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Alterations in trafficking of cathepsins B and D
have been reported in human and animal tumors.
In MCF-10 human breast epithelial cells, altered
trafficking of cathepsin B occurs during their pro-
gression from a preneoplastic to neoplastic state.
We now show that this is also the case for altered
trafficking of cathepsin D. Nevertheless, the two
cathepsins are not necessarily trafficked to the
same vesicles. Perinuclear vesicles of immortal
MCE-10A cells label for both cathepsins B and D,
yet the peripheral vesicles found in ras-transfected
MCF-10AneoT cells label for cathepsin B, cathep-
sin D or both enzymes. Studies at the electron mi-
croscopic level confirm these findings and show in
addition surface labeling for both enzymes in the
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transfected cells. By immunofluorescence staining,
cathepsin B can be localized on the outer surface of
the cells. Similar patterns of peripheral intracel-
lular and surface staining for cathepsin B are seen
in the human breast carcinoma lines MCF-7 and
BT20. We suggest that the altered trafficking of
cathepsins B and D may be of functional signifi-
cance in malignant progression of human breast
epithelial cells. Translocation of vesicles contain-
ing cathepsins B and D toward the cell periphery
occurs in human breast epithelial cells that are at
the point of transition between the pre-neoplastic
and neoplastic state and remains part of the malig-
nant phenotype of breast carcinoma cells. (Patho-
logy Oncology Research Vol 1, Nol, 43-53, 1995)

eine proteases, oncogenic ras

Introduction

Expression. redistribution and/or secretion of the lysosomal
Y

proteases cathepsins B. D and L have been reported to

parallel malignant progression.™ Redistribution of cathep-
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sin B has been observed in human colon carcinomas,’
prostate carcinomas®’ and gliomas:” this redistribution
parallels increased malignancy and/or decreased patient
survival. Recently. the distribution of cathepsin D in pha-
golysosomes has been suggested to be a prognostic indi-
cator for human breast carcinoma.®™ In macrophages and
osteoclasts, 1.e., cells that like tumor cells participate in
degradative or invasive processes. lysosomes undergo
translocation from the perinuclear region to the cell peri-
phery. This redistribution is induced by cytoskeletal alte-
rations associated with membrane ruffling. Lysosomes
redistribute toward the ruffling membrane of activated
osteoclasts and lysosomal enzymes are secreted.”

The study ot breast cancer progression has been facth-
tated by the development of the diploid MCF-10 human
breast epithelial cell lines. These cells were obtained during
reduction mammoplasty from a palient with [ibrocystic
breast discase and underwent spontaneous immortalization
in culture.™ Transfection of immortal MCF-10A cells with
mutated ras® results in cells (neoT) that have some of the
characteristics of atypical breast epithelial stem cells. In
vitro they are capable of indefinite proliferation and invade
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Figure 1. Immunocytochemical localization of intracellular
cathepsin D in parental 10A cells (A) and their neoT counterpart
transfected with mutated ras (B). The primary antibody was
mouse anti-human cathepsin D 1gG1. Cathepsin D staining in
the 10A cells (A) was concentrated in the perinuclear region,
whereas in the ras-transfected cells (B) the distribution of cathep-
sin D staining was more peripheral. The secondary antibody was
Texas red-conjugated donkey anti-mouse 1gG. The staining for
cathepsin D) has been repeated ten times fo date with comparable
results. Only a weak background fluorescence was observed in
controls in which mouse or rabbit pre-immune 19G replaced the
primary antibodies (not illustrated). Bars, 10 ym.

through Matrige!™ and in vivo they form persistent palpable
nodules that exhibit three pathologicentities: 1) benign ductal
aggregates, sometimes with mild hyperplastic changes; 2)

atypical hyperplastic lesions; and 3) carcinoma in siti and
invasive carcinomas.™ ras-transfection of the MCF-10 lines
results in altered trafficking of cathepsin B,*' such that this
enzyme is localized in the cell periphery and on the cell
surface. As ras-transfection of breast cancer cells increases
their invasiveness' and metastatic ability,” the observations
on altered trafficking of cathepsin B in ras-transfected
MCEF-10 cells may be of functional significance in the early
progression of breast cancer. In the present study, we deter-
mined whether transfection of MCF-10 human breast epi-
thelial cells with the c-Ha-ras oncogene affects the traffick-
ing of cathepsin D as well as that of cathepsin B. whether
cathepsins B and D are trafficked to the same vesicles and
whether altered trafficking of these enzymes also is charac-
teristic of fully malignant human breast carcinoma cell lines.

Materials and Methods

Materials

Saponin, Dulbecco’s modified Eagle’s medium and
Ham’s F-12 nutrient mixture, minimal essential medium,
HEPES, BSA, insulin, hydrocortisone, antibiotics, fish skin
gelatin and methylcellulosc were from Sigma (St Louis,
MO); equine serum and fetal bovine serum from GIBCO
(Grand Island, NY); epidermal growth factor from UBI
(Lake Placid, NY); and 4.6-diamidin-2-phenylindol-dihy-
drochloride from Boehringer-Mannheim (Indianapolis, IN).
A monoclonal antibody to human breast cancer cathepsin D
was purchased from BioSys (Compiegne, France). Fluo-
rescein-conjugated affinity-purified donkey anti-rabbit IgG,
Texas red-conjugated affinity-purified donkey anti-mouse
IgG and normal donkey serum were obtained from Jackson
ImmunoResearch (West Grove, PA); formaldehyde from
Polysciences (Warrington, PA); and Slowlade anti-fade
reagent from Molecular Probes (Eugene, OR). The micro-
biological grade gelatin used for embedding of tissues and
¢glutaraldehyde were purchased from Merck (Darmstadt,
Germany); paraformaldehyde from BDH (Poole, United
Kingdom); fraction V BSA from Boehringer-Mannheim
(Mannheim, Germany); and 10 and 15 nm protein A-gold
probes from Drs. Slot and Posthuma, Department of Cell
Biology, University of Utrecht, The Netherlands. The rabbit
anti-chicken IgY used in immunogold labeling was raised
against IgY isolated from eggs of non-immunized chickens
using polyethylene glycol precipitation.™ Rabbit anti-chick-
en IgY-horseradish peroxidase was prepared as previously
described.” All other chemicals were of reagent grade and
were obtained from commercial sources.

Cell lines and culture

MCF-10 is a diploid human breast epithelial cell line
derived from a patient with fibrocystic breast discase. This
line underwent spontaneous immortalization in culture and
grows attached in the presence of calcium or floating in
the absence of calcium.” Transfection and cotransfections
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Figure 2. Immunocytochemical colocalization of intracellular
cathepsin B and cathepsin D in immortal MCF-10A cells (A)
and their counterpart transfected with oncogenic ras (B).
Vesicles staining for cathepsin B alone are indicated with
arrowheads and those staining for cathepsin D alone are indi-
cated with arrows. Vesicles staining yellow indicate possible
colocalization. Primary antibodies were rabbit anti-human
cathepsin B IgG and mouse anti-human cathepsin D 1gG1.
Fluorescein-conjugated affinity-purified donkey anti-rabbit
l¢G and Texas red-conjugated affinity-purified donkey anti-
mouse IgG were used as secondary antibodies. The double
labeling for cathepsins B and D has been repeated six times to
date with comparable results. Only a weak background fluores-
cence was observed in controls in which rabbit or mouse pre-
immune IgG replaced the primary antibodies (not illustrated).
Bars, 10 pum.
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were performed using the calcium phosphate method with
a plasmid containing the neomycin resistance gene as a
transfection vector either alone (MCF-10Aneo) or with
constructs containing wild-type (MCF-10AneoN) or mu-
tated (MCF-10AneoT) c-Ha-ras.* The MCF-10 lines were
grown in Dulbecco’s modified Eagle’s medium and
Ham’s F-12 nutrient mixture, containing 5% equine se-
rum, supplemented with insulin, hydrocortisone, epider-
mal growth factor. antibiotics and fungizone.**>** but
without amphotericin and cholera toxin.** The MCF-7 and
BT20 human breast carcinoma lines were grown in mini-
mal essential medium containing 10% fetal bovine serum
as recommended by the ATCC (Rockville, MD). All cell
lines were screened on a routine basis with 4’,6-diami-
din-2-phenylindol-dihydrochloride and shown to be free
of Mycoplasma.

Immunochemical studies

Preparation of monospecific anti-cathepsin B IgGs and
anti-cathepsin D IgY: Cathepsin B antisera were raised in
rabbits as described.”’ An IgG fraction was purified and
stored at -20°C. The specificity of the IgG used for immu-
nofluorescence labeling of cathepsin B has been confirm-
ed by slotblotting and immunoblotting against crude and
purified cathepsin B fractions from human liver and sarco-
ma,”’ acetone fractions of human colonic mucosa and
colon tumors® and cell homogenates of human breast
epithelial cells.” Immunogold labeling for cathepsin B
was performed using an affinity purified anti-human liver
cathepsin B antibody, kindly supplied by Drs. Lukas Mach
and Josef Gl6ssl, Zentrum fiir Angewandte Genetik, Uni-
versitit fiir Bodenkultur, Vienna, Austria. The production
and specificity of this antibody was reported previously,'’
Cathepsin D was purified from porcine spleen according
to the method of Jacobs et al." Laying hens were immuniz-
cd with 100 pg of porcine cathepsin D (50 pg into each
breast muscle). The antigen was triturated in a 1:1 ratio
with Freund’s complete adjuvant at O wk and in Freund’s
incomplete adjuvant at 1, 2, 4 and 6 wk and for monthly
boosters thereafter. Eggs were collected on a daily basis.
IgY was isolated from the yolks by precipitation with
polyethylene glycol as described.” The specificity of the
IgY for cathepsin D was confirmed by immunoblotting
against crude and purified cathepsin D fractions (data not
shown).

Immunofiuorescent staining: Intracellular cathepsins B
and D and surface cathepsin B were localized using a
modification® of the general immunocytochemical metho-
dologies described by Willingham.*® Cells grown to
60-80% confluence on glass coverslips were fixed with
3.7% formaldehyde in phosphate-buffered saline, pH 7.4.
Fixation and subsequent steps were performed at 25 °C for
intracellular labeling and at 4 °C for surface labeling.
After washing with phosphate-buffered saline, cells were
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blocked with phosphite-buffered saline-2 mg/ml BSA.
For intracelular labeling. all subsequent antibody  and
waush solutions contained 1% saponin: saponin wis not
used in the surface labeling studies. Cells were incubated
with primary antibody (rubbit anti-human liver cathepsin
B. mouse anti-human breast cancer cathepsin D [gG1) tor
2h and washed. Surfuce labeling was performed on cells
incubated with primary and sccondary antibodies at 4°C
the breast epithelial cells For the
breast carcinoma cells, serformed
subsequent to fixation at 4°C us these cells detached from
the substratum at 407C. In controls. preimmune seruim
(rabbit or mousc) was substituted for the primary anti-
body. After blocking with normal donkeyv serum (5% in
phosphate-buttered saline-0.1% saponin for intracellular
staining and without saponin tor surface staining). cells
were incubated for 60 min with tluorescein-conjugated
affinity-purified donkey anti-rabbit TgGG or Texas red-
conjugated affinity-purificd donkey anti-mouse IgG at 20
ug/ml. After washing. the coverslips were mounted upside-
down on slides with SlowFade anti-fade reagent and ob-
served with a Zeiss LSM 310 confocal microscope.
Inmmunogold staining: Cells grown (o 60-80% contlu-
ence tn T-25 flasks were fixed and processed by a modi-
fication of the method of Griffiths et al." Cells were fixed
in 2% paraformaldehyde containing 0.02% glutaraldehyde
in 200 mM HLEPLS buffer, pH 7.3, at 4°C for Ih. After
washing in phosphate buffer containing 20 mM g¢lycine.
the fixed monolayers were inliltrated with gelatin [10%
(mass/voly hacteriological gelatin phosphate buffer, Th at
37°CJ and crosslinked with the primary fixative (10 min at
room temperature). The crosslinked. gelatin-infiltrated cell
layers were stripped off the plastic and cryoprotected by
infiltration with 2.1 M sucrose. Blocks were cut. oriented
for vertical sectioning of cells. frozen in liquid nitrogen
and ultra-thin frozen sections were cut using an RMC
MT6000XL ultramicrotome fitted with a CR2000 crvo-
attachment. Sections were collected on 2.3 M sucrose,
thawed and mounted on 100 mesh hexagonal copper grids,
previously formvar- and carbon-coated and glow-discharg-
ed. Thawed.

prior to fixation for
surtace labeling was

grid-mounted sections were collected on

Figure 3. Intmunogold lnbeling fm‘ azt/chsin B and cathepsin D in dnmortal MCF-T0A cells,

0.1% fraction ¥V BSA in phosphate butfer prior to lubeling.
The grids were labeled as described by Slot et al.™ Non-
specific binding sites on the sections were blocked by
incubation m 2% {ish skin gelatin and 20 mM glyeine in
phosphate  buffer.  Incubation  on
(chicken anti-porcine spleen cathepsin D LgY or rabbit
anti-human hiver cathepsin B [gG. 10 pg/ml) was for Th at
25°C. Incubation in the anti-porcine spleen cathepsin D
oY required an additional incubation step with a rabbit
linker antibody (1:100 dilution for Th at
25°C). For single labeling, the grids were then incubated
for 30 min at 25°C with a 1:40 dilution of protein A-gold
probe (mean particle size of 10 nm) before being washed.
fixed with 2% glutaruldehyde. counterstained and scaled
in a uranyl acetate/methyl cellulose mixture as described
by Slot et al.™ Double labeling was performed by repeti-
tion of the blocking and labeling regime described. the
detection of antibody-binding to the second antigen being
detected using a 1:55 dilution of a second protein A-gold
probe (mean particle size ol [5 nm). Labeling specificity
was verilied by the omission of primary and secondary
antibodics in various labeling schemes. and the perform-
ance of lubeling for the two ditferent antigens in different
orders, using detection with first the small and then the
large gold labels, according to Slot et al.™ Grids were
viewed and photographed in a Jeol 100 CX transmission
electron microscope. at 100 kV.

primary  antibody

anti-chicken

Results

We have previously established that the lysosomal cys-
teine protease cathepsin B is distributed more peripherally in
MCI-10A humun breast epithelial cells transtected with
oncogenic jas.” Rochefort and colleagues have shown an
association between the presence of cathepsin D in phago-
lysosomes near the cell surface of human breast carcinomas
and prognosis.” Therefore, we determined whether the
subcellular localization of cathepsin D also was altered. In
the parental 10A cells. the staining for cathepsin D was
localized primarily to the perinuclear region (Fig./ A a
localization consistent with cathepsin D being distributed in

Cell monolmyers were fixed with 2%

paraformaldelnde ummmma 0.02% ¢lutaraldelyde, cimbedded with gelating refixed, and the gelatin-infiltrated monolayer, cryo-
profected with 2.1 M suciose. was stripped off the plusfi(, cul info blocks, mowited for vertical sectioning of cells and frozen for
cryoudtramicrotony. Innielabeling for cathepsin B and D on the sections was performed wsing au affinily purified rabbil ant:
hinman liver cathepsin B antibody and a chicken anti- porcine cathiepsiin D antibody. For protein A gold labeling using the LIIIL/\UI
anti-porcine D antibody, a linker (rabbit anti-chicken antibody) woas wsed. Labeling was purm)md for cathepsin B and ihe
cathepsin D, and vice versa, labeling being detected using a small (10 nnn) followeed by a larger (15 mn) protein A gold probe, in uu/z
case. Sumlm colocalization results were ubsvw d i uf/zu case. Controls for double Ialnlmq indicated adequate Bloc king of sections
bekeeen double labeling steps. Tn the micrographs flustrated, localization of cathepsin B was performed first aud « letected with the
10 e protein A gold probe and labeling for cathepsin D was performed subsequently and detected with a 15 mm gold probe. A
transverse section of i MCF-10A cell is shown (A; basolateral surface indicated wwitl open arrows). Generally, uzz‘/npsms Band D
were found o colocalize in the more electron-dense, larger vesicles (presumably late endosomal or lysosomal compartments) sifuated
e a periclear location (arroweheads). Vesicles selected jor enlargement (B and C) indicate colocalization more clearly. Nu =
nticlens, ¢ = Golgi apparatus. Bars, Tjon (Ayand 0.2 jon (Band C).

Val 1, Nol. 1995
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lysosomes. In the ras-transfected neoT cells (Fig.! B). both
perinuclear and peripheral staining for cathepsin D was
observed. Thus, cathepsin D exhibited a more peripheral
subcellular distribution in the neoT cells, a pattern similar to

that observed previously for cathepsin B.™ In order to assess
whether the two enzymes were distributed in the same vesic-
les, we performed double labeling studies. In the immortal
10A cells, cathepsins B and D werc found to be primarily

PATHOLOGY O]
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colocalized in perinuclear vesicles (Fig.2 A). A different pat-
tern was observed in the neoT cells transfected with mutated
ras (Fig.2 B). The distribution of both enzymes was more
peripheral and three patterns of vesicular staining were
observed: 1) vesicles staining for both enzymes. 2) vesicles
staining for only cathepsin B. and 3) vesicles staining for
only cathepsin D. Vesicles staining for cathepsins B and D.
cathepsin B or cathepsin D appeared to be of similar sizes.

The peripheral vesicles staining for cathepsin D may be
endosomes as endosomes containing cathepsin D have been
observed in mucrophages™ and hepatocytes’ or may be the
phagolysosomes described by Rochefort and collesgues.™ "
In order to determine the localization of cathepsins B and
D at the ultrastructural level. we employed immunogold
double-labeling. In the immortal 10A cells, cathepsins B
and D were largely colocalized in perinuclear vesicles
(Figs.3 A, B, and C, arrowheads). In contrast, in the neoT
cells transfected with mutated ras, a more peripheral dis-
tribution of the gold labeling for both enzymes was observ-
cd. including increased labeling on the cell surface (Figs. 4
A and B). The majority of periphcral vesicles exhibited
label for only one of the two cathepsins (Fig.4 A, C and
D). Gold particles representing cathepsin D protein could
be observed apparently in the process of being secreted
from surface protrusions of the neoT cells (Fig.4 B). The
most numerous cathepsin D- and B-labeled organelles in
the immortal 10A cells (Fig.3) were of the order of
(.14-0.19 pm in diameter. whereas in the ras-transfected
neoT cells these vesicles were (0.1-0.13 um in diameter
{Fig.4). In the 10A cells, occasional vesicles (0.5-0.54 um
in diameter) were observed that resembled phagolyso-
somes and Iabeled heavily for cathepsin D. Larger phago-
lysosomes (0.5-1 um in diameter) were observed in the
neoT cells where they labeled more heavily for cathepsin
B than for cathepsin D (Fig.4 C).

Cell surface labeling for cathepsin B has been observed
by immunofluorescence techniques in human lung carci-
noma cells” and murine B16 amelanotic melanoma cells.”
In order to evaluate whether the immunogold labeling for
cathepsin B observed in ras transtected neoT cells™ (Fig.4)
was on the external surface of the cells, we performed im-
munofluorescence  staining in  non-permeabilized cells.
Staining for cathepsin B was not observed on the surface of
the immortal 10A cells (Fig.5 A), but was present on the

surface of the rus-transfected neoT cells (Fig.5 B). In these
latter cells, the staining for cathepsin B was localized to
discrete regions on the basal surface. For cathepsin D. some
cell surface labeling was observed on immortal 10A cells,
yet substantially more cell surface labeling on the ras-trans-
fected neoT cells (data not shown). As indicated above, in
these confocal studies. the cell surface labeling was local-
ized primarily to the basal surface of the cells with apical
labeling only in a few cells. By the immunogold method,
apical labeling was observed rather than basal (Figs.3 and
4). However, this latter technique may not be optimal for
examining basal membrane expression of cathepsins as the
surface-bound cathepsins may be lost when the cells were
stripped oft the plates (see Materials and Methods). By
contrast, i the immunofluorescence method, the cells were
examined without removal from the coverslips.

Studies in human colon carcinomas,’ prostate carci-
nomas®' and gliomas™ suggest that altered trafficking of
cathepsin B is part of the malignant phenotype. Rochefort
and colleagues.™ have shown that altered trafficking of
cathepsin D may be of prognostic significance in human
breast carcinomas. As similar studies have not been per-
formed for cathepsin B, we analyzed the intracellular and
surface distribution of cathepsin B in two human breast
carcinoma lines, MCF-7 and BT20. In both lines, cathep-
sin B was found to be distributed throughout the cyto-
plasm rather than being restricted to the perinuclear region
(Fig.6 A and C). The sizes of the vesicles labeling for
cathepsin B could not be accurately determined in these
immunofluorescent images. In both MCF-7 and BT20
cells, surface labeling for cathepsin B was observed (Fig.6
B and D). As in the ras-transfected MCF-10AneoT cells
(Fig.5 B), surface staining for cathepsin B was found at
discrete regions on the basal surface of the cells.

Discussion

Trafficking by two distinct pathways might be respon-
sible for cathepsins B and D being localized in separate
peripheral vesicles in the ras-transfected neoT cells (Figs.2
and 4). Studies to datc suggest that cathepsin B is trafticked
to the lysosomes via a MPR-dependent pathway.'"'7 On
the other hand, cathepsin D has been shown to be traffick-
ed by both MPR-dependent™'®"” and MPR-independent

Figure 4. nmunogold labeling for cathepsin B and cathepsin D in MCF-10AneoT cells transfected with oncogenic ras. Cell
nwnolayers were fixed, embedded, and processed for vertical cryoultramicrotomy sectioning and imunciolabeling for cathepsins B
and D was performed, in botl orders, as described i1 the legend to Fig. 3. Inn the micrographs illustrated, localization of cathepsin D
was performed first and detected with a 10 s protein A gold probe (A and B) and labeling for cathepsin B was performed
subsequently and detected with a 15 win gold probe. Immunolabeling was also performed in the reverse sequence (C and D),
cathepsin B being detected with the small gold probe and cathepsin D with the larger probe. A transverse section of a cell, shows less
colocalization of cathepsins B and 13 in peripheral regions (A) [basolateral surface indz'mfed with an open arrow (A)] and in sub-
perimuclear regions of the cell (Cand D), than in the pavental MCF-T0A cells (cf. Fig. 3). Soie peripheral vesicles appear caught in
the process of secretion (A). Association of cathepsin B (arrows) and cathepsin D (arrowheads) with the surface of cells is also
coident in the ras-transfected neoT cells (A aid B). ¢ = Golgiapparatus. Bars, 0.25 ym (A, Band D) and 0.5 pm ().
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pathways.™ " Although the peripheral vesicles labeling for
either cathepsin B or cathepsin D might represent two
different vesicular compartments, this would appear to be
unlikely as the sizes of the vesicles are similar. Another
possibility is that one compartment might contain only pro
forms of the two cathepsins and the other mature forms.
However. as the antibodies used in the present study rec-
ognize both pro and mature forms of cathepsins B and D,
both compartments should stain for the two enzymes.
Thus. at present the identity of the peripheral vesicles

A

staining for only cathepsin B or for only cathepsin D is
unknown. Studies to establish the molecular forms of
cathepsins B and D associated with the cell surface and
these peripheral vesicles and the identity of these peri-
pheral vesicles are in progress.

Rochefort and colleagues have proposed thut intracellu-
lar cathepsin D plays a functional role in breast carcinoma.
specifically in the degradation of extracellulir matrix
proteins in a peripheral compartment of phagolysosomes.™
In the present study by immunogold labeling. we localized

Figure 5. lmunocytochemical localization of cathepsive B oi the surface of non permeabilized MCFE- 10 Ininun
breast epithelial cells. Surface stuintng for cathepsin B woas present in discrete regions on the basal surface of the
cells transtected will mutated ras (B). Surface staining could not be visualized on the inunortal T0A cells (A). The
coverslips were moiited upside-down o slides. Thus, the lubeling observed i panel B is underneath the cells. The
primary antibody was rabbit anti-lnonan cathepsin B 1gG and the secondary antibody Texas red-conjugated
donkey anti-rabbit 19G. The staining for cathepsin B has been repeated three tHimes to date with comparable results,
Only a wenk background fliorescence was observed L controls in which rabbit pre-iminune (3G replaced Hie
primary antibody (not illustrated). Panels C and D are the phase contrast images correspointing to the Hiwres-

cenee images of panels A and B, respectively. Bais, 10 p.
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cathepsin D 1o phagolysosomes primarily in immortal 10A
cells and cathepsin B to phagolysosomes primartly in ras-
transfected neoT cells. We also localized both cathepsins
B and D to smaller peripheral vesicles and to surface
membrancs of the ras-trunsfected neo™T cells. To our know-
ledge, the present study is the first to localize cathepsin
D to the cell surface by immunogold techniques. Three
lysosomal proteases have now been localized to the sur-
face ol malignant cells: cathepsin D to the surface of ras-
transfected neoT cells by immunogold microscopy (pre-

sent study); cathepsin B to the surface of 1) human lung
adenocarcinoma cells by immunofluorescence microsco-
py.” 2) murine B16 amelanotic melanoma cells and ras-
transfected neoT cells by immunofluoresence microscopy
and flow cytometric analysis.”” 3) ras-transfected neoT
cells by immunogold microscopy™ (present study), and 4)
ras-transfected neoT cells and MCF-7 and BT20 human
breast carcinoma cells by immunofluorescence micros-
copy (present study): and cathepsin L to the surface of
human colon adenocarcinoma celts by immunofluores-

Figure 6. [mmunocytochemical localization in MCF-7 (A, B) and BT20 (C, D) human breast carcinoma cells of
intracelludar cathepsin B (A and C) and cell surface cathepsin B (B and D). Intracellular cathepsin B staining in the
breast carcinoma lines was present throughout the cytoplasim and at the cell periphery. Surface staining for
cathepsin B was present on the basal surface of both cell lines (see legend to Fig. 5). The primary antibody was
rabbit anti-lnuman cathepsin B 1gG and the secondary antibody Texas red-conjugated donkey anti-rabbit 19G. The
staining for cathepsin B has been repeated Hiree Himes to date weith comparable results. Only a weak background
forescence was observed in controls in which rabbit prenmmune 19G replaced the primary antibody (not illus-

trated). Bars, 10 pim.
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cence microscopy.’” We do not yet know whether surface
associated lysosomal proteases play a functional role in
tmor progression. This possibility is suggested by the
ability to induce concomitantly in malignant cells the
surface expression of cathepsin B, the integrin o3, and
the autocrine motility factor receptor. These three proteins
could mediate the three putative steps in tumor invasion:
adhesion, local degradation and migration."”” Furthermore.
the localization of cathepsin B to discrete regions on the
basal surface of ras-transfected human breast epithelial
cells and breast carcinoma cells resembles the localization
of proteases to the invadopodia described by Chen and
colleagues,” a structure shown (o be involved in cell adhe-
sion, focal degradation and invasion.™
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