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Receptor Tyrosine Kinases





Levi-Montalcini: NGF



Cohen: EGF

Stanley Cohen, Nobel Prize Lecture 1986



First experiments demonstrating polyoma middle T and v-Src tyrosine kinase activity 

Tony Hunter PNAS 2015;112:26:7877-7882
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Humans have 58 known RTKs (20 subfamilies)
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RTK Dimerization and Kinase Activation

• Receptor activation requires 
dimerization/oligomerization

• Ligand-mediated dimerization
• TrkA

• Ligand- and receptor-mediated 
dimerization

• KiIT
• FGFR

• Receptor-mediated dimerization
• ErbB
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RTK Dimerization and Kinase Activation

• Tyrosine kinase domain 
architecture: Each TKD is cis-
autoinhibited and release of 
autoinhibition required for 
activity

• N lobe
• C lobe
• Activation loop or other 

mechanism
• Mechanism for activation of 

kinase can differ
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Figure 1 
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• N-lobe is composed of five-
stranded β-sheet and one helix 
αC

• C-lobe predominantly helical
• ATP bound between the lobes 

with a GXGXφG phosphate 
binding loop

• Activation loop provides 
platform for binding peptide 
substrate

• Catalytic lysine and glutamate 
are present in the N-lobe
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RTK Signaling through adapter proteins

PTB – phosphotyrosine binding domain; SH2 domain – binds to phosphorylated tyrosines
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EGF receptor signaling
“Bow-tie” network for RTK integration
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Imatinib (ok – it actually targets a non-
receptor tyrosine kinase)
• Chronic myelogenous leukemia –

Nowell and Hungerford show an 
abnormal chromosome 
(Philadelphia chromosome)

• Rowley shows it is due to 
translocation

• Later shown to result in a fusion 
protein BCR-ABL

• BCR-ABL protein promotes 
abnormal WBC proliferation

https://www.nature.com/scitable/topicpage/gleevec-the-breakthrough-in-cancer-treatment-565/



Imatinib (ok – it actually targets a non-
receptor tyrosine kinase)
• Brian Druker collaborated with 

Ciba-Geigy (now Novartis) to 
screen their kinase inhibitors

• Identified a compound which 
inhibited BCR-ABL and tumor 
growth in vitro

• > 90% response in vivo, ushering 
in the era of targeted therapies

Nature Medicine volume 2, pages 561–566 (1996)



Cancer Therapies



EGFR mutation+ response to TKIs

https://doi.org/10.3892/ol.2016.4409



Receptor Serine/Threonine 
Kinases



A summary of biological responses to TGFβ family signaling in development 

Kristi Wharton, and Rik Derynck Development 
2009;136:3691-3697

© 2009.



Isolation of Tranforming Growth Factors

De Larco and Todaro, Proc. Natl. Acad. Sci. USA 75 (1978)



Cloning of TβRs

Cell, Vol. 61, 635-645. May 18, 1990 Cell, vol. 65, 973-982, June 14, 1991 



FEBS Letters, Volume: 586, Issue: 14, Pages: 1860-1870, First published: 28 May 2012, DOI: (10.1016/j.febslet.2012.05.028) 

TGF-β superfamily



Specificity, versatility, and control of TGF-β family signaling, Volume: 12, Issue: 570, DOI: (10.1126/scisignal.aav5183) 



FEBS Letters, Volume: 586, Issue: 14, Pages: 1860-1870, First published: 28 May 2012, DOI: (10.1016/j.febslet.2012.05.028) 

Interunit
disulfide and 
hydrophobic 
interactions 
stabilize the 
ligand dimer.

Alternative modes of binding



TGF-β dimerization and ligand traps

Cell, Vol. 113, 685–700, June 13, 2003



TGF-β superfamily, receptors and effectors

7 type I receptors
5 type II receptors



Specificity, versatility, and control of TGF-β family signaling, Volume: 12, Issue: 570, DOI: (10.1126/scisignal.aav5183) 
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FEBS Letters, Volume: 586, Issue: 14, Pages: 1860-1870, First published: 28 May 2012, DOI: (10.1016/j.febslet.2012.05.028) 

TGF-β type I and type II receptors form a 
heterotetramer – TβRII activates TβRI kinase

GS domain is 
phosphorylated by the 
type II receptor



Assembly of Ligand-Receptor Complexes

Cell, Vol. 113, 685–700, June 13, 2003

BMPs – bind to type I receptor first and then bind to type II receptor
TGF-β/Activins – bind to type II receptor first and then to type I



Regulation of S/T kinase activity

Cell, Vol. 113, 685–700, June 13, 2003



Signaling by TGF-β receptors

Cell, Vol. 113, 685–700, June 13, 2003

R-smad: 1,2,3,5,8
Co-Smad: 4
I-Smad: 6,7



Specificity, versatility, and control of TGF-β family signaling, Volume: 12, Issue: 570, DOI: (10.1126/scisignal.aav5183) 



Figure 2 
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Specificity, versatility, and control of TGF-β family signaling, Volume: 12, Issue: 570, DOI: (10.1126/scisignal.aav5183) 
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Context-dependent transcription by Smads

Cell, Vol. 113, 685–700, June 13, 2003



Specificity, versatility, and control of TGF-β family signaling, Volume: 12, Issue: 570, DOI: (10.1126/scisignal.aav5183) 



The context-dependent, 
combinatorial logic of BMP signaling

Heidi E. Klumpe, Matthew A. Langley, James M. Linton, Christina J. Su, Yaron E. Antebi, 
Michael B. Elowitz
Cell Systems
Volume 13 Issue 5 Pages 388-407.e10 (May 2022) 
DOI: 10.1016/j.cels.2022.03.002



Figure 1 
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Figure 3 
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Figure 4 
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Figure 6 
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Receptor binding competition as a paradigm 
for TGF-β family action

Cytokine & Growth Factor Reviews Volume 57, February 2021, Pages 39-54



Promiscuous binding by TGF-β ligands

Cytokine & Growth Factor Reviews Volume 57, February 2021, Pages 39-54



Measuring ligand competition

Cytokine & Growth Factor Reviews Volume 57, February 2021, Pages 39-54



Pathological roles of ligand competition

Cytokine & Growth Factor Reviews Volume 57, February 2021, Pages 39-54



Pulmonary Arterial Hypertension
• Disease of the 

pulmonary vasculature
• Insidious onset -

Frequently only 
symptom is shortness 
of breath

• Leads to progressive 
RV dysfunction, failure 
and ultimately death

www.ScienceTranslationalMedicine.org 23 October 2013 Vol 5 Issue 208 
208sr5



M Humbert et al. N Engl J Med 2021;384:1204-1215.

Proposed Mechanism of Action for Sotatercept in Pulmonary Arterial Hypertension.



ACTRIIA-Fc modulates signaling, gene regulation, and 
proliferation of human pulmonary vascular cells.

Lai-Ming Yung et al., Sci Transl Med 2020;12:eaaz5660
Copyright © 2020 The Authors, some rights reserved; exclusive licensee American Association 

for the Advancement of Science. No claim to original U.S. Government Works



M Humbert et al. N Engl J Med 2021;384:1204-1215.

Change in Pulmonary Vascular Resistance from Baseline to 
Week 24 in the Intention-to-Treat Population.
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