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Antigen Presentation and 

Peripheral Tolerance 



Abbas, Lichtman, Pillai, 10th. Edition, 2021.

Antigen Receptors of Acquired Immunity



Antigen Recognition by Lymphocyte Receptors

BCRs recognize antigens on 

both native or denaturated

conformation

TCRs do not recognize antigens directly. Small 

parts of protein antigens (peptides) need to be 

bound to MHC molecules and displayed by 

antigen presenting cells (APC)



Abbas, Lichtman, Pillai, 10th. Edition, 2021.

Antigen Presenting Cells



Djaoud & Parham, Annu. Rev. Biochem., 20;89:717-739, 2020.

MHC-peptide/TCR interactions

HLA-A
HLA-B
HLA-C

HLA-DP
HLA-DQ
HLA-DR



Peptide binding to MHC molecules and allotypes

Djaoud & Parham, Annu. Rev. Biochem., 20;89:717-739, 2020.



MHC Class I Pathway

Abbas, Lichtman, Pillai, 10th. Edition, 2021.



Ubiquitin/Proteasome System



Schlesinger et al., Biochemistry, 14(10): 2214-8, 1975.

Ubiquitin

- Identified in 1974, sequenced one

year later

- Present in all living organisms

- 76 aminoacids (8.5 kDa)

-Extremely conserved:

Human X Yeast = 96% identity

MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG
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Jung et al., Molecular Aspects of Medicine, 30: 191-296, 2009.



Elucidation of basic functions of ubiquitin
and protein ubiquitination pathways

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2004/ 



Ubiquitin Modifications

~50% of all modifications

Target proteins to the proteasome



Lys48 Poliubiquitination: 
Proteasome Degradation

UBD

RP: regulatory particle

CP: core particle (20S)

UBD: ubiquitin-binding domain

Adapted from: Hochstrasser, Nature 458(7237):422-9, 2009.



Proteasome 20S (20S Core)

Present in all eukariotic and some prokariotic organisms

2 a rings2 b rings

b1, b2, b5 
subunities: 

proteolitic activity

Jung et al., Molecular Aspects of Medicine, 30: 191-296, 2009.



Groettrup et al., Nat. Rev. Immunol., 10(1);73-8, 2010.

http://picsdigger.com/image/6d0c4b8c/

Types of Proteasomes

Cylindrin

Macroxyproteinase

Multicatalytic proteinase complex

Prosome

2-35 aa peptides

Peaks of:

2-3 aa

8-10 aa

20-30 aa

Optimized for 8-10 aa b5t KO: less CD8+ T cells



Proteasome Regulators

19S 

regulator11S regulator

(PA28)

MW: 2 MDa

Ubiquitin 

binding 

region

Half life:

27 hours Half life:

8-12 days

HeLa cells

Jung et al., Molecular Aspects of Medicine, 30: 191-296, 2009.



MHC Class I Pathway

Abbas, Lichtman, Pillai, 10th. Edition, 2021.



Molecular Coupling
Proteasome-TAP 1/2

11S regulator

- ATP-independent degradation

- Increases degradation of

unfolded proteins

50 times: b1 e b5

10 times: b2

Jung et al., Molecular Aspects of Medicine, 30: 191-296, 2009.



Processing of “Endogenous” Peptides

Groettrup et al., Nat. Rev. Immunol., 10(1);73-8, 2010.



MHC Class II Pathway

Abbas, Lichtman, Pillai, 10th. Edition, 2021.



MHC Class II Pathway

Abbas, Lichtman, Pillai, 10th. Edition, 2021.



History of Lisosomal Proteases

Peritoneal macrophages
125I-Listeria monocytogenes

Drug exposure (1 h):

- Before handling: starting 30 min before Listeria uptake

- After handling: 30 min after Listeria uptake

Lysosomotropic Agents (Biochem Pharmacol 23:2495-2531, 1974)



Cathepsin S: essential to antigen presentation

35[S]-methionine/cysteine

Treatments: 

- LHVS (Cathepsin S 

inhibitor)

- E64D (broad spectrum 

cystein protease inhibitor)

Immunoprecipitation:

anti-HLA-DR1

Immunity, 1996, 4: 357-366.



Invariant Chain Degradation

Hsing & Rudensky, Immunol. Rev., 207:229-41, 2005.

Villadangos et al., Immunological Reviews 172:109-20, 1999.



Cathepsin S and L Expression by APCs

Hsing & Rudensky, Immunol. Rev., 207:229-41, 2005



MHC Class II Pathway

Abbas, Lichtman, Pillai, 10th. Edition, 2021.



Class II Compartment (MIIC)

Kleijmeer et al., J. Cell Biol., 139:639-49, 1997



Final Steps of MHC Class II Pathway

Abbas, Lichtman, Pillai, 10th. Edition, 2021.



- Thymic deletion of self-reactive T cells is only ~60–70% 

efficient

- Peripheral naive T cell repertoire contains a significant 

portion of low-avidity, self-reactive T cells 

- Peripheral tolerance checkpoints include:

1) Mechanisms that act directly on the responding T 

lymphocyte (T cell-intrinsic mechanisms)

2) Mechanisms that depend on other cell subsets, such as 

regulatory T cells (Treg cells) and dendritic cells (T cell-

extrinsic mechanisms).

Peripheral T cell Tolerance: Facts



Checkpoints for Peripheral
T cell Tolerance

EITanbouly & Noelle, Nat. Rev. Immunol., 21(4):257-267, 2021.



Checkpoints for Peripheral
T cell Tolerance

- Quiescence: sleeping?

- Ignorance: it is there, but they just do not know.

- Anergy: insufficient signals? The starting motor does 

not work...

- Exhaustion: tired, they are done...

- Senescence: just getting old!

- Deletion: shot and killed!



Checkpoints for Peripheral
T cell Tolerance

EITanbouly & Noelle, Nat. Rev. Immunol., 21(4):257-267, 2021.



Development of T cell subsets

Adapted from: Golubovskaya & Wu, Cancers, 8(3):36, 2016. 



Regulatory T cell subsets

Rocamora-Reverte et al., Front. Immunol., 11:616949, 2021.



Mechanisms of Suppression by Regulatory T cells

Adapted from: Schmitt & Williams, Front. Immunol., 4:152., 2013.



Immune dysregulation, polyendocrinopathy, 
enteropathy, X-linked (IPEX) syndrome

Barzaghi & Passerini, Front. Pediatr., 9:612760, 2021.



http://docplayer.net/1255997-Foxp3-il-peacekeeper-del-sistema-immunitario.html

Immune dysregulation, polyendocrinopathy, 
enteropathy, X-linked (IPEX) syndrome



Dendritic cells: tolerance versus immunity

Fucikova et al., Front. Immunol., 10:2393, 2019.



Fucikova et al., Front. Immunol., 10:2393, 2019.

Tolerance or immunity depend on the molecular
Interaction with T cells



Extrathymic Role for AIRE in peripheral DCs

Gardner et al., Immunity, 39, 560–572, 2013.


