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Expression of the estrogen-regulated lysosomal protease, cathepsin D, was studied in a series of 94 breast 
cancers using an immunohistochemical technique. Granular staining of tumor cell cytoplasm was detected 
in 62 cases. Positive staining was associated with a significant increase in overall time to relapse and 
when survival was analyzed in terms of intensity of cathepsin D staining there was a significant trend for 
both increased time to relapse and increased length of survival. The presence of estrogen receptor was 
associated with positive cathepsin D immunostaining, and in the subgroup of estrogen receptor-positive 
tumors cathepsin D staining was associated with significantly prolonged survival; this was not the case 
for estrogen receptor-negative tumors. Positive cathepsin D immunostaining was associated with significant 
prognostic advantage in patients with confirmed lymph node metastasis but not in node-negative patients. 
It is suggested that cathepsin D expression reflects the functional integrity of the estrogen response 
pathway. Cathepsin D may prove a clinically useful adjunct to assessment of estrogen receptor status. 
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HE ENZYME, cathepsin D, is a lysosomal aspartyl en- T dopeptidase with an acid pH optimum and a mo- 
lecular weight of approximately 42 kilodaltons. I Cathepsin 
D has a wide tissue distribution but, interestingly, it ap- 
pears to be regulated by estrogens in breast cancer. The 
46-KD glycoprotein, first described by Westley and Ro- 
chefort,* the synthesis of which is induced by estrogens 
in certain breast cancer cell lines, has been shown to be 
cathepsin D.3 More recently, during a search for estrogen- 
regulated messenger RNA sequences in breast cancer cell 
lines, the mRNA pNR- 100 was isolated, sequenced, and 
found to encode cathepsin D.4 

From the Departments of *Pathology, §Surgery, and IlClinical On- 
cology, University of Newcastle-Upon Tyne, Newcastle-Upon-Tyne, 
United Kingdom. 

Supported by The North of England Cancer Research Campaign. 
t Recipient of the Wellcome Trust for a Research Training Fellowshp. 
$. Recipient of a 1983 University Research Fellowship from the Royal 

Society. 
The authors thank Dr. W. A. Reid, Department of Pathology, Uni- 

versity of Leeds, Leeds, UK, for his generous gift of antibody to cathepsin 
D. The authors also thank Mr. S. Brabazon and Mr. W. Robinson for 
assistance with illustrations. 

Address for reprints: J. A. Henry, BSc, MB ChB, Department of Pa- 
thology, Royal Victoria Infirmary, Queen Victoria Road, Newcastle- 
Upon Tyne, NE 1 4 LP, United Kingdom. 

Accepted for publication July 21, 1989. 

Estrogen-regulated proteins are of considerable interest 
in breast cancer, a tumor which has long been known to 
be estrogen responsive. A variety of  protein^,',^-^ growth 
factors,* and mRNA  sequence^^^^^^^ have been found to 
be regulated by estrogens in breast cancer cell lines. Al- 
though the presence of estrogen receptor alone is of value 
as a prognostic indicator in breast cancer'' it has been 
suggested that estrogen-regulated proteins, either alone or 
in conjunction with estrogen receptor status, may be better 
prognostic indicators, because their presence may provide 
evidence of the functional integrity of the estrogen re- 
sponse. 

Progesterone receptor is the most notable example of 
a prognostically advantageous estrogen regulated pro- 
tein. '* More recently, tissue type plasminogen activator, 
also regulated by estrogens in breast cancer cells,6 has been 
shown to be associated with better prognosis in breast 
cancer. j 3  The prognostic significance of other nonestro- 
gen-regulated gene products has been studied, in particular 
amplification and expression of the c-erbB-2/neu 
~ n c o g e n e ' ~ * ' ~  and expression of epidermal growth factor 
receptor,16 both of which are associated with poor prog- 
nosis. In this report we have used a polyclonal antibody 
to cathepsin Di7 to study the immunohistochemical 
expression of cathepsin D in a series of 94 cases of breast 
cancer. 

265 



266 CANCER January 15 1990 Vol. 65 

Materials and Methods 

Antibody Specificity 

Cell culture and immunoprecipitation: MCF-7 cells were 
plated onto 8-mm microwells and grown to confluence 
in Dulbecco's modified Eagle's medium containing 10% 
fetal calf serum, mol/l estradiol, and 1 pg/ml insulin 
and then incubated with 35S-labeled methionine in serum- 
free medium for 6 hours. The medium was collected and 
the cell extract prepared by lysis in non-ionic detergent. 
Labeled protein ( lo5 cpm of medium or 5 X lo5 cpm of 
cell extract) was incubated overnight at 4°C with 1 pl of 
rabbit polyclonal cathepsin D antiserum, a gift from Dr. 
W. A. Reid, Department of Pathology, University of 
Leeds, Leeds, UK. Antigen-antibody complexes were re- 
moved with protein-A sepharose and subsequently ana- 
lyzed by SDS-polyacrylamide gel electrophoresis and 
fluorography. 

Tumors and Immunocytochemical Staining 
Ninety-four cases of primary operable breast cancer 

were studied. Patient age ranged from 3 1 to 80 years old 

(mean, 57.8 years). Sixty-five patients were older than 50 
years and were considered postmenopausal (mean, 64.6 
years); 29 patients were aged 50 years old or less (mean, 
42.6 years). 

All patients were initially treated by surgical tumor re- 
section and all lumpectomy and node-positive patients 
received postoperative radiotherapy. Adjuvant tamoxifen 
was not used but on relapse 37 received the antiestrogen 
tamoxifen. Patients were followed clinically for up to 60 
months and deaths due to breast cancer recorded. Samples 
of fresh tumor tissue were taken at the time of primary 
surgery for estrogen receptor assay as described 
previously'6: tumors with cytoplasmic estrogen receptor 
levels in excess of 5 fmol/mg protein were considered es- 
trogen receptor positive. The remaining tumor tissue was 
fixed promptly in phosphate-buffered formalin. Blocks 
were selected, postfixed in formal sublimate, embedded 
in paraffin wax, and 5-pm sections cut. After digestion in 
0.1% trypsin for 10 minutes at 22"C, sections were stained 
using a diaminobenzidine peroxidase-antiperoxidase 
technique? sections were incubated with cathepsin D 
antiserum at 1/300 dilution for 30 minutes at room tem- 

MCF-7 cells 

46kDa - 

FIG. 1. Immunoprecipitation of 
MCF-7 cell secreted and cellular 
proteins by cathepsin D antiserum. 
Medium: lo5 cpm of labelled pro- 
tein, total; lo5 cpm were precipitated 
in the absence, -Ab, or presence, 
+Ab, of cathepsin D antiserum. Cell 
extract: 2.5 X lo4 cpm of labelled 
protein, total; 5 x i05 cpm were im- 
munoprecipitated in the absence, 
-Ab, and presence, +Ab, of cathep- 
sin D antiserum. 

Total - A b  +Ab 

Medium 

Total - A b  +Ab 

Cell extract 
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FIGS. 2A AND 2B. lnvasive ductal carcinoma, immunoperoxidase stain 
for cathepsin D. (A) Granular cytoplasmic staining in tumor cells only. 
(B) At increased magnification, lysosomal localization of cathepsin D 
staining is apparent. 

perature. The stained sections were scored by two inde- 
pendent observers for intensity of staining using a three- 
point scale: 0, no cells staining; +, weak or moderate 
staining; and ++, strong staining. Discrepant results were 
reviewed. Positive staining of macrophages was ignored. 

Statistics 

Analysis was carried out using a program for Acorn/ 
BBC microcomputers (Acorn Computers Ltd., Cam- 
bridge, England).” Survival curves were prepared by the 
life table method and compared by the log-rank test and 
the chi-square test for trend.20 The relationship between 
the various tumor parameters was examined using the 
chi-square test. 

Results 
The MCF-7 human breast cancer cell line contains ca- 

thepsin D mRNA and synthesises and secretes cathepsin 
D.3 To determine the specificity and sensitivity of the ca- 
thepsin D antiserum, it was used to precipitate the 3sS- 
labeled secreted and cellular proteins. The pattern of the 
total secreted protein (Fig. 1) is similar to that reported 

previ~usly,~ with a prominent 46-KD band. This protein, 
which has been identified as cathepsin D, was precipitated 
quantitatively by the antiserum, with no precipitation of 
other proteins. The pattern of the proteins in the cell ex- 
tract was more complex: in this case three bands were 
identified which correspond to the intracellular forms 
identified by Morisset and  associate^,^ with no precipi- 
tation of other bands. Using sections of human liver as a 
positive control, this polyclonal antibody to cathepsin D 
was found to be effective on formalin-fixed, paraffin- 
embedded tissue sections, therefore a study using routinely 
processed archival tissue was possible. 

Cathepsin D immunostaining was detected in breast 
cancers from 62 of the 94 patients studied. Interpretation 
of staining was reproducible: the two independent scorers 
disagreed over tumor positivity in only nine of 94 cases 
(90% concordance). Staining was predominantly cyto- 
plasmic and granular (Figs. 2A and 2B) and closely re- 
sembled the pattern shown by lysozyme (muramidase) in 
the lysosomes of histiocytes. Stromal macrophages also 
stained positively (Fig. 3) but their characteristic mor- 
phologic features facilitated recognition and elimination. 
The intensity of tumor staining was variable and tumors 
were graded as strongly positive ( 17%, Figs. 2A and 2B), 
positive (49%), or negative (34%). 

Cathepsin D expression was independent of patient age/ 
menopausal status: there was no significant difference in 
the incidence of cathepsin D expression when premeno- 
pausal and postmenopausal patients were compared (chi- 
square = 1.3). 

Positive cathepsin D immunostaining was associated 
with significantly increased overall time to relapse (chi- 
square [log-rank] = 4.119, P < 0.05: Fig. 4): an increase 
in time to death was also seen although this fell short of 
significance (chi-square [log-rank] = 3.342, P < 0.1). 
When survival was analyzed in terms of the intensity of 

FIG. 3. Positive staining for cathepsin D in stromal macrophages of 
an otherwise negative tumor. 
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RG. 4. Time to relapse in breast cancer related to immunocytochemical 
detection of cathepsin D in tumor cells. The longer time to relapse in 
the cathepsin D positive group is significant. 

cathepsin D staining scored on a three-point scale there 
was a significant trend for both increased time to relapse 
(chi-square [trend] = 5.155, P < 0.025) and increased 
length of survival (chi-square [trend] = 5.941, P < 0.025: 
Fig. 5) in the more strongly staining tumors. 

Other variables of prognostic significance studied in 
this patient group comprised estrogen receptor status and 
lymph node metastatic status: the significance of cathepsin 
D immunostaining was determined in the subgroups de- 
fined by these variables. The presence of estrogen receptor 
was associated with positive cathepsin D immunostaining 
(chi-square = 4.160, P < 0.05: Fig. 6). In the subgroup 
of patients with estrogen receptor-positive tumors which 
also stained positively for cathepsin D survival was sig- 
nificantly longer (chi-square [log-rank] = 6.180, P < 0.025: 
Fig. 7). In estrogen receptor-negative patients positive ca- 
thepsin D immunostaining was not associated with any 
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FIG. 5. Survival in breast cancer related to intensity of immunocy- 
tochemical staining for cathepsin D in tumor cells. The superior survival 
with increased intensity of cathepsin D staining is significant. 

I ER- I E R +  I 

p c 0.05 

I ER- I ER+ 

CD - CD + 

FIG. 6. Primary tumor estrogen receptor status related to immuno- 
cytochemical staining for cathepsin D (chi-square = 4.160, P < 0.05). 
Tumors staining for cathepsin D tend to be estrogen receptor positive. 

significant survival advantage (chi-square [log-rank] 
= 0.016, P > 0.1). When the presence of lymph node 
metastasis was considered, in node-positive patients, pos- 
itive immunostaining for cathepsin D conferred a signif- 
icant advantage in terms of both time to relapse (chi- 
square [log-rank] = 5.937, P < 0.025: Fig. 8) and death 
(chi-square [log-rank] = 5.937, P < 0.025); in node-neg- 
ative patients the presence or absence of cathepsin D im- 
munostaining did not significantly influence these pa- 
rameters. 

The relationship of cathepsin D expression to anties- 
trogen response was considered. No patients had received 
adjuvant tamoxifen but 37 had received tamoxifen on 
relapse: response data was available for 36, of whom ten 
had shown some objective response (complete response/ 
partial response/stable disease). There was no significant 
relationship between cathepsin D expression and response 
to antiestrogens on relapse (chi-square = 0.14). 

Discussion 

We have used an immunohistochemical technique to 
study the expression of the lysosomal aspartyl protease 
cathepsin D in a series of 94 breast cancers. We have 
found that the presence of immunohistochemically de- 



No. 2 CATHEPSIN D IN BREAST CANCER - Henry et a/. 269 

tectable cathepsin D is associated with a significant prog- 
nostic advantage which, moreover, is related to the inten- 
sity of cathepsin D staining. In this series, immunohis- 
tochemical positivity for cathepsin D is significantly 
associated with positive estrogen receptor status, and in 
patients with estrogen receptor-positive tumors, expression 
is associated with significant prognostic advantage. Even 
in the prognostically poor subgroup of patients with con- 
firmed lymph node metastases, cathepsin D staining con- 
fers prognostic advantage. 

To our knowledge, this is the first immunohistochem- 
ical study of cathepsin D expression and its relationship 
to prognosis in breast cancer. The polyclonal antibody 
employed was effective on formalin-fixed, paraffin- 
embedded material (unlike the monoclonal antibodies 
employed by Garcia et aL2' effective only on frozen sec- 
tions) hence an archival study was possible. The immu- 
nohistochemical approach has the advantage of precise 
tissue localization of antigen: until now the only studies 
of cathepsin D expression in breast tumors have used an 
immunoenzymatic technique to assay levels of the antigen 
in tumor  extract^.^^,^^ As cathepsin D is a widely distrib- 
uted enzyme, notably also present within the inflamma- 
tory cells found in variable numbers in association with 
most breast tumors, the specificity of any assay based on 
tumor extracts will be low. Immunohistochemical studies 
are advantageous in that nontumor cells staining positively 
for cathepsin D can be identified readily and disregarded, 
greatly improving specificity. 

Cathepsin D promises to be a useful biochemical prog- 
nostic marker in breast cancer. Ninety percent of patients 
whose tumors stained strongly positive for cathepsin D 
were alive 5 years later compared with only 45% of those 
whose tumors contained no detectable cathepsin D. As a 
prognostic marker, cathepsin D is comparable to estrogen 
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FIG. 7. Survival of patients with estrogen receptor-positive tumors 
related to immunocytochemical staining for cathepsin D. The superior 
survival seen in the subgroup with immunocytochemically detectable 
cathepsin D is significant. 
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FIG. 8. Survival of patients with confirmed lymph node metastasis 
related to immunocytochemical staining for cathepsin D. Significant su- 
perior survival is found in the subgroup with immunocytochemically 
detectable cathepsin D. 

receptor,24 progesterone receptor,25 and tissue type plas- 
minogen a~t iva tor '~  in that its expression confers prog- 
nostic advantage. These favorable prognostic markers 
contrast with epidermal growth factor receptor16 and c- 
erbB-2/neu oncogene14 whose expression is prognostically 
deleterious. 

Our finding, that cathepsin D expression is associated 
with prognostic advantage, is in conflict with the findings 
of two other studies. Maudelonde et ~ 1 . ~ ~  report that high 
levels of cathepsin D expression in primary breast cancers 
are associated with an increased propensity for lymph 
node metastasis. T h ~ r p e ~ ~  found that high concentrations 
of cathepsin D predict poor prognosis in primary breast 
cancer. Both of these studies used an immunoenzymatic 
technique to measure levels in extracts of breast tumors, 
with consequent limitations to specificity, as mentioned 
previously. 

The prognostic advantage associated with cathepsin D 
expression seems paradoxical in view of what is known 
of the nature of this enzyme. Cathepsin D is a proteolytic 
enzyme which may be secreted by breast cancer cells to 
facilitate tumor i n ~ a s i o n ~ , ~ ~  and may also be an autocrine 
mi t~gen ,~ '  hence it is attractive to hypothesize that ca- 
thepsin D expression might be associated with poor prog- 
nosis. However, to be effective as a protease enhancing 
metastatic potential, the precursor form of cathepsin D 
requires autoactivation at low pH2? such acid conditions 
may not necessarily arise, particularly in the spreading, 
viable edge of tumors. Cathepsin D is known to be under 
estrogen regulation in breast cancer cells4 and it is this 
property which we believe accounts for the prognostic 
advantage conferred by the expression of cathepsin D. 

In the current study a significant association was found 
between positive estrogen receptor status and immuno- 
histochemically detectable cathepsin D. This finding is in 
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general agreement with work by Maudelonde et a1.,22 who 
report a similar association, but no overall correlation, 
between the concentrations of estrogen receptor and ca- 
thepsin D. This, and the known estrogen regulation of 
cathepsin D, strongly suggest that cathepsin D belongs to 
the family of estrogen-regulated proteins which also in- 
cludes the progesterone receptor' and tissue type plas- 
minogen activator.6,28 The presence of both of these pro- 
teins is associated with improved prognosis in breast 
~ a n c e r ' ~ , ~ ~  in a manner similar to cathepsin D. Detection 
of estrogen-regulated proteins such as progesterone re- 
ceptor, tissue type plasminogen activator, and cathepsin 
D provides additional information on the functional in- 
tegrity of the estrogen response pathway which is of prog- 
nostic and therapeutic importance. 

Further support for this hypothesis is obtained by ex- 
amining the effect of cathepsin D expression on prognosis 
in estrogen receptor-positive and estrogen receptor-neg- 
ative tumor subgroups: in patients with estrogen receptor- 
positive tumors cathepsin D expression was of particular 
prognostic advantage, perhaps reflecting hormonal reg- 
ulation of cathepsin D. The absence of cathepsin D 
expression in some receptor-positive tumors may be ev- 
idence of an incomplete estrogen response pathway, 
therefore the associated poor prognosis, despite receptor 
positivity. Cathepsin D was also expressed by a proportion 
of estrogen receptor-negative tumors but in this subgroup 
expression was not associated with prognostic advantage. 
Such expression in estrogen receptor-negative tumors is 
possibly constitutive and unregulated, as has already been 
described in some nonestrogen-responsive breast cancer 
cell 

The improved prognosis of patients expressing cathep- 
sin D in this study may be a consequence of functioning 
estrogen receptor reflecting a better differentiated or less 
aggressive tumor phenotype. 

Cathepsin D expression was also a marker of good 
prognosis in patients with confirmed lymph node metas- 
tases: the prognosis for these patients is normally poor. 
This observation is difficult to explain but again, may be 
indicative of a less aggressive tumor phenotype. 

The superior survival associated with cathepsin D 
expression does not appear to be related to antiestrogen 
response. The patients did not receive adjuvant tamoxifen 
and the improved survival was seen in terms of time to 
relapse, therefore there could be no antiestrogen effect. In 
the group of 36 patients who received tamoxifen on relapse 
there was no evidence of any correlation between cathep- 
sin D expression in the primary tumor and subsequent 
antiestrogen response. 

In conclusion, we have shown that expression of ca- 
thepsin D in breast cancer is associated with a significant 
prognostic advantage. In view of the known estrogen reg- 

ulation of cathepsin D in breast cancer it is likely that 
cathepsin D is an additional marker of estrogen respon- 
siveness, comparable to progesterone receptor and tissue 
type plasminogen activator. The immunocytochemical 
approach utilized allows accurate assessment of the pres- 
ence of cathepsin D in tumor cells hence the contribution 
of inflammatory cells to overall cathepsin D levels can be 
disregarded. It is hoped that cathepsin D assessment will 
prove a clinically useful adjunct to estrogen receptor status 
in the management of breast cancer. We plan to extend 
our series and further examine cathepsin D expression in 
relation to endocrine response and to examine the rela- 
tionship of cathepsin D expression to other markers of 
prognostic significance. 
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