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Migrazione e ricircolo
dei leucociti



Come avviene la fuoriuscita di cellule dai vasi?

Sono necessarie:
1. Molecole di adesione

2. Molecole solubili prodotte dalle cellule



molecules

Leukoc

Endothelial cell or
ECM molecules

1. Adesione

Le principali molecole di adesione che regolano la migrazione dei leucociti sono:

a) Le selectine (P- e E-selettina), espresse sulla superficie delle cellule endoteliali. Legano glicoproteine espresse dai linfociti: es.,

PSGL-1, ESL-1) (N.B.: la L-selettina € invece espressa dai leucociti e lega sialil Lewis X, un carboidrato presente sui glicolipidi di

membrana).

b) le integrine espresse sulla superficie dei leucociti. Legano varie ICAM (intercellular adhesion molecules) espresse sulla superficie

delle cellule endoteliali
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1. Molecole di adesione
presenti sulla superficie cellulare

TABLE 31

Major Leukocyte-Endothelial Adhesion Molecules

Family

Selectin

Receptor

Distribution

Ligand {melecule; cell type)

P-selectin (CDAZP) Endothelium activated by histamine or thrombin Sialyl Lewns X on PSGL-1 and other glycoproteins;
neutrophils, monocytes, T cells (effector, memory)
E-selectin (CO62E| Endothelium activated by cytokines (TNF, IL-1) Sialyl Lewis X (e.0., CLA-1) on glycoproteins; neutro-
phils, monocytes, T cells (effector, memary)
L-selectin (CO62L) Nautrophils, monocytes, T cells (naive and central — Sialyl Lewis X/PNAd on GlyCAM-1, CD34,

memory), B cells[naive]  (leukocytes)

MadCAM-1, others; endothelium (HEV)

* Integrin

LFA-1(CD11aCD18)

Noutrophils, monocytes, T cells |nae, effector,
memary), B cells (naiva)

ICAM-1(CD54), ICAM-2 (CD102); endothelium
{upregulated when cytokine activated|

Mac-1(CD11bCD1E)

Noutrophils, monocytes, dendritic cells

I[CAM-1|CD54), ICAM-2 (CD102); endothelium
{upregulated when cytokine activated|

VLA-4 (CD43aCD28) Monoeytes, T cells [naive, effector, memory) VCAM-1 (CD106]); endothelium (upregulated when
cytokine activated)
agfty (CO45dC029) Maonoeytes, T cells gut homing, naive, effectar, VCAM-1 (CD106), MadCAM-1; endathelium in qut

mamory), B cells (gut homing)

and qut-associated lymphoid tissues

(La-1, cutaneows lymphocyte antigen 1, GIyCAM-1, glycan-bezring cell adhesion molecule 1; HEY high endothelial venule; /GAM- 1, intracellular adhesion malecule 1,
A-7, interleukin-1; LF4- 1, leukocyte function-associzted antigen 1; MadCAM- §, mucosal addressin call adhesion molecule 1; FNAd, peripheral node addressin; PSGL-1,
P-salactin glycoprotein ligand 1; TNE tumar necrosis factor; VCAML 1, vascular cell adhesion malocule 1; VIA-4 very lato antigen 4.




2. Le molecole solubili prodotte dalle cellule

Le citochine: rappresentano una sorta di linguaggio molecolare per la comunicazione tra le
diverse cellule del sistema immunitario, nonche tra queste ed altri sistemi.

Le chemochine: hanno azione chemotattica, che cioe attraggono i leucociti nei siti di
iInfezione:

regolano il traffico leucocitario nei tessuti linfoidi periferici, e in tutto I'orgasnismo;

sono prodotte da moltissimi tipi cellulari (macrofagi, neutrofili, linfociti, cellule endoteliali e

fibroblasti, ecc. ecc.)



La migrazione dei leucociti dal sangue ai tessuti

Attivazione delle integrine' 'Adesione ' Migrazione
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Neutrofili, monociti e linfociti usano meccanismi simili per uscire dai vasi



A Venula postcapillare

La migrazione dei leucociti
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La migrazione dei linfociti dal sangue ai tessuti

| linfociti T naive " Le cellule dendritiche trasportano'
individuano gli antigeni | patogeni o i loro antigeni
ricircolando attraverso i Iinfonodi ai linfonodi

Linfonodg: Cellula dendritica

lul
dendrmca

Tessuto

Llnfocm T |
effettor{

' | linfociti T effetto?

Attivazione migrano verso il sito Attivazione
dei linfociti T naive dell'infezione di linfociti T effettori
nei linfonodi; " * | nel sito di infezione;
sviluppo eradicazione

dei linfociti effettori del patogeno




La migrazione dei leucociti e il ruolo delle DC:
ATTIVANO e ISTRUISCONO i linfociti dell'immunita adattativa!
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| linfociti circolano!
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Il reclutamento di linfociti e cellule dendritiche e finemente regolato!
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Componenti cellulari e solubili del sistema immunitario

Componenti del sistema immunitario
Innate lymphoid cells

leucocytes ‘ (ILCs) others
cellule Dendritic cells :
| lymphocytes phagocytes ? W Tlsllsue
cells
' B T NK monocyte ““09“ 5\“ 9“\ op“‘\was‘c' platelet
|

l

| v
mediatori antibodies cytokines complement cytokines

solubili
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® Immunita innata I I I

@ Immunita adattativa




| MEDIATORI SOLUBILI DELL'IMMUNITA’ INNATA

* LE CITOCHINE INFIAMMATORIE

« IL COMPLEMENTO
LE COLLECTINE

2
S S B S

» LA PROTEINA C-REATTIVA, LE PENTRAXINE
» | FATTORI DELLA COAGULAZIONE



Invasione microbica: cosa fanno le cellule
del immunita innata che se ne accorgono?

*FAGOCITANO

*UCCIDONO

*CHIEDONO AIUTO ~ --------- >



__________ > - Chiedono aiuto: come?
Mediante la produzione e la secrezione di

messaggeri molecolari: le citochine

Cito-china: metto in moto la cellula

Inter-leu-china: nome storico (IL-1, IL-2, IL-3.. IL-22,
IFN-a, B,y

Chemio-china: citochina con prevalente attivita chemiotattica

CSF (colony-stimulating factor): citochine che agiscono prevalentemente
sul midollo osseo



LE CITOCHINE

 Regolano tutti gli aspetti e tutte le fasi della risposta
Immunitaria.

« Sono secrete non solo dai leucociti, ma da un ampio spettro di
tipi cellulari diversi in risposta ad uno stimolo specifico.

Le citochine hanno numerosi effetti biologici che esplicano
legando recettori specifici espressi sulla membrana della
cellula bersaglio.

Le citochine funzionano da messaggeri intercellulari che
mettono in comunicazione regolando la durata e lintensita
della risposta immunitaria.

‘Mettono in comunicazione le cellule del sistema immunitario
TRA loro e CON diversi altri tipi cellulari.

« La loro sintesi, secrezione ed emivita sono finemente regolate,
a diversi livelli.

Inducing stimulus

Cytokine' Cytokine-producing cell
gene

Cytokine

Biological effects



Produzione e funzione delle citochine
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LE CARATTERISTICHE PRINCIPALI DELLE CITOCHINE

* PLEIOTROPISMO

* RIDONDANZA

* SINERGISMO

* ANTAGONISMO

* CASCATA DELLE CITOCHINE



Esempi di citochine (interleuchine=IL) con caratteristiche di
pleiotropismo, ridondanza, sinergia e antagonismo

Pleiotropismo

Ridondanza

Sinergia

Antagonismo

IgE production

Activated CD4+

CASCADE INDUCTION

CD4+
T cell
TH2 differentiation
Inhibition

helper T cell

Proliferation

Increased expression
of class | MHC molecules
on many cell types

Macrophage
activation

Inhibition of
macrophage
activation

Macrophage

IL-12

v
o @ S
9
O:
O,
Activated T cells

I

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




LE CITOCHINE INFIAMMATORIE

@ Activation of
macrophages
and NK cells

# Microbes
e

2 7 2
e R [T,

TNF, IL-1,
| chemokines

fﬁ

killer cell L
(B Cytokine Principal Principal cellular targets
cell source(s) and biologic effects
Tumor necrosis Macrophages, T cells Endothelial cells: activation {inflammation,
factor (TNF) coagulation)

Interleukin (IL-1)

Chemokines
Interleukin-12 (IL-12)
Interferon-y (IFN-y)

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

Interleukin-10 (IL-10)

Interleukin-6 (IL-6)

Interleukin-15 (IL-15)

Interleukin-18 (IL-18)

Macrophages, endothelial
cells, some epithelial cells

Macrophages, endothelial
cells, T lymphocytes,
fibroblasts, platelets

Macrophages,
dendritic cells
NK cells, T lymphocytes

IFN-a: Macrophages
IFN-: Fibroblasts

Macrophages, T cells
(mainly T2)

Mécr?hagies. endothelial
cells, cells

Macrophages, others

Macrophages

Neutrophils: activation

Hypothalamus: fever

Liver: synthesis of acute phase proteins
Muscle, fat: catabolism (cachexia)
Many cell types: apoptosis

Endothelial cells: activation (inflammation,
ooa&ulauon)

Hypothalamus: fever

Liver: synthesis of acute phase proteins

Leukocytes: chemotaxis, activation

NK cells and T cells: IFN-y synthesis,
increased cytolytic activity
T cells: Ty1 differentiation

Activation of macrophages
Stimulation of some antibody responses

All cells: antiviral state, increased class |
MHC expression
NK cells: activation

Macrophages: inhibition of IL-12 production,
reduced expression of costimulators and
class Il MHC molecules

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

NK cells: proliferation
T celis: proliferation

NK cells and T cells: IFN-y synthesis

TNF IL-1

IL-6 IL-12




Cytokine imbalance during inflammation




Many cells = many functions

Aberrant activation of
osteoclast formation

o
Oo o

Osteoclast

Interfer with metabolism

Q
TNF, IL-1,
IL-6
Increased
differentation

Endothelial cells
Increased cell infiltration

increased angiogenesis

CKs, adhesion molecules,
coagulation factors, iNOS

Stimuli

&3

Monocyte/macrophage

1

Mmﬂe

Myocardial dysfunction and
cardiac myocyte death

=

IL-2, IFN-y,
- Tcells Other CKs
proliferation
T-cell

o Antibodies
B-cell

g@tocxges

—

Fibroblast

IFN-B, Apoptosis
collagenase

lncreased acute
phase response

Modification of
synaptic trasmission

Fever, sleep TRENDS in Pharmacological Sciences




Le funzioni principali del TNF

Inflammazione
locale

Cellule endoteliali

IL-1,
TNF, TNF chemochine

o8

AU'entata
Molecola  permeabilita
di adesione

Cellula endoteliale

Leucociti
TNF, (neu, mono, linfo)
IL-1@®@®,  IL-1,IL-6
o chemochine
.  leas
& "‘170

Attivazione




Le funzioni principali del TNF

Quantita elevate

Quantita basse Quantita moderate ) 5
Inflammazione Effetti Effetti
locale sistemici protettivi sistemici patologici
Cellule endoteliali @0, Cervello Cuore
4 Q Do
IL'1 ’ . DO@ \A _ ' DQ@ .\\ INIBIZIONE CONTRAZIONE CELLULE DEL MIOCARDIO,
TNF, TNF chemochine TNF, ‘ N7 TNF vasodilatazione, caduta della pressione arteriosa,
i IL-1 @QQ DQGD IL-1, Y LS \ shock.
S % "\ _Bassa
S .
W gittata
Cellule TROMBOSI INTRAVASCOLARE: TNF favorisce la
endoteliali coagulazmne’ (sUmoIaP la 5|nt§5| del fattore t|s§utale
-y da parte dell’endotelio -che induce la formazione
Mol | Aumentata IL-6 @° '\* della trombina a partire da pro-trombina- e inibisce
olecola ermeabilita TNF » : la coagulazione stimolando trombomodulina. Trombi
di adesione P = / - ' favoriti anche dall’accumulo e attivazione dei
: neutrofili.
Cellula endoteliale Proteine
—————————————————————————————— di fase acuta
Leucociti
TNF, Trombo Aumentata .
... Daquiil nome!
L1@o,  IL-1,IL-6 permeabilita -
@ chemochine . o
:, ® @ ae Numerosi tessuti _ IPOGLICEMIA: gravi disturbi metabolici (es.,
Q D D' m <D_ eccessivo uso di glucosio da parte del tessuto
e 9 --‘1%Q@ DO@(Z,_ «»s  muscolare e incapacita di ripristinare i normali
g - ; T livelli).
e TNF & CACHESSIA: perdita pronunciata di peso, dovuta a
__ OL perdita dell’appetito indotta da TNF e da inibizione
o %) Muscolo " Insulino § di t.enz'imi che mobilizzano gli :?u':idi g'rass?i, e chc-?
. 5 . . A . - : quindi non possono essere utilizzati dai tessuti.
Attivazione Produzione di leucociti |scheletrico resisten.Q




Locally, TNF-a can cause
inflammation (most TNF is

from macrophages)

Local infection with

Gram-negative bacteria

Systemic infection with
Gram-negative bacteria (sepsis)

Macrophages activated to secrete

TNF-« in the tissue

Macrophages activated in the liver
and spleen secrete TNF-« into
the bloodstream

N

N\

N =z

o By

N
Increased release of plasma proteins
into tissue. Increased phagocyte and
lymphocyte migration into tissue.
Increased platelet adhesion to blood

vessel wall

N
Systemic edema causing decreased
blood volume, hypoproteinemia, and
neutropenia, followed by neutrophilia.
Decreased blood volume causes
collapse of vessels

Phagocytosis of bacteria. Local
vessel occlusion. Plasma and cells

drain to local lymph node

Disseminated intravascular
coagulation leading to wasting and
multiple organ failure
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Removal of infection
Adaptive immunity

Chronic systemic TNF
(sometimes associated with
cancer, AIDS and other
diseases) can lead to cachexia

Systemically, high doses of
TNF-o can cause septic shock
and death




Lo shock settico

LPS and other

Batteri Gram-/LPS

bacterial components  Batteri Gram+/acido lipoteicoico

!

~

Endott‘:elium Meutrophils Monocytes
]
Cytohnes{ Fo (madnche IL-1, IL-6, IFN-y, IL-12)
Oxygen radicals Lipid mediators l
Complement Ridondar_lza_l
Increased (antagonisti TNF: no effetto)
TF and PAI-1 N
Chemotaxis
Procoagulant effect Lysosomal enzymes
Y Y
Microvascular occlusion | s Vascular instability
( I I Al
Coagulopathy Fever Vasodilation Capillary leak

v

L—) Sepsis and multiple organ failure Q—J




Lo shock settico: istologia

infiltrato inflammatorio

microascesso




Immune-Mediated Inflammatory
Disease

B A group of conditions that

« Share common inflammatory pathways
« Have unknown etiologies

« Are a result of dysregulation of the immune
response leading to inflammation




Gli antagonisti del TNF nella clinica

Immune-Mediated Inflammatory
Disease (cont’d)

® Rheumatoid Arthritis
B Ankylosing Spondylitis
® Crohn’s Disease

® Psoriasis

®m Psoriatic Arthritis

m Uveitis etc

—

Mediated in part by common cellular and
molecular pathways



Ruolo del TNF-a nelle malattie

Auto:mmune dlseases
Ankylosmg spondylitis
Multiple sclerosis

Eczema

Hidradenitis suppurativa

Inflammatory
bowel disease

Atopic dermatitis
Rheumatoid arthritis
Psoriasis

Sarcoidosis

Scleroderma

Systemic lupus erythematosus

Cardiovascular diseases
|

Atherosclerosis

Myocardial infarction

Neurologic diseases

I
Alzheimer's disease

Epilepsy
Bipolar disorder
Parkinson's disease

Depression

Osteoporosis

Cancer

< >

Non-alcoholic fatty liver disease

Metabolic diseases

|
Obesity

Diabetes, type 2

Pulmonary diseases

I
Asthma

Chronic obstructive
pulmonary disease

Aggarwal B.B., Blood 2012



Gli anticorpi monoclonali:

come sfruttare un prodotto del sistema immunitario

e

contro una molecola di superficie

N\

contro una molecola solubile




Gli anticorpi monoclonali

Legame Legame
dell’antigene N N dell’antigene
C

/

C

Funzione effettrice dell’anticorpo

.~ Catena Catena Ponte disolfuro
pesante leggera intracatena




Three types of monoclonal antibodies
now in use in the clinic

Murine

Chimeric

framework

Humanized




...| SUFFISSI

Murine Chimeric

Humanized

..mab:

«..Ximab:

~.Zumab:

~.mumab:

..cept:

...ra:

anticorpo monoclonale (Monoclonal AntiBody)

anticorpo chimerico (uomo+topo)
anticorpo umanizzato

anticorpo umano («fully human»)
molecola di fusione/recettore solubile

antagonista del recettore («fully human»)



(Alcuni) Antagonisti del TNF

infliximab etanercept adalimumab
R , Crohn, ul litis R juvenile RA R s, juvenile Crohn
Murine Human Human
Ev TNFR2 Fv
Human . Human Human Ll
Feyl | Feyt [ || Feyl
Chimeric mAb Receptor Human mAb
certolizumab pegol golimumab
Crohn, RA AS, RA, Ps
Humanized Fv Human
(murine CDRs) Fv
(PEGylated Fab) e
CPEG O/
Polyethylene Human
glycol <9 'l Feyl
Humanized mAb
Human mAb

Tracey D et al Pharmacol & Therap, 2008



Psoriasis activity in an etanercept-treated patient
at baseline (A, Psoriasis Area and Severity Index
[PASI] = 18.7), at 12 weeks (B, 59% improvement
in PASI), and at 24 weeks (C, 86% improvement in
PASI)

12 weeks

24 weeks

A Randomized Trial of Etanercept as Monotherapy for Psoriasis
Arch Dermatol. 2003




Patient at presentation,
prior to treatment,
showing widespread
patches of erythema with
overlying pustules
affecting 90% of his body
surface.

Patient after 4 weeks of
treatment with etanercept, 50
mg subcutaneously per week,
showing complete resolution of
the skin lesions.

Successful Treatment With Etanercept of von Zumbusch Pustular Psoriasis in a Patient With HIV.
Arch Dermatol. 2008



The New England Journal of Medicine

TUBERCULOSIS ASSOCIATED WITH INFLINIMAB,
A TUMOR NECROSIS FACTOR a-NEUTRALIZING AGENT

JosepH Keang, M.D., SHArRoN GERsHON, PHARM.D., RoBert P. Wisg, M.D., M.P.H., ELizageTH MiraBILE-LEVENS, M.D.,
JoHn Kasznica, M.D., WiLuiam D. ScHwieTeErmaNn, M.D., Jerrrey N. Siecer, M.D., ano M. MiLes Braun, M.D., M.P.H.

From the Pulmonary Center, Department of Medicine (]. Keane, E.M.-L.),
and the Pathology Department (]. Kasznica), Boston University Schcn}l of
Medicine, Boston; and the Center for EIDIDEILE Evaluation and Research,
Office of Bll}EtTElStlLE and Epidemiology, Division of Epidemiology (S.G.,
R.PW., M.M.B.), and Office of Therapeutics Research and Review {’W.D.S.j
J.N.5.). Food and Drug Administration., Rockville, Md.

RESULTS: There were 70 reported cases of tuberculosis after treatment with infliximab, for a median of 12 weeks. In
48 patients, tuberculosis developed after three or fewer infusions. Of the 70 reports, 64 were from countries with a
low incidence of tuberculosis. The reported frequency of tuberculosis in association with infliximab therapy was
much higher than the reported frequency of other opportunistic infections associated with this drug.

CONCLUSIONS: Active tuberculosis may develop soon after the initiation of treatment with infliximab. Before
prescribing the drug, physicians should screen patients for latent tuberculosis infection or disease.
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Main (and many!) functions of IL-1

Monocytes

TNF
IL-6

T 17/y8 T cells

ILC3 Osteoclasts

IL-17
IL-22

IL-17 CSF-1
IL-22 RANKL

i

Organ systems
Cartulage Blood vessels Hypothalamus Pancreas

Matrix enzyme
production

Cartilage damage

Osteoclast
activation

Bone loss

Intimal
inflammation

Atherogenesis

Fever response B-cell
Pain processing apoptosis
Diabetes

Nature Reviews | Rheumatology



Systemic manifestations of IL-18




THE INFLAMMASOMES The maturation of pro-inflammatory cytokines, such as IL-13 and IL-18

is mediated by the inflammasomes:

» molecular platforms activated by a plethora of microbial products, as well as

endogenous host products associated with cellular stress and damage.
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Exogenous and endogenous activators of inflammasomes
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Activation models and composition of NLRP3 inflammasome
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NLRP3 is generally not considered a
PRR that detects PAMPs or DAMPs
directly but rather is thought to
respond indirectly to alterations in
homeostasis.

Examples of such homeostatic
disruptions include:

mitochondrial dysfunction
membrane permeability
aberrant ion flux
lysosomal destabilization

el N



Exogenous and endogenous activators of inflammasomes

IPAF

Listeria monocytogenes

Salmonella typhimurium

Shigella flexneri

Legionella pneumophila

Pseudomonas aeruginosa

Cytosolic flagellin

AIM2

NLRP1

Bacillus anthracis lethal toxin

(LeTx)

MDP

NLRP3

Pathogens / PAMPs DAMPs
Sendai virus Extracellular ATP
Influenza Hyaluronan
Adenovirus Glucose
Encephalomyocarditis virus MSU
Candida albicans Amyloid-p

Saccharomyces cerevisiae

Staphvlococcus aureus

Listeria monocyvtogenes

Neisseria gonorrhoeae

Skin irritants:
trinitrophenylchloride,
trimitrochlorobenzene.

Bacterial pore-forming toxins

dinitrofluorobenzene
Imidazoquinoline  compounds
(R837. R848)

Silica

Asbestos

Alum

dsDNA



PAMPs, DAMPs, PRRs...

) PAMPs
microbes >
same
different chemical
source structure
disruption of . DAMPs

homeostasis

Drosophila TLR

Lemaitre et al
Cell 1996

.
e

macrophages

.

PRRs . evolved not only to detect microbes,
but also to adapt to environmental changes

earlier: anti-microbial cells

now: anti-microbial cells
+

regulation of tissue homeostasis
&
detection of non-infectious threats

development

~ anti-microbial



Microbial Attack Sterile Attack

/ 'DAMPs.

Inflammasomes
3
Lung ProlL-1 g (s Heart
Asbestosis y Hypertension
CoPD

Asthma »3

Skin A . Metabolism

— Ch ro n Ic / ACUte Artheriosclerosis

Psoriasis . .
Alergy Inflammation Type Il Diabetes

Brain

Cancer

Mesothelioma
Hepatomas

Alzheimer’s Disease
Parkinson

Multiple Sclerosis
Prion

Joints Intestine
Rheumatoid Arthritis Inflammatory Bowel Disease
Gout



Role of IL-1 in disease
(spec. NLRP3)

«Activation» disorders «Genetic» disorders
Gout Periodic fever syndromes or CAPS
Alzheimer’s disease (cryopyrin-associated periodic syndromes)

Macular degeneration
Type 2 diabetes
Atherosclerosis
Rheumatic diseases

IBD
Cancer Auto-inflammatory diseases

|

The term auto-inflammatory diseases was first proposed in 1999 to encompass a group of
inherited disorders characterized by recurrent episodes of fever with inflammatory responses
in multiple organs including the joints, skin, eyes, ears, and central nervous system. This

group of diseases is characterized by gain-of-function mutations and over-production of IL-1.



Auto-immune versus auto-inflalmmatory diseases

Dysfunctional cells Dominant cytokines  Disease examples Options for biologics

Autoimmune diseases

T- and B lymphocytes TNFE IL-6 and IL-17 * Rheumatoid arthritis * TNF blockers
* Crohn’s disease * Anti-lL-6 receptormAb
* Psoriasis * Anti-IL-12/IL-23 mAb
* Multiple sclerosis * Anti-1L-17 mAb

* CTLA4 immunoglobulin
* Rituximab; anakinra

Autoinflammatory diseases

Monocytes and/or IL-1aand IL-1P * Hereditary diseases: CAPS; * Anakinra
macrophages FMF; TRAPS; HIDS; PFAPA * Rilonacept
* Common (non-hereditary) * Canakinumab
diseases: adult and juvenile * Gevokizumab
Still's disease; Schnitzler = |¥2189102
syndrome; hidradenitis * Anti-IL-1a mAb
suppurativa; gout; pseudogout;  * Anti-lL-1 receptormAb
type 2 diabetes * Oral caspase 1 inhibitors

Dinarello C, Nature Reviews Drug Discovery 2012



Role of IL-1 in disease

Disease*

Familial Mediterranean fever

(FMF)

Familial-cold
autoinflammatory syndrome

(FCAS)

Muckle—Wells Syndrome
(MWS)

Neonatal-onset multisystem
inflammatory disease
(NOMID)® (CINCA)

Symptoms

2-3 day episodes of fever, monoarticular arthritis,
erythematous rash, and abdominal pain. Systemic
amyloidosis

1-2 day episodes of fever, arthralgia, urticaria-like
rash and conjunctivitis predominantly after cold
exposure mildest

1-2 day episodes of fever, arthritis, limb pain and
urticaria-like rash. Progressive neurosensory hearing

loss and systemic amyloidosis more severe

1-2 day episodes of fever. Chronic meningitis,
uveitis, urticaria-like rash, deforming arthropathy,
neurosensory hearing loss more severe

Ting et al, Nature Reviews Immunol 2006



Neurological diseases to which IL-1 might contribute

Disease Clinical evidence of a role for IL-1 Proposed role of IL-1
Alzheimer’s  Increased expression of |L-1 Excessive production and processing of B-amyloid
disease is associated with plagues and tangles in precursor protein and phosphorylation of tau protein,

brain parenchyma; polymorphisms in genes  the main components of plagues and tangles
encoding IL-1 influence susceptibility

Traumatic Increased intracerebral expression of Increases neuronal excitability, induces neurotoxin

braininjury  IL-1 early after injury, and increased production, increases leukocyte infiltration, activates
concentration of IL-1 in cerebrospinal fluid microglial cells and promotes astrogliosis

Epilepsy Increased expression of IL-1 in brain Increases neuronal excitability through modification of
parenchyma; polymorphisms in genes the balance between excitatory and inhibitory synaptic
encoding IL-1 might influence susceptibility  transmission

Parkinson’s  Increased concentration of IL-1 in Contributes to the degeneration of neurons in the

disease cerebrospinal fluid; polymorphisms in genes  substantia nigra

encoding IL-1 might influence susceptibility

Stroke Increased concentration of IL-1 in Increases neuronal excitability, induces neurotoxin
cerebrospinal fluid; polymorphisms in genes  production, increases leukocyte infiltration, activates
encoding IL-1 might influence susceptibility ~ microglial cells and promotes astrogliosis

IL-1B plays a key role in a variety of ischemic, hypoxic, excitotoxic, traumatic, and degenerative
conditions of the central nervous system!



Pathologic inflasnmasome activation

Pathologic activation of NLRs/inflammasomes, and associated diseases

Diseaze
Hereditary periodic fevers
Cryopyrinopathies

(MWS, FCAS, NOMID)
FMF
MLRF12 familial fever

Other genetic diseases
Witiligo

Crystal-induced diseases
Gout

Pseudogout

Ashestosis

Silicosis

Other

Blzheimer disease
Contact hypersensitivity

Responsible factor Effect
Mutation in CIASIYNLRES Oweractive variants of NLRPS, overaxpression
of NLRP3 lrading to facilitated inflammazome activation
Mutations in MEFEpyrin Possible promotion of ASC aszembly
Truneation mutations in NLEP12 Hereditary periodic fevers associatad

with arthralgia, and urticaria

Mutations in NLRP1 Unknown
MS LU crystals Activation of the NLRPS inflammasome
Calcium pyrophosphate dehydrate Activation of the NLRP3 inflammasome
Asbestos Activation of the NLRP3 inflammasome
Silica Activation of the NLRF3 inflammasome
E=Amyloid Activation of the NLRFS inflammasome
Trinitrochlorobenzens, sodium dodacylsulfate Activation of the NLRPS inflammasome



Anakinra!

ARTHRITIS & RHEUMATISM

Vol. 48, No. 4, April 2003, pp 927-934

DOT 10.1002/art. 10870

© 2003, American College of Rheumatology

Anakinra, a Recombinant Human Interleukin-1 Receptor
Antagonist (r-metHulL-1ra), in Patients With
Rheumatoid Arthritis

A Large, International, Multicenter, Placebo-Controlled Trial

Roy M. Fleischmann,! Joy Schechtman,” Ralph Bennett,” Malcolm L. Handel,*

Gerd-Rudiger Burmester,” John Tesser,® Dennis Modafferi,” Jennifer Poulakos,’
and Gordon Sun,” for the 990757 Study Group

Parameter

Structure
Binding to IL-1cx
Affinity to IL-1B
Half life

Dose

Approved
Off label use

In testing

Anakinra

IL-1Ra

Recombinant protein
Yes

None

5 hours

100 mg daily

RA, CAPS

sJIA, AOSD, CPPD
Gout, CPPD, HACD
Schnitzler syndrome



Anakinra in rheumatic diseases.

Rheumatic disease

Rheumatoid arthritis

Osteoarthritis
Adult Still's disease
Systemic-onset JIA

Lupus arthritis

Treatment

Anakinra

Anakinra + MTX

Anakinra

Anakinra

Anakinra

Anakinra

Ankylosing spondylitis Anakinra

Efficacy

+++
+++
+/-
++++
++++

++

Studies

*Bresnihan et al, 199886:

*Cohen et al, 20038°

Chevalier et al, 2005'%°; *Hoffman et al, 200412°
Fitzgerald et al, 2005%4

Pascual et al, 200523

Ostendorf et al, 2005°°

Tan et al, 2004°%: Haibel et al, 20057

MTX, methotrexate; JIA, juvenile idiopathic arthritis; * randomised controlled clinical trials.



Autoinflammatory disorders improved by anakinra infusion. An a ki n ra '
Improvement ¢
. . upon
Disease Mutated protein P N References
Anakinra

administration . . .
Most patients with auto-inflammatory

FMF Pyrin Yes!!3 Shoham et al, 200313 diseases exhibit a rapid response to
treatment with Anakinra or with other

Blau syndrome  CARDTS/NODZ 2 therapeutic agents that block IL-1pB

FCAS NALP3/cryopyrin  Yes Hoffman et al, 2004130 effects.
MWS NALP3/cryopyrin  Yes Hawkins et al, 2003, 2004107 and 131 These dramatic responses validate the
: _ 132 importance of IL-1B overproduction as
. diseases.
CAPS NALP3/cryopyrin - Yes Arostegui et al, 2004199 Ramos et al, 2005133
PAPA CD2BP1% Yes Dierselhuis et al, 2005134

Abbreviations used: FMF, familial Mediterranean fever; FCAS, familial cold autoinflammatory
syndrome; MWS, Muckle-Wells syndrome; NOMID, neonatal-onset multisystem inflammatory
disease; CINCA, chronic infanfile neurclogic, cutaneous, articular syndrome; CAFS,
cryopyrin-associated periodic syndrome; PAPA, pyogenic sterile arthritis, pyoderma gangrenosum,
and acne syndrome; CARD15, caspase recruitment domain molecule 15, NOD2, Nod protein 2;
MALP3, NACHT (neuronal apoptosis inhibitor protein), LRR {leucine-rich repeat) and PYD {pyrin
domain) domains 3.

T Half of NOMID/CINCA patients do not carry the CIAS

mulatinnms, however, patients whose CIAS 1 mutation was not established also responded to

anakinra.”“

¥ Mutated CD2BP1 interacts with pyrin resulting in decreased

apoptosis and elevated I1L-1 8 levels. 138
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LEADING ARTICLE

Pharmaco-Immunomodulatory Therapy in COVID-19

®

Gheck for
Updates

John G. Rizk'® - Kamyar Kalantar-Zadeh?*# . Mandeep R. Mehra’ - Carl J. Lavie® - Youssef Rizk” - Donald N. Forthal®®

Table 1 Summary of immunomodulatory agents for the management of COVID-19

Anakinra in COVID-19 patients!

386 publications!

Treatments Dosing regimens Route of administra-  Mode of action Common adverse Contraindications (US Major drug interac- Use in specific popula-
under investigation tion under investiga- events labeling) tions tions
tion

Specific immunomodulators

Anakinra IV: 100 mg every 6 h 1V, SC Anti-cytokine, IL-1 Injection site reac- Known hypersensi- Avoid use with Use caution in the
(total daily dose: Note: IV route is receptor antagonist tions, upper respira- tivity to Escheri- anti-TNF agents elderly due to higher

/ 400 mg) for 15 days;  currently not FDA- tory tract infections,  chia coli-derived due to higher rates rates of infections in

200 mg every 8 h for  approved headache, nausea, proteins, anakinra, of infections and the elderly population

7 days; 300 mg od
for 4 days, followed
by 100 mg od

SC: 100 mg od for
10 or 28 days.
Alternative regimen:
100 mg every 12 h
on days 1-3, then
100 mg od from
days 4-10

European Journal of Internal Medicine

Anakinra for patients with COVID-19: a meta-analysis of non-randomized
cohort studies.

Laura Pasin™', Giulio Cavalli"', Paolo Navalesi **°, Nicold Sella ®, Giovanni Landoni ™ ,
Andrey G. Yavorovskiy ©, Valery V. Likhvantsev "%, Alberto Zangrillo’, Lorenzo Dagna ™",
Giacomo Monti !

diarrhea, sinusitis,
flu-like symptoms,
abdominal pain

or any component of  neutropenia
the product

In patients with
CrCl< 30 and ESRD,
use extended dosing
intervals (every other
day)

61-QINOD Ut Adeiay] A103e[npowounwiwj-odewieyd

Table 2

Outcomes.
Outcome Number of included studies Anakinra patients Control patients ER 95% CI P for effect I* (%)
Overall studies 4 111 73
Mortality™ 4 11/111 [10%] 30,73 [41%] 0.26 0.14 to 0.48 <0.0001 0
Need for invasive MV™ 4 187111 [16%] 26/73 [36%] 0.45 0.25 to 0.82 0.008 19
Bacterial infection 3 9,/99 [9%] 2/63 [3%] 1.59 0.35t0 7.16 7
Thromboembolic events 3 13/99 [13%] 7/63[11%] 1.35 0.58 to 3.12 0
Elevated serum transaminases 3 13/99 [13%] 9/63 [14%)] 0.81 0.21 to 3.13 0.11 55
Discharged from hospital with no limitations 2 20/47 [43%)] 6/19[32%] 1.29 0.61 to 2.74 0.50 0

RR: relative risk; CI: confidence interval; P: p-value: MV: mechaniecal ventilation

" Additional data provided by corresponding author (Navarro-Milldn)



Table 1. Blocking IL-1§ in treatment of acute and chronic
inflammatory diseases

Classic autoinflammatory diseases

Familial Mediterranean fever (FMF)

Pyogenic arthritis, pyoderma gangrenosum, ache (PAPA)*t

Cryopyrin-associated periodic syndromes (CAPS)

Hyper IgD syndrome (HIDS)

Adult and juvenile Still disease

Schnitzler syndrome

TNF receptor-associated periodic syndrome (TRAPS)

Blau syndrome; Sweet syndrome

Deficiency in IL-1 receptor antagonist (DIRA)
Probable autoinflammatory diseases

Recurrent idiopathic pericarditis

Macrophage activation syndrome (MAS)

Urticarial vasculitis

Antisynthetase syndrome

Relapsing chondritis

Behcet disease

Erdheim-Chester syndrome (histiocytosis)

Synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO)
Common diseases mediated by IL-13

Rheumatoid arthritist

Periodic fever, aphthous stomatitis, pharyngitis, adenitis syndrome (PFAPA)

Urate crystal arthritis (gout)

Type 2 diabetes

Smoldering multiple myeloma
Postmyocardial infarction heart failure
Osteoarthritis

Dinarello C, Blood 2011



Agents available or under study to reduce IL-1 activity

Availability Mechanism of action

Agent

Anakinra
Rilonacept™
Canakinumab

Gevokizumab
1'Y2189102
MABp1
MEDI-8968
CYT013

sIL-1RF*
sIL-1RII3

EBI-005
CMPX-1023
VX-765

Approved

Approved

Approved

Phase I
Phase Il
Phase I/II
Phase II/IlI
Phase |

Halted
Halted

Phase I/l
Preclinical

Phase Il

Receptor antagonist for [L-1RI

Soluble IL-1 receptor that binds
IL-1B>IL-1a>IL-1Ra

Neutralizing anti-IL-1p IgG1 mAb

Neutralizing anti-IL-1p IgG2 mAb
Neutralizing anti-IL-1B IgG1 mAb
Neutralizing anti-IL.-1a lgG1 mAb
Blocking antibody to IL-1RI

Therapeutic vaccine targeting

IL-1B
Binds IL-1Ra>IL-1a>IL-1p

Binds IL-1B complex with soluble
IL-1RAcP

Chimeric IL-1Ra-IL-1p
Alphabody

Oral caspase 1 inhibitor

Company

Swedish Orphan BioVitrum (see
Supplementary information S1 (table))

Regeneron
Novartis

Xoma

Lilly
XBiotech
Medlmmune

Cytos Biotechnology

Amgen
Amgen

Eleven Biotherapeutics
Complix

Vertex

Dinarello C, Nature Reviews Drug Discovery 2012



Parameter

Structure
Binding to IL-1cx
Affinity to IL-1B
Half life

Dose

Approved
Off label use

In testing

Refs

Therapeutic inhibition of IL-1

Anakinra

o IL-1Ra

IL-1Ra

Recombinant protein
Yes

None

5 hours

100 mg daily

RA, CAPS

sJIA, AOSD, CPPD
Gout, CPPD, HACD
Schnitzler syndrome

143

e 9G-Fc
@ 1R
@ IL-1RAcP

IL-1R/IL-1RAcP-Fc
Fec fusion protein
Yes

0.5 pmol

8 days
160 mg/week

CAPS (only USA)

144,145

Canakinumab

\/
§

aa» |IgG-Fc
—_——— lgG-Fab

Anti-IL-1p antibody

IgG1 mAb

No

23 pmol

26 days
4mqg/kg/4-8 weeks
150 mg single dose

CAPS, gout, sJIA
AOSD, Schnitzler
syndrome

CVD, diabetes

146

Nature Reviews | Rheumatology

Gevokizumab

\/
§

a»>a» |gG-Fc
m=mem= |gG-Fab

Anti-IL-1p antibody

IgG2 mAb
No

300 fmol
22 days

CVD, diabetes,
Behget syndrome,

pyoderma gangrenosum

147

COVID-197



Therapeutic agents that inhibit inflammasome components and their targeted diseases

Therapeutic agent  Target Disease

Anakinra IL-| receptor RA

Rilonacept IL-13, IL-1 CAPS, diabetes, gout

Canakinumab IL-13 MWS, FCAS

GSK 1070806 IL-18 B-cell non-Hodgkin’s
lymphoma, IBD

Glyburide NLRP3 (indirectly) Type 2 diabetes

16673-34-0 NLRP3 (indirectly) Acute myocardial

Pralnacasan (VX-740)
VX-765

Parthenolide

Bay 1 1-7082

Cys-LT receptor
antagonist
AZD9056
CE-224535

GSK 1482169

Caspase-|

Caspase-|/NF-kB
(IKKP kinase activity)/
NLRP3 ATPase

NF«B (IKKB kinase
activity)/NLRP3 ATPase
ASC oligomerization

P2X7
P2X7
P2X7

infarction

RA
MWS

Cancer

Systemic lupus
erythematosus
Allergic rhinitis,
asthma, nasal polyposis
RA

RA

RA

Ozaki E, Journal Inflammation Research 2015



LE CITOCHINE INFIAMMATORIE

@ Activation of
macrophages
and NK cells

# Microbes
e

2 7 2
e R [T,

TNF, IL-1,
| chemokines

fﬁ

killer cell L
(B Cytokine Principal Principal cellular targets
cell source(s) and biologic effects
Tumor necrosis Macrophages, T cells Endothelial cells: activation {inflammation,
factor (TNF) coagulation)

Interleukin (IL-1)

Chemokines
Interleukin-12 (IL-12)
Interferon-y (IFN-y)

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

Interleukin-10 (IL-10)

Interleukin-6 (IL-6)

Interleukin-15 (IL-15)

Interleukin-18 (IL-18)

Macrophages, endothelial
cells, some epithelial cells

Macrophages, endothelial
cells, T lymphocytes,
fibroblasts, platelets

Macrophages,
dendritic cells
NK cells, T lymphocytes

IFN-a: Macrophages
IFN-: Fibroblasts

Macrophages, T cells
(mainly T2)

Mécr?hagies. endothelial
cells, cells

Macrophages, others

Macrophages

Neutrophils: activation

Hypothalamus: fever

Liver: synthesis of acute phase proteins
Muscle, fat: catabolism (cachexia)
Many cell types: apoptosis

Endothelial cells: activation (inflammation,
ooa&ulauon)

Hypothalamus: fever

Liver: synthesis of acute phase proteins

Leukocytes: chemotaxis, activation

NK cells and T cells: IFN-y synthesis,
increased cytolytic activity
T cells: Ty1 differentiation

Activation of macrophages
Stimulation of some antibody responses

All cells: antiviral state, increased class |
MHC expression
NK cells: activation

Macrophages: inhibition of IL-12 production,
reduced expression of costimulators and
class Il MHC molecules

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

NK cells: proliferation
T celis: proliferation

NK cells and T cells: IFN-y synthesis

TNF IL-1

IL-6 IL-12




e Prodotta da fagociti mononucleati e da altri tipi cellulari (fibroblasti,
cellule endoteliali) in risposta a diversi patogeni e citochine (IL-1, TNF).

eStimola la produzione di proteine della fase acuta da parte degli epatociti.

eStimola la crescita e differenziazione dei neutrofili e delle piastrine dai
progenitori midollari.

eStimola la crescita e differenziazione in plasmacellule dei linfociti B.



L’'IL-6 e una citochina pleiotrpoica

Inflammation\ Immunity Reproduction' |Metabolism| |[Hematopoiesis

Neural development |Bone remodeling| | Angiogenesis

IL6 (4-helix bundle, 212 AA)

v

B lymphocytes: plasma cell differentiation, T lymphocytes: in association with TGFj
survival/proliferation factor for multiple differentiation of TH17 and IL27 inhibition
myeloma of Treg

Megakaryocytes: differentiation Cardiac stem cells: cell survival
Adipocytes: lipolysis Neural stem cells: astrocyte differentiation

Osteoclasts: Cox-2, Wnt, NF-xB, RANK




IL-6 is a pleiotropic cytokine
(but its persistent and dysregulated production causes the onset and development of various autoimmune
and chronic inflammatory diseases)

" 4_ 4. Antibody production
Autoantibody production — Autoimmunity

inhibition
- - —» Autoimmunity
Chronic inflammation

Proliferati , 5
(psor'i:'sei:;.on [ | Th7  Treg break of tolerance due to
IO Naive CD4*T cell Th17/Treg imbalance
Proliferation ” Hepatocyte
- e
Mesangial cell Fibnnogeng - Hypercoagulation
Serum amyloid A — Amyloid A amyloidosis
A,»—»f Hepcidinq — Anemia of inflammation
Albumin
Myoloma/plumacyﬁma ' N -

Growth cell |

jetic stem cell ( ( Platelet producbon

~ E’ prodotta da fagociti
mononucleati e da altri tipi
cellulari (fibroblasti, cellule
endoteliali e muscolari) in risposta
a diversi patogeni e citochine (IL-1,
TNF).

Osteoclast differentiation

Mulupotentnal colony formation
(bone resorption; osteoporosis)



Therapeutic targeting of IL-6 and its receptor

: IL-6 blockers b
I » Sirukumab e« Siltuximab

l « Olokizumab « MEDI 5117
sILER » Clazakizumab+ EBI-029

e ﬂ | Trans-signaling blockers

* FE999301

gp130 IL-6R blockers
F——— «Tocilizumab =+ ALX-0061

* Sarilumab < NI-1201 Interleukin-6

Signaling blockers

T Sirukumab

* Ruxolitinib
Clazakizumab
* CpG-stat3 siRNA MEDI 5117

Tocilizumab
Sarilumab

\ C terminus



IL-6 nella clinica...

Table 2. Major Examples of Therapeutics for IL-6 Family Cytokines and Receptors

Targets Therapeutics Disease indications

IL-6 siltuximab?® (anti-1L-6) multicentric Castleman’s disease
clazakizumab (anti-IL-6) antibody-mediated rejection of kidney graft,

rheumatoid arthritis, psoriatic arthritis, etc.

olokizumab (anti-IL-6) rheumatoid arthritis

IL-11 oprelvekin® (recombinant IL-11) severe thrombocytopenia

OSM GSK2330811 (anti-OSM) systemic sclerosis

CNTF NT-501 (CNTF implant) macular telangiectasia type 2

gp130 olamkicept (soluble gp130-Fc) inflammatory bowel diseases

|L-6Ra tocilizumab® (anti-IL-6Rx) Castleman’s disease, rheumatoid arthritis, systemic

and polyarticular juvenile idiopathic arthritis, giant
cell and Takayasu arteritis, cytokine release syndrome
(chimera antigen-receptor T cell therapy)

sarilumab?® (anti-IL-6Rx) rheumatoid arthritis
IL-11Ra BMTP-11 (IL-11Ra-targeted cancer

proapoptotic agent)
Cytokine tofacitinib,? baricitinib,? etc. rheumatoid arthritis, inflammatory bowel
receptors (JAK inhibitor) diseases, psoriasis, etc.

Approved drugs.

Murakami M, Immunity 2019



Chances of survival (%)

Tocilizumab in COVID-19 patients

Logrank test
P= 0273
_________________________ i
)
i
]
]
I
]
...................... |
areas mouces madvod — Group A | did not receive corticoids or tocilizumab
-= Group B8 |received combined therapy with corticoids+tociliz
-+ Group C | received tocilizumab only
50 p= JSEE KU OV USROSy R — - w | == GroupD | recejved corticoids only
GROUP A GROUPB | GROUPC | GROUPD —
Group A 035 044 0.45
40 p=— 015086 019108 020-1.06
, 283 1.28 131
I Group 8 1245 34 0.54-2 94 0.57-3.01
30 p= desais 224 079 > 1.04
e 096521 033184 044243
20 }— Seenp D 094492 033174 041224
lo_'lllllllllllllllllllllllllllll

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 25 24 25 26 27 28
Time (days)

Survival analysis (Kaplan—Meier) regarding the 28-day survival in the 4 groups established.

Combined therapy of tocilizumab and corticosteroids in
severe SARS-CoV-2 disease . A Gonzdlez-Castro et, 2022
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LE CITOCHINE INFIAMMATORIE

@ Activation of
macrophages
and NK cells

# Microbes
e

2 7 2
e R [T,

TNF, IL-1,
| chemokines

fﬁ

killer cell L
(B Cytokine Principal Principal cellular targets
cell source(s) and biologic effects
Tumor necrosis Macrophages, T cells Endothelial cells: activation {inflammation,
factor (TNF) coagulation)

Interleukin (IL-1)

Chemokines
Interleukin-12 (IL-12)
Interferon-y (IFN-y)

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

Interleukin-10 (IL-10)

Interleukin-6 (IL-6)

Interleukin-15 (IL-15)

Interleukin-18 (IL-18)

Macrophages, endothelial
cells, some epithelial cells

Macrophages, endothelial
cells, T lymphocytes,
fibroblasts, platelets

Macrophages,
dendritic cells
NK cells, T lymphocytes

IFN-a: Macrophages
IFN-: Fibroblasts

Macrophages, T cells
(mainly T2)

Mécr?hagies. endothelial
cells, cells

Macrophages, others

Macrophages

Neutrophils: activation

Hypothalamus: fever

Liver: synthesis of acute phase proteins
Muscle, fat: catabolism (cachexia)
Many cell types: apoptosis

Endothelial cells: activation (inflammation,
ooa&ulauon)

Hypothalamus: fever

Liver: synthesis of acute phase proteins

Leukocytes: chemotaxis, activation

NK cells and T cells: IFN-y synthesis,
increased cytolytic activity
T cells: Ty1 differentiation

Activation of macrophages
Stimulation of some antibody responses

All cells: antiviral state, increased class |
MHC expression
NK cells: activation

Macrophages: inhibition of IL-12 production,
reduced expression of costimulators and
class Il MHC molecules

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

NK cells: proliferation
T celis: proliferation

NK cells and T cells: IFN-y synthesis

TNF IL-1

IL-6 IL-12
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Conseguenze biologiche dell’attivazione dei TLR. Uinterazione dei PAMP con i diversi TLR induce nella cellula una
serie di funzioni differents, tutte volte a concorrere alla sua attivazione e allo svolgimento delle funzioni proprie del
fagocita. In particolare, la cellula attivata produce una serie di citochine destinate ad attivare gli endoteli e di chemo-
chine necessarie per il reclutamento cellulare nel sito di flogosi. La cellula potenzia anche l'espressione di molecole
di costimolo (B7-1/2) che facilitano il compito di presentare I'antigene alle cellule dellimmunita acquisita. La cellula
va anche incontro al cosiddetto burst ossidativo, che implica un incremento dell’attivita glicolitica e della produzione

di specie reattive dell'ossigeno (RO5), volte a favorire processi ATP-dipendenti quali la fagocitosi, nonché ['uccisione

dei microbi fagocitati (radicali O, ossido nitrico), Amadori-Zanovello 2021
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Le azioni degli IFN di tipo |
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| MEDIATORI SOLUBILI DELL'IMMUNITA’ INNATA

* LE CITOCHINE INFIAMMATORIE

« IL COMPLEMENTO
LE COLLECTINE

2
S S B S

» LA PROTEINA C-REATTIVA, LE PENTRAXINE
» | FATTORI DELLA COAGULAZIONE



| COMPONENTI SOLUBILI DELLIMMUNITA’ INNATA:

IL SISTEMA DEL COMPLEMENTO (C):
un sistema enzimatico del plasma

@ Complsment Lysis of microbes
i " Inflammation
’ g o - ‘) —_—
\
Microbe Complement Phagocytosis of
proteins complement-coated
microbes

Alcuni frammenti del sistema del complemento interagiscono tra loro formando complessi
funzionali che rimangono legati al patogeno: LISI DEL PATOGENO

Altri frammenti diffondono dal sito di attivazione: amplificazione della risposta immunitaria



Componenti solubili del sistema immunitario:
IL SISTEMA DEL COMPLEMENTO (C)

* |l sistema del Complemento (C) e costituito da circa 30 proteine plasmatiche presenti in circolo in
forma di zimogeni. Le proteine del C sono sintetizzate dal fegato e dalle cellule del sistema
iImmunitario.

|l sistema del C viene rapidamente attivato in risposta ad una infezione, e svolge un ruolo
fondamentale nella difesa contro numerose infezioni.

 L’attivazione del C dipende da un meccanismo “a cascata” estremamente potente e finemente
regolato in ogni passaggio.

* Le proteine del C hanno attivita enzimatica: ogni componente, una volta attivato, catalizza il taglio
proteolitico del componente successivo, determinando la formazione di due frammenti.

* | diversi frammenti del C esplicano le funzioni biologiche.
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La cascata del complemento puo essere attivata con tre modalita diverse:

» VIA CLASSICA: l'attivazione avviene ad opera di alcune classi di anticorpi che hanno legato un antigene;
» VIAALTERNATIVA: l'attivazione avviene ad opera di alcune componenti della superficie microbica, in assenza di anticorpi

» VIADELLA LECTINA: & attivata da una lectina in seguito al suo legame a particolari carboidrati presenti sulla parete
cellulare dei microbi (residui di mannosio).

]
i 10 1l
B A e Vg
Opsonizzazione dei patogeni

che ne facilita la fagocitosi
e luccisione 2

Perforazione della membrana
cellulare dei patogeni

Reclutamento di cellule
infiammatorie

E[ N Ij

MORTE DEL PATOGENO




Componenti solubili del sistema immunitario:
LA CASCATA DEL COMPLEMENTO (C)

| Viaalternativa | | Viaclassica | [ Via lectinica |
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|
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della C3 convertasi
—_

Clivaggio di CES
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Clivaggio di C5

MASP: mannan-binding lectin-associated serine protease
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ATTIVITA’ DEL COMPLEMENTO
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Reclutamento di cellule Opsonizzazione dei patogeni Parforazione della membrana
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1. INDUZIONE DI REAZIONI INFIAMMATORIE LOCALI (da parte dei piccoli frammenti C3a e C5a)

Le anafilotossine agiscono sui vasi sanguigni
aumentando la permeabilita vascolare

_— C3a, Cba (anafilotossine)

* Rilascio di istamina dai mastociti
(vasodilatazione)

Jc - - L
L'aumento della permeabilita incrementa La migrazione dei monociti
la fuoriuscita di liquidi, di fattori e dei neutrofili dal sangue ai tessuti
del complemento e di altre proteine e la loro attivita
plasmatiche nel sito di infezione microbicida sono aumentate
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Le azioni delle anafilotossine
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2. OPSONIZZAZIONE E FAGOCITOSI
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I | fagociti esprimono diversi recettori per il frammento C3b (CR1, CR3, CR4) I




3. L’assemblaggio del complesso di attacco alla membrana da parte dei frammenti C5b-C9 forma
un poro nel doppio strato lipidico ed e responsabile della lisi
(MAC: Membrane Attack Complex)
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Figure 2.13 (part 1 of 2) The Inmune System, 4th ed. (© Garland Science 2015)
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Proteine Regolatorie del Sistema del Complemento

Proteine di controllo della via classica e alternativa

Nome (simbolo) Ruolo nella regolazione dell'attivazione del complemento

Inibitore C1 (CT1INH) Si lega a C1r,C1s attivato, rimuovendolo da C1q

Fattore accelerante il

decadimento (DAF) Proteina di membrana che sposta Bb da C3b e C2b da C4b

. Previene la formazione del complesso di attacco alla membrana su
CD59 (protectina) .
cellule allogeniche o autologhe. Molto espresso sulle membrane

C,lq s? lega agli anticorpi comple_ssat_i con C1 INH previene
I” antigene, con conseguente attivazione y : :
di C1r2s2 I’attivazione di C1r2s2




Deficienza di C1-inibitore :
edema angioneurotico ereditario o EDEMA di QUINKE

* episodi ricorrenti di edema a carico della cute e delle mucose
« dolori addominali associati a vomito e diarrea
« ostruzioni a carico delle vie respiratorie
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