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Activation of  naive and effector T cells by antigen



Risultato degli eventi di attivazione nei linfociti T e B naive



Signal transduction and lymphocyte activation

Sequence of events in T cell responses



Riassunto delle vie di segnale del recettore per l’antigene

Serie orchestrata di stadi che 
coinvolgono molte categorie 
di proteine che producono 
cambiamenti diffusi nelle 
cellule



Signaling from the cell surface involves cytosolic
and nuclear phases



The T lymphocyte co-receptors
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Ligand-receptor pairs
involved in T cell
activation



Formation of a specialized structure: the immunological synapse (SMAC)

Not only signalling but also orientation of effector function
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Lipid rafts
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PKCƟ associata al TCR
Talina associata a LFA-1



Supramolecular activation cluster (SMAC): center (c) and periphery (p)



Functions of  costimulators in T cell activation



Mechanisms of  T cell costimulation by CD28



Multiple signalling pathways converge 
on the IL2 promoter

Il promotore di IL-2 
integra i segnali 
provenienti  sia dal TCR 
che da CD28

La massima attivazione è 
importante per la piena attivazione 
della trascrizione genica



The major members of  the B7 and CD28 families



CTLA-4 down-regulates co-stimulation.
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CD28 is expressed on 
resting T cells.
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CTLA-4 is induced after 
T cell activation.

CTLA-4 is homologous to CD28.

APC

B7
T cell CTLA-4 binds B7 tighter than 

CD28.

CTLA-4 deficiency leads to 
Lymphoproliferation disorder

The mice die 3-4 weeks after birth.
The mice suffer massive tissue destruction.

Hyper-proliferation of T cells



Inhibitory receptors on lymphocytes downregulate immune responses 
by interfering with co-stimulatory signaling pathways

CTLA-4 has a higher affinity than CD28 for B7 and engages it in a multivalent orientation



T Cell Activation by TCR and Co-stimulation Through CD28  
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CTLA4 Receptors Are Up-Regulated Following T-Cell Activation 
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CTLA4 Negatively Modulates T-Cell Activation 
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Blocking Antibodies to CTLA4 Allow Positive Signaling from 
Costimulatory Molecules to T Cells

Leach DR, Krummel MF, Allison JP. Enhancement of antitumor immunity by CTLA-4 blockade. Science 1996;271:1734-1736.



Ipilimumab(Yervoy) in Treatment of  Cancer

• CTLA-4: 

• Down-regulates T-cell activation

• Ipilimumab(Yervoy): 

• Fully human monoclonal antibody

• Blocks CTLA-4 receptor

• Potentiates T cell activation



Immune checkpoints: 

an alternative term for coinhibitory molecules, generally referring to 

inhibitory signals that immune cells must overcome to perform full 

effector functions

Immune checkpoint blockade: 

Therapeutic strategy based on monoclonal antibodies whose goal is

to enhance T cell responses by inhibiting inhibitory receptors





Checkpoint blockade: blocking T cell inhibitory pathway



Regulation of  the T cell response by 
PD1 inhibitory receptor



Functions of  the PD-1 inhibitory pathway

From: Sharpe and Pauken, Nature Reviews in Immunology, 2017



Roles of  PD1 in acute infection and  cancer



Checkpoint blockade : targeting the PD-1 pathway
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The race for PD-1/PD-L1 therapy







Checkpoint Inhibitors | A Famous Patient

• Late stage melanoma with brain 
and liver metastases.

• Given Merck’s KEYTRUDA in 
September 2015

• Cancer was no longer showing 
up on scans in December 2015.

Tolerability and quality of life can be just as important as efficacy.

• President Carter was 91 years old.
• You might not even offer chemotherapy to someone that age 

because it can be so debilitating.
• He was able to continue daily life while on the immunotherapy.



Altre vie di costimolazione….
Ruolo di CD40 nell’attivazione delle cellule T: potenziamento 
indiretto delle risposte T grazie all’attivazione delle APC
(e nei linfociti B…)

• CD40 è un membro della superfamiglia del recettore del TNF
• I membri di questa famiglia attivano principalmente la via di NFkB a cui consegue un aumento della 

sopravvivenza
• CD40 è espresso costitutivamente sui linfociti B
• Membri della superfamiglia del recettore del TNF sono espressi sulle cellule T (es. OX40, 4-1BB…)



Cambi nelle molecole di superficie dopo attivazione delle cellule T



Le cellule di Langherans catturano l’antigene nella cute, migrano negli organi linfoidi
periferici e presentano gli antigeni alle cellule T



Naive T cells migrate through secondary lymphoid tissues, sampling peptide:MHC
complexes on dendritic cells



Le cellule reticolari fibroblastiche formano una rete nelle zone delle cellule T dei 
tessuti linfoidi, facilitando le interazioni tra le cellule T naive e le DC

Le FRC all'interno delle zone delle cellule T negli organi linfoidi secondari producono una matrice 
extracellulare contenente reticolina e fibrille di collagene, che formano una struttura reticolare 
chiamata condotti linfoidi, rivestita da uno strato continuo di FRC.



Naive T cells migrate through secondary lymphoid tissues, sampling peptide:MHC
complexes on dendritic cells



Naive T cells migrate through secondary lymphoid tissues, sampling peptide:MHC
complexes on dendritic cells



Naive T cells migrate through secondary lymphoid tissues, sampling peptide:MHC
complexes on dendritic cells



La fuoriuscita delle cellule T dal linfonodo è controllata da un 
fattore chemiotattico di origine lipidica

S1P

S1P
lyase



FTY720 inhibits S1P-S1P1
axis-mediated lymphocytes egress from the SLO 





Regolazione dell’espressione del recettore di IL-2



IL-2 is key to antigen-induced T cell 
proliferation and differentiation

IL-2 used to be 
called “T cell 
growth factor”

Autocrine stimulation

(a cell makes a hormone 
that is secreted and 
stimulate the cell that 
made it)

Cells divide 2-3 times 
per day for 4 or 5 day
(212 = 4096)

IL-2



No co-stimulation is 
required for activated cell 
to carry out the effector 
function

Co-stimulation 
required for 
activation

Proliferate and 
acquire effector 
function (signals 1 
and 2 and cytokines) 
(differentiate)

Once T cells are activated and have acquired their effector function, they 

do not need co-stimulation (signal 2) to carry out the effector function.



Espansione clonale delle cellule T



General principles of controlling 
immune responses

• Responses against pathogens decline as 
the infection is eliminated
– Apoptosis of lymphocytes that lose their 

survival signals (antigen, etc)
– Memory cells are the survivors

• Active control mechanisms may function 
to limit responses to persistent antigens 
(self antigens, possibly tumors and some 
chronic infections)
– Often grouped under “tolerance”



Sviluppo delle cellule T di memoria



Change in proportions of naive and memory
T cells with age

Abbas 2018


