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Abstract 
Cathepsin-D (CathD) is an aspartyl lysosomal protease expressed in all tissues that might play a role in antigen processing, cell 
proliferation and tissue renewal, and activation of different pro hormones. The aim of our study was to compare the expression of CathD in 
most common breast tumors and tumor-like breast lesions. The study includes 21 patients with histologically verified breast lesions 
(adenosis, ductal hyperplasia, fibroadenomas, and different types of invasive carcinoma). We investigated the cathepsin-D expression in 
these breast lesions using immunohistochemistry (IH; paraffin-embedded tissues). Cathepsin-D staining within each lesion was assessed 
by estimating the area of the objects and the medium pixel intensity per object, as the integrated optical density (IOD). The immunostaining 
was more obvious in breast invasive carcinomas and macrophages. The reaction in tumor tissue was heterogeneous with little variation of 
staining intensity in positive tumor cells. Adenosis had the maximum area/signal intensity from all studied breast benign lesions (p<0.001, 
Student t-test). The general tendency (all benign lesions, lobular carcinomas and G3 ductal invasive carcinoma) was a more prominent 
representation of the cellular compartment. In the G3 ductal invasive carcinoma-type, the group of patients with metastases had a stronger 
expression in the cellular compartment. These results suggest that CathD expression was strongest in malignant than in benign breast 
disease, the positivity being present in both epithelial neoplastic and stromal cells. We also conclude that our procedure in IOD 
measurement is prone to less subjective-related biases, and thus more accurate and constant than other methods employed by other 
authors. 
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 Introduction 

Breast cancer still remains a major world health 
problem, being the second leading cause of cancer death 
in women, exceeded only by lung cancer. It is estimated 
that breast cancer will affect five million women 
worldwide over the next decade, and the incidence of 
the disease is increasing at an average of about 1% per 
year in industrialized countries and at a greater rate in 
developing countries [1, 2]. 

Considerable progress has been made in 
understanding the mechanisms of breast tumor growth 
and progression. Over the years, there were studied 
more than thirteen categories of breast tumor markers, 
hoping to improve prevention, screening, treatment, and 
surveillance of breast cancer [3]. 

One of these breast cancer markers is CathD.  
This biological marker is a peptidase belonging to  
the family of aspartic peptidases. Major function of 
CathD is the digestion of proteins and peptides  
within the acidic compartment of lysosome [4].  
Other physiological effect includes hormone and 
antigen processing, and breakdown of the extra cellular 

matrix. In the latest decades, there has been an 
increasing number of data, describing elevated levels in 
certain tumor tissues, associated with their progression 
and metastases [5–7].  

The aim of the present study was to compare the 
expression of CathD in most common breast tumors and 
tumor-like breast lesions.  

 Materials and Methods 

Tissues and histopathological processing 

Twenty-one formalin-fixed, paraffin-embedded 
breast tissue blocks from the archive of the department 
of pathology (No. 1 Emergency County Hospital, 
Craiova) were included in the current study. All these 
samples originated from complete resection material. 
Sections from these paraffin-embedded blocks were 
stained with Hematoxylin and Eosin (HE). Two 
experienced pathologists (S.C. and F.C.) without 
knowledge of the clinical data performed re-evaluation 
of the HE stained sections. Diagnosis and tumoral 
grading were performed according to WHO criteria. 
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Immunohistochemistry 
We performed immunostaining on formalin-fixed, 

paraffin embedded tissue sections using a labeled 
streptavidin-biotin immunoenzymatic antigen detection 
system, respectively the Ready-to-Use UltraVision Plus 
Detection System Anti-Polyvalent, HRP/DAB (from 
Lab Vision Corporation, USA). All the experimental 
procedures have been carried out in the facility of the 
Research Center for Microscopic Morphology and 
Immunology (University of Medicine and Pharmacy 
Craiova). 

Five-micrometer- thick serial sections were cut from 
each paraffin-embedded block. The sections were 
deparaffinized in xylene and rehydrated through graded 
concentrations of alcohol. As antigen retrieval, we used 
heat-induced epitope retrieval (HIER), a technique of 
boiling tissue sections in 10 mM citrate buffer, pH 6.0 
for 20 minutes followed by cooling at RT for  
20 minutes. Three-percent hydrogen peroxide in PBS 
for 15 minutes was then applied to block endogenous 
peroxidase activity. For nonspecific background 
blocking, we used 7 minutes incubation at room 
temperature with Ultra V Block.  

The sections were incubated overnight at 40C with 
anti-human cathepsin-D Ab-1 (Clone C5) Mouse 
Monoclonal antibody (diluted 1:50; Lab Vision 
Corporation, USA). Antibody dilution was made in 1% 
bovine serum albumin and 0.05% Tween. Next day, the 
sections were washed thoroughly, incubated with the 
Biotinylated Goat Anti-Polyvalent Plus for 15 minutes 
at room temperature. After washing, Streptavidin 
Peroxidase Plus was applying for 15 minutes at room 
temperature. Next step was thoroughly washing and the 
signal was developed with DAB Plus Chromogen under 
microscope control.  

All sections were finally counterstained with 
Hematoxylin dehydrated with xylene, and raised using 
Entelan raising medium. Internal negative controls were 
obtained by omitting the primary antibodies and 
external positive controls consisting in breast 
carcinomas specimens with known strong cathepsin-D 
expression. The normal controls were obtained from the 
resection edges of these breast tumors.  

Image acquisition and analysis 
The sections were imaged with a Nikon Eclipse 90i 

microscope equipped with a 5-megapixel CCD camera. 
20× and 40× images were acquired utilizing a Nikon 
frame grabber and the Nikon NIS-Elements software. 
All images were acquired and processed in TIFF  
format. 

For the interpretation of the CathD stained sections, 
two observers (MC and BI), without the knowledge of 
the clinical data, evaluated independently the slides.  

Cathepsin-D staining within each lesion was 
assessed by estimating the area of the objects and the 
medium pixel intensity per object, as the integrated 
optical density (IOD). Briefly, in an initial calibration 
step, we recorded first an image without any section 
mounted on the microscope, one with no transmitted 
light, and then we utilized these two images as 
calibration standards for maximum and minimum values 

in our densitometric study. The same light level as for 
incidental light without a slide was kept for each image 
acquired. 

Utilizing the hand lasso tool in Photoshop 
(Photoshop 7, Adobe Systems Inc.), each image was 
devised in a layer containing only the cells and another 
layer containing only the stroma. The layers were 
imported in NIS-Elements and processed for IOD 
measurements. An RGB profile of the immunohisto-
chemical signal was created and then applied for each 
layer to create signal masks.  

All these operations were recorded and run in a 
batch processing flow that needed operator input only 
when encircling the areas of the cells. This greatly 
increased the speed of analysis and ensured 
reproducible data. All the values were exported and 
analyzed in Excel.  

The reactive stromal cells analyzed included those 
with morphologic features of fibroblasts, myofibroblasts 
and macrophages. We could not exclude from counting 
macrophage-like cells that surrounded and infiltrated 
clumps of tumor cells in breast invasive carcinomas. 

Statistical analysis 
All recorded values were exported and analyzed in 

Excel (Microsoft Corporation). Differences in CathD 
expression between different pathological types were 
assessed utilizing Student t-test.  

 Results 

Histopathological data 

The histopathological re-evaluation of the section 
was summarized in Table 1. The most numerous studied 
lesions was malignant (14) with ductal invasive 
carcinoma best represented (eight). The most encountered 

benign lesion was breast adenosis (three cases), 
especially of sclerosing type (two cases).  

Table 1 – Histopathological distribution of the 
casuistry 

 Histopathological breast 
lesion type 

No. of 
cases 

Sclerosing adenosis 2 
Microglandular adenosis 1 
Ductal hyperplasia 1 

Benign breast lesion 
(seven lesions) 

Fibroadenomas 3 
G3 ductal invasive carcinoma 5 
G1 ductal invasive carcinoma 3 
Lobular invasive carcinoma 3 

Malignant breast 
lesion (14 lesions) 

Mucinous invasive carcinoma 3 

CathD expression 

Normal lobular or ductal epithelia both from non-
tumoral and tumoral lesions showed no specific 
staining. In both, epithelia and stromal cells of studied 
breast lesions, cathepsin-D immunostaining was seen as 
brown, coarse, or tiny granules dispersed in the 
cytoplasm of the cells. In general, benign epithelium 
showed a low-intensity small granular staining, whereas 
breast invasive carcinomas and macrophages displayed 
a more consistent, diffuse, and higher-intensity staining 
of larger granules (Figures 1 and 2). 
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(a)  (b)
 

(c)  (d)
 

Figure 1 – Cathepsin-D expression in breast adenosis: 
(a) Sclerosing adenosis (HE staining, ob. ×40);  
(b) CathD expression in sclerosing adenosis (ob. ×40); 
(c) Microglandular adenosis (HE staining, ob. ×40); 
(d, e) CathD expression in microglandular adenosis 
(ob. ×20 and ×40). 

 (e)
 

(a)  (b)

Figure 2 – Cathepsin-D expression in breast ductal hyperplasia and fibroadenomas: (a) Ductal hyperplasia 
(HE staining, ob. ×40); (b) CathD expression in ductal hyperplasia (ob. ×40). 
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(c)  (d)
 

(e) 

Figure 2 – Cathepsin-D expression in breast ductal 
hyperplasia and fibroadenomas: (c) Breast fibro-
adenoma (HE staining, ob. ×10); (d, e) CathD 
expression in breast fibroadenoma (ob. ×10 and ×40). 

 
The distribution of positive cells within tumor tissue 

was heterogeneous and we did not observe any 
difference on location of CathD-positive cells between 
central parts and tumors periphery (Figures 3 and 4). 
There was little intratumoral variation of staining 
intensity in positive tumor cells, but reaction seems to 
be more intense towards the cell membranes in those 
cells (Figures 3f and 4f). Many of the positive stromal 
cells were macrophage-like cells, and they contained 
numerous coarse, strongly CathD-positive granules 
(Figures 1e, 2e, 4b, 4e, and 4f). These sometimes 
surrounded and infiltrated clumps of tumor cells and 
varied considerably in intensity within the tumors 
(Figure 4, d–f). 

Evaluation and analysis of cathepsin-D 
expression 

In the group of benign lesions we observed a 
maximum area/signal intensity for the adenosis-type of 
lesions (p<0.001, Student t-test).  

Although the number of sections assessed  
did not deem significant the difference between  
cellular and stromal compartments in hyperplasia- 
type of lesions (p = 0.13, Student t-test), the general 
tendency observed for benign lesions was a more 
prominent representation of the cellular compartment 
(Figure 5). 

 
 

(a)  (b)
Figure 3 – Cathepsin-D expression in breast lobular and mucinous carcinomas: (a) Lobular carcinoma (HE staining, 
ob. ×10); (b) CathD expression in lobular carcinoma (ob. ×20). 
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(c)  (d)
 

(e)  (f)
Figure 3 – Cathepsin-D expression in breast lobular and mucinous carcinomas: (c) Mucinous carcinoma 
(HE staining, ob. ×4); (d–f) CathD expression in mucinous carcinoma (ob. ×10, ×20 and ×40). 

 

(a)  (b)
 

Figure 4 – Cathepsin-D expression in breast ductal 
invasive carcinoma: (a) G1 ductal invasive carcinoma 
(HE staining, ob. ×10); (b) CathD expression in G1 
ductal invasive carcinoma (ob. ×20); (c) G3 ductal 
invasive carcinoma (HE staining, ob. ×10). 

 (c)
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(d)  (e)
 

(f) 

Figure 4 – Cathepsin-D expression in breast ductal 
invasive carcinoma: (d–f) CathD expression in G3 
ductal invasive carcinoma (ob. ×20 and ×40). 

 

 
Figure 5 – Staining grading in benign lesions. 
Adenosis-type of lesions presented with the highest 
intensity-area of the signal for both cellular and 
stromal compartments. The cellular compartment 
was predominant for adenosis and fibroadenoma-
type of lesions. Scale bars represent standard 
deviation, * – difference deemed highly significant, 
p<0.001, Student t-test. 

The same type of analysis on the malign lesions 
revealed that the cellular compartment predominated in 
lobular carcinomas (p<0.001, Student t-test) and G3 ductal 
invasive carcinoma (p<0.05, Student t-test) (Figure 6). 
In mucinous carcinoma we observed an inverse trend  
of predominance of the stroma over the cellular 
compartment (p<0.05, Student t-test). Probably again 
due to the small sample size, we could not conclude any 
differences between the two compartments in the G1 
ductal invasive carcinoma (p = 0.6, Student t-test). 

 
Figure 6 – Staining grading in malign lesions. 
Adenosis-type of lesions presented with the highest 
intensity-area of the signal for both cellular and 
stromal compartments. The cellular compartment 
was predominant for lobular carcinoma, when 
compared to all the other types, except the G3 ductal 
invasive carcinoma. In mucinous carcinoma, the 
stromal compartment was significantly more 
represented compared to the cellular compartment. 
No difference could be noted in the G1 ductal 
invasive carcinoma type. Scale bars represent 
standard deviation, * – difference deemed highly 
significant, p<0.001, Student t-test, ** – difference 
deemed significant, p<0.05, Student t-test. 

The rather large variability in the G3 ductal invasive 
carcinoma-type is also due to the presence of two sub-
categories here: patients presenting without identifiable 
metastases and patients with metastases. The group of 
patients without metastases consisted of three cases 
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(cells IOD: 16×106/10 fields ± 6×106), while the group 
of patients with metastases consisted of two patients 
(cells IOD: 21×106/10 fields ± 4×106), the second 
group having, thus, a stronger expression in the cellular 
compartment. The same overall proportion was also 
recorded for the stromal compartment between these 
two sub-groups. 

 Discussion 

CathD has long been thought to be ubiquitously 
distributed in lysosomes of all cells in order to degrade 
proteins at an acidic pH in synergy with other 
cathepsins [8]. Having a crucial role in activating 
proteins in prelysosomal compartments, it has been 
proposed that CathD might play a role in antigen 
processing [9, 10], cell proliferation and tissue renewal 
[11] and activation of different prohormones [12–14]. 

Studies on some solid tumors, inclusively on breast 
cancer have revealed that overexpression of CathD can 
be correlated with the metastatic potential of these 
tumors [15–18]. It has generally been proposed that 
CathD is involved in the degradation of the basement 
membrane surrounding the primary tumor, and 
moreover the major action may be via substrates leading 
to increased cell proliferation of tumor cells at distant 
sites. The overexpression of CathD in breast cancer  
was proved both at the mRNA and protein levels  
[15, 17–19]. Several approaches, such as immunohisto-
chemistry, in situ hybridization, cytosolic immunoassay 
and Northern and Western blot analyses have indicated 
that in most breast cancer tumors CathD is over 
expressed 2- to 50-fold compared to its concentration in 
other cells such as fibroblasts or normal mammary 
glands [19].  

Schultz DC et al. [20] used for the first time Western 
blotting analysis to determine the relative amounts of 
precursor and processed forms of CathD in sera and 
breast tissue of patients with breast cancer, benign 
breast disease, and normal controls. Authors noticed 
that malignant breast tissue contained the two forms of 
CathD found in sera (Mr 52 000 and 27 000), and an 
additional Mr 31 000 form which was found in 
significantly increased (p<0.001) relative amounts in 
breast tissue from 43 breast cancer patients [24 ± 12% 
(SD)] when compared to 51 benign breast disease 
patients (13 ± 8.9%) and 23 normal controls (1.8 ± 
4.4%). Also, there was found that there was no 
significant difference (p = 0.41) in relative amounts of 
the Mr 31 000 form of CathD between proliferative-type 
and nonproliferative-type fibrocystic breast disease. 

Stomper PC et al. [21] studied the immunohisto-
chemical expression of CathD on forty-five patients 
with 48 breast lesions, of which 25 were malignant 
(invasive ductal or invasive lobular carcinoma and 
DCIS) and 23 benign (fibro adenomas and other benign 
lesions). The authors showed a positive CathD staining 
in both benign and malignant epithelial cells and 
macrophages. Generally, benign epithelium showed a 
low-intensity small granular staining, whereas in situ 
invasive carcinomas and macrophages displayed  
a more consistent, diffuse, and higher-intensity staining 

of larger granules. Also, quantitatively seventeen of 
25 (68%) malignant and 17 of 23 (74%) benign lesions 
showed more than 50% positively staining cells for 
CathD.  

According to Stomper PC et al. our results prove 
that in benign lesion the epithelium had a low reactivity 
to CathD, whereas tumor cells from malignant breast 
lesion and macrophages displayed a more consistent, 
diffuse, and higher-intensity staining. Regarding CathD 
distribution within breast lesion, we conclude than the 
general tendency for benign lesion was a more 
prominent immunoreactivity in the cellular 
compartment. The same tendency was observed in 
lobular carcinomas (p<0.001, Student t-test) and in G3 
ductal invasive carcinoma (p<0.05, Student t-test). 

Zheng WQ et al. [22] had compared CathD 
expression in a range of benign and malignant breast 
lesions. In benign lesions, neither epithelial nor stromal 
cells in fibrocystic lesions and fibroadenomas were 
CathD positive, but a weakness in moderating positivity 
was observed within myoepithelial cells in mammary 
ducts. Out of the invasive ductal carcinomas, 61.5% 
showed stromal cell CathD-positivity, whereas 48.9% 
expressed CathD-positivity in neoplastic cells. Only 
15% of intraductal carcinomas were CathD positive and 
expression was limited to neoplastic cells. 

Over expressed CathD areas are mostly located in 
breast cancer tissue and not in tumor fibroblasts, as 
shown by immunohistochemistry [18] and RNA in situ 
hybridization [16]. Zheng WQ et al. [22] observed a 
significant correlation between neoplastic cell and 
stromal CathD positivity. The prevalence of CathD 
positivity in both neoplastic and stromal cell 
components were significantly higher (p<0.05 and 
p<0.01, respectively) in histological grade III tumors 
compared to grades I and II carcinomas. CathD 
expression by either neoplastic or stromal cells did not 
show significant correlation with patient’s age and 
tumor size. Although macrophages present in the 
surrounding tumor tissue also produce this enzyme, they 
do not seem to explain such a high CathD concentration 
[18]. Wolf M et al. [23] observed de novo synthesis of 
CathD in macrophages and possibly fibroblasts within 
the stroma of breast cancers, and occasionally in breast 
cancer cells. It is suggested that the release of CathD by 
tumor stromal cells, such as macrophages and 
fibroblasts, represents a significant autocrine and 
paracrine regulatory loop able to attenuate cell 
migration events through the disruption of a chemokine 
gradient in the extra cellular matrix. 

According to the degree of invasive breast 
carcinomas, Fernandez-Aguilar S and Noël JC [24] 
showed that CathD expression at both stromal and 
epithelial level was similar in tubular carcinoma and G1 
breast cancers, but lower than in G2 and G3 patients at a 
stromal level. 

Quantification of IOD integrates better both the area 
and the average pixel intensity of the signal, being 
currently one of the most utilized parameter in the 
characterization of the signal intensities in image 
analysis. Therefore, using a common RGB signal 
masking procedure, IOD as the measure of the 
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area/intensity of the signal, and a batch-type of image 
processing, we consider that our method is prone to  
less subjective-related biases, and thus more accurate 
and constant than other methods employed by other 
authors.  

According to American Society of Clinical 
Oncology, the present data are insufficient to 
recommend use of CathD measurements for 
management of patients with breast cancer [3]. 
Generally, the Committee has found that studies of 
CathD measured by IHC are variable, with no assay 
standardization and inconsistent associations with 
outcome, and, again, with little regard to the 
confounding effects of systemic therapy. 

Nevertheless, a Dutch study on 2810 patients 
between 1978 and 1992 provides the result that over 
expression of CathD in primary breast cancer is an 
independent prognostic parameter correlated with the 
incidence of clinical metastases and shorter survival 
times, thus confirming it as a marker of aggressiveness 
[25]. In this large data set, Foekens JA et al. [25] 
showed that CathD expression was not associated with 
tumor grade, but was correlated with ER, PR, 
menopausal, node status as well as age and tumor size. 
Some of these associations were confirmed by other 
investigators reporting that CathD levels were 
considerably higher in large tumors (pT2-4) than in 
smaller ones (pT1) as well as in node-positive than in 
node-negative breast tumors [26]. According to these 
results, we found that the group of patients with 
metastases from G3 ductal invasive carcinoma-type had 
a stronger expression in the cellular compartment than 
the group of patients without identifiable metastases. 

In addition, Aziz S et al. [27] ascertained that there 
are no associations between axillary lymph node 
metastasis and CathD-positivity. On the other hand, 
some studies have indicated that increased levels of 
CathD in node-negative breast cancer patients were able 
to predict a shorter disease-free interval and overall 
survival, independently of steroid receptors’ status, 
tumor size and histological grade [25, 28]. On the 
contrary, Fernö M et al. [29] reported prognostic 
importance of CathD only for node-positive breast 
cancer patients. In addition, Rodríguez J et al. [26] 
reported that CathD positivity showed no significant 
correlation with shorter disease-free interval and overall 
survival when determined by imunohistochemically 
means. 

 Conclusions 

Our results proved that CathD expression was 
strongest in malignant than in benign breast disease, the 
positivity being present in both epithelial neoplastic and 
stromal cells. Our method of CathD quantification in 
breast lesions seems to be less subjective-related biases, 
and thus more accurate and constant than other methods 
employed. All together, although further studies will be 
needed to include CathD in the list of prognostic 
markers for breast cancers, we conclude that 
immunohistochemical detection of CathD could be a 
useful reporter in evaluating of breast cancer patients. 

Acknowledgements 
This work was partially supported by the Romanian 

National University Research Council (CNCSIS), 
Ministry of Education and Research, projects frame TD, 
no. 459/01.10.2007. 

References 
[1] BRAY F., SANKILA R., FERLAY J., PARKIN D. M., Estimates of 

cancer and mortality in Europe in 1995, Eur J Cancer, 
2002, 38(1):99–166. 

[2] METTLIN C., Global breast cancer mortality statistics,  
CA Cancer J Clin, 1999, 49(3):138–144. 

[3] HARRIS L., FRITSCHE H., MENNEL R., NORTON L.,  
RAVDIN P., TAUBE S., SOMERFIELD M. R., HAYES D. F.,  
BAST R. C. JR.; AMERICAN SOCIETY OF CLINICAL  
ONCOLOGY, American Society of Clinical Oncology  
2007 update of recommendations for the use of  
tumor markers in breast cancer, J Clin Oncol, 2007, 
25(33):5287–5312. 

[4] DEAN R. T., Direct evidence of importance of lysosomes in 
degradation of intracellular proteins, Nature, 1975, 
257(5525):414–416. 

[5] IKEGUCHI M., FUKUDA K., OKA S., YAMAGUCHI K.,  
HISAMITSU K., TSUJITANI S., SAKATANI T., UEDA T.,  
KAIBARA N., Clinicopathological significance of cathepsin D 
expression in gastric adenocarcinoma, Oncology, 2001, 
61(1):71–78. 

[6] THEODOROPOULOS G. E., PANOUSSOPOULOS D., LAZARIS A. C., 

GOLEMATIS B. C., Evaluation of cathepsin D immunostaining 
in colorectal adenocarcinoma, J Surg Oncol, 1997, 
65(4):242–248. 

[7] TÊTU B., BRISSON J., LAPOINTE H., WANG C. S., BERNARD P., 
BLANCHETTE C., Cathepsin D expression by cancer and 
stromal cells in breast cancer: an immunohistochemical 
study of 1348 cases, Breast Cancer Res Treat, 1999, 
55(2):137–147. 

[8] BARRETT A. J., Cathepsin D. Purification of isoenzymes 
from human and chicken liver, Biochem J, 1970, 
117(3):601–607. 

[9] VAN NOORT J. M., VAN DER DRIFT A. C., The selectivity of 
cathepsin D suggests an involvement of the enzyme in the 
generation of T-cell epitopes, J Biol Chem, 1989, 
264(24):14159–14164. 

[10] MIZUOCHI T., YEE S. T., KASAI M., KAKIUCHI T., MUNO D., 
KOMINAMI E., Both cathepsin B and cathepsin D are 
necessary for processing of ovalbumin as well as for 
degradation of class II MHC invariant chain, Immunol Lett, 
1994, 43(3):189–193. 

[11] SAFTIG P., HETMAN M., SCHMAHL W., WEBER K.,  
HEINE L., MOSSMANN H., KÖSTER A., HESS B., EVERS M.,  
VON FIGURA K. et al., Mice deficient for the lysosomal 
proteinase cathepsin D exhibit progressive atrophy of the 
intestinal mucosa and profound destruction of lymphoid 
cells, EMBO J, 1995, 14(15):3599–3608. 

[12] AUTHIER F., MORT J. S., BELL A. W., POSNER B. I., 
BERGERON J. J., Proteolysis of glucagon within hepatic 
endosomes by membrane-associated cathepsins B and D, 
J Biol Chem, 1995, 270(26):15798–15807. 

[13] KRIEGER T. J., HOOK V. Y., Purification and characterization 
of a cathepsin D protease from bovine chromaffin granules, 
Biochemistry, 1992, 31(17):4223–4231. 

[14] DIMENT S., MARTIN K. J., STAHL P. D., Cleavage of 
parathyroid hormone in macrophage endosomes illustrates 
a novel pathway for intracellular processing of proteins,  
J Biol Chem, 1989, 264(23):13403–13406. 

[15] CAVAILLÉS V., GARCIA M., ROCHEFORT H., Regulation of 
cathepsin-D and pS2 gene expression by growth factors in 
MCF7 human breast cancer cells, Mol Endocrinol, 1989, 
3(3):552–558. 

[16] ESCOT C., ZHAO Y., PUECH C., ROCHEFORT H., Cellular 
localization by in situ hybridization of cathepsin D, 
stromelysin 3 and urokinase plasminogen activator RNAs  
in breast cancer, Breast Cancer Res Treat, 1996, 
38(2):217–226. 



Cathepsin-D expression in breast lesion: an immunohistochemical study 

 

39
[17] ROCHEFORT H., CAVAILLÉS V., AUGEREAU P., CAPONY F., 

MAUDELONDE T., TOUITOU I., GARCIA M., Overexpression 
and hormonal regulation of pro-cathepsin D in mammary 
and endometrial cancer, J Steroid Biochem, 1989,  
34(1–6):177–182. 

[18] ROGER P., MONTCOURRIER P., MAUDELONDE T.,  
BROUILLET J. P., PAGES A., LAFFARGUE F., ROCHEFORT H., 
Cathepsin D immunostaining in paraffin-embedded  
breast cancer cells and macrophages: correlation with 
cytosolic assay, Hum Pathol, 1994, 25(9):868–871. 

[19] CAPONY F., ROUGEOT C., MONTCOURRIER P., CAVAILLES V., 
SALAZAR G., ROCHEFORT H., Increased secretion, altered 
processing, and glycosylation of pro-cathepsin D in  
human mammary cancer cells, Cancer Res, 1989, 
49(14):3904–3909. 

[20] SCHULTZ D. C., BAZEL S., WRIGHT L. M., TUCKER S.,  
LANGE M. K., TACHOVSKY T., LONGO S., NIEDBALA S., 
ALHADEFF J. A., Western blotting and enzymatic  
activity analysis of cathepsin D in breast tissue and sera  
of patients with breast cancer and benign breast disease 
and of normal controls, Cancer Res, 1994, 54(1):48–54. 

[21] STOMPER P. C., WINSTON J. S., HERMAN S.,  
KLIPPENSTEIN D. L., BLUMENSON L. E., Cathepsin D and 
dynamic magnetic resonance imaging gadolinium 
enhancement in malignant and benign breast lesions,  
Clin Cancer Res, 1997, 3(4):559–563. 

[22] ZHENG W. Q., LOOI L. M., CHEAH P. L., A comparison of the 
pattern of cathepsin-D expression in fibroadenoma, 
fibrocystic disease, preinvasive and invasive ductal breast 
carcinoma, Pathology, 1999, 31(3):247–251. 

[23] WOLF M., CLARK-LEWIS I., BURI C., LANGEN H., LIS M., 
MAZZUCCHELLI L., Cathepsin D specifically cleaves the 
chemokines macrophage inflammatory protein-1 alpha, 
macrophage inflammatory protein-1 beta, and SLC that are 
expressed in human breast cancer, Am J Pathol, 2003, 
162(4):1183–1190. 

[24] FERNANDEZ-AGUILAR S., NOËL J. C., Expression of 
cathepsin D and galectin 3 in tubular carcinomas of the 
breast, APMIS, 2008, 116(1):33–40. 

[25] FOEKENS J. A., LOOK M. P., BOLT-DE VRIES J., MEIJER-VAN 
GELDER M. E., VAN PUTTEN W. L. J., KLIJN J. G. M., 
Cathepsin-D in primary breast cancer: prognostic  
evaluation involving 2810 patients, Br J Cancer, 1999, 
79(2):300–307. 

[26] RODRÍGUEZ J., VÁZQUEZ J., CORTE M. D., LAMELAS M., 
BONGERA M., CORTE M. G., ALVAREZ A., ALLENDE M., 
GONZALEZ L., SÁNCHEZ M., VIJANDE M., GARCIA MUÑIZ J., 
VIZOSO F., Clinical significance of cathepsin D concentration 
in tumor cytosol of primary breast cancer, Int J Biol Markers, 
2005, 20(2):103–111. 

[27] AZIZ S., PERVEZ S., KHAN S., KAYANI N., RAHBAR M., 
Immunohistochemical cathepsin-D expression in breast 
cancer: correlation with established pathological 
parameters and survival, Pathol Res Pract, 2001, 
197(8):551–557. 

[28] KUTE T. E., GRØNDAHL-HANSEN J., SHAO S. M., LONG R., 
RUSSEL G., BRÜNNER N., Low cathepsin D and low 
plasminogen activator type I inhibitor in tumor cytosols 
defines a group of node-negative breast cancer patients 
with low risk of recurrence, Breast Cancer Res Treat, 1998, 
47(1):9–16. 

[29] FERNÖ M., BALDETORP B., BORG A., BROUILLET J. P., 
OLSSON H., ROCHEFORT H., SELLBERG G., SIGURDSSON H., 
KILLANDER D., Cathepsin D, both a prognostic factor  
and a predictive factor for the effect of adjuvant tamoxifen  
in breast cancer. Sweden Breast Cancer Group,  
Eur J Cancer, 1994, 30A(14):2042–2048. 
 
 
 
 

 
 
 
 
 
 
Corresponding author 
Claudiu Mărgăritescu, Associate Professor, MD, PhD, Department of Pathology, Faculty of Dentistry, University of 
Medicine and Pharmacy of Craiova, 2–4 Petru Rareş Street, 200349 Craiova, Romania; Phone +40740–152 550, 
e-mail: c_margaritescu2000@yahoo.com 
 
 
 
 
 
 
Received: November 20th, 2008 

Accepted: January 15th, 2009 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




