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ABSTRACT 

Cathepsin D (CD), a lysosomal protease, and S100A4 protein, a calcium binding motif, are considered to be involved in 
metastasis in various human cancers. No data regarding such proteins are available for canine mammary carcinomas 
(CMCs). Accordingly, their expression in association with known factors of prognosis was investigated in this study. 
For that, 66 surgically resected CMCs were submitted to an immunohistochemical evaluation using anti CD, S100A4 
protein, HER2, estrogen receptor α, cytokeratin 5, and p63 antibodies, further characterizing the tumors’ molecular 
subtype. An increase in S100A4 immunoexpression by neoplastic luminal mammary cells was associated with an infil- 
trative tumor mode of growth, consequently leading us to conclude that S100A4 protein could be related to progression 
in CMCs. Additionally, the occurrence of the luminal A molecular subtype was associated with the complex histotype 
in CMCs. Although we have demonstrated that changes in S100A4 protein immunoexpression occurs in CMCs, further 
studies are needed to determine whether this represents important independent biomarkers for CMCs.  
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1. Introduction 

Mammary gland tumors are the most common neoplasms 
of the female dog and represent a remarkably heteroge- 
neous group in terms of morphology and biological be- 
havior [1]. Consequently, the identification of reliable 
prognostic factors is very important in order to assess the 
individual risk and evaluate the clinical outcome. The 
prognosis of advanced mammary carcinoma patients is 
most likely related to the degree of metastatic spread. 
Although the process of cancer metastasis appears to be 
regulated by a variety of gene products, little is known 
about the molecular aspects of progression of canine 
mammary carcinoma (CMC) cells. Despite this, specific 
proteins such as Cathepsin D (CD) [2] and S100A4 pro- 
tein [3] revealed to be important to the metastatic process 
of breast cancer in humans, consequently being classified 
as metastasis-related proteins.   

CD is a well characterized lysosomal hydrolase, serv- 
ing critical functions in intracellular protein degradation 

and in the breakdown of the extracellular matrix [4]. It 
was also demonstrated that CD is important for fibroblast 
invasive outgrowth and could act as paracrine mediator 
between cancer and stromal cells [5]. In humans, such 
protein is aberrantly overproduced and hypersecreted by 
both neoplastic and nonneoplastic cells from the tumor 
microenvironment, such as macrophages and fibroblasts 
[5]. Intracellular CD in human breast cancer cells has 
been shown to have 8 - 16 times more activity than nor- 
mal mammary cells [6].    

On the other hand, the S100A4 protein belongs to a 
calcium-dependent family of proteins whose expression 
is elevated in several pathological conditions. Further- 
more, it is already well documented that S100A4 is ex- 
pressed in malignant neoplastic cells of humans and con- 
tributes to the motility of tumor cells and the consequent 
metastatic progression, although this mechanism has not 
yet been elucidated [7]. Some authors reported that the 
overexpression of the S100A4 protein is closely related 
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to many functions that collaborate in the aggressiveness 
of the tumor such as metastases to the lymph nodes [8]. 

Since there are no studies regarding the immunoex- 
pression of such proteins in CMCs, the aim of the present 
study is to immunohistochemically characterize the ex- 
pression patterns of Cathepsin D and the S100A4 protein 
in canine mammary tumors and relate such patterns with 
histopathological characteristics and HER2 and estrogen 
receptor-α status related immunophenotypic subtypes (lu- 
minal-like, basal-like, and HER2 overexpression).  

2. Materials and Methods 

2.1. Tissue Samples and Histological Evaluation 

Sixty six surgically resected CMC tissue specimens were 
obtained from female dogs which underwent mastectomy 
at the São Paulo State University’s Veterinary Hospital, 
Botucatu, Brazil, between March 2002 and September 
2006. All patients had the tumor specimens surgically 
removed by radical mastectomy and none of them had 
received preoperative chemotherapy or radiotherapy. Tis- 
sue samples from these neoplasms were fixed in 10% 
neutral buffered formalin, routinely processed, and par- 
affin-embedded. For routine microscopic examination, 4 
µm thick sections were obtained and stained with hema- 
toxylin and eosin with subsequent evaluation under light 
microscopy. Lesions were classified according to stan- 
dard diagnostic criteria provided by the World Health 
Organization [9] which are propagated throughout more 
recent classification schemes [10,11] and subsequently 
grouped in two subgroups: simple neoplasms (when the 
neoplasm was composed of a single cell type—luminal 
mammary cells) and complex neoplasms (when the neo- 
plasm was composed of luminal mammary cells and 
myoepithelial cells). Histopathological parameters (vas- 
cular invasion, mode of growth, and presence of intratu- 
moral necrotic tissue) were also evaluated. Then, repre- 
sentative areas of donor paraffin blocks were obtained in 
order to construct tissue microarrays (TMA). For that, a 
TMA workstation (TMA builder, Histopathology Inc., 
Hungary) was used to obtain tissue cores from the donor 

blocks which were subsequently transferred to recipient 
paraffin blocks. A total of seven recipient blocks were 
constructed, each one containing 24 tissue cores arranged 
in a 4 × 6 sector. Subsequently, 4 µm thick sections were 
obtained from the recipient blocks in order to review if 
morphologically representative areas of the original le- 
sions from the donor blocks were present.   

2.2. Immunohistochemistry 

Firstly, 3 µm thick histologic sections were obtained 
from TMA recipient blocks and transferred to glass 
slides previously embedded in an adhesion medium. 
Such slides were subsequently deparaffinizated, and re- 
hydrated. The used primary antibodies and antigen re- 
trieval methods for each antibody are summarized in 
Table 1. Antigen retrieval was performed using 10 mM 
sodium citrate buffer at pH 6.0 for all antibodies. Anti- 
gen-antibody reaction for all antibodies was detected 
using the streptavidin-biotin-peroxidase complex method 
using the Dako LSAB kit (Dako, Carpinteria, USA) ex- 
cept for estrogen receptor alpha, for which antigen-anti- 
body reaction was detected using a polymer-based label- 
ing detection system (Novolink Polymer Detection Sys- 
tem, Novocastra, Newcastle, UK).  

After cooling (20 minutes at room temperature), the 
sec- tions were immersed for 30 minutes in a solution of 
3% hydrogen peroxide diluted in methanol in order to 
block endogenous peroxidase activity. All slides were 
incubated with a protein block reagent (LabVision, 
Freemont, CA) for 10 minutes and subsequently over- 
night incubated at 4˚C with the specific primary anti- 
bodies. Then, the slides were immersed with the detec- 
tion systems following the manufacturer’s instructions. 
Subsequently, 3,3’ diaminobenzidine tetrahydrochloride 
was used as chromogen in order to allow the visualiza- 
tion of antigen-antibody reaction. Then, the slides were 
counterstained using Harris’s hematoxylin, dehydrated, 
and mounted for evaluation at light microscopy. As posi- 
tive controls for Cathepsin D and S1004, both canine and  

 
Table 1. Antibodies used in the immunohistochemical study. 

Antibody Dilution Origin Clone Source Pre-treatment 

c-erbB2 (HER2)  1:80 Neomarkers, UK SP3 Rabbit Microwave 

Erα 1:40 Novocastra, UK NCL-LH2 Mouse Microwave 

p63 1:150 Neomarkers, USA 4A4 Mouse Microwave 

CK5 1:50 Neomarkers, USA XM26 Mouse Microwave 

Cathepsin D 1:300 Dako, USA Polyclonal Rabbit No antigen retrieval 

S100A4 1:1500 Abcam, UK Polyclonal Rabbit Microwave 
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human skin containg fibroblasts and tonsils were used, 
respectively. Immunoreaction with canine tissue for both 
antibodies was stated by manufacters and confirmed by 
positive controls. Adjacent normal non-lactating mam- 
mary tissues were used as internal positive controls for 
CK5 (basal cells are stained), Cathepsin D and p63 pro- 
tein (myoepithelial cells are stained). As positive controls, 
we also used canine uterus sections for ERα and a canine 
mammary carcinoma previously characterized as positive 
for HER2. Negative controls were carried out by using 
pre-immune rabbit or mouse IgG (Dako, Carpinteria, CA) 
as primary antibodies.     

2.3. Evaluation of Immunohistochemical  
Staining 

For assessing immunohistochemistry results, tumors were 
considered as positive when more than 10% of neoplastic 
cells revealed nuclear staining (p. 63, [12,13] S100A4, 
and ER [13]) and of cytoplasmic staining (Cathepsin D2 
and cytokeratin 5 [13]). Altought there are no absolute 
criteria for the immunopositivity of each antibody used 
in this study, 10% of tumour cells as criterion for posi- 
tivity gave us a good result in previous experiments ana- 
lyzing keratin genes and tumour-associated genes. There- 
fore, immunohistochemistry results were considered to 
be positive when >10% of tumour cells were immunore- 
active. Such information was included in the manu- 
script’s “materials and methods” along with the references.         

For assessing HER2 status, the HercepTest scoring 
system (Dako, Carpinteria, CA) was applied (0= no mem- 
brane staining or <10% of stained cells; 1+= incomplete 
membrane staining in >10% of cells; 2+= > 10% of cells 
with weak to moderate complete membrane staining; and 
3+= strong and complete membrane staining in >10% of 
cells), with 2+ and 3+ cases considered as positive.   

2.4. Classification into Immunophenotypic  
Subtypes 

According to the classification proposed for humans [14] 
and already utilized in CMCs [13], the tumors in the 
present study were classified into four distinct subtypes: 
luminal-like (A= ER-positive and HER-2-negative; B= 
positive for ER and HER-2), basal-like (negative for ER 
and HER-2 and positive for P63 and/or CK5), and 
HER-2 overexpression (negative for ER and positive for 
HER-2). The subgroups were also compared with CD 
and S100A4 protein immunoexpression.    

2.5. Statistical Analysis 

Differences were compared using the chi-square test and 
statistical significance was accepted at the P < 0.05 level. 
Analyses were performed using the GraphPad Prism soft- 
ware version 5.0 (GraphPad Software Inc., San Diego, CA). 

3. Results 

Of the 66 tumors analyzed, 21 (31.82%) were simple 
carcinoma and 45 (68.18%) were of the complex carci- 
noma type. It was possible to immunohistochemically 
identify the proteins CD, S100A4, ER, HER-2, p63, and 
CK5. The immunostaining for cathepsin D (Figure 1) 
and the S100A4 protein (Figure 2) was considered as 
positive in 59 (89.4%) and 16 (24.24%) tumors, res- 
pectively. No association between CD and S100A4 pro- 
tein was observed.  
 

 

Figure 1. Cathepsin D immunoexpression in a canine 
mammary complex carcinoma case. Cytoplasmic immuno- 
expression can be observed in luminal mammary neoplastic 
cell clusters. DAB immunohistochemistry. Harris hema- 
toxylin counterstain (bar = 50 μm).   
 

 

Figure 2. S100A4 immunoexpression in a canine mammary 
carcinoma case. Nuclear and more often cytoplasmic im- 
munoexpression can be observed in a luminal mammary 
neoplastic cell cluster (arrows) and in mammary myoepi- 
thelial cells around ducts (arrowheads). DAB immunohis- 
tochemistry. Harris hematoxylin counterstain (bar = 50 μm).  
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When evaluating histopathological parameters, the in- 
vasive mode of growth was found to be significantly re- 
lated to positive nuclear immunoexpression of S100A4 
protein (P = 0.0439). For CD, although in our study 
many cases in which the invasive mode of growth was 
observed revealed positive cytoplasmic immunoexpres- 
sion, a statistical significant correlation was not evident. 
Additionally, no relation between CD or the S100A4 
protein and presence of intratumoral necrosis and vascu- 
lar invasion was stated.  

The 66 mammary tumors were divided into distinct 
subtypes based on the results of immunohistochemical 

staining for HER2, ERα, p63, and CK5, as described in 
Table 2. The Luminal A subtype included 24 (36.36%) 
tumors, and a statistically significant association between 
this subtype and complex mammary tumors was stated 
(P = 0.001496). Six tumors (9.09%) were characterized 
as Luminal B. Twenty five tumors (37.88%) were con- 
sidered to be basal-like neoplasms, and eight (12.12%) 
tumors revealed HER-2 overexpression. Three tumors 
(4.54%) fell outside of definitions of the four subtypes 
proposed since they did not revealed positive immuno- 
expression of p63 or CK5 in absence of HER2 and ERα. 
No other significant relations between histotypes and the 

 
Table 2. Molecular subtypes according to histological type, histological parameters of malignancy, and immunoexpression of 
Cathepsin D and S100A4 protein. 

 Luminal A n (%) Luminal B n (%) Basal-like n (%) HER-2 overexpression n (%) Unclassified£ Total n (%) 

Type       

Simple 6 (25%) 1 (16.66%) 9 (36%) 3 (37.5%) 2 21 (31.81%) 

Complex 18 (75%) 5 (83.33%) 16 (64%) 5 (62.5%) 1 45 (68.18%) 

P value 0.001496* 0.08326 0.08969 0.6171 - - 

Vascular Invasion       

Present 2 (8.33%) 0 1 (4%) 0 1 4 (6.06%) 

Absent 22 (91.66%) 6 (100%) 24 (96%) 8 (100%) 2 62 (93.93%) 

Mode of growth       

Expansive 17 (68%) 5 (83.33%) 18 (72%) 7 (87.5%) 2 49 (74.24%) 

Invasive 7 (32%) 1 (16.66%) 7 (28%) 1 (12.5%) 1 17 (25.75%) 

Presence of Necrosis       

Present 7 (32%) 0 7 0 1 15 (22.72%) 

Absent 17 (68%) 6 (100%) 18 8 (100%) 2 51 (77.27%) 

Cathepsin D       

Negative 4 (16.66%) 0 2 (8%) 0 1 7 (10.6%) 

Positive 20 (83.33%) 6 (100%) 23 (92%) 8 (100%) 2 59 (89.4%) 

S100A4       

Negative 19 (79.17%) 4 (66.66%) 18 (72%) 7 (87.5%) 2 50 (75.75%) 

Positive 5 (20.83%) 2 (33.33%) 7 (28%) 1 (12.5%) 1 16 (24.24%) 

*P < 0.05, £Tumors negative for CK5 and p63 in abscence of HER2 and ERα positive immunoreaction. 
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molecular subtypes were observed, and no relation be- 
tween the subtypes and CD and/or S100A4 protein im- 
munoexpression was stated. Results regarding the im- 
munoexpression of Cathepsin D and S100A4 in the dif- 
ferent immunophenotypic subtypes are summarized in 
Table 2.  

4. Discussion 

Metastasis is a major event associated with malignancies. 
This complex process initiates when neoplastic cells lose 
the expression of proteins responsible for cell adhesion 
and cell-extracellular matrix interaction, invade the sur- 
rounding tissue and realize intravasation [15]. Many pro- 
teins are said to be involved in such cascade of events, 
and CD [2] and the S100A4 protein [3] emerge as use- 
ful biomarkers in various human cancers. However, no 
studies regarding the immunoexpression of such proteins 
were performed until the present date in canine mam- 
mary carcinomas.    

The role of CD in breast cancer is not well defined, 
and there are controversial studies on it in human medi- 
cine [2]. This dispute originates from studies using ei- 
ther immunohistochemistry or Western blotting tech- 
niques [16-23]. Some authors reported that immunohisto- 
chemically assessed CD in tumor cells was associated 
with a favorable prognosis in node positive patients [16]. 
In contrast, other authors showed that neoplastic cell- 
associated CD expression was associated with a poor 
prognosis [19]. However, in none of these studies CD 
was considered to be an independent prognostic variable. 
In our study CD immunoexpression was characteristic 
and very intense in neoplastic cells, particularly in lu- 
minal mammary cells. Despite this, our results failed to 
considerate CD as an independent biomarker, in contrast 
to results described in humans [19].    

In the present study we also have demonstrated the 
nuclear immunoexpression of S100A4 protein in luminal 
cells of canine mammary carcinoma samples. The role of 
S100A4 protein in metastasis is unclear at present in ca- 
nine mammary carcinomas. This is the first report that 
has studied the expression of S100A4 protein in a series 
of such tumors. It has been reported that S100A4 may 
affect the function of cytoskeleton proteins including 
actin and non muscle myosin [24,25]. It is possible that 
S100A4 may regulate cell shape changes and/or cell mo- 
tility, features associated with neoplastic progression. 
Many in vitro and in vivo studies in rodents have pro- 
vided evidence that S100A4 is directly involved in neo- 
plastic progression and metastasis [26,27]. In our study, 
the S100A4 protein revealed to be significantly related to 
the infiltrative tumor mode of growth, suggesting a role 
in neoplastic progression also in canine mammary tumors.  

In this study, tumors were characterized into five sub- 

types similar to those described in humans, and the re- 
sults were compared with the immunoexpression of CD 
and S100A4 protein. Such subtypes are based in human 
breast tumors studies which identified distinct molecular 
types according to their gene expression profile, pathobi- 
ology and clinical evolution [14,28,29]. Some authors 
applied this classification into canine mammary tumors, 
revealing that such molecular subtypes can also be im-
munohistochemically recognized in canines [14,30]. 

When solely analyzing the immunophenotypic sub- 
types, a statistical difference in the Luminal A subtype 
was highlighted, more frequently associated with com- 
plex carcinomas and thus corroborating other authors’ 
findings [14]. Despite the lack of a significant difference, 
the majority of tumors (37.88%) were classified as basal. 
Several studies have demonstrated that human breast 
carcinomas with a basal subtype present molecular, his- 
tological and behavioral characteristics that indicate an 
unfavorable prognosis, [31] principally on account of not 
possessing known therapeutic targets. This higher basal 
subtype frequency in canine female mammary carcino- 
mas may qualify them as a suitable experimental model 
for the basal subtype in women breast cancer [14].  

5. Conclusion 

In our study S100A4 was significantly related to an infil- 
trative mode of tumor growth, consequently demonstrat- 
ing to be an interesting biomarker for evaluation of neo- 
plastic progression in CMCs. Although we have demon- 
strated that alteration in CD and S100A4 protein immu- 
noexpression occurs in CMCs, further studies are needed 
to determine whether this represents important inde- 
pendent biomarkers for such tumors. Additionally, it was 
possible to conclude that Luminal A mammary tumors 
are associated with the complex histotype in CMCs.  
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