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ʃʶˊʾʴˊʰ˃˃ʰ

Åɇɞ ɛɞɜɞˊɎŰɘ Űɤɜ JAK/TykïSTATs əŬɘ ɞ ɟɧɚɞɠ Űɞɡ ůŰɘɠ ŬɜɞůɘŬəɏɠ

ŬˊɞəɟɑůŮɘɠ

ÅɄɩɠ ŮɛˊɚɏəŮŰŬɘ ůŰɖɜ ˊŬɗɞɔɏɜŮɘŬ Űɤɜ ŬɡŰɞɎɜɞůɤɜɜɞůɖɛɎŰɤɜ əŬɘ ɔɘŬŰɑ ɖ 

űŬɟɛŬəŮɡŰɘəɐ ŬɜŬůŰɞɚɐ Űɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮˊɤűŮɚɐɠ;

ÅȾɚɘɜɘəɧ ˊɟɧɔɟŬɛɛŬ əŬɘ ŮɜŭŮɑɝŮɘɠ Űɤɜ űŬɟɛŬəŮɡŰɘəɩɜ ŬɜŬůŰɞɚɏɤɜ 

JAK/TykïSTATs

ÅŪŮɟŬˊŮɡŰɘəɏɠ ŭɟɎůŮɘɠ ůŮ ˊŬɟŮɔɢɡɛŬŰɘəɎ əɨŰŰŬɟŬ 

ÅɁŮɧŰŮɟŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ŮəɚŮəŰɘəɧŰɖŰŬ Űɤɜ ŬɜŬůŰɞɚɏɤɜ JAK/Tyk: ˊɞɘŬ 

ɖ ˊɘɗŬɜɐ əɚɘɜɘəɐ ůɖɛŬůɑŬ



Janus kinases (JAKsΧƻǊ άWǳǎǘ !ƴƻǘƘŜǊ YƛƴŀǎŜέύ

Vɾʶˍʰʴ˖ʴʶʾˌˍˇˎ ˋ˗˃ʰˍˇˌ ʰˉˈ >60 
ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌˁʰʽ 
ʰˎ˅ʹˍʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ

Vп ʵʽʰ˒ˇˊʶˍʽˁˇʾ JAKs (JAK1ς3, TYK2)

VJAK1/2: ˁ ʰʻˇ˂ʽˁʺ ʷˁ˒ˊʰˋʹ

VJAK3: h ʽ˃ˇˉˇʽʹˍʽˁʱΣ ˃ˎʶ˂ˇʶʽʵʺ, 
˂ʶ˃˒ˇʶʽʵʺ ˁˏˍˍʰˊʰ

Vɲˊˇˎ˄ ˖ˌ ˍˎˊˇˋʽ˄ˇ-ˁʽ˄ʱˋʶˌ

Vʅ˔ʹ˃ʰˍʾʸˇˎ˄ ʵʽ˃ʶˊʺ ˁʰʽ ˁʰˍˈˉʽ˄ 
ʶ˄ʶˊʴˇˉˇʽˇˏ˄ ˍʽˌ ˉˊ˖ˍʶˀ˄ʶˌ STAT 
(STAT1ς4, 5A, 5B, 6)

Roskoski R Jr. Pharmacol Res. 2016; 111:784-803; OôSheaJJ, et al. Annu Rev Med. 2015; 66:311-28; Gurniak CB, et al. Blood. 1996; 87:3151-60



ɲʽʰ˒ˇˊʶˍʽˁʷˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌˋʹ˃ʰˍˇʵˇˍˇˏ˄ ˃ʷˋ˖ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ JAK/STAT ˃ˇˊʾ˖˄

Damsky W, et al. J Allergy Clin Immunol. 2021; 147(3): 814-826; OôSheaJJ, et al. Annu Rev Med. 2015; 66:311-28

ü ʁʽ STATs ́ˎʻ˃ʾʸˇˎ˄ ˍʹ˄ ʷˁ˒ˊʰˋʹ 
ʵʶˁʱʵ˖˄ ˔ʽ˂ʽʱʵ˖˄ ʴˇ˄ʽʵʾ˖˄ 
όʵˊʱˋʶʽˌ ˋʶ ʰ˄ˇˋˇˉˇʽʹˍʽˁˈΣ 
ʰʽ˃ˇˉˇʽʹˍʽˁˈΣ ˄ʶˎˊˇ-
ʰ˄ʰˉˍˎ˅ʽʰˁʷˌΣ ˃ʶˍʰʲˇ˂ʽˋ˃ˈύ

ü ʆˇ ̡̔ˇ˂ˇʴʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰˍ˖˄ 
JAKs/STATsʁʾ˄ʰʽ ˁˎˍˍʰˊˇ-/ʽˋˍˇ-
ʶʽʵʽˁˈ

ü ɶ ˋ˔ʶˍʽˁʺ ʶʽʵʽˁˈˍʹˍʰ ʶˊ˃ʹ˄ʶˏʶʽ 
όʶ˄ ˃ʷˊʶʽύ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ 
ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʰ˄ʰˋˍˇ˂ʷ˖˄



Damsky W, et al. J Allergy Clin Immunol. 2021; 147(3): 814-826; OôSheaJJ, et al. Annu Rev Med. 2015; 66:311-28; Ann Rheum Dis. 2013; 

72 Suppl 2: ii111-5

ʁʽ ˎˉˇʵˇ˔ʶʾˌ ˁˎˍˍʰˊˇˁʽ˄˗˄TNF, IL-1, IL-17 ɻ ʶ˄ ˋʹ˃ʰˍˇʵˇˍˇˏ˄ ˃ʷˋ˖ JAKs



ɶ ʲʽˇ˂ˇʴʽˁʺ ʵˊʱˋʹ ˍ˖˄ JAK/STAT ̄ʰˊˇˎˋʽʱʸʶʽ ˃ʶʴʱ˂ʹ ˉˇʽˁʽ˂ʾʰ 

Murray PJ. J Immunol. 2007; 178: 2623-9; Villarino AV, et al J Immunol. 2015; 194(1): 21ï7

Åʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋʹ˃ʰˍˇʵˈˍʹˋʹˌ 
ʰˉˈ ˍˇˎˌ ʾʵʽˇˎˌ JAK/STATs 
ʵʽʰ˒ˇˊˇˉˇʽʶʾˍʰʽ ʰ˄ʱ ˁˎˍˍʰˊʽˁˈ 
ˍˏˉˇ

ÅΚ ʶˎˊˏˍʶˊʶˌ ʴʶ˄˖˃ʽˁʷˌʵˊʱˋʶʽˌ 
ˍ˖˄ STATs

Å ? ̄ ˊ˖ˍʶʿ˄ʽˁʱ ˋˏ˃ˉ˂ˇˁʰ˃ʶ ʱ˂˂ˇˎˌ 
˃ʶˍʰʴˊʰ˒ʽˁˇˏˌ ʺ ʶˉʽʴʶ˄ʶˍʽˁˇˏˌ
ˉʰˊʱʴˇ˄ˍʶˌ

Å ? ζ˃ʹ ˁʰ˄ˇ˄ʽˁʺη ˇʵˈˌ ʵˊʱˋʹˌ 
ˍ˖˄ STATs



ɶ ˒̟ ˋ˒ˇˊˎ˂ʾ˖ˋʹˋʶ ʶʽʵʽˁʺ ʰ˃ʽ˄ˇ˅ʽˁʺʻʷˋʹ όSer727) ̱ ˇˎ STAT3 
˃ʶˋˇ˂ʰʲʶʾ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ IL-1ʲ ˃̟̫̀TLR-4

Balic J, et al. Nat Commun. 2020; 11(1): 3816

TLR-4
Ҩ

TBK-1, TRAF6
Ҩ

STAT3 Ser727phosphorylation
Ҩ

Glycolysis Ą Inflammation (IL-мʲΣ IL-6)



Zhang M, et al. Nature. 2020; 586(7829): 434-439.

1

2

3



ʁ ˊˈ˂ˇˌ ˍ˖˄ ˁˎˍˍʰˊˇˁʽ˄˗˄ʶʾ˄ʰʽ ˁʶ˄ˍˊʽˁˈˌ ˋˍʰ 
ʰˎˍˇʱ˄ˇˋʰ/˒˂ʶʴ˃ˇ˄˗ʵʹ ˄ˇˋʺ˃ʰˍʰ

Smolen J, et al. Lancet. 2016; 388: 2023-38; 

Viale DJ, et al. Lancet. 2018; 391: 2273-84
Bevivino G, et al. Expert Rev Gastroenterol Hepatol. 2018; 12: 907-15

Virtanen AT, et al. BioDrugs. 2019; 33:15ï32



ɼˎˍˍʰˊˇˁʾ˄ʶˌ, JAK/ STATs ˁ ʰʽ ˉʰʻˇʴʷ˄ʶʽʰ ʰˎˍˇʱ˄ˇˋ˖˄
˄ˇˋʹ˃ʱˍ˖˄Υ ʴʶ˄ʶˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ

OôShea JJ, et al. Immunity. 2012; 36: 542-50; Okada Y, et al. Ann Rheum Dis. 2019; 78: 446-453; Brown MA, et al. Best Pract Res Clin Rheumatol. 

2017; 31: 763-776; Capon F. Int J Mol Sci. 2017; 18(12). pii: E2526



ɼˎˍˍʰˊˇˁʾ˄ʶˌ, 
JAK/ STATs ˁ ʰʽ 
ˉʰʻˇʴʷ˄ʶʽʰ ˊʶˎ˃ʰˍʽˁ˗˄ 
˄ˇˋʹ˃ʱˍ˖˄Υ ʴʶ˄ʶˍʽˁʱ 
ʵʶʵˇ˃ʷ˄ʰˋˍʽˌ ɹʊɳɿ

Mirkov MU, et al. Lancet Gastroenterol Hepatol. 2017; 2: 224-234



ʅˁʶˉˍʽˁˈ όrationale) ɹ ʽʰ ˍʹ ˒ʰˊ˃ʰˁʶˎˍʽˁʺ ˋˍˈ˔ʶˎˋʹ ˍ˖˄ JAK ˁ ʽ˄ʰˋ˗˄

JAK1 JAK3 JAK1 TYK2

TYK2*

JAK2
JAK1 JAK1

JAK2* JAK2 TYK2
JAK2 JAK2

JAK1 inhibitor

JAK2 inhibitor

JAK3 inhibitor

TYK2 inhibitor

IL-12, IL-23IFN-ʴ
IL-2, IL-4, IL-7, 

IL-9, IL-15, IL-21
IL-6, IL-11, 

IL-27, G-CSF

IFN-
ʰκʲκˁκ˖κ
ʶ

IL-10Ϟ, 
IL-20, IL-22

EPO, TPO, 
GH, PRL

IL-3, IL-5

IL-12R family 

sharing p40 

subunit1

Type II IFNR1

Receptors 

sharing ɔ-

chain1

Receptors sharing

gp130 subunit1,2*

Type I 

IFNR1

IL-10R 

family1

Hormone 

receptors1

IL-3R 

family1

+ + + + - -

- - + + + +

+ - - - - -

- + + - + -

1 Type II cytokine receptors such as those for IL-10, IL-19, IL-20, and IL-22 as well as gp130 subunit-sharing 

receptors for IL-6 and IL-11, mainly signal through JAK1, but also associate with JAK2 and TYK2.
2 ÀIL-10/IL-22 may have pro- or anti-inflammatory activities, depending on the cellular environment and/or disease state.

3 EPO, Erythropoietin; G-CSF, Granulocyte Colonyïstimulating Factor; GH, Growth Hormone; IFN, Interferon; IL, 

Interleukin; JAK, Janus kinase; PRL, Prolactin; TPO, Thrombopoietin; Tyk,Tyrosine Kinase. 

1. OôSullivan LA et al. Mol Immunol. 2007;44(10):2497ï506; 
2. Ghoreschi K et al. Immunol Rev. 2009;228:273ï87; 
3. Ghoreschi K et al. Nat Immunol. 2009;10(4)356ï60.



ɰʰˋʽˁʷ̩  ˁˎ ˍʰˊˇˁʾ˄ʶˌˉˇˎ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ˋˍʹ˄ ˉʰʻˇʴʷ˄ʶʽʰ ˍ˖˄ 
ʰˎˍˇʱ˄ˇˋ˖˄˄ˇˋʹ˃ʱˍ˖˄ ˋʹ˃ʰˍˇʵˇˍˇˏ˄ ˃ʷˋ˖ ˃ˇ˄ˇˉʰˍʽˇˏ JAK

ʅʺ˃ʰ ˉˊˇ˒˂ʶʴ˃ˇ˄˖ʵ˗˄ˁˎˍˇˁʽ˄˗˄˃ʷˋ˖ 
ʵʽʰ˒ˈˊ˖˄ ˋˎ˄ʵˎʰˋ˃˗˄ ˍ˖˄ JAK

ʁʽˁˇʴʷ˄ʶʽʰ JAK

ɼˎˍˇˁʾ˄ʶˌˉˇˎ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ 
ˋˍʹ˒˂ ʶʴ˃ˇ˄ʺ

JAK

IL-2

IL-7

IL-15

IL-21

IL-6*

IL-13Ϟ

IL-22

IL-12

IL-23

IL-5

IL-1ʲ ς

IL-8 ς

IL-17 ς

IL-18 ς

TNF-ʰ ς

JAK1 JAK2 JAK3 TYK2

1 3

22

1 T22

1 3

1 3

1 3

1 T22

1 T2

T22

T22

Shuai K et al. Nat Rev Immunol. 2003;3(11):900-911.

Danese S et al. Am J Physiol Gastrointest Liver Physiol. 2016;310:G155-G162.

*ȼ IL-6 ɛŮŰŬŭɑŭŮɘ ůɐɛŬŰŬ əɡɟɑɤɠ ɛɏůɤ Űɖɠ JAK1, ŬɚɚɎ ůɢŮŰɑɕŮŰŬɘ Ůˊɑůɖɠ ɛŮ Űɖɜ JAK2 əŬɘ Űɖɜ TYK2



ʅˏ˄ˇ˕ʹ ˁ˂ʽ˄ʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˍ˖˄ ʰ˄ʰˋˍˇ˂ʷ˖˄ JAK̀ ʶ ˔ˊˈ˄ʽʰ 
ˊʶˎ˃ʰˍˇ˂ˇʴʽˁʱ ϧ ˒˂ʶʴ˃ˇ˄˗ʵʹ ˄ˇˋʺ˃ʰˍʰ

Fragoulis G, et al. J Allergy Clin Immunol. 2021;148:941-52



1ʹʴʶ˄ʽʱ ʶˁ˂ʶˁˍʽˁ˗˄ ʰ˄ʰˋˍˇ˂ʷ˖˄ JAKˁ ʰʽ ʻʶˊʰˉʶˎˍʽˁʺ 
˔ˊʺˋʹ ˋʶ ˊʶˎ˃ʰˍʽˁʱ ˄ˇˋʺ˃ʰˍʰ
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Box 1. Drug summary of tofacitinib 
 

Drug name Tofacitinib

Phase Approved in many countries

Pharmacology 

description/MOA
JAK1 and JAK3 inhibitor 

Rout of administration Oral

Chemical structure 

 

Pivotal trials 
ORAL-start; Tofacitinib 5, 10 mg BID or MTX in MTX-naive 
ORAL-solo; Tofacitinib 5, 10 mg BID or placebo in MTX-IR

 

ORAL-standard; MTX + Tofacitinib 3, 5 mg BID or MTX + Adalimumab 

40mg SC every 2 weeks or MTX in MTX-IR 
ORAL-sync; MTX + Tofacitinib 5, 10 mg BID or MTX in DMARDs-IR

 ORAL-scan; MTX + Tofacitinib 5, 10 mg BID or MTX in MTX-IR

 ORAL-step; MTX + Tofacitinib 5, 10 mg BID or MTX in TNFi-IR

 

 

MTX: Methotrexate; JAK: Janus kinase; BID: twice a day; IR: inadequately response; SC: 

subcutaneous injection 

 

tofacitinib (CP-690,550)

JAK3/1 > JAK2 >>> TYK2

Thomas S, et al. PLoS One. 2015; 10: e0130078; Tanaka Y, et al. Mod Rheumatol. 2013; 23: 415-24; Walker JG, et al. Ann Rheum Dis. 2006; 

65:149ï156; Ivashkiv LB, et al. Arthritis Rheum. 2003; 48: 2092-6; IsomaKi P, et al. Rheumatology. 2015; 54:1103-13

RA synovium

ü IL-6: ŷ STAT3 ůŮ əɨŰŰŬɟŬ Ŭɟɗɟɘəɞɨ ɡɛɏɜŬ



ʆˇ tofacitininb (JAK3/1 inhibitor) h ˄ʰˋˍʷ˂˂ʶʽ ˍʹ˄ ʄɮ ˁˎˊʾ˖ˌ ˃ʷˋ˖ 
ʵˊʱˋʹˌ ˋˍʰ ʆ-˂ʶ˃˒ˇˁˏˍˍʰˊʰ(IFNɹ Σ IL17)

Collagen-induced 

arthritis (RA)

naµve veh.

tofa tofa

RA synovial 

fibroblasts

RA synovium

Maeshima K, et al. Arthritis Rheum. 2012; 64: 1790-8; Milici AJ, et al. Arthritis Res Ther. 2008; 10: R14; Boyle DL, et al. Ann Rheum Dis. 2015; 74: 1311-6



Ⱦɚɘɜɘəɐ ŬɜŰŬˊɧəɟɘůɖ Űɤɜ JAK-ŬɜŬůŰɞɚɏɤɜ ɏɜŬɜŰɘ anti-TNF 

(adalimumab)ůŮ ŮɜŮɟɔɧ ɅŮɡɛŬŰɞŮɘŭɐ ȷɟɗɟɑŰɘŭŬ 
[ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛŮɗɞŰɟŮɝɎŰɖ]



ɶ ̒ʶˊʰˉʶʾh  ˃ʶ tofacitinib ʶˉʽ˒ʷˊʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ʲʶ˂ˍʾ˖ˋʹ ˋˍˇ˄ ˉˈ˄ˇΣ ˍʹ˄ 
ˁˈˉ˖ˋʹ ˁʰʽ ʱ˂˂ʶˌ ʰ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ ʰˉˈ ˍˇˎˌ ʰˋʻʶ˄ʶʾˌ ʶˁʲʱˋʶʽˌ όPROs)

Strand V, et al. Arthritis Res Ther. 2020; 22(1): 243



ɮ˄ʰˋˍˇ˂ʺ ˍ˖˄ JAK̀ ˍʹ˄ ʌ˖ˊʾʰˋʹ

ɰʽˇ˂ˇʴʽˁʺ ʵˊʱˋʹ ˋʶ 
ˉʶˊʽ˒ʶˊʽˁʱ 
˃ˇ˄ˇˉˏˊʹ˄ʰ ʰˋʻʶ˄˗˄ 
˃ʶ ʌ˖ˊʾʰˋʹ

ɰʽˇ˂ˇʴʽˁʺ ʵˊʱˋʹ ˋʶ 
ˁʶˊʰˍʽ˄ˇˁˏˍˍʰˊʰ
ʰˋʻʶ˄˗˄ ˃ʶ ʌ˖ˊʾʰˋʹ

V ɾʶʾ˖ˋʹ ˉʰˊʰʴ˖ʴʺˌ 
˒˂ʶʴ˃ˇ˄˖ʵ˗˄ 
ˁˎˍˍʰˊˇˁʽ˄˗˄

Raychaudhuri SK, et al. Ann Rheum Dis. 

2017; 76: e36; 

Krueger J, et al. J Allergy Clin Immunol. 

2016; 137: 1079-90.



ɮ˄ʰˋˍˇ˂ʺ ˍ˖˄ JAK̀ ˍʹ˄ ʌ˖ˊʾʰˋʹ/ʌ˖ˊʽʰˋʽˁʺɮˊʻˊʾˍʽʵʰ

Nogueira M, et al. Drugs. 2020; 80(4): 341-352



ɮ˄ʰˋˍˇ˂ʶʾˌ ʆʇɼн ˋˍʹ˄ ʌ˖ˊʽʰˋʽˁʺɿˈˋˇ

Krueger J, et al. J Am Acad Dermatol. 2021; S0190-9622(21)02017-X

Ghoreschki K, et al. J Dtsch Dermatol Ges. 2021; doi: 10.1111/ddg.14585



JAK h ˄ʰˋˍˇ˂ʶʾˌ ˋˍʹ˄ ʰ˅ˇ˄ʽˁʺ ˋˉˇ˄ʵˎ˂ʰˊʻˊˇˉʱʻʶʽʰ

Akkoc N, et al. Curr Rheumatol Rep (2021) 23: 34

????
ɾʶ ˉˇʽˇ˄ ˃ʹ˔ʰ˄ʽˋ˃ˈ ʰˁˇˏ˄ ʻʶˊʰˉʶˎˍʽˁʺ ʵˊʱˋʹ ˇʽ JAK-ʰ˄ʰˋˍˇ˂ʶʾˌ 
ʶ˒ˈˋˇ˄ ʵʶ˄ ʰ˄ʰˋˍʷ˂˂ˇˎ˄ ˍʹ ˋʹ˃ʰˍˇʵˈˍʹˋʹ ˍ˖˄ TNF/IL-17 ˁ ʰʽ ʹ 

ʰ˄ʰˋˍˇ˂ʺ ˍʹˌ IL-23 ɻ ʶ˄ ʷ˔ʶʽ ʵʶʾ˅ʶʽ ˈ˒ʶ˂ˇˌ





ʆʇɼн ʰ˄ʰˋˍˇ˂ʺ ˁʰʽ 
ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ 
ˋˉˇ˄ʵˎ˂ˇʰˊʻˊʾˍʽʵʰˌ

Gracey E, et al. J Clin Invest. 2020; 130(4): 1863ï78



JAK h ˄ʰˋˍˇ˂ʶʾˌ:˃ʶʾ˖ˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ ˍʹˌ IFN-ʰ ˁʰʽ ˍ˖˄ ˉ˂ʰˋ˃ʰʲ˂ʰˋˍ˗˄

Jamilloux Y, et al. Autoimmun Rev. 2019; 18
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