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Il sistema immunitario

Insieme di tessuti, cellule e molecole che proteggono
I'organismo da patogeni e dal cancro

Funzioni principali:
* Riconosce ed elimina i patogeni

* Riconosce e rimuove cellule anomale come quelle
tumorali

* Rimuove cellule e tessuti danneggiati o morti

* Memoria immunologica



Self e non -Self

Il sistema immunitario deve distinguere tra self

e non-self per proteggere I'organismo dagli
agenti infettivi senza tuttavia danneggiare le

proprie cellule.

Self: tutte le cellule e molecole proprie dell’organismo, che il sistema immunitario
riconosce come normali e quindi non attacca.

Non-self: microrganismi, virus, batteri, funghi o sostanze estranee che vengono
riconosciuti come pericolosi e quindi attaccati ed eliminati.

Questo riconoscimento avviene grazie a recettori specifici delle cellule immunitarie,

che individuano molecole caratteristiche dei patogeni.

Se il sistema immunitario perde la capacita di distinguere self e non-self, puo

attaccare i propri tessuti, causando malattie autoimmuni.



Identifying self Identifying non-self

Self marker (MHC) Antigen




La Piramide della risposta

Risposta specifica

Risposta innata

Barriere Fisiche



| due bracci dell’'immunita

* Microbe

Innate Immunity
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Da dove derivano le cellule immunitarie?
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Immunita’ Innata

* Presente dalla nascita
* Non richiede esposizione precedente al patogeno
* Risposta rapida
* Aspecifica
* Assenza di memoria immunologica

* Prima linea di difesa

* Riconoscimento di strutture comuni dei patogeni. Le cellule
dell'immunita innata riconoscono molecole tipiche dei patogeni

(PAMP).



Immunita’ Innata: Barriere Fisiche

1. Pelle

Funzione: impedisce l'ingresso dei microrganismi.
Caratteristiche:

e Strato di cellule cheratinizzate molto compatte

* Desquamazione continua = rimuove i microbi

* Presenza di sebo e sudore con sostanze antimicrobiche
 pH leggermente acido che ostacola i patogeni

2. Mucose

Rivestono cavita che comunicano con l'esterno:
* apparato respiratorio

e apparato digerente

e apparato urogenitale

Funzione: intrappolare i microrganismi.
Caratteristiche:

e produzione di muco che blocca batteri e virus



Barriere Fisiche (2)

3. Ciglia (apparato respiratorio)
Funzione: eliminare particelle e patogeni spingendo il muco verso
la faringe

4. Flussi meccanici di liquidi

Esempi:lacrime, saliva, urina, sudore

Funzione:

* Meccanica: lavano via i microrganismi dalle superfici corporee

e Chimica: Contengono enzimi che distruggono i batteri, per
esempio: lisozima - rompe la parete cellulare dei batteri;
lattoferrina = sottrae ferro ai batteri, impedendone la crescita;
peptidi antimicrobici



Barriere fisiche (3)

PELLE SECREZIONI ACIDE LACRIME
Formaunabarriera I succhi gastridi, le secrezioni Le lacrime contengono
quasi impenetrabile vaginali e 'urina proteggono sostanze chimiche

che ostacola rispettivamente il canale antivirali e antibatteriche
I'ingresso di patogeni digerente, le vie genitali che eliminano i patogeni
nell'organismo. femminili e le vie urinarie dai dallazona degli occhi.

patogeni

CERUME

Il cerume & una sostanza
appiccicosache intrappola i
patogeni presentinel
canale uditivo.

CIGLIA

I pelie le cigliapresenti
sulla superficie delle vie
respiratorie allontanano
dai polmonii patogeni
intrappolati nel muco.

LISOZIMA E ALTRI ENZIMI
Il lisozima contenuto nella
saliva e nelle lacrime

e gli enzimi digestivi
dell'intestino tenue
uccidono molti batteri.




Le cellule dell'mmunita innata

Innate Immunity
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RICONOSCIMENTO DEL NON-SELF

Come fanno a riconoscere il non Self?
Attraverso dei recettori (pattern
recognition receptors, PRR) che
riconoscono strutture molecolari comuni

ai patogeni (e non presenti sulle cellule

self).



PRR e fagocitosi

| PRR (Pattern Recognition Receptors) sono recettori del sistema immunitario innato che
permettono alle cellule immunitarie di riconoscere rapidamente la presenza di patogeni.
Questi recettori individuano strutture molecolari tipiche dei microrganismi, chiamate

PAMP (Pathogen-Associated Molecular Patterns), che sono comuni a molti batteri, virus

e funghi.
| PRR sono presenti su cellule Quando i PRR riconoscono un PAMP:
dell'immunita innata come: * Si attiva la risposta immunitaria innata
* Macrofagi, neutrofili e cellule * vengono rilasciate citochine infiammatorie

dendritiche * si stimola la fagocitosi del patogeno



Immunita innata: PPR e fagocitosi
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| processo avviene in diverse fasi:

* Riconoscimento del patogeno tramite recettori
specifici

* Ingestione, con formazione di una vescicola
chiamata fagosoma

* Digestione, quando il fagosoma si fonde con i
lisosomi formando il fagolisosoma

* Distruzione del microrganismo grazie a enzimi e
sostanze tossiche




Immunita innata

w ¥ 4PRRs
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Macrophage

Macrophages, equipped
with a big armamentarium
of PRRs to recognize
MAMPs and DAMPs,

play diverse roles as i
phagocytic cells of the
innate immune defense
system including clearance
of pathogens and damaged
cells and assistance in
tissue repair.

Neutrophil

Neutrophils, activated by
MAMPs and DAMPs,
play a fundamental role in
crealing an inflammatory

- milieu via secretion of
cytokines and chemokines;
the clearance of pathogens,
and the release of so-called
neutrophil extracellular
traps (NETs).

Mast cell

Mast cells have pleiotropic
physiological functions in
our body. Any type of
damaging stimuli causes
them to degranulate and
release inflammatory
mediators like histamine,
proteases, cytokines,
chemokines, and prosta-
glandins.

Dendritic cell

Dendritic cells are the pro-
fessional antigen-presenting
cells of the innate immune
system, They possess the

~ unigue capability to initiate
~ and expand an adaptive

immune response. In fact,
they can be regarded as the
key players in recognizing
cell stress and tissue the
presence of antigen.




Immunita innata: citochine infiammatorie
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Cellule Natural Killer

Le cellule NK (Natural Killer) sono
linfociti dell'limmunita innata
fondamentali nella difesa contro
le infezioni virali. Riconoscono e
uccidono rapidamente le cellule
infettate da virus, attraverso la
sinergia tra recettori attivatori e

inibitori

Natural killer cell
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Cellule NK




Immunita adattativa

Innate Immunity
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Immunita adattativa

* Non completamente presente alla nascita (si sviluppa con 'esposizione
agli antigeni)
* Richiede una prima esposizione al patogeno

* Risposta piu lenta alla prima infezione (giorni)
 Altamente specifica per un determinato antigene
* Presenza di memoria immunologica

* Seconda linea di difesa, interviene dopo I'immunita innata
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Linfociti T e B: Caratteristiche comuni

* Sono cellule dell'immunita adattativa

* Derivano da cellule staminali del midollo osseo

* Hanno recettori specifici per 'antigene (patogeni)

e Partecipano alla difesa contro i patogeni

* Sonoin grado di formare cellule della memoria immunologica
* |l numero di linfociti T e B specifici per un antigene sono

pochissimi in circolo ma si possono espandere clonalmente



Linfociti T e B: differenze

Differenze principali

Caratteristica

Maturazione

Tipo di immunita

Riconoscimento antigene

Recettore

Funzione principale

Tipi principali

Linfociti B

Midollo osseo

Immunita umorale

Linfociti T

Timo

Immunita cellulare

Antigene libero

Antigene presentato da MHC

BCR

Produzione di anticorpi

plasmacellule, B memo \1/

TCR

Eliminazione cellule infette e regolazione risposta

immunitaria

T helper, T citotossici, T regolatori
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Linfociti B
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Tipi di anticorpi
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Linfociti T

Miliardi di possibili antigeni non self. Come poterli riconoscere?

Il recettore delle cellule T (TCR) e quello delle cellule B (BCR) presenta una
straordinaria diversita strutturale e funzionale, essenziale per il riconoscimento di un

repertorio estremamente ampio di antigeni peptidici.
- TCRa TCRp
£ O i) Y €

T cell
CD3



Linfociti T: enorme potenziale di riconoscimento
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questi segmenti - grande diversita V-D-J rearrangement
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Linfociti T: enorme potenziale di riconoscimento

2. Diversita giunzionale

Aggiunta o rimozione casuale di nucleotidi nelle
. . aleng ¢ catena B

giunzioni V-D-J catena e catena [

Genera variabilita molto elevata (anche errori = piu
diversita)
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3. Combinazione delle catene
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Linfociti T: meccanismo di riconoscimento

ANTIGENI: Molecole riconosciute come estranee dal sistema immunitario

class Il




Linfociti T: meccanismo di riconoscimento

T cell contact
residue of
peptide

Polymorphic
residue
of MHC

Anchor
residue
of peptide —

"Pocket" of MHC

Peptide

1) Il TCR deve riconoscere le MHC self
2) Il TCR non deve riconoscere molecole self ma solo antigeni non self



Selezione timica

Selezione positiva:

Avviene nella corteccia del timo. | linfociti T immaturi vengono testati per
verificare se riconoscono le molecole del complesso maggiore di
istocompatibilita (MHC) proprie dell’organismo.

Sopravvivono solo quelli che riescono a riconoscere I'MHC (altrimenti
muoiono).

Selezione negativa:

Avviene nella midollare del timo. | linfociti T vengono esposti ad antigeni
“self” (del proprio corpo).

Vengono eliminati quelli che reagiscono troppo fortemente, per evitare
malattie autoimmuni.



Selezione timica (2)

PROCESSI DI SELEZIONE NEL TIMO

A Thymic CD4+CD8* Mature
epithelial cell thymocytey ' CD4+CD8"

thymocyte
- Lyt Rescue from
Positive | programmed
selection —- cell death;
conversion to
single positive
Low-affinity/avidity recognition
of peptide-MHC complex on
thymic epithelial cell
eiasss
Thymic CD4+CD8
epithelial cell thymocyte
Lack of e
positive ° optoti
spelecﬁon - g ® | cell death
Failure to recognize peptide-MHC
©complex on thymic epithelial cell
Thymic CD4+CD8*
antigen- thymocyte
presenting cell
Negative| [T 7 .
. {4 | CD8 - Apoptotic
SRIPGHON == > ® |cell death

High-avidity recognition of peptide-MHC
complexes on thymic antigen-presenting
cell (some antigens induced by AIRE
in thymic medullary epithelial cells)
Abbas et al: Cellular and Molecular Immunology, Updated 6th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc, All rights reserved,



Linfociti T: meccanismo di riconoscimento
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CD4 and CD8 T cells
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CD8+ T Citotossico

RILASCIO DI
PERFORINE E
GRANZIIMI

CD4+ T Helper

Cellula APC

Cellula _ ,. : (Antigen Presenting Cell)

Infetta

Uccisione Cellula Infetta Attivazione del Sistema Immunitario



CD4+ T cells @
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Extracellular bacteria Intracellular pathogens
Fungi Autoimmunity
Autoimmunity
Staphylococcus, f.ruce.lla,
Streptococcus, C!Isvlt:;:‘;’dia
Pseudomonas, v
5 M. tuberculosis,
E. coli
Salmonella.

iTreg

T Follicular helper cells

Lymphocyte homeostasis Humoral Immunity & B cell Alarcy and usthms
Regulation of immune responses development

http://www.bloodjournal.org/content/112/5 (adapted)

Immune tolerance Extracellular parasites




Sinapsi immunologica
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Processing and presentation of antigens
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Attivazione linfociti T: 3 segnali
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Differenziamento

Activation

Current Opanion in Immunology




Differenziamento

Attivazione: Riconoscimento dell’antigene (patogeno). Coinvolgimento di cellule
presentanti I'antigene (APC) e attivazione

Espansione clonale: Rapida proliferazione dei linfociti attivati. Formazione di molti
cloni specifici per lo stesso antigene

Differenziazione in cellule effettrici

Contrazione: Eliminazione della maggior parte delle cellule effettrici. Morte
programmata (apoptosi) necessaria per il ritorno all’equilibrio del sistema
immunitario

Memoria: Sopravvivenza di alcuni linfociti come cellule della memoria. Risposta piu

rapida ed efficace a una nuova esposizione allo stesso antigene



Phases of T cell mediated immune
response

Immune response

-
-40 Activation phase Time (days) >




Risposta primaria e secondaria
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Cattura dell’antigene nei tessuti
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ANTIVIRAL IMMUNITY



Linfociti T: ruolo nella risposta antivirale
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Clonal Expansion

Clonal ~ Contraction
expansion (homeostasis)

i
]
= T lymphocytes activated by antigen and
£ 1054 costimulation begin to proliferate within 1
i or 2 days, resulting in expansion of antigen-
E specific clones
=]
S 104 -
c 104
S CcD8*
3 T cells
[= . Memory
5 )/ Infection CD4+
< 102{ ---------------- T |
I I I
7 14 200

Days after infection

1) Anche nelle infezioni causate da microbi complessi che contengono molti antigeni proteici, la maggior
parte dei cloni espansi e specifica solo per pochi peptidi immunodominanti di quel microrganismo,
spesso meno di cinque.

2) L'espansione dei linfociti T CD4+ & 100-1000 volte inferiore rispetto a quella dei CD8+, probabilmente
per le loro diverse funzioni. | CD8+ uccidono direttamente molte cellule infette e quindi devono essere
numerosi, mentre i CD4+ attivano altre cellule tramite citochine, per cui ne bastano meno.



Meccanismi di escape virale

Down regolazione dell’espressione di molecole MHC

Herpes simplex
virus (HSV)

Inhibition of antigen
presentation: HSV
peptide interferes with
TAP transporter

Cytomegalovirus

(CMV)

Inhibition of antigen
presentation: inhibition

of proteasomal activity;

removal of class |
MHC molecules from
endoplasmic
reticulum (ER)

Epstein-Barr
virus (EBV)

Inhibition of antigen
presentation: inhibition
of proteasomal activity
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Cellule NK e missing self

Normal cell
(self cell)

No activation, no killing




CMV: esempio di evasione perfetta

1. Blocco dell’esposizione di MHC |

» degradazione dellMHC |

* blocco del trasporto nel reticolo endoplasmatico

* inibizione del caricamento dei peptidi

Risultato: le cellule infette non mostrano antigeni ai linfociti T CD8+

2. Mimicry per ingannare le cellule NK

Il CMV esprime proteine come: UL18, che € un omologo strutturale del’/MHC |
UL18:si lega a recettori inibitori delle cellule NK (es. LIR-1)“fa credere” alle NK che la
cellula sia sana.

Risultato: le cellule infette non sono uccise dalle cellule NK



Infezioni virali acute e croniche

A Acute infection (B)Chronic infection




Risposta immune a infezione acuta

COVID-19



Infezione da SARS-CoV2: risposta innata
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Tempesta citochinica
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The immunopathological manifestations of severe COVID-19
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Infezione da SARS-CoV2: risposta adattativa

Cell Reports

Early induction of functional SARS-CoV-2-specific T
cells associates with rapid viral clearance and mild

disease in COVID-19 patients

Highlights
e Longitudinal immunclogical analyses of COVID-19 from
onset until outcome

e Early induction of SARS-CoV-2-specific T cells is associated
with mild COVID-19

e Detection of functional SARS-CoV-2-specific T cells has
prognostic value

Graphical Abstract
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Infezione severa da SARS-CoV?2

Cluster identification
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Severe Infection are characterized by strong activation
and exhaustion
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The frequency of multi-functiond
CD4+ T cells (positive for at least

whereas the proportion of non-
functional (IFN-y -TNF-a-IL-2-)
subsets increased significantly.

| PD-
TIGIT

. IFN-y Non-function
two cytokines) decreased TNF-a | Single-function
significantly in the severe group,| "2 | Multifunction
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Infezione da SARS-CoV2: risposta immune

Infezione lieve:

» Infiammazione controllata

» Attivazione rapida ed efficace dei linfociti T

» CD4+: buona produzione di citochine antivirali

supporto efficace per la produzione di anticorpi da parte dei linfociti B
» CD8+: eliminano rapidamente le cellule infette

» Formazione di memoria immunologica

Risultato: virus eliminato senza danni importanti

Infezione grave
» Eccesso di citochine inflammatorie (tempesta citochinica)
» Risposta T ritardata o disfunzionale
» Riduzione dei linfociti T (linfopenia)
» Segni di esaurimento (exhaustion) dei T:
* minore capacita di uccidere
* meno produzione di citochine efficaci
» Danno tissutale (soprattutto polmonare)
Risultato: virus + risposta immunitaria causano danno
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Preliminary Communications

ISOLATION AND PARTIAL CHARACTERISATION

OF

ANEW VIRUS CAUSING ACUTE
HEMORRHAGIC FEVER IN ZAIRE

K. M. JorNsON
I. V. LaxGe

Virology Division, Center for Disease Control,

Atlanra,

P. A. WEBB
F. A. MurrHY

Creorgia 30313, US.A.
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The distribution of the fatal pulmonary emboli in the
cntrols was pulmonary trunk (5), main pulmonary
antery (9), lobar artery (9), and segmental artery (6).

In addition, in 5 patients from the control group and
2 from the heparin group, emboli found at necropsy
were considered cither contributory to death or an inci-
deatal finding, since death in these patients was attr-
buted to other causes. Taking all pulmonary emboli
together, 20 in the control group and 2 in the heparin
group, the findings are again statistically signuficant.

Incidence of D.V.T.

o1, was diagnosed clinically by the radioactive-
fhrinogen-uptake test and at necropsy. When the 89 pa-
tients from the Basle centre, initially included in the
wcT. analysis, were withdeawn, the significant differ-
ences observed between the control and heparin groups
remained.

Treatment of D.V.T. and Puimonary Embolism

Exclusion of the Basle data did not change the highly
significant  differences which were observed in the
number of patients requiring treatment for p.v.T. and/or
pumonary embolism in the two groups.

Operative and Postaperative Bleeding

Exclusion of the Basle data did not influence the pre-
viusly reported results’ relating to the incidence of
ogerative and postoperative bleeding.

569

Conclusion

The evidence that low doses of heparin prevent p.v.t.
in most postoperative patients is irrefutable. The main
unresclved question was whether this form of prophy-
laxis also reduces deaths from pulmonary embolism.
This question was answered by the m.c.1.', and the con-
clusion of that trial is not affected by our reappraisal of
the results: subcutancous hr.pmn administration before
and after surgery signi y reduced the incid of
fatal pulmonary embolism, dcuued at mecropsy. The
recent article by Gruber et al.? casts doubt on the con-
clusion of this trial. However, as summarised by Sherry’

.. . one is forced to the conclusion that there is a very
high probability that the differences in the primary end-
point (fatal p..) between the two groups is real, and
that the study should be used to influence the practice
habits of the profession for preventing fatal pulmonary
embolism following abdominal surgery™.

Requests for reprints should be addressed 10 V.V.K.
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Preliminary Communications

ISOLATION AND PARTIAL CHARACTERISATION
OF

ANEW VIRUS CAUSING ACUTE
HEMORRHAGIC FEVER IN ZAIRE

K. M. JouNsoN P. A. Wese
1. V. Laxge F. A. Murpny

Viralogy Division, Center for Disease Conrrol,
Atlanta, Georgia 30333, USA.

Ay outbreak of hamorrhagic fever with an excep-
tionally high mortality-rate occurred in southern Sudan
and northern Zaire with peak case-rates in September,
1976. A W.H.Q. International Commission operated in
Sudan and Zaire from October onward.! ? Blood and tis-
sue specimens from persons with hamorrhagic disease
were sent 1o laboratories in Belgium and England, and
findings from these laboratories appear in the accom-
panying teports.’ ¢ While these specimens were being
studied, Mr E. T. W. Bowen (Microbiological Research
Establishment, Porton Down) sent an aliquot of an
aute blood specimen from a patient in Zaire (no. 718,
patient ME.) to the Center for Disease Control,
Adanta, for additional study.

This specimen, and all subsequent acute specimens,
were inoculated into Vero (African green monkey) cells.
Three days later a distinct cytopathic change (focal
nmunding and refractility) was evident, and an aliquot of
sipernatant fluid was removed for negative contrast
electron microscopy.

ELECTRON MICROSCOPY OF CELL CULTURES
Carban-coated grids were sequentially floated on droplets of

the cell-culture fluid and then on 2% sodium silicotungstate
pH 7. Large numbers of filamentous virus particles were secn
(fig. 1). They were approximately 100 nm in diameter and var-
ied in length from 300 nm to more than 1500 nm. Many had
terminal blebs. Particles had regular surface projections
approximately 10 nm long, and when stained they were seen
to have internal cross-striations indicative of a helical core
structure (fig. 2). In all details, these particles were indis-
tinguishable from Marburg virus particles studied in 1967 (iso-
lates from Germany) and 1975 (isolate from South Africa).*”
Two characteristics were more prominent in the 1976 Zaire
isolate: there was more branching of the filamentous particles
(fig. 1); and more evidence of envelope continuation beyond
the ends of the more rigid internal structure (fig. 1, arrow).
Vero cells infected with the same isolate from Zmre were ex-
amined also by thi lectron
virus particles were found budding from the plasma membrane
of cells (fig. 3), and many of the cells contained inclusion
bodies. These intracytoplasmic inclusions were complex and
dlsl:ncl, and conmted of a finely fibrillar or granular ground
into tubular The latter
have been Eﬂll“d-:l’:d to be the internal helical structure of
mature virus particles. These tubules were sectioned randomly,
some in cross-section, some linearly. The virus particles in

TABLE I-——COMPARISON OF RECIPROCAL L.F.A. TITRES OF
MARBURG (’67, '75) AND MARBURG-LIKE ("76) VIRUS DISEASE

SERA
Year “Time Amigcn

of Human after fe e
illness | Country sera onser Marburg| no. 718
67 76

1967 Germany u 5 mo. 128 <10
K 5 mo. 64 <8

1975 - South DO 1 mo. 64 <4
Africa MC 4 mo. 64 <4

1976, Sudan no. 8 +12 days <2 16
no.9 | +12 days <2 <1

Zaire no. § 1 mo. 4 160
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these sections were identical 1o those observed in the 1967 and
1975 isolates.® *

POSTMORTEM LIVER SPECIMENS
Evidence of infection was scen by light microscopy in three
postmortem human liver specimens from Zaire (received in

Fig. 1-Ebola virus in first Vero-cell passage after inoculation
with patient’s blood from Zaire (reduced from » 44 000).
filamentous particles in ncgative contrast preparations were
more than 1500 nm long; particles had a uniform diameter of 100 nm
and some had ragged ends (arrows).

Fig. 2--Virus particle penetrated by negative contrast medium
showing internal cross-striations (reduced from » 115 000).
Fig. 3-Virus particles, in ultrathin section, budding from

plasma membrane of Vero cell at 3 days after infection

(reduced from » 49 000).

All morphological characteristics were similar to those of Marburg
virus as studied in 1967 and 1975,

THE LANCET, MARCH 12, 1977

formalin). Infection of two of these was confirmed by electron
microscopy. Focal eosinophilic hepatocellular necrosis with
modest inflammatory infiltration was prominent. Large eosine-
philic inclusions were present in many intact hepatocytes, ex
pecially near sites of severe necrosis (fig. 4). These rather
smooth and refractile inclusions were so characteristic that

Fig. 4-Liver from fatal case in Zaire (reduced from : 1100).
Large eosinophilic inclusion bodies (arrows) in many hepatocytes
Focal necrosis and inflammation. Formalin fixation, hematazylis ai
e0sin,
Fig. 5—Virus particles in distended extracellular space in liver
from fatal case in Zaire (reduced from x 20 000).
Despite poor tissue preservation, massive numbers of virs particks
and characteristic inclusion bodies were identified by electron macros
copy of twn of three necropsy specimens.



Il virus

* Particella virale pleiomorfa,
allungata, dotata di involucro,

dimensioni: 80nm x 130-14,000nm
* Ordine: mononegavirales (sSRNA-)

L protein VP40, VP24: 5’@‘
RNA P_rotel,ns ena'ble_z l ®@> (2)
virus reproduction [gi ‘ iy : &
Nucleoprotein LN 7 & tB
NP, o\ O P
VP30, RNA genome 4 \ 3R \ S
VP45 4‘ y I8
&’ . '\Q-“: ’ A Al

VP40, Z | \f:::;'::', /g : Vieal

VP24 \ RN o envelope

Glycoprotein

Feldmann H., NAID


http://www.spiegel.de/fotostrecke/westafrika-ebola-epidemie-weitet-sich-aus-fotostrecke-113039-2.html

Il virus ebola, come gli altri
filovirus, e un virus di gruppo di
rischio 4

*Alta contagiosita

*Elevata mortalita

*Assenza di terapia specifica
*Assenza di vaccini




Epidemia di dimensioni
incredibilmente massicce

I >

| ' | +Nigeria: 2 Unconfirmed, 19 Confirmed
+5enegal: 0 Unconfirmed, 1 Confirmed
Guinea Liberia Sierra Leone

Wiesr Africa 2014%

:

" Uncoafirmed Cases

1995+ Lab-Confirmed

Ebola Outbreaks, 1976 - 2014
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Ebola can only be spread to others after
symptoms begin. Symptoms can appear
from 2 to 21 days after exposure.

e Fever e Stomach pain

e Headache e Unexplained bleeding
e Diarrhea or bruising

e Vomiting e Muscle pain




| segni conclamati

A hemorrhagic
rash appears
over entire
body .

Ebola is still
limited to
parts of
Africa




La Patogenesi: Ruolo diretto del virus

» Pathway 1: Direct damage to cells/tissues due to cytopathic virus

replication
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La Patogenesi: Ruolo della risposta immunitaria

» Pathway 2: Alteration of innate and adaptive immune response, promoting
excessive inflammatory reaction preventing an effective (protective)
response

A.A. Ansari / Journal of Autoimmunity 55 (2014)



Immunita innata e Ebola

Type-l IFNs inhibition

EBOV '\

Type-lIFNs

b | Cytokines/Chemokines storm

Mo © 2 soluble mediators
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DC impairment
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DC maturation
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DC

d NK cell apoptosis
Apoptosis
NK DCINK crosstalk
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Immunita innata: Tempesta citochinica

1h Eh Gene symbol Gene title

D1D2D3 D1 D203
MRPEE
ACVR2

| BELE

. 10

THFEFE
SERBIMET
MFILY
GADDAEA
Clag
DuUsp2
AD]
CCLZ3
BLAMF1
CDa4
chad4
(L1 ]
RABGIFT
THFRSFS

msschandrial ribasornal provsn 86

aclivin A receplor, type |l

sabectin E (andolimial acdhasion makssde 1]

Human inteslaukin 10

tumer nacresis factor (ligand) supartamily, mambar §
nasin, plasmincgen actetor inhibitor fypa 1

nucksar factar, interiesukin 3 regulaied

growth arrest and DhA-damage-induciol:, alpha
Gold aulsinflammatery syndrame 1

dual spaciicily phosphatas 2

Adreramedulin

ehemaking {C-C moif] ligand 23

FprEing Iymphocitic activalion molacula Tamily mambar 1
CO44 antigen

COMa antigen

matric metaliaproteinase 1 (inkerstitial collagenase)
RABE inleracing prodein 1

umer nacresis facar recaplor supsramily, member 5
aderosine deaminass

chamakire |G- molif] receptor 7

iumer nacreais fackar (THF superTamily. mambar 2}
Zn finger protein 36, C3H ype. hemolog mouss)
tumer naresis fackar (THF superfamily, mambar 2}
fumer necresis fackor, alpha-induced protein 3
peniaxin-relaled gene, rapidly incduced by IL-1 beia
dual speciicily phosphatase 1

dual speciicily phosphatase 5

mirascaudin [acivated B-oall fackor-1)

iancallular adhesion maleduals 1 (COS54)

Tumar Neccais facor, alpha-induced prolen &
imarigukin & (imarfanon, beta )

chemaking {C-C mobf) receptor-lke 2

wamal misculaapersunchic fibrasarcama crcogens homelog F (aeian]
guariyiale birding proban 1, mareron-induciol, $Tk0a
Hijmegen broakage syrdrome 1 {nikrin}

plachstnn hamalogy-like domain, family A, mambar 2
THF recaplor-dasacabad facler 1

ehamoking {C-C mail] ligand §

Tumer nacresis faor, Aipha-induced proten 2
EH-damain comlaining 1

chemakine |C-C molif] ligand 20
prestagiandin.endaperaxide synihase 2
andothalin 1

imerieukin 7, bsta

wingless-typs MMTV rmagration) she family, membesr 54
Tumir Nacrcais Eohor, apha-induced probsn 6
ENRmMaking {C-X-C malif) ligand 3

i e aarty raspones 3

M kiNe {C-X-C malif) ligand 2

imarieLiin 15 moapion, alpha

ahemakine {C-C motif] ligand &

baculoviral AP repaat-containing 3
tysosomal-associated membrane protein 3
indalsaming-grymole 2.3 discpeniase

ahemaking |C-5-C molif) ligard 2

gererB-call calany enhancing facter 1

imariaukin B

phosphedissierasa 48, cAMP-apaciic

apinegain

chmmakore | C-C mobif] ligand 4

ahiemakdre | C-C motf] ligand 3

Human inberiewkin B

GTP cyclohydratass 1 (dopa-responsive dyslonia)
guaning rucecids binding protein (5 preben), alpha 13
Babocle immunogiotbn-lke recaplen, sublamily B
CAMF rasporaive alamenl modidaler

October 2011 | Violume 5 | Issue 10 | 1359




Immunita innata: Tempesta citochinica

Ebola Hemorrhagic Fever: Novel Biomarker
Correlates of Clinical Outcome

Anita K. McElroy,"? Bobbie R. Erickson,’ Timothy D. Flietstra,' Pierre E. Rollin,! Stuart T. Nichol,! Jonathan S. Towner,' and
Christina F. Spiropoulou’
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Immunita Adattativa: blocco della risposta
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PD-1 expression may be involved in T cell anergy
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Quando la risposta immune fallisce

Infezione cronica: HIV




HIV & AIDS

Human Immunodeficiency Virus
H - Human
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HIV & AIDS

Acquired Immuno Deficiency
Syndrome

Acquisita, non primitiva

Indebolisce il sistema Immunitario

Deficienza di alcune cellule del sistema
immunitario

Sindrome,un gruppo di sintfomi e differenti
malattie che caratterizzano 'AIDS

£)

AID2|




HIV infetta i linfociti T CD4

: HIV-1
Maturation
@
‘ : Fusion
@ \ Budding

Uncoating

.5..
g

0 ( Translation

Assembly

Reverse o
l transcription © ‘\ M
VAV
ﬁ RNA oxport
PIC“B. et S Sy ,<

Transcnptlon

{ Integration J‘AW.\/\.\M%

Cytoplasm Nucleus |




Storia naturale dell’infezione

Seroconversion Death
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La terapia antiretrovirale
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Events that happen in an HIV infection

HIV-specific
immune response

-

L Establishment of Trapping of virus and
Primary infection in GALT establishment of chronic,
infection persistent infection

Partial immunologic
control of virus replication
v lmmacﬂv:yﬂon
Destruction of <—  Accelerated virus  «—— cytokines and HIV  <4—
Immune System replication envelope-mediated
? aberrant cell signaling

Rapid CD4+ T cell turnover

Source: Longo DL, Faucl AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo ): Marrison’s
Principies of Internal Medicine, 18th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



Infezione da HIV: risposta immune
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The level of HIV in the blood stream
predicts subsequent survival

Rapid Progression

Viral set point

Slow Progression
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Long term non Progressors

| long-term non progressor sono individui infettati da HIV infection che, pur non
ricevendo terapia antiretrovirale, mantengono per molti anni una funzione
immunitaria stabile e non sviluppano la progressione verso AIDS.

Long-Term Nonprogressors

Long-term
nonprogressor

CD4 Cell Count

i 8 Typical
progression
i of HIV
e s ot o e iy WO HOELIOH

5 10
Years Without ART




Viral set point is
determined
by number of viruses
produced by infected cells
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DURABLE HIV CONTROL | ABORTED HIV CONTROL
HIV-specific CTL functionality

HIV-sEg‘ﬁc CTL functionalig
viremia
>

viremia
Time (years) | Time (years)

T proliferation

Magnitude

Magnitude

! proliferation

infected cell




Esaurimento funzionale: PD-1

Con il progredire dell’infezione, pero, 'esposizione antigenica persistente porta a

exhaustion dei linfociti T, con riduzione della funzione effettrice e aumento

dell’espressione di recettori inibitori (es. PD-1).

a Infected Effector T cell
cells/tumor (CD8™)
Reduced
Attenuation of production
PD-L1/ TCR signal '
PD-L2 g : of autocrine

paracrine cytokines
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New virus
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Virus-Specific T Helper Cells: =8
Essential for Maintenance of Effective CTL
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Why is HIV not controlled by
the immune system like
other chronic viral
infections?

Mono
Chicken pox

Herpes simplex




The extreme variability of HIV
over time is a major impediment
to immune control, effective drug

therapy and vaccine development




Viral Escape

La trascrittasi inversa dell’HIV e altamente imprecisa e introduce circa:
~1 errore ogni 10* — 10° nucleotidi copiati

Circa 1 mutazione per genoma virale a ogni ciclo replicativo

» Parallelamente, I'elevata variabilita genetica dell’HIV favorisce il fenomeno del viral

escape, mediante mutazioni negli epitopi riconosciuti dai T che permettono al virus

di sfuggire al riconoscimento immunitario.

» A cio si aggiungono la perdita progressiva dei CD4+ helper e la formazione di

serbatoi virali latenti, che ostacolano ulteriormente una risposta efficace. Nel

-----

immunitaria determina la persistenza cronica dell’infezione.



Take home message

La risposta immune efficace ¢ il risultato di moltissimi eventi che devono essere
coordinati come gli strumenti di un orchestra. Ognuno deve suonare:

- Al momento giusto

- Conil tono giusto

- Conl’intensita giusta

- Per la durata giusta
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