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ɼ˂ʽ˄ʽˁʺ ɮ˄ˇˋˇ˂ˇʴʾʰ 

æȒȈ ȅŴȃŶȈȋȉǿȃȄǺ ŵȄǻȅȁ 
ŲȆȈŵȃŲȄǼȊ ŲÙȑȄȉȃŵȁȊ   

 ǭȁȌŲȆȃŵŀȈɻ ŷȋŵȃȄǼȊ (innate)  

/ŀȁ ŴȃųȃȄǼȊ ŲȆȈŵɻŲȊ/ǻŀŷȋŶȁȊ 
 

 ǭȁȌŲȆȃŵŀȈɻ ŴÙɻȄŶȁŶȁȊ (adaptive)  

/ŴȃųȃȄǼȊ ŲȆȈŵɻŲȊ/ÙȉȈŵŲȉŀȈŵŀǻȆȁȊ 
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ǥȆȈŵȃŲȄȑ ŵȒŵŶȁŀŲ-ŴȆŴȉǿȈÙȈɻȁŵȁ ųȒȈ ŵȄŴȅȓȆ:  

ŶȁȊ ŷȋŵȃȄǼȊ (innate)  ȄŲȃ ŶȁȊ ŴȃųȃȄǼȊ (adaptive)  ŲȆȈŵɻŲȊ 

Charles Janeway , Jr  (1989)   

æȃǺȄȉȃŵȁ ôôŀȁ ȅȈȃŀȓųȈȋȊ-ɻųȃȈȋõõ ŲÙȑ ôôȅȈȃŀȓųŴȊ-ŀȁ ɻųȃȈõõ  

Infectious - NonSelf  Discrimination Model  

(INSD model)  

ÅJaneway CA Jr.   Approaching the Asymptote? Evolution and Revolution in 
Immunology. Cold Spring Harbour Symposium  Quant Biol 1989;54:1 -13. 
 
ÅJaneway CA Jr.  The immune system evolved to discriminate  infectious nonself 
from noninfectious self. Immunol Today  1992;13:11-6.  
 
ÅMedzhitov  R, Janeway CA Jr.  Innate immunity: impact on the  adaptive immune 
response. Curr Opin Immunol 1997;9:4 -9.  
 
ÅMedzhitov  R, Preston-Hurlburt  P, Janeway CA Jr (1997)  A human homologue of 
the Drosophila Toll protein signals activation  of adaptive immunity. Nature 
388:394 ð397  
 

űȋŵȃȄǼ ǥȆȈŵɻŲééééȃųȃȑŶȁŶŴȊ 

 ǧȇŴȅŴȄŶȃȄǺ ųȃŲŶȁȉȈȒŀŴȆȈȊ ŀȁȌŲȆȃŵŀȑȊ ǺŀȋȆŲȊ ŶȈȋ ȇŴȆȃŵŶǼ ǻȆŲȆŶȃ 

ŶȈȋ ÙŲȂȈǿȑȆȈȋ, ÙȉȓŶȁ ǿȉŲŀŀǼ ǺŀȋȆŲȊ 

 

 ǱȉȈȁǿŴɻŶŲȃ ŶȁȊ ŴȃųȃȄǼȊ ŲȆȈŵȃŲȄǼȊ ŲÙȑȄȉȃŵȁȊ 

 - ǦȉɻŵȄŴŶŲȃ ŵŴ ȑȅȈȋȊ ŶȈȋȊ ÙȈȅȋȄȒŶŶŲȉȈȋȊ ȈȉǿŲȆȃŵŀȈȒȊ 

   (ŴȃųȃȄǼ ǺŀȋȆŲ ŀȑȆȈ ŵŶŲ ŵÙȈȆųȋȅȎŶǺ) 

 - ǶȉȁŵȃŀȈÙȈȃŴɻ ȋÙȈųȈȌŴɻȊ (PRRs) ŲȉȌǻǿȈȆȈȋȊ ŵŶȁȆ ȄŲŶŲǿȎǿǼ 

 - ǱŲȉǻȌŴȃ ÙȉȈŵŶŲŵɻŲ ŵŴ ŴȋȉȒ ŷǺŵŀŲ ÙŲȂȈǿȑȆȎȆ 

 

 æȃŲȄȉɻȆŴȃ ŶȈ ɻųȃȈ ŲÙȑ ŶȈ ŀȁ ɻųȃȈ 

 

 ǴŲȌŴɻŲ ǻȆŲȉȇȁ, ŵŶŴȉŴɻŶŲȃ ŲȆȈŵoȅȈǿȃȄǼȊ ŀȆǼŀȁȊ 
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Oyster hemocyte Mouse macrophage 

http://itgmv1.fzk.de/www/itg/diabate/images.html#fig5 http://www.mdsg.umd.edu/oysters/oysblood.htm 

æȈŀȃȄǻȊ ȄŲȃ ȅŴȃŶȈȋȉǿȃȄǻȊ ȈŀȈȃȑŶȁŶŴȊ ȄȋŶŶǺȉȎȆ  

ŷȋŵȃȄǼȊ ŲȆȈŵɻŲȊ ŵŶȈȋȊ ųȃǺŷȈȉȈȋȊ ȈȉǿŲȆȃŵŀȈȒȊ 
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űȋŵȃȄǼ ǥȆȈŵɻŲééééųȉǺŵŴȃȊ 

 űȉŲǿŀȑȊ (ŀȁȌŲȆȃȄȑȊ, ŴÙȃȂȁȅȃŲȄȑȊ, ȌȁŀȃȄȑȊ) ǿȃŲ ŶȁȆ ÙŲȉŴŀÙȑųȃŵȁ ŶȁȊ 

ųȃŲŵÙȈȉǺȊ ŶȁȊ ȅȈɻŀȎȇȁȊ 

 

 ǥȆŲǿȆȎȉɻȀŴȃ ŶŲ ÙŲȂȈǿȑȆŲ 

 - ŀȁ ÙȉȈŵŲȉŀȈŵŀǻȆŲ ŵȋŵŶǼŀŲŶŲ ŲȆŲǿȆȓȉȃŵȁȊ (PRRsééTLRs)  

 - ŴȆŴȉǿȈÙȈȃŴɻ ŀȑȉȃŲ ÙȈȋ ŵŶȈȌŴȒȈȋȆ ŶŲ ŀȃȄȉȑǾȃŲ ȄŲȃ ǾȈȁȂȈȒȆ       

   ŵŶȁȆ ŲȆŲǿȆȓȉȃŵǼ ŶȈȋȊ (ŵȋŀÙȅǼȉȎŀŲ, ȄȋŶŶŲȉȈȄɻȆŴȊ, CRP) 

  

 ǱȉȈȄŲȅŴɻ ŶȁȆ ǻȆŲȉȇȁ ŶȁȊ ŷȅŴǿŀȈȆȓųȈȋȊ ŲÙȑȄȉȃŵȁȊ, ŶȁȆ ŴȆŴȉǿȈÙȈɻȁŵȁ 

ŶȈȋ ŵȋŀÙȅȁȉȓŀŲŶȈȊ ȄŲȃ ŶȁȊ ÙǼȇȁȊ, ŶȁȆ ȈȍȎȆȃȆȈÙȈɻȁŵȁ, ŶȁȆ ŷŲǿȈȄȋŶŶǺȉȎŵȁ 

 

 ǱŲȉǻȌŴȃ ŵǼŀŲŶŲ ŲŷȒÙȆȃŵȁȊ (alert signals) ŵŶȁȆ ŴȃųȃȄǼ ŲȆȈŵɻŲ 

ÙȉȈȄŴȃŀǻȆȈȋ ȆŲ ŴȆŴȉǿȈÙȈȃǼŵŴȃ ŶȁȆ ųȉŲŵŶȃȄǼ ŴȃųȃȄǼ ŲȆȈŵȃŲȄǼ ŲÙȑȄȉȃŵȁ 

 - MHC-II, B7 (CD80)   

 - IL -12  

 ˂ ʽˉˇˉˇ˂ˎˋʰˁ˔ʰˊʾˍʹˌ όLPS) 

 ̄ ʶˉˍʽʵˇʴ˂ˎˁʱ˄ʹ (PG) 

 ˂ ʽˉˇˉˊ˖ˍʶˀ˄ʹ 

 ˂ ʽˉˇˍʶʽ˔ˇʿˁˈ ̌ ˅ˏ 

 ˃ ʰ˄˄ʱ˄ʶˌ  

 ˃ ʹ ˃ʁ ʻˎ˂ʽ˖˃ʷ˄ʹ CpG-ʰˁˇ˂ˇˎʻʾʰ DNA 

 dsRNA, ssRNA 

PAMPs  
(pathogen-associated molecular patterns) 

ˇ˃ʱʵʰ ˇ˄ˍˇʴʶ˄ʶˍʽˁʱ ʵʽʰˍʹˊʹ˃ʷ˄˖˄ όconserved) ˃ ˇˊʽʰˁ˗˄ ʵˇ˃˗˄Σ  

˔˖ˊʾˌ ʰ˄ˍʽʴˇ˄ʽˁʺ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰΣ  

ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʶˉʽʲʾ˖ˋʹ ˁʰʽ ˍʹ ˂ˇʽ˃ˇʴˈ˄ˇ ʵˊʱˋʹ ˍ˖˄ ˉʰʻˇʴˈ˄˖˄ 



8/12/2014 

5 

LIPID A 

O 

NH 

O 

HO 

O 
O 

HO 

HO 

O 

NH 

O 

O 

O 
O 

O 

O 

O 

O 

O 

P O 

O 
P O 

O 

O 

O 

O O 

INNER CORE 

OUTER CORE 

O-ANTIGEN 

PHOSPHATE 

FATTY ACID  

RESIDUES 

Lauric acid 

Palmitic acid 

Hydroxymyristic acid 

CARBOHYDRATE 

Glucosamine 

H 

H2COH 

C 

H2C 

OX 
O 

P 

O 

O- 

CH2 

C 

H2C 

H OX 
O 

P 

O 

O- 

O 

P 

O 

O- 

O 
CH2 

C 

H2C 

H OX 

O 

O 

CH2 

O 

CH2 O 

O CH2 

C 

H2C 

H O 

O 

CO   R2 

CO   R1 

X = -H, D -Ala, -Glycosyl 

16-40 

LIPOTEICHOIC ACID 

æȈŀǼ LPS ȄŲȃ LTA 

GRAM ( - ) ǾŲȄŶǼȉȃŲ 
Lipid A  ŶȈ ŶȈȇȃȄȑ ŵȋŵŶŲŶȃȄȑ 

O- antigen  ð oligosaccharides  

Outer core  ðpentasaccharide  

(glucose, galactose, N - acetyl -  

glucosamine 

Inner core  ðtrisaccharide of  

2- keto - 3- deoxyoctonic acid  

GRAM (+) ǾŲȄŶǼȉȃŲ 

űȋŵȃȄǼ ŲȆȈŵɻŲ: 

ŴÙȃųȉǺ ŵŶȁȆ ǻȆŲȉȇȁ ȄŲȃ ŵŶȈȆ ŶȒÙȈ (Th1,Th2)  

ŶȁȊ ŴȃųȃȄǼȊ ŲȆȈŵȃŲȄǼȊ ŲÙȑȄȉȃŵȁȊ  

Nature Immunology 2:947 (2001) 
Nature Immunology 2:947 (2001) 
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Polly Matzinger  (1994)   

ŰŴȎȉɻŲ ȄȃȆųȒȆȈȋ- Danger Model  

Å Matzinger  P (1994) Tolerance, danger, and the extended family.  

Annu Rev Immunol 12:991ð1045 
 

Å Matzinger  P (1998) An innate sense of danger.  

Semin Immunol 10:399ð415 

 ǴȈ ŲȆȈŵȃŲȄȑ ŵȒŵŶȁŀŲ ŵȌŴŶɻȀŴŶŲȃ ÙŴȉȃŵŵȑŶŴȉȈ ŀŴ ŶȁȆ ȃŵŶȃȄǼ 

ǾȅǺǾȁ ÙŲȉǺ ŀŴ ŶȈ ȇǻȆȈ 

 ǧȆŴȉǿȈÙȈȃŴɻŶŲȃ ŲÙȑ ŵǼŀŲŶŲ ŵȋȆŲǿŴȉŀȈȒ-ȄȃȆųȒȆȈȋ ŲÙȑ 

ŶȉŲȋŀŲŶȃŵŀǻȆȈȋȊ ȃŵŶȈȒȊ ÙŲȉǺ ŲÙȑ ŶȁȆ ŲȆŲǿȆȓȉȃŵȁ ŶȈȋ ôôŀȁ ɻųȃȈȋõõ 

òé.the way we think has enormous  

influence on what we doéó 

Polly Matzinger  

 ŲÙȈÙŶȎŶȃȄǺ ȄȒŶŶŲȉŲ 

 DNA, ȌȉȎŀŲŶɻȆȁ, HMGB1 

 ATP, MSU 

 ȋŲȅȈȋȉȈȆȃȄȑ 

 ȈȇŴȃųȎŀǻȆȁ LDL (oxLDL) 

 ÙȉȎŶŴǤȆŴȊ ȂŴȉŀȃȄǼȊ ȄŲŶŲÙȅȁȇɻŲȊ (HSPs) 

 ŲȆȈŵȈŵȋŀÙȅǻǿŀŲŶŲ 

 ???????? 

DAMPs  
(damage/danger-associated molecular patterns) 

ʶ˄ʵˇʴʶ˄ʺΣ ʽˋˍʽˁʱ ˋʺ˃ʰˍʰ ˁʽ˄ʵˏ˄ˇˎ όdanger signals)  

ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʽˋˍʽˁʺ ʺ ˁˎˍˍʰˊʽˁʺ ʲ˂ʱʲʹ 

DAMPS: ʁ ˄ʵˇʴʶ˄ʶʾˌ ˋˎ˄ʵʷˍʶˌ PRRs 
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Decoding the Patterns of Self and Nonself by the Innate Immune System  
Ruslan Medzhitov and Charles A. Janeway Jr.  

Science Apr 12 2002: 298 -300.  

The Danger Model: A Renewed Sense of Self  
Polly Matzinger  

Science Apr 12 2002: 301 -305.  

ǧȇȎǿŴȆǼ ŵǼŀŲŶŲ ǧȆųȈǿŴȆǼ ŵǼŀŲŶŲ 

TLR- 4 
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PRRs (Pattern Recognition Receptors ):  
Å ŲȆǼȄȈȋȆ ŵŴ ųȃǺŷȈȉŴȊ ÙȉȎŶŴȏȆȃȄǻȊ ȈŀǺųŴȊ 

Å ȄȎųȃȄȈÙȈȃȈȒȆŶŲȃ ŲÙȑ ǿŲŀǻŶŴȊ (germline  DNA)  

Å ųŴ ȌȉŴȃǺȀŴŶŲȃ ǿȈȆȃųȃŲȄǼ ŲȆŲųȃǺŶŲȇȁ 

Å ųŴȆ ŴŀŷŲȆɻȀȈȋȆ ȄȅȎȆȃȄǼ ȄŲŶŲȆȈŀǼ 

Å PAMPs (ŴȇȎǿŴȆŴɻȊŵȋȆųǻŶŴȊ)/DAMPs (ŴȆųȈǿŴȆŴɻȊ ŵȋȆųǻŶŴȊ) 

TCR, IGs (BCR):  
Å ǿȈȆȃųȃŲȄǻȊ ŲȆŲųȃŲŶǺȇŴȃȊ ŶȈȋ ǿȈȆȃųɻȈȋ ŶȁȊ Ǫg ȋÙŴȉȈȃȄȈǿǻȆŴȃŲȊ 

Å ŴŀŷŲȆɻȀȈȋȆ ȄȅȎȆȃȄǼ ȄŲŶŲȆȈŀǼ 

Å ŶŀǼŀŲŶŲ ÙȉȎŶŴȏȆȓȆ, ÙŴÙŶɻųȃŲ 

PRRséééééééŶŲȇȃȆȑŀȁŵȁ 

 ȄȋŶŶŲȉȃȄȈɻ PRRs:  
ŴÙȃŷǺȆŴȃŲ ŶȎȆ ȄȋŶŶǺȉȎȆ ȄŲȃ ŵŴ ŴȆųȈȄȋŶŶǺȉȃŲ ųȃŲŀŴȉɻŵŀŲŶŲ 

 

 ųȃŲȅȋŶȈɻ PRRs:  
ŴȄȄȉɻȆȈȆŶŲȃ ŵŶȈ ŲɻŀŲ ȄŲȃ ŵŶŲ ȃŵŶȃȄǺ ȋǿȉǺ 

ɼˎˍˍʰˊʽˁˇʾ PRRs (pattern recognition receptors) 

 PRRs ̀ ʹ˃ʰˍˇʵˈˍʹˋʹˌ όsignaling):  

 - ̱ ˏˉˇˎ Toll ˎ ˉˇʵˇ˔ʶʾˌ όToll Like Receptors, TLRs) 

 - ̱ ˏˉˇˎ NOD ˎ ˉˇʵˇ˔ʶʾˌ όNOD Like Receptors, NLRs) 

 - ̱ ˏˉˇˎ RIG ˎ ˉˇʵˇ˔ʶʾˌ όRIG Like Receptors, RLRs) 

 

 PRRs ʁ ˄ʵˇˁˎˍˍʱˊ˖ˋʹˌΥ  

ˋˏ˄ʵʶˋʹΣ ˉˊˈˋ˂ʹ˕ʹ ˁʰʽ ˁʰˍʰˋˍˊˇ˒ʺ ˍ˖˄ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃˗˄ ʰˉˈ ˍʰ ˒ʰʴˇˁˏˍˍʰˊʰ 

 - ˎ ˉˇʵˇ˔ʶʾˌ ˂ʶˁˍʽ˄˗˄ C ̱ ˏˉˇˎ όCLRs): ˃ ʰ˄˄ˈʸʹ ˁ ʰʽ ʴ˂ˎˁʱ˄ʶˌ    

           (MR, DC-SIGN, Dectin-1, Dectin-2) 

 - ˎ ˉˇʵˇ˔ʶʾˌ ˁʰʻʰˊʽˋˍʷˌ όscavenger receptors, SRs)  
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ȹɘŬɚɡŰɞɑ PRRs (ˊɟɤŰŮȶɜŮɠ ɞɝŮɑŬɠ űɎůŮɤɠ) 

Ʌŭɠŭɕɥɕɑ ɇɢɝŮɐűɗɡ ɀůəűɟɢɠɕɒŭ 

ȾɞɚɚŮəŰɑɜŮɠ 

Å ȿŮəŰɑɜɖ ůɡɜŭŮɧɛŮɜɖ ɛŮ ɛŬɜɜɧɕɖ (MBL) 

 

 

ɄŮɜŰŬɝɑɜŮɠ 

Å CRP 

Å ȷɛɡɚɞŮɘŭɏɠ P ɞɟɞɨ (SAP) 

 

LPS ůɡɜŭŮɧɛŮɜɖ ˊɟɤŰŮȶɜɖ (LBP) 

 

ȹɘŬɚɡŰɧɠ CD14 (sCD14) 

 

 

C3, C1q 

ȱˊŬɟ 

 

 

 

ȱˊŬɟ 

 

 

 

ȱˊŬɟ 

  

ɀɀɠ 

 

 

ȱˊŬɟ 

 

 

ȾɡŰŰŬɟɘəɧ ŰɞɑɢɤɛŬ 

ɈŭɟɞɔɞɜɎɜɗɟŬəŮɠ 

 

ūɤůűɞɢɞɚɑɜɖ (PCh) 

ɆɡůŰŬŰɘəɎ Ⱦɇ 

ɈŭɟɞɔɞɜɎɜɗɟŬəŮɠ 

 

LPS 

 

LPS, ůɡůŰŬŰɘəɎ Ⱦɇ 

 

ɈŭɟɞɔɞɜɎɜɗɟŬəŮɠ 

ɄɟɤŰŮȶɜŮɠ 

 

Å ūŬɔɞəɡŰŰɎɟɤůɖ 

Å EɜŮɟɔɞˊɞɑɖůɖ C, űɚŮɔɛɞɜɐ 

 

Å ūŬɔɞəɡŰŰɎɟɤůɖ 

Å EɜŮɟɔɞˊɞɑɖůɖ C, űɚŮɔɛɞɜɐ 

 

 

Å ɀŮŰŬűɞɟɏŬɠ, əɎɗŬɟůɖ LPS 

 

Å LPS ŮˊŬɔɧɛŮɜɖ ŮɜŮɟɔɞˊɞɑɖůɖ   

  CD14(-) əɡŰŰɎɟɤɜ (EC) 

Å ȾɎɗŬɟůɖ LPS 

Å ūŬɔɞəɡŰŰɎɟɤůɖ, űɚŮɔɛɞɜɐ 

 

ɇɗɜŭűɟŮɟűəɚɟɒ PRRs (1) 

ūɐŰɗ ɐɚŲɠŭŰɗɡ ɇɢɝŮɐűɗɡ ɀůəűɟɢɠɕɒŭ 

TLRs 

 

Å TLR 1 ɏɤɠ 11 

 

  

 

 

 

 

ȿŮɛűɘəɞɑ ɘůŰɞɑ, 

ȹȾ, MMs 

 

 

 

 

 

 

 

LPS, PG, LTA, LAM,  

CpG DNA ɓŬəŰɖɟɑɤɜ 

 

 

 

 

 

 

 

Å ȾɎɗŬɟůɖ LPS əŬɘ ɛɘəɟɞɓɑɤɜ 

Å ɆɖɛŬŰɞŭɧŰɖůɖ ˊŬɟŬɔɤɔɐɠ:  

   - əɡŰŰŬɟɞəɘɜɩɜ 

   - ɢɖɛŮɘɞəɘɜɩɜ 

   - ɡˊɞŭɞɢɏɤɜ (IL-2RŬ) 

   - ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ 

   - ŬɜŬůŰɞɚɏɤɜ (ȽkȸŬ) 

   - iNOS 

   - ůɡɜŭɘŮɔŮɟŰɘəɩɜ ɛɞɟɑɤɜ (ȸ7, CD40) 

ɆɖɛŬŰɞŭɞŰɘəɞɑ PRRs (2) 

ūɐŰɗ ɐɚŲɠŭŰɗɡ ɇɢɝŮɐűɗɡ ɀůəűɟɢɠɕɒŭ 

ȺɜŭɞəɡŰŰɎɟɘɞɘ PRRs 

 

Å RLRs (RIG-1, MDA-5) 

Å ́ ɟɤŰŮȶɜŮɠ ˊɞɡ 

ŮˊɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ IFN                

(PKR, OAS) 

 

Å NLRs                  

(NOD-1, 2, NALPs, 

IPAF, NAIP5) 

ȾɡŰŰŬɟɧˊɚŬůɛŬ ɀɀɠ, ȹȾ 

 

 

 

 

 

 

 

 

 

 

dsRNA 

 

 

 

 

PG 

 

  

 

Å ȷɜŬůŰɞɚɐ ɘɥəɞɨ ˊɞɚ/ůɘŬůɛɞɨ 

Å ȺˊŬɔɤɔɐ NF-əȸ (IFNs-I) 

Å ȺˊŬɔɤɔɐ ŬˊɧˊŰɤůɖɠ 

Å ȾŬŰŬůŰɟɞűɐ RNA ˊŬɗɞɔɧɜɞɡ 

 

Å ȺˊŬɔɤɔɐ NF-əȸ, Caspase-1  
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Toll Like Receptors (TLRs) : 
V  ÙŴȉȃǿȉǺŷȁȄŲȆ ǿȃŲ ÙȉȓŶȁ ŷȈȉǺ ŵŶȁ æȉȈŵȑŷȃȅŲ (Nuesslein-Volhard , 1985) 

V  ȉȑȅȈȊ ŵŶȁȆ ŲȆȈŵɻŲ ŶȁȊ æȉȈŵȑŷȃȅŲȊ (Hoffmann 1996)  

V  ŴȆŴȉǿȈÙȈɻȁŵȁ ŴÙɻȄŶȁŶȁȊ ŲȆȈŵɻŲȊ (Medzhitov  & Janeway 1997) 

V  ŵŶȈȆ ǺȆȂȉȎÙȈ 11 TLRs 

V  ÙȋȉȈųȈŶȈȒȆ ȄȈȃȆǻȊ ȄŲȃ ȇŴȌȎȉȃŵŶǻȊ ŵȁŀŲŶȈųȈŶȃȄǻȊ ȈųȈȒȊ 

The Nobel Prize in Physiology or Medicine 2011 was divided, one half jointly to 
Bruce A. Beutler and Jules A. Hoffmann "for their discoveries concerning the 
activation of innate immunity" and the other half to Ralph M. Steinman "for his 
discovery of the dendritic cell and its role in adaptive immunity". 

 

The Nobel Prize in Physiology or Medicine 2011 

Bruce A. Beutler Jules A. Hoffmann Ralph M. Steinman 
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            ūɡŰɎ                         ȰɜŰɞɛŬ           ŪɖɚŬůŰɘəɎ 

Medzhitov, Nature Reviews Immunol. 2001 

TLR ŵŴ ȑȅȁ Ŷȁ ŷȒŵȁ !! 

ÙȅȈȒŵȃȈ ŵŴ ȅŴȋȄɻȆȁ 
ŴȇȎȄȋŶŶǺȉȃȈ ŶŀǼŀŲ  
(Leucine Rich Repeat, LRR)  

æȈŀǼ TLRs 

ȄȋŶŶŲȉȈÙȅŲŵŀŲŶȃȄȑ ŶŀǼŀŲ 
ŀŴǿǺȅȁȊ ȈŀȈȅȈǿɻŲȊ ŀŴ ŶȁȆ 
ȈȃȄȈǿǻȆŴȃŲ ŶȈȋ ȋÙȈųȈȌǻŲ ŶȁȊ IL -1 
Toll / IL -1 ȋÙȈųȈȌǻŲȊ  
(Toll / IL -1 receptor , TIR )  

ŶȒÙȈȋ I ųȃŲŀŴŀǾȉŲȆȃȄǻȊ ǿȅȋȄȈÙȉȎŶŴǤȆŴȊ 

TLR Roles 

OôNeill, Luke A.J. ñImmunityôs Early-Warning Systemò. Scientific American, Jan (2005), 38-45. 
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ɈˊɞŭɞɢɏŬɠ ɇɨˊɞɠ əɡŰŰɎɟɞɡ 

TLR1 ˊŬɜŰɞɨ 

TLR2 ȹȾ, ɄɀɄ, əŬɘ ɀȾ 

TLR3 ȹȾ əŬɘ ɁȾ, ŮˊɎɔŮŰŬɘ ůŰŬ ŮˊɘɗɖɚɘŬəɎ əŬɘ ŮɜŭɞɗɖɚɘŬəɎ 

TLR4 ɀű, ɄɀɄ, ȹȾ, ŮɜŭɞɗɖɚɘŬəɎ 

TLR5 ɀȾ, ŬɜɩɟɘɛŬ ȹȾ, ŮˊɘɗɖɚɘŬəɎ, NK əŬɘ T 

TLR6 Ɉɣɖɚɐ ɏəűɟŬůɖ ůŰŬ ȸ, ɢŬɛɖɚɐ ůŰŬ ɀȾ əŬɘ NK 

TLR7 B, ˊɚŬůɛŬŰɞəɡŰŰŬɟɞŮɘŭɐ ȹȾ 

TLR8 ɀȾ, ɢŬɛɖɚɐ ůŰŬ NK əŬɘ T 

TLR9 
ˊɚŬůɛŬŰɞəɡŰŰŬɟɞŮɘŭɐ ȹȾ, B, ɀű, ɄɀɄ, NK,                   

əŬɘ ɛɘəɟɞɔɚɞɘŬəɎ 

TLR10 B, ˊɚŬůɛŬŰɞəɡŰŰŬɟɞŮɘŭɐ ȹȾ 

TLR11 ɀȾ/ɀű, ɖˊŬɟ, ɜŮűɟɧɠ, ɞɡɟɞɗɐɚɘɞ 

TLR əɡŰŰŬɟɘəɐ əŬŰŬɜɞɛɐ 

ɀŮɚɏŰŮɠ ɡˊɞůŰɖɟɑɕɞɡɜ ɧŰɘ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ɘůŰɞɑ ŮəűɟɎɕɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ TLR  

ǥȆŲǿȆȓȉȃŵȁ ÙŲȂȈǿȑȆȎȆ ŲÙȑ Ŷȁ ŷȋŵȃȄǼ ŲȆȈŵɻŲ ŀǻŵȎ TLRs 

ȸȷȾɇȼɅȽȷ ȽɃȽ 
ɄɅɋɇɃȻɋȷ  

əŬɘ  

ɀɈȾȼɇȺɆ 

TNFŲ 

IL -1Ǿ 

I FNŲ/Ǿ 

IL -6 

LPS 
PG 

LAM 

LTA 
ŴȆŴȉǿȈÙȈɻȁŵȁ 

C 

ŷŲǿȈȄȋŶŶǺȉȎŵȁ 
 

ROIs / RNIs  

TLRs 

ǭȁ ŴȃųȃȄǼ ŲÙȑȄȉȃŵȁ 

ŲÙȑÙŶȎŵȁ 
DNA/RNA 
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Beutler, Nat Rev Immunol. 2004  

TLR ŵȁŀŲŶȈųȑŶȁŵȁ: òȈȃȄȈȆȈŀɻŲó ŶȁȊ ŷȒŵȁȊ 

Ɇəɏɜŭɟɞɠ, ȷɜɞůɑŬ, 2008 

Å MyD88 (myeloid differentiation primary response gene 88) 

Å TIRAP (TIR domain-containing adapter protein) ɐ Mal (MyD88 adapter like) 

Å TRIF (TIR domain-containing adapter protein inducing IFNɓ) 

Å TRAM (TRIF-related adapter molecule) 

ǱȉȎŶŴǤȆŴȊ ÙȉȈŵŲȉŀȈŵŶǻȊ/ųȃŲŵȒȆųŴŵȁȊ (adapters) 

ŵŶȁȆ TLR ŵȁŀŲŶȈųȑŶȁŵȁ 
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AP-1 

TRAM TIRAP 

T
IR

 

TIR 

T
IR

 

TLR3 

TLR4 TLR1/2 

TLR2/6 

TLR5 

TLR11 

T
IR

 

T
IR

 

TIR 

TLR7 

TLR8 

TLR9 

TRAF6 

MAPK 

TRAF6 IRAK4 

MAPK 

TAK1 
IRF5 

NEMO 

IKKŬ IKKɓ 

NFəB 
AP-1 

MyD88 

TRAF6 IRAK4 

TRAF3 

IKKŬ IRAK1 

OPN 

IRF7 

TRAF3 

TBK1 IKKi 

ũɞɜɑŭɘŬ IFN Űɨˊɞɡ Ƚ 

ũɞɜɑŭɘŬ ŮˊŬɔɧɛŮɜŬ Ŭˊɧ Űɖɜ IFN 

ũɞɜɑŭɘŬ IFN Űɨˊɞɡ Ƚ 

ũɞɜɑŭɘŬ ŮˊŬɔɧɛŮɜŬ Ŭˊɧ Űɖɜ IFN 

ũɞɜɑŭɘŬ űɚŮɔɛɞɜɞˊɟɞŬɔɤɔɘəɩɜ  

əɡŰŰŬɟɞəɘɜɩɜ 

TRIF 

IRF3 

ȾɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ 

ŮɜŭɞůɤɛɎŰɘɞ ŮɜŭɞůɤɛɎŰɘɞ 

MyD88 ɞŭɧɠ 

TRIF ɞŭɧɠ 

MyD88 

1) ŴÙǺǿŴȃ ŶȁȆ ǻȄŷȉŲŵȁ ȄȋŶŶŲȉȈȄȃȆȓȆ ÙȈȋ ÙȉȈǺǿȈȋȆ ŶȁȆ ŷȅŴǿŀȈȆǼ                                

(TNFŲ, IL -1Ǿ, IL-6 ȄŲȃ IL -12)  
  

- NFȄǦ, AP-1 (TLR4, TLR2, TLR1/2, TLR2/6, TLR5,  TLR7, TLR8, TLR9)  
 

- IRF5  (TLR4, TLR5, TLR7 , TLR9) 
 

2) ŴÙǺǿŴȃ ŵŶŲ pDC ŶȁȆ ÙŲȉŲǿȎǿǼ ŶȎȆ IFNs Ǫ ȄŲȃ ŶȎȆ ŴÙŲǿȑŀŴȆȎȆ ŲÙȑ ŶȃȊ 

IFNs  ǿȈȆȃųɻȎȆ 
 

- IRF7  (TLR7 ȄŲȃ TLR9) 

MyD88 -ŴȇŲȉŶȓŀŴȆȁ ȈųȑȊ (ȑȅȈȃ Ȉȃ TLRs, ŴȄŶȑȊ ŶȈȋ TLR3) 

1) ŴÙǺǿŴȃ ŶȁȆ ÙŲȉŲǿȎǿǼ ŶȎȆ IFNs I ȄŲȃ ŶȎȆ ŴÙŲǿȑŀŴȆȎȆ ŲÙȑ ŶȃȊ 

IFNs  ǿȈȆȃųɻȎȆ 
  

- IRF3  (ǺŀŴŵŲ)  
 

- IRF 7 (ǻŀŀŴŵŲ) 
 

2) ŴÙǺǿŴȃ (ŵŴ ŲÙȓŶŴȉȁ ŷǺŵȁ) ŶȁȆ ǻȄŷȉŲŵȁ ȄȋŶŶŲȉȈȄɻȆȎȆ ÙȈȋ 

ÙȉȈǺǿȈȋȆ ŶȁȆ ŷȅŴǿŀȈȆǼ (TNFŲ, IL -1Ǿ, IL-6 ȄŲȃ IL -12)  
 

- NFȄB, AP-1 

MyD88 -ŲȆŴȇǺȉŶȁŶȁ (TRIF) ȈųȑȊ (TLR3 ȄŲȃ TLR4) 
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ǲȒȂŀȃŵȁ TLR ŵȁŀŲŶȈųȑŶȁŵȁȊ  
(ÙŲȉŴŀÙȑųȃŵȁ ȋÙǻȉŀŴŶȉȁȊ ŲÙȑȄȉȃŵȁȊ) 

Papadimitraki, Bertsias, Boumpas. J Autoimmun. 2007  

ǳŶŲȂŴȉǺ ŴȆŴȉǿȈɻ Ǽ ŴÙŲǿȑŀŴȆȈȃ ŲȉȆȁŶȃȄȈɻ ȉȋȂŀȃŵŶȃȄȈɻ ŀȁȌŲȆȃŵŀȈɻ 
 - oŀȈȃȓŀŲŶŲ (decoy) TLRs (ŷȋŵȃȄǺ ÙŲȉŲǿȓŀŴȆȈȃ ųȃŲȅȋŶȈɻ TLRs) 

  - ųȃŲŀŴŀǾȉŲȆȃȄȈɻ (ST2, SIGIRR  and TRAIL -R)  

 - ŴȆųȈȄȋŶŶǺȉȃȈȃ ŲȉȆȁŶȃȄȈɻ ȉȋȂŀȃŵŶǻȊ (IRAK M, TOLLIP , A20 ) 

 - ȈȋŀÙȃȄȈȋȏŶɻȆŴȊ (ŲÙȈųȑŀȁŵȁ TLRs) 

 - TGFǾ: ȄŲŶŲŵŶȈȅǼ TLR ǻȄŷȉŲŵȁȊ 

 - TLR ŴÙŲǿȑŀŴȆȁ ŲÙȑÙŶȎŵȁ 

Lee and Kim. Annu Rev Biochem. 2007 

ǥȉȆȁŶȃȄǼ ȉȒȂŀȃŵȁ TLR4 
ŵȁŀŲŶȈųȑŶȁŵȁȊ 

NLRs όϤ нн ˃ʷ˂ʹύ: 
Nucleotide binding and oligomerization domain (NOD)-like receptors 

LRR (Leucine Rich Repeat):  
ˁʰˊʲˇ˅ˎˍʶ˂ʽˁʺ ˉʶˊʽˇ˔ʺ h ˄ʰʴ˄˗ˊʽˋʹˌ ˍ̌  ˎ̀ ˎ˄ʵʷˍʹ 

NACHT+NAD: NBD ̋  NOD  
ˁʶ˄ˍˊʽˁʺ ˉʶˊʽˇ˔ʺ ˉˇˎ ɻ ʽʰ˃ʶˋˇ˂ʰʲʶʾ ̱ ˇ˄ h ˎˍˈ-ˇ˂ʽʴˇ˃ʶˊʽˋ˃ˈ ˁ ʰʽ 
ˍʹ˄ ʁ ˄ʶˊʴˇˉˇʾʹˋʹ ̱ ˇˎ NLR 

CARD: 
Pyrin (PYD): 
BIR: 
ʰ˃ʽ˄ˇˍʶ˂ʽˁʺ ɻ ˊʰˋˍʽˁʺ ̄ ʶˊʽˇ˔ʺ h ˉˈ ̱ ʹ˄ ̌ ˉˇʾʰ ˅ ʶˁʽ˄ʱʶʽ  ́
ˋʹ˃ʰˍˇʵˈˍʹˋʹ 


