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Module 2: Systems Engineering
Experimental Context: EGFR System

Approach: Use mathematical models to make predictions and 
‘high throughput’ experiments to test hypothesis.

Themes of the module:
Cancer Systems Biology

High Throughput Screening Technologies
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Bidkhori et al. model revisited.

Our simulation = 1000 sec ~ 17 minWiley Exp Cell Research 2003

c-Cbl
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Bidkhori et al. model revisited.

Our simulation = 1000 sec ~ 17 minWiley Exp Cell Research 2003

c-Cbl

GFP-Clathrin
10 min
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Bidkhori et al. model revisited.

Our simulation = 1000 sec ~ 17 minWiley Exp Cell Research 2003

c-Cbl

Red = anti-EGFR Ab

Green = anti-EGF Ab
20 min
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‘Normal’ ‘Cancer’
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Shankaran et al. Molecular Systems Biology 5 Article number: 332
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‘Cancer’ ‘Cancer + no PTEN’

PIP2 PIP3

PTEN
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Total Akt

pAkt

200,000 sec ~ 55.5 hrs

Not all models can simulate longer time points
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We can’t predict everything from 1000 sec.

‘Normal’ ‘Cancer’

Clin Cancer Res September 1, 2006 12; 5055
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A face to the disease.
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Image credit: http://news.vanderbilt.edu/2011/12/stanley-cohen-nobel-prize/

Pubmed search for “epidermal growth factor receptor”

Let’s go back to our popular friend, the EGFR

Approval of:

Herceptin
Tarceva
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Not all EGFR inhibitors are the same.

Grunt et al. Biochem. Biophys. Res. Commun. 385:454-459(2009)

Canertinib = irreversible, 
promiscuous

Erlotinib = reversible, 
EGFR specfic
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Erlotinib

Adapted from Tasler et al. Bioorganic & Medicinal Chemistry Volume 17, Issue 18, 15 September 2009, Pages 6728–6737

Green = Erlotinib bound
Red = Lapatinib bound

Tarceva/Lapatinib structure from: Wood et al. Cancer Res September 15, 2004 64; 6652

Not all EGFR inhibitors are the same.
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EGFR inhibition is very effective (?) in a subset of 
patients.

Epidermal growth factor receptor tyrosine kinase inhibitor-resistant disease. Ohashi K, Maruvka YE, Michor F, Pao W. J Clin Oncol. 2013 Mar 10;31(8):1070-80.
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EGFR mutation drives drug response.

We will sequence Exons 19 & 21.

Epidermal growth factor receptor tyrosine kinase inhibitor-resistant disease. Ohashi K, Maruvka YE, Michor F, Pao W. J Clin Oncol. 2013 Mar 10;31(8):1070-80.
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Epidermal growth factor receptor tyrosine kinase inhibitor-resistant disease. Ohashi K, Maruvka YE, Michor F, Pao W. J Clin Oncol. 2013 Mar 10;31(8):1070-80.

Targeted inhibitors affect disease statistics.

SEER database

How does lung cancer 
incidence decrease, but 

disease prevalence 
increase?
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Detecting EGFR Mutation -- PCR + Sequencing

Santos et al. Annu. Rev. Pathol. Mech. Dis. 2011. 6:49–69
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Acquired mutations end EGFR RTKi efficacy.

Epidermal growth factor receptor tyrosine kinase inhibitor-resistant disease. Ohashi K, Maruvka YE, Michor F, Pao W. J Clin Oncol. 2013 Mar 10;31(8):1070-80.
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Systems biology applied to drug resistance -- 
modeling of T790M and dosing schedule.

PC-9 cells develop 
resistance upon chronic 
exposure to erlotinib or 
afatinib.

A higher percentage of cells 
harbor a T790M mutation.
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Systems biology applied to drug resistance -- 
modeling of T790M and dosing schedule.

When drug is removed:

Mutation rate decreases

Signaling normalizes

*Growth rate is slower
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Systems biology applied to drug resistance -- 
modeling of T790M and dosing schedule.

A very simple and elegant 
mathematical model was 
employed using simple cell 
viability data & knowledge 
of mutation rate.
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Systems biology applied to drug resistance -- 
modeling of T790M and dosing schedule.

High pulsed doses of 
Erlotinib keeps fast growing 
sensitive cells in check.
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