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ABSTRACT

The M, 52,000 estrogen-induced protein secreted by MCF7 cells has
been identified as a procathepsin D (procath D), which increases cell
growth in vitro, may stimulate invasiveness by digesting extracellular
matrix and appears to be a tissue marker for predicting relapses in breast
cancer patients. The protease is also present within mammary cells as
M, 48,000, 34,000, 14,000 mature forms that were also recognized by
the previously described antibodies to the M, 52,000 protein (M. Garcia,
F. Capony, D. Derocq, D. Simon, B. Pau, and H. Rochefort, Cancer Res.,
45:709-716,1985).

Using selective screening with a [35S]methionine-labeled MCF7 cell

lysate, we have now isolated two new monoclonal antibodies interacting
exclusively with the M, 52,000 procath D. The two monoclonal antibod
ies, M2E8* and D9H8*, purified from asci tic fluids are IgGl. Their

respective Ads for M, 52,000 procath D are 0.96 and 0.18 IIM.They are
directed against two separate domains of the proenzynte that differ from
the three domains of previously described antibodies. They both interact
with the deglycosylated protein and recognize the autoactivated secreted
proenzyme (M, 51,000), which is devoid of the first part of the NH2-
terminal end.

By immunodetection of cathepsin D proteolytic activity in plasma,
these two antibodies were found to recognize selectively human cathepsin
D but not the cathepsin D of other species (rat, mouse, rabbit, goat, and
horse) whereas antibodies to mature cathepsin D were less species
specific. Using sequential passages on concanavalin A-Sepharose and
Sepharose matrices coupled to antibodies to the precursor and antibodies
to the mature cathepsin D, we separately purified to homogeneity the M,
52,000 procath D form and its processed cellular forms, whose biological
activities can now be assessed independently.

The two monoclonal antibodies were also shown to inhibit the uptake
and processing of the M, 52,000 cathepsin D in MCF7 cells (mostly
D9H8*) and to decrease its proteolytic activity, mostly on extracellular
matrix (M2E8*). These two monoclonal antibodies are therefore new

tools for studying the function, regulation, cellular processing, and local
ization of procath D as well as the clinical significance of its concentration
in normal and tumoral mammary epithelial cells.

INTRODUCTION

Several proteins and peptides synthesized and secreted by
human hormone-responsive breast cancer cells are under estro
gen control (1-3) and some of them may mediate the effect of
estrogens on cell proliferation or invasion by acting as hormone-
regulated autocrine or paracrine growth factors (4, 5). We have
extensively studied one of these secreted proteins of MT52,000
which is in vitro an autocrine mitogen for breast cancer cells (6)
and has been identified as the secreted precursor of cathepsin
D (7-9).

The secreted form of this estrogen-regulated protein was
purified using monoclonal antibodies (9, 10). These antibodies
have also served to identify the intracellular forms correspond-
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ing to the secreted protein (11) and to define its structure (12,
13). The first 7 monoclonal antibodies raised against the M,
52,000 secreted protein, although directed against 3 different
sites of the protein (9), were shown to recognize both the
intracellular forms of M, 52,000, 48,000, and 34,000 (14) and
the secreted M, 52,000 protein. Only the pro-form is secreted
by cancer cells and therefore potentially acts as an autocrine
and paracrine factor via membrane receptors. In this report, we
describe 2 monoclonal antibodies that recognize only the M,
52,000 precursor of cathepsin D and show their potential as
tools for separately studying the precursor and the mature forms
in MCF7 cells. The clinical use of these antibodies for specific
assays of the M, 52,000 precursor in breast tumor cytosols is
reported separately (15, 16).4'5

MATERIALS AND METHODS

General Methods. MCF7 cell culture, [35S]methionine labeling of

cellular or secreted proteins, and polyacrylamide gel electrophoresis
were performed as initially described (1). Human breast cancer cytosols
were prepared according to the method of Maudelonde et al. (15). The
original fusion was done with splenocytes from Biozzi's high responder

mice immunized with M, 52,000 protein purified using 15% concana
valin A-Sepharose (10).

Specific Screening of Antibodies to M, 52,000 Pro-cath IV. Hybrid
orna supernal an is (100 M') were incubated with a [35S]methionine-

labeled MCF7 cell lysate (11) which contains the 3 labeled cellular
forms of M, 52,000, 48,000, and 34,000. Following Ih of incubation
at room temperature in 100 mM Tris-100 mM NaCl buffer, pH 8,
containing 0.25% NP40, the antigen-antibody complexes were incu
bated with Protein A-Sepharose (Pharmacia, Bois d'Arcy, France).
After a 2-h incubation at 2Â°C,the retained complexes were separated

from the unadsorbed molecules by centrifugation (10,000 x g for 30 s)
and extensively washed in 5 x 1 ml of 100 mM Tris-500 mM LiCl
buffer, pH 8.6, containing 0.25% NP40. After a final wash in Tris/
glycine buffer, pH 6.8, the gel containing the complexes was heated in
a denaturing mixture and loaded onto a 12% polyacrylamide gel as
previously described (1).

Subcloning, Production, and Purification of Monoclonal Antibodies.
Five hybridomas scored for positive selective detection of the pro-A/r
52,000 protein were thawed in 24-well and later in 6-well dishes prior
to subcloning by limit dilution. The growing clones were scored for 8-
10 days. After this period, the supernal ants from single growing clones
were repeatedly (two-three times) screened for antibody production by
immunoprecipitation as described in Ref. 10. Subclones of the more
highly secretory hybridomas were then plated in 24-well dishes and
their supernatants were screened by the Protein A-Sepharose technique
to confirm the selective production of antibody to the M, 52,000
precursor form. The original hybridomas as well as the producing
subclones were repeatedly frozen and stored in liquid nitrogen.

For each subclone, 50 pristane-primed irradiated BALB/c mice were
given injections of 7 x IO6 cells/mouse. Fifteen-21 days later, ascitic

fluids were removed by puncture. After centrifugation (2000 x g for 10
min), the fluids (intermediate phase) were decanted and 500 units/ml
of aprotinin were added prior to storage at â€”80Â°C.Before purification

4G. Freiss et al., manuscript in preparation.
*S. Thorpe et al., 52k cathepsin D is an independent prognostic marker in

primary breast cancer, submitted for publication.
'The abbreviations used are: cath D, cathepsin D; SDS, sodium dodecyl

sulfate.
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on a Protein A-Sepharose column as described in Ref. 10, the fluids
were successively filtered through polyester cloths (SM 13420-047N;
Sartorius, Palaiseau, France) or S-^m cellulose ester filters (SCWP
019-OR; Millipore S. A., St. Quentin Yvelines, France). The purified
antibodies were dialyzed against phosphate-buffered saline or against
culture medium, depending on the final bioassays, and stored at â€”80Â°C.

The antibody concentrations were assayed in dialysates by the Bradford
Technique (17) using the Bio-Rad protein assay kit (Bio-Rad, Rich
mond, CA). The monoclonal subclasses were defined according to the
elution pH of the Protein A-Sepharose column.

Solid-Phase Immunodetection of Cathepsin D Proteolytic Activity in
Normal Plasma from Different Species. The antibody to be tested was
coated on a microtiter plate (96-well dish; 100 M!at 50 Mg/ml in 0.1 M
phosphate buffer, pH 7.4) by incubation overnight at 4Â°C.The remain

ing free adsorption sites on the wells were later saturated as described
elsewhere (15, 16). Incubation with 100 /il of the screened serum was
then carried out for 16 h at 4Â°C.After 2 washes with 0.9% NaCl

solution to remove unbound proteins and protease inhibitors from the
serum, incubation was continued with 200 M!of 100 mM citrate buffer,
pH 3.5, containing 10 /tl of methemoglobin at l mg/ml and 5 M!of
[MC]methemoglobin at 0.005 ÃŸCi/ÃŸlfor 2 h at 37Â°Cto evaluate the

cathepsin D activity retained on the wells in the presence or absence of
8 MMpepstatin A (Sigma, St. Louis, MO). The 200-^1 mixture was then
decanted into Eppendorf microtubes and the nonproteolyzed methe-
mojlobin was trichoracetic acid precipitated by incubation with 20iil
of 100% trichloroacetic acid for 15 min in ice. After centrifugal Â¡on
[Eppendorf microfuge (Eppendorf, Hamburg, Germany), 12,000 x g
for 15 min] duplicate 50-^1 aliquots of the supernatants were counted
to estimate by difference the pepstatin-sensitive released radioactivity.
With this technique, a high percentage of protease activity (over 30%)
may have been underestimated because of a limiting amount of sub
strate.

Immunoenzymometric Assay of Procathepsin D4. A 2-site solid phase

assay was carried out with a monoclonal antibody to total M, 52,000
protein (M1G8) conjugated with alkaline phosphatase and a mono
clonal antibody to the pro-Mr 52,000 protein (M2E8*). The microtiter
plates were coated with 100 Â¡Aof purified (M2E8*) monoclonal anti

body at 30 Mg/ml in 0.1 M phosphate buffer, pH 7.4, and incubated
overnight at 4Â°C.The remaining free adsorption sites of the plates were

saturated by a 3-h incubation with 300 ^1 of 0.1 M phosphate buffer,
pH 7.4, containing 1.5% gelatin and 5% saccharose. After 3 washes in
0.1 M imidazole buffer, pH 7.4, incubation with the antigen (200 M!of
cytosol dilution in Dulbecco's modified Eagle's medium-10% fetal calf
serum) was carried out for 16 h at 4Â°C.The plates were washed once

more with 0.1 M imidazole buffer, pH 7.4, and incubated with the
second monoclonal antibody conjugated with alkaline phosphatase (200
M!at 150 Mg/ml in 0.1 M imidazole buffer, pH 7.4) for 8 h at room
temperature. After another 5 washes in 0. l M imidazole buffer, pH 7.4,
a solution of 0.1 M diethanolamine, pH 9.8, containing the chromogen
substrate (paranitrophenyl phosphate at 1 mg/ml) was added to the
plates and incubation was continued for 2 h at 20Â°C.The plates were

then read at 405 nm using an automatic Multiskan spectrophotometer
(Titertek Multiskan) (Flow Laboratories S.A., Puteaux, France). As a
reference, each plate was assayed with a standard cytosol, which had
been calibrated with secreted M, 52,000 protein (concentration esti
mated on a silver-stained gel by comparison with a protein standard of
ovalbumin). This reference allowed a conversion from absorbance into
M, 52,000 protein concentrations. For comparison, total cellular ca
thepsin D was determined by a 2-site solid phase assay using 2 mono
clonal antibodies to total M, 52,000 protein as described (16).

Two-step Immunopurification of Cellular M, 52,000 Procathepsin D.
To purify the M, 52,000 precursor form separately from the mature
forms, an MCF7 lysate was prepared and passed through a concanavalin
A-Sepharose column, as previously described (8) except that detergents
(Nonidet P-40 or Tween 80) were excluded from lysate or buffers.

The partially purified cellular M, 52,000-cath D was then passed
through the M2E8* Sepharose matrix [prepared by coupling purified
M2E8* to CNBr-activated Sepharose 4B as previously described (8)]
at a flow rate of 1 ml/h at 4Â°C.The effluent containing the M, 48,000

and 34,000 forms as well as other glycoproteins was passed through

the D8F5 Sepharose matrix under the same conditions as with the
M2E8* matrix. The 2 columns were extensively washed with 20 mM
4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid, pH 7.5-150 mM
NaCl-10% glycerol. Specifically bound materials (M, 52,000 proenzyme
on the M2E8* matrix, M, 48,000 and 34,000 on the D8F5 matrix)

were eluted at room temperature with 20 mM lysine/NaOH buffer, pH
11 (18). Purification rates were estimated at each step by SDS-poly-
acrylamide gel electrophoretic analysis of aliquots of effluents and
eluates of each column in which proteins were revealed by silver staining
or fluorography and quantified by scanning densitometry.

Inhibition of Uptake and Processing of M, 52,000 cath-D by Breast
Cancer Cells. The uptake and processing of [35S]methionine-labeled M,
52,000-cath D by MCF7 cells were studied and analyzed as described
in Refs. 7 and 11 in the presence of different monoclonal antibodies.
The different antibodies were dialyzed in phosphate-buffered saline and
filter sterilized on Millipore GV (0.22 urn) after purification on a
Protein A-Sepharose column. Increasing concentrations of antibodies
(from 1.5-200 Mg/ml) were preincubated with labeled A/r 52,000-cath
D for 4 h at 20Â°Cprior to incubation with steroid-withdrawn MCF7
cells for 24 h at 37Â°C.

Inhibition of M, 52,000 cath-D Proteolytic Activity. The degrading
activity of purified M, 52,000 cathepsin D was tested on [35S]methio-
nine-labeled endothelial extracellular matrices in the presence or ab
sence of the different monoclonal antibodies as in Ref. 12. Briefly, 25
M!of purified M, 52,000 protein (1 Mg/ml) were added to 25 M' of
antibody or bovine serum albumin (2 mg/ml) in 8 mm microwells
coated with extracellular matrix that had been labeled with [35S]methi-
onine for 2 weeks. After a 30-min incubation at 37Â°C,the pH was

equilibrated with 50 M!of 0.4 M citrate buffer at 2 different pHs (5.15-
4.7) within the optimal range of degrading activity.7 Following a 72-h
incubation at 37Â°C,the radioactivity released from the matrix was

evaluated in the supernatants, and the remaining matrix was counted
after lysis with 1% SDS for 2 h and 2 N NaOH for 24 h. The degrading
activity was expressed as a percentage of released radioactivity over
total radioactivity present on the coated well. Specific inhibition of the
proteolytic activity of antibodies was evaluated by relating the percent
age of the hydrolysis obtained in the presence of antibodies to the
hydrolysis obtained with M, 52,000-cath D alone. The basal level of
hydrolysis obtained with the same concentrations of bovine serum
albumin or monoclonal antibodies in the absence of M, 52,000 was
subtracted in each case.

RESULTS

Selection and Characterization of Monoclonal Antibodies to
Mr 52,000 Procathepsin D. From the original fusion, 25 hy-
bridomas producing monoclonal antibodies to the secreted MT
52,000 protein were detected (10). The highest producers were
initially retained for purification of 7 IgGl monoclonal anti
bodies, which were later found to interact both with the secreted
MT 52,000 protein form used in the screening test and with the
major intracellular forms (Mr 52,000,48,000, and 34,000) (Fig.
1, lane a). The cellular lysate, which contained the proenzyme
form (Afr 52,000) as well as the enzymatically mature 1- or 2-
chain forms, was therefore more discriminatory than the me
dium, which contained only the A/r 52,000 pro-cath D protein,
in selecting a monoclonal antibody specifically recognizing one
form of the protein.

We thus designed a screening test using a [35]methionine-

labeled total cellular lysate as the source of antigen and a
Protein A-Sepharose retention test followed by SDS-polyacryl-
amide gel electrophoretic analysis for precise identification of
the preformed antigen-antibody complexes. We screened the
supernatants of 9 weakly secreting hybridomas frozen after the
first fusion to detect whether some of them produced mono-

7 P. Briozzo et al., in vitro degradation of extracellular matrix with 52k

cathepsin D secreted by breast cancer cells, Cancer Res., in press, 1988.
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Table 1 Characterization of the immunological domains ofM, 52,000
procathepsin D

The immunological domains of the new monoclonal antibodies (M2E8* and
D9H8") were characterized by evaluating their competing activity in a double

determinant assay with a coated antibody (antibody 1) and a conjugated soluble
antibody (antibody 2). Five different double-determinant immunoenzymometric
assays were performed with (a) a representative antibody of each immunological
domain coated on the plate (coated antibody 1), (b) a soluble competitor antibody
(sample of the 5 domains) (2-10 fig) with the antigen (20-80 ng/ml, 1001Â¡\),and
(c) 2 conjugated monoclonal antibodies (antibody 2) (alkaline phosphatase cou
pled to M1G8 or D7E3) (150 (Â¿g/ml,100 nl).

Since D9H8* did not cross-react with any of the couples (antibody 1-antibody

2) formed it served later as a reference for evaluating the interference of each
soluble competitor antibody with the 2 conjugated antibodies 2 for fixation of the
antigen (step I ).

The specific inhibition of each competitor antibody to the respective coated
antibody 1 therefore represents the total inhibition observed in each immunoen
zymometric assay corrected for the inhibition of fixation to the conjugated
antibody 2 evaluated in step 1. An inhibition of S 25% was not considered to be
significant and indicates that the 2 antibodies bind simultaneously to 2 different
domains on the same antigen molecule.

Soluble
competitor

antibodyM1G8

D7E3
M4A3
M2E8
D9H8Coated

antibody1M1G8"100S

25
40S

25
S 25D7E3"S

25
100

100S
25

S 25M4A3"40

100
100S

25
Â¿25M2E8**S

25
S 25
S 25

100
S 25D9H8**Ã‹25

S 25
S 25
S 25

100
" Monoclonal antibodies to the mature form.
* Monoclonal antibodies to the M, 52,000 precursor.

D8F5 D9H8* M2E8* MY

Fig. 1. Selective detection of M, 52,000 procathepsin D with 2 monoclonal
antibodies (D9H8*. M2E8*). [MS]Methionine-labeled cells (1 mCi/T75 flask)
were lysed as in Ref. 7. Aliquots (20-30 //I) of total cell lysate were incubated
with purified monoclonals (D8F5, D9H8*, M2E8") or myeloma culture super
natant (MY) as a control. The antigen-antibody complexes, separated by Protein
A-Sepharose as described in "Materials and Methods," were loaded onto a 12%
polyacrylamide gel. After SDS electrophoresis, the gels were processed for fluo-
rography as in Ref. 1 and exposed to Kodak Xomat S films. D8F5, the first type
of antibody (10); D9H8*, M2E8*, the second generation of antibodies. Note:
D8F5, D,HÂ«*,and M2E8* are notated as D8F5, D9H8*, and M2E8*, respectively,

throughout the text. K, thousands.

clonal antibodies that would interact exclusively with the A/,
52,000 form and not with the mature processed M, 48,000 and
34,000 forms. From 5 hybridomas originally selected (Fig. 1,
lanes b and c), only 2 hybridomas (M2E8* and D9H8*)

achieved a stable antibody production that could then be rou
tinely followed by double immunoprecipitation (10). These 2
hybridomas were further expanded for passage to ascites and
purified on a Protein A-Sepharose column following elution at
pH 5.5, indicating that both immunoglobulins were of the IgGl
type. The apparent affinities of the 2 monoclonal antibodies
were evaluated by incubating various concentrations of [35S]-
methionine-labeled M, 52,000 protein or total cell lysate with
a constant concentration of affinity-purified immunoglobulin.
The respective KAsestimated from Scatchard plots were 0.96
nM for M2E8* and 0.18 nM for D9H8* (data not shown). To

examine the domain specificity of these 2 monoclonal antibod
ies on the M, 52,000 protein, we studied their ability to compete
with different couples of antibodies composed of conjugated
soluble and adsorbed antibodies in a double-determinant assay
(8, 14). M2E8* and D9H8* were able to bind the antigen

simultaneously and were found to be directed against 2 distinct
domains (domains 4 and 5), which were different from the 3
domains recognized by the first 7 antibodies (domains 1-3)
(Table 1). This domain specificity was further exploited to
develop an immunoenzymometric assay specific for the M,
52,000 form by combining one monoclonal antibody with the

b 0 EHEF O EH EF 0 EHEF

52K- â€¢-48K

â€” _.-. -34K

D9H8-

M2E8- ' D8 Fj

Fig. 2. Immn Mori-ut) Â¡viiy of M, 51,000 autoactivated cathepsin D and degly-
cosylated cathepsin D. a, [35S]methionine-labeled conditioned medium containing
M, 52,000 cath D was acidified with 1 M HC1 to pH 4 for l h at 37'C, and then

neutralized with l N NaOH (11). Aliquots (100 ,il) of nonacidified ((>) and
preacidified medium (II) were incubated with the purified monoclonal antibodies
(M2E8*, D9H8* and D8F5). The antigen-antibody complexes were separated by
Protein A-Sepharose and analyzed by SDS-polyacrylamide gel electrophoresis, as
described in Fig. 1. b, ["SJmethionine-labeled cell lysate containing the different
intracellular forms of cathepsin D was treated with S25 mi11iun iis/m I of endo-0-
Â¡V-acetylglucosaminidaseH (/;'//) or F (Â£Â»(Miles Laboratories, Inc., Elkhart, IN)
at pH 5.4 for 16-18 h at 37*C or incubated with the same volume of vehicle (<>).

Aliquots of each sample were then immunoprecipitated with the purified mono
clonal antibodies (M2E8*, D9H8* and D8F5) and analyzed as in a. A. thousands.

total M, 52,000 protein (D7E3) and one antibody with the pro-
cath D form (M2E8*).4'5

At pH 4, the secreted M, 52,000 procathepsin D is autoacti
vated to M, 51,000 cathepsin D by partial removal of its
profragment (12, 19). The 2 new monoclonal antibodies
(M2E8* and D9H8*) recognized the M, 52,000 protein as well

as its preacidified A/r 51,000 form (treatment at pH 4 for l h
at 37Â°C)(Fig. 2a). This result suggests either that immunolog

ical domains 4 and 5 are located in the M, 3,000 fragment,
which differentiates the M, 51,000 from the M, 48,000 form of
the protein, or that these antibodies are immunologically spe
cific for the A/r 52,000/A/r 51,000 configuration of cathepsin
D. The absence of immunological detection of any form of the

3711

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2431564/cr0480133709.pdf by guest on 19 M

ay 2023



MONOCLONAL ANTIBODIES TO BREAST CANCER PRO-CATH D

M, 52,000 protein after Western blotting is in favor of a
conformational recognition (data not shown).

As shown in Fig. 2Â¿>,both antibodies (M2E8* or D9H8*)

interacted with M, 52,000 cath D that had been deglycosylated
by endo-j3-./V-acetylglucosaminidase H or F treatment. Antibod
ies such as D8F5, which recognize the 3 forms of the enzyme,
also recognized these deglycosylated forms, confirming pre
vious results (20). Therefore, all of these antibodies, including
the 2 antibodies specific for procathepsin D, are directed against
the protein moiety rather than the oligosaccharide chains of
cathepsin D.

Species Specificity of the Monoclonal Antibodies. The first
monoclonal antibodies raised against the secreted M, 52,000
pro-cath D of MCF7 breast cancer cells are also able to im-
munoprecipitate with an equal affinity mature M, 34,000 ca
thepsin D purified from liver (12, 21).8 Moreover, normal

human plasma contains immunoreactive M, 52,000 procathep
sin D at concentrations ranging from 70-150 ng/ml (14). The
cross-reactivity of these antibodies with normal cathepsin D of
serum suggested that their species specificity could be indirectly
estimated by evaluating their interaction with sera from differ
ent species. This result was achieved by a specific protease assay
from the different sera immunoabsorbed on microwells. As
shown in Fig. 3, the 5 antibodies tested (one for each domain)
recognized normal cathepsin D from human serum. Parallel
incubations in the presence of 2 n\i pepstatin showed that
100% of this proteolytic activity was pepstatin sensitive. None
of the antibodies reacted with mouse or rat sera. The 2 mono
clonal antibodies to M, 52,000 pro-cath D (M2E8* and D9H8*)

did not significantly react with any other species, whereas
D7E3, M4A3, and to a lesser degree D8F5, cross-reacted with
rabbit, horse, and goat sera. This effect indicates that some
monoclonal antibodies to the mature enzyme can be used in
several animal systems but that the antibodies to the precursor
are strictly human specific. Moreover, the yield of antigen
retained was slightly lower with these antibodies than with
antibodies to the mature form.

Sequential Immunopurification of Procathepsin D and Its

(AinÂ±-

50-o0ex^0.r

25-u

oo-C^

nM2E8Â«D9H8*-nD7E31D8F5p-JÃ¬MÂ¿A3r~~-|
Hu M

R Rb Ho
Hu M G

R Rb Ho
Hu M G

R Rb Ho

Fig. 3. Species specificity of the monoclonal antibodies to the 5 different
immunological sites. Five plates were coated with the different antibodies tested
as described in "Materials and Methods." The different sera (human, Ilu: rat, R;

mouse, M; rabbit, Kh. goat, (.: horse, Ho) were incubated in duplicate wells for
16 h at 4*C. The acidic protease activity of the different sera, corresponding to

cath D specifically retained on the solid phase by each antibody, was evaluated
using [MC]methemoglobin as a substrate (7) and expressed as a percentage of

substrate proteolyzed, calculated from duplicate samples. Each test was performed
in the presence or absence of 8 t<\t pepstatin and the difference was used to
evaluate the specific carboxyl protease activity. In each case, 100% of the protease
activity was pepstatin sensitive (not drawn).

Processed Forms. Using concanavalin A-Sepharose chromatog-

raphy and an immunoaffinity column prepared with the first
class of antibodies, the 3 major cellular forms of cathepsin D
can be purified provided that they are further separated by a
denaturing high performance liquid chromatography gel filtra
tion (11, 12) which precludes testing some of their biological
properties. Since D9H8* and M2E8* specifically retained the

Mr 52,000 proenzyme, immunoaffinity chromatography could
be used to separate the cellular M, 52,000 protein (first immu
noaffinity) from the mature processed forms (second immu
noaffinity) under nondenaturing conditions. A typical sequen
tial purification is shown in Fig. 4. The M2E8*-Sepharose

matrix exclusively retained the M, 52,000 form which was
eluted with a 20 HIMlysine/NaOH buffer, pH 11 (18) (Fig. 4,
lane c). The effluent containing the M, 48,000 and 34,000
forms was then loaded onto a D8F5-Sepharose column, which
retained both processed forms (Fig. 4, lane e). By one successive
passage on the 2 monoclonal antibody matrices, the 3 intracel-
lular forms (M, 52,000,48,000, and 34,000) were quantitatively
retained on the columns and the final effluent (Fig. 4, lane d)
was totally free of all 3 forms. Silver staining of nonradioactive
preparations analyzed simultaneously on SDS-polyacrylamide
gel electrophoresis confirmed the high degree of purification of
both eluates (Fig. 4, lanes f-g). A mean 37% recovery of MT

f 9

52K_

-48K

-34K

M+D+

COOA

* V. CavaillÃ¨s,unpublished observations.

Fig. 4. Sequential purification of different intracellular forms of cathepsin D.
a, 3-step purification was performed on a ("Sjmethionine lysate (lanes a-c). Two
ml of total MCF7 lysate (without NP40 detergent) corresponding to 2 x IO7
MCF7 cells labeled with 1 mCi of [35S]methionine were first purified on a
concanavalin A (( Â»n.-l)-Si-pharosc column as previously described (12). Then the
5% sugar eluate containing M, 52,000 (52K), 48,000 (48K), and 34,000 (34K)
proteins (lane a) was purified on an immunoaffmity column with M2E8*-
Sepharose matrix. This matrix retained the M, 52,000 pro-cath D protein which
could then be eluted with 20 HIMlysine (NaOH buffer, pH 11) (lane c). Finally
the effluent containing the M, 48,000 and 34,000 forms (lane b) was loaded onto
the D8F5 matrix. M, 48,000 and 34,000 proteins (lane e) were specifically
retained and eluted from this column, whereas the final effluent (lane d) contained
none of the 3 major intracellular forms of M, 52,000 protein. At each purification
step, l/30th of the total preparation was saved for SDS electrophoresis and
fluorography. b, a similar 3-step purification was performed on a larger scale with
nonradioactive cell lysate (lanes fand g). Samples of M2E8* (A/*+) and D8F5
(/)+) matrix eluates were loaded onto SDS-gel and stained with silver to estimate
the degree of purification obtained with this technique.
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MONOCLONAL ANTIBODIES TO BREAST CANCER PRO-CATH D

52,000 pro-cath D (lane c) and a 54% recovery of the mature
M, 48,000 and 34,000 cath D (lane e) were systematically
achieved in 3 separate experiments. The proenzyme purified by
this procedure was found to retain both its acidic proteolytic
action on methemoglobin substrate (7) and its growth stimula
tory action on MCF7 cells (6).

Inhibition of Cellular Uptake and Processing. We have previ
ously shown (12) that [35S]methionine-labeled M, 52,000 pro

tein is internalized and processed within MCF7 breast cancer
cells. Increasing concentrations of D9H8* monoclonal antibody
strongly inhibited this uptake and processing, whereas M2E8*

was ineffective (Fig. 5a). This difference in inhibitory action
thus confirmed that the 2 monoclonal antibodies specific for
the proenzyme form are directed against 2 distinct sites. A

DgH8' M2E8*

52K_48K-

34K- Â«â€¢Â»

0 15 15 150 1.5 15 150 1.5 15 150
MAb pg/ml

8 100->

50-

a.
s

tÂ»
u

Â«Min
i

V)

M2E8

D7E3

10

[MAb]

100 200

/ml

Fig. 5. Monoclonal antibody (MAb) inhibition of cellular uptake and process
ing of [3!S]methionine-labeled M, 52,000 (52K) cath D. a, steroid-withdrawn
MCF7 cells were incubated in 24-well dishes with ["Sjmethionine-labeled M,
52,000 protein (300,000 cpm trichloroacetic acid-precipitable counts) for 24 h in
the absence (O) or presence of increasing concentrations (1.5, 15, and 150 fig/ml)
of different antibodies (D8F5, D9H8*, M2E8*). The labeled cells were washed
and lysed as previously described (6, 7). The cell lysate immunoprecipitates were
analyzed by SDS-polyacrylamide gel electrophoresis and revealed by fluorogra-
phy. The total M, 52,000 protein concentration (labeled plus unlabeled) was 124
ng/ml (immunoenzymometric assay), ft, inhibition of M, 52,000 cellular uptake
by the 5 monoclonal antibodies from the first or second (*) screening was
quantified by densitometric scanning of the fluorograph. Results are expressed as
percentages of the uptake obtained in the absence of monoclonal antibody. K,
thousands.

52K*BSA
-u

IO-

â€¢o
>s

o
UJ

BSA or MAbo

10

[MAb]

100

Fig. 6. Monoclonal antibody (MAb) inhibition of extracellular matrix (ECM)
degradation by M, 52,000 (52K) cathepsin D. Degrading activity of purified pro-
cath D at 500 ng/ml in Ham's F12 medium/Dulbecco's modified Eagle's medium

containing 0.1% bovine serum albumin was tested on extracellular matrix, as
described in "Materials and Methods" in the presence of increasing concentrations
of M2E8* or D8F5 monoclonal antibodies. Results represent the percentages of
radioactivity specifically released from the |"S]methionine-labeled extracellular

matrices after subtracting the basal release of radioactivity obtained with bovine
serum albumin (0.1%) or monoclonal antibody (MAb) alone (500 ng/ml) in the
absence of the M, 52,000 protease.

Table 2 Inhibition by monoclonal antibody of the proteolytic activity of purified
M, 52,000 procathepsin D

Degrading activity of 500 ng/ml purified M, 52,000 pro-cath D was tested on
extracellular matrix, as described in "Materials and Methods," in the presence or

absence of the different monoclonal antibodies or bovine serum albumin, at 500
Mg/ml.

Results are expressed as percentages of specific inhibition of the 100% activity
obtained with M, 52,000 pro-cath D alone (mean Â±SD).

BSA M2E8* D9H8* D7E3 M4A3 D8F5
pH 4.7 (1)Â°

pH5.15(4)
9

29 Â±9
4

27 Â±5
31

49 Â±12
39

41 Â±10
69

72 Â±10
" Numbers in parentheses, number of independent assays of duplicate samples.

1000-fold excess of monoclonal antibody over antigen (deter

mined by immunoenzymometric assay) was needed to obtain
80% inhibition. All antibodies to the mature forms (3 different
domains) equally inhibited A/, 52,000 protein uptake (Fig. 5b).

Inhibition of Proteolytic Activity. Purified M, 52,000-cath D
is able to degrade extracellular matrix from bovine endothelial
cells with maximal activity at pH 4.5.7 Some monoclonal anti

bodies specifically inhibited this degrading activity provided
that the proteolytic activity test was done at pH 4 or 5, both of
which are within the optimal range of protease activity and
compatible with an antigen-antibody interaction (Fig. 6). Max

imal specific inhibition (72%) occurred at pH 4.70 or 5.15 with
a 1,000-fold excess of antibody over M, 52,000-cath D (Table

2). Comparison of the efficiencies of the 5 monoclonal antibod
ies indicated that the antibodies to the proenzyme are less
inhibitory than the antibodies to the mature form and that all
the monoclonal antibodies are more neutralizing at pH 5.15
than at pH 4.70.
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DISCUSSION

To quantify specifically, localize intracellularly, and purify
the M, 52,000 precursor form of cathepsin D, we isolated and
characterized monoclonal antibodies specific for M, 52,000 pro-
cath D. Two monoclonal antibodies (D9H8* and M2E8*) of

the IgGl subclass were selected for their specific interaction
with this A/r 52,000 precursor in a cell lysate and were purified.
They interact with high affinity with 2 distinct domains of the
protein moiety, both of which are different from the immuno-
logical domains recognized by the first 7 antibodies to the
mature enzyme. However, the precise localization of the epi-
topes is unknown. The fact that no M, 52,000 protein could be
detected after Western blotting with either D9H8* or M2E8*

and that no direct interaction with a M, 4000 profragment
could be evidenced is in favor of antibodies recognizing the
conformation of the precursor and not interacting directly with
the profragment. However, these antibodies recognized both
the inactive M, 52,000 cath D and the proteolytically active M,
51,000 cath D, and deglycosylation did not alter their interac
tion indicating that they were able to recognize several confor
mations of the precursor. M2E8* and D9H8* interacted simi

larly with cathepsin D from normal and cancer breast cells,
with liver tissue, and with human sera. M2E8* and D9H8*
were strictly species specific for human pro-cath D in contrast
with antibodies to the mature enzyme which also recognized
rabbit, goat, and horse cath D. It has been previously shown
that there is a higher degree of homology in the amino acid
sequence of the mature part of the enzyme than in the profrag
ment among different carboxylproteases (22). Monoclonal an
tibodies to human renin (23) did not cross-react with M, 52,000
proenzyme or the mature forms, and antibodies to M, 52,000
proenzyme or the mature forms did not immunoprecipitate
synthetic peptides of human renin sequences of the "flap"
region (75-85) (24).

These monoclonal antibodies to pro-cath D appear to be of
potential interest in 3 different areas. One major interest is
their use for localizing the precursor form within the cell by
immunocytochemistry. Since the secretion of pro-cath D is
drastically increased in breast cancer cells compared to normal
mammary cells (20, 25),9 these specific tools should be of value

for studying the routing and exocytosis of cathepsin D in
normal and cancer cells. Another fundamental interest is to
separately purify the proenzyme and the mature forms under
biologically active conditions. Preliminary experiments show
that both the M, 52,000 pro-cath D and the combination of M,
48,000-A/r 34,000 forms can independently increase DNA syn
thesis in MCF7 cells.10This reaction indicates that the sequence

responsible for the mitogenic activity is not located on the
profragment but is within the mature form. These purified
forms are now being studied to identify the mechanism (recep
tor, second messengers) and cellular specificity of the cath-D-
mediated increase in cell proliferation. However, antibodies to
the proenzyme are not more effective than antibodies to the
mature forms in neutralizing the binding and uptake of A/r
52,000 pro-cath D in cancer cells (12) nor in inhibiting the
proteolytic activity on extracellular matrices.7

The third potential of these antibodies is to specifically assay
the A/r 52,000 pro-cath D in cytosol of breast cancer. A double-
determinant solid phase immunoassay for the M, 52,000 proen
zyme has been developed based on the fact that M2E8* and
D9H8* bind the M, 52,000 proenzyme at domains that are

' F. Capony et al., manuscript in preparation.
10F. Vignon, unpublished observations.

different from those that interact simultaneously with antibod
ies to the mature forms. This enzyme-linked immunosorbent
assay is being used in parallel with the assay of total cath D to
assess the clinical value of determining the cath D-precursor
concentration in the cytosol of various tumors (benign mas-
topathies, breast and other cancers) (16).4'5

In conclusion, we have isolated and characterized 2 mono
clonal antibodies specific for the M, 52,000 pro-cath D which
may help both in basic studies to explore the mechanism of its
altered processing and secretion and in clinical studies to deter
mine its value as a prognostic marker in cancer and pretumoral
lesions.
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