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ABSTRACT

It has been proposed that proteases secreted by cancer cells facilitate
metastasis by degrading extracellular matrix. Estrogen receptor-positive
breast cancer cells secrete a M, 52,000 pro-cath-D under estrogen
stimulation, whereas this protease is produced constitutively by estrogen
receptor-negative cancer cells. We report on the degradation in vitro of
extracellular matrix by purified M, 52,000 cathepsin D (cath-D) and by
conditioned media prepared from different cell lines. The purified M,
52,000 pro-cath-D was autoactivated at pH 4.5 into a M, 51,000 cath-D
and found to digest the extracellular matrix of endothelial bovine corneal
cells labeled with [3H]proline or [35SJmethionine.Culture medium condi
tioned by estrogen-treated MCF7 cells had a similar effect at pH 4.5 but
not at pH 7.4. Matrix degradation was totally inhibited by pepstatin.
Other breast cancer cells (BT20, MDÃ‚-MB231, T47D cells, etc.) and
other cancer cells also secreted a pepstatin-sensitive proteinase able to
degrade extracellular matrix. By contrast, the U2 variant of MCF? cells,
which lacks the M, 52,000 cath-D gene, and the nontumoral epithelial
mammary cells secreted a negligible amount of this proteinase. In all
conditioned media, the pepstatin-dependent extracellular matrix degrad
ing activity was highly correlated to the M, 52,000 cath-D concentration
measured by immunoenzymatic assay. We conclude that the M, 52,000
cath-D is the major acidic protease secreted by mammary cancer cells.
We suggest that this protease may degrade basement membrane and
consequently facilitate tumor invasion when it is released in an acidic
microenvironment.

INTRODUCTION

The mechanism involved in cancer cell metastasis is un
known. Its determination could help in developing treatments
specific for the metastatic process, which is responsible for
most of the mortality by cancer. In breast cancer, estrogens are
known to facilitate the growth of primary or metastatic cells
when these cells contain estrogen receptors (1). While studying
estrogen-induced proteins in breast cancer cells, we have puri
fied and characterized a M, 52,000 protein, which is secreted
into medium and displays a mitogenic effect on dormant MCF7
cells (for review, see Ref. 2). This protein has been identified as
a precursor of cath-D5 which is processed intracellularly into

mature enzymes (M, 48,000 and 34,000 plus 14,000) (3) accu
mulated in lysosomes. The corresponding complementary DNA
has been cloned, and its sequence indicates high homology with
cath-D of normal tissues apart from 5 nucleotide changes (4).
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The optimal pH for proteolytic activity of this M, 52,000 pro-
cath-D is very acidic (pH 3.5) using methemoglobin, and less
acidic using proteoglycans from human cartilage (pH 5) as
previously reported (3). Moreover, as in the case of cath-D
from normal fibroblast (5), but in larger amounts, M, 52,000
cath-D is secreted as an inactive precursor which can subse
quently be autoactivated by partial proteolysis into a M, 51,000
protein (3). Proteases have for long been suspected to facilitate
tumor invasion (6-8). In breast cancer, plasminogen activator
(6), which is also regulated by estrogens (9), cathepsin B (10-
12), and collagenases (7), has mostly been studied. In contrast,
cath-D has received much less attention, due to its activity being
restricted to low pH. However, breast cancer cells produce and
secrete high proportions of this protease compared to nontu
moral mammary cells both in vivo (13) and in vitro.6 In the

present study, we considered its potential role in tumor invasion
by testing in vitro its ability to degrade extracellular matrix,
whether it is purified to homogeneity or present in conditioned
media secreted by different cancer cells.

MATERIALS AND METHODS

Cell Cultures. Breast cancer cell lines containing ER, i.e., MCF? cells
(14) (two sublines, Rich and Lippman) and T47D cells (15), and three
breast cancer cell lines containing no ER, i.e., BT20, MDA-MB231
(16), and U2 (17), were cultured as previously described (18). HeLa
cells (19) were cultured in monolayer in DEM with 5% FCS. The
Ishikawa cmloinetri.il adenocarcinoma cell line (20) was cultured in
DEM with 15% FCS. A431 human epidermoid carcinoma cells (21), a
gift of Dr. C. Cochet (U 244 INSERM, Grenoble, France), were
cultured in DEM-Ham's F12 plus 10% FCS. Normal mammary epi

thelial glands were prepared as previously described (22, 23) from
reduction mammoplasties, following digestion with collagenase and
filtration. Primary cultures were performed in Ham's F12 supple

mented with 10% FCS.
Preparation of ECM from Bovine Endothelial Cells. Primary cultures

of BCE cells were prepared from eyes of freshly slaughtered cows,
according to Gospodarowicz (24). Stock cultures were maintained on
60 mm tissue culture dishes coated with extracellular matrix (Clinisci-
ences) in DEM supplemented with 20% (vol/vol) FCS, 25 lU/ml of
penicillin, 25 Â¿ig/mlof streptomycin (Flow), and 2.5 iig/ml of Fungi-
zone (Gibco). Confluent cultures were passaged by trypsinization at a
ratio of 1 to 10. Matrices were obtained by plating BCE cells on 8-mm-
diameter wells, in the presence of 50 ng/ml of bovine brain fibroblast
growth factor (Clinisciences). One wk after seeding, matrices were
labeled with 1 to 5 ÃŸCi/mlof L-[4,5-3H]proline (Commissariat a
l'Energie Atomigue; 32 /ttCi/mmol) or 25 pCi/ml of [35S]methionine

(Amersham; 1400 Ci/mmol), for 1 wk as described elsewhere (25, 26).
Matrices were then prepared as described elsewhere (24, 26). Briefly,
cells were lysed by 3 washes with bidistilled water, followed by 3 washes
with 20 mM NH4OH, 2 washes with bidistilled water, and 2 washes
with phosphate-buffered saline.

Preparation of Enzymatic Solutions and Conditioned Media. Type IA
collagenase from Clostridium histolyticum (Worthington Biochemicals)
was dissolved in DEM to a stock concentration of 1 mg/ml. Prior to

6 F. Capony, C. Rougeot, P. Montcourrier, V. Cavailles, G. Salazar, and H.
Rochefort. Increased secretion and altered processing of 52-kD pro-cathepsin D
in breast cancer cells compared to normal epithelial mammary cells, submitted
for publication.

3688

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/13/3688/2432546/cr0480133688.pdf by guest on 19 M

ay 2023



cath-D ON EXTRACELLULAR MATRIX

use, the enzyme was diluted to 10 Mg/ml in DEM. Secreted and cellular
cath-D of MCF? cells was purified by immunoaffinity as previously
described (27). Conditioned media were prepared from cells cultured
with 10% PCS to 90% confluence and then cultured in serum-free
conditions for 15 to 18 h as previously described (28). It was important
to remove contamination by PCS, which contains potent protease
inhibitors such as a2-macroglobulin. This was done by three 30-min
washes of cells with DEM or RPMI before conditioning. Before a 2-
day estradici (10 nM) treatment, cells were cultured in DEM with
charcoal-stripped PCS without phenol red (29). Enzymes and condi
tioned media were acidified or not with 200 HIMcitric acid prior to use.
The protease inhibitors, leupeptin and pepstatin (Sigma, St. Louis,
MO), were used at a final concentration of 1 to 10 MM-

Extracellular Matrix Degradation. Enzymes and conditioned media
to be tested were applied on 8-mm microwells coated with 2-wk-old
BCE-ECM in a final volume of SO to 200 Â¿/I.Following incubations
(routinely for 72 h at 37CC), the supernatants were removed, and the

radioactivity released from the ECM was counted; the remaining matrix
was obtained by lysis with 1% SDS, for 2 h and 2 N NaOH for 18 h
(26) and directly counted for radioactivity to evaluate the percentage of
hydrolysis. Hydrolysis of ECM was expressed as the percentage of
radioactivity released with respect to total radioactivity present on the
coated well.

IEMA of M, 52,000 cath-D. We used a two-site solid-phase assay of
total M, 52,000 cath-D (30, 31). Briefly, microtiter plates were coated
with the D7E3 monoclonal antibody to M, 52,000 cath-D. After satu
ration of the remaining free adsorption sites with gelatin solution,
plates were washed 3 times with buffer. Conditioned medium and a
second antibody conjugated with alkaline phosphatase (M1G8-PA)
were incubated for 18 h at 4Â°Cin a buffer containing 1% BSA and

0.1% Tween 20. The plates were then washed 5 times with 0.9% NaCl-
0.05% Tween 20 buffer (pH 8.6) and incubated in a 0.1 M diethanola-
mine chromogen solution (pH 9.8) containing 1 mg/ml of paranitro-
phenylphosphate for 30 to 120 min at room temperature (in darkness).
Plates were read at 405 nm using a Titertek MC Multiskan photometer
(Flow Laboratories) coupled to an Apple II microcomputer. The M,
52,000 cath-D concentration was determined from the absorbance of 6
dilutions (1/1 to 1/80) compared to a standard linear curve obtained
from 5 dilutions (0 to 40 ng/ml) of a standard conditioned medium
(950 ng/ml). Protein concentration was determined according to Brad
ford (32) using bovine 7-globulin as the standard.

The sensitivity of the assay was 5 ng/ml, and its intra- and interassay
reproducibility was 10% and 15%, respectively.

RESULTS

Degradation of Extracellular Matrix at Acidic pH by Purified
M, 52,000 pro-cath-D. The ability of the proteases to digest 3H-

labeled extracellular matrix was tested by evaluating the per
centage of labeled material released in the 3 days following
addition of protease (Fig. la). Collagenase, as expected, de
graded extracellular matrix. The purified cellular cath-D of
MCF7 cells was also active at pH 5, and the effect was inhibited
by pepstatin (Fig. la). Since the pro-cath-D (M, 52,000 protein)
secreted by breast cancer cells is inactive, we determined the
pH range required to autoactivate it. One criterion of activation
is the loss of a molecular weight of approximately 1,000,
corresponding to the removal of part of its W-terminal profrag
ment, as reported for fibroblasts (5) and breast cancer cells (3).
The pro-cath-D of MCP7 cells, purified by immunochromatog-
raphy and eluted at pH 11 (27), was therefore incubated at
various pHs (Fig. 2) with or without pepstatin. The shift of
molecular weight from 52,000 to 51,000 was total at pH 4.5
and only partial at pH 5.1. This corresponds to the autoacti-
vation process of cath-D in normal tissue (33, 34). The proteo-
lytic effect of the M, 52,000 protein on ECM was then tested
as a function of pH (Fig. 16). The bell-shaped curve indicates
that proteolysis was optimal at a pH of 4 to 5. A similar curve
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Fig. 1. Hydrolysis of labeled extracellular matrix by M, 52,000 cathepsin D

and collagenase. ECM was layered on 8-mm wells by bovine endothelial corneal
cells and labeled with [3H]proline (a) or ("S]methionine (b) as described in
"Materials and Methods." a, collagenase and BSA (Sigma) solutions were at 10
jig/ml in DEM, pH 7.4. Purified cellular M, 52,000 (S2K) cath-D was eluted in
an acetate buffer (pH 5) with a final concentration of 3.3 wg/ml and preincubated
or not for 5 min at 37*C with l UMpepstatin. These solutions were then tested
on ECM for 3 days at 37'C. The effect of buffers alone (DEM, acetate) was tested
in parallel as a control. The percentage of 3H-labeled material released from ECM

with these solutions is the mean of triplicate determinations Â±SD. b, effect of
pH on the proteolytic activity of secreted M, 52,000 pro-cath-D. Secreted M,
52,000 pro-cath-D, purified at pH 11.0, was acidified with citric acid/sodium
citrate (200 n>M) to the indicated pH and tested on ECM as above at a final
concentration of 10 Â¿in/inlin the presence (A) or absence (O) of pepstatin.
I'reactivated M, 51,000 protein obtained by acidification of the M, 52,000 at pH
4.5 for 15 min at 37'C (â€¢)was tested under the same conditions. At each pH,

hydrolysis was estimated by subtracting the radioactivity released spontaneously
by the ECM in the presence of lysine buffer adjusted to the same pH (approxi
mately 10% of labeled ECM) from the radioactivity released with the purified
pro-cath-D.
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pepstatin: _+ _ + _ + _*_+_+ _+ _ +
Fig. 2. Autoactivation of M, 52,000 pro-cathepsin D as a function of pH. M,

52,000 pro-cath-D was purified from media conditioned by NUT- cells as previ
ously described (27) and eluted from the immunoaffinity column in a buffer at
pH 11.0. Aliquots of M, 52,000 cath-D (-200 ng) were incubated at the indicated
pHs for 15 min at 37'C in the presence (+) or absence (-) of 5 /IM pepstatin

analyzed in a 12% polyacrylamide gel electrophoresis in the presence of sodium
dodecyl sulfate and finally revealed by silver staining.

was obtained whether cath-D was preactivated or not, indicating
that in both cases, the enzyme required an acidic pH between 4
and 5 to be active. However, the optimal pH was higher with
extracellular matrix as the substrate than with methemoglobin
(pH 3 to 4).

The extent of hydrolysis by M, 52,000 cath-D was time
dependent, but we routinely used a 3-day digestion at 37Â°C,

corresponding to the conditions of Yee and Shiu (35), which
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allowed a sufficient accumulation of reaction product in the
medium even though the reaction rate was slower than in the
first 12 h (not shown). Under these conditions, the degradation
of ECM was proportional to the amount of M, 52,000 cath-D
tested up to 0.5 tig/ml. The radioactivity released from ECM
by the M, 52,000 cath-D preparation was essentially due to

degradation and not to desorption of labeled precursor based
on two lines of evidence, (a) The extent of release induced by
buffer, or albumin solution, or in the presence of pepstatin,
corresponding to a background level, was much lower (Fig. 1).
(b) SDS-PAGE analysis of the supernatant following digestion
of [35S]methionine-labeled ECM indicated that M, S 60,000

proteins and peptides were formed after incubation with M,
52,000 cath-D but not when the enzyme was inhibited by
pepstatin (not shown).

cath-D has a broad substrate specificity. The fact that [3H]-

proline was released from ECM suggests that the M, 52,000
cath-D is able to degrade collagen, even though collagen is not
a classical cath-D substrate (36). The Mr 52,000 cath-D can
also degrade proteoglycans from human cartilage (37) as pre
viously described (3, 38). This was confirmed by showing that
their molecular weight was much lower following M, 52,000
cath-D treatment, as estimated by gel filtration chromatogra-
Phy.7

Degradation of ECM by the M, 52,000 pro-cath-D of Media
Conditioned by MCF7 Cells. Since purified M, 52,000 pro-cath-
D can be autoactivated and degrade ECM in vitro, we then
considered its activity in conditioned media prepared from
MCF7 cells, where putative inhibitors could mask its effect or
prevent its activation. There was no hydrolysis at pH 7.4,
indicating an absence of active neutral proteases in these media
(Fig. 3fl) which confirmed a previous report (35). At pH 5,
however, ECM was hydrolyzed, and the estradiol-CM was much
more active than the C-CM containing the same amount of
total secreted proteins but much less M, 52,000 pro-cath-D
(Fig. 3a). Similar results were obtained whether ECM was
labeled with [35S]methionine or with [3H]proline. The extent of
hydrolysis was higher with [3H]proline-labeled ECM than with
[35S]methionine-labeled ECM in Fig. 3, but varied markedly

depending on the experiment and the different preparations of
labeled bovine ECM used. The M, 52,000 cath-D concentration
measured by IEMA in the MCF7 cell-conditioned media was
found to vary from 0.1 to 0.8 ng/m\. The ECM degrading
ability of pro-cath-D in these media was similar to its activity
following purification to homogeneity as long as PCS compo
nents (which include protease inhibitors) were removed by
washing cells. This suggests that no or few endogenous inhibi
tors of cath-D are released by MCF7 cells, contrary to what is
observed with other proteases (8, 10).

We then tested protease inhibitors (Fig. 3Z>).Pepstatin inhib
ited all degrading ability of the estradiol-CM, whereas leupeptin
was almost inactive, suggesting that most of the hydrolysing
ability of estradiol-CM is due to an aspartyl protease, probably
A/r 52,000 cath-D, which is highly concentrated in these media.
By contrast, cathepsin B is secreted in very small amounts by
MCF7 cells8 and may be inhibited by endogenous inhibitor(s).

Considering that incubation at acidic pH of conditioned media
containing A/r 52,000 pro-cath-D did not allow processing of
the precursor into mature enzymes (M, 48,000 and 34,000 plus
14,000 forms), and that this processing is normally mediated
in cells by a cysteinyl protease (33), it would appear that no
cysteinyl protease is active in these media.
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Fig. 3. Digestion of the ECM by media conditioned by MC F7 cells. Media
conditioned by MCF7 cells treated for 4 days with 10 nM estradici (EÂ¿-CM)or
without estradici (C-CM) were prepared as described (28). They contained
proteins released for 18 h under serum-free conditions at pH 7.4 in DEM without
phenol red. Protein concentrations were equalized in estradiol-CM and C-CM
(a), and the media were concentrated 10-fold by lyophilization, after which they
were acidified or not to pH S with 0.1 N HC1 (a) or 200 mM citric acid (b); 100
t/1of each conditioned medium and 100 Â¿tlof culture medium acidified or not as
a control were incubated for 3 days with [3H]proline-labeled ECM (a) or with
[3*S]methionine-labeled ECM (b). Pepstatin and leupeptin (10 pM each) were
tested in parallel (b) on the estradiol-CM. Hydrolysis was estimated as the
percentage of radioactivity released into the medium. Columns, mean of triplicate
determinations or of duplicate experiments (â€¢);bars, SD.

Comparison of Conditioned Media of Several Breast Cancer
Cells in Their Ability to Degrade ECM at Acidic pH. We then
evaluated the proteolytic activity at pH 4.5 on [35S]methionine-

labeled extracellular matrix of conditioned media prepared
from a series of cell lines cultured at subconfluence. Fig. 4
shows that breast cancer cells in general secrete more pepstatin-
sensitive (i.e., aspartyl) protease(s) that can degrade ECM than
other cancer cells. Among the breast cancer cells tested, MCF7,
BT20, and MDA-MB231 cells were the most active. T47D cells
were less active, and U2, which is an MCF7 cell variant lacking
the gene for cath-D, had almost no activity. Cancer cells from
skin epithelioma (A431), en do met riunÃ¬(Ishikawa), and uterine
cervix (HeLa) also secreted some cath-D-like material. By con
trast, normal mammary glands in primary culture displayed
almost no degrading activity on ECM. We found a good cor
relation between the pepstatin-sensitive degrading ability of
conditioned media and their secreted M, 52,000 cath-D content,
as measured by double determinant immunoenzymatic assay
(31) (Fig. 5). However, for concentrations of Mr 52,000 cath-D
higher than 530 ng/ml (with MCF7 R variant), the degradation
was not further increased since the amount of the ECM sub
strate was limiting. We conclude that cath-D is the most abun
dant protease secreted by cancer cells able to degrade ECM at
a distance and at acidic pH. Breast cancer cells secrete relatively
large amounts of this protease compared to other cancer cells
and to normal mammary cells.

DISCUSSION

1 D. R. Mitrovic and M. Morisset, unpublished results.
" F. Capony, unpublished experiments.

We have shown that the Mr 52,000 cath-D secreted by breast
cancer cells can degrade extracellular matrix following its au-
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Fig. 4. Comparison of degrading ability of ECM by conditioned media pre
pared from different cells. Media conditioned by different types of cells all cultured
to subconfluence on plastic were concentrated 5 times by lyophilization and tested
on labeled extracellular matrix at pH 4.5 for 3 days at 37'C, as described in Fig.

1. Pepstatin (pepst.) and leupeptin (leup.) were tested in parallel at 10 MM.Control
digestion (medium) was that obtained with the respective culture media alone
(DEM or RPMI for T47D and BT20 or F12 for normal mammary cells). ECMdegradation without (C.'.M.) and with protease inhibitors (pepst. or leup.) was
determined for each cell line and expressed as in Figs. 1 and 3. M( l:, R and
MCF7 L are two sublines provided by Marvin Rich and M. Lippman, respectively.
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Fig. S. Correlation between the pepstatin-sensitive degrading ability of con
ditioned media and their M, 52,000 cathepsin D concentrations. The pepstatin-
sensitive protease activities of 200 n\ of the different conditioned media in Fig. 5
were plotted versus the At, 52,000 cath-D concentrations (in fig/ml) in the same
CM as assayed by IEMA (see "Materials and Methods"). The pepstatin-sensitive

protease activity of the CM was calculated by subtracting the radioactivity released
from extracellular matrix with pepstatin, from that released without pepstatin.
\.\fC. M DA. and Ish refer to normal mammary cells, MDA-MB23 1, and Ishikawa
cells. Linear regression was calculated by Pearson's least-squares method. The
correlation coefficient (r = 0.96) is statistically significant (/' = 0.001) according
to Student's t test.

toactivation at pH 4 to 5. The optimal pH for autoactivation
into a Mr 51,000 protein, as determined with pure M, 52,000
pro-cath-D, is similar to that of the normal cath-D in human
fibroblasts and rabbit heart cells (33, 34). Moreover, M, 52,000
cath-D is also autoactivatable in media conditioned by MCI- -

cells treated with estradiol and cultured without serum. The
substrate specificity of normal cath-D is known to be broad,
and it can degrade cartilage proteoglycans (3), whereas its effect
on collagen I appears to be less (36). The low pH required for
the proteolytic effect on ECM indicates that an acidic environ
ment is absolutely necessary for this M, 52,000 cath-D activity
(39). Other groups have shown that breast cancer cells (35) and
malignant melanoma (10) can degrade basement membrane via
proteases, whereas media conditioned by these cells are unable

to mimic this effect. It has therefore been suggested that pro
teases are either membrane bound (and not released) or released
with inhibitors preventing their action. By contrast, we show
here that aspartyl protease may be secreted by cancer cells to
act at a distance and may play an important role, since it is
highly active on ECM even without purification, provided the
local pH is sufficiently low (a5.5). This low pH may be found
in a microenvironment generated by malignant cells close to
extracellular matrix. Several mechanisms can be considered
such as localized acidic pH at the cell membrane (40) due to an
increased release of H+ from membrane cancer protein or H+

ATPase (41), or an increased sialic acid content in oligosac-
charidic chains of cancer cells (42). Moreover, tumor acidifi
cation has been described as a consequence of anoxia (43).

The second major information provided by this study is that
M, 52,000 pro-cath-D is the most abundant and active acidic

protease to be secreted by breast cancer cells and to a lesser
degree by other cancer cells. Among the cells tested, M, 52,000
cath-D was the only protease of the conditioned media that
could degrade extracellular matrix. Practically, no leupeptin-
sensitive protease activity was found. However, the cysteinyl
proteases, cathepsins L (44) and B (10), also act at acidic pH.
It cannot be excluded that, under the conditions used, these
proteases are inactivated or inhibited by endogeneous inhibi
tors. The U2 cells were inactive, but they do not express the
estrogen receptor and M, 52,000 cath-D (17), and the MM96
melanoma cell line displayed more leupeptin-sensitive, cathep
sin B-iike activity than pepstatin-sensitive activity (not shown).
Normal mammary cells secrete very little protease activity that
can degrade ECM and almost no cath-D-like proteases, which
is in agreement with their low production of M, 52,000 cath-
D, as suggested by immunoperoxidase staining (13) and meas
ured by biometabolic labeling and IEMA.6 The induction of M,

52,000 cath-D by estrogens in ER-positive cell lines suggests

that estrogens may also facilitate tumor invasion by increasing
the amount of secreted pro-cath-D autoactivatable at acidic pH.
The negative results obtained with T47D cells by Yee and Shiu
(35) are probably due to the fact that the conditioned media
were only tested at neutral pH. These in vitro studies showing
that, in breast cancer, M, 52,000 cath-D can potentially degrade
ECM in vivo, as long as the pH is low, are supported by its
prognostic value in breast cancer patients. A retrospective clin
ical study, in which M, 52,000 cath-D was assayed in breast
cancer cytosol, has shown that high concentrations of A/r 52,000
cath-D are an independent prognostic factor correlated with a
shorter relapse-free survival.9 In addition, the concentration

and secretion of A/r 52,000 cath-D in breast cancer cells are
higher than in normal mammary cells (Ref. 13; Footnote 6).
These results together suggest that cath-D may play an impor

tant role in mammary carcinogenesis. Recent localization of its
gene by in situ hybridization (4) close to H-ras on the short arm
of chromosome 11 in a region whose deletion has been impli
cated in mammary carcinogenesis (45) also supports this hy
pothesis.

In addition to neutral proteases bound to or inserted into
plasma membrane, we therefore propose that lysosomal pro
teases may play a major role in degrading ECM and facilitating
tumor invasion. Another example of a cathepsin involved in
carcinogenesis is cathepsin L, or major excreted protein (44),

'S. M. Thorpe, H. Rochefort, M. Garcia, G. Freiss, 1. J. Christensen, S.

Khalaf, F. Paolucci, B. Pau, B. B. Rasmussen, and R. Carsten. High concentra
tions of 52K cathepsin D predict poor prognosis in primary, postmenopausal
breast cancer, submitted for publication.
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whose production and secretion by fibroblasts are increased by
transformation and mitogens.

Further studies are in progress to determine the respective
biological roles of cath-D and other protease(s) in the degra
dation of extracellular matrix, when produced by cells cultured
at physiological pH.
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