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STRUCTURE AND ACTIVATION OF EGF RECEPTOR: MINIREVIEW
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Epidermal growth factor receptor plays crucial role
through the development, controls cell proliferation,
differentiation and survival, and gen activation. Inap-
propriate activation of the receptor is associated with
neoplastic transformation of many cell types. EGFr is
a member of growth factor receptor tyrosine kinase fam-
ily: EGFr/ErbB-1, HER2/ErbB-2, HER3/ErbB-3 and
HERA4/ErbB-4 activated by a range of growth factors.
EGFr is activated by six ligands: epidermal growth fac-
tor (EGF), transforming growth factor a (TGFa), am-
phiregulin, heparin-binding EGF-like growth factor, be-
tacellulin and epiregulin. These receptors with their
ligands are considered to be important in the develop-
ment, progression and behavior of human cancers.

Structure of EGF receptor

The human epidermal growth factor receptor
(EGFr) is a 170 kDa transmembrane glycoprotein,
consist of (Fig. 1):

Extracellular domain of 621 amino acids (AA)
contains binding site for ligand. This domain com-
prises of four regions. Region I consist of amino ac-
ids 1-165 and is important in ligand induced dimer-
ization (FERNANDEs et al. 2001). Region II (AA 166-
309) and IV (AA 482-621) are rich in cysteins (ABE
et al. 1998), which are linked by intra-chain disul-
fide bonding. Region III comprises amino acids 310-
481 and represents the binding site for EGF.

Intracellular domain of 541 AA consists of ty-
rosine kinase region and the C-terminal tail with five
autophosphorylation sites (Tyr992, Tyr1068,

Tyr1086, Tyr1148 and Tyr1173) (FERNANDES et al.
2001). These two domains are conected by hydro-
phobic transmembrane single spanning domain of
24 AA.

Though EGFr is a transmembrane receptor, recent-
ly it has been detected in the nucleus in many tissues
and cell lines. The potential function of nuclear EGFr
was unclear. Recent data indicate the function of
EGFr as a transcription factor for activation genes
involved in proliferating processes (LN et al. 2001;
MarTi et al. 2001; WoNG and CHaN 2001).

The knowledge of receptor activation processes
is substantial for understanding the role of the re-
ceptors themselves. This would provide the means
for efficient inhibition of the receptor intracellular
signalling in situations of uncontrolled activity like
for anticancer therapies. Till today, two contrary
models of EGFr structure exist. Nevertheless the cru-
cial discrepancy in holo receptor configuration ex-
ists, the common characteristic for both is the acti-
vation of tyrosine kinase by ligand binding.

The first model is based on monomeric character
of naturally occuring EGFr under unstimulated con-
dition. Binding of ligand to its EGFr induces dimer-
ization of two molecules of the monomeric recep-
tor-ligand complex forming dimeric complex. This
process iniciates kinase activation, e.g. phosphory-
lation of its own tyrosine residues (autophosphory-
lation) on C-terminus of intracellular domain via in-
ter-molecular cross-phosphorylation. The amino acid
sequences containing phosphorylated tyrosine resi-
dues serve as binding sites for cytoplasmic proteins.
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Fig. 1 Structure of the EGF receptor.

Some of these proteins possess catalytical activity,
whereas others serve as adaptors that couple recep-
tors and enzymes involved in signal transduction
(Sorkin 2001). The subsequent dissociation of these
signaling complexes releases activated effector and
adapted proteins into cytoplasm where they stimu-
late many different signal transduction cascades, such
as the mitogen-activated protein kinase (MAPK)
pathway, phosphoinositol kinase, the antiapoptotic
kinase Akt and several transcriptional regulators. The
enzymatic cascade culminates in gene activation and
cellular response (YARDEN 2001).

The model of EGFr dimerization in the process of
receptor activation is further subdivided into two
mechanisms: 1/ The irreversible model is based on
irreversible conformational changes of EGFr upon
EGF binding (CanaLs 1992), while 2/ the reversible
model suggests that EGFr would be in fast equilibri-
um between monomer and dimer, and binding of EGF
would shift the equilibrium toward dimer formation
(Zuou et al. 1993; SHErrILL and KYTE 1996). Previ-
ous hypothesis considered symmetric process of
EGFr dimerization, e.g. EGF binds to EGFr mono-
mer and the EGF-EGFr complex will form ho-

INTRACELLULAR DOMAIN

(TM - transmembrane domain).

modimer (SHERRILL and KyTE 1996; LEmMON et al.
1997). However, recent studies suggested an asymet-
ric dimerization process: EGF binds to EGFr and this
EGF-occupied EGFr will prefer to form heterodimer
with another monomer before the binding of the sec-
ond EGF (Sako et al. 2000). Only dimers occupied
with two molecules of EGF are kinase active (LEm-
MON et al. 1997; Sako et al. 2000). Kinetic analysis
of the dimerization and kinase activity suggested that
dimerization of EGFr is prior to the activation of ty-
rosine kinase (SHERRILL 1997). Most recent is the
proposal of symetric two-step activation mechanism
for EGFr tyrosine kinase. 1/ Binding of EGF to EGFr
forms dimers; conformational change of the extra-
cellular EGF-binding domain is transmitted to the
intracellular part and leads to increase of the affinity
for ATP. 2/ ATP binding to the kinase domain facil-
itates the interaction of intracellular domains result-
ing in increase of kinase activity (GE et al. 2002).
Mature EGFr is a glycoprotein. Glycosylation by
N-linked oligosacharides of EGFr is important for
ligand binding induced activity (SLIEKER et al. 1986).
Glycosylation induces conformational changes re-
sulting in proper folding of the full-length receptor
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and thus creating EGF-binding active conformation.
(FERNANDES, 2001). Glycosylation in region III of ex-
tracellular domain of EGFr is probably sufficient to
induce receptor-active conformation i.e. a confor-
mation needed for EGF binding, what means that gly-
cosylation positively regulates receptor-receptor as-
sociation (FERNANDES, 2001). It was also found, that
complete removal of carbohydrate chains from gly-
cosylated EGFr neither abolished the ligand binding
activity, nor the kinase activation (FERNANDES, 2001)
what indicate, that the initial N-glycosylation is suffi-
cient for kinase activation. With respect to these ob-
servation a new detailed model for EGF binding and
receptor activation was proposed (FERNANDES, 2001).
Mature receptor is in a monomeric state under the
negative influence of region I in extracellular domain,
which is stronger that positive influence exerted by
region III. EGF binding to region III somehow over-
comes the inhibitory effect of region 1. Thus activa-
tion of the receptor after ligand binding could reflect
the ability of a ligand to remove negative constrain.

The second model suggests that the EGFr under
basal (nonstimulated) conditions exists as preformed
dimeric structure on the cell surface in vivo. EGFr
dimers stabilized via cystein residue cross linking
are not active. Restricted kinase activity may result
from restricted flexibility of the kinase. Activation
of the receptor iniciated by ligand binding induces
rotation of juxtamembrane region of EGFr, hence the
transmembrane domain, which dissociate the cyto-
plasmic domains and results in activation of the ki-
nase. Moriki et al. (2001) describe that ~70 % of to-
tal EGFr receptors and ~80 % of cell surface EGFr
receptors are present as dimers at 37 °C. Proposed
,,Flexible rotation” model of EGFr activation con-
sists of following steps: 1/ EGFr on the cell surface
exists as an inactive dimer with flexible ligand-bind-
ing domain and relatively stable juxtamembrane do-
main. 2/ Upon EGF binding the juxtamembrane do-
main flexibly rotate or twist in parallel with the plane
of the cytoplasmic domain. EGF is likely to stabilize
the flexible extracellular domains and induce rota-
tion of the juxtamembrane regions. Binding induced
rotation of juxtamembrane domain and the transmem-
brane part likely cause the dissociation of the dimer-
ic, intracellular domains, by which the intracellular
kinase domains become accessible to their substrate
tyrosine residues.

Ligand binding studies can distinguish two class-
es of receptors. Earlier study could determined low
affinity binding sites in a form of receptor mono-
mers, while receptor dimers possess high affinity
binding properties (BoNI-ScHNETZLER and PILCH,
1987). The presence of high affinity EGFr in mo-
nomeric as well as in dimeric forms was also de-
scribed (DEFIZE et al. 1989). Despite these discrep-
ances the consensus exists: a/ low affinity EGFr
represent a major part and high affinity EGFr ac-
count for minor part of total receptors present; b/
high affinity receptors for EGF are responsible for
signalling. High-affinity binding sites account for
about 18 % of total receptors, the remainder repre-
sents lower affinity binding sites (STEN et al. 2001).
Contrary to those data, Moriki and coworkers
(2001) presented the evidence, that EGFr dimers
have conformations for both high and low affinity
binding sites and that the affinities are independent
of the oligomeric status of EGFr.

A similar proposal for receptor activation was pre-
viously described (Sako et al. 2000). The design sug-
gests that dimerisation of EGFr molecules occures
before the binding of a second EGF molecule, or that
the two EGF molecules sequentially bind to two sites
of the receptor dimer.

It is now clear that prior to ligand binding, EGF
receptors are localized in specialized plasma mem-
brane microdomains known as caveolae (CARPEN-
TER 2000). The level of EGF receptors present in
caveolae is estimated to be 40-60 % of the total
plasma membrane population (MINEo et al. 1999),
while caveolae themselves represent a minor por-
tion (5-10 %) of the plasma membrane. It seems
likely that in the absence of a ligand caveolar EGF
receptors are not a static population but rather exist
in equilibrium with receptors outside these spe-
cialized regions. The addition of EGF alters the
level of its receptor in caveolae and depletes the
caveolar pool of EGF receptors. After EGF recep-
tors exit caveolae they mix with the non-caveolar
receptors in the plasma membrane and subsequent-
ly are trafficking to clathrin coated pits (Carpen-
ter 2000). Following the sorting of activated EGF
receptors into clathrin coated pits, the process of
pit invagination and membrane fission yields in-
tracellular coated vesicles involved in the process
of receptor internalization.
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Fig. 2 Internalization of the EGF receptor. Adapted scheme of CARPENTER (2000). EGFr-EGF complex migrate from caveolae
to clathrin-coated pits, transformed in next step to clathrin coated vesicle. Elimination of clathrin coats produces early endosomes.
This compartment then matures to form multivesicular bodies where, together with early endosomes, sorting for receptor

recycling or degradation through late endosomes in lysosomes.

Transmembrane domain

Although the recent theories on receptor structure
and activation are contradictory, both consider an ac-
tive role of transmembrane domain (TM) in dimer
EGFr formation/activation. TANNER and KYTE (1999)
had determined active role of TM in such way, that
interactions between TM domains provide the pri-
mary driving force for receptor dimerization. The au-
thors propose, that unliganded extracellular domain
sterically inhibits TM domain-mediated dimerization
of the receptor. Activation of the receptor by EGF
will occure when ligand binding induces conforma-

tional changes in extracellular domain, what will sub-
sequent release this inhibition and permit TM-medi-
ated EGFr homodimerization. Various experimental
approaches, analytical techniques and biological
materials have demonstrated that isolated TM do-
mains from EGFr form oligomers in lipid bilayers in
vitro (Jongs et al. 2000) and in vivo (MENDROLA et al.
2002). Thus TM domain interactions could have
arole in stabilizing inactive, ligand-independent re-
ceptor dimers.

As the TM cross the lipid bilayer of the mem-
brane, it is apparent, that the lipid environment will
affect the extent of conformational changes and
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spacial movement of receptor domains during the
activation processes. Study with reconstituted EGFr
into liposome of various lipids showed that the ac-
tivity of the receptor was affected by the membrane
fluidity, e.g. higher kinase activity was observed in
more fluid environment. The authors (GE et al.
2001) explain this finding by more collisions be-
tween receptor monomers what favor the formation
of dimer in higher membrane fluidity. Decreased
rates of EGFr dimerization at low temperature could
be related to the phase transition in the membrane
lipids (MoEHREN et al. 2002). Phosphatidylinositol
and its derivatives specifically increase the affinity
of EGFr for its ligand (DEN HarTIGH et al. 1993),
while cholesterol induce aggregation of EGFr TM
segment (JoNEs et al. 1998). It seems that activa-
tion mechanism of cell surface EGFr is influenced
by a number of factors including the physical sta-
tus of the environment.

Internalization

Activated EGFr rapidly internalize as the recep-
tor-EGF complex through clathrin-coated pits by
a process named ligand-induced endocytosis, into
early endosomes and multivesicular bodies (Fig. 2).
During passage through the endosomal compart-
ments, these complexes are either recycled to lim-
ited extent back to cell surface or sorted to late en-
dosomes and lysosomes, where both EGF and EGFr
are proteolytically degraded. Two distinct process-
es have been identified that determine the fate of
the internalised receptors: 1/ Participation of ubig-
uitin ligase (Cbl) that associates with ligand-recep-
tor compexes in early endosomes and targets re-
ceptors for lysosomal degradation by promoting
receptor ubiquitination. 2/ In the absence of Cbl,
receptors are instead recycled to the plasma mem-
brane (YARDEN 2001). Internalization and subse-
quent degradation of EGF-occupied receptors in
lysosomes is known as process of receptor down-
regulation (WILEY et al. 1991). The degradation of
activated receptors is much slower (t, , of EGFr is
~ 2 h), than the rate of ligand internalization (only
5 min) (BurkE and WILEY, 1999). These data indi-
cate that EGF is lost three to fourfold faster than
the receptor. BUrRkE et al. (2001) explain the ob-
tained results thus, that internalized EGFr are de-

activated before degradation. Thus the loss of re-
ceptor activity is due in large part to the loss of
ligand by processes as proteolysis, dissociation and
endosomal sorting. The possibility of active role of
internalized receptors is supported by accumulat-
ing data, that signal transduction from internalized
cell surface receptors originates from endosomes.
It was found (VIEIRA et al. 1996) that EGFr endocy-
tosis is necessary for the activation of MAP kinase.
The observed presence of intact EGFr-Shc-Grb2
complexes in the endosomes indicate that endocy-
tosed receptors in endosomal compartment could
participate in intracellular signal transduction (Sor-
KIN 2001). This hypothesis was supported by recent-
ly described internalization of tyrosine phosphory-
lated EGFr associated with numerous phosphory-
lated proteins. These phosphoproteins differ from
those associated with naturaly, surface located EGFr
(BURKE et al. 2001). It means that different patterns
of signals arise from surface and internalized re-
ceptors. Results from the laboratory of OksvoLp et
al. (2001) clearly demonstrate the EGFr signalling
is continuing from late endosomes. However, there
are couple of counter data indicating that inhibi-
tion of EGFr internalization does not prevent acti-
vation of MAP kinase (JoHANNESSEN et al. 2000; DE
GraF et al. 1999). Similarly, EGFr mutant defec-
tive in internalization and undetectable in endo-
somes, is capable of full mitogenic and transform-
ing activity (CARPENTER 2000).

Conclusion

The signifficant role of EGFr in transducing in-
tracellular signals engaged in various metabolic
pathways, stimulation of endocrine systems, matu-
ration and cell growth is unambiquous. Moreover
engagement of EGFr in tumorigenesis make this
structure the target for detailed study of receptor
structure and precise molecular mechanism of its
activation and intracellular signaling. The extend-
ed knowledge of the receptor structure and func-
tion will promote the desired modification of EGF
receptor activity.
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