ,
016 WTIKO OTPES

|Avplou_ﬂ_§nou RBCs | I | Prx27/- ﬁBCs |

Ewova 10: Zynupotikn ovomropdotacn tov pohov ¢ Prx-2 otn dwtipnon g tpoTtedotaons e
KUTTOPIKNAG HEUPPAVIG £vavTl TOV 0EEWOMTIKOD GTPES. L& MOVTIKIOL PUOIKOD TOTOV, TO 0EEWMTIKO
oTpeg emdyel T petopopd twv Hsp’s ko g Prx-2 ot pepPpavn, ot omoieg eumodifovv
onuovpyion Prapadv ot uepPpdvn kol meplopiovv v gvepyomoinon t@v Syk Kivacmv mov
QOoPopLAIOVOLY TN {OVN-3. Xta gpvbpokvttapa movtikdv knockout yio to yovidio tng Prx-2, n
EM ety g Prx-2 empépel cuocmpevon t@v Hsp’s ot pepfpdvn oe cuvinkec 0Ee1dmTIKOD GTPEC.
O1 Hsp’s advvatovv va avaocteidovv v ofegldwon kot cuscopdtoon tav popiov g {dvne-3, 1
omoia gvvogltal pe v gvepyomnoinon tov Syk xivacdv. Avtd odnyel o Toxeia amopdkpouvon Twv
€PLOPOKVTTAPWV OV £XOVV VTTOGTEL PAGPN HECH TOV LAKPOEAY®V Kol ALEAVEL TNV ameAevOEpman
LIKPOKLOTWIMY, To OToio. HE OVTOV TOV TPOMO OIOUOKPVUVOUV TNV OHOCOOPivr] Kot GAAES
TPOTEIVEG OV £yovv vrootel PAAPN (Avortdmwon omd [69]). Prx-2: vrepo&epedoivn-2, RBCs:
gpvbpoxvtTapa, P, pmcpopvriinon g (wvne-3; HCM: awwoypodpata, HSPS: mpmteiveg Oepuucon
ook, MPs: ikpoxvotidio.

KoAmaivn — keAmactativy

Ot koAmaiveg eivonl aoPecTIO-EEAPTOUEVES TPOTEAGES KVOTEIVNG Ol omoieg dpovv
EKAEKTIKA o€ TpwTEIve, ®g amdkplon petd ond egpébicpa and 16vra acPeotiov. Ta
avOpomva epvfpokvtTapa mEPLEYoLY HoOvo v KoAraivn-1 (1 p-KaAmaivn) g omoiog M
dpdon pvOuiletor amd TV TPOTEIVN-EVEPYOTOMTN KOl AVAGTOAED TNG KOAmAivng-1, v
KoATootativy. Xto  gpvBpoxvttapa, 1 KoAmoivn-1 otoyevel o pepPpavikéc Kot
KUTTOPOCKEAETIKES TPOTEIVES, TPOKAADVTOG UEPIKY| TPOTEOAVGT, HETAPAALOVTOG £TGL TN
Aertovpyio TOVG 1 TV EVEPYOTNTA TOLG OGOV APOPA oe pepPpavosuvdedpeva Evivpa. Ta
TOPAdELYLa, 1 KOATOivN-1 eumAéketon oy gvepyomoinom g avtiiog Ca2+-ATPdcsn HEC®
amopdakpovvong evog mentidiov 14kDa, pvBuilovtag €161 v evéokvTTAPLO CLYKEVTPMON
tov Wvtev Ca®* oto KOTTAPO, EVO £l TPOTAOEL Kl 1) GUUUETOYN TNG OTNV EVEPYOTOINGN
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tov kovody Gardos. Extoc omd 1o poptio Tov kuttdpov ot dvta Ca’’, 10 ofedmtikd
otpeg €xel emiong deyOel 0Tt evepyomotei TNV koAraivn-1 ota epvOpokvdtTapa [71].

Ot 6TOY0l TOV EVEPYOTONUEVOV KOATAIVAOV ival Kuplog StapepPpavikéc TpmTeiveg
N mpwteiveg mov cvvocovtarl Eupeca pe ™ pepPpdvn omog 1 PMCA, n omextpivn, ot
adovciveg, n Lovn-3, n mpoteivn 4.1 kot 4.2 oAld kot m 0w M KoAmoivn. H
aVTOTPWTEOALGT] GVUPAIVEL GE GUYKEVIPADGELS 1OVTIOV 0GPECTION TEPA TWV PLGIOAOYIK®V
opiov (50-150uM), evd €xel avapepbel kol mePlOPIGUEVN ddoTacT O- Kot B- aAvcidmv
apoceapivng. MdAiota, movtikio oto omoia dev exQPALeTal TO YOVidlo TG U-KOATOTvgG
(knock-out)  yapoxtmpilovior omd  epvbpokvTTopa pe  PeATiopévn  kavoTTO
Topapopemong [72].

H xoAmactotivn, évag evooyeving avacToléag Kot puOUIGTIG TG EVEPYOTNTOS TNG -
KaAmoivng oto epuBpokvtropa. H aiinienidopacn g xoAmaototivng pe v KaAmoivn
etvan emiong aoPeotio-eEaptdpevn dadkacio. Ze epudpokiTTapa NMKIOUEVOV avOpOT®V
&xouv Ppebel petopévo eminedo KoAmoaotativng Kot avEnpévn  dpaocTnpuOTNTa NG
KoAmaivng [72].

2.3 Topmhoka prOpoxkvTTOPIKIG pEpPpavng

Avo givon ta KOpra pepppovikd copumroka mov cuupdilovv oty aykvpoBoAncn tov
KUTTOPOCKEAETOV OTEKTPIVIG-OKTIVIG LE TN GOSPOATOKY dumhootiBdoa: 1) To cupThoko
mg Covng-3 (N odumAoko aykvupivig) OTO OmMOI0 GUUUETEXOLV  TETPUUEPT TNG
dwpepPpavikng tpwteivng Lmvn-3, n YAvkopopivny A, to coumhoko Tpwteivdv Rhesus, n
CDA47, n aykxvpivn, N tpmteivn 4.2 Kot motkidio YAVKOALTIKOV VEOU®V Kot 2) TO GCOUTAOKO
Cevéng oto omoio cvppetéyovy oepn g Lovne-3, n YAvkoeopivn C, ot mpwteiveg Tov
ovumAdkov Rhesus, o petapopéag Glut-1 kabmg kol or mepipepikéc TpmTEIvES aKTiv,
Tpomopvocivn, adovcivn, odepativn, pSS, mpoteivn 4.1, mpwrteivn 4.2 kot mowiMa
yAvkolvtik®dv eviopwmv [50].

To odpmroko g {dVNe-3 amoteieiton kvplog and teTpapepn g Ldvne-3, g
omoiag M KVTOCGOAIKN TAEVPA GLVOEETUL GTNV TPOTEIV 4.2 Kot TNV aykvpivy, HEC® NG
omoiag aykvpoPoiel otov vropepPpovikd okehetd g omektpivng. H yAvkogopivn A
OLUUETEXEL OTO OCULUTAOKO OVTO VIO TN Hopen dywepwv. To ovpumioko Rhesus
nephapPaver ta mentiole Rhesus, 11 ocvvdepéveg pe Rh yivkompwteiveg (RhAG), to
CD47, mv LW ylokompwteivn ko dyuepn g YAvkoeopivinig B. To popio CD47
aAAnAemidpd pe v mpoteivny 4.2 ko ta mentidie Rh yuo tn dnpovpyia emagng pe v
aykvpivn. ‘Etol, 10 ovumioko Rh kot to cdumioxo g Cdvng-3 cvvdéovtal PETOED TOVG
dpovpydvtog Eva pakposvpmioko (Euc.12).

To evpmroko (eOing amotereiton and v mpwteivn 4.1R 1 omola aAAnAendpd e
TNV OUIVOTEAKT TTEPLOYN TNG P-OmEKTPIvIG TOV TETPOAUEPOVS OTEKTPIVIG LE TI GLUUETOYN
KOVI®OV VNUoTiov akTiviig Kol GAA®V TPOTEIVOV TOL GLVOLOVTIOL UE TNV OKTivn, Ommg
depativn, Tpomopvooivn, P-adovoivn kot tpomopovtovAdivn (Ewk.12). Amdiewn tov
oANAemdpdoemy  pPeETaEd NG OWAOCSTIPAOOC KOU TOV  KLTTOPOOKEAETOD EYEl MG
amotéAecio, TV omootabepomoinon g neufpdvng kat v kuotidtomoinon [73].

H depativn xor m adovoivn ¢@aivetar vo moailovv emiong onuoviikd poro o
dlnpnon  Tov  CYNUOTOS  T®V  €pLOPOKVLTTAPOV Kol TG oTafepOTNTOC  TNG
epLOPOKLTTOPIKNG HEUPPAVNG, HEC® OVVOEONG TOLG HE TN OlUEUPPOVIKY] TPOTEIVN
petagopéa Glut-1. H dgpativny kot n adovsivy pmopovv va cuvoebodv aveEdptnto otov
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uetapopéa Glut-1 dnuiovpydvtog évo HOKPOGOUTAOKO TO OTOI0 TOPEYEL EVOV EMITAEOV
UNYOVICHO KAOBETOV oLVOEcEMY HETOED TOL GULUTAOKOVL GREKTPIVNG-OKTIVIIG KOl TNg

TAacpatikng pepppavng [32].

Ewova 12: Avanopdotoon tov cupumAdkev e epubpokvttapikng Lepfpdvng (Avatdmoon omod

[50]).

2.4 EEoyviko 0iKTVO £PVOPOKVTTUPIKOV GKELETOV

210 VTOUEUPPAVIKO OKEAETIKO OlKTLO Ol TpwTeiveg cuvdéovtar peTald TOLG
oynuatiCovtag xuping eayoviky dwitaén. Ta cdumroka (evéng Ppickoviol 6to KEVTPO
Kot oTig €61 Yovieg Tov e€ay®dvoL Kol cLVOEOVTOL LETOED TOVG e VNUATIO OTEKTPIvIG TO
omoio. cvviotavtor Vo TN popen teTpapep®v. Ta ocOumioka C(evEng pmopovv va
dtevbeTovvTOl Kot VIO LOPEN TEVTAY®VOL 1| EXTAYOVOL OAAG gueovilovtal pe PKpOTEPN
oLYVOTITA GE OWTEG TIG LOPPEG [74].

3. Metafoiopdg epvbpokvtTapov

To 80-90% 1ng yAvkding v omoio mpocsAauPdvovv ta gpvbpokdtTrapo e
OlEVKOALVOUEVT  O18YLON, WETOTPEMETAL GE YOAOKTIKO HEC® TOV HOVOTOTIOD TNG
yAvkOAvone, evd to vmorowmo 10% veictator ofeidmon pEcw TOL LOVOTOTION TMV
POCPOPIKAOV TEVTOL®MV. ATO TO YAVKOADTIKO POVOTTATL Oniovpyodvtot Tpio Kuplo HopLoL:
10 NADH ¢ suurapdyovioag otnv avtidpaon avaywyng s pebaposeatpivng, 1o ATP wg
POOPOPIKO VOLKAEOTIO LYNANG evépyelog Kot 10 2,3-019mc@oylvkepvikd o&d (2,3-
DPG), mov pubuiler v ovyyéveln tov o&uyovouv pe TO HOPo NG o@atpivng. Amd to
HOVOTTATL TS PMGPOPIKAV TTEVTOLAV KVPLO TPOTOV Tapaywyns etvan to poépto NADPH to
omoio AETOVPYEL OC CLUTOPAYOVTOC KOTO TNV AVIIOPACT avay®yns g 0EE0®UEVNS
yhovtafeidvng. ‘Eva peydio mocootd tov popiov ATP mov mopdyovror pécm tng
YAVKOAVONG KOTOVOAMVETOL YloL TN AETOVPYIOL TOV AVIAIGV vatpiov-KaAiov mov &ivon
ATOPOATNTN Yo SLTHPNON TNG LOVTIKNG 1GOPPOTING TOV KLTTUPOTAACUATOG EUTOdILoVTag
TNV OGU®TIKN ADGT TOV KuTTdpov [75].
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Ye Katdotoon otpeg To gpuhpokvrtTapa Ypnolwonowovyv 1,7 @opég mepiocdTepT
YAVKOLN o’ dTL PUGIOAOYIKA, VD 1 OPACTNPLOTNTO TOL KOKAOL (POCEQOPIK®Y TEVTOLMV
avéaveton péypt kot 20 opég yo TNV mapayoyn peydrlmv mtocotitov NADPH [76].

» T'hvkdéivon

H yAvkoivon sivon pio dtadikacio Katd tnv omoia Eva popto YAvkong LETATPETETOL
6€ VO HOPLOL TVPOGTAPVAIKOD UE TOVTOYPOVN dnovpyia 6vo popiov ATP ko 600 popimv
NADH. H evépysia mov anelevbepmveror amobnkedetanr pe t popen popiov ATP. To
NAEKTPOVIO OV OTEAELOEPDOVETOL KATH TN UETATPOTY| TNG 3-QOOPOPIKNG YAVKEPAAIEHONG
oe 1,3-81pwopoylukeptvikd mpociopfavetor and 1o NAD' yio ) dnpiovpyia NADH. H
YAKOAVON OpmC Sev pmopel vo Tpoymproet yopic v moapovsio popiov NAD™. ‘Etot, 1
LETATPOTY] TOV TLUPOGTAPVAIKOD GE YOAUKTIKO 05D OMO TNV YOAOKTIKY 0QOLOPOYOVAOT
dnuovpysi véa popia NAD' pe 10 yohoxtikd ofd vo omoteAsi TO TEAMKO TPOIOV NG
yAokdivong [77].

» Movondtt ®oceopik®v [levroldv (1 Movopwopopikng EEGING)

Ta gpvBpoxvTTapa veioTaviot WYVPO 0&eWmTIKd 6Tpeg gite AMOy® €kBeonc Tovg e
QappoKo Kot GALeG yMUIKES ovaies, glte Adym g HeTaPopdg Tov 0&vuydvov. Ot dpacTikég
pileg o&uyovov mov OnpovpyodvIal PTopovV Vo, EXNPEGcoVY TN PLOCIHOTNTO Kol TN
AETOVPYIKOTNTO, TOL  KLTTAPOVL HECH  UETOTPOTNG TOL Owebevodg odnpov NG
apoceapivng oe tprobevn, dnovpywvtag ™ pebapoceapivn. Emmiéov, umopovv va
npokarécovv PAaPeg oto Amida TtV pepPpovov peiwvovtag T oldpkela {ong Tov
epvBpokvttapov. H ylovtabeiovn sivor éva tputentiolo mov omotkodopel T ehevBepec
pileg péom o&eldwong g Kot 1 avoywydon TG yAovtafeldvig emoavaeipEl N
yAoutaBelovn oV avnyuévn popen g pe m xpnon tov NADPH ®g 06t niektpoviov.
H povadwn pn-pitoyovoprokt| nyn mapoywyns NADPH eivatl to povomdtt ¢oc@opiknig
evtolng. Yo eucloroyikég ovvOnkec, to 10% tng yAvkolng petafoileton pécm tov
HOVOTaTION TNG GMOPOPIKNG mevtolne. Otav to epuBpokdTtapo £pYETal AVIUETOTO WE
VynNAd emimeda ofewbwtikov otpeg, mepimov to 90% TOL GLVOAOL TNG YAVKOING
petaforiletal pécm avtov TOL povomaTiov. To kupldtepo €vOLHO TOV OmOTEAEL Kot TOV
Baocwkd meplopiotikd mapdyovia ce ovt) TN Swdwkacio givar 1 agudpoyovicon tng 6-
QWoPopPKNg YAvKOlng (glucose 6-phosphate dehydrogenase, G6PD). H éAAetyn avtov tov
evlopov amoteAel T ovyvotepn evlvpomdBela kol mpokaAel opoAvtikny avarpia. ‘Etot, to
LOVOTIATL TNG POOPOPIKNG Tevtolng etvan Kpioyng onpaciog yw v emPioon tov
gpvbpoxvttapwv [77].

» Kokioc Rappaport-Luebering

To 2,3-81pwopoylvkepvikd o (2,3-BPG or 2,3-DPG) kat to. 16vto H' petdvovy
OLYYEVELWL TOV O0ELYOVOL HE TNV OHOcGpivy), guvodvTag TNV 0mddoon Tov 0EVYOVOL
otovg otovg. To Rappaport-Luebering yAvkoAlvtikd povomdtt cuvbéter 2,3-DPG omd
puopo 1,3-DPG. To povomdrtt ovtd amotelel o TOPAKOUYT TOV LOVOTOTIOL 1TNG
YAVKOAVON G, TOPAKAUTTOVTOS TAVTOYPOVO KOl TNV Tapaywyn evog popiov ATP.

H {ovn-3 sivar o mpoteivn n omola mailer onuovtikd puBuiotikd polo ctov
HETOPOAIOUO TV €pLOpOKVLTTAPOV KOODG OTO CUIVOTEMKO GKPO 1TNG VLITAPYEL
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AVTOYOVIOTIKY)  o0vdeon HETaED TOV  YALKOALTIKOD &viOHOL  OAOOAGGT KOl TNg
deo&vaposparpivng (un oévyovouévn apocsearpivn). o cvykekpipéva, €xet mpotadet
évag pnyoviopdg petafoAikng pvbuong mov efaptdtor and TV amo&uyoveon NG
awoopopivinc. H deodvatpocpaipivi mpocdévetor otny aptvoteMkn meptoyn g Covng-3
o€ OVIOY®OVIOCUO HE Tplo HEAN TOL povomatoy NG YAvkOAvong: adordomn, G3PD
(apudpoyovaon TG 3-wcPopikne yAvkepardeions, GAPDH) kot @wc@oppovkToKivion
(E.13). Otav 1o kdttapo sivar o&vyovmpévo, to tpia Evivpa tpocdévovtarl otn {dvn-3
Kot amevepyomolovvtal. Otav to KOTTOPOo €ivar pn 0ELYOVOUEVO, 1 SE0ELULOCPOLPIVN
amopakpHvel ta Evivpa kot o puOpdg yAvkoAvong emavépyetat. MaAota, €xel mpotadel
¢ o0tav To Evlvua givol amevepyomompéva, n YALkOLn YPNOUOTOLEITAL GTO LOVOTATL
POGPOPIKNG TEVTOLNG YioL TNV avayévvnon g avnyuévng yaovtadelovng [8, 9]. 'Etot, ta
évlopa g YAukOAvong mov TPocdEVOVTaL 6TO AUVOTEAMKO Gikpo TS Ldvng-3 eaivetol va
OLUUETEYOLY og €va pnyaviopud pvbuong tov pubuod yAvkoivong. EmmAéov, n
amo&uYOVEOGoT TV £PVOPOKLTTAPMOV EYEL MG AMOTEAECLLO TV OTOUAKPLVOT] TNG ayKLpivig
amo ™ Covn-3 Kot v anehevBépmaon tov KutTapocokereTol and ™ pepPpdvr. H acBevrg
OAANAETIOpaON  KLTTOPOCKEAETOV-UEUPPAVNG Vi oOviopeg TePLOOOVG UTOPEl  va
amodel el €VEPYETIKN Yo TN PO TOL OUHOTOC, OALL GE TEPLOSOVS UEYOA®V TEPLOS®V
amo&uydveong, uropet va Tpowdncel v kvuotidonoinon e peppavng [78].

Ewova  13: Avodwopdppmon Tov TPOTEIVIKOV OAANAETOPAcE®Y otV  €pLOPOKVLTTAPIKN
puepppavn avoloya ta eminedo o&vyovoong tev gpvbpokvttdpov. H ylvkoiven, n petagopd
KaTovTov, 1 anelevbépmon popiov ATP kot n Tpdcedeon g aykvpivng otn pepPpdvn amotelody
o&vyovo-e&aptopevec dladikacies oto epvbpokvtropa. Emeldn  kuTTopomAacuatiKg mTeployn g
Lovne-3 (cdb3) amoteAei 10 povadikd yvmotd onueio mpdcdeong g Hb oty gpubporvttopiky
pepppavn kou emedn n mpodcdeon g Hb eivar pio amdAvta ofvyovo-eEaptouevn dadikacia,
TOAMG- av Oyt Oha- o&vyovo-e€aptadpeva povomdtio ota epvbpokvtTopa Oempeital 6TL e&aptdvTon
amo TNV avaoTpéyiun npdcsdeon g deovarpocpalpiving oty cdb3 mepoyn. H npdcdeon avm
EYEL MG OMOTEAECUO, TNV OTOGVVOEST TOAADV cdb3-cuvdeduevav TpmTeivav (.Y, YAVKOALTIKA
évlopa, aykopivn) (Avatdirmon and [79]).

GAPDH - G3PD

H agudpoyovion g 3-oooepopikng yAvkepaAideiong (GAPDH, G3PD) sivor o
vynid ocvvimpnuévn mpowteivy 140-150kDa, mov amotekeitor omd TEGGEPIS OUOLEG
vropovadeg tov 35-37kDa kor €yer Pacikd poOA0 o610 HOVOTATL TNG YALKOAVLGONC,
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KOTOAVOVTAG TNV OEEWOTIK)  QOMGEOPLAI®MGN TG  3-QOCQOPIKNG  YAVKEPAAIEDONG
napovasio popiov NAPD kot avopyavev pocpopik®dv (Ew.13).

4. I'pavon

H ynqpavon tov epvbpokvttdpwv yopaktpiletor omd GLOCMOPELOYT JGOUIKOV,
HETAPOMKOV Kol  AEITOLPYIK®V Tpomomomoewyv. O  @avotumog TV YNPacUEVEOV
€pLOPOKLTTAP®Y, ONAAOT TO GUVOAO TMOV NAIKIO-EEQPTOUEVOV ALYV, EYEL GLOYETICOET
pe peiowon ™G HeTOPOMKNG dpacTNPOTNTAG, OTOOIKN OTMOAE TOV QUGLOAOYIKOV
KUTTOPIKOD  GYNUOTOS, OVOSIOUOPO®MOT NG HEUPPAVNG, KLOTIOWNOINGT, 0EELOMTIKEG
BAdPeg ko €kBeon OEIKTOV OMOUAKPLVONG OO TNV KLVKAOQOPiK, GTNV EMLPAVELD TOV
kuttdpov [80]. Ioyvpd onuata amopdkpvvong omd TV Kuklogopio omotelobv 1
eEmtepikevon g POoEATIOLAOGEPIVIG Kot 1| TPOGOEST OVTOAOY®V avocospalpvev G
OT0 VEO-OVTLYOVA YHPAVGTG TTOV dNUIOVPYOHVTOL AGY® dopkdv odhoydv e (ovne-3 [81].

H wvottapicn yfpavon etvor pia dwdikacio mn omoio oyetiCeton pe aArayég otnv
eoppomia peta&h TG TaPUy®YNS OEEWMTIKOV 0VCIMV KOl TNG OTOUAKPVUVENG TOVG OO TO
evlupkd Kot un evOLHIKA GLGTATIKG TOV KLTTAPOL GTo omoia aviKkovy kot ta popto GSH,
NADH, NADPH «xot ackopPikd o&0. H otadiokn cuGGHPELOT] TOV UN-0VAGTPEYILLOL
oLeldMUEVOY Kol OmOdTOYUEVOY  TPOTEIVAOV, Kol 1WOwitepa TG OLLOGQAPivG,
gmdeVOVETAL KOTA TN YRpaven tov gpudpokvttdpov [61] oto omoia n de novo cvvBeon
TPOTEIVOV Kol Mmdiov dgv givar mAéov evepyn. Ot oAAayéc otn OpOCTIKOTNTO TV
evlOpV Kot 6T MoK cO6TaoT TG LEUPPAVIS Kat 1 ovadtipOpmon TOAADV TPOTEIVAOV
ocvppaivouv otadiokd otn ddpkela {ONG TV EPLOPOKLTTAPMOV KUl TPOKAAOVVTOL KUPIMG
amd TV enidpactn 0&EWMTIKOD GTPES.

H petapopd popiov yAvkding Katd pxog e HeUPpavng HetdvETOL ETIoNG KATA TN
pavon kabmg ta veapd epuhpokdTTapa YPNCOTOOVY 2,5 popég pueyalhtepn mocdTnTo
yAvkong o€ oyéon ue to ynpacuéva. Ta evdokvttapla enineda ATP néptovv mepinmov 30-
40% oakoAovBdVTAG TOLG pEWPEVOLS pLOUOVG YAvKOALONG Kol cvuBdAloviog ot
LELOUEVT TOpOy®YN avnypévng yrovtadeiovng [82].

H dwdwacia tg ynpavong, okoun, oyetiletor HE TN CLUUETOYN YEYOVOT®OV
TOPOUOI®V UE TOV TPOYPOUUUATICUEVO KLTTAPIKO Bdvato TV gumdpnveov KLTTApOV, To
omoio. emdyovtol pe TNV €16PON WOVIOV AGPECTIOL GTO £0MTEPIKO TOL KLTTAPOL KOl
napepmodilovral pe avacToAeic KoATaivoy Kot kaomacdv. H evepyomoinomn ¢ kaomdong-
3 xor -8 Bewpovvror onuddio KLTTOPIKNG YRpavons, kobng &xel Ppebel evepyomoinom
KOoTao®V iN VIVO o€ ynpacuéva epubpokdtrapa meptoepikng kuklopopiag [83].

Xoapaktnplotikoi d&ikTeg yipavens tv epvhpoxvttdpmv Bempodvtor n un evCupIK
yAvkoluAlwon ™G apooeopivng, 1 GVYKPOTNOT GLUTAOKOV GREKTPIVIG-OULOCPOIPIvIG
Kot M amopdioon mg mpoteiving 4.1b og 4.1a. H adénon g KuTtapikng mukvoTnTog
YPNOWOTOMONKE Yo POV OG KPLTHPLO YOPUKTNPIGHOD Kol OTOUOVOCNS YNPOGUEVODV
epuBpokvtTdpov Ko mopdTl cvveyiletor péxpt onuepa €xel mAéov 1ebel oe 1oyvLPN
appofhimon.

4.1 KvoTiowomoinon

Ta pkpoxvortiow (MVS, microvesicles) amotelodv évav etepoyeviy TANOVGHO 0o
Kvotiow, pe péyeboc mov mowkider and 100 émg 1000nm. Atapépovv onuavtikd petald
TOVG OGOV APOPE GTNV TEPLEKTIKOTNTA TOVS GE POGPOATION, aVTIIYyOVO ETLPAVEING Kot
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OTNV TMPOTEIVIKY] TOVG GVOTOCT, OAAG STnPoVV TO. OVILYOVIKA YOPOKTNPIOTIKE TOV
KUTTOP®OV omd To Omole TPOEPYOVTOL WE OMOTEAECUO, VO UTOPEl Vo Towtomombel 1
KLTTOPIKN TTpoéhevor] tovc. Ta MVs dwywpiloviar and to eEwompata to omoio sivol
Kvotid peyébovg 40-100nm mov dnpuovpyovvion amd £EMKVTMOOTN EVOOCOUATOV, T
omoio TPOEPYOVTAL OO TO TOAVKVOTIOWK( COUATION £XOVTOC TOVG OVTIGTOTYOVS JEIKTEC. Z€
avtifeon pe 1o eEmonpata, To MVs onpiovpyodvior kKupimg amd T eUGaAMOoToinoTn Kot
NV omoKom TUNUatev g e&mtepikng peuppdvng. H anedevbépwon kvotidiov amnd
peuppavn eivar pio amdAvta gAeyyopevn Oladkocioo 1 omoiot TVPOSOTEITAL ATO TOAAL,
SPOPETIKA peBIoHOTO OTWE ATOTTOTIKA GUATO, PUNYAVIKO GTPES, 0EEOMTIKO GTPESG KoL
kuttapikés  PraPec  yvevikdtepo (Ewce.14). Amotehodv  Pacikodg pecorafntés g
SLOKVTTAPIKNG EMKOVOVING 1 omoia €lval amapaitnTn o€ KUTTOPIKESG SLodIKAGiEg OTMG Ot
OVOGOAOYIKEG OVTIOPAGELS, T TNEN Kot 1 eAeypovn. H eEmtepikevon pwopatidviocepivrg,
0 10TIKOG mapdyovtog (tissue factor) kot to poplo. TPookOAANoNG eivar kémola amd To
YOPOKTNPIOTIKA HOPLOL TOV OTAVTIMOVTOL GTO KVOTIOW HECH TMV OMOi®V EVEPYOTOLOVV
avtdpdoelg méng [84].

A dAdon  pAommdon  okpaumAdon B

VY VYV VYV \/}V v VY VY AAAAAAN \Vp\l'xl 'v*/ VM/ \ \R’m /\%
@ O ©)

evbokuttapla
° O e

o o
[Ca*i ca*i 1

r Ewova 14: Movtélo dnuovpyiog
i l pikpokvotiov. H opydvoon tov poopolmidioy
’ q ot peuPpdavn Ppioketor ved TOV EAEYYO TPUDV
‘... ge evOpov: ¢ eMITAoNC, TNG PAOTTACNG KoL TNG
:.:. ‘.: S ..0 .:: 0“ GKpa,;mkacmg. (A’) pX erraf)a nov Ppickoviot Gi,-:
IS) P @ "Peia, ot QMATACESG PLETOPEPOVY GTIV ECHOTEPIKN

Mo oTifdda T apVNTIKA  QOPTIGUEVA

QeOCEOMTIOW Kot Slatnpodv TN AMIIOIKY
acvppeTpia g dmlootiPadag. Ot QAommdceg KOl Ol OKPOUTAACEG E€ival OVEVEPYEG Kou M)
EVOOKLTTAPLOL OLYKEVIPWON Tov oocPfeotiov younAr. (B) Yotepa omd evepyomoinom, m
EVOOKLTTAPLO GLYKEVTP®ON TOL acPeotiov av&dvetal, ol PMTAACES OMEVEPYOTOLOVVTIOL, EVD Ol
QAoTmboeg KoL okpapmAdosg  evepyomowovvtol. Ot gAommdosg  eE@tepikedovv TN
POCPATIOVAOGEPIVY], TOV AMOTEAEL EVOL OPVNTIKG POPTIGUEVO POCPOAMTION0, KAl Ol CKPUUTAACES
UETAPEPOVY TO, POCPOATIONN, U1 EOIKA KOTA UNKOC TG HEUPPAVNG, UE OTOTEAECUN TV OTOAEL.
mg pooeolmdiknig acvppetpiog. (I) H ovénuévn evdokvttdpla cuykévipmon ooPectiov
gvePYOTNOLlEl EMIONG KOl TPOTEAGEG OV OGOV TPWTEIVEG TOL KLTTOPOCKEAETOV, 1 UEUPPAvVN
yiveTon AyOTeEPO EVKAUMTN KOl QUGUALSOTOLEITAL, SNUOVPYDOVTS KOl ameAEVOEPDOVOVTOC KVGTIOW
(Avatvroon amo [85]).

Ta wopo yopaktnpotikd T@v MVs mov mpoépyovior and epvbpokdtrapa eivar
Tapopoo Pe avtd Tewv vroloinowv MVs. Onwg Kot yio to vTdAoUTa KVoTid, 0 POAOS TOVG
dev &yel amocapnviotel mANpws. Ilapdia oavtd, pécm ameAevbipmong KLOTWIOV To
epuBpokiTTOpa Qaivetal va Umopovv va amopokpOvouy PAafepd Kol pn AETovpyIKa
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popta, epmodifoviag v TPOWPY ATOUAKPLVEN OAOGKANPOL TOL €PLOPOKVLTTAPOL KO
Bonbovrag oty emPiowon tov oty KukKAoopio [85].

H xvotidomoinon g pepPpdvng amotelel emiong pépog g wpipavong tov
epvbpoxvTTapOV, KabOG oviimpoownedel po koAd poOulopevn dadikacio 1 omoia
ovpPaivel oe OAN T ddpkel TG CONG TOLV KVTTAPOL GAAG EMTAYOVETOL GTA YNPOCUEVOL
epLOPOKVTTOPA. ZVYKEKPIUEVA, KOTA TN YNPAVoTn TOV £pLOpoKLTTAP®V Exel mapatnpnOel
peimwon Tov 0yKov, aénom oty TUKVOTNTU TOV KVTTAPOL Kol LEIMOTN TNV TOGOTNTO TG
apoceapivng, Wiaitepo oto deHTEPO UIGO NG ddpkelag (NS TOV KLTTAP®V. AVTEG Ot
aAlayég oxetilovtol pe andAELD TG EMPAVELNS TOL KVTTAPOL KaTtd 20% Kol EUTAOVTIGHO
TV KuoTwiov oe owocalpivn. Tlapott n pepPpavikn kvotidomoinon {nuavel to
KOTTOPO, SOUEGOL TNG 1] OVOCTPEYIUNG OTOAELNG LEUPBPAVIG KOt OLLOGOaALpivie, paiveTal
TG TavTdYpove eivar To PHECO [e TO omoio To gpuBpokLTTUPA amOpaKpOVOLY PAafPepd
OLOTOTIKA OTMOC M  OTOONTAYUEVT]  OLLOGOALPIVY], OCULGTATIKE TOV GUUTANPOUOTOC,
veoavtyova g Covng-3 kot avocoopaipiveg G, kabdc kot moALd dAle cvoTaTIKA TO
omoio cLGGMPEVOVTUL GTAdKA. TAVTOYPOVA, 1| ATOUAKPVVOT) TOV KLGTIOIWV propel vo
npowbnoel Ko v amopdkpovven tov gpudpokvttdpwv. o mapddstypa, peiowon g
OLYKEVTPMOONG TNG TPOTEIVIG «deiktn-cavtody CD47 ota KdTTapo AdY® KLGTIO0TOINGNG,
EMAYEL TNV OVOYVOPION OVTAOV TOV €PLOPOKLTTAPOV omd TO HOKPOPAYO, Kol TNV
eayokvTtdpwon tovg [80, 85].

Ot pnyoviopoi mov éyxovv mpotabel yw 1N Proyéveon TV KLoTWI®V oTO
epuBpokiTTopa TEPIAAUPAVOVY TO HOVTELO TNG £PVOPOTTMOONG Kl T GUCCOUATMOOT TNG
Lovneg-3. 210 TPOTO HOVTEAO GULUUETEXOLV T 1OVIQ acPecTiov Ta Omoio £vepPyomolovv
TPOTEIVEG OMMOG 1 KOATAIVN Kot 1] GKPOUTAAGT. ZTO O€VTEPO GLUUETEXEL TO OEEWDMTIKO
otpeg Omov M ofewowuévn aocealpivn odnyel oe cvoowpdtoon g {dvne-3 Ko
npdcoeon IgGs, evd Kot o 600 aVTA LOVTEAL EXOVV MG ATOTEAEGLAL TV EEMTEPIKELOT| TNG
POCEATIOLVAOGEPTVIC.

Mehétec TG TPOTEIVIKNG GVGTACTG TV KVOTIWIMV £(OVV OTOKOADYEL TNV TOPOLGia
IgG’s omv emoedveld tovg, mPoidvtwv omowodounong g Covng-3 ko €kbeom
QPOOEATIOVAOGEPIVIG evdd  TepEyovy Kot  yAvkoluAmpévn n/kor  kopPapvMopévn
ALLOCPLPiv (YOPAKTNPIOTIKN TOV Ynpacuéveoy gpvbpokvttdpmv) [81]. EmmAéov, érovv
HUIKPO aplBUd CGKEAETIKOV TPOTEIVOVY, PE TNV ayKupivn Kot T1 onekTpivn va amovstdlovv
TAMPOG KOl TNV OKTivr vo omotedel v Kuplopyn KLTTapookeAETIKN TpmTeivy. Ocov
aQopd oTIS dopeUPpavikég TPMTEIVES, ot poveg mov €xovv aviyvevbel givar 1 {dvn-3, og
CLYKEVIPMOOELS UIKPOTEPEG OO TIS OVTIOTOLXES TNG €pLOpOKLTTOPIKNG HeUPPdvNG, Kot O
petapopéag yAvkolng Glut-1, eved éyovv Ppebel ov S-tpaveeepdon g yAovtabeldvng,
Beopedolivn, vrepolelpedolivn-1 Kot -2 6 GLYKEVIPOGEIS VYNAOTEPES amd QVTEG TV
epuBpokvttapov. H peiowon tov ofeldopévov Tpoteivov ota ynpacuéve epubpokittapo
€ GLVOLOGUO LE TOV EUTAOVTIGHO TOV KLOTIOIMV € vIeposelpedoivn Kot Betopedolivn
VTOONADVOVY OTL 01 OEEWOMUEVEC TPWOTEIVEG EVOOUATMOVOVTOL EKAEKTIKA GTO. KLOTIOW.
Ouwmg, n advvopio edpeonc 0EEWOOUEVOV TPOTEIVOV GE AVTE, 001 YEL GTO GUUTEPACLLO TG
N 0&eldmOTN TOV KVTTUPOCKEAETIKMOV TPAOTEIVAOV TOAVE £xel O amoTéAeoua TN LelWON TG
oLVOEONG TOV KLTTOPOCKEAETOV OTN HeUPPAvN 1)/Kot TNV OTOIKOSOUNGY| TOVG GE KPA,
dAvtd mentiow. Eropévmg, n peimon tov aAAAETIOPACE®Y TOL KVTTOPOGKEAETOD LE T
nepuPpdvn eoaivetar va givatl kKHplo yeyovog g ynpoveng tov epvbpokvttdpmv [86].
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4.1.1 Khaotepivy (SCLU, secretory clusterin)

H «hootepivn eivor po  etepodipepng  yAvkompowteiv ~75-80kDa, m  omoia
KOTOVEUETOL KOL 6TO KUVTOGOAI0 0ALG Kupimwg ot pepPpavn twv epvbpoxvttdpwv (téco
EVOOKLTTAPLO. OGO KOl EEMKLTTAPLN), EVA OMOTEAEL Kol GLGTOTIKO TOL TAAGopotoc. H
TEPLEKTIKOTNTA TNG oTNV £pvbpokvTTapikn HepPpdvn e€aptdror amd TNV EKPPAcT SEIKTOV
YMPavone, €pLOPOEAYOKLTTAP®ONG Kol 0EEWMTIKOD oTpeg Kot £xel Pacikd poOAo otnv
KLGTIO0TOIN G TG HEUPPAVIS TV EpLOPOKVLTTAP®Y AOY® YHPOVOTG.

AITISIKA xuvtrapoq:(e)\zrog ¢ . ;2;::;3“0, nuévn

SirAooToldda ;

= Snuioupyia
s KUGTISIWV*

SUCCWHATWHATa Vo
KuTogoAIKi OEEIBWHEVWY jrrpwrai'vtbv 9 ‘\\ @
TPWTEIVN 4
onﬁf)xéag SCLU, Zwvn-3, @ @
lgGs n sCLU aipoo@aipivn, CD59 Kai
. TPWTEIVEG TTOU EXOuV 1

utrooTei BAGRN @ @

Ewova 15: TIpotewvopevo poviélo cvoppava pe to omoio 1 sSCLU (secretory clusterin) epumléketon

* ATTOPGKPUVOT 0EIBWHEVWV KAl CUTTWHATWHEVWY TIPWTEVIV

oV akepaldTTA TG €PLOPOKVTTAPIKNG UEUPPAVIC, OTNV KLTTOPIKY YHPOVOT KOl GTNV
Kvotidonoinon (Avotvnwon and [87]).

H «hootepivn amopakpiverol amd to @pyLo EpUOPOKLTTOPO LE EMAEKTIKY SOAOYN
Kot eEmkuTtdpwon péow g dtadikaciog Kuotdomoinone. Extog and ) Asttovpyio g
O TPMTEIVN HOPLOKN-CVVOOOG TOV GUUPAAAEL 6TO COGTO JIMA®UA 1| GTNV ATOpdKpLVON
TOV 1N AEITOVPYIKOV TPOTEIVAOV, 1] KAUCTEPIVY] CUUUETEXEL KOL GTNV OMOUAKPLVOT HLEGM
Kvotlonoinong Tov  popiov mov  &yovv vmootel PAaPeg ota  ynpacuéva Kot
otpecapiopéva epvBpoxvttapa. Emopévag, amotedel poprokd Prodeiktn e KuTTopikng
YNPOVONS Kot ToL 0&eWMTIKOD oTpeg OAAG Ko évav mapdyovia emPioong Kabmdg
GUUPBAAAEL GTNV TOPOSIKY| AVAGTOAN 1 KABLGTEPNON TG TPOWPTG AMOUAKPVVONG OO TNV
KukAogopio. TV, KOTA TO GAAO, AELTOVPYIKAOV epLOpOKLTTAPWV. ZVYKEKPLUEVA,
npoepyOUEVN €ite amd TO KLTOGOAO, €iTe OO TO TAAGHA, I KAAOGTEPIVI] TPOGOEVETOL GTN|
Lovn-3, oto CDS59, omv oooeopiv kot o€ poo CEPd  OEEWMUEVOV Kol
KAPPOVOMOUEVOV HEUPPOVIKOY TPOTEIVOV Y10 TNV OTOUAKPVVOT GUCTATIKAOV TOV £YOVV
vrootel PAapn [87, 88] (Ewk.15).

Té\og, n KAaotepivn TOL TAAGLOTOG ONUOVPYEL GOUTAOKN LE AMTTIO10L EVED GLUUETEYEL
Kol 6ToV €AeyY0 TG AVLTIKNG dpdong tov cvumAnpopartog (C5b-9) xkabmbg 10 kobioTd
avevepyd. Kat ot 900 vropovades g Tpoteivng aAANAemdpodv e 10 cvotatikd C9 Kot
LIopovV vo. avaoteilovy ) pecorafovpevn and C5b-9 apdivon [89].

4.1.2 Kvotidromoinon Kot T1aforoyikég KOTAGTAGELS

[Tapd Tov TPooTaTELTIKO €V UEPEL POLO TTOL £YOLV T UIKPOKLOTIOW GTO KOTTOPO,
OTOV  0pYavVIoUO umopoOV va ouuPdriiovv oe 01dpopeg TOOHOAOYIKEG KOTOOTAGELS
TLPOSOTMVTING KOTAOTACES QAeypovis. Ta  mapdderypa, eoutiog g  HeEYAANg
TEPLEKTIKOTNTAG O OUUOCPALPIVI] OTO E0MTEPIKO TOVS, GLUPGAAOVLY oTN HEi®OT NG
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drBecdTTOS TOL HOVOEELDioV Tov aldTOoL, EVD AdY® NG Tapovsiog PS oty empdveld
TOVG, 1 omoio Opo KATOAVLTIKG otn petatponn g 7mpobBpouPivng oe OpouPivn,
napovstalovy avénuévn Bpoufotikn woavotnto. EmmAéov, dedopévou 6Tl T0. KOPLOTEPQ
OLOTATIKA TOV EPVOPOKVTTOPIKAOV HEUPPOVOV EIVOL TOL POGEOMTIOI Kot 1 YOANGTEPOAN,
TO. UIKPOKLOTIOW OV TTpoépyovtal amd avtd elval TAOVGI0 GE YOANGTEPOAN, AITIOIKES
oyediec, pepPpavikég mpmteiveg ko aponpmteivec. 'Etot, 1 yoAnotepoin pmopet va emdyet
(QAEYLOVAOOEIS OVTIOPACELS €V O G1ONPoc umopel va dpdoel Gov KATOADTNG Yo TNV
napaywyn ROS mov mpoxorovv PAAPeg 6TOVE 10TOVG KoL EVEPYOTOLOUV (QAEYHOVAOIELS
avtidpaoeis [85].

Ocov apopd ot0 HKPOKLOTIOW TOL OIHOTOC YEVIKOTEPO, OLTE UTOPOVLV V.
npokarécovv amevbeiog PAGPec oto evoobNAto. In Vitro mepdupoto Exovv degilel OtL TaL
LIKPOKLGTIOW oL TTPpoépyovtal amd to evoodNAlo pmopodv va puBuilovv v ayysiokn
nieon petafdrovrog v mapaywyn LovoEeidtov tov ald@tov and o EvOodnAlaKd KOTTOPA.
Avtiotoyo, To AELKOKLTTOPIKA puKpokvotidw  dieyeipovv v ameAevBépmon
KUTTOPOKIVAOV amd To vOoONAMaKd PECH €VEPYOTOINOTG LOVOTATIOV, 001YOVTOS ToavE
o avENUEVT] PAEYLOVAOON Kol BpopufoTikny OpacTnplOTNTO TOV EVOOOMALIK®OV KUTTAPM®V.
Ta owometodokd KvoTdOW €TAYOLYV TNV TOPAY®YN KLTTAPOKIVMOV KOl TNV £KOPOOM
popimv TPookOAMNoNG ota evdobnilakd kOTTopo N VItro, evd uéom UETAPOPAS
apoy1OoVIKoL 0&£0G oTa VO0IMAOKA KOTTOPA, TPOKOAOVY VIEPEVEPYOTOINGT] T®V LOPiwV
TPOGKOAANONG KOl €MAKOAOLON TPOGKOAANGCT T®V HOVOKLTTAP®V. To opomETAALKA
KLGTIOW UTOPOVV EMIONG VO TPOWONGOLV TN GLGGOUATOON TV AELVKOKLTTAP®V. Ouwmg,
Topa TIC PAaPepéc eMOPAGELS TOV HIKPOKLOTISIWV 6T AgrTovpyia Tov gvdobniiov in vitro,
dev VILAPYOLVY AVOUELGPNTNTES 0modeiEelg 0Tt Tailovy oNUAVTIKO POAO GTN OLGAELTOVPYIN
T0V gvdobniiov in vivo [90].

4.2 Movondti yfjpaveng Aoyo petatpon®v s {avne-3

‘Eva «0po  povomdéty, o©T10 0molo  EUMAEKOVIOL  OVOGOAOYIKOl — UNYOVIGHOL
ATOULAKPLVONG TOV  gpuOpokvTTApOV Omd TNV  KukAoeopio &ivar ovtd TO Omoio
mePAapPavel aAdlayég otnv KUpLo SOUEUPPOVIKY TPOTEIVN TV gpuBporkvTTdpmyv, T
Covn-3.

Syepri ovne-3 Syaepn) Lwvng-3 pn
ouvbedepéva pe Tov aykupoBoAnuéva otov oucowpaTwpara {wvng-3
KUTTaPOOKEAETS (akivnTa)  kytrapookeAetd(kwvnTé)

gfwKuTIapa

nepoxn I
HEpBpavN [
mmoého(

/\ayxupwn oUvdeon
umsktpwn (cross-linking)

ROS
( l ' KwNTa pépla ovng-3
ayoodarpivn
avaywyaoegl
kapBovuliwon

e B ——

CUVEPYIOTIKI unocuv&ean
ovvBeon _-

\_/

odarpivn

Ewova 16: Tpotewvopevog unyavicpds cvoocopdtoong (dvne-3 ota ynpacuéva epufporxdttopa.
H vrepo&eidwon g pepPpdvng mpokaiel amocuvdeon e aykvpiving amd ™ (dvn-3 n omoia og
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ouvovocud pe TNV Tpodcdeon g pebaipoceaipivng, mov odnyei mbavd oe kapPfovorioon g
Lovne-3, evioyvel v amochvoeon kot mpokorel cvoocopdtoon g {dvng-3 (Avatimmon ond

[91]).

Ta avénuéva enineda 0eld®TIKOV 6TPEC, PaiveTon va oyetilovtol pe ddomoacn g
{ovne-3 1 ovoooudtmon g (amd pHopla TOv 08 CLUUETEXOVV GTO 1010 SEPES) KOOMS Kot
pe avénuéva enimeda tpoOcdeonS ™ 0EeOMUEVIC apos@alpivng otn pepPpavn (L€ow ™G
{ovme-3). H ovoompevon g uHeuPpavo-cuvoedpuevns oEEBOUEVNC  aoc@apivig
Bewpeitar éva omd ta kVplo epeBicpaTa TOV TVPOSOTOLV TN GLGCO®UAT®SN TG (OVNS-3.
EmuAéov, n vepoeidwon g pepppdvng mpokadel amochvoeon e aykvpivng n omoia,
o€ GLVOLOCUO pE TNV TPOGdeon TG HeBOLOCEUIPIVIG TOV EVIGYVEL TNV OTOGVUVIEST),
npokalel Topartépm cvoompdtoon g (dvne-3 (Ew. 16). Ot alhayég avtég poli pe
oALOYEG OTNV KATACTOCT Q®MGPOPLAImoNS g Cdvng-3, odnyovv otrn onpovpyio. Tov
“VEOOVTLYOVOL YNPOVONG” GTNV EMPAVELL TOV £pLOPOKVTTAPOV TOV 00N YEL GTNV TPHGOEST
avtoroywv avocopaupvav-G (IgGs) kot cvotatikdv C3 To0v eVOAAOKTIKOD HOVOTTATION
TOV GUUTANPOUOTOG 6TN HEUPPAVT, 0dNydVTaG otV gpvBpogayokvttdpwon [80] (Ew.17).
Emniéov, n pocpopvurioon g {dvng-3, HELOVEL GNUAVTIKE TN GLYYEVELL TNG TTPOG TNV
aykvpivn, Onuovpyel amootafepomolon Tov KLTTOPOSKEAETOD, av&dvel v optldvTia
KIVNTIKOTNTA TG TPMTEIVNG Kot EnAyel TNV Kuotidtomoinomn [12].

ucit aurb-ovnoduara (Nabs) Ewoéva 17: H (ovn-3 vmdpyet wouplog vmd

’ l
Swepry {wvne-3
aykupofoAnuéva otov
KUTTAPOOKEAETO

OWEPN/TETPOUEPT)  LOPYT], GUVOEOUEVN] UE  TOV
vropeuPpavikd okehetd, gumodifovtag v mpdcedeom
TOV PLOIKOV aLToVTIcOUATOV (NAbS). Atochvdeon

mg {dvng-3 amd TOV KULTTOPOCKEAETO EYEL ®C

amoTéELEG LA ™ onpovpyio OAYOLEPDV,
dtevkoArvvovtag Ty Tpocdeon twv NAbs (Avatimmon
amo [92]).

oAwyopepLopos {wvne-3

4.3 Opor66TacT EVOOKVTTAPLOV LOVTIMV ca?t

Ot aAhayég otnv opotdotacn tov acPectiov @aivetor vo elvol pEPOG KATOLO0VL
punyoviopob mov oyetiletal pe ) ynpovon, gite cav mapdyoviag mov v TupodoTel gite
oav amotélecpo ovtng. H eopon 1Ovieov acPectiov 610 €0MTEPIKO TOL KLTTAPOL
oyetiCetar pe ofewdmtikny PAGPN, KvoTdoTOINGN, AELIATMOOT (EVEPYOTOINGT KOVOA®DY
Gardos) kot peimon g Kavotntoag Tapapdpemons. To chHvolo TV HOVOTOTIOV T OToid
oyetiCoviot pe v ovénon tov evookLTTApPov acPectiov g andkpion oe ddpopa €idn
otpec ovoudletal epvOporToon (PA. Kee.5) [80].

Ext6¢ amd 1o avénuéva enineda ota ynpacuéva epufpokvtTapa, o 1dvto acPfectiov
(QOIVETOL VO GUUUETEXOVY GE TOAAES PLGLOAOYIKEG SLOOIKOGIES KaTA TN ddpkeln (NG TV
EPLOPOKVLTTAPOV. XVYKEKPUEVO, OLOPOPETIKEC GLYKEVIPMOELS EVOOKLTTAPI®V EMUTEIDV
wWvTev acPeotiov puBuilovv T Sopopomoinon Kot TOV TOAAATAACIAGUO TOV TPOSPOUMY
€PLOPOEISIKOV KLTTAP®V, TN PEOAOYIO TOV EPVOPOKLTTAPMOV KOl TN GLUUETOYN TOVS OTN
onpovpyia Bpdpupov katd to punyavicpd tnéng. Eropévac, sivar amapaitntn n datpnon
tov 16viov Ca’’ ot kotdAnAa enineda, 1 onoia emtvyydvetal pe T dpdon e avAiog
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PMCA, cite pe ™ ovuPfoin mp®TEIVOV OV GLVOEOVTOL HE TO OVIO KOl OPOLV GOV
“amofnkec” avtov (T.y. Kaipovioviivn) (Ek.18).

A N Ewoéva 18: Metd and v enidpaon
epebiopdrov (o&edwtiko, petafo-
MKO 1 ooUOTIKO GTPEG) TO. Omoid
odnyovv  omv  avénon 0L
gvdokutTdpov  acPeotiov  (Ca),
mopaTnpEiTaL déyepon ™mg

$horunéon $Auuigon xBaTn Kmapo{maéc mlsu OKPOUTAGONG KOl THG QAOTmAoNG
B ) KOl OvaoTOA TG eAmmdong (A).
aﬂfzgﬁz :mn Avto €yel ©C OomOTEAEGUO, TNV

. EMEPYOUEVN oAloyn o
0:::;0;';:“ QPOOQOMTIOKY  acvupeTpic.  TNg
oxeduiv St peuppavng, T ovykpdTon Kot
duopandurooepivng GTPOTOAOYNON GUYKEKPIUEVAOV

GUGTATIKOV OTIG MTOIKEG oYediec,
mv  eEwtepikevon MG POGPA-
TIOLAOGEPIVIIC Ko  TEMKE TNV
anehevbépoon  kvotwdiov  (B).
(Avartdmwon and [93]).

4.4 OLedTIKO 0TPES KOTA TN| Y1)POAVOT]

Extog and v enidopacn mov €yl 61N dnpovpyio Tov veoavtrydvov g {dvng-3 Ko
OTNV EVEPYOTOINGCT TPOOUTONTOTIKOV GUOTATIKMOV, TO OLEWMTIKO oTpeg emnpedlel v
awpoopopivny (Hb) kot Tig aAANAETOPAGELS TNG LE LEUPPOUVIKG CLGTOTIKA.

Ot o&eoavaywykég avtdpacels ¢ aoceoipivng oxetiCovtal pe TV €VOOYeEvN
avto-oéeidmon g ofvopoocpopiving aAAd kot pe v €i6odo oto gpvbBpokvTTOPO
e€oyevav eredBepav priomv 0&uydvou kot aldtov. AvTég O avTIOPAGELS gival o EMTALOV
myf mopaywyng opactikev pilav o&uydvov (ROS) kar aldtov (RNS). H ocvveyng
TOPAY®YN 0EEWDMTIKOD GTPEG OTA EPVOPOKLTTAPA, TO OTOi0 OEV UTOPOVV Vo GLVOEGOLV
véeg mpwteiveg, mpokoiel PAAPeg 010 HETOPOMGHO TOVG, LE OMOTEAEGUO TNV AOLVOLLIO
eEovdetépmong TV ToSIKOV pldv Kol ovaym®yns TG ocopivig, TV Tpdcdeon g
aoopopivg otnv epuhpoxvTTopiKkny HEUPPAVN Kol TEMKA TNV OTOUAKPUVOT TMV
KLTTApV amd v Kukhoeopio [61].

Extog amd6 v ofeidwon t™g Hb xor tv mpdcdeon g o {ovn-3, 10 un
avaotpéyo coumieypo e Hb pe ) omextpivn eivan évag axdun deiktng e ynpovong
TV gpvbpokvttdpov. H dnpiovpyio avtod 00 GLUTAOKOV, £XEl MG OMOTEAEGUO TNV
TOPEUTOIIOT] TNG OVTOGVYKPOTNONG TV OUEPADV CGTEKTPIVNG GE TETPOLEPT KOl THAVA TN
YOAAPOOT TV cLVOEcEWV NG {OVNG-3 LE TN OTEKTPIVN HE OMOTEAEGHA TV aOENCT TNG
oplovtiag petapopds g {dvne-3 ot pepPpdvn kot T SIELKOALVGT TNG ONUIOVPYING TV
VEO-OVTIYOV®V YHPAVONG LECH cLooOUATOONG TV popimv g [80, 94].

EmnAéov, evd n cuppikvmorn tov £puOpoKuTIAPOL Kol 1 KLGTIO0MOINoT EMdyovTot
amd TOAAOVG TOPAyoVTEG, KATO0l amd TOvS omoiovg eivan aveEaptnrtol amd T emimeda
0&E10MTIKOV GTPESG, N cLPPIKVOCN 1 omoia oyeTileTon pe TNV €kpon WOVI®V KoAiov amd to
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kavaAlo Gardos, mopodoteital and 10 0EEBWTIKO otpec. Avth 1 dadikacio Eekivd omd
ofeldotikéc PAGPec oy avtdio Ca®'-ATPdor, pe amoTéAEGHa TV EVEPYOTOMOT TMV
KavoAldv Gardos kKot v €£000 1OVI®V KOAOL OV TPOKOAEL KVTTAPIKY GLPPIKVEOGCT Kot
HEL®UEVT] TKAVOTNTO, TAPAUOPPDOTC.

Téhog, évag emmA&ov pUNoviopog emiOPUoNS TOV OEEWMTIKOD GTPEG OTN YPOVoN
elval péow evepyomoinone g kaomdons-3 1 omoio odnyel oe mpwtedAvon g Lovne-3,
OmOAEWL TG ovvdoeomg  pe  TOV  vmoueuPpovikd  okeAetd,  emtepikevon
POOPATIOLAOCEPTVIG Kol KLGTIOOTOINGN.

4.5 Evepyomoinon Kaosnacov

Ov koomaoeg civolr mpwtedoeg wvoteivng mov kOBovv petd omd  KotdAouTo
OOTOPTIKOV KO DITAPYOVV UE TN HopeN Tpoevidpwv, ta omoia étav gvepyomombodv amd
OMOTTMOTIKO CNUATO TPOAYOLV TNV OTOTTOCN UEC® OTOYELUEVNG TPWOTEOAVONG TOV
vrootpopdtev Tovs. H kaomdon-3 cuvtifevion wg mpoévivpo 32kDa kot petatpéneton o
Opyo popo  petd ond mpwtedivon ota  kotdrowma Asp9, Asp28 ko Aspl7s,
dnovpydvTag TV evepyn nopen tv 20kDa kot pia vropovada 12kDa [95].

H mpokacmdon-3 eivor mopodco oto dpya  gpubpoxdrttapa, &ved in Vitro
gvepyomoteitan o€ ovvOnkeg 0oLeW®TIKOL  oTpeg  odnywvtag oe  PAAPn g
AULVOPOCOOMTIIIKNG  TpavoAokdong  (eAmmdomn), efmtepikevon g  PS ko
gpvbpopayokvttdpwon [96]. To amOTTOTIKA LOVOTATIO. TOV 0O YOVV GTNV EVEPYOTOINGT
MG Kaomaons-3 €ivor 1o e£myevég Ko to €vO0yeVEC mov PocileTol 6T GLUUUETOYN TOV
ptoyovopiov. Kabmg ta epubpokidtrapa otepovvion toyovopimv, To LOVOOIKO HOVOTATL
oV 0dMNYel otV gvepyomoinon g Kaoraons-3 eivan 1o eEwyevéc. 'Etol, n mpdcsdeon tov
FasLL oto Fas mpokaiel v mpdcodeon tov popiov FADD, o100 omoio cvvdéeton m
TPoKaoTAoN-8 Kot evepyonolel TNV TpokacTdcon-3 o€ Koondon-3.

Ta ynpoacpéva  epvBpokitropa KoOOG Kol TO €PLOPOKLTTOPA GE GLVONKES
0&e1dmTIKOD GTPEG IN VItro gpoviCovy amontmTikd onpata Onwg petapopd tov Fas otig
MTOIKEG GYedieg KOl GUUUETOYN TOL OTN dNUOLPYIC CLUTAEYUATOG KATAAANAOL Yo TNV
EVEPYOTOINGN TOV KAGTOGMV-8 Kot -3. Avtd ta yeyovata e€aptdvtal and v mopovcio
tov ROS. H anevepyomoinon g apvo@mGPOMTIOIKNG TPAVGAOKAGTG ad TV KOOTAGN -3
elval amotédlecpa eite dueong Tp®TEOAVLONG €lTE EUUEONC EMIOPACTC GTOVS EVOLAUEGOVG
pvBuiotég g [97].

Axoun, M evepyn KAOTAGN-3 KOTOADEL AUECH TNV TPOTEOAVCT] TOL CLUIVOTEAIKOD
bdxpov ¢ Covng-3, pe amotélecpo mOOVE TNV OTOAEWN TNG OKEPALOTNTOS TNG
ePLOPOKLTTOPIKNG  HEUPPAVIG  TOL  €ivol  YOPOKTNPIOTIKO NG  YHPOVONG TGV
gpvbpoxvttapwv [98].

4.6 'ypavon ko CD47

To CD47 elvar éva dALo nopto to omoio Bewpeitar OTL EUTAEKETOL TV OVOYVOPLION
TOV YNPOSUEVOV  €pLOpoKLTTAp®V amd To pakpo@dyo. Ilapott yio woAAL ypdvia
Bempovtav «deikng-eantov» Yo Ta epvBpokvTTapa (“non-eat me signal”), Ta televtaio
ypoVia Bewpeiton 6T TO HOPLO AVTO PITOPEL VO SMCEL U0 KO Y10 TH POYOKVTTAPWOOT TWV
epubBpokvttdpov (“eat me signal”). Ilepdpoata mov €yovv yivel o€  ynpacuévo
gpvbpoxvtTopo (Votepa omd dNpovPYIoL YNPOCUEVOL @OVOTLOV IN VItro pe emidpaon
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0&edmTIKaV) £de1Eav Tayeior payokvTTdpmon mg amotélecua g ovvdeong CD47-SIRPa,
LLE TN GLUUETOYN NG YAVKOTTp@TEivG Opoppoomovdivi-1 (TSP-1) [99] (Ew.19). Avo givar
ot unyavicpoi mov &yovv mpotadel GTL 0dNYOVV OTIS GTEPEOJIAUOPPOTIKES OAAAYES TOV
CDA47: 1) H ynpavon mpokaiel moAAEG aAlayéc ot Covn-3. Aappdavoviag vrdyn 0Tt 10
popro CD47 eivar ovotatikd TOL pOKPOSLUTAOKOL TNG {dvnc-3, ot aAlayéc mov
ovpPaivovv otV TpoTEIVN vty Ba pumopovoav vo emnpedoovy o popo CD47. 2) To
uoplo CD47 vpiotavtotl angvdeiog olhayég Adym yRpavong, T.y. néow ofeidwong [39, 81].

[Mopdra avtd, TpodceaTa dedopéva VTooTPIlovY TOS N VUGTIATIKY dpaomn avToD
oV popiov e£opTdTol AUESH Kol o TNV KOVOTNTA TOPAUOPP®ONS TOV PLOPOKVTTAPWV
(Ex.5) [40].

CD47

CD47/TSP-1
SIRPa SIRPa v
avactord okt npowénon
dayokuttdpwong | __Yeavon dayokuTtdpwong

Ewova 19: Movtého coppetoyng tov popiov CD47 oty epubpopayokuttdpmaon, AOy® yNpoveng
ko o&gidmwong. (Avotonwon ord [99])

4.7 'jpavon Kot OVPTIKOVLTIVOGT)

Méypt mpdopata, n ovpmikovttivwor Bempovtay Tmg eivol LEWUEVT] GTO YNPACUEVA
gpuBpokitTopa KaBDG TO TOCOGTO OLUTIKOVLITIVOUEVNG omekTpivng elxe Ppebel va
LLELOVETOL KOTA TN YNPOVOT). ZVYKEKPUYEVE, 1] OVUTIKOVITIVOLEV a-CTteKTpivn Tapovciole
peimon 50% oto ynpacuéve ce oyfon pe ta veapd epvBpokivtropa, peimon mov elxe
BempnBei 611 opeileTon oV amdAEln TS KavOTNTOS cVLEVLENG TG oLUTIKOVITIVNG TY/KOI
oe pewpévn  evowoOnola g  a-omeKTpivng OV OLUTIKOLITIVOGT,  AOY®
OTEPEOSOUOPPOTIKOV OAAYy®V 7oL cvuPaivovy oto diktvo g omektpivig [100].
[Mopora avtd, vedtepa dedopévo VTOINA®VOLY AHENGT TG OVUTIKOVITIVOONG KATA TN
YNPOVOY, TOLTOXPOVO LE TNV EMAEKTIKN OTOUAKPLVON TOV  OVUTIKOVITIVOUEVOV
TPOTEIVOV LEG® KLoTIdomoinong [86].

5. EpvOpontoon

Ta opa epvBpokdtropa, AdYy® EAAeyNG TLPNVA, HTOYXOVIPIOV Kol GAA®V
opyavidiwv, 0ev pumopohv BempnTiKd Vo VTOGTOVV TPOYPUUUATIGUEVO KVTTAPIKO Odvarto.
[Mopora avtd veicTavtol po Toyeio Sodkacios dVTOKATAGTPOPNS 1) OTTOl0 EMTPENEL GTA
epvBpoxvTTOpa OV £Yovv Vmootel PAAPES va amoVYovy TNV oupdAvon Ko eREaviCEl
KOWA YOPOKTNPIOTIKA LE TNV OTOTTOGCT, OTMG KLTTOPIKT CLPPIKVIOGT), KUGTIOOTOINGN TNG
TAOGLOTIKNG MEUPPavNg kol eEmTtepikevon TS POOPATIOVAOCEPIVIG, 0ONYDVTAS GTNV
amocVVOEGN TOLG N TN POYOKVTTAPMOOT TOVG OO TO. LOKPOeAyd. Avti 1 pvOulouevn
SlodKacion TPOYPOUUOTICHEVOD KLTTOPIKOV Oavdtov emdyetonr omd v €16por| 1OVT®V
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acPeotiov kot ovopdletor epuBpoémtwon. H avénon tov evookvuttdplov acPeotiov empépet
LOPPOAOYIKEG OAAAYEG GTO EPLOPOKVTTAPO, TO OTTOLOL LETATPEMOVTAL OO O1IGKOKVTTAPO, GE
EYWOKVTTOPO KOl  OCOUPO-EXVOKDTTOPO AOY® KLOTIOOMOINONG TNG TAOCUOTIKNG
nepBpavng [101].

To oocuwtikd ook, TO OLEWMOTIKO OTPEG, M EALEWT ENMAPKOV EVEPYELONKDV
anofepdtwv, to kepapiow, n tpootayravoivn E; kot o PAF (mapdyovtag gvepyomoinong
TOV OUOTETAAI®V) gival TOPAYOVTEG TOV UTOPOVV VO 0O YHOOLV TO £PLOPOKLTTOPO GE
epvbpontmon (Ewk.20).

[T cvykekpéva:
» H evepyomoinon 1@v KavoM®dV KaTOVI®mV Tupodotel v epubpdntmon

H peioon tov evepyerlokav amobepdtov tov gpubpokvttdpov kot 1 ékbeorn og
OCUOTIKO 00K 1 O0EEWMTIKO oTpes emeépovv  £acOEVIoN TOL  GLGTHUOTOC

avTIOEEWMTIKNG GULVOS Kol EVEPYOTOINGCT TOV KOVOAMOV KATIOVI®OV, TUPOIOTMOVTAG TNV
TPOGANYT 1OVTOV Ca”, UE OMOTEAEGUO TNV EVEPYONOINON NG AoPECTIO-EE0PTDOUEVNG
okpapunidong kot v e€mtepikevon PS [102].

»  Ouznpooctayravdives dieyeipovv Ta KovdAlo Katidviov kot v epufpodmTmon
To vrmepoopmTIKO 60K Kot 1 pETOKiVION 1OVTIOV YA®pPiov TLPOSOTOVV TNV
anehevbépmon mpootayrovdivng E; (PGE2). H PGE; egvepyomotel kavilia katioviwv,

TPOKOAEl aOENCTN NG CLYKEVTIPMOONG TOV EVOOKLTTAPLOV WOVTI®V AGPECTION Kot deyeipet
v e€MTEPIKELON NG POCPATIOVAOGEPIVIG GTNV EMPAVELD TOV £pLOpPOKVLTTAPOL. AKOUN,
n PGE; evepyonotei v aoPeotio-eEaptodpevn kaAmaivn [102].

OOUWTIKO OTPEG

U
¥

'EMEIYPN EVEPYEIOKQV  wm s . & ] P S— O¢a1dwTIKO
aTofepdTwY . OTPES
\ 4
" ™
Ca” Pump

Kutrapikn mkvwan ‘.‘ﬁ & “1
’ Ca =) KoAmWdivn o A 83 o :
Q. ’

-

IgG

Ewova 20: Mnyoviopol 7ov €UTAEKOVIOL GTOV TPOYPOUUATIOUEVO KLTTOPWKO 0davoto Twv
gpvOpokvttapov. B3: {dvn-3, Hb: owwooeaipivy, MetHb: pebopoceaipivy, PTK: kwdoeg
TVPOGivT, PTPs: POCPATACESG TVPOGIVIG, PS: POGPATIOVAOGEPTIVY. (TImyn:
http://www.intechopen.com/books/anemia/erythrocyte-programmed-cell-death)
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> To_aoBectio-etaptdpeva kavida wviov K' copBdilovy ot cvppikveon Ttov
KLTTOPOL

H &icodog tov 16vtov acPeotiov oto gpubpokdtTopa mPEPEL EvePyomOinon ota
KavéAo vtov koriov, “Gardos”, m omola odnyel o LVAEPMOAMON NG KLTTUPIKNG
nepPpévng, omopaxpovovrag 6vto Cl” kar K' amd 10 e60tepikd Tov £pubpokuttdpmy,
EVVOMVTOG TN ovppikvoon toug. H evepyomoinon twv kavolov “Gardos” eumodilel
S10YK®oN Tov £PLOPOKVTTAPOL, 1 omoio. Ba emepydTAV PESm eopong Wvtov Na®, Cl” ko
vepoL kat Ba 0dnyovoe ce apdivon [102].

» O PAF evepyomotei tn ooryyopvelvion
H xvttopikn cvppikveoon odnyel otnv aneAevbEpwon Tov Tapdyovio EVePYOTOinong

tov owonetadiov (PAF), o omolog sumiékeron ommv pOOuion g @Aeypovig, NG
Opoupwong kat tng Kapdayyelokng Aettovpyiag. O PAF gvepyomoiel t opiyyopvehvaon
Kol EMPEPEL OAOTACY, TNG OGOYYOUVEAIVNG, OmeEAEVOEPMOT  KEPOULDIOV, KLTTOPIKN
ocvppikvoon, evepyomoinon tov “Gardos” kor €kbeon ¢ ewoatidvAocepivig otnv
emeaveto, Tov gpvbpokvttdpov [102].

270 HVELD TV VEQPAOV T EPVOPOKVTTUPA TPOGTATEVOVTOL OO TO OCUMTIKO GTPES LLE
dvo unyaviopovs: 1) ta wvta ClI' gumodilovv v evepyomoinon TV KAVIADV KATIOVTOV
Kat 2) n Opdomn g oPryyopveAvaong epmodiletor and TG VYNAES CLYKEVIPAOGELS OVPLOC.
H evepyomoinon tov kovol®v KoTWOVIOV  OVOGTEAAETOL €MiONG Kol Oomd TNV
gpvBpomomrivn [102].

6. OEe0MTIKO 0TPES

Ta gpvBpoxvTTOpo  amoTEAOVV POCIKO GLOTATIKO TNG OVTIOEEWMTIKNG IKOVOTNTOG
oV oipatog, HEc® TV eVOOI®MY TOL TEPLEYOLV, TOV GUOGTHUATOS YAOVTAOEIOVNG Kol TV
AVTIOEEWMTIKOV CLOTOTIKOV YOUNAoV poplakod PBdapove. Idwaitepa onpaviikn eivor M
GLUUETOYN TOV £PLOPOKLTTAP®V GTNV AVAYEVVNOT] TOV OEEW0VOYOYIK®OY 1GOSVVALU®V
(m.x. NADPH) mov xotovoldvovtol HECH TOV LOVOTOTIOL aVay®YNS TNG YAOLTOOEIOVNG
Kot TG vepo&elpedoivng. EmmAéov, n ikavotnta petakivnong Toug 610 oo to kahotd
[ omoTEAECUATIKY de&apevn “amOppyng” TV oEEWMTIKOV OVGIOV TOV OPYUVIGLOD.
I'’ovtd 10 Adyo 0 petafoiiopdg Kot 1 opoldotacn Twv epvbpoxvttdpwv ennpedlel dueca
T1G avTIOEEOMTIKEG 1010TNTEG TOV aipatog [103].

6.1 ApaoTtikég piles o&vyovov (ROS, reactive oxygen species)

Ot dpaoctikég pileg o&uyovov (ROS) mapdyovior ®¢ mapampoidv Tov aepdfiov
petafolopod kabmg Kol amd Tn UIToYovOPloKY| avamvor| (ota eumvpnve KutTopa). Yo
(QLGLOAOYIKEG GLVONKES VITAPYOVY GTO KVTTAPO GE IGOPPOTIO E TO AVTIOEEWOMTIKG HLOPLaL.
H xoatdotaon “ofedmtikov otpec” dnovpysitor OToV avTi 1 160pPOTia. dl0TaPAGGETOL
eEantiog TG EAMAEIYNG VTIOEELOWTIKAV, TNG QVENUEVNG TTOPAY®OYNS Kot cuecmpevons ROS
N AOy® Kot TV d00 OVTOV KATOGTAGEMV.

2to gpvBpoxvtTapa 1 kKOpa Ty T@v ROS glvar n tpoteivn-petapopéag o&uyodvov,
apocearpivn, Tov veiotatol avtd-o&eidmon kot moapdyel Oy .
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6.2 Yagpoleidomon Mmdimv

Ta Amidio eivor 10 Paocikd ovLOTATIKO TOV UEUPPOVAOV KOl AELTOVPYOVV MG
OTEPOEDELG OPUOVEG, PETIVOIKG 0EE0 KO TPOoTayAavoives. Xe ovvOnKeS 0EEOMTIKOD
o1peg, ot aoctabeic avOpakiké pileg mov dnuovpyovviol and Mmapd o&éa avTdpoLY pE
nopla o&uydvou Kot dnpovpyovv pileg vrepolviiov, ol omoieg TEMKE peTATPEMOVTOL GE
Mmdkd vOpo-VIEPOEETIDIL.

‘Evag and tovg xvprovg Prodeikteg g o&edTiknG PAAPNS tov AMmdiov sivor n
pétpnon g pHoaAovolaAdetong (MDA), mov eivoar 10 KOpLo mPOIOV NG AUTIOIKNG
vrepoleldmong kot umopel va avtdpdost pe eAehBepeg apvoEIKEG OLAdES TPOTEIVOV,
QPOOPOMTIO Kol VOUKAEIKA 0o&€o 0dNy®VTOG O OOMIKEG OAAAYEG TOV  EMPEPOLV
dvoiertovpyia. Ot erevbepeg pileg o&vyodvov amotelovv 10 gpébiopa yi v Evopén
avTdpboemy  MmOKNG  LIEPOEEId®MONG TOLV  00MNYOUV GE  ONMAOAEWL  HEUPPOVIKNG
aKEPALOTNTOG Ko KLTTAPIKO OAvaTo.

H epvBpokvtropikn pepppavn eivar emppennig oe Mmdky vrepoieidmon 1 omoia
neptlopPdavel SGoTOCo TOV TOAVOKOPESTOV AMTapdV 0&émv o010 OMmAOG deoud Ko
onuovpyic MDA mov omotehel TeMkO mPoidov TG AmdKNG vrepoleidmong g
peuppdvnc. Avtr 1 dwdikacio £xel g OmOTEAEGLO T TPOKANON PAaPdV 0TI Asttovpyieg
™G LEUPPAVIG EVED 1] GLGGMOPELST AL TOV TOL TPOTIOVTOG UTOPEL VOL EMNPEACEL TN LETOPOPA
1OvVTOV Kot T Asttovpyia Tov, pepfpoavocuvdsdpevav ot {ovn-3, eviopwv [104].

6.3 O&eidmon mTpoTEIVOV

Ot dpaotikég pileg 0ELYOVOL UTOPOVV Vo 0dNYNGOLY GE 0EEIOMON TOV TAEVPIKAOV
aAGIdmV TOV apVoEE®mV, 6T ONUIOVPYIL OLCLVOEGEMY HETOED TOV TPMOTEIVOV KOl GTNV
o&eldmon 1ov Pacikod okeAETOD aLT®V e amotédeoua ) Opadon tovg. Mropolhv emiong
Vo 00MYNGOLV GE€ TPOMOMOMGELS TOAADV OpIVOEE®V  IMUOLPYDVTOS KapPovorika
nopdymya, to omoio Oswpodviar ®g mpdYog deiktng mpwteivikng ofeidmong Kot
YPNOLOTOOVVTOL Yl T HETPNON TG TPOTEIVIKNG PAAPNG. Kdmoleg and Tig 0&e1dmTiKég
BAGPeg eivarl avacTpEYLES, VD AAAEG elval Un VOCTPEWIES LE ATOTELECLLO Ol TPMOTEIVEG
va yivovtor pn Aertovpyikég (m.y. 1 0&eldmwon TV TAEVPIK®OV 0AVGIdMV G KapPOVLAIKA
napaymya). ‘Etol, 1 mopovsio kapBovolkdv opdowy oTig TPMOTEIVES YPNCILOTOLEITOL MG
JelkTNG Un avaoTpEYIUNG TPOTEIVIKNG 0&gidmong [105].

KapBovuAioon npoteiviv

H xapPovorimon eivor poe pun avootpéyiun, un evOopikny Tpomomoinocn Twv
TPOTEIVOV Kot Elval aOmOTEAEGUO EI0AYMOYNG KOAPPBOVOAIKAOV OLAd®V OTIC TPMTEIVEG, LECW
nowilowv povomatidv. H ofeidmwon tov mpoteivov and tig pileg o&uydvou ompovpyel
OpaoTiKd KapPovOAKE Toapdywyo TOL TPOKLTTOLV E£ite amd dueon oegidwon TV
TAEVPIKOV OALGIO®V TV OVOEIK®V KOTAAOIT®V, €ite amd SACTOCT) TOV TETTIOKOV
OeoOV, OOMYMOVTOG OTN ONUoLPYio TEMTIOI®V OTOL OTMOld TO OUIVOTEAMKO OUIvOED
UTAOKAPETOL OO £VOL 0-KETOOKVLAO Topdywyo. Ot kapPovuAlkég opddeg pmopovv emiong va
eloayBobV oTIG TPOTEIVEG LEGM OEVTEPOYEVMV OVTIOPACENDY TMV KATAAOITMV [LE OPOOTIKEG
KapPovOAKEG opddeg OV TOPAYOVTOL OO TNV OVTIOPOOT OVAY®OYNG COKYAP®V 1 TOV
npoidvtv o&eidmong Tovg (glycation/ glycoxidation reactions), 0dnydvtag oTn dnpovpyia
TEMKOV Tpoiovtev yAvkoluAiowong (AGEs, advanced glycation end products). Télog, 1
TOPAY®YN OPACTIKOV OoAOEDO®V pmopel va mpoéABel amd 0Eeldmwon TOALAKOPESTOV
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Mmopov o&émv, my. HoAOVOLOASEHON (MDA), odnydvtag otnv mopoymyn TEMK®OV
npoioviov Mmdikng oeidwong (ALEs, advanced lipoxidation end products) [105]
(Ew.21).

Apeon ofeidwon

npwreivwv ard ROS
Ofeidwon Avayug el 1

TOAUQKOPECTWV KatdAowta Lys, Arg, Pro, Thr Tpotovra ofelBwonc
Autapiov oféwv (PUFAS) ke
u’aMeﬁGEemq Ketoapiveg, Keto-

g s

SuASelideg ko aMeuﬁes Ko
keto-oABelideg Seofuooiveg

Movordn a-ayudiwong i
ofeidwong kartaAottwv Glu

Oferdwnkn Suaoraon
nerndikov Seopol

Ewova 21: Movondtia Tov 0d1yovv otnv KapBovudinon tov npoteivav (Avatdmoon arnd [105]).

H pétpnon tov KopBovolKdV Topay®dyw®v TPOTWATOL O OEIKTNG oTpeg Yioti
dNuovpyovvToL GE apyIKd oTddla Kot elval oyeTikd otabepd oe Gyéon e AAAo Tapdywya.
To kapPovorikd otpec umopel va Tpoépyetar amd 0EEVMTIKES N U 0&edmTIKEG antieg (..
EMAeyT OE10A®V).

7. AVTI0EELOMTIKA popLa
7.1 EvOopikd avTioEeldoTIKG 6voTaTIKG (EpVOPOKVTTUPQ KOl TAAGNE)

210 aepdfra kKOTTOPO VITAPYOLY TOAAG ViDL TOV £XOVV MG POAO VO ATOTPETOVY TNV
KataoTpoPikn enidopacn tov ROS. Avtd ta évlopa ypnoipomotodvtal yo T doTnpnon
™G 0EEB00VAYMYIKNG 1GOPPOTIOG O KATAOTACES 0EEWOMTIKOV oTpec. H vmepoletdwm
dwopovtaon (SOD), mn vmepoiewddon ™ yilovtabewovng (GPx), m avayoydon 1ng
yhovtafeidvng (GR) ko n katardon (CAT) eivan ta kOpra evooyevn, evOOUIKA GLGTHHOTO
avToEeWOTIKNG  duvvog Tov  agpdfiov  kuttdpov. ITlpoctatedovv pécm  queong
ATOIKOOOUNONG TOV VIEPOEEWIKADOV POV Kot Tov VIEPOEEdiov Tov  VOPOYHVOUL,
petatpémovtdg o oe Ayotepo dpactikd €idn. H SOD katoaivel ) petatponn tov pilov
vrepo&ediov (-O2) og vepo&eido Tov vépoydvov (H20,). To Ho0,, mapodTt dev givan piloa,
petotpénetar pe v oavtiopaon Fenton oe -OH, to omoio &ivonr moAd opaoctikd. H
vrepo&eddon g yilovtabeovng (GPx) eovdetepdvel ta vtepoleidia Tov VOPOYOVOL
maipvovtog vopoyova amd dvo GSH popia, dnpovpymdvtog Vo popla vepov kot £vo Loplo
GSSG. To évlopo avaymydon g ylovtabeiovng ot cuvéyelo avayevvd GSH oand to
GSSG. 'Eva dAlo onuovtiko évivpo eivor n kataddon 1 omoia e€ovdetepmvel ta HyOo
dnovpydvrag popla vepoo [75] (Ewc.22).

46



HbO, 7_" HbFe’B
NGO,

NADPH Oxidase }J O,
NOS (6]
Kanthine Oxidase Fe++Cu++
LOCH LOO
SOD
VitE* VIitE
CAT \
H Ot /;mc VitC*
SH  weeren NADPH#mmagem= 6- Phosphogluconate
GSHPx Gl.Red G6PD
¥ GSSG =" NADP =" Glucose 6-Phosphate
H,0

Ewova 22: Kopa petaforkd povomdrtia tov gledbbepov pilidv ota avBpomve epvbpoxidtropa
(Avotomwon amd [75]). Hb:apooeaipivy, SOD: vrepo&edikny diopovtdon, CAT: katardon,
GSHPx: vmepo&eddon g yiovtabedvng, GlRed: avayoydon tng yiovtabeiovng, GO6PD:
aQLOPOYOVACT| TNG 6-POSPOPIKNG YAVKOLNC.

7.2 Mn evlupikd avTioged oTikd ovoTaTikd (epvdpokvtTapo & Thdopa)

H aAPoopivn civor n kuptdtepn avtioeldmTikn TPOTEIVN TOV TAGCHATOS, KOOMDC
etvar vtevBvv”M o€ TocooTd PEYPL Ko 70% yro TV avtio&ed Tk KavoTnTd Tov, eEantiog
TOV BEOAIKOV OLAd®V TOL TEPIEXEL KOAL TNG VYNANG GLYKEVIP®ONGS TG 6T0 TAdoH. ExToc
OO TNV OVTIOEEOMTIKY OpAcT NG, £YEL ONUOVTIKY GLUBOAN KOl OTN UETOPOPA UIKPOV
popiov kot 1OVI®V, 6TV TPOGOEST] TOEWVAV KOl 6T SLOTNPN O TS OGUMTIKNG 1GOPPOTinG
0V TAdopotoc. Ta eninedo ¢ TpoTEIVIG LeldVOVTOL G TABOAOYIKEG KATAGTAGELS OMMG
oL NOTIKES PAAPES, 1) VEQPIKY avemdpKeLo 1 0 vtoottiopds [106].

H yohepvOpivn (bilirubin) eivar pa GAAn mpwteivy n omoia Ppicketon oe vYNAN
OLYKEVTPMOT 0TO TAAGHLA, EIVOL TO TEAIKO TPOTOV TOV KATABOAMGHOD TNG aiung, £xel VYNAN
AVTIOEEWMTIKY KOvOTNTO KOl SLUPAAAEL e€icov pe TV aAfovpivn 6TovV TEPLOPICUO TNG
o&eidmong tov yaunAng mokvomrog Mronpoteivav (LDL, low density lipoproteins). Eivou
oLoTATIKO TO 0700 Opal KLplwg TposTatevovTag Mmidia amd vepoteidwon og avtifeon pe
v GSH 1 omola dpa mpootatevtikd Kupimg oe mpwteives. EmmAéov, n yolepvbpivn €xet
Ko ovTIQAEYHOVAOON dpdior kabmg epmodilet v emaydpevn and TNF-a evepyomoinon twv
ICAM-1, VCAM-1 kot oglextivng E [107].

Ot Toko@egPOLES, TOV amoTEAOVV 10N NG Prapivng E, etvar Mumdeiha cuotatikd mov
VILAPYOLY GTO TAACLO GE TECTEPLS IGOUOPPES (0, B-,y- Kot 0-TOKOQEPOAN).

To aokopPukd o&v, 1 alhag Prrapivn C, eivar éva avtioEed®TiKd GLGTOTIKO TOV
dpOL GLUTANPOUATIKE GTO KOPOTEVOELDN Kol TIC TOKOPEPOAES Y10 TNV ATEVEPYOTOINGT TOV
ROS. H Burrapivn C dpa mpoctatevtiKd enavapépovtag t Prrapivn E and v oedopévn
OTN AEITOLPYIKY avnyUHEVI] HOPON NG, &V HEo® TN amotkodounong twv ROS
npootatevel Tig LDL Mmonmpwteiveg amd o&edmtiky BAAPT.

Téhog, 10 ovpkd o0&V omotelel €val onUAVTIKO OVTIOEEWMOTIKO GLOTUTIKO TOV
nAdopatog. apdyetal amd To Nrap Kot amopakpOVeTaL amd Tovs veppois (65-75%) kat to
évtepo (25-35%). Amotekel to TEMKO TPOIOV TOVL HETAPOAICHOD TOV TOVPWVAOV GTOV
avBpomo, egoutiog TG EEEMKTIKNG OMMAENG TNG EVEPYOTNTAG TNG OLPIKACNG M Omoin
oonyel oe vymAd emimedn ovpikov 0&Eoc ot10 MAGCUO o€ oxéon Me GAAa OnAaoTikd.
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Eéatiog toov Oumhov dsopmv  mov  mepléyel, oamotedel  oyvupd  avTloEEdMTIKO
CUUUETEYOVTOG, VIO PUGIOAOYIKEG GUVONKESG, GTN GLVOAIKN AVTIOEEISMTIKY IKOVOTNTO TOV
TAACUOTOG G€ TOGOOTO TOL Kupaivetor amd 35 €wg 65%. Emedn| elvar acbevég oD pe
vynAq otabepd S1domoons, T0 oVPIKO 0ED VTAPYEL GTO MAAGHO LTO TN HOPPN KLPImG
(98%) ordtov vatpiov. ‘Exet younin doaAvtdétnto oto vepd (Kot 6to mAdoUa), n omoio
avéaveror (katd 70%) Otav avtd TPOcOEVETAL GE TPWOTEIVES, Kuplwg otnv aAPovpivi n
omoio €ivatl 0 KUPLOC HETAPOPEAS TOV. XTOVG VEQPOVS, TO OLPIKO Kol TO. AANTO OVPIKOV
QUATPAPOVTOL KOl OTOUOKPOVOVTOL, OAAL TEAIKA TO peyoAvtepo pépog (90%) tov
EMOTPEQPEL 6TV KuKAoopia [108].

Ynrdpyovv drdpopeg pehéteg ol omoieg vmootnpilovv eite v guepyeTIKn gite TNV
emProfny dpdomn Tov ovpkoH 0£E0G. XTo YEVIKO TANOLGUO (KoL GTNV TEPLTOVAIKT KABapon)
T VYNAd emineda Tov ovpwoly 0&fog E€xouvv ovoyetobel pe avEnuévo  kivovvo
Bvnowodmrog [109]. Tlapora avtd, épsvveg og aobeveic pe Xpovia Neppikn Avemdpkeia
vrd Bepaneio opoxdBapong éxovv OciEel avtifeto amoteAéoparo, KOOGS TO VYNAL
enimedo Tov oVpKov 0EE0G £xovv cuoyeTicbel pe younAdtepo kivovvo Bvnodmrog [110,
111]. Mapdétt ta anoteléopata yUavtny thv vobdeon dev givan TAfpn, g ene&nynon
QLTINS TNG AVTIoTPOPNS GYEoNGS, £xEl BempnOel To Yeyovog OTL TO OVPIKO 0ED amoTEAET KO
OElKTN KOANG SOTPOPIKG KOTAGTAGTG TOV OPYAVIGLOV.

EmmAéov, mapd to yeyovog 6t 10 ovpikd o0&l gvBovetan yio moALEC mabnoelg dnwg N
apOpitda, 1 veppolbioomn, to petafolkd cOVOPOHO Kol KopSyYEKE VOGHLOTA,
TPOCPUTA OEOOUEVE VTTOGTNPILOVY TG 1) 1GYLPT AVTIOEEOMTIKY TOV OPAGT LEUDVEL TOV
Kivouvo gUQAVIoNg VEVPOEKPLMGTIKGOV Tabnoemv [112].

Téhog, n avnypévn yhovtadelovn (GSH) sivar kOplo evookvTTopKo pn npm@u«')
ocvotatikd kot Bewpeitan To o oNUAVTIKO EVOOKVLTTAPLO, VOPOPILO avTioéedmTikd. Iailet
ONUOVTIKO pOAO 6T S10TPNoT TOV OEI0MKOV OLAS®OV TOV UEUPPOVIKOV TPOTEIVOV GTNV
avVNYUEVT LOPOT| TOVGS, KOOMOS 1 0EEIOMOT] TOLG UTOPEL VL TPOKAAEGEL OAAOYT) GTN OOUN KO
™ Aettovpyia tovg [113]. Ta evdokvtTdpio enineda TV U TPOTEVIKOV 0DV, €K TOV
omoiwv M YAovtafelovn amotedel TO HEYOADTEPO TOGOCTO, LELOVOVTOL KOTA TNV ®pipavon
TOV OIKTLOEPLOPOKVLTTAP®Y GE MPYLO EpLOpPOKVTTAPA, OAAL ATO AVTO TO oNpelo KoL HETA
1 CLYKEVTIPMOT TOVS TAPAUEVEL GTAOEPT).

H obvBeon g yiovtabeidvng (GSH) amd yAovtopvikd, kvoteivn kot yAvkivn
KOTOAVETAL amtd dV0 KVTOCOAIKA £viupa, TN GLVOETAGN TNG YAOUTOULA-KVGTEIVIG KO TN
GSH-cuvvbetdon pe ™ ypnon popiov ATP (Ek.23). Avt n diadwkacio cvuPaivel o dAa
TOL KOTTOPO, PE TO NAOTIKA VO, ATOTEAOVV TN PacikdTtepn mnyn mopoywyns YAoutadeiovng.
Avaueco Oumg 6Ta LIWOAOITO KVTTAPQ, TO. €pVOpoKVLTTOPO EYovV Evav 1dwaitepo VYNAO
pvOuod petatpomng g GSSG oe GSH, ovupetéyoviag TeAKA pe éva mocootd NG TaéNg
oV 10% ota cuvolikd enimeda g GSH mov mapdyovtol otov dvBpmmo.

H ylovtaBeidvn ovppetéyel oe morrég kuttapikég avtdpdoelc. 'Eva and ta facucd
YOPOKTNPIOTIKA TNG €ivat OTL pmopet Kot amotkodopel amotehespotikd Tig ehevbepeg pilec,
elte dueca eite éupeca pHEco evOUUIK®OV avTdpdoemy. Xe avtés 11§ avtopacelg 1 GSH
ofewmnvetar oe GSSG, m omoio otn ocvvéyewn avayetor o GSH and v NADPH-
e€optdpuevn avaymydon g yrovtabeovng [114]. H avtictacn moA®dV KLTTAPOV ©TO
0&e1dmTIKO otTpeg oyetiCeton pe Ta vVYNAAQ gvdookvttdplo enimeda g GSH. Téhog, umopel
va Opacel Kol Gpeso ¢ omokodoung eaevfepwv pllov eovdetepmvovtag to OH- 1
éupeoca anokadiotdvrag ™ PAGPN o pokpouodpla ota omoia £xovv Mon emdpdost Ta OH-

[3].
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H avnypévn yhovtaBetovn de domepva tnv mAoouatikny pepfpavn todntukd kot n de
novo ovvBeon g elvar m povn myn GSH yia ta gpvBpokdttapa. H €£odog g
ofedmpévne yaovtabeovng GSSG amd 10 KVOTTOPO TPAYUOTOMOLEITAL e KOTAVAA®ON
evépyetag kat ypron popiov ATP (Ewk.23).

1: apwvotpavodepacn aomaptikoy

2: apwotpavodepdon ahavivng

3: apwoidpoAdon yloutapivng

4: y-yAoutapul-ouvBetdon Kuoteivng

5: ouvBetdon yhoutaBeldvng 0-KETOYAOUTOPLKO
6: GSH unepogelbaon l GIn :
7: GSSG avaywydon Asp Py Ala YAUKOTN:
8: adudpoyovaon 6-pwodopikig yAukdlng . (©) )
Aspy1 > ~Ala .
N e _ Gin
v (37
Glu <~
> Met— =
4
HomoCys;—; ‘ \/~ ATP EMP
3 Cys V> ADP +Pi
y-Glu-Cys
5
o— ——> Gly —— L[~ ATP EMP
Gly > ADP +Pi
} HPS
Lipid-OOH/H,05™, —GSHE 7#NADP~ \—G-6P
6 7 8
Lipid-OH/H,0 /5 GSSG—/\—- NADPH& S 6PG

\~"ATP EMP
[~>ADP + Pi

GSSG W
Ewoévo 23: Tynuotikn ovamapdotacn tov KokAov tng ylovtabelovng (Avoatomwon and [82]).
EMP: Embden-Meyerhof povomdrt (avoepofio yAvkoivon). HPS: povomdtt povoeoc@opikig
e&olng (M povomdtt oceopikdv mevtolwv). G-6P: 6-pwopopiki ylvkoln kot 6PG:
emcpoylvkovoraktovn. Glu, Gln, Gly, Cys, Ala ka1 Asp &ivar To yAovtaukd, 1 yAovtapivn, n
YAVKIVT], 1] KUGTEIVN, N cAovivn Kot TO ACTOPTIKO, AvVTIGTOLYO.

8. Negpoi: Avatopio ko Agrtovpyia,

Ot  veppoi Ppiokovior oto wow PEPOG  TOL  KOWMOKOD  TOLYMUATOC,
omcBomepirovaikd. Kabe veppdg mepiéyetl and mepimov €vo eKATOUUVPLO OHOLES OOMKEG
KOl AEITOVPYIKES LOVAOEG TOV OVOUALOVTOL VEPPOVEG, EVOD KAOE VEPP®OVOG omoTeLEiTOL OTTO
éva OmOnTiKd opyavidlo mov ovopdletal veepikd GOUATIO KOl £VO OLPOPOPO COANVAPLO
OV OmOTEAEL TPOEKTACT] TOL VEPPLKOD copatiov. Kdbe veppikd copdtio amoteleitor and
éva. GUVOAO OAANAOCLVOEUEVOV TPLYOEW®V PpOYyY®V Tov ovopdletol veppikd omeipopia.
Kd&Be oneipapa tpopodoteitan pe aipo amd v mpocaymyd aptnpidlo Kol EIGEPYETOL LECH
o€ 0L KOWYOLAQ YEUATN HE LYPO YVOoTh ¢ Kaya Tov Bowman. Kabog to aipa péet péca
010 oneipapa €va PUEPOg Tov MAAcpatog ombeiton péoco otnv kayo tov Bowman. To
vroéAouto aipo e€épyeton amd TO OMEIPOUO UE TO omaywyod aptnpidoto. To tuniua tov
ocoANvapiov 6to omoio €opéel to VYPO amd TV kayo tov Bowman ovoudletor €yyvg
COANVAPLO, Kol amoTEAEITOL OO TA COANVAPLO €YYVG ECTEPAUEVO Kol €YYOS €vBv. To
EMOLEVO TUNUA TOV GOANVapiov gival n aykvAn tov Henle, n onoia amoteAeiton amd éva
KATOV 6KELOG, TO 0T010 TPOEPYETAL O TO £YYHG COANVAPLO, Kot amd £va avidv 6kEAOG TO
01010 001yl 6TO EMOUEVO HUEPOG TOV VEPPDVA, TO GIT® ECTEIPAUEVO COANVAPLO.

Ot kOpieg Aettovpyieg TV veppmdv TepAapufavouy ) pHOUIoT TG CLYKEVTP®ONG TOV
VEPOU KOl TOV avOopyavov 10OVIOV, TNV OTOUAKPLVOT TOV  TOPATPOIOVIOV TOL
HETOPOAIOHOD HECH TV 0VP®V, TNV OTOUAKPLVOT EEVOV YNUIKOV OLCLOV Kol TN
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YAUKOVEOYEVEST] KOOMDG GE KOTUOTAGES TOPATETOUEVNG VNOTEIOG Ol VEQPOL Tapdyovv
YAvkoln kot v anelevbepwvovv oto aipo. TELOG, Aertovpyodv ¢ eVOOKPIVELG adEveg
TopAyovTag TNV opuovn epubpomomrivn, T pevivn kot v 1,25-6wdpoévPrrapivny D3.

9. Xpoévwa Ne@piki] Avemapkero
9.1 I'evika: Opropdc-AiTIO-ZOTTONATO

H Xpoévia Neppwkn Avermdpkeio (XNA) elvoar 1 anoAeld ™G QUGIOAOYIKNG
Aertovpylog TV VEQEP®Y, 1 OTOI0L KOTNYOPLOMOIEITOL GE TEVTE OTAOLN OVAAOYO HE TO
eninedo. Tov puOpov omelpapatikng dmbnong (GFR, glomerular filtration rate) (ITivoxog
1). O GFR avtmpoownevel Tov GyKO TOL TAAGLOTOG OV dnbeiTal 0md TOVG VEQPOLG 6N
HOVAda TOL XPOVOL KOl OTOTEAEL YOPOKTNPIOTIKO OEIKTY KOANG 1| KAKNG AELTOVPYiag TV
veppmv. H Xpovia Neppikn Avendpkelo tehkod otadiov (otddio 5) yoapoaktnpiletl site
aobeveic ot onofot eppaviCoov GFR <15ml/min/1.73m?, évavtt Tov QUGIOAOYIKGVY TGV
mov eivar ~100ml/min/1.73m?, eite aobeveic ot omoiot vroPdiiovial o€ aokddapon,
avegapmta anod to enineda tov GFR.

O dwPntmg kot n apInploky mieon amoTeloVV TIG KVUPLEG outieg tng achévelog,
TapOAD AVTA Ol SLAPOPES AOUMDEELS (T, XPOVIL CTEPAUOTOVEPPITION), YEVETIKES (TT.).
TOAVKVLGOTIKY] VOGOG VEPPOV) 1N awtodvoceg acBéveleg (m.y. epvnuatddng Avkog, IgA
VEQPOTAOE) KOl 1 ANYN QUPUIK®OV UTOPOLV VO EMNPEAGOLV €EICOVL apPVNTIKA TN
QLGOAOYIKY Asttovpyia Twv veppodv [115]. Ot kapdiayyelokég Tabnoelg, ot dotapayég
070 HETABOMOUO TOV 0GTAOV, GTOVS NAEKTPOAVTES Kol GTO LETOAAIKA GTOYEl0 KOODS Kot
ol O0TPOPIKEG OlaTOPayES (.. VTOGITICHOS) OMTOTEAOVV TIC O KOWEG EMIMAOKEG OTN
XNA, gved n avoio, n omoio exnpedlel onuavtikd tnv mtototnta (g Kot v emPioon
TV aclevav, arotelel ™ PaciKOTEPN AUATOAOYIKT dtaTapoyn 1N omoia speaviletal amd
TOL OPYLIKA GTAOINL TNG VEPPIKNG OVETAPKELNG, Kol TaPOVCIAlel 6TadlokT emdeivimon kabmg
1N vocog e&glicoetal og emdpeva otddo [116].

YXTAAIO GFR eprypooen

(ml/min/1.73m?)

1 90+ ducloloyikn Aertovpyict TOV VEPPOV OAAG douikég /Kot
AETOVPYIKES UETAPBOAEG TV VEPPDVY (TOOOAOYOVATOUIKES
0ALOIDGELG, OelKTEG VEPPIKNG PAAPNG OTO i 1 6T OLPOL)
N Tpoimapyov yeveTko vtofadpo yio XNA

2 60-89 Muwcpn] peiwon g Agrtovpyiog T@V VEPPAOV Kol OGAAEG
nmofoloyieg (0Tmwg oto otddlo 1) mov mpodiabétovv Yo
XNA

3 30-59 Métpra peimon g veppikng Aettovpyiog

15-29 YoBapn peimon TG VEPPIKNG AEITOVPYING

<15 1 o€ Bepameia Yxed0V OMIKY| OMOAEW TNG AEITOLPYIOG TOV VEQPOV
alpokaBopong (VEQPIKT OVETAPKELN TEMKOD GTAGIOV)

Mivaxag 1: Ztadionoinomn g ¥poviag VEPPIKNG VOGOL e BAcn To puOud oelpopatiknig oonong
GFR (ml/min/1.73m?), cbpeova pe Ti¢ 0dnyieg tov NKF (National Kidney Foundation).

Avopio gtvor n TaBoAoyikn KOTAGTOON KATA TNV OToio 1 TIUN TNG Ooc@opivng
(Hb), Tov arpatokpitn (Het) f/kon tov epubpdv apocpatpiov (RBCs) aipatog eivar kdtm
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TOV ELGOAOYIKOV emTEd®V. Ocov apopd oTo £MIMESN AUOCPAUPIVIG, CUUPOVO LLE TOV
[Maykoéopio Opyaviepd Yyeiog (WHO), og avaipio yopaxtnpileton 1 Katdotoon Kotd v
omoia 1 arpoceapivn PpiokeTon o yoaunAotepeg ovykevipmaoels ond 13 g/dL otovg dvtpeg
N 0& UETO-EUUNVOTOVCIOKEG Yuvaikeg Kot younAdtepeg amd 12 g/dL otig mpo-
EUUNVOTTOVGIOKES YOVOIKEG.

H avoio otn XNA ogeidetor ot petopévn mopaywyn epvdporomrtivng amd tovg
vePpovc ot omoiot €yovv vmootel PAAPn, otn pewwuévn  Odpkelr (oG TOV
ePLOPOKLTTAP®Y, GTN YPOVIO. QAEYLOVI] KOl TNV OVETAPKELDL GLONPOL TOL GLVHOW®G
yopoktnpilel avtoveg toug acbeveic, KaOOS Kot oe PEIOUEVT] AVTOTOKPION TV 0oHEVAOV
ot yopnynon epvbpomomrtivng e&myevac [117, 118].

9.2 Ovpapixég Toéiveg

H otadokn cvoompevon mopampoioviov Tov  UETOPOMGHOV, To omoio. vrd
(QLGLOAOYIKEG GLVONKES QTOULAKPVVOVTOL OTTO TOVG VEPPOUG, XapakTNpileTol ¢ ovpokod
oUVOPOLO KOl TO, GUOTOTIKG TOV TPOKOAOVV TO OVPUUKO cHVOPOHO givol yvmotd mg
OVLPOLUIKEG TOETVEC.

O1 ovparpikég to&iveg dlaympilovratl og Tpelg KOPLeg OUAdES ovaAoYa [LE TO HOPLOKO
TOUG PAPog: WKPA VOUTOSOAVTA CLOTATIKE, pecaiov pHeYEBOLG HOPLOL KOl TPOTEIVO-
GUVOEOLEVO GUGTOTIKAL.

e  Mikpd vdatodivtd popuo (<500Da)

Ta pwpd véatodwAivtd poplo amoteAovV opddo Hopi®v TOL  amopaKpPHVOVTOL
gOKoAQ P TN cLUPatikn opokdBopon Kot G€ AT TV OPLAdN AVIKOLV:
- o1 yovavidiveg, mov eivor petafolriteg g apywiving kol g ovpiog Kot TPOKAAOVV
KATOGTOAN NG Opdomng twv NK kuttdpov kot ™ mopoymyng vrepoiediov ond ta
O0VOETEPOPIAQ,
- 1 acoppetpn OSwebvAiapywivy (ADMA) 1 omoia gvoyomoteitor yioo TV mPOKANGM
vréptaong, otn XNA gppaviletal 6 cLYKEVIP®OT 6 POPEG LEYOADTEPN OO TOV VYDV
ATOUMV KO LLE TN GHOKAB0POoT amopakpOveTal Lovo £vo tocootd g TaENg Tov 20-30%,
- 1 KpeaTvivn Tov amotedel TEMKSO TPoidv Tov petaforiopol TV pu®dv Kot Bewpeitan 6T
napepmodilet Ta Kavaila yAwpiov,
- 1 ovpia N omoia avactéAiel Tov cvvpetapopéa NaKoCl ko epmodilel ™ ovvBeon NO
amd T LoKpoPaya,
- ot tovpiveg (EavBivn, vro&avlivn, Yovavoasivn), 0 POGPOPOC, TO CLPIKO 0EL K.

e  Mecaiov peyéboug popuo (>500Da)

Ta pecaiov kot peydAov poplokod PAPovg HOPLO OTOUOKPOVOVTOL KOAVTEPO LE
ovykekpuévo eidtpa arpokdbapong (high-flux) mov égovv peydhovg Tdpovg Kot o€ TV
™V opada avikovv popta 300-12.000kDa, ota onoia mepthapfavovrat:

- 1o apvoééa mov mpoépyovtal amd pn evivkn yiAvkolvAiwon mpwteivov (AGEs-
advanced glycosylation end products), twv omoiwv 1 amopdkpvovon pe cvuPatikny AIK
etvat avemapkng kot oyetilovral pe AEITOVPYIKES TPOTOTOMGELS EVEDUOV Kol TPMTEIVAV,

- TpoidvTa 0EeldmoNG,

- 1 P2-pikpoc@apivn, 1 onoio 0dNyel 6 AULAOEId®MON TOV 0GTAOV,

- n mopabopudvn, n omoia Beswpeitor kKVOpPLo ovparikny To&ivn, odnyel oe avénon tov
EVOOKVLTTAPIOV 0cPeotiov pe amotéAecpa dwatapayés otn Astovpyio opydvov (m.y.
0oteomoinon, epvdpomoinon) ka.
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e [Ipomteivo-cuvoedueva cuotaTikd
Ye autn Vv Katnyopio avikovv youniod poplakod PAPOovg GLoTOTIKG T Omoid

OLVOEOVTUL [LE TPMOTEIVEG e OMOTEAEGHA 1 aopdkpuven toug pe cvpuPatikn AIK va eivon
TOAD TTEPLOPICUEVT, aKOUN Kot Pe GIATPO pe PHEYAAOVG TTOPOLG. e ovTh TeEpLapPdvovTat:
01 WWOOAEC, 1 OUOKVGTEIVT, 01 TOAVAIVEG, 1| P-KpeGOAN ka. [119].

© ArttavBpakika

* dwodopog
Oupia

*TNF-a

® EpuBpokUTtapa

Ewova 24: Metagopd Tov ToEV@V Kot TG TEPIGOEWNS VEPOV HEGO amd TO GIATPO GTO VYPO NG
awpwokdBapong otn ovufotikny Swdikooia, uéom Odyvong (aplotepr] €KOVA), KOL OTHV
awododmOnon, péow didyvong kot dmbnong (de&d ewodva). (ITnyys: http://www.baxter.com.
sg/healthcare_professionals/therapies/renal/acute_kidney_treatment/continuous_renal_replacemen
t_therapy.html)

10. @¢gpamcicg veppuciig vrokatdotaong (Renal replacement therapies, RRT)

Ov Ogpameieg veQPIKNg LITOKATACTOONG TEPIAAUPAVOLY TNV oupokabapon, v
TEPLTOVOTKY KaBapon Kot N petapdoyevon veppov. H apoxdbopon amotedel tnv koplo
emloyn mpotipnong kabmg 1o 89% 1oV acbevdv mov tacyovy amd XNA 1eMKod otadiov
vrofdAlovtor ce avt T Bepaneia, pe Tov apBud tovg va vroroyileton mepimov oTa
2.000.000 maykooping. ITapd v mpododo mov &yt emtevyBel tor Tedevtaio ypovia, e
ONUOVTIKES PEATUOGELS GTO SLOAVLATO KOl TAL GIATPOL TOV YPTCLLOTOOVVTAL, 1) OlAOIKOGIL
avt Beopeiton Tog Tapéyel Eva T0cooTd HOAS 10% oty amopdkpuVen 0VGLOY GE GYECT
LLE TN QUCIOAOYIKN AELTOLPYIO TOV VEPPOV.

H awpoxkdBapon (AIK) ctoyevel 6ty amopudkpuven e TEPIGOELNG VEPOV KOl TMV
petofoirtdv (ovpatpikég toéiveg), mov €xovv cuoompevBel 6To aipa AOY® NG VEPPIKNG
BAAPNG, péow evoc pumyovhunotog kdBapong (Ew.24, 25). Oswpeitar 011 Pertidvel v
avolpio HECH TNG OTOUAKPVVGTG OVPOULLK®MY OVGLDY Ol OTTO1EG dPOVV £iTe KATAGTEAAOVTAG
™m¢ epvBpomoinon (m.y. KLTTOPOKIVES), €ite pEW®VOVTOG TN OOEGLOTNTO TOV GLONPOV
(.. ey1divn) [120].

H xamnyopromoinon tov pebddwv kdbapong Paciletor oTig dopopeTikés apyés e
TIC OMOilEg TMPUYUOTOTMOIEITOL 1 OQIOUAKPLVOT TV ovpayuk®v toévev. 'Etol, om
copfatikn apokd@apon (conventional hemodialysis, CHD) n aroudkpovon twv oveidv
Bacileton oty apyr NG Odyvons, ONAdN oI UETOPOPE OLGIMOV OO TO Gijld, GTO 0ol
Bpiokovton o€ peydAn ovykévipwon, oto owdAvpa e AIK péoo nui-diamepotng
ueuPpdvne, n omoia yapaktnpiletar amd younAn dwmepototnta oto vepd (low-flux). H
LETAPOPE OTTOUTEL TNV TAPOLGIN EVOG VYPOL TO 01010 péet avtifBeTa amd T PopPd PONG TOL
aipotoc, eved To poOplo to. omoio amopakpvvovtal pe avtdv tov tomo g AIK eivon
V3ATOOAVTA, KVpimg pikpov MB (<500Da) cvotatucd [121].
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Ye avtibeon pe ™ ovpPatiky AIK, n awpodwdmOnen (hemodiafiltration, HDF)
amotedel évav ovvovaoud opokabapong (HD-hemodialysis) kot oipodmdnong (HF-
hemofiltration), Pacilopevn omv apyn toco g ddyvong 660 Kot g dmdnong. v
OLLOOONON 1 LETAPOPE TWV OVGLOV YIVETOL AOY® TNG SLUPOPETIKNG VOPOCTATIKNG TIEGNG
OV VILAPYEL LETAED TV VYPOV TOL TEPIPAALOVLY TNV MUSOTEPOTY LEUPPEVT, INAAOT TOV
aipatog kot Tov vypov ¢ AIK, evd ypnoipomotovvtal GIATpa LYNANG STEPATOTNTOG
(high-flux) amopaxpdvovtag kon vynrod MB ovpaikéc toéives. ‘Etot, n dadikacio g
apoddmoinong eivor  amoteleopatikdtepn oe oxéon pe ™ ovuPatiky AIK oty
amopdKpuven NG mepicoelng vepol Kat ovcldv Oyt noévo pikpol oAAd kot pecaiov MB.
[Mopora avtd, pe avt ™ péBodo vmdpyel Kivouvog va Eemepactel n emBount) anmAELo
Bapovg Tov acbevi KATL TO OMOl0 OVTIUETOTILETOL e TNV EMAVAPOPE TOL Bapove pécm
gyyoong  «ypov  vmokordotacns»  (puBotikd  ddhvpo pe  MAEKTPOAVTEG)
(substitution/replacement fluid) (Ew. 25) [120, 121].

A AaTKG
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Ewova 25: Zynuatikn avanopdotacrn tov 1poémov kdbapong oe: A) ocvpfotikn aipokddapon, B)
alpodiadmdnon kat I') puowkd onsipapa veppav (Avatvmwon and: «Einviky Neppoloyiay, 2008,
20(3):171-181).

Ot acBeveic mov vrofdriovtor oe copfatikn AIK givor moAd mbavo va gppavicovv
alpodvvapikn aotddeia, avénon Papovg, dtatapayés 6To HETAPOAICUO TV OGTAOV KOl TOV
HUETOAAMKOV 10VTOV, avemapkn Opéym Kol VTOGITIGUO, AEYUOVY|, WLYOAOYIKE Kot GAA
mpoPfquata. Epeavitovv, emiong, oavEnuévo kivouvo kopolayyeloKk®V ETTAOKOV TOV
amoteAoHV TNV KOpta ortia Bavdatov Kot vynAd mocootd Bvnootrog Kabmg povo to 32-
33% tov acbevdv o cvuPatikf AIK emifiodvovv péypt tov 5° ypdvo Oegpancioc. ‘Etot, n
ocvpupatikn AIK BonBd oy emPioon yopic dpmg va eravagépet ) {on tov acbevov ce
TAPOC uotoAoyikd eminedo [120]. EmmAéov, mapd t Peitimon g ovoipiog, Tto
epLOpoKHTTOPU TOVLTOYPOVA VTOPAAAOVTIOL HE QLT TN SOIKAGIO GE PUNYOVIKO GTPES
KaBdg mepvouv péca and to @iktpo NG oaipokdbapone, petoforikéd otpeg omd TNV
anmAeto YAokolng koatd m dadikacio g AIK kot 0&e1dmTIKG 6Tpeg and Vv ETOEN TOV
KLTTAP®V TOL aipatog pe to giltpa ocpokdBapong (Ewk.26) [122].
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11. MeraPorés ota gpuvBpokitropa ko To wAaopo aocBevov pe XNA mov
vrofariovran og AIK - Emidpaocn g AIK

Ta epvBpokdtropa TV ocBevirv pe XNA  yopaxtmpilovior amd mAnbog
TPOTOTOCEMY OGOV OPOPE GTO GUVOAO GYEOOV T®V YOPOKTNPLOTIKOV TNG KVTTOPIKNG
(QLGLOAOYIOG, EVEPYOTTOLDOVTAG LLOVOTATIO, KVTTOPIKNG ekkabapiong kot epuBpontmong. To
oVPaLUKO TAAGHO amoTeAel Eva “exBp1kd” mepBailov yia Ta KOTTOPO KAO®G omoTerel Eva
petypa Brafepdv ovcudv, EAEYHOVOOOV HOPi®V Kot GAA®V BlodpacTiK@OV 0LGLOV, GE
OlpopeS  OLYKEVIPMOES Ol  omoieg  €Eaptdviol omd TN ovyxvotnTa Kol TNV
OTOTEAECUATIKOTNTO, TNG OpokdBaponc.

H dwdwcacio g AIK mtopdtt GupPBEALEL ONUOVTIKA GTNV OTOUAKPVVOT| TWV TOEIKOV
OVCIMV, CLVIOTA Kot 1 1Ot Evav EMTALOV GTPEGOYOVO TTAPAYOVTA Yo TO. EpLOPOKVTTAPA.
Ta gvepyomompéva ovdeTepOPIAQ KOt TO OLOTETAAO TOV EPYOVTOL GE EXAPT LE TO GIATPO
Kot T dteAvpata g apokdBapons aneievfepmvovv ROS odnydvrag ce aotdbeto tng
0&e1d0avaymYIKNG 160pPpoTias, evd 1 ameAlevfépwon ¢ apoceapivng Ady® apdAvong
TV gpuhpokutTdpv mov £xovv vrootel PAAPN, emPopdvel 10 0EeWBOTIKO PopTio TOV
TAGGLLOTOG,.

2115 vOTNTEG TTOL OKOAOVLOOVV avaAvovTal ot petafoAég TOG0 TV epvdpokvTTdpmV
060 kol Tov TAdouaTog otovg acbeveic pe XNA, ot omoiec mbBavd oyetiCovrar pe v
avapio (Ew.28), kabog kot n tepartépm enidpaon g AIK og avtéc.

11.1 XopoKTNploTIKA TOV OVPULHIKOD TAGCRATOS Kol eTidpacn Tng AIK
11.1.1 Avtio&erld Tk IKavOTNTO Kol OEIKTES 0EEOMTIKOV OTPES

11.1.1.1 Mn eviopka ocvotaTikd - Brtapiveg

To ovparpikd TAdcopa Tapovctdlet Waitepa VYNAT OAIKN OVTIOEEWOMTIKN tKavOTNTO
(TAC-Total Antioxidant Capacity) c€ oy£on HE TO EMIMESD TOV VYOV ATOU®V, 1| OTOi0
éyel amodobel kuping oto LVYNAG enineda TOL oVPKOD 0EE0G TOL TO Yapaktnpilovy [123,
124]. Tevikotepa, 10 TAGopo Tov acbevav pe XNA gugaviel yapmid enineda Prrapvodv
C xaw E [123-125] mbovd e&ortiag TG LAEPKATOVAAM®ONG YO TNV KOVOTOINGT T®V
QLENUEVOV aVOYKOV OTEVEPYOTOINONG 0EEWOMTIKMOV OVCIMV, GCLUPAAAOVTOS HE QVTOV TOV
TPOTO OTNV TEPOUTEP® GTNV A1ENOM ToL 0&edwTIKOV otpes. [Tapott yevikdtepa otn XNA
éxel Ppebdel EMAeym ovVTIOEEIOOTIKOV OVGLADV, VITAPYOLV HEAETEC OTIC Omoieg Ot Prrapiveg
A, C xor E éyovv Bpebel evidc tov puotoloyikdv tiudv 1 kot avénuéveg [123, 126],
yeyovog mov €xel Bewpnbel g avTioTaOUIOTIKOG UNYXOVIGUOS OTIC GUVEXEIS 0EEOMTIKEG
TPOKANGELC.

H owpoxdBapon odnyel oe onuoavtiky] peioon g avtioEeld®TIKNG IKOvVOTNTOS TOV
TAAGLOTOG TOGO AOYO TNG OMOUAKPUVONG LEYAAOVL UEPOVS TOL OVPIKOL 0EE0G OGO Kot
eEantiog ™G AmOAELNS GAA®Y VOATOSNAVTOV OVTIOEEIOMTIKMOV 0VG1®V, Owg 1 Prrapivn C.
[To ovykekpipéva, 1 apokdbapon pedvel ta emineda ¢ Prrapivng C [123, 124, 126]
emeépel avénon 1 oev €xel Kapia emidpaon ot Prrapivn A (petivodn) evod yio ™ Prapivn
E &yovv avapepbel mowileg emdpaoeig [124, 126].

H éewyn Prropvev kot avtioedotikdv ovoldv omog 1 oaAfoovpivn  €xet
OLGYETIGOEL [IE TO PAEYUOVMOEG POPTIO GE AVTOVG TOVG acbeveic, evd Ta avénuéva enimeda
g Prrapivng A tov mAdcpatog xovv cuoyeTichel pe VYA Aoy vrepoleidmon Kot
avénuévn evepyotnTo. TG VIEPOEEIDIKNG SIGHOVTACNC KOl KOTAAAONS, VTOONADVOVTOG
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évav 0EE0MTIKO pOAo avtg ™G Prapivng otav Ppioketal oe emimedo vynAdTEPA TOV
QucoAoykav [127, 128].

11.1.1.2 Evlupikd 6voToTiKé Kot tyvootorycio

Ooov apopd ota evOLHIKA AVTIOEEWOMTIKG CLGTOTIKA TOV TAAGUATOC TOV 0GO0EVOY,
T0 EMMES AL EVEPYOTNTOG TNG Ovay®Yaong thg YAovtabelovng (GR), g vepo&elddong g
yhovtabeovne (GPx) ko tng vmepolediknc dicpovtdong (SOD) éxovv Ppebel eite
avénpéva gite pelopéva o oxéon e Tov vyov atopov [129, 130]. H younin evepydtnta
Tov evlhpmv €xelt amodobel oe tpomomomoelc Adyw ofgidwong, KapPapviimong M
yAvkoluAlwong, avacToAn g dpdong amd ovpatpikés toéiveg, petmpévn EKkppacn Ady®
BAGPNC TV VEEPIKOV KLTTAP®V 1N o EAAEWYTN 1YVOOTOLKEIOV 7OV JpPOVV MG
ooumapdyovtes. EmmAéov, mn UEWOUEVN YAGTPEVIEPIKY] OMOPPOPNCT, Ol JTPOPLKOL
TEPLOPICLOL, 1| PAEYLOVY] KOL 1] OTDOAELL CLGTATIKOV HEGH TNG opokdbapong odnyodv og
EMEWYT yvooTOEIV, OT®MG TO GEAVIO, O Wevddpyvpog Kot o yoAkog [131, 132]. H
EMewyn oot éxel ovoyetobel pe T younAn evepydmnta NG vrePOLEWAoNS NG
yhovtaBeovng (selenium-dependent protein) kot vrePOEEOIKNG dicpovtdong (copper-
containing protein) ota epvOPOKVTTAPA TOV AGOEVDV.

Metd v aipokabopon £xet mapotnpndei pepikn avénon avtodv TV ctoyeiov [133]
ue peimon 6pmg g dpactikdTTag TG VIePo&edikng diopovtaong [130], evd n pepkn
avénon mov éxel Ppebei oty evepydmTa g vrepoéeddong g yhovtadeiovng [134]
mbavd opeciketoan ot Peitioon TOV emmEd®V TOL GEAMVIOL N o avEnomn NG
OLYKEVTIPMOOTG TNG AOY® TNG AMMAELNG HopiV vePOD Katd TNV apokdbopon).

TponoiLnpéoPaocng otnv Mnxavnua
KukAodopia apokdBapong
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Ewévo 26: Apyn Asuwovpyiog oawokdBapong (IInyn:  http://www.assignmenthelp.net/
assignment_help/principle-of-dialysis, by Al Granberg).
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11.1.1.3 Acikteg 0EE10MTIKOD GTPES

Q¢ amOTEAEGUO TOV KOTEGTOAUEVOV 1 LIEPEVEPYOTOMUEVOV, EVILDIIKOV KOl U
evOOUIKOV, OVTIOEEIOMTIKOV CLOTNUATOV, TO TAdouo Tov oacbevov pe XNA
yopoktnpiletor and TANOOPO TPOTEIVIKOV Kol MTIIIKOV OEIKTOV 0EEOMTIKOD GTPEG, Ol
omoiot emnpedovtal Le TOIKIAOVG TPOTOLS amd TN Stadikacio TG apokddaponc.

Ta vynidé eninedo Mmdikng vrepoeidmong (MDA) [131], o&edwuévng LDL kot
KapPOVOAM®ONG TOV TPOTEIVOV TOV TAAGLOTOG vt KATO10t 0d TOVG KAUGTIKOVG OEIKTEG
mov &yovv Ppebel otovg acheveic, ol omoiol cuVNB®G emdEVOVOVTOL LE TN SladIKAGIO TNG
awpokdBapong [135, 136]. H petopévn kavotnto omopudkpuvens Kol omeEVEPYOToinong
TOV EVEPYOV KOPPOVOMK®OV Topaydymv amd T yAovtebewdvn, n omoio Ppioketal o€
pelopévo, emimedo oty ovporpia, eEnyel v UEPEL TO LYNAQ EMMEdD TOV OEIKTOV
0&E10MTIKOV GTPEG GTO TAUGLAL.

Onwg mpoavapépbnke, kotd ) dtodikacio g apokabapong, n Proacvopfotdétra
TOV QIATPOV KOl TOV SIOAVUATOV 0HOKAOOPoNG To OO0 £pYOVTIOL G ETAPY| LLE TO OipLol
TV acbevov, odnyel oe aotdbeln ¢ ofedoavaymYIKng 1ooppomiag, Kupiwg omd v
OVOTVELOTIKN €KPNEN TOV EVEPYOTONUEVOV OVOETEPOPIAMV TO, OTOld amEAELOEPDOVOLY
ROS (oxidative burst), pe anotéleopa vo 0dnyodv og avénuéva enineda kapBovorioong
[137]. Mapdro avtd, diapopes Epguveg Exovv Ppet gite Pektimon petd v apokabopon
gite kapio emidpacn [138]. H peswwpévn Peltiotikn enidpacn g opokdbapong oe
oLVOLOCUO HE TO LDYNAL emimeda TV KopPBOVOMKAOV TOpAyDdY®V GTO TAACUO TOV
acBevav, emiPePfoardver v vrdbeon 6t1 M B N ovpouio eivor pio Katdotoom
«TEPPOPTOONS» TOL aipatog e kapPovoria (carbonyl overload), ave&aptnra and ™
Oepancio. EmmAéov, 1o evepyd kopPovolkd mopdywyo HTOpPOUV VO OVIIOPAGOLV LE
TPOTEIVEG TPOKOADVTAG OOUIKEG KOl AEITOVPYIKEG UETOPOAEG, OOMNYADVTAG TEAMKA OTN
onpovpyia AGEs mov Bempodvtar 1o&iveg pecaiov poplakod Papovg Kot aviyvedovtal G
ToboAoyikd VYNAG eninedo 6To TAdGHO TOV acbevav [139].

Aegdopévov  oOtt m oAPovpivny amoterel €évav  Pacikd amotkodountny TV
KapBovolikdv pilodv 6to TAdoua, ivol 1 KOPLo TPOTEIVN-GTOY0G TOL 0EEBMTIKOD GTPESG
[140]. Ot acBeveic ue XNA yapaxtmpifovratl omd vrooABovpvorlpio, ¢ omoTéEAEGHLO TOV
VROGITIGHOV  (AOY® TOL TEPLOPIGHOV ANYNG GCLYKEKPIUEVOV TPOPOV TPOG OTOPLYN
dNuovpyiog cLVOOMV VOST|UAT®V) KOl TNG XPOVING PAEYLOVNG, TOL TPOKOAEL LEI®UEVN
ovuvBeon aAPoopivng N evioyvel tov koatafoiopd e H vmooiBovpuvorpio, n omoia
BeAtidveron pepikwg petd v AIK, oe ovvovaoud pe T avEnpéva  eminedo
TPOTOTOMUEVOV LOPPAOV TNG TPOTEIVIG (0Eeldwaom, duepiopdc, mpwtedivon) otn XNA
VTOONA®VOLY  OLENUEVO OEEOMTIKO OTPEC KOl EVIOVO KOTECTOAUEV] OVTIOEEWOMTIKN
wavotnta [141, 142].

AALec TPOTEIVEG 01 0TTO1EG £XOVV TPOGTATELTIKO POLO GTO KAPOLAYYELNKO CVUGTNLLA,
Omw¢ ol amolmonpwteiveg A-IV xou n amtoocpapivn, Ppickovion o€ yapunid eninedo 610
aipo Tov acBevov. E&icov yaunin éxer Ppebel ko m khootepivn tov TAGCUOTOC OF
paxpoypovio. emlmvteg acBeveic, n omoia Bewpeiton Oeiktng Kapdayyslokmdv PAafaov
[143]. Téhoc, to emimeda povo&ewdiov tov almtov (NO) mapovoidlovial cuvibmg
avénuéva otovg acbeveig [123], mopott ta amotedéopata givor aviikpovoueva [144]. H
avénuévn moapaywyn tov NO Bewpeiton 611 glvar amotéhespo g opokaBapong (m.y.
e€atiog TOLV UNYOVIKOD GTPEG TTOL VPICTAVTOL TO EVOOOMALOKA KOTTOPO GTNV KuKAOQOopia
(shear stress) 1 g pecorafovpevng and KLTTOPOKIVES EVEPYOTOINGNG TG GLVOETAONG
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tov NO). MdAota ot petaforéc avtég iomg GUUPAALOVY TEPALTEP® GTIG EMMAOKES TNG
ovparpiog mwov oyetiCovron pe v avorpio kot Tig kapdiayyetakés madnoeig (Ewk.28).

11.1.2 Acikteg @Aeypoviig

Téco n AIK 660 kot n XNA, ave€dpmto o0Ald Kot o€ cLVOLACUO TVPOSOTOLV
QAeypovddElS amokpioelg. Ot Aowwméelg eEoutiog ™G €00y®YNS ovptyyiov yuoo v
avaotopmon g OAEPag (fistula), to Paxnplokd @optio movL TEPLEXETAL GTO VYPA
opokaBapong kot 1 xpnon ProacvpPatwv pepPpoavov kabopong, eivol KAmoleg amd TIC
oltieg  QAEYHOVIG TOL  0OMYOLV GE  EVEPYOTOINGCN TV  OLOETEPOPIAMV KOl TWOV
novokvttépwv [145], n omoia akolovbeitar and tnv mapaywmyn IL-6 kol evepyomoinon tov
ocvunAnpopatoc. [Hapoéia avtd, n dwdwkacio g AIK ¢aivetor va eivon ev uépet poévo
vevdovn Yo T EAEYHOVAOIN omdkplon TV acbevav, apov kot acbeveic pe XNA ot
omoiot dev &yovv Eexvnoet Bepamneia pe AIK mapovsidlovv vymid eminedo PAEYUOVOIDV
Kuttapokvav. Emmiéov, n petopévn amopdkpouven tov Kuttapokivav kot tov AGEs arnd
TOUG VEQPOVS GE GLUVOLOGHO HE GULVUTAPYOVGES QAEYLOVAOOES acbeveleg OT®G 1
apTNPLOGKAPLVGT], GUUPBAALOVY TEPATEP® GTN SIEYEPTT TOV PAEYLOVOOIDV OTOKPIGEDV
[146].

To mhdopa tov acBevov pe XNA yoapaktmpiletor and mAnddpa dEKT®OV GAEYLOVIG,
ocoumepthappavopévng g C-avtwwpmnocag tpmteivng (CRP), g pepprrivng, Kuttapokivdv
omwg M wvieprevkivn-6, o TNF-0, 0 d10AvTtOG VTOdOYENS TNG VTEPAELKIVIG-2, KOBDS Kot
JElKTEG EVEPYOTMOINONG TOV LOVOKVTTAP®OV Kol TV 0vdeTeEPOQIAmY [147-149]. MdMota,
éxel Bpebet 1oyvpn| Betikn cvoyétion peta&d g CRP, tov kuttapokivav, e EAAcTAoNG
Kot ¢ 60omg g epvbpomomrtivng [147, 150]. Avtibeta, apvntiky cLOYETION GLVOEEL
TOUG OEIKTEG QAEYMOVNG ME TO EMmEdO TNG OLUOGOAPIVNG TOL OipaTOC KOU UE
avTIOEEWMTIKA GLGTATIKA TOV TAGGUATOG, OTMG 1) 0-TOKOPEPOAN Kot 1 aAfovpivn [151,
152] vrodnhmdvovtac mwe 1 AEYUOVH gival £vag TopdyovTag Tov GUUPAAAEL GNUOVTIKG
OTNV ELOAVIOT TNG ovarpiog, TG VTooABovpvoatpicg Kot Tov 0EEWMTIKOD GTPEG.

Oocov apopd 611 6TEVH] GUVOEST TNG PAEYLOVIG LLE TNV AVOLULN, VTTAPYOVV 1GYVPES
evoelEelg 0TL kKAmoleg KuTTapOoKiveg epumodilovv v epvhpomoinom eite KataoTEALOVTOG TNV
Ekppaon g epvbpomomtivng, gite evioybovtag TNV £KPPACT] TOV SOAVTOD LTOJOYEN TG,
0 omoiog amoteAel AVTOY®VIOT] TOL HEUPPOVOCLVOEOUEVOL, €lTE EmMTOYVLVOVTOG TNV
KOTAGTPOPT] TOV £PLOPOKLTTAPOV UECH gvepyomoinone TtV pokpoedywmv [153, 154].
Axoun, ot pheypovadeilg kouttapokiveg IL-1B kar TNF-a katastéAlovv v epuBpomnoinom
HEC® EMOY®YNS amomTOTIKOL Bovdtov omnv gpvBposwdwkn oepd CFU-E 1 péow
evepyomoinong g wiepeepdvng-y (IFN-y) [155]. EmumAiéov, oi idieg KuTTOpOKives
TOPAGGOVY TOV HETAROAGO TOV GLONPOL HEGH KATOGTOANG TNG £KPPOONG VITOS0YEMV
Tpaveeepivng ota epvbpoeidikd kouttapa [156], eite péow avénong g ékppacng TV
VTOOOYEMV AUKTOPEPIVIG Kol LEIMONG TV EMMEODV PEPPOTOPTIVIG OTU LAKPOPAYQ LE
TapAAANAN  vrepékppaocn g  eywivng (Ew.27). To 1eAikd amotélecuo TV
TpoovoPEPHEVTOV efval M AEITOLPYIKY OVETAPKEWL GLONPOL GE OVTOVG TOvG acbeveis.
Téhog, mpooceateg HeAETeg €xouv Oeifel AQueon emidpacn TOV KLTTOPOKIVOV OTO
gpubpokvTTOPO TOL OTOi0 PETA OO EMIOPAOT, VYNADV OOGEMV KLTTOPOKIVMV IN Vitro
TopoVGLalovy YapaKTNPIoTIKA epLOpodTT®OnC [157].
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Ewova 27: MetofoMopog G1dmpov kot o porog g eydivng. O oidnpog Aaufdvetol and Tig
TPOQEG gite ot popen dicbevodc popeng (cvvdedepévog pe aiun) eite tpiobevodc popeng
(ehevBepog). O tpiobevnig oidnpog avdayetar e dic0evn omd to KLTOYXpOUL B 6T0 dmdekaddxTulro,
wote vo petaepepbel otn ovvéyeln amd tov petapopéo. DMTI1. Agod e1c6éABel 610 gviepikd
KOTTOPO, Eite amOONKEVETOL BTN PEPPLTIVY OV VILAPYEL EXAPKELD GTOV OPYAVIGUO, EITE PETAPEPETOL
puéow g geppomnoptivig (FPN) oto e€mtepikd tov kuttdpov. H HCP-1 eivar n mpwteivn mov
petagépel v aipn, eved n HO-1 yperdleton yio v aneievbépmon tov cdnpov and v aipn. H
EKQPOOT] TNG EYIBIVNG a0 TO NTOTIKG, KOTTOPO, EUTOdIlel TV amoppdPNON TOL GLONPOV KoL TNV
anelevfépwon tov omd TV TpoTEIVN-amodnkn owdfpov (eepprTivi) HECH TPOGOECTG OTN
eepponoptivn (Iny": http://dx.doi.org/10.5772/52061).

11.1.3 EE@KvTTOpIKG KVGTIOW,

Ytovg acBeveic pe XNA, ot ovpoyikég ToEveg, 1 @AEYHOVT| KOl TO 0EEWMTIKO GTPES
o€ oLvOvOoUO pe T dwdwasio g AIK, amotedAodv mapdyoviec ol omoiol @aivetol va
ovuPdrrovy oty amedevBépwon kvotdiov oto mAdopo [158, 159]. e molAéc
TEPWTAOCELS, £xel avapepHel avénom tov Pabuov kKvotidonoinong and ) dwdwacio AIK,
mhova AOY® TOL PNYOVIKOD GTPEG TO OMOI0 OOKEITOL OTO OUUOTETOAMO Kol G GAAQ
KOTTOPO KOTE TV ETOQT TOVG UE TO VAIKG TOV pnyavipatog kabapong [158, 159]. Mapoia
avtd, oe dAleg peréteg xel avopepbel peimon tov emmédov TV KuoTwdiov petd v AIK,
n omoia £€xel amodobel ot pelwon TV OVPAYUKOV TOEWV®OV, GTNV ETAVOPOPE TNG
LUNYOVIKNG TECTG OV OGKEITOL GTOL KOTTOPO TOL Oilatog 6TV KukAoopio (Shear stress) 1
ot0. dtpopetikd mpmtokorda AIK mov ypnoipomotovvial otig peiéteg [158, 160]. e
avtifeon pe v mVPOOHTNOTN TNG KLOTIOOTOINGNG 6Ta EVOOOMALKA KOTTOPW, KATOES
toiveg Omwg m p-cresol dpovv avooToATIKG ©TN OMovpYio KLoTWIOV ond  To
OVOETEPOPIAD, gUmodilovTog TV evepyomoinon tovg kot mhovad yUavtdv 1o AOYO, TO
eMinEd0, TNG KLOTIOOMOINOTG Vo unv akoAovBovv mavto v eEEMEN ¢ vocou [161].

[Topdtt ta pukpokvotiow otn XNA, kot diaitepa ekeiva To omoia TpoépyovTal amod
aponetdiia, Topovstdlovy yaumid OpouPotikd duvapkd oe oyxéon pe GAheg acBéveteg
[162], o vynAd eninedd tovg Bewpeiton 6TL cuuPariovy cg éva Pabud ota OpouPmrticd
eMeLc0d10 To. omoio, wapovotdlovtar otovg acbeveic [163]. EmmAéov, vnd v enidpacn
TOV OVPOUIKDOV TOEIVAV, TO €VOOONAL0 amelevBepdVEL LUKPOKVLOTIOW TOL OTTOT0 LELDVOLV
ONUOVTIKA TNV oamelevBépmon povoéewdiov tov aldTov amd to. evoodnitokd KVuTTOPO,
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cuupdrrioviag mepaltépm otV evoobniokn Kol aptmplokn dvoiertovpyion ot XNA
[164].

11.2 Metaporég Tov epvOpokvttdpmv otn XNA ko eridopacn e AIK
11.2.1 XoapaxktnploTikd 715 QUo10A0Yiag TOV EpLOpoKLTTaP®Y

Ta epvBpoxvttapa twv acbevov pe XNA yopoktnpilovior omd okopyio Kot
LEOUEVT KOVOTNTO EAAGTIKNG mapapdpewong [165] oe oyxéon pe ta QLGLOAOYIKA
kottapa. Ocov agopd oty evaichncio Tovg 6e ocu®TIKY Abon, avt) £xel Ppebel eite
avénuévn, eite petwpévn kot Bewpeiton 6tL ennpedletal omd ™ SIKOUOVOT) TOV ETTEOWDV
napabopuovng oto midopa (parathyroid hormone, PTH), yoAnotepding kot mpmteividv
ot pepPpavn kot evepyotnrag ATPacov oto gpvBpoxdttapa [166]. e molAég
TEPWTAOOCELS 1 KLTTOPIKY] €VOPAVGTOTNTA TAPOVCIALEL OPVNTIKY] GULGYETION HE TO
EVOOKLTTAPLO EMMEdD TV avTIOEEWMTIKOV eviOU®Y, EVO 1 ATOUAKPLVGON OVPOLUIKOV
To&VAV Kot 1 ETOVOPOPE TNG OGUOUOPLUKOTNTAG TOV 0POV GE PLGLOAOYIKE EMimEd PETA
mv  apokdBapon  @oivetar vo  PBEATIOVOLV TNV OGUOTIKY  €uOpavcoTOTNTO  TOV
gpvbpokvttapwv [166]. EmmAéov, ota gpvBpokvtrapa tov acbevav €xer avagepOei
uepPpavikn actabelo kabmg kat ovénpévog pubudc amelevBépwong kvotdiov [117, 164],
TapOTL LVIAPYOLV HEAETEG TOL £xovv Ppel TopPOUOD EMIMESN KLOTIOOMOINGNG GTOVG
acbeveic Ko ota vy dropo [162].

Ta epvBpoxvttopa TV acBevov mapovsidlovv TANOOPA  HOPPOAOYIKDOV
TPOTOTOGEWMY, OTMG GTOUATOKVTTOPM, KVILOKVTTOPWM, GOOIPOKVLTTAPO, EXIVOKVTTOPC,
OTOYOKVTTOPO OAAG KOl 7O OWAVIEG HOPQEG OM®G SOKPLOKVLTTOPO, OBaAOKVLTTAPA,
eAMemToKTTOPO Kol oylotokvtTopo [117, 162-164]. Amotedéopoto omd mepdpota
avacOoTaonS epudpokuTTapmV Kot TAdcpatog acBevav pe XNA pe gpubpokidtropa kot
TAGoUe Omd VYU OTOUM, TPOTEIVOLV TG VIAPYEL £VOS TOPAYOVIOG TOV OLPOLUIKOD
TAGCUATOS O OTO10G GUUPBAAAEL OTNV EXWVOKVTTAPMOT], EVAD 1 ALENUEVT GLYKEVIPWOON
YOANOTEPOANG, M AUTIOKY] VIEPOEEId®ON ™G HEUPPAvVNG, KaODS Kol 1 €10pon 1OVIOV
acBeotiov Bewpodvtat mapdyovieg Tov UTOPovV Vo TV EVicyDoovy Tteportépm [167-169].
Téhog, Ta gxtvokOTTOPA, TOL GTOLOTOKVTTOPO Kol GAAES LOPPOAOYIKEG TPOTOMO|GELS TMOV
egpvBpoxvttdpov  mhava emmpedlovvy 10 1EMOEG TOL  OHMOTOC, TNV IKOvOTNTO
TOPALOPPMONG KL TIG PEOLOYIKES 1010TNTEG TV £pvBpoKvTTAp®V ot XNA [170].

Oocov agopd otn copfoir mov £xel n apokdbapon otig Topondve PETAPOAES, Exovv
avapepbel 1660 BeTikég 660 Kot apvntikég emdpdoetc. [Tapdtt n apokabapon eaiveror va
endyel Tpoompvi avénon g exvokvttdpmong [171], n amopdkpuven TV OVPOIUIKOV
ToEVOV €xel cLOYETIOOEL Le PEION TOV TOCOGTAOV EYVOKLTTAPMONG Kot PeAtion tng
LEUPPOVIKNG EAOCTIKOTNTOS KOL TNG IKOVOTNTOS TOPAUOPPOCNS TV KLTTAPWOV GE GXECM
ue ta emineda avT®V TV mapapétpev mpvy and v AIK [172]. Avtifeta, copgova pe
GAAEG peréteg, N Kuklopopia Twv epuBporkvttdpov péca amd to eidtpo g AIK empépet
avtifeta omoteléopata ot popeoioyio tovg ovédavovtag v axkouyio tovg [165],
ovpPdArrovtag ot petwpévn dtapkelo (oNG TOVG Kol TEAKA otV ovolpio. Xe autiv v
TEPIMTOON, TO EVEPYETIKA OMOTEAEGUOTO TNG OTOUAKPLVONG TOV OLPULUIK®OV TOEVAOV
“koddmTovtor” amd TIg apyNTIKES emMOPAcel; mov emeépel 1 dwdwkacio g AIK ot
popeoroyia twv kuttdpwv (Ewk.28).
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11.2.2 O&e1d0avaymyikd dVVaUIKO TOV EPLOPOKVTTAPOV

Onwc ovpPaivel pe ToAAEG TTLYEG TNG PLGLOAOYIOG TOL aipatog otn XNA TeEAMKoD
o0TaO10V, VTAPYOLV OVTIKPOVOUEVO OMOTEAEGHOTO 7OV oyetilovior pe TN HEYAAN
SKOUOVOT] TOV TTOPOTNPEITAL GTOVS EVOOKVTTAPIOVS OVTIOEEWMTIKOVG TOPAyOVTES TMV
OVPAKAV gpLOpOKVLTTAP®V Kot 6TIS emdpdoelc e AIK og avtovg. Amd T (o mhevpd,
vapyxel TANOBdpa dedopévav mov vmooTnPilovy TV TAPOLGIN EVOG KATEGTUAUEVOL
avTo&EMTIKOD GLGTHUATOS 0To £pLOpOKVTTAPA TV acBevdVy Ta omoia yapaxtnpilovtan
and maboroyikd younAd Adyo GSH/GSSG, yaunid enimeda Prrapivng E kot evepydtntog
avtio&edotikdv evibpwv (kotordon, SOD, G6PD, GPx «ka.) [129, 131]. e avtég TI1C
TEPWTMOOELS, Ol AVTIOEEWMTIKOL punyovicpol Bewpeitan 6TL emnpedlovion o€ peydrio Padbuod
amd TNV ovpoipic e OMOTEAEGUO VO PNV €ivol amodoTikol £vavtl TV 0EEOMTIKOV
epebiopdrov Kabhg £xovv PTAGEL G KOPEGUO OO TO TAPUTETOUEVO VYNAQ EMITESQ TOV
o&edmTikov otpeg. MdMota, ToAéC ovpoptkég toéiveg [173] £xet deydel 0tL amotehovv
OYVPOVS OVOCTOAEIC TG evePYOTNTOG OVTIOEEWOTIKOV eviOH®V 1| 0Tt TpowBovv TNV
o&eldmon g yAovtabelovng.

ATo Vv GAAN TAeVpda, Exel avapepbel vepékppaon (m.y. Thg GSH [174] | avénuévn
gvepyomra m.y. ¢ kataidons, GPx, GST xth. [129]) oe kdmowovg avtio&eldmtikohs
napdyovieg TV gpubpokvttdpmv TV  acBevov. Avty n ovénon  Bsmpeiton
OVTIGTOOUOTIKY], ooV UEPOS TOL OUOLOGTOTIKOD UNYOVICUOD Yl TNV TPOGTUGIO TMV
KUTTOP®OV EVOVTL TOL GUVEYXOUEVOL OEEWOMTIKOD OTPEC. ZVYKEKPIUEVO, T ovENUEVN
evepyomnta g GPx Oewpeiton 011 oyetileton ko pe tov  avénuévo  aplBud
dkTvogpLOporvTTAPY 0 0moiog cuvavtdtol oe dtopa mov AapPdavovy gpvBpomomntivn,
evid M avénuévn evepydmnta TG S-tpavoeepdong g yAovtabswdvng Oempeitoar mg
amOKPLIoT TOV EPVOPOEISIKAOV TPOYOV®V GTN GTUOLOKY OTEVEPYOTOiNGMN Tov £VOOUOL GTA
oppa epuBpokdtropa amd TG ovpoyukésg tofiveg. Aviikpovdueva elvor emiong ta
OTOTEAEGULATO. OGOV AQOPE GTNV EMIOPACT) TOV E£YEL 1 AUOKAOAPGT GTNV EVEPYOTNTA TMOV
evlopov. Ta anotedéopata cuvnBmg eSaptavat omd To av £xet Ppedel avtiotorya adénon
N 6yt tov ROS katd ) dibpkela g cuvedpiog apokabopong.

[Mapott vrapyel acvpeovio 60OV aEopA GTO  OVTIOEEWMOTIKO SVVAUIKO TV
epvbpoxvttdpwyv, avtiBeta vrapyel HeEYAAN ovueovio amOyewv OGOV APOopd OTIg
ofewtikég PAAPeg TV mpwteivav kot twv AMmidiov. 'Etol, 1 mAetovotta tov aclevav
Tapovcldlel  ocvoompevon  evookvTTaplwy  emmédwv  ROS  ota  gpvbpokidrtropa,
kapPovorioon pepppovikdv mpoteivav, avénuévn evaictncio oe emyevn 0&edMTIKG
gpebiopota [117, 169], Amdwn vrepoleidmon g pepPpavng [175], kabmdg ot
TaBOLOYIKEG TPOTOTOMGELS 6T 6VGTAOT TNG £pLOpoKVTTAPIKAG pepPpdvng. EmmAéov, in
Vitro mepdpata avachotoong £xovv OgiEel 0Tl TO OVPUIUIKO TAACUM, TOGO TPV OGO Kot
ueta v AIK, evioybdel T cvcompevon ROS og puotoloyikd epvbpokdtrapa [169]. Ze
ocvpeovia pe avtd to evpnuota, GAAeG pehéteg £xovv ogigel 0Tt 1 AIK dev emnpedlet
onuovtikd to emineda twv ROS kot ™ Aumidikny vrepoeidmon g peuPpdvng [117],
EMONUOIVOVTOG OTL O1 OPVNTIKEG EMOPACELS TNG TAHOAOYING TOV VEPPDOV GTNV 0EEIOWTIKY|
KATAGTOGT TV KVTTAP®V dev avaotpépovtat omd T dadikacio tng AIK [176]. TTapdti o€
uepkég mepumtdoelg Exet avapepbei 60Tt n AIK avéaver ™ AMmdikn vrepoeidwon [175],
vt M enidopaon omg vo unv eivarl amotélecpa g EMOEivOong Tov 0EEMTIKOD GTPES
a6 ™ odikacio g AIK, aAld €voelEn g petopévng avBeKTIKOTNTOG TOV KLTTAP®Y
oto ofemTikd epediopota, mOBavVA AOY® ATOAELNG OVTIOEEWMTIKOV ovcldv. EmimAéov,
&xel Ppebel 6t1 M evancHnocio twv gpvBpokvtTdpwy, Votepa omd emidpoon pe eEmyevn
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ofedmtikd epebicpata, eivar peyolvtepn o epvbpoxvTTapa mov AMednkav petd mv AIK
oe oyéon pe mpwv [117]. MdAiota, n emdeivoon G TPOTEIVIKNG KopPovorioong Tmv
epuBpokvttapov petd v AIK éyel ovoyetiofel pe avénuévo kivovvo Bavdtov Ady®
Kapdlayyelokdv mpofAnudtov [176], vmodniovoviog Ot éva, oe upeyddo Paduo,
KOTECTOAUEVO GUOGTNUO OVTIOEEWMTIKNG QUUVOG 08V WITOPEL VO OVTILETOMIGEL TO
ofewtikd epebiopata mov oyetiCovion pe 1 dadikacio g AIK.

H otev oyéon g avopiog pe 1o ovtioedmtikd dvvoutkd otn XNA eival dwitepa
eupavng oe acbeveig mov AauPdavovv avtiofeldmTiKE GLOTATIKA KOl 1YVOGTOLYE .
2Opeova pe dtapopeg Epevveg, 1 xoprynon Prrapivng E, ackopPucod o&Eog kat avnypuévng
yhovtabelovng, Oyt povo Peitidvel ta emimedo dekTdV o&edmTikod otpeg [177] Ko
TPOAyEL TNV £KOPOCN 1] TNV EVEPYOTNTA OVTIOEEIOMTIKMY GLGTATIKAOV GTO, EPLOPOKVTTAPA
Kol 6TO0 TAGGUA, OAAG €miONG HEIDVEL TNV Omottovpevn d06om g epvBpomomrtivg,
BeAtidver v avoupio Kot ThV 0op®TIKY evfpavototnta v epvbpokvttapwy [178, 179].
[ToAAG avtio&edmtikd, Ommg N N-akeTvAOKVOTEIVI] Kot T0 ackopPkd o0&y, Peitidvouvv
emiong tovg ocikteg Aeypovig ot XNA. ITapdia avtd, moAAég peréteg, Exovv degilet
OVTIKPOVOLEVO OTOTEAEGLLATO. OGOV 0POPE GTNV OVTIOEEOMTIKT OPAOT] OVLTAV TWV OLGLOV
KaOdC 1 mEPIGGEI TOVG GTO aipa UTOPEL VO 0ONYNOEL GE EUPAVIOT QYYELNKNG VOGOV,
emonuaivovrag 0Tt 1 avto&edmtikn Oepaneion ot XNA ypetdletonr peyain mpocoyn Kot
nepALTEP® dlepedivnon).

* HAkia ¢ Tpeonorrmr:]oag

» Zuvodd voorjuata - €PUBPOKUTTAPWY

« Xoprynon Orllgr']pou ogelaleKO + Znparod6man

* YrooiTiopég [ '> OTPEG “TTOIJC:(ZT;\‘Q%VLQP%WO mv

:ﬁgrf;ﬁ)ﬁ(ﬂxm TTEPIPOPITHOI + EpuBpomTwon
Alptxdegpcn ’/;’ \ * Kuomidiotroinan

. 2 2

(BloacupBardtnta s Y A

QIATPWYV, AOINWEEIS) ,/’ \ |‘

PUBPOKUTTAPWY, v/ 0v pa[uu(eq

ﬂ toéiveg
+ KataoTtoAr epuBpotroinong
* KaraoToAn spqumTomcn » Meiwon BiodiabeoipdTnTag
* Meiwpévn avramokpion o ESA o1dripou
ANAIMIA

* Alatapayn peTaBoAiopou o18ripou « Alarapayr opoidataong NO
* Evepyotroinon pakpo@aywv oTn * AvTIOZEIdWTIKA éviupal

* ATTopGKpUVON EPUBPOKUTTAPWV Prdamitagy
n— Aluoxaeupon e Kucrlé{onoinon
* EpuBpotmTwon

atrd TNV KukAopopia
(-) EpuBpomTwon

* EpuBpomTwon
(-/+) MetaBoAég oTa

uoTidiotroinon

Dapuaka
= ESAs

. Avnof,sléwnlxd €£pUBPOKUTTAPA
C Avm;{xgvuovwﬁn (+) Avratrékpion ota ESAs
10nNpog * Moi6TnTa {WHAC (-) BAaBeg oo evdoBnAio
* MooooTd emRiWoNS (-) OporooTacn NO

= Kivduvog kapdiayyel-
AKWV VOONUATWY

Ewdévo 28: TTapdyovieg mov cvufdilovv kot emdpovv otny avoiuio oty XNA. (+/-): Oetikn 1
apvntikn enidpacn g apokddapong, avrtiotorya (Avordmmon ond [180]).

Ola ta Topomdve upRUOTE, DTOONAMVOVY OTL TO 0EEWMTIKO GTPES ATOTEAEL Evav
EVOOYEVY] TOPAYOVIO OGTNV OLPOLUIC, TO OVPUUKA £pLOPOKLTTOPO £YOVLV AVATTOUEEL
TPOCUPUOGTIKOVG UNYAVIGHOVG GE AT Kol TOPOTL UTOPEL VAL ETOEVAOVETOL OO TN YPOVIOL
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Oepaneia oe AIK oiyovpa dev gival povo amotédespo avtng [181]. H ovpoupia, n yxpovia
QAEYHOVT, 1] TPOYOPNUEVT NAIKiO, 1| OPTNPLOCKATPVVGT], 1 VITOUABOV VAL, 1) XOPYNON
G1ONPOL KOl 01 GLVLTAPYOLGES 0G0EVEIEG AmMOTELOVY PacIKEG auTiEG TOV 0EEWOMTIKOV GTPES
o€ avtifeon pe ™ Proacvpupotdmro TV EIATpoV Kol T polvvon twv dwivudtov AIK
OV OTOTEAODV OEVTEPEVOVCEG. AVTOL Ol TAPAYOVTIEC GTPES, OL OTOI0L OvTIKATOTTPILOVTONL
o€ £va eVpL PACHO LETOPOADY OV YopaKTNPifovV Ta oVPULUIKA EpvOpoKHTTOPA, TOOVE
SLUPEALOVY GTNV VOO LEGH LOPLIK®Y LOVOTOTIMV TOV TEPIAUUBAVOUY TN OOUIKT Kot
AETOVPYIKY  oKePALOTNTO, TIG UNYXOVIKEG 1O10TNTEC KOl Tr ONUOTOdOTNOTN OEIKTMOV
Ao LAKPLVONG Kol EpLOPOTTOONG TMV EPLOPOKVTTAPWV.

11.2.3 IIpoTeiviKn 6061001 KOt 1O10TNTESG TNG EPpLOpoKvTTApIKIG pEpPpavng

H akeparomra g epvBpoxvttapikng pepppdvng mailer moAd onuaviikd poAo GTIG
HUNYOVIKESG 1010TNTEG TV €pLOPOKLTTAP®Y Kol otV emPinon tovs. TOco N ovpapion 660
kot mn Ogpameia g AIK oe ocvvdvacud pe v tovtdypovn ARYN  mTopaydvtov
gpvbpomoinong  oeaivetor va emmpedlovv TG mpwteliveg Ko To  Awmidw g
epvBpokvtTopikng pepPpdvng. Ot Tpomomoicelg ¢ £pLOPOKVLTTAPIKNAG HEUPPavNS ot
XNA mepthappavovv EArelymn PoctKOV TPOTEIVAOV, aOENCT OEIKTOV KLTTOPKOD GTPES Kot
avENUEV TPAGOEST] KLTOGOAMKAOV 1) GLGTOTIKOV TOV TAACUATOG OTn  HEUPpavn,
OLGGOUATOON TPOTEIVOV, dnuovpyia Opavcudtov Kot KapBovolioon.

[ToAAéc pehéteg €xovv deilet Edderym g {dvng-3 kabmg Kot BOCIKOV GLGTATIKOV
TOV VTOUEUPPAVIKOD GKEAETOV OTMG GTEKTPIVT, ayKvpivn, aktivn Kot TaAAdivn, ototyeia
OV OMOTEAOVV £VOEIEN TV dlaTOpAYUEVAOV 0pLLOVTIOV Kol KAOET®V AAANAETIOPAGE®Y TOV
vropeuPpavikod okeretov [117, 176]. Avtég ot aldayéc odnyodv oe eEacBévion tng
TPOGOEONG TOV KLTTOPOCKEAETOV GTN MK OUTAOGTIBA00 Kol UEIOUEVT KOVOTNTA
TapapOPO®MONG TG UEUPPAVIG, TPO®ODVTOS TNV OTOAEW KVLTTUPIKNG EMUPAVELNS KOl
apoceapivng pécm kvotwlonoinone. H avénuévn mpdcdeon aocPeotio-eEaptdpevaov
TPOTEIVOV (Y. KoAmoivn kot cvveEivn) otn pepppdvn cvvdder pe v avénon tov
EVOOKLTTAPIOV 1OVTIOV acPectiov, &vd 1M TPOGoeon NG VreEPOLelpedolivng-2 o
pepPpavn, n BpovcuaTonoinon g omeEKTPivg Kot 1 GOVOEST TG LE TNV Oocpopivn o€
oLVOLAGCUO HE TNV TOPOLGIN OEEWOUEVIG ayKLPIVIG TPOKOTOVY (G OMOTEAECUO TMV
avénuévav emmédov ofedwtikod otpeg [182]. EmmAéov, oe pePIKEG TEPITTOOEIS EYEL
napatnpnOel yapnAn mapovcio Tov «deiktn eavtody CD4A7, avénuévn npdcdeon tov IgGs
KaOdG kol avEnpévn evoicOncion oty AVoTN HECEH EVEPYOTOINGNG TOL GLUTANPDUATOG,
TaPE TN PLGLOAOYIKT £KOPOCT TOV PLOUCTIKOV TPOTEIVAOV TOL cuuTAnpodpatog CDSS
ko CD59 [183]. H diaxvpoveorn g EKQpacns Tov HETaPOpEd vepoy voatomopivn-1 ot
peuppavn mbové oyetietar pe TIc UETAPOAES OTNV OCUOUOPLOKOTNTO TOL OVPOLUIKOV
TAdGLotog and T odikacio g AIK.

H amopdxpovon tov ovpatpikdv toivav pécm g dwdikaciog g AIK aAld kot
TV €pLOPOKLTTAP®Y OV £Y0VV LIOGTEL PAAPES, 1 ATOKATAGTACT TNG OCUMUOPIOKOTNTOG
TOL TAAGHATOC Kol 0 owénuévog pubuog epvbpogayokvttdpmong [184] mbovd svbdvovtan
ywo. ™ BeAtimon g EKQPOoNS UEPIKDY TPOTEIVOV oTn peuPpdvn petd v AIK [117].
AvtiBétmg, oe kamoteg perétec M AIK oeaiveton vo emmpedlel apvntikd v €K@poon
KOOIV TTPOTEIVOV TOL VIOUEUPpaviKoh okeAeToh kol TG HepPpdvng. Aldeopot
napdyovteg mov oyetilovtan pe v acbévela oyetilovral Kot pe aAAAyEG GTNV TPOTEIVIKN
éxppaon. T'a mapdderypa, o xpévog otov omoio vwofdiiovtal ol acbeveic ot Oepameio
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apokdBapone €xet ocvoyetiobel pe ovénuévn pepPpovikn EKEPACT, TOL UETOPOPEN
yhkolng-1, g otopotiviig ko TG vdotomopiving-1 [176], mpwteiveg or omoieg
ocLuPBdrAiovy ot GOUIKY] OKEPOLOTNTO, TO HETAPOACUO, TNV KLGTIOOMOINGN, Kol TNV
OVTIOEEOMTIKY KOVOTNTA TOV £pLOPOKLTTAP®Y, UECH TNG JTHPNONG TOV ETITEOWDV
ackopPikov o&éog evéokvttapia [30].

[Tapott  TPOTEIVIKY GVGTACT TNG EPLOPOKVTTAPIKNG UEUPPAVIG OLUPEPEL OVALETL
0TOVG 000eveig KOl oTO LY ATOHA, €Vl KOVI OITOd0YT] TG OEV LILAPYEL KOWO TPOTLTO
petafolmv, ovte n AIK éyxel kowvn enidpaocmn 610 TPOTEIVIKO TPOPIA TV gpvOpOKVLTTAP®V
avdpeco otovg acbevelg. Avtd, mbavd opeidetor e TANOOpA TOPAYOVI®OV Ol 0moiot
dwpépovy  avdhpeso otovg acBevelg pe XNA omwg M ovpoyio, m Oepomeion pe
gpvBpomomtivn kot  AIK. TTapdria avtd, o €6pog TG AOENCONS TOV OVPULUKDV OEIKTOV
kot n Oowdpkewn g Bepaneiog pe AIK, aviworontpiloviar oe onuavtikd Pabud oty
avadldpOpwon TG TPMOTEIVIKNG GVLGTACTG TNS EPLOPOKVLTTAPIKNG HUEUPPEVNG TV 0cOEV@DV,
elte g queom emidpaocTn TOV TPOTOYEVOV GTPECOYOVOV gpebicudtov, gite g andkpion
TOV KuTtdpwv ot avtd [117, 176].

11.2.4 ZpnotoddtNon amopdKpuveng TMV KVTTAP®V 00 TNV KUKA0Qopia

Ta gvdokvtTdplo emineda 1OVTIOV Ca® xa n enidpaon g AIK oe avtd gpeaviCovv
peyain Swkvpovon petad tov acbevov [185]. TMapdla avtd, TOAAEG MEAETEG £xOvV
avopépel maBohoytkd VYNAG eminedo evdokvtidpov vty Ca®* [169, 172] g
QTTOTEAEG O, TNG GCLGCMPEVOTG SLIAVTMV OVPULUIKMDY GUGTATIKMVY OV EMLOPOVV GTI| AVTALL
WvTOV acPestiov Kot g Caz+-ATPdcmg [186].

H overdpkelo tov ovpoyikdv epuOpokuttdpwv c€  aoPecTIO-EE0PTOUEVES
pubuiotikég mpoteiveg, Omwg 1 KoApovtovAivn [187] wkor to avénuéve emineda
napaboplovng opod Exovv emiong cuoyetichel pe mePicoE EVOOKVLTTAPIOV 1OVI®V Ca®*
Kot pe ovénuévn damepatdtnTo TG HEUPpdvng og dvia Ca?* [188]. [Mopora avtd,
VILAPYOVV KOl LEAETEG OTIG OTOLEG 1] CLYKEVTIPMOT] TOV EVOOKLTTAPLOV WOVT®V 0oPecTion o€
oyetiletar pe ta enineda mopaboppovng opov [187].

Ooov agopd ot dadikacio tng AIK, avtr gite Pedtidver [187], gite dev éyel kopia
enidpaon [169, 186] ota evdokvrtdpla enineda tmv Wvtov Ca?’. Opog, akéun kot oe
TEPIMTOGELS OOV TA EMIMEOA TOV OVTIOV Ca® dev emmpedlovtal omd ™ dwdkacio g
AIK, 10 ovpoykd mAdopa mov Aoupdveron petd amd v AIK mpoxoiel onpoavtikd
pkpoTEPN avENCT TOV EVOOKVLTTAPI®OV WOVI®V OTaV ENMACTEL e £pLOPOKVLTTAPA VYLDV
aTOL®V G€ oYEoT Ue To TAdGHo Tov AapPdveton mpwv [169], evieybovrag v vadbeon Tov
Gafter xar ovv. [186] 611 KGmTO10G SLOAVTOC TAPAYOVTOS TOV OVPALLUKOD TAAGHOTOG OTN
XNA gvBbhvetar v puépet yia v avENOT TOV 1OVTOV Ca®* o101 gpvbpokvTTapa.

H adénon avtod tov omupatodotikod popiov oto ovpoyuxd epvdpokvrTopa
Bewpeiton 6TL evepyomolel pa oePd AGPECTIO-EEAPTOUEVOV TPOTEIVOV (KOALOVTOVALVT,
KaAmaivn, xoavailo Gardos, oxpapmidon, ¢woeopikny kwvdon C (PKC)) ov omoieg
OCUUUETEYOVV GE TOAAEG PLGLOAOYIKEG Kot TOBOPLGIOAOYIKEG dtadkaciec. Metald avtdv,
ocoumepthapupdvovtar 1 KuGTIOTOINGY, 0 KOPEGUOG TG opoceapivng oe o&uydvo, 1
oTofepdTNTA TOV KVTTOPOCKEAETOV, 1 IKOVOTNTO TOPAUOPO®ONG, 1 AVOEKTIKOTNTO GE
oCUOTIKO otpeg, M EAlewyn ATP, n dwbomaon g Covng-3, n mopayoyn NO, 1
popeoloyia, 0 OYKOG Kol TO 0EEWB00VOYWYIKO SLUVOUIKO, TO TEPIGGOTEPO EK TMV OTMOIMV
yapaxtnpiCovv ta epvbpokidtrapa oty XNA [72].
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H ovénuév kutocohkly dpaotnpomna tov wvtev Ca?t ot ovpoyikd
gpvbpoxvtTapa mhavd coppdirel kot oty epvOpdmTmon [169]. Onwg £xetl amoderybet, n
AIK cg GuVOLAGHO pE TNV TAPOLGIO SIAVTMV GUGTUTIKMV TOV TAGGHOTOS KO OVPUUIKOV
tolvav (Pavadikéc evdoelg (vanadate), Osukd wdo&ola (indoxyl sulfate), oaxpoAeivn
(acrolein) xa.) mopodotodv v gpvbpdmTmon oty XNA, ev uépet Aoym avénong tov
EVOOKVLTTAPIOV 1OVIWOV Ca*, tov ROS kot ™¢ dnuovpyiog kepouidtov [169].

Eniong, n e€wtepikevon PS, eite cav éva HéEPOg TPOYPOUUATIGUEVOL LOVOTOTION TTOL
odnyel o amopdkpvvon amd TV KukKAopopia Adym epuBpdntwong gite Oyt yopaxtnpilet
T €pLOPOKVTTAPO GTNV oLpaLpia, KAB®G TaPoLSLAlel oNUAVTIKY avénon avesdptnto omd
™ nébodo kabapong [184]. H e&wtepikevon PS ota gpvbpoxdtrapa ot XNA mpowbei
1660 ™V €pLOPOPAYOKVTTAP®SN 060 Kol TO BpopUP®TIKO duvapkd TV £pLOpOKVLTTAP®V
[189], mov evioyveton TEpOITEP® 0O TV OmEAELOEPOOT HIKPOKVOTISiMVY oV gkBéTovy PS
omv em@dveld tovg. Emumdéov, €xer ovoyetiobel pe avénuévn mpookOAAnom twv
OVPOKAV £pLOPOKVTTAPWV GTO €VOOONMAL0 Kot pelwpévn amelevBépwon NO amnd v
evoonAlaxn ovvletdon povoéewdiov Tov almtov, mapdyovteg ot omoiot cuUPdriovy Ge
KOpOLyYELOKG VOCTLOTO KOl ETOUEVAOS G aLENUEVN BvnodTTa AOY® KapdloyyELOK®V
voonudtov otn XNA.

12. Enidpaon g apodradmdnong (AAA) 610 aipa acBevov pe XNA

H owodwdomOnon anoterel Bepancio eEwveppikng kabapong 1 omoia ypnoipomotel
eiATpa pe peydAovg TOPOLS Yo TNV OMOUAKPLVGT TOEVOV Hecaiov poplakol BApovg Kot
BrocvpPatd @idtpa. Iapdtt vadpyovv aviikpovoueva amoteréopoto [190, 191],
apoddminon  €xet Ppebel mwg ovuPdiier oty SwTApnon S AUOSVVOLIKNG
otafepdtrag, ot Peitioon g ovoipiog kot NG avtamokplong otn Oepameio pe
gpvBpomtomtivn, ot pelwon TOL OEEWWOTIKOV OTPES, TNG OLOASIOUING Kol NG
QUVAOEId®ONG, oV avENCN NG OOBECIUOTNTOS TOV GLONPOVL KOl GTNV KATOGTOAN TNG
QAeypovig Kot TV BAaPdv Tov evoodniiov, evd TOAAEG HeAETEG £YOVV PPEL KO GNLLOVTIKT
peioon tov puvOuod Bvmowdrog oe acbeveic mov vroPdAiovtar ce avty ™ pEBoSO
Kabapong o€ oyéon pe tn cvpPotikn apokddapon [192-194].

13. Awparoroykoi rodeikteg eEEMENS vocov kot Ovioipotntag oty XNA

H maBoguoioroyia g avopiog otovg acbevelg pe XNA eivar moAvmAokn Kabdg
oyetiletor pe v TpoTapykn PAAPN, T VOO pOTNTA KOl TNV OVTOTOKPIGT OTIS SLAPOPES
Oepanevtiég aymyég (apokdBapon, ckevdopato epvBporomrtiving Ka.). H mowidia mov
ouvavtdrtal 6to TPOTOKoALA apokaBapong (eiltpa, péBodog, daddpata apokdfapong),
T0. AVTIOEEWDMTIKG KOl OVTLPAEYLOVMOT OAPLOKO KOl TO, GKELAGUATO GLONPOV, OTOTEAOVV
EMMAEOV EUTOOIL OTNV €Vpeon Prodeiktdv Bvnootntag Ko e£EMENG T™E VOGOV 61N
XNA. [Tapora avtd, &xovv PBpebel kdmorot deikteg aipotog e£EMENG TG VOGOV 1 OEiKTEG
avénuévou KvoHvou Kapdtayyelkng N Yevikng Bvnoyomrag. ITo cvykexkpéva
v To avénuéva emimedo €vO0ONMOK®OV KUGTIOIOV TAAGLOTOC OmTOTEAOVV Evav
avedptnto, 1oYVPo, vEo deikTn TPOPAEYNS Kivohvou Bvnoindtntog e apokadopOreEVoNg
acBeveig, kabmg oyetiCovral pe ) dnuovpyio OPOUPOV Kol TNV LVAEPTNKTIKOTNTO TOV
aipotog [195].

v' H dpaotikdétra g EpOpoKvTTAPIKNS S-Tpavepepdons g yhovtadeovyg (GST,
glutathione-S-transferase) Oswpeitar ®g gvdoyevig “ProatsOnmpag” g to&kdmmrag Tov
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aipartog, kabmg vrepekepaletor Otov avédvovtal ta eninedo Tov tovedv oto aipa. H
gkppaon g elvar aveEdptnTn ToL PEYEBOVE 1| TS TOGHTNTAG TV TOEWVAV 0AAG e€apTdTan
amd v “ro&iotnta” avtdv [196]. Emopévac, n dpactnprotnta g GST Oswpeiton
deikng e€EMEne e vooov kabmg eppavilel Betikny ovoyétion pe ™ cofapdTnTa TNG
XNA.

v Tayaunid eninedo arpoopivg opov [197], kot ta vynAd eninedo tng C-avridpdoag
apoteivnig (CRP) [198], IL-6 [199], e¢gpprrivic opod [200] ka1 aAkelkig
ooc@atdacng [201] Bewpovdvral woyvpoi deikteg TPOPAEYNS TOL KIVOVVOL OVNGIUOTNTOG
ot XNA.

v Ta avénuéva eninedo mapaBoppdvng opod £yovv cvoyeticbel pe avénuévo kivovvo
BavdTov kon voonieiog [202].

v To vynid enineda @@GEOPOV 0pOv VTOIEIKVIOVY AVENUEVO KIVOLVO KOPOLOYYELOKNG
vocov kot Ovnopotntag [203].

v Ta enimeda ovpwkov 0EE0S TOL 0poL AMOTELOVV 1GYXVPO OEIKTN TNG KATAGTUGNG
Opéyng tov opyavicpov, pe To yopnAd emineda vo amotelobv Evav aveEaptnto deiktm
Kopdlyyelokng kKot oMkng Ovnowodmrog [204]. Avtictoyo, To LYNAG emimedo TOL
oVpKoV 0&Eog Exovv cvoyetiobel pe younAd kivdvvo Bavatov otovg apokaboipdpevovg
acBeveic [111].

v AvEnpévog kivduvog Bavdtov kot emmlokmv €xel Ppebel o apokabopdpuevoug
acOeveic pe vynia, ektog TV TpoPienduevov otdywv, enineda aipocparpivig [200].
[opdtt vapyet dpovia HETOED TOV UEAETMOV, 0 VYNAOS CIRATOKPITIS KOl TO. LYNAL
enimedo apoopapivng aiporog [205], extog TV mpoPremduevmv opivv aAld evidg TV
QLOOAOYIKAOV  emmédwv, Bewpovvior mapdyovieg mov GLUPdiAovv oe  avénuévn
Bvnoomta otovg arpokabapdpevoug acbeveig, mbavd eEortiog Tov LYNAOD KIVOVVOL
OpopPacewv kot vaéptaonc. Emmiéov, ta vynid enineda evookvttdprag Hb icwg odnyovv
o mpoPAnuatikn wpdsfacn tov o&vyovov, awénuévn avto-oEeldmon Kol GE ol GEPE
0&e1BOTIKOV avTidpdoemVv ota KoTtapa [176].

14. Ogponcio avorpiog ot XNA
14.1 Mopayovreg di1éyepons g epvOpomoinong (ESAS) & EpvOpomomrivy
EpvOpomoinon

H napoyoyn tov epubpokuttdpov TpoylaTonoleitor He pio avotnpd eAeyyopevn
Sldwosion  TOAOTAOGIOGHOD Kol OllPOPOTOinong  Kuttdpwy  mov  ovoudletol
epvBponoinon. Ta TpoyoviKd aloTomTIKA KOTTOPA d10POPOTOIOVVTOL GTNV £PLOPOEIDIKT
oelpd BFU (burst-forming unit), émov Eekwva va ekppaletor o vrodoyéag epvbpomomntivig.
> ovvéyew, N oepd BFU dwpopomoteitan ot deopevpévn €puBpoeidikn KuTTopikn
oelpd CFU (colony-forming unit), 6mov gpeavifetor moAd peydin avénon g EKepoong
tov vrmodoyéa. H ovveyng oyepon oamd ta popwo g epvhpomomrtivng odnyel oe
dpopomoincn TV KuTThpmv mtpog epuBpoPrictes, akoAovBel amomup Voo™ Kot TEAKA
dnpovpyia d1KTLOEPLVOPOKLTTAPMV T OTOole EKPPALOVY EAAYIOTO UOPLO. TOV VTOJOYEN
gpvBponomtivng. Toéoo mepiParloviikol Tapdyovieg 660 Kot d1dpopeg achéveleg umopovv
va dlatapa&ovy TV 160pPOTie TOV VILAPYEL AVAUESH GTNV TAPUYMYT] Kol TV KATOUGTPOOY|
TV gpupokvtTapwv. H peydin anmdieio epubpokuttdpv 1 1 HEIWUEVT TAPAYMYT TOLG
EXEL MG OMOTELEC O TNV EUPAVIOT OVOLpiaG.
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H gpuvBpomoinom mpoaypatomoteitar Kupiwg 6Tovg ve@pols, TapoTt Kt GAAA Opyovo.
OT®G TO ATOP UTOPOVV VO, TAPAYOLV LIKPITEPEG TOGHTNTEG £pLOpoTOMNTIVIIG. APYIKA, M
epuBpomomtivn ovvtiBetal wg éva mPOTEIVIKO poplo 193 apvo&ikdv KotaAoimwy. Xn
oLVEXELN, amopakpHvVeTAL Eva TenTio 27 Kataloinwv pall pe v kopPosuteMkn apyvivy
Kol T€A0¢ mpootifevtor vopoyovavOpakeg péowm N- kot O- yYAvkolvAiwong. To teAikd popilo
™G TPOTEIVNG amotereital amd 165 apvotéa kot givarl Wlaitepa YAvKo{LAM®UEVO KOOMDC
éva. mocootd ¢ taENg tov 40% tov popiov amoteleitor amd voatdvOpakes. Yo
euotloloyikég ovvOnkeg, 10-25mU/ml gpvbpomomtivig otov 0pd  €mOpKOLV Yo Vo
JTNPNGOLY TNV AHOCPOLPIVY TOV OIHOTOC GE QLUGLOAOYIKA EMimeda. Xe KoTUCTUCELS
Bapidg avorpiog, M mapoywyn g epvbpomomrivng pmopel va ovénbei péypt ko 1000
eopég [206].

Ykevdonato fyeponc epvdpomoinonc — ESAs (Erythropoiesis Stimulating Agents)

H yopfiynomn okevacpdtmv mov dieyeipovv v gepvbponoinom (ESAs - Erythropoiesis
Stimulating Agents), 6e GUVOVAGUO LLE TN YOPNYNOTN CLONPOL ATOTELOVV TOV BacIKO TPOTO
avTipetomions g avopiag otovg acbeveic. Ta ESAs evepyomorobv ta povomdtio
gpubponoinong péow mpdcsdeong 6TovV LIOdOYEX TG £PLOPOTOMTIVIIG TV TPOSPOU®V
EPLOPOKVLTTAPWV.

ESA EO® Xopoktnplotikd og oyéon Xpovog YoyvotnTo
pne EpO nuieig XopNYNong

Bpaysiog dvapkerag (short-acting)

Epoetin alpha 1987 IHopopota o.a kot choTOCN E®: ~5 opeg 3 oopéc/

vdpoyovavlplakwv YA: ~24 opeg  efoopdada
. [Tapodpowa a.o Kot GVoTOOT ED: 4-12 opeg 3 opéc/
Epoetin beta 1989 vdpoyovavlplakwv YA: 12-28 dpeg  efoopdada
. [Tapodpowa a.o Kot GVGTOOT E®: ~5 opeg 3 opopéc/
Epoetin zeta 2007 vdpoyovavlplakwv YA: ~24 opeg  efoopdada
. [Tapodpowa a.o Ko GVGTOOT E®: ~4 opeg 3 oopéc/
Epoetin theta 2009 vopoyovavlpakwv YA: ~34 opeg  efdopdada
Maxkpag dapkerag (long-acting)
[Tepiéyer 0vo emmpoobeteg ED: 21 dpeg 1 Qopd/

Darbepoetin 2001  aAvoideg vdpoyovavOpdkmv  YA: 73 opeg  gfdoudda

alpha , ,
OTNV OLVOTEMKT| TTEPLOYN
MethoxyPoly- Evepyomomtng Tov vodoyed E®: 134 dpeg 1 popd/ pnva
EthyleneGlycol 2007 gpvBpomomtivng (mposbnkn  YA: 139 dpeg
(PEG)- epoetin pebo&u-moAvatBuievo-
beta YAVKOANG o€ epoetin-beta)
[lentidio  ovvdepévo  pe 1 popd/ pnqva
TOAVOBVAEVOYAVKOAN
Peginesatide (PEG), opodwepéc, yopig
opudAoyn axkolovbior pe v
EpO

Iivakog 2: xkevdopoto emaymyng g epvbporoinone. ESA: okevdopata diéyepong g
epvBpomoinone (Inyn: http://dx.doi.org/10.5772/52061). EO®: éyxpion omd tov EBviko
Opyavioud @appakmv, a.o: optvoEkr akoilovdia.
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H yopnynon ocwdnpov eivar €£icov onuavTiky] Kot AEITOVPYEL COUTANPOUATIKE GTN
yopnynon twv ESAs. H avemdpkelon o10npov, ®G amoTEAEGUA TNG XPOVING OTDOAELNG
QllOTOg, NG UEWMUEVIG OmOpPPOPNONG Kol TNG XPOVIOG QAEYHOVNG, odnyel o petmpévn
avtanokpion ota ESAs.

Yotepa amd TNV KA®VOTOINGY TOL YOVIOlov Kol TNV Topaymyn avOpomvng
avacvvovacuévng epvbporomrtivng (ThEpO-recombinant human erythropoietin) &yovv
dNuovpyn et 614Popa GKEVAGUATO TOV POPLLAKOV TO, OTO10 KUKAOPOPOVV GTO EUTOPLO Kol
dpEPovV Kupimg 6to ¥pdvo Nuimng tovg oty kukrogopia (ITivakag 2).

[Mopd, Spmg, ™ Pertiotikn Opdon g oty avoyio, ot ToAD VYNAEG SOGELS
epuBpomomtivng oToVg 0cbevelG €xovv GLOYETICOEL e VTEPTOOT KOl KOPOLOYYELOKES
nabnoelg, pAeypovn Kot Opoppocelc.

14.1.1 Avrictaon otn Ogpancio pe rhEpO - Opropdg

Q¢ “avriotacny oty Osparncio ue gpvlpomorntivy” opileton M advvapio emxitevéng
™G opoc@opivig aipatog evtog tv embountdv opimv, Tapd T YOPNYNOT PLGLOAOYIKOV
docemv gpvBpomomrivng (<300 U/kg/wk yu evoopréPua éyyvon 1 <200 U/kg/wk v
vodopla €yyvon) [207]. Tlapdtt 1 mhelovoto TV acbevov pe XNA avtamokpiveTol
EMOPKDOG, VRAPYEL €vo TMocootd TG TAEng tov 5-10% mov eppaviler avtictaon (M
avOekTikdTTA) OTn Ogpameio.

14.1.2 Aitwo avriotaong otn Ogpoancia pe rhEpO

Yndpyovv molhol mapdyoviec mov Oewpeitor 6Tt cvufdAlovv otV EUEAVION
avlextucomrag oty thEpO. To 0&e1dwTiKd 6Tpeg, N PAEYUOVI KOl 1 AVETAPKELN GLOTPOV
Bewpovvtar ot KOplot Adyor, evd dgvutepevovta poro mailovv 1 EAlelyn Prropveov Kot
QLAMKOD 0EE0G, 0 VITEPTAPAOVPEOEIOIGIOG, O VITOCITIGHOG KOl 1 ONULOVPYIo AVTICOUATOV
évavtt g epvBpomomrivng [208].

[T cvykekpéva:

1) Ot ovpapikég toéiveg Dempeitarl Tmg KatacTéEALOVY TV £pLOPOTOINGT GTO UVELD T®V
oot®Vv, kabmg 1 avénon tov deiktn kdBopong £xel cvoyeticbel pe peiwon g 06oNg
gpvOpomomTivg.

2) To o&edmTIKé oTpeg ovidavel T AMOKN VREPOEEId®ON TNG EPVOPOKLTTUPIKNG
pHeuppdvng odnywvioag oe gppévovoa gvooayystokn aipndivon. H éupeon opdon tov
o&edmtikov otpeg emPefordveTar amd to yeyovoc mwg yopnynon Prrapivng E oyetileton
He v avaykn xouniotepwv d6cewv rhEpO yio Ty avTieT®Ton g avolpiog.

3) H avendpkela odnpov odnyet oe avtiotaon ot Oepaneio kKot opeiletanr Kupiwg ot
YOUNAN amoppdON O, TN GAEYLOVY| KOL TNV OTMOAELN OHLOTOG.

4) Ot QAEYNOVADELS KUTTUPOKIVES OTTG 1 tvtepAevkiv-1 (IL-1), | wrephevkivn-6 (I1L-6),
n wrtepeepovn-y (IFN-y) kot o mapdyovrog vékpwong Oykov-o  (TNF-0) ot omoieg
Bpiokovioar oe mepiooel 6TO  OVLPOIUIKO TAGCHN UTOPOUV VO KATOOTEIAOLV TNV
€pLBpOTOiNGcT GTO HVEAD TOV OGTMOV KOl VO TPOKAAEGOLV OlOTAPOYEG OTO UETAROMGUO TOV
ownpov. EmmAéov, umopodv va. odnyncovv G€ VIEPEVEPYOTOINCT] TOV UAKPOPAY®V LE
OTTOTEAEG O, TV TOYELN ATOUAKPLVOT TOV EPLOPOKVTTAP®V amd TNV KLKAOPOpPIa.

5) Ou prrapives KoTooTEAOVY THV EKQPACT KLTTAPOKIVAV, EMOUEVOC 1| EAAELYN TOVG
00MNYEl 0TV TOPOY®YN KUTTOPOKIVOV Kol GAADV OEIKTMOV QAEYUOVNG OTTMOC QEPPLTIV Ko
ey1divn.
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141.2.1 XopoxkmnpioTikd TOV £pLOPOKVTTAPOV KOl TOV TAGACHOTOS KOTO TNV
gneavien “avlektikotntog ot Ogpancio pe rhEpO”

Yrdpyovv ehdylotec ueréteg ot omoieg dgiyvouv mwg acbeveig pe XNA mov dev
avtomokpivovton  otn  Oepomeion  pe  epvBpomomtivn  epeavifovv  petaPorég  oe
YOPOKTNPLOTIKA TV £pLOpOoKVLTTAPp®V 0AAG Kot Tov TAdopatoc. ITio cuykekpuéva, ol un
avtomokpvopevol acevelg eppavifoviotl meptosoTeEPO avarpikol Kot yapaxtnpilovrot amd
EVTOVOTEPT] AVICOKLTTAP®GT). TNV £PVOPOKLTTAPIKN HEUPPAVN, TAPOLGLALOVY HETAPOAES
0TOVG AOYOVG TV TPOTEIVOV aykvupivn/{ovn-3 kol orekTpivn/aykupiv LTOINAMVOVTOC
BraPec ota epvOpokvTTapa [209]. Ocov apopd ota Aevkd aipooeaipto, To OVIETEPOPIAL
KOl TO. LOVOKDTTOPO €vVOL VIEPEVEPYOTMOIMMUEVD, EVD TO. €pLOPOKLTTAPAU TTAPOLSIALOVY
avénuévn evoucOnoio otig emMOPACEIS TG EANCTAONG, TPOTEACT M Oomoio eKKpiveTI
Kupimg amd ta evepyomomuéva ovdetepogiia. [210, 211]. Xto midoua tov acbevodv
TOPATNPOVVTOL YOUNAG emimeda arlPovuivng kot avénuéva emineda 1L-10, IL-6 xar CRP
[148]. Emumhéov, mapovcialovy vynid eminedo eledbepnc apoceapivng [212], eved n
avénuévn eydivn otov opd tovg oyetileton HE TN HEWOWUEVN AVTOTOKPLION TOLG OTNV
gpvOpomomtivn.
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B. XKOIIOX THX EPT'AXIAX

Ta epvBpoxivTTOpPE TOV 0GOEVOV pEe xpovia veppikn ovemdpkelr (XNA) teAkoD
otadiov mov vmoPfdriovion oe  Ogpomeio  oupoxdBapong, Onwg  TpoavapEPONKe,
TOPOVGIALOVY OMUOVTIKES UETAPOAES TOGO GTO OUUOTOAOYIKO TPATLTO GE GYECT UE LY
dropo OGO KOl GE YOPOKTNPLOTIKA T®V EPVOPOKLTTAPMOV GE EMMESO OEEOWTIKOD GTPEG,
poppoloyiag, epvOpOTTOONG, TMPOTEIVIKNG ocvotaong kobmdg Kot aAlayég o€
YOPOKTNPLGTIKA TOV TAAGLOTOC.

H avBektikétmta oty epvBpomomrtivn  €xet  ovoyeticbel pe  kamoieg
epvOporvTTopiKés PAAPEC xwpic OUMC va £xel pedetnBel evoeredS OVTOC O UNYAVICUOG
aAMNAeTidOpaonG. XT1OY0G TG TOpovGOg MUEAETNG LAMPEe M AemTopEPNC avhAvon oF
KLTTOPIKO/VTOKVTTOPIKO EMMESO TV £PLOPOKLTTAP®Y Kol TOL TAACUATOC AcOEVOV UE
XNA tehko0 otadiov vd cvuPatikny apokdBapon ot omoiot Aapupdvovy moAD vYNAELG
dooelg epuBpomomtivng oe cuykpion pe acbeveig mov AapPdvovy EUGIOA0YIKEG OOGELS, L
OTAOTEPO GTOYO TNV EVPECT TMOV TPOTOTOMGEDMY OV TPOKLITOVY O OTOTEAEGUO TNG
nepicoelog epvdpomontiving 610 aipa TV aclevav.

Oocov apopd oty aipokdBapon, extdg amd T CNUAVTIKY ETIOPACT TOV £XEL GTO
npocdokio {ong tov aclevov pe XNA Kol OTNV OVIWLETOMON TG avopiog, €xet
OMUOVTIKN EMIOPACT] KOl GE YOPOKTNPIOTIKA TV pLOpoKVLTTAp®V TO ooia oyetilovton e
™mv eueavion g avorpiog. e to Adyo avtd Bsopnbnke avoykoaio n pekétn g
emidpaong pog oyetkd véag pebddov Kabapong, e arpoddmdnong, ce oyéon pe v
TopadoGLokd eQoprolOpuevn cuUPOTIK) OHOKABOPON Yo TNV EVPECT] TV EMOPACEMV
avtng ™G peBodov oto Pabud avopiog tov acBevav, péoa amd T HEAETN TOL
OLUOTOAOYIKOD TPOTOTOV OAAL Kol YOPOKTINPIOTIKOV TV £pLOPOKLTTAP®V KOl TOL
TAAGLOLTOG,
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I'. YAIKA - MEOOAOI

1. AcOgveic
A) AcbBeveic avtamokpvopevor (responders, R) kot un avtamokpivopevor (non-responders,
NR) ot Bepancio pe eppOpomomtivn (rhEpO).

Tnv opdda peréng amotérecay 28 acbeveig pe XNA teAikod otadiov vid Oepameio
ocLuuPoTikng opokdBapons, o©TOLG OMOioLE TPUYUATOTOEITOL EVOOQAEPLO.  Yoprynon
gpuBpomomtivng yoo TNV ovTipetdmon ¢ avapiog. Ov acBeveig yopiomkav e 600
opdoeg avdioya v kavotnto aviomokpiong otn Oepomeia pe rthEpO: 16 acBeveig
avtamokpvopevol otnv rhEpO (oudda R, rhEpO=9.350+4.203 IU/efdopndda) kot 12
acOeveic un  avtamokpwvouevor oty thEpO  (opudda NR, rhEp0O=23.250+5.650
1U/eBdopada). Ot mpotomadeic ortieg tng xpOVIAG VEQPIKNG OVETAPKELONG TEPLEAGUPOVAV:
vreptactkny veppomabeio (N=3), omepapatoveepitida (N=3), moAvkvoTiky vOGo TV
veppav (N=4), veppookinpuvon (N=2), veppoAiBioaon (N=2) xabd¢ Kol TEPMTMOOELG
VEPPIKNG avemapkelog ayvootov outoroyiog (N=14). Katd ) Oepancio aypokdBapong
ypnowomomdnkav ProocvpPotéc, ovvOetikég peuPpaveg morvoapdiov. Trnv  opdda
«LopTOp®V» amotédecav 12 vylelg opoddTteg, avtioToryov PHAOL KO NAIKIOKNG TAENG.

Yto mepdpato avocvotoons (N=6), mpaypotomomdnke ovapei&n ovpaykond
mAdopatog (vmd v emidpacn N Oyl OLPIKAGNC) HE PLGLOAOYIKA gpvOpOKLTTAPO KO
(QULOOAOYIKOD TAAGUOTOC e OVLPOKE gpvBpokvTTOpa o€  arpatokpity ~35%.
AxorovOnoe endaon yuo 24 dpeg otovg 37°C oe kAipavo 5% CO,.

B) Acbeveic mov vropfdirovtar oe awodiadmOnon (hemodiafiltration, HDF) évavtt g
ocvuPoatikng apokdBapong (conventional hemodialysis, cHD).

Tnv opdda perétng amotédesav 32 acbeveic pe XNA 1eA1kov otadiov vrd Bepaneio
alpokdBaponc, ot omoiot Adufavav euooroyikég dooelg epvbporomtivig (9,225 + 4,781
[U/eBoopdoa) yio tnv avtipetdmion g avopiog. O aclevelg yopiotrov e V0 OpAdES
avéroya 1 puéBodo kdbapong otnv omoio vrofairoviav: 16 acBeveig vmofdiioviav og
apodadinon pe @idtpa vyming pong (high flux) (opdde HDF) ko 16 aoBeveic
vofdrloviov oe coppatikn aipokabapon pe @iltpa youning pong (low flux) (opdda
HD). O xé0e acBevic ftav ot cvykekpiuévn péBodo kaBapong yio TOLAGYIGTOV TPELS
uveg Tpv ewooyBel oty avtictoym opddo. Katd m dibpkela g peréng dev vmnpée
aAlayn oto punydvnua kabopons (Gambro AK200 or Hospal Integra) ovte oto @iktpo ko
11§ pepPpbveg mov ypnopomomOnkay (Procvpufotéc, cuvhetikég pepPpdveg molvapudiov 1
nmoAvakpviovitpiliov, Gambro). Ot mpmtomadeic aitieg TG XPOVING VEPPIKNG OVETUPKELOG
nepteAdaupovay v vreptacikn veppomddeia (N=2), v veppormadeia IgA (N=4),
onelpopotoveppitida  (N=4), v moAvkvoTik] vOco twv  veppav (N=2), 1
veppookinpuvon (N=2), ™ veppoAiBicon (N=2) kabdg Kol TEPIMTMOOELS VEPPIKNG
AVETAPKELNG ayvdoToLv arttoroyiog (N=16). Tnv opdda «poptopovy arotédecay 12 vyeig
ALILOOATES, AVTIGTOLOL PVAOL Kot NAKIOKNG TAENS.

OMlot o1 acBeveic ot omoiot evtdyOnkov ot perétn AdpPoavoy CLOUTANPOUATO
dwatpoeng (kapvitivn  6g/efoopdda, Prrapivny Bl 100mg/efoopdda, Prrapivny B6
100mg/efoopado and Bl2 1g/efdoudda), oidnpo (100mg/efdondda) kot mmopivn
(3,050+£1,690 IU/cvvedpin). AcBeveic mov mapovsialov ocakyopmon owfntn, un
e eyOUEV LTEPTOOT], AOMMEELS, KokoNOeleg, QAEYUOVEG, OLTOAVOCOH, VOOT|UOTO KOt
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OLILOTOAOYIKEG VOGOLG 1) aicBeveic mov elyav PETAYYIoTEL EVTOG TV TPONYOVUEVOV 3 UvOV
amokAeioviav oamd tn perétn. Ta Odsiypoto oipotog ANQOMKav o coAnviplo e
avtinktikd EDTA (1] kitpkd vatplo yuo tn peAétn tov kuotdiov), akpipdg mpv v
évapén kot apécme Hetd to T€Aog TG cuvedpiag Kabapong.

2. Mé00d01
2.1. Aypotorhoyikog ko froymuikog £reyyog

O opotohoykdg Eleyyog Tpaypatomomdnke pe tov avtdépato avaivtn Sysmex K-
4500 kot 0 Proynuikdc Eleyyog pe tn xpnomn tov owtdpaTov Proynuikod avaAvtr Hitachi
9180 (Roche, Indianapolis, IN).

2.2. Amopdvmon ko enelgpyacio epuOpoKVTTAPIKAOV pepfpavov

2.2.1. AevKaQaipeon Kol CPOTETUMOPAIPEST GE KOADVEG KVTTUPIVIG
Apyn nebodov

[Na v aropdvoon towv epvbpokvtTdpwdv amd 10 OMKO aipo Tpoypotomoonke
Aevkagaipeon kot ollomeTaAopaipecn o€ otnieg kvttapivng. H  pébodog oavt
wePAapPavel 0 TEPACHO OAMKOD OiPATOG OO GTHAEG TOL OMTOTEAOVVTIOL OO UEyHO
KUTTOPWVAOV (UKPOKPUOTOAAIKNG KOl O-KLTTAPIvIG), HE OMOTEAECUO TNV OTOUAKPLVON
v amd 10 99,75% 10V GLVOAOL TV AEVKOKLTTOP®V KOl TNG TAEOVOTNTOS TOV
aonetadiov [213]. Ta Aevkd awpoceaipia Aoym peydAov peyébovg dev pmopovdv va
dmepAGoOLY TOLG TOPOVLS TOL  ONUOLPYOVVTIAL, (PO KOTAKPATMOVTOL OTIS KOAMVEC.
Avtioctoyo to orpomeTdAor Adym pikpov peyéBovg yperdlovror OpKET dpa Yy Vo
TEPAGOLY 1 TAYOEVOVTOL GTOVG TOAD HKPOVS TOPOVG.

Yhwé-Avtidpactipla

e Iobdtovo dahvua poceopikdv 310mosm (PBS), (5mM PO,/150mM NacCl, pH 8.0)
e Kvttopivn a-cellulose, SIGMA

e Kvttapivn Sigmacell cellulose type 50, SIGMA

e Xvupryyeg, 10ml

o Puyopevn emrpanéllo puydkevtpog Heraus

Hepoapatixny owadikacio:

1) ®vyoxévipnon oikod aipotog (1.000g, 10 Aemtd, 4°C) kot OTOUAKPLVGT TOV
VIEPKELUEVOU.

2) Apaimon TV TOKETOPIGUEVOV EpLOPOKVLTTAPOV pEe 16oToVo dtdivpa PBS.

3) Axolovbel avaueltn tov KLTTOPWV®V, TO HEIYHO UETAPEPETOL OTIC KOAMDVES KoL
eumotiCeton pe dSdAvpa PBS.

4) TIpocbnkn Tov delypoTog ot GTHAN.

5) Ztadiakn cvAloyn tov Odeiypatog kol mAvoipoto pe didivua PBS o yoyouevn
@LYoKevTpo (4°C), Yo TNV OMOUAKPLVOT] TV KLTTAPIVAOV.

2.2.2 Amop6voen epudpokuTTapK@OV pepfpavev

Apyn uebodov
H amopdvmon tov epvbpokvttapikdv pepppavav eevBépmv atpocpoipivng yiveton
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ue ™ pébodo ¢ vrotovikng apdivong [214] Bacilopevn 610 QavOuEVO TG OCUMOOTG,
EAOLPPEG TPOTOTTOMNUEVT HE TNV TPocOnKN avactorémv tpwteacdv (PMSF) [215] yio v
ATOPLYN TNG TPOTEOAVONG. [l AdYyovg PedTioTomOinoMG TS TEYVIKNG, OGOV 0POpPLL, 0pEVOS
HEV TNV OmOQLYN OAAOUDCEMYV OTO OLOTOTIKA TNG MEUPPAVNC, apeTépov Ot TNV
OTOUAKPVVOT TOL  UEYOADTEPOL SVVATOL OGOV TNG  OHoceoPivig, EmAEYovVTOL
OLYKEKPIUEVES TILEC 10VTIKNG 1oy00¢ kot pH (20mOsm ot pH 8.0 avtictotya).

Yhé-Avtidpactiplo

e AtdAvpa Aong (20mosm) (Na;HPO4-2H,0 5mM /NaH,PO4-H,0 5mM /0,3mM PMSF,
pH 8.0, 4°C)

e N-Ethyl-Maleimide (NEM) (MW=125,13), SIGMA

e PMSF (Phenyl mathyl sulfonyl fluoride) 200mM, SERVA

e Aldlvpa eoceopikov vatpiov 50mM (50Pg) (Na,HPO,4-2H,0 50mM, NaH,PO4H,0
50mM, pH 8.0)

o Yuyouevn emrponéllo puyokevtpog Heraus

Hepapatiky dadikacia: (cuvéxea omo Prpa 5, §2.2.1)

6) Metd and 10 TEAEVLTAIO TAVGILO Y10 TV AOLAKPLVGOT TV KVTTOPWVAV, TpocTifetal To
dtdlvpa Avomng.

7) Axolovbei @uyokévipnon (13.000rpm, 20 Aemtd, 4°C) xor ovappoEnon Tov
VIEPKEUEVOL Kol  TOL  0ghTEPOL  KNUOTOG ©TO  Omolo  TMEPEXOVTOL  ACTACTO
€pLOPOKVTTOPO KO TNKTOUATA TPOTEACAV.

8) H dwdwkacio emavoalopufdvetor 06EG QOPEG YPEWOTEL UEXPL VO ATOYPMUOTIOTEL TO
itnua tov pepppavov (ghosts).

> Amopnévmon epuOpoKVTTUPIKOV PEpPPavav Yo PELETN TPOTEIVOV TOV TEPLELOVV
60V AQLIpLIMKES (-SH) opadeg

Hepapartiky dwadikacia: (covéyea omo P 5, §2.2.1)

6) Metd and 10 TEAEVLTAIO TAVGULO Y10 TV AOUAKPLVGOT TV KVTTOPWVAV, TpocTifetal To
avtdpactpio NEM (100mM)/PBS.

7) Axolovbei endaon yioa 15 Aemtd oe Ogpuokpacio dwpatiov, @uyokEvipnon kot
OTTOLLAKPVVGT] TOV VITEPKELUEVOV.

8) IlIpootifetor to d1dAvua Adong oto omoio &xel mpootebei to avtidpactipio NEM

(100mM) kau ta detypoto enwdalovral yio 45 min, 4°C.

9) AxolovOel puyokévipnon (13.000rpm, 20 Aentd, 4°C) Kot avappOPNOT| VIEPKELLEVOD
Kot 0g0TEPOL WHIATOG.

10) H dadwkacio emovorapfdvetar péypt vo amoypouatiotel 1o ilnua kot va peivovy
«kaBapécy uepPpaves, eredbepec apooeoatpivig (ghosts).

2.2.3 YnoloYlopog OMKNG TPMOTEIVIKIG CVYKEVTPMOTG delypaTog
Apyn uebodov

O 7POoGOIOPIGUOS TG OMKNG TPWOTEIVIKNG cvykévipmong katd Bradford Pacileton
ot odéopevon g ypwotikig Coomassie Brilliant Blue G-250 otig mpwteiveg, mov
TPOKAAEL HETOTOMION TOV HEYIGTOVL TNG QMOPPOPNONG TNG YPWOTIKNG amd to 465 ota
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595nm [216]. To avtidpactplo Bradford oynuatilel pe 11 mpoteiveg 6tabepd cOUTAOKO
KLOVOU YPOUOTOC Yo pia dpa tepimov. o Tov VTOAOYIGUO TG CLYKEVTIPOONG AYVOGTMV
detypdtov amotteitor 1 dnpovpyio TpodTLING KoumOANG. o kéBe delypa Aapfdavovon
TPEIG LETPNOELS Ko 0td o TEG vIToAoyileTan 0 uécog Opoc.

YAkbd-Avtdpactiplo

o KvPéteg pacpatopwtopérpov, SIGMA

e Ynotovo oo pocpopikdv 5Pg (Na;HPO4-2H,O 5mM, NaH,PO,4-H,0O 5mM, pH
8.0)

e  ®dacpotopmtouetpo, ZEISS

e Xpwotwkn Bradford, BIO-RAD

Heipapatiky oadikacio:

1) Metd ond v omoudvmon tov pepPpoavov axolovbel apaimon mocOTNTOG TOL
delypatog pe vrotovo dtdhvpa SPg yia T pHéTpnon g TPOTEIVIKNG GLYKEVIPWOOTG.

2) Xe mocotnto apaimpévon deiyuatog 10ul mpootibetor 790ul vdTovo drdlvpa SPg kot
200ul d16Avpo Bradford. Xto toeAd mpootiBeton 200ul Stoddpotog Bradford e 800ul
VROTOVOL dtoAvpatog. AxoiovBel koA avdpelEn kot To delypota a@voviol Ge
Bepuokpacio dopatiov v 25 Aentd, yuo va. OAOKANpmOel kot va otabepomombel o
YPOUATIGHLOG TOVL delypoTog.

3) Axoiovbei potopéTpnon o PNKOG KOUOTOG 595nm.

4) Ymrohoyiletor n ovykévipwon kaOe delypoarog oe mg/ml and v TPOTLTN KOUTOAT.

2.2.4 TIpocTolpnooio TPMOTEIVIKOD deiyPaTOS Y10 NAEKTPOPOpNON

[a va pmopécovv va  ypnoipwomomBovv ot  OmOHOVOUEVEG HEUPPOvVES Yo
nAekTpo@OpNON, elvar avaykaio 1 eneEepyacia tovg pe Eva ddAvpa ypwons. To didivpa
avtd mapaokevaletor pe v ovapeln tov dwivudtov 20% SDS-10mM EDTA,
YAVKEPOAN, PB-pepkamtoaBavorn kot 1% umie g Ppopoeavoins. To amoppumavtikd
SDS ypnoipomoteitor yio amodldtoln towv TPOTEIVOV TPOGOHIOOVTINS GE QVTES OPVNTIKO
eoptio, N P-pepkoantoatBovorn ywo TNV amodldTOEN TOV €VOO- KOl Ol0-  LOPLOK®V
OIGOVAPIOKAV dECUDV, TO UTAE TNG PPOUOQAVOANG gival amapaitnTo MGTE va givol opatod
10 dglypa KATA TO OPTOUO GTO TNYUSAKIN Kol 1| YAVKEPOAN av&dvel TNV TLUKVOTNTO TOL
OelyIaTOg Y10 TV OTOELYN TG SLIYLONG TOV GTO JEAVLA TNG NAEKTPOPOPNOTG.

YAkd-Avtdpaoctnplo

e B-uepkantoafoavorn, SIGMA

e [hvkepoin, FERAK

e EDTA (Ethyleno-diamino-tetraacetic acid disodium salt), MW=372.24, RESEARCH
ORGANICS

e Ocukod dwdekvAko vatplo (Sodium Dodecyl Sulfate - SDS), MW =288.38, SIGMA

o Mrmhie g Bpopopaivoing, SIGMA
Hewpauatiky dradikacia

Mo telkod dyko Pappévoo detypatog 100A, mpootiBevtar 26A Tov S10AVUATOC YPDOONG
oe 74\ amopovopévov pepppavav. H avaioyia oykov tov dwoivpdtov SDS-10mM
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EDTA, yAvkepOoing, B-pepkontoafavorng kot umie g Ppopoeavoing sivor 10:10:5:1,
avtiotorya. o pepPpdveg ol omoieg €yovv amopovmbel pe tovtdypovn ypMoN TOV
avtpactnpiov NEM, 1o ovotatikd tov dtoAdpatog ypoong eivar SDS-10mM EDTA,
YAVKEPOAN Kot umAe G Ppopoeaivorng o avoroyio 10:10:1 avtiotoryo Kot yio TEAKO
oyko Pappévov oetypatog 100A, mpootiBevion 214 TovL SwAdpatog ypwong oe 794
armopovopéveov peuPpoavov. To Pappévo detypa, otn cvuvéyela, tomobeteital oe vepd TOL
Bpalet ya 3 Aemtd Ko 6T cvvEyELn yiveTon amodnkevon otovg -80°C.

2.2.5 ATodWTOKTIKN NAEKTPOQOPON TPOTEIVOV KoTd Laemmli
Apyn uebodov

H nlextpopopnon mpoteivov eivar pwor dwdikacioo kotd tnv omoio yivetot
S ®PIGUOS POPTIGUEVOV HOKPOLOPIOV GE TNKTMUO TOAVOKPLAAUIONG COUPOVO LE TO
HOPLaKO TOVG PAPOC, TO IGONAEKTPIKO TOLG ONUEID N TO POPTIO TOVG, VIO TNV EMIOPAOT
nAekTpikov mediov. Xtny eninedn SDS-PAGE amodtatoKTik] nAeKTpOQOPNOT OLO0YEVODC
ovotaong katd Laemmli [217], ypnowonoteital to popio SDS dote va kaAlvebodv dhec ot
TPOTEIVES PE aPVNTIKO QOPTIO Kot £TCL O SYWPICHOS TOVS VAL YIVEL AVAAOYQ TO LOPLUKO
Bapog tovc.

YAka-Avtidpootiplo

e AxpuAauion, GIBCO BRL

e APS (Ammonium Persulfate), BIO-RAD

e T\vkivn (MW =75.07), APPLICHEM

¢ Awc-akporapuidon, SIGMA

e Hlextpovikod meybpeTpo

e Ocukod dwdekvAko vatpilo (SDS) (MW =288.38), SIGMA
e Mzeiypo paptopov, THERMO MOLECULAR BIOLOGY
e Xvokevn niektpoeopnong, BIO-RAD

e TEMED (N,N,N’,N’- Tetramethylethylenediamine), SIGMA
e Tris (MW=121.14), MERCK

e XVGKELN EQOPULOYNG TAOTG

¢ Ydpoyrmpwkd o&H (HCI), MERCK

Hepouatixny dradikacio

H dwdwoocio Eexvd pe TNV TOPACKELT] TOV TNKTIOUATOV OlOOPIGLOL Kot
naketopicpatos. H cvykévipoon g akpviapiong oto miktopa ivar avt) mov kabopilet
KOl TN OKPITIKY TOL 1KOVOTNTO, KOOMG HEYOAN GLYKEVIP®ON OKPLAAUIONG £xel ©C
OTOTEAECLO, TNV KOADTEPN OVOAVOT TPOTEIVOV YOUNAOD poplakol Bapovg, evd younAn
oLYKEVTPp®OT Bonbd otnv avdivon TpoTEIVOV LYNAOD HoplaKoy BApoug.

Y10 mKTopo owywpiopol (resolving gel), extdg amd 1T GLYKEVTPOON TNG
akpvAlapiong n omoia aALalel KGO Qopd avdroya 1o puéyebog TV TPMTEIVOVY oV BEAOVUE
va doympicovpe, To vEolowta SAdpoto PBpickovior oe otabepn ovykévipwon. Il
ovykekpipéva to mktopa teptéyel 10-15% drddlvpa axpuAapuidng-oig axpvAiauiong 30:0.8
w/v, 0.375M Tris/HCI pH 8.8, 0.1% SDS, 0.025% APS, 0.083% TEMED. Meté and kain
avApelEn TOV TOPUTAVEO CLGTATIKOV TO SIIAVUA HETAPEPETOL G YVdAva Tlapdkio 6oV
aenveTal va TEEL Yia T dNUovpyio TOV TNKTOUATOC.
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A@ov ohokAnNpmBel 0 TOAVUEPIGUOG TOL TNKTOUATOS SoY®PIoUoD, akoAovOel 1
TOPOCKELY] TOV TNKTOUATOG TOKETAPIGUOTOC, TO 0Toio ££A0PUAlel OTL OAEG Ol TpWTEIVEG
Ba Eextvnoovv amd 1o 1010 onueio yuo 10 dtaywpiopd Tovg. To TAKTOUN TOKETAPIGHOTOS
(stacking gel), &yer otabepn cOotaon aveEdptnTo Omd TO THKTOUO OLOYM®PIGHOD Kot
nepEyet: 3.05% dlvpa axpviapiong-o1g axpviapiong 30:0.8 w/v, 0.127M Tris/HCl pH
6.8, 0.1% SDS, 0.05% APS, 0.17% TEMED. "Yotepa and koAn oAAd nmo ovédevon
TPOoTifETOl TO TAKTOWUO TOKETUPIGUATOS TAVEO Omd TO TAKTOUO OLOY®OPIGHOV Kol
aKoloV0wg elcdyetat To ¥TéEVL TOL B INUIOVPYNGEL TIG BEGEIS POPTMOONG TOV SEIYUAT®V.

AoV yivel 0 TOALUEPIGUOC TV dVO TNKTOUATOV, €1GAYOVTIOL TO OEIYUATO OTIC
eWVIKEC Béoelc VIOdOYNG, EVA OTNV TPOTN LTOOOYN EGAYOVTIOL OEIYUATO TPOTEIVAOV
YVOGSTOD poptakob Bépovg (LAPTLPES). TN CLVEXELD, TPOSTIOETOL GTN GLGKELN TO SIOAV LA
(Running buffer) mov fonBd onv enidpacn tov pedATOC TAV® OTIS TPMTEIVES, LECH TOV
Niektpodiov g cvokevnc. H cvokeun niektpopdpnong kieivetr kol ta dV0 NAekTpdo
OLVOEOVTUL LE EOIKT] GLOKELY| EQUPUOYNG TAonC. 'ETot, emtuyydvetor o ooy ®pioroc twv
TpOTEIVOV VIO otabepd pevua =20 mA, yo kdBe mkTopa TokeTopicpatog Kot ved
otafepd pevpa [=35 mA, yuo kdbe mktopa dtuywpiopod. H niextpopodpnon octapotdet
OTOV 1 YPOOTIKN UTAE TNG BPOUOPAVOANG PTAGEL GE AMOCTACY] MGG EKOTOGTO Omd TN
Baon Tov INKTONTOC S1oy®PIopod Kat eival ELQavelG OAeG ol {DVES TOV HOPLUK®OV PBapdv
TOV HLOPTOPOV.

To dddlopa g niektpopdpnong (Running buffer) nepiéyet 17.7 mM Tris, 192 mM
yAvkivn kot 0.1% SDS, pH 8.3. Anouteiton diaitepn mpocoyn ot pvbuon tov pH, 1
omoia dgv mpémel va yivetar pe vOPoyAwptkd o0&l d10TL Ta 1vTa YAMPIOL ULEUDVOLV TNV
avaALTIKN KavdTTa TG HebddoL.

2.2.6 Teyvuki] 0v0600mToTVTORATOS KOTA Western
Apyn puebodov

H tegyvikn 100 0voc00mToTURONATOS TOV TPOTEIVOV €lvar pio avaAvtikny péBodog
oV TEPMAUPAVEL TN LETAPOPA TOV TPOTEIVAOV, TOV £YOVV JAYWOPLOTEL NAEKTPOPOPNTIKA,
amd To TNKTOUO 6€ £va AETTO Kol PepPpavmdoeg VAMKO otpiéng (Vitpokvttopivn) kabmg
Kol TNV aviyvevuorn Tovg HE ovTIcOpata. ALt 1 dwdikacio givor ypnown ywo. v
EVKOAOTEPT,  aViYVELON TOV  TPOTEIVAOV 0md TO OVIICOHOTO KOODG o1 mpwTeiveg
TPOGOEVOVTAL EMPAVELNKA OTIG LEUPPAVES TNG VITPOKLTTOPIVIC.

YAka-Avtidpootiplo

e anti-a-adducin (rabbit), Acris

e anti-agpl (rat), Cell Signaling Technology

¢ anti-band 3 (mouse), Santa-Cruz Biotechnology
¢ anti-calpain-1 (rabbit), Santa-Cruz Biotechnology
e anti-CDA47 (rabbit), Santa Cruz Biotechnology

e anti-CD59 (goat), R&D Systems

e anti-DNP (rabbit), Millipore

¢ anti-flotillin-2 (mouse), BD Transduction Laboratories
e anti-GAPDH (mouse), Abnova

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

e anti-Hsp70 (rabbit), Santa Cruz Biotechnology
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e anti-Hb (goat), Europa Bioproducts

e anti-lgGs-HRP (human), SIGMA-ALDRICH

e anti-peroxiredoxin 2 (rabbit), Acris GmbH

e anti-4.1R (rabbit)

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

e anti-spectrin (rabbit), SIGMA-ALDRICH

e anti-stomatin (mouse)

e anti-synexin (mouse), BD Transduction Laboratories

e anti-ubiquitin (rabbit), Cell Signaling Technology

o AxTtvoypagikd QiAp,

e B-uepxantoabavorn, SIGMA-ALDRICH

e Iwkivi (MW=75.07), APPLICHEM

o AmOnté yapti Whatmann 3MM, SCHLEICHER & SCHUELL
e ECL Western Blotting Detection Reagents, GE HEALTHCARE
¢ Euopaviomg D-19, SIGMA

e HRP-conjugated anti-mouse 1gG, DakoCytomation

e HRP-conjugated anti-rabbit 1gG, R&D Systems

e HRP-conjugated anti-goat 19G, SIGMA-ALDRICH

e Ocukod dmwdekvAko vatpilo (SDS) (MW =288.38), SIGMA
o Koaocéta gppdviong

e KCI (MW=74.55), SIGMA

e KH,PO, (MW=136.1), MERCK

o Aapideg

e MeBavorn, SIGMA

e NaCl (MW=58.44), OmniPur

e NayHPO42H,0 (MW=177.9), MERCK

e Nurpokvrtapivny 0.45 um, 33cm x 3mm, BIO-RAD

o Xtepetc (fixer) axtvoypagikod eiipn, ALPHA CHEMICALS
e XVGKELN EQOPLOYNG TAOTG

e Transblot — SDI Semidry Transfer Gel, BIO-RAD

e Tris (MW=121.14), MERCK

Hepouatixny drodikacio

Metd to TéAOG TNG MAEKTPOPOPNONG TO TNKTMOUATO OTO ONoio £xel Yivel O
SOPICUOS TOV TPOTEIVOV HETAPEPOVTAL OTNV €WK ovokevn ¢ Transblot-SDI
Semidry Transfer Gel. [Tio cvykekpiéva, Tomobetovvtar 6 @OALN yoptidy Whatmann,
dotdcewv 6 X 9.3 mm, 10 éva AV 6TO AALO, TO OOl £XOVV EUTOTIGTEL TPONYOVUEVMG
oe pvOotikd odivpa petagopds (Transfer buffer). Metd and v tomoBénon kdbe
xoptiov gival ovaykoaio 1 amopdkpuven ELGOAd®V mov pmopel vo £xovv eykAwPiotel
evolapesa, KaBdg to Kevd aépog mov iomg vrapyovv Ba gpmodicovv T HETAPOPH TOV
TPOTEIVOV. TN ovvEyela Tomobeteiton 1 pepuPpavn vitpokvttapivng, dwuotdoewy 5.5 x 8.8
mm, 1 omoio TPONYOVUEVMG £XEL EUTOTIOTEL GE AMEGTAYUEVO VEPO, KOL QLPOLPOVVTOL OTTIWG
KOl TPOTYOLUEVMG TUYOV PLGOAISES. AKOAOVOEL 1) TOTOOETNGN TOV TNKTOWUOTOG TAV® GTNV
VITPOKLTTOPIV HE TO CMOTO TPOGOVOTOMGUO Kol TEAOG TomoBetovvtor GAAa 6 OAAL
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yoptidv Whatmann gumotiocpéva oe puOpotikd dStdAvpa LETOQopas. Xe kibe otddlo ivar
amopaitnTt) 1 oeaipeon TV QucoAidwv. H ovokevr] klelvel, evdvetor pe GLOKELN
EPOPUOYNG TAONG HEC® TMAEKTPOSI®V KOl OKOAOVOEL M pETAPOPE TPOTEIVOV O
vitpokvTTapivn yio mepimov 50 Aentd oe otabepn taon 20 V.
» H obotaon tov pubuiotikov dtaddpatog petapopds (Transfer buffer) sivou:

Tris 50mM, Glycine 40mM, SDS 0.04%, Methanol 20%, pH 8.3

Metd ™ HeTaQopd TV TPOTEIVOV 6TO PUAAO VITPOKLTTOPIVIG akoAovBel aviyvevon
™G TPOTEIVIG TOL UG EVOLOPEPEL UE, EOIKA YO TNV TPOTEVN, OVTICOMHOTA. APYIKA,
yivetor KGAvym TOV pn €W0IKOV Bécemv TPOGOEONC TOV AVTICOUOTOS HE EMTMOCT TNG
ueuPpévng oe amayo yara (5% oe ddAvpo PBS-Tween) (blocking). AkolovOel endoon
TOV LEUPPAVAV LE TO TPOTOYEVES AVTICOLO EOTKO Y10 TNV TPOTEIVT evOLapEPoVTog. APoD
TELELDOEL 1 EMDOON Kot a@ob EemlvOel kokd 1 pepPpdvn pe dtedvpa PBS-T (Tween 0.1%
oe PBS), axolovbei n endaon e to dgvtepoyeves avticwla, To omoio eivor culevypévo e
10 £vQupo vrepoéelddaon (HRP-Horseradish Peroxidase).

» H obotaon tov puBuictikoy dwddpatog PBS giva:
NaCl 1.37M, KCI 27mM, Na,HPO,4-2H,0 80.6mM, KH,PO,4 19.4mM

> ovvéyetla yiveton aviyvevon tov onuatog pe 1o svotnuo ECL mov Bacileton ot
ANUEOPOTAVYELD. ZVYKEKPIUEVO, T VITPOKLTTOPIVY en®ALETOL PE TO VTOGTPOUO TOV
evlbpov HRP (horseradish peroxidase), T Aovputvoin, n onoia 0&eddvetar Kot dieyeipeTal.
Emotpépoviag oty  katdotacn mpeplog  mopdyel Qg TOo  omoio  mPooParAet
pwtogvaictnto eiip avtopadoypaeiog. H aviyvevon tov onpatog yiverolr ce 6Kotewo
Bdrapo, Adym g potogvaictnciag Tov el [lpaypatoroeitor endaon g Hepppavng
pe to avtwpaotipo ECL kot axorovBel tonofétnon g oe €dwn kacéto pali pe to
KOUUATL TOL PLALL. XT1 GLVEXELR YiveTal epedvion Tov (ovav pe to didivpa D19. To euip
EemAévetan og vepod kol akoAovbel “otepéwon” pe to dtdivpa Fixer.

Metd 10 TEAOG NG OVOCOEVTOMIONG, €ivar dvvor 1 EMOVOYPTNCLUOTOINCT TG
peuppdvng vitpokvttapivng, votepa and KatdAnAn eneepyacia, ylo. TOV EVIOTIGUO Kol
ALV TPpOTEIVOV oL TBOVOV VITAPYOLY GTOo 1010 detypa. o v mpaypatomoinon evog
VEOL KUKAOL 0avOGOoevtoOmiong, eivor ovaykoaioo 1 omokOAAnorm  (stripping) ToV
TPOTYOLUEV®V 1yNOeTdV oV TonobeTONKoy 61N HepPpavn Katd Tov Tp®dTto KOKAO. AvTtd
emTuyybvetal pe emnmacn g uepPpdvng otovg 50°C, yw 30 Aemtd oe didAvpa
amoppumavtikoy (Stripping buffer) mov mepiéyel P-pepxantoatBavorn, oe KoTdAANAN
ToGOTNTO MOTE 1 TEAIKY] oLYKEVTIpWON TG va givar 0.7%. AkoAovBovv EemAdpoata g
HeUPPAVNG KOl OTEYVOUA, OCTE VO IVl ETOLUN Y10 TOV ETOUEVO KOKAO OlVOGOEVTOTIONG.

» H ovotaon tov puuictikod dteddpatog Stripping buffer givau:
Tris-HCI 62.5mM, 2% SDS, pH 7.6

2.2.7 TI060TIK1| EKTIUNGN TOV TPOTEIVAOV TOV TNKTORATOV KOL TOV QLA

Ta mxTOpoTo KOOMOSC KO TO GUALL GOPMVOVTOL Kol TUKVOUETPOUVTOL e TN Pondeia
TOV TPOYpAappaTos eneEepyaciog ewkovav Gel Analyser ver 1.0.

O 1pbdmog pe tov omoio yiveton extipumon g mocdtnTag TG Kabe Ldvng tepriapfavet
oV oplopd Tov VIOPAdpov Kot Tov TEPYPAUUATOS NG KdBe {dvng. Zvykekpiuéva, o
xpNotng opiletl v meployn Tov voPddpov g {DOVNS KOl GTN GUVEYELL TO TEPTYPOLLLLLL TNG
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Covng. Metd amd v agaipeon tov vroPdBpov vrmoroyiletor 1O dBpooua TG
QOTEWVOTNTOG OA®V TV glkovooTtoyeinv (pixels) mov mepiéyovtar ot {dvn Kot ot Tég
7oLV mpokvTTovy eneEepydlovtar pe T Pondela tov mpoypdappatoc Microsoft Office Excel.
IMa ka0 detypa, vworoyiletor | Tiun g KdOe Tpwteivikng Lovng, To dBpoicua TOV TIUGV
OA®V TOV TPOTEIVOV, KaODG Kot 1 TIU) Tov Adyov ¢ Kdbe mpwteivng Tpog to dbpoioua
ovTO M TPOG UL TPOTEIVN avapopdc M omoia eppavilel otabepéc TwéG avdpeco ota
delyporaL.

2.3. Métpnon 1oV emrédmv KopPovorLi®OoNS TOV TPAOTEIVOV TS EPVOPOKVTTUPIKNG
pepppavng (né6odog Oxyblot)
Apyn uebodov

H pé0odog Oxyblot ypnoyonoleiton yio tov LIOAOYICUO TNG UM OVOGTPEWYIUNG
KapPovodioong Tov Tpoteivdv oty epvbBpokvtropikn pepPpdvn. H pébodog avtn
Baciletar oy avtidpaon tov kapPovolkdv opddwv pe to avtdpactipto DNPH (2,4-
dinitrophenylhydrazine) kot ot onpovpyio evéc otabepod moapaydyov DNP (2,4-
dinitrophenyl) mpoceépovtog évav gvaicOnto, agidémioto kot amAd otn ypnon TPOmo Yo
NV €0PECN KOl TOGOTIKOTOINGT| TOV TPOTEIVOV OV £X0VV TpomonomBel and 0EeldMTIKEG
eMOPACELS GTO KVLTTAUPO.

YAkd-Avtdpactipo

e B-pepkantoaBoavorn, SIGMA
e Oxyblot detection kit, MILLIPORE
* Ocuxd dwdekvikd vatpro (SDS) (MW=288.38), SIGMA

Hepouatixny dwodikacio
1) Ovanopovopéveg pepPpdveg (12-15ug) drodvtorotodvion oe dtdAvpo 12% SDS.
2) TIpoctifeton mocotta avtdpactnpiov DNPH kot akodovbei endacn yuo 15 Aentd og
Beppoxpacio dmpatiov.
3) H avrtidpaon teppatifetar pe TpoodnKn tov SAHUATOC OVIETEPOTOINGTG.
4) To piypa avayeton pe B-puepramrooudoavoln (5% telkn cuykévipwmon).

Ta mpoteivikd detypata daympilovion pe NAEKTPoPOpNoN Ko akoAovBel aviyvevon
TOV 0EEWOUEVOV TPOTEIVOV HE TN HEBOOO OVOCOUTOTLVTMOUNTOS Kol TN XPNON EWOKOV
aviiocopotog (anti-DNP).  Ymoloyileton o deikng xoapPovoMmong tov mpoTeEivov
(Proteome Carbonylation Index-PCI) o omoiog avtiotol el 6T0 INAIKO TOV GHUATOS TV
0&eMUEVOV TPOTEIVOV TPOS TO N LS TPOTEIVIG 1 TOV 0OPOIGHOTOC TPOTEIVAOV TOV
enpaviCouv oyetikd otabepéc TIHES avapesa 6Ta delypaTa.

24. Tlpoctowpacio yw mopaTipion TS pHop@oroyiag epuvOpokvTTdpOV pE
Hektpoviko Mikpookomio Lapwong - HMX (Scanning Electron Microscope - SEM)
Apyn puebodov

To Hiektpovikd Mikpookomio Zdapwons (HMX) ompiletar oty apyn Acttovpyiog
€VOG KaBOOTKOU COANVA KO TEPIEYEL TNVIN Y10l TV ATOKAIOT dECUNG NAEKTPOVI®VY, 1 OTToln
«OOPAOVEL TNV EMPAVELN TOV TOPACKELAGHOTOC. H aAAnAenidpaor tov nAektpoviov pe
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T0 TOPOCKEVAGHO Umopel va €xel o¢ amotéleoua: 1) v avdkAiaon Tov niektpoviov
(omocBookedalopeva), 2) v €000 TOV MAEKTPOVIO®V OO TNV EMPAVEWDL TOV
TOPOUCKEVAGHOTOS (dgVTEPOYEVN), 3) TNV €AEVOEPMOOT NAEKTPOUOYVITIKNAG OKTIVOPOALNG.
Avaroya Tig TANpo@opiec oV BEAOVIE VO TTAPOVUE Ol OVIYVEVLTEG YPNOULOTOOVV KOl TOL
avtiototya NAekTpOVia. ['a mapdoetypa, yio TNV TopaTNPNOoN TNG AKPOTUTNG EMPAVELNKNG
HOPQOAOYIOG, YPNOUYOTOOVVIOL HOVO TO OEVTEPOYEVH] MAEKTPOVIM, EVO Yo TNV
mapatnpnon g Pabvtepng popeoroyiag, Ta omcbookedalopeva.

Kotd v eneéepyocio tov derypdtomv mov tpoopiloviat yia tapatnpnon cto HMZ,
elvar avaykaic m @don g povipomoinong. Avty m dwdikacio meptlapfaver v
aKwNTOToiNon OA®V TV OlEPYacIOV UETAROMGHOD TOV KLTTUPOL WHE OKOMO Vo pnv
yivovtol avToAvTIKEG avTidpdoelg amd To VOpoALTIKA Evivpa, aALd oynuatiloviol decpol
avdpeco oo Plopoplo MGTE TO KLTTUPOTANGLO VO LETOTPANTEL GE TNKTOUO SLUTNPOVTAS
TO GYNUO, TOV OYKO Kol TNV BEom TV dupdpwv opyavidiov Katd ta erdpeva otadw. Katd
™V Ao TG aPLOATOONS YIVETOL AVTIKATACTOGT T®V LOPiMV VEPOD TOL LOVILOTOMUEVOD
Borloyuod vAKOL amd évo pécov aeuddtmong (my. ofovoAng). Xtn cvyKekpuyévn
gpyacia £yve mApOTHPNOT TG EMPAVEIOKNS HopPoAoyiag TV epvBpokvuttdpmy. [a v
TOPAYOYN TOV  OELTEPOYEVOV MAEKTPOVIOV amd TNV  EMQAVEIL TOV  OelyuaTog
Tpoypatorotleital kKaAvymn pe otpodpo Xpvoov-Tlaaladiov (Au-Pd) mote to deiypo va yivet
Y DYLLO.

YAka-Avtidpootiplo

e AiBavorn 100%, MERK, BDH

e [Aovtapikn aAdetion, SERVA

o Emurpanélio puyokevipoc Eppendorf, 5410

e Hiektpovikd Mikpookodmio Xapwong, PHILIPS SEM 515

e KaxodvAiko vatpio, SERVA

o Kohvmtpideg

e Tetpo&eidio tov oopiov (0sOy), SIGMA

e Xovkpdln, SIGMA

e Yvokevn kdAvync Xpvoov-IToiriadiov, Tousimis Samsputter-2a

o Towio dtmAng Oyng

Hepouatixny drodikaciao

1) Xg 20ul amd to ilnuo pue ta makeToplopéva epubpokvTTapa tpootifetal dtdAvpo 2%
yAovtopaAdetiong oe 0.1 mM kakodviikd vatplo pH 7.4. Endaon yo pio dpo.

2) Axolovbei mivon pe dtlvpa 4% covkpdlng o 0,1M kaxodviikd vatpio otovg 4°C,
vy 15Aentd. H dwdikacio eravarapfdaveral dAreg 2 popéc.

3) IpooHnkn draidpotog 1% OsO4 o€ 0.1 mM kakodvikd vatpio pH 7.4 kot endaon yio
pio dpa otovg 4°C.

4) Axorovbei EEmiopa pe ddivua 4% covkpding oe 0.1 mM kakodvikd vazpio pH 7.4.
H dwdkacio eravorappdvetar akdun pio opd.

5) Ao@vddtwon pe afavoln e dadoykd avéavoueves cvykevipooelg 30-50-70-85-95-
100-100-100%.

6) Apaioon Tov makeToplopévoy epvbpokvttdpov pe odAvpa 100% obavoing kot
EMIGTPMOON TOV OEIYUATOC GE KAAVTTPIOA.
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7) Xtéyvopo otov aépa - KaAvymn pe Xpvood-TlaAlddio kot mapatipnon oto Hiektpovikd
Mikpookomio Zapwong.

v Ta epubBpokvTtopo KOTNYOPLOTOOVVIOL CE MUY OVAGTPEWINA, OIGKOKUTTAPA KOl
avaGTPEWIHA OVAAOYO LE TNV TKOVOTNTA TOVG VO ETAVEPYOVTAL 1] OYl GTO PLGLOAOYIKO
SOKOKVTTOPIKO oynua 0tav PeAtiwbovv ot cuvvOnkeg tov mepPailovioc. Qg un
OVOOTPEYILES HOPPEG Bempolvionl To COUPO-EXIVOKVTTOPO, TO CEOIPOKVTTOPM, TO
oforokVTTOpO, TO EAAEIMTOKLTTOPM, TO OOKPVOKLTTOPO KOl TO OYLOTOKVTTOPA. UG
avaoTPEYIIO BEPOVVTOL TO KOTTAPO TTOV OTOKAIVOLV OTO TO PLGLOAOYIKO JIGKOKLTTOPIKO
oYNUO OAAG OV OVIIKOLV GTIG U OVOCTPEWYILES LOPPES.

2.5. Métpnon g 06pmTIKIG €V0paVeTOTNTOS TOV EpLOpOKLTTAPOV

Apyij pebédon

H péBoodog avtr Pociletar oto yeyovdg 611 T £pLOPOKLTTOPA WE TPOOOEVTIKN
peioon g mokvomtog dwwdvpatog NaCl and 0,9% oe 0,1% oporvoviar, kobang to
dwdvpa 0,9% NaCl eivor 106tovo yio owtd eved 1 peiowon g cvykévipoong oe NaCl
Kavel o dtodvpata vrotova. O deikne oopmtikng gvbpavotomrag (MCF) deiyver v
evacnoio Tov epuhpoxvTTAP®V TNV MUOAVGT AOY® OGUMOTIKOV GTPEG Kol Elvar ekelvn M
ovyKéEVIpwo tov dtolvpatoc NaCl mov mpokadei Avor o€ mocootd 50% [218].

YAka-Avtidpootiplo
e NaCl (MW=58.44), OmniPur
o Emurpanélio puyokevipoc Eppendorf, 5410

Hewpapatikn dwodikacio

1) IpocOnkn 10X ohkoV aipoatog og SwwAdpata Seopwv cvykevipocewv NaCl (0,0-
0,9%).

2) 'Hmo avadevon kot enmdoon yio 15 entd o Ogppokpacio dopotiov.

3) dvyoxévrpnon (8009 yo 5 Aemtd).

4) dwrtouétpnon vrepKeinevoL ota S40nm.

Me Baon v mpoOTLAN KAPTOAN amoppdenong Kot cvykévipmong NaCl, vroroyiletor
ovykévtpoon tov NaCl mov mpokeAel Avor oto 50% tov Kuttdpwy. Xto ddlvpa 0,9%
NaCl, n aipdivon Bewpeiton 0%.

2.6. Métpnon g unyovikig evlpavetétnTog TV epvdpokuTTdpv

Apyi pebodon

> pébodo oty YPNOCUYOTOOVVTIOL UIKPA, UETAAMKA o@opidio To omoio aoKOLV
UNYOVIKO OTpeC oTo. €pLOPOKVTTOPA, VOTEPO ANO AVAOELOY GE KATAAANAO HNyOvnuo
(Rocker) [219, 220]. H unyavikry gvbBpovotdmra gival OeikTng Tng KovoTnTtag ToVv
EPLOPOKVTTAPOV VO AVIEYOLV GTN UNYOVIKY KATOTOVNOY KOTE TN HETOKIVNOY TOLG OTnV
KuKAopopia.
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Ylkd-Avtidpoctnpio

o Emurpanélio puyoxevipoc Eppendorf, 5410

e Ioo6tovo ddivua pocpopik®dv (PBS 310mOsm)
o MetaAlkd ocpapidwa (beads)

e Rocker, Grant Bio PTR-35

Hewpapatikn Swodikacio

1) dvuyokévipnon OAKOD GiLOTOG KOl TOUAKPVVGT) TOV VIEPKELUEVOD.

2) Apoioon TOV TOKETAPIGUEVOV €PLOPOKVLTIAP®Y HE 1GOTOVO SLIAVUN POCPOPIKDV
(oupatokpitng 20%).

3) IIpocbnkn petaAlik®v ceopdiov kot avadsvon yo 1 dpa o 18rpm (10”)- 17° (57).
I'a 1o KGBe detypa vdpyetl To avtictolyo delypa-pdpTupag, 6to omoio dev TpootifeTat
o@a1pidl Ko OEV avVAOEVETAL, OALAL 1] LITOAOINY dladIKAGT0 AKOAOVOEITOL KOVOVIKAL.

4) ®dvyokévipnon (2.750g vy 15iemtd, 4°C). To VLREPKEIUEVO OTOUOVAOVETOL KOL
evyokevtpeitatl Eavd (20.800g ya 20Aentd, 4°C).

5) Axkolovbei pétpnon G GHOoQOIPIVIIG OTO VIEPKEIUEVO TOV OEYUATOV KOl TMV
naptopav (katd Harboe pe 616pOwon Allen [220]).

H ovykévipoon g apoceapivng vroroyiletor o €&ng: (PA. Kee.2.11 pérpnon g
elevBepng aposeapivng TAACHOTOC):

Hb (mg/100ml) = [(167.2 X As1s) — (83.6 X Asgp) — (83.6 X Asso)] X 1/1000 X apaimon X
100

O deiktng unyovikng evBpavotdmrag MFI vroroyileton wg e&ng:

MFI = [(ovykévipwon oluocEOIPIVIIG VIEPKEIUEVOL OEIYHOTOS -  GULYKEVIP®OOT
apocpopivng vrepkeévov pdprtopa) / (odkn Hb detypotog oto 20% oportoxpitn -
OLYKEVTPMOT LOGPAIPivNG VITEpKEEVOL papTupa)] x 100.

2.7. Métpnon evooKLTTAPLOVY EMAEIOV OpacTIKAV priav o&vyovov (ROS)
Apyn uebooov

H pétpnon tov evéokvttdpiov emnédmv ROS (Reactive Oxygen Species) faciotnke
o xpnon tov avidpaoctmpiov CMH,DCFDA. Avtd eivar éva Mmogiho, un ¢bopilov
oLGTATIKO TO OTO{0 S1AMEPVA TN TAAGHATIKY HEUPPAVN, €1GEPYETAL GTO KOTTAPO, KOPETOL
amo e€otepdoes, o&ewdmveTon omd To evookvttdpla ROS wat @Bopilel. 'Etol, ta enimeda
@Bopiopov avtikatontpiovv aueca ta vdookvttdplo enineda twv ROS.

YAka-Avtidpootiplo

e CMH,DCFDA, Invitrogen

e D-ylvxoln, SIGMA

e Diamide, SIGMA

o Emurpanélio puyokevipoc Eppendorf, 5410

e [ootovo didAvpa poopopikdv (PBS 310mOsm)
e {-BHP (tert-butyl-hydroperoxide), SIGMA

e ®Oopiopouetpo VersaFluor™, Bio-Rad

o ddeO
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Hepouarikiy dwadikacia

1) Amopovoorn epuBpokvTttdpov amd OMKO oipe Kol opoimon o€ 16OTOVOo OldAvUa
POGPOPIKOV pe Tpoctnkn yAvkolng (5mM).

2) IpooOnkn avtdpactnpiov CMH,DCFDA (5uM) oce kéfe delypo kot endaon, Lo
avadgvo, € okotddt Yo 30 AemTd.

3) AxoArovBei TAOoN TV KLTTAPOV e didAvua PBS kat endoacn oto okotadt yio 12 Aemtd.

4) Eemlopata pe StoAvpa @mo@opik®v/yAvkolng.

5) Avon pe ddH,0 xot pétpnon oto @bopiopopetpo. To amoTEAEGHOTO TOV HETPNOEDV
exppalovioar o€ RFU: oyetikég povadeg obopiopon. (Mnkog kdpatog diéyepong: 490nm,
Mnkog kOpatog ekmopnng: 5S20nm)

Mo ™ pedémm g emdekTkOTNTOS TOV gpLOpoKLTTApPOV ot &wyeviy oleldwTiKd
epebiocuara nponyeitol:

v Endoon tov detypdtov pe Diamide (2mM), 45 entd, 37°C.

v Endaon tov derypdtov pe t-BHP (100uM), 20 Aentd o€ Oepuokpacio dmpotiov.

2.8. Métpon evéokuTTaprov emaédmv wovrav Ca’’
Apyn uebodov

H pétpnon tov evdéokvttdpliov emmédwmv Ca®* Baciotmke oty ypnon  TOL
avtwpactnpiov Fluo 4-AM. Avto eivar éva Mmdeirho, un eBopilov cuotatikd 10 omoio
dlmepvd TN TAACHOTIKY HEUPPavN, €lo€pyeTon 610 KOTTOPO, KOPETOL OO €0TEPACES,
avTopa pe 1vta acPectiov kot eOopilet.

Yhwé-Avtidpactipla

e  D-yhvkdln, SIGMA

e CaCl,, SIGMA

e Emupanélio puyokevipoc Eppendorf, 5410
e Fluo 4-AM, Molecular Probes

e Hepes, FLUKA

e NaOH, MERCK

e [odtovo ddAvpa pwspopikmdv (PBS 310mOsm)
e KCI, SIGMA

e NaCl (MW=58.44), OmniPur

e TIvpooctaguAiiko vatplo, GIBCO

L ddeO

Hepouatixny diodikacio

1) Amoudévoon epvBpokvttdpwv omd OAIKO oipo Kot apoimon o 166tovo ddAvua
POCPOPIKADV.

2) IpooBnkn avudpactmpiov Fluod-AM (2uM) oe «déOe deiypa xor emdoor, Vo
avddevon, o€ okotadt yia 40 Aentd, otovg 37°C.

3) Akolovbei mivon tov kuttapov (145mM NaCl, 7.5mM KCI, 1.8mM CaCl,, 10mM
yAokoln, 10mM Hepes/NaOH pH 7.4, 10mM mopocta@uiikd vATPlo) Kol EXMOCT) GTO
oKOTAOL Yo, 12 AemtdL.
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4) Abdon pe ddH0 kon pétpnon oto @Bopioudpetpo. To OmOTEAEGHOTO TOV UETPNCEDV
exppalovion oe RFU: oyetikég povadeg @bBopiopov. (Mnkog kdpotoc d1éyepong:
490nm, Mnkog kdpatog ekmopnns: 520nm)

2.9. Métpnon g e€oTepikevong pmaopatidovriooepivng (PS) ne kuttapopeTpia pong
Apyn puebodov

Yto gpvOpokiTTOpa N eEwTEpiKELON TNG POCPATIOLAOGEPIVIG AMOTEAEL OElKTN
poaveng, epuBpdnTmong, 0EEMTIKOD GTPES Kol YEVIKOTEPN JEIKTN Tayelog KVTTAPIKNG
exkaBdpiong amd v kvkAoeopia. H avvelivn V elvar pia mpwteivn n omoio cuvdéetal
EMAEKTIKA HE TN QOOCEATIOLAOGEPIVY] KOL YPTCLUOTOLEITOL YIOL TO YOPAKTNPIOUO TOV
ATOTTOTIKOV KVTTAp®V [221].

Yhwé-Avtidpactipla

e anti-annexinV PE, BD Biosciences

e anti-CD235, BD Biosciences

e BSA (Bovine Serum Albumin), SANTA CRUZ
e  Adlvppo avveéivne, BD Biosciences

e Kovuttapoperpnmgc, BD FACScan

Hepouatixny dwodikacio

1) Apaioon oAko? aipatog (1:500) pe dtdAvpa avve&ivng (3.5% BSA).

2) IIpocOnkn 1,5 pl avuicopatog AnnexinV kot 1,5 pl avticdpatog CD235 cg 50ul
apotowpévoy detypatog. AkoAovBel Mo avddevon Kol ENMOACT 6T0 GKOTAdL Yo 15
Aemtd, oe Beppokpocio dSwUOTiov.

3) TIpocHnkn 500ul dtodvpatog avve&ivig, yio va TEpUATIOTEL 1] avTidpaon.

4)  Métpnon kot avaAivon tov dedouévov (tovddyiotov 100.000 counts avad detypa).

2.10. Métpnon emmédV ovTIOEEOMTIKNG IKavoTnTOog TAdopatos - FRAP (Ferric
Reducing Ability of Plasma)

Apyn uebodov

Mo ™ pérpnon tov emmédwv GLVOAKNG OVTIOEEWOMTIKNG KOVOTNTOS TAAGLOTOG
(Total Antioxidant Capacity of plasma, TAC) mpaypatomombnke pétpnon g KavOTNTOG
avay®YNG TOL GLUTAOKOL Fe*-TPTZ oe¢ Fe*-TPTZ amd ta avTOEEOMTIKG  TOV
mAdopatog. e yoapunAd pH, M avayoyn tov ocvumhdkov 1Tprobevolg  Gdnpov-
TPUTLPLOLAOTPLALTIVN (Fe3+-TriPyridleriaZine) oe oLumhoko 0100evovg cdMpov-TPTZ
(Fe2+-TPTZ) (n omoia €xetl éva €vtovo pmhe ypouo) pmopet va petpndel omd v oAiayn
oV omoppdenon o€ pNKkog kvpoatoc 593nm [222]. T ™ pétpnon Tov TOG0GTOD
GUUUETOYNG TOL OVPIKOL 0&E0C KOl TMV LIOAOITOV OVTIOEEIOMTIKAOV GLGTOTIK®V, GTNV
AVay®YIKN KavoTTe, TOV TAAGUHOTOS, Ypnotpomomnke 10 £viuHo ovpikdor, To omoio
VIPOAVEL TO oVPIKO 0ED [223].

Ylkd-Avtidpoctnpio

e O&wo o&y, SIGMA
e TPTZ (2,4,6-tripyridyl-s-triazine) (MW=312.34), SIGMA
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HCI, SIGMA

FeCl;-6H,0 (MW=270.30), SIGMA
Uricase, SIGMA

o dwtouetpo, BIO-RAD

To avrdpactipro FRAP eival étoo petd and avapein tov dtwivpdatov: O&ikd o&o
(300mM, pH 3.6), TPTZ 10mM — HCI (40mM) «or FeCl3:6H,O 20mM, o¢ avoloyia
10:1:1 avtictouyo.

Hepouatixny drodikacio

1) Apaioon midaopatoc (30x) pe avridpaoctipio FRAP.
2) Enmaon ywo 4 Aentd otovg 37°C.

3) dortouérpnon ota 593nm.

> Métpnon e E01KAC GLULUETOYNS TOL 0VPKOD 0EE0C GTNV OVIIOEEWOMTIKA KOVOTNTO

TOL TAAGLLOTOC

AxoiovBeitor 1 1010 Sadwkocio pe Ostypo TAGGUOTOS TO OmOi0 €YEl TPO-EMWAGTEL LE
ddAivpa ovpikaong (0.125 U/mL) ce Oeppokpacio dopatiov.

H amoppdonon avrictoryel pe m ypnon tpodTLING KOUTOANG 6€ cuykévipwon (WM) dviwv
Fe”".

2.11. Métpnon g €rev0epnS aLpooPaLPivS TAAGNOTOS

Apyn uebooov

H pértpnon mg awoceaipivng katd Harboe Paciomnke apyukd oto yeyovog 0Tl M
o&vatposearpivn €xel péytotn aroppoéoenon ota 415nm. Ouwe, cLGTATIKA TOL TAAGLOTOC
Ommg M yoAepvBpivn, N aAfovuivn kot ta Mmidio Exovv ££iGoV GNUOVTIKY ATOpPOPNoN CE
avtnv v mepoyn. [ to Adyo awvtd, or perproelg ota 380nm wor 450nm
ypnoonomdnkay yio ™ dnuovpyia pa pabnuotikng oxéong (Allen correction) dote va
vroAoyileton amevfeiag N CLYKEVTIP®MON NG APOGPALPIvNG, Y®PIC TV emidpacn GAAA®V
GLGTATIK®V TOV TAdopatog [220].

Hepouatixny drodikacio

1) Apaimon (1:10) o€ dH,0

2) Axoiovfel koA avadevon TV SEIYUATOV.

3) Exdaon yia 30 Aentd, og Ogppokpacio dSopatiov.
4) Métpnon ota 380nm - 415nm - 450nm.

H cvyxévtpoon g apocsearpiving vroroyiletor wg eENg:
Hb (mg/100ml) = [(167.2 X Ass) — (83.6 X Asgp) — (83.6 X Asso)] X 1/1000 X apaimon X
100.

2.12. Métpnon Tov EMTESMV KUGTIOOMOIN GG HE KVTTOUPONETPIO POT)G

Apyn uebodov
Y& autn TN HéEB0dOo, o SEGUN PMOTOC LEHLOVOUEVOL UKoV KOMOTOg (Aé1lep) KoTey-
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Bvvetal S1HEGOL oG VOPOIVVALIKE CLYKAIVOLGOG pong VYPOL. Evag aptBudc aviyvevtov
nepPdAlel o onueio 6mov M déoun tov POTOHS Slamepvael T pon Tov vypov. Kdabe
COUOTION0 ®POVUEVO GTO VYPO TTOV TEPVA SAUEGOV TNG dEoUNG OKeESALEL TO QMG TTPOG
Kamolo Katevhvvon kot wapdAinia to Bopilovta ynukd mov Ppickoviol 610 COUATIO
N enl ¢ EMPAVELNS TOL UTOPOLV Vo OlEYEPHOVV KOl VO EKTEUYOLV YOG OLOPOPETIKOD
UNKOVG KOUATOG amd anTd TS TNYNS. AVTOC 0 GUVOLACUOG GKESUGHEVOL Ko pBopilovtog
QMOTOC TPOoSAoUPAvVETOL OO TOVG OVIXVELTEC KOl UETA Oomd OvOADGELS elvarl dvuvartn 1
OTOKOUIOT) TTANPOPOPLOV GYETIKAOV HE TN QUOIKN Kol ¥NUKn doun Kabe pepovopévov
copotdiov. H eunpdcbia oxédaon "FSC" (Forward Scattering) oyetileton pe tov 6yko tov
couatidiov (Kuttdpov 1 Kvotdiov) kot 1 mAdyle okédacn "SSC" (Side Scattering)
e€apTatol amd TNV £0MTEPIKT] TOAVTAOKOTNTO TOV COUATIOION (Y. CYNUO TOL TLPNVA,
aplOUdc KLTTOPOTAOCUATIKOV COUATWIOV 1 adpotnTa Kuttopkng pepufpavng). Ta
Kvotiow tovtomomOnkov pe Paon 1o péyeBdc touvg (<lum), v eEmtepixkevon PS
(Annexin V') kar v xvttapiky mpoéievon tovg (CD235Y, avticopo évavit g
yYAvko@opivng mov givar TPOTEIVY YOpaKTNPOTIKY] TV gpubpokvttdpmv). Ta tov
TPOGOOPIGHO TOL HEYEBOLG TV KLOTWIMV ypnoomomdnkoy ceapid opiopévou
HEYEO0LE CUUPOVO HE TIC 00MYiEC TOV KOTOOKELOOTH, EVA YO TOV TPOGOIOPIGUO TOV
amOALTOL  opBpod TV pukpokvoTwdiov  (kvotidw/pul)  ypnoyomombnkav - €101Kd
ocwinvakia pe eopifovta Kvotidia yvwotng cvykévipwong (TruCount tubes).

Yhwd-Avtidpactipla

e anti-annexinV PE, BD Biosciences

o Awhopupa avve&ivng, BD Biosciences

e Kovttapoperpnc, BD FACScan

e XoAnvakwo TruCounts, BD Biosciences

Hewpauatiky owadikacio

1) Amopdvoon TAAGHOTOS amd OMKO aipaL.

2) TIpocHnkn 10ul TAdopatoc og 90ul puOuicTiKoD doddpatog avveEivng.

3) IIpocHnkn 3ul oviioopotog annexinV kot 4ul avricopatoc CD235. Akolovbel
avEOELON KOl EMMACT] 6TO OKOTAOL Yo 15 Aemtd, o€ Oeppokpacio dwpatiov.

4) TIpocHnkn 400ul dtaiduatog avve&ivig, yio va TepUATIOTEL 1) avTidpaon.

5) Métpnon kot avaivon tov dedopévav (tovidyiotov 100.000 counts avd deiyua).

2.13. ZratioTiki) enelepyacio amOTELECUATOV KUl AVAAVGT SIKTV®V

[Ma ™ otatiotikn eneepyocio TOV AMTOTEAEGUATOV YPNOUOTOONKE TO GTATIOTIKO
npdypappo IBM SPSS (Statistical Package for Social Sciences, ékdoom 22.0). Ot drapopég
avdpeco oTig opdoeg TV achevav Kabmg kol 1 enidpacn g aipokdBapong erExOnkav
uéow t-test (independent samples t-test ko paired t-test, avtiotoya), V@ 01 SLAPOPEG TOV
OUAd®V TV acOevdV e To VY ATopo EAEYXONKOV LE avAAVOT SLOKVUAVONG KOTE £va
napayovta (ANOVA, one way analysis of variance). H katnyoptomoinon to@v nopapétpov
mov peAetmOnkav €ywve pe avdivon mopayoviov (Factor analysis) wor m wpoPieyn
TOPAUETPOV He aviivon ToAvdopounong (Regression analysis). H avdivon mopaydviwv
elval o otatotikn péBodog 1 omoio SMIGTOVEL TOV TPOTO GLGYETIONG TOAADV
OLLPOPETIKMOV ~ TOPOTNPNCE®V Kol  TPoooopilel  moOGEg OempNTIKEG  KATOOKEVES
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(mopdyovieg) Bo pmopodoav va ENYNGOVY HE TOV amAoVOTEPO dLVOTO TPOTO OLTO TOV
napatnpeitar. H gdpeon tov cuoyeticemv petald TV TOpopETp®V TPOYUATOTOMONKE L
eAéyyoug katd Pearson kot Spearmann, oviAoyo pe THV KOVOVIKOTNTO TNG KOTAVOUNG TV
TOPAUETPMV (KAVOVIKT KO U KOVOVIKT KOTAVOUY|, avTIoTO(). £2C GTATIOTIKA GTUOVTIKA
BeopnOnkoav Ta amoteléopata pe P<0,05 v P<0,01.

Mo ™ oynuoatikn avaropdotoon 1oV OAANAETIOPAoE®V HETAED TV TOPAUETPOV
oV peEAeTHONKOV Ko T Onovpyia dIKTL@V, Ypnoipomodnke to mpdypoupo Cytoscape
3.2.0. Ot ypoppéG oLVOEOLY TOPAUETPOVS LE OTATIOTIKG onuavTikég Oetikég (cuveyelg
YPOUUES) N opVNTIKES (OLOKEKOUIEVES YPOUIES) GUCYETICELS HETAED TOVG (0G0 MO KOVTIA
Bpiokovior ot mapdpetpol, 1660 mo woyvpn €ivar n ocvoyétion). Ot kdklot delyvouv
KopuPikd onueio Tov dkTOLOL, INANST TAPAUETPOVG OL OTTOIEG TAPOVGIALOVY GUVOECELS e
TANOOpa GAL®V TOPAUETPWV.

86



AIIOTEAEZMATA



A. AIIOTEAEXMATA

Al. Merhétn 1OV emdPlos®V TOV VWNAOV d0cewv  gpvOpomomTiviic oTa
gpvOpokvTTOPO KoL TO TAGOoPRO 060evedV pe XNA TeEMK0D 6Tadiov. ZVykpion achevav
nov dgv avtamokpivovtal ot Ogpancior pe thEpO (non responders, NR) pe acbeveic mov
avtamokpivovtol (responders, R) kot vyieic péptoupec.

1. Apotoroyké TpOTLTO KL YOPUKTPLOTIKA TOV TAGGHOTOS

O)ot o1 acBeveig yapaxktnpilovior omd avopio Kol apaToA0YIKoUS OEIKTES YPOVING
eAeypovig (Stotapoyn oTnv opoldeTact TOV GLONPOL, GTO OEIKTN €VPOVE KOTOVOUNG
ueyébovug tv gpubpoxvttapmv (RDW), ota eninedo ovdetepopilmv, HDL ka.) (ITivakag
1).

To apatoroykd kot 1o Proynukd tpdTLmo de SoPEPEL ONUOVTIKG OVAUEST GTIC OVO
opades TV aocbevav mpv omd v ookdbapon, mopd uoévo ota emimeda ovpiag Ko
ovpkoy o0&€oc to omoio mapovcstdlovior LYNADTEPO GTOVLS UN  OVIOTOKPIVOUEVOLG
acBeveic. H owdwkacio ¢ aipoxdBapong €xet Oetkn emidpaom oto emimeda NG
aoootpivig aipotog (Hb) kot ota emineda g péoMg £VOOKVLTTAPLOG GLYKEVIPMONG
apooatpivig (MCHC) otovg un avtamokpvopevoug acbeveic odld apvntikn emnidpacn
010 uéco Oyko gpvbpokvttdapov (MCV) tov aviarokpvopevov acbevov (Mivakag 1).

To ovpoyukd mhdopo yopoktnpiletor omd  avénuéva  emimedo  OAKNG
avto&edotikng avomrag tAdouatog (TAC) oe oyéon pe 0 TAAGHO TOV VYOV ATOU®V,
evd Topovotdlel kot Taboloyikd eninedo t10c0 olkdv (MVS) 660 Kot EpLOPOKLTTAPIKMV
kwotdiov  (R-MVs)  (Ew.1A). To midopua TV  aviamokpvouevemv  acbevov
yapoxtpiletor emmiéov and vymid eminedo aporvong (erevbepn apocearpivn, fHb)
1060 TPV 060 Kot petd amd tnv aokddapon (Ew.1B). H dadikaocio g opokabapong
odnyei og peiwon t6c0 ™¢ oAkng (TAC) 660 kot g eEapTOUEVNG Ad TOL EMITEDA TOL
ovptko¥ 0&Eog (UA/AC) avtioeld®Tikhg tkavoOTnTag ToL TAACUOTOS, GE EMMESO KAT® TMV
evooroyikdv. EmmAéov, n apoxdBopon oyetiCetan pe peimon t@v oMkdV KuoTdiov o
OAovg Tovg acbevels, Yopig OUMS Vo TOL EMOVOPEPEL GE PLGLOAOYIKA EMIMEND, EVD UEUDVEL
ONUOVTIKA TO £PLOPOKVLTTOPIKE KVOTIOW HOVO TOV OVTOTOKPIVOUEVOV acBevav (omd
3.258+1.375 wvotiow/puL mpo-AIK oe 1.214£822 wvotidw/puL petd-AlIK) yopig va
TPOKAAEL ONUOVTIKEG AAAAYEG OTA EPLOPOKVTTAPIKA KLOTIOW TOV UM OVTOTOKPIVOUEV®V
acBevav (2.443+656 kvotidw/pl mpo-AlK, 2.619+1.072 kvotidwo/pL pera-AlK). ‘Etot, ot
un ovtoamokpwopevolr acbeveig yapaxtmpilovior amd vymidtepa enimedn KLGTWI®V GTO
TAGGLO TOVG PETE TNV apoKABapon og oxéon pe Tovg ovtomokpivopevovs (Ewk.1B).

[Tewpdpoto ovacHotaong avapeso 6e OVPOLUIKE £PLOPOKVTTOPA KOl PLGLOAOYIKO
TAAGUOL 1 QULGLOAOYIKG  €pLOPOKVTTOPO KOL OVPOYUKO TAACHO  £O€EAV  1GYLPN
AVTIOEEOMTIKY dPAOT) TOL OVPAUKOD TAAGLOTOS (TPtV omd TV apokdbapon) ce oyéon
pe to @uvowAoykd. H aviio&edmtikn 0pdon Tov ovpoukod TAAGUOTOS amodideTal
Kupiwg 6T0 0VPIKO 0EV, KOOMDC pe TV TPOGHNKN OVPIKAGNG GTO OVPOLUIKO TAAGHO
Katapyeiton 1 woyvpn avio&edmtikny tov dpdon (Ewk.2). EmmAéov, 10 ovpaykd midouo
OVOOTEAAEL KOl TV OUUOAVOT| GTO. PUGLOAOYIKE £pvBpokvTTAPa, OpAcT 1 Omoio EmioNg
amodidETAL GTO OVPIKO 0EL KOOMG TPO-EMMAGT TOV TAAGHATOG LLE OVPIKACT) ALEAVEL PEYPL
Ko TE0GEPLG POPEG TaL mimeda TG apytkng apoivong (Ewk.2).
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Ewova 1: Awaxcopoven StoAvTtdv GueTATIK®V TOV TAAGLOTOS GTOVS avTamokpvouevous (R) kot pn
avtamokpvopevovg (NR) acBeveic, mpwv (mpo-AIK) (A) xor petd (uetd-AIK) (B) omd v
apokdaBapon (AIK) votepa amd KovoviKomoinon ¢ mpog T TWEG tov uaptopmv (100%,
dakekoppévn ypapun). FHb: edevbepn apooearpivn thdopatog, TAC: cuvolikn avilo&eldmTikn
wavotnta mAdopatog, UAJ/AC: avtio&eldmTtiky ikavotnta TAGGHOTOS EEAPTMOUEVN amd TO OVPIKO
0&0, R-MVs: gpvbpokuttapicd kvotidia, MVs: olkd kvotidio mhdopatog. P<0.05 évave vyidv
naptopov, P<0.05 R évava NR, *P<0.05 mpo- évavri petd-AIK. Ot tipéc mapovotdloviol og
UEGOG OPOG + TLTIKY amOKALGT.

EvdokuTttdpia emireda ROS EAe08epn Hb TAdopartog
200 600 - o
150 - :I.:_ 500 -

400 -
100 T 300

50 200 -

100 W . LT T

0 : 0 |

"] EpuBpokitrapa: XNA (11po-AlK) / MAGopa: guaoiohoyikd (Uyltv)

EpuBpokUTtTapa : guoloAoyikd (uyiiwv) / MAGopa: XNA
B EpuBpokuTtrapa : puololoyikéd (Lyitv) /MAdopa: XNA + Oupikdon

Ewoéva 2: Tepdpote avacvotacng (N=6) mov deiyvouv v avtio&eldmTikyg Kot ovTi-UOAVTIKNY
Opdion Tov oVPALLIKOD TAGGATOS AOY® NG Topovasiag ovpikod o&éog. Ot Tiuég mapovaidlovion
VOTEPO OO KOVOVIKOTOINGCT MG TPOG TO, EMIMESN TOV EVOOYEVDV TILADV, TPV amd TNV OVAUELEN
(100%, drakexoppévn ypapupr). P<0.05, évave: Tav apyikdv Tiwodv mpw v aviusiéEn.  P<0.05,
TPV TNV ENLOPOAOT OLPIKACTG EVavT: T®V EMTEOWV LETA amd TNV ENLOpaoN TG ovptkdong. Ot Tipég
TOPOVGIALOVTOL O HECOG OPOG £ TUMIKT OTOKALCT).
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Mivaxkag 1: Anpoypa@ikd, OHaToOAOYIKA Kol Bloynpikd YopokInplotikd aclevov Kot
VYOV ATOUOV, KOOMG KoL YUpOKTNPLOTIKA ToV oyetilovtot pe tn voco kat T Bepomeio.

Avtamokpivopevol Mn avromokpivopevor ,
, , Yreig
acOeveig (R) acOeveic (NR) (N=12)
(N=16) (N=12)
XopaKTnploTikd apo-AIK  petd-AIK  7mpo-AIK  petd-AIK
HAwcia (xpdviar) 81+7 76+8 68+9
Béipoc (kihé) 64,8+15,1 75,4+19,8 66,349,8
O¢paneia
opokaBapong (UNvec) 6-105 5-126
Adon thEpO
(IU/eBoopddn) 9.350+4.203 23.250+5.650
AgvkokitTapa
(x10%/uL) 5841,6 57425  63+1,7 6,142,6 7,013
Ovdetepdgiia (%) 66+9 5948 6848 718" 5947
AeupokoTropa (%) 2548 3349 2346 2148" 29::4
Movoxbtrapa (%) 8+4 6+3 7£3 6+1 9+1
Baocedoira (%) 0 0 1 0 1
Hoowoeua (%) 1 2 2 2 2
RBC (x10%/uL) 3,61£0,40° 3,99+40,89 3,87+0,73 420123 473055
Hb (g/dL) 10,940,7 11,740, 1041090 113+1.4" 149+13
Het (%) 33,8519 332438 33,5322 34,0446  41,8+4.5
MCV (fL) 05,449,1 84,4485 " 891+16,1 85,0+16,5  93,0+6,0
MCH (pg) 3024327 29,6544 27,8459 28,1459 31,642,
MCHC (g/dL) 312406 33,6437 31113 33,1x1,3"  340+12
RDW (%) 16,6£1,3°  158+2,1 168+14 14,5207  12,9+0,8
PLT (x10%/uL) 173£54° 185468 192455 195463 348483
PDW (%) 12,8424 13,7+1,8 13,6421 142429  17,7+0,6
PTH (pg/mL) 2354129 - 211494~ - 42420
kol (mg/dL) 100£10 - 98+12 - 77419
Ovpia (mg/dL) 125425 37,8+8,6" 15327 46,5+104 "  35+12
URR (%) 69,246,3 69,2+7,9
Kpeatvivn (mg/dL) 6,7+2,0° - 7,741,2" - 0,7+0,1
Ovpikd 0&H (mg/dL) 5,911,2*'** - 7,5¢1,0" - 42+1,2
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XoAnotepoin (mg/dL)  147+41 - 13617 - 145+18

Tpryhvkepidw (mg/dL)  148+37 - 129+79 - 139425
HDL (mg/dL) 43+11 - 43+10° ; 8049
AoPéotio (mg/dL) 9,340,3 - 9,340,3 - 9,4+0,3
doopopog (mg/dL) 4,7+0,9 - 4,9+1,1 - 3,7+0,5
Kdaio (mM) 4,90+0,48 4,20+0,36 5,12+0,65 4,05+0,65 4,21+0,30
Nézpto (mM) 13742 - 13642 - 14242
Tidnpoc (ng/dL) 60,3+14,7 - 59,0424,1" ; 110,2+17,1
Depprrivy (ng/mL) 825+482" ] 6914£192" ; 69423
TIBC (ug/dL) 244439 - 236435 - 383489
[Ipwteiveg (g/dL) 7,1+0,3 - 7,2+0,4 - 7,5+0,6
A\Bovpivn (g/dL) 4,2+0,6 - 4,1+0,3 - 42+0,4
AAKOAIKY|

ewcpatdaon (IU/L) 71£13 - 7547 - 64+18
vGT (IU/L) 15+8 - 1445 - 1249

(*): P<0.05, maboroyikéc TIHES, GTATIOTIKG oNuavTikKh avénon 1 pueioon évave Tov vyIdV aTOU®Y,
(**): P<0.05, avtamokpwvopevol acbeveig évavn pun avtomokpwvopevev, (#): P<0.05, tpwv omd v
awpokdBapon (nmpo-AlK) évavr petd omd v aokdBapon (netd-AlK). Ot tipég mopovoidloviot
®G HEGOG 0pog £ TuTKN amokion. YGT: y-yhovtapvi-tpavepepdon, Hb: apoceaipivy aipatog,
Hct: awartoxpitng, HDL: vyning mukvotrag Amonpmteiveg, MCH: péon xuttapikn mocotnta
apoceapivng, MCHC: péon kuttopikn cuykévipoon ooseapivng, MCV: pécog kuttapikdg
oyxog, PLT: ayometdho, PDW: g0poc katavoung peyébovg aponetariov, PTH: mapabopudvn,
rhEpO: avBporivn avacvvdvacuévn gpvBpomomtivy, RBC: apiBudc epvbpokvtidpwv, RDW:
gbpog Katavoung peyébovg epvbpoxvttapov, TIBC: ohikn cdnpodecpevtikn wavotnta, URR:
1060010 peimwong ovplog.

2. ®voohoyia, popPoLOYia Kol TPMTEIVIKY] 6V06TUC TOV EPLOPOKVLTTAP®V

To olhvoro TtV 0acBevdv pe ¥pOVIOL VEPPIKY OVETAPKELD YapokTnpileTor omd
VYNAGTEPOL TOGOGTA  gpvOpoKLTIAP®OY pe un  avooTtpéyun  mopapopemon  (IRR),
eEmTEPiKELON POGPATIOVAOGEPTVIG Kot YO UNAT 0GH®TIKY evBpavotdmra (MCF’, votepa
amd enmaon ywo 24 dpec otoug 37°C) oe oyéon pe ta vy droua (Ew.3A kou 3IN).
[Mapoéra avtd, ot acbevelc mapovctdlovy €mioNG PLGIOAOYIKA EMITESN E£VOOKLTTAPL®V
OpacTik®V pav 0&uYOGVoV, TPMTEIVIKNG KapPovoMmong g HeUPpavng, EvOOKLTTAPIOV
WOVTeV acBectiov KaB®G Kol PLGIOAOYIKES TIHEG GTO OeikTn UNYaviKng vBpavotdtnTag,
Tpw amd TV apokabopon og oxéon pe o vyw dropo (Mivakag 2). Amd v avaivon
TOAVOPOUNONG, HE TN XPNON TNG CHOCOOIPivNG aiploTog ®¢ oveEdptntov mapdyovra,
TPoEKLYE M ONovpyio VG HOVTELOL TPOPAEYNG TOV EMTEI®V TOV EPVOPOKLTIAPMOV LN
avaotpéyung mapapopenons (IRR) oto aipo tov acbevov mov maoyovv amd ypovia
veppikn averdpkela (Euc.4).
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Mivakag 2: XopoakmploTikd ToV €PLOPOKVLTIAPOV KOl TOV TAAGUOTOS GTOVG
OVTOTTOKPIVOLLEVOLG KOl U1 OvTOmOKPIvOpUEVOVS acbevels kabdg kot otovg aobevelg pe
XNA og ovvoro (mpwv amd v AIK) oe oyéon pe o vy AToua.

] Mn AcOeveic
AvTamokpwopEvoL OVTOTOKPLVOREVOL XNA Yreig
XapoKTnproTiKa (m()sv_alg (R) acbzveic (NR) npo-AIK (N=12)
(N=16)
(N=12) (N=28)

EpvBpoxidtTapa
K GVAoTpEYNG 53+29" 7,9+41" 6,4+3,6" 2,7+0,9
TAPOULOPPOCNG
(IRR) (%)
Oocpotikn
evfpavorom 0,529 + 0,049 0,495 +£0,052°  0,515+0,052° 0,573+ 0,019
MCF’(24mpec,
37°C)
Mnyovikn
gvdpavoTdTT 0,634+0,332" 0,884 +0235  0,773+0,302 0,804 + 0,194
(MFI)
PS*
epubpokvTTapa 1,73+ 0,67 1,19+ 042" 1,51+ 0,63 0,60 +0,19
(%)
iROS (RFU) 443 + 155 448 + 194 445 + 168 306 + 63
iCa”* (RFU) 2.122 + 782 2.914 + 1.269 2.773+1.073 2371 +448
Agiktng
APOTENICAG 3,49 3,33 4,79 + 4,39 4,14+ 4,0 3,86=0,9
KkapPovurioong
(PCI)
Olka KvoTiow ) . ) 10.008 +
MVs 52.079 + 15.905 41.188 + 12.442°  47.238 + 15.122

, 12.497
(xvotido/pl)
EpvBpoxvtrapikd
kvotidl  R-MVs  3.258 £1.375 2.443 + 656" 2.896+1.162° 707 +526
(xvotido/pl)

(*): P<0.05, maBoroyikéc TIHEG, OTATIOTIKA oNuavTikh avénon 1 ueioon évaver Tev vyldv atdpmy,
(**): P<0.05, avtomokpvopevol acbeveic évavr un avtamokpwvouevov. RFU: oyetikég povadeg
@Bopiopov.
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IRR MCF  MFI PS iROS

r AVTOTTOKPLWOUEVOC Mn oVTOTOKPLVOUEVOC

ao0evrc (R) aosvr’lc (NR)

Ewova 3: Atokdpovorn oo YopaKTnploTiKa Tov pudpokuTTdpmy HETOED TOV OVTOTOKPIVOUEV®OV
(R) xar pun avramokpwopevov (NR) acBevav, mpv (A) ko petd (B) v apokdbopon (AIK),
VOTEPA OO KOVOVIKOTOINGT G TPOG TIG TIHES TV VYOV atop@v (100%, StokeKoppévn ypauun).
IRR: epubpoxvttape pn avaotpéyyng mapoudpeoons, MCFEF’:  deiktng  0oCH®OTIKNG
evhpavoToTTOG KLTTApOV (Votepa omd enmacn otovg 37°C yu 24 opeg), MFI: deiktng

unxavikng  evbpovotomrog  kvttapwv, PS:  ewtepikevon  pooeatidvriocepivig, 1ROS:
evdoKLTTApLO. emimedo dpactikdv pridv ofvydvov. P<0.05 évave vyidv poptopov,  P<0.05 R
évaver NR, *P<0.05 mpo- évavr petd-AIK. Ot tipéc mapovstdloviol o¢ PEGOS 6pog £ Tumky
anokAlon. ()  AVTIPOCOTEVTIKEG  €IKOVEG OMO  MAEKTPOVIOYPOPIiES  €PVOPOKVLTTAP®V
avtamokpwvopevov (R) ko pn aviamokpvopevev acbevav (NR), mpwv amd v AIK. Ta Béln
VIOOEIKVOOLY €pLBpoKDTTOPL LN ovacTpEyiung mapapopemons (IRR) ontmg ceoporvtTapa,
dUKPLOKVTTPO, EMAEWTTOKVTTOPA, OPUAOKOTTAPO KOl oylotokvTTOapa. PAPdog peyébuvong: 10pum.
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IRR (%) = -2.39* Hb (gr/dL) + 32.02

o) 16 Adjusted R2=0.361, P=0.0004, n=28

§ 14 -
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Ewova 4: Movtého mpoPreyng TV ETTESOV UM OVOCTPEYIL®DY LOPPOAOYIKDOV TPOTOTOCEMV
v gpubpokvttdpov (IRR) and 1o eninedo apooearpivng aiparog Hb (gr/dL) g aveEaptntov
TaPAyoVTOL.

Avtictoyo pE TG TPOMOMOMGES TOV TAAGUOTOS, 1 TAEOVOTNTO TOV
YOPOKTNPIGTIKOV TNG OOUNG KoL TNG QUOIOA0YING TV £pVOPOKLTTAP®OV OV TOPOVCLALEL
OTOTIOTIKA  OMUOVTIKEG  Jlpopéc  Uetalhd TOV  OVIATOKPIVOUEV®V KOl  TOV U1
avtamokpvopevov acevov (Ewk.3A). TTopdia avtd, ot un aviomokpivopevol acheveig
TaPOLGLALOVY UKL TACT TTPOG LYNAOTEPO EMIMEDD EPVOPOKLTTAPOV U AVOCTPEYLUNG
TopapOpE®MONG KOl €VOOKLTIOPIOV  1OVTIOV  acPecTiovn o€ OYE0M  HE  TOVG
OVTOTOKPIVOLEVOLG aGBevelc, yoplc OUMC GTATIOTIKA ONUOVTIKEG JaPOpES eEantiog TG
HEYOANG OakvUAvVoNG Tov Topovcstdlovv ot acBevelg g 101G opdoag HETOED TOLC.
AvtiBeta, ta epuBpokVTTAPU TOV AVIOTOKPIVOUEV®DV ac0evVAV Tapovctdlovy pHeyaAdTEPN
evacOnoio 6To UNYaVIKO GTPES GE GYECT UE TOV UN OVTOTOKPIVOUEV®V, TUPATL KO GTIG
d00 OUAOEG O TIHEG TOL JEIKTN UNYOVIKNG VOPALGTOTNTAS iVl EVIOC TOV PUCIOAOYIKAOV
emnédov (Ilivaxog 2).

Oocov agopd omv enidpacn g opokdbopons, avty TLPOSOTEL T GLGCOPEVOT)
EVOOKLTTAPLOV OPOCTIK®OV PidV 0&uydvou kot 611G 600 opdades Tmv achevav, oArhd dev
empedler ™ popporoyia twv epvbpokvtrdpov (Ewk.3B). Emumiéov, emdewvdver v
efotepikevon ™G  Qoo@aTdvAocepiviig  HOVO  ota  gpuBpokvTTOpO  TOV N
avtamokpwvouevav achevov (1.19+£0.42% npv and v AIK, 1.90+0.58% petd ond v
AIK), evé otovg avtamokpivouevovg aobeveic eppavilel ovdétepn enidpaon (Ewk.3B).

H mpoteivikn ovotacm g epvbpoxvttopikng Hepppdvng mopovcstalel onUovVTIKEG
TPOTOTO|GELS OTOVG ACHEVEIC LLE XPOVIOL VEPPIKN OVETAPKELD GE GYECT] LLE T VYL GTOMA
(Mivexag 3, Ewk.5), kobng yapakmpiletor and avénuéva eninedo olyopepmv (dvng-3,
avénuévn mpdcdeon avococeapveov G kot pelopéva EmnES0 OVUTIKOVITIVOUEVOV
TPOTEIVOV.
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AvTatrokpivopevol Mn avTaTToOKPIVOMEVOI

aoBeveig (R) acBeveig (R)
mpo-AIK  peTG-AIK  Tpo-AIK perd-AlK Yyieig
d
| -—

41R

Ewova 5. Evdewktikd avocoamotvnodpate kotd Western mpoteivev tng epuBpokuttapiknig

UEUPPAVIG GTOVG OVTOTOKPIVOUEVOLG KOl U1 OVTOTOKPVOpEVOVNG acbeveic, mpwv (mpo-AlK) kot
petd v owpokdBapon  (petd-AIK), kabdg kot otovg  vyeig  d6teg.  OxHb:
ofedouévn/amodotaypévny  apooceopivy, SCLU:  Kiaotepivn, Ub: ovpmixovitivouéveg
npwteivec. H mpateivn 4.1R ypnopomodnie og udptupog 16o0popTmong.

e avtifeon OH®G e TO YOPAKTNPIOTIKG TOV TAAGLOTOG Kot TV £pLOpoOKVLTTAP®V
OV OgV TOPOLGLALOVY GTNV TAELOVOTNTA TOVS CNUAVTIKEG UETOPOAES HETOED T®V dVO
opddwv TV acfevav, N TPOTEIVIKN chotaoT TG epvfpokvtTaptkng nepPpdvng eppaviCet
éva. TPOTLTTO TO Omoio Qaivetol mwg e&aptatal omd ™ 0don ™S epvOpoTOMTIVIG OV
AapPavovv ot acBeveic kabmg dapépel CNUAVTIKA LETOED TOV OVTATOKPIVOLEV®V KOl 1N
avtamokpwvopevev  acBevov.  Tlo  ovykekpyéva, 1o gpvbpokvrtTopo TV
AVTOTOKPIVOUEVWV aGHEVOV TapoLGLAlovV OKOUN UEYOADTEPO EMIMEIN TPOGOEUEVOV
avocoocpapvav G ot pepPpdvn oe oyéon LE TOVS UN OVIOTOKPVOUEVOVLS aoBevelg
KaBdg Ko onpovtikn EAdenym tov popiov CD4A7 6g oyéom 1000 e To LY ATOHO. OGO Kot
HE TOLG uUn  avtamokpvopevovg acBeveils. Avtifeta, ta gpuvbBpokitropa TV pun
AVTOTOKPVOLEVOVY acbevdv mapovotdlovv younin éxkepoocn tov popiov CD59 kot
Khaotepivng KabBdg kot avénuévn mpdcsdeon g vrepolelpedolivng-2 o oyéon Ue TV
AVTATOKPIVOUEV®V ac0evDdVY 1)/Kot TV vyldv atopmy (MMivakeg 3).

Oocov agopd otnv ookaBapon, ovtny emodpd o TOAAEG TPWOTEIVEG GTOVLG
aVTOmOKPIVOUEVOLS aoBevel, oe avtifeon pe TOLG UM OVTOTOKPIVOUEVOVLS OOV £)EL
eMdyot emidopaon. ITo cvykekpyéva, 1 apokdbapor tpokaiet peiwon oe TpwTeiveg ot
0TO1eg GLUUETEXOLY GTN JAOIKAGIN TNG KLGTIOOTOINoNG OTwg 1 voatomopivn-1, 1 {dvn-
3, n CD47, n olotiddivn-2, 1 GAPDH, ot 1gGs, n vrepo&eipedolivn-2 kot 1 otopativn
(Mivexkoag 3). Emmdéov, petd amd v opokdBapon ot 600 ouddeg mapovsidlovv
OTOTIOTIKA ONUOVTIKEG SLOPOPEG GE TOALEC TPMTEIVES, Owg Ta dpepn Lovne-3, n CD47, n
o&edwpévn Hb, n vepo&epedo&ivn-2, 1 ocvuveivn kat ot KapBovoMmUEVES TPOTEIVESG TOV
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TOPOVGIALOVTOL HEWMUEVEG GTOVS OVTOTOKPIVOUEVOLG 00OeveElG o€ oy€om HE TOLG Un
AVTOTOKPIVOLEVOLG KOOMG Kot oTig mpmTeiveg CD59 kot kKhaotepivn mov mapovsialovrtal

HELWUEVEG GTOVS U1 OVTATTOKPIVOLLEVOLG,.

IMivaxag 3: Metaforéc oty £KPpact Kot ToV OeiKTn KapPovolimong ToV TpOTEIVOV TG
ePLOPOKVLTTOPIKNG HEUPPAVIG GTOVG avTOTOKPIVOpREVOLG (R) Kot un ovTommokpivOLEVOLG

acBeveic (NR), mpv ko petd to 1éhog tng cvvedpiog AIK.

Avtamokpivopevol Mn avramokpivopevor
Mporeivy AGQS\LﬁiQ (R) aoﬂsv.iig (NR)
(N=16) (N=12)

npo-AlIK peta-AlIK npo-AlIK peta-AIK
Adovsivn 80+28 82424 103+74 100460
Y 8aromopivn-1 91446 58+24"* 81+62 92452
Zévn-3 107426 72+41* 74446 94440
Awepny {hvne-3 622+332" 158+130 " 946+610" 5386+4568
KoAmoivn 96+73 90+80 75439 72453
CD47 394157 2142077 75440 7143477
CD59 123440 140463 794207 68+18""
DAOTAIVY-2 1174247 85+20" 874217 100+13
GAPDH 110440 69+36" 101436 117478
Metagopéag yAwkoine-1 2224120 116+58" 161+120 107+58"
Hsp70 190+121 173478 160+114 178+125
lgGs 75446707 3974269 2404277 2034104
Otedopévn Hb 82460 37+32" 24419 101+56#
Y nepolelpedotivn-2 95+32" 7116777 129+35™ 103+38"
Khoaotepivn 11143 88+39" 534257 54+15"7
SrekTpivy 115+28 83+32" 96+37 104447
Opavoporto oTeKTPivig 103+63 84+40 96+35 138+74
Xtopartivn 118+32 72+28" 90+22 105+66
SuveEivn 110+58 101+43™ 155+70 169486
OUpmIKOVITIVOPEVES 52421" 60+27" 60+38" 62+48
TPOTELVEC
Kapp ('),_WMD“ eve 124+113 98+30" 101495 2474165
TPWOTEIVEC

(*): P<0.05, ototiotikd onpovtik ovénon M peioon évava tov vyiov atopov, (¥*): P<0.05,
OVTOTTOKPIVOLEVOL 060EVEIC Evavtr un aviamokpvopevoy, (#):P<0.05, npo-AlK évavn petd-AlK.
O Tég mapovatalovtol g HEGOG OpOg = TLTIKY AmOKALIoT, VOTEPE OO KOVOVIKOTOINGY OTIS
TIRES Tov VY1V atopev (100%). GAPDH: agudpoyovion g 3-0oo@opikng YAVKEPAASEHING,

Hb: aipospapivn, Hsp70: tpwteivn Bgpuikon ook 70, 1gGs: avocooceaipiveg G.
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3. Xvoyeticels peTadL TOV TOPUPETPOV KOl OTELKOVIOT 6€ dIKTVO

Amo v avdivon mopoayoviov otovg acbeveic pe XNA mpoékvuyay nTé VTOGVVOAQ
and otevd oyeTilopeveg HeTalh TOLg OUOTOAOYIKEG, PBloynuUIKES, £pLOPOKVTTOPIKES Kot
OYETIKEG e TN vOoo Kot T Oepameia apokadapong mapapétpovg (Ek.6).

OupLko oL

Kpeatwivn
AwokokUTTapa”
Adon rhEPO Avaotpegipa RBCs dHD-
Mnyxavikn PS- Oupiar
guBpavototnta iROS
tROS dROS
Xpovia iCa
Hb i
Het Nedpun
Avenapkeia URR
TAC napfleopuow’]_
HAwio agBevni
AC(-UA) e
UA/AC RBCs” MCV S
@epptrivn MCH MCHC P
RDW- PCI-
Mn avaotpépa RBCs
ItopatokuTTapa
MCF MCF

Ewova 6. TIOADTOPOUETPIKY] GTOTICTIKY OVOAVGT TMOV  OUATOAOYIKADV, BloynuUikdv Kot
YOPOUKTNPIOTIKOV NG QUCIoA0Yiog TV gpvBpokuttdpmv otovg acheveic pe ypdvie veppikn
avemdpkelo. (N=28) péow avaivong mapoydviov. Ot TapdueTpol OUASOTOOVVINL GE €QTA
VTOGUVOLD GTEVA GLVOEUEVDV (BETIKA 1] apvnTIKG-) HETAED Tovg apapétpmv. Téooepa and avtd
TO VTOCVVOAO, (UE OLOKEKOUEVO TEPTYPOUUR) OPOPOVY GE TAPAUETPOVEC OV oyeTilovtal pe v
acOévelo (évrovn ypaen). AC(-UA): avtiofedotikn kavotnta nAdopotog aveEaptntn ond 1o
ovpikd o0&, Ca: aoPéotio, dHD: Sudpkewn oe Ogpomeio apokdbapong, dROS: evdokvrtapio
enineda ROS efwyevarg emoaydueva omd Diamide, rhEPO: gpvbpomomrtivny, fHb: elebbepn
apocpapivny midcpotog, Hb: aoceapivy, Hct: apotoxpitmg, iCa: evdokvttdpio emineda
wvtov acPeotiov, IROS: evéokvttdpio emineda ROS, MCF: oocuotikny gvbpavotdmro
epvOporxvttdpav, MCF’: ocpmtiki evbpavctotnto £pudpokuTtdpmv VoTEPU OTd EXDACT GTOVG
37°C, MCH: péon evdoxvttdpie mocotnta opocpopivrg, MCHC: péon evdokvttdpia
ovykévipmon atpoceopivng, MCV: uéoog epvBpokvttapikdg 6ykog, PCI: dgiktng mpoteiviknig
kapPovorioong, PS: gwoeatidviocepivi, RBCs: apBuog epvbpoxvttdpov, RDW: egdpog
Kkatavoung peyébovg epvbpoxvttapov, TAC: olikn avtiogedwtikn wavotnta TAdopatog, TIBC:
ownpodecpevtikn wavotnra, tROS: evéokvttdpia enineda ROS e&myevag enaydpeva ano tBHP,
UA/AC: avtio&edotikn ikavotnto tAdopotog e&aptapevn and to ovpikd o0&y, URR: mocootod
peiwong ovplog.
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210 6OvVoAo TV acBevdv, 1 dlakvpavVen 6T 060n TS epvBpomontivng oyetiletan
avtioToryo Pe TN OlOKLUOVON TNG OUOALONG KOOMDC Kol LE TOV OTeEVA OYETILOUEVO e
avtv ogiktn unyavikng evbpavotottoc. H elehBepn aypoopapivn tov TAdopatog (otnv
omoio. cvoumepLaUPAVETOL KO 1) OLUOCQOIPIVI) TTOL ECMKAEIETOL OTO KLOTIOW TOL
TAAGLOTOG) OMOTEAEL KOV GLUVIOTMOO, Y10, TOLG TOPAYOVIEG TOV TEPIAUUPAVOLY TNV
OLUOCPOPTVI] OULOTOG KO TOV OLIATOKPITH, KABMG Kot To ovTIOEEWDMTIKA YOPOKTIPIOTIKA
tov mAdopotog (TAC, AC(-UA), UA/AC). TTapdpoto TpdTuma GLGYETICE®MY, OTOVIMVTOL
KOl OVOUESH OTIG ovpoykés to&iveg (ovpikd, kpeativivr, mapabopudvn) kot oto
YOPOKTNPIOTIKA TV £puBpokLTTApOV (LOpPOAOYia, EMTEPIKELON POWSPATIOVAOGEPTIVIG,
evookvttapia eninedo ROS kot 16viov acfectiov Ka.) Kot TOV TAAGHOTOS, VITOINADVOVTOG
Kdmola vmokeipevn oyxéon HeTa&d TOVG, VA OLUATOAOYIKOL OEiKTEC Kol HOPPOAOYIKEG
TPOTOTOMGELS TV gpvBpokvTTdpwv opadomolovvior pall pe TOv OelKTn OGUMTIKNG
eVOpaVGTOHTNTAG TOV EPLOPOKLTTAP®V.

Ot otototikd onuoavtikég ovoyetioelg (P<0.05) ovapeco oTiG OUOTOAOYIKESG
TOPOUETPOVG, OF YOPUKTNPLOTIKG TNG QLOIOAOYIOG TOV €PLOPOKVLTIAP®YV Kol GTNV
TPOTEIVIKY]  oVOTOCN TG  MEUPPAVIG OTOVG  OVTATOKPIWVOUEVOLG KOL  TOLG UM
avTamokpvopevous acbeveic, amotvrmvovtol oe Proroyikd diktva (Ew.7 ko 8). Onog
eoivetor amd ta dikTva TV 600 OpAd®V TV acevdv, N 110 TAPAUETPOS CUVOEETAL IE
SPOPETIKEG TAPAUETPOVS 6TO KABe diktvo. ['o Tapddetypa, n 66om g epvdpomomtivng
TAPOLGLALEL OPVNTIKY] CLGYETION HE TNV €EMTEPIKELON PMOGPATIOLVAOGEPIVIG GTOVG
avtomokpwvopevovg acevels (Ewk.8) aldd pe v Khaotepivn tov epuBpokuttdpmy 6Tovg
un  avtamokpwopevovs  acbeveic  (Ew.7). Emmiéov, 1 ovykévipwon TtV
€PLOPOKLTTOPIKOV KLOTIWIOV aGOeVOV TOPOVGIALEL OPVNTIKY GLGYETION UE TO EMIMEON
0VPIKOV 0EE0C OTOVG AVTATOKPIVOUEVOLG 0G0EVEIS, EVAD GTOVE UT OVTOTOKPIVOUEVOVS LE
tov dgiktn kdBapong g ovpiog (URR) kot ta eninedo o1dnpodeoUEVTIKNG IKOAVOTNTOG
(TIBC). H apdrvon in vivo oyetiletan pe ) didpketo g Oepaneiog apokdBapong kot pe
Oelktec 0LEOMTIKOV OTPEC OTOVG  OVTOMOKPLVOUEVOLG 0cOevelg, &vd 1 OCUOTIKY
eVOpaLGTOHTNTA TAPOLGLALEL APVNTIKY) GLGYKETION UE TIC UN OVOCTPEWYILES LOPPOAOYIKES
TPOTOTOMCELS TOV EPLOPOKVLTTAPOV GTOVLS UM OAVTOTOKPVOUEVOLG acBeveic. EmmAéov,
GTOVG [U1] AVTATOKPIVOUEVOLS 0l60EVELS, 1 ovTIOEEWMTIKY KOVOTNTA TOV TAAGLATOG KOt TO
o&edoavaymykd duvapkod tov £puOpokvTTdpwV TOPOLGIAlOVV GUGYETICELS HE TOAAES
peUPpovikés TpmTEIVES Ko OeikTEG AmOUAKPLVONG aTd TNV KVKAoPopia. MAMoTta, 11 OAKN
OVTIOEEIOMTIKY IKOVOTNTO TAAGLOTOSG, Ol TOPAUETPOL TOL OYeTICOVTOL PE TN HOpPOAOYin
Tov gpubpokvttdpmv (.. deiktng RDW) kot pepfpavikéc TpoTeiveg mov GUUUETEXOVY
ot0 petaforopd towv kuttapwv (my. GADPH, uetagopéog yivkolne 1), amotehovv
KouPukd onpeio 6to dikTvo TOV U avtamokpvopevey acbevav (Ewk.7).
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Ewova 7: Buoloywkd diktvo tov aAAnAemidpdoemv UeTAED OUUOTOAOYIKMOV TOPOUETPOV KoL
TOPOUETP®V TG  QLGIOAOYIG TV  €pLOPOKVLTIOP®Y Kol TOV TAGGUOTOS GTOVG MN-
avVTaTOKPIYONEVOLS aoBeveic. Ot ypapuués aviimpoo®nedovy oTotoTikd onuoviikég (P<0.05)
BeTicég N apVNTIKEG GVOYETIOEIS LETAED TOV TUPUUETP®V (CUVEXOUEVEG KOl OOKEKOUEVEG YPOUUES,
avtiotorya). Mikpdtepeg oamootdoels HETOED TV MOPOUETPOV  LITOSNAMVOLV  VYNAOTEPO
ovvtereaT] cvoyEtiong . Ot kOKAOL VITOdEIKVIOVY TaPAUETPOLE He LYMAN cvvdesipuotnta (hub
nodes), onAadn TapAUETPOVS O 0TTOES TOPOVGIALOVY GUVIEGELS HE TANODPO GAA®DY TOPOUETPOV.
Yvvropoypagicc: Age: nikia acBevav, Alb: aipovuivny, Agpl: véatomopiv-1, B3-O: dwuepn
Lovng 3, Ca: aoPéotio opov, Calp: xaAmaivn-1, EPO: 66om rhEPO, Fer: ¢eppitivn, fHb:
erevlepn aupooceopivn midoupatog, Flot 2: @lotiddivn-2, GAPDH: ag@udpoyovdon tg 3-
QeOGPOPIKNG  yYAvkepaAdehdng, Glutl: petagopiag vyAvkoinc-1, Hb: owwooceoipivny, Hct:
awpotokpitng, HDL: vyning mokvotnrag Mmonpateivee, Hsp70: npwteivn Bepuikod cok 70, iCa:
evdokvttaplo  aoPéotio, IRR: epvbpoxdtrapa pun ovaotpéyung moapoudpemnone, IROS:
gvdokvttdpla ROS, K': kédio opod, MCF: péon oopuwtikyy gvdpovotorna kuttdpov, MCF’:
Héon OoU®TIKY guBpavotdTnTe KLTTAPOV UHeTd amd enmacn otovg 37°C, MCH: péon
gvOoKLTTAPLN TOGOTNTO. atpoceatpivng, MCHC: péon evéokuTtdplo GLUYKEVTPMGT OUOGPaLPivg,
MCV: pécoc oykog epvbBpokvttdpov, MFI: deiktng pnyovikng evBpavototnrog, Neu:
ovdetepogira, 0XHb: ofedmpuévn/amodiotayuévn apwosparpivn, P: edopopoc opov, PCI: deiktng
TPOTEIVIKNG  KopPfovodimong, Prot:  mpoteiveg opod, Prx2: vmepoepedolivn-2, PS:
poopatidviocepivn, RDW: gdpog peyébovg epvbpoxuttiapmv, RET: diktvoepubporvttapa, REV:
epubporvTTapa  avaotpéyung mapapdpewons, R-MVS: egpvbBpokvttapikd wvotidw, SCLU:
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KAootepivn, SP: omektpivn, SP-Pr: mpwtedivon omektpivng, Stom: otopotivi, Syn: cvvetivn,
TAC: olkn avtio&edwtiky wavotnta midopatog, TIBC: olkn o10mpodecpevtikn kavotnTa,
UA/AC: avtiofeldmtiky wovomta o@etAduevn oto ovptkd o&d, Ub: ovumikovitivopéveg
npoteiveg, URR: deiktng anopdkpoveng ovpiag.

Ewova 8: Broloywkd diktvo tov aAAnAemidpdoemv HeTAED OUATOAOYIKOV TOPOUETPOV KoL
TOPAUETPMV TNG PLUGLOAOYING TOV EPLOPOKVTTAPMV Kol TOV TAACLOTOS GTOVS AVTUTOKPLVOUEVOVG
aclsveic. Ot ypouuéc avimpoomnedovy otatiotikd onuavtikés (P<0.05) bstikéc 1 apvntikég
OLOYETIoE HETOED TOV TOPOUUETP®V (CUVEYOUEVEG Kol OIUKEKOUEVES YPOUUES, OVTIOTOLYO).
Mikpotepeg OMOGTAGEL; HETOED TOV  TOPOUETP®Y  LIOONADVOUYV VLYNAOTEPO GULVTEAECTN|
ovoyétiong r. Ot kOKAOL VTOSEKVOOVY TOPAUETPOVS e VYNAN cvvdeciwotnta (hub nodes),
dNAad| mapapéTpovg ot omoieg Topovstdlovy cvvdécelg e TAnbopa GAlov Topapétpov. Add:
adovoivn, B3: Zovn-3, Ca: acPéotio opov, Creat: kpeatwviv, dHD: Sudpkewa oe Oepameio
awpwokdBapong, EPO: 66on epvBpomomrtivng, Fe: oidnpoc, Fer: eeppitivy, fHb: elebbepn
awpocpapivn midopatog, GAPDH: agudpoyovion g 3-ooo@opikfg yAvkepaAdeiong, Hb:
apoceapivn, Hct: awatokpitmg, HDL: vynming mokvotntog Amonpwteiveg, Hsp70: mpmteivn
Beppikon ook 70, IRR: gpvBpoxvtTopa pun avactpédyiung mapapopemong, IROS: evdokvttapio
enineda ROS, MCF’: péon ocpmtikr] evbpanctdtnto Kuttdpmv HeTd omd endact otovg 37°C,
MCHC: puéon evdokvttdplo ocvykévipmon ooceapivng, Mono: povoxbvttopa, Neu:
ovdetepoeiha, OXHb:  o&sdouévn/amodwotaypévny  Hb, Prx2:  vmepo&eipedolivn-2, PS:
poopatidviocepivn, RET: ductvogpubpokidtropa, R-MVs: gpvbporxvttapikd kvotida, SCLU:
Khaotepivn, Stom: ortopativn, Syn: ovvegivy, UA: ovpikd o0&y, Urea: ovpia, Ub:
OVUTTIKOVITIVOLLEVES TTPOTEIVEG,.
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A2, Merhétn TOV  emMOPAGE®V OV0 OWQPOPETIKOV nedodwv kabapong ota
gpvOpokvTTOPO KoL TO TAGOoPR 060evedV pe XNA TEMK00 6Tadi0v. ZOYKplon aclevav
7oV vrofdAiovtar g apodtadtOnon (HDF) évavtt g ovpPatikng arpokabapong (cHD)
KaBmG Kot 6VyKpion Twv 600 OPAd®V 0cOEVOV LE TO LY GTOLLA.

Olot o1 acbBeveig yopaxtnpilovior amd yoaunid emimedoa apBpov epvbpokvttdpmv
Kot avicokvttapmon (bvynid RDW). Ze avtibeon pe tovg acbeveic mov vroPdAlovtar og
apoddmoinon, ot acbBeveic mov vmoPdiiovtar  oe  cupPotiky  opokabopon
yapaxtpifovtar amd younAd enimeda oapoceapivng aipatog (Hb), aoatoxpitn (Hct),
uéong ovykévipwong atpooeotpiviig (MCHC) kot 0AMKNG G1ONPOSEGHUEVTIKNG TKOVOTNTOG
(TIBC) mpwv amd v apokabopon. Metd 1o téhog g aipodiadtndnone mapatnpeiton
Bedtioon 610 OTOAOYIKO TPOPiL TV acbevdv, 66ov apopd ctovg deikteg RBC, Hb,
MCV, MCHC kot RDW, gv® petd amd ) copfotikn apokdbopon Peltidvovral povo ot
deikteg Hb xar MCHC og oyéon pe ta eninedo TV deKTOV Tpv ommd v apokddoapon
(IMivakag 1).

To ocbvoro tv acBevav yopaktpiletor amd ovpolpio e CLGGMOPEVGT OLVPALUIKDV
T0EVOV 6T0 aipa, Opmg ot acbeveic mov vroPdAlovion og apodiadindnon tapovsialovy
vynAdTEPO EMimEdN KpeATVIVIG KOl 0VPIKoD 0EE0G KaBMG Kot pio TAGT TPOG LYNAOTEPQ
enmineda ovplag oe oxéon pe Vv opdda tov achevdv mov vTofdiloviol 6e GLUPOTIKY
apokdBapon. MdAaiota, To VYNAGTEPA EMITESA OLPIKOL 0EEOC GTNV OUAdN TOV AcHEVAOV
og apodadmOnon avrikatontpilovrar Kot 6TV VYNAOTEPT AVTIOEEWDMTIKT] IKOVOTNTO TOV
TAGoUaTog ToL o@siletar 6to ovpkd 0&H (UA/AC), mov OumG HEIDVETOL PETH Omd TN
dwdkacio kdbapong oe enimeda yaunAdtepa oe oxéon TOGO e T LYW ATopd OGO Kot LE
mv AN opdda tov acbevav (Iivaxkag 1). Télog, 1 010 opuddo yapaxtmpiletor kot amd
vynAdTEPO deiktn kdBapong Twv ovpautk®dv toEvav (URR).

Mivakag 1: Anpoypoeikd, ootoAoyIKa Kot Bloynuikd xoapaktnpioTikd otig 000 OUAdES
TOV 0oHEVOV KOl 6TO LY ATOHA, KOODG KOl XOpaKTNPIGTIKAE Tov oyetilovtol pe tn vOGo
Ko T Oepamneio.

AoOeveig HDF AoOeveig cHD Yyeig
(N=16) (N=16) (N=12)
apo-AIK  peta-AIK apo-AIK  perd-AIK

Klviké yopoxtnpiotikd
Hl o (ypdvia) 64+11 72+7 60+14
Bépog (kihd) 75+17 65+15 60+10
O¢gpamneia AIK (uveg) 35+15 40+30 -
Adon rhEpO (1U/eB3.) 9.100+5.527 9.350+4.204 -
Buoynuiké yopoxtyprotikd
WBC (x10%/uL) 6,6+1,5 6,5+1,2 5,7+1,7 5,842,3 6,8+1,1
RBC (x10%/uL) 3,59+0,18  4,10£0,35" 3,61+0,40  3,99+0,89 4,77+0,56
Hb (gr/dL) 11,7+0,3" 12,8+1,6°  10,9+0,7 11,8+1,0  142+1,4
Hect (%) 36,1+1,0" 37,9+42"  339+1,9° 332438 43,1446
MCV (fL) 100,443,0  93,0£6,0"% 954490  84,0£9,07 93,2454
MCH (pg) 32,6+1,3" 31,742,0 30,2432 29,6+4,4 32,5422
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MCHC (g/dL) 32,5+0,6 34,1+1,3"  31,2+0,6" 33,6+3,7 33,715
RDW (%) 15,1+1,1" 14,141,7  16,6+1,4" 15,7¢1,8  12,8+0,9
[MapaBopudvn (pg/mL) 195+65 N/D 235+129 N/D 44+18
Ovpio (Mg/dL) 143+23 32+11* 123427 38+9% 3112
URR (%) 7846 69+7" -
Kpeatwivn (mg/dL) 8,6+1,2" - 6,7£2,0° - 0,8+0,2
Ovpikd o&H (mg/dL) 7,9+1,8" - 6,1+1,0" - 42412
XoAnotepdin (mg/dL) 148429 - 145+36 - 145+18
Tprylvkepido (mg/dL) 15060 - 146442 - 132429
HDL (mg/dL) 45+11 - 43+11 - 7349
AoPéotio (mg/dL) 9,3+0,2 - 9,3+0,3 - 9,3+0,2
dhopopog (mg/dL) 5,0+0,6 - 4,8+0,8 - 3,6+0,6
KéAio (mmol/L) 5,0+0,3 4,5+0,5 4,9 +£0,5 4,7+0,6 4,2+0,3
Nazpio (mmol/L) 13742 - 13742 - 13942
2ionpog (ng/dL) 72,4+17,4 - 66,5+11,5 - 108,9+15,4
Depprrivn (ng/mL) 914+436 - 831+487 - 72+18
TIBC (ng/dL) 280+37" - 242+41 - 348+27
[Mpwteiveg (g/dL) 7,1+0,3 - 7,1£0,3 - 7,4+0,5
A\Bovpuivn (g/dL) 4,3+0,3 - 4,3+0,6 - 4,2+0,4
ALP (1U/L) 83+19 - 79+12 - 63+10
vyGT (IU/L) 17+7 - 14+5 - 1249
TAC (uM Fe?") 1.127+168 401+65"  1.021+198 465+77"  706+159
AC(-UA) (uM Fe?") 449490 2534327 450+102 261+£53%  239+45
UA/AC (uM Fe?) 678+104" 147447 571£107 199445 % 467+126

Ot Téc mapovotaloviol g HEGog 6pog * tumikn amdkAlon. ‘Evrovn ypaen: cHD, HDF évavr vyiov
atopov, (*): HDF évave cHD, (*): mpo-AIK évav petd-AlK, P<0.05.

Ta ovpoikd epvBpokiTTopa TAPoLSIALovVToL TO EMPPETN GTNV EEMTEPIKELON

QPOOEATIOVAOGEPIVNG G GYEOT LE TO EpLOPOKVTTAPO TOV VYOV ATOUMV, aveEAPTNTA O
™ puéBoodo kdBapong. [apodra avtd, Ta TOGOGTE TOV EPLOPOKLTTAP®V TOV EEWTEPIKEHOVY
QeOoEATIOVAOGEPTV TPV amd TV opokdBopon elvar yoapnAdtepa otV OpAdL TV
acBevdv mov vmoPdilovtor o apoddmbnon oe oyéon pe TOLg aobevelg mov
vrofdrlovtotl oe cuuPotikn apokdbapon (Ew.1A). H dwadikacio g opokdBapong Exet
dtpopeTikn emidpaoct ota eninedo eEMTEPIKELONG PWSPATIOVAOGEPTVNG OTIS OVO OUASES
TV 0ofevdv, Kabdg Tapatnpeitar oNUOVTIKY adénon Tov emmédov LOVo PETd amd v
alpodadinon aAld oyt petd and ™ ovpPotikn oupokddapon (Eiwk.1A). Avtictorga, n
apodtadmonon £xel apvntikn enidpaon kot ota enineda apdivong (Ew.1B), ota enineda
evdoyevav (Ew.1IN) kot e€myevag enaydpevov (Eik.1A) evookuttdpiov dpactik®dv priov
ofvyovov, oe avtifeon pe ™ ocvpuPoatikny oapokdBapon N omoia gite odnyel o€ o Tdon
npog Pertioon (Ew.1A, B), eite mapovoidlel ovdétepn enidpaon (Ewk.1T, A) oe awtég T1g
TOPAUETPOVG.
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Ewova 1: Alakdpoven o€ yopuKTnploTikd Tov epubpokuTtdpmy Kot Tov TAAGHOTOS OTIS dVO
opGdeg Twv acbevdv kar ota vyw] atopo (Srokekoppévn povpn ypauun ). A) Ilocootd
gpvOpokvttdpov mov e€mtepikedovy emootidviocepivy (PS), B) emineda opdrivong (fHb,
erevbepn apoopaipiv mAdouatog), ') evookuvttdplo emimeda €vooyevav Opactikav pilmdv
o&uydvov (ROS) kar A) gvdokvttdpia eninedo eEmyevmg enaydpevav pe t-BHP dpaotikdv pilodv
o&uyovov (tROS), mpwv (mpo-AIK) kot petd (uetd-AIK) amd to téhog ¢ drdikaciog kabaponc.
HDF: acBeveic mov vmoPfdiiovion oe oipoddmbnon, cHD: acBeveic mov vmofdiiovior oe
ovpoatikr apokadapon. RFU: oyetikég povadeg gbopiopod. (*) P<0.05 évava vyidv, (**) P<0.05
HDF évavni cHD, (#) P<0.05 npo-AIK évovr petd-AIK. Ot tiuég mapovctaloviol mg pécog 06pog +
TUTTIKO GQAALLCL.

ATO TN pEAETN NG HOPPOAOYIOG TV EPVOPOKVTTAPOV TPOEKLYE TS Ol acbevelg
oV LIORAAAOVTAL GE QoS ONGT TAPoLGLALOVY Lid TACT) CTOUATOKVTTAPMONG TPV
amd v opokdBapon. H otopatoxvttdpwon oaivetor va mopodoteiton amd TNV
apoddmonon, kabdg petd to TéAOg TG Owdwaociag KaBapong ot acBeveig
TaPOLGIALOVY GTOTIOTIKA ONUOVTIKY OENCT GTO TOGOGTA TWV GTOUATOKVLTTAP®V GE
oyéon ue tovg aobeveic mov vrofdrlovral oe cvuPotikn apokabopon (Ewk. 2A, B).
Emniéov, 1o eminedo TtV oTORATOKLTTOPOV Tapovcstdlovv Oetikn] cvoyétion upe T
emimedo tov ovpikov o&fog (r=0.810, p=0.004) xor apvnTik pe v eE®TEPIKELON
eooeatidoviocepivng (r=-0.684, p=0.043) otovg acbeveig, mpv amd v arpodiadnon.
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Ewova 2: Mopporoyio Tov gpuBpokuttdpmv otig 000 opddeg Tov achevav. A) Aldypoppo
OLOKOUOVONG TV GTOUOTOKVTTAP®V 0Tovg 00beveis mov vrmoPdAlovtol og oyodiadiinon kot
ovppoatikn apokabapon o€ oyéon pe to vy dtopa. (**) P<0.05 HDF évavr cHD. B) Evdeiktikég
nNAeKTpoVIoypapieg TV pLOPOKLTTAPOV OTIC dVO OHAdEG TV 0cOEVAY, HETA amd Tn cuvedpia
kdOaponc. ‘Evbeto: Tumikég oTopotokuTTapikéC Tpomomoosic. Pafdoc pueyébuvong=10um.

IMivaxag 2: Eninedo oMk®dv kot epufpokvuTTtapikdv KuoTidinv 610 TAAGHA TOV acbevadv
KOl TOV VYUDV ATOU®V

KvoTiow AcOeveic HDF AcOeveic cHD Yvyeig

(cvotidio/pl) (N=16) (N=16) (N=12)
npo-AlK peta-AlK npo-AlK peta-AlIK

Ohkd 9.330+4.813"""  4.077+2.275" 21.853+12.391"" 5.032+3.439%  3.445+2.062

EpvOpo-

) 1.103+693""  1.214+952"  2.365+1.691"  1.044+627" 130+85
KUTTOPIKA

O1 Twég mapovotdloviar g uéoog 6poc + tomikn amdxhon. (*): cHD, HDF évavrr vyibv atopmv,
(**): HDF évavr cHD, (*): mpo-AIK évavr petd-AIK, P<0.05.

Onwg eivor avapevopevo, 1o cHVOAO TV acBevdv Tapovstalel maboroyikd emineda

OMKAOV Kol puOpoKLTTAPIK®V KVOTWIwV 6to mAdoua (Ewk.3, apiotepd ddypappa). Opmc,
TOGO TA OMKA OCO KOl TO EPLOPOKVLTTAPIKE KVOTIOW TAPOVGLALOVTOL LEIMUEVO TPV OO
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™V apoKaBapon otovg acbevelg mov vrofailovtal o aodadmbnon oe oyéon pe
ovpPatiky apoxdBapon (Ew.3, Iivakag 2). Metd 1o téAog g ovvedpiag kabapong, o
TANOVGUOC TOV OMKOV KVGTIOI®MV HEIDVETOL GE PLGLOAOYIKA EMITEIQ Kol 6TIG OO OUAOEG
TOV 000evoy, evd To €PLOPOKLTTOPIKE KLOTIOW TOPAUEVOLY TaHOAOYIKA oavEnuéva
(Ewk.3, de&i obypapua). Av kot moAdoi acBeveic mov vmoPdAlovian oe coppatikn
alpokafaopon mapovctdlovy CNUOVTIKY UEIMOTN ot EPVOPOKVTTOPIKA KVOTIOW HETA TN
ovvedpia kdbBapong, n peiwon avty dev eival GTATIOTIKA oNUAvTIKY e€ontiog TG HEYEANG
SKOUOVONG OV TOPOTINPEITAL OTOVG 0oOevelg TG opddag OoVTNG TPV Omd TNV
awpokabopon (Ew.3, Iivakag 2).

¥ %k
3000 - 1200 - ,
npo-AlK " peta-AlK

2000 - 1000 -
1000 ,;’/ * ] 800 | ® HDF

¥ cHD
800 600

*
600 -
400

400 .

MVs R-MVs MVs R-MVs

Ewova 3: Avdivon e Kuttapopetpio pong Tov oAKoL aptfpod KuoTidimv TAAGLOTOS Kot
0V gpvBpokvtropod mAnbvopod (MVs kot R-MVS, avtictoya) otovg acbevelg mov
vrofdiiovion og apodadmdnon kot copPatiky] opokdBapon, mpwv Kot peTd omd T
ocvvedpia kdBapong, VoTEPA OO KOVOVIKOTOINGoT OTIS TIHEG TV LYV atopwv (100%,
Sraxekoppévn ypouun). Ot tipég mapovotdaloviol ®g Hécog 0pog £ Tomikd c@aiua. (*)
P<0.05 évavr vyuov, (**) P<0.05 HDF évavti cHD, (#) P<0.05 ntpo-AIK évavrr petd-AlK.

H epvBpoxvttapikn pepufpdvn tov acbevdv mov vrofdiioviol ce opodiadtonon
yopokmnpiletor amd onuaviikn EAAewym TG TPOTEIVNG voaTtomopivn-1 kol avénuévn
npocdeon g HsSp70 omn pepPpdvn oe oxéon pe o vym dropa. EmmAéov, ta
epLOpoKvTTOPA CVTAOV TOV AcHEVOV TOPOVGIALOVY GNUAVTIKY HElmoT TG oTopativing o€
oxéon pe tovg acbeveic mov vroPdAiovtal oe cvpPatiky opokdBopon mpwv amd ™
ovveopia KaBapong. Avtictoyo, m epvbpokvttapikn pHeUPpavn TV acbevadv  wov
vrofdiiovion 6 cvupotikny opokddapon mopovctdlel GNUOVTIKY EAAEWYT TOL pHopiov
CD47, vrepékppaon tov peta@opéa yAvkolng-1 kot avénpévn npdcsdeon tov 1gGs ot
ueuppavn (Ew. 4A, Mivekag 3). Metd 10 téhog G ocuvvedpiog opododnonons, n
gpubpokvtropikn  pepPpdvn  mopovoidlet  avénuévn  mpdcodeon g ofedmpévng/
amodataypévng arpocearpivng (Ew.4B, didypappo ko €vheto pe swdvo amd Western
blot). Avtibeto, n epvbpokvtrapiky pepPpavn tov acbevdv mov vmoPdiloviar o€
ovpPatikn opokaBapon moapovctdlel peimwon otV €KEPOCT TOAADV TPOTEIVGOV,
ocvureptrappovouévng g otopativing (Ewk.4B, Ilivakog 3). e kdmoleg TepmTMOELS, M
LEI®OT QTN EMAVOPEPEL TNV TPOTEIVY 68 PLO10A0YIKG emtineda (.. Glut-1), evd og dAleg
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odnyel og Elhenym (m.y. vooatomopivn-1) 1 emdeivoon g NON ONUOVTIKNG EAAELYNG NG
npwteivng (m.y. CDAT).

A
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vAukéing 1 Hb

Ewoéva 4: Awoxopovon g EKppooTg TV TPOTEIVAV TG pudpoKrutTaptkng Lepppdvng otig dvo
onadec tv acbevav, mpw (A) kot petd (B) amd v apokdbopon, VoTepa amd KOVOVIKOTOINoT
oTIg TIWEG TV VYOV atopmv (100%, dtukekoppévn ypouun). Ot Tipég Tapovoialoviol g HECOG
6pog £ tumkd cedipa. (*) P<0.05 évavni vyuwv, (¥*) P<0.05 HDF évavn cHD, (#) P<0.05 mpo-
AIK  évavnt petd-AIK. oxHb: oedwpévn/omodiotaypévn  orpooorpivn. ‘Evbetn  ewdva:
OVTITPOCHOTEVTIKG OVOGOUTOTUTAOUATA TNG OEEWOUEVIG OHOGPUPIVIIG OTNV EPLOPOKVTTAPIKY
pepppavn tev aclevov mov vroPdAilovtol og apodadtdnon kot cupfotikn ookdbapon, mpw
(A) ko petd (B) To téhog g ovvedpiag kdbapongc.
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Mivaxag 3: Enineda ékppaong mpoteivedv g epuBpokuTTaptkng HepPpavne votepa amd
avdivon pe avocooamotinwpe Kotd Western.

Ipmteivy AcOeveic HDF AcOeveic cHD Yvyeig
(N=16) (N=16) (N=12)
npo-AIK petd-AlK npo-AIK netd-AlIK

Yéaro 0,307+0,162""  0,287+0,125"  0,639+0,325  0,410+0,168™"  0,659+0,262
mopivny-1
CD47 1,019+0,328”™  1,03440,434" 0,595+0,430™" 0,298+0,182"""* 1,294+0,453
Mertagopéac 7,510+1,5147  4,747+2,220° 16,098+8,648" 8,432+4,136 7  6,416+1,153
YAvkoing-1

Hsp70 0,395+0,166°  0,184+0,059 "  0,319+0,204  0,291+0,131""  0,156+0,087
IgGs 1,003+0,638"  0,895+0,743  3,497+3,103""  1,840+1,247"*  0,505+0,107
oxHb 0,159+0,129  0,416+0,407"  0,251+0,240 0,245+0,241  0,229+0,125

Troporivy 0,973+0,4317  1,006+0,451  1,528+0,140°  0,926+0,358"  1,210+0,144

Ot tipég mopovotaoviar ®g pécog 0pog £ tomikn amokion. (*): cHD, HDF évave vyidv atdopmv,
(**): HDF évavri cHD, (): mpo-AIK évavni petd-AIK, P<0.05. oxHb: ofedopévn/amodiatoypévn
aLlpLoGpopiv.
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MEPOX A’: Metaforéc ota epvOpokiTTOpO KOl TO TAGORE TOV 060ev@v pe Xpovia
Negpuwn) Avendpkero mov avramokpivovrar 1 0L ot Ogpancio epvOpomomTivng KoL
vrofarlovral o€ Oeponeio aypokadapong.

H mopovoa epyacio mapéyst véa Oedopéva yioo TOLG HNYOVICHOVS Ol omoiot
empealovv ™ Sdpkeln {ONG TOV EPVOPOKLTTAPOV GTN YPOVILL VEPPIKY OVETUPKELDL.
EmumAéov, peiet@vtor ot HETAPOAEC GTOL YOPOKTINPIOTIKE TV €PVOPOKLTIAPMOV KOl TOL
TAAGLOTOG 01 omoieg oyetilovtol pe v avOektikotnta o1 Oepaneio pe epvOpomomrivn
Kol pe tn Oepaneio apokdbaponc.

Al. Metaforéc ota epuBpokvTTOopa Kol T0 TAGopa ac0ev@dy pe XNA

Onwg elvar avopevopevo, 1o apatoroykd mpdtuno tov aclevav pe XNA teAkod
otadiov kot avorpia, yopoaktnpiletor amd yapmAd aptud epufpokLTTap®Y avd LIKPOMTPO
aipartog eEontiog TOGO NG HEIWUEVNG TOPAYOYNG TOVG OGO Kol TNG MELMUEVNC SIPKELOG
Long Tovg 6TV KuKAOQOpia, EVEO 0 APATOKPITNG KOl 1) GUYKEVTPMOOT TNG OHOCPOPivIg
etvon e&ioov pelwpéva og oyéon pe o enineda Tov VYOV atouwv [117, 209].

Ta  ovpoypukd  epvBpokdtropa  VEICTOVTOL  GUYKEKPIWEVEG — TPOTOTOUGELS
Taf0PLGLOAOYIKNG PVGEMS GTN OOUN TOVS, TNV TPMOTEIVIKY GVGTACT KOl GTOVG OeiKTEG
amopdkpuovong amd TNV KukAogopio. XUyKEKPIUEVO, Ol OKPOieG LOPPOAOYIKEG
Tpomonomoelg oyetiCovior mbava pe to vynAd emineda tov deiktn RDW, o omoiog
VTOONAMVEL  AVIGOKLTTAPMOT, Kol KoOotodv 10 €pLOPOKVLTTOPE  EMPPENY TPOG
OmOLAKPLVOT amd TV KukAopopia. Xe maboroyiec mov yopaxtnpilovior amd vyMAdL
EMIMEdN 0EEWMTIKOD OTPEG OTMG ivar Kot 1 YpOVIL VEQPIKT OVETAPKELD, Ol LOPPOAOYIKES
AVTEC TPOTMOTOWGELS VITOONAMVOLY TNV Vmapén vrofadpov @Aeypovig [224, 225].
EmnAéov, n mapovoa perétn deiyvel yio tpd@TN Popa OTL TOL TOGOGTA TV EPLOPOKLTTAPWV
UN OvVOSTPEYIUNG TAPOAUOPPMOONG EXNPEALOVTAL OO TN GLYKEVIPM®ON TNG OLOGPALPIvIG
aipatog, emPePardvovag Tn GTEVI] GYECT TOV £XOVV Ol LOPPOAOYIKEG TPOTOTOMGELS TMV
€pLOPOKLTTAP®V pE TN AEYLOVT Kot TNV avoio ot XNA.

Oocov apopd oT1g ovpatpikés To&ives, avTtég aivetat va emdyovy v eEmtepikevon
QPOOEATIOVAOGEPIVNG 6T £pLOPOKVTTOPA, ETITAYVVOVTOG TNV ATOUAKPVVGT TOVG Omd TNV
KukAopopio Kot Tupodotdvtag mBova TadoPLGIOAOYIKEG AAANAETIOPACELS He KOTTOPO
TOV OVOGOTOWTIKOD GLGTHUOTOS, UE OLUOTETAMA Kot gvdoOnAlakd kovttapa [226]. Ot
OAANAETIOPACELS AVTEG YiVOVTOL HECH EVEPYOTTOINGNG LOVOTATIOV TO omoio e&aptdvTon N
givon aveEdpmra omd v e6pon 10viov acPeotiov [227], Odmw¢ @aivetar amnd Ta
VTOGVLVOAN OV OMoVPYOHVTOL HEGM TNG avdAvong mapaydviwv. Emmiéov, n mapodcoa
peAétn emoAnOevel ™ otevn oyéon HeTaED TG eEMTEPIKEVONG POCPATIOLAOGEPIVIG Kot
™m¢c  Kvotwdomoinong ota  gpubpokvttapa  [228], ©¢ amdékpion ot dwdikacio
apokdBapong kot ot Bepaneio pe epvBpomomtivn. AAA®oTE, 0TS £xEL MO omodetyDel,
KOOl VOOAIKA GULGTOTIKG TOVL OLPOKOD TAAGUATOS TPOKAAOVV eEmTEPIKELON
POOEATIOVAOGEPTVNG KOl TAVTOYPOVA ALEAVOLY TNV KLGTIOWTOINGT oTa £puOpoKVTTOPO
[229]. H andAiein TG @oo@oMmdkng acvuuetpiog kabdc kor dAiec maboloyieg mov
TapatnpovvIon ota epubpokvtropa Kot opsidovior ot XNA, OT®mG 01 HOPPOAOYIKES
TPOTOTOOELS, TO UNYOVIKO GTPESG, 1 XPOVIO PAEYLOVT], TO OEEWOMTIKO GTPEC, 1) KLTTOPIKY
gvepyomoinon kot 1 evdodniiokn dvciertovpyia, ennpedlovy e&icov TV KLGTISOTOINOT
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TOV EVOOOMAMOKOV KUTTAPOV KOl TOV KLTTAP®OV TOL OiLOTOS, CUUTEPIAAUPAVOUEVOV TOV
gpvbpoxvttapmv [158, 162, 164].

H m\elovomto tov mponyoduevoy HEAETMV £0TIONGOV GTO KLGTIOW TOL OALOTOG TO
omoio. TPOEPYOVTOL OO OUUOTETOMO Kol €vooOnAloKkd kOTTOpa AOY® TOL aLENUEVOL
OpouPmtikod kot @Aeypovddovg dvvoutkod tovg [164]. Ouwmg, o gpvbpoxvtTOpiKa
KLGTiOW OV €KBETOVY POGEATIOLAOGEPTVY BTNV KLKAOQOpia TV acBevav puOuilovy v
0&e1000vaymYIK] Opol0oTac ToVv Hovoéewdiov tov al®tov Kot cupfPdAlovy emiong oe
TOMEC KaTaoThoelS vrepankTikétTag otov avporo [230]. 'Etol, 1o eminedo tmv
epLBpoKLTTOPIKOV KLOTWIOV Thova va oyetifovior pe Kopdlayyelokes madnoelg mov
amoteAoLV T Pacikotepn attia Bovatov otovg acbeveig pe XNA.

EmumAéov, m «votdomoinon g  epvbpokvttaptkng  HeuPpdvng  amotelel
avamOCTOoTO  KOppdtt TG ynpavong twov gpvbpokvttdpwv. H mieovommrta tov
gpudpokutTopk®V  Kuotwiov oty yxpdvio  VEQPIKN avemapkeln  ekBétet
QOCEATIOVAOCEPTVI], €V M TPOTEIVIKY] ©VOTACT TOLG TPOCOUOLdlel ekeiv TOV
YNPASUEVODVY €pLOPOKVLTTAP®Y. X& cvpQOVia pe mponyovueves ueléteg [117, 176], to
TPOTEIVIKO TPoPiL g epvBpoxvtTaptknig uHepPpavng tov acbevdv mapovotdlet
HETAPOAEG TTOV EIvOL YOPOKTNPLOTIKES TOV LOVTEAOL YHPOVoNG Tov oyeTileTon pe tn (ovn-3
(coocowpdtoon/mpotedivon (dvne-3, avénuévn mpdcdeon 1gGS ka.) tavtdypova e
EMEWYN  OVUTIIKOVITIVOUEVOV  GLUGTOTIKAOV, YOPUKTNPLOTIKG 7ov oyetiCovtar pe v
avénuévn kvotidomoinon g peuPpdvng [86]. Aedopévov Ot or acbeveic pe XNA
yopokmnpilovior amd évav mAnBuopd  epuBpoKLTTAPOY EUTAOVTICUEVO OE  VeQPA
gpuOpokvTTOPO 68 oYEon pe To VY dropa (AOY® ™G AYNS TopayOVI®V TOL EXGYOLY TNV
gpvbpomoinom), ot deikteg TOL TPoavAPEPHN KAV VITOdNADVOLY TowTOYPOVe TV VIapén
Brapov ota gpvBpoxvTTapa TV acbevodv Nkl v emaywyn tpowpng ynpavons. Ta
ovpalpkd gpvOpokvTTapa PaiveTol AOITOV vo, amoTeEAOVVTOL Amd Evav PEKTO TANOLuoro
10GO VEAPDOV OGO KOl TPO®PO YNPUGUEVAOV EPVOPOKVTTAPWOV, OTMOS VTOONAMVEL 1] GVGTOCN
NG TPOTEIVIKNG LEUPPAVIG KOL 1] EVTOTIKT KLGTIOOTOIN o).

ATO TV AAAN TAELPE, Ta ovpokd EpLOpoKHTTAPO EVLVOOVVTOL GE KOTOwo Pabuod
oo TS KLTTOPOTPOGTATEVTIKES 1010TNTEG TNG epvBpomomtivng Kot mhovd Tov ovpikoy
o&éog mov vmhpyovv oe mepicoeln oto mAAopo TV acBevav. [To cvykekppéva, Ta
epuBpokiTTOpU TOV 06OEVOV TOPOoLGLAloVTaLl AVOEKTIKA GTO OGUMTIKO GTPEG mBavVA AOY®
™G Opaons g epvBpomomtivng, Onwg £xel deybel oe movtikia To. omoia vepekEPALovV
10 Yovido g gpvBpomomtivng [231], mapdTL 01 SOUIKES AAAAYES TOV KVTTAP®V UTOPEL VO,
evBvvovtar e&icov yo avtv ™V avBekTikOTNTA, 0TS VTodNAGVeEL ot (Ek.7) addd ko
nponyovueveg peléteg [232]. Avtiotoyo, Kot mopd TO YEYOVOS OTL TO. KOTTOPA SEXOVTOL
OLVEYDSC OEEWMTIKEG TPOKANGELS, TO OLPOUKE €PLOPOKVTTOPOL EYOVV (PUVGLOAOYIKA
emineda evdoyevav OpacTik®dv plladv o&uyovov, mibavd AdY® NG wkavotNnTag TNg
gpvbpomomtivng va dpa mg exkabapiotig tovg [233] kKabdg Kot AOym TG amodederyévng
avTIOEEDMTIKNG dpaong Tov ovptkod o&éog [234, 235] kot GAA®V avVTIOEELBOTIKOV
OLGTATIKAOV, TO OTOl0l OUMC, UEIDOVOVTOL HETE TNV olpokaBaporn. e cvpeovia pe To
TOPOTAV®, OTNV TOPOVLCO LEAETN, TO €mMImedo NG AVTIOEEWMTIKNG KAVOTNTOG TOL
TAAGLOTOG TTapoLSIdlovTal YaUNAOTEPO. OO T EMMEOD TOV VYOV OTOU®V HETO TNV
awokafapon, &vod TovtdOYpova TO  gpvBpokvTTOPE TV 0cBevedv  Tapovsidlovv
OLCOMPELON  EVOOKVTTAPIOV  OPacTIK®OV pPlldv  0o&uydvov, LTOONAMVOVTING TWG TO
epLOpoKVTTOPA EKTOC OO TNV €PLOpPOTOMTIVI YPNCILOTOIOVV Kol TO ovpikd o&H Tov
TAGCLOTOS MG OVTIOEEWDMTIKO, OTMOC PAIVETAL OO TPOTYOVUEVES UEAETEG O KOPKIVIKA
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KOTTOpa 1} KOTTOPO TOVL VEioTavTal o&ewwtikd otpeg [236, 237]. EmmAéov, ta ovpoaipikd
epuBpokiTTOpa £YOVTAG HEYOADTEPO TOGOGTO VEAP®Y £PLOPOKVLTTAP®V GE GYEom UE TO
(QUOIOAOYIKE, &ivol OVOUEVOUEVO v €XOVV KOl TEPLOGOTEPES BECELG TTPOCOEONS TNG
gpvOpomomrtivng [238] kot étol vo avtamokpivovial mEPIOGOTEPO OTIC EMOPACEIC TNG

OpHOVTG.

A2. H pawopévn avramokpion ot Ogpameio pe gpvOpomomrtivny oyetiCeton pe éva
TPOTOTONUEVO TAAIGLO OLOLOGTAGS TV EPLOPOKVTTAP®YV 6TOVG doBeveic pe XNA

[MopdTtt, 6Tmg Tpoavapépbnke, ot acbeveig pe XNA vrd apokdbopon mapovsialovy
Kamoteg PacikéG TPOTOTOMGEIS GTO OUOTOAOYIKO TOVG TPOTLTTO, TOGO 1) TAPOVGO OGO Kot
Tponyovpeves UeAéTeEG o avtd to medio emPefardvouv T pEYOAN OKVUOVGY TOL
napatnpeiton petald tov achevav, oe TapapéTpovg mov oyetiloviat e TV OLoldGTaoN
Tov gpubpokvttipov. H minbodpa tov tpotonadov aitiov e acbévelng, 10 nikioko
€0pog TV acBevdv, ta SIPOpa GLVOSE VOCHUATO, 1 TOIKIAOTNTO GTA TPOTOKOALN
Bepamneiog apokdbapong Kot epufpomomntivig HETOED TV acHEVOVY, OMOTEAOVV KATOEG
oo TIG OUTIEG YO TNV EUPAVION OLTNG TNG UEYAANG Otaxvpavons. o ) pekétn g
emidpaong mov €yel M avlektikoNTo 01N Ogpoameion pe epvbpomomtiviy 6 avTO TO
QOVOLEVO, LEAETNONKE TO TPOPIA T®V EPLOPOKVLTTAPIKAOV YOPAKTNPIOTIKAOV 0 acbevelg
TOL  OVTOTOKPivOovTOl KovomomTikd 1 Oev  avtoamokpivovion otn  Oepameion  pe
epvBpomomrivn.

Me efaipeon v TPOTEIVIKN ©LOTOCT TNG EPLOPOKLTTAPIKNG HEUPPAVNG, TO
YOPOKTNPIOTIKA TNG OOUNG KOl TNG (QULGLOAOYIOG T®V €PVOPOKLTTAPOV dE SAUPEPOLV
ONUOVTIKA HETOED TV VO OpAd®V TV ocBevdv mpv amd tv apokdBapon. Ilo
OLYKEKPIUEVA, aKPPAOS TP amd TN cuvedpio opokabapong, dNAadN OTAV TO OVPOLUIKO
otpes Ppioketar oto LYNAOTEPQ EMIMEDN, Ol AENTEC OLOPOPES TOL VTLAPYOLV OVAUESO GTIG
d00 opdodeg pmopovv va. amotvrmbohv poévo otV £puBpoKvTTOPIKY LEPPPAVN TOL GLVIGTA
po. duvapiky] dopr) mov avtomokpiveton dueca oto gpebiopata Ttov mEpPdArovTog.
[Ipdypatt, ot dvo opadeg dPEPOLY PETAED TOVG KUPIMSG GTO TPOTLTO TNG TPMTEIVIKNG
ocvotaong g epvBpokvtTopikng pepppavne. o cvykekpyéva, ta YounAd emineda twv
avacToAéV ToL cvumAnpopatog, CD5S9 kot kAactepivi, MOV aviVELOVTOL GTOVLS UN
OVTOTOKPIVOLEVOLG 00OEVELS, LTOONADVOLY QLENUEVT] EMOEKTIKOTNTO TOV KLTTAP®OV GTN
AOo™M oL EMEPYETOL MG AMOTEAECUA TNG €vepyomoinong tov cvumAnpopatog (Ew.7). H
KAootepivn, amotedel emiong évav Plodeiktn KLTTOPIKOL OTPEC KOL YNPAVONS OTO
gpvbpoxvtrapa [88] kabmg kot deiktn veppikn PAAPNG dtav Ppioketon oe mepicoeln 6To
nAdopo [239]. Tevikd, ota epvBpokittapa tov acbevov pe XNA &yovv Bpebet younid
eninedo KAaotepivng [176] 0nmg kot 6to TAGGUo. pokpoypovia eniloviav acbevav [143].
EmumAéov, n epvBpomomtivn, 0yt povo mepropilel mv avénon g khaotepivig mTAAGLOTOC,
omog €xel derybel oe mponyodueveg peréteg [240], aldd emmpedlel Ko to emimeda TG
Khaotepivng ota epvBpoxvttapa 6tav Ppioketol oe TOAD UEYAAEG GLUYKEVIMGELS, OMMG
eaivetal oto pLOPOKVTTOPN TOV UN AVTATOKPIVOUEVAOV ACHEVAOV TNG TAPOVGUS LEAETNG.

Amd v AGAAN mAevpd, TOPOTL TPONYOVUEVES HEAETEG €YOLV OVOQPEPEL Evav
EMITOYLVOLEVO QALVOTLTIO YHpavons oto epuBpokvttapa otn XNA [117, 176], n mapodoa
peAétn Otevkpvilel OTL ALTO TO YOPAKTNPLOTIKO cLVOVTATOL KVplwg o€ 0obeveic mov
avtamokpivovtol otn Oepomeio pe gpvBpomomrivn, kot exkepaletor HEo® TNG MEPICOELNG
delkTdV yRpavone kot ¢ EAAewyng tov popiov CD47 [241] mov yapaxtnpilovv tnv
epuBpokvtTopiky  peUPpdvn TtV avtomokpwouevov  acBevov.  EmummAéov, 1o
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epuBpokiTTopa TOV 1010V 0cBevdV Tapovctdlovial TEPIGGOTEPO EMOEKTIKA GE OLULOALON
1660 TPy 660 Kot PETA TN cvuvedpio KaBapong Kot Arydtepo avOekTikd 6TO UNYOVIKO GTPEG
oe oyxéon pe To gpubpokvTTOPO TV Un oviamokpvouevav acbevov. Emopévoc, sivor
AOYKO va vmotebel OTL M avoio. GTOVG AVTOTOKPIVOUEVOLS acbevelc eivatl, ev uépet
TOVAQYLOTOV, OMOTEAEGHO TNG OENUEVNG EMIOEKTIKOTNTOG OTNV OMTMAELN OLLOGPUPIvIG,
(Léow TV TAPATAVEO UNXOVICUOV) OTOV OVENUEVO OYMVIGHO KOl OTNV EAAELYN TOL
OVOOTOATIKOD GNILOTOG EPVOPOPAYOKVTTAPOONG atd TOL STANVIKG pakpopaya (Eik.7).

kv A N \\s’?
<ffAc) <I(TAC):>

ﬂaﬁldeEIU AlK
2o\ HNXAVIKG

%o, | OTpES Evepyotroinon
‘Uc:e;gn‘ o \\ _ AlK Oy popq;o_,\owcé GUHTTANPGMATOS
Hb o * QATTWAEIR PS aAhoIOEIg
aigoopalpivng 0

AvTioEEIBWTIKA dpuva * - ) AvTIoEEIBWTIKA dpuva

HEOW UTTEPEKPPACNS ameAeuBEpwan * ameAeuBipwon - g péow epuBpaTroinTiving

Tou peragopéa Glut 1 HIKPORUGTIBiLOV +, |HkpoKUOTIOIWY T Hb Kal 0UpIKOU OEE0C

UA TIBC, URR

v ETITA)UVvOMEVOS QAIVOTUTTIOC YIPavong v Augnpévn euaiobnaoia ot BAaBeg Adyw
v Meiwpévn avaoTaATikn onpatodornon CD47-SIRPa | evepyoTroinong Tou ouptmAnpwparog
v Augnuévn evaioBnoia ot epeBiopara TTou eTdyouv v E§wrepikeuon pwo@atidulooepivng TTou
TNV aMWAEIQ AIHOCPAIPIVRS mupodoTeiTal amwé Tnv aipokdbapon

Ewovo 7: Zynuatikn mopovcicon TV SOMK®OV Kol AETOVPYIKOV TPOTOTMOGEDY TOV
gpvBpokvttdpv otovg aviomokpvouevovg (R) ko un  avramoxpwvopevovg (NR) oty
gpvBpomomntivn acOeveic, kKabdg Kot o1 TOBAVEG GUVIEGELS TOVG LE TNV Avalpio OTN ¥POVIL VEPPIKT|
avemdpkelo. [evikodtepa, To  ovpayukd epvBpoxvttapa  yopoktnpilovtor amd  avénuévn
KvoTidlonoinon ¢ ueuPpavne, eémtepikevon emopatidviocepivng (PS), olyouepioud g
Lovne-3, mpdcdeon 19GS, pelwpévn ovUTIKOVITIVOOT Kot EVTOVES HOPPOAOYIKEG TPOTOTOUCELS.
Yvykekpyéva, T0 gpuOpokiTTOPO TOV avtamokpvouevoy oaclevav (R) deiyvouv avénuévn
gvatetnoia oty gpvbpopayokvttdpwon (uécw petafordv ota enineda tov IgGs kor CDA47),
KoOADG KOl 6TO UNYOVIKO GTPEG KOl GTNV AUOAVGT] TOL TVPOSOTOVVTOL KLPIWG amd TN JSPKEL TG
Oepaneiog kaBapong. H eEmtepikenon pmo@atidvAocepivng Kat 1 KuGTIOToMoT ™G HepPpdvng
OVOGTEALOVTOL HEPIKAOG amd TNV £pvBpomomtivn Kol T0 oVPIKo 0&H TOL TAACUATOG, OVTIGTOUY.
Avtifeta, n avalpio otovg un oviamokpvouevovg acbeveic (NR) gaivetar vo oyetiCeton pe PAdPeg
AMOY® €VEPYOTOINGNC TOV GUGTATIKOV TOV GUUTANPOUOTOC eEotTiog TV YOUNADY ETITESOV TG
Khootepivig kot tov popiov CDS59. H dwdikacio g oaipokdBapong wor n Oepameio pe
gpuOpomontivn EMOEWVOVOLY, avTioToL, TNV eEMTEPIKELGT POCEUTIOVAOGEPIVIG KOl TNV EIGPON
WOVIOV 0oPeCTION GE AVTA TO KUTTOPW, EVM 1] OMKY GlONPOJEGUEVTIKN IKAVOTNTO KOL O OEIKTNG
k@Bapong g ovpiag (URR) oyetiCovion avtiotpoga pe tv v kvotidomoinon tovg. H
VIEPEKQEPACT TOL peTopopén yAukolng Glut-1 ota epuBpokdTTOPO TOV AVTIOTOKPIVOUEVOV
acfevav kot to LVYNAG emimedo epuBpomomTiviig Kol ovPlKoL 0EEOC GTO TMAGGUO, T®V N
OVTOTTOKPIVOLEVOV A0DEVAV, G GLUVOLAGUO LE TNV TTPOGdEST NG LIEPoEelpedoEivng-2, mbava
OTOTELOVV TPOGUPUOGTIKOVG UNYOVIGHOVS OVTIOEEWDMTIKNG AULVAG Yol TO. EpLOpOKLTTOPOL.
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Téhog, N mapovsio TV VYNADY emmESOV oVPIlag Kot 0VPIKOL 0EE0G oL Ppebnkay
OTOLG U1 OVTOTOKPIVOLEVOLG 000EVEIG GE GYEoT WE TOVLS OVTATOKPIVOUEVOLS, Ba NTav
OVOUEVOUEVO v, odnynoel oe adénon Tov emmédnv TV 0LEMTIKOV PAafdv oTIg
TPOTEIVEG TV €pLOPOKLTTIAPWV aVTOV TV acBevodv. Ta vynAoTepa emimedo NG
vepolelpedoivng-2  otovg un avtomokpvopevoug  acbBevelg évavit TV
OVTOTOKPIVOUEV®V, T OToilo. TPocdévetal otn pepPpdvn Otav to kvttapo Ppedel oe
ouvOnkec ofedmwtikod otpec [242], mpayuatt emPefordvel v Vmapén 0EEBOTIKOV
npokAncemv. To o0&edwTIKO oTpeg, Onmg, oQaivetor va avtipetoniletor ond v
avTo&edmTikn dpdorn g epvbpomomrtivng kol Tov ovptkov 0&Eog mov Ppickoviarl oe
nepiooeln 6To MAAGHO VTGOV TV 0cbevodv. H avtiofedmtiky pdon autdv TV ovGLmV
emPefardveTor GAWOTE GTO. TEWPAUATA AVOGVOTACNG TNG TOPOVLGOS UEAETNG OAAL Kot
TPONYOVUEVMV UEAETAOV TTOV £YOLV YIVEL GE KVTTOPA VYOV ATOL®V Kol BOAQCCALUIKOV 1)
ovpak®v acbevav [243-246]. Avtifeta, ot 0EE10WTIKEC TPOKANGELS TOV EXAYOVTOL OO
v ovpalia ota  gpubpokiTtTopa TV  oviamokpwouevev acbevav  @aivetol va
avtipetomilovior péom g vrepékPpaong tov petagopéa Glut-1 (Ew.7). Avtq 1
petafoln mov €xel avoapepbel kol o mPoNyoOUEVEG UEAETEC UM KOTNYOPLOTOUUEVOV
aclevoov pe XNA vrnd  owoxdBapon [176, 247], vmodnidver p  KOTAOTOOM
VIEPEVEPYOTTONUEVOD pETOPOMOUOD oTa. gpvBpokvTTapa Tov acbevav [248, 249] ko
Oewpeitar 0TL TpowOEl TN STPNON ENOPKDOV EMITEIDV TOL EVOOKLTTAPION OGKOPPLkoD
o&éog mov yavetar amd T dadikacio g kKabapong [247].

A3. Evocileic Yo dw@opetikn emidopaon Ttng apokadepong kebdg kov ywo TNV
VapEn SPOPETIKOD UNYUVIGROV KUGTIOLOTOINGIG, OVANESE 6TO EPLOpoKITTUpP
TOV AVTOUTOKPIVOPEVOV KL [UT] AVTUTOKPIVOREVOV 060EVAV.

Méow G amopdKpuVeNG TV OVPULUIKOV TOEVOVY, 1 aiokabapon PeAtidvel v
avoupio Kot o Eninedo TV OMK®OV KuoTdiov oto mAdopa [158, 229, 250], e&icov otovg
OVTOTOKPIVOUEVOLG KOL OTOVG U avtoamokpivopevoug acBeveic. Ocov agopd ota
ePLOPOKVLTTOPIKA KLOTIOW, GTOVG UM AvTOTOKPVOUEVOVS acBeveig, M dwdwkocio ™G
K@Bapong Oev emnpedlel TN OLYKEVIPOON TOVG N TNV TPAOTEIVIKY] GVGTACT TNG
€pLOPOKLTTOPIKNG HEUPPAVIG, OUMG EMOEVAOVEL TNV EEMTEPTKEVOT] PMOCPATIOVAOGEPTVIG
ota gpvBpokvtTapa. And v GAAN TAevpd, M alpokdBapon Exel gvuepyETIKN emidpaon
OTOVG AVTOTOKPIVOUEVOLG acbeveis, odnydvtag o emAekTiKny Kot tayeio peiowon tov
epvBpoxvtTopik®v Kuotwinv. Eva afloonueimto yeyovog opmg etvar 6t avti 1 PeAtioon
og ocvpPadilel pe TNV EKTETOUEVT] AVASIOUOPP®GT TNG EPLOpOKVLTTOPIKNG HeEUPpdvng, Tov
TOPATNPEITAL GTOVG OVTATOKPIVOUEVOLG a0OEVEIC KOl EKONADVETOL HECH TNG MELOUEVIG
EKepaong TANB0VG TPOTEIVIKOV GLOTATIKOV OV oyeTilovTol pe TNV KuoTidtonoinon (m.y.
otopativn, @LoTIAAiv-2, IgGs, oAryopepn {ovng-3, CD47, GAPDH, vrepo&eipedoivn-2,
voatomopivn-1 ka.), aAAG OVTE pe TNV EMAEKTIKY KOl GUECT] UEI®ON 6TO HEGO OYKO T®V
€pLOPOKLTTAP®V TOL TTapaTNPEiTAL HETA OO TNV OoKABOPST GTO OLUATOAOYIKO TPHTLTO.
‘Etol, T00 evpnpate autd VITOONAMVOLY TNV amEAELOEPOOT UIKPOV 1 OpVNTIKOV GTNV
£kBeon PSPATIOVAOCEPTVIG KPOKVOTIOIOV Kot EEOCOUATOV amd To pVOpPOKHTTAPA TOV
AVTOMOKPIVOUEVDV  acBevdv, To omoilo &lvar un  aviyvedolwo omd TNV  KAUCGIKN
KLTTOPOUETPIO. POT|G TTOV YPNOLOTOONKE ¢ HEBOSOC aviyvevong otV mTapovGo LEALTN.
H ovpPatikn xuttapopetpio dev pmopel va aviyvedoel kvotidw pkpdtepa tov 300nm,
weployn M omoio TEPLAUPAVEL ONUOVTIKO HEPOG TOV EEMKVLTTAPIOV KLOTIOI®MV TOL
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avOpodmivov aipatog [251], pe anotéheoua £va GNUOVTIKO TOCOGTO TMV KLGTIOIMV TOL OEV
umopet va aviyvevdet vo unv vroroyileton 6TIg LETPNOELS.

[Ipog vmoot)pi&n g mpomyovpevng vmdbeone, £€vo  YOPOKINPIOTIKO TV
eEokuttdplov kvotwdiov otn XNA eivar 10 peiopévo Opopotikd dvvoukd mov
napovolalovy oe oyfon ue Glhec acbévelec [162], evd éxet Ppebei mwg ta gpubpokvTTOpQ
elval wKavd va ameAevfep®vouy KLoTiOL aKOUN Kol 6€ CLVONKEG KATA TIC OMOieg M
ueuPpdvn dratnpet ™ AMmidikn g acvuuetpio [252]. Méow g anehevbépmong avtdv
TOV UIKPOV KOL OpVNTIKOV otV eEMTEPIKELON POCEATIOLAOGEPIVNG KLOTWIOY, 1
TPOTEIVIKN GVGTAON NG EPVOPOKLTTUPIKNG HEUPPAVNG TOV OVTATOKPIVOUEV®OV 0GOEVDV
moovd avadlopope®VETOL KOTAAANAO LETA TN cuvdepia KABapong, OTmG aivetal Kot omd
™V avdAvon g TPOTEIVIKIG ovotaons. Ta amoteléopata NG mapodoos MEAETNG
VITOONAMVOLV TN OMUOLPYIL SPOPETIKMOV EWDAOV EEMKVTTAPLOV KVGTIIWOV OVALEGH GTIC
Vo opdoeg Tov acbevav. Ta kuTtapa Tapdyovy Evav TANBVCUO £TEPOYEVOV KLGTIOIMV MG
AOKPIOT GTNV KLTTOPIKY YNPUvVoN Kot o€ Hetaffoies Tov epiBdilovtog mov oyetilovtat
Le v emidopacn dpdpwv 0GV 6TPeS Kot epedicpdtov gvepyomoinong. Agdopévov Ot Ta
eEwKLTTOPIKG KVoTidla oyetilovial Asttovpyikd pe ) OpouPmon kot ™ ereypovn [253],
KaBdc Kot 6Tl ot PAAPeg oto evi0MAI0 1| o1 Kapdlayyelokég madnoelg epeoavifovtat mo
ovyvd oe acBeveig mov mapovsldlovv avBektikoOtnTa 61N Bepamcio pe epvBpomomtivn
[254], ta mapamdve dedouévo a&ilovv mepattép® TPOcOYN MEC® UEAETOV Ol omoieg Oa
neplopPavouy peBdd0VE TEPIGGOTEPO KOTAAANAEG Yo TN HEAETN NG Proloyiag pkpdv
COUOTOIOV.

A4. To OwWQOPETIKO OpPOOCTUTIKO TAGIGIO TOV gpuOpoKLTTApOV pPeETUED TOV
OVTUTOKPIVOUEVAOV KOl 1] OVTOTOKPIVOUEVOV 060EVAOV PTopEl Vo OTEIKOVIOTEL OE
Broroyikd dikTVQ@

Ta xapoaKIPIoTIKA TNG PLGLOAOYING KO ] TPOTEIVIKY cVGTACT) TOV EpLOPOKVLTTAPMV
GTOVG OVTOTTOKPIVOLEVOLG KO N OVTOTOKPIVOUEVOLG aGHEVEIC amOoKOADTTOVY TOIKIALL
oT1G PAAPEG KOl TOVG HLOPLOKOVG UNYAVIGHOVS TOV GUUUETEXOVV GTY) CTUATOOTNON KoL TNV
amopdkpuven tovg amd v kukAopopic. Ta ProAoyikd dikTva YPMGLLOTOOVLVTAL YO VO
avadeifouv TG oYE0Elg OVAIESO GE OPOPES TOPUUETPOVS, KOL OTNV TapoVGo HEAETN
TAPOLGIALOVY TIG CTOTICTIKA GNUOVTIIKEG CLGYETIGES OVAUESO GE OUUATOAOYIKOVG KOt
Blodoyikobg mapdyovieg TV €PLOPOKLTTAP®Y GTN POV VEQPIKY| OVETAPKELQ,
VTOONAMVOVTAG VO COP®OG OPOPETIKO TANICIO OAANAETIOPACEDV AVAUEGH GTOVG
OVTOTTOKPIVOLLEVOLS KOl TOVG [UT] OVTOTTOKPIVOUEVOLG a.GBeVELS.

XOppova pe To diktvoo TOv dnpovPYovVTAL, 1 d0oN NG epvBpomomTivig GTOVG
avtamokpwvopevovg  acbBeveig  oyetiCeton pe  pelwon g eEmtepikevong
POOPEATIOLAOCEPIVIG 0TOL £pLOPOKVTTAPA, EVAD Ol VYNAEG 00GELG epvBpomomTivg GTOVG
un  ovtomokpwvopevoug aocbevelg petafdiiovv to eminedo  aoPecTio-eSapTOUEVOV
TPOTEIVOV Kol 0dnNyodv o€ HEIOUEVO KLTTOPIKA emimeda KAaotepivine. Omwg &xet
avapepbel oe mponyovueveg pnekéteg, 1 epvBporomtivn Pertidverl pev v eEmtepikevon
™S POSEATIOLAOGEPTVIG Kot TNV epvBpoayokvttdpmon [243, 245], dev purnopei OU®S va.
EUTOOIGEL EMAPKDG TNV EMAYMOYN NG epLOpOTTOONC, KaBMG TPoKaAel TOVTOYPOVA E1IGPON
Wvtov Ca®* 610 gonTepikd TMV dpimv epubpokuTTdpov [244] in vitro. T to Adyo oo,
AVOOTEMAEL UEPIKMOG Kot Oyt AP v eEmtepikevon emopatidviooepivig [245].
SOUPOVO HE TO, AMOTEAECUOTO TNG TOPOVGOS Epyasioc, N exidpacn Tng epvBpomointivig
oto 16vta acPeotiov emPePordvetar oto €pLOPOKHTIOPA TOV U OVTATOKPIVOUEVMV
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acBevav, evd mn emidpacn mov £xel omv eEmTepiKELON TG POOCPOTIOLAOGEPTIVIG
emPepfardveTor ota epuOpokHTTAPA TOV OVTATOKPIVOLEVOV acBevmv. EmmAéov, 1o diktvo
TOV U1 OVIOTOKPWVOUEVOV acBevdv péow NG OeTikng 1oyvpng oLox€Tiong g
Khaotepivng pe to poplo CDS9, emPBePardvel T 6TEV] GYEGN TOV dVO OVTOV TPOTEIVOV
ot gpvbpoxvtTapa [87], kKabmdg Kot o1 600 eumodilovv TV EVEPYOTOINGT TOV CLGTATIKOV
TOV GUUTANPMOUATOC TTOL €V OLVALEL 00MNYEl Tl KOTTOPO 08 AVoT. AvticTolya, N ddpkela
o€ Oepameio arpokdBopong emOPA APVNTIKA OTU EMITESD AUOAVONG KOl GTI) GUCCMOPELON
TOV EVOOKVLTTAPIOV SpacTIK®V PidV 0ELYOVOL GTOVS OVTATOKPIVOUEVOLS 0oDEVELS, EVD
OTOLG U1 OVTOTOKPIVOUEVOVG aoBevelg To emimeda TV OpacTIK®V POV 0&uydvov TmV
€pLOPOKLTTAP®V TAPOVGIALOVY CLGYETION LE TAPAYOVTEG TOV TAAGHOTOC (T.y aAfovpivn,
PMOOPOPOG, OMKEG TpwTeEiveg). EmumAéov, dudeopa YopaKTNPloTIKE TOV TAAGHOTOC
TAPOLGLALOVV GUGYETION UE TNV KLGTIOOTOINGT T®V €PVOPOKLTTAPOV. ZVYKEKPUEVA,
OTOLG LT OVTATOKPIVOUEVOLS AGOEVEIS 1| OAIKT] GLONPOJECEVTIKT] IKOVOTNTA Kol O OeiKTNG
KdBapong ovpiog mapovctdlovv apyNnTIK GLGYKETION HE TO £PLOPOKVLTTAPIKA KLGTIOW,
EVD OVTIoTOLYN GYEOT) GTOLG OVTOTOKPIVOLEVOLG 0cOevelG mapovstalovy Ta eminedo TOv
ovpwol 0&éog pe o epuBpokvuTTapiKd KLoTidw emPefardvoviag mwg 1 1010 TAPAUETPOG
oyetiletal pe dOPOPETIKA YOPUKTNPIOTIKA TOV EPLOPOKVTTAP®V KOl TOL TAAGLOTOS GTNV
kéBe opado tov acBevov. Térog, ¢@divetor mwg TOG0 TO OLVPWKO O0EL OGO KOl M
AVTIOEEWMTIKY KavOTNTO TOL TAAGpHatog oyetiCovtal pe mAnfmpa epvBpokvTTopiKOV
TapaUETp®Y, vmootnpilovtag TV vmdbeon Ot 10 ovpwd 0o&D  €xel  évav
KUTTOPOTPOGTATEVTIKO pOLo oT0. gpubpokdttapa in Vivo. H katackevr] SiKtOov pe
dedOUEVH TPOTEMIIKNG Kot peTaforwpkng Ba fonbodcav teportépm otV amokdAivyn g
TOALTAOKOTNTOG TNG OLOIOGTACTG TMV £PLOPOKVTTAP®V GTN YPOVIO VEPPIKT AVETAPKELQL.

AS. Zopunepdopato

YuvolKd, Ta ovparpukd puBpokvTTapa YopaKTNPILovTaLl Omd EVIOVEG LOPPOAOYIKEG
TOPALOPODOCELS, eEoKvoTdlonoinon, deikteg 6Oavdtov M/kor TPO®PNG  YNPOVONG
TOVTOYPOVE. HE OVENUEVN AVOEKTIKOTNTO GTO OGUMTIKO OTPEG GE OYECN HE TO LYW
epvBpoxvTTapa. Ot TPOTOTOMGELS TOV EPLOPOKVLTTAPMV IVl ATOTELECUO TOV OPVITIKMOV
EMOPAGEDMY TOV OVPULUIKOV TEPPAAAOVTOSC Kol TOVTOYPOVO TOL KLTTOPOTPOCTATELTIKOD
poAov Tov €xel M gpvBpomomrtivn kot 10 ovpkd 0&H. EmumAéov, péow tg mpoPreyng tov
EMIMES®V TOV UM OVACTPEYIU®V €PVOPOKVTTAPIKMOY TPOTOTMOM|CEMY OO TO EMIMESQ
apoc@apivng aipotoc, emPefordveral ) 6TEVI] GYECT TOV LOPPOLOYIKMY TPOTOTOMCEDV
TOV EPLOPOKVTTAP®V LE TN GAEYHOVT] Kol TNV avapio ot XNA.

Avrtiototya, ta puOpOKVTTAPA TOV LT AVIOTOKPIVOUEVOV acBeEVAV yopaktnpiloviot
amod ovénuévn evaiohncio. 6To GLOTUTIKG TOV GUUTANPOUOTOS Kol 6TV e&mTEpiKeLON
QPOOCEATIOVAOGEPTVNG M omoia emdyeTon amd tn dadikacio KaBapong kot Thava oyetileton
pe v ovouuio. Amd v dAAN mTAgvpd, N ovolLio. GTOVG OVTOTOKPIVOUEVOUG aoHEVEIC
eoivetal va givor omotélecpo TG OVENUEVIG EMOEKTIKOTNTOG TOV KLTTAP®OV CE
epebiopato mOL EMPEPOVY OMMOAELD OHLOCEAIPIVIG KOL TOL OLENUEVOL OY®VIGUOV/
€PLOPOPAYOKVTTAPWOGNG, EVO TO EpLOPOKVTTAPA AVTOV TV 0cOeVADV YapakTnpilovion amod
Evav SLOQOPETIKO UNYOVICUO KLOTIOOMOINONG GE GYECN WE TOLG UM OVTOTOKPIVOLEVOLG
acBeveic. 'Etol, n amopphOon me opotdctacng @aivetal g odnyel o€ dlapopPETIKONGS
UNYOVIGHODS  ONUATOdOTNONG KOl  OMOUAKPUVONG TOV  €PLOPOKVLTTAP®Y Omd TNV
KuKAo@opio 6T dVO opddeg Twv acbevav. H peyddn daxvpovon mov mopatnpeitol og
TOAAQ  OUOTOAOYIKG  YOPOKTNPLOTIKA  KOU  TOPOUETPOLS TNG  PUOIOAOYING TV

113



epuBpokLTTap®V 6TOVG 0cbeveic emPBefoardveTor Kol amd TNV TOPOVGH OAAG KOl OO
TPOTYOVUEVEG HEAETEG Kol OETYVEL TNV OVAYKY Y10 Ui TTO £EUTOUIKEVIEVT] TPOGEYYION TNG
vooov. Téhog, dedopévou 0Tt ta epuBpokidTTapa Bempodvtar (OTIKNG onpaciog delkTeg TG
KOTAGTOONG TOV OPYOVIGHOV, GE GLUVOVLACUO He TIG TehevTaieg odnyieg tov Iaykdopov
Opyavicpuot Yyelag mov mpoteivel v eatopikevuévn nAéov OBepoameion TV achevel®V
[224], ot dopkéc kol PLOYNUIKEG TPOTOMOINOELS TOV £PLOPOKVLTTAP®Y UTOPOHV Vv
ypnopomombovv cav Eva gpyareio ddyvmong oe cuvdvacud pe tn Bepameio kdBopong
Kot Tn Yoprynon epvbpomomrivng, €161 dote va dtokevkavOel oyt pLovo N avarpio GAAG Kot
TO PAEYHOVAIES Kol 0EEDMTIKO TPHTLTTO OV YapaKTnPilel Tov KAOe acbevn EeymploTd.
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MEPOX B’: Emidpaocn g apodedmdnong évavtt g ocopPatikig arpokadapong
oto EPVOPOKITTUPAE GOEVOV NE YPOVIX VEPPIKT] AVETAPKELL

Onwg &xel MO avaeepbel, n peiwpévn ddpkelo (oNG TV £pLOPOKLTTAP®V Kol Ol
ToHOAOYIKEG TPOMOMOIGELS TOVG TPOKLATOLV MG OMOTEAEGUO TOV EMOPACEDV TNG
ovparpiog kot g dadikaciog kdbapong, cvuPdAloviog v PEPEL GV OvOoLion Kol GE
GAAec emmAokéG TOL QUUOTOAOYIKOL ocvothuatos. H ovpPotikny  owoxdBoapon €xet
peAetnOel 51e£0d1kd OGOV QPOPA OTIG EMITTMOOCELS TOL £XEL TOGO GTN HOPPOAOYin 6GO Kot
otn evololoyio TV gpvbpokvttdpwv [117, 176]. Avtibeta, dev yvmpilovpue kKabolov av
Kol o€ mowo Pabud M oapodaddnon omoterel £vov GTPEGGOYOVO TOPAYOVIO Yo TO
KOTTOPO TOV OIHOTOG 1) OV €ival TEPIGCOTEPO «PIAKTY GE aVTA ¢ Bepameion VEQEPIKNG
OTOKATACTAONG O oYéon e ™ ovuPatikn oapokdBopon. ‘Etol, oto devtepo néPog g
mapovoag epyaciog aflohoyndnke pa cepd amd TOPAUETPOVS TNG PLUOIOAOYING TMOV
€PLOPOKVLTTAPMV GE GLVOVLOCUO LE TO OUOTOAOYIKO TPOHTLTTO 0GOEVDV TOV LITOPAALOvVTOL
o€ GLUPATIKT ApPoKABaPoT Kot opodtadtnOno”n e GKOmod TNV EDPECT] TPOTOTOUGEDY TOV
TPOKVTTOVV GTO €PLOPOKVTTAPO MG OTOTEAEGUO TOV SLOPOPETIKMOV HeBOSOV KaOBapong
KaBmG Kat TN oYE0T AVTAOV TOV LETAPOADV HE TNV avatpio.

B1l. H ypoévia emidpaon NS 01podtadujdnong 6to G1paToloyIikKé 7TPOTLVTO KOl OF
TOPAPETPOVS TNS PLOLOAOYINS TOV EPLOPOKVTTAPOV.

Onwg £0e1&av ta amoteléopatao avTig TG LEAETNG, Ol aoBevelg Tov vTofdAlovTol o€
apoddmonon yapaxtnpifovior amd VYNAOGTEPO EMIMESA OVPALUKDOV TOEWVOV GE GYECT
pe tovg acBevelg mov vmoPdilovioan o cvppatikn aipokdBapon. Oumg ot ovpokég
t0&iveg Bempeitan OtL avtipetoniloviot arotelecpatikdtepa pe avtn ™ pEBodo kdbapong
oe oyéon pe m ovpPotikn apokdBapon, dedopévov 6Tl T amopakpvivel To&iveg 1060
Héow d1dyvong 6co kot dtndnong [193, 255]. To yeyovdg avtd, emPePardverol Kot omd To
vynAdtepa enineda tov deiktn kdBapong ovpiag (URR) mov mapovsidlel n cuykekpipévn
péEB0J0G, Tapd T APYIKE VYNAOTEPA EMITEOD TOV OVPOUUIKDOV TOEIVDV, DVTOONADVOVTAG OTL
n uébodog avt) eivor TPAYUOTL OTOTEAECUOTIKOTEPT OTNV OATOUAKPLVGT TOEWVOV,
aveapmta amd to apyKd Tovg enimeda. Q¢ amotéAeoua g KOAVTEPNG KABopong Twv
tofivdov  puéow g apodwadnong (o omoieg Oempeiton OTL KOTOGTEAAOLV TNV
epuBpomoincn HELOVOVTOG TNV AOKPLIoT] TV KLTTUPMV TOL HVEAOD GTNV gpvBpomomTivn
[256] ko 6T1 emdyovv preypovddelg amokpicelg [257]) ot acOeveic mov vrofairioviol o
aodtdmonon avapevopeva yopokmnpiovrolr amd KaAOTEPO EAEYYO TNG avolpiog Kot
YOUNAOTEPOL ETUTEOQ PAEYLOVMDIOVS POPTIOV GE TYEom Le ToVg acbeveig mov vroPdAiovtal
oe ovuPatikn opokdBapon. To  YopokIPIOTIKA OLTO LTOONA®VOVTOL Omd  TOVG
BeAtiopévoug epuBpoKLTTOPIKOVS OEIKTEG GTO OUATOAOYIKO TPATLTTO KO TO UEMUEVO
eMineda TV SEIKTOV PAEYUOVIG 6TO Proynkd mpdtumo, OT®MG £ival 1 GLONPOSEGUEVTIKY|
wavotnto [258] kot o deiktng RDW [259]. TTapd v acvpemvio mov exikpatel 6to nedio
[190, 260], to amoTEAEGHOTO HOG CLUPOVOVV HE UEAETEC Ol Oomoieg vmootnpifovv TV
EVEPYETIKT OPAGCT] TNG OHOIAOONOTG EVaVTL TG GLUPATIKNG OpokABaPON G GTNV avoLpia
KO T QAEYHOVH 6T YpOVia VEPPIKT avemdpketa [193, 261].

Extoc and Tig peydrec 010popEg mTOL TAPATNPOVVIOL GTO OUUOTOAOYIKO TPOTLTO
HETOED TV 0VO OpAd®V, o1 acbeveig mov vtoPdAlovtal o€ apodadOnon tapovstalovv
UIKPES, OAAG AEITOLPYIKE ONUOVTIKEG OlOPOPOTOGELS OE OYEOT HE EKEIVOLG TOL
vofdiiovion o€ ovuPatikn aokaBapon. Xe avtég mepAapPavovtol To YoUNAOTEPO
TOGOOTA €PVOPOKLTTAPOV TOV €KOETOVY PMOOPATIOLAOGEPTVN, Ta YouUNAdTEpL Eminmeda
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LIKPOKLOTIWOIOV  TAGGHOTOG Kol 1) OXe00V  QUGLOAOYIKN] TPMOTEIVIKY GVUOTOCT 1TNG
epubBpokvtropikng pepPpdvng mpwv and v opokdBapon. H efwrtepikevon g
POOPATIOLVAOCEPTIVIG, VOl KOWVO YOPOKTNPIOTIKO TOV OVPUIUIKOV gpvBpokvttdpwv [23],
elval 0elkTng €pLOPOTTO®ONG KOl GO ATOUAKPVVONG TV KLTTAP®Y amd TV KuKAopopia
pécm epvbpopayokvttdpmwonc. EmmAéov, 1 cueodpevon TV UIKPOKLOTIOIMV EUTAEKETOL
oTN OQAEYHOVN, OTIC Oldlkacieg TNENG KOl OTO  KApOlyYEkd TPOPANUaTe TV
aapokafaipouevav [262, 263] kot un [90] acbevdv pe ypodvia veppikn avemdpkela, Kot
TEMKA, 0 YapnAdg puOudg KuoTdlomoinong eaivetal va oyetiletol pe 1o petopévo puouod
Kapdlayyelakng Bvnopdtrag mov £yel mapatnpndel otovg acbeveig mov vroPdArovial o
alpodadiinon évavtt g copPatikng aipokabopong [264].

Téhog, oe emimedo MPWTEIVIKNIG GVOTAONG TG HEUPPAVNG, TO EPLOPOKVTTOPL TMV
acevav og opodladinor, mapovcstdlovy HOVO VIEPEKPPACT GTNV HOPLOK ] GLVOOO
Hsp70, n omoia £xel mpootatentikd pOAO Y10 TIC OKEAETIKEG TpmTEIVEG [67], Ko EMAelyn
otV voaromopivn-1, n omoia mbavd oyetiCetan pe v emidpacn g epvBpomomntivig ot
pvOon tov vepod ota kvTTapa [265, 266] kor pe v avopio [267] M/kou pe Tig
OTOUOTOKVTTOPIKES TPOTOMOUCEL, TOV TAPOLGSLALovY Ta €pLOPOKVTTOPA AVTOV TOV
acBevav, OTwc avaAlveTOL TOPAKAT®. ATO TNV GAAN TAELPE, 1 EpuBpoKLTTOPIKY LEUPPavN
TV acfevav mov vrofailovion oe cupPatikny apokdBopon yopaktnpileTon amd SAPopPES
dtapayés, OTmg cvaompevon TV 1gGS Tov TAAGUOTOC, VIEPEKPPOCT TOV UETOPOPEN
yAvkoinec-1 ko onuovtikny EAAenyn tov popiov CD47, mov amotehel «delKTNn-€0LTOVY Y10
TO KOTTAPO, VTOINADVOVTOG HETAPOAIKO GTPES KOl AVENUEVN EMOEKTIKOTNTA OLTAOV TMV
KUTTOP®V GE OYOVICUO Kol EPLOPOPAYOKLTTAPMOT).

B2. Apeoeg ko mopodikég smmtdosls TG Ogpomeiog pe opodwwdmdnon oto
OO TOLOYIKO TPOTVTTO KO GE TUPURETPOVS TNS PUGLOAOYINS TOV EPLOPOKVTTAP®V.
[Topd ™ Betikn enidpacn mov €xet n Bepameio TG apodadOnong pLokporpdOesua
HEC® TNG OMOUAKPLVONG TOV OVPULUK®OV TOEWVMV, TPOCOPVE Umopel va emPEPEL Kot
OTPECOYOVEG TPOKANGCELS GTO €PLOPOKLTTOPA ONMOC Ogiyvouv T OMOTEAEGUOTA TNG
aviAvong tov SEyHdTOV Tov ANeONKav peETd 1o TEAOG TG cuvvedpiag kabapong. ITo
OLYKEKPILEVA, TO YOUNAOTEPO EMTESN TNG AVTIOEEWOMTIKNG IKOVOTNTAG TOL TAAGUATOS M
onoio. ogeiretan 610 ovpkd 0&H (UA/AC) néptovv og emineda yoauniotepa ce oyéon Ue
exeiva Tov acBevov mov vrofdrirovion 6e cuopPatikn opokddapon kol avtd Qaivetol vo
etval amoTéAEs O TNG KOADTEPNG AMOUAKPVVOTG TOL 0VPLKOL 0£E0C 0md TO TAAGHO HEC®
g ddwkaciog kdbapons. Opwmg, T0 ovpkd o0&V, T0 TEMKO TPOTOV TOL UETAROMGLOD TMV
TOVPWVOV oToV AvOpmTo, ekTdC amd ovpoarikn to&ivn elvar kot Pacikd avtio&edmTikd
OoLOTATIKO TOL TAGGUOTOC TOV TPOCTATEVEL TOCO TO TAAGHO (GTOL Omoiov TNV
OVTIOEEWOMTIKY KAVOTNTO CLUUETEXEL 0€ TOGO0TO 35-65%) 000 Ko T KOLTTOPO OO
o&edmtikég PAGPeg, pnéowm g KavotnTdg Tov va exkkabopilel T dpaotikég pilec [235,
268]. MaMota, givar agloonueioto 1o yeyovog Otl, gite g O&ikTnG TS KOANG KOTAGTOONS
Opéyng tov opyavicuol gite Oyl, Ta YOUNAL emimedo ovpkoD 0EE0G £XOVV YOPAKTNPIOTEL
¢ Topdyovtag Kivouvou Bvnoidtntog 6toug acheveic e xpoOvioL VEPPIKT AVETAPKELD, GE
avtifeon pe to yevikd mAnBvopd [204]. 'Etol, 10 vymho Svvapkd kdbapong g
apodadmonong mbavd odnyel oe andAelo Kot GAAOV GUOTOTIK®V, EKTOC Ao TG To&iveg,
T OTTO10L GUUUETEXOVV OTIS AVTIIOPACELS OVTIOEEWDMTIKNG GUVVAG TOV TAACUATOS, OTMG M
aAPoopivn [269, 270], ddeopeg Prrapiveg (kvpiog Prrapivy C) [271] xor yyvootouyeio
[272], mapdt dev vdpyel couE®Vio 6TIG HEAETEG OGOV OPOPE GE QLTAV TNV EMIOPOOT) TNG
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apodadminong [273]. O poérog TV yvootolyeimv gival onpavTikds Kabdg amoteAovV
CLUTOPAYOVTESG Yo TOAAG avTio&edmtikd Evivpua tov aipotog [274], n odPovpivn givar n
KOpLoL avTloEEBMTIKN TPOTEIVT ToL TAdopatog [106], eved n Prrapivn C éxel evepyd poro
otV emovoeopd ¢ Prrapivie E oy avnyuévn popen g OOTE VO OTOTPEMETOL
OOTEAECUOTIKA 1) MTTOIKT LIEPOEEIdMOT).

H onuoviikn amoielo tov ovpikov 0&Eog kabmdG Kot GAADV  aVTIOEEOMTIKMV
OLOTATIKOV TOV TAAGLOTOS HEG® TNG opodtodmOnong, mhava va eényet to maboroyikd
enminedo TV EVOOKVLTTAPI®V OpacTikdv plov ofvydvov kabmg Kot v avénuévn
evatoOnocio oe e&mysvn ofewdwtikd epebiouata mov mapovsidlovv ta epvBpokiTTapa
aVTOV TOV 0oBevdv peTtd to TEAOC TG ovvedpiag kdBaponc. H EAdenyn tg avnyuévng
yAoutaBeldvng, yio moapdostypa, €xel cvoyeTiobel pe avénuévo kivouvo apdivong ot
XNA [275]. H yAovtaBeidvn givar évo pikpd Tpnentioto Tov GOUUETEYEL GE OVTIOEELOMTIKG,
LLOVOTIATIOL TV €PVOPOKLTTAPOV Kot UTOPel 0KOAO AOY® TOL KPOL TOL HEYEBOLG va
TEPAcEL PEGO, amd TOLG TOPOVG TV QiATpwv otpokdBapong [126], aitepo KoTd TNV
apoddmonon 6mov 1 dmMbnon evicybEL TEPALTEP® TN UETAPOPE TOV OVGUDY KOTAE UKOG
™ ueuPpavng kdBapong. To o&edmTIKO OTPEG MOV TPOKLATEL OC OMOTEAEGUO TOV
TOPOTOV®  HETAPOADV — ekONAMVETOL  €miONG HEG® NG OLGGMOPEVONG  TNG
ofedmpévnc/amodtatayévng  apooeoipivng oty gpudpokutTopikn  HepPpdvn, g
avénong ™e eEMTEPIKELONG POCPATIOVAOGEPIVIG KOl TOV EMTEI®V AUOAVONG, KUl LEGM
™G EUPAVIONG GTOLOTOKVTTOPIKGV Tpononomoemv [60] otovg acbeveic mov vrofdiiovton
oe owodadmnon. H omekevBépmon g opoceapivng eoxvttdpla, petd omd
dwdkacio kdBopong, Kot to TPOIGVTA ATOKOOOUNGNG TNG OVAUEVETOL VO ETAYOLV
avTpdoelg 0Eeldmwong oto aipo Twv actevdv ot omoieg 0dNYOVV TEAIKA GE 0. GUVEXN
avoTpo@odotnon  towv  ofedoTikov  ovidpacewv  [60]. H sfwtepikevon  Tng
POoPaTIdLA0CEPIVIG, OV omoTeELEl OgikTn 0EEBMTIKOV 6TPES Yo To. KuTTapa [96], kot m
QLUOAVOT) TOV TPOKAAOVVTOL PETA OTd TNV alodtadmOnom, Gaivetal vo avTITpos®ITEVOVY
dvopevel emmtooelg TG ovénong tov 0oLEWOTIKOV gpediopudtov mov empépel 1
dwdwasio g apodtadmbnong tpocwpivd. H gppdvion tov otopatokuttdpmy, ta oroio
OTOTEAOVV OVOCTPEWYIIES LOPPOAOYIKES TPOTOTONGELS TV EPLOPOKVTTAP®V, £XOVV EMIONG
ovoyetiobel pe  S1GQopeg KOTOOTAOEG @Aeypovig kot o&ewdwtikov otpeg [225].
Ievikdtepa, 10 GTOROTOKOTTOPO OTOTEAOVV HOPPOAOYIKEG OAAAYEC £pLOPOKVLTTAP®V LE
VYNAN avToéedmtikn kavotnta [276], ol omoieg TPOKHTTOVY MG OTOKPIOT| TOV KVTTAP®V
omv emidpacn ofewdwtik®dv epebopdtov [245]. Mdlota, sivol yopoaKTnploTiko TO
yeYovOg OTL 6TOVG acOeVElC TG TOPOVGOC HEAETNG OV LITOPAALOVTOL GE apodadOnon
TOPOVCIALETAL OTATIOTIKA ONUOVTIKY OeTikn] ovoyétion HETAED TOV TOGOGTOV TMV
OTOLOTOKVTTAP®MY KOl TV EMMEODV OVPIKOV 0EE0G OV OMOTEAEL TO 10YLPOTEPO UM
TPOTEIVIKO aVTIOEEWMTIKO GLGTATIKO TOV TAAGLOTOC. H otopatoxvttdpmon eaiverat
OtL amotelel YopoKTNPOTIKO UOVO NG ouddag Tov acbevdv mov vroPdAloviar ce
aipoddminon kot ovtd  emPefordvetor Kot omd  GAAD  YOPAKTNPIOTIKG TV
€PLOPOKLTTAP®V OTMG N YOUNAN EKEPACT] TNG CTOUATIVIG o€ oYéom e Tovg aobevelg mov
vrofdAlovior oe cLUPATIK OHOKABUPOT, TOVTOYPOVO LE TN HEWOUEVN EKOPOCT) TNG
voatomopivnc-1 kot tov petapopia Glut-1 ue t1g onoieg Oempeitar 611 aAAnAemdpd [26].
EmnAéov, mn otopatokvttdpmon mupodoteitor  poOvo omd TN dadikacio  Tng
apodtadmonong kot Oyt and T cvuPatikn apokdbapon, dnwg eaiveTton omd To TOGOGTH
TOV GTOUOTOKLTTAP®V UETA TO TEAOG NG cuvedpiag kabapons otig ovo opades. Etot, n
TOPOVGIO TOV GTOUATOKVTTAP®V €KTOG amd TNV OmOKPIon oTo 0EEWMTIKO 0Tpeg {omG
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opeidetal kot otV VmApPEN GLOTATIKOV TOV TAAGUOTOG TO OMOioL E€1GEPYOVTOL OTN
HEUPPAVN TPOKOAMVTOG EMEKTOCT) TNG ECMOTEPIKNG OE oxéom Ue TNV eEMTEPIKN ATOIKN
HOVOGTIRAdM, YOPUKTNPLOTIKO TOV EMXAYEL TO GTOUOTOKVTTOPIKO Qaivoturo [277]. Télog,
To. GTOHOTOKVTTAPO Bewpeitar 6Tt Tapovctdlovy dlatapayr] o1 UETUPOPE TV KATIOVI®YV,
00MNYoOV G& aALOYEG OTNV KAVOTNTO TOPOUOPP®CNS TG HEUPpdvNg Kot otn Onpovpyia
KUTTOPIKOV GUOCOUATOUATOV GTNV KuKAo@opia Tov acbevdv, kuplog petd amd
dradikacio ¢ opodiadindnong 6mov N apovoia Tovg yiverotl eviovotepn [278, 279].

Téco n ovpoio 660 Ko ta oTPecoydva epedicpoTa TOV TPOEPYOVTAL OO TN
dwadikacio kaOapong mupodoTohv KLGTISOTOINCT TOV KLTTap®mV Tov aipatog [160, 263].
Ytovg aoBevelg e mapovoog PEAETNC, Kot WwiTepa GE €KEIVOLG TTOL LIOPAAAOVTOL GE
ocuoupotikny  opoKAaBapon,  TOPATNPEITOL  CLGCAOPEVOT,  KLOTWI®Y  GT0  TAAGUO
TPOEPYOUEVOV aTO T KUTTOP TOL CiLOTOG, CUUTEPIAAUPAVOLEVOV TV EPLOPOKVLTTAP®V,
og oyxéon ue ta vy dropa. H dradikacio tng kdBapong peidvel onuavtikd tov tAnboucpd
TOV OMKOV KLoTWiwv (mov mepthapPdvel KuoTidlo oUOTETAAMOKNG, £PLOPOKVTTAPIKNG,
AEVKOKVTTAPIKNG KoL EVOOOMAIKNG TPOEAEVONS) O (PLGLOAOYIKG emimeda, OAAL £xet
eMdyotn emMidpaon 6T EPLOPOKVLTTAPIKA KLGTIOW, WaiTtEPE GTNV OLAdN TOV AGOEVMOVY OV
vrofdAloviol o€ apodtadtOno, LVIOINAGVOVTIG TN dNoVPYi VEMV KVOTIOIOV KATH TN
dwdkacio tng apodadtndnong. Avti n vedfeon vrootpiletar Kt amd 10 yeYyovog OTL, To
€pLOPOKLTTOPIKG KVOTIOW HETA OO TN GVUPOTIKY cpoKEOapon Tapovstdlovy (o Taon
TPOG UEI®ON 0€ GYEOT UE TO EMMESQ TOV KLOTIOIWV TPV amd TNV apokdfapon, ov Kot
ot M Téo™ OeV €Vl OTUTIGTIKA ONUAVTIKY], TOavE AOy® NG HEYAANG dLOKVUAVONG TOV
TapoLGLALovy Ot TIEG TOV KLOTWIOV €vidg TG opddag Tov achevdv. Xtovg 101006
acBeveig HAMOTA, TO 0EEWOMTIKO GTPES, MG TOPAYOVTOS TOL TVPOSOTEL TNV KLGTIOOTOINGN
ota epuOpoKHTTOPN, TAPOLGLALETAL GE PUCIOAOYIKA EMimeda LETE amd TV aploKaBapon o
avtifeon pe tovg acbevelc mov vmoPfdAiovion o opodadmOnon. EmumAéov, o
OTOLOTOKVTTAPIKOG  QavOTUTOG  Oempeitar 6Tt gumodiler v  kvotwdlomoinon g
epvBpoxvTTopiKng HeUPpdvng kdtL 10 Oomolo £PYETOL GE CLUPOVIKL HE TO TOPATAVED
evpnuata kot tig vrobéoeig [280, 281] ko deiyvel 0Tt o emMinedo TV PLOPOKVLTTUPIKOV
KUOTWOIWV 6TO0 TAACUO €lvol TEAIKA OTOTEAEGUO HOPPOAOYIKADV TPOTOTOU|CEMY TMV
epLOPOKLTTAPOV, GTPEGOYOVDV £pPEDICUATOV TNG OLPOLING OAAL KOl ETOPACEWV TNG
dwadkaciog kdbapong.

B3. Xvprepaopata
H mopovca perétn emPefordver tn Betikn emidpaon mov €xet n orpodadmbnon
évavtt ¢ ovpupatikng ookdboapong pokpompdesua, Oxt Uévo OcoV apopd oTnv
KOADTEPT] AVTILETOMIOT TNG OVOLULING KOt TNG QAEYHOVIG, OAAN KO GTO YOPOKTNPIOTIKE TNG
QLGLOAOYIOG TOV EPLOPOKVTTAPWV KO OTA EMMESA TOV PLOSPACTIKMOV HKPOKLOTIOIWV GTO
TAAGHO TV acBevov mpv amd v opokdbapon. Amd v GAAN TAELPA, HE TNV
TPOSMPIVY HeV aAAd o&ela ahEnom Tov 0&emTIKOL GTPEC, 1 omoia Thova opeileTol otV
ATOAELN OVTIOEEWDOTIKOV GUOTATIKOV TOL TAAGLOTOS KATA TNV o1plodladtdnon, Heudvetol
o€ ONUOVTIKO Pabud 1M AEITOLPYIKN OTOSOTIKOTNTA TNG GLYKEKPUEVNG HeBOdOL KaBMDg
dpeca odnyet 6TV EREAVION CNUATOV OTOUAKPLVONG TOV KLTTAP®V Ao TNV KuKAOPOopia,
o€ TOPAY®YN JPASTIKOV pdv 0&uyovov, KVoTIdomoinon g HeUPpavng, aptdoAvon Kot

GTOLOTOKVTTAPMOT).
[Mopdtt yperdletor meportépm PEAETN OGOV aPOPE OTIC LaKPOTPODESLEG EMOPATELS
™G SdKaciog apodladnong, oAl Kupimg oTig Bpoayvmpobeces, To AmOTEAEGHOTO
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™G MOPOLGAS EPYOCING VTOONA®VOLY OTL N TPOCTAGIO. TOL OiUATOG UEGH YOPTYNONG
AvTIOEEWMTIKOV 0VCLOV KATd TN Oldpkeln TG ovvedpiag kdbapong, Bo pmopovoe va
BeAtidoer 1o Oepamevtikd Svvapkd ™G peBodov ™G oupoddmOnong Evavit g
ovpPatikng  opokdBapong, TOvAQYoTOV OGOV aQOPA  OTNV  Ovolio Kol oTo
YOPOKTNPLIOTIKA TV £pLOPOKLTTAP®Y. AAMM®GTE, TPONYOOUEVEC UEAETEC o€ aoBeVEIC TOV
vroBdiiovion  oe  ocvpPotiky  orpokdBoapon Kol 6TOvE  omoiovg  yopmynonkov
CUUTANPOUOTO OO avnYHEVN YAovuTtabeldovn, L-kapvitivn kot Brrapivn C €yovv dei&et
Beltimon ot didpketa (ong [282], oty ocpmtiky evbpoavotdmra [179], otig petaforkég
Aertovpyieg [283], oV KavOTNTA TOPAUOPOOONG TOV EPVOPOKVTTAPOV KOl GTN MTLOIKY
vrepoeidmon [179] g peuPpavng. Emumdéov, oe dhhec pehétec, m ypnon o@iltpov
apokdBapone eumlovticpéveov pe Propivn-E  tovtodypova pe  evoopAéPia €yyvom
yvhovtaBeovng M Prapivng C €xet ovoyetiofel pe onuoviikn Peitioon Olwv ToV
TOPATAVE® YOPUKTNPICTIKOV, 00NYOVTOS GTNV KOADTEPT] AVTILETOTIOT TG ovaLpiog aAAd
KOl 0TIV OTOTELEGHOTIKOTEPT avTamdkpion otn Oepomeio pe epvbpomomrivn [284, 285].
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2XT. XYNOIITIKA XYMIIEPAXMATA

» O tpomomomocel; twv gpvbpokvttdpwv ot Xpovia Negpikny Avemapkelo sivot
OTOTEAECLO, TOV OPVNTIKOV EMOPACEMY TOL OLPALUIKOD TEPPAALOVTOC KOl TOVTOYPOVA
TOV KVUTTOPOTPOCTUTEVTIKOD POLOL TTOV £XEL 1 EpVOpoTOMTIVY Kot TO 0VPLKS 0&D.

» Ta epvBpokvtTopa TOV N oviomokpwouevov acbevov  yapaxtnpilovior omd
avénuévn evacnoio 6ToL CLGTOTIKE TOV GCLUTANPOUATOG Kot otV emTepikevon
QPOOPAUTIOVAOCEPTIVIG, YOPOKTNPLOTIKA TOV TOAVA oXeTICOVTaL [IE TNV aVoLpia.

» H avaio otovg avtomokpvouevovg acbeveic gaivetal va gival amotélecuo g
aVENUEVNG EMOEKTIKOTNTOC TMV KLTTAPWV o€ gpebiocpato mov emMPEPOVY  OTOAELN
alpooeupivic, avENUEVO oyoVIGHO Kot epuOpoPAyOKLTTAP®OT)

» Ta egpubpokdttapo TV aviomokpwouevov acbevav  yopoktnpilovior  omd
OLPOPETIKO  UNYOVIGUO KLOTIOOMOINONG GE OYECN HE TOUG UN  OVIOTOKPLVOUEVOLG
acBeveic.

» H peyddn daxdpoven mov mopatnpeitol o€ TOAAG OUOTOLOYIKA XOPAKTNPIOTIKA KOt
TOPAUETPOVS TNG PLGIOAOYING TV EpLOPOKLTTAPWV GTOVG 0GOEVELG delyvel TNV avAyKn Yo
Qo o eEATOMKEVUEVT] TPOGEYYIOT TG VOGOV.

» H opodwdmbnon £€xet Betikn emidpaon pokpompdbeouo Evovit g SLUPOTIKNAG
apokdBaponsg 1000 oV avoion Kot T QAEYHOVH], OGO KOl GTO YOPOUKTINPLOTIKA TNG
QLO1A0YIOG TV EPLOPOKVLTTAPOV KOl GTO EMUTESA TMV PLOSPACTIKAOV UIKPOKVOTIOIMV TOV
TAGGLLOTOG,

» Ta dpeco amoteléopato TG opodiadindnong mepthapupdvovy TV TPOcSmOPIVN UEV
oAAG ofelo avénom tov 0&edmTKoD oTpeg, M omoio mOAVE oPEiAeTOl GTNV OTOAE
AVTIOEEIOMTIKMV GLGTATIKMV TOL TAAGLOTOS TAVTOYPOVO LLE TIG OVPALUIKESG TOEIVEG.

» H mpootacio Tov aipotog HEGm YopyNoNS avtloEEdmTIKOV 0VGLOY KOTA T JdpKeLd
™™g ovvedpiag kdBopong, Bo pmopovoe vo PeAtidcel to OepamevTikd SLVOIKO NG
pefddoov g arpoddminong Evavit g cvuUPatikig oapokadapong, ToLAdyIGTOV OGOV
aQOPA CTNV AVOLUIN KOl GTA YOPOKTNPIOTIKA TV EpVOPOKLTTAPMV.

120



BIBAIOI'PA®IA



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Z. BIBAIOI'PA®IA

Mohandas, N. and P.G. Gallagher, Red cell membrane: past, present, and future. Blood, 2008.
112(10): p. 3939-48.

Lin, Y., et al., Blood group antigens and normal red blood cell physiology: a Canadian blood
services research and development symposium. Transfus Med Rev, 2009. 23(4): p. 292-309.
Pandey, K.B. and S.I. Rizvi, Markers of oxidative stress in erythrocytes and plasma during
aging in humans. Oxid Med Cell Longev, 2010. 3(1): p. 2-12.

de Back, D.Z., et al., Of macrophages and red blood cells; a complex love story. Front Physiol,
2014.5:p. 9.

Boas, F.E., L. Forman, and E. Beutler, Phosphatidylserine exposure and red cell viability in red
cell aging and in hemolytic anemia. Proc Natl Acad Sci U S A, 1998. 95(6): p. 3077-81.
Willekens, F.L., et al., Erythrocyte vesiculation: a self-protective mechanism? Br J Haematol,
2008. 141(4): p. 549-56.

Pasini, E.M., et al., In-depth analysis of the membrane and cytosolic proteome of red blood
cells. Blood, 2006. 108(3): p. 791-801.

Bruce, L., Mutations in band 3 and cation leaky red cells. Blood Cells Mol Dis, 2006. 36(3): p.
331-6.

Walsh, S.B. and G.W. Stewart, Anion exchanger 1: Protean function and associations. Int |
Biochem Cell Biol, 2010. 42(12): p. 1919-22.

Wang, C.C,, et al., Identification of the major casein kinase | phosphorylation sites on
erythrocyte band 3. Blood, 1997. 89(8): p. 3019-24.

Harrison, M.L., et al., Role of band 3 tyrosine phosphorylation in the regulation of erythrocyte
glycolysis. J Biol Chem, 1991. 266(7): p. 4106-11.

Ferru, E., et al., Regulation of membrane-cytoskeletal interactions by tyrosine
phosphorylation of erythrocyte band 3. Blood, 2011. 117(22): p. 5998-6006.

Pantaleo, A., et al., Oxidized and poorly glycosylated band 3 is selectively phosphorylated by
Syk kinase to form large membrane clusters in normal and G6PD-deficient red blood cells.
Biochem J, 2009. 418(2): p. 359-67.

Yiquin & Junfan, Erythrocyte membrane proteins and membrane skeleton. Frontiers of
Biology in China Volume 2, Issue 3, pp 247-255

Merry, A.H., et al.,, The use of monoclonal antibodies to quantify the levels of
sialoglycoproteins alpha and delta and variant sialoglycoproteins in human erythrocyte
membranes. Biochem J, 1986. 233(1): p. 93-8.

Rogers, M.E., et al., Decrease in erythrocyte glycophorin sialic acid content is associated with
increased erythrocyte aggregation in human diabetes. Clin Sci (Lond), 1992. 82(3): p. 309-13.
Bruce, L.J., et al., Altered band 3 structure and function in glycophorin A- and B-deficient
(MkMk) red blood cells. Blood, 1994. 84(3): p. 916-22.

Anstee, D.J., et al., Two individuals with elliptocytic red cells apparently lack three minor
erythrocyte membrane sialoglycoproteins. Biochem J, 1984. 218(2): p. 615-9.

Reid, M.E., J.A. Chasis, and N. Mohandas, Identification of a functional role for human
erythrocyte sialoglycoproteins beta and gamma. Blood, 1987. 69(4): p. 1068-72.

Khoory, J., et al., Ligation of Glycophorin A Generates Reactive Oxygen Species Leading to
Decreased Red Blood Cell Function. PLoS One, 2016. 11(1): p. e0141206.

Wistow, G.J., M.M. Pisano, and A.B. Chepelinsky, Tandem sequence repeats in
transmembrane channel proteins. Trends Biochem Sci, 1991. 16(5): p. 170-1.

Smith, B.L. and P. Agre, Erythrocyte Mr 28,000 transmembrane protein exists as a
multisubunit oligomer similar to channel proteins. ) Biol Chem, 1991. 266(10): p. 6407-15.
Mathai, J.C., et al., Functional analysis of aquaporin-1 deficient red cells. The Colton-null
phenotype. ) Biol Chem, 1996. 271(3): p. 1309-13.

Smith, B.L., et al., Concurrent expression of erythroid and renal aquaporin CHIP and
appearance of water channel activity in perinatal rats. J Clin Invest, 1993. 92(4): p. 2035-41.
Benga, G., The first discovered water channel protein, later called aquaporin 1: molecular
characteristics, functions and medical implications. Mol Aspects Med, 2012. 33(5-6): p. 518-
34,

121



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Rungaldier, S., et al., Stomatin interacts with GLUT1/SLC2A1, band 3/SLC4A1, and aquaporin-
1 in human erythrocyte membrane domains. Biochim Biophys Acta, 2013. 1828(3): p. 956-66.
Blanc, L., et al., The water channel aquaporin-1 partitions into exosomes during reticulocyte
maturation: implication for the regulation of cell volume. Blood, 2009. 114(18): p. 3928-34.
Vera, J.C., et al., Mammalian facilitative hexose transporters mediate the transport of
dehydroascorbic acid. Nature, 1993. 364(6432): p. 79-82.

May, J.M., Ascorbate function and metabolism in the human erythrocyte. Front Biosci, 1998.
3: p. d1-10.

Montel-Hagen, A., et al., Erythrocyte Glutl triggers dehydroascorbic acid uptake in mammals
unable to synthesize vitamin C. Cell, 2008. 132(6): p. 1039-48.

Troadec, M.B. and J. Kaplan, Some vertebrates go with the GLO. Cell, 2008. 132(6): p. 921-2.
Khan, A.A., et al., Dematin and adducin provide a novel link between the spectrin cytoskeleton
and human erythrocyte membrane by directly interacting with glucose transporter-1. ) Biol
Chem, 2008. 283(21): p. 14600-9.

Di Leva, F., et al., The plasma membrane Ca2+ ATPase of animal cells: structure, function and
regulation. Arch Biochem Biophys, 2008. 476(1): p. 65-74.

Falchetto, R., T. Vorherr, and E. Carafoli, The calmodulin-binding site of the plasma
membrane Ca2+ pump interacts with the transduction domain of the enzyme. Protein Sci,
1992. 1(12): p. 1613-21.

Shalev, 0., et al., Abnormal erythrocyte calcium homeostasis in oxidant-induced hemolytic
disease. Blood, 1981. 58(6): p. 1232-5.

Lindberg, F.P., et al., Rh-related antigen CD47 is the signal-transducer integrin-associated
protein. J Biol Chem, 1994. 269(3): p. 1567-70.

Bruce, L.J.,, et al., A band 3-based macrocomplex of integral and peripheral proteins in the RBC
membrane. Blood, 2003. 101(10): p. 4180-8.

Khandelwal, S., N. van Rooijen, and R.K. Saxena, Reduced expression of CD47 during murine
red blood cell (RBC) senescence and its role in RBC clearance from the circulation. Transfusion,
2007.47(9): p. 1725-32.

Burger, P., et al., CD47 functions as a molecular switch for erythrocyte phagocytosis. Blood,
2012.119(23): p. 5512-21.

Sosale, N.G., et al., Cell rigidity and shape override CD47's "self"-signaling in phagocytosis by
hyperactivating myosin-Il. Blood, 2015. 125(3): p. 542-52.

Morgan, B.P. and S. Meri, Membrane proteins that protect against complement lysis. Springer
Semin Immunopathol, 1994. 15(4): p. 369-96.

Mrowczynska, L., et al., Echinophilic proteins stomatin, sorcin, and synexin locate outside
gangliosideM1 (GM1) patches in the erythrocyte membrane. Biochem Biophys Res Commun,
2010. 401(3): p. 396-400.

Salzer, U. and R. Prohaska, Stomatin, flotillin-1, and flotillin-2 are major integral proteins of
erythrocyte lipid rafts. Blood, 2001. 97(4): p. 1141-3.

Salzer, U., et al.,, Ca(++)-dependent vesicle release from erythrocytes involves stomatin-
specific lipid rafts, synexin (annexin VII), and sorcin. Blood, 2002. 99(7): p. 2569-77.

Basu, A. and A. Chakrabarti, Hemoglobin interacting proteins and implications of spectrin
hemoglobin interaction. J Proteomics, 2015. 128: p. 469-75.

Machnicka, B., et al., Spectrin-based skeleton as an actor in cell signaling. Cell Mol Life Sci,
2012.69(2): p. 191-201.

Tang, F., et al., Ankyrin exposure induced by activated protein kinase C plays a potential role
in erythrophagocytosis. Biochim Biophys Acta, 2016. 1860(1 Pt A): p. 120-8.

Peng, W. and L.A. Sung, RGD-containing ankyrin externalized onto the cell surface triggers
alphaVbeta3 integrin-mediated erythrophagocytosis. Biochem Biophys Res Commun, 2011.
407(3): p. 466-71.

Hughes, C.A. and V. Bennett, Adducin: a physical model with implications for function in
assembly of spectrin-actin complexes. ) Biol Chem, 1995. 270(32): p. 18990-6.

Anong, W.A,, et al., Adducin forms a bridge between the erythrocyte membrane and its
cytoskeleton and regulates membrane cohesion. Blood, 2009. 114(9): p. 1904-12.

122



51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Kuhlman, P.A., et al., A new function for adducin. Calcium/calmodulin-regulated capping of
the barbed ends of actin filaments. ) Biol Chem, 1996. 271(14): p. 7986-91.

Baines, A.J., Evolution of spectrin function in cytoskeletal and membrane networks. Biochem
Soc Trans, 2009. 37(Pt 4): p. 796-803.

Satchwell, T.J., et al., Protein 4.2: a complex linker. Blood Cells Mol Dis, 2009. 42(3): p. 201-
10.

Koshino, I., N. Mohandas, and Y. Takakuwa, Identification of a novel role for dematin in
regulating red cell membrane function by modulating spectrin-actin interaction. J Biol Chem,
2012. 287(42): p. 35244-50.

Fowler, V.M. and V. Bennett, Erythrocyte membrane tropomyosin. Purification and
properties. ) Biol Chem, 1984. 259(9): p. 5978-89.

An, X., et al., Tropomyosin modulates erythrocyte membrane stability. Blood, 2007. 109(3): p.
1284-8.

Kim, A.C,, et al., Complete genomic organization of the human erythroid p55 gene (MPP1), a
membrane-associated guanylate kinase homologue. Genomics, 1996. 31(2): p. 223-9.
Hemming, N.J., et al., Identification of the membrane attachment sites for protein 4.1 in the
human erythrocyte. ) Biol Chem, 1995. 270(10): p. 5360-6.

Boschetti, E. and P.G. Righetti, The art of observing rare protein species in proteomes with
peptide ligand libraries. Proteomics, 2009. 9(6): p. 1492-510.

Quaye, |.K., Extracellular hemoglobin: the case of a friend turned foe. Front Physiol, 2015. 6:
p. 96.

Rifkind, J.M. and E. Nagababu, Hemoglobin redox reactions and red blood cell aging. Antioxid
Redox Signal, 2013. 18(17): p. 2274-83.

Gladwin, M.T., T. Kanias, and D.B. Kim-Shapiro, Hemolysis and cell-free hemoglobin drive an
intrinsic mechanism for human disease. J Clin Invest, 2012. 122(4): p. 1205-8.

Moore, R.B., et al., Reconstitution of Ca(2+)-dependent K+ transport in erythrocyte membrane
vesicles requires a cytoplasmic protein. ) Biol Chem, 1991. 266(28): p. 18964-8.

Low, F.M., M.B. Hampton, and C.C. Winterbourn, Peroxiredoxin 2 and peroxide metabolism in
the erythrocyte. Antioxid Redox Signal, 2008. 10(9): p. 1621-30.

Han, Y.H., et al., Peroxiredoxin Il is essential for preventing hemolytic anemia from oxidative
stress through maintaining hemoglobin stability. Biochem Biophys Res Commun, 2012.
426(3): p. 427-32.

Matte, A., et al., Membrane association of peroxiredoxin-2 in red cells is mediated by the N-
terminal cytoplasmic domain of band 3. Free Radic Biol Med, 2013. 55: p. 27-35.

Biondani, A., et al., Heat-shock protein-27, -70 and peroxiredoxin-ll show molecular
chaperone function in sickle red cells: Evidence from transgenic sickle cell mouse model.
Proteomics Clin Appl, 2008. 2(5): p. 706-19.

Low, F.M., et al., Peroxiredoxin 2 functions as a noncatalytic scavenger of low-level hydrogen
peroxide in the erythrocyte. Blood, 2007. 109(6): p. 2611-7.

Matte, A,, et al., The novel role of peroxiredoxin-2 in red cell membrane protein homeostasis
and senescence. Free Radic Biol Med, 2014. 76: p. 80-8.

Gudi, T. and C.M. Gupta, hsp 70-like protein in rhesus erythrocyte cytosol and its interactions
with membrane skeleton under heat and pathologic stress. ) Biol Chem, 1993. 268(28): p.
21344-50.

De Franceschi, L., et al., Pharmacological inhibition of calpain-1 prevents red cell dehydration
and reduces Gardos channel activity in a mouse model of sickle cell disease. FASEB J, 2013.
27(2): p. 750-9.

Bogdanova, A., et al., Calcium in red blood cells-a perilous balance. Int J Mol Sci, 2013. 14(5):
p. 9848-72.

Perrotta, S., P.G. Gallagher, and N. Mohandas, Hereditary spherocytosis. Lancet, 2008.
372(9647): p. 1411-26.

Liu, S.C., L.H. Derick, and J. Palek, Visualization of the hexagonal lattice in the erythrocyte
membrane skeleton. J Cell Biol, 1987. 104(3): p. 527-36.

123



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Cimen, M.Y., Free radical metabolism in human erythrocytes. Clin Chim Acta, 2008. 390(1-2):
p.1-11.

Pandolfi, P.P., et al., Targeted disruption of the housekeeping gene encoding glucose 6-
phosphate dehydrogenase (G6PD): G6PD is dispensable for pentose synthesis but essential for
defense against oxidative stress. EMBO J, 1995. 14(21): p. 5209-15.

van Zwieten, R., A.J. Verhoeven, and D. Roos, Inborn defects in the antioxidant systems of
human red blood cells. Free Radic Biol Med, 2014. 67: p. 377-86.

Stefanovic, M., et al., Oxygen regulates the band 3-ankyrin bridge in the human erythrocyte
membrane. Biochem J, 2013. 449(1): p. 143-50.

Sega, M.F., et al., Fluorescence assay of the interaction between hemoglobin and the
cytoplasmic domain of erythrocyte membrane band 3. Blood Cells Mol Dis, 2015. 55(3): p.
266-71.

Antonelou, M.H., A.G. Kriebardis, and |.S. Papassideri, Aging and death signalling in mature
red cells: from basic science to transfusion practice. Blood Transfus, 2010. 8 Suppl 3: p. s39-
47.

Bosman, G.J., F.L. Willekens, and J.M. Werre, Erythrocyte aging: a more than superficial
resemblance to apoptosis? Cell Physiol Biochem, 2005. 16(1-3): p. 1-8.

Lutz, H.U. and A. Bogdanova, Mechanisms tagging senescent red blood cells for clearance in
healthy humans. Front Physiol, 2013. 4: p. 387.

Bratosin, D., et al., Active caspases-8 and -3 in circulating human erythrocytes purified on
immobilized annexin-V: a cytometric demonstration. Cytometry A, 2009. 75(3): p. 236-44.
Shai, E., et al., Comparative analysis of platelet-derived microparticles reveals differences in
their amount and proteome depending on the platelet stimulus. ) Proteomics, 2012. 76 Spec
No.: p. 287-96.

Rubin, O., et al., Red blood cell microparticles: clinical relevance. Transfus Med Hemother,
2012. 39(5): p. 342-7.

Bosman, G.J., et al., The proteome of erythrocyte-derived microparticles from plasma: new
clues for erythrocyte aging and vesiculation. ) Proteomics, 2012. 76 Spec No.: p. 203-10.
Antonelou, M.H., et al., Apolipoprotein J/clusterin in human erythrocytes is involved in the
molecular process of defected material disposal during vesiculation. PLoS One, 2011. 6(10): p.
€26033.

Antonelou, M.H., et al., Apolipoprotein J/Clusterin is a novel structural component of human
erythrocytes and a biomarker of cellular stress and senescence. PLoS One, 2011. 6(10): p.
€26032.

Tschopp, J., et al., Clusterin, the human apolipoprotein and complement inhibitor, binds to
complement C7, C8 beta, and the b domain of C9. J Immunol, 1993. 151(4): p. 2159-65.
Puddu, P, et al., The involvement of circulating microparticles in inflammation, coagulation
and cardiovascular diseases. Can J Cardiol, 2010. 26(4): p. 140-5.

Arashiki, N., et al., Membrane peroxidation and methemoglobin formation are both necessary
for band 3 clustering: mechanistic insights into human erythrocyte senescence. Biochemistry,
2013. 52(34): p. 5760-9.

Lutz, H.U., Naturally occurring autoantibodies in mediating clearance of senescent red blood
cells. Adv Exp Med Biol, 2012. 750: p. 76-90.

Hugel, B., et al., Membrane microparticles: two sides of the coin. Physiology (Bethesda), 2005.
20: p. 22-7.

Kiefer, C.R., et al., Hemoglobin-spectrin complexes: interference with spectrin tetramer
assembly as a mechanism for compartmentalization of band 1 and band 2 complexes. Blood,
1995. 86(1): p. 366-71.

Chang, H.Y. and X. Yang, Proteases for cell suicide: functions and regulation of caspases.
Microbiol Mol Biol Rev, 2000. 64(4): p. 821-46.

Mandal, D., et al., Caspase 3 regulates phosphatidylserine externalization and phagocytosis of
oxidatively stressed erythrocytes. FEBS Lett, 2002. 513(2-3): p. 184-8.

124



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.
120.

121.

122.

Mandal, D., et al., Fas-, caspase 8-, and caspase 3-dependent signaling regulates the activity
of the aminophospholipid translocase and phosphatidylserine externalization in human
erythrocytes. ) Biol Chem, 2005. 280(47): p. 39460-7.

Mandal, D., et al., Caspase 3-mediated proteolysis of the N-terminal cytoplasmic domain of
the human erythroid anion exchanger 1 (band 3). J Biol Chem, 2003. 278(52): p. 52551-8.
Burger, P., et al.,, CD47 in Erythrocyte Ageing and Clearance - the Dutch Point of View.
Transfus Med Hemother, 2012. 39(5): p. 348-52.

Corsi, D., et al., Alteration of alpha-spectrin ubiquitination due to age-dependent changes in
the erythrocyte membrane. Eur J Biochem, 1999. 261(3): p. 775-83.

Lang, E. and F. Lang, Mechanisms and pathophysiological significance of eryptosis, the
suicidal erythrocyte death. Semin Cell Dev Biol, 2015. 39: p. 35-42.

Lang, K.S., et al., Mechanisms of suicidal erythrocyte death. Cell Physiol Biochem, 2005. 15(5):
p. 195-202.

Tsantes, A.E., et al., Redox imbalance, macrocytosis, and RBC homeostasis. Antioxid Redox
Signal, 2006. 8(7-8): p. 1205-16.

Dumaswala, U.)., et al., Protein and lipid oxidation of banked human erythrocytes: role of
glutathione. Free Radic Biol Med, 1999. 27(9-10): p. 1041-9.

Dalle-Donne, I., et al., Protein carbonyl groups as biomarkers of oxidative stress. Clin Chim
Acta, 2003. 329(1-2): p. 23-38.

Taverna, M., et al., Specific antioxidant properties of human serum albumin. Ann Intensive
Care, 2013. 3(1): p. 4.

Vitek, L., The role of bilirubin in diabetes, metabolic syndrome, and cardiovascular diseases.
Front Pharmacol, 2012. 3: p. 55.

Alvarez-Lario, B. and J. Macarron-Vicente, Uric acid and evolution. Rheumatology (Oxford),
2010. 49(11): p. 2010-5.

Feng, S., et al., Uric acid levels and all-cause mortality in peritoneal dialysis patients. Kidney
Blood Press Res, 2013. 37(2-3): p. 181-9.

Jiang, M.Y., et al., Clinical implications and outcome prediction in chronic hemodialysis
patients with lower serum potassiumxuric acid product. Eur J Intern Med, 2015. 26(8): p. 646-
51.

Latif, W., et al., Uric acid levels and all-cause and cardiovascular mortality in the hemodialysis
population. Clin J Am Soc Nephrol, 2011. 6(10): p. 2470-7.

Gao, X., et al., Prospective study of plasma urate and risk of Parkinson disease in men and
women. Neurology, 2016. 86(6): p. 520-6.

Piccinini, G., et al., Oxidation state of glutathione and membrane proteins in human red cells
of different age. Mech Ageing Dev, 1995. 78(1): p. 15-26.

Lei, X.G., In vivo antioxidant role of glutathione peroxidase: evidence from knockout mice.
Methods Enzymol, 2002. 347: p. 213-25.

Williams, M.E., J. Sandeep, and A. Catic, Aging and ESRD demographics: consequences for the
practice of dialysis. Semin Dial, 2012. 25(6): p. 617-22.

Thomas, R., A. Kanso, and J.R. Sedor, Chronic kidney disease and its complications. Prim Care,
2008. 35(2): p. 329-44, vii.

Antonelou, M.H., et al., Oxidative stress-associated shape transformation and membrane
proteome remodeling in erythrocytes of end stage renal disease patients on hemodialysis. |
Proteomics, 2011. 74(11): p. 2441-52.

Nurko, S., Anemia in chronic kidney disease: causes, diagnosis, treatment. Cleve Clin J Med,
2006. 73(3): p. 289-97.

Dhondt, A., et al., The removal of uremic toxins. Kidney Int Suppl, 2000. 76: p. S47-59.

Karkar, A., Modalities of hemodialysis: quality improvement. Saudi J Kidney Dis Transpl, 2012.
23(6): p. 1145-61.

Fischbach, M., et al., Hemodidfiltration: the addition of convective flow to hemodialysis.
Pediatr Nephrol, 2012. 27(3): p. 351-6.

Eckardt, K.U., Pathophysiology of renal anemia. Clin Nephrol, 2000. 53(1 Suppl): p. S2-8.

125



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

Clermont, G., et al., Alteration in plasma antioxidant capacities in chronic renal failure and
hemodialysis patients: a possible explanation for the increased cardiovascular risk in these
patients. Cardiovasc Res, 2000. 47(3): p. 618-23.

Jackson, P., et al., Effect of hemodialysis on total antioxidant capacity and serum antioxidants
in patients with chronic renal failure. Clin Chem, 1995. 41(8 Pt 1): p. 1135-8.

Peuchant, E., et al., Lipoperoxidation in plasma and red blood cells of patients undergoing
haemodialysis: vitamins A, E, and iron status. Free Radic Biol Med, 1994. 16(3): p. 339-46.
Varan, H.l., et al., Acute effects of hemodialysis on oxidative stress parameters in chronic
uremic patients: comparison of two dialysis membranes. Int J Nephrol Renovasc Dis, 2010. 3:
p. 39-45.

Zhang, K., et al., Low levels of vitamin C in dialysis patients is associated with decreased
prealbumin and increased C-reactive protein. BMC Nephrol, 2011. 12: p. 18.

Roehrs, M., et al., The plasma retinol levels as pro-oxidant/oxidant agents in haemodialysis
patients. Nephrol Dial Transplant, 2009. 24(7): p. 2212-8.

Ceballos-Picot, I., et al., Glutathione antioxidant system as a marker of oxidative stress in
chronic renal failure. Free Radic Biol Med, 1996. 21(6): p. 845-53.

Melissinos, K.G., et al., Serum and erythrocyte glutathione reductase activity in chronic renal
failure. Nephron, 1981. 28(2): p. 76-9.

Richard, M.J., et al., Trace elements and lipid peroxidation abnormalities in patients with
chronic renal failure. Nephron, 1991. 57(1): p. 10-5.

Tonelli, M., et al., Trace elements in hemodialysis patients: a systematic review and meta-
analysis. BMC Med, 2009. 7: p. 25.

Lin, T.H., et al., Trace elements and lipid peroxidation in uremic patients on hemodialysis. Biol
Trace Elem Res, 1996. 51(3): p. 277-83.

Roxborough, H.E., et al., Plasma glutathione peroxidase activity is reduced in haemodialysis
patients. Nephron, 1999. 81(3): p. 278-83.

Ozden, M., et al., Erythrocyte glutathione peroxidase activity, plasma malondialdehyde and
erythrocyte glutathione levels in hemodialysis and CAPD patients. Clin Biochem, 2002. 35(4):
p. 269-73.

Pavone, B., et al., Plasma protein carbonylation in chronic uremia. ) Nephrol, 2011. 24(4): p.
453-64.

El-Wakil, H.S., et al., Relation of middle molecules levels and oxidative stress to erythropoietin
requirements in high-flux versus low-flux hemodialysis. Saudi J Kidney Dis Transpl, 2013.
24(5): p. 930-7.

Maver, B., et al., Effect of hemodialysis on the antioxidative properties of serum. Biochim
Biophys Acta, 2003. 1638(3): p. 267-72.

Gerdemann, A., et al., Plasma levels of advanced glycation end products during
haemodialysis, haemodiafiltration and haemofiltration: potential importance of dialysate
quality. Nephrol Dial Transplant, 2002. 17(6): p. 1045-9.

Himmelfarb, J. and E. McMonagle, Albumin is the major plasma protein target of oxidant
stress in uremia. Kidney Int, 2001. 60(1): p. 358-63.

Wapensky, T., S.R. Alexander, and M. Sarwal, Postdialysis albumin: a better nutrition marker
in pediatric hemodialysis patients? ) Ren Nutr, 2004. 14(1): p. 45-51.

Ogasawara, Y., et al., Formation of albumin dimers induced by exposure to peroxides in
human plasma: a possible biomarker for oxidative stress. Biochem Biophys Res Commun,
2006. 340(2): p. 353-8.

Lin, Y.P., et al., Plasma protein characteristics of long-term hemodialysis survivors. PLoS One,
2012. 7(7): p. e40232.

Tomic, M., K. Galesic, and |. Markota, Endothelin-1 and nitric oxide in patients on chronic
hemodialysis. Ren Fail, 2008. 30(9): p. 836-42.

Hakim, R.M., et al.,, Complement activation and hypersensitivity reactions to dialysis
membranes. N Engl J Med, 1984. 311(14): p. 878-82.

Stenvinkel, P., et al.,, Strong association between malnutrition, inflammation, and
atherosclerosis in chronic renal failure. Kidney Int, 1999. 55(5): p. 1899-911.

126



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Pupim, L.B., et al., Influence of initiation of maintenance hemodialysis on biomarkers of
inflammation and oxidative stress. Kidney Int, 2004. 65(6): p. 2371-9.

Costa, E., et al., Inflammation, T-cell phenotype, and inflammatory cytokines in chronic kidney
disease patients under hemodialysis and its relationship to resistance to recombinant human
erythropoietin therapy. J Clin Immunol, 2008. 28(3): p. 268-75.

Borazan, A,, et al., The effects of hemodialysis and peritoneal dialysis on serum homocysteine
and C-reactive protein levels. Mediators Inflamm, 2004. 13(5-6): p. 361-4.

Costa, E., et al., Neutrophil activation and resistance to recombinant human erythropoietin
therapy in hemodialysis patients. Am J Nephrol, 2008. 28(6): p. 935-40.

Kaysen, G.A,, et al., The acute-phase response varies with time and predicts serum albumin
levels in hemodialysis patients. The HEMO Study Group. Kidney Int, 2000. 58(1): p. 346-52.
Kalender, B., et al., The effects of acute phase proteins on serum albumin, transferrin and
haemoglobin in haemodialysis patients. Int J Clin Pract, 2002. 56(7): p. 505-8.

La Ferla, K., et al., Inhibition of erythropoietin gene expression signaling involves the
transcription factors GATA-2 and NF-kappaB. FASEB J, 2002. 16(13): p. 1811-3.

Khankin, E.V., et al., Soluble erythropoietin receptor contributes to erythropoietin resistance
in end-stage renal disease. PLoS One, 2010. 5(2): p. e9246.

Morceau, F., M. Dicato, and M. Diederich, Pro-inflammatory cytokine-mediated anemia:
regarding molecular mechanisms of erythropoiesis. Mediators Inflamm, 2009. 2009: p.
405016.

Fahmy, M. and S.P. Young, Modulation of iron metabolism in monocyte cell line U937 by
inflammatory cytokines: changes in transferrin uptake, iron handling and ferritin mRNA.
Biochem J, 1993. 296 ( Pt 1): p. 175-81.

Bester, J. and E. Pretorius, Effects of IL-1beta, IL-6 and IL-8 on erythrocytes, platelets and clot
viscoelasticity. Sci Rep, 2016. 6: p. 32188.

Faure, V., et al., Elevation of circulating endothelial microparticles in patients with chronic
renal failure. ) Thromb Haemost, 2006. 4(3): p. 566-73.

Daniel, L., et al., Increase of circulating neutrophil and platelet microparticles during acute
vasculitis and hemodialysis. Kidney Int, 2006. 69(8): p. 1416-23.

Boulanger, C.M., et al., In vivo shear stress determines circulating levels of endothelial
microparticles in end-stage renal disease. Hypertension, 2007. 49(4): p. 902-8.

Vanholder, R., et al., Mechanisms of uremic inhibition of phagocyte reactive species
production: characterization of the role of p-cresol. Kidney Int, 1995. 47(2): p. 510-7.
Trappenburg, M.C., et al., Chronic renal failure is accompanied by endothelial activation and
a large increase in microparticle numbers with reduced procoagulant capacity. Nephrol Dial
Transplant, 2012. 27(4): p. 1446-53.

Burton, J.0., et al., Elevated levels of procoagulant plasma microvesicles in dialysis patients.
PLoS One, 2013. 8(8): p. e72663.

Amabile, N., et al., Circulating endothelial microparticles are associated with vascular
dysfunction in patients with end-stage renal failure. } Am Soc Nephrol, 2005. 16(11): p. 3381-
8.

Sotirakopoulos, N., et al., The red blood cell deformability in patients suffering from end stage
renal failure on hemodialysis or continuous ambulatory peritoneal dialysis. Ren Fail, 2004.
26(2): p. 179-83.

Ibrahim, F.F., M.M. Ghannam, and F.M. Ali, Effect of dialysis on erythrocyte membrane of
chronically hemodialyzed patients. Ren Fail, 2002. 24(6): p. 779-90.

Saradhadevi, V., et al., Alterations in band 3 protein and anion exchange in red blood cells of
renal failure patients. Mol Cell Biochem, 2005. 273(1-2): p. 11-24.

Hashimoto, H., T. Mio, and K. Sumino, Lipid abnormalities of erythrocyte membranes in
hemodialysis patients with chronic renal failure. Clin Chim Acta, 1996. 252(2): p. 137-45.
Abed, M., et al., Suicidal erythrocyte death in end-stage renal disease. ) Mol Med (Berl), 2014.
92(8): p. 871-9.

Brimble, K.S., et al., Effect of chronic kidney disease on red blood cell rheology. Clin
Hemorheol Microcirc, 2006. 34(3): p. 411-20.

127



171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Agroyannis, B., et al., Alterations in echinocyte transformation and erythrocyte sedimentation
rate during hemodialysis. Artif Organs, 1997. 21(4): p. 327-30.

Agroyannis, B., et al., Relation between echinocytosis and erythrocyte calcium content in
hemodialyzed uremic patients. Artif Organs, 2001. 25(6): p. 486-90.

Shainkin-Kestenbaum, R., Y. Giat, and G.M. Berlyne, The toxicity of guanidino compounds in
the red blood cell in uremia and the effects of hemodialysis. Nephron, 1982. 31(1): p. 20-3.
Stepniewska, J., et al., Erythrocyte antioxidant defense system in patients with chronic renal
failure according to the hemodialysis conditions. Arch Med Res, 2006. 37(3): p. 353-9.

Durak, I., et al., Oxidative stress in patients with chronic renal failure: effects of hemodialysis.
Med Princ Pract, 2004. 13(2): p. 84-7.

Antonelou, M.H., et al., Blood modifications associated with end stage renal disease duration,
progression and cardiovascular mortality: a 3-year follow-up pilot study. J Proteomics, 2014.
101: p. 88-101.

Cristol, J.P., et al., Erythropoietin and oxidative stress in haemodialysis: beneficial effects of
vitamin E supplementation. Nephrol Dial Transplant, 1997. 12(11): p. 2312-7.

Rusu, A, et al., The influence of vitamin E supplementation on erythropoietin responsiveness
in chronic hemodialysis patients with low levels of erythrocyte superoxide dismutase. Int Urol
Nephrol, 2013. 45(2): p. 495-501.

Candan, F. and F. Gultekin, Effect of vitamin C and zinc on osmotic fragility and lipid
peroxidation in zinc-deficient haemodialysis patients. Cell Biochem Funct, 2002. 20(2): p. 95-
8.

Georgatzakou, H.T., et al., Red blood cell abnormalities and the pathogenesis of anemia in
end-stage renal disease. Proteomics Clin Appl, 2016. 10(8): p. 778-90.

Hirayama, A., et al., Hemodialysis does not influence the peroxidative state already present in
uremia. Nephron, 2000. 86(4): p. 436-40.

Ruskovska, T., et al., Ankyrin is the major oxidised protein in erythrocyte membranes from
end-stage renal disease patients on chronic haemodialysis and oxidation is decreased by
dialysis and vitamin C supplementation. Free Radic Res, 2015. 49(2): p. 175-85.

Himmelfarb, J., et al.,, Increased susceptibility to erythrocyte C5b-9 deposition and
complement-mediated lysis in chronic renal failure. Kidney Int, 1999. 55(2): p. 659-66.
Bonomini, M., et al., Increased erythrocyte phosphatidylserine exposure in chronic renal
failure. } Am Soc Nephrol, 1999. 10(9): p. 1982-90.

Wang, J., et al., Calcium homeostasis in red blood cells of dialysis patients in dependence of
erythropoietin treatment. Front Physiol, 2014. 5: p. 16.

Gafter, U., et al., Red blood cell calcium homeostasis in patients with end-stage renal disease.
J Lab Clin Med, 1989. 114(3): p. 222-31.

Polak-Jonkisz, D., L. Purzyc, and D. Zwolinska, Ca(2+)-Mg (2+)-dependent ATP-ase activity in
hemodialyzed children. Effect of a hemodialysis session. Pediatr Nephrol, 2010. 25(12): p.
2501-7.

Soldati, L., et al., Erythrocyte voltage-dependent calcium influx is reduced in hemodialyzed
patients. Kidney Int, 1999. 56(1): p. 190-7.

Bonomini, M., et al., Red blood cells may contribute to hypercoagulability in uraemia via
enhanced surface exposure of phosphatidylserine. Nephrol Dial Transplant, 2005. 20(2): p.
361-6.

Locatelli, F., et al., Predictors of haemoglobin levels and resistance to erythropoiesis-
stimulating agents in patients treated with low-flux haemodialysis, haemofiltration and
haemodidfiltration: results of a multicentre randomized and controlled trial. Nephrol Dial
Transplant, 2012. 27(9): p. 3594-600.

van der Weerd, N.C., et al., Resistance to erythropoiesis stimulating agents in patients treated
with online hemodiafiltration and ultrapure low-flux hemodialysis: results from a randomized
controlled trial (CONTRAST). PLoS One, 2014. 9(4): p. e94434.

Bowry, S.K. and E. Gatti, Impact of hemodialysis therapy on anemia of chronic kidney disease:
the potential mechanisms. Blood Purif, 2011. 32(3): p. 210-9.

128



193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212,

213.

214,

215.

Susantitaphong, P., M. Siribamrungwong, and B.L. Jaber, Convective therapies versus low-flux
hemodialysis for chronic kidney failure: a meta-analysis of randomized controlled trials.
Nephrol Dial Transplant, 2013. 28(11): p. 2859-74.

Leurs, P., B. Lindholm, and P. Stenvinkel, Effects of hemodidfiltration on uremic inflammation.
Blood Purif, 2013. 35 Suppl 1: p. 11-7.

Amabile, N., et al., Predictive value of circulating endothelial microparticles for cardiovascular
mortality in end-stage renal failure: a pilot study. Nephrol Dial Transplant, 2012. 27(5): p.
1873-80.

Noce, A., et al., Erythrocyte glutathione transferase: a new biomarker for hemodialysis
adequacy, overcoming the Kt/V(urea) dogma? Cell Death Dis, 2012. 3: p. e377.
Kalantar-Zadeh, K., et al., A malnutrition-inflammation score is correlated with morbidity and
mortality in maintenance hemodialysis patients. Am J Kidney Dis, 2001. 38(6): p. 1251-63.
Racki, S., et al., C-reactive protein is a strong predictor of mortality in hemodialysis patients.
Ren Fail, 2006. 28(5): p. 427-33.

Honda, H., et al., Serum albumin, C-reactive protein, interleukin 6, and fetuin a as predictors
of malnutrition, cardiovascular disease, and mortality in patients with ESRD. Am J Kidney Dis,
2006. 47(1): p. 139-48.

Kuragano, T., et al., Association between hemoglobin variability, serum ferritin levels, and
adverse events/mortality in maintenance hemodialysis patients. Kidney Int, 2014. 86(4): p.
845-54,

Beddhu, S., et al., Serum alkaline phosphatase and mortality in hemodialysis patients. Clin
Nephrol, 2010. 74(2): p. 91-6.

Abe, M., K. Okada, and M. Soma, Mineral metabolic abnormalities and mortality in dialysis
patients. Nutrients, 2013. 5(3): p. 1002-23.

Floege, J., et al., Serum iPTH, calcium and phosphate, and the risk of mortality in a European
haemodialysis population. Nephrol Dial Transplant, 2011. 26(6): p. 1948-55.

Beberashvili, I., et al., Serum uric acid as a clinically useful nutritional marker and predictor of
outcome in maintenance hemodialysis patients. Nutrition, 2015. 31(1): p. 138-47.
Phrommintikul, A., et al., Mortality and target haemoglobin concentrations in anaemic
patients with chronic kidney disease treated with erythropoietin: a meta-analysis. Lancet,
2007.369(9559): p. 381-8.

Elliott, S., E. Pham, and I.C. Macdougall, Erythropoietins: a common mechanism of action. Exp
Hematol, 2008. 36(12): p. 1573-84.

Badve, S.V., et al., Interventions for erythropoietin-resistant anaemia in dialysis patients.
Cochrane Database Syst Rev, 2013(8): p. CD006861.

Bamgbola, O.F., Pattern of resistance to erythropoietin-stimulating agents in chronic kidney
disease. Kidney Int, 2011. 80(5): p. 464-74.

Costa, E., et al., Altered erythrocyte membrane protein composition in chronic kidney disease
stage 5 patients under haemodialysis and recombinant human erythropoietin therapy. Blood
Purif, 2008. 26(3): p. 267-73.

Pereira, R., et al., Neutrophil and monocyte activation in chronic kidney disease patients
under hemodialysis and its relationship with resistance to recombinant human erythropoietin
and to the hemodialysis procedure. Hemodial Int, 2010. 14(3): p. 295-301.

Pereira, R., et al.,, Elastase release during the hemodialysis procedure seems to induce
changes in red blood cell membrane proteins. Hemodial Int, 2011. 15(3): p. 429-31.

Gallucci, M.T., et al.,, Red blood cell membrane lipid peroxidation and resistance to
erythropoietin therapy in hemodialysis patients. Clin Nephrol, 1999. 52(4): p. 239-45.

Beutler, E., C. West, and K.G. Blume, The removal of leukocytes and platelets from whole
blood. ) Lab Clin Med, 1976. 88(2): p. 328-33.

Dodge, J.T., C. Mitchell, and D.J. Hanahan, The preparation and chemical characteristics of
hemoglobin-free ghosts of human erythrocytes. Arch Biochem Biophys, 1963. 100: p. 119-30.
Advani, R., et al., Oxidative red blood cell membrane injury in the pathophysiology of severe
mouse beta-thalassemia. Blood, 1992. 79(4): p. 1064-7.

129



216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

Bradford, M.M., A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Anal Biochem, 1976. 72: p. 248-54.
Laemmli, U.K., Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature, 1970. 227(5259): p. 680-5.

Parpart, A.K., P.B. Lorenz, and et al., The osmotic resistance (fragility) of human red cells. )
Clin Invest, 1947. 26(4): p. 636-40.

Harm, S.K., et al., Changes in mechanical fragility and free hemoglobin levels after processing
salvaged cardiopulmonary bypass circuit blood with a modified ultrafiltration device. J Extra
Corpor Technol, 2012. 44(1): p. 21-5.

Han, V., K. Serrano, and D.V. Devine, A comparative study of common techniques used to
measure haemolysis in stored red cell concentrates. Vox Sang, 2010. 98(2): p. 116-23.
Sutherland, D.R., M. Keeney, and A. lllingworth, Practical guidelines for the high-sensitivity
detection and monitoring of paroxysmal nocturnal hemoglobinuria clones by flow cytometry.
Cytometry B Clin Cytom, 2012. 82(4): p. 195-208.

Benzie, I.F. and J.J. Strain, The ferric reducing ability of plasma (FRAP) as a measure of
"antioxidant power": the FRAP assay. Anal Biochem, 1996. 239(1): p. 70-6.

Duplancic, D., et al., Simple and rapid method for the determination of uric acid-independent
antioxidant capacity. Molecules, 2011. 16(8): p. 7058-68.

Pretorius, E., et al., Erythrocytes and their role as health indicator: Using structure in a
patient-orientated precision medicine approach. Blood Rev, 2016. 30(4): p. 263-74.

Gyawali, P, et al., Association of abnormal erythrocyte morphology with oxidative stress and
inflammation in metabolic syndrome. Blood Cells Mol Dis, 2015. 54(4): p. 360-3.

Bonomini, M., et al., Involvement of phosphatidylserine exposure in the recognition and
phagocytosis of uremic erythrocytes. Am J Kidney Dis, 2001. 37(4): p. 807-14.

Polak-Jonkisz, D., et al., Erythrocyte caspase-3 levels in children with chronic kidney disease.
Clin Biochem, 2013. 46(3): p. 219-24.

Nguyen, D.B., et al., Characterization of Microvesicles Released from Human Red Blood Cells.
Cell Physiol Biochem, 2016. 38(3): p. 1085-99.

Gao, C., et al., Indolic uremic solutes enhance procoagulant activity of red blood cells through
phosphatidylserine exposure and microparticle release. Toxins (Basel), 2015. 7(11): p. 4390-
403.

Tantawy, A.A., et al., Flow cytometric assessment of circulating platelet and erythrocytes
microparticles in young thalassemia major patients: relation to pulmonary hypertension and
aortic wall stiffness. Eur J Haematol, 2013. 90(6): p. 508-18.

Foller, M., et al., Enhanced susceptibility to suicidal death of erythrocytes from transgenic
mice overexpressing erythropoietin. Am J Physiol Regul Integr Comp Physiol, 2007. 293(3): p.
R1127-34.

Tzounakas, V.L., et al., Donor variation effect on red blood cell storage lesion: a multivariable,
yet consistent, story. Transfusion, 2016. 56(6): p. 1274-86.

Rowley, D.A. and B. Halliwell, Superoxide-dependent and ascorbate-dependent formation of
hydroxyl radicals in the presence of copper salts: a physiologically significant reaction? Arch
Biochem Biophys, 1983. 225(1): p. 279-84.

Ames, B.N., et al., Uric acid provides an antioxidant defense in humans against oxidant- and
radical-caused aging and cancer: a hypothesis. Proc Natl Acad Sci U S A, 1981. 78(11): p.
6858-62.

Tzounakas, V.L., et al., Uric acid variation among regular blood donors is indicative of red
blood cell susceptibility to storage lesion markers: A new hypothesis tested. Transfusion,
2015. 55(11): p. 2659-71.

Becker, B.F., Towards the physiological function of uric acid. Free Radic Biol Med, 1993. 14(6):
p. 615-31.

Itahana, Y., et al., The uric acid transporter SLC2A9 is a direct target gene of the tumor
suppressor p53 contributing to antioxidant defense. Oncogene, 2015. 34(14): p. 1799-810.
Mihov, D., et al., Erythropoietin activates nitric oxide synthase in murine erythrocytes. Am |
Physiol Cell Physiol, 2009. 297(2): p. C378-88.

130



239.

240.

241.

242.

243,

244,

245,

246.

247.

248.

249,

250.

251.

252,

253.

254.

255.

256.

257.

258.

259.

260.

261.

Sasaki, D., et al., Comparison of the course of biomarker changes and kidney injury in a rat
model of drug-induced acute kidney injury. Biomarkers, 2011. 16(7): p. 553-66.

Patel, N.S., et al., Delayed administration of pyroglutamate helix B surface peptide (pHBSP), a
novel nonerythropoietic analog of erythropoietin, attenuates acute kidney injury. Mol Med,
2012.18: p. 719-27.

Oldenborg, P.A., et al., Role of CD47 as a marker of self on red blood cells. Science, 2000.
288(5473): p. 2051-4.

Rocha, S., et al., Linkage of cytosolic peroxiredoxin 2 to erythrocyte membrane imposed by
hydrogen peroxide-induced oxidative stress. Blood Cells Mol Dis, 2009. 43(1): p. 68-73.

Amer, J.,, M. Dana, and E. Fibach, The antioxidant effect of erythropoietin on thalassemic
blood cells. Anemia, 2010. 2010: p. 978710.

Myssina, S., et al., Inhibition of erythrocyte cation channels by erythropoietin. ] Am Soc
Nephrol, 2003. 14(11): p. 2750-7.

Vota, D.M., et al., Differential erythropoietin action upon cells induced to eryptosis by
different agents. Cell Biochem Biophys, 2013. 65(2): p. 145-57.

Boran, M., et al., Red cell lipid peroxidation and antioxidant system in haemodialysed
patients: influence of recombinant human erythropoietin (r-HUEPQO) treatment. Int Urol
Nephrol, 1998. 30(4): p. 507-12.

Wann, J.G., et al., Enhanced expression of glucose transporter 1 on erythrocyte membrane in
hemodialysis patients: the possible role in erythrocyte ascorbate recycling. Am ) Kidney Dis,
2006. 47(6): p. 1055-63.

Marlewski, M., et al., Accelerated degradation of adenine nucleotide in erythrocytes of
patients with chronic renal failure. Mol Cell Biochem, 2000. 213(1-2): p. 93-7.

Marlewski, M., et al., Increased rate of adenine incorporation into adenine nucleotide pool in
erythrocytes of patients with chronic renal failure. Nephron, 2000. 86(3): p. 281-6.

Gao, C., et al.,, Thrombotic Role of Blood and Endothelial Cells in Uremia through
Phosphatidylserine Exposure and Microparticle Release. PLoS One, 2015. 10(11): p.
€0142835.

Yuana, Y., R.M. Bertina, and S. Osanto, Pre-analytical and analytical issues in the analysis of
blood microparticles. Thromb Haemost, 2011. 105(3): p. 396-408.

Arraud, N., et al.,, Extracellular vesicles from blood plasma: determination of their
morphology, size, phenotype and concentration. ) Thromb Haemost, 2014. 12(5): p. 614-27.
Gyorgy, B., et al., Membrane vesicles, current state-of-the-art: emerging role of extracellular
vesicles. Cell Mol Life Sci, 2011. 68(16): p. 2667-88.

Panichi, V., et al., Anaemia and resistance to erythropoiesis-stimulating agents as prognostic
factors in haemodialysis patients: results from the RISCAVID study. Nephrol Dial Transplant,
2011. 26(8): p. 2641-8.

Cleto, S.A., et al., Hemodidfiltration Decreases Serum Levels of Inflammatory Mediators in
Severe Leptospirosis: A Prospective Study. PLoS One, 2016. 11(8): p. e0160010.

Locatelli, F. and L. Del Vecchio, Dialysis adequacy and response to erythropoietic agents: what
is the evidence base? Nephrol Dial Transplant, 2003. 18 Suppl 8: p. viii29-35.

Rossi, M., et al., Protein-bound uremic toxins, inflammation and oxidative stress: a cross-
sectional study in stage 3-4 chronic kidney disease. Arch Med Res, 2014. 45(4): p. 309-17.
Bross, R., et al., Association of serum total iron-binding capacity and its changes over time
with nutritional and clinical outcomes in hemodialysis patients. Am J Nephrol, 2009. 29(6): p.
571-81.

Lippi, G., et al., Relation between red blood cell distribution width and inflammatory
biomarkers in a large cohort of unselected outpatients. Arch Pathol Lab Med, 2009. 133(4): p.
628-32.

Schneider, A., et al., The effect of high-flux hemodialysis on hemoglobin concentrations in
patients with CKD: results of the MINOXIS study. Clin J Am Soc Nephrol, 2012. 7(1): p. 52-9.

Li, Y., et al., Clinical outcomes for maintenance hemodialysis patients using a high-flux (FX60)
dialyzer. Ren Fail, 2013. 35(9): p. 1240-5.

131



262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284,

285.

Ando, M., et al., Circulating platelet-derived microparticles with procoagulant activity may be
a potential cause of thrombosis in uremic patients. Kidney Int, 2002. 62(5): p. 1757-63.
Daniel, L., et al., Circulating microparticles in renal diseases. Nephrol Dial Transplant, 2008.
23(7): p. 2129-32.

Daugirdas, J.T., Lower cardiovascular mortality with high-volume hemodiafiltration: a cool
effect? Nephrol Dial Transplant, 2016. 31(6): p. 853-6.

De Beuf, A,, et al., Epoetin delta reduces oxidative stress in primary human renal tubular cells.
J Biomed Biotechnol, 2010. 2010: p. 395785.

Rentsch, R.L., et al., Effects of darbepoetin injections on erythrocyte membrane transport
protein expressions in humans. ) Appl Physiol (1985), 2006. 101(1): p. 164-8.

Crisp, R.L., et al., Red blood cell aquaporin-1 expression is decreased in hereditary
spherocytosis. Ann Hematol, 2016. 95(10): p. 1595-601.

Assis, R.P., et al., Effects of uremic solutes on reactive oxygen species in vitro model systems
as a possibility of support the renal function management. BMC Nephrol, 2015. 16: p. 50.
Weng, C.H., et al., Association Between Hemodidfiltration and Hypoalbuminemia in Middle-
Age Hemodialysis Patients. Medicine (Baltimore), 2016. 95(15): p. e3334.

Ahrenholz, P.G., et al., Dialysis membrane-dependent removal of middle molecules during
hemodidfiltration: the beta2-microglobulin/albumin relationship. Clin Nephrol, 2004. 62(1): p.
21-8.

Morena, M., et al., Convective and diffusive losses of vitamin C during haemodidfiltration
session: a contributive factor to oxidative stress in haemodialysis patients. Nephrol Dial
Transplant, 2002. 17(3): p. 422-7.

Prodanchuk, M., et al., Disturbances of trace element metabolism in ESRD patients receiving
hemodialysis and hemodiafiltration. Cent European J Urol, 2014. 66(4): p. 472-6.

Basile, C., The effect of convection on the nutritional status of haemodialysis patients.
Nephrol Dial Transplant, 2003. 18 Suppl 7: p. vii46-9; discussion vii58-9.

Chan, S., B. Gerson, and S. Subramaniam, The role of copper, molybdenum, selenium, and zinc
in nutrition and health. Clin Lab Med, 1998. 18(4): p. 673-85.

Weinstein, T., et al., Haemolysis in haemodialysis patients: evidence for impaired defence
mechanisms against oxidative stress. Nephrol Dial Transplant, 2000. 15(6): p. 883-7.

Richards, R.S., L. Wang, and H. Jelinek, Erythrocyte oxidative damage in chronic fatigue
syndrome. Arch Med Res, 2007. 38(1): p. 94-8.

Reinhart, W.H. and S. Chien, Echinocyte-stomatocyte transformation and shape control of
human red blood cells: morphological aspects. Am J Hematol, 1987. 24(1): p. 1-14.

Chabanel, A., W. Reinhart, and S. Chien, Increased resistance to membrane deformation of
shape-transformed human red blood cells. Blood, 1987. 69(3): p. 739-43.

Reinhart, W.H. and S. Chien, Red cell rheology in stomatocyte-echinocyte transformation:
roles of cell geometry and cell shape. Blood, 1986. 67(4): p. 1110-8.

Butikofer, P., U. Brodbeck, and P. Ott, Modulation of erythrocyte vesiculation by amphiphilic
drugs. Biochim Biophys Acta, 1987. 901(2): p. 291-5.

Schreier, S., S.V. Malheiros, and E. de Paula, Surface active drugs: self-association and
interaction with membranes and surfactants. Physicochemical and biological aspects.
Biochim Biophys Acta, 2000. 1508(1-2): p. 210-34.

Usberti, M., et al., Effect of exogenous reduced glutathione on the survival of red blood cells
in hemodialyzed patients. ) Nephrol, 1997. 10(5): p. 261-5.

Matsumoto, Y., et al., Effects of L-carnitine supplementation on renal anemia in poor
responders to erythropoietin. Blood Purif, 2001. 19(1): p. 24-32.

Usberti, M., et al., Effects of a vitamin E-bonded membrane and of glutathione on anemia
and erythropoietin requirements in hemodialysis patients. ) Nephrol, 2002. 15(5): p. 558-64.
Yang, C.C., et al.,, Effects of vitamin C infusion and vitamin E-coated membrane on
hemodialysis-induced oxidative stress. Kidney Int, 2006. 69(4): p. 706-14.

132



HEPIAHYH

Ta gpvBpoxvttopa twv acbevdv pe ypoévia veppikn avemdpkelo, (XNA) telMKov
otadiov mov vmoPdriovior ce Oepameion  opokdOapong mapovcldlovy  CNUAVTIKEG
HeTAPOAEG TOGO GTO OQUUOTOAOYIKO TPOTLTO G€ OY€omn HE LYW GTope OGO Kol Of
YOPOKTINPIOTIKA TV €pLOPOKVLTTAP®Y o€ eminedo OEEWMTIKOV OTPEC, HOPPOAOYiNG,
epuBpdnTOONG, TPOTEIVIKNG oVoTaong kabmdg Kot OAAAYEC OE YOPOKTNPLOTIKA TOV
mAdopatog. H avBektikdmta oty gpubpomomrtivn €xel cvoyeticbel pe epubpokutropikég
BAaPeg xopic Opmg vo Exel pehetnel evoeley®G OLTOG O UNYXOVICUOG OAANAETIOPAOTG.
Oocov aeopd oty aiokdbopon, €KTOG amd TN ONUAVIIKY ETIOPACT] TOV £YEl OTO
mpocodkipo {ong tov acbevov pe XNA kot 0NV avIUETOTION TG avolpiog, £xet
ONUOVTIKNY ETIOPAOT] KOl GE YAUPUKTNPIOTIKA TV EpVOPOKVLTTAP®V Ta. omoin oyeTilovTon pe
™V ELEAVIOT avalpiog.

210%0¢ TG TapoHGOC PEAETNG LINPEE M AETTOUEPNG OVAAVGT| GE KLTTOPIKO EMIMEDO
TV gpubpokvTTdpwV Kot Tov TAdGpHOTOg acBevov pe XNA teMkoy otadiov vmd
ocvoppatikn apokdbaporn ot omoiot AapBdvovv woAd VYNAEG dOGES epvBpomomTivig og
oVLykpion pe acBeveig mov AapPavovy ELGIOAOYIKEG SOGELS, LE ATDTEPO GTOYO TNV EVPESN
TOV TPOTOTOGEDMV TOV TPOKVLIATOLV MG ATOTEAEGLLO TG TEPIGGELNG EpLOPOTOMTIVIG GTO
aipa tov acBevov. Emmiéov, peiemiOnke mn emidpaon pag oyetikd véag pebddov
K@Bapong, g oodadmnong, oe oxéon pe ™ ypoévi gpapuolopevn copPotiky
alpokafaopon yua TNV €VPECN TOV EMOPACEDV VTG TNG HEBGOOL 610 Pabud avopiog Twv
acBevov, HEGO amd TN HEAETI) TOL GULUATOAOYIKOD TPOTUTOV OAAN KO YOPOKTNPIGTIKAOV
TOV £PLOPOKVTTAPOV KOl TOL TAAGLLOTOG.

Extoc ond tov KAooowd opatorloyikd kot Proynuikd €reyyo, 6T0 TAAGHQ
HETPNONKE 1 OAIKY] OVTIOEEIOMTIKT TKOVOTNTA e OOKILOGIO avary®myng Tpiofevoic oonpov
(FRAP assay), n eéAev0epn arpoc@arpivn (opoivon) katd Harboe kabog kot o mAnbvopdg
TOV OAK®V KOl €PLOPOKVLTTOUPIKAOV HUIKPOKVOTOIOV HE KLTTOPOUETpiaL pong. Xto
epuBpokidTTOpa, 1 LOpPOAOYIKT ekTipunon Eywve pe Hiektpovikny Mikpookomia Xdpwong, 1
TPOTEIVIKY ocV0GTAON NG €PLOPOKLTTOPIKNG UEUPPEVING LE OVOGOOTOTOTMOMO KATH
Western, n  pétpnon tov evdokvttaplwv emmédwv ROS kot 16vtov  acPeotiov
dtevepynnke pe @Bopicpopetpio kot ta eminedo eE®TEPIKELONG POCEATIOVAOGEPIVIG
aviyvevdnkav pe Kuttapopetpia pone. Emmiéov, ota epvbpoxidtropa mpoypotomo|dnke
HETPMNOT NG OCGUMTIKNG Kol pnyovikng evbpavotomtag. H dueon emidpaon tov
ovpolpiKoy TAAGHOTOG ©To  gpubpokvTTopo  peAethfnke in Vitro pe mepdpoto
avacOoTaonS. AkolovOnoe otatioTikn emeepyacio TV AMOTEAECUAT®V KOl OVAALON
SKTOH®V.

l'evikd, to ovpayuxd epvBpokvtTopa yopaxtnpilovior amd TaBOAOYIKEG
HLOPPOAOYIKEG TPOTOTOMGELS, OEIKTEC AMOUAKPVVONG OO TNV KLKAOPOPIN Kot avEnUévo
enimedo Kvotdonoinong. MdAota, T EMIMESA TOV U1 OVOSTPEYILOV HOPPOLOYIKAOV
TpomomooemV ennpedlovtal oe Kamolo Pabud amd to emimedo oapoc@alpivng aipotog
tov acBevov. H peiopévn avtandkpion ot Bepancio pe epvbpomomrivn oyetiCetor pe
avénpéva eminedo OLPAUIKOV ToEVOV 6To0 TAdGoUa, avemdpkelo mpoteivov CD59 kot
Khaotepivn, avénuévn mpocdeon TG vrepolelpedosiving-2 ot peuPpdvn evod 1
apokdBapon  em@épel  onuaviiky  avénon TtV emmédov  eEwtepikevong
ewopatdvriocepivnc. Avtibeta, n avtandkpion otn Oepaneio oyetiCetar pe maboAoyikd
VYNA aldALGT], HELOUEVT] OVOEKTIKOTNTO GTO HUNYOVIKO OTPES, OENUEVT TPOCOEST
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avocoopapvav G ot pepPpdvn kot avendpkeia tov popiov CD4A7, evd 1 dadtkacio g
alpokdBapone odnyel oe onuovtikn avadtapdpewon g pepppdvng. Ocov apopd ot
HEAETN TV 0VO JAPOPETIKAOV HeBOdV KabBapong, N xpovia Bepaneio oe apodiadmonon
00NYEl G€ AMOTEAECUATIKY OVIUETOTION TN ovopiog, Pertioon Tov o&edoavaywytkon
SVVOUIKOD TV £pLOPOKLTTAP®Y KOl KATAGTOA] TNG KVOTIOOMOINGNG GE OYE0TM UE TN
ovpPatik]  opokdBopor. Avtibeta, ot dueceg emOPACES NG  OpodtedmOnong
nepAapPavouy advénon tov 0EEmMTIKOD GTPES, MAOOAOYIKN AOALOTY], AVENCT] JEKTMV
amopdKpLVONG 0d TNV KLKAOPOPIo Kot ELPAVICT] GCTOUATOKVTTUPMOT|G.

SOUTEPAGUATIKA, TO TEPIGGOTEPO TOEIKO ovpatpkd TepBaAlov mov yapoktnpilet
TOUG U1 OVTOTOKPWWOUEVOUG 0o0gvel; o€ oOxéom HE TOLG  OVTOTOKPIVOUEVOLG,
avtipeToniletal ev pépel amd TG avTOEEMTIKEG, OVTI-OUOAVTIKEG KOl OVTL-OTOTTMTIKES
Wwwmteg g evbpomomriviig Kot tov ovpikov o&€og. H  oavoupie otovg un
AVTOTOKPIVOLLEVOLG acBevelg paiveTor va oyeTileTon Kupimg e AVETAPKELD TPOTEIVAOV TOL
OVOGTELOVV TNV EVEPYOTOINGN TOL GULUTANPMOUOATOS, EVAD GTOVG OVTUTOKPIVOUEVOLS LE
EMTAYVVOUEVO  QOWVOTUTTO YNpovong kot  ovénuévn  gpvbBpoeayoxvttdpwon. Télog,
VILAPYOVV €VOEIEELG V1oL OLOUPOPETIKO UNYOVIGUO KLGTIOOTOINONG TMV €£PVOPOKLTTAPOV
avdpeco otig 600 opddec towv acbevov. Avtictowyo, n Oepameia o apodiadOnon
poakponpodecua odnyel oe Beltioon g avolpiog Kot TV EPLOPOKVLTTAPIKMOV TOPAUETPOV
o oyxéomn pe ™ ovpPatiky oapokdBapor. Ot apvnTIKES EMTTOCELS TOV TAPUTNPOVLVTAL
HETA TO TEAOG TNG cuvedpiag kaBapong otnv arpodladmdnon oeaiveton vo oyetiovion pe
TNV OTOAEW YPNCUOV OVTIOEEWMTIKOV GLGTATIKOV TOV O{HOTOS TOLTOYPOVO LE TNV
amopdKpuven TV ovpatik®v toévav. H Bepaneia pe avtioedmtikd edppoxko Katd
dibipkela TG ovvedpiog M n xpnon katdAiniov eiktpov epmrovticpévev oe Prrapiveg Oa
UTOPOVGE VO OVOCTEIAAEL TIC OPVNTIKEG EMIATMOCELS TOV £XEL, £0TM® KOl TPOCOPWVEA, 1
Oepaneio g oapodadOnong.
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ABSTRACT

End stage renal disease (ESRD) patients exhibit a baseline profile of blood
modifications, developed around a pathophysiological core of anemia, uremia,
inflammation and oxidative stress. There is however, a huge inter-patient variability in
numerous measures of red blood cell (RBC) and blood homeostasis, related in part to the
administration of widely variable erythropoietin doses. Dialysis therapy, on the other hand,
exerts additional stimuli on cells. Haemodiafiltration (HDF) is a renal replacement therapy
which is based on the principles of diffusion and convection. It is generally thought to be
more effective than conventional haemodialysis (cHD) in eliminating uremic toxins and in
improving anemia; however, its effects on red blood cell (RBC) physiological features have
not been examined in depth. This study assesses the physiological profile of RBCs in
patients with ESRD receiving standard or high doses of recombinant human erythropoietin
(rhEPO) as well as the effects of hemodiafiltration versus conventional hemodialysis in
hematologic profile and RBC physiology.

Blood samples from twenty-eight patients under sustained conventional
hemodialysis, responsive, or not to standard rhEPO administration and thirty-two patients
under regular HDF or cHD treatment were examined for haematological and RBC-related
parameters compared to healthy donors. Red blood cells and plasma were studied for RBC
morphology, fragility, hemolysis, redox status, removal signaling, membrane protein
composition, and microvesiculation, in repeated paired measurements accomplished before
and right after each dialysis session. Acute effects of uremic plasma on RBC features were
examined in vitro through reconstitution experiments.

Overall, the ESRD RBCs were characterized by pathological levels of shape
distortions, surface removal signaling, and membrane exovesiculation, but reduced fragility
compared to healthy RBCs. Irreversible transformation of RBCs was found to be a function
of baseline Hb concentration. The more toxic uremic context in non-responsive patients
compared to rhEPO responders was blunted in part by the antioxidant, anti-hemolytic, and
anti-apoptotic effects of high rhEPO doses, and probably, of serum uric acid. A selective
lower expression of RBC membrane in complement regulators (CD59, clusterin) and of
CD47 “marker-of- self” was detected in non-responders and responders, respectively.
Evidence for different short-term dialysis effects and probably for a different erythrocyte
vesiculation mechanism in rhEPO responsive compared to non-responsive patients was
also revealed. Regarding dialysis therapy effects, HDF-group of patients was characterized
by better anemic indexes, improved redox potential and suppressed exovesiculation of
blood cells compared to cHD-group pre-dialysis. However, HDF was associated with a
temporary but acute, oxidative stress-driven adverse effect on RBCs, reflected by
appearance of haemolysis, removal signaling and stomatocytosis.

Conclusively, deregulation of RBC homeostasis might involve diverse molecular
pathways driving erythrocyte signaling and removal in rhEPO non-responders compared to
responsive patients. Moreover, HDF has beneficial “long-term” effects over cHD on ESRD
in respect to anemia and RBC physiology. The adverse short-term effects of HDF on post-
dialysis plasma and RBCs, which are probably associated with the effective clearance of
natural antioxidant components from the uremic plasma, strongly suggest the use of a
parallel antioxidant therapy during the dialysis session.
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| Issidora S. Papassideril

Abstract

Obijective: Modified, bioreactive red blood cells (RBCs) and RBC-derived microvesicles
(MVs) likely contribute to the hematological and cardiovascular complications in end-
stage renal disease (ESRD). This study assesses the physiological profile of RBCs in
patients with ESRD receiving standard or high doses of recombinant human erythro-
poietin (rhEPO).

Method: Blood samples from twenty-eight patients under sustained hemodialysis, re-
sponsive, or not to standard rhEPO administration were examined for RBC morphol-
ogy, fragility,
composition, and microvesiculation before and after dialysis. Acute effects of uremic

hemolysis, redox status, removal signaling, membrane protein
plasma on RBC features were examined in vitro through reconstitution experiments.
Results: Overall, the ESRD RBCs were characterized by pathological levels of shape
distortions, surface removal signaling, and membrane exovesiculation, but reduced
fragility compared to healthy RBCs. Irreversible transformation of RBCs was found to
be a function of baseline Hb concentration. The more toxic uremic context in non-
responsive patients compared to rhEPO responders was blunted in part by the antioxi-
dant, antihemolytic, and anti-apoptotic effects of high rhEPO doses, and probably, of
serum uric acid. A selective lower expression of RBC membrane in complement regu-
lators (CD59, clusterin) and of CD47 “marker-of-self” was detected in non-responders
and responders, respectively. Evidence for different short-term dialysis effects and
probably for a different erythrocyte vesiculation mechanism in rhEPO responsive
compared to non-responsive patients was also revealed.

Conclusion: Deregulation of RBC homeostasis might involve diverse molecular path-
ways driving erythrocyte signaling and removal in rhEPO non-responders compared to

responsive patients.
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end-stage renal disease, hemodialysis, recombinant human erythropoietin, red blood cells,
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2| W1 LE Y—Héématology
1 | INTRODUCTION

Reduced erythropoietin production, iron deficiency, inflamma-
tion, and shortened lifespan of red blood cells (RBCs) contribute
to anemia in end-stage renal disease (ESRD). The uremic toxins
along with the pathophysiology of uremia account for disturbed
redox homeostasis, appearance of removal signals, and membrane
proteome modifications in circulating RBCs.> While hemodialysis
(HD) represents the main renal replacement therapy for the elimi-
nation of metabolic end products and excess of water from blood,
it also exposes blood cells to oxidative, metabolic, and mechanical
stresses that further affect the functionality and viability of RBCs.?
Recombinant human erythropoietin (rhEPO) therapy leads to a
significant alleviation of the anemia-associated adverse effects in
ESRD.2 There is, however, a wide variation in individual response to
rhEPO. The so-called “rhEPO resistance” is defined as the failure to
achieve or maintain the desired range of hemoglobin (Hb) levels de-
spite administration of standard rhEPO doses. The underlying mech-
anisms are still poorly understood, yet rhEPO resistance seems to
be associated with interpatient variation in oxidative stress, iron and
vitamin deficiencies, and accumulation of uremic toxins or inflam-
matory cytokines, which are supposed to suppress erythropoiesis
by blunting bone marrow response.* Previous studies have shown
substantial variability among patients in the profile of RBC structural
and functional modifications as well as in the effect of HD on them,
as a result of different primary defects, comorbidities, and treat-
ments.>>® Resistance to rhEPO probably represents another variable
that adds complexity to the pathophysiological background of the
anemic patient with ESRD. Apart from its erythropoietic properties,
EPO is nowadays considered a pleiotropic cytoprotective factor for
many cells, including mature RBCs, in which clear effects on glucose
and ion transport, redox status, rheological properties, and eryptosis
have been reported.”® However, the physiological characteristics of
RBCs in non-responsive patients with ESRD receiving high doses of
rhEPO have been scarcely characterized.>? The present study dealt
with the variability observed in several physiological aspects of RBCs
that are probably associated with the persistent anemia in ESRD,
including structure, fragility, removal signaling, membrane microve-
siculation, and protein composition, as a function of rhEPO dose and
HD treatment.

2 | PATIENTS AND METHOD

Details about materials’ providers, patients’ features, and methods
used are given in Data S1.

2.1 | Patients

Twenty-eight patients with ESRD on rhEPO supplementation and
regular HD treatment with highly biocompatible polyamix filters,
vs twelve age- and gender-matched healthy subjects exhibiting

normal hematological profile and taking no medication or food

supplements, were studied (Table 1). Sixteen patients were re-
sponsive (R group), and twelve patients were non-responsive
(non-responders, NR group) to standard doses of rhEPO (Table 1).
Resistance to rhEPO was defined as a failure to achieve target Hb
levels (11-12 g/dL) with maintained doses of rhEPO>300 IU/Kg/
wk of epoetin or 1.5 pg/Kg/wk of darbepoetin-o.” Blood samples
were collected into EDTA or citrate collection tubes just before HD
session and immediately after it. The study has been submitted and
approved by the Research Bioethics and BioSecure Committee of
the Department of Biology/NKUA. Investigations were carried out
in accordance with the principles of the Declaration of Helsinki.
Informed consent was obtained from all blood donors that partici-
pated in this study.

2.2 | Laboratory testing and RBC fragility tests

Hematological analysis was performed using the Sysmex K-4500 au-
tomatic blood cell counter; biochemical analyses of serum factors and
electrolytes were performed using the automatic analyzers Hitachi
902 and 9180 and Elecsys Systems (Roche, Indianapolis, IN). Plasma-
free hemoglobin (fHb) was calculated by the method of Harboe.X© In
vitro osmotic fragility of RBCs was assessed in solutions with increas-
ing saline concentration,!! and the mean corpuscular fragility (MCF)
index (saline concentration causing 50% of hemolysis) was calculated,
before (MCF) or after incubation for 24 hours at 37°C (MCF’). The
mechanical fragility index (MFI) of RBCs was evaluated as previously
described,12 in blood mixed with stainless steel beads and rocked for
1 hour on a rocker platform. All materials and common chemicals
were obtained from Sigma-Aldrich (Munich, Germany), unless other-
wise stated.

2.3 | Redox status and calcium accumulation

Total and uric acid-dependent antioxidant capacity of plasma (TAC
and UA/AC, respectively) were measured by the ferric reducing
antioxidant power (FRAP) assay,™® with/without uricase treatment
(0.125 U/mL, for 20 minutes at 20°C). Intracellular accumulation
of ROS (iROS) and cytosolic calcium (iCa?*) levels were detected
by fluorometry (VersaFluor Fluorometer, Life Science, Bio-Rad,
Hertfordshire, UK) using the fluorescent probes CMH,DCFDA and
Fluo-4 am, respectively, as previously described.? For reconstitution
experiments, control and ESRD RBCs at 35% Hct were incubated
with ESRD or control plasma from ABO-matched healthy volunteers
(n=6), respectively, for 24 hours at 37°C in 5% CO,-air. Hemolysis

and ROS accumulation were measured in mixed vs unmixed samples.

2.4 | Morphological analysis of RBCs by scanning
electron microscopy

Isolated RBCs were fixed with 2% glutaraldehyde, postfixed with
1% osmium tetroxide, dehydrated in ascending ethanol series and,
examined in a Philips SEM515 microscope after coating with gold-
palladium (Tousimis Samsputter-2a, Rockville, Maryland). RBC shape
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TABLE 1 Demographic, therapy-associated, hematological, and serum biochemical characteristics of patients with ESRD and healthy

subjects

Characteristics
Age(y)

Weight (kg)

HD treatment (mo)
Epo dose (IU/wk)
WBC (x10°/uL)
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Basophils (%)
Eosinophils (%)
RBC (x10%/pL)

Hb (gr/dL)

Hct (%)

MCV (fL)

MCH (pg)

MCHC (g/dL)

RDW (%)

PLT (x10°/pL)
PDW (%)

PTH (pg/mL)
Glucose (mg/dL)
Urea (mg/dL)

URR (%)

Creatinine (mg/dL)
Uric acid (mg/dL)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL (mg/dL)
Calcium (mg/dL)
Phosphorus (mg/dL)
Potassium (mmol/L)
Sodium (mmol/L)
Fe (ug/dL)

Ferritin (ng/mL)
TIBC (pg/dL)

Total proteins (g/dL)
Albumin (g/dL)

ALP (IU/L)

YGT (IU/L)

R patients (n=16)

pre-HD post-HD
817
64.8+15.1
6-105
9350+4203
5.8+1.6 5.7+2.5
66+9° 59+8°
25+8 33+9°
8+4 6+3
0 0
1 2
3.61+0.40° 3.99+0.89°
10.9+0.7° 11.7+0.9°
33.8+1.9° 33.2+3.8°
95.4+9.1 84.4+8.5%¢
30.2+3.2° 29.6+4.4°
31.2+0.6 33.6+3.7
16.6+1.3° 15.8+2.1
173+54° 185+68°
12.8+2.4° 13.7+1.8°
235+129? N/D
100+10 N/D
125+25%P 37.8+8.6°
69.2+6.8
6.7+2.0° N/D
5.9+1.27b N/D
147+41 N/D
148+37 N/D
43+11° N/D
9.3+0.3 N/D
4.7+0.9 N/D
4.90+0.48 4.20+0.36
13742 N/D
60.3+14.7° N/D
825+482° N/D
244+39° N/D
7.1+0.3 N/D
4.2+0.6 N/D
71+13 N/D
1548 N/D

NR patients (n=12)

pre-HD post-HD
768
75.4+19.8
5-126
23 25045650
6.3+1.7 6.1%2.6
68+8° 71+82°
2346 218"
7+3 6+1
1 0
2 2
3.87+0.73° 4.20+1.23°
10.41+0.90° 11.3+1.4%¢
33.5+2.2° 34.0+4.6°
89.1+16.1 85.0+16.5°
27.8+5.9° 28.1+5.9
31.1+1.3 33.1+1.3°
16.8+1.4° 14.5+0.7
192+55° 195+63°
13.6+2.1° 14.2+2.9°
211494 N/D
98+12 N/D
153+272° 46.5+10.4%¢
69.247.9
7.7+1.2° N/D
7.5+1.0°° N/D
13617 N/D
129+79 N/D
43+10° N/D
9.3:0.3 N/D
49+1.1 N/D
5.12+0.65 4.05+0.65
136+2 N/D
59.0+24.1° N/D
691+192° N/D
236+35° N/D
7.2+0.4 N/D
4.1+0.3 N/D
75+7 N/D
1445 N/D

Controls (n=12)
689
66.3+9.8

4.73+0.55
14.9+1.3
41.8+4.5
93.0+6.0
31.6%2.1
34.0+1.2
12.9+0.8
348+83
17.7+0.6
42+20
7719
3512
0.7x0.1
42+1.2
145+18
139425
80+9
9.4+0.3
3.7x0.5
4.21+0.30
142+2
110.2+17.1
69+23
383+89
7.5+0.6
4.2+0.4
64+18
12+9

Values are presented as Mean+SD. ?pathological values vs healthy subjects; PR vs NR; “pre- vs post-HD, P<.05. ALP, alkaline phosphatase; yGT, gamma-
glutamyl transferase; Hb, hemoglobin; Hct, hematocrit; HDL, high-density lipoprotein; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
hemoglobin concentration; MCV, mean corpuscular volume; PLT, platelets; PDW, platelet distribution width; PTH, parathormone; RBC, red blood cells;
RDW, RBC distribution width; TIBC, total iron-binding capacity; URR, urea reduction ratio; WBC, white blood cells; ESRD, end-stage renal disease.
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classification was performed using standard criteria, as previously
adopted.’* Briefly, spherocytic transformation and other shape
changes (dacryocytes, elliptocytes, ovalocytes, and schistocytes)
were characterized as irreversible (IRR) modifications. Shape distribu-
tion was estimated by blind assessment of at least 2000 cells from
randomly chosen fields per sample.

2.5 | Flow cytometry analysis of RBCs and
microvesicles

Enumeration and phenotyping of RBCs and microvesicles (MVs)
were performed by multicolor flow cytometry using phycoerythrin
(PE)-Annexin V apoptosis kit and FITC-conjugated anti-CD235, as
previously described.!® Plasma MVs isolation was performed after a
double light spin (2500 g) of citrated blood at 20°C. Their identifica-
tion was based on size (<1 um), RBC origin, and annexin V binding
(AnnV*). Megamix fluorescent beads were used for gating in accord-
ance with the International Society on Thrombosis and Hemostasis
SSC Collaborative workshop recommendations and TruCount bead

tubes for enumeration (positive events/uL).

2.6 | Immunoblotting of RBC membrane proteins

Red blood cells membranes were isolated from purified leukodepleted
RBC fractions and immunoblotted against major membrane proteins
as previously described.* In brief, equal amounts of protein (15 ug)
were resolved in 10% or 5%-15% linear gradient SDS-PAGE gels and
electrophoretically transferred onto nitrocellulose membranes for
45 minutes at constant voltage of 20 V. Membranes were probed
with primary antibodies in 5% non-fat milk for 1 hour at RT. After
incubation with the appropriate horseradish peroxidase-conjugated
secondary antibody (1:8000 or 1:10 000), the immunoreactivity was
visualized by enhanced chemiluminescence. Equal loading of the
gels was assessed by hybridization with a 4.1R-specific antibody.
The Oxyblot detection kit was used for the detection of RBC mem-
brane carbonylated proteins, as per manufacturer’s specifications. For
quantification purposes, the Proteome Carbonylation Index (PCl) was

calculated.?

2.7 | Statistical and network analysis

For statistical analysis, the Statistical Package for Social Sciences (IBM
SPSS; version 22.0 for Windows IBM Corp., Armonk, NY; adminis-
trated by NKUA) was used. Intergroup differences were evaluated by
t test or one-way ANOVA using a Bonferroni correction. Prediction
outcomes were estimated by regression analysis. Pearson’s and
Spearman’s tests were performed to assess correlation (r) between
parameters following or not normal distribution profiles, respectively.
Significance was accepted at P<.05. Significant correlations among
measured variables (in serum/plasma and RBCs) were topologically
represented in untargeted biological networks using the Cytoscape
version 3.2.0 application.16 Length of edges was inversely propor-
tional to the r value.

3 | RESULTS

3.1 | Hematological and serum/plasma features in
ESRD

Patients with ESRD were anemic with hematological markers of chronic
inflammatory response (disturbed iron homeostasis, RDW index, neu-
trophil, and HDL levels, etc.) (Table 1). The hematological and serum
biochemical profiles were comparable in R and NR groups pre-HD,
apart from higher urea and uric acid (UA) levels in NR patients. HD
had a significant positive effect on Hb and MCHC levels mostly in
non-responders but a negative effect on MCV index variation, espe-
cially in responsive patients (Table 1). Uremic plasma had pathologically
increased total antioxidant capacity (TAC) and concentration of total
and RBC-derived MVs (R-MVs) (Figure 1A). Plasma of R patients was
further characterized by high baseline hemolysis (free Hb, fHb) both
pre- (Figure 1A) and post-HD (Figure 1B). TAC and UA/AC reduced
to subnormal levels post-HD. HD was associated with decreased ac-
cumulation (though no normalization) of all species of AnnV* MVs,
including R-MVs, in R samples (from 3258+1375 MVs/uL pre-HD to
12144822 MVs/pL post-HD for R-MVs); however, it did not improve
accumulation of R-MVs in non-responders (2443+656 MVs/pL pre-HD
vs 2619+1072 MVs/pL post-HD). Consequently, post-HD NR plasma
contained significantly more AnnV* R-MVs compared to R-plasma
(Figure 1B).

Reconstitution experiments showed a strong antioxidant effect
of pre-HD uremic compared to control plasma in both ESRD and
healthy RBCs, which was mainly attributed to uric acid as it was
abolished after treatment of uremic plasma with uricase (Figure 1C).
Regarding in vitro hemolysis, uremic plasma improved hemolysis of
healthy RBCs in vitro in the presence of UA, as hemolysis increased
at four times the baseline, preincubation levels after UA removal
(Figure 1D).

3.2 | RBC characteristics

Similarly to plasma modifications, the structural and physiological
characteristics of ESRD RBCs were not significantly different be-
tween responders and non-responders pre-HD (Figure 2A). Severe
RBC shape distortions (irreversibly modified RBCs, IRR), increased
PS exposure, and lower MCF to osmotic stress (MCF’, after incuba-
tion for 24 hours at 37°C) compared to controls (0.515+0.052 vs
0.573+0.019%, respectively), were equally observed in the two groups
of ESRD RBCs (Figure 2A, C). Regression analysis of data using Hb lev-
els as an independent variable resulted in a model for the prediction
of pathological RBC shape modifications levels in ESRD (Figure 2D).
On average, normal levels of intracellular ROS (iROS, 445+168 vs
306+63 RFU in healthy RBCs), membrane proteome carbonylation
index (PCl, 4.14+4.0 vs 3.86+0.9 In control), intracellular calcium
(iCa?*, 2773+1073 vs 2371+ 448 RFU in healthy RBCs), and mechani-
cal fragility index (MFI, 0.773+0.302 vs 0.804+0.194% in control)
were detected in the patients pre-HD. A trend for higher percentage
of IRR modifications (7.9+4.1% vs 5.3+2.9%, respectively) and Ca®
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FIGURE 1 Variation in soluble plasma components in
responders (R) and non-responders (NR) pre- (A) and post-HD

(B) after normalization to controls (100%, dotted line). fHb, free
Hb; TAC, total antioxidant capacity; UA/AC, uric acid-dependent
antioxidant capacity; R-MVs, RBC-derived MVs; MVs, total MVs.
*P<.,05 vs control; **P=.006 R vs NR; *P<.05 pre- vs post-HD. Bars:
Mean+SD. (C) Reconstitution experiments showing the antioxidant
and antihemolytic effects of uremic plasma and uric acid. iROS,
intracellular ROS. *P<.05 vs baseline (prereconstitution) levels.
**P<.05 before vs after uricase treatment. Bars: Mean+SD

levels (2914+1269 vs 2122+782RFU, respectively) was observed in
NR- compared to R-RBCs, however, at no statistical significance level,
owing to extreme intragroup variations. In a similar way, R-RBCs were
more susceptible to hemolysis under mechanical stress than NR-RBCs
(MFI=0.884+0.235% vs 0.634+0.332, respectively). HD triggered in-
tracellular ROS formation in R- and NR-RBCs but had no significant
effect on RBC shape profile (Figure 2B). It aggravated, however, PS
exposure on NR-RBCs (1.19+0.42% pre-HD to 1.90+0.58% post-HD),
as opposed to its neutral effect on R-RBCs (Figure 2B).
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FIGURE 2 Variation in Red blood cell(RBC) parameters in
responders (R) and non-responders (NR) pre- (A) and post-HD (B)
after normalization to controls (100%, dotted line). IRR, irreversible
RBC shape modifications; MCF’, mean corpuscular fragility (following
incubation at 37°C for 24 hours); MFI, mechanical fragility index; PS,
PS exposure; iROS, intracellular ROS. *P<.05 vs control; **P<.050

R vs NR (P=.006 for MFI in A; P=.024 for PS in B); *P<.05 pre- vs
post-HD. Bars: MeanzSD. (C) Representative scanning electron
micrographs of RBCs from responder (R) or non-responder (NR)
patients before the HD session. Arrows show irreversible RBCs
shape modifications (IRR), such as spheroechinocytes, dacryocytes,
elliptocytes, spherocytes, and ovalocytes. Scale bars: 10 pm.

(D) Regression analysis of cellular Hb levels (gr/dL) as an independent
variable produced a model that predicts percentage of IRR shape
modifications in patients with end-stage renal disease (ESRD)
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TABLE 2 Variation in the expression

R DLELEIE and carbonylation index of RBC membrane
Proteins pre-HD post-HD pre-HD post-HD proteins in responder (R) and non-
Adducin 80+28 8224 10374 10060 responder (NR) patients pre- and post-HD
Aquaporin 1 91+46 58+24%¢ 81+62 92+52
Band 3 107426 72+41° 74+46 94+40
Band 3 oligomers 622+332° 158+130°¢ 946+610? 5386+4568°
Calpain 96473 90480 75+39 72453
CD47 39+152P 21+202P¢ 75+40° 71£342P
CD59 123+40° 140+63° 79+20° 68+18*P
Flotillin 2 117+24° 85+20° 87+21° 10013
GAPDH 110+40 69+36° 101+36 117+78
Glucose transporter 1 222+120° 116+58° 161+£120 107+58°¢
Hsp70 190+121 173+78 160+114 178+125
1gGs 754+670*° 397+269%¢ 240+27%0 203+104
Oxidized Hb 82+60° 37+32° 24+19° 101+56°¢
Peroxiredoxin 2 95+32° 71+162°¢ 129+35° 103+38°
sCLU (clusterin) 11143° 88+39° 53+25%P 54+15b
Spectrin 115+28 83+32° 96+37 104+47
Spectrin proteolysis 103463 84+40 96+35 138174
Stomatin 118+32 72+28° 90+22 105+66
Synexin 110+58 101+43° 155+70 169+86°
Ubiquitin 524212 60+27° 60+38? 62+48
PCI 124+113 98+30° 10195 247+165°

3significantly different values vs healthy subjects; "R vs NR; pre- vs post-HD, P<.05. PCI, Protein
Carbonylation Index; RBC, Red blood cells. Values are presented as Mean+SD, after normalization to

control (100%).

The protein composition of the RBC membrane differed sig-
nificantly in patients with ESRD compared to control (Table 2 and
Figure S1), and overall, the ESRD RBCs were characterized by
excess of band 3 oligomers (B3-O) and membrane-bound IgGs but
lower expression of ubiquitinylated proteins compared to healthy
counterparts. But in contrast to the plasma and cellular modifica-
tions mentioned above, the profile of membrane proteome mod-
ifications in R-RBCs was totally different from that observed in
NR-RBCs. In fact, excess of membrane-bound IgGs but severe de-
ficiency in CD47 protein were mostly (IgGs) or exclusively (CD47)
detected in the membrane of R- compared to the NR-RBCs. On
the other side, NR-RBC membrane selectively exhibited lower
expression of CD59 and sCLU proteins but more peroxiredoxin
2 (Prx2) compared to R- and/or healthy RBCs. Notably, HD had
a sharp effect on the membrane expression of numerous proteins
in R- as opposed to the NR-RBCs, including the MVs-associated
proteins stomatin, flotillin 2, band 3, IgGs, CD47, GAPDH, Prx2,
and aquaporin-1 (Table 2). Statistically significant differences in
the membrane expression of certain components including band
3-oligomers, CD47, CD59, Prx2, sCLU, synexin, oxidized/dena-
tured Hb and carbonylated components were observed between
R- and NR-cells post-HD.

3.3 | Sorting the data using statistical and
bioinformatics tools

Seven subsets of closely interrelated hematological, biochemical, and
HD-related parameters in ESRD arose by factor analysis (Figure S2).
Variation in rhEPO dose responded similarly to variation in baseline
hemolysis (and the closely associated RBC mechanical fragility index).
Free Hb, which is the sum of extracellular Hb species (including those
enclosed in circulating R-MVs), is a joint component of the Hb/Hct
and plasma antioxidant capacity factors. Similar patterns of responses
were observed for certain uremic toxins and RBC-related variables,
reflecting underlying associations between them, while RBC indexes
and shape variables co-segregated along with osmotic fragility one.
Statistically significant correlations (P<.05) between hemato-
logical, physiological, and proteome factors in responders and non-
responders were integrated into biologic networks (Figure S3 and
Figure 3, respectively). As clearly shown in these constructs, the same
parameter was connected with different variables in the two groups of
patients. For instance, rhEPO dose was negatively correlated with PS
exposure in R-RBCs (Figure S3) but with sCLU expression in NR-RBCs
(Figure 3). R-MVs concentration was negatively correlated with serum

UA levels in responders, but with serum urea reduction ratio (URR) and
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FIGURE 3 Network analysis connecting hematological and biological parameters in non-responders. The edges represent statistically
significant (P<.05) positive (continuous lines) and negative (dashed lines) correlations among factors (the shortest the edge, the higher r value).
Dashed circles: hub nodes (parameters of high connectivity). Abbreviations: Alb, albumin; Agp1, aquaporin1; B3, Band3; Ca, serum calcium; Calp,
calpain1; EPO, rhEPO dose; Fer, ferritin; fHb, free Hb; Flot2, flotillin 2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Glut1, glucose
transporter-1; Hb, hemoglobin; Hct, hematocrit; HDL, high-density lipoprotein; Hsp70, heat shock protein 70; iCa, intracellular calcium; IRR,
irreversibly modified RBCs; iROS, intracellular ROS; K, serum potassium; MCF, mean corpuscular fragility; MCF’, mean corpuscular fragility after
incubation at 37°C; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume;
MFI, mechanical fragility index; Neu, neutrophils; oxHb, oxidized/denatured Hb; P, serum phosphorus; PCI, protein carbonylation index; Prot,
total serum proteins; Prx2, peroxiredoxin-2; PS, phosphatidylserine; RDW, RBC distribution width; RET, reticulocytes; REV, reversibly modified
RBCs; R-MVs, RBC-derived microvesicles; sCLU secretory clusterin; Sp, spectrin; Sp-Pr, spectrin proteolysis; Stom, stomatin; Syn, synexin;

TAC, total antioxidant capacity; TIBC, total iron-binding capacity; UA/AC, uric acid-dependent plasma antioxidant capacity; Ub, ubiquitinylated

proteins; URR, urea reduction ratio

total iron-binding capacity (TIBC) in non-responders. Baseline hemoly-
sis in vivo was correlated with duration of HD and RBC oxidative stress
markers in responders, while RBC fragility was found reversibly related
to severe shape distortions in non-responders (r=-.871, P=.011, n=12).
The antioxidant capacity of the plasma and RBC redox status were
correlated with variation in numerous membrane proteins and removal
signaling in NR-cells. In fact, TAC, RBC shape-related parameters (i.e,
RDW index) and nodes of proteins involved in energy metabolism (i.e,
GAPDH, Glut1) were hub points in the biological network of non-

responders (Figure 3).

4 | DISCUSSION

The present study provided insight into the mechanisms underlying
RBC lifespan in ESRD and assessed RBC variables that are associ-
ated with resistance to erythropoiesis-stimulating agents and HD

treatment.

4.1 | Overall modifications in ESRD plasma and RBCs

End-stage renal disease RBCs undergo certain pathophysiological
modifications in structure, composition, and signaling potential. Severe
shape distortions (IRR), which render RBCs susceptible to clearance,
reflect a systemic inflammatory profile in almost all pathologies char-
acterized by oxidative stress, including ESRD.”*® We currently show
for the first time that the percentage of irreversibly modified RBCs is a
function of baseline Hb concentration, highlighting the close relation-
ship between severe RBC shape distortions, inflammation, and anemia
in ESRD. Uremic toxins may induce PS exposure on RBCs, accelerat-
ing therefore their clearance and pathophysiological interactions with
immune cells, platelets, and endothelium,’ through molecular path-
ways involving or not Ca?* influx,?® as highlighted by the segregation
pattern of those variables following a factor analysis as well.
Moreover, the current study verified the strong relation between
PS exposure and R-MVs formation,?! in response to HD and rhEPO

dose. Some indolic uremic solutes can induce vesiculation along with PS
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exposure on healthy RBCs.?? Loss of phospholipid asymmetry and addi-
tional ESRD-associated pathologies, including shape distortion, mechan-
ical stress, chronic inflammation, oxidative stress, cellular activation, and
endothelial dysfunction, also affect vesiculation of endothelial and blood
cells, including RBCs.22° The majority of previous studies have focused
on MVs derived from platelets and endothelial cells for their probable
prothrombotic and pro-inflammatory roles.2> Nevertheless, circulating,
PS+ RBC-derived MVs modulate NO-redox homeostasis and contribute
to several hypercoagulable states in human.?® Membrane vesiculation
is an integral part of RBC aging. The majority of the RBC-derived MVs
expose PS while their protein composition resembles that of the oldest
RBCs.? In consistence with previous studies,>'* the proteomic profile
of the ESRD RBC membrane showed elevated levels of Band 3-based
RBC aging model modifications (modified band 3 protein, membrane-
bound IgGs, etc.) but deficiency in the microvesicles-associated?’
ubiquitinylated components. Considering that patients with ESRD are
characterized by a younger RBC population compared to healthy con-
trols, those markers imply RBC injury and/or premature aging.

On the other side, ESRD RBCs were benefited to some extent by
the cytoprotective effects of EPO and probably, of uric acid. ESRD
RBCs were found resistant to osmotic lysis as a result of EPO’s
strengthening effect,® although RBC shape distortions may also ac-
count for this resistance, as currently (Figure 3) and previously®®
suggested. In the same wavelength, and despite being subjected to
numerous oxidative provocations, ESRD RBCs contained normal basal
levels of ROS, probably owning to the ROS scavenging activity of
EPO® and the antioxidant capacity of uric acid (UAY??20 and other

natural antioxidants that are eliminated by HD. In accordance with this

assumption, in our study, subnormal antioxidant capacity of plasma
post-HD appeared along with over-accumulation of intracellular ROS,
suggesting uptake of plasma UA by ESRD RBCs, as previously shown
in oxidatively stressed and cancer cells.>*%? Being on average younger
than healthy RBCs, ESRD RBCs are expected to contain more EPO
binding sites® and thus to be more susceptible to EPO effects.

4.2 | Hypo-responsiveness to EPO is associated with
a modified homeostatic context in ESRD RBCs

Despite the aforementioned profile of baseline blood modifications,
the current and previous studies in the field of ESRD have highlighted
a huge interpatient variability in measures of RBC homeostasis.
Differences in primary causes of renal failure, age, comorbidities, time
on HD, and therapeutic schemes among patients may account for it.
To examine the probable contribution of rhEPO resistance to this phe-
nomenon, we compared the profiles of equally anemic responsive (R)
and non-responsive (NR) patients.

With the striking exception of the protein composition of the RBC
membrane, the structural and physiological characteristics of ESRD
RBCs did not differ significantly between groups before HD. At the
peak of the uremic stress that is imposed to patients’ RBCs just before
the dialysis session, subtle differences in the homeostatic context be-
tween the two groups can only be imprinted in a highly dynamic and
responsive cellular structure, as the RBC membrane is.

Indeed, low expression of the complement inhibitors CD59 and
clusterin was detected in non-responsive patients, suggesting RBC
susceptibility to complement-mediated injury (Figure 4). Clusterin
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FIGURE 4 Schematic presentation of structural and functional modifications detected in RBCs of patients responsive (R, left panel) or not
(NR, right panel) to standard range of rhEPO dose and their probable association with anemia in end-stage renal disease (ESRD). Generally,
ESRD erythrocytes are characterized by augmented exovesiculation of the membrane, phosphatidylserine (PS) exposure, band 3 oligomerization,
IgGs binding, decreased ubiquitinylated (Ub) components, and severe shape changes. The percentage of shape distortions can be predicted in
part by the baseline Hb concentration. R-RBCs further show susceptibility to erythrophagocytosis (through IgGs- and CD47-related changes)

in addition to mechanical stress and hemolysis, which seems to be triggered by longer duration under HD treatment (dHD). PS exposure and
membrane vesiculation are ameliorated by rhEPO and UA levels, respectively, in R-RBCs. In contrast, complement-mediated injury promoted

by low expression of CD59 and sCLU seems to underlie anemia in rhEPO resistance (NR). Hemodialysis (HD) and high EPO dose deteriorate

PS exposure and calcium influx, respectively, but TIBC and URR inhibit vesiculation in EPO resistance. Plasma (UA and EPO) and membrane-
associated components (Glutl in R-RBCs and Prx2 in NR-RBCs) probably strengthen the antioxidant defenses in ESRD RBCs
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represents a biomarker of redox stress and senescence for RBCs®
and a novel biomarker of kidney injury.®®> Decreased levels of clusterin
have been found (in general) in ESRD RBCs'* and in the plasma of
long-term ESRD survivors.3® EPO can not only reduce clusterin’s rise
in plasma as previous studies shown,®” but it can also negatively affect
its association with RBCs in NR patients in vivo, as currently reported.

On the other side, although previous studies have reported an accel-

erated aging phenotype in ESRD RBCs, >

the current study made clear
that this is the case for patients responsive to standard EPO doses, as
excess of aging markers and deficiency of RBC membrane in the marker
of “self” protein CD47°8 were both detected in R-RBCs. In addition to
that, R-RBCs were susceptible to hemolysis pre- and post-HD and more
fragile to mechanical stress compared to NR-RBCs. It is tempting there-
fore to speculate that anemia in responders might be in part the result of
increased susceptibility to Hb loss, increased opsonization, and reduced
CDA47-SIRPa inhibitory signaling to splenic macrophages (Figure 4).

In light of higher urea and uric acid levels found in the NR- com-
pared to the R-plasma, one would expect more protein oxidative de-
fects in NR-RBCs. The higher membrane expression of peroxiredoxin
2, typically induced by oxidative stress,®” in NR- than in R-cells re-
flects this kind of provocation. Oxidative stress might be alleviated by
the antioxidant effects of both rhEPO and serum uric acid on mature
RBCs, as the current reconstitution experiments and previous studies
shown in healthy subjects and in thalassemic or uremic patients.”8404
In contrast, the oxidative provocations imposed by the uremia on
R-RBCs seemed to be rather repelled by overexpression of Glut 1
transporter (Figure 4). This modification that was previously reported

1442 s indicative of the

in unclassified groups of hemodialysis patients,
hypermetabolic state of ESRD RBCs,**** and is expected to promote

the preservation of intracellular ascorbate that is lost during HD.*?

4.3 | Evidence for different short-term HD
effects and probably for a different vesiculation
mechanism in R- vs NR-RBCs

By eliminating uremic toxins, HD ameliorated anemia and accumula-
tion of MVs,22%34 equally in responders and non-responders. On the
other side, HD did not affect the concentration of RBC-derived MVs
or the protein composition of the RBC membrane in non-responders,
and moreover, it aggravated PS exposure on NR-RBCs. In striking con-
trast, HD had a beneficial effect on responsive patients by leading to
a selectively, sharp decrease in the accumulation of RBC-derived MVs.
Notably however, that amelioration was not consistent with the exten-
sive remodeling of the RBC membrane in respect to the decreased ex-
pression of numerous MVs-associated components (stomatin, flotillin 2,
1gGs, band 3 oligomers, CD47, GAPDH, Prx 2, aquaporin, etc.) post-HD,
neither with the selective sharp decrease in MCV following HD in re-
sponsive patients. These findings are rather consistent with the release
of small and/or PS-negative MVs and exosomes that are undetectable
by the flow cytometry approach used. Indeed, conventional cytometry
cannot detect vesicles <300 nm, the area which harbors the majority of
extracellular vesicles in human blood.*® Of note, MVs in ESRD appear
to be less procoagulant compared to other diseases,?* while RBCs are
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capable of releasing vesicles under conditions of well maintained lipid
asymmetry.*” Through the potential release of those small and/or AnnV-
negative extracellular vesicles, the protein composition of the R-RBC
membrane might be appropriately remodeled post-HD in consistence
with the proteome analysis findings. Our results suggest generation of
different species of extracellular vesicles in responders compared to
non-responder patients with ESRD. Cells produce highly dynamic and
versatile populations of heterogeneous extracellular vesicles in relation
to cell age, stress, and activating stimuli. Considering that extracellular
vesicles are functionally associated with coagulation and inflammation®
and that endothelium damage or cardiovascular disease is more fre-
quently appeared in rhEPO resistance,* our data deserve further study

through methods more suited to assess issues of small particle biology.

4.4 | The different homeostatic contexts in
responsive and non-responsive patients can be
charted in biological networks

The physiological properties and the protein composition of the RBCs
in responsive and non-responsive patients with ESRD revealed variabil-
ity in molecular lesions and probably in pathways driving erythrocyte
signaling and removal. Networks have long been used in biology to
show relationships between biologically relevant elements. The cur-
rently reported biological networks that integrated statistically signifi-
cant correlations between hematological and biological parameters in
ESRD clearly denoted a different context of interactions in responsive
Vs non-responsive patients. According to these constructions, EPO
dose-range used in responders alleviates PS exposure on RBCs while
higher EPO dose in non-responders is associated with clusterin and in-
tracellular Ca?*-driven protein variations. Notably, it has been reported
that rhEPO induces Ca®* influx in spite of a partial decrease in PS expo-
sure on human mature RBCs in vitro.*® Our results suggested that the
first effect is mainly observed in non-responders while the second one
in responder patients, while the positive correlation between sCLU and
CD59 variation verified the previously reported physical interaction
between the two proteins in mature human RBCs.>® In addition, dura-
tion of HD seemed to negatively affect hemolysis and intracellular ROS
accumulation in responders while iROS was correlated with plasma
soluble factors (albumin, P, total proteins) in non-responders. Plasma
factors were correlated with the exovesiculation of RBC membrane
in both groups, however, while TIBC and URR were negatively corre-
lated with R-MVs levels in non-responders, UA levels seemed to play a
similar role in responders. Of note, UA and TAC levels were correlated
with variation in numerous RBC-associated variables supporting a cy-
toprotective activity of uric acid in human RBCs in vivo. Construction of
similar networks enriched in omics data would help to unravel the com-

plexity of RBC homeostasis in the highly multivariable system of ESRD.

5 | CONCLUSIONS

End-stage renal disease RBCs were characterized by severe shape dis-
tortions, membrane exovesiculation, and senescence/death signaling
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but reduced fragility compared to healthy RBCs. The profile of RBC
modifications is the overall result of the negative effect of the uremic
toxic environment and of the cytoprotective activity of rhEPO and
uric acid. Baseline Hb concentration contributes in part to the extent
of irreversible RBC transformation. RBCs in non-responsive patients
are characterized by increased susceptibility to complement-mediated
injury and by HD-triggered PS exposure. On the other side, anemia in
responders might be in part the result of increased susceptibility to Hb
loss, increased opsonization, and erythrophagocytosis, and is probably
associated with a different erythrocyte vesiculation mechanism com-
pared to non-responders. Deregulation of RBC homeostasis might in-
volve different molecular pathways driving erythrocyte signaling and
removal in rhEPO non-responders compared to responsive patients.
The high interpatient variability in many hematological and physiologi-
cal factors, reported by this and numerous other studies in the field,
calls for a more individualized approach of this apparently complex
disease. In light of the recently adopted consideration for RBCs as
vital indicators of health at systemic level, and of the latest NIH guide-
lines suggesting focusing on precision medicine,!’ the structural and
biochemical modifications in RBCs might be used during ESRD diag-
nosis and following of HD and rhEPO treatments in order to establish
not only the anemic but also the inflammatory and oxidative profiles
of each individual patient.
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Anemia is the most common hematologic complication in end-stage renal disease (ESRD). Itis
ascribed to decreased erythropoietin production, shortened red blood cell (RBC) lifespan, and
inflammation. Uremic toxins severely affect RBC lifespan; however, the implicated molecular
pathways are poorly understood. Moreover, current management of anemia in ESRD is con-
troversial due to the “anemia paradox” phenomenon, which underlines the need for a more
individualized approach to therapy. RBCs imprint the adverse effects of uremic, inflammatory,
and oxidative stresses in a context of structural and functional deterioration that is associated
with RBC removal signaling and morbidity risk. RBCs circulate in hostile plasma by raising
elegant homeostatic defenses. Variability in primary defect, co-morbidity, and therapeutic ap-
proaches add complexity to the pathophysiological background of the anemic ESRD patient.
Several blood components have been suggested as biomarkers of anemia-related morbidity
and mortality risk in ESRD. However, a holistic view of blood cell and plasma modifications
through integrated omics approaches and high-throughput studies might assist the develop-
ment of new diagnostic tests and therapies that will target the underlying pathophysiologic
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processes of ESRD anemia.
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1 Introduction

Chronic kidney disease (CKD) is a major public health prob-
lem. The increasing incidence of CKD in combination with
population aging, age-associated comorbidities, and greater
access to care, resulted in the explosion of the number of dial-
ysis patients during the past decade, with an annual growth
rate about six to sevenfold higher than that of the world
population [1]. End-stage renal disease (ESRD) is a state of
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severe kidney damage. It refers to patients exhibiting
glomerular filtration rate <15 mL/min/1.73m? and/or those
treated by dialysis, irrespective of the filtration rate levels. Di-
abetes and arterial hypertension represent the leading causes
of ESRD, although infections and genetic or autoimmune dis-
orders may also result in advanced kidney failure. Anemia,
cardiovascular risk, mineral and bone disorders constitute
common complications of ESRD [2].

Anemia is ascribed to decreased erythropoietin produc-
tion by the kidney, shortened red blood cell (RBC) lifespan
[3], and inflammation [4]. Erythropoiesis stimulating agents
(ESAs) in combination with iron supplementation is the
primary treatment strategy for the management of anemia
in CKD patients, although anemia is resistant to ESAs in
approximately 10-20% of the cases. Iron deficiency, resulting
from decreased iron absorption and chronic inflammation,
leads to poor ESA response [5]. Hemodialysis (HD) aims to
remove accumulated metabolic waste from blood and is the
therapy of choice for the vast majority of dialysis patients
compared to peritoneal dialysis.

*These are equal first authors.
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Anemia associated with reduced lifespan of uremic RBCs
is poorly understood. This review summarizes the profile of
RBC and plasma modifications in ESRD patients and their
probable association with anemia. The critical reading of the
miscellaneous and often contradictory data on uremic ane-
mia, intends to suggest a more integrated approach, which
could reveal hidden pieces of the puzzle of the underlying
pathophysiology.

2 Uremic plasma: The natural
environment of the erythrocytes in
ESRD

2.1 Redox status

The total antioxidant capacity of the uremic plasma is higher
than in controls but significantly decreases post-HD following
the removal of uric acid [6-8]. At the same time, elimination
of water during the HD procedure leads to increased concen-
tration of endogenous antioxidants compared to the pre-HD
levels [9]. In general, uremic plasma contains low levels of an-
tioxidant vitamins, like C (ascorbate) and E [6,8,10], usually in
response to the inflammatory status of the patients [11]. HD
negatively affects the concentration of ascorbate [6, 8], while
variable effects have been reported for other vitamin levels
[8,10].

Regarding the enzymatic antioxidant capacity in ESRD
plasma, glutathione reductase (GR) activity has been found
increased [12,13] and glutathione peroxidase (GPx) levels de-
creased [13-15], compared to controls. Low activity may be the
result of protein modifications by oxidation, carbamylation,
or glycosylation reactions [16], inhibition by uremic toxins
[17], low synthesis by the nephron, [18] or plasma deficiency
in micronutrients that are critical cofactors [19]. Indeed, di-
etary restrictions, inflammatory responses [20], and removal
by dialysis, lead to low levels of trace elements, including
selenium [13, 19, 21], zinc [19-21], and copper [19], that are
partially elevated after HD [22].

As a result of reduced or overwhelmed antioxidant sys-
tems, several oxidative modifications have been reported in
plasma lipid and protein components, including lipoperoxi-
dation [10, 19], oxidized LDL [23], and protein carbonylation
[24]. They usually increase by HD [25] and by the number of
years the patients have been on HD treatment [26] (Table 1).
Although HD-related issues, such as hemoincompatibility,
might trigger ROS release by activated neutrophils, accumu-
lated evidence confirms the hypothesis of Inagi et al. [27],
that uremia is per se a state of carbonyl overload and oxida-
tive stress. In this context, biologically active advanced gly-
cation end products produced by oxidative and nonoxidative
reactions on plasma components are now considered uremic
toxins whose effective removal is related to the quality of HD
[28].

Albumin is one of the main scavengers of carbonyl species
and the major protein target of oxidative stress in plasma [29].

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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However, malnutrition and chronic inflammation cause re-
duced synthesis or increased catabolism of albumin in ESRD
[30, 31]. In several studies, uremic albumin in combination
with total antioxidant capacity has been positively correlated
with hemoglobin (Hb) [31, 32] and negatively with the B2
microglobulin levels [33] (Table 1).

Finally, plasma nitric oxide (NO) concentration is usu-
ally higher in ESRD patients than in control samples [6],
probably as a result of either the shear stress imposed on
the endothelium by the HD [34] or the cytokine-mediated
increased expression of NO synthase [35]. These conditions
pose a high risk of cell and tissue injury, thus contributing to
anemia, cardiovascular diseases, and other uremia-associated
complications.

2.2 Inflammation status

HD and CKD, independently and in combination, trigger an
inflammatory response, as revealed by the overexpression of
acute phase proteins C-reactive protein (CRP) [36,37] and fer-
ritin [38], of pro-inflammatory cytokines interleukin 6 (IL-6),
tumor necrosis factor alpha, and soluble IL2R and of mono-
cyte/neutrophil activation markers [36,37,39]. Infections, bac-
terial contamination and bioincompatible membranes [40],
are HD-related causes of monocyte and neutrophil activation
[39]. However, HD is only partially responsible for the inflam-
matory response, as CKD patients who are not on dialysis
exhibit inflammatory markers too [41], showing that uremia
constitutes an inflammatory state per se. Inflammation mark-
ers exhibit positive correlation with elastase and recombinant
human erythropoietin (thEpO) dose [42] but negative corre-
lation with Hb [32] and antioxidant components of uremic
plasma [32,43] (Table 1), highlighting the functional connec-
tion of inflammation with anemia and oxidative stress.

In fact, inflammatory cytokines trigger anemia in sev-
eral ways. They inhibit erythropoiesis by suppressing the ex-
pression of EpO [44] and by inducing the expression of the
soluble EpO receptor [45], the apoptotic death of erythroid
progenitors, and interferon gamma stimulation [46]. More-
over, they may accelerate the destruction of RBCs through
macrophage activation. Finally, inflammatory cytokines affect
iron metabolism and availability by regulating the expression
of transferrin and lactoferrin receptors in erythroid cells and
the expression of ferroportin—and thus hepcidin levels—in
macrophages [47].

2.3 Circulating microparticles (MPs)

Extracellular vesicles or microparticles (MPs) are small mem-
brane particles ubiquitously released by cells under physio-
logical or pathological conditions [48]. They participate in
processes such as immune regulation, coagulation, and in-
flammation [49]. Elevated levels of circulating MPs have been
reported in many diseases, including ESRD [50], as a result of
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Table 1. Statistically significant (positive + or negative —) correlations between blood and uremia parameters

Proteomics Clin. Appl. 2016, 10, 778-790

Parameter Correlation with References
Duration on HD (+) Spectrin fragmentation [61]
(+) Plasma lipid peroxidation [26]
Duration on rhEpO treatment (—) Serum and RBC-lipid peroxidation [31]
(+) TAC [31]
rhEpO dose (—) Hb, albumin, serum iron [5]
(—) RBC-SOD [84]
( —) Serum albumin and iron [127]
(—) Hb [128]
(+) CRP [5,129]
(+) CRP, IL-6, TNF-a [130]
Blood
Hct (—) Endothelial MPs [54]
(+) Albumin [131]
Hb (—) plasma lipid peroxidation [31]
(+) albumin [32]
(—) RBC-lipid peroxidation [31,132]
(+) TAC [31]
(+) RBC-SOD [84]
(—) CRP [32]
RDW (+) RBC-ROS [61]
(—) RBC-spectrin [62]
Mean cell Hb (—) RBC-Hsp70 [61]
Mean cell Hb concentration (—) RBC-Hsp70 [61]
Echinocytes RBC spectrin fragmentation [61]
Stomatocytes RBC membrane stomatin and Peroxiredoxin-2 [61,62,71]
CRP (—) Serum iron [127]
(—) Plasma vitamin C [11]
(—) TAC [31]
(—) Plasma «-tocopherol [43]
(—) Serum albumin [127]
(+) Plasma elastase [42]
(+) IL-6, IL-10 [36]
(—) Albumin [32,43,127,129]
Serum ferritin (+) Plasma lipid peroxidation [133]
(+) CRP [32]
(—) RBC-GSH-Px [133]
(+) Serum calcium [7]
(—) Serum uric acid [7]
Creatinine (+) RBC membrane protein carbonylation [61]
(+) RBC membrane peroxiredoxin-2 [61]
(—) Total blood GPx [134]
(+) RBC-PS exposure [97]
82 microglobulin (—) Plasma TAC [33]
Albumin (—) Ferritin [131]
(—) Serum bicarbonate [131]
(+) Plasma TAC [31]
Uric acid (+) Albumin, creatinine [135]
(=) IL-6 [135]
(+) TAC [31,33]
Urea (+) RBC membrane protein carbonylation [61]
(+) RBC membrane Hsp70 (post-HD) [61]
(—) Total blood GPx [134]

GPx, glutathione peroxidase; RDW, red blood cell distribution width; SOD, superoxide dismutase; TAC, total antioxidant capacity; TNF-q,

tumor necrosis factor alpha.
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inflammation, oxidative stress, and cellular activation [51,52].
HD exacerbates vesiculation [50, 52], probably as a result of
the repetitive mechanical stress imposed on cells [53]. How-
ever, lower levels of MPs have also been reported post-HD,
following the removal of uremic toxins [50, 54]. p-cresol toxin
triggers vesiculation of endothelial cells [50] but restricts MPs
generation from neutrophils by preventing their calcium-
independent activation [55, 56]. This might explain why MPs
levels do not always correspond to the severity of renal failure
[52].

Although MPs, and especially the platelet-derived ones,
in ESRD appear to be less procoagulant than in other dis-
eases [57], they might promote atherosclerotic events [54, 58].
Furthermore, the endothelium-derived MPs may decrease
the endothelial NO release, thus contributing to endothelial
dysfunction [59].

3 RBCsin ESRD
3.1 Physiological characteristics

Uremic patients are characterized by low RBC count and
Hb concentration that are partially improved by HD [60, 61].
The high RBC distribution width index [60-63] is associated
with increased reticulocyte count, anisocytosis, and iron de-
ficiency. In a context of iron sufficiency, the same index re-
flects inflammatory response and malnutrition issues, being
positively correlated with serum CRP and ESA hyporespon-
siveness, but inversely with serum albumin levels [63].

Uremic RBCs exhibit increased rigidity but reduced sur-
face charge [64] and deformability compared to healthy
controls [65,66]. Their susceptibility to osmotic lysis is patho-
logically increased [65, 67, 68] or decreased [69], as a result
of aberrations in RBC membrane lipid content, antioxi-
dant capacity, ATPases activity (where ATP is adenosine
5’-triphosphate) and plasma parathormone levels. Removal of
uremic toxins and normalization of serum osmolarity by HD
seem to improve osmotic fragility [65, 68]. RBC membrane
vesiculation has been reported to be either normal [57] or
increased [59]. Release of sialoglycoproteins-containing MPs
is associated with reduced surface charge [64]. As a result
of ion homeostasis disturbance, cellular volume regulation,
oxygen delivery, and calcium-driven signaling are also af-
fected. Indeed, decreased rate of anion transport [69], down-
regulation of Nat/K* pump and lower activity of Na*/K*,
Mg?*, and Ca?" ATPases have been reported in uremic RBCs
[69,70].

Plasma osmolarity, uremic toxins, and structural/
functional modifications in RBC membrane pave the way
for RBC shape perturbations to stomatocytes, knizocytes,
spherocytes, echinocytes, and target cells [61, 64, 69, 71] that
may influence blood rheology in ESRD [72,73]. Regarding
echinocytosis, reconstitution experiments with healthy blood
have suggested a plasmatic factor as a probable contributor
[72], although elevated levels of membrane cholesterol [67,69],
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lipid peroxidation [74], and calcium influx [75, 76] may also
promote the echinocytic transformation of RBCs. HD induces
a reversible increase in echinocytosis [72], however, final re-
moval of uremic toxins lowers echinocyte percentage and
improves membrane deformability compared to the pre-HD
status [65, 72]. Stomatocytosis might be the result of an in-
creased antioxidant activity [77], since it has been related with
intracellular ROS levels and membrane-binding of protein
markers of oxidative stress [61] (Table 1).

3.2 Redox homeostasis in ESRD RBCs

Once again, contradictory findings have been reported on
the intracellular antioxidant capacity in ESRD. Several stud-
ies have reported insufficient antioxidant status in uremic
RBCs, reflected in low GSH/GSSG (oxidized glutathione) ra-
tio [78], low vitamin E [79], and antioxidant enzymes activity
[13,19,79] but high, potentially pro-oxidant, vitamin A levels
[10]. In these cases, the antioxidant factors are supposed to
be severely affected by the uremia or overwhelmed by the
sustained oxidative stress.

On the other side, overexpression or increased activity of
antioxidant factors has also been reported in ESRD RBCs
[13,80], probably as a homeostatic response to the sustained
oxidative and toxicity stresses, or as a result of reticulocytosis
in rhEpO-treated patients. Elevated activity of GST is thought
to be as a response of erythroid progenitors to the progressive
inactivation of GST in circulating RBCs by uremic toxins [80].

The effect of dialysis on the activity of the RBC antioxidant
enzymes is also ambiguous. The reported findings depend on
whether HD triggers or not ROS generation in RBCs. GSH
and ascorbate levels usually decrease [81] but eGST activity
remains increased post-HD, probably due to the usage of
undialyzable toxic substances as substrates [82].

Despite conflicting reports on antioxidant activity, there is
a consensus regarding the oxidative damage of uremic RBCs.
Although not common in all patients [61,71], pathologic accu-
mulation of ROS and oxidative modifications in membrane
proteins [61, 75] and lipids [83], have been reported in ure-
mic RBCs. Uremic plasma, before and after HD, enhances
ROS accumulation in healthy RBCs [75], while HD does not
significantly affect it [61], highlighting the adverse effect of re-
nal pathology on redox homeostasis [71]. Conversely, HD has
been reported to increase membrane lipid peroxidation [83]
and the susceptibility to ROS accumulation following oxidant
stimuli [61]. Notably, deterioration of RBC protein carbony-
lation after HD has been related to cardiovascular mortality
risk in retrospective studies [71].

The close relation between anemia and redox status in
ESRD is highlighted in patients receiving antioxidant factors.
According to various reports, vitamin E, ascorbate, GSH, or
L-carnitine administration not only attenuate oxidative stress
and promote antioxidant activity [79] but also improve anemia
[84], thEpO dose requirement and RBC functional proper-
ties, including membrane fragility and deformability [85, 86].
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Ascorbate and N-acetyl cysteine supplementation further im-
prove the inflammatory response [87]. Notably, thEpO that
mainly targets anemia, exerts additional antioxidant effects on
RBCs as shown in normal or thalassemic erythrocytes [88,89].
However, EpO regulates NO synthase activity in RBCs or fa-
cilitates GSH oxidation, thus acting either as a pro-oxidant or
as an antioxidant factor, depending on L-arginine availability
[90]. In fact, this dual effect is true for most of the antioxidant
supplements offered to ESRD patients [91,92], indicating the
need for further investigation of antioxidant therapies.

These findings in association with the previously reported
increased levels of oxidative stress in nondialysis CKD pa-
tients, suggest that oxidative stress is an intrinsic state in
uremia, and the uremic RBCs have successfully adapted to
it. HD does not induce oxidative stress, although it might
exacerbate it [93]. This kind of stress, which is very clearly re-
flected in RBC remodeling, may contribute to anemia through
well characterized molecular pathways involving removal
signaling and eryptosis.

3.3 RBC membrane composition and properties

The erythrocyte membrane plays a key role in RBC sur-
vival. However, uremia itself and the therapeutic strategies
(thEpO, HD), may affect certain RBC membrane proteins
and lipids. Membrane remodeling in ESRD RBCs consists
of protein deficiencies, aberrant lipid levels [64, 69], binding
of cytosolic components (e.g. peroxiredoxin-2), protein ag-
gregation/complexation (e.g. spectrin—-Hb complex [94], frag-
mentation, oxidation /carbonylation (e.g. ankyrin [94]) and
activation (e.g. of calpain following increase in cytosolic cal-
cium) (Table 2). This kind of remodeling is the final outcome
of elevated oxidative/calcium stress and premature aging.

The frequently reported deficiency in band-3 [61, 69, 95]
and skeletal proteins [60, 71] may affect the mechanical prop-
erties of the membrane and weaken the adhesion of cytoskele-
ton to the lipid bilayer, thus promoting vesiculation. Probably
due to the fact that the thEPO-treated patients have a younger
RBC population compared to healthy subjects, modifications
associated with the band-3-based model of RBC aging are not
usually observed [69]. However, aberrations in CD47 marker-
of-self protein and IgGs membrane binding have been found.
Fluctuation in membrane expression of the water channel
protein aquaporin-1 is probably related to the osmolarity of
the uremic plasma, while higher expression of B-adducin
[96], has been interpreted as a compensatory response to the
increased RBC osmotic fragility and disturbed calcium home-
ostasis.

Removal of uremic toxins and damaged RBCs, restoration
of plasma osmolarity, and the increased rate of erythrophago-
cytosis [97] probably account for the improved expression of
some proteins (e.g. spectrin) [61] post-HD (Table 2). MPs re-
lease during HD may further assist the selective removal of
stress markers. Duration of HD treatment has been associ-
ated with overexpression of glucose transporter-1, stomatin,
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and aquaporin-1 [71]. Interestingly, these proteins contribute
to structural integrity [98], metabolism [99], vesiculation [100],
and antioxidant activity of the RBCs [81]. In other cases, how-
ever, HD had a negative effect on the protein composition
and the mechanical properties of the membrane [65].

The membrane proteome of the ESRD erythrocyte exhibits
substantial differences compared to that of healthy subjects,
but there is a high degree of interpatient variability, probably
associated with different primary defects, comorbidities, and
treatments. These complex associations indicate that all the
factors which, either directly or indirectly, affect anemia, also
impact the remodeling of the RBC membrane, with molec-
ular events of defeat or defense in the battlefield of uremia
[61,62,71,96].

3.4 Removal signaling

Despite high variation among patients, distorted calcium
homeostasis has been repeatedly reported in ESRD RBCs
[76]. Extracellularly, the uremic plasma negatively affects the
activity of erythrocyte Ca-pump [101] and Ca’*-ATPase [102],
resulting in calcium excess [75,102, 103]. Intracellularly, the
defective band-3 [95] inhibits the activity of voltage-dependent
Ca’* channels [103] and the ATP depletion inhibits the ac-
tivity of Ca’*/Mg?*-dependent ATPase [104]. Deficiency of
uremic RBCs in Ca?* regulatory proteins [104], in addition
to increased serum levels of parathormone have been asso-
ciated with cytosolic excess and increased membrane perme-
ability of Ca** [103], respectively, although the contribution
of parathormone has not been verified by others [101, 104].
HD has been reported to ameliorate [104] or have no effect
[75,102,103] on intracellular calcium levels. Notably, even in
cases exhibiting similar intracellular calcium concentration
pre- and post-HD, post-HD plasma causes significantly lower
calcium accumulation in control RBCs compared to pre-HD
plasma [75], supporting the Gafter’s hypothesis that a dialyz-
able component of ESRD plasma triggers Ca?* accumulation
in uremic RBCs [102].

Increased activity of this universal signaling molecule is
expected to activate Ca’"-sensitive proteins (calpain, synexin,
Gardos channel, scramblase, etc.) and pathways in uremic
RBCs [105], such as the release of Hb-containing MPs,
cytoskeleton stability, elastic deformation, osmotic resistance,
ATP depletion, band-3 cleavage, NO production, shape, vol-
ume, and redox state homeostasis. For example, intracellu-
lar calcium concentration has been positively correlated with
the incidence of echinocytosis and spherocytosis in ESRD
[102].

Increased cytosolic Ca?t activity has been further as-
sociated with the apoptotic death of uremic erythrocytes
[64, 75, 106]. Eryptotic RBCs are characterized by shrink-
age, membrane blebbing, ceramide formation, and phos-
phatidylserine (PS) exposure, and thus, by a rapid clearance
from circulation. Although eryptosis may precede and pro-
tect against hemolysis, it is a part of anemia and aberrant
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Table 2. Modifications in the expression of membrane proteins in ESRD erythrocytes compared to healthy subjects
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Protein Patients vs. control RBC pathway Ref.
Actin Lower Structural integrity [61]
a-Adducin Lower Structural integrity [71]
B-Adducin Higher (pre-HD) [96]
Ankyrin Lower (pre-HD) Structural integrity [136]
Aquaporin-1 Lower (pre-HD) Volume and shape regulation [137]
Higher (pre-HD) [61,71]
Band-3 Lower (pre-HD) Aging, RBC removal, oxidative stress [69,95]
Lower [61]
Lower (pre-HD) [136]
Higher (pre-HD) [60]
Calpain-1 Higher Calcium stress, eryptosis [71]
CD47 Lower (post-HD) Aging, RBC removal [61,71]
Clusterin Lower RBC aging, oxidative stress, MPs release [71]
GAPDH Higher Energy metabolism [60,62]
Lower [71]
Glucose Transporter-1 Higher Energy metabolism, structural integrity, redox homeostasis [81]
Lower [71]
Hsp 71/72 Lower (pre-HD) Proteome stress [96]
Pallidin Lower (post-HD) Structural integrity [61]
Lower [71]
Peroxiredoxin-2 Higher Oxidative stress, calcium stress [61]
Higher [71]
Stomatin Higher (pre-HD) MPs release [62]
Lower (post-HD) [61]
Spectrin Lower (pre-HD) Structural integrity [60,62]
Spectrin fragments Higher (pre-HD) Oxidative stress, MPs release [61]
[71]
Spectrin-Hb complex Higher Aging, oxidative stress [61]
Tropomodulin-1 Higher (pre-HD) Structural integrity calcium stress [96]
Ubiquitinylated proteins Higher (post-HD) Proteome stress, structural integrity [61]

microcirculation. There is evidence that HD, in addition to
dialyzable plasma components [75] and uremic toxins [107],
triggers eryptosis in uremia, in part by increasing intracellu-
lar Ca®*, ROS, and ceramide formation. It has been reported
that EpO is not able to completely inhibit eryptosis since it
favors intracellular calcium influx [88].

Either as a part of an activated program for eryptotic re-
moval or not, uremic state has been related with increased PS
exposure on RBCs, regardless of the dialysis treatment [97].
Although the identity of the uremic contributors remains
unclear, serum creatinine has been suggested as candidate
trigger in undialyzed patients [97]. rhEpO administration
ameliorates PS exposure through preventing RBC oxidative
imbalance, but it seems unable to inhibit PS externalization
in calcium-stressed RBCs [88]. In other studies, a decrease
in the number of PS exposing RBCs after EpO supplemen-
tation has been reported, resulting from partial inhibition
of RBC cation channels [108]. PS exposure is expected to
promote erythrophagocytosis [109], procoagulant phenotype
[110] (in association with the release of PS-exposing MPs
[64]) and increased adhesion to endothelium [111], thus de-
creasing NO release by endothelial NO synthase, an effect
that has been associated with cardiovascular mortality risk in
ESRD.
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4 Integrated omics tools as a promising
approach toward understanding uremic
anemia

As analyzed before, uremic anemia is a multifactorial out-
come. It is cited to be at the crossroad of inhibited erythro-
poiesis, shortened RBC survival, uremia, inflammation, and
distorted redox and iron homeostasis (Fig. 1), in close inter-
action with many pathologies and risks for hospitalization,
cardiovascular morbidity, and mortality 112, 113]. Although
the correlations between the above-mentioned interacting pa-
rameters (Table 1) do not prove causality, they reflect the
severity of ESRD, the severity of anemia, and other clinical
outcomes.

Pathogenesis of anemia in ESRD remains terra incog-
nita, since EpO deficiency is definitely not the sole cause.
In the modern era of ESRD management, characterized by
technological advances in HD methods and ESAs formula-
tions, uremic RBCs still exhibit half of their normal lifespan.
The cause of this detrimental discount is largely unknown,
and so are the element(s) of the uremic milieu that con-
tribute to it [3]. Even the management of anemia in ESRD pa-
tients is currently controversial due to the “anemia paradox”
phenomenon. According to this, targeting Hb to >13g/dL is
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Figure 1. The currently established network of contributing (black arrows) and inhibiting (red arrows) factors in ESRD-associated anemia.
Indirect effects of inflammation and uremic toxins toward reduced RBC survival (through oxidative stress) are shown by dotted arrows.

associated with increased cardiovascular events but paradoxi-
cally, if this level is achieved mortality is lower [114], suggest-
ing that ESAs, especially at very high doses, have off-target
effects in other tissues [112]. These findings highlight the
need for a better understanding of the molecular mecha-
nisms of anemia in ESRD and for a more individualized ap-
proach to anemia therapy, with the hope of developing new
schemes that more closely target the underlying pathophysiol-
ogy of low Hb, reducing in parallel the therapy-related adverse
outcomes [96].

Notably, the primary and secondary contributors to ane-
mia are imprinted in blood modifications observed in both
cellular and soluble components [61,62,64,71,96]. Integrated
omics approaches and high-throughput studies in uremic
blood and RBCs may reveal proteins, metabolites, and other
factors that mediate anemia and anemia-related morbidity in
ESRD. In this direction, proteins differentially expressed be-
tween dialyzed and nondialyzed patients [96] and alterations
in the lipid pattern [115] have been recently detected in the
ESRD RBC membrane by omics analyses. Clinical laboratory
markers, including alkaline phosphatase, IL-6 and CRP have
already been associated with the clinical manifestations of
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the disease [116]. These approaches may target specific sub-
populations of dialysis patients, e.g. with or without diabetes,
responsive or not to thEpO therapy etc. and thus might be
more relevant to the underlying mechanisms involved in any
specific pathophysiological sub-background.

There is a yet unexplored network of interactions between
causal and contributing factors of anemia in dialyzed pa-
tients. Omics represent very sensitive tools for character-
izing molecular changes in all the implicating parts: cells,
MPs, plasma, urine, and dialysis fluids. They hold the po-
tential for simultaneous identification and quantification of
proteins and metabolites involved in oxidative stress, inter-
cellular communication, transport of ions, cellular shape
modification, energy metabolism, inflammation signaling,
premature aging, cellular clearance, and apoptotic death, in
addition to evaluating how they are modified in response to
different primary defect backgrounds or ESAs therapy. Re-
finement of those data by modern bioinformatics tools is an
effective way for maximizing the synergy between the current
and future knowledge, to advance our understanding of the
etiology of anemia and other complications in ESRD and thus
to proceed toward the identification of novel uremia and risk

www.clinical.proteomics-journal.com



Proteomics Clin. Appl. 2016, 10, 778-790

markers in high-risk ESRD patients. The pioneer proteomic
[116], metabolomic [117-119], and lipidomic [115, 117, 120]
studies on CKD plasma have paved the way to this ultimate
goal.

Indeed, novel metabolic markers of ESRD (dicarboxylic
acids, amino acid, and nucleotide derivatives, etc.) [117]
have been identified in uremic plasma, serum, and urine
by targeted and nontargeted metabolomics analyses. The
pathophysiologically relevant alterations in glucose, steroid
hormone, purine, NO, tryptophan, and lipid metabolism, in
patients at different stages of CKD [119, 121] might be used
to detect CKD earlier than traditional clinical methods [122].
Arginine derivatives for example, have been considered as
promising candidates to identify individuals at risk of renal
impairment and mechanisms of kidney disease progression
[119]. HD has been associated with unexpected increases in
several metabolites that suggest cellular hypoxia and activa-
tion of a broad catabolic program, including glycolysis, lipoly-
sis, ketosis, and nucleotide breakdown [117,118]. In the same
context, proteomics approaches resulted in the detection of
protein indicators of early CKD, such as al-microglobulin
[123], and of HD effects [124,125]. Moreover, protein risk fac-
tors and mechanisms that promote cardiovascular disease in
CKD have been proposed, based on proteomics data that sug-
gest differential pathophysiological pathways involving coag-
ulation, lipoprotein homeostasis, and inflammation in initial
and advanced stages of kidney failure [124]. Disturbed triglyc-
eride catabolism, beta-oxidation, and LDL lipidomic profile
have been confirmed in advanced CKD [117,126]. Extending
the application of metabolite, proteome, and lipidome pro-
filing to RBCs is a challenging task in the research field of
ESRD that might be used to broaden our understanding on
uremic anemia.

5 Conclusions

Anemia is associated with poor physical and clinical outcomes
in ESRD patients undergoing HD and ESAs therapy. Despite
being well described at the clinical laboratory level, its mul-
tifactorial nature in combination with the variable disease
and therapy profiles among the patients, complicate the elu-
cidation of the underlying molecular mechanisms and con-
sequently, the efficacy of treatment. On the other side, all
aspects of uremic anemia, from the multiple contributing
factors to the relevant morbidity, are well imprinted in RBC
and plasma modifications that are characteristic of the dis-
ease. Besides, reduced RBC lifespan is a major contributor to
uremic anemia. Close examination of these data has revealed
that anemia in ESRD is developed around a complex net-
work of interacting pro-inflammatory and pro-oxidant factors
under the orchestration of a highly toxic uremic environ-
ment. The therapeutic manipulations, namely ESAs, dialy-
sis and pharmaceutical supplements, do not exhibit uniform
effects on any of the variable factors which determine the
severity of uremic anemia. Omics approach of uremic blood
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components, both cellular and soluble, is probably the most
appropriate tool for characterizing molecular changes associ-
ated with the uremic anemia and their fluctuation in relation
to the variables of the disease. These insights hold promise
for the development of new diagnostic tests and therapies that
directly target the pathophysiologic processes underlying this
specific form of anemia.
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ABSTRACT

Chronic kidney disease is a risk factor for cardiovascular mortality. This study uncovers
pieces of hematological and erythrocyte protein variability observed in end stage renal
disease (ESRD) in relation to disease progression/duration and mortality. Using a variety of
experimental approaches, erythropoietin/dialysis-treated patients were compared to
healthy individuals and had been followed for 36 months. During that period, half of the
patients died from cardiovascular diseases. The high levels of uremic toxins in those
patients were associated with damaged erythrocytes, bad tolerance and poor response to
hemodialysis therapy. The postmortem study revealed significant variation in alkaline
phosphatase, duration of dialysis, erythrocyte transformation and intracellular hemoglobin
concentration compared to the survived patients. The erythrocyte proteins showed
substantial remodeling characteristic of pathologic regulation of cell hydration and
susceptibility to the dialysis-induced oxidation defects. According to the follow-up study,
duration of hemodialysis was associated with a trend towards increased intracellular
hemoglobin concentration, membrane expression of glucose transporter-1 and stomatin as
well as lower levels of circulating stomatocytes. The uremic index variation in long survived
patients is accurately reflected in plasma and erythrocyte oxidative stress modifications.
The ESRD patients exhibit impressive compensatory responses to the chronic challenges of
the uremic milieu.

Abbreviations: ALP, alkaline phosphatase; aquaporin 1, Aqpl; DHA, dehydroascorbic acid; Epo, erythropoietin; ESRD, end stage renal
disease; FRAP, ferric reducing ability of plasma (or antioxidant power); Hb, hemoglobin; HCT, hematocrit; GAPDH, glyceraldehyde
3-phosphate dehydrogenase; yGT, gamma-glutamyltransferase; GLUT1, glucose transporter 1; MCH, mean cell Hb; MCHC, mean cell Hb
concentration; MCV, mean cell volume; PCI, Proteome Carbonylation Index; Prx2, peroxiredoxin 2; RBCs, red blood cells; RDW, red cell
distribution width; SGOT, serum glutamate-oxaloacetate transaminase; SGPT, serum glutamate-pyruvate transaminase; TAC, Total

Antioxidant Capacity.
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Biological significance

This study demonstrates novel blood modifications probably associated with the
duration of erythropoietin/hemodialysis treatment, disease progression and cardiovascular

mortality in end stage renal disease. The observed variability adds new pieces to the

erythrocyte pathophysiology puzzle in end stage renal disease and suggests novel hematologic

and proteomic factors for consideration in future large scale studies on cardiovascular

morbidity and mortality candidate biomarkers in uremic patients.

© 2014 Published by Elsevier B.V.

1. Introduction

The uremic syndrome is related to a complex set of
pathophysiological disturbances resulting in increased mor-
bidity and mortality rate. The major cause of death in all
forms of chronic kidney disease including the end stage renal
disease (ESRD) on hemodialysis (HD) [1] is cardiovascular
diseases. The high risk of cardiovascular morbidity and
mortality in these patients is attributed to a complex interplay
of traditional (e.g. age, dyslipidemia, hypertension, and
diabetes mellitus) and novel or uremia-specific cardiovascular
risk factors, including uremic toxins, uremic bone disease,
disturbed calcium-phosphate metabolism [2], inflammation
[3], endothelium dysfunction [4], oxidative stress [5] and
anemia [6]. At the advanced stage of the disease, retention of
uremic toxins, metabolic alterations and HD may further
contribute to the high risk of mortality.

Anemia in ESRD is the consequence of reduced red blood
cell survival and functional erythropoietin (Epo) deficiency.
Erythrocytes in hemodialysis patients undergo shear stress
generated during blood flow through the dialyzer and
peristaltic pumps and metabolic stress caused by the unfa-
vorable plasma environment that is characterized by metab-
olite accumulation and loss of glucose [7]. The ESRD further
represents a high pro-oxidant activity disease due to contrib-
uting factors like advanced age, chronic inflammation and
dialysis material biocompatibility issues [6]. More specifically,
erythrocytes are subjected to enhanced oxidative stress as a
result of reduced cellular and plasma anti-oxidant factors and
inadequate glutathione-defense system. Although hemodial-
ysis partially improves the endogenous ROS levels, the
glutathione antioxidant system as well as the RBC membrane
protein defects [8], it has been associated with oxidation of
plasma ascorbic to dehydroascorbic acid [9] and aggravation
of protein carbonylation [10,11].

Prognosis, risk stratification and monitoring the effects of
treatment are fundamental elements in the clinical handling
and therapy guidance of uremic patients. A variety of blood
biochemical risk markers have been consistently linked to
cardiovascular disease and reduced survival in patients on
dialysis [12,13]. However, biomarker identification in this
group of patients has been proven to be a difficult task in
that well-known associations between established risk factors
in the general population do not exist or appeared reversed in
ESRD [13], while some of the novel risk factors for cardiovas-
cular disease seem to play a more important role for
morbidity and mortality in uremic patients than in the
general population [13-15]. Based on these peculiarities, a
multi-marker approach reinforced by additional proteomic
tools have been strongly proposed in renal disease biomarker

area, as a safe way to refine prognosis in patients on HD, after
their full-scale evaluation in large longitudinal studies and
clinical trials [15].

It has recently been shown that the RBCs of non-diabetic
ESRD patients on HD show substantial membrane remodeling
and overexpression of cellular stress and senescence markers
[8]. In the present follow-up study, we re-examined the same
group of patients three years later in order to retrace blood
modifications probably associated with the duration of HD
and the progression of the disease, compared to healthy
controls studied for the same period. Furthermore, and since
half of the patients passed away in the meanwhile by
cardiovascular diseases, we retrospectively assess a series of
blood and erythrocyte factors as novel candidate markers of
increased cardiovascular mortality in ESRD patients.

2. Materials and methods
2.1. Material supplies

Antibodies against band 3, actin, spectrin and human IgGs
as well as HRP-conjugated secondary antibodies and all
chemicals (unless otherwise stated) were obtained from
Sigma-Aldrich (Munich, Germany). Electron microscopy
grade glutaraldehyde solution was from Serva (Heidelberg,
Germany). Antibodies against hemoglobin (Hb) and flotillin-2
were from Europa Bioproducts (UK) and BD Transduction
Laboratories (CA, USA), respectively. Primary antibodies
against CD47, HSP70, calpain-1 (u-calpain), clusterin-a (secre-
tory Apolipoprotein J) and band 3 were from Santa Cruz
Biotechnology (CA, USA). Antibodies against peroxiredoxin 2
(Prx2), adducin alpha and glucose transporter 1 (GLUT1) were
from Acris GmbH (Herford, Germany). The Oxyblot® detection
kit was obtained from Millipore (Temecula, CA) and 5-(and-6)
chloromethyl-2’,7’-dichloro-dihydro-fluorescein diacetate, acetyl
ester (CMH,DCFDA) was from Invitrogen, Molecular Probes
(Eugene, OR). HRP-conjugated antibodies to rabbit IgGs and
ECL Western blot detection kit were from GE Healthcare
(Buckinghamshire, UK). HRP-conjugated antibodies to mouse
IgGs were from DakoCytomation (Glostrup, Denmark). Brad-
ford protein assay was obtained from Bio-Rad (Hercules, CA).
Antibodies against aquaporin 1 (Agpl) and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) were obtained from
Cell Signaling Technology (Beverly, MA) and Abnova, respective-
ly. Western lighting Plus ECL was from Perkin Elmer (CA, USA).
mADb against stomatin and antiserum against protein 4.1R and
pallidin (band 4.2) were kindly provided by Prof. R. Prohaska
(Institute of Medical Biochemistry, University of Vienna,
Austria) and Prof. J. Delaunay (Laboratoire d’Hématologie,
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d'Immunologie et de Cytogénétique, Hopital de Bicetre, Le
Kremlin-Bicetre, France), respectively.

2.2. Study planning and subjects

The demographic characteristics as well as the hematological
and serum biochemical profiles of healthy controls (n = 12)
and ESRD patients on HD (n =12) studied in 2009, have
previously been reported [8]. Briefly, the patients were on
Epo treatment and standard HD therapy (thrice a week) with
highly biocompatible polyarylethersulfone (n = 6) or acryloni-
trile (n = 6) synthetic dialyzers (Gambro-Hospal Ltd). They had
no diabetes mellitus, autoimmune diseases, malignancies,
infections and hematological disorders but they were all
clinically stable at the time of investigation. For the
follow-up study, the same groups of patients and healthy
controls were invited for re-evaluation 3 years after the initial
examination (2009-2012). Unfortunately, six of the patients
had passed away (by cardiovascular diseases and acute
thrombotic events) while two of the healthy controls did not
renew their consent to take part in the investigation. As a
result, blood samples were collected from the ten healthy
subjects (n = 10) as well as from the six uremic patients that
were alive during 2012 (n = 6). During the precedent three year
period there was no significant change in Epo medication
(Darbepoetin, EpoA or Epo B) or dialysis filters (synthetic,
highly biocompatible filters of polyarylethersulfone, acryloni-
trile or polyamide type). For the postmortem observational
study, the ESRD patients were classified for comparative
re-examination on the basis of their survival in subgroups A
and B: Group A consisted of those who passed away while
Group B consisted of those who were alive during 2012. The
hematological, serum biochemical, cell morphology and the
majority of the protein expression data represent those
originally collected in 2009, currently being classified and
re-evaluated a posteriori, following the survival criterion
(Groups A and B). However, additional analyses have been
performed on the appropriately stored blood plasma and
membrane extraction samples (e.g. immunoblots for adducin
and GLUT-1, as well as the FRAP assay) in all patients and
healthy subjects originally studied in 2009. The study was
conducted in accordance with the principles of the Declara-
tion of Helsinki and was approved by the Research Bioethics
and BioSecure Committee of the Faculty of Biology/University
of Athens. All of the donors gave their written informed
consent before their participation in this study.

2.3. Hematological and biochemical analysis

Blood samples were collected in EDTA anticoagulant before,
20 min after the start and immediately after the completion of
the HD session. Red blood cell (RBC) count, hematocrit (HCT),
Hb concentration and RBC indexes (mean cell volume, MCV;
mean cell Hb, MCH; mean cell Hb concentration, MCHC; RBC
distribution width, RDW) were measured by using an auto-
matic blood cell counter (Sysmex K-4500, Roche). Standard
biochemical tests in the serum (urea, creatinine, etc.) were
performed using an automatic analyzer (Hitachi 902, Roche).
Electrolyte estimation was performed with the electrolyte
analyzer 9180 (Roche).

2.4. Total Antioxidant Capacity (TAC) of plasma

The measure of Total Antioxidant Capacity (TAC) considers
the cumulative and synergistic action of all the antioxidants
present in plasma, thus providing an integrated parameter of
known and unknown antioxidants, as well as insight into the
oxidant/antioxidant balance present in vivo. Freshly isolated
and/or stored plasma samples were used from all ESRD
patients and standard controls. TAC of plasma was measured
by the ferric reducing ability of plasma (FRAP) assay as
previously described [16]. Briefly, 40 ul plasma was mixed
with working FRAP solution and samples were incubated at
37 °C. Working FRAP solution was freshly prepared by mixing
acetate buffer (pH 3.6, 300 mmol/l), 2,4,6-tripyridyl-s-triazine
(TPTZ, 10 mmol/l) in HCI (40 mmol/l) and FeCl; (20 mmol/l).
After 4 min, absorbance was measured at 593 nm versus
blank, containing only working FRAP solution. Ascorbic acid
standards (100 uM-1000 uM) were tested in parallel. To
determine the uric acid-independent antioxidant capacity,
the plasma aliquots were treated with 0.005 U uricase and
processed as mentioned above [17].

2.5. Determination of intracellular ROS by fluorometry

ROS accumulation in RBCs was detected with the membrane
permeable, non-fluorescent and redox-sensitive dye 5-(and-6)-
chloromethyl-2’,7’-dichlorodihydrofluorescein diacetate, acetyl
ester (CMH,DCFDA) according to the manufacturer’s guidelines
with minor modifications, as previously reported [18]. More
specifically, leukocyte-depleted (by cellulose columns, see
below) and thoroughly washed RBCs (in triplets) were loaded
with 5 uM CM-H,DCFDA for 30 min at 25 °C. The production of
fluorescent dichlorofluorescein (DCF) was measured using the
VersaFluor™ Fluorometer System from Bio-Rad at an excitation
wavelength of 490 nm and an emission wavelength of 520 nm.
The intensity records were normalized to the RBC protein
level and finally to the corresponding control values (healthy
subjects, 100%).

2.6. RBC membrane total protein and protein carbonyl analysis

RBCs were isolated by the method of Beutler [19]. Purified
RBC lysis was performed with hypotonic (5 mmol/l) sodi-
um phosphate buffer (pH 8.0) containing a cocktail of
protease inhibitors. Membrane fractions were prepared as
previously described [20] and total protein concentration
of the membrane fractions was determined using the
Bradford protein assay with BSA as a standard. Equal
amount (12-25 pg) of RBC total membrane protein was
loaded in Laemmli gels, transferred to nitrocellulose mem-
branes electrophoretically and probed with primary and HRP-
conjugated secondary antibodies. Immunoblots were devel-
oped using an ECL reagent kit and the relative amount of each
protein was quantified by scanning densitometry. For the
protein carbonylation analysis, purified RBC plasma mem-
brane 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 as previously
described [8].
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2.7. Scanning electron microscopy

For the analysis of RBCs’ morphology with a scanning electron
microscope, purified RBCs were fixed with 2% glutaraldehyde
and post-fixed with 1% osmium tetroxide in 0.1 mmol/l
sodium cacodylate buffer, pH 7.4. Fixed cells were successive-
ly 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, Maryland) before being examined in a microscope
(Philips SEM515).

2.8. Scanning densitometry and 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. Quantitation of gels and immuno-
blots was performed by lengthwise scanning densitometry
using an image-processing program (Gel Analyzer v.1.0, Biosure,
Athens, Greece). The electrophoretic protein bands were quanti-
fied in units of intensity, and the relative amount of each band
was given as a percentage of total. Reference antibodies against
4.1R or actin proteins were used as internal loading controls for

immunoblots. Individual relative protein levels were quantified
as a ratio against reference band(s) or percentage of total
immunoblotting bands per patient. This relative proportion,
further normalized to the controls data (relative % of healthy
subjects, Table 2), or to the relative protein expression deter-
mined in 2009 analysis of the same samples (100%), is presented
in the tables. 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. Significance was
evaluated using the one-way ANOVA. Clinical and hematological
quantitative variable comparisons between groups of subjects
were performed by the independent t-test or the chi-squared test.
Significance was accepted at p < 0.05.

3. Results

3.1. Post-mortem study: blood and RBC protein diversification
between the patient groups

The hematological and serum biochemical profiles of de-
ceased (before 2012, Group A) and alive (to 2012, Group B)
ESRD patients are presented in Table 1. According to that

Table 1 - Demographic characteristics, hematological and serum biochemical data for healthy subjects and ESRD Group A

and B patients.

Group A Group B Controls p <0.05
(n=6) (n=6) (n=12) Avs.B
Age (years) 722 9.9 59.2 + 13.9 450+ 115
Gender (M/F) 4/2 4/2 7/5
Time on HD (months) 40.8 + 6.6 24.0 £ 9.2 - 0.029
WBCs (x10°/1) 6.72 + 1.49 7.7 £33 578 +1.34
RBCs (x10%/l) 42+12 3.9:0.3 46+08
Hb (gr/dl) 13.2+29 111+1.8 12.6 + 1.0
Hct (%) 39.6 + 8.5 35.1+4.8 389+24
MCV (fl) 97.2+75 89.2 + 6.8 88.9 + 35 0.049
MCH (pg) 32.3+26 282 + 3.0 29.18 + 1.46 0.042
MCHC (gr/dl) 332 £0.8 31.6 + 1.2 32.8 +0.8 0.021
RDW-CV (%) 15.9 £ 0.6 16.5 + 0.8 13.41 + 0.39
PLTS (x10%/ul) 205.0 + 54.5 249.8 + 78.6 2582 + 235
Glucose (mgr/dl) 87.0 £7.9 100.0 + 15.9 852+ 5.8
Urea (mg/dl) 195.6 + 63.3 154.6 = 27.9 29.11 + 3.45
Urea (mg/dl) post-HD 67.8 + 28.4 55.0 + 15.1 -
Creatinine (mgr/dl) 12.83 +2.24 9.34 + 2.64 0.74 +0.21 0.049
Creatinine (mg/dl) post-HD 3.56 + 0.37 3.18 + 1.29 -
Cholesterol (mg/dl) 130.0 + 25.2 169.0 + 38.8 138.34 + 19.56
Uric acid (mg/dl) 6.06 + 1.45 6.93 + 1.49 4.64 + 1.26
Triglycerides (mg/dl) 174.6 + 86.2 232.6 + 76.0 150.3 + 34.9
Potassium (mEq/1) 5.54 + 1.53 5.38 + 0.96 4.32 £ 0.36
Potassium (mEq/l) post-HD 4.32 +0.98 3.78 £ 0.19 =
Sodium (mEq/1) 142.0 £ 2.8 138.8 + 3.4 1422 + 3.1
Tron (ug/dl) 527 + 9.2 55.3 + 14.8 73.2 + 56.1
Calcium (mg/dl) 9.13 + 0.13 9.35 + 0.29 9.46 + 0.21
Phosphorus (mg/dl) 4.60 = 0.45 6.94 + 3.20 3.54 + 1.11
Albumin (g/dl) 4.30 £ 0.29 4.03 £ 0.24 3.75 +0.22
SGOT (IU/1) 49.0 + 20.8 19.8 £ 6.5 223 +21 0.013
SGPT (1U/1) 30.0 = 11.1 198+ 7.5 25.8 +11.0
v-GT (IU/1) 228+23 19.8+7.3 129 + 2.5
ALP (IU/]) 117.5 + 36.9 66.0 + 29.0 82.3 +35.8 0.049
Amylase (IU/1) 155.0 + 38.2 107.0 + 40.1 62.2 +25.6

2009 measurements. Results are presented as mean =+ SD.
Bold: pathologic values.
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Fig. 1 - Representative scanning electron microscopy micrographs showing the degree of irreversible transformation (arrows)
of pre-HD erythrocytes collected in 2009 from Group A (A) and B (B) patients. Scale bars, 10 pm.

classification of 2009 data, the Group A of ESRD patients was
characterized by statistically longer mean duration on HD
therapy and increased levels (p < 0.05) of RBC indexes (either
above or within the normal range, however, in most of the
cases), related to both cellular volume (MCV) and intracellular
Hb concentration (MCH and MCHC). Unlike Group B patients,
Group A ones were not anemic but exhibited higher pre-
dialysis levels of creatinine. The liver damage biomarkers
serum glutamate-oxaloacetate transaminase (SGOT) and
alkaline phosphatase (ALP) were also statistically different
between the two groups, although ALP values in some
patients varied within the normal range.

At the cellular morphology level, SEM analysis of the pre-
dialysis collected RBCs had previously revealed severe variations
from normal discocyte shape towards intent anisocytosis and
poikilocytosis [8]. Following the well established criteria for
the classification of reversible and irreversible transformations
of circulating RBCs detected by electron microscopy [21,22],
we retrospectively found that the spherocytic modifications of

RBCs (spherocytes, spheroechinocytes and spherostomatocytes)
along with those associated with mainly degenerative shapes
(dacryocytes, ovalocytes, elliptocytes, schistocytes etc.) were
more frequently met in the peripheral blood of Group A patients
compared to the Group B ones (3.5+1.2% vs. 1.9 + 0.3%,
respectively, p < 0.05, Fig. 1). The percentage of irreversibly
transformed RBCs in the control group of healthy subjects
collected at the same period (2009) was 0.9 = 0.3% (data
not shown).

Since the hematological and morphological examination
revealed subtle but significant variation of probable diag-
nostic value between the two subgroups, it was therefore
questioned whether there was a similar variation at the RBC
membrane protein level with respect to the HD procedure.
Although usually pathologically affected compared to the
healthy controls (100% of expression), similar membrane
expression of stomatin, actin, HSP70, ubiquitinylated compo-
nents, spectrin-Hb complex and membrane bound Hb and IgGs
was observed between Group A and B patients (data not shown).

Table 2 - Summary of the differentially expressed proteins in the membrane of ESRD patients Group A and B erythrocytes
with respect to the HD session.

Group A (n = 6)

Group B (n = 6) Controls (n = 12)

Pro 20 min Post Pro 20 min Post
a-Adducin 84 + 11 94+ 10" 90 = 10 72 + 15 78 + 12 79 + 12 100 + 8
Aberrant bands® 135 + 17 131 + 23" 124 + 20" 121 + 21 112 + 17 106 + 14 100 + 7
Aquaporin-1 171+ 22" 171+ 36" 111 + 20 141 + 20 107 + 19 120 + 25 100 = 17
Band 3 86+ 17" 82+10" 83 + 17 95 + 26 94 + 28 88 + 26 100 = 7
Band 82 186 + 27 182+ 19" 160 + 19 154 + 12 127 + 16 156 + 12 100 + 26
Calpain 1 203 + 15 203 + 18" 237 + 25" 186 + 35 169 = 27 169 = 25 100 + 19
CD47 90 + 22 52 + 13" 56 + 18 78 + 22 82 + 23 67 + 17 100 = 20
GAPDH 99 + 16" 105 + 12” 90+ 12" 44 + 11 45 + 14 36 + 15 100 + 12
GLUT1 75+12° 102+9° 72 14 51 + 12 65+ 9 49 + 12 100 + 9
Pallidin (band 4.2) 65+ 13" 65+9" 51+12" 101 + 12 101 + 17 87 + 14 100 = 15
Prx2 266 + 22 319 + 15" 436 + 25" 277 + 27 362 + 34 372 + 40 100 + 18
Clusterin 74 + 17 70 + 20" 66 + 21 56 + 21 54 + 20 63 + 16 100 = 19
Spectrin 150 kDa 149 + 22* 117 + 10 135 + 18~ 110 + 15 99 + 18 99 + 19 100 + 11
Spectrin 120 kDa 177 27" 142 + 217 142 + 16" 106 + 14 115 + 16 97 + 19 100 = 16

Immunoblotting densitometry results (in the majority of them). Data represent averaged (n =6 or n = 12) relative membrane protein

expression + SD after normalization to the controls (100% of expression).

Bold: p < 0.05 ESRD patients vs. controls.
* p < 0.05 Group A vs. Group B.
& SDS-PAGE densitometry data.

Please cite this article as: Antonelou MH,, et al, Blood modifications associated with end stage renal disease duration, progression
and cardiovascular mortality: a 3-year follow-up pilot study, ] Prot (2014), http://dx.doi.org/10.1016/j.jprot.2014.02.009

324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342


http://dx.doi.org/10.1016/j.jprot.2014.02.009

343
344
345
346
347
348
349
350
351

353

366

6 JOURNAL OF PROTEOMICS XX (2014) XXX-XXX

On the opposite, the expression of the proteins shown
in Table 2 was significantly different in Group A compared
to the Group B patients. Without exception, in the 2009
samplings only the Group A RBC membranes were deficient
in band 3 and pallidin proteins contained fragmented
spectrin (fragments with molecular weight of 150 kDa and
120 kDa) and normal amount or minimally affected GAPDH
and alpha-adducin proteins (Table 2 and Fig. 2). Moreover, the
same samples were characterized by excess of Aqp1, band 8,
calpain 1 and peroxiredoxin 2 (Prx2) proteins compared to the
Group B membranes, before, during and/or after the HD
procedure (Table 2). The RBC membranes of all ESRD patients,
especially of Group B ones (p < 0.05), were further deficient in
glucose transporter 1 (GLUT1) and clusterin proteins. Soon
after the completion of the HD session, Group A erythrocytes
contained electrophoretically and immunologically detected
aberrant bands, and increased membrane binding of calpain
and severe loss of CD47 marker of itself, compared to the
pre-HD values (Table 2).

The differential effect of HD on the two subgroups’ RBCs
collected in 2009 was additionally manifested by the com-
parative analysis of the membrane Proteome Carbonylation
Index (PCI). PCI, that is a measure of the protein oxidative
assaults, was substantially high (p < 0.01) for the Group A
RBCs collected during the HD session (Fig. 3A). Furthermore,
the post-HD PCI index was significantly different compared to
the pre-HD index only in the case of the high mortality group
(Fig. 3A), signifying that at a high mortality risk state the
erythrocytes are particularly susceptible to the HD-associated
oxidative damage.

Group A Group B Controls
spectrin
— P
—p —— | s —
.. band-3
pallidin

— ~v:l- s | GAPDH

T
| — — — | — o 41R

Fig. 2 - Representative immunoblot analysis of RBC
membrane proteins in six ESRD patients (three of Group A and
three of Group B) vs. two healthy controls performed in 2009
samplings. The ESRD samples were prepared from RBCs
collected before the HD sessions and probed with polyclonal
and mAbs against the proteins indicated to the right of the
blots. Arrows indicate the aberrant immunoblotted bands of
spectrin proteolytic fragments, especially developed in Group
A samples. Group A patients’ membranes were also obviously
deficient in band-3 and pallidin proteins compared to Group B
ones, which contain comparatively less GAPDH and glucose
transporter components. The densitometric and statistic
analysis of the data is presented in Table 2.

A Protein carbonylation index
600 B Group A
» 500-
g 400 M Group B
8 300- —
© 200 -
X
100-
0
PRE 20' POST
B Plasma antioxidant capacity
1600 l**
1400 35— B GroupA
+ ‘_
o l‘b M GroupB
3 ' @ Controls

TAC

AC (UA) AC(-UA)

Fig. 3 - Bar graphs showing the variation in the RBC
membrane Proteome Carbonylation Index (A) and plasma
pre-HD Total Antioxidant Capacity (B) in ESRD patients and
healthy controls. Data represent averaged (n = 6 for patients
groups and n = 12 for healthy controls) values (of relative
protein carbonyl expression and pM Fe?*, respectively) = SD.
ESRD PCI values were normalized against the PCI of the
controls (100%). Pre, 20 min and post: before, during and after
the HD. TAC, AC(UA), AG(-UA): total, urate-dependent and
urate-independent plasma antioxidant capacity. (*) p < 0.05.
(*) p < 0.01.

As expected [23], Total Antioxidant Capacity of plasma,

measured by the FRAP assay, was increased in the pre-HD :

collected plasma of all ESRD patients compared to healthy
controls (Fig. 3B). Since FRAP-effector components, like the uric

acid [24] are subjected to extreme variation in uremic patients :

on HD, we repeated the measurement in uricase-treated
plasma samples. According to the results shown in Fig. 3B,
both the urate-dependent and urate-independent antioxidant
capacities were higher in ESRD patients than in controls
(p < 0.01). A small but significant increase was observed in the
urate-independent plasma antioxidant capacity of Group A
compared to Group B patients.

3.2. Follow-up study: blood and RBC protein diversification
after three years on HD

Three years after the initial examination, the Group B patients
exhibited some variation in the hematologic profile (Table 1
and Table 3). The modifications observed were clearly
associated with the ESRD and the HD therapy, since the rate

of change of those parameters in the patients was statistically :

higher (p <0.05) than that of co-studied healthy controls
(asterisks in Table 3) for the same period of time. Uremic index
variation, for better or for worse, in long survived ESRD
patients, was accurately reflected in plasma and erythrocyte
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Table 3 - Modifications in the hematologic and serum biochemical profile of the survived ESRD patients (H1 to H6) after three

more years on HD (follow-up study).

Patients

H1 H2 H3 H4 H5 H6
RBCs 83.1"- 87.8"- 107.2 102.0- 88.1"- 98.0
Hb 90.3"- 107.8- 112.7- 111.1- 87.2"- 95.1-
Hct 83.0"- 95.1— 105.6- 100.9- 88.0"- 95.7-
MCV 100.1 108.5+ 98.5 99.0- 100.1 98.3-
MCH 108.7 '+ 122.8"+ 105.1 140.7" 98.6+ 96.8-
MCHC 108.6" 113.3"- 106.7" 110.0 - 98.5- 98.6
RDW-CV 100.3+ 93.1"+ 100.7+ 101.8+ 116.0 "+ 101.2+
Urea 88.4+ 87.3+ 115.6+ 110.1+ 87.5+ 96.8+
Urea (post-HD) 91.1 75.5 85.2+ 62.0 112.9 110.2+
Creatinine 78.6 '+ 85.3"+ 104.2+ 88.2"+ 123.0 "+ 72.6 "+
Creatinine (post-HD) 81.7+ 100.7+ 115.9+ 93.1+ 146.3 "+ 69.3+
Potassium 121.4"+ 114.1 723" 120.0" 85.0+ 103.4+
Potassium (post-HD) 923 91.9 82.1 83.5 84.7 825
Uric acid 1126 67.2" 86.4 716" 67.9" 69.9"
Cholesterol 68.9" 663" 96.0 110.2 9.5 85.5
Triglycerides 56.0" 286" 322" 159.5 '+ 543" 93.7
Sodium 100.0- 99.8 96.2- 935"~ 97.4 98.5
Calcium 106.3 101.7 9.4 103.2 102.5 102.5
Phosphorus 137.9" 106.3+ 107.0 62.9 + 92.2 91.4+
Iron 183.0" 113.9 67.2" 71.4"- 77.2" 265.8"
Proteins 98.2 89.5 106.0 99.5 116.8" 109.7
Albumin 107.6 114.9 97.9 109.5 102.6 100.7
SGOT 103.1 163.6 " 57.1" 70.0" 73.0" 60.4"
SGPT 157.1° 132.8" 85.4 95.0 516" 69.3"
v-GT 81.0 196.4" 435.0 '+ 98.0 164.3 "+ 714"
ALP 101.2 91.3 1033 109.8 288.9" 88.2

Data represent modifications in the parameters listed after normalization to the 2009 values (100%).
Bold: pathologic values either above (+) or below (-) the normal range (2012 measurement).
* Statistically significant difference (p < 0.05) in the rate of change of each parameter compared to the averaged rate of change of the same

parameter in healthy controls for the same period (data not shown).

oxidative stress markers as well as in cellular morphology,
irrespective of the dialysis period.

More specifically, although there was not a common
variation profile among the patients, a trend towards
increased MCH and MCHC indexes without a concomitant
decrease in the mean cell volume was obvious (Table 3).
Regarding the serum biochemical markers, the pre-HD levels
of uremic solutes (urea, creatinine, potassium, urate) were
stable or substantially improved in the majority of the
patients. Compared to the initial evaluation, creatinine ex-
hibited worse clearance in patient H5. Apart from gamma-
glutamyltransferase (yGT) that was substantially increased in
half of the patients, the serum biochemical profile was overall
stable or improved. Notably, the comparatively increased
concentration of pre-HD creatinine in patient H5 was correlated
to a wide increase in ALP levels (Table 3). The respective profiles
of healthy subjects showed negligible changes for the same
period (data not shown).

In accordance with the hematological data, three years
after the initial examination of the Group B patients, there
was an apparent increase (p < 0.01) in the frequency of the
normally shaped discocytes (from 44.9 + 0.23% to 60.7 + 1.57%,
respectively) at the expense of irreversible and reversible
RBC transformations (from 53.5+ 1.04% to 39.1 = 1.20%,
respectively) (Fig. 4). It should also be mentioned that
a decrease of more than 50% was estimated for the

stomatocytes compared to their frequency in 2009. For the -

same period, there was no significant variation in the percent-

age of transformed RBCs among healthy controls (0.9 +0.3% to 42

1.0 + 0.25% for the 2009 and 2012 measurements, respectively).

Itis well-established that uremia represents a pro-oxidant 4

disease state [13]. As a result, we subsequently performed a

follow-up evaluation of oxidative stress-related distortions 4

in patients’ plasma and RBCs. After 3 years on HD, the
antioxidant capacity of plasma measured by the FRAP
assay, remained essentially stable or was increased in HD

patients with the exception of patients H2 and HS (Table 4). -
Low plasma TAC values in those patients seemed to be 43:

correlated with worse levels of intracellular ROS compared
to the initial examination (see below). The fluctuation in

plasma TAC was attributed to shifts in urate (H2, H3) and/or -

urate-independent factors (H1, H5). The healthy controls
exhibited lower values and minimal fluctuation in plasma
TAC levels during the 3-year interval compared to the
patients (Table 4).

The endogenous ROS levels in RBCs of ESRD patients 4

after 3 years on HD were evaluated by a fluorimetric assay.

Compared to the minor ROS modifications seen in healthy 4

controls for the same period, most of the patients showed a
significant decrease in the intracellular ROS accumulation
(Table 5). On the other side, patient H5 exhibited a significant
increase in RBC ROS, in accordance with the aggravation in
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ESRD 2009 (pre-HD)

ESRD 2012 (pre-HD)

Fig. 4 - Representative scanning electron microscopy micrographs showing the follow-up evaluation of pre-HD RBC
morphology in ESRD patients. Arrows indicate stomatocytes and other shape transformations. Scale bars, 10 pm.

serum biochemical status (Table 3, Table 4) and the expres-
sion of oxidation stress protein markers in RBC membrane
(see below).

Finally, we performed a follow-up evaluation of RBCs’
membrane protein modifications in healthy subjects and ESRD
patients in Group B (Table 6). Compared to the rate of protein
modifications for the same period in healthy controls, the
majority of the patients exhibited statistically significant
changes in the expression of GLUT1, stomatin and membrane-
bound Hb (Table 6 and Fig. 5). Agp1, flotillin 2, GAPDH and band
3 proteolysis varied significantly in more than half of the
patients. Apart from patient HS5, Prx2 expression was stable or
significantly decreased in patients in Group B (Table 6 and
Fig. 5). Moreover, calpain expression was pathologically elevat-
ed in only two patients, including patient H5. Alpha adducin,
Hsp70, membrane-bound IgGs, band 3 dimerization and clus-
terin were increased in some cases. Protein carbonylation was
proportionally decreased pre- and post-HD in all patients with
the exception of patient H5 and, regarding the pre-HD value, of
patient H6 too (Table 6).

4. Discussion

Chronic kidney disease is a risk factor for the development of
cardiovascular complications, which gradually ends up in
tenfold mortality rate after the beginning of the HD therapy
[25]. The present study reports the results extracted from a
three-year follow up examination of a well-characterized [8]
ESRD patient group. It was conducted to gain more insight
into the pathophysiology of RBCs and the candidate bio-
markers of mortality risk in ESRD, as well as to identify new
molecular changes probably associated with the duration and
the progression of the disease. To these purposes, (i) we
retrospectively analyzed the blood serum and RBC profile of

the subgroup of patients that passed away by cardiovascular
diseases soon after their initial examination in 2009 compared
to those who survived and (ii) we performed a complete
follow-up study of the same parameters in the survived
patients after three more years on HD therapy.

4.1. Post-mortem study

Patients who died were characterized by elevated levels of
uremic toxins and prolonged HD, compared to the levels seen
in the survivor ones, verifying that both parameters represent
risk factors for cardiovascular morbidity and mortality [13,26].
Serum ALP and SGOT level variation between the examined
patient subgroups verifies the previously established patho-
genic role of ALP in vascular calcification [27], inflammation
[28] and cardiovascular mortality in ESRD [29], in common or
independently of the serum liver enzyme levels [30].

A variation currently associated for the first time with both
the disease duration and mortality in HD patients was the
intra-erythrocyte Hb concentration. Despite discordance in

the field [31,32], high HCT [33] and blood Hb levels [34] have 4

been proposed as mortality risk factors in HD, even if found
within the physiological normal range, probably in relation to
the increased risk of thrombosis, uncontrolled hypertension
[35] and HD-related blood viscosity effect [36]. Similarly, in our
study, blood Hb and HCT levels were high in the passed-away
patients compared to the anemic survivors, but the statistically
significant variation refers to the intracellular concentration
of Hb. In the follow-up study as well, the duration of HD is
associated with a trend to increased MCH and MCHC indexes.
Increased concentration of Hb in RBCs under constant Epo
supply is most probably correlated to cellular changes, namely,
either cell surface loss or pathologic regulation of cell hydration.
According to our results, both possibilities could occur in
ESRD patients.
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ble 4 -Follow-up evaluation of total (TAC), urate-dependent (UA) and urate-independent (uricase-treated, TAC-UA)

antioxidant capacity of plasma in ESRD patients before HD and healthy controls.

TAC UA TAC-UA
2009 2012 2009 2012 2009 2012
H1 910 1021" 602 592 308 429"
H2 1414 1237" 1019 739" 395 498
H3 1279 1445" 760 968" 519 477
H4 1236 1277 828 765 408 512"
H5 972 843" 634 565 338 278
H6 1055 1122 644 648 411 474
Average ESRD 1144 + 195 1164 + 210 765 + 150 713 + 148 397 + 73 445 + 86
Average controls 696 + 117 742 + 73 432 + 88 485 + 66 265 + 47 258 + 14

Antioxidant capacity of plasma was measured by the ferric reducing antioxidant power (FRAP) assay (uM Fe’* equivalents). The ESRD plasma
was characterized by significantly increased antioxidant capacity levels compared to healthy controls.

* p < 0.05, 2009 vs. 2012.

Increased microvesiculation leading to erythrocyte surface
loss has been reported in ESRD [37]. It is probably driven by the
uremic environment, the cardiovascular disease background [38]
and the dialysis-associated mechanical stress [39]. Blood micro-
particles are thought as potent procoagulant factors and potential
biomarkers of various diseases characterized by thrombotic
and inflammatory events. Such as, the levels of the endothelial
microparticles are tightly linked to arterial dysfunction in ESRD.
Although we did not measure RBC microvesiculation in the
present study, a wide range of membrane vesiculation promot-
ing factors like shape distortion, intracellular calcium activity,
metabolic and oxidative stress [40], as well as protein defects that
weaken the adhesion of cytoskeleton to the membrane, were all
encountered in higher levels in HD patients who passed away. In
those cases, there is substantial membrane remodeling involving
proteolysis, loss of essential components and oxidative defects, a
subset of which were found only in Group A patients, suggesting
that more severe uremia is required for those changes to be
observed. The calcium-dependent membrane binding of calpain
[41], which is associated with band 3 and spectrin proteolysis [42]
was higher in Group A patients compared to Group B ones.
Interestingly, low activity of membrane ATPases (Na*-K*, Mg**
and Ca®*) has been reported in chronic renal disease [43], with
obvious consequences in both cell calcium and hydration
regulation. In the same context, the membrane expression
profile of Aqp1, which is the main water-transporter in RBCs,
probably reflects a response to the osmotic provocations of the

unstable and complex uremic environment, in order for ESRD
RBCs to efficiently regulate their volume and hydration. In

consistency, previous studies in chronic renal disease have :

reported increased resistance of RBCs to osmotic hemolysis [43].

Whatever its origin might be, the intracellular increase of Hb
concentration could lead to problematic oxygen access, in-
creased rate of Hb auto-oxidation and a series of Hb-mediated
oxidative reactions to cells, as previously suggested in heredi-
tary spherocytosis [44,45]. In our study the oxidative stress was
substantially higher in the passed away ESRD patients. In fact,
a variety of RBC oxidative indexes, namely, appearance of
aberrant electrophoretic bands (representing proteolytic frag-
ments of high molecular weight components), membrane
binding of Prx2 as well as protein carbonylation [46-48] were
significantly different in Group A patients compared to the
Group B ones in relation to the HD procedure. The Prx2 protein
is a molecular chaperone with a critical anti-oxidant function in
RBCs [47,49,50]. Increased membrane binding of Prx2 has been
reported under conditions of high calcium [51] or oxidative
stress, including hereditary spherocytosis [52] and ESRD [8]. In a
similar way, the cellular and extracellular protein carbonylation
stress has been implicated in a wide variety of clinical com-

plications in uremia, including atherosclerosis [46]. Although :

the HD exhibits negative effect on protein carbonylation in the
majority of the ESRD patients [53], there was not a common
HD-effect profile among them [8]. In the present study we clarify
for the first time that this variation is probably associated with

Table 5 - Follow-up evaluation of RBC intracellular ROS levels in ESRD patients estimated by fluorometry.

Patients

H1 H2 H3 H4 H5 H6
2009
Pre-HD 221 80 343 211 203 306
Post-HD 203 160 334 256 193 184
2012
Pre-HD 124" 116 104" 114" 300" 146"
Post-HD 162 162 114" 154" 308" 170

Data present the endogenous RBC ROS levels (DCF fluorescence) in ESRD patients after normalization to the corresponding (2009 or 2012)

control values (100%).
Bold: pathologic values compared to healthy controls.
* p < 0.05, 2009 vs. 2012.
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Table 6 - Follow-up evaluation of the differentially expressed RBC membrane proteins in healthy subjects and survived

ESRD patients in group B.

Patients Controls
H1 H2 H3 H4 H5 H6

a-Adducin 80"~ 106- 392" 426" 114+ 108+ 104.0 + 11.6
Aquaporin-1 109 396" 63" 94" 1288" 1716" 114.0 + 9.5
Band 3 oligomers 98- 88+ 1026" 101- 20" 247 9.4 + 8.7
Band 3 proteolysis 719+ 59"+ 304"+ 117+ 103+ 54"+ 88.1+5.2
Calpain = 37°- 360" 102- 222" 99 9.4 + 82
Flotillin-2 147 - 93- 163" 79- 90+ 1317+ 87.4 + 8.9
GAPDH 156 - 72"~ 90- 184"+ 103+ 117+ 95.0 + 6.2
GLUT1 156 - 192" 158 "+ 92- 250"- 240"- 101.2 + 9.4
Hsp70 45" 89+ 98+ 84+ 327"+ 141"+ 91.1 + 8.0
IgGs 62 89+ 83+ 78+ 138"+ 135"+ 822 +7.5
Membrane Hb 91 98 216 - 134" 165"+ 124" 85.7 9.3
Prx2 35°- 78" 94— 27"~ 268 - 94— 88.5 + 8.5
PCI (pre-HD) 32" 75" 72" 62" 232" 208" 102 + 23
PCI (post-HD) 75" 48" 61" 18" 332" 86 nd.
Clusterin 77 116+ 2700+ 112+ 121 127+ 117.4 + 10.1
Stomatin 140"- 1427 115- 102- 364 - 265 "— 109.6 + 8.4

Data represent pre-HD modifications in the relative membrane protein expression after normalization to the immunoblotting data collected in

2009 (100%).

Bold: pathologically increased (+) or decreased (-) protein levels for the 2012 evaluation in ESRD patients compared to the variation range of

healthy controls (average + SD).

* p < 0.05 2009 vs. 2012, statistically significant difference in the rate of change of each parameter compared to the rate of change in healthy

controls for the same period.

the cardiovascular mortality risk, since the PCI was deteriorat-
ing during and after the HD in the passed away patients while it
was invariable or even improved in all the cases who survived.
This finding suggests that in a background of high mortality risk
the antioxidant defense of RBCs against the HD-related
oxidative threats is severely affected.

Interestingly, the RBC membrane of Group B patients
was characterized by low expression of GAPDH, GLUT1 and
clusterin proteins compared to both the healthy subjects as
well as Group A patients. GAPDH profile probably represents
an adaptation to the metabolic and oxidative stress. Indeed,

membrane binding inhibits enzyme activity and drives the
usage of cellular glucose to the phosphate pentose pathway
for the regeneration of reduced glutathione [54,55]. GLUT1
deficiency is reported for the first time in ESRD patients and as

discussed later, it may be associated with numerous intracel- :

lular functions. The small loss of GLUT1 and adducin in
Group A membranes compared to Group B ones could be a
compensatory response for the observed loss of band 3, since
all of these proteins exhibit a critical and probably synergistic
structural role in RBC membrane [56]. Clusterin is a ubiqui-

tously expressed molecular chaperone. Serum clusterin levels :
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Fig. 5 - Bar graphs (A) and representative immunoblots (B) showing the follow-up evaluation of RBC membrane protein
modifications in healthy subjects (average + SD, n = 10) and ESRD patients. Data in (A) represent variation in the relative
membrane protein expression after normalization to the 2009 immunoblotting data (100%).
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have been considered an index of underlying cardiovascular
damage [57] while erythrocyte clusterin levels, a sensitive
biomarker of senescence and cellular, including oxidative
stress [58]. The currently reported for the first time clusterin
downregulation in ESRD RBCs was not a surprising finding
considering recent reports on clusterin expression in senes-
cent, stressed or diseased erythrocytes [58]. Although it could
be related to increased vesiculation of ESRD erythrocytes
[37,59], its intergroup variability (Group A > Group B) suggests
a different degree of protein absorbance from the serum.
In support, decreased clusterin levels have been reported in
the plasma of long-term HD survivors [60].

Finally, the elevated urate-independent plasma antiox-
idant capacity in the oxidatively challenged ESRD patients
probably reflects a homeostatic production of low molec-
ular weight antioxidants, especially of lipophilic ones like
the vitamin E, which are not severely cleared during the
hemodialysis.

4.2. Follow-up study

In the second part of the study, the follow-up examination of
the patients after three additional years in HD, revealed stable
or improved uremic toxin levels in the majority of them,
suggesting a positive response to the HD therapy. Uremic
toxin interaction with RBCs leads to local or extensive
oxidative modifications to membrane components. In con-
trast to Epo that cannot affect this interaction, effective HD
can ameliorate the toxin-associated cellular defects.

In dialyzed patients, the erythrocyte membrane proteins
develop modifications as a probable compensative response
to the chronic stress. Interestingly, the uremic index variation
in long survived ESRD patients is accurately reflected not only
in serum biochemicals but also in plasma and cellular stress
factors, even in the erythrocyte shape. For instance, patient
H5 who was presented with a relative increase in serum
creatinine also exhibited a parallel increase in serum ALP,
anisocytosis as well as deterioration in intracellular ROS,
membrane-bound Prx2 and calpain, protein carbonylation
and plasma TAC levels. The relative increase in yGT in half of
the patients is correlated to a slight aggravation in creatinine
clearance (post-HD values, Table 4), verifying its role as an
independent risk factor of atherosclerosis and cardiovascular
mortality [61]. Interestingly, the enormous increase of yGT in
patient H3 was associated with an impressive increase in RBC
membrane clusterin, reminding previous reports on serum
clusterin as a cardiovascular disease biomarker [57].

Furthermore, at the RBC membrane level, there was a
substantial variation in the membrane expression of several
components after three years on HD. Augmented membrane
binding of Hb is probably dictated by the intracellular Hb
concentration levels, as previously observed in high MCHC
patients [45]. GLUT1 overexpression in relation to the duration
of ESRD is reported for the first time. It might be related to the
improved RBC morphology and vesiculation, since GLUT1 is
effectively exocytosed [62]. Most probably it represents a
compensative response to the prolonged osmotic [63], me-
chanical, metabolic and oxidative stress imposed by the
uremic milieu on RBCs. Increased GLUT1 expression could
mean increased glucose uptake for metabolism purposes.

Indeed, it has been established that glucose deprivation
and hypoxia promote the membrane expression of GLUT1
[64] and that plasma levels of glucose are reduced in ESRD [7].
Moreover, it is known that GLUT1 accomplishes a different,
structural role in RBCs, the adhesion of skeletal components
to the membrane [56]. The amplification of this linkage in the
mechanically stressed ESRD RBCs might be compensatory for
the currently and previously observed [8,43] loss of the main
structural membrane component, the band 3 protein, that
also mediates the adhesion of cytoskeleton to the membrane.
The same context of protein interactions could probably define
the parallel adducin variation in the majority of our patients,
similar to other studies [65]. Apart from these functions, the
abundant molecules of GLUT1 in the RBC membrane might
insure plasma ascorbic regeneration in ESRD. Ascorbic is a
critical antioxidant factor, protecting the vitamin E of plasma
lipoproteins as well as the RBC membrane components from
oxidative defects, a mechanism that is especially important in
atherosclerosis [66]. As an effective ROS scavenger, plasma
ascorbic acid is oxidized to dehydroascorbic (DHA) that enters
RBCs through GLUT1 [67]. Inside RBCs, DHA is quickly reduced
to ascorbic and then it slowly diffuses back to plasma. HD has
been associated with increased conversion of ascorbic to
DHA [9]. Notably, the physical association of GLUT1 with
stomatin [68] favors DHA transport [69] at the expense of
glucose transport activity [70]. In the light of this evidence,
the currently observed common variation profile of GLUT1,
stomatin and urate-independent plasma TAC might be well
interpreted in our patients.

Apart from GLUT1 regulation, stomatin accomplishes critical
regulatory interactions with many ionic channels, membrane
transporters and proteins including urea transporter, calcium
pump, CD47, pallidin, flotillins and aquaporin 1 [71]. Dehydrated
hereditary stomatocytosis for instance, has been found to be
functionally connected with mechanotransduction pathways
mediated by “mechanosensor” proteins and stomatin family
members [72,73]. Notably, this disease is characterized by RBC
dehydration, increased MCHC, resistance to osmotic lysis, mild
stomatocytosis and peripheral edema. In a striking similarity,

the mechanically stressed RBCs in ESRD present alike distor- 6

tions regarding intracellular Hb concentration (present study),
stomatocytic transformation [8] and resistance to osmotic lysis
[43]. Mechanosensor proteins hold critical role in the RBC volume
homeostasis [74] through pathways implicating calcium flux.
Although a mechanosensory feedback mechanism in ESRD RBCs
is needed and reasonably expected, it has not been studied yet.
However, to this respect, it is worth noting that in our study the
duration of HD parallels the overexpression of stomatin at the
expense of the stomatocytic transformation of RBCs.

4.3. Conclusions

In conclusion, this study demonstrates novel blood modifi-
cations probably associated with the duration of Epo/HD
treatment, the disease progression and the cardiovascular
mortality in ESRD. The duration of HD is associated with
increased intracellular Hb concentration and membrane
expression of GLUT1, stomatin and Agpl. High mortality risk
seems to be related to increased levels of uremic toxins,
structurally altered and oxidatively damaged erythrocytes
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probably as a result of poor response to the HD therapy.
Contrary, the smooth disease progression in ESRD patients is
presented with maintainable or even improved uremic and
erythrocyte stress markers. Both erythrocytes and plasma in
prolonged HD show compensatory responses to the chal-
lenges of uremic milieu. Although the currently studied target
groups are rather small, the volume of the hematologic and
cellular parameters examined adds credibility to our results.
The currently presented hematological and RBC protein
variability adds new pieces to the erythrocyte pathophysiol-
ogy puzzle in ESRD and suggests novel factors for consider-
ation in future large scale studies on cardiovascular morbidity
and mortality biomarkers in uremic patients.
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