EGFR in Cancer

Subjects: Oncology
Contributor: Mary Luz Uribe

EGFR is one of the most successful pharmacological targets of anti-cancer drugs . Both monoclonal antibodies (mAbs)
and TKls demonstrated efficacy and acceptable toxicity in large phase Il clinical trials , hence were approved for
treatment of lung, colorectal and head/neck cancer (see a list of anti-EGFR and anti-HER2 approved drugs in Table 1).
However, despite major therapeutic advances, both primary and acquired resistance to these drugs occur and result in
disease recurrence.
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| 1. Introduction

Although numerous growth factors have been isolated and we are still debating the full spectrum of their physiological and
pathological functions, there has been no question about the origin of growth factor research. Because fewer embryonic
nerve cells were observed when the limb buds had been removed, he concluded that nerve cells failed to grow because
the limb was not producing an organizing factor on which they depended. Studying the nerve cells at more frequent
intervals, she noted that these cells did proliferate initially, but then died because the limb bud was not producing the
putative growth factors needed for their survival. Although subsequent studies found that EGFR and some ligand growth
factors were overexpressed in human tumors and the EGFR gene is amplified or rearranged in brain tumors, frequent
oncogenic point mutants of EGFR have been first identified in 2004, in human non-small cell lung cancer (NSCLC) from
patients who were sensitive to EGFR-specific tyrosine kinase inhibitors (TKIs; e.g., gefitinib and erlotinib) LI2E],

This review will focus on EGFR (also called ERBB1 and HER1) and its seven growth factor ligands (EGF; transforming
growth factor alpha, TGFa; heparin-binding EGF, HB-EGF; betacellulin; amphiregulin; epiregulin and epigen). Notably, the
EGFR family of receptor tyrosine kinases (RTKs) includes a catalytically defective member, HER3/ERBB3. This receptor
acts as an amplifier of growth factor signals, in the context of a layered signaling network ¥l. The reader is referred to
similar reviews covering additional aspects of EGFR and the three other type | RTKs 2],

| 2. Physiological and Mutational Activation of EGFR

Activation of the receptor depends on the formation of an asymmetric dimer of kinase domains, in which one kinase
domain allosterically activates the other . Together, these signaling effectors and adaptor proteins link activated
receptors directly or indirectly to canonical intracellular pathways, as well as to the endocytic machinery, which
desensitizes active receptors. In addition, receptor connectivity is achieved by phosphorylation of cytoplasmic EGFR
residues by intracellular kinases, such as SRC, which phosphorylates tyrosine 845, a residue that serves as an extra
docking site. Altogether, this configuration permits the ligand-activated EGFR to simultaneously stimulate multiple
intracellular signaling routes and gain robustness.

Oncogenic mutant forms of EGFR mimic the ligand-activated wild type form. Nevertheless, although the mutated EGFRs
of tumors are enzymatically active and transforming, their tyrosine phosphorylation status is significantly lower compared
to ligand-activated wild type receptors [, Apparently, this relatively low but persistent activity generates intracellular
signals that differ from the canonical biochemical machinery. In addition, EGFR mutants frequently evade negative
regulation (desensitization), such as receptor endocytosis and degradation [, thus allowing the mutated receptors to act
“under the radar” of receptor attenuating mechanisms.

Likewise, several relatively rare point mutations in the EGFR’s extracellular and intracellular domains have been
documented. EGFRVIII (also called EGFRAII) represents the most frequent genetic aberration in brain tumors.
Importantly, this and other EGFR mutations occur on background of EGFR amplification. Furthermore, cells ectopically



expressing EGFRuvIII displayed reduced adhesion due to decreased focal adhesion size and number, as well as displayed
enhanced migration 19,

A fraction of NSCLC patients presents activating mutations in the EGFR gene WIBILINLZ] |y similarity to brain tumors,
lung tumors displaying EGFR mutations frequently associate with EGFR gene amplification 2l In addition, the
prevalence of the mutations varies in different human populations: approximately 10-12% of Caucasian patients with lung
cancer versus up to 40% among East Asians. In fact, the discovery of these mutations accompanied efforts to understand
why Asians, more than Caucasians, were highly sensitive to EGFR tyrosine kinase inhibitors (TKIs).

| 3. Roles for Non-Coding RNAs in EGFR Signaling

Epigenetic deregulation of gene expression is involved in the initiation and progression of multiple cancers. ncCRNAs
(IncRNAs) and circular RNAs (circRNAs). Importantly, the surprising discovery that up to 90% of the human genome is
subjected to pervasive transcription, although only less than 2% of the total genome encodes protein-coding genes, has
placed ncRNAs in the limelight of the signal transduction and many other fields. As a result, we now understand that
analyses of the approximately 7000 small RNAs, around 16,000 IncRNAs, and a slightly smaller number of pseudogenes
(4] significantly changes our view of EGFR signaling.

For example, it has been reported that the levels of NEAT1, a IncCRNA, were regulated by EGFR pathway activity, and this
was critical for glioma cell growth and invasion 2, Through binding to EZH2 and controlling the trimethylation of H3K27 in
specific promoters, the EGFR/NEAT1/EZH2 axis contributes to glial cell tumorigenesis. Interestingly, LIMT downregulation
required an active ERK pathway, and low expression of LIMT correlated with poor prognosis of patients with breast
cancer. Such downregulation allows mammary cells to cross the extracellular matrix in vitro and enhance tumor
metastasis in vivo.

In similarity to IncRNAs, microRNAs-mediated regulation has been shown to be involved in a wide range of biological
processes, such as cell-cycle control, apoptosis, and several developmental and physiological mechanisms. Reciprocally,
these two miRNAs associated with long overall survival time of patients with glioma. Likewise, another signaling axis,
EGFR/miR-338-3p/EYA2, has been linked by a recent study to tumor growth and lung metastasis 28, Remarkably,
through the miR-338-3p/EYA2 pathway, EGFR increased breast cancer cell growth, EMT, migration, invasion, and
metastasis in an allograft tumor mouse model 18!,

Circular RNAs (circRNAs) are widespread circles of non-coding RNAs, which sequester microRNAs and RNA binding
proteins, and, in some cases, contain short open reading frames 4. However, although stimulation of epithelial cells with
EGF leads to dynamic changes in the abundance of coding and non-coding RNA molecules, circRNAs display no similarly
dynamic alterations 28], Interestingly, it has recently been reported that a secretory E-cadherin protein variant (C-E-Cad),
encoded by a circular E-cadherin RNA (circ-E-Cad), can directly activate EGFR 19 In summary, recent reports are
revealing intricate relations between EGFR signaling and several types of ncRNAs, both short (microRNAs) and long RNA
molecules, such as INcRNAs and circRNAs.

| 4. Patient Resistance to Anti-Cancer Drugs Targeting EGFR

EGFR is one of the most successful pharmacological targets of anti-cancer drugs 29, Both monoclonal antibodies (mAbs)
and TKIs demonstrated efficacy and acceptable toxicity in large phase Il clinical trials Bl[2122]123] hence were approved
for treatment of lung, colorectal and head/neck cancer (see a list of anti-EGFR and anti-HER2 approved drugs in Table 1).
Notably, while drug resistance arises from evolutionary pressures that select specific clones, resistance to TKls often
associates with appearance of new on-target mutations, but this mechanism rarely confers resistance to mAbs 24, In
addition, although the sequence of events preceding establishment of resistant clones is poorly understood, one
commonality, which is shared by antibiotic-treated bacteria 22, entails an epigenetic transitory state, called drug tolerant
persister

Both pre-existing and newly appearing on-target mutations drive the majority of resistance to first-generation EGFR TKIs
(28] Other mechanisms of resistance to the first-generation TKls include amplification of MET 20 or HER2 [28],
overexpression of AXL 22 or the hepatocyte growth factor (HGF) B34, |n addition, emergence of mutant forms of RAS
(321 and BRAF B3l as well as phenotypic alterations 34, bestow resistance to the first-generation drugs. Recent data
showed that the most common mechanisms of resistance to osimertinib in first-line settings are MET amplification, C797X
mutations, which prevent covalent binding of the drug, amplification of wild-type EGFR or HER2 and mutations in
downstream signaling proteins (23],



The clinical approval of mAbs targeting EGFR for treatment of patients with metastatic colorectal cancer (mMCRC) has
represented a major step forward, primarily due to high efficacy in terms of progression-free survival and overall patient
survival, along with improved quality of life B8II37 Accordingly, the commonest mechanism of primary resistance of CRC
to anti-EGFR antibodies involves genomic alterations affecting downstream effectors, such as KRAS, NRAS, and PIK3CA
mutations. For instance, KRAS mutations in exon 2 (codons 12 and 13) were identified by several retrospective analyses
as determinants of primary resistance to the antibodies 833, Hence, patients with mutant forms of KRAS or NRAS are
ineligible for treatment, since RAS mutations activate downstream pathways and establish a bypass survival route.

Similarly, because EGFR is neutralized by anti-EGFR antibodies, the bypass route permitting resistance likely involves
HER3 and its ligands, neuregulins. In analogy, several preclinical studies implicated the hepatocyte growth factor (HGF)
and its receptor, MET, in resistance of CRC to anti-EGFR antibodies. However, only extreme amplification of the MET
locus has been associated with lack of response, which suggests that resistance is driven by a dosage effect. These
observations reinforce the roles played by tumor heterogeneity, pre-existing minor clones of cancer cells, and the adaptive
mutability taking place while tumors are under treatment 4244,
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