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KYTTAPIKH 'HPANZH

In vivo

RBCs number is approximately 4-5x10*2/L in circulating blood
on the basis of their average lifespan (120 days)

in an individual with 5L of blood

more than 101 erythrocytes are newly formed and removed each
single day




KYTTAPIKH 'HPANZH

an issue of special scientific and clinical interest

RBCs: have been used as a model for aging study

However, the molecular participants and signalling pathways are not yet
completely clarified

Emttaxuvopevn i duatapaypévn KUTTOPLKA yRpavon

(aoB€évereg, nAkia, amoOnkevon ZE yia petdyylon KAT)




IMpaveon: To CUVOAO TV HOVOJIacTaATWV Kal XPOVOEEapTWHEV®OV (aAAa
oI anapaiTnTd YPAHHIK®V) HOPIOK®V YEYOVOTWV TA onoia odnyouv o€
KUTTApPIKN Ekkaddapion-0avaro

A. I'pavon RBCs B. EkkaOapion @ualoAoyikwv RBCs
(av€&non kuTTapPIKNAG NAIKIACG) (kuTTapPIKOC BavaToC)

KutTapikoc 8avarog agpopad ora RBCs peydAng nAikiag

‘AvOpmnog kal aAAa €idn OnAacTikwv

12014 days:

Normal human RBCs all survive to about the same age, which implies the likely
existence of a molecular countdown that triggers, at the proper time, a series of
changes leading to removal by the reticuloendothelial system

>npoypappartiopevn (Hoplakoi Hnxaviopoi??) diapkeiag enifimong
>Hn Tuyaia (ENIAEKTIKN) ANOHAKPUVON YNPACHEVWOV KUTTAPWV



(Tuyaia_aipoAuon: kataoTpo®@n RBCs N THNHATWV TOUG aveEapTnTa
ano TNV KUTTapikn nAikia)

1. EEwayysiakn aipoAuon (epubpopayokuTTapmon — onAnvag, nnap, BM)

2. Evdoayyeiakn aipoAuon (oopmTIKA AUCH | KUTTAPIKN OpuppaTonoinon)

RBC LIFE CYCLE IN THE NORMAL ADULT

PRODUCTION  FUNCTIONAL LIFESPAN HEMOLYSIS
AND RELEASE

>90%  Edavasouy
\ .

» Liver
~ ¢ Borm Marrow
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I'npavon epuBporuTttapnv

Turukn mpoogyylon MEAETNG yRpavong: Neapd kot ynpoopeva RBCs

TeyvikeC SUOKOALEC OTNV AMOUOvVWon ynpaouévwv RBCs

Since ageing RBCs have been shown to undergo dehydration with increased density and
decreased size, most of the investigations have been performed by means of
centrifugation or through the use of several discontinuous gradients, including albumin
and Percoll

alternative approaches: biotin labeling for the age-dependent separation of normal
RBCs in animals

1. Kuttapwkn nukvotnta
2. AcOeveig pe kataotaApévn pubporoinon
3. Buotwuliwon RBCs o€ nelpapatolwa



Fraction 1

Fraction 2

Fraction 3

Fraction 4

Fraction 5

I'npavon epubpoxruttapwyv

Cell recovery %

4.1a/4.1b ratio

in 1D-SDS-PAGE
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Percoll density gradient of freshly drawn,
RBC concentrates.

Five distinct populations are visible, which
are numbered from top to bottom

Angelo D’Alessandro, PhD Thesis, UNIVERSITA’ DEGLI

STUDI DELLA TUSCIA DI VITERBO, 2013




I'npavon epuBporuttapwv

1. As it has been noted over the years, the mechanisms underlying RBCs aging share
some features with programmed cell death of nucleated cells-

Lang’s group: “eryptosis”, that refers to erythrocyte-specific apoptosis

2. Storage under blood bank conditions: exacerbation of most of these changes and
shortening of RBC lifespan (“storage lesions”)




METAITIXH EPYOPOKYTTAPQN

PRBCs : Lo cuyva PETAYYL{OMUEVO MAPAYWYO OLLHLOTOC

80 ekatoppvpla povadeg RBCs kaBe xpovo (worldwide)
1% tou MANBOUGHLOU OTLG AVENMTUYUEVEG XWPEG SEXETOL pLia LETAYYLON ETNCLWG

2HMEPA:

RBCs: umopouv va amobnkeuBouv mapoucia mpooBstwv SlaAUpATWYV PEXPL 6

eBdopadec

v 0.4% hemolysis in the stored bag (QC 1%)

v'84% 24-h in vivo avaktnon (QC 75%)

v Quololoyikh emBiwon Twv UTTOAOMWVY KUTTAPWV 0TV KUKAodopia

> Ta tpgyovta cuothporta anodnkeuvong RBCs sival tkavortotntika aAAd Oxt Kot to

BéAtiota duvarta




AMNOOHKEY2ZH EPYOPOKYTTAPQN ME 2TOXO TH

METAITIZH

AnoOnkeuvon RBCs oe uypa peoa pe avoumnkTka,
ouUvVTIPNTIKA, Ipoodeta Stadupata

(i) 35-42 nuépeg 4°C

—|(ii) Cellular and chemical/plasma environment

(survival factors/signals)

(senescent RBCs are probably sentenced to "survive" for a longer period than
they were probably programmed for...) =

KOTAAANAO cUoTnpa HEAETNG YRPOAVONG TWV EPUOPOKUTTAPWYV




AMNOOHKEY2ZH EPYOPOKYTTAPQN ME 2TOXO TH
METAITIZH

“AnoBnkevtiki BAapn EpuBpwv”’

NoOUuRWNRE

MetaBoAkég aAAayEg

O&eldWTIKEC AAAQYEC

DuoloAOYIKEC dAAAYEC

AloAvon

ATtWAELDL LEMPBPAVIKWV TTPWTEIVWV/OKEAETIKWV TIPWTEIVWV/AUTLSLOKEG OXESLECG
Znuatodotnon Ca++

AEIKTEZ THPANZHZ_EPYOPONTQIHZ_EPYOPOMATOKYTTAPQZIHZ-OANATOY

v'storage lesions are only reversible to some extent

v affect RBC viability and functionality

v effectiveness of the transfusion therapy with older units
(controversial clinical data)




AMNOOHKEY2ZH EPYOPOKYTTAPQN ME 2TOXO TH
METAITIZH

MetaBoAropo ¢— Evepyeia

Avadropyaveon MepBpavng

Kuotiolommoinon

Ynpatoootnon I'mpavong-Oavatou AIMOAYXH
O&erdmtireg BAaBeg

Y uoowpeuorn Broevepynv ouotatikov (MPs, proteins, lipids)

vMEIQMENH ENIBIQzH IN VITRO KAI IN VIVO

dAeypovn
Oponfwon

AvooopuOpnion




AloroxUTTAPA 02 OPALPOEXLVOKUTTAP




KYXTIAIOITIOIHXH

MPOCAPHUOOTIKEC KUTTOLPLKEG OLTLOKPLOELCG

XpéVOC /  '\0 .o °
NeptBdAiov ‘.” *

release of soluble

EpeBiopara mediators \

adhesion .
differentiation

(Gyorgy et al., Cell Mol Life Sci, 68:2667,
2011)
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KYXTIAIOITIOIHXH

YIOKUTTOPLKA CWHOTIOL0/KUOTISLA — OLITOKOTITOVTAL OE GUVONKEC LLNYOVLKOU OTPEG,
KUTTAPLKAC EvEpyoTmoinong, BAABNG R aAnontwong

NapayovTeg Tou EEmkutTapiou KuoTidiakou AlapepiopaToc
(Gyorgy et al., Cell Mol Life Sci, 68:2667, 2011)

resting or activated cell

BIOAEIKTEZ ducroAoykwv Kat tot@oAoyikwv dtadikacLwv




KYXTIAIOITIOIHXH

» Mwkpokuotidia = E§wkuotidia (# EEwowparta)

Endocytosis-MVB - MVs <100 nm |
exocytosis pathway (exosomes) “reverse budding”

@S B e aneVOEiag
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(T. Dittmar, K.S. Zanker (eds.), Cell Fusion in Health and Disease, Advances in Experimental
Medicine 183 and Biology 714, Erna Pap, Chapter 10 The Role of Microvesicles in Malignancies)




KYXTIAIOITIOIHXH

Exosomes

vesicles secreted by antigen-presenting cells - potential role in the immune response

50-100nm diameter
Resident proteins: hsc70, Alix or Tsg101
Ubiquitinylation, ESCRT machinery

Exosomes were first described in erythroid cells, during reticulocyte maturation (extensive
membrane remodeling through exosome secretion)

1) integral part of the red cell differentiation program

2) protein sorting —Retention (B3, glycophorins etc) or Disposal
(unwanted proteins eg. TrfR, Aqp1 etc)




KYXTIAIOITIOIHXH

(Blanc and Vidal, Curr Opin Hematol 17:177, 2010)

Exosomes

Adaptation to new roles and new environmental conditions

TIR TfR, Aqp-1, adhesion molecules kAn

The extracellular osmotic conditions found
in the peripheral circulation vs. the bone
marrow could dictate a lower level of
expression of aquaporin-1 on the mature

red cell surface
Lamp¥?

Adhesion molecules (eg. integrins):
active in the highly adherent
erythroblast/macrophage interactions in
erythroblastic islands in the BM but
useless to the non-adherent mature
circulating RBCs

Exasomes &'




KYXTIAIOITIOIHXH

Exosomes

(A) Exosomes in maturing sheep RETs.

18h of incubation after surface labeling of sheep
RETs with MoAb against the transferrin
receptor. After incubation, the gold label is
found in intracellular sacs (MVBs) but
associated with the surface of the internal
exosomes. The black arrow shows a sac
beginning to fuse with the plasma membrane.

(B) Conditions as above but after 36 h of
incubation. Fusion has fully occurred and
release of exosomes is apparent. All the gold
label remains on the surface of the exosomes.

(Johnstone RM, Blood Cells Molecules &
Diseases 34:214, 2005)




KYXTIAIOITIOIHXH

Exosomes

Contrary to exosomes secreted by antigen presenting cells, elimination of vesicles released by RETs

always has to occur in a tolerance setting, preventing inflammatory reactions and unwanted
immune responses to self-antigens

(i) appearance of altered-self markers
Reticulocyte ' = ( (“eat-me”’ signals, eg. PS) on the
/ exosome surface
Bridging Mol. v

oM P (ii) Disappearance of molecules

Mark.Self Mark Self preventing engulfment (“don’t-eat
S | me” Signals, eg. CD47).

Inhib.ReC.

(eg SIRPu)

(Blanc et al., Blood Cells Molecules

and Diseases, 35:21, 2005) @




KYXTIAIOITIOIHXH

Microvesicles/Microparticles

30-100nm 100 nm -1 pm 1pm-5pum 8-12 uym

<€ > <€ ><€ ><€ >
protein -
aggregates ™
viruses bacteria platelets

MKpQA KoL ETEPOYEVA D [ }VW
(D

exosome microvesicle apoptotic body cell

(Gyorgy et al., Cell Mol Life Sci, 68:2667, 2011)




KYXTIAIOIIOIHXH Microvesicles/Microparticles

KouvoUplog Kot armoTeEAECHOTLIKOG INXOVIOOG SLOKUTTAPLKNAG EMKOWWVIOG
/onpotodotnong

KAao0olKO vs. KUoTLOLaKO povomatt onpuatodotnong

Direct contact between cells
By means of soluble substances

Soluble ligand —
receptor complex

Membrane-bound
ligand —receptor
CELL -TO -CELL
contact

MPs: “"nakETa” CUHNUKVOHPEVNG NANPOPOPIacg
. (napouciaZouv noAAG onpaTodoTIka
pHOpIa/punvipaTa TauToéXpOova OE HEYAAn nocoTnTa)

in close and far distances -~

‘el ’.,."' - @ specific recognition of target cells

et
| © -

nucleic acid: epigenetic regulation of the recipient cell



KYZTIAIOHOIHZH American Heart

. . N : Association
Microvesicles/Microparticles Learn and Live

si nalm RNA lipid receptor protein
g 9 transfer transfer transfer transfer

target cell

? lipids (e.g. AA) 0 — (Y ¢ N
. ; ° "o RO )
JAVAVAN nucleic acids (e.g. mRNA, miR) o //

soluble factors (e.g. RANTES, PPARYy)

(¢] €]
w m m receptors (e.g. CCR5, CXCR4)

Stimulation via receptor interactions or direct transfer of their highly concentrated signalling
components: proteins, lipids, RNA

Mause S F , Weber C Circulation Research 2010:;107:1047-1057
Copyright © American Heart Association




KYXTIAIOIIOIHXH

Microvesicles/Microparticles

v Erudavetakoli deikteg yovikwv kuttapwv (Cell-specific, R-MPs, P-MPs etc)

v MeUBPAVIKA KO KUTTAPOTIAAGHATIKA cuoTaTIKA (OXI ANTIFPADA pepfpdvng, Staloyn),

v'PS (Annexin-V), Tissue Factor Targeting/adhesion
Phosphatidylserine
Tissue factor Cgll '
and clotting stimulation
MEZOAABOYN:
¢A£vuovﬁ Signal
nr'lgrl transducti
avoooAoyikn anokpion (Rh Ags...) Apoptosis
regulation
Nonpeptidic
mediators
. Cytoskeleton
GPklinkad Membrane fusion ~ associated
il and receptors
H 0.05-1 pm H
Hugel et al., PHYSIOLOGY 20:22, 2005 "




KYXTIAIOIIOIHXH

Microvesicles/Microparticles

Ta enineda MPs 010 aipo UyLwWV ATOpwyV ivat cuvOwg XapnAd.

Auénpéva oe dLadopeg maboAoyLkec Kataotaoel (Kupiwe OpopBwTIKES Kal
bAeypovwdeLg)

Autoimmune diseases

(Systemic lupus erythromatosus, Rheumatoid arthritis, Type 1
DM etc)

Cardiovascular diseases
Hematologic diseases (PNH, SC...)
Cancer

Alzheimer’s disease

Type 2 diabetes mellitus
End-stage renal disease
Preeclampsia

Sepsis

Blobeiktec (ouvteheotég 1 anotéAeopa/évbeign tng emibeivwong tng aodéveiag??)



KYXTIAIOIIOIHXH

Microvesicles/Microparticles

KAGETEZ AAMAHAEMIAPAZEIZ: Zuvextwotnra SunhootolBadag-okeAETOU, axepaidTnra
HEUBpAvNG, Sratpnon emidpavelag

O cholesterol
 sphingomyelin

glycophorin

protein 4.1

protein 2.1

a-spectrin
B-spectrin

AntwAela kuttaplkig enwgaverag, Hb, tkavotnta eAaoTtikAg mapapuopdwaong

AvadLapopdpwon KUTTaPLKAG HEUBPAVNG

Aging, Ca++, oxidative stress, mechanical stress... a




KYXTIAIOIIOIHXH

Microvesicles/Microparticles

nano: >60 nm, micro: >150 nm (1ym)

.\ SEM o’ffﬁ'BCs MPs; ; .4“

zuoTaon:

Amnidia (PS)

npwTEIVEG (OX1 okeAETIKEG, Hb, Ags, Aimdi1akEC oxXeDieC)
Defected material

Death signals

Angelo D’Alessandro, PhD
Thesis, UNIVERSITA’ DEGLI
STUDI DELLA TUSCIA DI
VITERBO, 2013

—_— 1Hm
28440 ok L #A7 . BEE 15mm




I'npavon epubpoxruttapwyv
E€wkuotidlonoinon HEUBPAvVNG, OXNUATIONOG EEWKUOTLOIWY
MNpoodeutikd pe T yrpavon twv RBCs
Avéavetot oto HcUTEPO MLou TNS WG TOL EPUOPOKUTTAPOU

» AntwAgLla pepppavng

» MNPOCTUTEVTIKOC LLNYOVLOLLOC EVAVTL TPOWPNGS OLIOCUPONG




I'npavon epuBporuTttapnv

pRBCs-MPs

MPs accumulation during the
storage of RBCs concentrates

" 4042 |
& 3
.
2 26 |
W |
S 23 |
2
s 17
ﬁ T ¥ ¥ 1
0 ] 10 15 20 25

g progein/mL RBCs

(Antonelou et al., TRANSFUSION 2010;50:376)



I'HPANXH & ITPOOAEYTIKEX AAAATEX

JUCOWPEVCH MPOOSEVTIKWY METABOAKWY Kol PUCLKOXNHIKWY AAAOLWCEWV

*E€wkuoTtidlonoinon HEUBPAVNG, OXNHOTIOHOC HEUBPAVIKWVY EEW-KUOTLOLWV

“*Tpomomnowjcelc Hb (eg. nonenzymatic glycation, HbAlc)

s Avtioéeldwtiki apuva (BAaBec)

I HAwokol deiktec RBC

**Kuttapikn opotdotoon

s Ikavotnta EAACTIKAC apapopdwong
4.1b/4.1a (deamidation of protein 4.1b to 4.1a)
“* Kuttapwn mukvérnra/oykog

**Meiwon evepyotntac eviupwv (ATP)
»Poptio KUTTapPIKAG eMpAveLaC




I'HPANXH & OANATOX

Senescent signals KAl Znpatodotnon Oavatouv RBC I

FPAYOPEC, OLTIOTOLEC, LLN-VPOLLLLLKEC, N TIPOOSEUTIKEG SPaOTIKEC AAAAYEC OE IPO-
uTtapyovta popLa, Alyo mpLv tnv eKKo@dpLon Twv KUTTapwv

AntoAnén dLadopeTKWV ONUATOSOTIKWY UNYOVLIOULWV

**Neo-avtiyova ynpavong (6€iktec avayvwplong)

‘s AnwAewa “markers of self”

»E¢wtepikevon pwodatidburooepivng (PS?)

s Aatapayn oporoctacng Catt kot AAAWY KATLOVTWVY

epuBpoayoruttapmon

s Avtidpaoelg eAsvBepwv puwv




I'npavon epuBporuttapwv

"RBC aging phenotype”

(the repertoire of age-dependent alterations), can be safely associated
with:

decline in metabolic activity
progressive cell shape transformation
membrane remodeling

oxidative injury

Microvesiculation

Exposure of surface removal markers

oukhnNE



I'npavon epuBporuttapwv

KuoTti6ronmoinon

RET maturation: 10-14% membrane loss

RBC d35
RBC maturation: 16-17%

In vivo: o€ 0An tn Stapketa tng puololoyikng wpiuavonc/ynpavoeng RBCs,
oAAQ eritoyUVETOLL OTA YNPACHEVO KUTTOPO

MPs: anopakpUVoVToL AOTEAEOHATIKA /ypriyopa and to S1KTuosevdoOnAtoko
cvoTnpa




MONTEAO I'HPANXHX

“non-self” RBCs ¢ T

Kay M.
Low PS.
Lutz HU.

v *

Avayvwpion

Erythrophagocytosis
EpuBpopayoKuTTapwon

N€o-avtiyova ynpovong




Band 3-based aging pathway

IIp6o6eon oéerbopevnc/amodbrataypevne Hb xav IgGs otnv EM
KaTd TH YNPAvon

In vivo aging (dog’s RBC /in vivo biotinylation)

Day: 1 44 72 8 101 107 112 119 Hb

s

“ Hb
Hemichrom

(Rettig et al., Blood, 1999, 93:376)
(Christian et al., Blood 1993, 11:3469)

clustering and/or breakdown of Band 3: the central step in the major
immunologically mediated pathway, leading to the generation of a powerful
senescent signal, a senescent-specific neo-antigen, in vivo




Band 3-based aging pathway

(Autoimmunity Rev. 2008;7:457)

MACROPHAGE IN
BLOOD AND TISSUES

SENESCENT
CELL ANTIGEN

BAND 3 BROKEN
DOWN

; ] BAND 3 ATTACKED

BAND 3 MOLECULE
IN MEMBRANE

I

1
.

Oxidative denaturation of hemoglobin leading to hemichrome formation

2. Hemichrome binding to band 3 cytoplasmic domain cause their oxidative cross-linking through
disulfide bonds and their tyr phosphorylation

Band 3 dissociation from cytosceletal proteins and its clusterisation

Formation of large band 3/hemicromes clusters and opsonisation by NAbs and C3b

OUTSIDE

o

Owmviouoc ynpaouevmv RBC, mOavov o€ B€0EIC cUuCoWUaTOUATOV {OVvNG-3 @
nou oTa@gponoloUvTal anod aijoypwHaTa — avayvmpion/anopdkpvon

(1) 100-500 IgGs/RBC—phagocytosis (Kupffer cells in the liver)



Band 3-based aging pathway

Anti-band 3 NAbs

AA A A

Y

PAge s

Cytoskeleton-anchored
band 3 dimers

Band 3 oligomerization




Band 3-based aging pathway

Upwards: free radical oxidation: important factor underlying the formation of the
senescent signal.

Evidence:
RBC oxidation levels in vivo < breakdown of Band 3
< autologous IgG binding
Elevated membrane-bound modified Hb <> high incidence of autologous IgG binding.

Downwards: senescence neoantigen appearance

Binding of both autologous IgGs and probably C3 fraction of the complement to the
membrane

erythrophagocytosis




Band 3-based aging pathway

Similar processes seem to be responsible for premature RBCs clearance in:
haemoglobinopathies

Membrane protein deficiencies
Down's syndrome
Alzheimer's disease etc

eTtaAALdivn (b4.2) 90%
eactin (b5) 40%
*G3PD (b6) 40%

eband 8 65%

RBCs aging defect in
HS

Membrane PCI

»= o

Hb Met-Hb bt 1§ 1
M ot = W 21

75%0 of HS cases

_ | 196, p—

(Rocha et al., BCMD, 2008)
(Reinhardt et al., 2001; BEMD 27:399) (Margetis et al., BCMD 38:210, 2007)




Band 3-based aging pathway

Membrane remodeling during storage of
PRBCs

C 4 10 17 22 30 35 43

Hb

Band III

IgGs

Loading control

(Kriebardis et al., Blood Cells Mol. Dis., 2006, 36:279)
(Kriebardis et al., J Cell Mol Med., 2007, 11:148)
(Kriebardis et al., Transfusion, 2007, 47:1212)



Band 3-based aging pathway

bone marrow

‘ erythroblast
6. phagocytosis c

(Kupffer cells)

4

‘ reticulocyte

\

ouT U']NN U\| ' X | . <
N ""::::_. - erythrocyte
a U] e é " @ v

5. autoantibody
binding

erythrocyte membrane

1.band 3 in 2.band 3 3.band 3 4. band 3 §
membrane attacked breakdown autoantigen

s S o . \( . ¥« enythrocyte

vesiculation

(Bosman GICGM. Front Physiol. 18/12/2013) e




CD47-’don’t eat me” signal

marker of self-— “don’t eat me signals”

MNpoodeon o€ pakpo@aya (SIRPa)

napepnodion evepyonoinong (CD47-SIRPa
signalling)

Erythrophagocytosis




CD47*-’eat me” signal

CDA47 also acts as an "eat me" signal !!!

a subset of old erythrocytes present in whole blood bind to and are phagocytosed
via CD47-SIRPa interactions

experimental ageing of erythrocytes induces a conformational change in CD47 that
switches it from an inhibitory signal into an activating one

more complex role for CD47-SIRPa interactions in erythrocyte phagocytosis, with
CD47 acting as a molecular switch for controlling erythrocyte phagocytosis

(Burger et al., BLOOD 2012)




Avatapaxn oporootaonc Cat++

in vivo and in vitro aging of RBCs: related to intracellular increases of Ca++

e O¢eldbwTIKEG BAAPBEC

eKuotiblonoinon pepppavng
ynpaopéva RBCs

eKuttapwkn aduddtwon

eEAaoTIKA apapdpdpwon

established functional
connection

*OAavato¢ TUTIOU-AOTTWONG




ERYPTOSIS

Florian Lang: katnyopia pnXoviopwyv nou evepyomnotlovuvtatl ota RBCs w¢ andvinon os
Sltadopetika €idn kuttapikov stress (0€eLOWTIKO, OGUWTLKO KATT) Kot oL ortoiot potalouv
OTNV KAQLOOGLKRA OItOTttwon

Eryptosis is a form of stress-induced programmed cell death that is characterized by
cell membrane scrambling and cell shrinkage

Kvotidlonoinon PS Calpain*-caspases* Ca*2-sensitive K*
MEUBPAVNG channels(*)

Opavon KUTTLPOOKEAETOU '
» SoKN aKkepoLdTNTAL AnwAewa K+

» EAaoTtikn mapopopdwon
» payokuttapwon

<. AnwAela vepou

2 ==, z,
) - Kuttapkn ouppixﬁ
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ERYPTOSIS

EmTaxuvopevn eryptosis: sepsis,

QIHOAUTIKO OUPdIHIKO OUVOPOHO
€Aovooia

ApENAavoKUTTAPIKN avaipia
B-Meooyeiakn avaipia
G6PD-deficiency

Z19nPONEVIKN avaiyia

Ermtidoyn naBoloyikwv/otpecoaplopévwv RBCs yia aroduyn atpoAvonc:
EVOAAOKTLKO LOVOTIATL KUTTAPLKAC EKKOAPLONG??

Probably part of another aging-related pathway either as a triggering factor for aging
or as its consequence.



ERYPTOSIS

Eryptosis: may accelerate senescence

susceptibility to eryptosis increases with the age of the erythrocytes,
and this effect is at least partially due to enhanced sensitivity to oxidative stress.

Fraction V

. Fraction | Fraction V
150 421 2001 335
(22}
*g |
5 15
u 4
° ‘
Q |
0 - - 0
0 500 1000 0 500 1000
__ .

(Ghashghaceinia et al., Brit J Haematol
2012)
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PS

AgikTnG «non-self»

eactivation of caspases and calpains
e osmotic shock

eligation of CD47, GpC

eactivation of cation channels
eincrease in Ca++

estimulation of sphingomyelinase
eactivation of scramblase

E¢wtepikevon PS

» Avayvwpilon ano pakpodaya

»ZUYKOAANoN o€ evéoOnAla ayyeiwv

Phospholipid transport proteins: APLT, flippases, flopases, scramblases




PS

Erythrocytic procaspase 3 is in vitro activated under oxidative stress =
Band 3 modifications
PS exposure
erythrophagocytosis

In vitro aged RBCs: lower aminophospholipid translocase activity and higher
levels of externalized PS, in comparison with younger ones

in vivo physiological role in RBCs aging/clearance???

Most RBC-derived vesicles
RBCs in a number of haematologic diseases PS exposure

PS exposure in aged or damaged RBCs could induce their phagocytosis in
order to prevent haemolysis




PS

In vivo Blotivuliwon RBCs kouveALoU

v Ta ynpaocpéva RBCs ekBEtouv neplocdtepo PS otnv emipAVELA TOUG

v'H ékBeon PS eivon avtiotowyn tou puBpoU amopdkpuvong twv RBCs arno tnv kukAodopia

Biotinylated cells with exposed PS Biotinylated cells in circulation
3.5% 100% « + Measured
3.0% +  Measured " m— Predicted
2.5% Best fit from model 3 75%
2.0% = = = Ayerage exposed PS (all cells) *
50%
1.5% *
.
10% - 25% .
0.5% . . 5
0.0% ¢__._.——#.—-13'E": - - = = o= 0% \\i‘%,
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Days after biotinylation Days after biotinylation

Graphs on the left show that older, biotinylated cells expose more PS in both Rabbit #1 {gray points and curves) and Rabbit #2 (black points
and curves). The parameters for our model of red cell senescence were chosen to provide a least-squares fit to these data on exposed PS in
biotinylated cells (+*>0.98).

Graphs on the right show that the model correctly predicts the rate at which biotinylated cells are removed from the circulation (#">0.98),
This supports our model, which assumes that the amount of exposed PS is proportional to the rate of senescent death,

(Boas et al., PNAS 95:3077, 1998)

However, in vivo PS exposure in healthy individuals senescent RBCs is still a matter of
debate, mainly because of the skepticism against the techniques used to isolate old
RBCs



PS

NMpoypappaTICPEVOCG KUTTAPIKOG 6AGvaTog EpnUPNVRV

xutTapwv (PCD, apoptosis)

> KuTTapikn ocuppikvmon

> Blebbing kuTTapIKNG HEUBPAVNG
>EEwTepikeuon PS
>ZUHnUKvmOon nupnva
>AnonoAmaon HITOXovapinv

>0Opauvon DNA

'mpaopéva RBCs




PS

1. Eaptopevocg amo Ca™ 0avatoc RBCs (eryptosis)

2. Mepfpaviko povomati AIoITOOo1G




MEMBPANIKO MONOIIATI

AIIOIITQXHX

Pro-Caspase 3 (\ o

S
Active CaspaseL"{
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Self-activation ™

FADD

. Pro Caspase 8
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l mAb anti-CD95: Apo-1

l Rat anti-Mouse Ig

? DISC
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Proteolytic Cascade *




ENEPI'OITIOIHXH KAXITAXQN

QPLA RBC’S (PLT): cueeerveerreeereneenneesnneesneenaes Fas/FasL/FADD/pro-Casp8/pro-Casp3
vfipavon amnokodopunon {wvnc-3
oxidative stress Casp3*

ao0£velec (SC/thal...) avooToAr) APLT

PS
Z0unAoko onpatodotnong Bavarou:

Autdikeg oxediec ynpacpévwv RBCs

epuBpodayokuttapwon



ENEPI'OITIOIHXH KAXITAXQN

KOl OPAaTod0TLKO povornatt Zovng-
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INSIDE l

g MACROPHAGE IN
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SENESCENT
CELL ANTIGEN
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MONOIIATIA

(-) self-signals (CD47) — | (-) CD47-SIRPa signaling
Hbband3 J TgG's/C3b Fc/CR1
vEoavITLYOVa YPAVOY)
Ca* influx/calpain —> | scramblase*
T l channels PS ’
Fas/FasL/casp* —— | APLT T

phagocytosis

IIpoypappatiopevog Kuttapikoc Oavarog




MONOIIATIA

Lactadherin/
Thrombospondin

C3p Band-3

G

Central
macrophage

(de Back et al., Frontiers in Physiology
30/01/2014)

RBC can interact with spleen macrophages
via direct receptor ligand pairing or via
bridging molecules.

Ageing RBC express PS on their surface
which can directly bind to Stabilin-2 or
Tim-4 on the macrophage or via opsonins
such as Gas-6, lactadherin or
thrombospondin-1.

RBC express CR1 on their surface which
can bind C3b osponized particles and
further facilitate interaction with spleen
macrophages via CR1 and CR3.

Nabs can bind Band-3 on the surface of
RBC targeting the cell for clearance via Fc
receptors on the spleen macrophages:

Moreover, RBC express CD47 which binds
SIRPa on macrophages.




LYNOWH-1

v TMpoobeutikéc MeTaBOMKEC Kot HUGLOAOYIKEG AAAOYEC TTOU OXETi{ovTan HE Th Stadikacio
™G yrpeavonc ota RBCs: kuotidlonoinon pepBpavng, peiwon peyEboug ko
YAukolUuAiwong, avénon KUTTapLlkAC muKkvotntag, aAAayEC otn LEUBPAVN KOl OTOV
KUTTOPOOKEAETO, ETULOEKTIKOTNTA OE OEELOWTLKO GTPEC KAT.

v Mpo¢ to téAog tn¢ {wnC¢ Touc ekdppdlouv anotousc aAlayEc TTou oXeti{ovtatl HeE TRV
KUTTOPLKN artocupon): VEoavIlyova yrpavong, anwAela dewktwv “self”, PS exposure...

v Avayvwpilovtot Ko armopakpuvovtat anod pakpoddyoa tov AEO cUGTANATOC, KUPLWC
oo ta Kuppfer kOttapa tov Aratog kot to onAnva (5 ekatoppvpla RBCs per second each
day are endocytosed by RES macrophages). EPYOPOMATOKYTTAPQZH —-AMNQAEIA
ANOZOAOTIKHZ TAYTOTHTAZ «EAYTOY »-ANMNOXAPAKTHPIZMO2

v'Membrane and cytosolic proteins of RBCs are continuously stressed by oxygen radical
attacks

v'Lack of protein synthesis : a multitude of alterations accumulate towards the end of the
RBC life span



LYNOWH-2

OL OMOLOTNTEC AVAUESO OTNV EPUOPOKUTTOPLKN VP OVO KOL OTNV QIO Twon) elvou
TOLPATIAVW OTtO ETMLPAVELAKEC

H spuBpontwon (eryptosis) mOavd cuviotd éva nopAAANAo LLOVOTIATL KUTTOPLKNAG
OLMOCGUPON G OE KOTOLOTAOELG OTPEG Ttov dev meplhapfavel IgGs aAAa enteiveton ota
ynpoopéva kottapa (OXI TEKMHPIQMENOZ MHXANIZMOZ KYTTAPIKHZ THPANZHZ in
vivo) -ANO®YIH AIMOAYZHS

H oxetikn) cupBoAr) KaBevog oo Toug MPOTELVOUEVOUG (KoL OE KATTOLEG TTEPLITTWOELG
UTtOOETIKOUC) LNXAVLOUOUC 0T VI POVGT) KO OTTOLLOLKPU O VT TWV YNPOOUEVWV
gepuOpokuTTApWV ano tnv kKukAodopia eivat dyvwotn.

MBava ONOI| va Stadpapatifouv KAmowo poAo o€ aUTH Th CUVOETN Kol avotnpa
puOIopevVn Sladikacia

Ta dtaBEoipa cUyypova LLOVTEAD 0OPYAVWGCT G TNG EPUOPOKUTTAPLKAG HENPBPAVNG
TPOTEIVOUV Tr GUMMETOXN Kat AAAwV popiwv R/Kat pnyovicpwyv otn dtadikaoia tng

ynpaveong

O peA€TeG TG EpUBPOKUTIAPLKAG YAPAVONG AVASELKVUOUV E TOV KAAUTEPO TPOTO T SUVOLKA
¢U0on twv RBCs

H £psuva oto medio Xpelaletal MEPLOOOTEPO TIPONYEVEC TEXVLKEC TIPOCEYVLOELC TTOU Ot
BonBnRoouv otNV KO TaVONOoT TWV LLNYOVLOLWVY IOV SLEMOUV T (W) Kat To Odvato Twv
EPUOpOKUTIAPWV in Vvivo, in vitro Kot ex vivo.




