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Both receptor tyrosine kinases epidermal growth factor
receptors (EGFRs) and their ligands are transmem-
brane proteins. It has been known that ligand binding
activates cytoplasmic tyrosine kinase domains of
EGFRs, resulting in the transduction of signals for
cell proliferation, migration, differentiation or survival.
In an EGFRs-ligands system, however, signal transduc-
tion occurs not only unidirectionally but also bidirec-
tionally, which is regulated by cell�cell contact and
proteolytic cleavage. Recent studies of proteolytic
cleavage ‘ectodomain shedding’ of EGFRs and their
ligands mediated by membrane-type metalloproteinases,
a disintegrin and metalloproteinases have been unveiling
novel functions and molecular mechanism of their rem-
nant peptides. In addition, the study of the remnant
peptide signalling would be essential for understanding
the physiological and pathological relevance of
anti-shedding therapeutic strategies for diseases such
as cancer.
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Abbreviations: ADAM, a disintegrin and metallopro-
teinases; AREG, amphiregulin; BTC, betacellulin;
EGF, epidermal growth factor; EGFR, epidermal
growth factor receptor; GPCR, G-protein coupled
receptor; HB-EGF, heparin-binding EGF-like growth
factor; NRG, neuregulin; TGF-a, transforming
growth factor-a.

Various types of transmembrane proteins on cell sur-
face, especially receptors bearing protein kinase
domain are crucial players to regulate cell behaviour
and fate. Among them, the epidermal growth factor
(EGF) receptor (EGFR/ErbB) family are

transmembrane tyrosine kinases and have been spear-
heading the study of cell signal transduction. In order
to activate tyrosine kinase domain of EGFRs, the
binding of core domain (EGF-like domain) of ligands
to EGFRs is essential. The ligand family of EGFRs
consist of 13 members, all of which have two charac-
teristic domains in common, a functional EGF-like
domain characterized by around 50 amino acid and 3
disulphide bridges and a transmembrane domain with
hydrophobic amino acid stretch in addition to
N-terminal signal sequence. The extracellular
EGF-like domains of all ligands are enough potent in
principle to activate receptors and induce cell growth
and proliferation. In growth factor research field, the
impact of this potency was too impressive, which had
left behind the understanding of physiological meaning
as membrane proteins. Therefore, it took long period
to highlight the ligands as membrane proteins.

Two kinds of landmark events have been leading the
study of proteolytic cleavage of EGFRs and their
ligand family members, named as ‘ectodomain shed-
ding’; one is the identification of a metalloproteinase
responsible for release of tumour necrosis factor-a
(TNF-a) from its transmembrane precursor, TNF-a
converting enzyme (TACE), which belongs to A
Disintegrin And Metalloproteinases (ADAMs) (1, 2)
and the other the molecular study of EGFR transacti-
vation by G-protein coupled receptor (GPCR) ligands
(3), ‘Triple Membrane-Passing Signal’ (Fig. 1) (see the
next section). Furthermore, it has been shown that
ectodomain shedding of plasma membrane proteins
triggers intra-membrane cleavage mediated by
g-secretase (4) (Fig. 2), which made the event of ecto-
domain shedding more attractive for researchers and
advanced its study. For example, the ectodomain of
ErbB4 is shed by ADAM17 (TACE), which is a pre-
requisite step for subsequent g-secretase cleavage of
the remnant peptide to release intracellular domain
(ICD) fragment. Pro-Neuregulin (proNRG) 1 and
pro-betacellulin (proBTC), ligands of EGFRs, also
produce ICDs by the sequential processing with
ADAMs and g-secretase. On the contrary, in the case
of pro-heparin-binding EGF-like growth factor
(proHB-EGF) and pro-amphiregulin (proAREG),
also ligands of EGFRs, their ectodomain shedding
triggers endocytosis of carboxy-terminal (C-terminal)
remnant fragment with transmembrane domain in-
stead of proceeding to the second cleavage by
g-secretase (Fig. 2).

Here, we review ectodomain shedding of EGFRs
and their ligands by ADAMs and highlight on the
potent role of their remnant peptides in intracellular
signalling produced by ectodomain shedding.
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Significance of ectodomain shedding by
ADAMs in an EGFRs-ligands system

The EGFR family, receptor tyrosine kinases, comprise
four members EGFR (ErbB1), ErbB2, ErbB3 and
ErbB4 and are well known to be driver force of cell
proliferation, migration, differentiation and survival.
Dysregulation of them directly links to developmental
abnormalities and diseases such as cancer. The activa-
tion of EGFRs triggered by binding of their specific
ligands which consists of 13 members [EGF, trans-
forming growth factor-a (TGF-a), AREG, HB-EGF,
betacellulin (BTC), epiregulin, epigen, neuregulin-1
(NRG-1), NRG-2, NRG-3, NRG-4, NRG-5 and

NRG-6] (5) induces their homo- and heterodimer for-
mation and evoke the following phosphorylation cas-
cade of adaptor molecules to lead to transcriptional
activation of essential genes for cell response.
Intriguingly, both EGFRs and their ligands are type
I transmembrane proteins, which makes us imagine
that an EGFRs-ligands system functions in a juxta-
crine manner by cell�cell contact as shown in a
Notch signalling system (6). However, even under
physiological conditions, the ligands have been de-
tected in body fluids such as blood, urine and saliva,
suggesting that the ligands are available as released
soluble forms rather than membrane-anchored forms
and the activation of EGFRs seems to be controlled by

Fig. 2 Remnant peptide signalling pathways. Ectodomain shedding triggers the second cleavage by g-secretase to produce the ICD peptides of
ErbB4, proNRG-1, proBTC, proTGF-a (Higashiyama, S., unpublished observation), Notch, etc. On the contrary, ectodomain shedding of
proHB-EGF, proAREG and proepiregulin (proEREG) (Higashiyama, S., unpublished observation) induces endocytosis of the remnant peptides
instead of the second cleavage by g-secretase. The remnant peptides regulate transcriptional factors in different ways.

Fig. 1 Triple membrane-passing signal mechanism of EGFR transactivation by GPCR. GPCR-induced EGFR transactivation requires ectodo-
main shedding of EGFR ligands. ProHB-EGF is a representative ligand shed by GPCR activation.
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post-translational processing of the ligands, ectodo-
main shedding. Physiological significance of ectodo-
main shedding of EGFR ligands in vivo has been
demonstrated clearly in the study of proHB-EGF by
generation of soluble hb-egf and uncleavable hb-egf
gene knock-in mice (7), the former of which constitu-
tively released HB-EGF and the latter was highly re-
sistant for ectodomain shedding, respectively. Soluble
hb-egf knock-in mice showed severe hyperplasia of
keratinocytes in skin and cradiomyocytes in heart
and died in chimeric condition or heterozygote. On
the other hand, uncleavable hb-egf gene knock-in
mice lived in homozygote, but survived no longer
over 8 months, because of severe heart failure charac-
terized by similarity to the phenotype of dilated car-
diomyopathy. These observations emphasize that
ectodomain shedding of proHB-EGF must be a tightly
regulated event in development, even more in patho-
logical conditions. These observations would also in-
dicate physiological significance of ectodomain
shedding of not only other EGFR ligands, but also a
wide range of plasma membrane proteins.

Recently, inter-receptor cross-talk has received sig-
nificant attention as an essential element in under-
standing the increasingly complex signalling networks
identified within cells. Among them, transactivation of
EGFR has been shown to play a crucial role in signal-
ling by GPCRs, cytokine receptors, receptor tyrosine
kinases and integrins to a variety of cellular responses.
It has been reported that transactivation of EGFR is
evoked by two kinds of signalling ways, ligand-
dependent and independent pathways. The ligand-
dependent pathway requires ectodomain shedding of
ligands mediated by activation of ADAMs to release
soluble ligands into the extracellular space. The
released ligands activate EGFR in an autocrine
manner. This system is named as ‘Triple Membrane-
Passing Signal’ (Fig. 1) (3, 8). The ligand-independent
transactivation of EGFR is mediated intracellular
signal molecules such as Ca2þ, Ca2þ-calmodulin-
dependent protein kinase, protein kinase C and Src
family kinases (8, 9). It has been shown that cellular
Src (c-Src) phosphorylates the cytoplasmic tyrosine
residues, Tyr-845 and Tyr-1101 of EGFR, and that
the Tyr-845 phosphorylation is critical for the mito-
genic response to both the EGFR and a GPCR for
lysophosphatidic acid (10). Therefore, the ligand-
dependent and independent pathways of EGFR
transactivation would be distinguishable by metallo-
proteinase inhibitors (11, 12). However, recent re-
ports showed that b2-adrenargic receptor and
muscarinic M2-induced EGFR transactivation was
ligand-independent and resulted in an incomplete
downstream signalling involving extracellular
signal-regulated kinase (ERK), but not phospholipase
C-gamma 1 (PLCg1) and Akt (11, 12). These findings
indicate that the ligand shedding-dependent and inde-
pendent pathways of EGFR transactivation are appro-
priately activated according to the properties of
ligands.

Thirteen members of human ADAMs have been
characterized as active metalloproteinases (13) and
ADAM9, 10, 12, 15, 17 and 19 have been characterized

in ectodomain shedding of EGFRs and the ligands.
Among these ADAMs, ADAM10 and 17 seem to be
key molecules in physiological shedding of the seven
EGFR-ligands. Based on studies with cells lacking
various ADAMs, ADAM17 is considered the principal
sheddase for pro-forms of TGF-a, HB-EGF, AREG,
epiregulin and epigen, whereas ADAM10 was identi-
fied as the major sheddase for pro-forms of EGF and
BTC (14). The relevance of ADAM17 in shedding of
proTGF-a, proHB-EGF and proAREG in vivo was
corroborated by studies in mice lacking adam17,
which resemble mice lacking tgf-� in that they have
open eyes at birth and wavy whiskers, or mice lacking
areg with respect to defects in mammary ductal devel-
opment, or mice lacking hb-egf with respect to defects
in heart valve development. On the other hand, sub-
strate specificity of ADAMs for EGFR ligands is still
obscure, even though many different kinds of inter-
active factors of ADAM cytoplasmic tails have been
reported (13). An attractive hypothesis has been that
ADAMs selectively target a subset of substrates, per-
haps via an interaction between the extracellular
domains of the enzyme and substrate, and that this
accounts, at least in part, for the substrate selectivity.
For further understanding of the substrate recognition
mechanism of ADAMs, crystallography and computa-
tional analysis of ADAMs or ADAM/substrate com-
plexes might be essential. Recent review by Takeda
(15) might give a good insight to understand how
ADAMs recognize substrates. ADAMs have distinct
characteristic domains, pro-peptide (P), metalloprotei-
nase (M), disintegrin-like (D), cysteine-rich (C), epider-
mal growth factor-like (EGF), transmembrane (TM)
and cytoplasmic (CT) domains. The mammalian
ADAMs are most closely related to the P-III class of
snake venom metalloproteinases (SVMPs). Vascular
apoptosis-inducing protein-1 (VAP1) was the first
P-III SVMP structure to be resolved by X-ray crystal-
lography (16), and contains M, D and C (MDC)
domains, which are shared by ADAMs. Takeda
found an interesting region designated hyper-variable
region (HVR) in C domain which opposed to the cata-
lytic site and putatively assigned protein-binding site.
He indicated the intriguing possibility that the HVR
creates an exocite for binding substrates and proposed
substrate recognition models of ADAMs mediated by
the HVR (15). Recently, regulatory molecules to inter-
act with both ADAMs and EGFR ligands at extracel-
lular space have been reported. Nardilysin (N-arginine
dibasic convertase, also known as Nrd1 and NRDc)
mediates interaction between ADAM17 and HB-EGF
or NRG1 and regulates its shedding event (17, 18).
AREG-regulated protein 35 (ARP 35) also bound
both ADAM17 and AREG and regulated its shedding
event (Nakayama, H., and Higashiyama, S., unpub-
lished data). These observations would support the
attractive substrate recognition model through the
HVR of ADAMs. Further study will be required to
understand the basis for the substrate selectivity and
regulation of ADAMs under various physiological and
pathological conditions.

Remnant peptide signalling
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Remnant peptide signalling of ErbB4

Among the EGFRs, ectodomain shedding is unique
for jm-a ErbB4 isoform which has a longer stalk
region (16 amino acid residues) and seems simply to
permit accessibility of ADAM17 (19). ErbB4 shedding
can be activated by phorbol ester TPA in all types of
cells tested and ligand (neuregulin) binding in some
type of cells (20, 21). While shed ErbB4 ectodomain
with 120 kDa may simply neutralize neuregulin activ-
ity, which is not demonstrated yet, the remnant 80 kDa
transmembrane peptide was subsequently subjected to
intramembranous cleavage by g-secretase and is con-
verted to a soluble 80-kDa ICD peptide. ErbB4-ICD
was found in the cytoplasm, nucleus and mitochondria
(22, 23). ErbB4-ICD interacts with TAB2 and thereby
with N-CoR, a corepressor, and chaperons to become
a complex to translocate into the nucleus. This system
is required for correct control of astrogenesis in mouse
development (24). ErbB4-ICD also binds STAT5 and
seems to function in mammary differentiation (25). It
is also reported that ErbB4-ICD is functionally
involved in the development of mammary gland and
breast cancer (26). While ErbB4 nuclear localization
has been observed in normal and tumour mammary
tissues and exogenous ErbB4-ICD expression pro-
vokes differentiation events, it has not yet been demon-
strated that the ErbB4 cleavage and the production of
endogenous ErbB4-ICD is physiologically relevant in
this tissue. ErbB4-ICD also binds to other transcrip-
tional regulators, ETO2 (27), YAP (28) and oestrogen
receptor (29), and regulates their nuclear localization.
In these models, ErbB4-ICD is proposed to function as
a chaperon of transcriptional regulators. ErbB4-ICD is
still active as a tyrosine kinase (30) and phosphorylates
Mdm2, a regulator of p53 (31). Interestingly, intact
ErbB4 does not phosphorylate Mdm2. These results,
many of which have been produced in experimental
cell systems only, suggest that proteolytic processing
of ErbB4 by ADAM and g-secretase allows new sig-
nalling functions to occur.

On the other hand, other EGFRs including jm-b
ErbB4 isoform, EGFR, ErbB2 and ErbB3 have rela-
tively short stalk regions (6�9 amino acid residues) and
are not likely to be subjected to a significant level of
ADAM-mediated ectodomain shedding.

Remnant peptide signalling of
pro-neuregulin 1

NRG is the subfamily of EGFR ligands and directly
binds to ErbB3 and/or ErbB4. The NRG family con-
sists of six members (NRG1�6) (5). The prototype and
best-studied member of the family is NRG1. From the
single NRG1 gene, various isoforms are produced by
alternative splicing and categorized to four major
forms (Types I�IV) (32). Type II isoform is a secreted
form and Types I, III and IV are transmembrane
forms. In transmembrane NRGs (proNRGs) derived
from the NRG1 gene, the intracellular domain differs
in both the length and the primary sequence (33).
Another divergent region of proNRGs is located be-
tween the fifth cysteine residue of the EGF-like unit

and the transmembrane domain and distinguishes be-
tween a and b proNRG isoforms (34). This juxtamem-
brane domain extends from the sixth cysteine residue
to the beginning of the transmembrane domain. The
juxtamembrane region is also highly variable in both
the length and the sequence between NRG isoforms of
the same subfamily. Thus b2 isoforms contain the
shorter juxtamembrane region, b4 has the larger and
b1 has an intermediate length. The b3 isoforms are
characterized by the presence of a stop codon in the
juxtamembrane region that prevents their association
to the plasma membrane and produces a soluble form
(34). Thus, variation of juxtamembrane region affects
the susceptibility for ectodomain shedding by
ADAMs. Therefore, the mechanisms and proteolytic
components responsible for shedding of proNRGs are
still veiled largely, although ADAM17 and ADAM19
have been characterized as sheddases of proNRG1 in
cultured cells (35). Recently, an interesting report has
come out presenting that nardilysin enhanced ectodo-
main shedding of proNRG1, and was essential for
axonal maturation and myelination in the central
and peripheral nervous system in mouse, in part,
through the modulation of NRG1 shedding (18).

Ectodomain shedding of proNRG1 is evoked by the
interaction with soluble ErbB4 (36). However, within
the context of cell�cell contact, it has not yet been
demonstrated that intact ErbB4�NRG1 interaction
triggers ectodomain shedding of ErbB4 and/or
proNRG1. ProNRG1 shedding by ADAMs is fol-
lowed by the cleavage at the transmembrane domain
by g-secretase and the released intracellular domain
(NRG-1-ICD) enters the nucleus to repress the expres-
sion of several regulators of apoptosis (36). The same
group has shown that in the mouse cochlea, synaptic
activity increases the level of nuclear NRG-ICD
and up-regulates post-synaptic density protein-95
(PSD-95), a scaffolding protein that is enriched in
post-synaptic structures. NRG-ICD enhances the tran-
scriptional activity of the PSD-95 promoter by bind-
ing to a zinc-finger transcription factor Eos. The
NRG-ICD�Eos complex induces endogenous
PSD-95 expression in vivo through a signalling path-
way that is mostly independent of g-secretase regula-
tion. This upregulation of PSD-95 expression by the
NRG-ICD�Eos complex provides a molecular basis
for activity-dependent synaptic plasticity (37).

Remnant peptide signalling of pro-HB-EGF

Ectodomain shedding of proHB-EGF is frequently
observed in many types of cells in culture, involves
different ADAMs in different types of cells and has
been characterized highly sensitive and lower selective
to extracellular stimuli. Phorbol ester TPA is the stron-
gest inducer of proHB-EGF shedding (38) and known
as an activator of ADAM17 (14). TPA-induced
proHB-EGF shedding was abrogated in adam17-
deficient cells (14). Mice lacking hb-egf showed the
defects in heart valve development, which was over-
lapped with the phenotype of adam17-deficient mice
(7, 39). These observations implicate that ADAM17
is a prominent candidate among proHB-EGF
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sheddases. On the other hand, various GPCR agonists
such as bombesin, phenylephrine, angiotensin II, lyso-
phosphatidic acid, thrombin, serotonin, endothelin I
and some chemokines are more physiological stimuli
of proHB-EGF shedding. GPCR-activated shedding
of proHB-EGF are mediated by different ADAM
members including ADAM10, 12, 15 as well as 17
(40�42), suggesting that proHB-EGF would be a fa-
vourable target of ADAMs and an intermediary factor
of GPCR signals. Shed HB-EGF can activate EGFR
in paracrine and autocrine fashions. Thus, GPCRs
pass its signal in part to EGFR via release of
HB-EGF by ADAM-mediated ectodomain shedding
in an autocrine fashion (Fig. 1). This system would
function as a signal amplifier.

Intriguingly, ectodomain shedding of proHB-EGF
does not trigger g-secretase cleavage, which is different
from other cases as shown in ErbB4, proNRG1 and
proBTC described here. Remnant transmembrane
peptide, proHB-EGF-carboxy terminal fragment
(HB-EGF-CTF) is internalized as vesicles. HB-EGF-
CTF translocates from the plasma membrane into the
reticular network of the endoplasmic reticulum (ER)
and the nuclear envelope by retrograde membrane
trafficking (43, 44). Immunoelectron microscopy re-
vealed the localized HB-EGF-CTF in the inner nuclear
membrane (44). Since this process is impaired by the
inhibition of metalloproteinase activity, translocation
of HB-EGF-CTF into the nuclear envelope is a shed-
ding dependent event. Furthermore, promyelocytic
leukaemia zinc finger (PLZF) and B-cell leukaemia
6 (Bcl6) proteins have been identified as binding part-
ners of the cytoplasmic region of proHB-EGF (43, 45).
PLZF and Bcl6 are transcriptional repressors with
structure domain homology of other BTB/POZ and
C2H2-type zinc-finger proteins and suppress cyclin
A, c-Myc and HoxD and macrophage inflammatory
protein 1-a, CD69 and Cyclin D2 expression, respect-
ively (5). These repressors negatively regulate the cell
cycle. PLZF and Bcl6 produce transcriptional repres-
sion through recruitment of a repressor complex that
contains N-CoR, SMRT, Sin3a and histone deacety-
lases (46). Internalized HB-EGF-CTF associates with
nuclear PLZF and Bcl6, which might occur at the nu-
clear periphery. Various recent studies have shown
transcriptionally silent genes are located at or translo-
cated to the nuclear periphery upon silencing. Indeed,
interaction of HB-EGF-CTF with PLZF or Bcl6 re-
sults in the reversal of decreased expression of their
target genes (43, 45). Whether HB-EGF-CTF contain-
ing a transmembrane domain would directly regulate
genes silenced by PLZF and Bcl6 at the nuclear per-
iphery is still unknown.

EGFR signalling promotes G1-phase progression in
the cell cycle by regulating the expression of cyclin D
and c-Myc via the Ras-MAPK signalling cascade.
Therefore, proteolytic cleavage of proHB-EGF by
ADAMs generates two types of mitogenic signalling
molecules in an autocrine fashion and the coordination
of the dual intracellular signals mediated by HB-EGF
and HB-EGF-CTF may be important for cell cycle
progression. In fact, EGFR and FGFR-mediated
c-Myc induction and cell cycle progression in primary

cultured mouse embryonic fibroblasts are abrogated by
knockout of hb-egf gene, or by a metalloproteinase
inhibitor, although downstream molecules of the re-
ceptors are activated (47). Induction of c-Myc expres-
sion by EGF or bFGF is recovered in hb-egf�/� mouse
embryonic fibroblasts by overexpression of wild-type
proHB-EGF, but no recovery was observed with an
uncleavable mutant of proHB-EGF. The uncleavable
mutant also inhibited EGF-induced acetylation of his-
tone H3 at the mouse c-Myc first intron region, which
could negatively affect transcriptional activation.
Thus, the signal transduction initiated by generation
of HB-EGF-CTF in the shedding event plays an essen-
tial intermediary role in growth factor-induced cell
cycle progression. PLZF and Bcl6 as well as
HB-EGF are expressed in a large number of tissues
including the heart. This suggests that deregulation
of PLZF and Bcl6 repression activities mediated by
proHB-EGF shedding is involved in regulation of
cell proliferation and differentiation in various signal-
ling cascades during the development and maintenance
of adult tissues.

Heart failure observed in HB-EGF-null and unclea-
vable proHB-EGF knock-in mice (7, 48, 49) might, in
part, be due to the loss of HB-EGF-CTF-PLZF/Bcl6
signalling in the heart, where PLZF and Bcl6 are
highly expressed and are suggested to be involved in
maintaining cardiac function (50). Furthermore, it has
been reported that cardiomyocytes expressing an
uncleavable proHB-EGF mutant in culture underwent
apoptosis under normoxic conditions, which distinctly
increased under hypoxic conditions due to the
increased caspase-3 activity, reactive oxygen species
accumulation and an increased c-Jun N-terminal
kinase activity (51). The induced apoptosis was not
rescued by the addition of recombinant soluble
HB-EGF. Therefore, the molecular mechanism under-
lying this phenomenon might be explained by the loss
of HB-EGF-CTF function. BAG-1 has been reported
as the binding protein of the cytoplasmic domain of
proHB-EGF and its interaction with proHB-EGF
leads to decreased cell adhesion, increased resistance
to apoptosis and rapid secretion of soluble HB-EGF
(52). BAG-1 is a multifunctional protein that interacts
with a diverse array of molecular targets including the
Bcl-2 apoptosis regulator, the 70-kDa heat shock pro-
teins, Hsc70 and Hsp70, nuclear hormone receptors,
the RAF kinase, components of the ubiquitinylation/
proteasome machinery and DNA (53). These findings
suggest that BAG-1 might be a target and functional
partner of HB-EGF-CTF in heart.

Remnant peptide signalling of
pro-amphiregulin

Ectodomain shedding of proAREG is mediated by
ADAM17 (14) and yields a transmembrane-
cytoplasmic fragment (AREG-CTF), as well as a sol-
uble AREG, which closely resembles proHB-EGF
shedding and HB-EGF-CTF. The proAREG-shedding
stimuli trigger endocytosis of not only AREG-CTF,
but also unshed proAREG without activation of
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g-secretase and subsequent intramembrane proteolysis
(54). AREG-CTF and unshed proAREG translocates
from the plasma membrane to the lysosome and/or to
the inner nuclear membrane via retrograde membrane
trafficking. What determines the different destination
of AREG-CTF? C-terminal truncation of AREG-CTF
to expose RKKL241 sequence at C-terminal end,
which subsequently activated the ER-retrieval signal
and allowed the nuclear envelope localization of
AREG-CTF. The truncated form of proAREG inter-
acts with A-type lamin and is retained at the inner
nuclear membrane. Heterochromatin formation is
then induced and global transcription is transiently
suppressed. This study gives new insight into epigenetic
chromatin organization in mammalian cells: a plasma
membrane-anchored growth factor is targeted to the
inner nuclear membrane where it participates in dy-
namic chromatin organization and control of
transcription.

Remnant peptide signalling of
pro-betacellulin

Ectodomain shedding of proBTC is mediated by
ADAM10 (55) to produce transmembrane-
cytoplasmic fragment (BTC-CTF). BTC-CTF is imme-
diately subjected to intramembranous cleavage by
g-secretase to generate an intracellulear-domain
fragment (BTC-ICD), which differs from the cases
of proHB-EGF and proAREG described
above. Cytoplasmic domain of proBTC was
S-palmitoylated, which was required for the stabiliza-
tion, g-secretase-dependent production and the
nuclear-membrane translocation of BTC-ICD (55).
The function of BTC-ICD localized at the
nuclear-membrane was estimated by overexpression
of an extracellular domain-deletion mutant of
proBTC, which showed the cell growth inhibition.
The detail of this mechanism, however, still remains
unclear.

Generation of the remnant peptide signalling of
EGFR ligands is characterized by g-secretase-
dependent and -independent pathways. It is still un-
clear, however, how second cleavage by g-secretase
would be regulated. The study of proBTC might give
an insight on this matter. The cytoplasmic domain of
proBTC is S-palmitoylated as well as proTGF-a (56),
both of which are susceptible to g-secretase. On the
other hand, neither S-palmitoylation nor the second
cleavege by g-secretase have been reported on the
other EGFR ligands. It is also known that two sub-
units of g-secretase complex, APH-1 and nicastrin are
S-palmitoylated and that palmitoylation plays a role in
raft localization (57). These circumstantial evidences
might indicate the crucial role of modification of the
cytoplasmic tails such as S-palmitoylation to select the
pathways.

Conclusion

Ectodomain shedding of transmembrane proteins on
cell surface is a tightly regulated event, and its dysre-
gulation leads to developmental abnormalities and

diseases. As ectodomain shedding of transmembrane
proteins provides signal molecules bidirectionally, rem-
nant peptides produced by this event has given rise to
more attractive factors to understand signals in intra-
cellular space. We believe that the knowledge obtained
from the study of the EGFRs and their ligands pro-
vides new insights into the understanding the role of
ectodomain shedding and remnant peptide signalling
of other transmembrane proteins as well.
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