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Immune response

" homeostasis ™

PROTECTION vs TISSUE DAMAGE

Infection overcome vs Sepsis/Septic shock




AUo AeiToupyikd okéEAN avoooAoyIKAC aTTOKPIONG

@ Mnxaviopoi puoikic (innate)
/un €101KAC avoaiac/EPeuTng

@ Mnxaviopoi emikTnTnG (adaptive)

/€101KNC avoaiac/TpoodpHooUEVNG



DuoIKA KAl ETTIKTNTN avooid

O1 unxaviopoi TNG QUOIKNC avoaiag evepyoTrolouvTal apxika. Or pnxaviopoi TnG
ETTIKTNTNG AVOCIia¢ avaATITUOCOVTAlI OPYOTEPA KAl ATTAITOUV TNV EVEPYOTTOINON TWV
AEUPOKUTTAPWY  Microbe

'é) ‘Innate immunity' ' Adaptive immunity |
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Components (players)
of innate immunity

 physical and chemical barriers

- epithelia (skin and the mucosal surfaces of the gastromtestlnal
respiratory, and genitourinary tracts)

- antimicrobial substances produced at epithelial surfaces

e cells
neutrophils, macrophages, dendritic cells (DCs)
natural killer (NK) cells and other innate lymphoid cells (e.g. yo-T)

* blood proteins/mediators of inflammation (soluble factors)
- complement and coagulation systems
- cytokines, interferons, chemokines



Immune response
Innate and Adaptive Immunity

lymphoid cells

ILCs
1,2,3




What remains remarkable conserved during evolution in humans???

Innate immune system (cUotnua Epdutng/Ppuoikig avooiag)

a1 .




Charles Janeway,Jr (1989)

Infectious-NonSelf Discrimination Model
(INSD model)

-Janeway CA Jr. Approaching the Asymptote? Evolution and Revolution in
Immunology. Cold Spring Harbour Symposium Quant Biol 1989,;54:1-13.

-Janeway CA Jr. The immune system evolved to discriminate infectious
nonself from noninfectious self. Immunol Today 1992;13:11-6.

‘Medzhitov R, Janeway CA Jr. Innate immunity: impact on the adaptive
immune response. Curr Opin Immunol 1997,9:4-9.

‘Medzhitov R, Preston-Hurlburt P, Janeway CA Jr (1997) A human
homologue of the Drosophila Toll protein signals activation of adaptive
immunity. Nature 388:394-397




PAMPs

(pathogen-associated molecular patterns)
evolutionary conserved structures/products,

no antigenic diversity,
essential for survival and virulence of the microbes
(infectious inflammation)

» lipopolysaccharide (LPS)

» peptidoglycan (PG)

? lipoproteins

? lipoteichoic acid (LTA)

» mannanes

» unmethylated CpG DNA sequences
d dsRNA, ssRNA

oge biologicaly
bl l]ﬂﬂ'l - active fragment
LPS most Gram- lipid A
negative bacteria
lipc:pmtein, eubacteria di(three)Pam.
lipopeptide Cys at N-term.
peptidoglycan most bacteria muropeptides

lipoteichoic acid

most Gram-
positive bacteria

glycosidic link,
glvecolip. anch.

CpG most pathogens | nonmethylated
CpG ODN
lipoarabinomannan mycobacteria LAM, LM
N-formvyl-Met prokarionts amino-terminal
) N-formyl-Met
mannanes and yeasts unknown
mannoproteins
dsRNA viruses dsRNA
flagellin most bacteria N and C-
terminal
Zymosan fungi [-glucan




Polly Matzinger (1994)
Danger Model

* Matzinger P (1994) Tolerance, danger, and the extended family.
Annu Rev Immunol 12:991-1045

* Matzinger P (1998) An innate sense of danger.
Semin Immunol 10:399-415

@ Immune system recognizes tissue damage not only pathogens
@ Activation by various alert/danger signals derived from damaged tissues



DAMPs
(damage/danger-associated molecular patterns)

sterile inflammation

» DNA, chromatin, HMGB1

» ATP

b crystals (monosodium urate, cholesterol)

» oxidized LDL (oxLDL)

» stress-derived proteins (eg heat-shock proteins, HSPs)

» immunocomplexes
> 27277277



Ta Znuata Zuvayepuov: PAMPs & DAMPs

(Pathogen-Associated
Molecular Patterns)

E€EAIKTIKA SLatnpnHEVEG HIKPOPBLAKES
dopeEg.

ZWTLKNG onuaoiag ywa ta aboyova.

MNapadeiypata:

LPS (AumomnoAvoakxapitng),
MentidoyAvkavn (PG),

liké RNA/DNA (dsRNA, CpG).

DAMPs
(Damage/Danger-
Associated Molecular
Patterns)

Evboyevi) popiLa mou aneAsvBepwvovtat
amno KATECTPANHEVOUC LOTOUC
(AonmTn GAeypovR). DR

| MNapadeiypata:
Kuttapiko DNA

Xpwpativn (HMGB1)
ATP

KpUotaAAot (OQuplko povovatplo,
XoAnotepoAn), oxLDL.

A NotebookLM



duoikn vs. Eniktntn Avooia

Etdikotnta: Kotveg Hopeg opadwy pikpoBiwv

(PRRs). Etdikotnra: Eldika avtiyova pikpopiwv.

Mowthopopyia: Meploptopévn (germline- Mowthopopyia: TepaoTia (CWPATIKOG
encoded). avaouvouaopog).

Mviun: Kapia (mtapadoataka). 3 Mvipn: Na.

©) Kotrapa: dayokittapa (Makpogaya,

- Qubetepogiha), NK cells, Asvdprtika. Kottapa: Aepgokutrapa (T kat B).

Mpwteiveg: ZupnAnpwya, KUTTapokiveg. Mpwteiveg: Avtiowpara.




Table 1-2. Features of Innate and Adaptive Immunity

chemical barriers

Cells

antimicrobial chemicals

Innate Adaptive
Characteristics
Specificity For structures shared by For antigens of microbes and
groups of related microbes for nonmicrobial antigens
‘Diversity Limited; germline-encoded Very large; receptors are produced
by somatic recombination of
gene segments
Memory None Yes
Nonreactivity to self | Yes Yes
Components
Physical and Skin, mucosal epithelia; Lymphocytes in epithelia;

antibodies secreted at
epithelial surfaces

Blood proteins |

Complement

Antibodies

Phagocytes (macrophages,
neutrophils), natural kKiller cells

Lymphocytes

AK Abbas et al. Cellular and Molecular Immunology, 5" ed. 2007



TABLE 1.2 Features of Innate and Adaptive Immunity

Specificity For molecules shared by groups of related microbes For microbial and nonmicrobial antigens
and molecules produced by damaged host cells

Diversity Limited; recognition molecules encoded by inherited  Very large; receptor genes are formed by somatic
(germline) genes recombination of gene segments in lymphocytes
Memory None or limited ] Yes
Nonreactivity to self Yes Yes
Cellular and chemical  Skin, mucosal epithelia; antimicrobial molecules Lymphocytes in epithelia; antibodies secreted at
barriers epithelial surfaces
Blood proteins Complement, various lectins and agglutinins Antibodies
Cells Phagocytes (macrophages, neutrophils), dendritic Lymphocytes
cells, natural killer cells, mast cells, innate
lymphoid cells

AK Abbas et al. Cellular and Molecular Immunology, 9t ed. 2018



TABLE 1.3 Features of Innate and Adaptive Immunity

Adaptive

Innate

Characteristics

Specificity For molecules shared by groups of related microbes and
molecules produced by damaged host cells

Diversity Low; recognition molecules encoded by inherited
(germline) genes

Memory Limited ]

Nonreactivity to self Yes

Components

Cellular and chemical
barriers

Secreted proteins

Cells

Skin, mucosal epithelia; antimicrobial molecules

Complement, various lectins

Phagocytes (macrophages, neutrophils), dendritic cells,
natural killer cells, mast cells, eosinophils, innate lymphoid

cells

For many different microbial and nonmicrobial
antigens

Very high; antigen receptors are generated by
somatic recombination of gene segments in
lymphocytes

Yes

Yes

Lymphocytes in epithelia; antibodies secreted at
epithelial surfaces

Antibodies

Lymphocytes (B and T)

AK Abbas et al. Cellular and Molecular Immunology, 11t ed. 202




Characteristics of Trained Innate Immunity
(innate Immune memory) Cell Host & Microbe

 Is induced after a primary infection or vaccination, and confers protection
against a secondary infection through mechanisms independent of T/B
cell adaptive responses.

* Increases resistance of the host to reinfection, but is less specific than
adaptive immunity and thus may provide cross-protection to other infections.

* The mechanisms involve cells such as macrophages and NK cells, and entail
iImproved pathogen recognition by PRRs and an enhanced protective
inflammatory response.

Netea MG, Quintin J, van der Meer JW. Trained Immunity: A Memory for Innate Host Defense. Cell Host Microbe (2011)



Trained immunity concepts
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Peripheral effect Central effect

Induced changes on mature
circulating myeloid cells

Induced changes on myeloid
progenitor cells in the bone marrow !

-’"' ---------------------------------------------------------- } .l-m-sm-l-m.\-ﬂ.n\i --------------------- /
Pri mary
stimulation
Increased glycolysis and . _ . . .
Cholesterol pathways) MetabOIIC ; Long'term . Ep|genet|C Alteratlon Of h!StoneS’
decreased oxidative reprogramming changes " remodeling | "™ mﬂf}gﬁf” e
phosphorylation ’ |
Sec?nqary
stimulat[on
Enhanced Enhanced
pro-inflammatory <(—————m anti-inflammatory
response response

Funes SC et al. Front. Immunol 2022



Bacterial cell (Extracellular)

wall components

Fungal

polysaccharide Lectin

OIS gl el T b T T e Y e T T T T e T T e e e T T e e e e e | o )_xm/_uec.w.:

Endosomal Plasm
membrane v membrane
Mu’

PRRs (pattern
recognition receptors):

Bacterial peptidoglycan,, p \p O'J‘JOJCOO»\%-M

Cytosolic | products of AN t"’tu %Ct oL UTtOGOXEi(; TWV
L“=) damaged cells ? "3 (Endosomal) R ) )
- % ?5 KUTTAPWYV TNG GUGCLKAC
i, Microbial & = .
0T R DNA RNA | f avooiac (Md, Dcs, PMNs)

RLR 5 &

Viral RNA F.: Cc‘C

7/ JQQP& ) |
CDS : L T PPonoccoot® N Vol
: : R . | cf’(d
Microbial DNA PO00OE00EE

AK Abbas et al. Cellular and Molecular Immunology, 11t ed. 2025



Toll Like Receptors (TLRs):

v Tepiypdenkav yia Tpwth gopd otn ApoodyiAa (Nuesslein-Volhard, 1985)
v pbéAo¢ otnv avoaoia Tng ApocdiAac (Hoffmann 1996)

v’ gvepyomoinon emikTnTNG avociag (Medzhitov & Janeway 1997)

v' aTov avOpwTo 11 TLRs

v' TUpodoToUV KOIVEG Kal EeEXWPIOTEC onNUATOdOTIKEC 0d0UC o éw: o
e = — i
;;” ¥ coe=> | |

Immune response Immune response Immune response

NATURE |VOL 388| 24 JULY 1997

letters to nature

A human homologue of the
Drosophila Toll protein

Dif/Ralish NFxE signals activation of
ot ey adaptive immunity
- — -
RV AT e AT AT AT Ruslan Medzhitov', Paula Preston-Hurlburt
& Charles A. Janeway Jr-
Section of Immunobiology, Yale University School of Medicing and * Howard

| i i e ) tie 520- I
Source: Am J Clin Palhal © 2005 American Society of Clinical Pathalogists, Inc. Hughes Medical Institure, New Haven, Connecticur 06520-8011, USA




TLR KUTTOPIKA KOATOVOMN

Y1rodoxéag TUTTOG KUTTAPOU

TLR1 TTavToU

TLR2 AK, MMM, kar MK

TLR3 AK kai NK, etmrayetal ota €monAiakd kai evoobnAlakd

TLR4 Mo, MMM, AK, evdoBnAiakd

TLRS MK, avwpiua AK, emonAiakd, NK kai T

TLR6 YwnAn ékppacn ota B, xaunAr ota MK kai NK

TLRY B, TTAaopaTtokuTtTapocidry AK

TLR8 MK, xaunAn ota NK kai T

TLRY TTAacpaTtokutTapocidn AK, B, !\/I(p, M1, NK,
Kal dIkpoyAolakd

TLR10 B, TAaocuatokuTtTapocsidr AK

TLR11 MK/Me, nTrap, veppodg, oupoBriAio

O1 TrepioodTepOI 10TOI EKPPAlouv TouAdxioTov Evav TLR
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AK Abbas et al. Cellular and Molecular Immunology, 11t ed. 2025



TLR4 TLR1/2 TLRS

MyD88 0506¢g =
TLR2/6 TLR11

TRIF 066¢g

KuTtapikf hepBpdvn

TIR

EVOOOWNATIO @ EVOOOWNATIO

@_lﬁb RAES

e

DO
B g &

lovidia IFN rdgmou | lovidia pAcyuovompoaywyikwv lovidia IFN tamou |
lovidia erayoueva amé tnv IFN KUTTaPOKIVWV lovidia emayoueva amé v IFN
A S AP > AR >

o« 7 N__— 7 N__— TN



060¢ 2Xnuatodotnong TLR: Avo Koplot A€oveg

Evepyomoinon

Toll-Like Receptor

H 066¢ MyD88 H 066¢ TRIF

Meow MyD88 Meow TRIF

Evepyomoinon
IRF3/IRF7

Evepyormoinon
NF-kB & AP-1

Movidia
pAeypovwdwy
KUTTAPOKLVWV
(IL-1, TNF, IL-6)

lovidia
WVIEPPEPOVWYV
(IFN) Tormou |

Kupia anavtnon os Kupla avti-ukn
BakTtnpta. anavtnon.




Identification of the “inflammasome”:
a major breakthrough in the field
of innate immunity & autoinflammation

Molecular Cell, Vol. 10, 417-426, August, 2002, Copyright ©2002 by Cell Press

The Inflammasome: A Molecular Platform
Triggering Activation of Inflammatory
Caspases and Processing of prolL-f3

Fabio Martinon, Kimberly Burns,
and Jurg Tschopp!

Institute of Biochemistry
University of Lausanne

BIL Biomedical Research Center
Chemin des Boveresses 155
CH-1066 Epalinges

Switzerland

that they possess several distinct protein/protein inter-
action domains which are used to assemble large multi-
component complexes. Apaf-1, for example, contains
an N-terminal CARD followed by a NBS/self-oligomer-
ization domain and a C-terminal WD-40 repeat (Jaro-
szewski et al., 2000; Koonin and Aravind, 2000; van der
Biezen and Jones, 1998) (Figure 1A). Via these domains,
Apaf-1 assembles a complex (called the apoptosome)



DAMPS 14t SIGNAL Two signals are required for
IL-18 production

NLRP3
ASC

Pro-Caspase -I

NFeBZ[></7< Caspase -

Pro-IL-1f

Inactive IL-1f3 precursor (31 kDa)
Active, mature IL-1f3 (18 kDa)
N terminus Y VHDJA P V... Cterminus

116



NLRP1 PYD NACHT LRR (FIND | " CARD
NLRP2 PYD NACHT LRR
NLRP3 PYD NACHT LRR
NLRP4 PYD NACHT LRR NOD'IIke ReceptOrS,
NLRP5 PYD NACHT LRR AlM2,
P YD e e & the Adaptor Protein ASC
NLRP7 PYD NACHT LRR
s et CD—GHIED
s

noot @0 NACHT LRR
wrero ED— QD —

NOD2
NLRP11 @ NACHT LRR
- - DD
NLRP13 @0 NACHT LRR

e EE—CTD
NLRP14 @0 NACHT LRR

ASC PYD CARD
Platnich JM, Muruve DA. Arch Biochem Biophys. 2019



Cleavage of GSDMD by inflammatory
caspases determines pyroptotic cell death

Jianjin Shi'**, Yue Zhao™, Kun Wang?, Xuyan Shi®, Yue Wang”, Huanwei Huang®, Yinghua Zhuang?, Tao Cai®,
Fengchao Wang” & Feng Shao™**

NATURE | VOL 526 | 29 OCTOBER 2015

Cleavage by caspase-1/4/5M11

275 l 484

1

Human GSOMD Gasdermin-M FLTDGVE Gasdermin-C
1 76 487

Mouse GSDMD Gasdermin-MN LLSDGIDERS: S =i

c



Gasdermin D (GSDMD): A new player to the inflammasome

Second signal
(inflammasome inducers)
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Ramos-Junior ES, Morandini AC. Biomed J. 2017



T _— SEIEHGTE Stimulation Downstream Monogenic associated
signal signal disorders
P o, W e Bacterial toxins, (i.e. Bacillus Auto-cl f NLRP1-associated
NLRP1 (Y0 JRMGTEL LR R anthracis toxin), intracellular T e autoinflammation with

NLRP3

cmo‘: Fano =

9107 p20 I CARD.

(o)

owo((p)

p10 1 p20 71 CARD

~ NAIP
8iIR3 = NaCHT T LRR )

ATP depletion, muramyl
dipeptide

Extracellular ATP, Pore
forming toxins (i.e. Nigericin),
Crystalline, Particulate
structures (silica, alum,
asbestos, amyloid-B)

Cytosolic flagellin (i.e.

ROS, K+ efflux,
intracellular Ca?*,
¢AMP, phagosomal
rupture

Phosphorylation

arthritis and dyskeratosis
Crohn’s disease (NAIAD); familial
keratosis lichenoides chronica
(FKLC); multiple self-healing
palmoplantar carcinoma (MSCP)

Cryopyrin-associated periodic
syndromes (CAPS); familial cold
autoinflammatory syndrome (FACS);
Muckle-Wells syndrome (MWS);
neonatal-onset multisystem
inflammatory disease (NOMID/CINCA)

Syndrome of enterocolitis and

N LRC 4 Salmonella typhimurium), (Pkc & kinase) autoinflanymation associated with
1017 p20 171 CARD Type lll secretion system mutation in NLRC4 (SCAN4);
‘ components (i.e. Escherichia coli) macrophage activation syndrome
(MAS)
p W Cytosolic dsDNA from DNA
(PYO I M viruses or cytosolic bacteria : g
o (i.e. papillomavirus, Direct recognmop of
AI M 2 CAR?‘\PYD! Mycobacten'um dsDNA, Pyroptosis
01011 920 3 CARD tuberculosis)
RhoA-GTPase inactivation (i.e. Familial Mediterranean fever (FMF);
- P -~ Bordetella pertussis (pertussis pyrin-associated autoinflammation
(PYD)D&M 8302 toxin), Burkholderia cenocepacia PKN1/2 inactivation, with neutrophilic dermatosis (PAAND);
R (TecA), Clostridium botulinum (C3 reduced pyrin 14-3-3 mevalonate kinase deficiency (MKD)/
PYI"I ) — SRR toxin), Clostridium difficile (TcdB), interaction hyperimmunoglobulinemia D syndrome
0101 520 1 CARD| Histophilus somni (IbpA), Vibrio (HIDS); pyogenic arthritis, pyoderma
ey - parahaemolyticus (VopS), Yersinia gangrenosum, and acne (PAPA)

pestis (Yops)) syndrome; WDR1 deficiency/PFIT

Schnappauf O, Chae JJ, Kastner DL and Aksentijevich I. Front. Immunol. 2019



Pathogens Danger molecules
or PAMPs or DAMPs
1

Mutant |

Isoprenoid end
products

TNFR1 !
Inactive NOD2 |

’

Active mutant i

NOD2 !

|

Mutant TNFR1 :
misfolded :
protein / i
= :

1

1

1

mRNA
Ozen & Bilginer. Nat Rev Rheumatol. 2014

Cytoplasm Nucleus



Disorders that are associated with dysregulation of NLRP3
inflammasome and increased production of IL-13

Inflammasome activation disorders Genetically defined inflammasome
dysregulation disorders
Gout Pseudogout
CAPS
X e
Silicosis MSU NLRP3
N \ CPPD mutations
Silica
\ v /
Enhanced NLRP3 — "ﬁEf V o FMF
inflammasome activity S St
/ , A
Asbestos 2 \
- Glucose B-amyloid PSTPIP1
Asbestosis mutations
B
PAPA
T2DM syndrome
Alzheimer’s
disease

Mitroulis I, Skendros P, Ritis K. Eur J Intern Med. 2010



Innate immunity:
Influence the nature and type (Thl,Th2)
of adaptive immune response

Toll-like receptors control activation of

adaptive Immune responses

Markus Schnare™* Gregory M. Barton'**, Agnieszka Czopik Holt!, Kiyoshi Takeda', Shizuo
Akira’ and Ruslan Medzhitov"”

Nature Immunology 2:947 (2001)
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Cells of innate immuntiy

Monocytes/macrophages

Neutrophils
Dendritics




@

. - 'D
g y B

¥

Neutrophils (PMNs)

the most abundant (50-70%) of circulating white blood cells
Short life-span (18 hours to 4 days)

arrive first at the site of inflammation

migrate via chemotaxis (C5a, IL-8) toward site of inflammation

IL-17 (Th17) promotes neutrophil action



'Integrin activaton ~ Stable 'Migration through'
. by chemokines] _adhesion_ . endothelium

- Integrin

’E (low-affinity state)
X Blood flow >
Selectin ligand

‘ i i Integrin (high-
' affinity state)

Rolling

Chemokine
receptor

Chemokine

.’ \ N
Integrin
ligand

Proteo- ,
glycan :°

Cytokines _‘ ' ...... “a A
(TREE1 Macrophage stimulated Fibrin and fibfonectin—
by microbes (extracellular matrix)

AK Abbas et al. Cellular and Molecular Immunology, 10t ed. 2021



Granules of neutrophils

Granule type

azurophilic granules
(or "primary granules")

specific granules
(or "secondary granules")

tertiary granules

Protein

Myeloperoxidase (MPO)

Bactericidal/permeability-increasing protein

Defensins

Serine proteases neutrophil (elastase, cathepsin G)

Alkaline phosphatase

Lysozyme

NADPH oxidase
Collagenase

Lactoferrin
Cathelicidin (LL-37)

Cathepsin , gelatinase



http://en.wikipedia.org/wiki/Azurophil
http://en.wikipedia.org/wiki/Myeloperoxidase
http://en.wikipedia.org/wiki/Bactericidal/permeability-increasing_protein
http://en.wikipedia.org/wiki/Bactericidal/permeability-increasing_protein
http://en.wikipedia.org/wiki/Bactericidal/permeability-increasing_protein
http://en.wikipedia.org/wiki/Defensin
http://en.wikipedia.org/wiki/Serine_protease
http://en.wikipedia.org/wiki/Neutrophil_elastase
http://en.wikipedia.org/wiki/Neutrophil_elastase
http://en.wikipedia.org/wiki/Neutrophil_elastase
http://en.wikipedia.org/wiki/Cathepsin_G
http://en.wikipedia.org/wiki/Cathepsin_G
http://en.wikipedia.org/wiki/Specific_granule
http://en.wikipedia.org/wiki/Alkaline_phosphatase
http://en.wikipedia.org/wiki/Alkaline_phosphatase
http://en.wikipedia.org/wiki/Lysozyme
http://en.wikipedia.org/wiki/NADPH_oxidase
http://en.wikipedia.org/wiki/NADPH_oxidase
http://en.wikipedia.org/wiki/Collagenase
http://en.wikipedia.org/wiki/Lactoferrin
http://en.wikipedia.org/wiki/Cathelicidin
http://en.wikipedia.org/wiki/Cathepsin
http://en.wikipedia.org/wiki/Gelatinase

Neutrophils employ three strategies to contain and clear the infection

> ! ?l;?')%
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Phagocytosis - Degranulation NETs

i. Phagocytosis: Involves the engulfment and subsequent elimination of microbes in
specialized phagolysosome compartments.

ii. Degranulation: Releases antimicrobial molecules in the vicinity of infection.

iii.Neutrophil Extracellular Traps (NETs): NETs are extracellular neutrophil-derived
DNA fibers that trap and kill invading pathogens.



NETs are composed of citrullinated chromatin and granule
constituents (myeloperoxidase, elastase, defensins etc)

NETs are released by neutrophils undergoing phagocytosis or after
activation by autophagy ROS and various inflammatory mediators

Implicated in several disorders including infections/sepsis,
thrombosis, SLE, RA, ANCA+ vasculitis, FMF, gout, psoriasis....

V WU
A S 7 CE

Barnado A et al. J. Leukoc. Biol. 2016 Laboratory of Molecular Hematology,

DUTH, Alexandroupolis, Greece



NET release (NETosis)
“Two hits model”

2nd trigger
NETosis
induction

INFLAMMATION
THROMBOSIS

15t trigger
Disease inflammatory

environment

Modified: Skendros et al. JACI 2017



Excess NET formation can drive a variety of severe pathologies

Pre-NETotic NETotic
neutrophils neutrophils

Bone Peripheral

Disease-specific
environmental signals
NEUTROPHIL PLASTICITY

sadAjouayd aseasip Juasapyia

Figure 2. Plasticity of

neutrophils can lead to Phenotype-specific Phenotype-specific
f i v di NET cytokines/mediators bioactive NETs
unctionally diverse B NEUTROPHIL DIVERSITY NET DIVERSITY

Skendros P et al. CYTONET Project



Mechanisms of neutrophil extracellular trap
(NET) thrombogenicity

Neutrophils
7\ Inactivation/degradation of anti-coagulants

(antithrombin, TFPI, APC)
Expression/activation of coagulation factors
(TF, FX, FXII, FV)
Endothelial cell activation/thrombogenicity
(adhesion molecules/TF expression)
Increased thrombus stability

Plat‘eﬁletst y (thicker fibrin fibers, inhibition of tPA)

Stakos & Skendros. Thromb Haemost. 2020



Proteins derived from NETs may serve as self-antigens
and mediate organ damage in autoimmune diseases

Table 1| NET proteins with potential roles in autoimmunity.

Protein Present in Present in AutoAbs Role(s) in auto-immunity
disease-specific PMA-induced
NETs (by IF) NETs (by proteomics*)
Histones All (by definition) Yes SLE, Felty's AutoAg in SLE and Felty’s; pro-thrombotic
MPO SLE, psoriasis, SV, gout Yes SW SLE AutoAg in SVV; oxidative stress?
Proteinase 3 sSW Yes SWW SLE AutoAg in SV
LL37 SLE No SLE Binds ICs to activate pDCs
HNP/u-defensins SLE Yes SLE Binds ICs; predisposes to CVD?
HMGEB1 SLE, gout Mo Unknown Binds ICs; pro-inflammatory
117 SLE, psoriasis No SLE, psoriasis Pro-inflammatory
C1q SLE Mo SLE Activates complement; protects from degradation?
Elastase SLE, psoriasis Yes SLE Unknown
Lactoferrin Unknown Yes SLE Unknown
Cathespin G Unknown Yes SLE Unknown
Calprotectin Unknown Yes Unknown Unknown
n-enolase Unknown Yes SLE Unknown
Catalase Unknown Yes SLE Oxidative stress?

Frontiers in Immunology | Molecular Innate Immunity

December 2012 | Volume 3 | Article 380 | 2



NETosis and

Nucleus

Circulating anti—LL-37 and 3@

¥~ ; %?* “ il"lt;:NAgies -

NETs in Lupus, N Eng J Med 2011



Monocytes-Macrophages (M) ) R
-\

Monocytes arise from the myeloid lineage in the bone
marrow

Circulate in the blood, and are recruited into tissues in
inflammatory reactions, where they mature into
macrophages

Phagocytosis
Antigen presentation (APC: antigen-presenting cell)

) Bone marrow

Monocyte/ J |\ JIVIVIVIVIV VY
Hematopoietic dendritic cell Monocyte e
stem cell precursor  Monoblast : — Activation =

'

10-0-0:

Activated
macrophages

Macrophage




Opsonization
* Robust phagocytosis requires opsonization

* The process of coating particles to promote phagocytosis
» Substances that perform this function (opsonins), including
antibodies (IgG) and complement (C3b)

* Fcy kait CR1 receptors, respectively

e Binding of " Fe receptf:rr' - '
Opsonizalion opsonized microbes  signals ~ Phagooytosis 119 o
by 19G to phagocyte activate of microbe microbe

Fc receptors (FcyRl) phagocyte

ﬁ;.%' !E?Fﬁbﬂd}f

Phagocyte



Functions of
macrophages

Toll-like

Phosphatidylserine
Cytokine
receptor

Apoptotic
Gytokine (e.g., IL-4, IL-13) o
(e.g., IFN-y) :

Microb

Complement
fragment

y IgG Fc

receptor
‘Activation \ / / /
Cytokines  Phagocyte iNOS.

Phagocytosis Production of Phagocytosm
fE-gle-Lé)' oxidase of microbe into collagen, of apoptotic
\— ; ' ~ phagosome  angiogenic factors cells
Reactive |
Oxglgen Nltﬂrlc
spemes oxide
N
Inflammation, (Klllmg of mlcrobes) Tlssue repalr Tlssue homeostasis, |
enhanced fibrosis . resolution of
adaptive : : inflammation
immunity

AK Abbas et al. Cellular and Molecular Immunology, 11t ed. 2025



Macrophage Polarization and Specific Functions
of M1 and M2 Macrophages

-
M1 Macrophage Fupctnons

. e Pro-inflammatory

e Microbicidal
IFN-y, LPS, ‘
GM-CSF,

/ etc.

e Tumoricidal

- Ty 1 response

¢ Antigen presentation capacity

e Killing of intracellular pathogens

Macrophage

e Tissue damage, etc.

[ F 7

L O \ ﬁFunctlons
IL4, IL13, IL10,

o Anti-inflammatory
Mac:: ophages are hugl'.\ly /‘\bf\\vA <,f% e Clearance of parasites
plastic cells that polarize M-CSF, A () AN | S T o Bromeh
into functionally distinct TGF-B N 3 \?\\ _/ ) Gl oLt e
phenotypes in response atc ’ 1A ) @ [ & 'niciospense

to microenvironmental
cues.

. )/ @p - Immunoregulation

: J <,°/ e Tissue remodelling
' %{Q - * Angiogenesis
\e

%\ - Matrix deposition, etc.

M1 macrophages drive inflammation and host defense, whereas M2 macrophages

Macrophages adapt to environmental cues and polarize into M1 or M2 phenotypes.
promote resolution, repair, and tissue homeostasis. Saqib U et al. Oncotarget 2018




Ovdetepowiha evavtiov Makpopaywv: Ot PUAAKEC Tou AVOCOTIOL)TIKOU

YUYKpLon Twv 600 Bactkwy TOTIWY PAYOKUTTAPWY: Katavonaon Twv dLakpLtwy poOAwv 0Tnv avoooAoYLKI amoKpLon.

Bpaxupiot & Akapraiot

BloAoywko MpowiA
= Bpaxopia Apaon (1-2 Huépeg)

Ta oudetepogiha Zouv poA 1-2
NUEPEG.

MpoéAevon: Mue)\éc Twv OoTwy
Ta oubeTepOPIAQ TIPOEPXOVTAL ATO
TO |JU8)\O TWV 00TWV.

A&ttovpyiki) Amokpion

Yuovoyn Kupiotepwv Asttovpytkwv Atapopwv
Akapuaia Apaon , , )
& Apovy akapiaia e £Tolya XapakTnplotiko  Ovdetepoptha  Makpoypaya
ev{uua. MapateTapév
Tayeia katamnoon parETaL SV
Movabikds Mnyaviopoc: @ ®ayokutapwon [ T oogiwy K‘:g;’;f;m.,
E€wkuttapia Aiktva (NETs)
Movo ta ovbetepogiAa oxnuaticovv ', Apuotu(sq . .
g€wkuttapta diktua (NETS) yia tnv -j@:— Mopypég ":31‘“; vul;oyn Iélvo(tlsgo
nayidevon pikpopiwy. Ko™ 0&uyovou paywyn Hpavne
a » XapnAd Enineda Kuttapokwwv X0 5 npatiopée Na oxt
® Meploplopévn mapaywyn onpaTwy. & NET (Taxeia emaywyn) X
\I )y

7

Makpowaya: Makpopiot & Itpatnytkol

BloAoyiko Mpo@iA
MaKpoxpévw EmBiwon (Etn)

Ta pakpopaya Twy oTWY
ETMBLWVOLV YLa XpovLa.

Mpo€Aevorn: Muelag &
Epou’iKéc Aops'c
Ta pakpopaya mpogpyovTat ano

TO JUEAO Kal ePPPUIKES HOLES.

A&ttovpyiki) Amokpion
Mpoypappaticpévn Apaon

Amattouv xpovo yla petaypagn
yovidiwy.

Epyootaocia I'Iapaywvn(;
Kuttapokivwy

AioteAouv KopLa Ty
Tapaywyng KUTTAPOKLVWY Kal
onpatwy.

I'Iaputsrapavn IkavotnTa
(%7 KaBapiopou

D |/ Tuvexng Kat pakpoxpovia
(payokutTTapwan.

A NotebookLM



Denderitic cells (DCs)

Pre-classical DC

Tissue

: ; Common

Bone marrow dendritic cell

; : precursor
Hematopoietic TR

stem cell g ©

- ’ k " . % Ave

Monocyte g t ’ ‘,\‘

precursor cell Dendritic ce
Inflammatory DC -

Fetal hematopoietic organs (yolk sac, liver) \
/”’\\ Fetal tissue
’,\\./ » macrophage Skin
/[ . u precursor — _— _
| @N2 ) ] S " b "
\ VQ\E‘ W\ 7 > 4 \ —
k ‘“( V-ff < :
g "Langerhans cell. | loev 11t ed. 202
Fetal liver LU o AK Abbas et al. Cellular and Molecular Immunology, ed. 2025




Dendritic cells are major LYMPH NODE
antigen presenting cells

J Allergy Clin Immunol 2016



Innate lymphocytes
(Innate immunity lymphocytes, NK, NKT, yoT)

Innate Expanded innate
Antigen lymphocyte Dendritic cell and adaptive immunity

TNF MHC class I
Small phospho- D 000 + peptide
or aminoantigens %‘ Ko *
s (

Viral proteins () 0 Tcels CD4" and CD8*

WK ot MHC class | ke
iDi + peptide _
Glycolipids ﬂf_\\_s,)' Cytokines and
presented on O co-stimulation
CDI molecules

Stress-induced .
MHC class | 7,
related molecules

Yo T cells
Lysed tumor cell NK cells

NKT cells JEM

Miinz C et al. J Exp Med 2005;202:203-207

© 2005 Rockefeller University Press JEM



». Common
lymphoid
progenitor

Innate lymphoid
cells (ILCs)

liLC precursor

Development

of ILCs IL-7

ILC3

Activation :tgg IL-1p
. of ILCs ‘ TSLP IL-23
IL-5 IL-17 |
IFN-v) IL-13 ‘ IL-22 |
. " Defense Defense Intestlnal
Effector against against barrier
functions viruses helminths; function;
allergic lymphoid

of ILCs _ : )
. ; inflammation organogenesis

AK Abbas et al. Cellular and Molecular Immunology, 11t ed. 2025



A NK cell killing a target cell

Natural Killers cells, NK
(cytotoxic cells)

- Antiviral immunity
recognize infected cells early in the course of infection,
before adaptive immune responses have developed

- Anti- tumor immunity




NK cells: Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)

virus-infected




NK receptors

NK cells distinguish infected and stressed
cells from healthy cells, and NK cell
function is regulated by a balance
between signals that are generated by
activating and inhibitory receptors

| inhibitoy 2

NCRs
J N/ (NKp4s,
NKp30,NKp44)

4

)

Qo

s AR .

9 ) KIR2DS,

e ¢ / KIR3DS

£

©

>

° CD94

< NKG2C
NKG2D

I

g“% ~~KIR2DL, KIR3DL
£8 CcD94
| NKG2A %

=) 0O e \NKceIImembrane

ITAM YxxM ITIM

—_—

IgG coated
cell

B7-H6; viral or
tumor ligands

HLA-C, HLA-B?;
pathogen
encoded
ligands?

HLA-E;
pathogen

| encoded

ligands?

MIC-A, MIC-B,
ULBP

HLA-C, -Bw4, -A

HLA-E, displaying
peptides of
Class | HLAs

AK Abbas et al. Cellular and Molecular Immunology, 11t ed. 2025



Epguto avooonotntiko cuotnpa - AEttoupyieg

H mpwtn ypapun apuvag Tou opyavicuou

7 XS

Avayvwpilel pHoplakég SOPES PRRs (r.x. TLRs)
Avayvwpilel Hoplakég Sopéc Tou mapdyovtat | Ymodoxeig avayvwplong mpotutiwyv
and pkpoflakoug maboyovoug i e — -
i and KateoTpappéva Kittapa | @ gt&tﬁg{’t‘;‘;}'\‘:& “_:Z\o‘
, I L
XPNOLLOTIOLWVTAG: | Q?O i CRP)u NFES
E€oudetépwon pikpoPiwv kat
KATECTPAUUEVWV KUTTAPWV e TS
E€oudetépwon pikpoBiwv Kat R SRR 2 acaana -> o aaa ®
KATECTPAMMEVWY KUTTAPWYV Kal : ° =
evapén tng dtadikaoiag
emd10pOwong Twv LOTWV. p
Evepyormoinon QAEYHOVIG Kat AAAWV HNXAVICHWV GUUVAG |
Emaywyn @AsyHOVG, EVEPYOTIOINGCN TOU CUUTANPWHATOS Kal TG HENG, Y -ﬁ‘-
owvwonomcn KAl payoKUTTAPwWon. ®Aeypovi ZupmAnpwpa Mn&n Oypwvivoroinon = ®ayokuttapwon

o Napéxel ojpata Kivduvou otnv npocappootiki (emiktnn/eidikn) avocia §\

Mapéxel orpata Kivduvou oTnV IPOCAPHOCTIKN (emikTtntn/eldikn) avooia
VI TNV TOVWON TWYV TIDOCAPDLIOCTLIKWY AVOOOAOVLIKWY ATIOKDLOEWV Kal

y { i Kupia orjpara:

- ‘ = / i o MHC-II
g ‘ ' Y ‘ « B7 (CD80)




INNATE
IMMUNITY

Tissue
Damage
(DAMPSs)

o
TNFa, IL-1,
IL-6, IL-8 Y
@ ROS |
phagocytosis @) TNFa, IL-1, IL-6, IL-12
degranulation IL-8, IFNa

-
M CD4 R
V ADAPTIVE naive

o
CD28

FasL

IMMUNITY IL-2 v phagocytosis
ANTIBODIES ' >, 3
neutralization . X -
opsonisation R » o' N
ADCC b IL-12 Mo Perforin/
IL-4 i -
v. / \ IFNy .7 Rt

IL-4, IL-5 "

IL-10 Th2 TGRB Th1 'LNz,
(Gata-3) IL-1B IFNY
(T-bet)
HUMORAL IMMUNITY %
CELLULAR IMMUNITY
Th17
g
IL-23 """ Sl Inflammation

Autoimmunity




“..go forth, you young people, and tackle the really difficult
problems in health.......... you have all the tools, how we need

individuals who have the will to work..."

Charles Alderson Janeway, Jr. (1943 — 2003)
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