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Abstract

Mammary neoplasms are among the most common canine tumors, with high risk of invasion and metastasis.
Important steps for these events are the loss of cell adhesion to the main tumor mass and extracellular matrix degradation.
Matrix metalloproteinases (MMPs) are proteolytic enzymes containing zinc, which are capable of degrading and remodeling
the surrounding extracellular matrix, facilitating these events. Involvement of MMPs has been demonstrated in many
pathological processes, as well as in human and canine tumors, which has been related to malignancy and prognosis. The
aim of this study was to characterize the immunohistochemical expression of matrix metalloproteinase 9 (MMP-9) in canine
mammary gland tumors, as well as to verify its relation with the different histologic patterns. Thirty-one of the 41 tumors
(75.61%) were positive. Twenty-two samples (70.97%) had diffuse cytoplasmic immunostaining and 9 (29.03%) had a
finely granular pattern. Immunostaining intensity was strong in 21 (67.74%) tumors and weak in 10 (32.26%). No
statistically significant differences were found between anaplastic carcinomas, carcinomas in a mixed tumor and simple
carcinomas regarding positivity (p=0.9707), intensity (p=0.5386) and staining pattern (0.6135); between solid carcinomas
and simple papillary carcinomas for positivity (p=0,7333), intensity (p=0.7333) and staining pattern (p=0.3037); or between
solid carcinomas and simple tubular and papillary carcinomas for positivity (p=0.9682), intensity (p=0.8450) and staining
pattern (p=0.5068). MMP-9 was detected with variable intensity and morphological patterns of cytoplasmic staining.
However significant statistic differences were not found between the histological types or histopathological grades.
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Introduction considered a good comparative model for human breast

cancer. Perez et al. (28) demonstrated positive correlation

Mammary gland tumors are the most frequent
tumors in female dogs, as well as in women, accounting
for up to 52% of the cases (31, 33). Almost half of them
are malignant and are commonly found in females with 9.5
years or more. Intact or late-spayed females correspond to
the majority of the cases. These tumors also share
epidemiological, clinical, pathological, biochemical and
genetic aspects with human counterparts (24, 27), being

between diets with high proportion of bovine or swine
meat and obesity with the incidence of mammary
neoplasms. Use of contraceptives it’s also a predisposing
factor to the disease (31).

Mammary tumors are frequently firm, nodular,
variable sized, and might occur in any location of the
mammary gland chain. However, inguinal mammary
glands are the most affected (6, 33, 34). Multiple lesions
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and different histological types can be found in the same
animal. Skin and/or abdominal wall invasion are possible,
with or without ulceration and some histological types are
accompanied by intense inflammatory response.

Prognostic studies in humans have provided
useful information for accurate diagnosis and treatment,
decreasing collateral effects and increasing survival of
patients. In veterinary medicine, these studies also have
great potential (1, 6, 13, 23, 24), and biological markers
can be used to differentiate neoplastic tissue from the
normal tissue, to indicate survival or recurrence
probability, or even to determine the response to a specific
treatment, thereby acting as predictive markers (12, 24).
Most part of the prognostic markers has been investigated
through  immunohistochemical —methods. However,
macroscopic features, dimensions and regional lymph node
involvement are considered important indicators of
biological behavior (1, 24). Estrogen (ER) and
progesterone receptors (PR) are normally expressed in the
female tissues, in different levels. Most of benign tumors
express higher levels of ER and PR than malignant ones
(1, 6, 24, 27, 35). Tumor malignancy was correlated with
decrease of hormonal requirement in canine tumors.
Women with ER and PR positive mammary tumors have
better prognosis and effective adjuvant therapy, reaching
up to 60% of success, than ER and PR negative patients
(24, 27). Association between EGFR expression and the
epithelial malignant component was also described for
carcinomas in mixed tumors, suggesting that alterations of
this receptor represent a step in malignant transformation
in canine mammary tumors (3).

Metastases, the major complicating factor for
treatment and cure, occur mainly at the regional lymph
nodes (5), followed by lungs, liver, heart, kidneys, and
adrenal glands (25). Bone and spleen metastases are rare
(24, 25). Simple carcinoma is the most common
histological type, followed by malignant mixed tumor,
complex adenoma, and benign mixed tumor (24, 25).
Invasion and metastasis are typical features of carcinomas
(18). Disruption of the extracellular matrix is an important
step for successful cell invasion, and follows the secretion
of several proteases and cytokines in the stroma of
cancerous tissue (11, 18). These processes are dependent
on Matrix metalloproteinases (MMPs), which are zinc-
dependent proteolytic enzymes secreted by several stromal
cells, as fibroblasts and leukocytes, which are capable of
degrade basement membranes and other extracellular
matrix compounds. Therefore, they have important role in
neoplastic invasion and metastasis. Furthermore, they
stimulate angiogenesis, inflammation and contribute to
tumor growth (36). MMP’s activities are mostly regulated
by tissue inhibitors of metalloproteinases (TIMPs) (2, 19,
30, 36). MMP-2 and MMP-9 are the most studied MMPs
due to its ability to degrade type IV collagen, the main
compound of basement membranes. MMP-9 expression
can be used as distant metastasis predictor in human breast
cancer (2, 14, 19, 36, 37), and MMP-2 is related with

shorter survival (16). Thus, the aim of this research was
characterize the immunohistochemical expression of
MMP-9 in different histological types of canine mammary
gland tumors.

Material and methods

Forty-one mammary carcinoma samples from 41
bitches were routinely processed for histological analysis,
after fixation in 10% formalin for 48 hours. Histological
sections were stained with hematoxylin and eosin (29) for
diagnosis, histological classification and grading according
to Cassali et al. (5). Histologically heterogeneous tumors
were avoided in order to better characterize the
histopathologic variants. Then, one representative area of
each tumor was obtained for Tissue Micro Arrays (TMAs)
production. The TMAs were composed of 2 mm-cores.

Immunohistochemistry was performed according
to Hsu et al. (17), with modifications. Antigen retrieval
was achieved by heating the sections in citrate buffer (pH
6.0) in a pressure cooker for 1 minute. Endogenous
peroxidase was blocked with 3% hydrogen peroxide.
Subsequently, non-specific binding was blocked with 5%
skim milk solution for 90 minutes, followed by incubation
with primary rabbit polyclonal anti-MMP-9 antibody
(1:500, DakoCytomation), overnight, at a 4°C in a humid
chamber, accordingly to the manufacturer’s instructions.
Negative control was incubated with normal rabbit
immunoglobulin G (IgG) in the same dilution and
conditions as the primary antibody. Secondary biotinylated
antibody (LSAB+ System HRP; Ref. K0690;
DakoCytomation) was applied accordingly to the
manufacturer’s instructions followed by streptavidin-
peroxidase complex (Ref. 0690, DakoCytomation, Inc.) for
20 minute each, at room temperature. Immunoreaction was
observed with Diaminobenzidine (DAB) chromogen. The
slides were counterstained with Harry’s hematoxylin.

Two  simultaneous  observers  determined
immunostaining scores semiquantitatively, as negative,
weak or strong (2). Cytoplasmic staining pattern was also
evaluated as granular or diffuse. Results were compared to
the histological types using ANOVA/Kruskal-Wallis,
followed by Dunn’s test, and Mann-Whitney test.
Significance level was set as 5%.

Results

TMAs were composed by seven (17.07%)
anaplastic carcinomas, eight (19.51%) carcinomas in a
mixed tumor, four (9.75%) solid carcinomas, ten (24.39%)
simple carcinomas of the tubular-type and ten (24.39%)
simple carcinomas of the papillary type, one (2.44%)
simple carcinoma and one (2.44%) micropapillary
carcinoma. The histopathological types and their
respective grades are listed in Tables 1 to 3.

Thirty-one tumors (75.61%) were positive to
MMP-9 (Table 1). Twenty-two samples (70.97%) showed
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Table 1. Distribution of the carcinomas analyzed according to the positivity for antibody anti-MMP-9.

Diagnosis

Antibody anti-MMP-9

Anaplastic carcinoma — grade III
Carcinoma in a mixed tumor - grade I
Carcinoma in a mixed tumor - grade II
Solid carcinoma - grade I

Solid carcinoma — grade 11

Simple carcinoma — grade 11

Simple carcinoma — tubular — grade I
Simple carcinoma — tubular — grade II
Simple carcinoma — papillary — grade I
Simple carcinoma —papillary — grade II

Micropapillary carcinoma — grade II

Positive Negative
5(71.4%) 2 (28.6%)
5(71.4%) 2 (28.6%)
1 (100%) -

2 (66.7%) 1 (33.3%)

1 (100%) -

1 (100%) -

8 (100%) -

1 (50%) 1 (50%)
5 (55.6%) 4 (44.4%)
1 (100%) -

1 (100%) -

Table 2. Distribution of carcinomas analyzed according to cytoplasmic staining pattern.

Diagnosis

Staining pattern

Anaplastic carcinoma — grade III
Carcinoma in a mixed tumor - grade I
Carcinoma in a mixed tumor - grade II
Solid carcinoma - grade I

Solid carcinoma — grade 11

Simple carcinoma — grade 11

Simple carcinoma — tubular — grade [
Simple carcinoma — tubular — grade II
Simple carcinoma — papillary — grade I
Simple carcinoma — papillary — grade II
Micropapillary carcinoma — grade II

Diffuse Granular
5 (100%) -
3 (60%) 2 (40%)
1 (100%) -
1 (50%) 1 (50%)
- 1 (100%)
1 (100%) -
5(62.5%) 3 (37.5%)
1 (100%) -
4 (80%) 1 (20%)
1 (100%) -
- 1 (100%)

Table 3. Distribution of carcinomas according to cytoplasmic staining intensity.

Diagnosis

Staining intensity

Anaplastic carcinoma — grade III
Carcinoma in a mixed tumor - grade I
Carcinoma in a mixed tumor - grade II
Solid carcinoma - grade I

Solid carcinoma — grade 1I

Simple carcinoma — grade 11

Simple carcinoma — tubular — grade I
Simple carcinoma — tubular — grade II
Simple carcinoma — papillary — grade I
Simple carcinoma — papillary — grade II
Micropapillary carcinoma — grade 11

Strong Weak
3 (60%) 2 (40%)
5 (100%) -
1 (100%) -
2 (100%) -
- 1 (100%)
1 (100%) -
4 (50%) 4 (50%)
- 1 (100%)
3 (60%) 2 (40%)
1 (100%) -
1 (100%) -
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diffuse cytoplasmic immunostaining (Fig. 1) and a finely
granular pattern (Fig. 2) was observed in 9 (29.03%), as
described in Table 2. The tumors were also graded
according to their immunostaining intensity: 21 (67.74%)
showed strong and 10 (32.26%) showed weak
immunolabelling (Table 3).

Figure 1. Simple papillary carcinoma. (a) diffuse weak
cytoplasmic immunostaining, and an anaplastic carcinoma
(b); diffuse strong cytoplasmic immunostaining for MMP-
9. IHC, counterstained with Harris hematoxylin.

There were no statistically significant differences
between anaplastic carcinomas, carcinomas in a mixed
tumor and simple carcinomas regarding positivity
(p=0.9707), intensity (p=0.5386) and staining pattern
(0.6135). Similar results were observed when solid
carcinomas were compared to simple papillary carcinomas
for positivity (p=0,7333), intensity (p=0.7333) and staining
pattern (p=0.3037); and when solid carcinomas were
compared to simple tubular and papillary carcinomas
grouped: positivity (p=0.9682), intensity (p=0.8450) and
staining pattern (p=0.5068). These categories were chosen
due to reasonable number of cases for statistical analysis
and because they represent known prognostic variables,

with higher aggressiveness for anaplastic carcinomas,
followed by solid and simple carcinomas (22).

Bw oy ®

Figure 2. Simple tubular carcinoma. (a) granular weak
cytoplasmic immunostaining, and a solid carcinoma (b)

showing granular strong cytoplasmic immunostaining for
MMP-9. THC, counterstained with Harris hematoxylin.

Discussion

In human breast cancer, a relation was established
between breast density and increased cancer susceptibility,
with tumors arising within the densest parts of the
mammary tissue (4). These densest areas are more often
associated with high cellularity and collagen concentration,
but the contribution of the last is not yet well understood
(7). MMPs are involved in degradation of extracellular
matrix elements and considered predictive of worse
prognoses in several tumors (8, 11, 26). Among this group
of enzymes, MMP-9 is believed to be involved in the
complex metastatic cascade, mainly by degrading
extracellular matrix compounds and contributing to
invasion.

In the present study, no significant differences
were found in MMP-9 expression between histological
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types of canine mammary carcinomas. Our data are
comparable to those from similar studies. Aresu et al. (2)
analyzed the MMP-9 expression at mRNA and protein
levels in canine mammary tumors and found a minor role
for this gelatinase. In a research involving 94 women,
Zhang et al. (38) found no relation between MMP-9
expression and worst prognosis, tumor size, presence of
metastasis in lymph nodes and recurrence.

The presence of MMP-9 has been demonstrated in
human tumors, as well as its higher expression in
malignant tumors in comparison to benign ones (7).
Similar results were also obtained for proliferative and
invasive tumors. Previous observations in human breast
cancer (9) and canine mammary tumors (2, 15)
demonstrated that MMP-9 positivity was higher in
malignant tumors than in adenomas. Santos et al. (32)
observed that stromal and neoplastic cells in malignant
mammary gland neoplasms express higher MMP-9 levels
than in benign lesions. Loukopoulos et al. (21) showed
higher MMP-9 expression in canine tumors than in benign
or non-neoplastic tissues. DoCampo et al. (10) observed
that canine malignant melanomas express higher MMP-9
levels than melanocytomas. MMP-9 expression was also
correlated to histopathological grading in canine cutaneous
mast cell tumors (20) and osteosarcomas (21).

TMAs are composed of small samples from each
tumor and, despite the immunohistochemical
standardization advantages, might not reflect the variable
features of the whole lesion, due to mammary tumors
heterogeneity (5, 13). In order to minimize this bias, we
selected only homogeneous tumors for the TMA, and
repeated part of the immunohistochemical tests in the
original samples, obtaining the same results.

A granular pattern for MMP-9 immunostaining
was described in our study. However, the biological
significance of this observation could not be verified, as
well as significant differences between the histological
types. This may be explained by the small number of
cases. In conclusion, we confirmed that canine mammary
carcinomas express MMP-9 with variable frequency and
different staining patterns. Studies involving a higher
number of cases and including follow up data are under
development for a more in-depth analysis of the MMP-9
prognostic value for these neoplasms.
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