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Met, the tyrosine kinase receptor for the hepatocyte growth
factor is a prominent regulator of cancer cell invasiveness and
has emerged as a promising therapeutic target. Binding of the
anti-Met monoclonal antibody DN30 to its epitope induces the
proteolytic cleavage of Met, thereby impairing the invasive
growth of tumors. The molecular mechanism controlling this
therapeutic shedding process has so far been unknown. Here, we
report that A Disintegrin And Metalloproteinase (ADAM)-10,
but not ADAM-17, is required for DN30-induced Met shedding.
Knockdown of ADAM-10 in different tumor cell lines or abro-
gation of its proteolytic activity by natural or synthetic inhibi-
tors abolished Met down-regulation on the cell surface as well as
reduction of Met activation. Moreover, hepatocyte growth fac-
tor-induced tumor cell migration and invasion were impaired
upon ADAM-10 knockdown. Thus, the therapeutic effect of
DN30 involves ADAM-10-dependent Met shedding, linking for
the first time a specific metalloprotease to target therapy against
a receptor tyrosine kinase.

Signaling through the membrane-bound tyrosine kinase
receptor Met (1) upon binding of its ligand hepatocyte growth
factor (HGF)? (2) is a crucial pathway regulating the migratory
and invasive capacity of cells in physiological and pathological
conditions (3). Usually, HGF is produced by cells of mesenchy-
mal origin, whereas Met is mainly expressed by epithelial cells
(4-6). This paracrine system is normally tightly regulated (3).
However, Met overexpression and increased Met signaling are
detected in a variety of cancers (7) and are shown to trigger
cancer cell invasion and metastatic progression (8). Conse-
quently, interference with Met overexpression and/or activa-
tion has emerged as a promising approach in targeted cancer
therapy (9-11).

It has been shown that binding of the monoclonal antibody
DN30 to an extracellular epitope of Met reduces Met receptor
levels at the cell surface and quenches signal transduction. In
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vitro, the antibody inhibits anchorage-independent growth as
well as HGF-stimulated invasion of cancer cells (10). In vivo, it
reduces primary tumor growth and spontaneous metastasis
formation in preclinical models (10). The therapeutic effect of
DN30 antibody involves shedding (release from the cell surface)
of the extracellular domain of Met in proximity of the cell mem-
brane (10). This results in net reduction of functional surface
receptors and generation of a soluble extracellular domain act-
ing as an inhibitor (decoy) that binds the HGF ligand. The
molecular mechanism responsible for antibody-induced Met
shedding is so far unknown.

Membrane-bound metalloproteinases of the ADAM (A Dis-
integrin And Metalloproteinase) family (12) are major media-
tors of cell surface protein shedding during tumor progression,
thereby interfering with several intracellular signaling path-
ways (13). We recently suggested ADAM-10 as a protease reg-
ulating spontaneous Met shedding because its knockdown
leads to increased cell surface levels of Met in vitro (14).
ADAM-17 has been proposed as another mediator (15). In the
present study, we show by a functional genetic approach that
DN30 antibody-induced Met shedding is selectively mediated
by ADAM-10. This finding is of interest to understand the
molecular mechanism(s) responsible for the therapeutic effect
of anti-Met antibodies and will be useful for the further devel-
opment of DN30 as an anticancer agent.

EXPERIMENTAL PROCEDURES

Generation of Knockdown Cell Lines—Human gastric carci-
noma cells (GTL-16) were obtained and cultured as described
previously (1). Human non-small cellular lung carcinoma cells
(A549) and human ovarian carcinoma cells (SKOV3ip) were
cultured according to the provider’s instructions (ATCC-LGC
Standards, Wesel, Germany). Stable knockdown of ADAM-10
or ADAM-17 in all cell lines was achieved by lentivirus-
based RNA interference. Virus particles were produced with
ViraPower ™ Lentiviral Expression System (Invitrogen),
using plasmids encoding shRNA sequences against human
ADAM-10 or ADAM-17, respectively (Sigma-Aldrich). 293T
were transfected with Lipofectamine™ 2000 according to the
manufacturer’s protocol (Invitrogen). Target cells were seeded
on day 0 (4 X 10° cells/6-well plate) and infected with lentiviral
particles on day 1. To prevent interference with adaptation
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FIGURE 1. A, shedding of pre-Met upon administration of DN30 appeared to be time-dependent. Representa-
tive Western blots for pre-Met and Met in A549 cells, incubated with 80 wg/ml DN30 for 1.5 h and 3 h, are
shown. a-Tubulin (a-Tub) was used to normalize protein levels. Densitometric analysis (n = 3): without DN30,
100.00%; 1.5 h DN30, 79.4 = 3.7; 3 h DN30, 25.9 = 4.7). B, DN30-induced shedding of pre-Met was inhibited by
addition of recTIMP-1. Representative Western blots for pre-Met and Met in A549 cells cultured with T ug/ml
recTIMP-1 for 1 h prior to addition of 80 wg/ml DN30 and further incubation for 5 h with or without 1 ug/ml
recTIMP-1 are shown. a-Tubulin was used to normalize protein levels. Densitometric analysis (n = 3): without
DN30 without TIMP-1, 100.00%; with DN30 without TIMP-1, 56.8 = 8.4; without DN30 with TIMP-1, 155.2 *=
36.5; with DN30 with TIMP-1, 152.4 = 27.5). C, DN30-induced shedding of pre-Met was inhibited by addition of
recTIMP-3. Representative Western blots for pre-Met and Met in A549 cells cultured with 1 ug/ml recTIMP-3 for
1 h prior to addition of 80 ug/ml DN30 and further incubation for 5 h with or without 1 ug/ml recTIMP-3 are
shown. a-Tubulin was used to normalize protein levels. Densitometric analysis (n = 3): without DN30 without
TIMP-3, 100.00%; with DN30 without TIMP-3, 22.5 = 0.7; without DN30 with TIMP-3, 82.1 = 2.4; with DN30 with
TIMP-3, 61.8 = 6.6). D, DN30-induced shedding of pre-Met in GTL-16 cells was stimulated by PMA. Cells were
incubated with or without 80 g/ml DN30 and 100 nm PMA for 4 h. Supernatants were analyzed afterward with
Western blotting. A representative Western blot of three experiments is shown. n.s., not significant.

mechanisms, shedding experiments where carried out on day 2
after infection without selection of positive clones (“acute
knockdown”).

Shedding Experiments—Tumor cells were incubated with or
without 80 pg/ml DN30 monoclonal antibody (10) and 1,000
ng/ml recombinant human TIMP-1 (recTIMP-1), 1,000 ng/ml
recombinant human TIMP-3 (recTIMP-3) for metallopro-
teinase broad spectrum inhibition, or 1 to 5 um ADAM-
10-specific inhibitor GI254023X (16). Shedding was stimu-
lated with 100 nm PMA (phorbol-12-myristate-13-acetate) in
GTL-16 cells. Supernatants were kept for analysis, and cells
were washed twice with ice-cold PBS, incubated with cell lysis
buffer (Cell Signaling Technology, Danvers, MA) for 5 min,
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shedding product .

n.s.
E——— Heavy chain of DN30 “

(Roche Diagnostics). For densito-
metric analysis, band intensities of
Met were measured using Image]
software.

Immunoprecipitation—For de-
tection of shedding products, equal
amounts of supernatants were incu-
bated for 2 h with Sepharose-pro-
tein A beads on a steering wheel.
After washing with PBS, Laemmli
buffer was added to the beads, sam-
ples were boiled for 5 min, and
Western blot analysis was per-
formed as described above.

Immunocytochemistry for Phos-
phorylated Met—GTL-16shNT or
GTL-16shADAM-10 cells were
seeded on chamber slides and incu-
bated with TIMP-1 and/or DN30
for 5 h. Then, cells were washed
with PBS, fixed with ice-cold ace-
tone for 15 min, air-dried for 30
min, rehydrated in TBS, and incu-
bated with an anti-phospho-Met
antibody (Assay Designs, Ann Arbor, MI) for 2 h. Detection was
carried out with an anti-rabbit Alexa Fluor 488-conjugated
antibody (Invitrogen). For densitometric analysis, signal inten-
sities of Alexa Fluor 488 were measured using Image] software.

Scatter Assay—A549shNT or A549shADAM-10 cells were
seeded at very low density. After colony formation, tumor cells
were incubated with 80 wg/ml DN3O0 for 5 h and then stimu-
lated with 20 ng/ml recombinant human HGF (recHGF). Scat-
tering was microscopically determined.

Invasion Assay—1 X 10° human A549shNT or
A549shADAM-10 cells were seeded in the upper chamber of
Transwell® of 8-um pore size (Becton Dickinson), coated with 78
pg/cm? Matrigel in medium with 1% (w/v) FCS. 80 ug/ml DN30

supernatants
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FIGURE 2. A-C, ADAM-10, but not ADAM-17, knockdown inhibited DN30-induced shedding of pre-Met. Rep-
resentative Western blots (of three independent experiments) for pre-Met and Met, ADAM-10,and ADAM-17in
A549 (A), SKOV3ip (B), and GTL-16 (C) cells, cultured 5 h with or without 80 wg/ml DN30 (A-C) are shown.
a-Tubulin was used to normalize protein levels. Knockdown cell lines (shADAM-10 or shADAM-17, respec-
tively) and control cell lines (shNT) were generated using shRNAi. Densitometric analysis: A: A549shNT without
DN30, 100%; with DN30, 48.0% = 8.2%; n = 3; shADAM17 without DN30, 100%; with DN30, 56.3% = 8.1%; n =
3; shADAM10 without DN30, 100%; with DN30, 103.7% = 2.6%; n = 3. B, SKOV3ipshNT without DN30, 100%;
with DN30, 38.1% =+ 12.7%; n = 3; shADAM17 without DN30, 100%; with DN30, 51.6% = 14.3%; n = 3;
shADAM10 without DN30, 100%; with DN30, 105.3% = 4.6%; n = 3. C, GTL16shNT without DN30, 100%; with
DN30, 63.4% = 4.2%; n = 3; shADAM17 without DN30, 100%; with DN30, 55.2% =* 5.6%, n = 3; shADAM10
without DN30, 100%; with DN30, 90.8% = 9.2%, n = 3. Furthermore, in SKOV3ip (B) and GTL-16 cells (C),
elevated levels of ADAM-17 after DN30 administration and increased ADAM-10 protein upon knockdown of
ADAM-17 were detected. D, representative Western blot of supernatants and immunoprecipitated protein
from supernatants of GTL-16shNT or GTL-16shADAM-10 cells are shown, cultured for 5 h with 80 ug/ml DN30.
Knockdown of ADAM-10 reduced Met shedding. E, representative Western blot of A549 cells of three inde-
pendent experiments cultured with or without 80 wg/ml DN30 and the indicated amounts of GI254023X,
showed that ADAM-10-specific inhibition by GI254023X abolished Met shedding. Densitometric analysis:
without DN30 without GI254023X, 100%; with DN30 without GI254023X, 42.7% * 5.6%; with DN30 1 um
GI254023X, 46.6% * 12.8%; with DN30 3 um GI254023X, 81.8% = 33.2%; with DN30 5 um GI254023X,
125.1% =+ 28.2%. n.s., not significant.

was added to the upper chamber, and 5 h later 20 ng/ml recHGF

Q-tip, and adherent cells on the lower
side of the membrane were stained
with DAPL Invaded cells in 10 fields
of view were counted.

Statistical — Analysis—Statistical
analysis was done using Student’s ¢
test when data were normally dis-
tributed. Otherwise, the Mann-
Whitney U Rank Sum test was used.
p < 0.05 was considered significant.

RESULTS

TIMP-1 and TIMP-3 Inhibited
DN30-induced  Met  Shedding—
DN30 monoclonal anti-Met anti-
body induced a time-dependent
down-regulation of Met in A549
lung carcinoma cells (Fig. 1A).
Because we have previously re-
ported that elevated systemic levels
of TIMP-1 increase Met protein lev-
els, possibly by the ability of TIMP-1
to inhibit ADAM-10 (14), we tested
whether TIMP-1 interfered with
DN30-induced Met shedding. Incu-
bation of A549 cells with DN30
and/or recTIMP-1 revealed down-
regulation of mature Met in the
presence of DN30 alone (Fig. 1B,
first and second lanes), which
was prevented upon addition of
recTIMP-1 (third and fourth lanes).
We also observed a slight in-
crease of mature Met protein levels
when recTIMP-1 was added (first

lane versus third lane). Because
TIMP-3 is known to inhibit
ADAM-10 (19, 20), we tested

whether TIMP-3 also interfered with
DN30-induced Met shedding. Incu-
bation of A549 cells with recTIMP-3
was also effective in inhibiting DN30-
induced down-regulation of Met (Fig.
1C). Because PMA can enhance the
activity of ADAMs (19, 21), we next
tested its effect on DN30-induced
Met shedding. To be able to detect
sufficient amounts of the shedding
product in supernatants, we em-
ployed GTL-16 cells, which express
large amounts of the receptor (22).
We found that DN30-induced shed-
ding was augmented by PMA (Fig.
1C), suggesting the involvement of an
ADAM as the responsible protease.

ADAM-10 but Not ADAM-17 Was Required for DN30-in-

was added to the lower chamber. Another 24 h later, Matrigel and ~ duced Met Shedding—T o discriminate the responsible ADAM,
cells on the upper side of the membrane were removed using we knocked down ADAM-10 or ADAM-17, respectively, in
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FIGURE 3. A, representative Western blot for phosphorylated Met in GTL-16 cells, cultured with or without
80 wg/ml DN30 is shown. a-Tubulin was used to normalize protein levels. Knockdown cell lines
(shADAM-10 or shADAM-17, respectively) and a control cell line (shNT) were generated using shRNAi.
ADAM-10 knockout impaired DN30-induced inhibition of Met phosphorylation, whereas ADAM-17 defi-
ciency had no effect on this inhibition. Densitometric analysis: GTL16shNT without DN30, 100%; with
DN30, 42.9% * 1.3%; n = 3; shADAM17 without DN30, 100%; with DN30, 21.9% = 0.9%, n = 3; shADAM10
without DN30, 100%; with DN30, 97.1% * 4.4%; n = 3. B and C, representative images of immunohisto-
chemical staining for phosphorylated Met in GTL-16shNT and GTL-16shADAM-10 cells, respectively, cul-
tured either for 5 h with or without 80 wg/ml DN30 (B) or additionally with or without 1 wg/ml recTIMP-1
(C) are shown. Blue signal, DAPI. Green signal, phosphorylated Met. B, DN30-induced shedding reduced
Met phosphorylation only when ADAM-10 was not knocked down. Scale bars, 50 um. Densitometric
analysis: GTL16 shNT without DN30, 100.0% = 5.8%; with DN30, 42.5% = 2.0%; n = 15; shADAM10 without
DN30, 100.0% = 6.7%; with DN30, 98.2% * 6.6%, n = 15. C, incubation with the natural ADAM-10 inhibitor
TIMP-1 also impaired DN30-induced reduction of Met phosphorylation. Scale bars, 50 wm. Densitometric
analysis: GTL16 without TIMP-1 without DN30, 100.0% * 6.9%; without TIMP-1 with DN30, 42.6% * 2.6%;
n = 15; with TIMP-1 without DN30, 100.0% =* 4.4%; with TIMP-1 with DN30, 85.6% * 4.3%, n = 15.Besides,
a weak Met phosphorylation upon incubation with recTIMP-1 was detected even after administration of
DN30. D, incubation with the natural ADAM-10 and ADAM-17 inhibitor TIMP-3 also impaired DN30-in-
duced reduction of Met phosphorylation. Scale bars, 50 um. Densitometric analysis: GTL16 without TIMP-3
without DN30, 100.0% = 6.3%; without TIMP-3 with DN30, 36.3% = 1.5%; n = 15; with TIMP-3 without
DN30, 100.0% * 5.3%; with TIMP-3 with DN30, 88.2% =* 3.4%; n = 15. n.s., not significant.
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A549, SKOV3ip, and GTL-16 cells.
Knockdown of ADAM-10 pre-
vented DN30-induced Met down-
regulation in all three cell lines (Fig.
2, A-C, right panels each). In con-
trast, knockdown of ADAM-17 did
not inhibit DN30-induced shedding
in any cell line (Fig. 2, A-C, middle
versus left panels each). However, in
GTL-16 cells, reduction of cell sur-
face Met was not completely abol-
ished by ADAM-10 knockdown
(Fig. 2C, middle panel). Next, we
analyzed the amount of the Met
shedding product in the superna-
tants of GTL-16 cells. Knockdown
of ADAM-10 decreased DN30-in-
duced accumulation of the shedding
product (Fig. 2D, left panel). This
result was confirmed by immuno-
precipitation of the shedding pro-
duct that was still bound to DN30
(Fig. 2D, right panel). The role of
ADAM-10 in DN30-induced Met
shedding was confirmed further by
co-incubation of A549shNT or
A549shADAM-17 cells, respec-
tively, with DN30 and recTIMP-1,
which is a strong inhibitor of
ADAM-10, but not of ADAM-17
(20, 23). Also, the ADAM-10-spe-
cific synthetic inhibitor G1254023X
(16) abolished the DN30-induced
Met shedding in a dose-dependent
manner (Fig. 2E). As secondary
effects, we found an up-regulation
of ADAM-17 after DN30 adminis-
tration (Fig. 2, B and C, left panels
each) and an increase of ADAM-
10 levels upon knockdown of
ADAM-17 (Fig. 2, B and C, middle
versus left panels each) in SKOV3ip
and GTL-16 cells.

DN30-induced ADAM-10-medi-
ated Shedding Reduced Met Acti-
vation—Next, we aimed to elucidate
whether ADAM-10 was necessary
for the suppression of Met signaling
by DN30. We examined Met phos-
phorylation in GTL-16 cells as Met
signaling is constitutively activated
in this cell line (22). DN30 treat-
ment of these cells led to a drastic
reduction of Met phosphorylation
(Fig. 34, left panel), correlating with
the reduced Met protein levels (Fig.
2C, left panel). Knockdown of
ADAM-10 prevented the DN30-in-
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the receptor in three different
human cancer cell lines including
gastric carcinoma (GTL-16), non-
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(SKOV3ip). The mechanism is
rather selective because knockdown
of ADAM-17 (another member of
the family) was ineffective. The
selective involvement of ADAM-10
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FIGURE 4. A, representative microscopic view of A549shNT or A549shADAM-10 cells in culture. Cells were
seeded at low density and incubated with or without 80 g/ml DN30 for 5 h. After colony formation, cells were
stimulated with 20 ng/ml recHGF. ADAM-10 appeared to be essential for DN30-induced inhibition of tumor cell
scattering. Scale bars, 50 wm. B, analysis of the invasiveness of A549shNT and A549shADAM-10 cells, incubated
with or without 80 wg/ml DN30 for 5 h, was analyzed in a Transwell® invasion assay. ADAM-10 was essential for
DN30-induced inhibition of tumor cell invasion. A549shNT, 100.00 = 20.24; A549shNT + DN30, 28.13 = 11.13;
A549shADAM-10, 100.00 * 26.96; A549shADAM-10 + DN30, 77.29 = 7.25. Error bars, S.E., n = 3 each. n.s., not

significant.

duced reduction of Met phosphorylation (Fig. 3A, middle
panel), whereas knockdown of ADAM-17 did not (Fig. 34, right
panel). This finding was confirmed by immunocytochemical
staining for phosphorylated Met in GTL-16 cells as DN30 reduced
Met phosphorylation only in the presence of ADAM-10 (Fig. 3B).
Moreover, similar results were obtained with the natural
ADAM-10 inhibitors TIMP-1 (Fig. 3C) and TIMP-3 (Fig. 3D).

ADAM-10 Was Necessary for DN30-induced Reduction of
Tumor Cell Migration and Invasion in Vitro—Next, we exam-
ined whether ADAM-10 was also necessary for mediating the
inhibitory effect of DN30 on HGF-dependent tumor cell migra-
tion and invasion. DN30 drastically inhibited HGF-induced
scattering of A549 lung carcinoma cells as long as ADAM-10
was present (Fig. 44). Also, DN30 decreased the HGF-induced
cell invasion through a Matrigel matrix (Fig. 4B). In contrast,
this inhibitory effect was markedly reduced upon ADAM-10
knockdown (Fig. 4B).

DISCUSSION

In this study, we show that ADAM-10 is the protease respon-
sible for DN30 antibody-induced Met shedding and the thera-
peutic effect mediated by down-regulation of Met surface
receptors, impaired tyrosine phosphorylation, and the subse-
quent inhibition of cell migration and invasion. These findings
demonstrate for the first time the existence of a functional
interplay among an antibody, a receptor tyrosine kinase, and a
protease in an envisaged antiinvasive therapy approach.

ADAMs are major mediators of cell surface protein shedding
during tumor progression (13). Our present observation that
DN30-induced Met shedding was enhanced by PMA, a known
activator of ADAMs (19, 21), suggests that this protease family
is involved in antibody-induced Met shedding. ADAM-10 and
ADAM-17, two members of this family, share common sub-
strates (20, 24, 25), including Met (14, 15). Here, we identified
ADAM-10 as the protease responsible for the DN30-induced
Met shedding. Abrogation of its expression through shRNA

AUGUST 20, 2010+VOLUME 285-NUMBER 34

was confirmed by the use of
TIMP-1, a strong inhibitor of
ADAM-10 but not of ADAM-17
pe* (19, 20), as well as by treatment with
the ADAM-10-specific synthetic
inhibitor GI254023X (16). TIMP-3,
which is an inhibitor of both
ADAM-10 and ADAM-17 (19, 20),
did not block Met shedding more
efficiently than TIMP-1 underlining
the importance of ADAM-10 in this
process. In addition, whenever ADAM-17 was up-regulated
upon treatment with DN30, Met shedding was not impaired.
Although the repertoire of protein substrates for ADAM-10
and ADAM-17 is partially overlapping (13) and the molecular
mechanism of substrate recognition is still unknown (26), a
certain degree of substrate specificity among the members of
the ADAM family exists (13). Binding of an antibody to its
epitope can lead to a conformational change of the whole anti-
genic protein (27): one can hypothesize that the interaction
between DN30 and Met unmasks specific determinants for
substrate recognition by ADAM-10, but not by ADAM-17 (28).
However, the finding that ADAM-10 is crucial for the DN30-
induced shedding of the Met receptor does not exclude the
involvement of ADAM-17 in Met shedding under normal con-
ditions (15) as ADAM-10 and ADAM-17 are known to share
various substrates (20, 24), including the Met receptor (14, 15).

This paper identifies ADAM-10 as a critical mediator of the
described DN30 therapeutic effect (10) as ADAM-10 inter-
venes with the outside-in signaling transduction by prometa-
static HGF (Fig. 5). In a variety of human cancers, Met overex-
pression and increased Met signaling are detected (7). Binding
of the ligand HGF to Met was shown to induce receptor dimer-
ization and phosphorylation of Tyr'*** and Tyr'**® (29). This
results in activation of the complex invasive growth program
(30) (Fig. 5A4). Binding of DN30 to Met induces shedding and
subsequent decrease of receptor molecules on the cell surface
(Fig. 5B), leaving the ligand HGF with fewer interaction part-
ners (Fig. 5B). Consequently Met phosphorylation per cell is
abrogated, and the invasive growth program cannot be induced.
We here showed that such a therapeutic antiinvasive effect of
DN30 was mediated by ADAM-10 (Fig. 5C). In the case of
broad spectrum metalloprotease inhibition, including ADAM-
10, the antibody is rendered inefficient because cancer cells can
still respond to the HGF trigger (Fig. 5C). Taken together, coop-
eration of DN30 and ADAM-10 is necessary for efficient inter-
ference with the first step of Met signaling activation.
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FIGURE 5. Involvement of ADAM-10 in the DN30-mediated therapeutic
effect. A, binding of the ligand HGF to the extracellular portion of Metinduces
receptor dimerization and phosphorylation of the tyrosine residues 1234 and
1235 thereby leading to the activation of the invasive growth program.
B, binding of the monoclonal antibody to the extracellular portion of Met
induces ADAM-10-mediated shedding of the receptor thereby reducing the
number of available receptors on the cell surface. Activation of the invasive
growth program is impaired as HGF can no longer bind to Met. C, under
ADAM-10-deficient conditions, DN30 can still bind to Met but cannot induce
shedding of the Met receptor. Consequently, receptor levels on the cell sur-
face are not reduced. Met signaling and the invasive growth program can still
be activated by HGF.

It is also known that ADAM-10 behaves as a prometastatic
protein, and therapeutic strategies based on its inhibition have
been envisaged (31, 32). With this knowledge, it is evident that
inhibition of ADAM-10 could be detrimental if combined with
a DN30-based anti-Met therapy.

This study demonstrates the involvement of a specific
endogenous protease in an antibody-induced down-regulation
of a receptor tyrosine kinase with oncogenic and prometastatic
potential. This newly identified interplay also reveals how
inhibitors of metalloproteases for cancer therapy can act as a
double-edged sword.
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