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Target analysis of human EGFR 

Executive summary 

 Epidermal growth factor receptor (EGFR) is a transmembrane glycoprotein belonging to the ErbB 

family of receptor tyrosine kinases. EGFR is activated on binding of its specific ligand resulting in a 

downstream signaling cascade, mainly the PI3K and the RAS/MAPK pathways. 

 Orthologs of human EGFR have been reported in several mammalian species including chimp, 

rhesus monkey, dog, cattle, mouse and rat. 

 EGFR has nine major splice variants: the canonical isoform encodes a protein of 1210aa while the 

splice variants encode proteins of length 1091aa, 705aa, 657aa, 628aa, 405aa, 245aa, 128aa and 

210aa. The transcript encoding the canonical isoform can exist as two RNA species of length 10 Kb 

and 5.6 Kb. The 10 Kb transcript is the major RNA species. 

 The primary sites of EGFR expression in humans are placenta, kidney, brain, mouth, lung, prostate 

and bronchus. 

 2025 polymorphisms are reported in databases for EGFR of which 45 are coding SNPs. The length 

of the polymorphic microsatellite sequence (CA)n dinucleotide polymorphism located in intron-1 

has been associated with many cancers.  

 A large number of somatic mutations have been reported in EGFR in several cases of non-small 

cell lung cancers. These are mainly localized to the tyrosine kinase domain of the protein. 

Deletions of extracellular regions and tandem duplications in the gene are also reported in few 

malignancies. 

 The sequence between -540 to -1 upstream of the human EGFR gene contains the promoter of 

the gene that does not contain the typical TATA or CAAT boxes, but contains multiple GC boxes 

and multiple transcription start sites. Two enhancer elements with a cooperative function in the 

EGFR gene have been identified, one upstream of the promoter and the other downstream in 

intron 1. 

 The EGFR protein has a ligand binding extracellular domain, a transmembrane domain and the 

intracellular tyrosine kinase domain. EGFR undergoes homo-dimerization or hetero-dimerization 

on ligand binding, consequently undergoing activation. 

 Activation of EGFR promotes processes responsible for tumor growth and progression, including 

proliferation, maturation, angiogenesis, invasion, metastases and inhibition of apoptosis.  EGFR 

has been detected in varying degrees in a wide range of solid tumors.  

 Cetuximab is an approved monoclonal antibody therapy targeting EGFR for colorectal and 

squamous cell carcinoma of head and neck cancer. Erlotinib is a tyrosine kinase inhibitor (TKI) 

which is an FDA approved drug for non-small cell lung cancer and pancreatic cancers and is in 

clinical trial for various other cancer. Several other antibodies as well as TKI targeting EGFR are in 

various phases of clinical trials. These therapeutic strategies are found to be beneficial as 

monotherapy or combination therapy. 
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5. Other genetic alterations of the EGFR gene 

Sources of information: Ensembl, OMIM, Aceview, COSMIC, NCBI-PubMed 

Genetic alterations like mutations, chromosomal aberrations and methylation in EGFR have been 

implicated in various neoplastic diseases.  In addition, there are reports describing regulation of the 

gene by microRNAs. The sections to follow focus on these areas in detail. The following flowchart 

summarized the different areas described in this section. 

 

 

http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000146648
http://www.ncbi.nlm.nih.gov/omim/131550
http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/av.cgi?exdb=AceView&db=36a&term=EGFR&submit=Go
http://www.sanger.ac.uk/perl/genetics/CGP/cosmic?action=gene&ln=EGFR
http://www.ncbi.nlm.nih.gov/sites/entrez
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5A.Mutations  
 

 EGFR is frequently mutated in a large variety of tumors. Most of the mutations in EGFR are 

somatic mutations. 

 EGFR mutations are more common in patients of oriental origin, in females and in patients 

with adenocarcinoma or non-smokers. 

 Mutations are largely observed in the tyrosine kinase domain of the protein. These mutations 

are localized to exons 18-21 (687-875aa). 

 L858R in exon 21 is the most common mutation in EGFR, followed by a micro-deletion in exon 

19. 

 Mutations in the tyrosine kinase domain are considered to be the best predictive marker for 

response to treatment with EGFR-tyrosine kinase inhibitors. 

 Acquired resistance to the tyrosine kinase inhibitors in patients with EGFR mutation is closely 

associated with the development of a secondary mutation in exon 20- T790M. 

 A large number of deletion mutations in the extracellular domain of EGFR have been 

observed in a number of neoplasias. EGFRvIII is the most common and most widely studied 

deletion mutation of the EGFR extracellular domain. 

 The EGFR mice knock-out mutants exhibit phenotypes such as hyperkeratosis, hyper-

innervation of dorsal skin. 

 

Mutations of the human EGFR gene 

EGFR is frequently mutated in a large variety of tumors. EGFR is generally expressed at a low 

level in a wide variety of normal tissues. Excessive expression or activation of EGFR is able to 

induce malignant transformation. Multiple studies on EGFR and its mutations have largely 

concluded that the mutations commonly enhance the intrinsic tyrosine kinase activity or 

suppress the regulatory domain leading to overexpression/uncontrolled activation of EGFR. 

The constitutive activities of EGFR translate to downstream pathways and thereby stimulate 

transformation. EGFR mutations have been largely studied in non-small cell lung cancers 

(NSCLC) wherein a variety of somatic mutations have been documented. In addition, 

mutations in the extracellular domain have been widely observed in various patients with 

glioblastomas. EGFR mutations have also been seen in other cancers like ovarian carcinomas, 

prostate carcinomas to name a few.   

 

Several studies done on NSCLC have identified factors that are predisposing to the EGFR 

mutations. It is observed that the EGFR mutations are more common in patients of oriental 
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origin, in females and in patients with adenocarcinoma or who have never smoked (Zhang 

and Chang 2006). 

 

In order to better understand the location of mutation in the gene and protein discussed in 

the sections to follow, a graphical representation of the exons and corresponding domain 

organization is provided below.  

 

(SP: Signal peptide; TM: Transmembrane domain, JM: Juxtamembrane domain) 

Figure 8: Domain and exon organization of EGFR  

 

Mutations are observed across the EGFR gene, but are largely localized in the tyrosine kinase 

domain. A variety of mutations including in-frame deletions, insertions and missense 

mutations are observed. This is summarized in the image provided by the COSMIC database. 

 

 
Source: COSMIC 

Figure 9: Summary of EGFR mutations; their location and type. 

 

In the following section, we discuss the EGFR mutations in the tyrosine kinase domain and the 

extracellular domain, and the drugs targeting the mutated EGFR. 

 

I. Mutations in tyrosine kinase domain 

A large number of mutations occurring in the tyrosine kinase domain have been documented 

in literature and databases. It has to be noted that the mutations in the TKD is largely 

somatic. These mutations are localized to exons 18-21 (687-875aa). The following table is a 

list of somatic mutations reported in literature and databases. 

EGFR domains SP TM/JM

EGFR exons 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Protein 
1-

24aa

644-

670aa

Extracellular domain Tyrosine kinase domain C-terminal region

25-643aa 671-977aa 978-1210aa
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EGFR has a variety of mutation types found in various cancers. Based on the data from 

literature and databases, we have tried to look at the most common type of mutations in 

EGFR. Missense and microdeletions are found in more than 80% of the cases with EGFR 

mutations. Also found are indels, duplications and insertions, but with lesser frequency. As 

can be seen in the table, mutations in exon 18 and 21 are mostly missense variations, deletion 

mutations are largely observed in exon 19 and insertions are mostly observed in exon 20.  

 

 
 

Figure 10: Type of somatic mutations in EGFR 

 

We wanted to look at the TKD exon which harbors most mutations and the exon which is 

more frequently mutated in cancers.  While it was exon 19 and exon 20 which had more 

number and variety of mutations, the exon which was more frequently mutated is exon 19 

and exon 21. This corroborates with the earlier statistics where mutation in exon 21 (L858R) 

and the deletion in exon 19 are most frequent in cancers related to EGFR mutations. This is 

summarized in the graph below. 
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Figure 11: Frequency and number of mutations in EGFR exons 18-21. 

 

Clinical significance of mutations in the TKD 

 

Mutations in the tyrosine kinase domain is considered to be the best predictive marker for 

response to treatment with EGFR-tyrosine kinase inhibitors (TKI). Since the mutational 

activation of EGFR kinase is associated with various neoplasms, it has long been recognized as 

a potential drug target. Gefitinib and Erlotinib are the clinically approved TKIs which are ATP 

competitive inhibitors used for the treatment of NSCLC. These drugs target the mutant form 

of EGFR kinase which has an altered enzyme site but they do not target the wild type.  

In a study done on NSCLC patients who experienced positive response to gefitinib, it was 

observed that 13 out of 14 patients harbored the activating mutations in exons 18, 19 and 21 

(Lynch et al. 2004, Paez et al. 2004). More studies have reported EGFR mutations in patients 

who responded to gefitinib and erlotinib. These activating mutations are more common in 

East Asians, in women, in never-smokers and patients with adenocarcinima history (Janne and 

Johnson 2006). The presence of EGFR activating mutations (mutations that result in 

constitutive activation of the gene) is considered a predictive marker for progression-free 

survival and overall survival in patients with NSCLC treated with these TKI (Bonomi et al. 

2007). A significantly longer survival was observed in patients with EGFR activating mutations 

(Cortez-Funes et al. 2005, Han et al. 2005). The type of mutation in EGFR also influences the 

efficacy of gefitinib treatment. Not all mutations influence the drug treatment similarly. 

NSCLC expressing L858R mutations are found to be significantly more sensitive to gefitinib 

treatment than those that express G719S mutation (Jiang et al. 2005). Response in patients 

with exon 19 mutations is higher than in patients with exon 21 mutations (Gazdar 2009).  
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Mutations associated with resistance to TKI 

 

It is observed in several studies that not all tumors with activating mutations are associated 

with enhanced response to gefitinib and erlotinib. Although most of the patients initially 

respond to the treatment, a large number of them eventually relapse and are resistant to 

further treatment with TKI (Fukuoka et al. 2003, Kris et al. 2003). This acquired resistance is 

closely associated with the development of a secondary mutation in exon 20- T790M (Pao et 

al. 2004). The authors described that three of the six patients with acquired resistance to TKI 

harbor the T790M mutation. T790M has also been detected in untreated tumor and in 

germline DNA and is considered to be associated with lung tumorigenesis (Bell et al. 2005).  

In-vitro studies have proven that introduction of T790M into gefitinib sensitive tumor cells 

that show activating EGFR mutations confer resistance to gefitinib treatment (Greulich et al. 

2005). It is not clear how T790M imparts resistance to TKIs. One mechanism suggested by 

Kumar et al. (2008) implicate that T790M alters the topology of the ATP-binding pocket in 

EGFR resulting in stearic hindrance and thereby resistance to TKIs. Another mechanism 

suggests that T790M increases the affinity of the kinase domain for ATP resulting in reducing 

the potency of ATP-competitive agents like gefitinib (Yun et al. 2008).  

In addition to this, few other mutations have also been proposed to be associated with the 

acquired resistance to TKIs. These include mutations in exon-20, D770_N771, D770insSVQ 

and D770insG, N771T (Greulich et al. 2005, Sharma et al. 2007). These mutants have been 

found to render the tumor cells less responsive to treatment in-vitro (Greulich et al. 2005). 

Another point mutation, also reported to induce resistance to TKI treatment is D761Y. This is 

suggested to weaken the interaction of TKI with its target (Balak et al. 2006).  

In addition to these secondary mutations, another factor contributing significantly to the 

acquired resistance to TKI is the amplification of another gene on chromosome 7, c-MET 

(Kubo et al. 2009). 

These features of EGFR signaling is depicted in figure 12 below.  
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