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[Tl oL KUTTAPOKIVEC ELVAL TOGO ONUOVTLKEC
WOTE VO TOUC OLPLEPWVOULE EVa LAONuQL;



T cell-
endothelial
cell adhesion

; % Cytokine storm Capillary leak
g $ TNFa, IFNY —p | yncrome
E < IL-1B, IL-2, IL-4, IL-6, Endothelial
=0 IL-8, IL-10, IL-12 damage
: v y
§° Multiple organ failure
3 « Pulmonary infiltrates
c » Lung injury
g’ « 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




TLelval oL KUTTAPOKIVEC;
[EVIKA XOPAKTNPLOTIKA TWV KUTTOPOKLVWV

OL uTtod0oXELC TWV KUTTAPOKLVWV

EI2ATQIH 2TH BIOAOTIA TQN
KYTTAPOKINQN



TL elval Ol KUTTOPOKLVEC;

" [AUKOTIPWTELVEC TTOU EKKplvovTaL A0 KUTTAPO TOU
OUOTNATOC TNC GUOLKNC KOl TNC EMLKTNTNC avooloc Kal
OLEKTIEPALWVOUV TN LETOEU TOUC ETILKOLVWVLOL ELTE
QAUEOQ N HEOW EKKPLONC AAAWYV SLOAUTWYV LLECOAAPNTWV.

" [MapayovTtal O€ ATIOKPLON O€ ULKPOOPYAVLIOUOUC Kol
QAAQL QVTLYOVOL

" ‘ExYOUV ONUAVTLKO POAO OoTNV evapén, Tn dlatnpnon Ko
TNV TEALKN KATAOTOAN KAL TEPLLATLOMO TNC OWVOOOAOYLKNC
ATIOKPLONC
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COMMENTARY

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

STANLEY CoHEN, PrERLUIGT E. Brecazzr, AND TAKESHI YOSHIDA

Departments of Microbiology and Patholoyy, State University of New York at Buffdlo,
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.

- R - _ — -3 _ _ -

L4 -

includes all the immunologic reactions which are mediated by sensitized lympho-



OvopoatoAoyior KUTTAPOKLVWY

O Opog kuTTapokivn mephapBavel popLa oAU SladopeTika

LETAEL TOUC TOOO SOULKA 000 KOl AELTOUPYLKA

Ol kuTTapokiveg mapdyovtal arod KUTTapa SLadOpwyv KUTTAPLKWY

oELPWV (AeUPLKH Kal Un AeUdLKr) OELPA)

AEUPOKIVEG: 0 OPOG AUTOC XPNOLULOTIOLNBNKE APXIKA yLa LOPLAL TTOU

TapPAyovTaL amo to AepudokutTapa

Cohen (1974): npotelveTal 0 0poC «KUTTAPOKiVN» avTl

«Aepdokivn»

IVTeEPAEUKIVEG: 0 OPOC XpNOLUOTOLBNKE yia va ToVIoEL TN onuoaoia

TWV HOplwV AUTWYV OTNV ETUKOWVWVIO LETAEY TWV AEUKOKUTTAPWV
* Avkal mAéov yvwpiloupe OTL OPLOPEVEC LVTEPAEUKIVEC TTapAyovTal Kal

ano AAAa KUTTapPQ, 0 OPOC CUVEXL(EL va xpnoLLOTIoLE(TaL

Avéntikol mapdyovtec: Opilopévol Sev mep\apBAVOLY OTLG

KUTTAPOKIVEC TOUC ALENTLKOUC TAPAyOoVTEC TTou SPOuV O€ KUTTOPA

EKTOC TNG QLUOTIOLNTIKAG OELPAC

KuTtapokLVeG VS OPUOVEG: OL OPUOVEC eKKpivovTal amod

efeldlkevpeva KUTTAPA Kol OpOUV 0€ CUYKEKPLUEVO €(d0C

KUTTAPWYV OTOXWV, Ta omola BploKkovTal 0€ amopaKPUOEVEC

Deoelc.

Interleukins

Interferons

Tumour necrosis factors
Growth factors

Colony stimulating factors
Chemokines

From Roitt, Immunology, 6t" Ed (2001)




Taélvounon KUTTAPOKLVWY

AUVoKOAN AOYW TWV TMOAAATIAWY AELTOUPYLWY, TWV SLAPOPETIKWY HLOPLOKWY OOUWV
KoL TV OLOPOPETIKWY KUTTAPWY MTPOEAELONC Kal 5pAonc

[MoAOAQ oxpota tTaélvopunong

* Aoun

* Quolknc vs Emiktntnc avooiac vs ALLOTIOLNTIKEC

* [podAeyuovwdELG Vs avTLPAEYUOVWOELS

* Avaloya e To KUTTapOo mapaywyng n 6paong
To meploocoTEPO AMOSEKTO oA Talvopnong Baoiletal oto €idog Tou umodoxea
LLE TOV omolo cuvdeovTal

* Type | (hematopoietin family) cytokine receptors

* Type ll (interferon family) cytokine receptors,

®* Tumor necrosis factor (TNF) family receptors,

* Interleukin (IL)-1 receptor and the related Toll-like receptors (TLRs),
® |L-17 receptors,

®* Receptor tyrosine kinases,
* Transforming growth factor- (TGF-B) family receptor serine kinases

The Cytokine Handbook — 4t Ed 2003; Ch 1



Taélvounon Twv KUTTAPOKLVWV

TABLE 4-2 ESIVESGGIRGER ETRITES

Family name Representative members of family Comments

Interleukin 1 family IL-Tey, IL-1B, IL-1Ra, 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 [L-21, IL-23, GM-CSF, G-CSF, Growth hormone, striking sequence and functional diversity.

Prolactin, Erythropoietin/hematopoietin

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

cytokine) family IL-22, 1L-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 [L-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 [L-8, CCL19, CCL21, RANTES, CCL2 (MCP-1), All serve chemoattractant function.
Appendix III) CCL3 (MIP-Ta)

N .

Kuby Immunology — 8t Ed 2013; Ch 4




[EVLKQ XA POKTNPLOTIKA TWV KUTTAPOKLVWV

[MoAvmemntidila r) yAukompwteivec pe peyeboc pexpt 30 kDa (120-190 apvoéea)

* Houdada vbatdavBpaka umopel va eival anapaitntn ya tn cvvdeon pe Tov umtodoxEa

* Mnopel va oxnuatiCouv opodiuepr) ) opotpLuepn N etepodiuepn (IL-12)
H Wbloocuotaolokn mapaywyr KUTTtapokvwy elval ocuvnBwce xaunAn n anovoa. H
napaywyr Touc pubuiletal ano epebiopata mov 6pouv oto eminmedo tN¢
HETAYPADNG N TNG LETAGPACNG
H napavwvr'] KUTTOPOKLVWV €lval mapodikn Kal n aktiva dpaonc Touc elvat ocuvnBwc
LLKP.
Apouv peow ouvdeonc o€ e161KoUC UPNANG cuyyEVELag UTTOOOXELC TNC KUTTAPLKAG
eTudAaveLlac.
OL meploootepec Spaoelc Toug odpeilovtal oe alayn otnv Ekpaocn yovidiwv ota
KUTTapa-0toxouc. QalvoTurikd oL KuTtapokiveg odnyouv oe avénon (Q pelwon) tng
TOXUTNTAC KUTTAPLKOU MoAAamAaciacuol, alkayn oto eninedo dtadopormoinong
A/KaL cAAayr otnV EKPPac OPLOUEVWY AELTOUPYLWV.

The Cytokine Handbook — 4t Ed 2003; Ch 1



H dpadon Twv KUTTAPOKLVWY ELVaL CUVTOUN

H €KKPLON KUTTOPOKLVWVY ATTOTEAEL EVOL CUVTOLO, AUTOTIEPLOPL{OUEVO
YEYOVOC

H ocUvBeon touc apxlleL e TNV EVEPYOTIOLNCN TOU KUTTAPOU TTOU
oonyetl oe petaypadn yovidiou

To mMRNA Twv KUTTAPOKLVWYV £lval o.oTaBEC Kol €TOL N oLVOECH TOUC
elval mapodikn

H Ouveecn TOUC UImopel va eAeyxeTal amo eneéepyaocio tou RNA kot
QO UETA- ueravpachKouq LLNXQVLOLLOUC (T TPWTEOAUON HE
napaywyn evepyou popiou: TNF-a, IL-1, TGF-B

Ot kuttapokivec cuvnBwc dev amoBnkevovtal ooy
TMPOOXNMATIOMEVA LOPLA KL EKKPLVOVTOL ALECWCE LOALS ouvTEBOUV

OL KUTTOPOKLVEC £XOUV ULKPO Xpovo Nulwnc (~30 min)



OL KUTTOPOKLVEC OPOUV TOTILKA AAAQL KOLL
OUOTNUOTLKA

= Autokplvig dpaon: Spouv 0To KUTTAPO

TIOU TLC TPy aVE

* HIL-2 mapayetal ano Ta EVEPYOTIOLNHEVA

T AepdokiTTapa Kol EMAYEL TOV
TIOAAQTTAQCLAOUO TWV KUTTAPWY TIOU TNV
TIaPAYoLV
=" Mapakpwng dpdacn: Spouv oe
VELTOVIKQ KUTTOpQ

* OULIFN torou | (a & B) enavouv «QVTLILKNA
TPOOTACLO» O€ YELTOVLKA KUTTAPQ

= Evbokpvig dpacn: Spouv o€
QTOMAKPUOEVA KUTTAPA
* OTNF nIL-1 kot n IL-6 pmopel va €xouv
OUOTNUOTIKEC SPATELC KO VAL

avixyvevovtal otnv KukAodpopla Katd Tnv
avtidpaon otelac pdoswc.

e = (ereeter) —
[ ]

* Circulation

Endocrine action Distant cell

®:®

Paracrine action Nearby cell

Autocrine action

Kuby Immunology — 8t Ed 2013; Ch 4



2UVEPYELA N AVTOYWVLIOUOC

= OLkuttapokivec pmopouv va emnpealouvy tn 6paon AAAwvY
KUTTOPOKLVWV:

= Juvepyela: H IFN-y kat o TNF €xouv cuvepylky 6pdcon otnv avénon
NG ekPppaonc Twv poplwvMHC taéewc | oe moANd €lbn KLUTTAPWV

= Avtaywviopog: H IFN-y kot n [L-10 TNF €xouv avtaywvioTik 6pdon
OTNV EVEPYOTIOLNON TWV HLOKPOPAY WV

SYNERGY \p7

O@Q
Q
)e
O

Activated Ty cells

Induces class switch to IgE

ANTAGONISM

Blocks class switch to IgE
induced by IL-4

(@] @ iy
% IL-4
@ \’/\
Q

IFN-y

Activated Ty cells

Kuby Immunology — 8t Ed 2013; Ch 4



CASCADE INDUCTION

O

@)
T

D

® ®0

Activated Ty cells

S
2]
@

Activated Ty cells

i

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

Katappaktec 6paocnc

" OLKUTTOPOKIVEC UImOpOoLV va eMNEEAlOLV TN
olUvOeon AAAWV KUTTAPOKLVWYV
* KatappaKTEG KUTTAPOKLVWYV: LA KUTTAPOKivn dpa
0€ £va KUTTAPO-0TOXO KL EMAYEL TNV ITApAYwWYN
LLLOLC AAANC KUTTOPOKIVNG amto TO KUTTAPO QUTO
= O TNF 6pa ota povortupnva GpoyokuTTopa Kot
dleyelpeLtnv mapaywyn IL-1 n omola pe TN
OELPA TNC EXEL TIOANATIAEC OPAOELC OF
MOAAOUC TUTIOUC KUTTAPWV (PA
PONYOU LEVWC)

Kuby Immunology — 8t Ed 2013; Ch 4



Tpodn ywa okeyn

(Lot 6€V UTIAPYXOUV AVOCOAVETTOPKELEC ATtO EAAELPN
LLLOIC KUTTAPOKLvNC aAAQ uTtApYOUV OOPBAPEC
QVOOOQVETIAPKELEC Ao EAAeWPN N dtatapaxn TG
AeLToupyloc UTTOOOXEWY KUTTAPOKLVWV;



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

Class of defect

Defects leading to primary immune deficiency

Class of defect

Disorders of cytokines and
cvrakine cionaline

Disorders of cytokines and

cytokine signaling

Accessory and adhesion molecules

Metabolic

Gene

v lal3 1I-7R

Gene

Y., Jak3, IL-7R
IL-2R01

IFN-YR1, IFN-yR2, IL-12p40,

TNFR1

Fas, caspase-10

CD40, CD40L, AID

IKKy
FOXP3

CD3y, CD3e,
Lck

Zap70

CD45

WASP

CD18 (B2 integrin)
GDP-fucose transporter
SH2D1A

ADA

PNP

Disease

T-R+*SCIN

IL-12RP1, Stat1

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 Invest 2001;109:1261-69



-
| ‘Bubble boy disease’

Severe Combined

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.

Immunodeficiency

[MANPNGC EAAeLPN AELTOVUPYIKWY
T Aepdokuttapwy e€attiac
dLatapaxnc o€ mMpwIieivec mou
oxetilovtal e TNV wplpavon
kot tn dtadpopormnoinon toug
Enimtwon 1:58.000 yevvnoeLg
[EVETIKA ETEPOYEVEC VOO

Metatl TwV oUXVOTEPWY
netalaéewv SCID elvatl autn
Tou IL2RG : oL a.oBevelg
eudavifouv eAelpata otnv
KoLvr uTtopovada y Tou
urtodoxEQ, N omola UTIAPYEL
oToUC UTIodOXE(C TWV
KuTtapokwwyv 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

= ‘Ertaoye amno SCID

= ‘Elnoe 12 xpovia o€ oTElpO
nepLBariov

= YnoBAnOnke o€
LLETALOOYXEUON LUEAOU QTIO
LEPLKA oL BaTo 60TN
(abeAPn)

" To pooxeuua
EYKATOOTABNKE AAAQ
eudavioe Aolpwén amo EBV
(oo To pooYeLA) KAl
nebave ano Aepdwpa
Burkitt




[TAeovaopoc (Redudancy)

" HootnTo Sopka SLadopETIKWY KUTTAPOKLVWY Va TIPOKAAOUV TO (6Lo AELTOUPYLKO
BloAoyLkO amoteleopa
" AVTOyWVLIOPOC 0Tn 6pAon MLOC KUTTOPOKIvNC 1 EAeLPn pLag KUTTOpOKivne N
LETAAAQEN OTO YOVIOLO ULOC KUTTAPOKIVNG UITOPEL vaL UNV €XEL OUCLAOTIKO BLOAOYLKO
QATOTEAEOHA ETELDN AAAEC KUTTAPOKIVEC UTMOPOUV VAL UTIOKATAOTHO0UY TN dpAacn
QUTNG TIOU AE(TEL.
* [pakTikd SV UTIAPXOUV OVOOOQVETIAPKELEC TTOU VoL odeihovtat atnv EAAeW)n Tou popiou
LLLOLG KUTTAPOKLVNG.
* AvtiBeta eAelporta oToug uTtoSoxEelC 1 0TI evOOKUTTAPLEG 060UC HETAYWYNC OAUATOG TWV
KUTTOPOKLVWY TTPOKAAOUV coBapr) avocoavemMAapKeLd

REDUNDANCY
O
D 3 IL-2
® : L4 Proliferation
@ IL-5
O
Activated Ty cells B cell

Kuby Immunology — 8t Ed 2013; Ch 4



Tpodn ywa okeyn

(Lot 6€V XpNOLLLOTIOLOU ME BEPATIEVTIKA TLC
KUTTOPOKLVEC;



[TAELOTPOTILOMOC

Target Cell Effect

Mia kuTtapokivn pmnopet va dpa oe StadpopeTIkoUC TUTIOUC
KUTTAPWV

* |L-1: 6pa otov eykedaAo, TO LUEAD TWV OOTWYV, TO NTaP, Ta evO0ONALAKA
KOTTapa kat ta T Aepudokutrapa

Activation
Proliferation

Differentiation

OL kuTtapokivec dlapecolaBoulyv oe
TIOAU SLaPOPETIKEG BLOAOYLIKEC

Sladikaoiec S @3
| &

PLEIOTROPY

Proliferation
and differentiation

IL-21: petaotpodn Lootumovu,
Sladopormnoinon MAACUATOKUTTIAPWY,

evioyuon anokpiogswv CD8 Katl KUTTAPWV Activated T, cells

NK, mpoaywyn tTn¢ dtadopormoinonc Twv
KuTtapwv Th17 cell

Proliferation

To pavopeVOo Tou MAELOTPOTILOMOU TiepLopilel Tn duvatotnta
BEPATMEVTIKNC XPr)ONC TWV KUTTAPOKWVWV: TO ETULOUUNTO KALVIKO
anoteleopa Ba cuvodeVeTal amo MOANEC AVETLBUNTEC EVEPYELEC
*  Qepameutikn xpnon IL-2: coBapr MOAUOPYAVLKT) TOELKOTNTA LE UTTOTAON,
TIVEULOVLKO 0{dnua, UpeTo, HETABOALK 0&Ewan, oldnua (auénuevn
TpLYoeldLkn) StafatdtnTa), veupotoflkotnTa, VEPPOTOLLKOTNTA KAl E€AVON U

Mast cell

Kuby Immunology — 8t Ed 2013; Ch 4



Tporormnoinon unmodoxewC

= Mo KuTtapokivn (b) Receptor transmodulation
L,lT[OpE( vVQa au&r']oa r] Upregulation Downregulation
Va EAQTTWOEL TNV
éK(I)pagr] TwWV IL-2 receptorT IL-2 receptor Jr

UTTOOOYEWV LLLAC

AAANC KUTTAPOKLVNG EE o

Roitt’s Essential Immunology — 13t 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 — 4t Ed 2003; Ch 1



IFN-ct
IFN-B
IFN-y

Macrophage

16 TFN-c.
10 TNF-B

1 o
IL-2 TFN-
IL-4 IFN-y
11-6
IL-10 -

1-13
IL-14
&

Basophil

112 IL- T-cell
14 1117

11-6 TFN-o.
118 IFN-B
11-9 IFN-y

Eosinophil

IL-10 IL-10

Mast cell

The cells of the
Immune system are
subject to control by

a network of
cytokine actions

Kuby Immunology — 8™ Ed 2013; Ch 4



YrodoxelC KUTTAPOKLVWVY

Ot ,KUTTOLpOK[VEQ Spouv pEow olvdeonc o€ PeUBpavIKkoUC UTIOdOXEIC TWV KUTTAPWV
OTOXWV
H ouyyéevela (affinity) Twv KUTTAPOKLVWY TTPOG TOUC UTIOOOXELG TOUC elval €QLPETIKA
vPnAn
* K, kuttapokivng-umodoyxea: 1010 - 1012 M
* Ky avtilowpatog-avtyovou: 107 - 101 M
* Ky TCR-MHC: 10> -107 M
Ta meploootepa KUTTAPA EKPPALOUV ULKPO aplBO uTtodoXEWV KUTTapokvwy: 100-
1000 vmodoyxeic ava KUTTaPO
H ekppaon Twv umtodoxewv pubpuileTal ano eEWTEPIKA OrpoTa
* H avtwyovikn Steyepon Twv T kal B Aepdokuttapwy odnyel oe avénpevn ekppaon
unoéqxéwv KUTTOLpOKLVd)V,— ToL KUTTOPA TIOU «BAEMOUYY» avTlyovo amokpivovtal
EVTOVOTEPQ OTIC KUTTOPOKIVEG
®*  MnYovIopog Slatripnong TnNg eOLIKOTNTAC TNG AVOOOAOYLIKAC AMOKPLONG

* Hékdpaon Twv umodoxewv Umopel emnpealetal amo TIC (OLeC TIC KUTTAPOKIVEC UE TIC
omolec ouvvdeovtal: Betikol N apvntikol Bpoyxol avadpaonc (feedback)



Tpodn ywa okeyn

[lati ol kKuTTapoKivec Mou amoteAoUV YEVIKOUC
dtauecoAaBntéc TNC AVOOOAOYLKNC ATOKPLONC,
ouvdeOVTaL LLE TOUC UTTOOOYXELC TOUC TTOAU LOYUPOTEPQ
art’ OTL T AVTLOWHATA HE Ta avTiyova kat ot TCR ue to
ouunmAeypo MHC-rterttdilov, dnAadn oL kateéoxnv
ELOLKEC dAANAETLOPAOELC TNC OVOCOAOYLKAC ATIOKPLONG;



YrodoxelC KUTTAPOKLVWVY

Type | cytokine i Type Il cytokine TNF receptor HL-1 receptor: IL-17 receptor i Seven
hemopoietin E receptors E famil + famil . famil :transmembrane
( poietin) p y y y
receptors +  G-protein-
E ; £ £ E ; ; i coupled
E E £ £ E i ; i receptors
Conserved ElE £ £ E ; '
cysteines ; ; ; ;
WSXWs . mB® i EEE l 5
QOOQOQCOOOCOCCC N _)J..)JJJJJJJJJJJ\%_.‘LX_M_}JJ_)JJ_) QK JJJJ_)VJJJJJ‘.LL.;)’ IO NN J’J‘,’\_,"J‘.L."JJ_.L%LLA_.U_}JJ QOOOOOQOQCC sessssces o8 )_)J)_)_)JJJ:}JJ QOO A N J- 000000000
Jak =Jak ! =1 = : : : -
g"a": Ellg ISNTRADD: B ot 29T - :
STAT E L i TRAF E i TRAF i G proteins
Ligands: ; Ligands: ; Ligands: : Ligands: : Ligands: ! Ligands:
IL-2, IL-3, IL-4, L5, IFN-cB, IFN-y, i TNF-0, TNF-B, LT, { 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, : : IL-17C, IL-17D, :
IL-12, [L-13, IL-15, ; IL-24, |L-26 : April, Ox40, GITR, ; IL-17E (IL-25), ;
GM-CSF, G-CSF ' nerve growth factor ; ' IL-17F '

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



H 060c¢ petaywync onuatoc JAK-STAT

Cytokine receptors consist of at
least two chains, the cytoplasmic
domains of which bind Janus
kinases (JAKs)

Cytokine binding dimerizes the
receptor, bringing together the
cytoplasmic JAKs, which activate
each other and phosphorylate
the receptor

Transcription factors (STATs) bind
to the phosphorylated receptors,
and are in turn phosphorylated

by the activated JAKs initiate gene transcription

Phosphorylated STATs form dimers
that translocate into the nucleus to

cyt@ Q d

JAK

JAK

N pmm M

N domain
SH2 domain

tyrosine inactive
STAT dimer

N\ A

active
STAT dimer

Janeway’s Immunobiology — 9t Ed 2016; Ch 3



CLINICAL RELEVANCE
Type I and Il Cytokine Receptors

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

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

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

Polymorphisms of |IL-23R are associated with inflammatory bowel
disease (IBD).

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

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.
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OL OpACELC TWV KUTTOPOKLVWV

[MpodAeypovwdelc kuttapokives: TNF-a, IL-1, IL-6
AvtipAeypovwoelc kuttapokivec: IL-10, IL-1ra, TGF-
AVTL-UKEC KUTTapOKiveC: IFN-a, IFN-f

Kuttapoklvec mou evepyomolouyv ta pakpodpaya: IFN-y

Kuttapokivec mou evepyomolouyv ta B Aepdokuttapa: IL-4, IL-5,
IL-6, IL-21
Kuttapokivec mou evepyomolouv ta T Aepdokutrapa: [L-2, IL-4,
IL-12, IFN-T

Kuttapokivec mou evepyomoLlouV To. NWoVOdLAa fj/Kot Ta
oltevTka kuttapa: IL-3, [L-4, IL-13, IL-5




Mola epebiopata mupodotouv tn PAEYUOVNA;
MoloL uTIOSOXELC CUMUETEXOUV;
Nwc mapayovtal oL tPo-pAEYUOVWIELG KUTTAPOKIVEC;

H ENAP=H TH> OAETMONH2



[Tolog elval 0 oKOToc TN LTaPENC TOU
OlVOOOTIOLNTLKOU GUOTHATOC;



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 1s 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

“u’sﬁlmmm’rswmauu tiiact 1Lt UuvUuLo 11VUL uUvU uiv JUU aluuu, UutL ILvLLUIvULO PUDII.IVD
and negative communications from an extended network of other bodily
tissues.

Annu. Rev. Immunol. 1994. 12:99]1-1045



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
* XapnAn evdokuttapla cuykevipwon K*
* KpuotaAlol ouplkol, TupodwodopLKOU
® YrieplwonC akTwopoAla
® EpeBloTikeC ouolec Tou OEPUATOC



" Ta kUTTOPQ TNC PUOLKNC avooloc (pokpodaya,
ovOeTEPOPIAD, OEVOPLTLKO KUTTAPQ) ovayvwpLllouv
To onpata kKvduvou («mpotuTiay) Ue eLOIKOUC
UTIOOOYXELC

* Yrtodoyxelc avayvwpLong mpotunwy [Pattern recognition
receptors (PRRs)]



Yriodoxelc avayvwplonc SOLLKWY ITPOTUTTWY
Pattern recognition receptors (PRRs)

" Exppalovtal oo oAa Ta KUTTOPA EVOC
OUVKEKPLUEVOU TUTIOU (Y payokUuTTOpQ)

" AEV EXOUV KAWVLKN KATAVOWUN

" Kwdlkomolouvtal 0To apxEYovVo yovioLwua
(germline)

" MupodoToULV AEDN aATTAVTNON

" Avayvwpilouv opadec maboyovwy Kal oyl
OUYKEKPLUEVOUC LULKPOOPYOVLOUOUC



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

Receptor characteristic illIlIl]lIlll?lE?ty Iﬁ:ﬁm‘l’;
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 9" Ed, 2016



Yriodoxelc TNC PUOLKNC AvVOoLaC

Toll-like receptors (TLRs): peppPpavikot urtodoxeic

Nucleotide-binding oligomerization domain, leukine-rich

repeat family (Nod-like receptors - NLRs): KuTtopomAQopATIKOL
UTtOOOXELC

C-type lectin receptors (CLRs): pepfpavikol umodoyxeic
RIG-1-like receptors (RLRs): kKuTtopomAQopaTIKOL UTTOOOXELC
Ot umnoboyeilc TnC eyyevouc avooilac avayvwptllouv:

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

* Evboyevn onpata KlvdUVou: TOELKEC OUOLEC, EADTTWUATIKA
MUPENVLKA 0&€a, evOOKUTTAPLEC IPWTELVEC (Alarmins)



KuTtapikn evtomon UTtodoXEwWV PUOLKNC OVOOLAC

Extracellular

Microbial
polysaccharide

Bacterial cell
wall lipid

T_|9|I_I|;I{ike receptor Ctype
4 ) lectin receptor
s

ORI robbtb S0

Plasma

Cytosolic membrane
NOD-like
receptor (NLR) O sﬁﬂnzzgz%
Bacterial cell Q:g;.
wall lipid; &S Endosomal
products of ::3 R
. damaged
RIG-like receptor host cells g Nucleic acids
(RLR) %-‘3 of ingested
@ED" viral RNA 0% mw'cpambgs

Cytosolie D @’fzzzzm‘.‘\"'
%Micmbial DNA E%?r?ﬁ?arggl

Cellular and Molecular Immunology 8t Ed, 2015



YMNOAOXEI2 ANAINQPIZH2 AOMIKQN MPOTYNQN MNAGOIONQN

YMNOAOXEAZ ENTONIZH ZYNAETHZ APAZH
AutoteLyoiko ofv, , ,
, , Evepyomoinon pakpodaywv Ko
Kuttapkn nemtidoyAukavn, , , ,
TLR2 , , OevOpLTIKWYV KUTTAPWY, Evapén
HEUBPAVN BoKTNPLAKEG , , ,
avtldpacewv eMikTNTNG avooiag
AtonpwTteiveg
Kuttapwn , )
TLR4 , AutonoAuvoakyapitn Opota pe tov TLR2
HepBpavn
KUTLaDLKH AutomoAucakyoptitn,
CD14 euB %Lvn AUTOTELYOIKO 0&U, Yuvunodoxac tou TLR-4
HEHPpavn nentidoyAukavn
A I3 1
YriodoxEag Kuttapikn pvrTELK'CX cbopuo'ueva Evodwvel tn dayokutTApwWon amno
OKOOUAAEKT eUBpav ToAUKEPN BakTnPLWLY kat TO pakpodaya
P ne HEUPPAVN LUKFATWV HaKP Y
MoA ' '
Yriodoxeig Kuttaplkn © tfuepr] BaKtn'prv Kot Evodwvouv tn payokuTTapwon
, , LWV TIOU TIEPLEXOUV , ,
Hovvolng HEUBpAvN amo ta pakpodaya

pnavvoln

Schaechter’s Mechanisms of Microbial disease 5% Ed, 2013



YNOAOXEI2 ANAINQPIZH2 AOMIKQN MPOTYMNQN NMAGOITONQN

YNOAOXEAZ
TLR9Y

NLRC1, NLRC2
(NOD1, NOD2)

NLRC3, NLRC4

NLRP1, NLRP2
kot NLRP3

A&KTivn MoV
deopeveLTn
pnovvoln (MBL)
Apuloeldec A
TOU opou
C-avtibpwoa
MPWTEVN

ENTOMNIZH 2YNAETH2
Evéoowpata DNA Baktnpiwv Kot lwv
MemntidoyAukKo
KuttapomAaopa SRS U K
Baktnplwv
Kuttapomiaopa Maotiyia Baktnplwv

Baktnplakeg toéiveg
Kuttapomlaopa RNA Baktnplwv Kot Lwv
KpUoTtaAAot ouplkol 0&€og
MoAupepn Baktnpilwv Kot

AloAuTtog LWV TIOU TIEPLEXOUV
Hovvoln
ALoAUTOG Baktnploko tolywua
, OPUAYXOAL
ALaAUTOC Dwogopy ,X ael
Baktnpiwv

Schaechter’s Mechanisms of Microbial disease 5% Ed, 2013

APAZH
Opola pe tov TLR3
Evepyomoinon pakpoddywv Kalt
ETUONALOKWY KUTTAPWV UE
napaywyn npodAeypovwdwy
KUTTOPOKIVWV
Enaywyn €kkplong IL-1B
(oxnUATIOUOC PAEYLOVOOWHOTOC)

Opota pe toug NLRC3, NLRC4

Evepyoroinon tou
CUUTANPWHATOC, oPwvivomoinon

Oy wvivomoinon, evepyormnoinon
TOU GUUTANPWHOTOG

Oy wvwvomoinon, evepyormoinon
TOU OUUTTANPWHOTOC



Toll-like receptors - TLR

OpoAoyol pe tov urtodoxéa toll tng Drosophila melanogaster

Fovidlo mou kaBopilel Tov 0pB0O KoWLo-paxLaio mMPooavaTtoALlopo Tou eUBpuou TG
Drosophila

2T Evn}\LKeq Drosophlla N onuatodotnon usow TwV urtodoxewv toll obnyel otnv
Tapoywyn Hoplwy MouU EUMAEKOVTOL OTNV AUUVA TOU EEVLOTH) TTY avTLBaKTNELOLOKA
nentidla

AvBpwroc: 10 dtadopetikol TLR

MepuBpavikot urtodoyelc

Avtol mou avayvwpilouv mupnvikad ofea Pplokovtal otn LEUPBPAVN TWV EVOOCWUATWY

Avayvwpilouv TTOAAG BaoIKd CUCTATLKA TOU KUTTAPLKOU TOLXWUATOG TWV
LLLKpoopyavIopwV (PAMPS)

AumomnoAucakyapitn twv Gram(-) Baktnplwv

AUOTELOIKO 0EL TwV Gram(+) Baktnpiwy,

MopLa pavvolng YAUKOTIPWTEIVWY

Atadopec Baktnplakec Autonpwteivec (OLAKUAO- Kal TPLAKUAO-ALOTIETTIO L) KOl
dAayKkeAivn.

ssRNA, CpG DNA




TLR engagement
by bacterial or
viral molecules

Leucine-rich
repeats

..'QOO il d” T T 1 1

4 b oy
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Toll-IL-1 receptor (TIR)
signaling domain

2949099000022 %9000

Recruitment of
adaptor proteins

Activation of &) L K D

tra?scription NF-xB IRFs (interferon
actors 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

>nuatodotnon peow TLRs

" Houvbeon twv TLR pe touc
OUVOETEC TOUC 0bNnYEL oTNV
ETULOTPATEVON TIPWTEIVWVY
NMPOCOPLLOYNC KoL 0TNV
EVEPYOTIOLNON UETAYPADLKWY
TP OYOVIWV

= NF-kf3: pUBuLon mapaywyng
KUTTAPOKLWVWY, Loplwv
NMPOOKOAANONC KAl CUVOLEYEPTIKWY
LLopLwV

= |RFs: pUBuLon mopaywync IFN-o/f

Cellular and Molecular Immunology 8t Ed, 2015



Molol elval ot utodoxeic Touc;
Moteg 0600C peTaywyng oAMATOC XPNOLUOTIOLOUV ;
TioupBaivel og xoprAynon avtaywvioTwy TwV TPOGAEYUOVWEWV KUTTAPOKLVWV;

YA pXOUV YEVETIKEC KaTAOTAOELG EAAELP NG 1} SLatapaxng ot 060U TwV
NMPOPAEYHOVWEWY KUTTAPOKLVWYV;

[TPOOAETMONQAEI>Z KYTTAPOKINEZ



OL KUTTOPOKLVEC TNC PUOLKNC AVOOLOC

H €KKPLON KUTTOPOKLVWY QTIO LOTIKA KUTTOPO LETA Ao Aotuwén Kal LOTIKN
BAABN amoteAel eva amo ta mpwTa yEYOVOTA OTNV ATOKPLON TNS GUOLKAC
avoolac

OL KUTTAPOKIVEC TNC PUOLIKNAC avooiag mapayovTol KUpLwe armo Ta LoTKA
Lokpodaya ko ta OevOPLTIKA KUTTAPA vV Kal prmopel va mapaxBouv kat
amo AAa KUTTapa Onwc Ta evooBnALaka

OL neptooorepsq QIO TLC KUTTOPOKIVES TNC PUOLKNAC avomac £XOULV
TIAPAKPLVH 6pa0n OUWC O€ ooBapsc AOLLWEELC purmopel va napax@ouv
LEYAAEC TTOCOTNTEC KUTTAPOKLVWY KAL VA ELCEABOUV OTN CUCTNOTIKN
KUKAodopla

OL KUTTOPOKLVEC TNC PUOLKNC avoolag Exouv OLADPOPEC AELTOUPYLEC:
ETIAYOUV TN PAEYLOVN, AVAOTEANOUV TOV LUKO TIOANOTTAQCLOOLLO, TIPOAYOUV
TIC amokploelc Twv T AepudokuTTapwyY Kal ePLopl{ouV TIC AVOOOAOYIKEC
QTIOKPLOELC



\TCytokine

DV = =
Principal
) cell source(s)

'

A

Principal cellular targets

and biologic effects )

(Tumor necrosis
factor (TNF)

A Macrophages, T cells,

mast cells

Interleukin-1 (IL-1)

Macrophages, dendritic
cells, endothelial cells,
some epithelial cells,
mast cells

Chemokines

Macrophages, dendritic
cells, endothelial cells,

T lymphocytes, fibroblasts,
platelets

Interleukin-12 (IL-12)

Dendritic cells,
macrophages,

Interferon-y (IFN-y)

NK cells, T lymphocytes

Type | IFNs
(IFN-o, IFN-B)

IFN-o:: Dendritic cells,
macrophages
IFN-B: Fibroblasts

Interleukin-10 (IL-10)

Macro_Phages, dendritic
cells, T cells

Interleukin-6 (IL-6)

Macrophages, endothelial
cells, T cells

Interleukin-15 (IL-15)

Interleukin-18 (IL-18)

Macrophages, others

Macrophages

TGF-B

Many cell types

- 4

Endothelial cells: activation (inflammation,\

coagulation)
Neutrophils: activation
Hypothalamus: fever
Liver: synthesis of acute-phase proteins
Muscle, fat: catabolism (cachexia)
Many cell types: apoptosis

Endothelial cells: activation (inflammation,
coagulation)

Hypothalamus: fever

Liver: synthesis of acute-phase proteins

T cells: Th17 differentiation

Leukocytes: increased integrin affinity,
chemotaxis, activation

Natural killer (NK) cells and T cells: IFN-y
production,increased cytotoxic activity
T cells: Th1 differentiation

Activation of macrophages
Stimulation of some antibody responses

All cells: antiviral state, increased class |
major histocompatibility complex (MHC)
expression

NK cells: activation

Macrophages, dendritic cells: inhibition of
cytokine and chemokine production,
reduced expression of costimulators and
class Il MHC molecules

Liver: synthesis of acute-phase proteins
B celllls: proliferation of antibody-producing
cells

NK cells: proliferation
T cells: proliferation

NK cells and T cells: IFN-y synthesis
Inhibition of inflammation

T cells: differentiation of Th17,
regulatory T cells

J .
Basic Immunology 5t Ed, 2015



1.Vl 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-o)

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

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

Interferon B (IFN-B)

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 Ty 1 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 — 8t Ed 2013; Ch 4



[Tapayovtac vekpwonc Twv oykwv (TNF-a)

Aukompwrteivn, 185 AA. Kwdikomoleltal péoa oto YeveTiko tomo tou MHC.
Avnkel otnv urtepotkoyevela TNF: to aAo KUpLo pEAOC elval N Aepdototivn-a (1 TNF-B)
* Humnepolkoyevela TNF meplexel 18 ouvdeTeg kat 29 umodoxeig
* ‘ExeLnapopola mpodpAeypovwdn dpdon pe CD30 ligand, CD40 ligand, FAS ligand, TNF-related
apoptosisinducing ligand (TRAIL)
Amotelel tov KUpLo pecoAafntr tne oelac dAeypovwdouc amokpLlonc oe PaktrpLa
[Kuplwc gram(-)] ko evBUVeTOL YL TIOAAEC ATTO TLC ETTAOKEC TWV CUOTNUATIKWY
AOLLWEEWV

ExkplveTal kuplwc amod ta evepyomolnpeva povormupnva GayokUTTapo aAAd Kol oo
evepyorotnpeva T Aepdpokitrapa, kutrapa NK kot oLteuTika KUTTOpA.

[To KupLlotepo €peblopa ywa tnv €kkplon tou TNF eival n oOvSeon\
AutontoAvoakyapitn (LPS) 1 dMwv pkpoflakwv mpoiovtwy (Pathogen-
associated molecular patterns, PAMPs) 11 «onuatwv kwwduvou» (Danger-
associated molecular patterns) otoug unmodoxeic tng duokng avooiag
(TLRs, NLRs, & RLRs) oL omoiot emayouv tnv €kdppacn tou yovidiov tou

\TNF HE eVepyoTioinon tou petaypadikol napayovra NF-kB. J




Yrnodoyxeac TNF-a

Yrniapxel oe VO LOPPEC: uequavu«] KO
StaAutr) — kat ot U0 LopPEC elval TpLUEPN

Mn YAUKOJUALWPEVN OlapEUBpaviKh TTPpwTELvN
(opoTpLLEPEC) — CUVSEETAL e TOV UTIoSoXE ps.  Receptor g - ooptor
tomou Il (TNF-RI) . S d » A
H peuBpavikn popdn dtaomatal kat ta Tpila fw)S MO0 > _)’lﬁ, ‘
TIOAUTIETTTLE AL TTOU TIPOKUTITOUY, TIOAUUEPLIZovVTOL [l =t oY -~ 3‘ -
Kol oxnuatiCouv tn dtaAutr popdr) tou TNF — .
ouvdeetal pe tov urmodoyea tumou | (TNF-RI) '

* ‘Eva poplo TNF-a cuvdeetal pe tpeig umodoxeic
‘Exouv oxeTIka xapnArn cuyyevela pe tov TNF

* TNF-RIKd: ~1 X107 M

* TNF-RII Kd:5 X 10710M.
H ocUvbeon twv TNF-R pmopel va evepyomolroel
SLadpopeTIKEC EVOOKUTTAPLEC 000UC ETAYWYNC
OoNUaAToC

*  Enmaywyn ékdpaonc yovidiwv

*  Kuttaplkog Bavatoc




'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 pnopei va
gVEPYOTIOLNOEL U0 SLOPOPETIKES
evOOKUTTAPLEG 060UG LETAYWYNAG

ONUOTOG LE QMIOTEAECHA ETIAYWYN
ekPppaong yovidiwv | kuttapkd Bavato

Activation

of effector <&= GO
caspases Active

caspase-8
|Apoptosis I

IkB kinase
cascade

RAF

Generation of active transcription S S S S Y
factors (AP-1, NF-kB)
@
— Active
=== kinase = Nk =>>
cascade
W Gene transcription:
e \ production of
g inflammatory
NFxB / mediators,
survival proteins
..... ,l aO P
Active
/ NF-xB
S@ ﬁ

Cellular and Molecular Immunology 8t Ed, 2015



BloAoyikec 6paocelc tou TNF - |

= XapnA&c oUYKeVTPWOELC (auTtokplvAc/ mapakpvnc dpaon)

* ‘Exdppaon Loplwv mpookoAAnonc oto ayyelako evdoBnALo (e-
selectin), avénon tnc MPOoKOAANTIKOTNTOC TwV oudeTepodAwy ota
evdoBnAlaka kuTTApPQ

® Evepyormoinon AEUKOKUTTAPWY WOTE va GOVEVOOUV
LLLKPOOPYQVIOUOUG

° ALevepon NG TaPAYWYNC KUTTOLpOKLV(UV (IL-1, IL-6, TNF) aro ta
Lovomupnva gayokuttapa Kol AAAa KuTTapa

* Enaywyn ekdpaonc MHC taéewc |

4 )
Quaololoyikn Aettoupyia TNF: emiotpatevon oudeTEPODIAWV KoL

LLOVOKUTTAPWV OTLC E0TLEC PAEYLOVIC KAL EVEPYOTIOLNGN TWV
KUTTAPWV QUTWV WOTE vVa EKPL{WCOUV TUXOV ULKPOOPYAVLOUOUG y

.




O TNF SteukoAUVEL KaL TIPOAYEL TN METAKIVNON
dAeypOVWOWYV KUTTAPWYV 0T B€0on TNC PAEYLLOVNC
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oudetepodiAwv tpog TNV
gotiatng pAeypovig
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BloAoyikec Opaoelc tou TNF -

o Yl.|) NAEC cuykevTpwoelg (evOokpvng 6paon)
I"Iuperoq (evboyevec Ttuperovovo Spacn oto BepopPUBUULOTIKO
KEVTPO TOU UTIOBaAAOU HECW TIPOOTAYAQVOLVWVY).

* Aleyepon mopaywyncg kuttapokvwy (IL-1, IL-6, TNF) armo ta
Lovorupnva payokUTTopa Kol TO ayyeLlako evooBnALo

* Auénon tnc ouvBeonc Twv MPWTEVwY ofelac paoewd (my
apLuAoeldec A Tou opoU, LVWdOoYOVo) aro Ta NTATOKUTTAPA

® Evepyomolnon Tou cUCTHUATOC TNC TNENC
® KaTtaoToArn Tou HUgAOU TWV 00TWY

* Kayeéla: KataoTtoAn TnNC 0peénc, KATaoToAr TnS 6pAonc TNC
ALTTOTIPWTEVLKAC ALITAONC



BloAoyikec 6paoelc tou TNF - Il

" EEapeTikd UPNAEC CUYKEVTPWOELS

KataoTtoAn TNC CUCTAATIKOTNTAC TOU MUOKAPOIoU (LECW TNC EMAYWYNC TNC
ouvBetaonc tou NO)

AyyeloOLooToAn (apeon 6pdon oTto ayyeLoko evOoBNALO ) HECW HeoOAOBNTWY
OTWC N pooTtakukAivn 11 to NO)

Melwon tTnN¢ AlLATWOoNC TV MEPLPEPLKWY LOTWV

Evbayyelakn Gpoquon SLEyEPON TNG EKPPAONC LOTIKOU TTAPAYOVTAC o T
EV(SOGF]?\LOLKOL KUTTapQ Kol avaoro?\r] NG Ekdpaonc NG pouBouovrou?\Lvnq 2TO0
LLNXQVLIOHLO Gpoquonq ou uustsxz—:t KOl N omocbpouir] TWV ayyeiwv amno ta
OUOCWPEVUEVA ouésrepoch?\a H vékpwon Twv Oykwv odelAeTAL KATA KUPLO
AOyo o€ anodpaln Twv ayyelwv Toug

MetaBoAkec Statapayec (my vmoyAvkatpia e€attiac tnc vPNARC KATAVAAWONC
YAUKOINC amo TouC LLUG)

[ O TNF amoteAel evav armod Toug KUPLouG LECOAABNTEC TNG oNTTTLKNG KatarmAnéiog ]
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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 assoclated with autoimmune lymphoproliferative syndrome (ALPS).
Rheumatoid arthritis (RA) often responds to therapeutic use of TNF
antagonists.




TNF in Mycobacterium
tuberculosis infection

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

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

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

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

Clin Infect Dis 2005;41(Suppl 3):5199-5203



Interleukin-1

ExkplveTal o oAU mpwipa oTadLla TNG AVOOOAOYLKN G ATTOKPLONG

[MapayeTal KUpLwE amo ta eVEPYOTIOLNEVA LOVOTTUPNVA GOYOKUTTOPO

(LovokUTTapa & pakpodaya) kot armo Ta SeVOPLTIKA KUTTOPO

Owoyevela IL-1: IL-1a & [L-1[, IL-18, IL-33, IL-1Ra (IL-1 Receptor antagonist)
* HIL-1 elval n povadikn kuttapokivn pe puolko avaotolea: [L-1RA

IL-1a & IL-1: opoloyia 30%, cuvdeovtal otouc dloug umodoxelc

H petaypadn tou yovidiou tng IL-1B emayetal amno evepyornoinon tou NF-

KB p€ow TLR kat NLR evw n dtdomaon tng pro—IL-1B yivetal ano tnv
KooTiaon-1 n omola evepyomoleltal HECO 0TO PAEYUOVOOW QL.

Ot urntodoyeic tnc IL-1 €xouv OLOLOTNTEC OTN UETAY WY ONHATOC LLE TOUC
TLRs
®* TIR, My88, MAP kinase, NF-kB



Yrniodoyelc IL-1

Inhibitory ligand and receptors

IL-1Ra
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\L domains

IL-1RII

e @
N/

Cytokine expression
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Nod-like receptors - NLR

= QOwkoyevela evookuTTapiwy UTIOO0XEWV UE 22 HEAN
® KuttapomAaopatiko ooduvapo twy TLR's

® EvepyomoloUv UETAPOALKEC 060UC ATOKPLVOUEVOL O€ TAELAOA EPEOLOUATWY,
QVTLOTOLXWV E QUTA IOV evepyoTioLloVV Touc TLR’s

* [eptexouv eva tunpa NOD (nucleotide oligomerization domain)
" NOD1/2: mepleyxouyv tunpa kaomaonc (Caspase-related domain — CARD)
* Avayvwpilouv Baktnplakeg MeMTIOOYAUKAVEC
® Evepyormolouv tov mapayovia NF-kf
" NLRP3: meplexel TuApa mupivng
* Avayvwpilel PAMPs kat DAMPs: ATP, kpuoT@AAOUC oupLlkoU 0f€oc, eAeVBepa
Aapd o&Ea KATT

* H evepyornoinor tou odnyel otnv evioxuon tnc mapaywyn tng
npodpAeypovwdouc kuttapokivne IL-1pB.
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oAV EPL(ETOL PE ML
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EVEPYOTIOLNON TNC KOLOTIAONC

H evepyomolnuevn KooTaon
LLETATPETIEL TNV AVEVEPYO Pro-
IL-1B o€ 6paotikn IL-1B

Cellular and Molecular Immunology 8t Ed, 2015



Inflammasomes
(OAeypovoowpaTa;)

" MeyaAa KUTTAPOTIAQCATLKO OUUTTAEYLOTA TIOU
neplhappavouv NLRs

" Mmopouv va avayvwpLloouVv TOoO0 ULKpoBLaka 000
KOl LN-LkpoBLlaka onuata Kivduvou

® Evepyormolouv Tnv Kaomaon-1 n omota dtaomna
npodpAeypovwdelc kuttapokivec (IL-1B kat IL-18).

" Ovopadovtat avaloya e to doc tou NLR mou
neptexouv 1y “NLRP3 inflammasome”

Ann Rev Immunol 2009;27:229



Inflammasome structure

NOD
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pro-caspase 1

CARD domains

The adaptor ASC translates aggregation of nLRP3 into aggregation of pro-caspase 1.

Janeway’s Immunobiology — 9t Ed 2016; Ch 3



BloAoyikec 6paoelc IL-1

Ot Blohoyikecg 6paocelc tnc IL-1 elval mapopolec pe avtec tou TNF

2€ XOUNAEC ouvavrprELq Spa oav TOTIKOC ecOAANTAC TNC
cb}\evuovr]q avénon poplwv MPOoKOAANONC KoL CUVOETWY TWV
LVTEVKPLVWV

Y€ LEYOAUTEPEC OCUYKEVIPWOELC EXEL CUOTNUOTLKA dpdon

[TUpETOC

Enaywyn exkkplonc IL-6 amo ta evoéoBnAloka KUTTapa TwV ayyelwy
Enaywyn tnc ovvBeonc mpwtelvwy ofelac PAOEWC: AUEDN KoL LEOW TNC
IL-6

Qubetepodhia, BpouBokutTapwon

Avaluio



[TAelotporikec Opaoelc tnc IL-1P
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J Exp Med 2005;201:1355



AIAOOPEZ METAZY TNF & IL-1

" O TNF nmapayetal amno povonupnva ¢ayokUTTapa mou EXOUV
evepyornolnBet ano LPS evw n IL-1 amo povornupnva ¢ayokUTTopa ou
gxouv gvepyorolnBel ano T AepdokuTrapa

= O TNF mapayetal ano poakpodpaya, B kat T Aepdokutrapa,
Bupokuttapa kat kuttapa NK, evw n IL-1 mapayeTal EMUMAEOV Kol Ao
evooOnALaka Kot emOnALlaka KUTTopa, A0TPOKUTTOPA, O0TEOPAAOTEC
KoL KEPATLVOKUTTOPOL

= HIL-1:

* Aev npokaAel anontwon Kat Apeon Lotk PAARN

* Aev elval Bavatndopoc akopa Kat o€ eEaPeTIKA UPNAEC SOOELC

*  Aev mpoKaAel TIC EKONAWOELG TNG ONTITIKAG KaTamAnélac

*  Aev MPOKAAEL VEKPWON TWV OYKWV

*  Aev ennpealel tnv ekppaocn MHC.

*  EvioyVeLtn §paon Twv auénTkwy mapayoviwy (CSFs) oto PUeAO Twy
00TWV.




lvtepAeukivn-6

[AukompwTteivn 26 kDa: mapayetal ano ta povornupnva GoyokUuTTapa, ta T
AEUPOKUTTOPA, TO OLTEVTLKA KUTTAPA KOL TIC LVOPAACTEG LETA QTIO
Steyepon amo IL-1 & TNF.

Yrodoyeac: IL-6R ):

o-aAuvcida (CD126), 60 kDa: cuvdeon pe tnv IL-6.
B-aAucida (CD130/gp 130), 130 kDa: petaywyr) ofuaToC.

BloAoyikec Spaocelc:

Avéavel tn ovvBeon Mpwteivwy ota nratokutTapa (ry wodwyovo, CRP,
OTOLXElOl TOU CUUMANPWHLATOC)

AUENTIKOC MAPAYOVTAG YLa TOL EVEPYOTIOLNHEVA B AepdokiTTapa

ALENTIKOC MAPAYOVTAC VLo TO KokonBn MAQOUATOKUTTAPA KOl TAL KUTTAPA TOU
oopKwHatoc Kaposi

AUENTIKOC MAPAYOVTAC YLa TO KUTTOPO TOU pEcayyelou Tou vedpou (ry
LLECQYYELOKN UTTEPTIAQLOTIKN OTtElpapatovedpitidn)
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lvtepAeukivn-17

Owoyevela IL-17: 17A, 17B, 17C, 17D, and
17F. Movadikn aAAnAouvyia kal povadikol
urodoyxelc.

loyupa npocbkevuovw&nq KuTtapokivn —o
«ouv68tu<oq KpLKoq» LETAEL PUOLKAC Kal
eTikTNTNC avooiac.

Mapdyetal ano ta evepyonolnueva T
)\euchOKurrapa Kol Oleyeipel TNV mapaywyn
TIAPAYOVIWV LE TipodAeypovwdn dpdon
onwc n IL-6, n CXCLS, kat o G-CSF.

*  TaAepdokUTtrapa mou mapayouv tnv IL-17
amoTeAOUV pla VEQ UTIoOHAS A Ta KUTTAPQ
Th17.

Ynodoyxeic ota oudetepoPlha, Ta
KeEpATVOKUTTAPA Kol AAAQ N Ae LKA
KOTTaPA.
BLoAoyLkEC OpATELC

* Emotpatevon ovdetepodidwy

*  [apaywyn avtipkpoBLlakwy memtdiwy




Local and systemic actions of cytokines in inflammation
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AVTLPAEYLOVWOELC KUTTOPOKLVEC

" H pAeypovwdNC ammoKpLON UMOPEL VA EXEL OLPVNTLKEC
OUVETIELEC YLOL TOV OPYOVLOMO AOYW UTTIEPPOALKA
LLEYAANC EVTOONC N TOPATETALEVNC SLAPKELAC

® Torkn loTkn BAARN HLEXPL oNmTkA KoTamAnéio

" Artapaltntn n vmapén LNXavIoUwy mou
KataoteAAouV Kal teppatilouv Tn Aeypovwdn
QmoKpLon

® MoAAol oo TouC pNXavLIoMoUC auTouC IUpodoToUVTOL
arto ta PAMPs kot tae DAMPs



lvtepAeukivn-10

“The master regulator of immunity to infection”

H IL-10 mapdayetal ano ta pakpodaya Kal ta OeVOPLTIKA KUTTOPA KOL AVOOTEAAEL TNV
gvepyornoinor toug (autokplvng dpaon)

*  Mnopel eniong va mapayxBet anod pn Aepdoeldn kuTTApA (MY KEPATLVOKUTIAPA)
AvaoTEAEL TNV Tapaywyn SLapOpwV KUTTAPOKLVWY aTto Ta akpodaya Kot Ta SEVOPLTIKA
kOTTapa onwc N IL-1, o TNF ko n IL-12.

®  Turmiko mapadelypa pubuLoT apvnTkAg avadpaong
Apd amevBelac ota SpaoTkd T KUTTOPA AVOOTEAAOVTAC TO OANATIAQCLOOUO KOl TN AELToupyla
TOUG
Mpoayel tn Stadopomnoinon Twv mapbevwy T AeUdOKUTTAPWY TIPOC PUOULOTIKA KUTTOPA
I'Iapaverou emonc arno ta puBuoTika T kuttapa (TH2) ota mAaiola Twv amokploewy tTNG
ETKTNTNG avooiag.

*  Hmpwiun moAwon npog dpAeypovwdn f mpog pubULoTIKY amokplon pnmopet va kabopiloetl tnv €ékPBaon

™G Aotpweng

° H pueutoum anokplon pnopet va odnynoet oe Bavato N xpovia Aolpwén avaloya pe Tn AOLLLOYOVO
LKavOTNTA TOU TtaBoyovou.

AvwpaAiec tou vmodoyxea tne IL-10 pe anmwAela AettoupylkoTnTOC cuvdEovTal e coBapr)
KoAltida mou epdavitetal otn Bpedikr NAtkia.

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

Opodipepec 28 kDa, ouvtiBetal oe AavBavouoa pLopdn Kol EveEpyoToLEiTal amo
NMPWTEAOCEC

[Mapayetal amno povomupnva KUTTAPO Tou £xouv evepyomolnBel amo LPS katamo T
AepdokUTTOpA TOL OTtolaL EXOUV evepyoTolnNBel amo avtlyovo Kal armo

BloAoyikec SpAoELC:

E€QLpETIKA TTAELOTPOTILKEG QKO KAl OTO (6lo KUTTAPO

20vBeon Mpwteivwyv ™mg EEwKurrapLaq BepeALac ovolac (mx KOAQYOVO) Ko KUTTOPLKWY
UTTOOOXEWV VLA TIPWTEIVEC TOU OTPWUATOC

Ayyeloyeveaon

Enayel tnv mapaywyn Tregs (T puBuLoTikwy AepudoKuTTAPWY)

AvaoTEANEL TOV TIOAAATIAQCLAOLO TWV T AEUPOKUTTAPWY PETA Ao SLEYEPON ATIO LLTOYOVAL
AvaoToAn TNG wplpavonc Twy KUTTAPOToELKWY T AeUPOKUTTAPWV

AvaoToAn TNG evepyormoinong tng 6pAonc Twv HoKpoPpaywy



The cytokine network

Macrophages (MPhi)
B cells (BC)

T helper 1 (Th1) cells
T helper 2 (Th2) cells;
T regulatory cells
Dendritic cells (DC)
Dendritic Epidermal T 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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Cytokine chaos

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



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 pleiotropism of response, 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.

The complexity alone inspires awe.

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



