Drug screening and cancer resistance: EGFR
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From the gene card activity, let’s investigate a specific gene: egfr

The egfr gene has mutations in 18-20% of patients who develop lung adenocarcinoma (see image below). Patients with lung adenocarcinomas tend to have unfavorable prognoses and high stage tumors often cannot be surgically removed. Instead, patients are treated with chemotherapy drugs and typically have a less than 2-year survival rate. 
[image: ttps://upload.wikimedia.org/wikipedia/commons/thumb/5/50/EGFR_signaling_pathway.svg/2000px-EGFR_signaling_pathway.svg.png]
EGFR (epidermal growth factor receptor) is a receptor tyrosine kinase. Upon binding its specific ligand (for example, EGF) the EGFR dimerizes and its receptor tyrosine kinase activity is activated. Kinases add phosphate groups to proteins. In the case of EGFR, this kinase autophosphorylates, adding phosphates to its own tyrosine amino acids. Once phosphorylated, a number of signaling cascades are activated (including the MAPK, AKT and JNK pathways). In general, these pathways promote cell proliferation, angiogenesis, migration, adhesion and invasion while inhibiting apoptosis (see adjacent figure).

1. What is the normal function of the protein encoded by the egfr gene? 


2. How might you prove a particular mutation in egfr caused cell proliferation?



Certain EGFR mutations cause its kinase domain to be constitutively active, meaning it can no longer be turned “off”. This causes unregulated cell proliferation, angiogenesis, migration, adhesion and invasion, all of which contribute to cancer. 

Receptor tyrosine kinases are common targets for chemotherapy drugs, due to their pivotal role in cancer progression. One such drug is gefitinib, which specifically binds EGFR and interrupts its signaling cascades. In a process called oncogene addiction, cancer cells tend to depend upon a single oncogenic pathway for proliferation and survival (in this case, EGFR and its downstream cascades). When this oncogenic pathway is disrupted, it leads to cancer cell death. For this reason, gefitinib is only effective on cancers with overactive/mutated EGFR. These mutations therefore render EGFR susceptible to gefitinib treatment. Gefitinib specifically inhibits the ATP binding site of the EGFP kinase domain, preventing autophosphorylation and the activation of downstream pathways. 

Let’s observe a lung adenocarcinoma cell line, in which various egfr mutations have been made… 

Now we have a cell culture system in which we can test chemotherapy drugs. Chemotherapy drugs with the least side effects tend to be targeted therapies, which inhibit a particular cancer-promoting pathway (like receptor tyrosine kinases).

3. View the figures below (PDB: 4WRG, 4WKQ) of EGFR wild-type and bound to gefitinib (show with black sticks). To what part of the protein does gefitinib bind?


[image: ]

Unfortunately, there are also EGFR mutations that prevent gefitinib from binding and inhibiting the kinase’s ATP binding site (see PDB 4I1Z, 4I22, 3UG2). These EGFR mutants render their cancer cells resistant to the gefitinib chemotherapy. Sometimes, when patients are treated with gefitinib, their EGFR already contains these resistant mutations. These people are called primary non-responders. In other cases, gefitinib is very effective when treatment begins, but becomes ineffective when a patient’s EGFR gains a resistant mutation. These patients have acquired resistance. 




4. Where would you predict resistance mutations typically arise on the EGFR protein? How would this affect the natural function of the protein? (Interpret the figure below)

[image: ]

5. Do the structures below confirm your hypothesis from question 4? The images below show EGFR co-crystallized with gefitinib (black sticks), the first is the “wild-type” (unmutated) structure, two structures with a susceptibility mutation (L858R and G719S, dark green sticks) and a resistance mutation (T790M, red sticks). The fourth image is a zoom in on gefitinib (black sticks) and the wild-type (light green) residues compared to the susceptibility (dark green) and resistance (red) mutations.

[image: ]


6. When a patient seeks treatment for lung adenocarcinoma, when do you think an oncologist should prescribe gefitinib? When should gefitinib not be prescribed (use the table below)? How would the oncologist acquire this information? 

	Sensitive/responders
	[bookmark: _GoBack]Resistance/Nonresponders

	Exon 19 deletions
	Exon 20 insertion

	Exon 21 L858R single mutation
	Exon 20, S768I single mutation

	Exon 18 G719C single mutation
	Exon 20, T790M single mutation

	Exon 21 L861Q single mutation
	




7. Use the figure below to determine how common it is for a patient to be a primary non-responder with the mutation S768I in exon 20.

[image: nfortunately we are unable to provide accessible alternative text for this. If you require assistance to access this image, please contact help@nature.com or the author]

 

8. What might be done to combat resistance mutations?



9. Write a paragraph that explains the relationship between the following terms: egfr gene, EGFR protein, gefitinib, receptor tyrosine kinase, cancer and oncogene addiction.
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EFRG wild type (PDB:4wrg)

EFRG + gefitinib (PDB:4wkq)
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