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ABSTRACT

The proteoglycan versican (VCAN) plays a complex role in cancer. The expression of this molecule has been
related to invasion and progression in malignant mixed tumors, such as carcinoma in mixed tumors (CMT) of the
canine mammary gland. In addition, its interaction with surface cell receptors EGFR, HER-2 and CD44 in ma-
lignant epithelial cells may be responsible for proliferation and cellular motility in early stages of cancer. We
comparatively evaluated the expression of this proteoglycan and its receptors in in situ and invasive areas of
simple carcinomas (SC) and CMT to investigate similarities and differences between these histological types.
Immunohistochemistry was performed with anti-VCAN, anti-CD44, anti-EGFR and anti-HER-2 antibodies in 32
cases of SC or CMT. VCAN was highly expressed in stroma adjacent to invasive areas in SC and CMT. CMTs
presented comparatively higher expression of VCAN in stroma adjacent to in situ and in invasive areas than in
corresponding areas in SCs. In CMT, EGFR and HER-2 expressions were higher in situ compared to invasive areas.
In contrast, increased CD44 and EGFR expression was found in invasive areas in SC compared to CMT. These
results indicate that versican expression is similarly associated with invasiveness in SC and CMT, however higher
levels were seen in CMT suggesting that the presence of myoepithelial proliferation in this tumor type partici-
pates in stromal composition and promoting an increase in the expression of versican.

1. Introduction

Damasceno et al., 2012). The binding of versican with hyaluronic acid,
as well as its interactions with CD44 cellular surface receptors and

Increasing evidence indicates that molecules in the extracellular
matrix (ECM) are involved in direct signaling, either through in-
teractions with receptors, such as integrins, or with growth factor re-
ceptors (Rutnam et al., 2013). Specifically, proteoglycans play an
important role in adherence interactions occurring in the ECM and on
cell surfaces. Versican (also known as CSPG2 or VCAN), a chondroitin
sulfate proteoglycan, exhibits anti-adhesive properties and is capable of
modulating cell proliferation and migration (Du et al., 2013), promoting
tumor progression, proliferation, cell differentiation and angiogenesis
(Kischel et al., 2010).

Associations between the overexpression of versican and neoplastic
cell invasion have been demonstrated in malignant epithelial tumors in
women (Skandalis et al., 2011) and canines (Erdélyi et al., 2003;
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epidermal growth factor receptor (EGFR), leads to the formation of a
complex capable of triggering intracellular signaling mechanisms that is
believed to promote cancer cell motility through the regulation of
neoplastic cell proliferation and migration in the ECM (Hernandez et al.,
2011).

Similarly to humans, mammary carcinoma is the most frequent type
of cancer occurring among canine females (Bray et al., 2018; Uva et al.,
2009). Among the malignant mammary tumors that occur in female
dogs, carcinomas in mixed tumors (CMT) are the most frequent (Cassali
et al., 2011; Cassali et al., 2017; Nunes et al., 2018). This neoplasia is
characterized by the malignant of epithelial cells, in addition to the
presence of myoepithelial and mesenchymal (chondroid and/or osteoid)
components. The proliferation of myoepithelial cells, and the
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production of the myxoid matrix by these same cells, are both important
to the diagnosis of this tumor type. Accordingly, the phenotypic evalu-
ation of myoepithelial cells and ECM components has become the object
of studies attempting to elucidate mechanisms involved in the biological
behavior of these tumors (Erdélyi et al., 2003; 2005).

Unlike CMT, simple carcinomas (SC) are characterized by the
epithelial proliferation without myoepithelial cells and mesenchymal
components. This tumor type, among the least frequent tumors occur-
ring in canine females, presents solid, tubular or papillary subtypes
(Cassali et al., 2014; Goldschmidt et al., 2011). Morphologically, solid
carcinomas are characterized by low amounts of intratumor stroma
around islands of neoplastic cells that form solid arrangements. Tubular
carcinomas present intense desmoplasia adjacent to groups of malignant
epithelial cells arranged in tubule-like structures. Both subtypes are
highly invasive and considered to be medium or highly aggressive.
Papillary carcinomas present moderate amounts of intratumor stroma
located on the papillary carcinomatous proliferation axis or adjacent to
the carcinoma. These tumors tend to have a favorable prognosis (Nunes
et al., 2018).

Our group previously described the overexpression of VCAN in
peritumoral stroma adjacent to invasive areas of benign mixed tumors,
carcinoma in mixed tumors and carcinosarcomas (Damasceno et al.,
2016b). Significant differences in the expression of this proteoglycan
among these three histological tumor types were described, as well as in
this molecule's membrane receptor expression. Based on these previous
findings, it is relevant to understand the differences in the expression of
VCAN and its receptors in tumors without myoepithelial proliferation,
such as simple carcinomas.

This study aimed to comparatively evaluate versican expression and
its possible associations between cell surface receptors in simple carci-
nomas and carcinomas in mixed tumors of the canine mammary gland.
These findings should contribute to the understanding of the dynamics
occurring in the extracellular matrix during tumor progression.

2. Materials and methods
2.1. Mammary tumor samples

Mammary carcinoma samples (n = 32) were selected of which 17
cases as SC (invasive papillary carcinoma (10/17) (Fig. la and b),
tubular carcinoma (6/17) and solid carcinoma (1/17)) and 15 cases
were diagnosed as CMT (Fig. 2a and b). A retrospective analysis was
performed of canine mammary carcinoma cases previously submitted to
therapeutic mastectomy, regardless of breed or age. Radiography was
performed in three views (right lateral, left lateral and ventral dorsal)
and abdominal ultrasound to confirm the presence of metastases.

2.2. Tumor staging

Clinical and pathological staging was performed based on tumor size
(T), neoplastic involvement of regional lymph nodes (N) and the pres-
ence of distant metastases (M), according to the TNM system established
by the World Health Organization (WHO) for canine mammary neo-
plasms modified from Owen (1980). These data were obtained from the
clinical-pathological records of each canine patient.

2.3. Histopathological analysis

Histological sections measuring 4 pm were prepared from selected
blocks and stained using the hematoxylin-eosin method. The histologi-
cal identification of tumor type was performed by three veterinary pa-
thologists and the diagnosis with the highest agreement was considered
following the classification criteria of the World Health Organization
(WHO) and the Consensus for the Diagnosis, Prognosis and Treatment of
Canine Mammary Tumors (Cassali et al., 2014). All tumors were graded
according to the Nottingham System (Elston and Ellis, 1998). In
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addition, the Nottingham Prognostic Index (NPI) was also calculated
according to nodule size (cm), lymph node score and the histological
grading defined by the Nottingham system. NPI values were used to
distribute the cases into three groups: < 3.4 (good prognosis); 3.41-5.4
(moderate prognosis) and > 5.41 (poor prognosis).

2.4. Immunohistochemistry

The primary antibodies used for analysis were versican (12C5, DSHB,
1:50), CD44 (IM7, Santa Cruz, 1:200), EGFR (31G7, Invitrogen, 1:100)
and HER-2 (polyclonal, Dako, 1:200). All slides were deparaffinized and
rehydrated in a graded ethanol series. For EGFR, CD44, HER-2 and
versican staining, the slides were performed antigen retrieval using
protocol described by Damasceno et al. (2016). It was used a polymeric
system for antibody detection (Novolink™ Max PolymerDetection Sys-
tem). Finally, the sections were exposed to chromogen 3,3 - dia-
minobenzidine (DAB) and counter-stained with Mayer's hematoxylin.
Previously tested mammary gland samples were used as positive con-
trols, while primary antibodies were replaced by normal serum (IgG) for
negative controls. All histological assessments were performed under a
conventional light microscope (Olympus-BX41) with a 20x, 40x or
60x magnification.

2.5. Immunohistochemical analysis

The expression of versican was evaluated in according to Damasceno
et al. (2012). The expression of versican was evaluated using a semi-
quantitative scale in adjacent peritumoral stroma, both in situ and in
invasive areas of malignant epithelial cell proliferation, considering (i)
the total percentage of positively stained tissue (0-100%) and (ii) the
staining intensity for the proteoglycan. According to the scale, (1) was
considered negative or barely stained, (2) weak, (3) moderate and (4)
strong. The immunohistochemical score of versican expression was
calculated by multiplying the percentage of tissue stained (0-100%) by
staining intensity (1-4). Semiquantitative analysis was also performed
to determine CD44 expression in areas of malignant epithelial prolifer-
ation (in situ and invasive). The scale (0) was considered unmarked; (1)
poor; (2) moderate; (3) intense (Paltian et al., 2009). With regard to the
number of stained cells, (0) indicated the area was negative (1) between
1 and 25% of positive cells; (2) 26-50% of positive cells; (3) 51-75% of
positive cells. EGFR and HER-2 expression were analyzed according to
the American Society of Clinical Oncology and the College of American
Pathologists (ASCO/CAP) (Wolff et al., 2013). Cases were considered
positive when complete and intense membrane staining was observed in
at least 10% of the malignant epithelial cells.

2.6. Statistical analysis

All analyses were performed with the aid of GraphPad Prism v. 5.0
software (GraphPad, San Diego, CA, USA). Quantitative results with a
normal distribution were submitted to variance analysis under 5%
probability, followed by means testing. The Chi-square test or Fisher's
Exact Method were used for comparisons among variables. Possible
correlations were evaluated by Spearman's or Pearson's testing. Signif-
icance was considered when p < 0.05.

3. Results
3.1. Clinical-pathological characteristics

The mean age at time of CMT diagnosis was 9.93 years, versus 12.05
years for SC (p = 0.0546). Most CMTs measured between 3 and 5 cm
(46.6%), while most SC were < 3 cm (76.5%). Lymph node metastasis
was not present in the majority of samples in each group (p = 0.6586),
nor was distant metastasis (p > 0.9999). CMT staging was determined to
be II in most cases (46.6%) versus I in SCs (64.7%) (p = 0.2682).
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Fig. 1. Immunohistochemical analysis in in situ and invasive areas of simple carcinoma (A) Papillary arrangement in carcinomatous areas in situ. Epithelial cells
reveal moderate pleomorphism characterized by the eosinophilic cytoplasm, round and ovoid nucleus, fragmented chromatin and prominent nucleoli. 400x. (B)
Invasive carcinomatous areas characterized by high pleomorphism, clear eosinophilic cytoplasm, round and ovoid nucleus, fragmented chromatin and prominent
nucleoli. 400x. (C) Low expression of VCAN in stroma adjacent to in situ carcinomatous cells. 200x. (D) VCAN overexpression in stroma adjacent to invasive
carcinomatous cells. 200x. (E) The graph shows difference of VCAN expression between in situ and invasive areas. Wilcoxon's test, 95% confidence interval (p < 0.05).
(F) Complete membrane staining for EGFR (score 3) in in situ carcinomatous cells. 600x. (G) Incomplete membrane staining for EGFR (score 2) in invasive carci-
nomatous cells (arrows). 600x. (H) The graph shows the comparison of EGFR expression between in situ and invasive areas. Wilcoxon's test, 95% confidence interval
(p < 0.05). (I) Incomplete membrane staining for HER-2 in in situ carcinomatous cells (score 2). 400x (J) Incomplete membrane staining for HER-2 in invasive
carcinomatous cells (score 2). 600x. (K) The graph shows the comparison of HER-2 expression between in situ and invasive areas. Wilcoxon's test, 95% confidence
interval (p < 0.05). (L) Strong cell membrane staining for CD44 in in situ carcinomatous cells. 600x. (M) Moderate CD44 expression in invasive carcinomatous cells.
600x. (N) The graph shows the comparison of CD44 expression between in situ and invasive areas. Wilcoxon's test, 95% confidence interval (p < 0.05). (C,D,F,G,I,J,L,
M) Immunohistochemical staining with DAB followed by counterstaining with Mayer's hematoxylin. Legend: VCAN - versican; IS - in situ stromal areas; IN - stroma
adjacent to invasive areas; SC - simple carcinoma; CMT - Carcinoma in mixed tumor.
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Fig. 2. Histological staining for VCAN, EGFR, HER-2 and CD44 in in situ and invasive carcinomatous areas of canine carcinoma in mixed tumor (A) Carcinomatous
areas in situ characterized by epithelial cells with moderate pleomorphism, eosinophilic cytoplasm, round and ovoid nuclei and fragmented chromatin. Hematoxylin
and Eosin staining, 400x. (B) Carcinomatous cells in tubular arrangements with invasion into adjacent stroma. 400x. (C) Weak expression of versican in intratumoral
stroma adjacent to carcinomatous in situ areas. 400x. (D) Versican overexpression in stroma adjacent to invasive cells. 400x. (E) The graph shows difference of VCAN
expression between in situ and invasive areas. Wilcoxon's test, 95% confidence interval (p < 0.05). (F) Complete membrane staining for EGFR (score 3) in in situ
papillary carcinomatous cells. 600x. (G) Incomplete membrane EGFR staining (score 2) in invasive carcinomatous cells. 600x. (H) The graph shows difference of
EGFR expression between in situ and invasive areas. Wilcoxon's test, 95% confidence interval (p < 0.05). (I) Incomplete membrane HER-2 staining in in situ
carcinomatous cells (score 2). 400x. (J) Incomplete membrane staining for HER-2 in invasive carcinomatous cells (score 1). 600x. (K) The graph shows difference of
HER-2 expression between in situ and invasive areas. Wilcoxon's test, 95% confidence interval (p < 0.05). (L) Complete membrane staining for CD44 in carcino-
matous cells in situ (high expression). 400x. (M) Incomplete membrane staining for CD44 in invasive carcinomatous cells (low expression). 400x. (N) The graph
shows difference of CD44 expression between in situ and invasive areas. Wilcoxon's test, 95% confidence interval (p < 0.05). (C,D,F,G,LJ,L,M) Immunohistochemical
staining with DAB followed by counterstaining with Mayer's hematoxylin.
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Histological grade I was more frequent in most CMTs (73.3%) as well as
in SCs (64.7%) (p = 0.5745). Detailed clinical pathological character-
istics are described in Table 1.

3.2. VCAN is overexpressed in stroma adjacent to invasive carcinomatous
areas in SC and CMT

The median expression of VCAN in stroma adjacent to in situ stromal
areas was 100 in SC, while in invasive areas a median 190 was obtained
in this tumor type(p = 0.0039) (Fig. 1c, d and e). Similarly, lower VCAN
expression was also observed in the stroma adjacent to in situ carcino-
matous areas (median 180) in CMTs compared to invasive carcinoma-
tous areas (median 240) (p < 0.0001) (Fig. 2¢c, d and e). CMT presented
significantly higher VCAN expression compared to SC in both in in situ
areas (p = 0.0041) and stroma adjacent to invasive areas (p = 0.0022)
(Fig. 3a and b, respectively).

3.3. Higher expression of EGFR and CD44 in invasive carcinomatous
areas, and lower HER-2 expression in in situ carcinomatous areas of SC
compared to CMT

In in situ carcinomatous areas of SC, EGFR expression was scored as 3
in 41.2% of the cases, while 52.9% of these samples received a score of 2
in invasive carcinomatous areas (Fig. 1f, g and h). In CMT, 66.7% of the
cases presented a score of 3 in in situ carcinomatous areas, while 53.3%
of the cases were scored as 1 in invasive carcinomatous areas, with a
significant difference between the areas analyzed (p = 0.0001) (Fig. 2f, g
and h). In addition, higher EGFR expression was seen in invasive areas in
SC compared to CMT (p = 0.0469) (Fig. 3c).

HER-2 expression in in situ areas of SC was predominantly scored as 1
(35.3%) and 2 (35.3%), similarly to invasive areas (41.2% for scores 1
and 2) (Fig. 1i, j and k). In CMTs, 53.3% of the cases revealed a score of 2
in in situ areas, which was significantly different than in invasive areas,
in which 60% of the samples presented score of 1 (p = 0.0017) (Fig. 2i, j
and k). Stronger HER-2 expression was seen in in situ carcinomatous
areas of CMT than SC (p = 0.016) (Fig. 3d).

Moderate, high and very high expression of CD44 was detected in

Table 1
Frequencies of clinical and pathological characteristics in simple carcinomas and
carcinomas in mixed tumors of the canine mammary gland.

Clinical pathological characteristics SC(n=17) CMT (n = 15) *P valuer
n/total (%) n/total (%)

Mean age (years) 12.05 9.93 0.0546

Tumor size

<3 cm 13/17 (76.5)  4/15 (26.6) 0.0388

3<x<5cm 1/17 (5.9) 7/15 (46.6)

>5cm 3/17 (17.6) 3/15 (20)

Lymph node metastasis

Positive 4/17 (23.5) 2/15 (13.3) 0.6586

Negative 13/17 (76.5) 13/15 (86.6)

Metastasis

Positive 0/17 (0) 0/15 (0) >0.9999

Negative 17/17 (100) 15/15 (100)

Clinical stage

I 11/17 (64.7) 3/15 (20) 0.2682

I 0/17 (0) 7/15 (46.6)

11 2/17 (11.8) 2/15(13.3)

v 4/17 (23.5) 2/15 (13.3)

v 0/17 (0) 0/15 (0)

Histological grade

I 11/17 (64.7) 11/15 (73.3) 0.5745

I 3/17 (17.6) 3/15 (20)

I 3/17 (17.6) 1/15 (6.6)

Mann-Whitney test, 95% confidence interval (p < 0.05). (*) p < 0.05; (**) p <
0.01; (***) p < 0.0001.
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23.5%, 17.6% and 23.5% of the in situ carcinomatous areas of SCs,
respectively. With regard to invasive carcinomatous areas, 5.9% pre-
sented low expression, while 23.5% were moderate, 11.8% high and
23.5% had very high expression (Fig. 11, m and n). In CMTs, most in situ
carcinomatous areas presented high expression (53.3; 8/15), which was
significantly different than the predominantly moderate expression
(73.3%; 11/15) seen in invasive carcinomatous areas (p = 0.0039)
(Fig. 21, m and n). In addition, higher CD44 expression was observed in
invasive areas of SC cases compared to CMT (p = 0.047) (Fig. 3e).
Table 2 lists all frequencies found for VCAN, EGFR, CD44 and HER-2
expression in in situ and invasive carcinomatous areas of SC and CMT.

The correlation analysis between VCAN and the receptors analyzed
in SC revealed that the levels of VCAN expressionlevels of VCAN
correlated positively with CD44 expression in in situ areas (p = 0002; r =
0.86). EGFR expression in in situ areas of CMT was also positively
correlated with VCAN expression in stroma adjacent to both carcino-
matous areas (in situ, p = 0.0007, r = 0.81; invasive, p = 0.0043, r =
0.72).

4. Discussion

Our work demonstrated relationships between VCAN expression and
tumor invasiveness. In addition, the associations investigated between
VCAN and EGFR, HER-2 and CD44 suggested the participation of this
proteoglycan in early stages of tumor progression. Considering the
intense proliferation of myoepithelial cells that characterizes CMT, in
addition to the abundance of the mesenchymal component that could
contribute to high expression of VCAN, the present study focused on
differences in molecular expression of this proteoglycan and its re-
ceptors in CMT, as well as SC tumor types.

Several reports discussing the role of the extracellular matrix in
tumor development have focused on ECM elements, especially versican,
with regard to their versatility and function in the tumor microenvi-
ronment. These elements participate in the remodeling of the matrix and
interact with neoplastic cells, triggering important signaling pathways
related to loss of adhesion and the activation of proliferation, thereby
favoring invasion and the development of metastasis (Lu et al., 2012;
Marusyk et al., 2014; Ricciardelli et al., 2009).

Our results revealed similarities in VCAN expression between the
two histological tumor types evaluated, with greater staining found in
the stroma adjacent to invasive carcinomatous cells in both types,
corroborating previously published findings. Relatedly, associations
between VCAN overexpression and tumor malignancy and aggressivity
has also been demonstrated in human breast cancer (de Wit et al., 2017;
Gorter et al., 2010; Touab et al., 2002; Hosseini et al., 2018; Skandalis
et al.,, 2011) and canine mammary tumors (Erdélyi et al., 2003).

Despite the significant differences seen in versican expression in
adjacent stroma in in situ and invasive areas in both tumor types
investigated, differential expression was less marked in SC (Fig. 1a),
which is associated with a worse prognosis than CMT (Cassali et al.,
2014). Comparisons between in situ and invasive areas of CMT and SC
revealed higher versican expression in CMT in both areas. This may be
explained by the proliferating myoepithelial cells capable of producing
proteoglycan versican in CMTs, as previously demonstrated by Erdélyi
et al. (2003) and Damasceno et al. (2014).

Damasceno et al. (2014) also showed that myoepithelial cells un-
dergoing different stages of differentiation expresses different levels of
VCAN in CMT. In early stages, myoepithelial cells adjacent to in situ
carcinomatous areas reveal lower expression than stellate-shaped
myoepithelial cells producing myxoid matrix, as well as cells adjacent
to pre-condroid areas. In the present study, myoepithelium proliferation
appeared to be linked to the overexpression of VCAN in CMTs compared
to SC. Since little is known regarding the beneficial or harmful effects
provoked by the production of this proteoglycan by this cell type, further
study is needed.

Versican is responsible for several functions in the ECM, and its G3
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Fig. 3. Expression of VCAN, EGFR, HER-2 and CD44 in in situ and in invasive carcinomatous areas of CMT and SC. Mann Whitney's test, 95% confidence interval (p

< 0.05).

Table 2

Frequencies of VCAN, EGFR, CD44 and HER-2 expression in in situ and invasive carcinomatous areas of SC and CMT.

SC n/total (%)

CMT n/total (%)

1S IN p value I IN p value*
VERSICAN
(Median) 100 190 0.0039** 180 240 <0.0001***
EGFR
0 5/17 (29.4) 1/17 (5.9) 0.1133 0/15 (0) 1/15 (6.7) 0.0001***
1 1/17 (5.9) 4/17 (23.5) 0 /15 (0) 8/15 (53.3)
2 4/17 (23.5) 9/17 (52.9) 5/15 (33.3) 5 /15 (33.3)
3 7/17 (41.2) 3/17 (17.6) 10/15 (66.7) 1 /15 (6.7)
CD44
Low (<3) 1/17 (5.9) 1/17 (5.9) 0.9063 1/15 (6.7) 0/15 (0) 0.0039**
Moderate (4-6) 4/17 (23.5) 4/17 (23.5) 2/15(13.3) 11/15 (73.3)
High (7-9) 3/17 (17.6) 2/17 (11.8) 8/15 (53.3) 3/15 (20)
Very high (>9) 4/17 (23.5) 6 /17 (35.3) 4/15 (26.6) 1/15 (6.7)
Not analyzed 5/17 (29.4) 4/17 (23.5) 0/15 (0) 0/15 (0)
HER-2
0 1/17 (5.9) 3/17 (17.6) 0.1793 0/15 (0) 1/15 (6.7) 0.0017**
1 6/17 (35.3) 7/17 (41.2) 2/15 (13.3) 9/15 (60)
2 6/17 (35.3) 7/17 (41.2) 8/15 (53.3) 4/15 (26.6)
3 1/17 (5.9) 0/17 (0) 5/15 (33.3) 1/15 (6.7)
Not analyzed 3/17 (17.6) 0/17 (0) 0/15 (0) 0/15 (0)

Wilcoxon's test, 95% confidence interval (p < 0.05). (*) p < 0.05; (**) p < 0.01; (***) p < 0.0001.

domain enables interaction with receptors of epidermal growth factors
(EGF), such as EGFR and HER-2 [30], in addition to promoting tumor
proliferation and invasion (Ricciardelli et al., 2007; Yee et al., 2007).
Here, our expression analysis of these molecules in CMT indicated
higher EGFR and HER-2 expression in in situ carcinomatous areas
compared to invasive areas. In addition, increased HER-2 expression
was seen in in situ areas in SC. Similar patterns of expression were also
described in in situ carcinomatous areas in canine CMT and mixed
benign tumors (Bertagnolli et al., 2011; Damasceno et al., 2016a,
2016Db), as well as in female breast (Aguiar et al., 2013).

The present findings demonstrate that higher expression of EGFR and
HER-2 occurs in the initial phases of tumor progression, which present
greater cellular activity. EGFR was found to be positively correlated with
versican expression in in situ and invasive areas in CMTs. Damasceno

61

et al. (2016b) observed a tendency for increased expression of both re-
ceptors in tumors with higher versican expression. This suggests that
interactions between VCAN and its receptors occur at early stages of
cancer, which may trigger cell proliferation events in CMT. A compar-
ison of the expression profiles of both histological types revealed higher
EGFR reactivity in invasive carcinomatous areas of SC. This finding may
be supported by the fact that this tumor type is related to a worse
prognosis, and exhibits different behavior than CMT. In women,
aggressive carcinomas, such triple negative breast cancer, tend to ex-
press more EGFR in invasive areas than non-triple negative breast cancer
(Viale et al., 2009).

Interactions between the CD44 receptor and versican, either directly
or indirectly, have been associated with increased cellular motility and
the development of metastasis (Heider et al., 1993; Yu and Stamenkovic,
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1999). The present study observed a higher expression of CD44 in in situ
areas compared to invasive areas in CMT. This corroborates previously
published data by Damasceno et al. (2016a) in CMT and carcinosar-
comas. Our comparison between invasive areas of CMT and SC revealed
higher CD44 expression in SC. A study conducted by Magalhaes et al.
(2012) noted that CD44 is more expressed in metastatic areas of canine
carcinomas, highlighting the relationship of this biomarker with tumor
progression.

CD44 expression seemed to follow a similar pattern as the EGF re-
ceptors, being more expressed in in situ areas in CMT as well as in
invasive areas in SC. Indeed, versican and CD44 expression in in situ
areas was found to be statistically correlated in SC. It is known that these
molecules have an intimate bonding relationship through hyaluronic
acid linked to the globular amino terminal domain of versican (Wu et al.,
2005). Yeung et al. (2013) concluded that high levels of versican
expression in ovarian cancer cells in women enabled high cellular
motility, as well as higher CD44 expression. These authors concluded
that these cells may be undergoing adaptive processes that result in
further phenotypic transformation and invasion, which may be related
to epithelial-mesenchymal transition, allowing cells to gain greater
motility and consequently invasive capability (Mani et al., 2008).

Our investigation of associations between versican expression and
clinical-pathological factors revealed no significant relationships be-
tween the investigated clinicopathological characteristics and the
expression of the proteoglycan, regardless of detection in in situ or
invasive areas of different histological tumor types. Notably, no similar
associations were reported by previous studies in humans with squa-
mous cell carcinomas of the pharynx and lung, nor even in canine car-
cinomas in mixed tumors (Damasceno et al., 2012, 2016a; Pirinen et al.,
2005; Pukkila et al., 2004;), despite the fact that this molecule has been
implicated in tumor aggressiveness, lower survival rates and higher
probability of recurrence in cases of ovarian cancer in women (Vouti-
lainen et al., 2003).

5. Conclusions

The results of this study indicate that versican expression is associ-
ated with invasiveness in SC as well as CMT. More intense expression
was seen in CMT, suggesting that the presence of myoepithelial prolif-
eration participates in the stromal composition of this tumor subtype.
Additionally, the analysis of EGFR, HER-2 and CD44 surface receptor
expression revealed higher activity of these molecules mainly in earlier
stages of tumor progression in CMT, but also in invasive stages of SC.
Since we also observed higher expression of versican in the stroma
adjacent to invasive areas, it is likely that that interactions between
these molecules occur in later stages of SC. It will be important to
comprehensively investigate these phenomena in order to achieve a
better understanding of the relationships between these molecules in
stroma adjacent to the invasion areas.
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