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Abstract

Versican is an extracellular matrix proteoglycan that has been identified as a
modulator of adhesion loss, cell motility, and tumour progression. This motility results
from the interaction between versican and cell surface receptors. Studies have also
demonstrated the relationship between this molecule and invasion in canine mammary
tumours. Given the evidence for the participation of proteoglycans in tumour progression,
this study aimed to assess versican expression and its association with cell surface
receptors; human epidermal growth factor receptors 1, 2, and 3 (EGFR, HER-2, and HER-
3) and CD44 through an immunohistochemical analysis of benign mixed tumours (BMTs),
carcinomas in mixed tumours (CMTs), and carcinosarcomas (CSs) of the canine mammary
gland. Malignant tumours were divided into low and high groups with respect to versican
stromal expression. The results indicated that the BMTs showed weak stromal versican
expression and correlations between the expression of stromal versican and EGFR in the
epithelial membrane in benign areas (p=0.013, r=0.571). A higher stromal versican
expression was observed adjacent to invasive epithelial areas compared with in situ areas in
CMTs and CSs, suggesting a direct relationship between versican expression and
invasiveness. Furthermore, the CSs exhibited a higher expression of HER-2, cytoplasmic
HER-3, and CD44 in epithelial invasive cells in cases of higher stromal versican
expression. Therefore, the cell surface receptors (HER-2, HER-3, and CD44) are more
evident in CSs that overexpress versican in stroma adjacent to the invasive areas. These
findings suggest that the association between these molecules may be directly related to the

biological behaviour and invasiveness of these canine mammary tumours.



INTRODUCTION

The extracellular matrix plays a key role in creating a microenvironment favourable
to neoplastic cell migration and invasion during the process of tumour development (Liotta
and Kohn, 2001; Kischel et al., 2010; Canavese et al., 2011). Versican stands out among
the multiple components of the neoplastic extracellular matrix because of its involvement in
progression, adhesion loss, cell proliferation, and invasion (Pukkila et al., 2004; Suwiwat et
al., 2004; Ricciardelli et al., 2007; Yee et al., 2007; Kischel et al., 2010; Canavese et al.,
2011; Damasceno et al., 2012; Du et al., 2013).

Versican is a large hyaluronan-binding proteoglycan versican (also known as PG-M)
present in the connective tissues of various organs in human adult tissues, including smooth
muscle, cartilage, heart, blood vessels, skin, and the central nervous system (Bode
Lesniewska et al., 1996; Wight, 2002; Choocheep et al., 2010). The structure of the
versican protein consists of a glycosaminoglycan (GAG) attachment domain of variable
size, surrounded by two external globular domains, G1 and G3 (Kischel et al., 2010). The
amino-terminal globular end (G1) binds to the glycosaminoglycan (GAG) hyaluronan, and
the carboxy-terminal globular domain (G3) resembles the selectin family of proteins,
consisting of a C-type lectin adjacent to two epidermal growth factor (EGF) domains and a
complement regulatory region (Bode Lesniewska et al., 1996; Wight, 2002; Kischel et al.,
2010). The alternate splicing of two exons, namely GAGa (encoded by exon 7) and GAGb
(encoded by exon 8), generates three variants, V1, V2 and V3. A recent study identified a
new isoform, called V4 (Kischel et al., 2010).

In the extracellular matrix, versican binds to various molecules, including tenascin,
fibulin-1, fibrillin, fibronectin, CD44, L-selectin, and integrin f1 (Bode Lesniewska et al.,
1996; Aspberg et al., 1999; Wu et al., 2004; Wu et al., 2005). These interactions with
elements of the extracellular matrix ensure tissue integrity and regulate cell proliferation
and differentiation (Sheng et al., 2006).

The migration of neoplastic cells arises from the interaction between versican and cell
surface receptors of neoplastic cells, including the cluster of differentiation 44 (CD44) and
epidermal growth factor receptor (EGFR), resulting in the formation of a complex capable
of triggering intracellular signalling pathways that regulate the proliferation and migration

of neoplastic cells in the extracellular matrix (Hernandez et al., 2011; Ween et al., 2011).



The existence of a EGFR/HER2 receptor complex able to interact with CD44 was
recognized in MeWo melanoma cells in which the V3 isoform maintains the ability to bind
EGF receptors (EGFR) through the EGF-like subdomains of G3 (Hernandez et al., 2011).
The mechanisms that alter the expression of this proteoglycan are still poorly understood,
although its role in modulating adhesion loss and cell motility has also been identified in
cases of breast cancer metastasis (Suwiwat et al., 2004; Yee et al., 2007).

In veterinary medicine, increased versican expression was observed in areas of
carcinomatous invasion in canine colorectal adenomas and adenocarcinomas and in stroma
adjacent to invasive areas of the canine mammary carcinomas, indicating that alterations in
these proteoglycan levels were associated with the tumour progression and invasion process
(Mukaratirwa and Nederbragt, 2002; Erdélyi et al., 2003; Damasceno et al., 2012).

Matrix-producing mammary tumours, including benign mixed tumours (BMTs) and
carcinomas in mixed tumours (CMTs), are common in small animal clinical practice
(Cassali et al., 2014). These tumours have been proposed as spontaneous models of
malignant transformation (Cassali et al., 2012). BMTs are characterised by benign
epithelial, myoepithelial, and mesenchymal proliferation. In CMTs, the epithelial
component undergoes malignant transformation (Misdorp, 2002). Another histological type
characterised by myxoid, chondroid, and osteoid matrix production is the carcinosarcoma
(CS); however, both the epithelial and mesenchymal components are malignant. CS is less
common in bitches and has a poor prognosis (Cassali et al., 2014).

Given that proteoglycan versican participates in tumour progression, the aim of this
study was to assess versican expression and its relationship with clinicopathological factors
(involvement of lymph nodes, presence of distant metastasis, stage, and histological grade)
and the cell surface receptor EGFR, human epidermal growth factor receptors 2 and 3

(HER-2, HER-3), and CD44 of matrix-producing tumours of the canine mammary gland.

MATERIALS AND METHODS
Selection of cases

In this study, 18, 41, and 18 samples of BMTs, CMTs, and CSs, respectively, were
selected at the Comparative Pathology Laboratory (Universidade Federal de Minas Gerais)
and Veterinary Pathology Laboratory (Universidade Federal da Bahia). Samples of



mammary tumours were obtained from female dogs of any breed or age that had undergone

mastectomy.

Anatomopathological study

Clinical staging was conducted based on tumour size (T), neoplastic involvement of
regional lymph nodes (N), and presence of distant metastases (M) according to the Tumour-
Node-Metastasis (TNM) staging system established by the World Health Organization
(WHO) for canine mammary tumours (modified from Owen, 1980). These data were
collected from the clinical, radiological, and pathological records of each animal.

Four-micrometre histological sections were prepared from selected blocks and
stained using the hematoxylin-eosin method. The histological type was confirmed
according to the standards proposed by Misdorp et al., (1999) and the Consensus for the
Diagnosis, Prognosis, and Treatment of Canine Mammary Tumours (Cassali et al., 2014).
Malignant invasive epithelial components in CMTs and CSs were graded according to the
Nottingham System (Elston and Ellis, 1998), which included tubule formation, nuclear
pleomorphism, and mitotic index.

The in situ areas were defined through the observation of epithelial cells in a tubular
arrangement with myoepithelial cell layer and basal membrane integrity shown by HE

(Cassali et al., 2014).

Immunohistochemistry

The primary antibodies used in the immunohistochemical analysis were versican
(1:50, clone 12C5, DSHB, Iowa, USA), EGFR (1:100, clone 31G7, Invitrogen, California,
USA), HER-2 (1:200, polyclonal, Dako, Glostrup, Denmark), HER-3 (1:100, polyclonal,
GeneTex, California, USA), and CD44 (1:200, clone IM7, Santa Cruz, Texas, USA).

For this technique, 3-um sections were cut from one representative block of each
case and collected on gelatinised slides. Tissue sections were deparaffinised, rehydrated in
a graded ethanol series, and subjected to heat-induced antigen retrieval (water bath at 98°C
for 20 minutes) with a target retrieval solution (DAKO) at pH 6.0, except for the slides
intended for versican and EGFR staining. For versican, enzymatic recovery was performed

using 0.5 U/ml chondroitinase ABC (Proteus vulgaris; Sigma Chemicals) in 0.25 M Tris



buffer (pH 8.0) with 0.18 M sodium chloride and 0.05% bovine serum albumin (BSA) at a
temperature of 37°C for 1 hour and 30 minutes. A 0.25 M Tris buffer solution (pH 8.0)
with 0.1 M 6-amino-n-caproic acid and 5 mM benzamidine hydrochloride was used for 30
minutes to inhibit the protease activity (adapted from Erdélyi et al., 2005). Enzymatic
recovery of EGFR was performed using HCI-diluted pepsin at 37°C for 30 minutes. All of
the slides were incubated for 15 minutes in 3% hydrogen peroxide in methanol to block the
endogenous peroxidase activity. Subsequently, the slides were covered with 10% normal
rabbit serum in phosphate buffered saline (PBS) for 10 minutes and then incubated with the
primary antibody for 1 hour at 37°C (CD44) or overnight at 4°C (versican, EGFR, HER-2
and HER-3). Subsequently, the method of polymerization was applied, with the
identification based on secondary antibodies (ADVANCE HRP - ready to use -
DakoCytomation). Diaminobenzidine was used as the chromogen, and the sections were
counterstained with Mayer's hematoxylin, hydrated, and mounted in synthetic medium.
Negative controls were prepared by omitting the primary antibody. Canine
mammary tumours previously known to express HER-2 and HER-3 and tissue with
abundant myxoid matrix expressing versican were used as positive controls. Skin and

lymph nodes were used as positive controls for EGFR and CD44, respectively.

Immunohistochemical evaluation

Versican expression in the stroma of adjacent areas to normal mammary gland and
benign, malignant in sifu and invasive epithelial proliferation was assessed by the
semiquantitative scoring system proposed by Skandalis et al. (2011), which includes (i) the
overall percentage of positively stained tissue (0-100%) and (ii) staining intensity for
proteoglycan using the following scales: (1) negative or very weak staining, (2) weak
positive staining, (3) moderately positive staining, and (4) strongly positive staining. The
versican expression level was then calculated by the product of the percentage (i; 0-100%)
of tissue section positive staining and the intensity of this staining (ii; 1-4). Based on the
final results of this evaluation, a median versican expression score was obtained for the
CMT (median=280) and CS (median=180) invasive areas. Thus, two distinct groups were
determined on each histological type: group 1 was represented by cases with values below

the median and was considered to have low versican expression; group 2 was represented



by cases with values equal and above the median and was considered to have versican
overexpression (Damasceno et al., 2012).

EGFR and HER-2 expression was assessed in epithelial cells using the scores defined
according to the consensus of the American Society of Clinical Oncology and College of
American Pathologists (ASCO/CAP; Wolff et al., 2013) and adapted from Bertagnolli et al.
(2011) as follows: (-), no staining; (1+), weak incomplete membrane staining in more than
10% of tumour cells; (2+), incomplete and/or weak-to-moderate membrane staining in
more than 10% of tumour cells or complete and strong staining in less than 10% of tumour
cells; and (3+), complete and strong staining in at least 10% tumour cells.

HER-3 expression was assessed in the membrane, cytoplasm, and nucleus of the
epithelial cells and was divided into four groups: high expression (3+, >35%), moderate
expression (2+, 18-35%), low expression (1+, 1-17%), and no expression (0, 0%:;)
(adapted from Kim et al., 2011).

The intensity of CD44 immunoreactivity in the epithelial cells was assessed as
follows: (0) no staining; (1) low staining; (2) moderate staining; and (3) strong staining.
The number of stained cells was estimated as follows: (0) no staining; (1) 1-25% cells
stained; (2) 26-50% cells stained; (3) 51-75% cells stained; and (4) >75% cells stained. The
immunohistochemical score was calculated by multiplying the intensity and number of
stained cells. A score of <3 was regarded as “‘low’’, a score of 4-6 as ‘‘moderate’’, a score
of 7-9 as “‘high’’, and a score of >10 as ‘‘very high’’ (Paltian et al., 2009).

Only epithelial component and adjacent stroma were evaluated in this study. At least
five fields of each of the normal epithelial cells, epithelial benign, in situ, and invasive

carcinomatous proliferation in BMTs, CMTs, and CSs were analysed in this study.

Statistical analysis

Statistical analyses were performed using the Graph Pad Prism v.5 software (San
Diego, CA). The Kruskal Wallis test was used to assess whether there were differences in
the animal's age (mean), tumour size, and stage. The Mann—Whitney U test was used to
assess whether there were differences in lymph node involvement, presence of distant
metastasis, and histological grade only in CMTs and CSs. The difference in versican,

EGFR, HER-2, HER-3, and CD44 expression between in situ and invasive areas was



assessed using the Wilcoxon signed-rank test, and a Mann—Whitney U test (nonparametric
data) was used to assess whether the receptor expression differed between groups (with
high and low versican expression). The data were also subjected to Spearman's rank

correlation coefficients. The values were considered significant when p<0.05.

Ethical aspects

All procedures were performed under the guidelines and with the approval of the

Ethics Committee in Animal Experimentation (CETEA/UFMG), protocol 0053/11.

RESULTS
Clinicopathological factors

Female dogs diagnosed with BMT, CMT, and CS had a mean age of 8.7 years
(ranging from 4 to 12 years), 10.2 years (ranging from 4.5 to 16 years), and 11.9 years
(ranging from 8 to 16 years), respectively. The mean age among the histological types
showed a significant difference (p=0.0036).

The mean tumour diameter of the BMTs, CMTs, and CSs was 1.6 cm (0.2-6 cm), 4
cm (0.5-12 cm), and 7.2 cm (3.5-14 cm), respectively, with a significant difference among
groups (p=0.0001).

Other significant differences were observed between the neoplastic types studied in
relation to the occurrence of lymphatic and systemic metastasis, as well as histological
grade. Pulmonary metastasis occurred in eight cases.

The clinicopathological characteristics of the histological types are listed in Table 1.
The presence of lymph node metastasis only showed a direct relationship with higher

versican expression in the stroma adjacent to in sifu areas in CMTs (p=0.046, r=0.274).

Versican, EGFR, HER-2, HER-3 and CD44 expression in BMTs, CMTs, and CSs
BMTs

Absent or weak versican expression was observed in the adjacent normal mammary
gland stroma. Low EGFR and HER-2 immunoreactivity was detected in membrane

epithelial cells in 72.7% and 53.8% of cases, respectively. Usually, these cells showed



weak cytoplasmic (68.8% of cases), no nuclear and membrane HER-3 expression (56.3%
and 93.8% of cases, respectively) and weak membrane CD44 expression (61.6% of cases).

In areas of benign epithelial cell proliferation, the versican staining was weak in the
adjacent stroma (Fig. 1b). The epithelial cells revealed weak and moderate membrane
EGFR expression (56.3% and 43.7%, respectively) (Fig. 1¢) and moderate and incomplete
membrane HER-2 expression (62.5%) (Fig. 1d). Cytoplasmic HER-3 expression was
usually mild or moderate (56.3% and 37.4%, respectively) (Fig. le). Nuclear HER-3
staining was absent or weakly observed (both representing 43.8% of the cases), and
membrane HER-3 expression was absent in most cases (87.5%). Commonly, benign
epithelial cells revealed moderate CD44 expression (88.2%) (Fig. 11).

Versican immunoreactivity in the adjacent stroma to normal epithelial areas was
weak and even absent compared with that of areas adjacent to benign epithelial
proliferation (p=0.0021), which were characterised by moderate expression (Fig. 1b).
Lower EGFR (p=0.0034) expression was observed in normal gland epithelial cells
compared to epithelial cells with benign proliferation. A positive correlation was observed
between versican and EGFR in benign areas (p=0.013, r= 0.571). HER-2 expression did not
differ between normal and benign epithelial areas. Higher cytoplasmic (p=0.0021) and
higher nuclear (p=0.0263) HER-3 expression was observed in normal areas, compared with
membrane expression. Benign epithelial cells showed higher cytoplasmic staining than
nuclear (p=0.0209) or membrane (p=0.0012) HER-3 staining. Nuclear HER-3 expression
was also more significant than membrane expression in these areas (p=0.0330). CD44
(p=0.0023) expression was weaker in normal gland epithelial cells than in benign epithelial
proliferation. Results are summarized in Table 2 and the statistically significant differences

are presented in Fig. 2 and 4.

CMTs

The adjacent stroma in in situ carcinomatous areas, in most of the cases, showed
moderate versican expression (Fig. 3b). In situ carcinomatous cells commonly displayed
strong membrane EGFR expression (63.2%) (Fig. 3d) and moderate membrane HER-2
expression (59.5%). Weak HER-3 staining was observed in the cytoplasm of these

carcinomatous cells (71.4%), and expression of nuclear and membrane HER-3 was absent



(68.6% and 88.6%, respectively) in most cases. Strong membrane staining was usually
observed for CD44 (42.1%) (Fig. 3h).

In invasive carcinomatous areas, strong versican expression was evidenced in the
adjacent stroma (Fig. 3¢). The invasive malignant epithelial cells usually exhibited weak or
moderate membrane EGFR immunoreactivity (both representing 42.1% of the cases) (Fig.
3e) and weak membrane HER-2 expression (51.3%) (Fig. 3f). Commonly, these cells
revealed weak cytoplasmic HER-3 staining (64.7%) (Fig. 3g) and absence of membrane
and nuclear reactivity (82.4% and 91.2%, respectively). Moderate membrane CD44
expression was observed in most of the cases (56.5%) (Fig. 3j).

The in situ and invasive carcinomatous areas of CMTs were analysed individually,
and a higher versican expression was noted in the adjacent stroma to invasive epithelial
areas (p<0.0001). Lower EGFR (p<0.0001), HER-2 (p<0.0001) and CD44 (p=0.0033)
expression was observed in invasive carcinomatous cells than in in sifu areas. HER-3
staining was more significant in the cytoplasm than in the nucleus (p<0.0001) and
membrane (p<0.0001) of the epithelial cells in the in situ and invasive areas. Results are
summarized in Table 3 and the statistically significant differences are presented in Fig. 2

and 4.

CSs

Fourteen CSs exhibited in situ carcinomatous areas, in which moderate versican
expression was observed in the adjacent stroma (Fig. 5b). In the in situ areas, most
carcinomatous cells showed strong membrane EGFR expression and moderate membrane
HER-2 expression (58.3% and 81.8% of cases, respectively) (Fig. 5e). Usually, the in situ
carcinomatous cells presented a weak cytoplasmic HER-3 reactivity (71.4%), and absence
of nuclear and membrane HER-3 expression (78.6% and 100%, respectively). Moderate
membrane CD44 expression was frequently observed (60%) (Fig. 5h).

In invasive carcinomatous areas, moderate-to-strong versican expression was
observed in the adjacent stroma. Most invasive carcinomatous cells displayed a moderate
membrane EGFR expression (62.4%) (Fig. 5d) and a low membrane HER-2 expression
(55.6%) (Fig. 5f). These cells commonly presented weak cytoplasmic immunostaining

(70.6%) (Fig. 5g) and no nuclear and membrane reactivity (88.2% and 100%, respectively)



for HER-3. Moderate membrane CD44 expression was shown in the majority of cases
(57.2%) (Fig. 51).

A higher expression of versican (p=0.039) was observed in the stroma adjacent to
invasive carcinomatous areas, and a lower expression of EGFR (p=0.0297) and HER-2
(p=0.0369) was observed in invasive carcinomatous cells, compared with the in situ areas
(Fig. 5). Correlations were observed between the expression of versican and CD44
(p=0.011, r=0.710) in the in situ carcinomatous areas and between versican and HER-2
(p=0.047, r=0.406) and CD44 (p=0.002, r=0.665) in the invasive carcinomatous areas.
Results are summarized in Table 2 and the statistically significant differences are presented

in Fig. 2 and 4.

Versican high and low expression groups in CTM and CS: association with
clinicopathological parametres and the immunohistochemical markers EGFR, HER-
2, HER-3, and CD44

The clinicopathological characteristics of the versican groups are shown in Table 3.

In CMTs (280) and CSs (180), the medians that defined the cut-off dividing high
and low versican expression were determined based on versican expression analysis in the
stroma adjacent to invasive areas. Group 1 (low versican expression) and group 2 (high
versican expression) were defined within each histological type.

In CMTs, neoplasms with low versican expression showed greater HER-2
immunostaining in the in sifu areas (p=0.0136), while the high versican expression group
displayed greater cytoplasmic HER-3 staining in the invasive areas (p=0.0415; Table 4).

In CSs, the high versican expression group exhibited higher HER-2 expression in
invasive areas (p=0.0375), cytoplasmic HER-3 in invasive (p=0.0340) areas, and CD44

expression in invasive (p=0.0474) areas (Table 4).

DISCUSSION

Neoplastic cells can induce modifications in the tumour stroma through the
production and secretion of cytokines and growth factors (Liotta and Kohn, 2001).
Versican, a proteoglycan that forms the extracellular matrix, has been highlighted because

overexpression of this molecule is strongly associated with tumour invasion, migration, and



progression and therefore yields worse prognoses in different types of cancer (Ricciardelli
et al., 1998; Zhang et al., 1998; Ricciardelli et al., 2002; Pukkila et al., 2004, 2007; Kodama
et al., 2007; Sheng et al., 2007). In canine mammary tumours, authors have reported the
accumulation of versican in both the stroma surrounding the tumour cells and the matrix
produced by the proliferating myoepithelial cells in mixed tumours (Hinrichs et al., 1999;
Erdelyi et al., 2003, 2005; Damasceno et al., 2014).

This study assessed the possible association between versican expression and
clinicopathological factors in the different tumour types. A positive correlation between
versican expression in in situ areas and lymph node metastasis was observed in CMT.
Suwiwat et al. (2004) observed that versican accumulation in peritumoural areas may be
considered a strong negative predictor of recurrence in women with invasive breast
carcinomas with negative lymph node status. In human lung carcinoma, correlations
between the expression of this proteoglycan and tumour type and histological grade were
observed by Pirinen and collaborators (2005). Theses authors showed correlations between
versican and lymph node status, tumour recurrence, and staging only in adenocarcinomas
(Pirinen et al., 2005). No other correlations were observed between clinicopathological
factors and versican expression in the present study.

The accumulation of the proteoglycan versican in peritumoural stroma may be a
possible factor supporting tumour growth and metastasis of breast cancers in women
(Kischel et al., 2010; Skandalis et al. 2011). The stromal versican expression in BMTs was
more discreet in areas adjacent to the normal breast compared with that in benign epithelial
proliferations, which is similar to the findings reported by Erdeliy et al. (2003). Malignant
tumours, represented herein by CMT and CS, showed weak to moderate versican
expression in the stroma surrounding the in sifu carcinomatous areas and overexpression of
this molecule in invasive areas. This result confirms previous analyses in epithelial tumours
of the canine mammary gland (Erdeliy et al., 2003; Damasceno et al., 2012) and breast and
prostate cancer in humans, wherein the relationship between versican overexpression and
the infiltrative capacity acquired by neoplastic cells was observed (Suwiwat et al., 2004;
Ricciardelli et al., 2007; Yee et al., 2007; Skandalis et al., 2011).

The mechanism that regulates the signalling pathways induced by the interaction

between versican and neoplastic cells remains poorly understood (Zhang et al., 1998; Sheng



et al., 2007). One of the studied pathways is mediated by the interaction between versican
and cell surface receptors, including EGF receptors and CD44 (Kawashima et al., 2000; Wu
et al., 2005).

EGFR expression showed a positive correlation with versican expression in benign
areas of BMTs in this study. These findings indicate a possible interaction between the
molecules in the stages of benign epithelial proliferation. However, the interaction between
the G3 domain of this proteoglycan and EGFR in experimental models (Du et al., 2010) is
apparently important for local invasiveness and metastasis because it contributes to the
survival, dissemination, and angiogenesis of neoplastic cells (Yee et al., 2007). In addition,
increased G3 in murine mammary tumour cells has been shown to increase tumour growth,
migration, proliferation, and metastasis through EGFR up-regulation (Du et al., 2010). In
this paper, no significant association between EGFR and versican in invasive
carcinomatous areas was observed.

Malignant tumours assessed in the present study showed higher HER-2 expression
when proteoglycan versican was overexpressed, indicating an association between
molecules in these tumours. These results differ from the findings by Skandalis et al.
(2011), who found no correlation between the immunohistochemical expressions of both
proteins assessed in mammary carcinomas in women. Studies indicating the relationship
between HER-2 and versican expression are scarce.

Overexpression of the EGF receptor family by tumour cells has been associated
with aggressiveness and, consequently, a poor prognosis (Reis Filho et al., 2005; Yang et
al., 2011). Researchers have suggested that molecular changes involved in the progression
from in situ to invasive areas, including changes in EGFR and HER-2 expression, occur
even before the morphologic manifestation of invasiveness (Aguiar et al., 2013). In canine
mammary tumours, Bertagnolli et al. (2011) reported that the expression of EGFR and
HER-2 showed no significant difference between the in situ and invasive epithelial
components in CMT. However, the present study observed a higher membrane expression
of EGFR and HER-2 in the in situ areas than in invasive areas. The expression of these
molecules in non-invasive areas suggests their involvement in the early stages of tumour
progression (Bertagnolli et al., 2011). Morphological heterogeneity, a typical characteristic

of the studied tumours, also contributes to the discrepancy in results found in the literature.



The role of HER-3 in tumour progression and its prognostic definition is poorly
understood. According to the literature, this molecule may be related to aggressiveness in
malignant breast tumours in women and female dogs (Bieche et al., 2003; Witton et al.,
2003; Kim et al., 2011). Chiu et al. (2010) observed that HER-3 overexpression is an
important prognostic indicator for women diagnosed with invasive breast cancer. In a study
of experimental models of mammary tumours, Vaught et al. (2012) showed that HER-3
was expressed in preneoplastic HER-2 overexpressing mammary epithelial lesions,
indicating that this relationship is necessary for cell growth and suggesting the involvement
of these molecules in the malignant progression of breast lesions. In the present study, no
difference in HER-3 expression was observed between normal epithelial and benign areas
or between in situ and invasive carcinomatous areas in the studied histological types.
However, cytoplasmic HER-3 staining was more significant in invasive carcinomatous
areas in the cases of CMT and CS with versican overexpression, indicating a relationship
between the proteoglycan and HER-3.

CD44 interacts directly or indirectly with versican (Hernandez et al., 2011). In this
study, the overexpression of this molecule was significant in invasive carcinomatous areas
in CS as well as overexpression of versican, suggesting a relationship between these
molecules. According to the literature, CD44 overexpression has been associated with a
poor prognosis in breast cancer (Buess et al., 2009). The interaction between CD44 and
other cell surface receptors was analysed in a study on melanomas, which showed that this
protein controls the proliferation and migration of neoplastic cells through binding of the
V3 isoform of versican to CD44 and EGFR, which in turn triggers a signalling pathway
capable of altering the growth and migration of those cells in the stroma (Hernandez et al.,
2011). Other researchers have suggested an association between higher expressions of
hyaluronic acid, CD44, and versican in the peritumoural stroma in ovarian carcinomas in
women (Ween et al., 2011). Therefore, the results shown in this study suggest that a higher
expression of those molecules and a greater association between receptors/proteoglycan are
associated with the tumour progression of CMTs and CSs.

The present findings indicate the involvement of versican in the cell invasion
processes of CMTs and CSs in the canine mammary gland. Cell surface receptors (HER-2,

HER-3 and CD44) display a higher expression in more aggressive tumours (CS) that



overexpress versican in the adjacent stroma to invasive areas in these tumours. These data
suggest that the interaction between those molecules may be directly associated with
tumour aggressiveness, although the tumour progression mechanisms triggered by this

interaction in matrix-producing tumours must be elucidated.
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Table 1. Clinicopathological characteristics of canine mammary benign mixed tumours

(BMTs), carcinomas in mixed tumours (CMTs) and carcinosarcomas (CSs).

Parameters CMT CS P value
n/total (%) n/total (%)

Mean age 10.24 11.9 0.0036*

Size

<3cm 15/18 (83.3%)  10/39 (25.6%) 0/15 (0%) < 0.0001*

3<x<5cm 21/39 (53.9%)  5/15 (33.3%)

>5cm 8/39 (20.5%)  10/15 (66.7%)

Lymph node

Metastasis

Negative 36/38 (94.7%)  9/14 (69.2%) 0.0134§

Positive 2/38 (5.3%) 5/14 (30.8%)

Pulmonary metastases

Negative 38/41(92.7%) 12/17 (70.6%) 0.0258¢

Positive 3/41 (7.3%) 5/17 (29.4%)

Clinical staging

I 9/39 (23.1%) 0/0% 0.7011§

II 18/39 (46.2%)  5/16 (31.2%)

111 7/39 (17.9%)  3/16 (18.8%)

v 2/39 (5.1%) 3/16 (18.8%)

\Y% 3/39 (7.7%) 5/16 (31.2%)

Histological

grade

I 31/41 (75.6%)  3/18 (16.7%) <0.00015

II
1

9/41 (22%)
1/41 (2.4%)

7/18 (38.9%)
8/18 (44.4%)

* Kruskal Wallis test. § Mann—Whitney U test. The values were considered significant

when P<0.05.



Table 2. Immunoreactivity for versican, EGFR, HER-2, HER-3 and CD44 in canine
mammary benign mixed tumours (BMTs), carcinomas in mixed tumours (CMTs) and

carcinosarcomas (CSs).

BMT CMT CS
N B IS IN IS IN
n/total (%) n/total (%) n/total (%) n/total (%) n/total (%) n/total (%)
Versican
(Median) 1 90 140 280 120 180
EGFR
0 3/11(27.3%)  0/16 (0%) 0/38 (0%) 238 (5.3%)  1/12(83%)  1/16 (6.3%)
1 8/11(727%)  9/16(56.3%)  1/38 (2.6%)  16/38 (42.1%)  2/12 (16.7%)  4/16 (25%)
2 0/11 (0%) 7/16 (43.7%)  13/38 (34.2%) 16/38 (42.1%) 2/12(16.7%) 10/16 (62.4%)
3 0/11(0%) 0/16 (0%)  24/38(63.2%) 4/38(10.5%)  7/12(58.3%)  1/16 (6.3%)
HER-2
0 1/13(7.7%)  2/16(12.5%)  0/37 (0%) 539 (12.8%)  0/11 (0%) 2/18 (11.1%)
1 7/13(53,8%) 3/16(18.8%)  6/37(16.2%) 20/39 (51.3%)  2/11 (18.2%)  10/18 (55.6%)
2 4/13(30.8%)  10/16(62.5%) 22/37(59.5%) 10/39 (25.6%) 9/11 (81.8%)  6/18 (33.3%)
30 113(77%)  1/16(62%) 937 (24.3%)  4/39(10.3%)  0/11 (0%) 0/18 (0%)
HER-3
Cytoplasmic
0 3/16(18.8%)  1/16(6.3%)  2/35(5.7%)  4/34(11.8%)  2/14 (14.3%)  4/17 (23.5%)
1 11/16 (68.8%)  9/16 (56.3%  25/35 (71.4%) 22/34 (64.7%) 10/14 (71.4%) 12/17 (70.6%)
2 2/16 (12.4%) 6/16 (37.4%) 8/35 (22.9%) 8/34 (23.5%) 2/14 (14.3%) 1/17 (5.9%)
Nuclear
0 9/16(56.3%)  7/16 (43.8%) 24/35(68.6%) 28/34 (82.4%) 11/14(78.6%) 15/17 (88.2%)
1 6/16 (37.4%) 7/16 (43.8%) 9/35 (25.7%) 5/34 (14.7%) 3/14 (21.4%) 2/17 (11.8%)
20 1/16(63%)  2/16(124%)  2/35(5.7%)  1/34(2.9%) 0/14 (0%) 0/17 (0%)
Membrane
0 15/16(93.8%) 14/16 (87.5%) 31/35(88.6%) 31/34(91.2%) 14/14 (100%)  17/17 (100%)
1 1/16(62%)  2/16(12.5%)  4/35(11.4%)  3/34 (8.8%) 0/14 (0%) 0/17 (0%)
2 0/16 (0%) 0/16 (0%) 0/35 (0%) 0/34 (0%) 0/14 (0%) 0/17 (0%)
CD44
<3 8/13(61.6%) 2/17(11.8%)  3/38(7.9%)  3/39(7.4%)  2/10 (20%) 1/14 (7.1%)
4—6  5/13(38.4%) 15/17(88.2%) 14/38 (36.8%) 22/39(56.5%)  6/10 (60%)  8/14 (57.2%)
7—9  0/13 (0%) 0/17 (0%)  16/38 (42.1%) 13/39(33.5%)  2/10 (20%)  5/14 (35.7%)
>10  0/13 (0%) 0/17 (0%)  5/38(132%)  1/39 (2.6%) 0/10 (0%) 0/14 (0%)




N=normal; B=Benign, IS= in situ; IN = Invasive



Table 3. Clinicopathological characteristics of low (Group 1) and high (Group 2) versican
expression of canine mammary carcinomas in mixed tumours (CMTs) and carcinosarcomas

(CSs).

CMT CS

Group 1 Group 2 P value Group 1 Group 2 Pvalue
Parameters n/total (%) n/total (%) n/total (%) n/total (%)
Lymph node
metastasis
Negative 17/18 (94.4%) 1920 (95%) ) 40,9 3/5 (60%) 6/9 (66.7%) ) 4353
Positive 1/18 (5.6%) 1/20 (5%) 2/5 (40%) 3/9 (33.3%)
Pulmonary
metastases
Negative 20120 (100%)  18/21(85.7%) 5,0 5/6(833%)  7/11(63.6%)
Positive 0/20 (0%) 3/21 (14.3%) 1/6 (16.7%)  4/11 (36.4%)
Size
<3cm 3/19 (15.8%)  7/20 (35%) 0/5 (0%) 0/10 (0%)
3<x<5cm 14/19 (73.7%)  7/20 (35%) 0.1681 1/5 (20%) 4/10 (40%) 0.1855
>5cm 2/19 (10.5%)  6/20 (30%) 4/5 (80%) 6/10 (60%)
Clinical staging
I 2/19 (10.5%)  7/20 (35%)
II 14/19 (73.7%)  4/20 (20%) 1/6 (16.7%) 4/10 (40%)
111 2/19 (10.5%)  5/20 (25%) 0.2988  2/6 (33.3%) 1/10 (10%) 0.4776
1A 119 (5.3%) 1/20 (5%) 2/6 (33.3%) 1/10 (10%)
\ 0/19 (0%) 3/20 (15%) 1/6 (16.7%) 4/10 (40%)
Histological
grade
I 16/20 (80%)  15/21 (71.4%) 3/7 (42.9%) 0/11 (0%)
II 4/20 (20%)  5/21(23.8%)  0.2479 1/7 (142%)  6/11 (54.5%)  0.1756
111 0/20 (0%) 1/21 (4.8%) 3/7 (42.9%)  5/11 (45.5%)

Mann Whitney test. The values were considered significant when P<0.05.



Table 4. Differences EGFR, HER-2, cytoplasmic HER-3 and CD44 expressions in in situ
and invasive carcinomatous areas between versican low and high expression groups in

CMTs and CSs.

Carcinomatous CMT CS

areas Pvalue Pvalue

EGFR In situ G1xG2 0.1262 0.4621
Invasive G1x G2 0.1514 0.0837

HER-2 In situ G1xG2 0.0136* 0.3818
Invasive G1xG2 0.4273 0.0375%*

HER-3 Cytoplasmic In situ Gl x G2 0.3911 0.4646
invasive G1xG2 0.0415% 0.0340*

HER-3 Nuclear In situ G1xG2 >(0.9999 0.0683
Invasive G1x G2 0.4413 0.3596
HER-3 Membrane In situ G1xG2 0.6766 >(.9999
Invasive Gl x G2 0.5455 >().9999

CD44 In situ G1xG2 0.4926 0.5000
Invasive G1xG2 0.4995 0.0474*

Mann Whitney test. *Statistically significant at P< 0.05.
(G1= low versican expression; G2= high versican expression).



Fig. 1. Benign mixed tumours in canine mammary gland. (a) Benign epithelial and
myoepithelial cells proliferation with mixoid matrix areas. HE, 40x. (b) Low stromal
versican expression adjacent to benign epithelial cells proliferation. 60x. (c) Incomplete
membrane EGFR staining in benign epithelial cells. 60x. (d) Incomplete membrane HER-2
staining in benign epithelial cells. 60x. (e) Weak cytoplasmic HER-3 expression in benign
epithelial cells in benign mixed tumour. 60x. (f) Moderate CD44 expression in benign
epithelial cells. 20x. (b-f) Immunohistochemical stain with Mayer’s haematoxylin

counterstain.



Fig. 2. (a) Versican, (b) EGFR, (c) HER-2 and (d) CD44 expression in benign mixed
tumours (BMT), carcinomas in mixed tumours (CMT) and carcinosarcomas (CS).
Difference between normal (N) and benign (B) epithelial cells in BMT and between in situ
(IS) and invasive (IN) areas in CMT and CS.

Wilcoxon test. *p<0.05 **p<0.001



Fig. 3. Carcinoma in mixed tumor in canine mammary gland. (a) Malignant epithelial
cells proliferation adjacent to osteoid matrix in carcinoma in mixed tumor of canine
mammary gland. HE, 20x. (b) Moderate stromal versican expression adjacent to in situ
carcinomatous areas. 40x. (c¢) Strong stromal versican expression adjacent to invasive
carcinomatous areas. 40x. (d) Complete membrane EGFR staining in in situ carcinomatous
areas. 40x. (e) Incomplete membrane EGFR staining in invasive carcinomatous areas. 60x.
(f) Incomplete membrane HER-2 staining in invasive carcinomatous areas in carcinoma in
mixed tumour. 60x. (g) Weak cytoplasmic HER-3 expression in in situ and invasion. 40x.
(h) Strong CD44 expression in in situ carcinomatous areas. 60x. (i) Moderate to strong
CD44 expression in invasive carcinomatous areas. 40x. (b-i) Immunohistochemical stain

with Mayer’s haematoxylin counterstain.



Fig. 4. Cytoplasmic (C), nuclear (N) and membrane (M) HER-3 expression in BMT, CMT
and CS. Difference between normal and benign epithelial cells in (a) BMT and between in
situ and invasive areas in (b) CMT and (c¢) CS. Different letters demonstrate where

statistical differences were present (P< 0.05). Wilcoxon test.



Fig. 5. Carcinosarcoma in canine mammary gland. (a) Malignant spindle epithelial cells
proliferation in carcinosarcoma of canine mammary gland. HE, 10x. (b) Moderate stromal
versican expression adjacent to in sifu carcinomatous areas. 40x. (c) Strong stromal
versican expression adjacent to invasive areas. 40x. (d) Incomplete membrane EGFR
staining in invasive carcinomatous areas. 60x. (¢) Incomplete membrane HER-2 staining in
in situ carcinomatous area. 40x. (f) Increased membrane HER-2 expression in invasive
area. 60x. (g) Cytoplasmic HER-3 expression in invasive carcinomatous areas in
carcinosarcoma. 60x. (h) Strong CD44 expression in in situ carcinomatous areas. 40x. (i)
Strong CD44 expression in invasive carcinomatous areas. 40x. (b-i) Immunohistochemical

stain with Mayer’s haematoxylin counterstain.
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