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[LaTL OL KUTTOPOKLVEC ELVOLL TOTO O NMOVTLKEC
WOTE VA TOUC OLPLEPWVOUHE EV LAONUQ,;



CD28SA
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. % Cytokine storm Capillary leak
§ 9 TNFa, IFNy - syndrome
E = IL-18, IL-2, IL-4, IL-6, Endothelial
=0 IL-8, IL-10, IL-12 damage
. v v
E Multiple organ failure
3 « Pulmonary infiltrates
c « Lung injury
gﬂ « Acute respiratory distress syndrome

« Cardiovascular shock
:g » Disseminated intravascular coagulant
« Renal failure




Into the Eye of the
Cytokine Storm

Microbiol Mol Biol Rev 2012; DOI 10.1128/MMBR.05015-11




TL elvol oL KUTTAPOKIVEC;
[EVLKA XOPALKTNPLOTLKA TWV KUTTAPOKLVWV

OL uTtoO0XELC TWV KUTTOPOKLVWV

E2AFTQIMH 2TH BIOAOTTA TQN
KYTTAPOKINQN



TL elval Ol KUTTOPOKLVEC;

" [AuKOTIpWTELVEC IOV EKKplvovTaL O KUTTOPA TOU
OUOTNUATOC TNC PUOLKNC KoL TNC ETIKTNTNC avooloc Kot
OLEKTIEPALLWVOUV TN LETAEL TOUC ETLKOLVWVLA E(TE
AUECO N LECW EKKPLONC AAAWY OLAAUTWY LECOAOBNTWV.

" [apayovtal og ATIOKPLON O€ LULKPOOPYOVLIOHOUC KoL
QAAQL QVTLYOVAL

" 'EYOUV ONUOVTLIKO POAO OTNV €vapén, Tn dLatrpnon Kal
TNV TEALKN KQTAOTOAN KAL TEPLLATLOUO TNC OLVOOOAOYLKNC
amoKpLoNC



CELLULAR IMMUNoOLOGY 12, 150-159 (1974)

COMMENTARY

Similarities of T Cell Function In Cell-Mediated Immunity
and Antibody Production *

STANLEY COHEN, PIERLUIGI E. B1cazzr, AND TAKESHI YOSHIDA

Departments of Microbiology and Patholoyy, State University of New York at Buffalo,
Buffalo, New York 14214

Received November 12, 1973
which may play a role in various aspects of host defense. Thus, such mediator
substances should be more properly called “cytokines.” Lymphokines represent a
restricted set of cytokines made by one class of cells (lymphocytes) activated in
certain unique ways. In this view, the lymphocyte has acquired some specialized
means for triggering such production, not available to other cells.

uuuuuuuuu B e et B T R

TTTTS T

includes all the immunologic reactions Whlch are medlated by sen51tlzed lympho-



OvopuatoAoyla KUTTAPOKLVWV

O 0poc kuttapokivn mepAapBavel popLa oAU dladopeTIKA
LETOEL TOUC TOOO OOLLKA OCO KAl AELTOUPYIKA

OL KUTTOPOKIVES mapdyovTaL amo KUTTapa SladOpwV KUTTAPLIKWY
oelpwV (Aepd ik KaL un AepudLkr) oep)

AepPPOKIVEG: 0 0pOG QUTOG XPN OO ONKE APXIKA yia HOpLaL TTOU
apAyovTal ano Ta AepdokuTTapa

Cohen (1974): mpotelvetal 0 6pog «KUTTAPOKVN» avTi
«\epdokivn»

IvtepAEUKIVEG: 0 OPOG XPNOLUOTIOBNKE Yl va TOVIOEL TN onpaocia

TWV HoplwV aUTWV 0TNV EMIKOWVWVIA LETAEL TWV AEUKOKUTTAPWY
* AV KaLTIAEOV YVWPLLOU HE OTL OPLOKLEVEG LVTEPAEUKIVEG TTAPAYOVTOL KAt

armo AAAa KUTTAPQA, 0 OPOC cUVEXIZEL va xpnoLoToLe(TaL

Au&ntikol mapayovtec: Oplopévol Sev mepAaUBAVOUV OTIC

KUTTOPOKIVEC TOUC AUENTIKOUC TIAPAYOVTEC TToU SPOoUV 0€ KUTTAPQ

EKTOC TNC QLLLOTIONTIKN G OELPAC

Ku Ttapokiveg vs opHOVEG: OLOPLOVEC ekKplvovTal amo

e€eldIKeEVEVA KUTTAPA KAl OPOUV OE CUYKEKPLUEVO (860G

KUTTAPWYV 0TOXWV, TA orola PploKovTaL 0€ AMOUAKPUOEVEC

Beoclc.

Interleukins

Interferons

Tumour necrosis factors
Growth factors

Colony stimulating factors
Chemokines

From Roitt, Immunology, 6% Ed (2001)




Taélvounon KUTTOPOKLVWY

AUVOKOAN AOYW TWV MOANATIAWY AELTOUPYLWY, TWV SLAPOPETIKWY LOPLAKWY OOLWV
KOl TWV OLAPOPETIKWY KUTTAPWV TPOEAEVONC KAl SpAcnC
[MoMoamAAQ oxrpata TaEvopunong

* Aoun

* Quowkngvs Eniktntngavooiag vs ALOTOINTIKEG

* [podAeypovwdelc vs avTidAeyUovwOELS

* AvaAoya LE TO KUTTapO Tapaywyns n 6paonc

To MepLoooTEPO ATOdEKTO oYU TaElvounong Baciletaloto eidoc Tou unodoxea
LLE TOV OTT0L0 cuvdEovTaL

* Typel (hematopoietin family) cytokine receptors

* Type ll (interferon family) cytokine receptors,

®* Tumor necrosis factor (TNF) family receptors,

* Interleukin (IL)-1 receptorand the related Toll-like receptors (TLRs),
® [L-17 receptors,

®* Receptortyrosine kinases,

* Transforming growth factor-B (TGF-B) family receptor serine kinases

The Cytokine Handbook — 4" Ed 2003; Ch 1



TABLE 342-9 Cytokine Families Grouped by Structural Similarity

Hematopoietins

IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-11, IL-12, IL-15,
IL-16, IL-17, IL-21, IL-23, EPO, LIF, GM-CSF, G-CSF, OSM,
CNTF, GH, and TPO

TNF-, LT-or, LT3, CD40L, CD30L, CD27L, 4-1BBL,
0X40, OPG, and FasL

IL-1 IL-10,, IL-18, IL-1ra, IL-18, bFGF, aFGF, and ECGF
PDGF PDGF A, PDGF B, and M-CSF
TGF-3 TGF- and BMPs (1, 2, 4, etc.)

C-X-C chemokines

IL-8, Gro-0/3/v, NAP-2, ENA78, GCP-2, PF4, CTAP-3,
MIG, and IP-10

C-C chemokines

MCP-1, MCP-2, MCP-3, MIP-1c1, MIP-13, RANTES

Harrison’s Principles and Practice of Medicine — 20" Ed 2018; Ch 342



Ta&lvounon Twv KUTTAPOKLVWVY

TABLE 4-2 BV ESUGUOER IS

Family name Representative members of family Comments

Interleukin 1 family IL-1e, IL-18, IL-TRa, IL-18, IL-33 IL-1 was the first noninterferon cytokine to be identified.
Members of this family include important inflammatory
mediators.

Hematopoietin (Class | IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-12, IL-13, IL15, This large family of small cytokine molecules exhibits

cytokine) family IL-21, IL-23, GM-CSF, G-CSF, Growth hormone, striking sequence and functional diversity.

Prolactin, Erythropoietin/hematopoietin

Interferon (Class Il IFN-c¢, IFN-B, IFN-v, IL-10, IL-19, IL-20, While the IFNs have important roles in anti-viral responses,

cytokine) family IL-22, IL-24 all are important modulators of immune responses.

Tumor Necrosis Factor TNF-a, TNF-3, CD40L, Fas (CD95), BAFF, Members of this family may be either soluble or mem-

family APRIL, LTB brane bound; they are involved in immune system devel-

opment, effector functions, and homeostasis.

Interleukin 17 family IL-17 (IL17-A), IL17B,C, D, and F This is the most recently discovered family; members
function to promote neutrophil accumulation and activa-
tion, and are proinflammatory.

Chemokines (see IL-8, CCL19, CCL21, RANTES, CCL2 (MCP-1), All serve chemoattractant function.
Appendix III) CCL3 (MIP-1w)

N o

Kuby Immunology — 8" Ed 2013;Ch 4




[EVLKA XOPAKTNPLOTIKO TWV KUTTAPOKLVWY

MoAurmemntidla ) YAukompwTteivec pe peyeboc pexpt 30 kDa (120-190 apuwvotea)

* Hopada udatavBpaka pmopet va eival anapaltntn ywo tn ovvdeon e Tov uTtodoxea

* Mrnopel va oxnuoatilouv opodepn 1 opotpLuepn n etepodiuepn (IL-12)
H L6Loc5uc5ta0La|<n mapaywyn KUTTOLpOKLV(JL)V elvatlouvnBbwce xapnAn n anovoa. H
mapaywyn TOUG puBuiletal amno epeBiopata mouv dpouv oto eminedo TG
petaypadng N tng petappacng
H napavwvn KUTTAPOKLVWYV Elvall Tapodikr) kal n aktiva dpacnc toug elvatl cuvnBwc
LK.
Apouv peow ouvdeonc og eldkolc VP NANC ouyyeveLlac uTtoSOXELC TNC KUTTAPLKAC
erupaveLac.
OLeploootepeg dpAceL; Toug opeihovtal o€ alayr otnv ekppacn yovidiwv ota
KUTTOLpOL OTOXOUC. CDOLLVOTUT(LKOL oL KuTTapokivec odnyouv oe avénon (N pelwon) tnc

TaXUTNTAG KUTTAPLKOUL TTOATAQoLaopoU, ahlayn oto eninedo dadopornoinong
n/KaL aAayr) otnv EKPpacn OPLOUEVWY AELTOUPYLWV.

The Cytokine Handbook — 4" Ed 2003; Ch 1



H dpaon Twv KUTTOPOKLVWY ELVOL CUVTOUN

H €KKpLON KUTTAPOKLVWY ATIOTEAEL EVA CUVTOLLO, AUTOTIEPLOPL{OUEVO
YEYOVOC

H oUvBeon touc apyileL Le TNV EVEPYOTIOLNON TOU KUTTAPOU TIOU
oonyetl oe petaypadn yovidiou

To mMRNA Twv KUTTOpOKLVWYV Elvall aoTaBec Kol EToLn cuvBeor) TouC
elvalmapodkn

H oUvBeon touc pumopel va eAeyxetaLlamno eneéepyaocia tovu RNA kat
QO LETA-UETAYPAPLKOUC UNXAVLIOUOUC TIX TIPWTEOAUON LE
nopaywyn evepyou poptov: TNF-a, IL-1, TGF-

OL kuTTtapokivec ouvnBwce dev amoBnkevovtal ocav
TMPOOYNMATIOUEVA LOPLOL KOLL EKKPLVOVTOL OLUECWC LOALC cuVTEBOUV

OL KUTTAPOKLVEC EXOUV ULKPO XpOVOo NULlwNC (~30 min)



OL KUTTOPOKLVEC OPOUV TOTILKA AAAQL KOLL
OUOTNUOTLKA

= Autokplvig dpaon: Spouv 0To KUTTAPO
TIOU TLC TTapryaye

* HIL-2 mopdyeTal ano Ta EVEPYOTOLNHEVA ° % "o (eteeTey)
T AepudokutTapo Kol EMAYEL TOV o’ Circulation
TOMOTAQCLACHO TWV KUTTAPWY TIOU TNV Endocrine action Distant cell
TapAyouV

" [apakpvngdpaon: Spouv o€

VELTOVLKA KUTTapQ AN
* OLIFN turou | (a & B) emayouv «avTLitkn o
TMPOOTACLA» OE YELTOVIKA KUTTOPA L
Paracrine action Nearby cell
= Evdokpvng 6pacn: dpouv oe
QTOLAKPUOLEVA KUTTOPOL .

* OTNF nIL-1 katn IL-6 pmopel va éxouv Yoo,
OUOTNUATIKEC SPATELC KAl val — %
aviyvevovtal oTnv KukAopopla Katd tnv
avtidpaon ofelac dpaoswc. Autocrine action

Kuby Immunology — 8" Ed 2013;Ch 4



2UVEPYELA N AVTOYWVLOUOC

= OLKUTTAPOKivEC pmopoUV va emnpedlouyV th 6pacn AWV
KUTTOPOKLVWV:

= Juvépyela: H IFN-y kat o TNF €xouv ouvepyikr) Spdon otnv avénon
NS Ekdppaonc Twv poplwvMHC tatewc | og MoAAQ €LON KUTTAPWV

= Avtaywviopoc: H IFN-y kot n IL-10 TNF €xouv avtaywvioTikry dpdon
OTNV EVEPYOTIOLNON TWV LAKPOPAYWV

SYNERGY Uy
(&) @ by
)
@
O

Activated Ty cells

Induces class switch to IgE

ANTAGONISM

Blocks class switch to IgE
induced by IL-4

(@] @ By
% IL-4
@ \/
O

IFN-y

Activated Ty cells

Kuby Immunology — 8" Ed 2013;Ch 4



CASCADE INDUCTION

O@Q
O
@
(@)

Activated Ty cells

e

IFN-

0

Macrophage

<

é_

Activated Ty cells

l

IFN-y, TNF, IL-2, and
other cytokines

Katappaktec 6paonc

" OLKUTTOPOKLVEC umopoUV va eMNPEAlOLV TN
ouvBeon AWV KUTTOPOKLVWY

* KatappAKTEC KUTTOPOKLVWVY: LA KUTTOPOKLvN dpal
0€ €va KUTTOPO-O0TOXO KAl EMAYEL TNV TAPAYWYN
LLLaG AAANC KUTTAPOK(VNC OO TO KUTTAPO QUTO
= O TNF 6pa ota povomupnva doyokUTTapa Kal
SteyelpeLtnv mapaywyn IL-1 n omola pe N
OELPA TNC EXEL TTOAAQTIAEC SpAOELC OE
moAAoUC TUTTOUC KuTTApWV (BA
PONYOULLEVWC)

Kuby Immunology — 8" Ed 2013;Ch 4



Molecular aspects of primary immunodeficiencies:
lessons from cytokine and other signaling pathways

Defects leading to primary immune deficiency

Class of defect

Disorders of cytokines and
cvtakine csionaline

Class of defect

Disorders of cytokines and
cytokine signaling

Accessory and adhesion molecules

Metabolic

Gene
. lak3 1I1-7R

Gene

Y., Jak3, IL-7R
IL-2Ro

Disease

T-R+SCIN

IFN-YR1, IFN-YR2, IL-12p40, IL-12RB1, Stat1

TNFR1
Fas, caspase-10

CD40, CD40L, AID

IKKy
FOXP3

CD3y, CD3e,

Lck

Zap70

CD45

WASP

CD18 (B2 integrin)
GDP-fucose transporter
SH2D1A

ADA

PNP

T cell deficiency
SCID
CD8* T cell deficiency
SCID

WAS

LAD |

LAD I

XLP

SCID

CID

Disease

T-B* SCID

Lymphoproliferative disease
Atypical mycobacterial infection
TRAPS

ALPS

HIGM

Hypohidrotic ectodermal dysplasia
IPEX

J Clin Invest2001;109:1261-69



| ‘Bubble boy disease’

Severe combined immunodeficiency (SCID) became widely known during the 1970s

and 1980s as ‘bubble boy disease’ (see the illustration), when the world learned of David,
a boy with X-linked SCID who lived for 12 years in a plastic-enclosed, protected
environment before he died. Nowadays, bone marrow transplantation and in some
instances gene therapy or enzyme replacement therapy are offered, providing a normal
immune system that affords a full healthy life. Although protective isolation is sometimes
still required (for example, for patients receiving T cell-depleted transplants or gene
therapy), practices have changed over time, and now include particulate air filtration
and prophylactic antimicrobial therapy.

Severe Combined
Immunodeficiency

= [IARpNC EMen AettoupyLlkwv
T AepdokutTapwy e€altiag
Slatapaxnc oe mpwteivec mou
oxeTllovtal ue TNV wplpavon
Kol Ttn dladopormoinaor) toug

" Enintwon 1:58.000 yevvroeLc

" [eVETIKA ETEPOYEVEC VOO LA

" Metaél TwV CUXVOTEPWY
netaAaewv SCID elvat autn
ToU IL2RG : oL aoBevelg
eudaviCouvv eMelpata otnv
Kolvn uropovaday tou
urtodoxeQ, n omola UTTAPXEL
0TOUC UTTOSOXELC TWV
Kuttapoklvwv IL-2, IL-4, IL-7,
IL-9 & IL-15

Nat Rev Dis Prim 2015, DOI:10.1038/nrdp.2015.61






David Vetter 1971-84

" ‘Erntaoye amno SCID

" ‘E(noe 12 xpovia o€ OTE(pO
nepBarlov

" YnoPBAnOnke o€
LETAUOOXEUON HUEAOU QMO
LLEPLKA cuBaTO dotn
(adeAdn)

" To pooxeuuo
eyKaTAOTABNKE QAAQ
eudavioe holpwén amo EBV
(oo to pooxeupa) Ko
nebave ano Aepdwpa
Burkitt




Tpodn yLa okePn

(Lot 6€V UTTIAPYOUV AVOCOQAVETTOPKELEC ATIO EANELYN
LLLOLC KUTTOPOKLVNC aAAQ uTtapxouV coBapec
OVOOOQVETTAPKELEC arto eAAeLhn N dtatapoxn TNC
AeLToupyLloC UTIOOOYXEWY KUTTAPOKLVWV;



[TAeovaopoc (Redudancy)

" Howotnta SopKA OLodOPETIKWY KUTTAPOKLVWY VO TIPOKAAOUV TO (OL0 AeLTOUpyLKO
BloAoyko anotélecua

" AVTOywvLopOGoTn 5pacn HLaG KUTTAPOKivng 1 eMelbn piag kuttapokivng
LETAANQEN oTo yovidlo pLag KurrapOKLvr]q urtopa VaL LNV €XEL OUOLAOTIKO BLOAOYLKO
amoTeAEOUA ETELO) AAEC KUTTOAPOKLVEC LITopoUV va UTtIoKaTa.oTrioouy Tn 6pdon
QUTNC TToU AE(meL.

* [lpakTikd &gV UTTAPXOUV AVOCOAVETIAPKELEG TTOU va. odeilovTal oTtnv EANewn Tou popiou
LLLOG KUTTOPOKivVNC.

* AvtiBeta eAAeipata oTtoug UTTOSOXELG N OTIC EVOOKUTTAPLEG 060UG LETAY WY C ONUATOG TWV
KUTTOPOKLVWY TTPOKAAOUV 0ORapr) AVOCOAVETIAPKELX

REDUNDANCY
(@)
® 3 L2 —>
® % -4 % Proliferation
@ s —
@)
Activated Ty cells B cell

Kuby Immunology — 8" Ed 2013;Ch 4



Tpodn yLa okePn

[Latl eV XpNOLLLOTIOLOUE BEPATIEUTLKA TLC
KUTTAPOKLVEC;



[TAELOTPOTILOLOC

Target Cell Effect

Mia kuttapokivn propet va dpa og SL1adpopeTIkoUg TUTIOUC
KUTTAPWV

* |L-1:6pa oToV eYKEDAAO, TO LMUEAO TWV OOTWY, TO ATAP, T vO0BNALaKA
kKuTTapa kol ta T Aepdpokutrapa

Activation
Proliferation

Differentiation

OL kuTtapokivec dlapecoafouy oe
TOAU OLaPOPETIKEG BLOAOYLKEG

Sladkaolec 2@ A /
* |L-21: petootpodn LooTUTOU, O//@ = 7 7 o
Sladoponoinon MAACHATOKUTTAPWY, 5 \

evioyuon amnokpioewv CD8 kol KUTTAPWV Activated Ty cels
NK, mpoaywyn tng Stadopomoinong twv
Kuttdpwyv Th17 cell

PLEIOTROPY

Proliferation

To daLvoueVO TOU TIAELOTPOTILOHOU TtEpLopileL Tn duvatotnta
BEPATTEVTIKAC XPNONE TWV KUTTAPOKLWVWYV: TO EMBUUNTO KALVLKO
amnoTeAeopa Ba cuvodeveTal oo MOANEC aVETUOUNTEC EVEPYELEC
*  QepameuTikn xpnon IL-2: coBapr moAvopyavikn TOELKOTNTA UE UTIOTAON,
TIVEUOVLKO oldnua, TUPETO, PETABOALKN) 0EEwaon, oldnua (auénuevn
TPLY0ELD LKA SlaBaTtoTnTa), VEUPOTOELKOTNTA, VEPPOTOEIKOTNTA KAl EEAVONUQ

Mast cell

Kuby Immunology — 8" Ed 2013;Ch 4



Tpomomnotnon utoO0XEWC

" Mo KU'E'EOLpOK'LVI’] (b) Receptor transmodulation
|JT[Op8[ VQa OLUEr']OEL l’] Upregulation Downregulation
Vo EAATTWOEL TNV
éKCIDpO(OI’] TWV IL-2 receptorT IL-2 receptor l

UTTOOOXEWV LLLALC

AAANC KUTTAPOKIVNC EE &

Roitt’s Essential Immunology— 13™ Ed 2017; Ch 3




Molecular philosophy of cytokines

Pleiotropy: Cytokines often have multiple target cells and multiple
actions

Redundancy: Different cytokines may have similar actions

Synergism/Antagonism: Exposure of cells to two or more cytokines at
a time may lead to qualitatively different responses

Cytokine cascade: A cytokine may increase (or decrease) the
production of another cytokine

Receptor transmodulation: A cytokine may increase (or decrease) the
expression of receptors for another cytokine or growth factor

Receptor trans-signalling: A cytokine may increase (or decrease)
signaling by receptors for other cytokines or growth factors

The Cytokine Handbook — 4" Ed 2003; Ch 1



16 IFN-o
-10 TNF-B

1 O
IL-2 TFN-
14 TFN-y
11-6
1L-10 =
1L-13
IL-14

"

112 11
114 1117

116 TFN-c.
IL-8 IFN-f
11-9 TFN-y -

Basophil

IL-10

ell

Mast

The cells of the
Immune system are
subject to control by

a network of
cytokine actions

Kuby Immunology — 8™ Ed 2013;Ch 4



YooY ELC KUTTAPOKLVWY

Ot kuTTOpoKivec Opouv peEcw oLVOEONC O€ PEUBPAVIKOUC UTTOOOXEIC TWV KUTTAPWV
OTOXWV
H ouyyévela (affinity) Twv KUTTAPOKLVWY TIPOC TOUC UTIOO0XE(C TOUC elval E€QLPETIKA
uPnAn
* K, kuttapokivnc-umobdoyxéa: 1010 - 1012 M
* Kyavilowuatog-avilyovou: 107 - 101 M
* K4TCR-MHC:10°-10" M
Ta nmeplocotepa KUTTAPA EKPPALOLV LULKPO aplBuo utodoXEWV KuTTapokvwv: 100-
1000 urntodoyxeic ava kUTTaPO
H exkdpaon Twv urtodoxewv puBuleTal amod e€WTEPKA oAt
* H avtyovikn Steyepon twv T kat B Aepdokuttapwy odnyel o au&r] LLEVN Echpaor]
UTtO6OX8(UV KUTTOLpOKLV(UV TO KUTTAPA TTIOU «BAEMOUV» aVTLYOVO amokpivovTal
EVTOVOTEQOL OTLG KUTT(IQOKLVEQ
*  Mnyaviopoc Slatnpnonc Tng eOKOTNTAC TNEC VOO OAOYLKHC ATTOKPLONG

* H ékdpaon twv urtodoxewv umopel emnpedletal amo TIC (OLEC TIC KUTTAPOKIVES UE TIC
ornolec ouvoeovtal: Betikol N apvntikol Bpoyyol avadpaonc (feedback)



Tpodn yLa okeyn

[t oL KUTTAPOKLVEC TTOU ATOTEAOUV YPEVIKOUC
dlaueooAaBntectnC ovooOAOYLKAC ATOKPLONG,
ouvOEOVTAL LLE TOUC UTTIOOOXELC TOUC TTOAU LOYUpOTEPQ
art’ OTL TA aVTLIoWHATA LE Ta avTiyova kot ot TCR e to
oupumAeypo MHC-rterttiblou, dnAadn oL katetoxnv
ELOLKEC AAANAETILOPATELC TNC AVOOOAOYLKNC ATIOKPLONG;



YriodoyelC KUTTAPOKLVWVY

Type | cytokine Type Il cytokine TNF receptor EIL-1 receptori IL-17 receptor Seven
(hemopoietin) ' receptors ' family v family family rtransmembrane
receptors ; +  G-protein-
E E E i coupled
; ; £ £ E : E i receptors
Conserved £ E E
cysteines ' : : : :
WSXWS 858 5 :
QU000 OCEN O] )J.)J.)uL'Ju'u'Ju‘LLCL&.'L})JJJJ;)JD 0K _).)J\)JJJJJJJJJ‘.“/ YO OO0 KK .J;.UJJ_:JJJL.O":LLLAJJJJ' .))).))A).)JJ.)JJEIJ_IJJJUU’J\J’_UJJ X )).)))))JJE)JJJJJJJ i '. H x- D000
sla’sle’sTsla'sssnssnsanss vale o' : l --x-\.l ":'.' SEREERE) SRR s'alalalalsT '*"'I"""“"‘"""‘ ) ; sessnseesel
Jak®=1 I=ak! : : - :
: Jak : ~TRADD; IRAK ACT- :
STAT ; - ; ; i TRAF i G proteins
Ligands: ; Ligands: ; Ligands: i Ligands: ! Ligands: ! Ligands:
IL-2, IL-3, IL-4, IL-5,+ IFN-o/B, IFN-y, & TNF-o,, TNF-B, LT, 1 IL-1,IL-18 :IL-17A, IL-17B,: Chemokines
IL-6, IL-7, IL-9, IL-11,: IFN-A, IL-10, IL-20,:CD40, FasL, BAFF, : i IL-17C, IL-17D,
IL-12, IL-13, IL-15, 1 IL-24,1L-26 i April, Ox40, GITR, ! i IL-17E (IL-25),
GM-CSF, G-CSF ' nerve growth factor : ' IL-17F '

Cellular and Molecular Immunobiology — 8™ Ed 2016;Ch 7



Cytokine

p o B
Dimerization
of receptor

family tyrosine kinases,

Q e 0 Activation of JAK

phosphorylation of receptor

SH,
Tyrosine phosphorylation of
STAT by JAK kinase

Q I Dimerization

9 ' of STAT

[ (P)
@3
DNA  XOXXOOOOOOO0

J

Specific gene transcription

transduction mediated by Class |

General model of signal

and Class Il cytokine receptors

Binding of a cytokineinduces dimerization
of the receptor subunits, which leads to
the activation of receptor subunit-
associated JAK tyrosine kinases by
reciprocal phosphorylation.

Subsequently, the activated JAKs
phosphorylate various tyrosine residues,
resultingin the creation of docking sites
for STATs on the receptorand the
activation of one or more STAT
transcription factors.

The phosphorylated STATs dimerize and

translocateto the nucleus, where they
activatetranscription of specific genes.

Kuby Immunology — 8" Ed 2013;Ch 4



CLINICAL RELEVANCE
Type | and Il Cytokine Receptors

e Mutations of genes encoding interleukin (IL)-7R, yc, and Janus kinase
3 (JAK3) cause severe combined immunodeficiency (SCID).

e TYK2 and signal transducer and activator of transcription 3 (STAT3)
mutations cause hyper-IgE syndrome (HIES).

e STAT1 mutations cause autosomal dominant chronic mucocutaneous
candidiasis (CMC) with increased susceptibility to mycobacterial and
viral infections.

¢ Mutations of genes encoding IL-12, IL-12R, and interferon-y receptor
(IFN-yR) are associated with susceptibility to intracellular infections.

e Polymorphisms of |L-2R and [L-7R are associated with multiple sclerosis
(MS).

e Polymorphisms of [L-23R are associated with inflammatory bowel
disease (IBD).

e Polymorphisms of STAT4 are associated with rheumatoid arthritis
(RA) and systemic lupus erythematosus (SLE).

e Erythropoietin (EPO), granulocyte—colony-stimulating factor (G-CSF),
and thrombopoietin (TPO) are used to treat cytopenias.

¢ Anticytokine and/or cytokine receptor monoclonal antibodies (mAbs)
are used to prevent transplant rejection and treat several autoimmune
and inflammatory diseases.




Avéopac 18 etwv. MpoonABe oto El Aotpwéewv tnc A’

TpaxnAkNc Aepudpadevomnabeloc (amo tov AekeuBpro 2018).




Gene Inheritance Defect Protein
ILI2RB1 AR C E—

AR C E+
ILI2B AR C E-
IL23R AR C E+
ILI2RB? AR C E-
SPPL2A AR C E— or E+
IRF&* AD P E+
IFNGRI AR C E+

MTopei va uTtapyeL HEPLKN 1) TARPNG
EAAeLPN TNG TTPWTELVNG
KAnpovopeital cuxvotepa pe
OUTOCWHATLKO UTIOAELTIOPEVO TUTIO

STATI?

NEMO (IKBKG)*
CYBB*
TYK2 P1104A

AR
AR
AD
AD
AD
AD
XR
XR
AR

v,

T W w 9w www o

E+ of mutant protein
E+of WT protein
E+

E+P-

E+B-

E+P-B-

E+

E+

E+

Mendelian susceptibility to
mycobacterial diseases (MSMD)

>OVOAO KANPOVOULKWY KATACTACEWY IOy ==
xapoktTnpllovtal anod eMAEKTIKN

npodlabeon yia KALWVLIKY vOOO armo
LukoBaktnpidla xapnAnc Aowuoyovou

lkavoTnTag,

Mewwpevn Mapaywyn IFN-y: BAABN otov IL-

12R

Avtoavtiowpato evavtl IFN-y (emiktntn

BAaBn)

Mewwpevn anokplon o€ [FN-y:

«  BA&BN IFN-yR

e  BAGPN STAT1: evbokuttapLa LLETAY WY

O LaTOq

* BAA&PnN IRF8: Interferon-regulatory factor 8

e  BA&Bn NEMO: nuclear factor kappa B
essential modulator

e BAaBn CYBB (gp91phox): umtopovada
NADPH ofel6aong— Chronic granulomatous

disease

AR autosomal recessive, AD autosomal dominant, XR X linked recessive, C
complete, P partial, E expression of protein, WT wild type, B binding, P

phosphorylation

Immunol Cell Biol 2019;97:360—367



Expression of IFNle by the patient’s lymphocytes

IS( NS, . - S TTr"AT.. 1 PP E- & NS

antibody

ey Data. 002

FSC-H

Data 014

EurJ Pediatr 2006;165:458-461



OL OpACELC TWV KUTTOPOKLVWY

[podAeypovwoeLc kuttapokivec: TNF-a, IL-1, IL-6
AvtibAeypovwdelc kuttapokivec: IL-10, [L-1ra, TGF-B
AvTL-ukeC kutTapokivec: IFN-a, IFN-

Kuttapokivec mou evepyomolouv ta pakpodaya: IFN-y

Kuttapokivec mou evepyomolovv ta B Aepudokuttapa: IL-4, IL-5,
IL-6, IL-21

Kuttapokivec mou evepyonolovuv ta T AepdokutTapa: IL-2, IL-4,
IL-12, IFN-T

KUTTapoKivVeEC TTOU €vEPYOTIOLOUV TOL NWolvodAa r/KolL Ta
oltevuTIKA KUTTOpa: IL-3, [L-4, IL-13, IL-5




Mola epeBiopata mupodotouvtn bAeyLOVNA;
Mowol uTtoS 0 ELC CUULETEXOLV;
Mw¢ mapayovtoL ot tPo-PAEYLOVWSELG KUTTAPOKIVEC;

H ENAP=H TH2 OAETMONH2



[ToLog elval o oKomog tn¢ LTaPENG TOU
0LlVOCOTIOLNTLIKOU GUOTNMATOC;



TOLERANCE, DANGER, AND THE
EXTENDED FAMILY*

Polly Matzinger

Laboratory of Cellular and Molecular Immunology, National Institute of
Allergy and Infectious Diseases, National Institutes of Health,
Building 10, Room 111, Bethesda, Maryland 20892

KEY WORDS: antigen presentation, immunity, T cells, dendritic cells, viruses

non-self. I believe that it is time to change viewpoints and, in this essay, I
discuss the possibility that the immune system does not care about self
and non-self, that its primary driving force is the need to detect and protect
against danger, and that it does not do the job alone, but recelves posmve

':rsurmmrsm—auu tirat 1t uUuud 11UL UV v JUU avilv, vut 1veuives PUOILIVC
and negative communications from an extended network of other bodily
tissues.

Annu. Rev. Immunol. 1994. 12:991-1045



REFLECTIONS ON SELF: IMMUNITY AND BEYOND

The Danger Model: A Renewed
Sense of Self

Polly Matzinger

SCIENCE VOL 296 12 APRIL 2002

For over 50 years immunologists have based their thoughts, experiments,
and clinical treatments on the idea that the immune system functions by
making a distinction between self and nonself. Although this paradigm has
often served us well, years of detailed examination have revealed a
number of inherent problems. This Viewpoint outlines a model of immu-
nity based on the idea that the immune system is more concerned with
entities that do damage than with those that are foreign.




[Tola elval Ta onpata Kvouvou;

" Pathogen-associated molecular patterns (PAMP’s)

" Danger-associated molecular patterns (DAMP’s)
* ATP
® XaunAn evdbokuttapla cuykevipwon K*
* KpuoTtaAAoL ouplkoU, TUPOPWOPOPLKOU
® Yriepuwdnc aktvofoAla

® EpeBlotikec ouoiec Tou Sepuatocg



" To kKUTTAPO TNC PUOLKNC avooloc (pokpodaya,
ouOETEPOPLAQ, OEVOPLTLKA KUTTOPA) avoyvwpLllouv
Ta onpota Kivouvou («mpotumar») He el8IKoUC
UTTOOOYELC

®* Ynodoxelc avayvwplong mpotunwv [Pattern recognition
receptors (PRRs)]



Yrniodoyelc avayvwpLonc SOULKWY TIPOTUTTWY
Pattern recognition receptors (PRRs)

" Exdppadovtol amo oAa Ta KUTTopa EVOC
OUYKEKPLUEVOU TUTIOU (Tt} payokUTTAPQ)
" AEV EXOUV KAWVLKN KOTAVOLN

" KwdlkomoLlouvTtal oTto apyxeyovo yovidiwpo
(germline)

" MupoOOTOULV AUEDCN ATTAVTNON

= Avayvwptlouv opadec maboyovwy Kal OxL
OUYKEKPLUEVOUC ULKPOOPYAVLOUOUC



Comparison of the characteristics of recognition
molecules of the innate and adaptive immune systems

Receptor characteristic i;’::::ltl?ty |‘r\r:i|?|lt)|t|:‘|'t3
Specificity inherited in the genome Yes No
Expressed by all cells of a particular type (e.g., macrophages) Variable No
Triggers immediate response Yes No
Recognizes broad classes of pathogens Yes No
Interacts with a range of molecular structures of a given type Yes No
Encoded in multiple gene segments No Yes
Requires gene rearrangement No Yes
Clonal distribution No Yes
Able to discriminate between even closely related molecular structures Yes Yes

Janeway’s Immunobiology 9t Ed, 2016



Yrniodoyelc tnC dUOLKNC avoolog

Toll-like receptors (TLRs): peppBpavikol urmtodoxeic

Nucleotide-binding oligomerization domain, leukine-rich
repeat family (Nod-like receptors - NLRs): kuttapomAoopatikol
UTIOOOXELC

C-type lectin receptors (CLRs): pepupBpavikol umtodoxeic
RIG-1-like receptors (RLRs): kuttapomAaopatikol uTtodoxelc
OLumodOoxXelC TNC €yyeEVOUC avooiac avayvwpllouv:

®* Etwyevn onuata Kivduvou: Pathogen-associated molecular patterns
(PAMPs)

® Evdoyevr) onuoata KlvOUVOU: TOELKEC OUCLEC, EAQTTWLLOTIKA
MUPENVIKA 0&€a, evOoKUTTAPLEC TIpwTEivEC (Alarmins)



KuTtaptkr evtomion umodoxewv GUOLKNC avVOoLac
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YNOAOXEI2 ANAINQPI2H2 AOMIKQN MPOTYNQN NMAGOIONQN

YNOAOXEAZ ENTORNIZH ZYNAETHZ APAZH
Autotelyoiko ofu, , ,
, , Evepyomoinon pakpodaywv Kot
Kuttapikn nentidboyAukavn, , , ,
TLR2 , , OeVOPLTIKWY KUTTAPWY, EvVapén
HEUBpavN BakTnpPLOKEG , , ,
avTtlOPACEWV ETIKTNTNG AvVOoiag
AutompwTEiveg
Kuttapkr , .
TLR4 p’ A AutomoAucakyapitn Opota pe tov TLR2
HEMBpavN
, AutomtoAvcakyopitn,
Kuttapikn v e :
CD14 , AUTOTELYOIKO 0&U, Zuvunodoxeag tou TLR-4
HeUBpavn ,
niemtiboyAukavn
, , ApvnTtikd ¢popTiopEva , , ,
Yrnioboxeag Kuttapkn A , op ,Ll Evodwveltn dpayokutTapwaon amo
, , moAupepn Baktnplwv Kat ,
POKOOGUAAEKTNG HEUBpavn , T pakpodaya
HUKATWV
, , MoAupepn Baktnpiwv ko , ,
Yrnodoxelg Kuttapikn ,u Pn B Tn’p Evodwvouv tn payokuttapwon
, , LWV TIOU TIEPLEXOUV , ,
Hovvolng HEUBpAvVN amo ta pakpodaya

pnavvoln

Schaechter’s Mechanisms of Microbial disease 5t Ed, 2013



YINOAOXEI2 ANATNQPI2HZ AOMIKQN IMPOTYMNQN MAGOINONQN
YMNOAOXEAZ2
TLR9S

NLRC1, NLRC2
(NOD1, NOD2)

NLRC3, NLRC4

NLRP1, NLRP2
kot NLRP3

Aektivn Tou
deopelel tn
pnavvoln (MBL)
AHUAOELOEC A
TOU 0poU
C-avtibpwoa
npwteivn

ENTOMNIZH 2YNAETH2
Evéoocwpata DNA Baktnpiwv Kot lwv
MemntidoyAukd
Kuttapomlaopa ULy U Kavh
Baktnplwv
Kuttapomiaopa Maotiyla Baktnplwv

Baktnplakeg Toiveg
KuttapomAaopa RNA Boktnplwv Kot lwv
KpUotaAloL ouplkol 0€€0C
MoAupepn Baktnplwv Kot

AloAUTOG LWV TIOU TEPLEXOUV
pHovvoln
AlaAUTOC Baktnplako tolywua
AXOAlL
AoAUToC Qdwodopu 'xo vn
Baktnpilwv

Schaechter’s Mechanisms of Microbial disease 5t Ed, 2013

APAZH
Opota pe tov TLR3
Evepyomoinon pokpodaywv Kot
ETUONALOKWY KUTTAPWV UE
napaywyn npodAeypovwdwv
KUTTAPOKLVWV
Enaywyn ékkplong IL-18
(oxnUATIONOC PAEYyHOVOOWHATOG)

Opola pe toug NLRC3, NLRC4

Evepyormoinon tou
CUUMANPWHOTOC, oPwvivormoinon

Oy wvivonoinon, evepyomoinon
TOU CUMUTTANPWUOTOG

Oy wvivomoinaon, evepyomoinon
TOU CUUTANPWUATOG



Toll-like receptors - TLR

OuoAoyol e tov urtodoxea toll tng Drosophila melanogaster

® Tovidlo mou kabBopilel Tov 0pBO KOWLo-paxLaio TPOCAVATOALOUO Tou EURPUOU TNC
Drosophila

® >TIc evnAkec Drosophila n onuatodotnon peéow twv vmodoxewyv toll odnyet otnv
TIaPAY WY LOPLwY TIOU EUIMAEKOVTAL OTNV ALUVA TOU EEVIOTNA TIX avTLBakTnpLdLloKa
nentidla

* AvBpwrmoc: 10 Stadopetikol TLR

MepBpavikot urtodoxelg
* Avutol mou avayvwpilouv mupnvika oea Bplokovtal otn LEUPBPAvVN TwV EVOOCWUATWV
Avayvwpliouv oA BaoLKa CUCTATIKA TOU KUTTAPLKOU TOXWHATOG TWV
uLKpoopvakuwv (PAMPs)
AutomoAuocakyapitn twv Gram(-) Baktnplwv
* Autotelyoiko ofu Twv Gram(+) Baktnpiwy,
* Mopla pavvolng YAUKOTPWTEVWY
* Alddopecg Baktnplakeg Autonpwteiveg (OLAKUAO- Kal TPLAKUAO-AUTonenTidia) Kot
dAaykeAivn.
®* ssRNA, CpG DNA




TLR engagement
by bacterial or
viral molecules

Leucine-rich
repeats

00099229900990099d000,4000922 20000
000009999054 550000006 4 500099990000

Toll-IL-1 receptor (TIR)
signaling domain

Recruitment of
adaptor proteins

Activation of &) &>

transcription e g
factors

IRFs (interferon
regulatory factors)

Increased expression of: Production of

Cytokines, adhesion type 1 interferon
molecules, costimulators (IFN o, B)
-Acute inflammation | [ Antiviral state |

-Stimulation of
adaptive immunity

2nuatodotnon peow TLRs

" Houvdeon twv TLR pe touc
oUVOETEC TOUC 0dnyel otV
ETILOTPATEVON TIPWTEIVWV
NMPOCAPLLOYNC KL OTNV
gvepyomoilnon pLetaypadLkwy
TOLPOLY OVTWV

=" NF-kB: puBuLon mapaywync
KUTTAPOKLVWY, LOopLlwV
NMPOOKOAANONC KL CUVOLEYEPTLKWV
Loplwv

= |RFs: pUBuLon mopaywync IFN-a/B

Cellular and Molecular Immunology 8™ Ed, 2015



Mowol gival oL utodoyxeic Toug;
Molec 060U PETAYWYNC ONULATOC XPNOLULOTIOLOUV ;
TLoupPaivel og xopriynon avtaywvioTwy TwV POoPAEYLOVWO WV KUTTOPOKLVWV;

YIAPXOUV YEVETIKEC KATAOTAOELG EAAEWPNC A StaTtapaxiS ot 06oUC Twv
NPOPAEYLOVWOWV KUTTAPOKLVWV;

[TPOOAEIMONQAEIZ KYTTAPOKINE2



OL KUTTOPOKLVEC TNC PUOLKNC AVOOLOC

H €kkpLon KUTTAPOKLVWY QO LOTLKA KUTTAPA LLETA Ao AOLUWEN KAl LOTLIKNA
BAAPN amoTeAel Eva amo TA MPWTO YEYOVOTA OTNV OTOKPLoN TNC GUOLKNC
avoolac

Ol KUTTQPOKLVEC TNC PUOLKNC avooLaq mapayovtal Kupuuc Q7o TA LOTLIKA
uocKpodaocva KOl T 68v6ptru<a KUTTapQ av Kol prmopel va mapaxBouv Kal
Ao AAa KUTTapa OTwC Ta evooBnALaka

OL TTEPLOCOTEPEC ATIO TLC KUTTAPOKIVEC TNC PUOLKNC avoolag EXOuV
mapakpLvn 0paon — oUW o€ coBapec AoLUWEELC pmopel va mapaxBouv
LLEYAAEC TOOOTNTEC KUTTAPOKLVWYV KAl va EL0EABOUV 0TN CUCTNATIKA
KUKAoopla

OL kutTapokivec TnC duoikne avoaoilac exouv dladopec AeLToupyLec:
EMAYOUV TN PAEYOVH, AVAOTEANOUV TOV LLKO TTIOAQTIAQCLOOLLO, TIPOAYOUV
TIC amokploelc Twv T AepUPOKUTTAPWY Kal TtePLopl{ouV TLC AVOOOAOYLKEC
QTTOKPLOELC



1/:\:]8 Xl Functional groups of selected cytokines’

Cytokine

Secreted by'

Targets and effects

SOME CYTOKINES OF INNATE IMMUNITY

Interleukin 1 (IL-1)

Tumor necrosis
factor-a (TNF-at)

Interleukin 12 (IL-12)
Interleukin 6 (IL-6)

Interferon-a (IFN-«) (this
is a family of molecules)

Interferon 3 (IFN-3)

Monocytes, macrophages,
endothelial cells, epithelial cells

Macrophages, monocytes,
neutrophils, activated T cells and
NK cells

Macrophages, dendritic cells

Macrophages, endothelial cells,
and T2 cells

Macrophages dendritic cells,
virus-infected cells

Macrophages, dendritic cells,
virus-infected cells

Vasculature (inflammation); hypothalamus (fever); liver (induction of
acute phase proteins)

Vasculature (inflammation); liver (induction of acute phase proteins);
loss of muscle, body fat (cachexia); induction of death in many cell
types; neutrophil activation

NK cells; influences adaptive immunity (promotes Ty1 subset)

Liver (induces acute phase proteins); influences adaptive immunity
(proliferation and antibody secretion of B-cell lineage)

Induces an antiviral state in most nucleated cells; increases MHC Class |
expression; activates NK cells

Induces an antiviral state in most nucleated cells; increases MHC Class |
expression; activates NK cells

Kuby Immunology — 8" Ed 2013;Ch 4



[TpoPAEYLOVWOELC KUTTAPOKLVEC

" OLKUpLEC TIPOPAEYLOVWOELC KUTTAPOKLVEC ElVaL O

TNF-a, n IL-1 kot n [L-6.

" H O0paon TwvV KUTTAPOKLVWV 0ONYEL 0TNV KALVLKN

EKPPAON TNG PAEYUOVAG

Act|vat|on of dendritic ceIIs Microbes

macrophages, and NK cells/ *%‘

Inflammation

€S, a
12— 3 TNF, IL1,
- .
@4 @f chemoklnes

Neutrophil

Natural
killer cell Dendritic cell Macrophage

Blood vessel

Basic Immunology 5™ Ed, 2015



[Tapayovtac vekpwonc Twv oykwv (TNF-a)

[Aukompwteivn, 185 AA. Kwdikomoleltal peoa oto YeveTiko tomo tou MHC.

AvNkeL oTnv unepotlkoyevela TNF: to dAo kUpLo peAog eivaln Aepdototivn-a (i TNF-B)

* Hunepoikoyevela TNF meplexel 18 cuvdetec kal 29 umodoyxelg

* ‘ExeLmapopola mpodpAeypovwdn dpaon pe CD30 ligand, CD40 ligand, FAS ligand, TNF-related

apoptosisinducing ligand (TRAIL)

AmnoteAel Tov KUpLo pecoAafntr) TnNC ofelac PAeypovwOOUC ATOKPLONC O€ BaKThpLa
[Kuplwe gram(-)] koL euBUvVETAL yLa TTOAEC Ao TLC ETUWTAOKEC TWV CUOTNUATLKWY

AOLLLWEE WV

ExkplveTal kuplwc armo ta evepyomolnueva povorupnva ¢ayokutTapa aANA Kol oo

gevepyorotnpeva T Aepudokuttapa, kuTtapa NK Kol OLTEUTIKA KUTTAPA.

\T NF pe evepyonoinon tou petaypadikov napayovta NF-kB.

/To KUpLOTEPO €peblopa yla tnv €kkpion tou TNF elval n 00v680n\
AuonoAuvocakxapitn (LPS) n aAMwv pikpoBlokwv mpoioviwv (Pathogen-
associated molecular patterns, PAMPs) i «onuatwv kwvduvou» (Danger-
associated molecular patterns) otoug unmodoxeic tng puolkng avoaoiag
(TLRs, NLRs, & RLRs) oL omoiotL emayouv tnv €kppacn tou yovidiou Tou

J




'Cross-linking"Binding of Binding of
of TNF-R1 adaptor signaling
by TNF protein  intermediates
" (TRADD) (TRAF, RIP,
TNF-R1 ,TNF FADD)

aed

H oUvbeon twv TNF-R pmopei va
gvepyornolnoel 6 Vo SLAPOPETIKES
eVOOKUTTAPLEC 050UC PETAYWYNG

O UOTOC LE ATIOTEAECUO ETIAY WY
€kppaang yovidiwv ) kuttapiko Bavaro

s o | o ol b \:-. Generatlon Of aCtlve transcnptlon R S R 55
o i factors (AP-1, NF-xB)
q
TRAF m o
Death MAP Active
domain" TRADD S kinase =3 |\ =3>
cascade
— m Gene transcription:
Activation Active .
of effector &= G20 AP-1 \ production of
: inflammatory
caspases Active diat
caspase-8 NF-kB / me Ila or?,'
IxB kinase survival proteins
‘ cascade ’J ﬁ
. NF-xB
|Apopt05|s I g@/
ﬂ

Cellular and Molecular Immunology 8™ Ed, 2015



BloAoyikec dpaoelc tou TNF - |

= XaunAEC ouykevTpwoelS (autokpvig/ mapakpivig 6 paon)
* ‘Ekdpaon poplwv mpookoAAnong oto ayyelako evdoBnAio (e-
selectin), abénon tn¢ MPOOoKOAANTIKOTNTAC TWV oUOETEPODPIAWY OTA
evboOnAlaka KuTTOPQ

® Evepyomnoinon AEUKOKUTTAPWV WOTE Vo OVEUCOUV
LLLKPOOPYQVLOUOUG

® Aleyepon tnC mapaywyne kuttapokvwy (IL-1, IL-6, TNF) ano ta
Lovorupnvo. dayokUuTTapa Kot aAAo kuTTapa

* Enaywyn ekdpaonc MHC tatewc |

(" )
Quotoloyikn Aettoupyia TNF: emiiotpatevon oudeTEPOPAWV KoL

ILOVOKUTTAPWV OTLC E0TLEC PAEYUOVIC KL EVEPYOTIOINGN TWV
KUTTAPWVY QUTWV WOTE va EKPL{WOOUV TUXOV ULKPOOPYAVIOUOUC y

.




O TNF SteukoAUVEL KaL TPOAYEL TN HETAKLVNON
dAeypovwoOwv KUTTApWV otn Beon tnc dAeypovnC

Rollin Integrin activation Stable Migration through

Leukocyte 9 by chemokines adhesion endothelium

-------- . N

Integrin
E (low-affinity sta // \
‘ Blood flow
S Selectin ligand v ’
L TNF + IL-17: mpodyouv tnv

i - Integrin (high- . :

géeer;tglﬁme e Jrr | | affinity state) ekpacn popiwv

NPookOAANoN¢ (oeAektiveq)
Kat xnuetokvwy (CXCL1,
CXCL2, CXCL5) oto
evbo0nALo, dleukoAuvovtag
n damiduon twv

ou betepodAwv PO TNV
gotia tng dAeypovig

Chemokine

Integrin
Selectin Iigar?d

% p B &/Chemokines NI o>

Cytokines 15 @ = g @
(TNF, IL-1) /Suidr)s_ .. -- -
A 9

Macrophage stimulated Fibrin and fibronectin——"
by microbes (extracellular matrix) |

Cellular and Molecular Immunology 8™ Ed, 2015



BloAoyikec dpaoelc tou TNF - |

= YLIJ NAEC ouykevipwoelg (evbokpvng 6paon)

I'IUpEtoq (evboyevec rtuperovovo Spaon oto BePUOPPUBUULOTIKO
KEVTPO TOU UTIOBaAQLIOU HECW TTpooTayYAQVOLVWY).

* Aleyepon nmapaywyncg kuttapokwwy (IL-1, [L-6, TNF) amo ta
Lovorupnva dayokUTTapa Kal To ayyelako evdoBnALo

® Auénon tng ocuvBeonc Twv MPpwWIEivwy ofelac daocewc (my
apuAoeldec A tou opoU, Vvwdoyovo) amo Ta NMOTOKUTTOPO

® Evepyomoilnon Tou cuoTAUATOC TNC TINENC

® KatooToAr Tou HUEAOU TWV O0TWVY

* Kayeéla: kataoTtoAr tnc 0peénc, kataoTtoAn tnc 6pAonC TNC
AUTOTIPWTEIVLKNC AUTAonG



BioAoyikec dpaoetc tou TNF - |

" EEaLpeTIKA UPNAEC CUYKEVIPWOELG

* KaTtooToAr TNC CUOTAATLKOTNTOC TOU puokapdiou (MECW TNC EMAYWYNC TNG
ouvBetaonctou NO)

* AyyelodLaoToAn (apeon Spadcon oto ayyelako evooBNALo 1 LECW pecOAABNTWY
OTIWC N PooTakuKAlvn r to NO)

* Melwon TS ALATWOoNCTWY MEPLPEPLIKWY LOTWV

* Evdayyelakn BpopPwaon: dleyepon Tng ekGpacnG LOTIKOU MAPAYOVTAG ATIO TaL
evéoen?\tam KUTTOPA KAl avaoto?\r] NG EkPpaonC TNG GpouBouovrou)\Lvr]q 2TO0
LLNXOWVLO MO Gpoquonq OULUETEXEL KOLL N omocbpa&n TWV ayyelwv ano ta
OUGOWPELHEVA OUSETEPOPIA. H VEKPWON TWV OYKWV ODENETAL KATA KUPLO
AOyO o€ anmodpaén Twyv ayyelwvToug

* MetaBoAlkec dlatapaxed (ry vmoyAukatpio e€attiactnc uPnARg KaTtavaAwong
YAUKOINC amo TouG UUG)

[ O TNF amotelel €vav armo Toug KUPLOUG LECOAAPNTEG TNE ONITTLKAC KatarmAnéiag
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CLINICAL RELEVANCE

Tumor Necrosis Factor Receptor (TNFR)
Superfamily Cytokines and Receptors
and Disease

Dominant mutations of in the gene encoding TNFR1 are associated
with autosomal dominant periodic fever syndromes, known as TNFR1-
associated periodic syndromes (TRAPS).

Loss-of-function mutations in the gene encoding CD40L are associated
with X-linked hyper-lgM syndrome (X-HIM).

Dominant interfering mutations in TNFRSF6, encoding the Fas receptor
are associated with autoimmune lymphoproliferative syndrome (ALPS).
Rheumatoid arthritis (RA) often responds to therapeutic use of TNF
antagonists.




TNF in Mycobacterium
tuberculosis infection

Macrophage-derived TNF acts as a co-
stimulus for T-cells.

T-cell-derived TNF primes macrophages
for mycobactericidal activity.

Macrophage- and T-cell-derived TNF
(together with interferon (IFN)-y and
chemokines) induce recruitment and
organised accumulation of mononuclear
cellsinto highly structured granulomas.
TNF and IFN-y also regulate excessive
inflammation by inducing apoptosis of T-
cells.

TNF antagonist therapy results in
granuloma breakdown and dissemination
of mycobacteria.

Clin Infect Dis 2005;41(Suppl3):5199-5203



Interleukin-1

Exkplvetal o oAU mpwipa otadla TNC AVOOOAOYLKNC QITOKPLONC

[Mapayetal KUpLwC amo Ta EVEPYOTIOLNEVA LLovoTiupnva GayoKUTTAp

(LovokUTTOpa & pakpodaya) Kol amo ta OeVOPLTIKA KUTTAPA

Owoyevela IL-1: IL-1a & IL-1B, 1L-18, IL-33, IL-1Ra (IL-1 Receptor antagonist)
* HIL-1elvaln povadikn Kuttapokivn pe puolko avaotolea: IL-1RA

IL-1a & IL-1B: opohoyia 30%, cuvdeovtal otouc (dtouc urtodoxelc

H uemvpad)r'] TOU vovuS(ou ™nc IL-1B emayetal amno evepvono[non Tou NF-
KB ueow TLR kot NLR evw n 6Laonaon NG pro—IL-1pB ylvetaL amo tnv
Kaomaon-1 n onola evepyomolelTal HECA OTO GAEYUOVOOWLLAL.

Ot unodoyxeic tng IL-1 €xouv OPOLOTNTEC OTN LETAYWYN OAUATOC LLE TOUC
TLRs

* TIR, My88, MAP kinase, NF-kB



Nod-like receptors - NLR

" Olkoyevela evooKUuTTaPLWY UTIOOOXEWY E 22 UEAN
* Kuttapom\aopatiko tooduvapo twv TLR's

* EvepyormolouVv LeTaBoALKEC 0d0UC amMOKPLVOEVOL O TIAELAOA EpeBLOpATWY,
QVTLOTOLYWV E QUTA TTIOU EVEPYOTIOLOUV TOUG TLR'S

* [lepexouv eva tunpa NOD (nucleotide oligomerization domain)

" NOD1/2: neptéxouv TN kaomdong (Caspase-related domain — CARD)
* Avayvwpllouv BoKTnpLlakeC MEMTLOOYAUKAVEC
* Evepyomolouv tov mapayovta NF-kf3
= NLRP3: mepLexel Tunpa mupivng
* Avayvwpilel PAMPs kot DAMPs: ATP, kpuoTAAAOUC oUpLKoU 0&€0C, EAeVBepaL
Amapd oE€a KATT

* H evepyornoinor tou odnyel otnv evioxuon tnc mapaywyrn tng
npodAeypovwdouc kuttapokivne IL-1.
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TMOAU LLEPL(ETAL ME LaL
MPWTELVN IPOCAPUOYNC KO
LLLOL KOLOTTAoN

O moAupEepLopOC odnyeL o€
EVEPYOTIOLNON TNG KAOTIAONG
H evepyormolnevVn KooTiaon
LLETATPETIEL TNV QVEVEPYO Pro-
IL-1B o€ Spaotikn IL-10

Cellular and Molecular Immunology 8™ Ed, 2015



Inflammasomes
(OAeypovoowpota;)

" MeyaAa KUTTOPOTIAQOLLATIKA. OUTTAEY LLATAL TTOU
nepthapfavouv NLRs

" MmnopoUv va avayvwploouv TOo0o pkpoRLakd 000
KOl LLN-HLkpoBLaka onpata KivoUuvou

" Evepyorolouv Tnv kaomaon-1 n omota dLaoma
npodpAeypovwoeLc kuttapokivec (IL-1p kot IL-18).

= Ovouadovtat avaloya pe to etdoc tou NLR mmou
neptexovv 1y “NLRP3 inflammasome”

Ann Rev Immunol 2009;27:229



Inflammasome structure

(@@

\(("A pyrin domains

"r((.

pro-caspase 1

CARD domains

The adaptor ASCtranslates aggregation of nLRP3 into aggregation of pro-caspase 1.

Janeway’s Immunobiology— 9" Ed 2016;Ch 3



BioAoyikec dpaoelc IL-1

" OLBLloAoyikec Opaoelctne IL-1 elvaLmapopolec pe avtec tou TNF

" YeXaMNAEQ ouervrpwoaq &p0oL oV TOTIKOC LECOAAPBNTACTNG
d)?\svuovnq avénon poplwv mpooKOAANONG KoL CUVOETWYV TWV
LVTEYKPLVWV

" Y& LEYAAUTEPEC CUYKEVIPWOELC EXELOUOTNATLKN dpaon

® [Mupetog

* Emaywyn €kkplong IL-6 amo ta evdobnAtakd KUTTAPO TwWV ayyeiwv

* Emaywyn tnc ouvBeonc mpwTtelvwy ofelac pACEWC: AEON KAL LECW TNG
IL-6

* Qubetepodhia, BpopfokutTdpwon

* Avalula



[TAeloTporikec Opaoelc tnc IL-1B

Platelets
Hypothalamus
thermoregulatory center

~~—» Fever

Acute

\\"_—1 P /Y ;2%?:3

Bone goou_-s / IL-1B
marrow o \
S @ @ @ Endothelial cells
JEM

J Exp Med 2005;201:1355



AIAQOPEZ METAZYTNF & IL-1

" O TNF mapayetal ano povonupnva ¢payokuTTopo TToU EXOUV
evepyorotnBel amo LPS evw n IL-1 amo povornupnva ayokuTTopa mou
gxouv gvepyorotnBel ano T AepdokutTapa

" O TNF napayetal ano poakpodaya, B kat T Aepdokuttopa,
Bupokuttapa kot kuttapa NK, evw n IL-1 mapayetal ETUWTAEOV KoL Ao
evboOnAtaka Kat emOnAtaka KUTTOpa, A0TPOKUTTAPA, OOTEOPAAOCTEC
KOl KEPATLVOKUTTAPQ

= HIL-1:

* Aev MPoKaAel amonmtwon Kol Apeon otk PAARN

* Aev elvatlBavatndopoc akopa Kol o€ e€apeTIKA UPNAEC BOOELC

*  Agev MPOKAAEL TIC EKONAWOELG TNC ONTTTLKAC KaTamAnélag

*  Agev MPOKAAEL VEKPWON TWV OYKWV

* Aev ennpealel tnv ekppaon MHC.

* EvioyVeLtn 6paon Twv auvéntkwy napayoviwy (CSFs) oto pueAd twv
OO0TWV.




lvtepAeuklvn-6

[Aukompwteivn 26 kDa: mapayetal amno ta povonupnva ayokutTapa, to T
AeUPOKUTTAPA, T OLTEVUTLIKA KUTTAPO KOL TLC LVOPAACTEC LLETA ATIO
dleyepon armo IL-1 & TNF.

Yrodoyeac: IL-6R ):

o-aAvoida (CD126), 60 kDa: ocuvdeon pe tnv IL-6.
B-aAuciba (CD130/gp 130), 130 kDa: petaywyr) onuatod.

Blohoyikec dpaoeLc:

Auvéaveltn ouvBeon MpwTelvwy oTta NatokutTapa (ry wvodwyovo, CRP,
OTOLXELOL TOU CUMANPWHATOC)

AuENTIKOC MapAyovTacyla Ta evepyomolnueva B Aepdokuttapa

AuENTIKOC OPAYOVTAC YL TOL KOLKON BN MAQOOTOKUTTAPO KOLL T KUTTAPA TOU
oopKWHaTOoC Kaposi

AUENTIKOG TIAPAYOVTAG VLA TAL KUTTAPA TOU HECAYYELOL TOL VEDPOU (TTY
LECQYYELOKI UTIEPTIAQLOTIKY) OTIELpaATOVEPPITIOQ)
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lvtepAeukivn-17

Owoyevela IL-17:17A,178B,17C, 17D, and
17F. Movadikn aMn)\ouxLa KO uovaéSLKOL
urtodoyelc.

loyupd rtpocb)\evuovwér]q KUTTApOKivn — 0
«ouv6€tu<oq KpLKoq» LETaEV PUOLKNAC Kall

eniktntnc avooliac.

Mapayetalanod ta evepyomnotnpeva T
}\eucIJOKurrapa Kol OLEYELPEL TNV Mapaywyn
TIaPAYOVIWV PE TipodAeypovwdn dpdon
onwc n IL-6, n CXCL8, kot o G-CSF.

*  Ta AgpdokUTTapa mou mapayouv tTnv IL-17
QATOTEAOUV UL VEQ UTTOOUA O TOL KUTTAPA
Th17.

Yrodoyeic ota oudetepodha, Ta
KepaTvokUTTapa KAl 0 pUn Aepdika
KUTTapA.

BloAoyLkec SpAoeLc
* Emotpatevon oudetepodilwy
*  [Mapaywyn avtipkpoBlakwy nentidiwyv
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AVTLPAEYLLOVWOELC KUTTAPOKLVEC

" H pAeypovwdnc armoKpLon UTIOPEL VAL EXEL OPVNTLKEC
OUVETIELEC VL0l TOV OPYAVLIOLLO AOYW UTTEPBOALKAL
LLEYAANC EvTaoNnC N TIOPATETALLEVNC OLAPKELOLC

® Torkn loTkn PAABN HEXPL ONTITIKA KATATTANE L

" Artapoditntn n umapén LNXavVIoUwY TTou
KataoTeEAAOLV KoL Teppatilouv T PAeypovwdn
aroKpLon

® MoAAol arto Touc pnyaviopoUc autouc mupodotouvTal
aro ta PAMPs kat tao DAMPs



lvtepAeukivn-10

“The master requlator of immunity to infection”

HIL-10 mopdyetal amo ta pakpodaya Kot Ta SEVOPLTIKA KUTTOPA KoL OVAOTEANEL TNV
gvepyornoinor) toug (avtokpvnc 6pdaon)

*  Mnopel eniongvanapaxBel amo pun Aepdoeldn KUTTOPA (X KEPATIVOKUTTOPA)
AvaoTEAEL TNV TTapaywyn SLadOpwV KUTTAPOKIVWY aro Ta pakpodaya Kol Tor SevOpLTika
KOTtapa onwc n 1L-1, o TNF kaun [L-12.

®  TuTKO mapAdeLypa puBULOTH apvNTIKAC avadpaong
Apd ameuBelac ota SpaoTIKA T KUTTAPO OVACTEANOVTAC TO TIOAAATIAQCLAO O KOl TN AeLToupyla
TOUG
Mpodyet Tn Stadoporoinon twv mapBevwy T AepudOKUTTAPWY TIPOC PUBLOTIKA KUTTAPA
qudverat en(olr]q arno ta puBuotika T kuttapa (TH2) otamhalola Twy anokploewy TG
eMikTnTNG avoolac.

*  Hnpwipn moAwon mpoc pAeypovwdn 1 mpog puBULOTLKY amokplon unopetl va kaboplosL tnv €kBaon

NGAOIHWENG

* Hpubuiotikn arokplon pnopel va 0bnynoeLoe Bavarto n xpovia Aolpwén avaloya Pe T AoLoyovo
LkavoTnTa Tou maboyovou.

AvwpaAiec tou utodoxea tne IL-10 pe anwAela AettoupykoTnTac cuvdEoVTAL UE coPBapN
KoOAToa mou epdavietal otn Bpedikn nAkia.

JImmunol 2008;180:5771-5777



Early Acute Infection Late Acute Infection Chronic Infection

Development of pro-inflammatory response Development of host protective regulatory response
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Transforming growth factor 3

OuocSuliepéc; 28 kDa, cuvtiBetal oe AavBavouoa popdr) Kol EVEPYOTIOLE(TAL ATTO
TMPWTEAOEC
Mapayetalamno uovortupnva KUTTAPA TTIOU €XOUV evspvonomea arno LPSkatamo T
AepdokutTapa Ta onola exouv evepyomolnBel amod avtiyovo.
BLo)\ovLqu SpAoELC:

E€QLPETIKA TTAELOTPOTIKEC AKOMA Kol 0TO (6lo KUTTOPO

®* YUvBeon npwrteivwyv ™me eﬁwKurrapLaq Bepellac ovolag (my KOANQYOVO) Kol KUTTOPLKWY
UTTOOOXEWV VLA TIPWTEIVEC TOU OTPWHATOG

* Ayyeloyeveon

* Emnayettnv mapaywyn Tregs (T puBULOTIKWY AEUPOKUTTAPWV)

*  AvooTeAeL TOV TMOANQTAQCLOOUO TwV T AEUPOKUTTAPWY UETA A0 SLEYEPON ATTO ULTOYOVA
®* AVOOTOAN TNC WPIHOVONG TWV KUTTAPOTOELKWY T AeUDOKUTTAPWY

®* AvOOTOAM TNC evepyoroinong tnc §padonc TwV LoKpodaywv



The cytokine network

Macrophages (MPhi)
B cells (BC)
T helper1 (Thl) cells
T helper 2 (Th2) cells;
T regulatory cells
Dendritic cells (DC)
Dendritic EpidermalT cell
Mast cells (MAST)
Natural Killer T cells (NK-T)

. Neutrophils (NEUT)

. Eosinophils (EOS)

. Basophils (BAS)

. Natural Killer cells (NK)

. Cytotoxic T cell (CTL)
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Biology Direct 2006:1:32



Cytokine chaos

“the network of interacting cytokines and cytokine
receptors is of such staggering complexity that the
long-term behaviour of the system is essentially
unpredictable”



Immunologic Networks
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If we consider all the immune agents that
can, by co-respondence, reinforce, oppose
and feed back on each other, both positively
and negatively, and we multiply their points
of connection through the degeneracy of
signalling and the pleiotropismof resE]onse,
then we can begin to appreciate the
complexity of the networks that constitute
the immune system.

The immune system, in its basic reality, is a
collection of more-or-less connected
networks distributed over the entire body.

Irun R. Cohen The complexity alone inspires
awe.

|. Cohen. “Tending Adams Garden” (2002) § 124



