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Review paper

How does EGFR overexpression affect the development and 
treatment of rectal cancer?

W jaki sposób nadekspresja EGFR wpływa na rozwój i leczenie raka odbytnicy?
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Abstract

Epidermal growth factor (EGF) stimulates the proliferation of many different types of cells and plays an important role in 
the formation and growth of tumours. The interaction of EGF with cells is possible by the EGF receptor (EGFR) anchored 
in the cell membrane. Excess EGFR expression is found in approximately 25–82% of colorectal cancer cases. Attachment of 
EGF to EGFR results in a conformational change in the receptor, an increase in affinity for neighbouring receptors, receptor 
dimerisation, and activation of tyrosine kinase in the intraplasmic domain. Activation of EGFR leads to the initiation of the 
signal transduction pathway to the cell nucleus, via a number of proteins with enzymatic activity – secondary messengers, 
including KRAS and BRAF proteins. The assessment of the presence of mutations in the KRAS gene has become a standard 
element in the qualification of patients with advanced colorectal cancer for therapy with the use of monoclonal antibodies.

Streszczenie

Naskórkowy  czynnik wzrostu (EGF) stymuluje proliferację wielu różnych typów komórek i  odgrywa ważną rolę w  po­
wstawaniu i rozwoju nowotworów. Oddziaływanie EGF z komórkami jest możliwe dzięki receptorowi EGF (EGFR) zako­
twiczonemu w błonie komórkowej. Nadmierna ekspresja EGFR występuje w ok. 25–82% przypadków raka jelita grubego. 
Przyłączenie EGF do EGFR powoduje konformacyjną zmianę receptora, wzrost powinowactwa do sąsiednich receptorów, 
dimeryzację receptora i  aktywację kinazy tyrozynowej w  domenie wewnątrzplazmatycznej. Aktywacja EGFR prowadzi 
do inicjacji szlaku transdukcji sygnału do jądra komórkowego za pośrednictwem wielu białek o aktywności enzymatycz­
nej – wtórnych przekaźników, w tym białek KRAS i BRAF. Ocena obecności mutacji w genie KRAS stała się standardowym 
elementem kwalifikacji pacjentów z zaawansowanym rakiem jelita grubego do leczenia z zastosowaniem przeciwciał mono­
klonalnych.

Introduction

Epidermal growth factor (EGF) epidermal growth 
factor is the first of the growth factors isolated in the 
early sixties. The EGF stimulates the proliferation of 
many different types of cells and plays an important 
role in the formation and growth of tumours. Attach­
ment of EGF or another ligand to EGF receptor (EGFR) 
results in a conformational change in the receptor, an 

increase in affinity for neighbouring receptors, recep­
tor dimerisation, and activation of tyrosine kinase in 
the intraplasmic domain [1, 2].

The interaction of EGF with cells is possible by 
the EGFR receptor anchored in the cell membrane  
(c-ErbB-1/HER1). According to the classification of 
Fantel et al. regarding the division of receptors for 
growth factors, based on amino acid sequence simi­
larities and tertiary structure, EGFR belongs to class 
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I receptors, which in the extracellular part containing 
two domains rich in cysteine, and in the extranuclear 
part the domain exhibiting kinase activity tyrosine 
[2, 3] (Figure 1).

Up to now known ligands for EGFR, apart from 
EGF, include: transforming growth factor-α (TGF-α), 
amphiregulin (AR), heparin-binding EGF-like growth 
factor (HB-EGF), betacellulin (BTC), cripto-1, Schwan­
noma-derived growth factor (SDGF), vaccinia growth 
factor (VGF), spitz, and lin-3 [4].

Construction of EGFR

In humans, the gene coding for EGFR is located 
on chromosome 7. The 170 kDa protein encoded by 
this gene consists of 1186 amino acids. There are two 
domains rich in cysteine in the extrathematical part 
of the EGFR. The ligand binds between these domains 
in the area between 313 and 446 amino acids. Twelve 
potential N-glycosylation sites were found within the 
EGFR extragranular part. Glycosylation reduces re­
ceptor sensitivity to proteolytic enzymes. The oligo­
saccharides of the extracellular receptor are subject to 
post-translational phosphorylation [1, 2].

The EGFR is anchored in the cell membrane by 
means of a short, single, hydrophobic domain. A frag­
ment of the intracellular EGFR displaying tyrosine ki­
nase activity has a conserved structure with high ho­
mology to Src family proteins. Lysine at position 721 
is involved in the binding of ATP and is necessary for 
the tyrosine kinase to function. The replacement of 
lysine by methionine abolishes the cell’s response to 
EGF stimulation. Two EGFR classes are distinguished 
in the membrane of the majority of cells: high (Kd = 3 
× 10–10) and small (Kd = 2 × 10–9) affinity to the ligand. 
These receptors are present in the cell membrane in 

a  ratio of about 1 : 10. Both receptor classes are en­
coded by the same gene. The probable cause of dif­
ferences in ligand affinity can be oligomerisation of 
receptors or interaction with unfamiliar membrane or 
cellular proteins [3, 4].

The mechanism of transmitting the signal  
to EGFR

Attachment of EGF or another ligand to EGFR re­
sults in a conformational change in the receptor, an 
increase in affinity for neighbouring receptors, recep­
tor dimerisation, and activation of tyrosine kinase in 
the intraplasmic domain [2, 3]. 

Proteins that are substrates of tyrosine kinase can 
be divided into three groups:

1) enzymes that migrate to the cell membrane, 
are activated by EGFR tyrosine kinase and have good 
access to their substrates, and are located in the cell 
membrane or closely related to it. These include: Cγ 
phospholipase (PLCγ), PI3-K phosphatidylinositol 
3-kinase, GTP-Azote activating protein Ras (GAP), 
protein tyrosine phosphatase (SHP-2), JAK proteins;

2) proteins lacking enzymatic activity, so-called 
adapter proteins mediating between EGFR tyrosine 
kinase and other proteins involved in signal transduc­
tion pathways, e.g. growth-factor receptor-bound2 
(Grb2), Shc, and Nck [3, 4];

3) structural proteins, responsible for rapid chang­
es in the cell membrane and cytoskeleton.

Many studies have shown that EGF increases the 
proliferation of keratinocytes, mammary epithelial 
cells, cornea, gastrointestinal tract, trachea, lungs, as 
well as endothelial cells, fibroblasts, and glial cells. 
EGF significantly accelerates the healing of gastroin­
testinal ulcers, corneal ulcers, and burns, enhancing 

Figure 1. Structure of the human EGF receptor – linear diagram
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re-epithelialisation of these wounds; however, due to 
the documented contribution of EGF and its receptor 
in neoplastic transformation, the use of this cytokine 
is limited in therapy [2, 4].

Activation of EGFR in cancer cells is not only as­
sociated with proliferation stimulation, but also with 
protection against apoptosis:

1) Blocking EGFR in normal human keratinocytes 
was accompanied by a decrease in the expression of 
the BCL-xL protein that protects cells from apoptosis. 
This resulted in a significant decrease in the tolerance 
of the tested keratinocytes to proapoptotic signals 
sent to them.

2) The reduction of EGFR expression at the level 
of mRNA and protein by β-carotene in the dysplastic 
cells of the uterine cervix correlated with the occur­
rence of apoptosis in these cells. It is believed that the 
protective role of β-carotene in the multistage process 
of cervical carcinogenesis is associated with a  de­
crease in the amount of EGFR capable of activating.

3) The use of a  selective EGFR tyrosine kinase 
inhibitor that completely prevents the activation of 
EGFR tyrosine kinase resulted in cell cycle suppres­
sion and the induction of apoptosis in various cancer 
cells. A similar effect was observed in the case of tu­
mour cells transformed with human papillomavirus 
(HPV16).

4) Activation of EGFR by EGF in the MDA-231 cell 
line protected cells against apoptosis induced by the 
administration of protein synthesis inhibitors, such as 
cycloheximide and ricin. The protective effect of EGF 
on these cells can be the result of EGFR activation of 
protein kinase C (PKC). Treatment of cells with stau­
rosporine, a C kinase inhibitor, in a dose-dependent 
manner, weakens the protective effect of EGF.

5) Detection of the relationship between EGFR 
overexpression and hyperproliferation and protec­
tion of cells against apoptosis resulted in the develop­
ment of new methods of treatment of cancers resistant 
to previous treatment, based on different methods of 
EGFR inhibition [1–4].

Studies on cell lines characterised by EGFR over­
expression have shown that in response to stimula­
tion with high doses of EGF, these cells are inhibited 
by proliferation. It is presumed that the inhibition of 
these cells is caused by excessive activation of EGFR 
tyrosine kinase. The use of antibodies or inhibitors of 
tyrosine kinase, reducing its activity by 30–40%, pro­
tected cells against inhibition of proliferation. 

Many growth factors can affect both proliferation 
and cell differentiation. The effects of opposing effects 
by the same cytokine need not be associated with the 
activation of various intracellular signalling path­
ways. It may also be related to the duration of the ac­
tivation of the same route. Transient or prolonged ac­
tivation of ERKs in the PC12 cell line stimulated with 
EGF results in cell proliferation or differentiation, re­
spectively. The prolonged duration of ERK activation 

in these cells was obtained by overexpressing EGFR. 
However, transient MAP kinase activation does not 
always lead to cell proliferation and prolonged activa­
tion for differentiation. There are other correlations in 
other cell lines [5].

There are a growing number of reports suggesting 
that the anti-proliferative effects of EGF are responsi­
ble for STAT proteins and, above all, STAT1 protein. In 
A431 MDA-MB-468 cells, in response to EGF, activa­
tion of STAT proteins occurs, which induces for up to 
24 h upregulation of p21WAF1 – a cyclin-dependent 
kinase inhibitor. This protein blocks the passage of 
cells from the G1 phase to the S phase. Its excessive 
expression may be responsible for inhibiting cell pro­
liferation after administration of EGF. 

Further studies on the A431 and MDA-MB-468 cell 
lines have shown that inhibition of cell proliferation 
in the presence of high doses of EGF is due to the in­
duction of apoptosis. The evidence for the occurrence 
of apoptosis is the morphological change in cells. 
There are many hypotheses attempting to explain 
the proapoptotic effects of high doses of EGF on cells 
overexpressing EGFR. Some researchers associate the 
occurrence of apoptosis with an excessive number of 
promitotic signals reaching the cell through activated 
EGF receptors. This leads to dysregulation of signal­
ling pathways in the cell, and instead of proliferation, 
there is inhibition of growth and induction of apop­
tosis. 

There are also suggestions that the occurrence of 
apoptosis in the tested cell lines is associated with the 
c-Myc transcription factor. Elevated c-Myc concentra­
tion is observed in both proliferating cells as well as in 
cells that die as a result of apoptosis. Increased expres­
sion of c-Myc is detected in A431 cells after the use of 
large and small doses of EGF, but its contribution to 
the induction of apoptosis in these cells remains un­
clear. It is believed that the family of cysteine proteas­
es, called caspases, is the major function in the signal­
ling pathways to apoptosis. The best-known ones are 
caspase-1 (interleukin 1β-converting enzyme – ICE) 
and caspase-3. The first of these may activate other 
caspases through limited proteolysis, e.g. caspase 3, 
which is attributed the ability to degrade numerous 
cellular proteins and induce cell death. Studies on 
A431 and MDA-MB-468 cells have shown that stimu­
lation of EGF leads to an increase in caspase 1 activity. 
This increase is associated with the induction of gene 
expression for this caspase by STAT proteins. This sug­
gests that EGF-induced apoptosis is associated with 
the activation of caspases by the STAT protein path­
way. Caspases are synthesised in the cell in the form 
of inactive proenzymes. The EGF receptors transmit 
signals to proliferate and are assigned a  significant 
role in the process of tumorigenesis. Under certain 
circumstances, they may participate in inhibiting the 
proliferation and induction of apoptosis. Understand­
ing the factors that determine whether EGFR sends 
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a  signal for proliferation or apoptosis is therefore of 
clinical significance. 

Data from clinical trials suggest that EGFR plays 
an important role in the development of colorectal 
cancer. A  higher rate of expression of transforming 
growth factor α (EGF), epidermal growth factor (EGF) 
– EGFR ligands as well as EGFR, HER2, and HER3 
receptors has been demonstrated on cancer cells of 
large intestine cancer than in cells adjacent to them, 
unchanged mucous membrane of this organ [4–6].

Excess EGFR expression is found in approximately 
25–82% of colorectal cancer cases. The severity of 
EGFR expression correlates with the severity of the 
clinical disease and the risk of distant metastases. Ac­
tivation of EGFR leads to the initiation of the signal 
transduction pathway to the cell nucleus, via a num­
ber of proteins with enzymatic activity – secondary 
messengers, including KRAS and BRAF proteins. The 
occurrence of mutations in the KRAS or BRAF gene 
means that these proteins are constantly active, re­
gardless of the activation or inactivation of EGFR. Mu­
tations in the KRAS gene are found in about 30–40%, 
and mutations in the BRAF gene in about 8% of pa­
tients with colorectal cancer. Mutations in the KRAS 
and BRAF gene are mutually exclusive, i.e. there is no 
mutation in the BRAF gene in the presence of a muta­
tion in the KRAS gene and vice versa, in the presence 
of a mutation in the BRAF gene, no mutations in the 
KRAS gene are detected. The presence of mutations 
in the KRAS gene or in the BRAF gene is a negative 
predictor of the response to treatment of patients with 
advanced colorectal cancer using monoclonal anti­
bodies against EGFR. The assessment of the presence 
of mutations in the KRAS gene has become a standard 
element in the qualification of patients with advanced 
colorectal cancer for therapy with the use of cetux­
imab and panitumumab [4, 7, 8].

Monoclonal antibodies

In 1983, Mendelsohn et al. synthesised a murine 
antibody that in cell cultures showed activity in in­
hibiting tumour cell proliferation both in vitro and in 
animal models. Cetuximab is a chimeric G1 immuno­
globulin and a monoclonal antibody. It was registered 
for the treatment of colon cancer at the dissemination 
stage, after the failure of irinotecan-based chemother­
apy. Indications for the use of cetuximab are based 
on the assumption that EGFR expression in immuno­
histochemistry is both a qualitative and quantitative 
predictor of response to cetuximab. Panitumumab is 
a fully humanised (G2 immunoglobulin) monoclonal 
antibody with strong affinity for the EGFR receptor. 
In studies, panitumumab demonstrated cetuximab-
like efficacy in patients with metastatic colorectal can­
cer, who have completed their response to standard 
treatment with cytostatics, but the humanised anti­
body is associated with fewer allergic reactions than 

the chimeric antibody cetuximab. Panitumumab 
has a high affinity for EGFR, approximately five-fold 
higher than cetuximab. The mechanism of action of 
monoclonal antibodies directed against EGFR is com­
plex. Cetuximab and panitumumab bind specifically 
to the extracellular domain of EGFR, preventing EGF 
and TGF-α from binding to the receptor and, conse­
quently, preventing its activation. These antibodies 
block EGFR dimerisation, tyrosine kinase phosphory­
lation, and receptor autophosphorylation and thereby 
inhibit the transmission of intracellular signals. The 
effect of cetuximab and panitumumab is to inhibit tu­
mour cell proliferation, increase their apoptosis, and 
reduce the synthesis and secretion of pro-angiogenic 
factors such as interleukin 8 (IL-8) and VEGF. In ad­
dition, antibodies directed against EGFR impairs the 
repair of DNA damage caused by chemotherapy and 
radiotherapy in tumour cells [9–11].
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