
Abstract Proteolytic processing of the Alzheimer amy-
loid precursor protein (APP) results in the generation of
at least two distinct classes of biologically relevant pep-
tides: (1) the amyloid beta peptides which are believed to
be involved in the pathogenesis of Alzheimer’s disease
and (2) the soluble N-terminal ectodomain (sAPP) which
exhibits a protective but as yet ill-defined effect on neu-
rons and epithelial cells. In this report we present an
overview on the functions of sAPP as an epithelial
growth factor. This function involves specific binding of
sAPP to membrane rafts and results in signal transduc-
tion and various physiological effects in epithelial cells
as different as keratinocytes and thyrocytes. At nanomo-
lar concentrations sAPP induces a two to fourfold in-
crease in the rate of cell proliferation and cell migration.
Specific inhibition of APP expression by antisense tech-
niques results in decreased sAPP release and in reduced
proliferative and motogenic activities. Proliferation and
migration are known to be part of complex processes
such as wound healing which, therefore, might be facili-
tated by the growth factor function of sAPP.
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Introduction

In recent years, great progress has been made in elucidat-
ing the pathogenic significance of proteins involved in
the generation of specific diseases. One of these proteins

is the Alzheimer amyloid precursor protein (APP) which
is a single membrane-spanning protein that is ubiqui-
tously expressed, but particularly found in cells of the
central nervous system (Sandbrink et al. 1994). It is also
highly expressed in epithelial cells of various organs
such as the thyroid gland (Graebert et al. 1995a, b) and
the epidermis (Hoffmann et al. 2000). In mammals, the
APP family of proteins contains three members, the APP
and the two APP-like proteins APLP1 and APLP2 (Kang
et al. 1987; Wasco et al. 1992, 1993; Sprecher et al.
1993). Homologous proteins have been detected in
Caenorhabditis elegans (Daigle and Li 1993), Droso-
phila (Luo et al. 1992), and Xenopus (Okado and 
Okamoto 1992). Because of alternative splicing, APP
exhibits a remarkable heterogeneity with at least 
eight different forms of primary transcription products
(Sandbrink et al. 1994). The members of the APP family
can undergo several types of proteolytic processing
which may result in the generation of at least two dis-
tinct classes of peptides of biological relevance (Fig. 1):

1. The amyloid beta (Aβ) peptides, a group of peptides
of up to 42 amino acids, are generated by specific
proteolytic processing of APP at the β- and γ-secret-
ase sites and found in senile plaques and neurofibril-
lary tangles in the cerebral cortex of patients afflicted
with Alzheimer’s disease (Masters et al. 1985; for a
recent review see Selkoe 2001).

2. The secretory N-terminal ectodomain of APP (sAPP),
the product of the cleavage at the α-secretase site,
contains a number of functionally relevant protein re-
gions which may serve distinct physiological roles
(Saitoh et al. 1989; Jin et al. 1994; Mucke et al. 1996;
Masliah et al. 1997; for review see De Strooper and
Annaert 2000) including epithelial proliferation (Popp
et al. 1996; Pietrzik et al. 1998; Hoffmann et al.
2000).

Despite the detailed knowledge on synthesis, cellular
transport, and molecular organization of APP, the patho-
genic mechanisms of Aβ-induced cell death and the nor-
mal role of sAPP have remained largely unknown. This
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report will mainly focus on the biological role of sAPP.
Several hypotheses have already been put forward to ex-
plain its normal physiological role. The proposed func-
tions are in part deduced from the main structure of
sAPP, which varies among the different APP forms and
which may include a Kunitz protease inhibitor domain
and carry binding sites for collagen, laminin, and glycos-
aminoglycans (Kibbey et al. 1993; Narindrasorasak et al.
1992). sAPP has also been shown to stimulate cell divi-
sion in APP-deficient fibroblasts (Saitoh et al. 1989), en-
hance neurite outgrowth in neuroblastoma cells (Mattson
et al. 1993; Jin et al. 1994), or exert a trophic function on
cerebral cortical neurons (Araki et al. 1991).

In this report, we give an overview on recent observa-
tions on the topology of Aβ and sAPP release and on the
physiological consequences of sAPP binding to cell sur-
faces. Whereas the release mechanisms of Aβ may be re-
lated to the generation of the disease, our interest in the
release of sAPP is mainly related to its binding to other
cell surfaces, to signal transduction mechanisms as the
result of sAPP binding and to its physiological role in
the regulation of proliferation, apoptosis, and migration
of epithelial cells.

Topology of proteolytic Aβ and sAPP release

As a type I membrane protein APP is synthesized on
membrane-bound ribosomes and cotranslationally insert-
ed into the endoplasmic reticulum (ER) membrane. After
signal peptide cleavage, N-glycosylation, and disulfide
bond formation, APP is transported to the Golgi appara-
tus where its further maturation by O-glycosylation, sul-
fation, and phosphorylation occurs (Weidemann et al.
1989; Oltersdorf et al. 1990). Mature APP is then trans-
ported to the plasma membrane. In thyrocytes it has been
shown that not only mature but also part of the immature
APP is iodinated. As iodination is restricted to the plas-
ma membrane (Wollman and Ekholm 1981) this finding
indicates that a fraction of the immature APP may reach
the plasma membrane (Graebert et al. 1995a). From the
plasma membrane APP is either endocytosed and de-
graded with a half-life of about 30 min (Weidemann 
et al. 1989; Graebert et al. 1995a) or released into the 
extracellular space (Fig. 2) by cleavage at the α-secret-

ase site (Esch et al. 1990; Sisodia et al. 1990). A major
fraction of APP (about 70%), however, does not reach
the mature state, but is degraded before arriving in the
Golgi apparatus (Kuentzel et al. 1993). As yet, however,
the mechanism and the proteins involved in this degrada-
tive pathway are not known. The degradation of APP is
reduced by overexpression of the APP-binding protein
Fe65 which promotes the transport of APP from the ER
to the cell surface and increases the secretion of both
sAPP and Aβ (Guenette et al. 1999; Sabo et al. 1999).
Therefore, the antagonism of degradation and transport
of immature APP out of the ER may play an important
role not only in regulating the steady state level of APP
in the cell. It may also influence the generation of sAPP
and Aβ in more distal compartments of the secretory or
endocytic pathways. Whether it also affects the genera-
tion of Aβ42 in the ER itself is unknown.

Although the majority of Aβ40 is found in the form of
extracellular amyloid plaques, it is generated intracellu-
larly during the normal metabolism of APP (Haass et al.
1992; Shoji et al. 1992). The compartments contributing
to the secretion of Aβ40, and to a lesser extent of Aβ42,
are endosomes (Koo and Squazzo 1994) and the distal
secretory pathway including the Golgi apparatus (Fig. 2;
Busciglio et al. 1993). In contrast, lysosomes (Yang et al.
1999) and the ER (Fig. 2; Greenfield et al. 1999) are be-
lieved to generate a non-secretable pool of Aβ42 result-
ing in the accumulation of intracellular Aβ42 aggregates
(Knauer et al. 1992; Skovronsky et al. 1998).

Although Aβ is regularly found in lysosomes, it has
been detected in the ER only after overexpression of
APP (Cook et al. 1997; Hartmann et al. 1997; Wild-Bode
et al. 1997). This might indicate that generation of Aβ in
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Fig. 1 Schematic representation of Alzheimer amyloid precursor
protein (APP) and its proteolytic products amyloid beta (Aβ;
green) and secretory N-terminal ectodomain of APP (sAPP). The
scheme depicts also the distribution of the three heparin-binding
sites (blue) and the proliferation-stimulatory region (red). In addi-
tion, the three secretase sites α, β, and γ (arrows) are shown

Fig. 2 Topology of Aβ and sAPP generation. The different prote-
olytic products of APP are generated in different compartments in
the cell. sAPP is generated at or near the plasma membrane from
where it is released into the extracellular space (green). The se-
creted fraction of Aβ, mostly Aβ40, results from proteolysis of
APP in the late Golgi apparatus (GA) and the trans-Golgi network
(TGN) as well as in endosomes (E; orange). A non-secretable in-
tracellular pool of Aβ, primarily Aβ42, is found in lysosomes (L)
and the endoplasmic reticulum (ER; blue)



the ER is an artifact due to abnormal accumulation of
APP in the ER. However, in a more recent study Aβ42
was found in the ER of untransfected primary rat neu-
rons (Greenfield et al. 1999), arguing against this as-
sumption. As yet, it is unresolved whether the ER-local-
ized Aβ is actually generated in the ER or whether it is
generated in more distal compartments of the secretory
pathway (Cupers et al. 2001; Iwata et al. 2001; Maltese
et al. 2001) implying its retrograde transport back to the
ER. Independent of its mode of generation an alternative
explanation for the inconsistent finding of Aβ in the ER
would be the existence of an efficient clearance mecha-
nism for ER-localized Aβ resulting in low levels of Aβ
in the ER under steady state conditions. Degradation is
common for misfolded and aggregation-prone proteins
which are retained in the ER. It involves their export
from the ER to the cytosol and their consecutive proteol-
ysis by proteasomes (for a recent review, see Sommer 
et al. 2001). Indeed, using a cell-free reconstitution
system (Schmitz et al. 2000), we could show that Aβ42 is
exported across the ER membrane. However, in contrast
to misfolded proteins, Aβ42 is degraded independently of
proteasomes by the cytosolic protease insulin-degrading
enzyme (Schmitz et al., unpublished observation). Thus,
in addition to the extracellular space (Iwata et al. 2000;
Ledesma et al. 2000; Vekrellis et al. 2000) and lyso-
somes (Frautschy et al. 1998), the cytosol seems to re-
present a further compartment, where degradation of Aβ
occurs. The ability of the cytosol to degrade Aβ is of
pathological relevance because cytosolic Aβ has been
shown to induce apoptosis (LaFerla et al. 1995; Yan 
et al. 1997). Therefore, reduced degradation of the 
cytosolic Aβ originating from Aβ generated in the secre-
tory pathway might contribute to the pathogenesis of
Alzheimer’s disease.

Binding of sAPP to cell surfaces

The binding of sAPP to cell surfaces is of particular im-
portance because it is the first step in the cascade of sig-
nal transduction events that lead to distinct physiological
responses. It has been shown that binding of recombi-
nant sAPP (sAPPrec) is highly sensitive to aldehyde fix-
ation. Because of the preferential reactions of aldehyde
groups with lysine residues (Hopwood 1972), this inhibi-
tory effect on sAPPrec binding points to the proteina-
ceous nature of sAPPrec binding sites (Hoffmann et al.
1999). Apparently, the number of binding sites for 
sAPPrec is not constant because it appears to be depen-
dent, for example in the neuronal cell line B 104, on the
state of differentiation (Hoffmann et al. 1999). We take
these observations as further support for the existence of
a cell membrane receptor for sAPP. It has been suggest-
ed, however, that sAPP might bind to cell surface-associ-
ated heparin and that this binding assists the receptor to
come into contact with sAPP (Kounnas et al. 1995).
Nevertheless, binding remains unaffected by treatment
of cells with heparinase, suggesting that cell surface-

associated heparin is not the prime factor for sAPPrec
binding to cell surfaces (Hoffmann et at. 1999).

The visualization of exogenously added sAPP and its
binding on cells has been impossible due to the ubiqui-
tous expression of APP. The indirect localization of
binding sites makes use of sAPPrec and of its following
features. It elicits signal transduction and proliferation in
thyrocytes (Pietrzik et al. 1998) comparable to endoge-
nous sAPP (Popp et al. 1996), thereby suggesting that
sAPPrec might bind to the same receptor. This is sup-
ported by observations showing that sAPPrec binding 
to cell surfaces is strongly inhibited by endogenous, 
epithelial cell-derived sAPP from conditioned media
(Hoffmann et al. 1999). Despite this functional homolo-
gy of both proteins, the structural differences of sAPPrec
to endogenous sAPP are sufficient to allow the prepara-
tion of specific antibodies against sAPPrec. The ability
of the antibodies to distinguish between sAPPrec and
cellular sAPP or APP is presumably based on the lack of
glycosylation which for sAPP is known to involve the
formation of N- as well as O-bound carbohydrate side
chains (Schubert et al. 1989; Weidemann et al. 1989; 
Oltersdorf et al. 1990; Graebert et al. 1995b). The anti-
sAPPrec antibodies allowed a selective localization of
cell surface-bound sAPPrec in a variety of cell types in-
cluding keratinocytes (Fig. 3). Radiometric observations
with iodinated sAPPrec showed that the binding of 
sAPPrec to its putative receptor is saturable reaching sat-
uration at 10 nM sAPPrec. The specificity of binding
was also shown by these radiometric determinations and
confirmed by surface plasmon resonance spectroscopy 
in that binding of cells to immobilized sAPPrec was 
almost completely inhibited at 4 mM of free sAPPrec
(Hoffmann et al. 1999).

Binding of sAPP to membrane rafts

Membrane rafts are small, detergent-insoluble microdo-
mains of the plasma membrane that are characterized by
enrichment of certain proteins and lipids, especially of
glycosphingolipids and cholesterol (Simons and Ikonen
1997). It has been suggested that rafts play a role in en-
docytosis, transcytosis, signal transduction, and disease
pathogenesis (for review see Brown and London 1998).
A special form of rafts are the caveolae, flask-shaped 
invaginations of the plasma membrane that were first 
described in epithelial cells by Yamada (1955). A direct
role for caveolae in endocytosis has been suggested 
(Parton et al. 1994; Parton 1996; Gilbert et al. 1999).
However, in addition to caveolae, other forms of rafts
seem to exist, though their exact functional roles remain
to be studied (Huang et al. 1997; Lang et al. 1998; 
Waugh et al. 1998). Rafts seem to harbor a large number
of proteins necessary for signal transduction (Anderson
1998), including growth factor receptors such as epider-
mal growth factor (EGF) receptor (Smart et al. 1995; 
Mineo et al. 1996; Waugh et al. 1998) and platelet-de-
rived growth factor receptor (Liu et al. 1996, 1997). Our
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own recent findings have shown that sAPP binds on the
surface of most epithelial cells in a form of small patches
or microdomains (Fig. 3). This binding is mediated by a
receptor protein, which has so far not been identified.
However, it is possible to detect the receptor and to study
its cellular localization indirectly by immunostaining of
the bound ligand using the antibody selectively recogniz-
ing sAPPrec as described above. We could recently show
that sAPPrec cofractionates in density gradients with raft
membranes and caveolae, and thus the sAPP-binding mi-
crodomains show the typical characteristics of detergent-
insoluble membrane rafts (Tikkanen et al. submitted).
Therefore, the unknown sAPP receptor is probably a res-
ident raft protein. However, these rafts seem to be differ-
ent from caveolae (Fig. 4), and cells such as thyrocytes
that do not exhibit caveolae are capable of binding sAPP.
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Fig. 3a–d sAPP binds onto cell surface in patches. a Immuno-
fluorescent staining of recombinant sAPP (sAPPrec) bound onto
the surface of normal human keratinocytes. Note the patchy stain-
ing pattern for sAPPrec. b Double immunofluorescent staining 
of sAPPrec (green) bound on the cell surface and of endogenous
APP (red) present in the perinuclear TGN area. The figure shows
a confocal section through the stained HaCaT cells. No colocal-
ization can be observed between sAPPrec and endogenous APP. 
c, d Whole-mount preparations of human keratinocytes after 
immunogold labeling of surface-bound sAPPrec which is local-
ized to distinct patches (white circles) with a diameter from 100 to
500 nm. Bars a, b 20 µm; c 1 µm; d 200 nm (fluorescence micro-
graphs: A. Icking; electron micrographs: T. Quast)



The binding of sAPP onto its receptor in rafts results in
signal transduction and phosphorylation of some raft
proteins, providing additional evidence for the suggested
role of sAPP as a growth factor.

Some studies have suggested that the full-length APP
or some of its processing fragments would be associated
with membrane rafts (Bouillot et al. 1996; Ikezu et al.
1998; Parkin et al. 1999; Hayashi et al. 2000). Though
the main fraction of APP probably resides in non-raft
membranes, mainly at trans-Golgi network, a minor frac-
tion of APP seems indeed to be raft-associated. Since the
C-terminal processing fragments of APP (stubs) that re-
main in the membrane after α-secretase processing are
strongly enriched in caveolae and rafts, it has been sug-
gested that caveolae might actually be the cellular loca-
tion for the α-secretase-mediated processing of APP
(Ikezu et al. 1998). In addition, the β-secretase (BACE)
has been reported to be mainly located in endosomes and
the Golgi complex but to be associated also with mem-
brane rafts (Simons et al. 1998). In accordance, depletion
of cholesterol from the cell membranes, which has been
shown to destroy the microdomain organization of rafts,
inhibits the formation of the Aβ-peptide in hippocampal
neurons (Simons et al. 1998). Very recent findings also
indicated that cholesterol-depletion results in a massive
increase in the secretion of sAPP liberated by a suggest-
ed α-secretase, ADAM 10 (Kojro et al. 2001). All these
findings suggest that rafts play a role in the processing of
APP and possibly even in the pathology of Alzheimer’s
disease.

sAPP-binding proteins and receptor candidates

The identity of the sAPP receptor has, despite intensive
research, remained elusive. However, several proteins
have been suggested in the literature to bind sAPP. Many
of these proteins, such as fibulin-1, are components of
the extracellular matrix (Argraves et al. 1990). Using
yeast-two hybrid screens, Ohsawa et al. (2001) showed
that fibulin-1 can bind the N-terminal domain of APP
and that this binding is able to inhibit the sAPP-induced
proliferation of neural stem cells. Therefore, fibulin-1
can not be considered as a receptor candidate, as the
binding of sAPP to fibulin-1 results in downregulation of
the growth factor function of sAPP. It has been suggested
that fibulin-1 rather functions in modulating the binding
of sAPP to its receptor.

Another protein shown to bind sAPP and to mediate
its endocytosis is the lipoprotein receptor-like protein
(LRP), also known as the alpha-macroglobulin receptor.
LRP contains multiple, independent binding sites for
multiple ligands (Strickland et al. 1995). However, LRP
is only capable of binding the sAPP isoforms that con-
tain the Kunitz protease inhibitor (KPI) domain (Knauer
et al. 1996). This domain is not present in the isoform
sAPP-695, which has been used in many studies demon-
strating the growth factor function of sAPP (Pietrzik 
et al. 1998; Hoffmann et al. 1999, 2000). Therefore, it 
is highly unlikely that LRP would be the sAPP receptor
responsible for its biological effect.

Very recently, it was suggested that sAPP would be a
ligand for the class A macrophage scavenger receptor
(Santiago-Garcia et al. 2001). Scavenger receptors are a
family of integral membrane proteins produced by alter-
native splicing of a single mRNA product (Rohrer et al.
1990). They have been shown to promiscuously bind
various ligands of the polyanion type, such as oxidized
low density lipoprotein and polysaccharides. sAPP was
identified as a secretion product of platelets capable of
competing the binding of acetylated low density lipopro-
tein to macrophages. The KPI domain was shown not to
be essential for the binding of sAPP to scavenger recep-
tor, which was suggested to be mediated by a negatively
charged region of sAPP in its N-terminal portion (Santia-
go-Garcia et al. 2001). Though the scavenger receptor
can bind sAPP, it is not a very good candidate for the
sAPP receptor, since it is not expressed ubiquitously
enough to be able to mediate the growth factor function
of sAPP in epithelial cells.

sAPP-induced epithelial proliferation

Upon binding to cell surfaces sAPPrec is able to increase
the rate of proliferation of keratinocytes and thyrocytes
about two- to fourfold with highest rates at 10 nM 
sAPPrec (Fig. 5; Pietrzik et al. 1998; Hoffmann et al.
2000). In keratinocytes, the growth-promoting effect of
sAPP is similar to the effects of TGF-α and KGF, two
major regulators of keratinocyte proliferation (Barrandon
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Fig. 4 Schematic presentation of various microdomains at the
plasma membrane. The plasma membrane can be divided into var-
ious microdomains which include the clathrin-coated pits and de-
tergent-insoluble rafts. Rafts can further be divided into various
forms. Caveolae, the omega-shaped invaginations implicated in
signaling and transcytosis, were the first ones to be described. One
type of raft, in which the GPI-anchored proteins can cluster, is
characterized by the family of Reggie/Flotillin proteins. We have
shown that the sAPP binding-rafts are separate from both caveolae
and Reggie rafts



and Green 1987; Werner 1998). In thyrocytes, sAPPrec
is able to mimic the growth-promoting effect of TSH
(Pietrzik et al. 1998). We point out that the previously
described proliferative effect of sAPP in fibroblasts has
been shown to be detectable only in APP-deficient fibro-
blasts (Saitoh et al. 1989), whereas the proliferative ef-
fect on thyroid epithelial cells and on keratinocytes was
observed in cells that were fully competent to express
APP and to release sAPP. This endogenously released
sAPP apparently stimulates epithelial proliferation as
shown by the use of antisense techniques which result in
the suppression of APP expression and sAPP release
down to ca 35%. This antisense-induced inhibition of
sAPP release causes a dramatic reduction in the rate of
proliferation (Pietrzik et al. 1998; Hoffmann et al. 2000).
As sAPPrec, but not TSH, was able to overcome this an-
tisense effect and to completely restore cell proliferation
it is concluded that sAPP in thyrocytes acts downstream
of TSH in that it is released in response to TSH-induced
cell differentiation (Fig. 6; Pietrzik et al. 1998). 

Despite the presence of endogenous APP, the exoge-
nously added sAPP is able to induce an additional prolif-
erative effect. These findings clearly show that thyroid
epithelial cells and keratinocytes are particularly suscep-

tible to the proliferative action of sAPP as compared
with other cell types, such as fibroblasts.

APP in the epidermis is mainly located in the basal
cell layer (Fig. 7) which contains the pool of growth
competent keratinocytes. In accordance with the local-
ization of APP, the growth-promoting action of sAPP on
keratinocytes appears, similar to TGF-α but in contrast
to KGF, to be based on an autocrine effect. This view is
supported by the observation that sAPP in the condi-
tioned media from HaCaT cells reaches concentrations
of 5–20 nM which are within the optimum mitogenic
range of sAPP. Best effects of exogenously added sAPP
are, therefore, reached with sparsely seeded cells not
able to bring about these endogenous sAPP concentra-
tions (Pietrzik et al. 1998; Hoffmann et al. 2000).

As a practical consequence of these results, a new
medium for the culture of epithelial cells has been devel-
oped that contains sAPPrec (unpublished results).
Whether this culture medium is of general use for other
epithelial cell types remains to be determined.

Motogenic effect of sAPP

The rapidly growing families of soluble growth factors,
comprising prominent members such as EGF (Cohen
1987), KGF (Werner 1998), and TGF-α (Massagué
1990) can be functionally characterized by their capacity
to induce and regulate cell proliferation and differentia-
tion. Additionally, many of the hitherto analyzed growth
factors exhibit motogenic effects on a variety of cell
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Fig. 5 sAPP-induced epithelial proliferation. The proliferation of
thyrocytes (squares) and keratinocytes (triangles) is stimulated by
recombinant sAPP. Both cell types show a proliferative response
in the same sAPP concentration range with maximum stimulation
being achieved at an sAPP concentration of 10 nM

Fig. 6a, b sAPP as a TSH-regulated growth factor. TSH is known
to induce thyrocyte proliferation and differentiation (a). As differ-
entiation and proliferation exclude each other growth factors are
postulated which mediate the proliferation in TSH-stimulated
cells. sAPP has been identified as such a TSH-regulated growth
factor

Fig. 7 Immunocytochemical localization of APP in the epidermis.
The majority of APP is found in the basal cell layer of the epider-
mis whereas no signal is detected in the underlying dermis. This
localization and the growth-promoting effect on keratinocytes
point to an autocrine effect of sAPP. Bar 50 µm



types, i.e., they are capable of inducing cell migration
and, above this, are able to stimulate lamella dynamics
(Nickoloff et al. 1988; Stoker 1989; Manske and Bade
1994; Chicoine and Silbergeld 1997; Cai et al. 2000).
The latter is manifested in the more rapid and more fre-
quent protrusion and retraction of membrane extensions
including the sheet-like lamellipodia and the finger-like
filopodia (Lauffenburger and Horwitz 1996).

By applying a new computer-assisted, video-micro-
scopic assay, which allows the quantification of cell mi-
gration and lamella dynamics with a high resolution in
space and time (Hinz et al. 1999) combined with high-
resolution scanning electron microscope studies, differ-
ent isoforms of sAPP were revealed as potent motogens
for human epidermal keratinocytes. Thus, under the
stimulus of nanomolar concentrations of sAPP a tenfold
increase in the number of cells acquiring a polarized
morphology is observed (Fig. 8a, b) which clearly marks
the onset of cell migration (Lauffenburger and Horwitz
1996). Simultaneously to this initializing effect, sAPP
also acts as an accelerating factor for lamella dynamics
stimulating ruffle and lamellipodia activities up to three-
fold as compared to untreated cells. Finally, the moto-
genic effect of sAPP results in speeding up keratinocyte
migration about twofold (Fig. 8c). Consequently, the
motogenic effect of sAPP on human keratinocytes even
exceeds the effects measured for EGF, KGF, and TGF-α
on this cell type (Fig. 8c; Hebeda 1988; Matsumoto et al.
1991; Hinz et al. 1999). Intriguingly, of all tested iso-
forms, sAPP751 which is expressed at high levels in the
cells of the human epidermis, was the most potent 
motogen for human keratinocytes. In this context, the
fact that keratinocyte migration is essential for the 
closure of epidermal wounds (Martin 1997) raises the
question for a possible significance of sAPP on wound
healing.
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