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Source: Various sources (company data); ID 288538

Note: Worldwide

Further information regarding this statistic can be found on page 8.

Sum of 2013 revenue for top ten cancer drugs = 37.47 billion 

dollars

http://www.statista.com/statistics/288538/top-cancer-drugs-based-on-revenue/
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ErbB Receptors and Cancer

 Misregulation of ErbBs is strongly correlated with a 
variety of cancers: breast, head and neck, non-small cell 
lung cancer, etc. :

• 25-30% breast cancer patients overexpress ErbB2.

• 20-45% breast cancer patients overexpress EGFR.

• Co-overexpression of EGFR and ErbB2 are associated 
with aggressive malignancy.



ErbB Receptors and Cancer
Swain et al. New England J Med, 2015

Addition of Pertuzamab to treat metastatic 

breast cancer
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Signal Transduction Pathways Activated by ErbB Receptors



Tethered Conformation of EGFR 

Extracellular Domain



•Mutations to the domain II 

dimerization arm abolish 

EGFR homodimerization.

•Dawson, et al. Mol. Cell. Biol. 

25, 2005
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Tethered Conformation

Extended Conformation

•Ligand-induced, receptor-

mediated dimerization

•Dimerization a pre-

requisite for activation



Current Therapeutics

 Anti-EGFR and Anti-ErbB2 drugs are 
among the most advanced breast 
cancer therapeutics.

 mAb-based (monoclonal antibody):

 Trastuzumab (Herceptin), pertuzumab, 
cetuximab (Erbitux)

 TKI (tyrosine kinase inhibitors):

 Gefitinib, erlotinib, lapatinib



EGFR Homodimerization Interface

Y246/Y251

“Hotspot”

Garrett 

Cell 

2002, 

110, 763-

773 

(PDB:1M
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DEVELOPMENT OF CONSENSUS vHTS PROTOCOL

ROB YANG – PH.D. THESIS

AUTODOCK 4.0 WAS USED TO DOCK COMPOUNDS INTO A DOCKING BOX CENTERED ON ACTIVE SITE.

DOCKING POSES WERE SCORED BY EIGHT INDEPENDENT SCORING FUNCTION AND THE CONSENSUS USED.

The Larmackian genetic algorithm with Solis and Wets local search was used to

generate 100 docking poses per compound. All poses were subsequently scored using:

HP, HM, HS (implemented in X-score 1.2.189), D-score, PMF, G-score, Chem-score

(implemented in Sybyl 7.3 CSCORE module), and Dfire90. A consensus score for each

pose was calculated by summing the rankings given by each of the 8 scoring functions.



VALIDATION OF vHTS PROTOCOL WITH  VARIETY OF TARGETS

ROB YANG – PH.D. THESIS



Predict compounds that target the “hotspot”
Virtual high-throughput screen (vHTS)

76 Compounds

Test for inhibitory effects on EGFR activation

Phosphorylation of EGFR in cell lines

Test for specificity

Inhibitory effects against off-target RTKs

Test for dimerization inhibition

Cross-linking, Enzyme-complementation

SMALL MOLECULE LIBRARY – NCI - 1990 Compounds

LEADS! – 2 Compounds

20 Compounds

11 Compounds



Inhibition of EGFR Activation Assay

 Screened the NCI-diversity database:
 1990 compounds that is a subset of 140,000 compounds.

 Tested top 80 compounds

 20/80 inhibited EGFR activation



Specificity: Other RTKs

RTKs Activating ligands Cell line

Insulin Receptor 

(IRS-1)

Insulin 3T3-L1

Platelet-derived 

growth factor 

receptors (PDGFR)

PDGF NIH-3T3

 Stimuation with activating ligands  quantify 
receptor phosphorylation using antibody pY20 
record compound effects.



Two compounds inhibited insulin-receptor stimulation



Four compounds inhibited PDGF-receptor stimulation



Inhibition of Dimer Cross-Linking



FOUR LEADS FROM NCI SCREENING



Best Lead from NCI Screening

Initial lead NSCS56452 -

6-[(2-methylnaphthalen-1-yl)methylsulfanyl]-9-(2-

methylpropyl)purin-2-amine

MW = 3.78, LogP = 4.9, H-bond donor =1, H-bond acceptor = 4, 

rotatable bonds = 5 Achiral!



�Brief Summary



Apparent Synergy between Erlotinib and 

Dimerization Inhibition – Inhibition of 

HeLa Cell Growth



Split-Luciferase EGFR Dimerization Assay

Yang et al. JBC 284:7474-7482, 2009.

EGFR has tyrosine-kinase domain omitted; impact of compounds cannot be 

due to RTK inhibition



Characterization of Leads by EFGR Split-Luciferase Assay

Only homodimerization of EGFR leads to signal despite presence of other ErbB receptors



Characterization of Leads by EFGR Split-Luciferase Assay



Compounds that shared at least 90% Tanimoto similarity in 

structure and composition with NSC56452.

66 compounds were screened with the split-luciferase 

assay – one NSC59485 had an IC50 = 144 nM

In addition, sixty 6-substituted purine derivatives prepared

by Laufer et al. (J Med Chem, 2005) as potential ATP-

competitive kinase inhibitors that structurally resembled

NSC56452 were screened with the most potent DH199

having an IC50 = 4 μM. These compounds had been

profiled against a panel of kinases.



In addition, sixty 6-substituted purine derivatives prepared

by Laufer et al. (J Med Chem, 2005) as potential ATP-

competitive kinase inhibitors that structurally resembled

NSC56452 were screened with the most potent DH199

having an IC50 = 4 μM. These compounds had been

profiled against a panel of kinases with minimal activity.
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Screening for Inhibition of EGFR Dimerization of Structurally 

Similar Compounds with Split-Luciferase Assay



Garrett Cell 2002, 110, 763-773 (PDB:1MOX)

NSC56542 Docked into Dimerization-Arm Recognition Site



Cover:

Yang et 

al.

CBDD, 

76, 2010



Hypothesis: Treatment with dimerization inhibitors

will be less likely to lead to recurrance of drug-

resistant cancer

Rationale: Mutation in dimerization-arm recognition

domain (“armpit”) to block drug will require a

compensatory mutation in dimerization arm to

maintain function

QED: Blocking dimerization exploits an Achille’s

heel of ErbB receptors





Intracellular Messengers Recruited by ErbB Family Members

ErbB receptors and their cytoplasmic partners. The interaction of various proteins containing Src homology 2 and 

phosphotyrosine binding domains has been mapped to specific ErbB carboxy-terminal tyrosines. Autophosphorylation 

sites are shown in red, interaction sites demonstrated by phosphopeptide competition analyses are in black, and sites 

identified as Src phosphorylation sites are in blue. The receptor-associated late transducer (Ralt) and the PDZ proteins 

PSD-95, Erbin and Pick1 interact with the receptors in a phosphorylation-independent manner. 

(Olayioye, Breast Cancer Res 2001, 3:385-389)



Why do receptors heterodimerize?

 ErbB2 (HER2) does not homodimerize - Why?

 ErbB2 preferentially heterodimerizes with EGFR, ErbB3 and 

ErbB4 receptors - Why?

 ErbB2 does not require ligand activation - Why?

 Are there differences in structure of extracellular domains?



Synthetic Transmemebrane Segments of ErbB Receptors 

Used to Estimate Dimerization Affinities of TM Segments

Duneau, J. P.; Vegh, A. P.; Sturgis, J. N. A dimerization hierarchy in the 

transmembrane domains of the HER receptor family. Biochemistry 2007, 46, 2010-9.







Development of resistance to ErbB-pathway targeted pathways for cancer 

therapies. (Wang & Greene, J Clin Invest, 2008. 118(7): p. 2389-92)



Therapeutic Opportunity?

Overall Hypothesis: Cancers that recur following

treatment with mAB therapeutics (trastuzumab,

cetuximab, etc.) targeting the ECDs, or tyrosine

kinase domains (gefitinib, erlotinib, lapatinib, etc.),

of ErbB receptors will respond to treatment with

dimerization inhibitors.

Rationale: Dimerization inhibitors target a unique

interface that is not modified by mutations causing

resistance to mABs or TKIs.



Gallbladder Cancer

Breast Cancer





Dimerization arm - Y246 & Y251 in red Recognition Site (EGFR 267-288) mutagenic sites 

ê ê in red

EGFR (245-260) - L-Y-N-P-T-T-Y- Q-M-D-V-N-P-E-G-K

ErbB2 (253-267) - T-Y-N-T-D-T-F- E-S-M-P-N-P-E-G-R

ErbB4 - V-Y-N-P-T--T-F-Q-L-E-H-N-F-N-A-K

C-V-K-K-C-P-R-N-Y-V-V-T-D-H-G-S-C-V-R-A-C-G

C-V-T-A-C-P-Y-N-Y-L-S-T-D-V- G-S-C-T-L-V-C-P



50o C, 12 h

Scheme for NSC59485NSC59485



50o C, 12 h

PDX	ID ER HER2

Molecular	

Subtype	

(PAM50)

HER2-targeted	therapy	of	tumor	

prior	to	engraftment	into	mice

WHIM8 Neg. Positive HER2-E Herceptin,	Lapatinib

WHIM22 Neg.	 Positive HER2-E Trastuzumab

WHIM35 Positive Positive HER2-E treatment	naïve

WHIM38 Positive Positive HER2-E treatment	naïve

WHIM49 Neg. Positive HER2-E Herceptin,	Lapatinib

WHIM56 Neg.	 Positive HER2-E treatment	naïve

HER2+ Breast Cancer PDX lines

Patient-Derived Xenograft Cancer Models in Mice at 

WUSM HAMLET Center 
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50o C, 12 h

two negatively-charged residues, both unique to ErbB2, were

computationally predicted and experimentally confirmed to be 

critical for the stability of

the ErbB2-EGFR interface. The identification of these critical 

residues and the

heterodimer interface model serve as potential target sites for the 

development of

heterodimer inhibitors.



50o C, 12 h



Benchmark for Empirical Scoring 

Functions

 PDBbind (Wang et al., J Med Chem. 2004, 47(12):2977-80)

 PDBbind v2002 (n = 800)

 PDBbind v2004 (n = 1091)

 Compare performance against top scoring 

functions

 X-Score (Wang et al., J Comput Aided Mol Des 2002, 16(1):11-26)

 PDBbind v2002: r2 = 0.566, SD = 1.82 pKi

 SFCscore (Sotriffer et al., Proteins 2008, 73(2):395-419)

 PDBbind v2002: r2 = 0.585, SD = 1.80 pKi

 PDBbind v2004: r2 = 0.587, SD = n/a


