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Edvikév kat Kanodiorpraxéy
[Mavemotuiov Adnvov
IAPY®EN TO 1837

* OCeta pAeypovt) arno PAafPn 10TV OrmotacOnIIoTe
attioAoyiag
* Xpovia gAeypovr)
* Meow wvtep@epovng tomov |
* Meo® KOTTAPOKIVOV TNG PLOLKIG AVOOLAg
* TNF-a/ IL-1B/IL-6/IL-8 xat aAAeg yopoxiveg
* Meowm pAeypovoompatog
* Meo® MOKIN®V TOIGV KOTTAPIKOL Bavatov

* Meom KOTTAPOKIVOV KAl KOTTAP®OV TG E01KIG Avooldg




Oceta gAeypovt) ano PAaPn otowv

OITOAOOIIIOTE ALTIOAOY1AG




H PAaPn tov 1otov odnyet oe armeAevbepmorn) g
wvtepAevkivng -33 (IL-33)

Edvikév kat Kanodiorpraxéy

[Mavemotuiov Adnvov A
IAPY®EN TO 1837

uv ol  To&iveg

AxkTivopoAia
Mnxaviké tpaipa

loyawia
Xpovia QAEYUOV)

ZITEUTIKO
KUTTapo

Kurtapokiveg (IL-5, IL-13)
Xupokiveg (MCP1)
Aimidlakoi peTaBiBaoTEg
loTapivy

- 1 EmoTpdreuon
e " ® o0 o OUBETEPOPIA®V
Evepyonoinan
® eoe o OEVAPITIKWV KUTTAPWVY

® o o e MNéAwon T-KuTTaGpWV
® o€ TH2 Tumo

P. G Wachogiannopoutss




1L-33

* MeAhog g vriepowkoyeverag tng 1L-1

» Kaboonyet tnv napaymyr) KoTtapoxivev Tov T2
kottapov (mry [L-4, IL-5, IL-13)

* O vnoooyeag g ST2 (1] IL1RL1) exppaletar ota T2
KOTTAPd, OTA OLTELTIKA KOTTAPd KAl OTA PUOLKA
Aepoeldrn) kotTtapa g opaoddag 2 (Innate lymphoid
cells-2, ILC-2)

* Baowa evtormifetatl 0tov moprjva OA®V T@V OOHIK®OV
KOTTAP®V TOL CWPATOG

* 2TOV IIDPNVA AELTOVPYEL WG PETAYPAPIKOG IIAPAY DYV,
OTNV KOKAOQOPLd, ®G KOTTAPOKLVI



[L-33: Apaocelg Kat OLOYETIOELG

Edvikév kat Kanodiorpraxéy
[Mavemotuiov Adnvov

* AoSnpeva enteda oe: Aobpa, alepyla, alAepyikr) pvitioa,
evOopnNTPi®OoT)
* [ToAopop@lopog evog vookAeoTtidiov oto yovidto g IL-33
» AoBua oe evoraueon nhixia (12-40 ypovia)
* Yrieoovr) yia Tov Kvnopo o napdtnpeltatl otnyv deppatitida
* Kepatwoxorrapa 2 IL-33 2 mapamAijoieg VeEDPIKES 1VeG = KUIOUOG
* 20pPalAel 0TV YEPOVTIKI] EKPOALON TNG DX PAG
* Tpogikog napaywv
* AvSHuEVN 0€ UN-UIKPOKDTTAPIKO KAPKIVO TTVELUOVA




Edvikéy kat Kanodiotplaxov

Metaypa@ikol napayovteg EPIAEKOPEVOL
OTNV HETAY®DYT] ONIATOG HEO® TOV

gl vrioooyea g IL-33 (1)

20ppoAo Ovopacia NeiToupyia
MYD88 Myeloid differentiation primary 2UvOEETaL e mv evookuTtdpla meployn oOAwv twv TLR ektoc tou TLR3.
response gene 86 2UNBAAAEL o peTadoOT) UNVUNATOS OTOV Muprva
IRAK 1 Interleukin-1 receptor-associated Elvac kivaon oepivng/ Bpeovivng, dnAadr) Ev(upo mou pwo@opuliwvel Ty
kinase 1 ~0H oudda v avwtépw apvotEwv kat oupparel omv petadoan onpa-
T0C 07OV nUprjva, Peow mC olkoyevelag Twv IL-1 umodoyewv
IRAK 4 nterleukin-1 receptor-associated Eruotpatevetat kat evepyoroteitat aro mv MYD8S. Evepyoroteitat mpv
kinase 4 mv IRAK 1. Evepyorotel Tov mapayovta TRAF6, petaBipadoviag pvupa
Twv urodoyewv mce ooyevelac TLR/IL-1
TRAF-6 TNF receptor associated factor (TRAF) Metagépet (mvopata aro touc urodoyeic GD40, TNFSF11/TRANCE/
protein 6 RANKL and IL-1/TLR. Kat aAAnAerudpa pe tic kivaoeg IRAK-1/IRAK-4,
gvepyorolwvtac tov NFkB va elg€ABeL aTov muprva




Metaypa@ikol napayovteg EPIAEKOPEVOL
OtV HETAY®DYT] ONLATOG HEO® TOV
g vrioooyea ¢ IL-33 (2)

Edvikéy kat Kanodiotplaxov

20uBoAo Ovopaoia Aewtoupyia
NF-kB Nuclear factor kappa-light-chain- Metaypagikog mapayovtac mou EL0EPYOUEVOC OTOV TUPIVa UOVOS 1) e
enhancer of activated B cells OUVEPYELD AAAWY Tapayoviwv petappadel o€ mpwIeiveg yovidla Kuttapo-

KIVWV QAEYHOVIC, XUHOKIV@WY GAAG Kat GAAWY TPOQIKWY rapayoviwy. Eval
T0 £PYAAEI0 € TO OMOI0 TO KUTTAPO AroKpivetal ae molkiAa epediopata
(stress, Kuttapokivec, exeubepeg pidec, UV aktivoBoAia, epebiopata peow

TLR.)
P38 MAPK P38 mitogen-activated protein Evepyoroleitat ano datapayec WOHWTIKNG METEWS, KUTTAPOKIVES PAEY-
kinases povric, AurtorioAuaakyapidn (LPS), UV aktivoBoia kat auénukoug napa-

YOVTEC , €V 1) (010 QWOPOPUALWVEL AANOUC HETaYPaPIKOUC TTapayovIeS
onwe n MAPKAP kwvaan-2, ATF2, Mac, MEF2

JNK c-Jun N-terminal kinases Evepyortoteitat amo ta ida epediopata onwg ot p3BMAPK. dwopopuliw-
VEL KaL evepyorolel AAAouC petaypagikoug napayovieg. KaBodnyel mv
KUTTapIKN Empiwan, avantuén, dlagoporoimon Kat anontwor




OAeypovn: Evapktpia yeyovota

Edvikoy m Kﬁuﬁlorplaxév mmmpuhml'ﬁlu IIEIJBPWﬁW
[Mavemotuiov Adnvov Ca++ 0T |
[APYGEN TO 1837 * * . -
BAdBn XUTTegoBIGAUND ¢muqm:.'|:1uun A2 <= KuTTopoKiveg
Apaxidoviko ou
.
5-Amo€uyevaan Kukhoo&uyevaan (COX)
= /\
(=N
g LTB4 AMAa oIz 5 o
2 / _.—4-"'"-'-\ / %ﬂg?aﬁerﬁoz] l’
/ / & ¥4 ébdﬂa : w”f;f‘? 0 E
MpoogAkuon Bpoyxdomaopiog AYY£103100TONT & g ™ PGH2 £
oudetepopilwv AuEnon J =
dlanepatdTag =
AEBLBiwY 2
Evepyomnoinan/ouykéAAnan phes PGE2 —— PGF,, &
alloTETaAwY l{ ‘l
—p 2yvBetdon 6popBo&avng I'Iupgtéc; & I'Ipc’mhnqn
2 AIOTETAAID | Mévocg TOKETOU
Ayyel00maopog Oidnua 24 ‘
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To ocvompa g eCapTopevng amo
OGLYOVO PVEAODIIEPOLEIOAONS.

Yrodoyeag C3b (CR1)

Fc unodoyéag C3b

urepogediou \ "'f“w
MPO: MueXoUmnepo&elddon Hzl]z
GSH: Avolyugvn
yAouta® HzOz H20
GSSG: Otelwpey
HUCI

yhoutaBeldv GSH GSSH

>

Z
FAuxolo-6-puogopikij
apudpoyovaon
avoooogaipivn =r_*

/

Oy wvivorotnuevo
Baktmplo
P. G Wackogiannagoutos
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Mrnyaviopog ayyeto0taotoAng
ENAYOPEVOG AIIO TNV LOTAPLV

Adenosine monophosphate (AMP)

Adenosine triphosphate (ATP)

Guanosine-5'-triphosphate (GTP)

Guanosine monophosphate (GMP)

EvdoOnAwako
KUTTCI[JO _

loTapivy S Caz+
Adpd svﬁonhaauunkd . ._

== .
/‘\» Caz+ — KUAPDVTDUMUQ / R l

Caz+ l NO ouvBeTdon
L-apywvivn

L-xlTpoqun

AloAuTr youavulIK KUKAdon

AdevuMki
= cGMP ,
“, ATP cAMP ’N GTP YnepnoAwon
ﬂ ‘? - . ca2+ {_/ B “:.;C" .
- ””}y“"}:‘?x”t AN AR &'qf_a'u'ul WX \| (RN \| KX X n 2 1‘5""“?&‘ ‘-‘:\‘- i

Agio PUIKO KUTTAPO

P. G Wacksyiannopoutos XdAaan




H totapivn, n Ppadoxiviv), 1) akeTOAOYOALVT)
Kat 1o ATP oopparlovv oty napayoyn NO
o OTO evOOBNnAtako xouTTapo.

[Mavemotuiov Adnvov

IAPYOEN TO 1837

Xahaom

AKETUAOXOAIV Bpadukivn
lotapivn ‘ ATP
GTP

g

EvooBnAlako
KUTTapo

["ouavuh
KUKAQON




Ayyelaka yeyovotd Iod ODVOOELOLV TI)

PAeypovI)
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Ayyeloouomaon (yio eAaxtoto SeutepOAETTO)

. NEeUpPOYEVEC QVTAVAKAOQCTIKO

ot

AyyelodLaoTtoAn TwV apTtnPLOALWY

¥

Auv&npEvec UOPOOTATLKEC TILECELG OTOV QUAO TWV
dAeBLOilwy

~ <

‘E€060C UypwWV NAEKTPOAUTWYV KOl ASUKWHATOC OTO
SLAMECO XWPO

Meiwon TOU OYKOU TtaApoU

Oidnua otov




H oCeta gpAeypovi) Avetat pe AUTO1aKoUG
petaPipaocteg mov ovvtibevial arno axkopeota Anapd

:
Edvikéy m Kanodiorpiakiv O §€ a

[Mavemotuiov Adnvov

IAPYOEN TO 1837

Lipoxins (Auto€iveg)
Resolvins (EmAvoivec)
Protectins (Npootacivec)

MNpootayAavdiveg
AEUKOTPLEVLL R"u MARPNS AVon PAEYHOVAC
BAAPn wotwv - / IXNMUOTLOMOG
. .
ameporova, - ——> RINONEUNOVINN _  anoovijazog/ovhis
HIKPOBLaL \
N Xpovia pAeypovi
.1“--‘
MpootayAavoiveg
Xpovog AEUKOTPLEVLA

>

Ta Lipoxins gival autacoids. Autacoids eival popla mou Spouv oav TOTIKEG OPHOVEG, £xouv Bpaxutatn dpaaon kat Spouv yUpw amo
ekel 0mou ouvtiBevtat. H A. Autacoid mpogpyetat amnod "autos" (self) and "acos" (avakoudion)
Resolvins: MetaBoAiteg w3-MOAUAKOPECTWY AUTAPWYV OEEWV

Kohli P and Levy BD: British Journal of Pharmacology (2009) 158, 960-971; doi:10.1111/}.1476-5381.2009.00290.x;
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ooTipivn

O1 proovvOeTikol 0POPOol TV AUTIOIOV-
EVEPYWV pETAPIPactmv ADONG TG PAEYHOVIG

Apaxtd60oviKO ELKOGLUITEVTOEVOIKO EltkoobLe€aevoiko
ofv o§u
MNpootayAavdiveg Aunoéiveg Resolvin Es Protectins Resolvin Ds Maresins
AguKoOTpPLEVLAL Aunoéiveg mou (EmAvucivn Es) (Mpootaciveg) (EmtAvcivn (Mapeoiveg)
EMAyovTol ano Ds)

Evioxuon tng
DAeypovig

TUTOU AutidLakou
etappaoti

OAeypovr Avon (xpoévoc)

Serhan CN et al, Biochimica et Biophysica Acta 1851 (2015) 397-413

AvtidpAeypovwdne —mpoaywyrn tTnS AVonG TNG
bAeypoviig

vflpodlyouv TV KOTAOXECH TWV KUTTAPOKLVWYV TIou VicXUouv thv GAsypovi
vflpodyouv tnv kdBapon Twv emtOnALakwv LoTwv and ta rtoA/va kittapa
vflpodyouv ¢payoKUTTIAPWGH TWV AIOTENTOKOTWV MOA/VWV

vflpodyouv thv amopdkpuven GAEYUOVOVTWY GUVIPLULWV LOTWV HECW TWV
Aepdayyeiwv

vEAattwvouv tov tévo



OAeypovwOng vVOOOG ENAYOUEVT] AIIO

vTEPPEPOVES TOIOD |




Ta otowyela g PLOKIG AVOOoLAg IOV MPOOTATELOLY TOV
GEVLOTI) AIIO TOLG L0VG-0 OPOPOG TNG WVTEPPEPOVNG-I

Edvikév kat Kanodiorpraxéy
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IAPYOEN TO 1837 :
a 325 [T\aopatoxkoTTapoe1dEg /rl
-\ - L -’J !

OeVOPITIKO KOTTAPO rS '
, Kotrapo NK

Yroboyéag e

EVEPYOTTOIN TN S TTY © e

NKp44, NKp30, NKp46 ® o— o /

< Avaotaltikég vrodoyéag
\ 2DVOETNG Y1a ToV TodoYEA TOD
\ kotrtdpovo NK > - .
- w > Oetikr)
Ivteppepovn Tomoo [ - ) napavr/ yAvkola
L% HVOyALKAaveg

O > AlpoovykoANntiveg

v

Embniaxo korrapo ' Jlfﬂ. C/ )\‘L/ Lg / P Wackoyiannopoutos



I Ip@TEIVIKEG KIVAOEG KAl POOPATACEG TVPOOLVIG ELVAL OVOWOELS Yid
TNV €vePYONOiNot) 1) KataotoAr] Tov NK kottapoo

- S , Anoudkpuvon || ZAuata evepyormoinonc H amouoia ouvdétn (avtoAoyo MHC-1) yia tov
Edvikév Kat RAROBIOTPLaKS . p :
VOV ST 00OV evepyornoino. pwaopopikol QVACTOATIKO UTIOSOXED TOU KUTTApou NK upBAAEL
Mavemotpiov Adnvov Py nong ;‘ Ka QVaoToAR ‘ X H
IAPYOEN TO 1837 ‘ P k@ otnv gvepyormoinon tou untodoxea Bavatou tou NK kat

oTo BAvaTto Tou PHOAUVOEVTOG KUTTAPOU HE QTTOTITWON

rrrrrr

. _ ‘ I
DABEBIBAABIB IS

BBB AABEDABIHBDIIBIIIIIIIIIISY.

coddgidddddd LIS AN IS AFRRITRAZS S S 58

1>
S

4 I.I > Kottapo NK
'1 £
t Yrioboyéag l"o ——
D evepyoroin d <« AvaotaAtikog
one Iﬁl UnoSoxeag
Kottapo NK
Yrioboyéac y | )
, OG
Evepyonoino ,
promot nc\\*iﬁ < AVOOTOATIKOC
2UVOETNC yLa Tov urfoéo)(sa =]y urtoSoxéoc
Tou kuttapou NK II | | e
B
>PTK: NpwTteivikéc ) e
) ) Oavatog tou 3 y s ) /
KWWAOEC TUPOGLVNG l) orovevre. \_:) \)8 -,
PPTP: MpWTEIVIKES kttdpou e DL e’ TR '

dwodatdoeg - J anontwon () f{_/)\g_, lB

TUpooivng




Mnyaviopot pe tovg ormotovg ot Ivteppepoveg Tomov I
AVAKOIITOLV TNV PETAOOO0T) TOV LWV

Edvikdv kat Kanodirplakiy
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: VTE EpoOov
e, e PKR: protein kinase R pdepdvn L \(

Ttumowvu |

\_4
interferon-induced, S . 4 = N
double-stranded RNA- K S
activated protein kinase 1 -k‘/\/\/gq Avti-tikn
\ ' KATAOCTOOT)
\ Mn poAuvocpévo
I{urtnpn p.uluvﬁev T O .
EIF-2alfa: Eukaryotic and 1o P RRTRRXXISE N YR Mx GTPases
Initiation Factor 2a R jsssss ”"”‘“ , e Pe
33 T f”fé;r -
tw F_.Iﬂ.r‘:, -
rr =57 oy
Mx: Interferon-induced . :Y:t : ‘:LE:S: ¢ .
GTP-binding protein Mx1 “Evepyoronoinon
ano dsDNA l Evepyomnoinoc

TLOAU LLEPLOLOU

RNAse L: Latent @wodopuliwon m .. .

TOU TTapayovro .
RNAse évaptnc arnd dsRNA Ao Avaoctoln ékdpaocnc
(AavBavovoa petaypadric l, Lyo- UKWV vovuﬁ' lwv ko
ppovovxAedor) Evepyomnoi | TVV® PHOASYnoNG TOU
Avaoctoln tng cuvBeong non wou
MPWTEIVWV TOU LoU Anodounocn RNA o0 . RNAase ,
Hnon Sxfipa 4
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A100nTpEg TOL KOTTAPOOIAALDPATOG IOV
rropoootovv v napayoyn [FN-I (IFN-a/ )

IFN, interferon;

IKKe, IkB kinase-€; \\/\\/\\/\\/\\/\\/\\/\\/\\ \\/\\/\\/\\/\ \/\/\\

IRE, IFN regulatory factor; (\ dsRNA dsDNA
MAVS, mitochondrial antiviral | ric-1 O MDA-5 c-GAS

signaling protein; C-GAMP
MDAS5, melanoma differentiati

-associated gene 5; \ / TRAF3
STING
P, phosphate; MAVS /\ @ (ke

RIG-I, retinoic acid-inducible gefie @BK-l ) K/\J

1;
TBK1, TANK-binding kinase ;| porsvepio p) /|
TRAF3, tumor necrosis factor IRE3 IRE3 : IRF3 o @ o

receptor-associated factor 3;
TANK, TRAF family member-
associated NF-kappa-B activatok

STING: Stimulator of

interferon genes

c-GAS =Cyclic GMP-AMP
Synthase

¢c-GAMP: Cyclic guanosine monophosphat
adenosine monophosphate



ApYEg avOOOAOYIKTIG ODOAELTOLPYIAG OTA
AOTOPAEYPOV®OOT) Voo pata

Edvikov kat auoSwrpmxév

[Mavemotuiov Adnvov Y1I080V:
IAPYOEN TO 1837 IIOOOXEAS ' MetaAAAgeLg pe avénon
PRR, iy TLR KOTTAPOKIVMV Spdonc
a |:| Avnon dp¢ PRR
A 101] OPAOT)G
Kovpiog peoo)\gﬁqtl']g / Avgnpévn Ovcocbp()le;)o'n
PAeypOVIg ! Hopil®V oL TIPOKAAOLY
EVSOKUTTOpLOC evOOKLTTAPIKO stress
\ 2T01yelo avOoOONOYIKI|G ouoentn pog
aToKpLoTg e Arnovoia apvnTikoo

poOpiot) (I\/IsraM\aEELg
UE amwAsLla 5paong
yoviSiwv puBuiotwy)

Bpoyog evioxvong

N\

;J
-
Nooog MeooAaBnteg
dAeypovng

\// Anokpion oto

stress

—MeTaA\ALELG PE amwAELN
Sdpaong yovidiwv evlupwy

PRR: Pattern recognition

receptors=Ynodoyxea

P , X q, Avdnpevn onpatodotnon
OLVOLV\'prLOr]C HOpLakwy (4] VIIOOOXEA TOV KOTTAPMV
npotunwy Kottapo gouoikrg/ edikrg doowng avootag

TLR: Toll like receptor avootag

De Jesus AA et al, Annu Rev Immunol. 2015 ; 33: 823—-874. doi:10.1146/annurev-immunol-032414-112227
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AICARDI-
GUTIERES-7:

[Ipotetvopevol pnyaviopot 01Eyeporg ToL OPOPOV TI)G
wtep@epovns-1 ota avtopAeypovmorn covopopa

e L L oy

- e
s M e
LYY,

AlgBntipecg oy entdyouv IFN J'

MetaAAadn) gain
of function g
npwteivnig MDAS

TBK1, TANK-binding
kinase 1

Metal\adeig loss
of function tov
IPOTEIVAOV —
VIIOPOVAO®V TOL
IPMOTEACOPATOG

AGS7 B | savi
dsRNA dsDNA
—_ 2OOOC
RIG-1 MDAS AMAot cGAS
| atNTPES /
DNA/RNA CGAMP

STING

o\ 0
o ?
g MAVS * /

S .

= Pro-rich \ v

é”. R TBK1 kat IRF3
g 2 Z .
15 ' v

Fovidlo NYPHNAZ

ardvinong amv

IFN-tomou 1 IRF7 IFN-B/ct
T &

IFN-t0mou 1

Y | CANDLE 8| AG51-6

ssDMNA
TS
, N ‘EAAEWn-TREX
Mpwiedowya 5;?/{?" NN
s pAYs
(PSMBS, B5i, kat GAAa N

yovidla Tou TPpWIEaowuaTog)

4, IVtEpeEpOVN a
'én{’] (

Zovdpopo FAVIL: MetaMadn
- gain of fun¢tion g mpwteivng
STING

Kaprin
gvioyuang
mg IFN-1

AICARDI-GUTIERES 1-6:
Metaladeig loss off function




Ivteppepovonabetec: 2navia voorjpatda aro adOKIpn
DIEPEKPOAOT] LVTIEPPEPOVNG TOITOD |

Edvikdv kat Kanodirplakiy

[Mavemotuiov Adnvov NEOLp(')C EVI"])\LKO(C ao‘esvr']q U.E

IAPY®OEN TO 1837

vooo SAVI

lvtepdpepovomnabela tumou |.

O OpOoC IPOEPYETAL ATIO TO APYLKA TWV
Aé€ewv: Stimulator of Interferon Genes |
(STING) — associated vasculopathy
with onset in infancy

Awtia: MetaAdaén ue emavénon
oépaonc (gain of function) tn¢
npwteivne STING rtou ivat kuplapyo
otoleio — atodntripacg
kuttaponAaouatikov DNA, n &
EVEPYOTTOI(NGN TOU MMPoKaAgital armo
2'3' cyclic guanosine monophosphate
adenosine monophosphate (cGAMP),
TTOU TOPAYETAL OV amavtnon o€ EEVo
n autoAoyo DNA

Manoussakis M. et al, Rheumatology 2017;56:22412243 doi:10.1093/rheumatology/kex316




2ovopopo Aicardi-Goutieres
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e Awtio: MetaAlaéelc ota
yoviOlo:TREX1, RNASEH2A,
RNASEHZB RNASEH2C (ra omola
ATtO KOWOU KWSLKOTIOLOUV TO
ouun)\svua «Evlupo Ribonuclease

H2»)

* Mnxaviopog: ASOKLUN CUCOWPEUDH
QLUTOAOYWV VOUKAEIVIKWY OEEWV Kall
vrtepriapoaywyn IFN-tumov |

e KAWLKN €LKOVAL: Eergm)\LKr]
atpodla, yvwolakr) SuoAettoupyia,
aoBeoTWOoELG Baoikwy yayyAiwy,
eavOnuata onwc oto 2EA,
nnatoon)\nvoueva?\ta dAoukn
TUdAwon

Amo Wikipedia




AvTtoPAeypovmOrn oovopoua
oxetiopevda He 10 IPOTEACOUA

* MetalAaceig oto « ECavOnpata tonoo
yovioto PSMB8 lupus pernio
(Proteasome subunit . AvEnpévor Seixte
beta type-8) PAEYHOVIS

* Ynotpomaldovteg . AvEnpéveg
[IDPETOL ATO PPeEun) ovykevipooeig IL-6
nAwia

, , * Yrep-y-opaipivatpia
* OCwo 0
Cwoeg pLinpa * YepeK@EAOT] TOV

* Avaya Spopov twv IFN-I



Avto@Aeypovmon oovopopa 0X€T1§0pavc1 e
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McDermott A et al, International Journal of Dermatology 2015, 54, 121-129
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Human IFN-a-Inducible Protein (IF144)

Kirou K, et al. Arthritis Rheum. 52:1491, 2005.



T

=<

)

Edvikév kat Kanodiorpraxéy

[Mavemotuiov Adnvov
IAPY®EN TO 1837

H vnepioong aktivoPolia kat aAAda
epebilopata o0 yovv otV HAPAY® Y1)

wtep@epovng oto ZEA

UV aktivoBolia, pxpdpla,
KaTEoTpapuéva KOTTapa

AuTahoya
snRNF

/ RAGE

e

. !
Moo evddowya /
i

_ Oynuo evioowpa

b

TRAF3

On @F@IRAKI )

v

‘&. TRAFS

IRF7 |

Muprivag




H wvtep@epovr evvoel TV IApaymyr) COVOLEYEPTIKWV
PNVOPAT®OV Y1d TNV EVEPYOHOU 0N ALVTOOPACTIK®V T
Katl B xkottapev rmov Pplokovial oe Kataotaon

Edvikév kat Kanodiorpraxéy

[Mavemotuiov Adnvov
IAPY®EN TO 1837

«AVOOOAOY1KI|G AYVOlag»

1
Y

Movoxurropo

Muehozidi
devdpimixg

AuTtodpaaTikd
cDat

ot — @

wf‘!
gr

) Aumd’pawrm B

L
¥ ITIMT

@ %“’ ks

‘\)Aumﬁpﬂmﬁm
x- » COBT

DubeTepdgiho

KuUTTOpO
., Aumﬁpummu
Amorwing € e y % nhaopaTokiTTapa
Jpara .
. ~ W
iy i, |"_|"1. n3
e A DO ol mou avayviepil ovrar
WA
omd CD8 T- kutTopa T Dlackopiannsboutas

- h / ﬂ
[
o LL37
L
Y O
L]

UV aknwvopobia, xpdf,

KOTECTRAUUEYD KOTTApG

W - .a» ¢ o
eviobnhion mna;.-ummrmpoz;ﬁq § -, 1 | I _, o
devapiTing — O M ' AuvrdAoyo
KUTTOpN l ‘ % SARNP
-':':?:-: v, | é é C:::) Q _"
- Sy B AN IRV @)
' ahi®) .'I % #Aummw DA  Huiget ,
. ?‘ .




H nipotovoa cuootnpatikt] OKANP®OoT)
oW YAPAKTNPLCETAl Ao VIIOYPAPL) LVIEPPEPOVT)G

[Mavemotuiov Adnvov

IAPYOEN TO 1837

ns de ek de ke e * ek

50 = | sk e :
H e 30 - : L I I
I 1
40 -
: @ 20 - -
30 - [ b * 8 A &
o N =
5 ] * w Eggh AdA
3 20 = - E 10 = — n = a
z T TR - * 5 —=—
L - = ® .
=T - .
10q e = - 4 [ ]
% ------------------- ---teet. 04 " - 1L wpd
B e 8°,° i 4
- * ]
0 4 B T o2yt Y ® EE
S mam -10
° 9] O G
L K %e)o (_g’o c© c© o
efb (\0 ) 60
Prevalence of IFN type I signature in whole blood in the earliest Prevalence of interferon (IFN) type I signature in monocytes of patients

phases of disease and patients with systemic sclerosis (SSc). with systemic sclerosis (SSc).




[vteppepovorabeieg tomov I

IAPYOEN TO 1837

Emxtnteg 2VDYYEVELG
. Zuoerr]paulg')g N e SAVI
. SZFI)) I;THPZT?K ;]9 OS5 * Aicardi-Goutieres
OK}\r]g}élﬁ gp e syndrome(AGS),
+ SOOTNHATIKEG aryYelTideg * Familial chilblain lupus (FCL),
» [ToAopvooitidec * spondylenchondromatosis,
* OAeypovmong vooog Tov * Proteasome-associated
EVTEPOD autoinflammatory syndrome
* X KAI)POVOI] KATA ITAAKEG (PRAAS),
. K. ... * Singleton-Merten syndrome

(SMS)
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Alayoviotaka novtikia yia tov avipwimvo TNF-a
AVAIITOOOOLV PeELPATOEON apbpitioa

Edvikov kat auo?ilorpmxév
[Mavemotuiov Adnvov

APIOENTO 837 * O evgorg kat epyatikog K. I'. KoAag.. ..

* Ewonyaye 1o yovidwo tov avipwmvoo TNF-a (e kataAnAo vroxivit) yia
WoPAdoTeQ)

* Original inbred CBA, C57B1/6 and outbred NMRI mice.
» 2toxoq: Na Beparievoet tov kapxivo!!!

Ta movtixia avérrodav apBpitoa,
U1 O1aKPIVOUEVY A0 THV
pevpatoeldn Tov avbpwirov!!!

Keffer J, Probert L, Caziaris H, et al, The EMBO Journal vol.10 no.13 pp.4025-4031, 1991
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TNF: Mia moAodvvapn KoTtapoKivr) HOL EROAEKETAL OF
KOTTAPLKO IMOAAAIIAQOLAOO, KOTTAPIKO Oavato, Kat PAeypovI)
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H aAAnAovyla t@v KoTtapoKivov
OTNV OGeld PAEYHOVT)
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LPS

TNF

IL-6/IL-8

Enimeda MAdopatoc (aubaipetec povaded)
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H IL-6 Opa oto njmap Kat Oleyelpet TV IAapaymyl)
MIPWOTEIVOV 0elag paoews, onmwg CRP kat tvwdoyovo.

H IL-6 dpa oto fimap
Kal dieyelpel mv
napaywyn nMpwrteivav

o&elag pdoewg, ONwe
CRP kat wvwdoydévo

Ta BakTripia dieyeipouv Ta puKpopaya
va napayouv IL-6, n onoia dpd oro fmap
va mapayel npwreive ocin¢ Aaoewe
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O1 KoTTapoxiveg TG PLOLKIG AVOOLAG 1
[IPOEAELOT] KAl O1 OPUOELG TODG

IAPY®EN TO 1837 MOpIﬂKﬁ Xa- me
pPaKTNPIOTIKA OIEYEPOEWS MapdyeTal amo KutTtapa otoyol Apaoeig
TNF OUOTPIUEPER LPS, IFN-y Makpo@aya, EvdoBnAlaka kuttapa, T Hopiwv TPOTKOAANONQ
51 KD T- Agpgokutrapa, OUDETEPOQIAQ, uTtoBAa-  'EKkpLon Xupokwvwy, IL-1, IL-6,
OITEUTIKA KUTTOPQ, AQUOG, NratokuTTapa EVEPYOTIOINAT) OUDETEPOPIAWY,
KUTTapa Quaotkoli HUEC-AITIOQ TwUpETOYOvO, avtidpaan o&eiag
(POVEIQ ¢dong, kKaxe&ia, karamAnéia,
BpouBwon, urtoyAukapuia
IL-1 IL-1a, IL-1B LPS, TNF, peta Makpo@aya, devdpl-  EvdoBnAlaka kuttapa, T Hopiwv TIPOOKOAANONC TIUPE-
(30% opohoyia)  evepyoroinon TIKA, OUDETEPOPIAQ, urtoBaiapocg, nrarto- TOoYyovo, avtidpaan o&elag
17KD TOU QAEYHO- ermnAwaka, evoo- KUTtapa, HUEAOS ¢@aong, trapaywyng PLTs kat
VOOWUATOG BnAlaka kottapa 00TV oudETEPOPIAWY aro
HUENO.
IL-6 Opodepng mpw- MikpoBlakn Aoljpw-  Makpo@aya, evdobn-  B-Aepgokuttapa, (pipavon B kuttapwv — mapa-

Teivn 19-26 KD &N, Tpadua, WTIKN
(kaBe umopovada BAARn, IL-1,TNF
arioteAeitat arno

212 auwvo&ea

oTov avepwro)

AlOKQ, (voBAGOTEG,
T-Aepgokuttapa

VEUPIKA, nratika
Kuttapa

YWyT) avTiowpatog, oAAAnAQ-
OlaopPOC KUTTApWV HUEAWUATOC,
MAQOUATOKUTIWUATOC, dlaPopo-
T0(NOM VEUPLIKWV KUTTApwV,
avtidpaon o&eiag gaong,

T apaywyng oudeTEPOPIA WY
Qaro HUeAO

AvTIQAEYLLOVWONC Opaa

(L TNF), 4 Tregs
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Ynep-evepyonoinor tov vrodoyea g IL-6 odnyet oe
avtopatn apbpitidoa

EDvucty R ooty [EVETLKA TPOTIOTIOLNLEVOL TIOVTLKOL
AvETIGTARIOY AdNVOV

laPYOENTO 1537 OTOUC OTtOLoUC uTtepevepyoToLeLtal n STAT3
060¢ amno tnv IL-6 spdoavitovv

auvtopatn apBpitda

DucLoAoykog [EVETIKA TPOTIOTIOLNUEVOC

shp2 @ v
® v
v
Grb2/+Sos
Ra+s
Ra+f
I\/II:;K
MAPK

Npwrteiveg ofelag paong, KUTTAPOKIVEG
DAeypovng, petaypadLkoi mapayovieg,
apvntkoi puBuLoTtég tng jak/Stat odov,
avéntikol napdayovteg, Stadoponoinon




H IL-6 xabopilel T petaPaon amo odeta oe
Xpovia @Aeypovr)

L-6Ra
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sIL6-Ra
*H IL-6 sival anapaitntn yia th C5a

HeTABaon ano ofsia '-TB4

(oudetepodila) oe xpovia / \
(HovokUTtapa) dAeyHovi  cpzgioua PAF
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| / ICAM-1 v
// 1
=D _/ =
Ev600nALako —/ gp130
MoAuvpopdonvpnva —_— Movonupnva

Kaplanski G. et al., 2003 Trends Immunol 24:25-29
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LRR (leucine-rich repeat)
kaonaon-1 (caspase

receptors

To pAeypovooopa NLRP3 xat nj Aettovpyia tov

TpNvag

MaBoydva BakTipia
E¥wkutTapio ATP

Kaomdon-1 L3 ’
(evepvoq)

-1, = cysteine-aspartic iy irsy ity X OO R IOk YOOI O nuxw g mw 0] OO OO L 0L DL O LU DL T
proteases, NACT
NACHT = NAIP (neuronal NLRP3 = F - Ty
apoptosis inhibitor protein) LRR B2 | K+ "5°V8"‘:"? SREDRUARD]
PYD — PYRIN domain .r‘ (Qupikou povovarpiou
B . . / Kat TIupoYwaPopLkou
ASC = apoptosis-associated / ;
pop . . | C ARD i ey aoBeatiou)
speck-like protein \ e
CARD-= Caspase recruitment K = EIERCCRO N TR
. NF-«8 P ' aeneon (apiavrog, XoAnoTepGAN)
domains avevepyog \ DNA 10v
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‘/UTr-—b WIHB = EEoBoq
Mpo-IL-1p W IL-18
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O OXNPATIOPOG TOL PAEYPOVOO®PATOG HPOoVIODETEL TOV HOALDPEPIONO
(ev eldet “prion” )¢ npwtetvng ASC KAl TOV OXNPATIORO Vdl®V
KOAOTIAONG
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NLRP3| B ngD 4_';_ :

- ()pvo |
§ caRD _ }
"0 carp # &9"

Caspase D

|l domain

Caspase 1 filaments > XIS A"% -
f 100nm

Anti-ASC gold (15 nm)

Eva pAeypovoowua ava KUTTapo

Lu A etal. Cell 2014 Mar 13;156(6):1193-206.
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MovoxAovika avtiocopata kata IL-1p: Ma
ovyypovn Beparneia yia tov Owoyevi) Meooyelaxko
e i [Topeto

IAPYOEN TO 1837

IL-1P

Canakinumab (Movoxiwviko avricouae kata |L-15)




T

210 ovbvopopo TRAPS avinpevn napaymyr) ROS
EVEPYOIIOLEL TO PAEYPOVOOOPA OONYWVTAG O
vrep-napayoyn mg [IL-1p
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Auénuévn Tapaywyr) ROS amo Ta

1 Yuoowpeuan Tou pyeTaAAayuévou TNFR1 oT0
EVOOTTAACUATIKO OIKTUO MITOXOVOPIQ KOl UTTEPEVEPYOTTOINCN TOU
2 JonparodoTikou povotranold MAPK

etaAaypévog TNFR1
OCeIdWTIKEG Kal AvTIOEEIDWTIKEG OTTOKPITEIG

OXETICOUEVEG ME TO Stress evdOTTAACUATIKOU
\ ) dIKTUOU gvepyoTrololv To NLRP3 @Aeypovoowypa,
Meiwpévn 0dNywvTaG o€ augnuévn ékkpion IL-13

EvdotrAacuatikd

dikTUO .
auTtogayia
AVTIOEEIBWTIKN Y g
> amokpion \ e IL-18

> §®

&9 .
MYPHNAZ / g A ‘_'/—’ Pro-IL-1B TTUPETOG

O l T CRP, SAA
OudeTepo@iAia

S

W \ IL-6, TNF , IL-1B
= > 2 ) NLRP3 @Aeyuovoowpua
\ XUMOKIVEG WA -

CRP, C-reactive protein; ER, endoplasmic reticulum; IL, interleukin; MAPK, mitogen-activated protein kinase; NFkB nuclear factor kB; ROS,
reactive oxygen species; SAA, serum amyloid A; TRAPS, tumor necrosis factor receptor—associated periodic syndrome Gattorno M, Martini A

Arthritis Rheum. 2013;65:1137-1147.




Cryopyrin-associated periodic syndromes (CAPS)

N 1. Familial cold autoinflammatory syndrome (FCAS) (Matal\afeig NLRP3/NLRP12)
Edvixéy kat ku’no&orpwxév 2. Muckle-Wells Syndrome (MWS) (MET(&[)\)\C[gI’] NLRP3)

[Mavemomuiov Adnvov

AT 3.  Chronic infantile neurologic, cutaneous, articular (CINCA) syndrome (neonatal-onset
multisystem inflammatory disease [NOMID]) (MetaAAa&elg too NLRP3 yovidiov)

Evpog KAMvikng swkovag

Recurrent bouts or persistent inflammation
|

<
I iy
FCAS Cold sensitivity Mws  nhats
Urticarial rash Aseptic meningitis
FCAS Conjuctivitis Mmws Neurosensory hearing loss

Amyloidosis



KAtvikeg eloveg avto@Aeypovoomv
OLVOPOUDV (2

MeooAaBoupeveg amno IL-1
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MeooAaBoupeveg oo IFN-I

h D : AICARDI-GUTIERES,
/ e . 5 % S )
/ ‘- - 2 vdpokEdaiog
Central NOMID, Xpdvio : CAQDLE"‘, -.
nervous T | oy s 5 A ’ - ! aoBsc:tonmnon,
system NG Y OLONMA OTTTLKNG NQMID, 2= Baolkwy

| s \ \
vopekepaAag vayyAiwy

OCTEOMUE - D10y y
U ¥
Bt < Sl " At N, "
Musculo- - o {,

’ ¥ ..
. ‘.’, » 2

"~

/* CANDLE, CANDLE,'

L a - puoocitiderkat g )
\ puooltda Bhiouisa WA ! SAVI,

TnAayyetektaoia,
atpodia pvog

Other

De Jesus AA et al, Annu Rev Immunol. 2015 ; 33:823-874. doi:10.1146/annurev-immunol-032414-112227




Nooot mov mpokaAovvtat Ao
gvepyorioinon tov PAeypovoompatog
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* Neavikr) peopatoetdng tov eviAikog (Nooog tov Still)
* O1KOYeVIG NEOOYELAKOG ITDPETOG

» Kpvormprnvonabeteg
* Owoyevrg ovpTikapid (Ppaxetag OlapKeiag avtomeploptGopeva
ere1o001d Ipetov, apbpalyieg, eCavinpata, KOI®Oon, VIIVIALA)
« 20vopopo Muckle-Wells (Ovptikapia, Ko@mor, apoAoeidmor) Tov
veQPOL, apbpitidoa)
* Xpov1o PBpe@iko veopo-Oeppato-apbpiko oovopopo (eCavinpa xat
coPapn apbpitioa amo v PpePikn nAkia)
« 2ovopopo TRAPS
* 20VOPOPO £VEPYOHOINONG HAKPOPAYOL OXeTICOPEVO e
petaiAadelg too NLRC4 g vropovadag NACI}J}T
Ynotpomadovteg mopetot, natitiod, onAnvopeydalia,

POPPOPIAL)
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DAeypovn enoayopevn armo dtadopouc

TUTTIOUC KUTTAPLKOU Bavatou

Baolkn apxn: OAOL TA KUTTOPLKA OTOLXELOL TOU KUTTAPOU TTOU
nebaivel mpemeL va payokuTTopwWVOVTaL AUECO




Anontwon: Eva poptako npoypappd Kata
TO OIIOL0 TO KOTTAPO AOPAcifel va

Edvikdy kat Kanodiotpiaxiy

Mavemotapov Adnvov C[DTOKTOVI'] 081

IAPY®EN TO 1837
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Mnyaviopot anont®orng;:
eVOOYEVTG/ eCOYEVTG

Bcl-2 (B-cell lymphoma 2):
avaoToAEéag ArOITOOTNG

Bax: Apoptosis regulator BAX,

yvootr) kat g bel-2-like protein 4,
eu96d)ve1 mv 6nploupyi'a OII®V OTO orovesa
TOlYOPA TOV PLTOXOVOPLl®V Kat TV TEAEOTGY

arreAevdeP®OI KOTTOXPOPATOG C (Bax,BE;:;f) . -

Bak: Bcl-2 homologous
antagonist/Kkiller: evodwvet v
dnpovpyia ornmwv oto Toly®ud TeV
pltoyovOpilav Kat v
arreAevdeP®OT KOTTOXPOPATOG C

Bcl-xL: B-cell lymphoma-extra large
(Bcl-xL): avaotoAéag tng anomteong

Kaondon 3 MNpokaondon 3

P. G Wachogiannogiouiss

Kutdxpwua ¢

ZUvOEC yia urodo)elg pakpopdywv

GuyoKiTTOPO

AnonTwTIKG
owpdno
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Apaf:Apoptotic protease
activating factor 1

WD40: BpaxV SouLko
pHotifo 40 apvoéEwyv nou
OUXVA TEAELWVEL OE
TPUMTOPAVN-OOTIAPTLKO
(W-D) dunentidlo

CARD: caspase
recruitment domain

Caspase: cysteine-
aspartic proteases

EvOoyevig pnnxaviopog arnomt®ong

NOD ADP

CARD

ATOTTOOWHA

Kuttoypwpa ¢

Mpokaarndon-9

Mitoxdvdplo

Kaomdon-9

.
>

S

Kagnaon-3

Mpokagmdaon-3
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Mupomtwon: Mua urtepBoALkn
Oléyepon TN mapaywyng IL-1B
LEOW EvVEpPyoOTOLNONC TOU
dAeypovoowpatoc, mou odnyel
0€ Kataotpodr TOU KUTTAPOU Kol

ameAevBEpwon
EVEPYOTIOLNUEVNC TtpwTEivng ASC
TIOU €VEpPYOTIOLEL TNV po-IL1B
QKON KOl OTO EEWKUTTAPLO
nieptBailov kat Spa ota Suthava
aBikta KuTTapa.

[Tvpomrtwor): 'Evag tonog kottapikov Havatov yia npootaoctd Tov
GeV1oTI) Ao Taxems MoAAanAaotalopeva napdoltd eViog TOV

LOADOPEVOD KOTTAPOL

Crystals

:

EVEPYOTIOLNTEG

Evepyomnoinon awodntripwv

5 e |
J/cAM , ,
NLRP3 IXNHATIOHOG Katahoinwv ASC
Cold | :
P 3| Pro-il-ip  Asc 00)
Pro-IL-18 Pro- g ov i
/4__).\1 —"> caspase 1 | Ans)\suet-spwcfn KUTTAPOKLVWV 1 Kol
KUTTAPIKAG Bdvarog
awip | ap l
e /
18 - dL-18 fcthe B ' AneAeuBépwon
— \ —— Caspase-1 \ katahoinwv ASC
= ' Pyropt05|s
= : 0 Evepyonoincn
O=‘ - Kaomaong-1 ko IL-1B
- €§w amno to KUTTapPo
IL— 1 B e
Pro- IL-1 B
[‘] \
Dayokuttapwon
% kataloinwv ASC
/ Pro-IL-1B J
| Pro-IL-18
e Actlve
= l caspase 1)
kL-1 B Y

Q ~~’/|L-18

Enéktaon tng GAEYHOVIG HECW TOU YELTOVLKOU
KUTTAPOU
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Mnyaviopot
VEKPOITTOOT|G KAl
IO TMWONG

NOOOL TTOU EMAYOVTOL LE VEKPOTITWON
vAlzheimer's disease

vAmyotrophic Lateral Sclerosis

vCRIA syndrome (Cleavage-resistant RIPK1-
induced autoinflammatory syndrome) fevers,
swollen lymph nodes, severe abdominal pain,
gastrointestinal problems, headaches

TNFR-1-associated death domain protein TRADD
Receptor-interacting serine/threonine-protein
kinase 1 (RIPK1)

NF-kappa-B essential modulator (NEMO)

linear ubiquitin chain assembly complex (LUBAC)
Inhibitors of apoptosis proteins (IAPs)

FLICE-like inhibitory protein FLIP

Fas-associated death domain-like interleukin-
1beta-converting enzyme (FLICE)

mixed lineage kinase domain-like protein (MLKL)

ACTIVATION

COMRLEX ||-

ChsPASEY

- O RUTOTRANSPHOSPHGRILATON
FLip

LUBAC

@

UBIQUITINRTION

HBITES

IN
l CASPASE @ AGTIVATES
CASPASESR
FLIP

CASPASES - pip
HETERODI\LER

las

&

SEMBLY

RIPK3

¥

NECROPT091S

FADD RIPKA

(Aforrosoue |

ijb
%,
£

V-1 waeROD

RUNE:
APOPTOOL



To vexpoowpa oxynpartiCetat peta amno
POOPOPLALI®OT TOV KivacwVv RIPK3 xat MLKL xat
Bl 1OTe To oopmAeypda eEEPYETAT TOL TTLPTVOG KAl
roALPEPLCeTAl OTO KOTTAPOOLAA LA

Steady state Necroptosis

\ / \\Mm' \ V\::” ‘ _/ '\-.-._,.
\ ot RIPK1 - RIPK1

Nucleus Cytoplasm Nucleus

p-RIPK3:p-MLKL
higher order oligomers
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H ano-ovpmikovitivwor) tng Receptor interacting protein kinase 1 (RIP1)
001yl TO KUTTAPO O€ AIOITMOI AAAd 1] TALTOXPOVI] AOPAVOIIOiNOT) TG
KAOTIAOT)G-8 TO 001 Yel 0 vekpormtmor) (vekporntoor peoo TNF-TNFR)

Tumor necrosis factor
receptor type 1- o wele wele alnelalotle o oata nole olle'o oola mole eoare mol . .

associated DEATH W&W%&%@&W&&M@ }IWWWWW
domain protein (TRADD) '

TRADD

- Complex 1
. . . (TRAF2 clAP
FAS-associated death domain protein (FADD) N0 \_)RIP1 . e
iquitin
.o
FAS (also known as APO- ¥ Jpiauiinet L
1 or CD95) TNF receptor e
family of proteins RIE]
Ll Complex 11
cellular inhibitor of Gl
. in-1 - MAPK
ap:zlpltims protein- s FADDRIP1 e pathway
- pathway
(C ) inactivation Complex Il b / Necrosome
Receptor interacting
. . RIP3 FADD RIP1 P
protein kinase 1 (RIP1) . .
s RIP3
Vol MLKL | P

CYLD lysine 63
deubiquitinase
cylindromatosis (CYLD)

deubiquitinases (DUBs). Apoptosis Necroptosis ~Survival



Mgz’ K* Na*
L) °®
L

Nexkporrtmon -

Cation channel

pnéom MLKL .
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Eat-me signals are molecules exposed on the
surface of a cell to induce phagocytes to
phagocytose (eat) that cell:

v phosphatidylserine, oxidized phospholipids,
sugar residues (such as galactose),
deoxyribonucleic acid (DNA), calreticulin,
annexin Al, histones and pentraxin-3 (PTX3)

Find-me signals are molecules released by a cell to
attract phagocytes to that cell by chemotaxis,

v’ the nucleotides: adenosine triphosphate (ATP),
adenosine diphosphate (ADP), uridine
triphosphate (UTP) and uridine diphosphate
(UDP); the lipids: lysophosphatidylcholine
(lysoPC) and sphingosine-1-phosphate (S1P);
and the proteins (or peptides): fractalkine
(CX3CL1), interleukin-8 (IL-8), complement
components C3a and C5a, etc

P ER stress
®EBP P
@ P e S : > ﬁ
/Q\ Caz
()" e
\Nucleuy Lysosome ESCRT
=2 rupture

a4 ﬂldm w d

By v\p‘%@ 0@

(DrpiP l

@i @ mPTP open

Cytochrome c release
Mitochondrial A¥m "~
fission



Tonot xkottapikov Havartoo
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CASPS (RIPK1) x“éﬁfi”l caspyy  PARPA CypD  NOX
(CASP9)  ATG RIPK3 (GSH] Gas derrr‘llin 0 AlF? meT mTOR
CASP3/7 MLKL ] G}i‘? RIPK1?  CthD ATG
1. 'Ill- i
" IL18 e
~. CAsP3 . ,, . — - — “ﬂﬁ }”
(O] DFNAE % M\ f‘.ﬂ (0l (o) () O
H -‘j FII:':':' - j'[m‘ IL'I;"lL — Jr' 1B l"""' —-lj l"'" — "; J'ﬂl"h.___.-.ﬂ'-
Secondary Apoptosis  Autosis  Necroptosis Ferroplosis Pyroptosis  Parthanatos  CypD  NETosis

Necrosis Necrosis
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Agvteponabr)c
vekpwor): H
(LOLKT EKPaon
TOL
IPOYPAPPATOS
AIOOTOOTG OTAV
Aelret To KOTTapo-
OKOLITLOOPAYOG

NO CLEARANCE

OPEN

APOPTOGENIC AUTOLYSIS

STIMULUS 5
s ¥
PRE-NECROTIC @ R
PR s l
SIGNALS NECROSIS

RELEASE OF
CELL COMPONENTS

CLEARANCE

EXPRESSION
OF “EAT-ME”
SIGNALS

SCAVENGER CELL

PRE-NECROTIC™
PHASE

PROTECTED
HETEROLYSIS

NO RELEASE OF | =i
CELL COI‘-APO:‘JENTS" oo

Manuel T. Silva, FEBS Letters 584 (2010) 4491—-4499



H avoooloyixr) aravtnorn ota 0guteponadmg
vekpwbevta xottapa

anti-inflammatory
signals

Edvikdv kat Kanodirplakiy
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IAPY®EN TO 1837 HMGB1 high mobility group
protein B1,

FSAP factor Vil activating
protease,

C1q complement component

MFG-E8 milk microcrystals

fat globule-EGF factor 8,

Gas6 growth arrest-specific 6,

?
<= . HMGB1
MSU mono 1 _1_ nucleosome
’,‘?,\[/L\ complex

sodium urate,

PS phosphatidylserine. .
DNase I inflammatory DAMPs
< nucleosome ¥ HMGB1 @ DnNasel annexin Al
.. _-hucleosome B FSAP ¢ MFG-E8 MSU
\"ri),aif With » microcrystals
A 2] y -
U< degraded DNA ,L Ciq {1 Gasé m PS

Sachet M et al, Apoptosis (2017) 22:1189-1204




Autosis (avtoAvoig): Tormog kottapikov Bavatov
OPELNOPEVOD O€ DIIEPPOALKT EVEQPYOIIONON
AUTOPAYIKOV P XAVIOPL®V

Edvikév kat Kanodiorpraxéy

[Mavemotuiov Adnvov -
IAPY®EN TO 1837 : Phase 1a
7 /{,{
7
autophagosomes (APs), ¥y
e
autolysosomes (ALs), ﬂﬂAl:’// 43;/
empty vacuoles (EVs) GAPTTT]
. /EVﬂﬂ
Dllated
/L7 %/ ER
C_,/
Phase 2 Phase 1b ™
> : y
Organelles y : e &
Disappear @
' : ©
. PNS “C @
> : @ Electron Dense
v e Mitochondria
&} & )
& Y _

Nah J et al, J Am Coll Cardiol Basic Trans Science 2020;5:857—-69




Ferroptosis (owbnpomtwon): MNpoypoUUATIOUEVOC KUTTAPLKOC
kel Bavotoc oPENOUEVOC OE QAVETIAPKELA TWV OEELOWTLKWV
LLNXQVLIOMWV TNC yYAouTtabelovnc

Edvikéy kat Kanodiotplaxov
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IAPYOEN TO 1837

, —

AVETIAPKELD TWV OEELOWTLKWV UNXAVIOUWV TNG
yAoutaBeLovng C

Yriepoéeidwon Autdiwv odelAopevn oto oidnpo
MNapaywyn ROS

Kuttaplkog Bavartog
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Parthanatos: IIpoypappatiopevog
KOTTAPIKOG BavaTtog arno cuoomPeLON TOAD-
ADP-ttoAvp1poln-modvpepaon (PAR)

2uoowpeuon moAU-ADP-rtoAupoln-
noAvpepaon (PAR)

Metatomnion tou apoptosis-inducing factor (AlF)
0€ OCUMTTAEYUO LE TOV macrophage migration
inhibitory factor (MIF) otov mupAva mou odnyet
0€ KATOKEPUATIONO Tou DNA

Noonuata oxeti{opeva pe Parthanatos: ==
Nocog Parkinson AN mage
ApBpitida
KoAttida
Hratotoékotnta
[ i \
| ST MF ) |

| Nucteus DNA fragmentation 1



AVTUIPOOMIIEDTIKEG ELKOVEG
NETs nov napayovtat in
vitro ano LPSoe avBpwmiva
ovdetepoPha. Ta NETs
Epgavifovtat pe
oLVOLAOPEVT] XPWON
ehaotaong (mpaotvr)) Kat
mopn VKoL bAoL (DAP],

PIAE).
MeyeBovon 40X.

NETs: Neutrophil extracellular
traps (eéwkuttaplec nayidec
ovdetepOPiAwv)

Kaplan M, and Radic M. J
Immunol. 2012 September
15; 189(6): 2689-2695.
doi:10.4049/jimmunol.1201
719.




00:00:00.000

Neutrophils

stimulated with : S
Edvikév kat Kanodiorpiaxiy . . i e
ol phorbol-myristic

acetate (PMA)
undergo netosis

0 pm 25




Eva napadetypa evepyonoinong tomv
-~ W moAvpop@eormpnvav: O 10g SARS-CoV-2
=il criayel v onpovpyia twv NETs

IAPYOEN TO 1837

P — / Neutrophil : :dc(t)lt\:::I?:m
& IL-1
;o IL-6
ﬁ = : ’\ DNases
. .‘ Phagocytosis ..
polyP ( : 1 == TFP
% % E g | Thrombin W L . E s
PF4 Complement :
foor G

/>covu)-19

Platelet \_/

NETs: Neutrophil extracellular

traps (eéwkuttaplec mayidec
OUOETEPOPIAWV)

Kaklamanos A, et al, (2021)Front. Immunol. 12:719023. doi: 10.3389/fimmu.2021.719023

Fibrin/NETs/Platelets
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Table 1 The brief comparison of several types of necrosis.

2 0YKP101N TO®V O1apOp®V TOII®OV
KOTTAPIKOL Havatov

Items

Biological features

Stimuli

Key molecules

Inhibitors

necrosis

Ferroptosis

Oxytosis

Pyroptosis

MNETosis

Necroptosis

MPT-dependent

Parthanatos

RIP1/RIP3/MLKL activation

Mitochondrial swelling/rupture, per-
meability of IMM increase

PARP1 overexpression, nuclear
condensation

GSH depletion, iron-dependent lipid
ROS accumulation, system ¥
inhibition

GSH depletion, lipid ROS accumula-
tion, system . inhibition, Ca*’
influx

Caspase-1/caspase-11 activation,
PM rupture

Intracellular contents release, NET
formation, chromatin unfolding

TNF, Fas, TRAIL ligand,
dsRNA, dsDNA, IFN-vy,
etc.

Oxidative stress, ion
overload

Oxidative stress, excitotoxic
stress, genotoxic stress

Erastin, RSL3/5, SAS,
Sorafenib

Glutamate

Bacterial infection, LPS

Bacterial infection, sterile
inflammation, LPS

RIP1, RIP3, MLKL

p53, CYPD, ANT, VDAC,
F1FO ATP synthase
PARP1, AIF

System y. , GSH, GPX4

System y. , GSH, GPX4,
cGMP, AIF

Caspase-1, caspase-11,
GSDMD

NETs, ROS, NOX, NE, MPO,
histones

Necrostatin-1 (Nec-1), GSK-843, GSK-
872, GSK-840, TAK-632, NTB451,
necrosulfonamide (NSA)

Cyclosporin A, sanglifehrin A,
DS44170716, NIM-811, Debio025

Olaparib, 4MF

Ferrostatin-1, 16-86, liproxstatin

C16, CdCl2, LaCl2, DIDS, sulfite

AC-YVAD-CMK, Z-YVAD-FMK, VX-765

THIQs, Cl-amidine, Trolox, Tempo




OAeypovi) HEO® KOTTAPOKIVOV KAt

KOTTAP®V TIG ELOTKIG AVOOLdG




Ta abwa T xottapa ytvovtat OpacTikd a@ov
OLVAVTI|OOLV AVILYOVO OTO AepPpadeva

Edvikév kat Kanodiorpraxéy

Tlavemoriov Abvéy Naive T cells circulate Dendritic cells carry
4 through lymph nodes microbes or their antigens
and find antigens to lymph nodes
JP
Lymph node Dendritic cell ¥
?Iclz_e:l in m — Dendritic \
e

it
L\%&D} Site of

infection

Effector
T cells
) 9 Effector T ce_lls >
Activation of migrate to site Activation of
naive T cells in of infection effector T cells at
lymph node, ' ' site of infection;
development of eradication of
I effector cells ) I microbe B




H aAAnAovyxia t@v yeyovotmyv petd
TNV AVAyVoP10n TOL AVTILYOVOD
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| Principal effector
functions

' Antigen ' ‘Lymphocyte”

recognition activation Proliferation Differentiation

" Activation of |
-3 | macrophages,
B cells,
Effector other cells;
CD4+ T cell kinflammation 4

Naive

Memory
CD4+ T cell

i e Cytokines

(e.qg., IL-2)

Killing of
P =3 | infected or
tumor cells
Effector
CD8* T cell
\ (CTL)
Memory
CD8* T cell

Lymphoid organ Peripheral tissue




Ta oovoleyepTika popla etvat anapatttd yia
TNV dpXKn evepyoroinor tov T Kottapov
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Antigen recognition T cell response

A’ Unactivated APC
(costimulator-deficient)

CD28
Naive =" >

BEE > =S T cell
No response
or tolerance

B APC activated by microbes,

innate immune responses:

increased expression

of costimulators Effector

T cells

B7 CD28
Nalve U >
APCE TceII N o
WV

IL-2

T cell survival,
proliferation and
differentiation




Mnyaviopot
i OLVevepyorotnong too T A
KOTTapov aro to CD28

IAPYOEN TO 1837

Naive
CD4+
T cell

Signaling | PI-3 kinase/AKT
intermediates RAS/MAP-kinase

O

‘Functional tProduction tSecretion tCyclins Signaling
effects of BCL-X,, oflIL-2, J{Cellcycle pathways
: BCL-2  expression inhibitors

|

Cell Cell Differentiation
survival || proliferation to effector and

memory cells
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Ta xopra peAn
TOV OIKOYEVELDV
B7 xat CD28

Expression DCs; macrophages,

Name B7-1
(CD80)

PRy O

=

.
.

vLigands on
APCs and :
~othercells

{
\

1

(< ) (o)

Receptors ‘
onTcells
ccC
Name CcD28
Expression Naive

onT cells T cells

Major Activation of
function naive T cells;
induction of
immune
responses

B cells

B7-2
(CD86)

E=gpalo

./ R

C
(v

ccC

CTLA-4

Regulatory
T cells;
activated
T cells

Inhibition of
T cell
activation

DCs; DCs;
macrophages, macrophages,
B cells, other cells' B cells; endothelial,
epithelial and tumor
cells (PD-L1 only)

ICOS-L PD-L1 PD-L2
(CD275) (B7-H1, . (B7-DC,
CD274) ' CD273)
%ﬁ ; :
c ¢ G
E. \ ) \&;
(v (v (v:
h == b
| I
N N

CcC C
ICOS PD-1
Activated Activated T cells
Tecells; T
follicular helper
(Tfh) cells
Generation Inhibition of T cell
of T follicular activation
helper cells



Mnyaviopog Oeparmevtikov
AIOKAELOPOV T1)G OLVOLEYEPOTG

Cﬁm%

Costimulatory
blockade

(Activation)




OepAMELTIKEG IIPOOEYYIOELG ALDTOAVOOLAG KAt
1<ap1<ivou' (anop(')vooor] tov T xottapov ano ta
PPEVA TOV)

Edvikéy Ku( Ko.uo&orpmxév

[Mavemotuiov Adnvov
IAPY®EN TO 1837 /ﬂ J? % KZ { f%/\ [/Zf/ J>/ AK

PO [ PD-LS

CTLA4-lg
(Abatacept)

T kuttapo

b =
=

AvTi-PD-1 ,{/sé J
(Nivolumab) PD-1 WA

RY
0 Ny A 0 S A

A B . G Wackoyiannopoulos

T kuttapo

(a) Evepyoroinon

(B) Awkorm Mg ouvdLEYEPONS




O polog tov CD40 otnv evepyonoinon
tou T Kottapoo
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| T cells recognize ‘ |
CD40L binds to Activated DCs

stimulate T cell
proliferation and
differentiation

antigen (with or _
without B7 CD40 on DC; leads

costimulators),
causing expression
of CD40L on T cells

to DC expression
of B7; secretion
of cytokines

Cytoklnes

. Enhanced T cell
proliferation
B and differentiation
|




Pobpion g ekppaocng tov vnoooyea tng IL-2

Edvikdv kat Kanodirplakiy
[Mavemotuiov Adnvov
IAPY®EN TO 1837 APC

/IL-2RB~( complex

' o N ~ (IL-2RBy:
T cell activation by ‘% “’/i?_._ \j Resting Pre
antigen + costimulator < ' (naive)
= - NPT T cell
Costimulator
. . B ulg Kg~1x10°M
Secretion of IL-2 IL-2

O/IL-ZHQB"fcomplex
[ IL-2RaPy

Expression of
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TaT xottapa avayvopifoov avtiyova Kat
emotpatevovv gayoxkvtrapa (CD4'T) 11/ xat govevoov
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A Phagocytes with B Infected cell with microbes
ingested microbes in vesicles or antigens in cytoplasm
CD4+ effector T cells CD4+ effector T cells CD8+ T cells

(Th1 cells) (Th17 cells) 2
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Killing of
infected cell
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killing of Inflammation,
ingested killing of
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Ta CD4'T evepyonolovvtdtl 0To Aeppaoevd

Antigen recognition
and induction of
response in
lymphoid organs

' T cell proliferation '
and differentiation

Differentiated
CD4+ Th cells
enter circulation

' Migration of effector

T cells and other
leukocytes to site
of antigen

>

Microbe /-
Cytokines N ?’ Tissue site of infection
] -
-.1\_*\?"-' .L’"T \ o i
4
s 4 Dendritic cell
CD4+ ':]-‘m“'(
effector - @® .
T cells i Chemoknnes,
(Th cells) cytqkmes

A (

st
Neutrophils

7 CD4+ 7effect'or

Néutrophils e and monocytes
cells ' .
and monocytes Effector |Phagocytosis| | Inflammation,
functions | and killing leukocyte
of T cells | of microbes activation




[010TNTEC TOV KOPLOV KATNYOPL®OV TOV
CD4+T xottapwv

Edvikév kat aitoStcrpmxév

Tave O Effector Defining Principal target  Major immune tiostdefonss  Bola i disesgss
: T cells cytokines cells reactions
Th1 Macrophages _ _
= “ Macrophage Intracellular Autgmg:]?cmty,
i activation pathogens nflarniation
IL-4 Eosinophil and
mast cell activation;
IL-5 alternative Helminths Allergy
macrophage
=i activation
IL-17 Neutrophil Extracellular - e
recruitment and bacteria and Au]:[mmmur_uty,
IL-22 activation fungi Inflammation
IL-21 : ; :
Antibody Extracellular Autoimmunity
(and IFN-y production pathogens  (autoantibodies)

or IL-4)
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H IL-12 ipogpyopevn Ao pakpo@ayd Kat OevOpLTiKd
KOTTAPd O€ AIIAVTNOl HIKPOPLOV EVEPYOIIOLEL TOVG

petaypagikoug rapayovteg T-BET, STAT1 xat STAT4
evepyomotel ) Otagoponoinon t@v abwav CD4'T oe Tyl

T-bet: T-box transcription factor
TBX21: MetaypadLkog moapaywyv
TIOU EVIOXVEL TNV pPeTaypadn
yoviSiwv twv TNF-a TNF-f kat IFN-y

Signal transducer and activator of
transcription 1 (STAT1):
MetaypadLkog mapdywv mou
petaypadel moAAd yovidia cav
anavtnon o€ IFN-I, Epidermal
Growth Factor (EGF), Platelet
Derived Growth Factor (PDGF),
Interleukin 6 (IL-6), kat IL-27.

Signal transducer and activator of
transcription 4 (STAT4) : Aettoupyel
OOV ATAVTNON OTLG KUTTAPOKIVEC:
IL-12, IFN-I ko IL-23. SupBAANEL
otnv wpipavon tTwv abwwv CD4+T
KUTTAPWV

Naive T cell

Dendritic cell

Mijfbes

Macrophage

Thi cells

Ll 4
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Ta Tyl xottapa exkkptvoov

IFN-y 1] oniota Oteyeipet ta y Naive
pakpo@ayda yia %4

IEPIO0OTEPO ATIOOOTIKT) Bacteria L
(PAYOKLTTAPWOT) OTd

Ppayoompatd

activation (enhanced

Classical macrophage
microbial killing)
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H evepyonoinon
TOV HAKPOPAYDV
ano ta TH1
KOTTapd

' Activation of ' ' Responses of
macrophages activated macrophages

Enhanced killing
CD40 of phagocytosed
bacteria

cD4oL \ Macrophage with
ingested bacteria

CD4+ effector Secretion of Increased expression
T cell (Th1 cell) inflammatory| | of molecules required
cytokines for T cell activation
B
(Macrophage response IRoIe in cell-mediated immunity )
Production of reactive Killing of microbes in phagolysosomes

oXygen species, nitric oxide, (effector function of macrophages)
increased lysosomal enzymes

Secretion of cytokines TNF, IL-1, chemokines: leukocyte

(TNF, IL-1, IL-12) recruitment (inflammation)

and chemokines IL-12: Th1 differentiation, IFN-y production
Increased expression of B7 Increased T cell activation (amplification

costimulators, MHC molecules | of T cell response)



Ta devopiTika KOTTAPA ATOKPIVOVTAl O€
Ty KOTTAPOKLVEG IOV ITAPAYOVTAl OTd embnAia
R o Kl yivovtdtl enaymyelg twv TH2 xottapev

Thymic stromal
lymphopoietin (TSLP):
JupBAAAEL oTnV
wplpavon twv T
KUTTAPWV,
EVEPYOTIOLWVTAC OUWCE T
QVTLYOVOTIOPOUCLACTIKA
KUTTtapa. NMpogpyetatl
amo oPAAOTEC,
erONALaKA KUTTOPA KOLL
AaAAa kKUTTOPQ

GATA 3: MetaypadLkog
TIapAywv mou puBuilet
™V ékdpacn oAV
yoviSiwv. EvioyveL thv
Ekppaon twv IL-4, IL-5
Ko 1L-13

Amp;Iification

IL-4
ITh2 cells

Naive T cell

>

v
&

Qi IL-25, IL-33, TSLP

%M D""Q

Epithelium

Helminths or
protein antigens
Dendritic
cell

(IL-4]® X

IL-13| @
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Agttovpyleg
tov TH2
KOTTAP®OV

IL-4: Napadyetal ano ta mast cells kat
odnyet ta T,,0 kUtTOpO O T,,2.
Evepyorolel ta n6n evepyomolnpéEva
B kUTTOpO KO TOV TTOAAQTTA QLG O
Twv T Kuttdpwv. Evodwvel Tnv
otpodn Lootumou armno IgM oe IgE
avéavel tnv Ekppoaon MHC-II. Obényel
o pokpodaya o M2 tomo

IL-5: Nopadyetat apxkd ano ta T,2.
Evodwvel Tov moA\amAaocLlacpo twy B
KUTTAPWYV, TNV Tapaywyn IgA, kot tnv
TEALKN wpilpavon Twv nwowodilwv
IL-13: Mapopolec SpAOELG E AUTEC
¢ IL-4. ArtoSopel TIg
HETAAAOTIPWTEIVACEC TNC OgUEALAC
ouclaC OTOUG AEPOYWYOUC
(avtidAeypovwdncg dpaon)

s

Proliferation and
differentiation

Naive CD4+
T cell

Macrophage

IL-4,
IL-4, IL-13
IL-13 _
Th2 cell
\
IL-5
IgG4 (human),
A §<  1gG1 (mouse) IL-4,
4 ;/fj _ IL-13
IgE 7= [ Antibody Alternative
production x macrophage
activation

r o

(tissue repair)

Helminth

Mast cell
degranulation

Intestinal mucus Eosinophil
secretion and activation

peristalsis




KAaoowr) xat

Elassically activated.
macrophage (M1)

'Alternatively activated
macrophage (M2)

E?)\lt;xév Kat !(aﬁoSAtgtptt,xxév EV QMQKTI,KIJ]
IAPYGEN TO 1837 EVEPYOH(')II] OI-] MlcrOblal
PAKPOPAYOL e
R

ROS, NO,
lysosomal enzymes

v

Microbicidal
actions:
phagocytosis and
killing of
| many microbes

S

Macrophage

IL-1, IL-12, IL-23,
chemokines

!

[Inflammation) [Antiinflammatory eﬁects;J

_b wound repair, fibrosis

IL-10,
TGF-B

}
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Ta avtiyovonapovowaotika xkottapa napayoovv IL-1
Kat IL-6 xat alAa kottapa napayoov TGF-f3. Avto to
IIePLPANNOV EVEPYOIIOLEL TOVG PETAYPAPIKOVG
nnapayovteg RORyt kat STAT3 kat petatpernet ta
abwa CD4+T xottapa oe TH17

Retinoic-acid-

receptor-related 3 o
orphan nuclear £ S 3
receptor gamma o = 8 =y =
(RORyt): 2 9|0 =/
MetaypadpLkog z 2 )

TP AYWV AVOLYKALOC ¥ o *
yla emiBiwon twv \;ﬁ ” ~
SumAwv BeTikwv .
KUTTAPWV 0TO BUpO % &L'Q

IL-23: EtepoSLpEPNC: h A §

p40 memtidlo tne IL-12 g5 —

(UC

kot pl9 memtidlotng ©F
IL23. 2taBepormolel Tov
napayovta RORyt.

Dendntlc

cell

IL-22: MNapayetot arnd moAAd avoookUTttapa. EmBiwon avoocokuttapwy
Kol oUVOeon avVTL-pLKpOPLaKWY TEMTIOLWY

IL-22 @



Bacteria,

Agttovpyleg TV fun?g?

Naive CD4+
T cell

differentiation

Clel

Th17 cells

. -57(',/"" 3 ' >
Edvikév Kat KaROBOToIaKoV I H]_ ; KD l | C[ (D \ 7 Proliferation and
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IL17: kUploc evepyormolntnc: IL-23 el
Twv Th17 BonBwv kuttdpwv. ApAcEeLC:
Entaywyn twv: IL-6,G-CSF, GM-CSF, IL-1,
TGF-B, TNFa, IL-8, MCP1
TPOCTAYAQVE VWV KOl QVTLULKPOPBLOKWVY IL-17 IL-22

} Leukocytes Tissue
TETMTLOLWYV and tissue cells cells

.
IL-22: Mapayetat ano T kuttapa, NK 2"

kUTTapa, oudetepodia, pakpodaya, —
. , Chemokines, TNF

OTPWHATIKA KUTTOPQ, ETUONALAKA IL-1, 1L-6, CSFs

kOTTOpa. Apaoelc: EmBiwon Kuttapwy, '

ETMOUVAWON TPAUUATWY, TIApAYWY)

aVTLULKpoBLlakwy rtemtidiwy (S100,

Reg3-B, Reg 3-y, defensins).

Ant|m|crob|al
peptides

Increased
Inflammation, barrier
neutrophil response function




daoceilg emaywyng kat opaong tov CD8+T
Edvicoy Kﬁnosmpmxév KD TT C'[ p (DV
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Antigen recognition
and induction of
response in
lymphoid organs

Dendritic cells carry
microbes or their
antigens to lymph nodes

Tissue site
Microbe ©f infection

0 w
63 &

]L/.% \

Dendritic
cell

Naive
CD8+
T cell

T cell proliferation '
_ and differentiation |

CD8+ 5
effector
T cells
(CTLs)

Differentiated CD8+
CTL cells
enter circulation

CTL killing of
_ infected tissue ceII_

' Migration of effector
T cells to site |
of antigen S —




[a va oppaoet eva abwo CD8+T xottapo ypetaletat
KOTTAPOKIVEG ITOL TOL mapeyovtat aro evd Tl Ponbo
KOTTAPO 1) EVEPYOIIONOT] T®V AVILYOVOIIdPOVOLACTIKOV

KOTTAP®V A0 OLVOLEYEPTIKA POPLA OD TOLG IIAPEXOVTAL
amno ta Tyl xottapa
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A Costimulator

produce cytokines
that stimulate

CTL proliferation

and differentiation

| CD4+ helper T cells

enhance expression

of APC costimulators
needed for CD8+
T cell activation

CD4+ helper T cells |

CD4+
helper
T cell _

T 7
° DCytokines

Differentiated CTLs,
memory CD8+* T cells

Costimulator
Costimulator
receptor

Naive
CcDs8+
T cell

Differentiated CTLs,
memory CD8+ T cells

CD4+ helper T cell
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2.€ KATAOTAOELG EPPEVOLOAg eKOeong
OTO AVTLYOVO (xpovia Aotpmdn) Ta
CD8+T xottapa ekgppaloov
AVAOTAATIKODG DIIOOOXELG OIS O
PD-1 kat mepurintovv oe eSavtAnon
KAl avepyla

Naive
CD8+ T cell
Virus%

infection

Xcute infection:]
antigen cleared

v

Effector and memory
CD8+ T cell

infected ¢
cell

&/~ CD8*+ CTLs

‘Chronic infection:
antigen persists

J Virus-infected
Z

v

Exhausted
CD8+ T cell

Inhibitory
receptor

Inhibitory
receptor ligand

Live
infected == ' o
cell =

Effector and memory
CTL: Can respond to
virus by cytokine

secretion, proliferation,

target killing

Exhausted T cells:
Expression of
inhibitory receptors;
Inability to respond
to virus-infected cell




Mnyaviopot A Perforin/granzyme-mediated cell killing

1 KOTTAPOTOSIKOTITAG
Edvikév kat Karodiotprakdyv TOL KDTpoOD-
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IAPYOEN TO 1837 O-T(')X()g C[H(') Ta - ‘ Endosome\ ApOptSiS
CD8+T CTL \o S (of target cell]
Q%o

i &; Perforin induces uptake
Perforin <

of granzymes into
ranzymes — ﬁ

Qrahay \‘d;o%\ target cell endosome
CTL t6l6ases \°” o and release into cytosol,

granule contents
into immune synapse

.‘ !\‘ activating caspases

B FAS/FAS-L-mediated cell killing

. . Apoptosis
FAS-L on CTL interacts of target cell
‘with FAS on target cell
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Antigen | | B cell proliferation

recognition and differentiation @
, . IgM
Helper T cells, Eéﬁsma A Antibody
~ other stimuli ” M\ |secretion
(Proliferation) /)

. QY
|gG-expressing 19G %0"
Beell_ Y N7

Y [ Isotype
< switching
P dn

IgM*, IgD+ Activated AN
g Actv N\ },:.{ [ Affinity J
*\ é maturation
' o ) 4 F—High-
High-affinity Ig £ affinity 1IgG

expressing B cell

Memory
< | Becell




T-eCaptopevn xat T-avecaptnin

'T-dependent‘
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IAPY®EN TO 1837 Protein antigen

Isotype-switched,
high-affinity antibodies;
memory B cells,
long-lived plasma cells

B cells

'T-independent'

Mainly IgM, low-affinity
antibodies; short-lived
plasma cells

Polysaccharide
antigen

marginal .
zone B cells Other signals
(e.g. complement

protein)




Tponot mapadoong avtiyovoo ota B
KOTTAPA TOV AepPOolotmv
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IAPYEN TO 1837 Subcapsular
Mikpd avtlyova sinus

nep'vouv Heod Antigen arrives @

(Tto Tou6 from tissues via =1

OWANVEG afferent lymphatics P _\\\\
/Small antigens &\

MeyaAUtepa “delivered to follicles- S\ @

aVvVILyOvVa HECW via conduits < \‘\‘\\x
TWV pakpodpaywv
OTOUC KOATIOUC
KATW Qo TNV
kapa, N HEow
TwV SeVOPLTIKWY
KUTTAPWV TOU
HueAoU Tou

Aepdadeva

Macrophage in
subcapsular
sinus

o— Small antigens
< / may also diffuse
into follicle

Follicular
dendritic cell

'Aarger antigens captured golicie

/) by macrophages in
L/ subcapsular sinus

/]




Xopik1) avoOOAOY1KI AIAVTH O O€
OopoeCaptowpeva avityova

A /" Protein antigen ) >

Dendritic cell /
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epitope

Helper T cell B cell zone
T cell zone (primary follicle)
B
‘Extrafollicular , Eollicular
focus - W, dendritic cell
o j
Short-lived A ;:
plasma cells
Helper T cell ,
Germinal L &
center ' =

B cells Germinal center 7"
reaction




Metavaotevon twv B xottapov ipog tnv

i W Covn tov T Kottapov kaboonyoovpevi) amno
8 v Babpidwon tov CCL21 mov eivat o
petCov ovvoetng tov CCR7

1 5

CCR7} .
’ Antigen uptake and
Antigen CX.CRS.T ang B gels prosent processing; B cell activation;
- migration of antigen to
presentation; activated  activated helper EBI2 and CCR7%tand
T cell activation T sells to edge T cells migration of activated B cells
of follicle to edge of follicle
Dendntlc cell  Protein CD40L D40 Protein antigen
antlgen Helper .
T cell
Naive CD4+ M

T cell

CCR7 B cell zone
T cell zone (primary follicle)

'B7 CD28




& Mrnyaviopog g peow ponboov T kottapoov
W £veEPYOIIONONG Tov B xuttapoov
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Activated B cells are B cell
helper T cell activated by proliferation
expresses CD40L, CD40 engagement, and
secretes cytokines cytokines differentiation

Cytokine ~~ @
receptor ~ Cytokines




H yevvnon tov Ty KOTTap®v arnattet Kata
O€LPd evePYOIIONON TV T KOTTapmV npmta

Edvikéy kat Kanodiotplaxov

el 110 OEVOPLTIKA KOTTAPA KAt dKOAOLO®G Ao

IAPYOEN TO 1837

evepyonoumpeva B xottapa. ICOS-L/1COS
interaction oLOLWONG

Dendritic
cell

‘ Bl | Follicular
—ICOS dendritic

cell l

Tfh cell

Activated

Tth cell
T cell
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Axolovbia
YEYOVOTOV
OTO
PAaoTtiko
KEVTPO

' Activation of B cells

and migration

into germinal center

}

B cell proliferation
and somatic
hypermutation

b

Selection of high
affinity B cells;
isotype switching

Exit of high-affinity
antibody-secreting cells
and memory B cells

Germinal
center\

\“Dark
- zone .
Follicular™ = -4~ A _* - ;cl)gnh;
dendritic
cell



Environmental

! stress, e.g., *  Genetics / risk
H av C[HTD§1] g " smoling allles
*  Obesity *  Epigenetic marks
= VitaminD

Mucosal
Edvikdy kat Kanodiotpiaxiy

Peopatoetoovg

IAPYOEN TO 1837 a p 6 p 1T16 ag Elval + Adaptive

response to * Innate immune
6 ! altered ’ activation
“ l’ peptides * Cytokines...
1C[ lKGOIG Pre-clinical RA Y

* Complement

}

I 1

IIOA\®V OTAOI®V Ty

awn

. Cytokinr?sf » Stromal cell
chemokines activation /
. Complen‘went —_— epigenetic
. MetabFJhC imprinting
alterations A Early “clinically l
l // evident”
K RA * Autoimmunity
« Stromal cell .’ * Auto Abs,
activation (\ compllement,
N cytokines, etc.

1 Chronic

“established”
RA

Auto-amplificatory loops e.g.

* Mesenchymal cells

* Leukocytes

* Osteoclasts / Chondrocytes

* Cytokines / Chemokines

* ACPA /RF / immune complexes
* Small molecule mediators




Ta xoTTapa g poeAKng oeYPAg, KOPLHG Td
PAKPOPAYA £XOVV KEVIPLKO POAO OTNV
£V1OYLOT)] )¢ TAboyevelag TNG PELPATOELOOVG
apbpitioag

IAPYOEN TO 1837

DAMPSs (PAMPs e.g. Cit-Fb)

1 Immune

complexes
(e.g. RF, ACPA)
V4

1
Proteases '
A 1
v /
4

FcR

FARZ 10 s O integrins
a e
Oxysterols —eemmea--d ° = _-l.g_S;-->
lecti
/ e T cells

A
I
I
¥
1

cytokines e.g. TNF, IL-6, GM-CSF...
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Mnyaviopog
OOTLIKI|G
OlaPpwong
otnVv
Peopatoelon
apbpttioa

A 4
)

-
lpo-ooTteoKAAO™C

X

Oateomnpwroyepivn

“

= Evepyorompévog
00TEOKAAOTNG

OoteoBAdoTeq

Avadadpnon tou 0aTou Amoddpnaon tou 0aTou

. G Wachoyiannopoutos Oot6




Susceptibility ' " Environmental factors

Zl')voan Haa OYéVElag :genes (HLA, other) (e.g., infection, smoking)

peupaTO€16 Ol')g * Failure oiolerance, ' ' Enzyme rtodification'

unregulated lymphocyte (e.g., citrullination) of

Edvikdv kat Kanodirplakiy
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activation self protein

apbpitioag o -+ e

T and B cell responses to self antlgens'
(including antlgens in joint tissues)

v}\
—\
Lympl;{cytes, Th1 7 Th1 Antlbodles
antibgdies, cell cell
and immune
gz;g[r)lefnes -Syr_Iovi_ocyte
& activation
-Cytokine
Jomt f production
-Inflammation
Synovial” |
membrane |

Destruction

of cartilage
and bone




Mrnyaviopotl moo o0 yoovv mv
Peopartosion apbpitioa oe ypoviotnta
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Adaptive Immune pathways Innate immune pathways

- ACPA - Macrophage activation — cytokine ROl release
- T cell cognate interactions driving macrophage & - Neurophil NETosis & activation
FLS activation - Mast cell activation & degranulation

- Cytokines from T & B cells

- iLC, NK cell activation

Chronic synovitis

(Failed resolution of
inflammation)

Stromal pathways Systemic pathwair:f. (contributors or consequence?)
- FLS activation — cytokine & MMP release with - Metabolic disturbance
invasive phenotype (cadherin dependent)  _ Vascular dysfunction
- Epigenetic modulation - Superimposed systemic bone loss - osteoporosis
- Reparative deficit (e.g. stem cell impairment) - Cognitive, neuropathway deficit e.g. autonomic

- Functional subsets dysfunction




Mepwka nentiola
PIKPOOPYAVIOH®YV TOD
Edvikdv Kat Kanmrpmxév EVTEPOD HapOD OIGCOVTGI

Mavematipov Adnvov

[APYOEN TO 1837 KC{VOVIKQ': }léom HLA-B27 Kal
etvatl apbpitoyova
(dleyetpoov T xOTTApPQ)

NPEPPS, aminopeptidase puromycin sensitive; TAP,
transporter, ATP-binding cassette subfamily B member; HLA,
human leukocyte antigen; ER, endoplasmic reticulum;
ERAP1/2, endoplasmic reticulum aminopeptidase 1/2; LNPEP,
leucyl cystinyl aminopeptidase; TCR, T-cell receptor

puromycin-sensitive aminopeptidase, a zinc
metallopeptidase which hydrolyzes amino acids from the N-
terminus of its substrate

ERAP1 a) cleaves several proteins called cytokine receptors
on the surface of cells and reduces their ability to transmit
chemical signals into the cell and b) trims peptides within
the endoplasmic reticulum so that they can be loaded onto
major histocompatibility complex (MHC) class I.
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Mrn-kavovixi)
exppaon HLA-
B27

KIR, killer cell
immunoglobulin-like receptor;
KIR3DL2, killer cell
immunoglobulin-like receptor
three domains long cytoplasmic
tail 2;

LILR, leucocyte
immunoglobulin-like receptor;
TNF-a, tumor necrosis factor-a;
AS, ankylosing spondylitis

ER, endoplasmic reticulum;
HLA, human leukocyte antigen;
IFN-y, interferon-y;

IL-17, interleukin-17




2 XTNPATIKI) AIIEKOVION TOV
raboyevetukov poAov too HLA-B27

Edvikév kat Kanodiorpraxéy

IAPYOEN TO 1837

Zo il 0TV AYKOA®TIKT] OTTOVOLALTIOA

Peptide-HLA-B27

complexes

I -
v Y
p2-microglobulin Antigenic peptides

] |

'Redox-induced | p2m fi2m HC Intracellular § Cell surface
dimers deposition over-expressio misfolding homodimers | homodimers
. Protruding
ER-residentl® Endosomal C-terminus
dimers dimers Mn%';?:r';"  m—— {
— Bulging in
4

the middle

\
Antigen
KIRs/LILRs presentation

Structurally unique;
peptide-MHC

complexes

Y

Intercellular Tissue
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Mentida and 1o
HiKpoBiwpa Tou ® & . Ty17 Z0vmén ,
YQOoTPEVIEPIKOU & & TWV 00TV
napoualadovral L 1 IL-23 . CD3+
peow HLAB2Y oe CD4-
CD4+T kuttapa . ¢ . CD8-
Ta AMNK napdyouv ROR-yt*+
IL-23

AMNK: avtiyovorntapouotaotika kuttapa, IL-23R: unodoyéac mge IL-23
ROR-yt: RAR-related orphan receptor y, evid RAR = retinoic acid receptor
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Mnyaviopol aAAEPYIK®V avTiOpaoe®V

1 lNpwtm €kBeon o€
aAAEPYLOYOVO.

2 Evepyornomon twv Ty
KUTTapwv Kat
EVEPYOTONOT WV
B-Kuttapwv: atpoon
wooturou Tipog Igk.

3 Mapaywyn IgE.

4 0vdeon mg IgE atov
urodoy€a FceRl twv
OITEUTIKWV KUTTAPV.

Aevdpitikad
KUTTapo

B-kUttapo mou
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IgE

2ITEUTIKO
KUTTaPO
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T-kuTTapo

B-kUTTapo

Ten
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5 Enavelnuévn €kbeon oe
aAAEPYLOYOVO.

6 Evepyoroinon otteutik@v
KUTTdpwv: aneheuBEpwan
HECOAABNTOV,

TIOU TIapayel

Msaohuﬁnrt’:‘q '

T AyYEl0BPAOTIKES QUIVES
Kal HETaBIBaoTES,

l

Apean avtidpaon
uriepevaloBnoiag (Asred
HETA EMAVEIANUUEWN
€kBeam o€ aAAEPYLOYOVO).

Kuttapokivec

|

Avtidpaaon opng
paong (2-4 wpeg

META TV €KBEON

0€ AAAEPYLOYOVO).
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Estimated Numbers of Lymphocytes in Different Human Tissues

Spleen 70 x 10°
Lymph nodes 190 x 10°
Bone marrow 50 x 10°
Blood 10 x 10°
Skin 20 x 10°
Intestines 50 x 10°
Liver 10 x 10°
Lungs 30 x 10°
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To
AVOOOAOY1KO
OLOTNA TOV
YAOTPEVIEPIKOD

Goblet cells are simple columnar
epithelial cells that secrete gel-
forming mucins, like mucin

Tuft cells respond to helminths

Intestinal
lumen

Mucosal

epithelium L

Lamina
propria

Mesentery

>¢ Villus

Intraepithelial

J "~ Commensal bacteria 7
%{ . \ J

Mucus

lymphocytes - Goblet cell
Intestinal Tuft cell
epithelial cell
ﬁ“L Dendritic \ ‘a
s cell gm
Crypt s \¢ Peyer's
-
Afferent—\ Lymphatic %¢ patch
mphalichy drainage
e Follicle
// = i
E:IF%HE/ 4 B cell / >(
=g cell
\:”::\g” Antimicrobial pg/ T cell Mast cell
i | peptides cells M h ) Innate
Sl Iymphond cell

S S

W 1

g R o

%'(L) QV\J(_\ ‘;_,,1;‘7{/‘\ =4
J\,\/. o g

Mesenteric
lymph node

Peye'r's patch Mué:osal
epithelium

7
Lamina
propria
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Ta M xottapa
IIAlPVOLV
ostypatda
AVILYOV®OV AIIO
TOV aLAO TOV
AEITTOV EVIEPOD

Ta kuttapa M eival e€eldlkevpéva
KUTTapO TOU AETTTOU EVIEPOU TIOU
guplokovtal oto eniBriALo Tou
EVTEPOU AKPLBWCE TMAVW OTTL TLC
TIAAKEC Tou Payer kaBwc Kal ota
Aepdolidla tou yopiou. Ta kUTTAPA
M petadEpouv pe Eva cuotTnua
EVOOKUTTOPWOEWYV, OAOKANpQ
HLKpOBLa oTo XOpLo, Ta omoia
nopoAapBavovtal amno to SevopLTika
KOTTO PO

Bacterium

\xajingendﬂﬁc

<N cell
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Ta bevdpitika kUTTapa SLleyeipovTal amo
TNV Agu@ormnotntivn tov Buutkou

otpwuatoc (Thymic stromal lymphopoietin,

TSLP), wote va ekppaocouv thv
apudpoyovaon tn¢ petvaddeiibng
(retinaldehyde dehydrogenase, RALDH), n
ornoia uetatpéEmnel tnv Bitauivn A tnc
TPOWNG O€ PETIVOiKO 0L TO ommoio emayetl
TNV EKQPAON TOU UTTOSOYEX XUUOKIVNG
CCR9 kat tn¢ vteykpivnc a487 ota
TAQOUATOKUTTAPA KoL TQL EVEQYOTTOLNUEVA
Aeupokutapa. Ta Spaotika AsupokutTapa
uraivouv otnv kukAo@opia aAda enava-
artolki{ouv To XOPLO TOU YAOTPEVTEPLKOU

enteldn n yupokivn CCL25 n omoia artoteAei

TO MPOodeua yLa tov urtodoyxea CCRY,
KaBw¢ Kol To LopLo TpookoAAnonc
MadCAM (to npocbdeua yia tnv ad87)
ekppalovtal ota ermdnAlakd KUTTapa Twv
PAeBLOiwV TOU Yopiou TOU yaOTPEVTEPLKOU

© Vitamin A

Gut epithelial bar'rier |

Lamlna proprla T ceII )
TSLP, or plasma cell
f& N o gther factors
Dendrmc u (
cell i
Lamina /,~
propria '\
venule
Plasmablast
53 /7

Peyer’s patch Naive T bleod
or mesenteric

lymph node

Retinoic % -
acid

RALDH
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Lamina propria Mucosal epithelial cell Lumen

Secretory

Poly-Ig receptor corr?ponent

with bound IgA

J chain \ ;‘% N
X A<

\ 2V A :
b= ¢ %ﬁﬁfﬂ - j{é\a o~ j§ o —3© Secreted IgA

IgA-producing }'f(xg §
plasma cell Endocytosed

. complex of IgA Proteolytic
Dimeric IgA  gng poly-Ig Cleavagye
receptor
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' @y B & |
B 5 3 aVIlyOvV®V TOV g 2 Antigen " Antigen
el cVTEPTKOD 34
AOAOD ATIIO ?
0eVOPLITIKA o
v p Epithelial
KOTTapd

Dendritic
cell

gut-associated lymphoid tissues

Presentation of antigento T cells in
or mesenteric lymph nodes




Apaotika kat pobpotika T Kottapa oTov eVIEPIKO
PAevvoyovo

Le)e
|

b (1 5
" Herera U Abrvin . Bacteria ﬁi
I4PYOENTO 157 Bacteria Small intestine mucosa \
+ Bacterial
' metabolites

' (short-chain

Naive E'TG F-B :,- fatty acids)

bacterium- : Retinoic acid

specific

CD4+

' T cells )
: Regulatory
T cells
erinperal

Bacterium-specific g; d thg/mic)

effector T cells (Th17)
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Skin

UVB - 1,25 (OH),D3

1,25 (OH),D3 = CCR10

IL12 = CLA (ouvdétnc tng E-ogAektivng)

AMa ohpata = CCR4, CCRS, CCR10 { Beizr

®
O

L

7-dehydrocholesterol /

CCL27
E-selectin CCL17

CCL17 (CC chemokine ligand 17): CCL17 is y . ool
known to help leukocytes (and especially D3 L5
eosinophils) target their response to skin- hydigg-es "’v 4 Dermal i
located pathogens.This often occurs through 1S )2D3 T venule \
the CCL17-CCR4 interaction ontype 2 T & 1,25(0OH)2D3

helper cells, which then secrete a variety of \\\* ‘

4

interleukins. Skin draining Blood

. : . lymph node -
CCL27 is expressed in numerous tissues, T e ==,
including gonads, thymus, placenta and skin. 9 Y
It elicits its chemotactic effects by binding to

the chemokine receptor CCR10

l—-x

CCR4
Effector T cell
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H avootia tov
epPppovoov
peTagepeTat
rnabnrka ano
avtioopata
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