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JAK/STAT Cytokine Receptors



Discovery of interferons

Proceedings of the Royal Society of London. Series B, Biological Sciences. 147 (927): 258–67.



IFN-induced gene expression

Cell, Vol. 38, 745-755, October 1984



Immunity 36, April 20, 2012



Protein Science, Volume: 27, Issue: 12, Pages: 1984-2009, First published: 29 September 2018, DOI: (10.1002/pro.3519) 

Class I and II Cytokines



The molecular details of cytokine signaling via the JAK/STAT pathway

Protein Science, Volume: 27, Issue: 12, Pages: 1984-2009, First published: 29 September 2018, DOI: (10.1002/pro.3519) 

Components for response to 
cytokine:
• Receptor
• Receptor Kinase (JAK)
• Transcription Factor (STAT)
• SOCS – suppressor of cytokine 

signaling



Protein Science, Volume: 27, Issue: 12, Pages: 1984-2009, First published: 29 September 2018, DOI: (10.1002/pro.3519) 

CHR – cytokine 
receptor 
homology 
region –
composed of 
FnIII domains

Cytokines bind 
at the junction 
between two 
FnIII domains



The molecular details of cytokine signaling via the JAK/STAT pathway

Protein Science, Volume: 27, Issue: 12, Pages: 1984-2009, First published: 29 September 2018, DOI: (10.1002/pro.3519) 
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• Four members of JAK family: 
JAK1-3 and Tyk2

• FERM and SH2 domains tether 
JAK to the receptor

• FERM binds Box I
• SH2 binds Box II (through a Glu, 

not a pTyr)
• Pseudokinase (ψK) regulates 

kinase activity
• V617F mutation of JAK2 results 

in a hyperactive kinase 
associated with 
myeloproliferative diseases

• JAKs phosphorylate activation 
loops in trans like RTKs
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• Activated JAK 
phosphorylates the 
receptor, promoting 
STAT binding through 
the SH2 domain

• JAKs also 
phosphorylate Tyr 
residue between the 
SH2 and transactivation 
domain

• SH2 domain then binds 
to the pTyr of the 
partner in the dimer
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Negative regulation of cytokine receptor 
signaling

SOCS proteins can inhibit signaling by: 1) binding the receptor and promoting its degradation by ubiquitination; and 
2) directly inhibiting JAKs (for SOCS1 and SOCS3)



Myelofibrosis – scarring of the bone marrow

Normal Myelofibrosis

https://imagebank.hematology.org/



JAK2 and Growth Factor Receptor Mutations 
in Myelofibrosis

Cancer Chemotherapy and Pharmacology volume 77, pages1125–1142(2016)

https://link.springer.com/journal/280


Verstovsek S et al. N Engl J Med 2012;366:799-807.

Treatment of Myelofibrosis with a JAK1/2 inhibitor: Ruxolitinib



TNF-α receptor superfamily



TNFs

• 1968: Gale Granger and Nancy Ruddle – Cytotoxic factor produced by 
lymphocytes (lymphotoxin)

• 1975: Lloyd Old – Cytotoxic factor produced by macrophages and 
named it tumor necrosis factor (TNF). Factors could kill fibrosarcoma
cells.

• 1984: cDNAs encoding LT and TNF were cloned in 1984 – similar 
structure

• 1985: Bruce Beutler and Anthony Cerami – cachectin was actually TNF



Bruce Beutler – Nobel Lecture



Bruce Beutler – Nobel Lecture
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Bruce Beutler – Nobel Lecture



TNFR1

Nature 318 (6047), 665-7 1985



Historical perspectives on tumor necrosis factor and its 
superfamily: 25 years later, a golden journey

Bharat B. Aggarwal,Subash C. Gupta,Ji Hye Kim, Historical perspectives on tumor necrosis factor and its 
superfamily: 25 years later, a golden journey, Blood, 2012, Figure 2





TNF receptor superfamily

http://dx.doi.org/10.1016/B978-0-12-407707-2.00005-9

Death receptorsActivating receptors



Downstream activation of TRAFs and TAK1

TRAF2 and 6 structure

RING domains 
dimerize while the 
coiled coil trimerizes

TAB2 interacting 
with K63-linked di-
Ub complex

http://dx.doi.org/10.1016/B978-0-12-407707-2.00005-9

Activating receptor
interaction with TRAF2

Linking death domains
to TRAF2



Death-induced signaling complex

http://dx.doi.org/10.1016/B978-0-12-407707-2.00005-9Catalytic domain structure of caspase-8



RIP1/3 programmed necrosis - “necroptosis”

http://dx.doi.org/10.1016/B978-0-12-407707-2.00005-9



Figure 1 

Immunity 2016 44, 1005-1019DOI: (10.1016/j.immuni.2016.04.019) 
Copyright © 2016 Elsevier Inc. Terms and Conditions

Signaling networks in immunity

http://www.elsevier.com/termsandconditions


Nielsen OH, Ainsworth MA. N Engl J Med 2013;369:754-762.

Anti–Tumor Necrosis Factor α (TNF-α) Antibodies in Inflammatory Bowel Disease.



Targan SR et al. N Engl J Med 1997;337:1029-1036.

Rates of Clinical Response and Remission after a Single 
Infusion of cA2 or Placebo.



Pattern recognition receptors
Toll-like receptors
NOD-like receptors
RIG-I-like receptors



Frontiers in Cellular and Infection Microbiology 2(142):142



Bruce Beutler – Nobel Lecture



Bruce Beutler – Nobel Lecture



Discover of TLRs



Figure 1 

Structure 2011 19, 447-459DOI: (10.1016/j.str.2011.02.004) 
Copyright © 2011 Elsevier Ltd Terms and Conditions

Structure of Leucine-Rich Repeats in the ECD

http://www.elsevier.com/termsandconditions


Figure 3 

Structure 2011 19, 447-459DOI: (10.1016/j.str.2011.02.004) 
Copyright © 2011 Elsevier Ltd Terms and Conditions

Ligand-binding promotes dimerization

http://www.elsevier.com/termsandconditions


Figure 4 

Structure 2011 19, 447-459DOI: (10.1016/j.str.2011.02.004) 
Copyright © 2011 Elsevier Ltd Terms and Conditions

Pam3CSK4 Pam2CSK4

http://www.elsevier.com/termsandconditions


Figure 5 

Structure 2011 19, 447-459DOI: (10.1016/j.str.2011.02.004) 
Copyright © 2011 Elsevier Ltd Terms and Conditions

TLR3/dsRNA complex

http://www.elsevier.com/termsandconditions


Figure 7 

Structure 2011 19, 447-459DOI: (10.1016/j.str.2011.02.004) 
Copyright © 2011 Elsevier Ltd Terms and Conditions

http://www.elsevier.com/termsandconditions


Figure 8 

Structure 2011 19, 447-459DOI: (10.1016/j.str.2011.02.004) 
Copyright © 2011 Elsevier Ltd Terms and Conditions

Toll IL-1 receptor (TIR) domains 
heterodimerize with effector TIR domains

http://www.elsevier.com/termsandconditions


MyD88

Wikipedia



Development of TLR agonists as drugs

Front. Immunol., 18 February 2021 | https://doi.org/10.3389/fimmu.2020.622614

https://doi.org/10.3389/fimmu.2020.622614


Nuclear receptor superfamily
Steroid hormone receptors
Thyroid receptor



https://slideplayer.com/slide/17626307/



https://slideplayer.com/slide/17626307/



Discovery of the estrogen receptor

• Steroids were thought to act via 
enzyme activation, etc.

• 1950s (Jensen): radioactive 
estrogen to ovariectomized rats 
– localized to reproductive 
tissues. ER hypothesized.

• 1960s: O’Malley suggested 
nuclear concept based on mRNA 
induction by estrogen

• 1985 – Ron Evans cloned the 
glucocorticoid receptor

https://doi.org/10.1073/pnas.1301566110



Mol Endocrinol, Volume 23, Issue 6, 1 June 2009, Pages 740–746, https://doi.org/10.1210/me.2009-0135

The content of this slide may be subject to copyright: please see the slide notes for details.

Nuclear receptor physiology

https://doi.org/10.1210/me.2009-0135
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Structure of the ERE-DNA/ERa/SRC-3/p300 Complex

Molecular Cell 57, 1047–1058, March 19, 2015



Protein Science, Volume: 27, Issue: 11, Pages: 1876-1892, First published: 15 August 2018, DOI: (10.1002/pro.3496) 



Activating mutations in the ERα ligand- binding domain 



If we have time

https://www.youtube.com/watch?v=bOLHKX0Li3M
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