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ɼ˂ʽ˄ʽˁʺ ɮ˄ˇˋˇ˂ˇʴʾʰ 

)h ʰ˄ˍʽʴˇ˄ʽˁˈˍʹˍʰ (antigenicity)  ́ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ʰ˄ˍʽʴˈ˄ˇˎ (antigen) ˄ h
ˋˎ˄ʵʷʶˍʰʽ ˃ ʁˍ hʰ˄ˍʽˋ˗˃ʰˍʰ ʺκˁʰʽ ˍ hʶˎʰʽˋʻʹˍˇˉˇʽʹ˃ʷ˄ʰ ʆ-˂ʶ˃˒ˇˁˏˍˍʰˊʰ 
ʰ˄ʶ˅ʱˊˍʹˍʰ h  ˄ɻ ʽʰʻʷˍʶʽ  ̋̍ ˔ʽ h ˄ˇˋˇʴˇ˄ʽˁˈˍʹˍʰ 
 
)̡ ʰ˄ˇˋˇʴˇ˄ʽˁˈˍʹˍʰ (immunogenicity)  ́ ʽˁʰ˄ˈˍʹˍʰ ʶ˄ˈˌ ʰ˄ˍʽʴˈ˄ˇˎΣ ˍˇˎ 
ʰ˄ˇˋˇʴˈ˄ˇˎ (immunogen) ˄  hʁ ˉʱʴʶʽ h ˄ʽ˔˄ʶˏˋʽ˃ʹ ʁ ʽʵʽˁʺ ʰ˄ˇˋˇ˂ˇʴʽˁʺ h ˉˈˁˊʽˋʹ  
 
ʴύ ʰ˄ˇ˔ˇʴˇ˄ʽˁˈˍʹˍʰ (tolerogenicity)  ́ ʽˁʰ˄ˈˍʹˍʰ ʶˉʰʴ˖ʴʺˌ ʰ˄ˇˋˇ˂ˇʴʽˁʺ 
ʰ˄ˇ˔ʺˌ ό˃ʹ ʰˉˈˁˊʽˋʹύ, ʽˁʰ˄ˈˍʹˍʰ ˍ˖˄ ʰ˄ˇ˔ˇʴˈ˄˖˄ (tolerogen) ˄ hˁʰˍʰˋˍʷ˂˂ˇˎ˄ 
ˍʹ˄ ʁ ʽʵʽˁʺ ʰ˄ˇˋˇ˂ˇʴʽˁʺ h ˉˈˁˊʽˋʹ  

ʆˇ ʰ˄ˇˋʽʰˁˈ ˋˏˋˍʹ˃ʰ ʰˉʰ˄ˍʱ ʶʽʵʽˁʱ  

ˋʶ ζʷ˅˖η ʺ ζʷˋ˖η ʰ˄ˍʽʴˈ˄ʰ 

ɲʽʱˁˊʽˋʹ ʾʵʽˇˎΣ ˃ʹ-ʾʵʽˇˎ 

ωʆˇ ʰ˄ˇˋˇ˂ˇʴʽˁˈ ˋˏˋˍʹ˃ʰ ʰˉˇˁˊʾ˄ʶˍʰʽ ˋʶ ˅ʷ˄ʰ ʰ˄ˍʽʴˈ˄ʰΣ 
ʰ˂˂ʱ ˈ˔ʽ ˋʶ ʰˎˍˇʰ˄ˍʽʴˈ˄ʰ (self antigens) 

ωʆʰ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ ˁʰˍʱ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʺ ˍˇˎˌ ʶˁ˒ˊʱʸˇˎ˄ 
˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ʰ˄ˍʽʴˇ˄ʽˁ˗˄ ˎˉˇʵˇ˔ʷ˖˄ 

ωɲˎ˄ʹˍʽˁʱ ˈ˂ˇʽ ˉʰˊʱʴˇˎ˄ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ ˃ʶ ʽˁʰ˄ˈˍʹˍʰ ˄ʰ 
ʰ˄ʰʴ˄˖ˊʾʸˇˎ˄ ʰˎˍˇʰ˄ˍʽʴˈ˄ʰ 

ωʆʰ hˎ ˍˇʰ˄ˍʽʴˈ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰʴ˄˖ˊʽˋʻˇˏ˄ ʰˉˈ ˍˇ 
ʰ˄ˇˋˇ˂ˇʴʽˁˈ ˋˏˋˍʹ˃ʰ 

ωʆʰ ʰˎˍˈ-ʰ˄ˍʽʵˊʰˋˍʽˁʱ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ ˉˊʷˉʶʽ ˄ʰ 
ˁʰˍʰˋˍˊʰ˒ˇˏ˄ ʺ ˄ʰ ʰˉʶ˄ʶˊʴˇˉˇʽʹʻˇˏ˄ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
ʰˉˇ˒ʶˎ˔ʻʶʾ ʹ ʰˎˍˇʰ˄ˇˋʾʰ 
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ɮɿʁʅʁɽʁɱɹɼɶ ɮɿʁʋɶ όIMMUNE TOLERANCE) 
ɳʽʵʽˁʺ ˃ʹ ʰˉʱ˄ˍʹˋʹ ˋʶ ʰ˄ˍʽʴˈ˄ˇ ˉˇˎ ʶˉʱʴʶˍʰʽ ʰˉˈ ʷˁʻʶˋʹ ˍ˖˄ 
˂ʶ˃˒ˇˁˎˍˍʱˊ˖˄ ˋʶ ʰˎˍˈ 
ɲʽʰ˒ˇˊʶˍʽˁʷˌ ˃ˇˊ˒ʷˌ ˍˇˎ ʾʵʽˇˎ ʰ˄ˍʽʴˈ˄ˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʱʴˇˎ˄ 
ʰ˄ˇˋˇ˂ˇʴʽˁʺ ʰˉˈˁˊʽˋʹ ʺ ʰ˄ˇ˔ʺ  
 
AYTO-ANOXH (SELF-TOLERANCE) 
 
ɮʇʆʁɮɿʁʅɹɮ όAUTOIMMUNITY) 

 - h ˎˍˇʰ˄ˍʽʵˊʰˋˍʽˁʱ ˂ ʶ˃˒ˇˁˏˍˍʰˊʰ 

 - h ˎˍˇʰ˄ˍʽˋ˗˃ʰˍʰ 

 
ɮʇʆʁɮɿʁʅɳʅ ʃɮɸɶʅɳɹʅ όAUTOIMMUNE DISEASES) 

 - ̌ ˊʴʰ˄ˇʶʽʵʽˁʷˌ 

 - ̀ ˎˋˍʹ˃ʰˍʽˁʷˌ 

ɲˏˇ  
ʶˉʾˉʶʵʰ 
ΨΨʰ˄ˇ˔ʺˌΩΩ 
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Activation 
Effector T cells 

ʊˎˋʽˇ˂ˇʴʽˁʱ: h ˉˈˁˊʽˋʹ  
ʷ˄ʰ˄ˍʽ ˉʰʻˇʴˈ˄˖˄ 

ʃʰʻˇ˂ˇʴʽˁʱ: ˒ ˂ʶʴ˃ˇ˄˗ʵʹˌ 
˄ˈˋˇˌ, ̄ Φ˔Φ h ˎˍˇʰ˄ˇˋʾʰ 

Tolerance 
Regulatory T cells 

ɮˎˍˇʰ˄ˇ˔ʺ 
ɴ˂ʶʴ˔ˇˌ ˍ˖˄ ʰˉˇˁˊʾˋʶ˖˄  

ˋˍʰ ˉʰʻˇʴˈ˄ʰ 

ɮ˄ˇˋˇ˂ˇʴʽˁʺ ˇ˃ˇʽˈˋˍʰˋʹ: ʶ˅ʽˋˇˊˊˈˉʹˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ 
ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍ˖˄ ˂ʶ˃˒ˇˁˎˍˍʱˊ˖˄ ˁʰʽ ˍˇˎ ʶ˂ʷʴ˔ˇˎ 

ɳ˄ʶˊʴˇˉˇʾʹˋʹ  ̋ɮ˄ˇ˔ʺ;; 

Vɹʵʽˈˍʹˍʶˌ ʰ˄ˍʽʴˈ˄ˇˎ (Ag) 

Vʅˍʱʵʽˇ ˖ˊʾ˃ʰ˄ˋʹˌ Ag-ʶʽʵʽˁˇˏ ˂ʶ˃˒ˇˁˎˍˍʱˊˇˎ 

Vɳˊʶʻʾˋ˃ʰˍʰ ˃ʽˁˊˇˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁ ʰˍʱ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎ ʰˎˍˈ-Ag 

V ʁʵˈˌΣ ˔ˊˈ˄ˇˌ ˔ˇˊʺʴʹˋʹˌ 

V ɮ˄ˇˋˇʶ˄ʽˋ˔ˎˍʽˁʱ (adjuvants) 

V ʊʰʽ˄ˈ˃ʶ˄ˇ ʱʴ˄ˇʽʰˌ ζignoranceηΚΚ 

V ɲʶ˄ ʴ˄˖ˊʾʸˇˎ˃ʶ ˉˇʽʱ ʰˎˍˈ-Ag ʁ ˉʱʴˇˎ˄ ˁʶ˄ˍˊʽˁʺ ʺ ˉʶˊʽ˒ʶˊʽˁʺ ʰ˄ˇ˔ʺ 

ɸʶˍʽˁʺ ʶˉʽ˂ˇʴʺ 

ɮˊ˄ʹˍʽˁʺ ʶˉʽ˂ˇʴʺ 

ʆ- ɼɳɿʆʄɹɼɶ ɮɿʁʋɶ 
˒˂ˇʽˈˌ ʻˏ˃ˇˎ 



8/12/2014 

4 

peripheral tissue antigens are expressed  
in thymic medullary epithelial cells under the control of the  

autoimmune regulator (AIRE) protein 

Deletion of self - reactive T cells in the thymus:  
how are self antigens expressed in the thymus?  

AIRE (autoimmune 
regulator) is a regulator 
of gene transcription  
that stimulates thymic 
expression of many self 
antigens which are 
largely restricted to 
peripheral tissues  
 
Discovered as the 
genetic cause of a 
human autoimmune 
disease (APS - 1)   
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ʆ- ʃɳʄɹʊɳʄɹɼɶ 
 ɮɿʁʋɶ 

T cell anergy 
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2  ̌˃ ʺ˄ˎ˃ʰΦΦΦΦΦ 

 ̫ ˄ʰˊ˅ʹ, ɻ ʽʰˍʺˊʹˋʹ ̱ ˖˄ ʁ ʽʵʽˁ˗˄ h ˄ˇˋʽʰˁ˗˄ ʰˉˇˁˊʾˋʶ˖˄ 

 ́ ˏʻ˃ʽˋʹκʰ˄ʰˋˍˇ˂ʺ ̱ ˖˄ ʁ ʽʵʽˁ˗˄ h ˄ˇˋʽʰˁ˗˄ h ˉˇˁˊʾˋʶ˖˄ 

 ʁ ˉʰʴ˖ʴʺ ̱ ʹˌ h ˄ˇ˔ʺˌ ̀ ˍʰ ζʾ ʵʽʰη h˄ ˍʽʴˈ˄ʰ ˍˇˎ ˅ ʶ˄ʽˋˍʺ 

ˋˎ˄-ʵʽʷʴʶˊˋʹ ґ ̀ˎ ˄-ʰ˄ʰˋˍˇ˂ʺ 

Å ʇˉˇʵˇ˔ʶʾˌ όreceptors) ˋˍʰ T ˁ ˏˍˍʰˊʰ 

Å ʅˏ˄ʵʶˋ˃ˇʽ όligands) ̀ ˍʰ ɮʃɼκʽˋˍˇˏˌ 

Li  et al. Immunol Rev 2009 
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B7/ CD28 ̌ ʽˁˇʴʷ˄ʶʽʰ 

ωT-ˁˎˍˍʰˊʽˁʺ ʶ˄ʶˊʴˇˉˇʾʹˋʹ:  

ςCD28_____B7-1, 2 

ςICOS_____ICOS-L 
 

ωT-ˁˎˍˍʰˊʽˁʺ ʰ˄ʰˋˍˇ˂ʺ: 

ςCTLA-4 _____B7-1, 2 

ςPD-1_____PD-L1, 2 

ɲʹ˃ˇ˒ʽ˂ʺ ʸʶˎʴʱˊʽʰΦΦΦΦΦΦ 

APC 

TCR 

CD28  

Naµve 

T cell  

B7 

B7:CD28 

B7:CTLA-4 

CTLA-4 

ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ, 

ŭɘŬűɞɟɞˊɞɑɖůɖ 

ŬɜŮɟɔɑŬ 

əɡŰŰŬɟɘəɐ Ŭɜɞɢɐ 

CTLA-4 ï ŬɟɜɖŰɘəɧɠ ɟɡɗɛɘůŰɐɠ  

əɡŰŰŬɟɘəɐɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ 

Tivol et al. Immunity 1995 

Waterhouse et al. Science 1995 

CTLA-4 Knockout ̌ ʵʹʴʶʾ ̀ ʶ ʰˎˍˇʰ˄ˇˋʾʰ ˁʰʽ ʰˉ˗˂ʶʽʰ ˍʹˌ 
˒ˎˋʽˇ˂ˇʴʽˁʺˌ ˇ˃ˇʽˈˋˍʰˋʹˌ 



8/12/2014 

8 

Maier & Hafler. Immunol Rev 2009 

ɮˎˍˇʱ˄ˇˋʶˌ ˉʰʻʺˋʶʽˌΣ ʴˇ˄ʾʵʽʰ ˁʰʽ ˋˎ˄ʵʽʷʴʶˊˋʹ 

CTLA-4 Ig 

ɲˊʱˋʹ CTLA-4 Ig (abatacept) 
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òActivation-induced cell deathó: ȂǺȆŲŶȈȊ ȓȉȃŀȎȆ 
T ȄȋŶŶǺȉȎȆ ŀŴ ŲÙȑÙŶȎŵȁ ǻÙŴȃŶŲ ŲÙȑ ŲȆŲǿȆȓȉȃŵȁ ŲȋŶȑ-Ag 



8/12/2014 

10 

Regulatory T cells 
(Tregs )  

Abbas, Lichtman and Pillai. Cellular and Molecular Immunology, 7 th  edition, 2011      c Elsevier  

CTLA-4 
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ɰ- ɼɳɿʆʄɹɼɶ ɮɿʁʋɶ 
˃ˎʶ˂ˈˌ ˇˋˍ˗˄ 

ɮˉˇˎˋʾʰ ʺ ʰ˄ʷˊʴʽʰ 
Th1 

ɰ- ʃɳʄɹʊɳʄɹɼɶ 
 ɮɿʁʋɶ 

ɰ- ʃɳʄɹʊɳʄɹɼɶ 
 ɮɿʁʋɶ 
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Ermann J, Fathman CG.  
Autoimmune diseases: genes, bugs and failed regulation.  
Nat Immunol. 2001;2(9):759-61.  
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