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Novel role of APP cleavage by ADAM10 for breast cancer metastasis L))
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Cleavage of the amyloid precursor protein (APP) at the membrane-
proximal extracellular position, termed the alpha secretase site,
prevents the generation of amyloidogenic AP peptide (Fig. 1). Since
the aggregation of AP peptides has been associated with the develop-
ment of Alzheimer's disease the responsible a-secretase became an
important subject of research. Almost 20 years ago this protease was
identified as ADAM10 which stands for a disintegrin and a metallopro-
teinase [1]. Since then, researchers identified an increasing number of
other ADAM10 substrates most prominently including Notch, EGF-like
growth factors, some adhesion molecules, and ephrins and their recep-
tors. Besides its function in development which largely depends on the
cleavage of Notch, ADAM10 was found to play crucial roles in physio-
logic and pathophysiologic processes. Accumulating evidence suggests
an important involvement of ADAM10 in migration of various cell
types including leukocytes, various tissue cells, and cancer cells [2]. It
seems that the underlying mechanisms can be very diverse owing to
ADAM10's numerous substrates including ephrins, growth factors, ad-
hesion molecules, transmembrane chemokines or respective receptors.

The study by Tsang et al. published in this issue of EBioMedicine indi-
cates that there exists an additional mechanism by which ADAM10 can
promote cell migration involving the cleavage of APP (Fig. 1). The
authors previously reported that breast cancer tumor cells express ele-
vated levels of APP. Their present study investigates APP shedding in
different breast cancer cell lines and its role in breast cancer cell prolif-
eration and migration [3]. APP and the proteolytic fragments from
alpha-cleavage were detected in different breast cancer cell lines.
Knockdown of APP expression using RNA interference decreased breast
cancer growth and migration in vitro and in a murine tumor xenograft
model, whereas overexpression of soluble APP« or full-length APP
had the opposite effect. Knockdown of ADAM10 inhibited alpha-
cleavage of APPa and reduced cell migration. The latter effect was re-
versed in part by overexpression of soluble APPa but not of transmem-
brane full-length APP. Expression of APP and ADAM10 was examined in
clinical non-luminal breast cancer samples and a significant correlation
of both APP and ADAM10 expression was found. Importantly, co-
expression of both proteins indicated unfavorable clinical outcome.

These interesting and potentially very relevant results should
prompt further investigations to study and compare the role of APP in
different cancer cell types as well as in different in vivo models of cancer
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development and metastasis. It would also be important to know
whether a similar activity accounts for the closely related ADAM10 sub-
strate APLP2 which has been reported to modulate JNK-Dependent cell
migration in Drosophila [4]. Importantly, the receptor and signalling
mechanism needs to be elucidated in more detail. At the cell membrane
APP has been described to associate with beta 1 integrins via the APP
binding protein FE65 and formation of this complex correlates with en-
hanced cell movement [5]. Several studies indicated that the transmem-
brane APP can modulate G-protein coupled receptor signalling leading
to activation of the kinases PKA and PI3K both of which could be re-
quired for cell migration [6]. Moreover, APP was reported to form
multimers and by this drive JAK-mediated signalling towards metasta-
sis and tumor growth. Interestingly, the present study indicates that
the promigratory activity but not proliferation of breast cancer cells is
mediated to a large extent by soluble APP rather than the intact mole-
cule. It remains to be clarified whether other soluble APP fragments
(e.g. generated from [-secretase) or the remaining transmembrane
fragment can interfere with such a migration-promoting mechanism.
One would further question what type of receptor for soluble APP
could be responsible here. It is possible that oligomer formation of solu-
ble and transmembrane APP is involved resulting in signalling via the
cytoplasmic tail of transmembrane APP. By this mechanism, soluble
APPa has been proposed to promote neuronal Akt activation and cell
survival [7] while other responses such as modulation of BAG3 expres-
sion do not require transmembrane APP. Yet, for cell migration this still
needs to be studied in detail. Analysis of the gene expression signature
will potentially reveal further downstream transcriptional responses in-
duced by soluble APP.

Another direction of research could address the regulation of APP
shedding. The present study indicates upregulation of the protease
ADAM10 in breast cancer cells. Besides this upregulation, trafficking
and activity regulation may represent even more crucial steps.
ADAM10 has been described to associate with tetraspanins of the
TspanC8 family which are required for surface expression and also con-
tribute to substrate selectivity of the protease [8]. Furthermore,
ADAM10 is regulated by cell activation and calcium influx leading to
exposure of negative charges at the membrane that are thought to pro-
mote a conformational switch removing the inhibitory prodomain of
the protease from the active site [9]. Thus, it will be important not
only to correlate the protease with its substrate but also determine
the exact localization and activation status of the protease.

Solving these open questions will help to tailor more specific inter-
vention therapies using APP as a potential therapeutic target. Inhibitors
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Fig. 1. Proposed model for the interplay of APP and ADAM10 in breast cancer cell migration. APP and ADAM10 are upregulated in breast cancer tissue increasing the chance of APP cleavage.
Soluble APPa formation is relevant for induction of breast cancer cell migration via yet undefined pathways. Further research (blue boxes) is warranted to clarify the trafficking and
activation of ADAM10 leading to APP shedding e.g. the involvement of tetraspanins. Furthermore, APP receptor binding, formation of heterooligomers and signalling need to be
investigated including integrin binding via FE65, activation of G-proteins and further downstream kinases (e.g. PKA, PI3K, Akt and FAK) involved in the regulation of cell motility and

proliferation.

blocking APP may not only suppress migration and metastasis, but also
cell survival of other cancer cell types expressing high levels of APP such
as prostate cancer cells [10].
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