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Alterations in trafficking of cathepsins B and D 
have been reported in h u m a n  and animal  tumors. 
In MCF-10 h u m a n  breast epithelial  cells, altered 
trafficking of cathepsin B occurs during their pro- 
gress ion from a preneoplast ic  to neoplast ic  state. 
We n o w  s h o w  that this is also the case for altered 
trafficking of cathepsin D. Nevertheless ,  the two 
cathepsins  are not necessari ly  trafficked to the 
same vesicles .  Perinuclear vesicles  of  immortal  
MCF-10A cells label for both cathepsins B and D, 
yet the peripheral ves ic les  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 f indings  and s h o w  in 
addit ion surface label ing for both e n z y m e s  in the 

transfected cells. By i m m u n o f l u o r e s c e n c e  staining, 
cathepsin B can be local ized 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 l ines MCF-7 and 
BT20. We suggest  that the altered trafficking of 
cathepsins  g and D may be of funct ional  signifi-  
cance in mal ignant  progress ion of h u m a n  breast 
epithelial  cells. Translocation of  vesic les  contain- 
ing cathepsins  B and D toward the cell periphery 
occurs in human  breast epithel ial  cells that are at 
the point  of transition b e t w e e n  the pre-neoplast ic  
and neoplast ic  state and remains  part of  the malig-  
nant phenotype  of  breast carcinoma cells. (Pa tho-  
l o g y  O n c o l o g y  R e s e a r c h  Vol 1, N o 1 ,  43-53,  1995) 
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h t l r o d u c t i o , t  

Expression. redistribution and/or secretion of  the lysosomal 

proteascs 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 carcinon3as ~ mad gliomas: ~ this redistribution 
parallels increased malignancy and/or decreased patient 
survivah Recently, tile distribution of  cathepsin D in pha 

golysosomes has been suggested to be a prognostic indi- 

cator lior human breast carcinonm/'a'~ In macrophages and 
osteoclasts, i.e., cells that like tumor cells participate in 

dcgradativc or inxasixc processes, lysosomcs 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. '  

l h e  study oi: Dream cancer progression laas been tacHt- 

tared by the development of  the diploid MCF-10 human 
breast epithelial cell lines. These cells were obtained during 
reduction mamntoplasty from a patient with librocystic 

breast disease and underwent spontaneous immortalization 
in culture. 35 Transfection of  immortal MCF-10A cells with 

muta ted  t t l ,v 4 results in cells (neoT) that have some of the 

characteristics of atypical breast epithelial stem cells. In 
v i t t v  they are capable of indelinite proliferation and invade 

PATHOLOGY ONCOLOGY RESEARCH Vol I, No l, 1995 



44 SAMENI et al 

Figure 1. lmmunocytochemical localization off intracelhdar 
cathepsin D in parental IOA cells (A) and their neoT cou~terpart 
transfected with mutated ras (B). The primary antibody was 
mouse anti-human cathepsin D lgG1. Cathepsin D staining in 
the IOA cells (A) was concentrated in the perinuclear region, 
whereas in the ras-transfected cells (B) the distribution of eathep- 
sin D staining was more peripheral. The secondary antibody was 
Texas red-co~qugated donkey anti-mouse lgG. The staining for 
cathepsin D has been repeated ten times to date with comparable 
results. Only a weak background fluorescence was observed in 
controls in which mouse or rabbit pre immune lgG replaced the 
primary antibodies (not illustrated). Bars, 10 k~m. 

through Matrige125 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 situ 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 j and metastatic ability, ~ the observations 
on altered trafficking of cathepsin B in ras-transfected 
MCF-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 mediurn and 
Ham's F-12 nutrient mixture, minimal essential medium, 
HEPES, BSA, insulin, hydrocortisone, antibiotics, fish skin 
gelatin and methylcellulose 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). Flu{}- 
rcscein-conjugated affinity-purified donkey anti-rabbit lgG, 
Texas red-conjugated affinity-purified donkey anti-mouse 
lgG and normal donkey serum were obtained from Jackson 
ImmunoResearch (West Grove, PA); formaldehyde from 
Polysciences (Warrington, PA); and SlowFade 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 lgY isolated from eggs of  non-immunized chickens 
using polyethylene glycol precipitation. 2~ 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 disease. This 
line underwent spontaneous immortalization in culture and 
grows attached in the presence of calcium or floating in 
the absence of  calcium. ~5 Transfection and cotransfections 
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Figure 2. hnmunocytochemical colocalization of intracelhdar 
cathepsin B and cathepsin D in immortal MCF-IOA cells (A) 
and their counterpart transfected with oncogenic ms (B). 
Vesicles staining for cathepsin B alone are indicated with 
arrowheads and those staining for cathepsin D alone are indi- 
,:ated with arrows. Vesicles staining yellow indicate possible 
colocalization. Primary antibodies were rabbit anti-human 
cathepsin B IgG and mouse anti-human cathepsin D lgG1. 
Fluorescein-co~@gated affinity-purified donkey anti-rabbit 
lgG 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- 
im,nune lgG replaced the primary antibodies (not illustrated). 
Bars, 10 ttm. 

were pcrlk)rmed 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. 4 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, 4'25'35 but 
without amphotericin and cholera toxin. 33 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. 

hnmunochemical studies 

Preparation of  monospec~fic anti-cathepsin B lgGs and 
anti-cathepsin D IgY: Cathepsin B antisera were raised in 
rabbits as described.- An IgG fraction was purified and 
stored at -20~ 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, 2~ acetone fractions of human colonic mucosa and 
colon tumors 5 and cell homogenates of  human breast 
epithelial cells. 33 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 Gl0ssl, Zentrum far Angewandte Genetik, Uni- 
versitfit fur Bodenkultur, Vienna, Austria. The production 
and specificity of this antibody was reported previously.~7 
Cathepsin D was purified from porcine spleen according 
to the method of Jacobs et al. 14 Laying hens were immuniz- 
ed with 100 btg of porcine cathepsin D (50 gg into each 
breast muscle). The antigen was triturated in a I : l  ratio 
with Freund's complete adjuvant at 0 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 33 of the general immunocytochemical metho- 
dologies described by Willingham. 36 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 ~ for 
intracellular labeling and at 4 ~ for surface labeling. 
After washing with phosphate-buffered saline, cells were 
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blacked \~ith phosphale buffered >aline-2 ingtnll I3SA. 
I"cu inlracclhl lar labcliug, all sLIbscqLicuI antihod~ and 
\,.cish s{)hiliotls coillahled ().1(,;~ sapC, llhl: sar~t)llhl \~,~1,~ i1l)i 
tl<,ccl iu the surface labeling sitidics. Cells were ii~ctlbciled 
~i th priln'<ir) :.lulibtldt (iabhit culli-human l i \c r  cathcpxii~ 
P,. Inousc anti hLuliail brcasl caucer cathep~iu D lg(31 i ior 
2h :.llld washed, gtlriacc lahcling was pcrIorll lcd on coils 
h~cuhatcd with primary and sCColld:.ify antibodies at 4 C  
prhlr It> lix'<ili,",ll f)~l the blC~iq epiihelhll cell,; l%>r ihc 
brt_'a';t c;.ircinoilla cells, surf',ice labeling '~tas performect 
subsequetlt to f ixatiou :.it 4~ as these cells detached fronl 
tl~e ,,ubslrtll.Ulll tit 4():C. lu controls, prehllil lUlle seri.llU 
(rahhit or lnOtlSC) was sLibstil.uted for lhr priln:.uy anti 
I~od)...,M'ler Iqocking x~ilh ilornlal donkey Seltlnl (5% in 
pllosphate-buffered saline-0.19~- saponin for irltraceliular 
slaining and without saponin for surface staining), cells 
wcrc incuhated for 60 iniu with fluoresceh~-conjugatcd 
Ml in i ty-pur i f ied donkey anti-rabbil lgG or Texas rcd- 
uonjugatod alfh~ity-purif ied donkey ailti-niousc lgG at 2() 
Idgtml. After xAasl-iirig, lhe eoverslips were iriounted upside- 
down on slides with Slo\vFade anti-fade reagent aild ob- 
served with a Zeiss LSM 310 conl\)cal microscope. 

hnmlmo,gold ,staining: Cells grown to 60 80q confhl- 
ence in %25 flasks were fixed and processed by a modi- 
fication of the method of Oriffilhs et al. u' Cells were fixed 
in 25i paraformaldehyde conlaining 0,029<; glutaraldehyde 
in 200 mM ttEPES buffer, ptI 7.3, at 4~ for lh. After 
\~ashing in phosphate buffer containing 20 mM glycine. 
the fixed monolaycrs were infiltralcd with gelatin [ 10'~,,, ~ 
(inass/vol) bacteriological gelatin phosphate buffer, Ih at 
37'C] and crosslinked with the primary fixative (10 rain at 
room temperature}. The crosslinked, gelatin-infiltrated cell 
layers were slripped off lhe ph/stic and cryoprotected by 
infiltration with 2.1 M sucrose. Blocks were cut, oriented 
for vertical se.ctiolfiug of cells, fiozen in liquid nitrogen 
and ultra-thin frozen sections were cut using an RMC 
MT6000XI~ uhramicrotolnc filled with a CR2000 cryo- 
atlachment. Sections were collected on 2.3 M sucrose, 
thawed and mounled ~)11 100 mesi~ hexagonal copper grids, 
prc\iously forl lwar- aiKI carbon-coated aild glo~\.-discharg- 
cd. Thawed, grid-mounted sections ,a, ere collected on 

0. 1% fraction V BSA in phosphate bt.lffcr prior to labeling. 
The grid~ xxcrc labeled as described b~ Slot cl al. ~- Nou 
specific binding sites Oll I.he section> were bluckcd h5 
incubation in 2q li>h skin gclatin and 2()mM gl}cinc in 
I~]|t~sphale btllfcr. Inctlbatioll ~,lq pt-ii,lar 5 ailtibocl\ 
tchicken anti porcine spleen cathepsin 1) lgY or rabbit 
allli-huu]all liver cathepsin B lgG, 10 btg/ml) was for Ih at 
25C.  Incubation in lhc anti-porciue spleen cathepsiu D 
I~Y required ;m addilinnal incuhalinn ,;lop wilh a r~tbbil 
auti-chicken linker antibody II:100 dilulion for lh at 
25 C), f:or single labeling, the grids were lhen incubated 
for 30 lnin at 25tC with a I:40 di lut ion of protein A-geM 
probe (mean particle size of 10 tllll) befcire being \~ashed. 
fixed wiila U,'; glutaraldehyde, couiltcrstaincd and scaled 
in u uranyl acetatelinethy] cellulose mixture as described 
by Slot et al. ~a Double hlbeling was performed by repeti- 
tion of the blocking and labeling regime described, lt~e 
deteclion of antibody-binding to 111e secured antigen being 
detected u~ing a l:55 dilution of a secoud protein A gold 
probe (mean particle size of 15 11111). Labeling spccificity 
was verified by the omission of primary and secondary 
antibodies in \alious labeling schemes, and the perform- 
ante of: hiheling for lhe two different ai/tig011s in differ0ut 
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 Joel 100 CX transmission 
electron lnicroscopc, al 100 kV. 

Results 

We have previously esiablished that the lysosomal cvs- 
lethe protease eathepsin B is distributed more peripherally in 
MCF-10A htmlan breast epithelial cells transfected with 
oncogcnic /'a,s. ~ Rochefort and colleagues have S]lOkVn all 
association hetween /he presence of cathepsin D in phago- 
lysosomes near the cell surface of human breast carcinomas 
and prognosis. Therefure, we determined whether the 
subccllular localization of cathepsin D also was altered. In 
the parental 10A cells, the staining for cathepsin D was 
localized primarily 1o the perinuclear region (F&.I A); a 
localization consistent wilh caflaepsin D being distributed in 

F~gltre 3. hmmnzo,,qoht labeliJ G, for cathcpsin B aml cathcpsipl D ht intmortaI MCF IOA co/Is. Cell monohlycr~ wcrc.tixud with 29; 
pmoformnhleizydc coHtaitling O. )2% xhttartUdehydc, :wJlbcddcd leith gelatin, rcfixed, and the <~elatin-iiffillralcd mom~hn/cr, cryo 
/,rotccted with 2.1 M sucrose, was stripped off the plastic, cut into bhwk% molinted tot vertical sectitnsing of celts tim/trozcn for 

�9 . .  i J, I ~ * 4 �9 . t ,  " T , , , , #  , . - ;  . . . . . . . .  t t ' f i , , ; t , ,  1 ~ , , , . ; ( 7 , , 4  , - , ,  ~ l , ; l  ( 7 1 1 r  :;~i~nltr~tJ:,,,icr;~tonr,/. hnnnlJa lal~cti; G" .2 r c-;TthcF,:dn d ,,,1,;, E} ~:~ the' . &q~4:.; z:':7:; ~ <, . . . . . . . . . . . . . .  ,,, . . . . .  , ..... ., ..... , . . . . . . . . . . .  
tnnnalz liver cathcpsin B aHtibody mvta chicketl aHti porcine calllq~in D mztibody, For Fmtcitt A sold labclin S usin S tilt' dlkkcn 
anli ForcMc D mltibody, o linker (robbit mtti-chickcu ontibodl/) wos ttscd. Lobc/in,.~ was Fcr(ornlcd li)r cathQ~sin t~ am7 ill~'ll 
~,'r D, mid vice verso, labclitlq bemq detected tl 'm S a ~matl r 7# rim) tbltmved by a lmXer (15 nnl) protein A k, oht Frobc, in cat h 
case. Similar colocalizatio, resn]ts were observed in tit/let cost. Cotttr~ lq for doHbh' labcliHy, indicated adequate bh)ckzn S of .qt,clil)us 
t,ctwecn double labelil~,r steps. M the micro,~raphs illustrated, locali=ation of cathcFsin B a,,ss pcl~fiornled first mid detccMt with tim 
70 nItl Frotcill A sold Frobe mid labdD:g for catiteFsi~J D was Fefformcd std~scqm'ntly atzd detected with a 15 mn gold probe. A 
lnlnsvcrse section of rot MCF-IOA ceil is shown (A; basoloteral ~,rfim:c indicated with own arrows). Gcm'rally, cathcFsiHs B amt D 
were fintnd to co]o~ oli=c in the ,lore electron-debt;c, turgot vesicles (Frvs1~mably lute emlosomal or [l/sosottlal comparlt#ie,tl~;) sil uatcd 
i~l a pcrimtclcm location (mt>whcads). Vcsich's selected h, ~ cn/m,~mnent (/9 and C) indicate co/o~olization more alcoriy. Nn = 
nnclcns, S' - Gof\,i ~/~p~rat.>. t~ar., 7 lira (A) amt 0.2 inn (!7 oral O.  
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lysosomes. In the ras-transfected neoT cells (Fig. 1 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 were fl)und to be primarily 
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colocalized in perinuclear vesicles (Fig.2 A). A different pat- 
tern was observed in the neoT cells transferred with mutated 
ras (Fig.2 B). The distribution of both enzymes was more 
peripheral and three patterns of vesicular staining were 
observcd: 1) vesicles staining for both enzymes, 2) vesicles 
staining for only cathepsin B. and 3) vesicles staining [br 
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 
cndosomes as endosomes containing cathepsin D have been 
observed in macrophages >J and hepatocytes; or may be the 
phagolysosomes described by Rochefort and colleagues. '~~  
In order to determine the localization of cathepsins B and 
I) at tile ultrastructural level, we employed immunogold 
double-labeling. In the inlmortal 10A cells, cathepsins B 
and D were largely colocalized in perinuclear vesicles 
(Fig,s.3 A, B, and C, arro ,  heads). In contrast, in the neoT 
cells transfected with mutated ras, a more peripheral dis- 
tribution of the gold labeling for both enzymes was observ- 
ed. including increased labeling on the cell surface (Figs.4 
A aim B). The majority of peripheral 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 
0.14-0.19 bun in diameter, whereas in the ras-transfected 
neoT cells these vesicles were 0.1-0.13 btm in diameter 
(l~'ig.4). In the 10A cells, occasional vesicles (0.5-0.54 him 
in diameter) were observed that resembled phagolyso- 
somes and labeled heavily for catbepsin D. Larger phago- 
lysosomes (0.5-1 gm in diameter) were observed in the 
neoT cells where they labeled more heavily for cathepsin 
B than for catbepsin D (Fig.4 C). 

Cell surface labeling lot cathepsin B has been observed 
by immtmofluorescence techniques in human lung carci- 
noma cells ') and murine B 16 amelanotic melanoma cells. ~-' 
In order to evaluate whether the immunogold labeling for 
cathepsin B observed in ras transfected neoT cells > (Fig.4) 
was on the external surface of the cells, we perlormed 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 ras-transfeeted 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 I0A cells, 
yet substantially more cell surface labeling on the ras-trans- 
fected neoT cells (data not shown). As indicated above, in 
these contbcal 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, in the immunofluorescence method, the cells were 
examined without removal from the coverslips. 

Studies in human colon carcinomas, s prostate carci- 
nomas 3~ and gliomas:7 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- 
s ine  for cathepsins B and D being localized in separate 
peripheral vesicles in the ras-transfected neoT cells (Figs.2 
and 4). Studies to date suggest that cathepsin B is trafficked 
to the lysosomes via a MPR-dependent pathway] M7 On 
the other hand, cathepsm D has been shown to be traffick- 
ed by both MPR-dependent >j~'~') and MPR-independent 

Figure 4. hmntmo[coht labelil(~ for cathepsiH B and cathepsiH D itz MCF-IOArteoT ceils tra~Tsfected with olleogenic ras. Cell 
momdayers were fixed, embedded, and processed for vertical cryoultramicroto,ly sectiolrir~g amt immuHolabeli~g fl~r cathepsiHs B 
attd D was pectbrmed, in both orders, as described irt the h'2end to Fig. 3. ht tire micrographs ilhrstrated, localization of cathepsin D 
was pe@~rnted first mtd detected with a 10 mn protein A e, old probe (A arm B) and labelitl R for cathepsit~ B was performed 
srd~seqtrently aml detected with a 15 in~t gold probe, lmmrtnolabeliltg was else pet:~ormed in t/re reverse sequence (C aJtd D), 
cathcpsin B heiJIg detected with tlre small Rold probe and cathepsin D with the lalNer probe. A trartsverse section of a cell, shows less 
colocalization o~ eathet;sins B and D ill Feripheral regiorts (A) [basolateral surh~ce imticated with an opell arrow (A)I and i17 sub- 
pcrimiclear regions of the cell (Camt D), than irt the parental MCF 70A cells (i~. Fig..3). Some peripheral vesicles appear car~gtz! in 
rite process of secretioJl (A). Assoeiotioll of cathepsm B (arrows) oTuf cathepsin D (arrowheads) with the surface of cells is also 
evident in the; ras trar~sfected 11coT cells (A amt B). g - Golgi ,pdparattrs. Bets, 0.25 lon (A, B mid D) told 0.5 trm (C). 
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pathways7 's~' Although the peripheral vesicles labeling for 
either cathepsin B or cathepsin D might represent two 
different vesicular compamnents, this would appear to be 
unlikely as the sizes of the vesicles are ~,imilar. Another 
possibility is that one compartment might contain only pro 
forms of the two cathepsins and the other mature l;~)rms. 
However. as the antibodies used in the present ,,tudy t+ec - 
ognize both pro and mature forms of cathepsins B and D, 
both compartments should stare for the two enzyme,',. 
Thus. at present the identity of the peripheral vesicles 

staining for only cathepsin B or for only cathcpsin D is, 
unknown. Studies to establish the molcctflar forms of 
cathepsins B and D associated with the cell surfacc and 
these peripheral vesicles and the identity of these peri- 
pheral \esiclcs arc in progrc~,s. 

Rocheforl and collcagucs have proposed that intracellu- 
lar cathepsin D plays a functional role in breast carch-~onm. 
specifically in the degradation of extraceHular matrix 
proteins in a peripheral compartment of phagolysosomes. ;~ 
In the present study by immunogold labeling, we localized 

B 

:> 

A 

giy, ure 5. hmmmocyt~>chcmi(:ol l(.,co!izoti~>~z c!/ eolhelMtt l~ o;~ the sltl/iTc( ' off ta)~z perme~Tbilized MCF 10 hH,tai: 
breast epitheliol cells. Surhwe stm:lilz S tot catllcFSipt k~ was prc>eplt ill discrete rcs, ioJts o!t the bos,'d stl~2hwc qt thr 
cells tra~isCectcd with ,mtiTted ros (t~). 5m/ iwr  stai~titig eoldd ta)t bc vismTlizcd mt the immortal IOA calls (A). The 
c(x,erslips were moui#od lq~sidc-dow~l o~t slides. Thus, the ]abrli~,g ob.,ervcd itt pme l  B is itltderlteoth gtc (dls.  'F I Ic  

) ) primart/, oJ#ibodt/. ~,os ral~bil tutti h~mm~l (othe?.ai)t lq I,~G, oltd lhe secomiarl!, aHtibodl/ Texaq red-c( ttflGated 
d(mkey altti rabbit/,~,C,. Thr staim~.~,, tot ctlthcp:iH [;/ta: bcc~z repeated three times t(> date i~,ith eomt~mabh' re,~dts. 
Ottly a weok ba&W(~tmd flttore,-cc~a:c wo: ol>.,erved itz co>tlrol~ i~r which rabbit pre imtHlmr I:~C, replaced the 
primart/ a~ztibod~/ (trot ilht:tratcd). Pala'ls C oral D arc the phase eot#rost imat4es ~(vresl)ot~di~t\, t,> the flttorcs- 
er~ke images ot pmteb~ A ami t-} , re_~f)e( lively. Bras, 10 t~m. 
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cathepsin D to phagolysosomes primarily in immortal IOA 
cells and calhepsin B to phagolysosomes primarily in ra.v- 
lrai>li:cted neoT cells. We also localized both cathepsins 
B and D to smaller peripheral vesicles and to surface 
membranes of the ras-transfected neoT cells, l b  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 of malignant cells: cathepsin D to the surface of r a y  
Iransfcctcd ncoT cells by: immunogold microscopy (pre- 

sent study): cathcpsin B to the surface of  1) human lung 
adenocarcinoma cells by immunofluorescence microsco- 
py," 2) murine BI6 amelanotic melanoma cells and ras- 
transfected neoT cells by immunofluoresence microscopy 
and flow cytometric analysis. ~" 3) ra.s-transfectcd neoT 
cells by' immunogold microscopy . ~ (present stud)'), and 4) 
r(~s-mmsfected 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 cokm adenocarcinoma cells by immunol]uores- 

i i  
. . . . .  . . . . . . .  ~ ; : : J  

5 ~ 

"% 

..... ; 2 '  

Figure 6. hnmullocytochemical Iocalizatiot7 in MCF-7 :A, B) at~d BT20 (C, D) human breast carcbm,ta cells of 
il#racelhdar cathepsin B (A and C) and cell :m:~we eathepsin B (B amt D). h#raeelhdar cathepsin B staining in gr 
breast carcinoma lines was present throu@out the cytoplasm alut at the cell peripher:/. Surface staining for 
cathepsiJz f3 was t)resel# on the basal sin;face tff both cell lim,s (see legemt to F(% 5). The primary antibody was 
rabbit anti-human cathepsill B ]gG amt the secomtar)/ antibvdy Texas red-co~qugated donkey anti-rabbit lgG. The 
staiHi/~g for cathepsitl B has been rel;eated three times to date with colll])tlrable results. Otlly a weak bacl%,round 
fluorescelzce was observed i~t coJ#rols in which rabbit preimmuHe IgG replaced the primapy antibody (not illus- 
trated). Bars, 10 tmi. 
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cence microscopy.  ~~ We do not yet know whether  surface 

associated lysosomal  proteases play a funct ional  role in 

tumor  progress ion.  This  possibi l i ty is suggested by the 

ability to induce  concomi tan t ly  in mal ignant  cells the 

surface express ion  of  cathepsin  B, the integrin cq~,13 ~, and 

the autocr ine  moti l i ty factor receptor. These  three proteins  

could media te  the three putat ive steps in tumor  invasion:  

adhesion,  local degradat ion  and migrat ion.  15 Fur thermore .  

the local izat ion of cathepsin  B to discrete regions on the 

basal surface of ras- transfected h u m a n  breast  epithelial  

cells and breast  ca rc inoma  cells resembles  the local izat ion 

of  proteases  to the invadopodia  descr ibed by' Chen  and 

colleagues,  2: a s tructure shown to be involved  in cell adhe-  

sion, local degradat ion  and mvaston.  ~ 
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