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ɳɹʅɮɱʍɱɶ ʅʆɶ ɰɹʁɽʁɱɹɮ ʆʍɿ 
ɼʇʆʆɮʄʁɼɹɿʍɿ

ʆʽ ʶʾ˄ʰʽ ˇʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌΤ

ɱʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄

ʁʽ ˎˉˇʵˇ˔ʶʾˌ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄



ʆʽ ʶʾ˄ʰʽ ˇʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌΤ

Áɱ˂ˎˁˇˉˊ˖ˍʶˀ˄ʶˌˉˇˎ ʶˁˁˊʾ˄ˇ˄ˍʰʽ ʰˉˈ ˁˏˍˍʰˊʰ ˍˇˎ 
ˋˎˋˍʺ˃ʰˍˇˌ ˍʹˌ ˒ˎˋʽˁʺˌ ˁʰʽ ˍʹˌ ʶˉʾˁˍʹˍʹˌ ʰ˄ˇˋʾʰˌ ˁʰʽ 
ʵʽʶˁˉʶˊʰʽ˗˄ˇˎ˄ ˍʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ ʶˉʽˁˇʽ˄˖˄ʾʰ ʶʾˍʶ 
ʱ˃ʶˋʰ ʺ ˃ʷˋ˖ ʷˁˁˊʽˋʹˌ ʱ˂˂˖˄ ʵʽʰ˂ˎˍ˗˄ ˃ʶˋˇ˂ʰʲʹˍ˗˄Φ

Áʃʰˊʱʴˇ˄ˍʰʽ ˋʶ ʰˉˈˁˊʽˋʹ ˋʶ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˁʰʽ 
ʱ˂˂ʰ ʰ˄ˍʽʴˈ˄ʰ

Áɴ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ʷ˄ʰˊ˅ʹΣ ˍʹ ʵʽʰˍʺˊʹˋʹ ˁʰʽ 
ˍʹ˄ ˍʶ˂ʽˁʺ ˁʰˍʰˋˍˇ˂ʺ ˁʰʽ ˍʶˊ˃ʰˍʽˋ˃ˈ ˍʹˌ ʰ˄ˇˋˇ˂ˇʴʽˁʺˌ 
ʰˉˈˁˊʽˋʹˌ





ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁˎˍˍʰˊˇˁʽ˄˗˄

Á ʁ ˈˊˇˌ ˁˎˍˍʰˊˇˁʾ˄ʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ˈˊʽʰ ˉˇ˂ˏ ʵʽʰ˒ˇˊʶˍʽˁʱ 
˃ʶˍʰ˅ˏ ˍˇˎˌ ˍˈˋˇ ʵˇ˃ʽˁʱ ˈˋˇ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁʱ

Á ʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˁˏˍˍʰˊʰ ʵʽʰ˒ˈˊ˖˄ ˁˎˍˍʰˊʽˁ˗˄ 
ˋʶʽˊ˗˄ ό˂ʶ˃˒ʽˁʺ ˁʰʽ ˃ʹ ˂ʶ˃˒ʽˁʺ ˋʶʽˊʱύ

Á ɽʶ˃˒ˇˁʾ˄ʶˌ:ˇ ˈˊˇˌ ʰˎˍˈˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶʰˊ˔ʽˁʱ ʴʽʰ ˃ˈˊʽʰ ˉˇˎ 
ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍʰ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ

Á Cohen (1974): ̄ ˊˇˍʶʾ˄ʶˍʰʽ ˇ ˈˊˇˌ ζˁˎˍˍʰˊˇˁʾ˄ʹη ʰ˄ˍʾ 
ζ˂ ʶ˃˒ˇˁʾ˄ʹη

Á ɹ˄ˍʶˊ˂ʶˎˁʾ˄ʶˌ:ˇ ˈˊˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˄ʰ ˍˇ˄ʾˋʶʽ ˍʹ ˋʹ˃ʰˋʾʰ 
ˍ˖˄ ˃ˇˊʾ˖˄ ʰˎˍ˗˄ ˋˍʹ˄ ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ˂ʶˎˁˇˁˎˍˍʱˊ˖˄
Å ɮ˄ ˁʰʽ ˉ˂ʷˇ˄ ʴ˄˖ˊʾʸˇˎ˃ʶ ˈˍʽ ˇˊʽˋ˃ʷ˄ʶˌ ʽ˄ˍʶˊ˂ʶˎˁʾ˄ʶˌˉʰˊʱʴˇ˄ˍʰʽ ˁʰʽ 
ʰˉˈ ʱ˂˂ʰ ˁˏˍˍʰˊʰΣ ˇ ˈˊˇˌ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

Á ɮˎ˅ʹˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌΥ ʁˊʽˋ˃ʷ˄ˇʽ ʵʶ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˍʽˌ 
ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˍˇˎˌ ʰˎ˅ʹˍʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʵˊˇˎ˄ ˋʶ ˁˏˍˍʰˊʰ 
ʶˁˍˈˌ ˍʹˌ ʰʽ˃ˇˉˇʽʹˍʽˁʺˌ ˋʶʽˊʱˌ

Á ɼˎˍˍʰˊˇˁʾ˄ʶˌ vs ̌ ˊ˃ˈ˄ʶˌΥ ˇʽ ˇˊ˃ˈ˄ʶˌ ʶˁˁˊʾ˄ˇ˄ˍʰʽ ʰˉˈ 
ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʰ ˁˏˍˍʰˊʰ ˁʰʽ ʵˊˇˎ˄ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶʾʵˇˌ 
ˁˎˍˍʱˊ˖˄ ˋˍˈ˔˖˄Σ ˍʰ ˇˉˇʾʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ʶˌ 
ʻʷˋʶʽˌΦ

CYTOKINES

Interleukins
Interferons
Tumour necrosis factors 
Growth factors
Colony stimulating factors
Chemokines

From Roitt,  Immunology, 6th Ed (2001)



ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˁˎˍˍʰˊˇˁʽ˄˗˄

Áɲˏˋˁˇ˂ʹ ˂ˈʴ˖ ˍ˖˄ ˉˇ˂˂ʰˉ˂˗˄ ˂ʶʽˍˇˎˊʴʽ˗˄Σ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˃ˇˊʽʰˁ˗˄ ʵˇ˃˗˄ 
ˁʰʽ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˁˎˍˍʱˊ˖˄ ˉˊˇʷ˂ʶˎˋʹˌ ˁʰʽ ʵˊʱˋʹˌ

Áʃˇ˂˂ʰˉ˂ʱ ˋ˔ʺ˃ʰˍʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ
Åɲˇ˃ʺ
Åʊˎˋʽˁʺˌ vs ɳˉʾˁˍʹˍʹˌ ʰ˄ˇˋʾʰˌ vs ɮʽ˃ˇˉˇʽʹˍʽˁʷˌ
Åʃˊˇ˒˂ʶʴ˃ˇ˄˗ʵʶʽˌvsʰ˄ˍʽ˒˂ʶʴ˃ˇ˄˗ʵʶʽˌ
Åɮ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˁˏˍˍʰˊˇ ˉʰˊʰʴ˖ʴʺˌ ʺ ʵˊʱˋʹˌ

Áʆˇ ˉʶˊʽˋˋˈˍʶˊˇ ʰˉˇʵʶˁˍˈ ˋ˔ʺ˃ʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ʲʰˋʾʸʶˍʰʽ ˋˍˇ ʶʾʵˇˌ ˍˇˎ ˎˉˇʵˇ˔ʷʰ 
˃ʶ ˍˇ˄ ˇˉˇʾˇ ˋˎ˄ʵʷˇ˄ˍʰʽ
ÅType I (hematopoietinfamily) cytokine receptors
ÅType II (interferonfamily) cytokine receptors,
ÅTumornecrosis factor (TNF) familyreceptors, 
ÅInterleukin (IL)-1 receptor and the related Toll-likereceptors (TLRs), 
ÅIL-17 receptors, 
ÅReceptor tyrosine kinases, 
ÅTransforming growth factor-ʲ ό¢DC-ʲύ ŦŀƳƛƭȅ ǊŜŎŜǇǘƻǊ ǎŜǊƛƴŜkinases

The Cytokine Handbook ς4th Ed 2003; Ch 1



ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄

KubyImmunology ς8th Ed 2013; Ch 4



ɱʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄

Áʃˇ˂ˎˉʶˉˍʾʵʽʰ ʺ ʴ˂ˎˁˇˉˊ˖ˍʶʿ˄ʶˌ˃ʶ ˃ʷʴʶʻˇˌ ˃ʷ˔ˊʽ ол kDa(120-190 h ˃ʽ˄ˇ˅ʷʰύ
Åɶ ˇ˃ʱʵʰ ˎʵʰˍʱ˄ʻˊʰˁʰ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʴʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˃ʶ ˍˇ˄ ˎˉˇʵˇ˔ʷʰ
Åɾˉˇˊʶʾ ˄ʰ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˇ˃ˇʵʽ˃ʶˊʺʺ ̌˃ ˇˍˊʽ˃ʶˊʺʺ ʁ̱ ʶˊˇʵʽ˃ʶˊʺ(IL-12)

Áɶ ̔ʵʽˇˋˎˋˍʰˋʽʰˁʺˉʰˊʰʴ˖ʴʺ ˁˎˍˍʰˊˇˁʽ˄˗˄ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˔ʰ˃ʹ˂ʺ ʺ ʰˉˇˏˋʰΦ ɶ 
ˉʰˊʰʴ˖ʴʺ ˍˇˎˌ ˊˎʻ˃ʾʸʶˍʰʽ ʰˉˈ ʶˊʶʻʾˋ˃ʰˍʰ ˉˇˎ ʵˊˇˎ˄ ˋˍˇ ʶˉʾˉʶʵˇ ˍʹˌ 
˃ʶˍʰʴˊʰ˒ʺˌ ʺ ˍʹˌ ˃ʶˍʱ˒ˊʰˋʹˌ

Áɶ ˉʰˊʰʴ˖ʴʺ ˁˎˍˍʰˊˇˁʽ˄˗˄ ʶʾ˄ʰʽ ˉʰˊˇʵʽˁʺ ˁʰʽ ʹ ʰˁˍʾ˄ʰ ʵˊʱˋʹˌ ˍˇˎˌ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ 
˃ʽˁˊʺΦ

Áɲˊˇˎ˄ ˃ʷˋ˖ ˋˏ˄ʵʶˋʹˌ ˋʶ ʶʽʵʽˁˇˏˌ ˎ˕ʹ˂ʺˌ ˋˎʴʴʷ˄ʶʽʰˌ ˎˉˇʵˇ˔ʶʾˌ ˍʹˌ ˁˎˍˍʰˊʽˁʺˌ 
ʶˉʽ˒ʱ˄ʶʽʰˌΦ

Áʁʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʵˊʱˋʶʽˌ ˍˇˎˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ʰ˂˂ʰʴʺ ˋˍʹ˄ ʷˁ˒ˊʰˋʹ ʴˇ˄ʽʵʾ˖˄ ˋˍʰ 
ˁˏˍˍʰˊʰ-ˋˍˈ˔ˇˎˌΦ ʊʰʽ˄ˇˍˎˉʽˁʱˇʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˇʵʹʴˇˏ˄ ˋʶ ʰˏ˅ʹˋʹ όʺ ˃ʶʾ˖ˋʹύ ˍʹˌ 
ˍʰ˔ˏˍʹˍʰˌ ˁˎˍˍʰˊʽˁˇˏ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˇˏΣ ʰ˂˂ʰʴʺ ˋˍˇ ʶˉʾˉʶʵˇ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹˌ 
ʺκˁʰʽ ʰ˂˂ʰʴʺ ˋˍʹ˄ ʷˁ˒ˊʰˋʹ ˇˊʽˋ˃ʷ˄˖˄ ˂ʶʽˍˇˎˊʴʽ˗˄Φ

The Cytokine Handbook ς4th Ed 2003; Ch 1



ɶ ʵˊʱˋʹ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄ ʶʾ˄ʰʽ ˋˏ˄ˍˇ˃ʹ

Áɶ ʷˁˁˊʽˋʹ ˁˎˍˍʰˊˇˁʽ˄˗˄ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˋˏ˄ˍˇ˃ˇΣ ʰˎˍˇˉʶˊʽˇˊʽʸˈ˃ʶ˄ˇ
ʴʶʴˇ˄ˈˌ
Áɶ ˋˏ˄ʻʶˋʺ ˍˇˎˌ ʰˊ˔ʾʸʶʽ ˃ʶ ˍʹ˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˁˎˍˍʱˊˇˎ ˉˇˎ 
ˇʵʹʴʶʾ ˋʶ ˃ʶˍʰʴˊʰ˒ʺ ʴˇ˄ʽʵʾˇˎ
Áʆˇ mRNA̱ ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄ ʶʾ˄ʰʽ ʰˋˍʰʻʷˌ ˁʰʽ ʷˍˋʽ ʹ ˋˏ˄ʻʶˋʺ ˍˇˎˌ 
ʶʾ˄ʰʽ ˉʰˊˇʵʽˁʺ
Áɶ ˋˏ˄ʻʶˋʺ ˍˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶ˂ʷʴ˔ʶˍʰʽ ʰˉˈ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ RNA ˁ ʰʽ 
ʰˉˈ ˃ʶˍʰ-˃ʶˍʰʴˊʰ˒ʽˁˇˏˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ (ˉ˔ ˉˊ˖ˍʶˈ˂ˎˋʹ ˃ʶ 
ˉʰˊʰʴ˖ʴʺ ʶ˄ʶˊʴˇˏ ˃ˇˊʾˇˎΥ TNF- ,h IL-1, ʆGF-ʲ
Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˋˎ˄ʺʻ˖ˌ ʵʶ˄ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʰ˄ 
ˉˊˇˋ˔ʹ˃ʰˍʽˋ˃ʷ˄ʰ ˃ˈˊʽʰ ˁʰʽ ʶˁˁˊʾ˄ˇ˄ˍʰʽ ʰ˃ʷˋ˖ˌ ˃ˈ˂ʽˌ ˋˎ˄ˍʶʻˇˏ˄
Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ʷ˔ˇˎ˄ ˃ʽˁˊˈ ˔ˊˈ˄ˇ ʹ˃ʽʸ˖ʺˌ όϤол min)



ʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ʵˊˇˎ˄ ˍˇˉʽˁʱ ʰ˂˂ʱ ˁʰʽ 
ˋˎˋˍʹ˃ʰˍʽˁʱ

Áɮˎˍˇˁˊʽ˄ʺˌʵˊʱˋʹΥ ʵˊˇˎ˄ ˋˍˇ ˁˏˍˍʰˊˇ 
ˉˇˎ ˍʽˌ ˉʰˊʺʴʰʴʶ 
Åɶ IL-2 ̄ ʰˊʱʴʶˍʰʽ ʰˉˈ ˍʰ ʶ˄ʶˊʴˇˉˇʽʹ˃ʷ˄ʰ 
ʆ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ ˁʰʽ ʶˉʱʴʶʽ ˍˇ˄ 
ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˉˇˎ ˍʹ˄ 
ˉʰˊʱʴˇˎ˄ 

Áʃʰˊʰˁˊʽ˄ʺˌʵˊʱˋʹΥ ʵˊˇˎ˄ ˋʶ 
ʴʶʽˍˇ˄ʽˁʱ ˁˏˍˍʰˊʰ
Åʁʽ IFN ̱ ˏˉˇˎ ɹ όʰ ϧ ʲύ ʶˉʱʴˇˎ˄ ζʰ˄ˍʽʿʽˁʺ
ˉˊˇˋˍʰˋʾʰη ˋʶ ʴʶʽˍˇ˄ʽˁʱ ˁˏˍˍʰˊʰ

Áɳ˄ʵˇˁˊʽ˄ʺˌ ʵˊʱˋʹΥ ʵˊˇˎ˄ ˋʶ 
ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ʰ ˁˏˍˍʰˊʰ
Åʁ TNFΣ ʹ IL-1 ˁ ʰʽ ʹ IL-6˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ 
ˋˎˋˍʹ˃ʰˍʽˁʷˌ ʵˊʱˋʶʽˌ ˁʰʽ ˄ʰ 
ʰ˄ʽ˔˄ʶˏˇ˄ˍʰʽ ˋˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰ ˁʰˍʱ ˍʹ˄ 
ʰ˄ˍʾʵˊʰˋʹ ˇ˅ʶʾʰˌ ˒ʱˋʶ˖ˌΦ 

KubyImmunology ς8th Ed 2013; Ch 4



ʅˎ˄ʷˊʴʶʽʰ ʺ ʰ˄ˍʰʴ˖˄ʽˋ˃ˈˌ

KubyImmunology ς8th Ed 2013; Ch 4

Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ ʵˊʱˋʹ ʱ˂˂˖˄ 
ˁˎˍˍʰˊˇˁʽ˄˗˄Υ 

Áʅˎ˄ʷˊʴʶʽʰ: HIFN-ʴˁ ʰʽ ˇ TNF̫ ˔ˇˎ˄ ˋˎ˄ʶˊʴʽˁʺ ʵˊʱˋʹ ˋˍʹ˄ ʰˏ˅ʹˋʹ 
ˍʹˌ ʷˁ˒ˊʰˋʹˌ ˍ˖˄ ˃ˇˊʾ˖˄MHCˍʱ˅ʶ˖ˌ ɹ ˋʶ ˉˇ˂˂ʱ ʶʾʵʹ ˁˎˍˍʱˊ˖˄

Áɮ˄ˍʰʴ˖˄ʽˋ˃ˈˌΥ HIFN-ʴˁ ʰʽ ʹ IL-10TNF̫ ˔ˇˎ˄ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʺ ʵˊʱˋʹ 
ˋˍʹ˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍ˖˄ ˃ʰˁˊˇ˒ʱʴ˖˄



ɼʰˍʰˊˊʱˁˍʶˌ ʵˊʱˋʹˌ

Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ 
ˋˏ˄ʻʶˋʹ ʱ˂˂˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄

Åɼʰˍʰˊˊʱˁˍʶˌ ˁˎˍˍʰˊˇˁʽ˄˗˄Υ ˃ʽʰ ˁˎˍˍʰˊˇˁʾ˄ʹ ʵˊʰ 
ˋʶ ʷ˄ʰ ˁˏˍˍʰˊˇ-ˋˍˈ˔ˇ ˁʰʽ ʶˉʱʴʶʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 
˃ʽʰˌ ʱ˂˂ʹˌ ˁˎˍˍʰˊˇˁʾ˄ʹˌ ʰˉˈ ˍˇ ˁˏˍˍʰˊˇ ʰˎˍˈ

Áʁ ¢bC ʵˊʰ ˋˍʰ ˃ˇ˄ˇˉˏˊʹ˄ʰ ˒ʰʴˇˁˏˍˍʰˊʰ ˁʰʽ 
ʵʽʶʴʶʾˊʶʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ L[-м ʹ ˇˉˇʾʰ ˃ʶ ˍʹ 
ˋʶʽˊʱ ˍʹˌ ʷ˔ʶʽ ˉˇ˂˂ʰˉ˂ʷˌ ʵˊʱˋʶʽˌ ˋʶ 
ˉˇ˂˂ˇˏˌ ˍˏˉˇˎˌ ˁˎˍˍʱˊ˖˄ όʲ˂
ˉˊˇʹʴˇˎ˃ʷ˄˖ˌύ

KubyImmunology ς8th Ed 2013; Ch 4



ʆˊˇ˒ʺ ʴʽʰ ˋˁʷ˕ʹ

ɱʽʰˍʾ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʰ˄ˇˋˇʰ˄ʶˉʱˊˁʶʽʶˌ ʰˉˈ ʷ˂˂ʶʽ˕ʹ 
˃ʽʰˌ ˁˎˍˍʰˊˇˁʾ˄ʹˌ ʰ˂˂ʱ ˎˉʱˊ˔ˇˎ˄ ˋˇʲʰˊʷˌ 

ʰ˄ˇˋˇʰ˄ʶˉʱˊˁʶʽʶˌ ʰˉˈ ʷ˂˂ʶʽ˕ʹ ʺ ʵʽʰˍʰˊʰ˔ʺ ˍʹˌ 
˂ʶʽˍˇˎˊʴʾʰˌ ˎˉˇʵˇ˔ʷ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄Τ  



J Clin Invest 2001;109:1261ς69



Severe Combined 
Immunodeficiency

Áʃ˂ʺˊʹˌ ʷ˂˂ʶʽ˕ʹ ˂ʶʽˍˇˎˊʴʽˁ˗˄ 
ʆ ˂ʶ˃˒ˇˁˎˍˍʱˊ˖˄ ʶ˅ʰʽˍʾʰˌ 
ʵʽʰˍʰˊʰ˔ʺˌ ˋʶ ˉˊ˖ˍʶˀ˄ʶˌ ˉˇˎ 
ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˖ˊʾ˃ʰ˄ˋʹ 
ˁʰʽ ˍʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʺ ˍˇˎˌ

Áɳˉʾˉˍ˖ˋʹ мΥруΦллл ʴʶ˄˄ʺˋʶʽˌ
Áɱʶ˄ʶˍʽˁʱ ʶˍʶˊˇʴʶ˄ʷˌ ˄ˈˋʹ˃ʰ
Áɾʶˍʰ˅ˏ ˍ˖˄ ˋˎ˔˄ˈˍʶˊ˖˄ 
˃ʶˍʰ˂˂ʱ˅ʶ˖˄ SCID ʁ ʾ˄ʰʽ ʰˎˍʺ 
ˍˇˎ IL2RG: ̌ ʽ ʰˋʻʶ˄ʶʾˌ 
ʶ˃˒ʰ˄ʾʸˇˎ˄ ʶ˂˂ʶʾ˃ʰˍʰ ˋˍʹ˄ 
ˁˇʽ˄ʺ ˎˉˇ˃ˇ˄ʱʵʰʴ ˍˇˎ 
ˎˉˇʵˇ˔ʷʰΣ ʹ ˇˉˇʾʰ ˎˉʱˊ˔ʶʽ 
ˋˍˇˎˌ ˎˉˇʵˇ˔ʶʾˌ ˍ˖˄ 
ˁˎˍˍʰˊˇˁʽ˄˗˄ IL-2, IL-4, IL-7, 
IL-9 & IL-15

Nat Rev Dis Prim 2015, DOI: 10.1038/nrdp.2015.61





David Vetter 1971-84

Áɴˉʰˋ˔ʶ ʰˉˈSCID
Áɴʸʹˋʶ мн ˔ˊˈ˄ʽʰ ˋʶ ˋˍʶʾˊˇ 
ˉʶˊʽʲʱ˂˂ˇ˄

Áʇˉˇʲ˂ʺʻʹˁʶ ˋʶ 
˃ʶˍʰ˃ˈˋ˔ʶˎˋʹ ˃ˎʶ˂ˇˏ ʰˉˈ 
˃ʶˊʽˁʱ ˋˎ˃ʲʰˍˈ ʵˈˍʹ 
όʰʵʶ˂˒ʺύ

Áʆˇ ˃ˈˋ˔ʶˎ˃ʰ 
ʶʴˁʰˍʰˋˍʱʻʹˁʶ ʰ˂˂ʱ 
ʶ˃˒ʱ˄ʽˋʶ ˂ˇʾ˃˖˅ʹ ʰˉˈ EBV 
(ʰˉˈ ˍˇ ˃ˈˋ˔ʶˎ˃ʰύ ˁʰʽ 
ˉʷʻʰ˄ʶ ʰˉˈ ˂ʷ˃˒˖˃ʰ 
Burkitt



ʃ˂ʶˇ˄ʰˋ˃ˈˌ(Redudancy)

Áɶ ʽʵʽˈˍʹˍʰ ʵˇ˃ʽˁʱ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˁˎˍˍʰˊˇˁʽ˄˗˄ ˄ʰ ˉˊˇˁʰ˂ˇˏ˄ ˍˇ ʾʵʽˇ ˂ʶʽˍˇˎˊʴʽˁˈ 
ʲʽˇ˂ˇʴʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ

Áɮ˄ˍʰʴ˖˄ʽˋ˃ˈˌ ˋˍʹ ʵˊʱˋʹ ˃ʽʰˌ ˁˎˍˍʰˊˇˁʾ˄ʹˌ ʺ ʷ˂˂ʶʽ˕ʹ ˃ʽʰˌ ˁˎˍˍʰˊˇˁʾ˄ʹˌ ʺ 
˃ʶˍʱ˂˂ʰ˅ʹ ˋˍˇ ʴˇ˄ʾʵʽˇ ˃ʽʰˌ ˁˎˍˍʰˊˇˁʾ˄ʹˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʹ˄ ʷ˔ʶʽ ˇˎˋʽʰˋˍʽˁˈ ʲʽˇ˂ˇʴʽˁˈ 
ʰˉˇˍʷ˂ʶˋ˃ʰ ʶˉʶʽʵʺ ʱ˂˂ʶˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉˇˁʰˍʰˋˍʺˋˇˎ˄ ˍʹ ʵˊʱˋʹ 
ʰˎˍʺˌ ˉˇˎ ˂ʶʾˉʶʽΦ
Åʃˊʰˁˍʽˁʱ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʰ˄ˇˋˇʰ˄ʶˉʱˊˁʶʽʶˌ ˉˇˎ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ ʷ˂˂ʶʽ˕ʹ ˍˇˎ ˃ˇˊʾˇˎ 
˃ʽʰˌ ˁˎˍˍʰˊˇˁʾ˄ʹˌΦ 

Åɮ˄ˍʾʻʶˍʰ ʶ˂˂ʶʾ˃ʰˍʰ ˋˍˇˎˌ ˎˉˇʵˇ˔ʶʾˌ ʺ ˋˍʽˌ ʶ˄ʵˇˁˎˍˍʱˊʽʶˌ ˇʵˇˏˌ ˃ʶˍʰʴ˖ʴʺˌ ˋʺ˃ʰˍˇˌ ˍ˖˄ 
ˁˎˍˍʰˊˇˁʽ˄˗˄ ˉˊˇˁʰ˂ˇˏ˄ ˋˇʲʰˊʺ ʰ˄ˇˋˇʰ˄ʶˉʱˊˁʶʽʰ

KubyImmunology ς8th Ed 2013; Ch 4



ʆˊˇ˒ʺ ʴʽʰ ˋˁʷ˕ʹ

ɱʽʰˍʾ ʵʶ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʻʶˊʰˉʶˎˍʽˁʱ ˍʽˌ 
ˁˎˍˍʰˊˇˁʾ˄ʶˌΤ



ʃ˂ʶʽˇˍˊˇˉʽˋ˃ˈˌ

Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ʵʽʰ˃ʶˋˇ˂ʰʲˇˏ˄ ˋʶ 
ˉˇ˂ˏ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʲʽˇ˂ˇʴʽˁʷˌ 
ʵʽʰʵʽˁʰˋʾʶˌ
Å IL-21: ˃ ʶˍʰˋˍˊˇ˒ʺ ʽˋˇˍˏˉˇˎ, 
ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˉ˂ʰˋ˃ʰˍˇˁˎˍˍʱˊ˖˄Σ 
ʶ˄ʾˋ˔ˎˋʹ ʰˉˇˁˊʾˋʶ˖˄ CD8 ˁ ʰʽ ˁˎˍˍʱˊ˖˄ 
ɿɼΣ ˉˊˇʰʴ˖ʴʺ ˍʹˌ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹˌ ˍ˖˄ 
ˁˎˍˍʱˊ˖˄ Th17 cell

Áʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ˉ˂ʶʽˇˍˊˇˉʽˋ˃ˇˏˉʶˊʽˇˊʾʸʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 
ʻʶˊʰˉʶˎˍʽˁʺˌ ˔ˊʺˋʹˌ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄Υ ˍˇ ʶˉʽʻˎ˃ʹˍˈ ˁ˂ʽ˄ʽˁˈ 
ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ˉˇ˂˂ʷˌ ʰ˄ʶˉʽʻˏ˃ʹˍʶˌ ʶ˄ʷˊʴʶʽʶˌ
Åɸʶˊʰˉʶˎˍʽˁʺ ˔ˊʺˋʹ IL-2: ˋˇʲʰˊʺ ˉˇ˂ˎˇˊʴʰ˄ʽˁʺˍˇ˅ʽˁˈˍʹˍʰ ˃ʶ ˎˉˈˍʰˋʹΣ 
ˉ˄ʶˎ˃ˇ˄ʽˁˈ ˇʾʵʹ˃ʰΣ ˉˎˊʶˍˈΣ ˃ʶˍʰʲˇ˂ʽˁʺ ˇ˅ʷ˖ˋʹΣ ˇʾʵʹ˃ʰ όʰˎ˅ʹ˃ʷ˄ʹ 
ˍˊʽ˔ˇʶʽʵʽˁʺ ʵʽʰʲʰˍˈˍʹˍʰ), ˄ ʶˎˊˇˍˇ˅ʽˁˈˍʹˍʰ, ˄ ʶ˒ˊˇˍˇ˅ʽˁˈˍʹˍʰˁʰʽ ʶ˅ʱ˄ʻʹ˃ʰ

Áɾʾʰ ˁˎˍˍʰˊˇˁʾ˄ʹ ˃ˉˇˊʶʾ ˄ʰ ʵˊʰ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˏˉˇˎˌ 
ˁˎˍˍʱˊ˖˄
Å IL-1: ɻ ˊʰ ˋˍˇ˄ ʶʴˁʷ˒ʰ˂ˇΣ ˍˇ ˃ˎʶ˂ˈ ˍ˖˄ ˇˋˍ˗˄Σ ˍˇ ʺˉʰˊΣ ˍʰ ʶ˄ʵˇʻʹ˂ʽʰˁʱ 
ˁˏˍˍʰˊʰ ˁʰʽ ˍʰ ʆ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ  

KubyImmunology ς8th Ed 2013; Ch 4



ʆˊˇˉˇˉˇʾʹˋʹ ˎˉˇʵˇ˔ʷ˖ˌ

Áɾʽʰ ˁˎˍˍʰˊˇˁʾ˄ʹ 
˃ˉˇˊʶʾ ˄ʰ ʰˎ˅ʺˋʶʽ ʺ 
˄ʰ ʶ˂ʰˍˍ˗ˋʶʽ ˍʹ˄ 
ʷˁ˒ˊʰˋʹ ˍ˖˄ 
ˎˉˇʵˇ˔ʷ˖˄ ˃ʽʰˌ 
ʱ˂˂ʹˌ ˁˎˍˍʰˊˇˁʾ˄ʹˌ

wƻƛǘǘΩǎEssential Immunology ς13th Ed 2017; Ch 3



Molecular philosophy of cytokines

ÁPleiotropy: Cytokines often have multiple target cells and multiple 
actions
ÁRedundancy: Different cytokines may have similar actions
ÁSynergism/Antagonism: Exposure of cells to two or more cytokines at 

a time may lead to qualitatively different responses
ÁCytokine cascade: A cytokine may increase (or decrease) the 

production of another cytokine
ÁReceptor transmodulation: A cytokine may increase (or decrease) the 

expression of receptors for another cytokine or growth factor
ÁReceptor trans-signalling: A cytokine may increase (or decrease) 

signalingby receptors for other cytokines or growth factors

The Cytokine Handbook ς4th Ed 2003; Ch 1



The cells of the 
immune system are 
subject to control by 

a network of 
cytokine actions

KubyImmunology ς8th Ed 2013; Ch 4



ʇˉˇʵˇ˔ʶʾˌ ˁˎˍˍʰˊˇˁʽ˄˗˄

Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ʵˊˇˎ˄ ˃ʷˋ˖ ˋˏ˄ʵʶˋʹˌ ˋʶ ˃ʶ˃ʲˊʰ˄ʽˁˇˏˌˎˉˇʵˇ˔ʶʾˌ ˍ˖˄ ˁˎˍˍʱˊ˖˄ 
ˋˍˈ˔˖˄

Áɶ ˋˎʴʴʷ˄ʶʽʰ όaffinityύ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄ ˉˊˇˌ ˍˇˎˌ ˎˉˇʵˇ˔ʶʾˌ ˍˇˎˌ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ 
ˎ˕ʹ˂ʺ
ÅKdˁˎˍˍʰˊˇˁʾ˄ʹˌ-ˎˉˇʵˇ˔ʷʰΥ10-10 - 10-12ɾ 
ÅKdʰ˄ˍʽˋ˗˃ʰˍˇˌ-ʰ˄ˍʽʴˈ˄ˇˎΥ10-7 - 10-11ɾ 
ÅKd TCR-MHC: 10-5 - 10-7ɾ 

Áʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ˁˏˍˍʰˊʰ ʶˁ˒ˊʱʸˇˎ˄ ˃ʽˁˊˈ ʰˊʽʻ˃ˈ ˎˉˇʵˇ˔ʷ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄Υ млл-
мллл ˎˉˇʵˇ˔ʶʾˌ ʰ˄ʱ ˁˏˍˍʰˊˇ

Áɶ ʷˁ˒ˊʰˋʹ ˍ˖˄ ˎˉˇʵˇ˔ʷ˖˄ ˊˎʻ˃ʾʸʶˍʰʽ ʰˉˈ ʶ˅˖ˍʶˊʽˁʱ ˋʺ˃ʰˍʰ
Åɶ h˄ ˍʽʴˇ˄ʽˁʺʵʽʷʴʶˊˋʹ ˍ˖˄ ʆ ˁʰʽ ɰ ˂ʶ˃˒ˇˁˎˍˍʱˊ˖˄ ˇʵʹʴʶʾ ˋʶ ʰˎ˅ʹ˃ʷ˄ʹ ʷˁ˒ˊʰˋʹ 
ˎˉˇʵˇ˔ʷ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄ ς̱ ʰ ˁˏˍˍʰˊʰ ˉˇˎ ζʲ˂ʷˉˇˎ˄η ʰ˄ˍʽʴˈ˄ˇ ʰˉˇˁˊʾ˄ˇ˄ˍʰʽ 
ʶ˄ˍˇ˄ˈˍʶˊʰ ˋˍʽˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌ

Åɾʹ˔ʰ˄ʽˋ˃ˈˌ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ʶʽʵʽˁˈˍʹˍʰˌ ˍʹˌ ʰ˄ˇˋˇ˂ˇʴʽˁʺˌ ʰˉˈˁˊʽˋʹˌ
Åɶ ʷˁ˒ˊʰˋʹ ˍ˖˄ ˎˉˇʵˇ˔ʷ˖˄ ˃ˉˇˊʶʾ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʽˌ ʾʵʽʶˌ ˍʽˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˃ʶ ˍʽˌ 
ˇˉˇʾʶˌ ˋˎ˄ʵʷˇ˄ˍʰʽΥ ʻʶˍʽˁˇʾ ʺ ʰˊ˄ʹˍʽˁˇʾ ʲˊˈʴ˔ˇʽ ʰ˄ʱʵˊʰˋʹˌ όfeedback)



ʆˊˇ˒ʺ ʴʽʰ ˋˁʷ˕ʹ

ɱʽʰˍʾ ˇʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ʴʶ˄ʽˁˇˏˌ 
ʵʽʰ˃ʶˋˇ˂ʰʲʹˍʷˌˍʹˌ ʰ˄ˇˋˇ˂ˇʴʽˁʺˌ ʰˉˈˁˊʽˋʹˌΣ 

ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˇˎˌ ˎˉˇʵˇ˔ʶʾˌ ˍˇˎˌ ˉˇ˂ˏ ʽˋ˔ˎˊˈˍʶˊʰ 
ʰˉΩ ˈˍʽ ˍʰ ʰ˄ˍʽˋ˗˃ʰˍʰ ˃ʶ ˍʰ ʰ˄ˍʽʴˈ˄ʰ ˁʰʽ ˇʽ TCR˃ ʶ ˍˇ 
ˋˏ˃ˉ˂ʶʴ˃ʰ MHC-ˉʶˉˍʽʵʾˇˎΣ ʵʹ˂ʰʵʺ ˇʽ ˁʰˍʶ˅ˇ˔ʺ˄ 
ʶʽʵʽˁʷˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˍʹˌ ʰ˄ˇˋˇ˂ˇʴʽˁʺˌ ʰˉˈˁˊʽˋʹˌΤ



ʇˉˇʵˇ˔ʶʾˌ ˁˎˍˍʰˊˇˁʽ˄˗˄

Cellular and Molecular  Immunobiology ς8th Ed 2016; Ch 7



ɶ ˇʵˈˌ ˃ʶˍʰʴ˖ʴʺˌ ˋʺ˃ʰˍˇˌ JAK-STAT

WŀƴŜǿŀȅΩǎ  LƳƳǳƴƻōƛƻƭƻƎȅ ς9th Ed 2016; Ch 3







ʁʽ ʵˊʱˋʶʽˌ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄

Áʃˊˇ˒˂ʶʴ˃ˇ˄˗ʵʶʽˌˁˎˍˍʰˊˇˁʾ˄ʶˌΥ TNF- ,h IL-1, IL-6
Áɮ˄ˍʽ˒˂ʶʴ˃ˇ˄˗ʵʶʽˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌ: IL-10, IL-1ra, TGF-ʲ
Áɮ˄ˍʽ-ʽʽˁʷˌˁˎˍˍʰˊˇˁʾ˄ʶˌΥ IFN- ,h IFN-ʲ
Áɼˎˍˍʰˊˇˁʾ˄ʶˌ ˉˇˎ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ ˍʰ ˃ʰˁˊˇ˒ʱʴʰ: IFN-ʴ
Áɼˎˍˍʰˊˇˁʾ˄ʶˌ ˉˇˎ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ ˍʰ ɰ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ: IL-4, IL-5, 

IL-6, IL-21 
Áɼˎˍˍʰˊˇˁʾ˄ʶˌ ˉˇˎ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ ˍʰ ʆ ˂ʶ˃˒ˇˁˏˍˍʰˊʰ: IL-2, IL-4, 

IL-12, IFN-ɱ
Áɼˎˍˍʰˊˇˁʾ˄ʶˌ ˉˇˎ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ ˍʰ ʹ˖ˋʽ˄ˈ˒ʽ˂ʰʺκˁʰʽ ˍʰ 
ˋʽˍʶˎˍʽˁʱˁˏˍˍʰˊʰΥ IL-3, IL-4, IL-13, IL-5



ɶ ɳɿɮʄʀɶ ʆɶʅ ʊɽɳɱɾʁɿɶʅ

ʃˇʽʰ ʶˊʶʻʾˋ˃ʰˍʰ ˉˎˊˇʵˇˍˇˏ˄ ˍʹ ˒˂ʶʴ˃ˇ˄ʺΤ

ʃˇʽˇʽ ˎˉˇʵˇ˔ʶʾˌ ˋˎ˃˃ʶˍʷ˔ˇˎ˄Τ

ʃ˖ˌ ˉʰˊʱʴˇ˄ˍʰʽ ˇʽ ˉˊˇ-˒˂ʶʴ˃ˇ˄˗ʵʶʽˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌΤ



ʃˇʽˇˌ ʶʾ˄ʰʽ ˇ ˋˁˇˉˈˌ ˍʹˌ ˏˉʰˊ˅ʹˌ ˍˇˎ 
ʰ˄ˇˋˇˉˇʽʹˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΤ 







ʃˇʽʰ ʶʾ˄ʰʽ ˍʰ ˋʺ˃ʰˍʰ ˁʽ˄ʵˏ˄ˇˎΤ

ÁPathogen-ŀǎǎƻŎƛŀǘŜŘ ƳƻƭŜŎǳƭŀǊ ǇŀǘǘŜǊƴǎ όt!atΩǎύ

ÁDanger-ŀǎǎƻŎƛŀǘŜŘ ƳƻƭŜŎǳƭŀǊ ǇŀǘǘŜǊƴǎ ό5!atΩǎύ

Åɮʆʄ
Åʋʰ˃ʹ˂ʺ ʶ˄ʵˇˁˎˍˍʱˊʽʰ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ɼ+

Åɼˊˏˋˍʰ˂˂ˇʽ ˇˎˊʽˁˇˏΣ  ˉˎˊˇ˒˖ˋ˒ˇˊʽˁˇˏ
Åʇˉʶˊʽ˗ʵʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰ
Åɳˊʶʻʽˋˍʽˁʷˌ ˇˎˋʾʶˌ ˍˇˎ ʵʷˊ˃ʰˍˇˌ



ʃ˖ˌ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˍʰ ˋʺ˃ʰˍʰ ˁʽ˄ʵˏ˄ˇˎΤ

Áʆʰ ˁˏˍˍʰˊʰ ˍʹˌ ˒ˎˋʽˁʺˌ ʰ˄ˇˋʾʰˌ ό˃ʰˁˊˇ˒ʱʴʰΣ 
ˇˎʵʶˍʶˊˈ˒ʽ˂ʰΣ ʵʶ˄ʵˊʽˍʽˁʱ ˁˏˍˍʰˊʰύ ʰ˄ʰʴ˄˖ˊʾʸˇˎ˄ 
ˍʰ ˋʺ˃ʰˍʰ ˁʽ˄ʵˏ˄ˇˎ όζˉˊˈˍˎˉʰηύ ˃ʶ ʶʽʵʽˁˇˏˌ 
ˎˉˇʵˇ˔ʶʾˌ 

Åʇˉˇʵˇ˔ʶʾˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˉˊˇˍˏˉ˖˄ ώPattern recognition 
receptors (PRRs)]



ʇˉˇʵˇ˔ʶʾˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ʵˇ˃ʽˁ˗˄ ˉˊˇˍˏˉ˖˄
Pattern recognition receptors (PRRs)

Áɳˁ˒ˊʱʸˇ˄ˍʰʽ ʰˉˈ ˈ˂ʰ ˍʰ ˁˏˍˍʰˊʰ ʶ˄ˈˌ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˏˉˇˎ όˉ˔ ˒ʰʴˇˁˏˍˍʰˊʰύ

Áɲʶ˄ ʷ˔ˇˎ˄ ˁ˂˖˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ

Áɼ˖ʵʽˁˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ ʰˊ˔ʷʴˇ˄ˇ ʴˇ˄ʽʵʾ˖˃ʰ 
(germline)

Áʃˎˊˇʵˇˍˇˏ˄ ʱ˃ʶˋʹ ʰˉʱ˄ˍʹˋʹ

Áɮ˄ʰʴ˄˖ˊʾʸˇˎ˄ ˇ˃ʱʵʶˌ ˉʰʻˇʴˈ˄˖˄ ˁʰʽ ˈ˔ʽ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ



Comparison of thecharacteristics of recognition
molecules of the innate and adaptiveimmune systems

WŀƴŜǿŀȅΩǎImmunobiology9th Ed, 2016



ʇˉˇʵˇ˔ʶʾˌ ˍʹˌ ˒ˎˋʽˁʺˌ ʰ˄ˇˋʾʰˌ

ÁToll-like receptors (TLRs): ˃ ʶ˃ʲˊʰ˄ʽˁˇʾˎˉˇʵˇ˔ʶʾˌ
ÁNucleotide-binding oligomerizationdomain, leukine-rich 

repeat family (Nod-like receptors - NLRs)Υ ˁˎˍˍʰˊˇˉ˂ʰˋ˃ʰˍʽˁˇʾ 
ˎˉˇʵˇ˔ʶʾˌ
ÁC-type lectin receptors (CLRs): ˃ʶ˃ʲˊʰ˄ʽˁˇʾ ˎˉˇʵˇ˔ʶʾˌ
ÁRIG-1-like receptors (RLRs)Υ ˁˎˍˍʰˊˇˉ˂ʰˋ˃ʰˍʽˁˇʾ ˎˉˇʵˇ˔ʶʾˌ
Áʁʽ ˎˉˇʵˇ˔ʶʾˌ ˍʹˌ  ʶʴʴʶ˄ˇˏˌ ʰ˄ˇˋʾʰˌ ʰ˄ʰʴ˄˖ˊʾʸˇˎ˄Υ
Åɳ˅˖ʴʶ˄ʺ ˋʺ˃ʰˍʰ ˁʽ˄ʵˏ˄ˇˎΥ Pathogen-associated molecular patterns

(PAMPs)
Åɳ˄ʵˇʴʶ˄ʺ ˋʺ˃ʰˍʰ ˁʽ˄ʵˏ˄ˇˎΥ ˍˇ˅ʽˁʷˌ ˇˎˋʾʶˌΣ ʶ˂ʰˍˍ˖˃ʰˍʽˁʱ  
ˉˎˊʹ˄ʽˁʱ ˇ˅ʷʰΣ ʶ˄ʵˇˁˎˍˍʱˊʽʶˌ ˉˊ˖ˍʶʿ˄ʶˌ(Alarmins)



ɼˎˍˍʰˊʽˁʺ ʶ˄ˍˈˉʽˋʹ ˎˉˇʵˇ˔ʷ˖˄ ˒ˎˋʽˁʺˌ ʰ˄ˇˋʾʰˌ 

Cellular and Molecular Immunology 8th Ed, 2015



ʇʃʁɲʁʋɳɹʅ ɮɿɮɱɿʍʄɹʅɶʅ ɲʁɾɹɼʍɿ ʃʄʁʆʇʃʍɿ ʃɮɸʁɱʁɿʍɿ
ʇʃʁɲʁʋɳɮʅɳɿʆʁʃɹʅɶ ʅʇɿɲɳʆɶʅ ɲʄɮʅɶ

TLR2
ɼˎˍˍʰˊʽˁʺ 

˃ʶ˃ʲˊʱ˄ʹ

ɽʽˉˇˍʶʽ˔ˇʿˁˈ ˇ˅ˏΣ 

ˉʶˉˍʽʵˇʴ˂ˎˁʱ˄ʹΣ 

ʲʰˁˍʹˊʽʰˁʷˌ 

˂ʽˉˇˉˊ˖ˍʶˀ˄ʶˌ

ɳ˄ʶˊʴˇˉˇʾʹˋʹ ˃ʰˁˊˇ˒ʱʴ˖˄ ˁʰʽ 

ʵʶ˄ʵˊʽˍʽˁ˗˄ ˁˎˍˍʱˊ˖˄Σ ʷ˄ʰˊ˅ʹ 

ʰ˄ˍʽʵˊʱˋʶ˖˄ ʶˉʾˁˍʹˍʹˌ ʰ˄ˇˋʾʰˌ

TLR4
ɼˎˍˍʰˊʽˁʺ 

˃ʶ˃ʲˊʱ˄ʹ
ɽʽˉˇˉˇ˂ˎˋʰˁ˔ʰˊʾˍʹʂ˃ˇʽʰ ˃ʶ ˍˇ˄ TLR2

CD14
ɼˎˍˍʰˊʽˁʺ 

˃ʶ˃ʲˊʱ˄ʹ

ɽʽˉˇˉˇ˂ˎˋʰˁ˔ʰˊʾˍʹΣ 

˂ʽˉˇˍʶʽ˔ˇʿˁˈ ˇ˅ˏΣ 

ˉʶˉˍʽʵˇʴ˂ˎˁʱ˄ʹ

ʅˎ˄ˎˉˇʵˇ˔ʷʰˌ ˍˇˎ TLR-4

ʇˉˇʵˇ˔ʷʰˌ 

ˊʰˁˇˋˎ˂˂ʷˁˍʹˌ

ɼˎˍˍʰˊʽˁʺ 

˃ʶ˃ʲˊʱ˄ʹ

ɮˊ˄ʹˍʽˁʱ ˒ˇˊˍʽˋ˃ʷ˄ʰ 

ˉˇ˂ˎ˃ʶˊʺ ʲʰˁˍʹˊʾ˖˄ ˁʰʽ 

˃ˎˁʺˍ˖˄

ɳˎˇʵ˗˄ʶʽ ˍʹ ˒ʰʴˇˁˎˍˍʱˊ˖ˋʹ ʰˉˈ 

ˍʰ ˃ʰˁˊˇ˒ʱʴʰ

ʇˉˇʵˇ˔ʶʾˌ 

˃ʰ˄˄ˈʸʹˌ

ɼˎˍˍʰˊʽˁʺ 

˃ʶ˃ʲˊʱ˄ʹ

ʃˇ˂ˎ˃ʶˊʺ ʲʰˁˍʹˊʾ˖˄ ˁʰʽ 

ʽ˗˄ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ 

˃ʰ˄˄ˈʸʹ 

ɳˎˇʵ˗˄ˇˎ˄ ˍʹ ˒ʰʴˇˁˎˍˍʱˊ˖ˋʹ 

ʰˉˈ ˍʰ ˃ʰˁˊˇ˒ʱʴʰ

{ŎƘŀŜŎƘǘŜǊΩǎMechanisms of Microbial disease 5th Ed, 2013



ʇʃʁɲʁʋɳɹʅ ɮɿɮɱɿʍʄɹʅɶʅ ɲʁɾɹɼʍɿ ʃʄʁʆʇʃʍɿ ʃɮɸʁɱʁɿʍɿ
ʇʃʁɲʁʋɳɮʅɳɿʆʁʃɹʅɶ ʅʇɿɲɳʆɶʅ ɲʄɮʅɶ

TLR9 ɳ˄ʵˇˋ˗˃ʰˍʰDNA ̡ ʰˁˍʹˊʾ˖˄ ˁʰʽ ʽ˗˄ʂ˃ˇʽʰ ˃ʶ ˍˇ˄ TLR3

ɿ[w/1, NLRC2 

(NOD1, NOD2)
ɼˎˍˍʰˊˈˉ˂ʰˋ˃ʰ

ʃʶˉˍʽʵˇʴ˂ˎˁʱ˄ʹ 

ʲʰˁˍʹˊʾ˖˄

ɳ˄ʶˊʴˇˉˇʾʹˋʹ ˃ʰˁˊˇ˒ʱʴ˖˄ ˁʰʽ 

ʶˉʽʻʹ˂ʽʰˁ˗˄ ˁˎˍˍʱˊ˖˄ ˃ʶ 

ˉʰˊʰʴ˖ʴʺ ˉˊˇ˒˂ʶʴ˃ˇ˄˖ʵ˗˄ 

ˁˎˍˍʰˊˇˁʽ˄˗˄

ɿ[w/3, NLRC4 ɼˎˍˍʰˊˈˉ˂ʰˋ˃ʰɾʰˋˍʾɹ ʽʰ ʲʰˁˍʹˊʾ˖˄
ɳˉʰʴ˖ʴʺ ʷˁˁˊʽˋʹˌ IL-мʲ 

όˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˒˂ʶʴ˃ˇ˄ˇˋ˗˃ʰˍˇˌύ

NLRP1, NLRP2 

ˁʰʽ b[wtо 
ɼˎˍˍʰˊˈˉ˂ʰˋ˃ʰ

ɰʰˁˍʹˊʽʰˁʷˌ ˍˇ˅ʾ˄ʶˌ

RNA̡ ʰˁˍʹˊʾ˖˄ ˁʰʽ ʽ˗˄

ɼˊˏˋˍʰ˂˂ˇʽ ˇˎˊʽˁˇˏ ˇ˅ʷˇˌ

ʂ˃ˇʽʰ ˃ʶ ˍˇˎˌ NLRC3, NLRC4

ɽʶˁˍʾ˄ʹ ˉˇˎ 

ʵʶˋ˃ʶˏʶʽ ˍʹ 

˃ʰ˄˄ˈʸʹ όMBL)

ɲʽʰ˂ˎˍˈˌ

ʃˇ˂ˎ˃ʶˊʺ ʲʰˁˍʹˊʾ˖˄ ˁʰʽ 

ʽ˗˄ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ 

˃ʰ˄˄ˈʸʹ 

ɳ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ 

ˋˎ˃ˉ˂ʹˊ˗˃ʰˍˇˌΣ ˇ˕˖˄ʽ˄ˇˉˇʾʹˋʹ

ɮ˃ˎ˂ˇʶʽʵʷˌ ɮ 

ˍˇˎ ˇˊˇˏ
ɲʽʰ˂ˎˍˈ ɰ̩ʰˁˍʹˊʽʰˁˈ ˍˇʾ˔˖˃ʰ

ʁ˕˖˄ʽ˄ˇˉˇʾʹˋʹΣ ʶ˄ʶˊʴˇˉˇʾʹˋʹ 

ˍˇˎ ˋˎ˃ˉ˂ʹˊ˗˃ʰˍˇˌ
C-ʰ˄ˍʽʵˊ˗ˋʰ 

ˉˊ˖ˍʶˀ˄ʹ
ɲʽʰ˂ˎˍˈˌ

ʊ˖ˋ˒ˇˊˎ˂˔ˇ˂ʾ˄ʹ 

ʲʰˁˍʹˊʾ˖˄

ʁ˕˖˄ʽ˄ˇˉˇʾʹˋʹΣ ʶ˄ʶˊʴˇˉˇʾʹˋʹ 

ˍˇˎ ˋˎ˃ˉ˂ʹˊ˗˃ʰˍˇˌ

{ŎƘŀŜŎƘǘŜǊΩǎMechanisms of Microbial disease 5th Ed, 2013



Toll-like receptors - TLR

Áʁ˃ˈ˂ˇʴˇʽ ˃ʶ ˍˇ˄ ˎˉˇʵˇ˔ʷʰ toll ˍʹˌ Drosophilamelanogaster
Åɱˇ˄ʾʵʽˇ ˉˇˎ ˁʰʻˇˊʾʸʶʽ ˍˇ˄ ˇˊʻˈ ˁˇʽ˂ʽˇ-ˊʰ˔ʽʰʾˇ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍˇˎ ʶ˃ʲˊˏˇˎ ˍʹˌ 

Drosophila
Åʅˍʽˌ ʶ˄ʺ˂ʽˁʶˌ Drosophila ́  ˋʹ˃ʰˍˇʵˈˍʹˋʹ ˃ʷˋ˖ ˍ˖˄ ˎˉˇʵˇ˔ʷ˖˄ toll ̌ ʵʹʴʶʾ ˋˍʹ˄ 
ˉʰˊʰʴ˖ʴʺ ˃ˇˊʾ˖˄ ˉˇˎ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ˋˍʹ˄ ʱ˃ˎ˄ʰ ˍˇˎ ˅ʶ˄ʽˋˍʺ ˉ˔ ʰ˄ˍʽʲʰˁˍʹˊʽʵʽʰˁʱ 
ˉʶˉˍʾʵʽʰ

Åɯ˄ʻˊ˖ˉˇˌΥ мл ʵʽʰ˒ˇˊʶˍʽˁˇʾ TLR

Áɾʶ˃ʲˊʰ˄ʽˁˇʾ ˎˉˇʵˇ˔ʶʾˌ
Åɮˎˍˇʾ ˉˇˎ ʰ˄ʰʴ˄˖ˊʾʸˇˎ˄ ˉˎˊʹ˄ʽˁʱ ˇ˅ʷʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ ˃ʶ˃ʲˊʱ˄ʹ ˍ˖˄ ʶ˄ʵˇˋ˖˃ʱˍ˖˄

Áɮ˄ʰʴ˄˖ˊʾʸˇˎ˄ ˉˇ˂˂ʱ ʲʰˋʽˁʱ ˋˎˋˍʰˍʽˁʱ ˍˇˎ ˁˎˍˍʰˊʽˁˇˏ ˍˇʽ˔˗˃ʰˍˇˌ ˍ˖˄ 
˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄(PAMPs)
Åɽʽˉˇˉˇ˂ˎˋʰˁ˔ʰˊʾˍʹ ˍ˖˄ Gram(-ύ ʲʰˁˍʹˊʾ˖˄
Åɽʽˉˇˍʶʽ˔ˇʿˁˈ ˇ˅ˏ ˍ˖˄ DǊŀƳόҌύ ʲʰˁˍʹˊʾ˖˄Σ 
Åɾˈˊʽʰ ˃ʰ˄˄ˈʸʹˌ ʴ˂ˎˁˇˉˊ˖ˍʶʿ˄˗˄
Åɲʽʱ˒ˇˊʶˌ ʲʰˁˍʹˊʽʰˁʷˌ ˂ʽˉˇˉˊ˖ˍʶˀ˄ʶˌ όʵʽʱˁˎ˂ˇ-ˁʰʽ ˍˊʽʱˁˎ˂ˇ-˂ʽˉˇˉʶˉˍʾʵʽʰύ ˁʰʽ  
˒˂ʰʴˁʶ˂ʾ˄ʹΦ

ÅssRNA, CpGDNA



ʅʹ˃ʰˍˇʵˈˍʹˋʹ ˃ʷˋ˖ TLRs

Áɶ ˋˏ˄ʵʶˋʹ ˍ˖˄ TLR˃ ʶ ˍˇˎˌ 
ˋˎ˄ʵʷˍʶˌ ˍˇˎˌ ˇʵʹʴʶʾ ˋˍʹ˄ 
ʶˉʽˋˍˊʱˍʶˎˋʹ ˉˊ˖ˍʶʿ˄˗˄ 
ˉˊˇˋʰˊ˃ˇʴʺˌ ˁʰʽ ˋˍʹ˄ 
ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˃ʶˍʰʴˊʰ˒ʽˁ˗˄ 
ˉʰˊʰʴˈ˄ˍ˖˄

ÁNF-ˁ:̡ ́ ˏʻ˃ʽˋʹ ˉʰˊʰʴ˖ʴʺˌ 
ˁˎˍˍʰˊˇˁʽ˄˗˄Σ ˃ˇˊʾ˖˄ 
ˉˊˇˋˁˈ˂˂ʹˋʹˌ ˁʰʽ ˋˎ˄ʵʽʶʴʶˊˍʽˁ˗˄ 
˃ˇˊʾ˖˄

ÁIRFsΥ ˊˏʻ˃ʽˋʹ ˉʰˊʰʴ˖ʴʺˌ IFN- /hʲ
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ʃʄʁʊɽɳɱɾʁɿʍɲɳɹʅ ɼʇʆʆɮʄʁɼɹɿɳʅ

ʃˇʽˇʽ ʶʾ˄ʰʽ ˇʽ ˎˉˇʵˇ˔ʶʾˌ ˍˇˎˌΤ 

ʃˇʽʶˌ ˇʵˇˏˌ ˃ʶˍʰʴ˖ʴʺˌ ˋʺ˃ʰˍˇˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ Τ

ʆʽ ˋˎ˃ʲʰʾ˄ʶʽ ˋʶ ˔ˇˊʺʴʹˋʹ ʰ˄ˍʰʴ˖˄ʽˋˍ˗˄ ˍ˖˄ ˉˊˇ˒˂ʶʴ˃ˇ˄˖ʵ˗˄ˁˎˍˍʰˊˇˁʽ˄˗˄Τ

ʇˉʱˊ˔ˇˎ˄ ʴʶ˄ʶˍʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ʷ˂˂ʶʽ˕ʹˌ ʺ ʵʽʰˍʰˊʰ˔ʺˌ ˋˍʽˌ ˇʵˇˏˌ ˍ˖˄ 
ˉˊˇ˒˂ʶʴ˃ˇ˄˖ʵ˗˄ˁˎˍˍʰˊˇˁʽ˄˗˄Τ



ʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˍʹˌ ˒ˎˋʽˁʺˌ ʰ˄ˇˋʾʰˌ

Áɶ ʷˁˁˊʽˋʹ ˁˎˍˍʰˊˇˁʽ˄˗˄ ʰˉˈ ʽˋˍʽˁʱˁˏˍˍʰˊʰ ˃ʶˍʱ ʰˉˈ ˂ˇʾ˃˖˅ʹ ˁʰʽ ʽˋˍʽˁʺ
ʲ˂ʱʲʹ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʰˉˈ ˍʰ ˉˊ˗ˍʰ ʴʶʴˇ˄ˈˍʰ ˋˍʹ˄ ʰˉˈˁˊʽˋʹ ˍʹˌ ˒ˎˋʽˁʺˌ 
ʰ˄ˇˋʾʰˌ 

Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˍʹˌ ˒ˎˋʽˁʺˌ ʰ˄ˇˋʾʰˌˉʰˊʱʴˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˍʰ ʽˋˍʽˁʱ
˃ʰˁˊˇ˒ʱʴʰˁʰʽ ˍʰ ʵʶ˄ʵˊʽˍʽˁʱˁˏˍˍʰˊʰ ʰ˄ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ ˁʰʽ 
ʰˉˈ ʱ˂˂ʰ ˁˏˍˍʰˊʰ ˈˉ˖ˌ ˍʰ ʶ˄ʵˇʻʹ˂ʽʰˁʱ

Áʁʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˍʽˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˍʹˌ ˒ˎˋʽˁʺˌ ʰ˄ˇˋʾʰˌ ʷ˔ˇˎ˄ 
ˉʰˊʰˁˊʽ˄ʺʵˊʱˋʹς̍ ˃˖ˌ ˋʶ ˋˇʲʰˊʷˌ ˂ˇʽ˃˗˅ʶʽˌ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ 
˃ʶʴʱ˂ʶˌ ˉˇˋˈˍʹˍʶˌ ˁˎˍˍʰˊˇˁʽ˄˗˄ ˁʰʽ ˄ʰ ʶʽˋʷ˂ʻˇˎ˄ ˋˍʹ ˋˎˋˍʹ˃ʰˍʽˁʺ 
ˁˎˁ˂ˇ˒ˇˊʾʰ

Áʁʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ˍʹˌ ˒ˎˋʽˁʺˌ ʰ˄ˇˋʾʰˌ ʷ˔ˇˎ˄ ʵʽʱ˒ˇˊʶˌ ˂ʶʽˍˇˎˊʴʾʶˌΥ 
ʶˉʱʴˇˎ˄ ˍʹ ˒˂ʶʴ˃ˇ˄ʺΣ ʰ˄ʰˋˍʷ˂˂ˇˎ˄ ˍˇ˄ ʽʽˁˈˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈΣ ˉˊˇʱʴˇˎ˄ 
ˍʽˌ ʰˉˇˁˊʾˋʶʽˌ ˍ˖˄ ʆ ˂ʶ˃˒ˇˁˎˍˍʱˊ˖˄ ˁʰʽ ˉʶˊʽˇˊʾʸˇˎ˄ ˍʽˌ ʰ˄ˇˋˇ˂ˇʴʽˁʷˌ 
ʰˉˇˁˊʾˋʶʽˌ
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