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Targeted agents: dramatic, but short-lived responses 

Maemondo et al., N Engl J Med 2010  Chapman et al., N Engl J Med 2011  

Lung cancer/Gefitinib Melanoma /Vemurafenib 

Progression Free Survival Progression Free Survival 



Endless two-way combinations of cancer drugs 

1,000 x1,000 

           2 
= 499,000 combinations 

Test each combination  

in 1,000 patients: 

 

499,000,000 patients needed 

-1000 



“Fool around and hope to get lucky” trials 
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N Engl J Med. 2010 363:809-19 
Kopetz et al., ASCO 2010 
 

Differential response of BRAF inhibition in BRAF 
mutant melanoma versus colon cancer 



Is feedback regulation responsible for the resistance 

of CRC cells to BRAF inhibitors?  



BRAFV600E mutant CRC cell lines are also less 

responsive to PLX4032 than melanomas having the 

same mutation 

CRC 

Melanoma 

Short-term cell viability assay Long-term colony formation assay 
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sequence Quantify shRNAs 

vemurafenib culture to  

allow selection 
control 

Synthetic lethal shRNA screen: Inhibition of which  

kinase synergizes with PLX in BRAF mutant CRC? 



Inhibition of EGFR makes BRAF mutant CRC cells 

vulnerable to BRAF inhibition 

Grb 

BRAF 

EGFR 

RAS 

MEK 

ERK 

Cetuximab 

Mutant 



BRAFV600E inhibition causes feedback activation 

of EGFR 

VACO (BRAFV600E) 

Also seen in WiDr and 

KM20 (BRAFV600E) 



Feedback regulation of EGFR  by BRAF inhibition 

Ligand 

CDC25C 

PI3K 

AKT 

Vemurafenib 

Cetuximab 



Synergistic response of BRAFV600E colon cancer 

to EGFR and BRAF inhibition 

Cetuximab 1.25 mg/ml 

Gefitinib 0.125 mM 

BRAF mutant 

Colon cancer cells +EGFR inhibitor 1 

+EGFR inhibitor 2 

0              0.13         0.25         0.5             1 

BRAF inhibitor 



EGFR and BRAF inhibition synergize to suppress  

BRAF mutant colon cancer growth 

Prahallad et al, Nature 2012 

No drug 

EGFR inhibitor 

BRAF inhibitor 

BRAF+EGFR inhibitor 

Human colon cancer growth in mice 



+Gefitinib (1uM) 

Is the combination of MEK and EGFR inhibitors 

also effective in KRAS mutant cells?  

Gefitinib (1uM) 
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ERBB3 activation is mostly dependent on 

heterodimerization  

ERBB3 binding partners 

ERBB family   

shERBB3 

shERBB3 



H358 (KRASG12C) 

Also seen in H2030, H2122,SW837, SW480 and SW620 

Targeting EGFR and ERBB2 sensitizes KRAS mutant 

cells to MEK inhibitor 

+Dacomitinib (0.5uM) 

+Afatinib (0.5uM) 

+Gefitinib (0.5uM) 

+Pertuzumab (2.5ug/ml)  

          0.25       0.5          1 

Selumetinib (uM) 

• Gefitinib: EGFR inhibitor 

• Pertuzumab: ERBB2-targeting monoclonal antibody  

• Afatinib: EGFR and ERBB2 inhibitor 

• Dacomitinib: EGFR, ERBB2 and ERBB4 inhibitor 

 



Targeting EGFR and ERBB2 sensitizes KRAS mutant 

cells to MEK inhibitor in a xenograft model 
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H2122  xenografts 

 



  

6 pools 300 hairpins each  

Infect the pools separately 
(Low MOI)  

Combine the pools and 
plate +/- drugs 

T0 

UT T1 UT T2 PLX4032 T1 PLX4032 T2 

WiDr BRAF V600E  

Harvest & deep seq 

Genetic screen to identify phosphatases synthetic 

lethal with BRAF inhibition in BRAF mutant CRC  

PTPN11/SHP2 

Result from the screen 

Vaco BRAF V600E  

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

● ●
●

●

●● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●
●

●

●
●

●

●
●

●

●●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●
● ●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●
●●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

● ●

● ●

●
●

● ●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

● ●

●
●●

●

● ●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

● ●

●
●

●

●
●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

● ●

●

●
● ●

●
●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●●

●

● ● ●

●

●

●●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

● ●●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●●

●

●

●
●

●

● ●

●

●●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●
●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●
●
●

●

●

●
●

●
●

●
●

● ●

●

●

●

●

●

●

●

● ●

●
●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

● ●

●
●

●●

●

●

●

●

●

●

●

●
●
●

●
●

●

●

●
●

●
●●

●

●

●

●

●

●

●●

●

● ●
●● ●

●

●●
●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

● ●

●● ●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●●

●

●

●

●●

●

●

●●

●
●●

●

●

●

●

●

●
●

● ●●●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●
●

●

●

●●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●
●

●

●●

●
●

−3

−2

−1

0

1

2

3

0 1 2 3 4 5
log10(baseMean)

lo
g

2
F

o
ld

C
h

a
n

g
e

gene
● PTPN11

hit
●● false

true

Treated with Vemurafenib over untreated in Widr.



PTPN11/SHP2 is required for RTK signaling  

• Is a member of a family of cytoplasmic Src homology 2 (SH2) domain-

containing protein tyrosine phosphatases.  

 

• The N-SH2 domain selectively bind to phosphotyrosyl motifs on RTKs 

 

• Is required for activation of RAS signaling downstream of RTKs 
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BRAF mutant CRC cells lacking PTPN11/SHP2 

are sensitive to vemurafenib  
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