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Abstract

A class of proteinases called matrix metalloproteinases (MMPs) is involved in the breakdown of the extracellular matrix (ECM) as well as other biological 
activities. Due to their capacity to degrade the matrix, they were considered in the invasion and metastasis of tumors. The primary goal of this study is to 
evaluate the association between MMP-9 expression in tumor-adjacent stromal cells and malignant mammary tumors in dogs, as well as the potential use of 
this protease as a predictive tumor marker. During surgery and necropsy, 32 canine malignant mammary gland tumors were discovered. For histopathological 
grading of tumors, the Pena et al. [1], approach and the Goldsmith et al. [2], method were employed. Utilizing immunohistochemical labeling, epithelial and 
stromal cell MMP-9 expression was identified. The level of tumor malignancy was associated with the degree of MMP-9 expression in stromal cells. In addition, 
stromal cells had much greater levels of MMP-9 expression. The expression of MMP-9 was well distributed and intense in all grade II and III carcinomas as well 
as poorly differentiated carcinosarcomas. High histologic grade tumors have greater levels of MMP-9 expression, according to semiquantitative examination 
of the gene’s expression. This finding lends credence to the concept that MMP-9 functions as an ECM component in tumor invasion and metastasis.

INTRODUCTION

Researchers and veterinarians are paying attention to 
neoplasia as a major problem. Small animals are now being used 
as models for research on human cancer, either for the discovery 
of new biomarkers or innovative treatment approaches, due to the 
rising incidence and death rates of tumors [3,4]. Neoplasia occurs 
sporadic and with varying degrees of morbidity in agricultural 
animals. The latter result in the condemnation of carcasses and/or 
organs in a herd or flock, which has an economic cost [5]. Studies 
from various locations have shown varying incidence rates and 
mortality, which is suggestive of the influence of environmental 
variables on the development and prognosis of tumors. Malignant 
canine mammary tumors may be as high as 50% [6]. According to 
Santos AA. et al.[7], invasion, metastasis, and recurrence of the 
tumor are the primarcauses of canine mammary tumor mortality.

In human malignancies, tumor invasion and metastasis are 
predictive of a poor prognosis. Water, minerals, proteoglycans, and 
fibrous proteins including collagen, elastin, and laminin make up 
the extracellular matrix (ECM), a dynamic non-cellular structure 
[8-10]. Proteinases secreted by residing cells continuously alter 
its constituent parts. Research on human breast cancer has 
revealed that the interaction between tumor cells and stromal 
cells promotes angiogenesis, invasion, and proliferation by 
triggering matrix-related proteases including MMPs and serine 
proteases [10-13]. The extracellular matrix (ECM) is degraded 
by endopeptidases known as MMPs, which include collagenases, 

gelatinases, stromelysins, matrilysins, membrane-type MMPs, 
and additional MMPs. They take part in a variety of biochemical 
processes that affect a variety of physiological and pathological 
states, including tissue remodeling, angiogenesis, ovulation, 
wound healing, and bone resorption [10,14]. In addition to 
T cells, neutrophils, monocytes, macrophages, leukocytes, 
endothelium cells, breast epithelial cells, osteoclasts, and 
keratinocytes, a variety of other cells also manufacture MMP-9, 
a gelatinase [15,16]. MMP-9 is produced in a dormant or latent 
state and released as a proenzyme or zymogen. According to 
Danielle et al. [17], Kessenbrock [8], and Bauvois [9], it manifests 
as a monomer in plasma and a dimer in neutrophils. MMP-9 is 
implicated in a number of neoplastic development pathways, 
including angiogenesis, invasion, and metastasis, according to 
accumulating data [11,18]. Immunohistochemistry is a method 
used to detect particular macromolecules connected to certain 
biological systems [19]. Experimental evidence implies MMP-
9 expression in various canine neoplastic tissue including skin, 
bone, and mammary gland [7,20,21]. The present work aims to 
evaluate the relationship between MMP-9 expression and tumor 
histologic type and grade in epithelial and stromal cells of canine 
mammary cancers.

MATERIAL AND METHODS

Ethical statement

We utilized animals for the study according to the US National 
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Institute of Health, Policy on Humane Care and Use of Laboratory 
Animals (PHS). This manuscript is author′s original work and 
has not been published elsewhere. This manuscript is authors’ 
original work and has not been published elsewhere. We delivered 
analysis appropriate to the context in which the research is held.

Sample collection and histopathology

During surgery or necropsy, 32 canine mammary tumors 
were found. Samples were cut into 5μ thick slices and stained 
with H&E after being fixed in 10% buffered formalin. The tissue 
that was selected for the immunohistochemistry analysis was 
nearby. Two impartial observers assessed the histopathological 
types of tumors in accordance with the methodology of Goldsmith 
et al. [2]. Tubule formation, nuclear pleomorphism, and mitoses 
per HPF are the three key characteristics used in Pna et al.’s 
classification of tumors.

Immunohistochemistry

On each sample, immunohistochemical staining was done. 
Utilizing anti-goat monoclonal antibodies from rabbits that have 
been biotinized, immunohistochemical staining was carried 
out. Formalin-fixed, paraffin-embedded tissue slices that were 
cut at a 3µ m thickness were used for the reaction. Antigen 
retrieval was done using a microwave oven at 750 W and 180 W 
(citrate buffer, 15 minutes, PH6, 0/01M) after deparaffinization 
and rehydration. To neutralize endogenous peroxidase, all 
transparencies were incubated with 3% hydrogen peroxide for 
five minutes. To reduce nonspecific binding, all transparencies 
were incubated with rabbit and mouse serum for 20 minutes. 
The transparencies were incubated with the primary antibody 
(goat polyclonal antibody anti-MMP-9 diluted 1 to 200) for 
several hours. The transparencies were then incubated with a 
secondary antibody (rabbit anti-goat biotinized antibody diluted 
1 to 100) for 30 minutes. In this phase, the transparencies were 
incubated for 10 minutes in a solution of diaminobenzidine 
(substrate) and chromogen (1 drop of chromogen per 1 ml 
of substrate). The specimens were then counterstained with 
hematoxylin. As a positive control, blood vessel muscle was used, 
while non-immunogenic goat immunoglobulin was substituted 
for the primary antibody as a negative control. Evaluation of 
immunostained sections in a semiquantitative manner. Two 
observers estimated the proportion of stromal and malignant 
cells with cytoplasmic staining. Eventually, tumors classified as 
low (< 50% ) or high (≥ 50%) expression level for stromal cells 
and low (< 25%) or high (≥ 25%) expression level for epithelial 
cells Table 1.

Statistical analysis

To analyze differences of MMP-9 expression in stromal and 
epithelial cell, the fisher exact test was used and the pearson ϰ2 
test was used to analyze the correlation of MMP-9 expression 
and histologic grade of the tumors. Statistical analysis performed 
using Graphpad-Prism version 9 (Graphpad software, San 
Diego, CA, USA). A p-value of < 0.05 was considered statistically 
significant.

Table 1: MMP-9 expression in canine malignant mammary tumors

Histologic classification

MMP-9 extension MMP-9 intensity

Neoplastic 
cells

Stromal 
cells

Neoplastic 
cells

Stromal 
cells

Tubular carcinoma – Grade I Low Low 0 0

Tubular carcinoma – Grade I Low Low 0 0

Tubular carcinoma – Grade II Low High 1+ 2+

Tubular carcinoma – Grade II Low Low 1+ 1+

Tubular carcinoma – Grade II Low High 1+ 2+

Tubulopapillary carcinoma 
– Grade II Low High 0 3+

Tubulopapillary carcinoma 
– Grade I Low High 0 1+

Tubulopapillary carcinoma 
- Grade I Low High 0 2+

Tubulopapillary carcinoma 
– Grade II High High 2+ 2+

Cystic papillary carcinoma – 
Grade III Low High 1+ 3+

Cystic papillary carcinoma – 
Grade II Low High 0 2+

Cystic papillary carcinoma – 
Grade II Low High 0 2+

Cystic papillary carcinoma – 
Grade II Low High 0 2+

Cribriform carcinoma – 
Grade III High High 2+ 3+

Cribriform carcinoma – 
Grade II Low Low 0 2+

Solid carcinoma – Grade III Low High 0 3+

Comedocarcinoma – Grade III High Low 2+ 0

Complex carcinoma – Grade II High High 1+ 2+

Complex carcinoma – Grade II Low High 1+ 2+

Carcinoma and malignant 
myoepithelioma – Low High 0 2+

Grade II

Carcinoma-mixed type – 
Grade I Low Low 0 1+

Carcinoma-mixed type – 
Grade I Low Low 0 1+

Carcinoma-mixed type – 
Grade II Low Low 1+ 2+

Carcinoma-spindle cell 
variant – Grade III Low High 0 3+

Carcinoma-spindle cell 
variant – Grade II Low High 1+ 3+

Carcinoma-spindle cell 
variant – Grade II High High 1+ 3+

Malignant myoepithelioma 
– Grade II High High 2+ 3+

Chondrosarcoma High High 2+ 3+

Carcinosarcoma Low High 1+ 3+

Carcinosarcoma Low High 0 3+

Carcinosarcoma Low High 0 3+

Carcinosarcoma Low High 0 3+
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RESULTS

Malignant breast tumors were determined in all 32 samples. 
The most numerous neoplasms were simple carcinomas– 15 
(46.8%), then carcinosarcoma–4 (12.5%), carcinoma mixed 
type–3 (9%) and carcinoma–spindle cell variant–3 cases (9%). 
Detailed histopathological results are presented in Table 1. Six 
malignant neoplasms were graded as grade I, 16 as grade II, 
and five as grade III out of 32 total (Figures 1-5). Sparse stroma 
and a low to moderate mitotic activity index were seen in 
tubular carcinomas. One tubular carcinoma, one cystic papillary 
carcinoma, one cribriform carcinoma, and one comedocarcinoma 
all showed lymphatic invasion. In two instances of tubulopapillary 
cancer, desmoplasia was seen. Solid carcinoma reported to have 
extensive necrosis. Results of the histopathologic examination of 
tumors of the canine mammary gland and the semiquantitative 
measurement of MMP-9 expression are shown in Table 2. In 21.8% 
of tumors, epithelial cells had high MMP-9 expression, whereas in 
71.8% of tumors, stromal cells had high MMP-9 expression.

In general, stromal cells of all histologic types of neoplasms 
expressed MMP-9. There was no evidence of MMP-9 expression 
in the neoplastic epithelial cells of 17 neoplasms, including 
2 tubular carcinoma, 3 tubulopapillary carcinoma, 3 cystic 
papillary carcinoma, 1 cribriform carcinoma, 1 solid carcinoma, 
1 carcinoma and malignant epithelioma, 2 carcinoma mixed 
type, 1 carcinoma-spindle cell variant, and 3 carcinosarcoma. 
MMP-9 expression was most prominent in neoplasms made 
up of malignant spindle cells (epithelial or mesenchymal). 
Neoplasms with intensity ratings of +3 also displayed substantial 
levels of extension. The histologic type and grade of neoplasms 
were not linked with MMP-9 expression in neoplastic cells and 
stromal cells. MMP-9 expression was shown to be most intense 
and dispersed in grade II and III carcinomas as well as poorly 
differentiated carcinosarcoma.

DISCUSSION

Both the stroma surrounding tumors and the neoplastic 
cells are the subject of oncology study. The ECM acts as a natural 
inhibitor of tumor growth. The stability of tissue proliferation 
is guaranteed by ECM integrity throughout normal tissue 
remodeling and degradation. The importance of ECM in neoplastic 
transformation has been confirmed by an expanding body of 
research. Invasion of malignant cells into basement membrane 
and surrounding healthy tissue, influx of neoplastic cells into 
lymphatics and blood arteries, and metastasis to distant organs 
are all facilitated by proteolytic enzymes [8,15,22]. According to 
studies Björklund M [15], Fingleton [23], Biljana E [24], tumor 
progression necessitates the cleavage and activation of growth 
factors, proteinases and their inhibitors, blood clotting factors, 
cell surface receptors, adhesion molecules, and intracellular 
substrates, followed by the cleavage of extracellular matrix 
components. Proteases were subsequently presented as useful 
tumor indicators.

Extracellular proteins are thought to enhance the malignant 
phenotype by generating proangiogenic and proinflammatory 

characteristics in the tumor microenvironment. Veterinary 
studies looked on the many roles that MMP-9 plays in the 
development of tumors. The first important stage in neoplastic 
cells’ intravasation (vascular invasion) is the degradation of 
the subendothelial basement membrane. Type IV collagen, a 
significant component of basement membrane, is degraded by 
MMP-2 and MMP-9 [11,12]. Through the oxidation of VEGF, bFGF, 
TGF- β, and type IV collagen, MMP-9 stimulates vasculogenesis. On 
the other hand, MMP-9 suppresses angiogenesis and endothelial 
cell proliferation by producing endostatin and angiostatin. 
Time of expression and substrate availability determine its 
function in angiogenic and angiostatic pathways [8,18,25,26]. 
It is believed that neoplastic cells coordinate the production of 
certain growth factors and cytokines during various phases of 
carcinogenesis. Following the formation of MMPs like MMP-9, 
the production of cytokines like TGF-ß (Transforming growth 
factor-ß), PDGF (Platelet derived growth factor), and ECM 
metalloproteinase inducer increases [13,27]. It is unclear what 
function MMP plays in diseases in animals. The normal canine 
mammary gland expresses MMP-9. The increased expression 
during pregnancy is a sign that MMP-9 is involved in the 
interactions between tissues throughout the developmental and 
proliferative phases. MMP-9 is expressed during the physiological 
remodeling of the mammary gland, according to research using 
a mouse model. ECM breakdown and cell proliferation are also 
involved in tumor development, invasion, and metastasis [28]. 
Using techniques including zymography, ELISA, western blot, 
and immunohistochemistry, earlier research found that MMP-
9 expression is greater in malignant mammary neoplasms than 
in benign mammary neoplasms [7,17,29,30]. Jinga et al. [14], 
reported that invasive carcinomas, demonstrated the highest 
levels of MMP-9 expression and activity.

MMP-9 has been presented as a distant metastatic predictor 
in human breast cancer. Studies looked for evidence of stromal 
cell involvement in the development of neoplasms. Studies 
have shown that MMP-9 is present in the stromal fibroblasts 
and endothelial cells surrounding breast in situ and invasive 
carcinomas [31]. MMP-9 expression in diverse canine mammary 
tumor histopathologic types was not substantially different in 
the present investigation. Our results are consistent with those of 
Gramulia et al. [32], and Santos et al [7]. According to our findings, 
stromal and neoplastic cells expressed MMP-9 to varying degrees. 
The histologic type and grade of the tumor did not substantially 
correlate with its expression. Our findings concur with other 
studies that argued MMP-9 expression in malignant and stromal 
cells.

Additionally, immunostained sections examination indicated 
a widespread MMP-9 expression pattern. However, Gramulia et 
al. discovered that the enzyme had both a diffuse and granular 
staining pattern. The level of tumor malignancy was associated 
with the degree of MMP-9 expression in stromal cells. MMP-9 
expression was greater in grade III neoplasms than in grade II and 
I neoplasms and in metastatic neoplasms than in non-metastatic 
neoplasms [34]. This finding lends credence to the notion that 
MMP- 9 is involved in tumor invasion and metastasis.
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Figure 1 A. Low differentiated carcinosarcoma. High expression of MMP-9 in neoplastic epithelial cells (arrow, brown) and stromal cells (arrowhead, 
brown). B. Low differentiated carcinosarcoma, expression of MMP-9 by stromal cells (brown) and lack of expression in mammary epithelial cells 
(blue). C. Comedocarcinoma. High expression of MMP-9 by neoplastic epithelial cells (brown) and lack of expression in stromal cells (blue). D. 
Carcinoma-spindle cell variant. Lack of expression of MMP-9 in stromal cells and neoplastic epithelial cells (blue).

Figure 2 Mean of MMP-9 expression in neoplastic epithelial cells and stromal cells.
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Figure 3 Frequency of histologic type of canine mammary tumors according to histologic grade.

Figure 4 Analysis of correlation of MMP-9 expression in neoplastic epithelial cells and three parameters of histologic grading of mammary tumors 
are demonstrated. The three parameters were not significantly correlated (P>0.01) with MMP-9 expression.

Figure 5 Analysis of correlation of MMP-9 expression in stromal cells and three parameters of histologic grading of mammary tumors are 
demonstrated. The three parameters were not significantly correlated (P>0.01) with MMP-9 expression in stromal cells.
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In veterinary medicine, MMP-9 was found in canine 
cutaneous mast cell tumors, melanomas, osteosarcomas, and 
mammary neoplasms. Previous research on MMP-9 expression 
in canine mammary gland cancers was conducted by Nowak 
et al. [34], Santos et al. [7], Chen et al. [35], and Dong et al 
[36]. According to the present research, tubule development is 
connected with MMP-9 expression in epithelial cells and stromal 
cells, with P values of 0.0479 for cancerous cells and 0.017 for 
stromal cells, respectively. MMP-9 expression was found in the 
cytoplasm and nucleus of canine mammary neoplastic cells, 
according to another research by Karakurt et al [30]. Mendes et 
al. [37], however, were unable to find MMP-9 in brain samples. 
They claimed that the MMP-9 levels in the samples were below 
the technique’s detection thresholds. Uncertainty surrounds 
the location of MMP production [37]. MMP-9 is a protease that 
is generated in locations other than neoplastic and stromal cells, 
according to several researchers who disagreed regarding the 
location of its synthesis [27]. MMP-9 is physiologically active 
in the tumor microenvironment. Shia et al. noted that MMP-9 
activity in tumor tissue is connected with serum level of MMP-9 
in addition to its function in angiogenesis. Research studies that 
shown col1a1, col3a1, col4a1, and col5a1 is connected with poor 
prognosis of gastric cancer and glioblastoma Chen YC [35], Jiang 
[38], Henke [39], provide the clearest evidence of the significance 
of collagenolytic activity of MMP-9. There is debate concerning 
the relationship between MMP-9 expression and the histologic 
grade of tumors. The argument that many signaling pathways are 
connected via MMP-9 bioactivity might be used to refute contrary 
results. Additionally, there are a variety of effects when MMP-9 
activity is increased or decreased. When taken as a whole, an 
examination of the materials notes that the primary significance 
of MMPs in the invasion of neoplasms is related to their extensive 
proteolytic capacities. Their capacity to catalyze the ECM results 
in the cleavage and destruction of ECM proteins. Additionally, they 

validated their diagnostic and prognostic values [17,29,33]. The 
key finding is that our study supports prior hypotheses on MMP-
9 expression by stromal and epithelial cells in canine mammary 
gland cancers [40].

Highlights

• Matrix metalloproteinases are one of the ECM components 
which have proteolytic activity.

• MMP-9 is a member of MMPs family which is activated in 
in variety of physiologic processes. Further, it is detected 
in cancerous tissue, including breast, skin, and bone.

• MMP-9 is produced by diverse populations of 
inflammatory, epithelial, endothelial, and stromal cells.

• The zinc containing protease is involved in process of 
tumor invasion and metastasis.
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