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| sistemi delllimmunita innata ed adattativa sono strettamente integrati tra loro a livello cellulare e molecolare

Antigen Presenting Cells (APC)
Cellule dendritiche

Ponte tra immunita innata e acquisita




Dendritic cells (DC) are present in all the tissues that are in
contact with the external environment including:

o« The skin (specialized DC population: Langherans cells)
o« The inner lining of the nose, lungs, stomach and
intestines and genital tract

DC can also be found in an immature state in the blood



https://en.wikipedia.org/wiki/Langerhans_cell
https://en.wikipedia.org/wiki/Human_nose
https://en.wikipedia.org/wiki/Lungs
https://en.wikipedia.org/wiki/Stomach
https://en.wikipedia.org/wiki/Intestine
https://en.wikipedia.org/wiki/Intestine
https://en.wikipedia.org/wiki/Blood




RECOGNITION OF ANTIGENS
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INNATE IMMUNE RECOGNITION BY
TOLL-LIKE RECEPTORS
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Genes regulated by NF-kB

Genes under the control of NF-xB

Inflammatory cytokines

TNF

|L-1

IL-6

IL-12
Lymphotoxin o/p
GM-CSF
IFN-B
Chemokines
IL-8

MIP-1a
MCP
RANTES
Eotaxin
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Adhesion molecules
|CAM-1

VCAM-1

E-selectin

Immune effector molecules
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Pro-survival molecules
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Antiviral interferon-stimulated genes

Table |

Gene Symbol Targeted Viruses Viral life cyde Mechanism related to antiviral Ref.
VSV, WNV, YFV]

APOBEC3 HIV-1, other retroviruses replication cytidine deamination of viral genome [14]

BST2 (tethenn) filovirus, FLUAV, HIV-1, egress budding block release of nascent vinons 4740

¢ LASV, VsV e ]

CéorflS0MB2ID]) CHIKV, VEEV, WNV, YFV  translation unknown 22

D4 HIV-1 replication unknown [22]

DDIT4 HCV tanslation unknown [22

DDX58 (RIG-]) mmerous ENAand DNA ~ translation, replication viral sensing, activation of IRFs [5051]
viruses

DDX50 HCV, PV, BV translation (HCV) promote RIG-Flike receptor signaling ~~ [22.42)

EIF2AK2 (PKR) mumerous RNA and DNA anslation targets EIF2A [52)
virusss

GBP1L.GBR2 EMCV, HCV(r). VSV replication unknown [53]

HPSE CHIKV, VEEV, WNV, YFV  unknown unknown [22]

IFI44L HCV translation unknown [22)

IFI6 / GIP3 HCV(r), YFV unknown unknown, possibly antiapoptotic [2254]

IFTHI (MDAS) mumerous RNA and DNA translation, replication viral sensing, activation of IRFs [50.51]
viruses

IFITI23/5 FLUAV, HPV, MEV® translation, replication EIF3 subumits, HWV [25-28]
RVFV. SINV, VSV, WNV* bekase. i 5 e

IFITM1/2/3 DENV. filovirus, FLUAV, unknown, X 2485
HIV-1, SARS-CoV, VSV, e pathway T —_—— B -
WNV, YFV

IRF1 mumerous RNA and DNA similar to IFN IFN induction, direct ISG induction [223556]
virusss

IRF7 mumerous RNA and DNA similar to IFN IFN indixtion, direct ISG induction [22,57.58]
viruses

ISG15 FLUAV, HIV-1, HSV-1, vanous modulate in function 59,60/
JEV, MHV-68, SINV, ISGylati P ‘U e
VVAESL

1SG20 BVDV, DENV, EMCV, viral RNA 3 examiciase 19,61,
FLUAV, HCV, SINV, VSV, o e : =
WNV(E), YFV

MAP3K14 (NIE) HCV ranslation unknown, possiblyNF-xB activation 221

MOV10 HIV-1, HCV post-entry (HIV-1) mknown [2263]

MS4A4A HCV tanslation unknown [22]

MN1(M=A) CVB, FLUAV, . primary transcription, formation of highly ordered oligomers [64]
THOV, VSV, others

MO (MxB) HIV-1, HNTV, LACV, unknown unknown [22.64]
RVFV. VsV

NAMPT (PBEFI) VEEV. WNV unknown unknown [22]

NT5C3 HCV tmanslation umknown 22

0AS123 CHIKV, DENV, EMCV, replication activate RNaseL to degrade viral [63]
HCV(), SFV, SINV, WNV Zenome

Antiviral
Interferon-sti
mulated
genes (ISG)




Dopo avere attivato la risposta immune
innata, le Cellule Dendritiche stimolano la
risposta immune adattativa attraverso la
presentazione del complesso binario
antigene- MHC Classe Il




a PRR-driven antiviral response

Magnitude —»
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b Memory CD4* T cell-driven antiviral response
Virus

MHC  derived

class Il  peptide

Key signals delivered to DC
by CD4" T cell are unclear

Magnitude —»

Nature Reviews | Immunology
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La cellula dendritica Il patogeno é degradato Le proteine del patogeno | || peptidi si legano alle molecole 's?fe":'; :?'::':::T
cattura il patogeno allinterno sono denaturate e tagliate | | MHC e i complessi migrano || dz?ﬂuc ;u“a s'; m'icia
per degradarlo della cellula dendritica in piccoli pezzi sulla superficie cellulare daile collula dendiitica
Cellula T
Molecola
h 2 o
a 7 Q? MHC @ ¢
- Recettore
’> ’> \4 ’> Ej% 3 della cellula T
U U W Y
o @ R N
proteina o°
del patogeno - e
Cellula dendritica

Figura 3.7 | recettori dei linfociti T riconoscono gli antigeni
peptidici prodotti dalla degradazione delle proteine del pa-
togeno. Le cellule dendritiche inglobano i patogeni e ne degrada-
no le proteine in piccoli peptidi e aminoacidi. Alcuni di questi pep-
tidi vengono legati all'interno della cellula ad alcune proteine det-
te molecole MHC, che trasportano i peptidi sulla superficie cellula-
re delle cellule dendritiche. Una volta in superficie, il complesso
rappresentato dalla molecola MHC e dal peptide antigenico &

il | Peter Parham
Il Sistema Immunitario
EdiSES

accessibile ai recettori dei linfociti T circolanti. Se vi & corrisponden-
za tra I'antigene e il recettore della cellula T, i linfociti T restano
legati alla cellula dendritica e sono stimolati a dividersi e a diffe-
renziarsi. Sebbene altri tipi cellulari possiedano le molecole MHC e
presentino gli antigeni, la cellula dendritica & la piu adatta a tal
fine ed & responsabile dell'innesco della risposta immunitaria pri-
maria — cioé della risposta immunitaria verso un patogeno che
infetta un individuo e determina la malattia per la prima volta.




RECOGNITION OF ANTIGENS

PAMP or
O Pathogen

Pathogen Toll
Endocytic
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Dendritic
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La produzione di diverse combinazioni di citochine da parte
delle cellule dendritiche durante la presentazione del
complesso antigene/MHC ai T linfociti guida la
differenziazione dgli stessi verso diverse linee funzionali
(TH1, TH2, TH9, TH17, Treg, etc)

Ciascuna di tali linee differenziative € meglio specializzata a
sostenere una particolare risposta effettrice




|:> T cell Immunity

IL-12
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TGFB @ |:> Inflammation

TGFp
Tolerance/suppression

B cell Immunity
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Population subsets

Cytokines
Tfh > |L-21
Transcription
factors
STAT3 > s
/ STAT6
STAT4 —> Thi | > IFN-y
IL-17a
P
IL-17f
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> |L-35
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Function Target cells

Cellular immunity
Intracellular bacteria
Viruses

Macrophages
Dendritic cells

Humoral immunity

Allergic disease Eosinophils
Parasites Basophils
Autoimmunity '
Extracellular bacteria Neutrophils
Fungi
Immune tolerance ‘ .
Regulation of immune Antigen presenting cells

responses

Treg
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e The existence of a suppressor T cell population was postulated
several years ago, (Tada T et al., Annu Rev Immunol 1984).

e Suppressor T cells restrict induction or expression of effector T
cells thereby prevent or terminate eccessive responses or, in the
case of self-reactive T cells, autoimmune disease.

e Suppressor T cells, now renamed “regulatory” T cells (Treg cells)
have been isolated from mouse and human, and their suppressive
or regulatory capacity has been demonstrated in vivo and in vitro.
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Medulla

High-affinity Low-affinity
self antigen self antigen

b Peripheral lymphoid organ
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L benefici e svantaggi

(

Recipient APC MHC
classll TCR ==

Denor/recipient
APC

* T-cell homeostasis

* prevents autoimmune disease
* tolerance after transplantation
* prevents GVHD

* prevents allergy

* prevents hypersensitivity

Detrimental effects:

* down-regulation of tumour immunity .
* down-regulation of immunity to infection Nature Reviews | Inmunology
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T eg—based Immune intervention strategies

‘ Tumor immunity

‘ Microbial infection
/ ® Autoimmunity

— @ Allergy

‘ Transplantation

‘ Transient depletion

‘ Curtailing
‘ Enhancement

@ Pregnancy disorders

of Treg function
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Effector phase Memory phase

Dendritic cell
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IMMUNOGENS

Follicle with
Germinal Centers

SARS-COV-2

B—>T

Block in Bcl-6+ Tfh cell
differentiation

TNF alpha
secreting No Germinal
cells centers

T ed i B linfociti memoria
migrano nei centri germinativi
nei linfonodi; cio e la
espressione di particolari
proteine (p.es. Bcl6) e
fondamentale per permettere
la loro sopravvivenza e la
produzione di anticorpi ad alta
affinita.

SARS-CoV-2 altera questo
meccanismo




COSA FA UN VACCINO?

Un vaccino utilizza proteine del patogeno private della
componente di tossicita per indurre il priming dei
linfociti vergini e trasformarli in cellule della memoria.

Un vaccino, dunque, trasforma la natura della risposta
immune da primaria a secondaria
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MECCANISMI IMMUNOLOGICI INDOTTI
DAL VACCINO IDEALE

ANTICORPI

e Legano il patogeno; ne neutralizzano la infettivita e gli
impediscono di infettare le cellule; contribuiscono alla
eliminazione del patogeno

T LINFOCITI CITOTOSSICI (CTL)
e Riconoscono le cellule che sono state infettate e le uccidono
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Ruolo delle diverse risposte immune
indotte da un vaccino

O &
X0 )
Anticorpi +++ +/-

T linfociti - +++



% Decrease of viral infections in most
recent reports vs pre-vaccine era of

VaccinesWork!

e Disease » Disability « Death (prevent 6-9 million/year)  Inequity worldwide
Herd immunity can help eliminate diseases without 100% coverage
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This visualisation is from OurWorldinData.org. Licensed under CC-BY-SA by the author Max Rose

the in the US!
Diphtheria H. Influenza
100% 99% Vaccines greatly reduce:
Hepatitis A Polio
91% 100% 2 :
Vaccine innovation: 1880 to 20162
Hepatitis B Congenital Rubella Tuw’::::;
83% 99% Typhoid fever
Meningitis
Whooping cough
Pertussis Pneumococcal Dengue fever
93% disease i
76% Chicken pox
Measles
Measles Smallpox Birth defects, mononucleosis
9% 100% Hepatitis
Diarrheal disease
Ebola
Mumps Varicella s am:
99% 89%
Tetanus Rubella

093%

099%

1 Onine. Avadable at hiips /www lorbes comVsites/matthewherper2013/02/19'a-graphic-that-drives-home-how-vaccings-have-changed-our-workd#3b1e007¢3302 Accessed Sept 20

2. Onine. Avadable at hitps:/‘ourworidindata org/vaccnation#vaccing.innovaton, Accessed Sept 20
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Challenging infectious diseases

Historically successful vaccines have been developed mostly against
those pathogens that can be treated by antibodies and have a stable
antigen repertoire (Box 1 Figure). HIV, malaria and tuberculosis
vaccines do not fall within the cluster of successful vaccines in the
graph, because of antigenic variability and the requirement of T-cell
immunity for protection. Developing vaccines against these pathogens
requires novel approaches.

Successful vaccines
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Figure 1| Interactions with antigen-presenting cells that regulate T cell responses. Antigen-presenting cells (APCs),
such asdendritic cells {DCs), regulate antigen-specific T cell responses to pathogens or malignans cells The Toel receptars
(TCRs)on antigen-specific T cels first recognize their cognate antigens, which are presented on MHC moleculeson APCs
(signal 1}. This step must be followed by a signal to CD 28 on T cells from CDE0 on the APCs, which Isdescribed as “sgnal 2",
Several dfferent igands on DCs then provide signals to T cells that determine the quality and duration of the effector
response. Recepeor-ligand Interactions that amplify effector T cell responses (ndicated by green amows) include CDM0-
CD40 ligand (CDM0L), OX40-OX40L, 4-168-4-18BL (also known as CD137L) induc ble T cell co-stimulator (COSMHCOSL
and CD27-CDT0. There are alsa receptor-ligand interactions that suppress effector T cell responses ired square ammows) to
maintain seif-tolerance and limit the duration of the immune responses ta minimize bystander damage to host tissue.
These include lymphocyte activation gene 3 protein {LAGIH-MHC class I T cell immunoglcbulin mucin receptar 3 (TIM3)-
galectin 9, programmed cell death protein 1 (PD1)-programmed cell death 1 bgand 1 (PDLI) PD1-PDL2, Teell
Immunorecoptorwith immunaglobulin and ITIM domalns (MIGIT)-CD155, cytotoxic T lymphocyte antigen 4 {CTLA4)-CDE6
or CTLA4-CDB0, ghucacorticold-induced TNFR-related protein (GITR)-GITR ligand (GITRL) and B and T lymphocyte
attenuator (BTLAMherpes virus entry mediator (HVEML The 7" refiers to an unknown recepeor that “activates’ Toells.
Antibody symbols represent pathways being tested In curent clinical trials. The green antibod les Indicate pathays
undergoing clinical trials for cancer, and the dark blue antibodies indicate those already In clinical use.




Expression APCs; APCs; APCs, B cells, APCs, B cells,
inducible inducible other tissues; other tissues;
inducible inducible
Name B7-1 B7-2 ICOS-L PD-L1 PD-L2 B7-H3
(CD80) (CD86)

Ligands on
APCs and
other cells

Receptors
on T cells

B ITIM-like motif YN BY Y y Y
Y Tyrosine residue - C C
Name CD28 CTLA-4 ICOS PD-1 ?
Expression T cells; T cells; T cells; T cells, B cells,
constitutive inducible inducible myeloid cells;
inducible
Major Costimulation Negative Costimulation Negative
function of naive T cells regulation of effector regulation
of immune T cells of T cells
responses; in peripheral
self-tolerance tissues




ATTIVAZIONE LINFOCITIT
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ATTIVAZIONE

Ag/MHC class | |

Ag/MHC class | |

<
CTLA-4
B7-1/B7-2

SEGNALE REGOLATORIO NEGATIVO
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Pathway acrivation

Biological consequences

Therapeutic application

PD-L1/L2 PD-1 T cell ligation of - Prevents T effector PD-1: PD-L1 blockade to:
PD-1by PD-L1 cell generation and - Activate immunity
expressed on expansion against chronic infections
infected cells - Inhibits immunity (e.g. HCV, HIV, malaria)

against viruses and - Improve outcome of
Infected cell other pathogens vaccination
PD-L1/12 T cell ligation of - Prevents generation of | PD-1 activation to:
— PD-1by PD-L1 self-reactive T effectors | - Induce self tolerance in
— expressed on APC | - Suppresses activation | autoimmune diseases
; s> e and tissues of escaping self- - Induce donor-specific
APC/DC reactive T effectors tolerance in allogeneic
- Induces Tg,, cells organ transplantation and
- Mamtams self hematopoietic stem cell
tolerance transplantation
- Prevents
Epithelial cells autommunKy
Tissues
VERY T cellligation of | -Inhibits expansion of | PD1: PD-L1 blockade to:
PD-1by PD-L1 tumor-specific T - Activate immunity
expressed on cancer | effector cells agamnst cancer
cell and APC(DC, |- Induces Treg cells
MDSC, M2, - Induces tumor
stromal fibroblasts) | tolerance
of the TME - Prevents anti-tumor

Cancer

Stromal
fibroblast




Mechanisms of tumor evasion

C Release of
immunosuppressive factors

B Recruitment of
immunosuppressive cells

®

Tregs MDSCs

Factors/enzymes directly
o ® or indirectly suppress
@ immune response

D T-cell checkpoint

A Ineffective presentation dysregulation

of tumor antigens to the
immune system

Downregulation of  Suppression
MHC expression of APC

CTLA-4
PD-4
B7-1

TIM-3

CD28
0OX40
GITR

CD137 BTLA
CD27
VISTA
HVEM LAG-3
Co-stimulatory Co-inhibitory
receptors receptors

Tumor microenvironment
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‘ Activation ' : :
Costimulatory
blockade

FIGURE 9-7 The mechanism of therapeutic costimulatory

blockade. A fusion protein of the extracellular portion of CTLA-4 and
the Fc tail of an IgG molecule is used to bind to and block B7 molecules,

thus preventing their interaction with the activating receptor CD28 and
inhibiting T cell activation.




Cancer immunotherapy

Qf with mAb to PD-1
A ﬁ

Cancer immunotherapy
with mAb to PD-L1 or PD-L2

TRENDS in Molecular Medicine




PD-1/PD-L1 blockage enhances tumor
rejection by activated T cells

T “ Memo Memory
o * TRegulato ry * TRegulatory




Improved Overall Survival
(advanced stage melanoma)
by immune checkpoint blockade therapy

APC/target cell
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