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Abstract: Cutaneous squamous cell carcinoma (SCC) is the second most common type of skin cancer
in humans and one of the most frequent in dogs. Interest in studying this tumor type in animals has
grown significantly, largely due to its high mutational load. Among the biomarkers, metalloproteinases
(MMPs) have stood out. MMPs are a family of calcium- and zinc-dependent proteases that degrade
the extracellular matrix (ECM), with MMP-9, a gelatinase, among the most investigated. MMP-9
expression has been reported to be increased in several tumors. The main objective of this study was
to evaluate MMP-9 immunostaining in canine SCC. A descriptive analysis of MMP-9 expression was
performed, categorizing it in tumor cells as absent, weak, moderate, or strong. In the SCC cases stu-
died, with respect to marking intensity, 27 tumors showed strong intensity (+++), 6 moderate intensity
(++), and 4 weak intensity (+). In all degrees of differentiation, a strong staining intensity predominated.
In addition, we found MMP-9 expression in the stroma and macrophages, suggesting its role in tumor
progression and in modulating the tumor microenvironment. These findings highlight the potential of
MMP-9 as a prognostic biomarker. Understanding its role in SCC could significantly improve our ability
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to predict disease progression in dogs, leading to more effective treatment strategies.

Introduction

Cutaneous squamous cell carcinoma is among the most frequently
encountered malignant skin tumors in dogs (1). It is characterized by
locally aggressive and infiltrative behavior, while distant metastasis is
generally uncommon, except in digital forms, which show a higher
risk of regional and distant spread. Cutaneous SCC may cause marked
local tissue destruction, pain, and functional impairment, often requ-
iring wide or radical surgical excision, and in some advanced or ana-
tomically challenging cases may become non-resectable, leading to
consideration of euthanasia on welfare grounds (2—4).

Cutaneous SCC occurs most frequently in medium- to large-breed
dogs between 6 and 13 years of age, with no sex predisposition (5).
Breeds such as Beagle, Pit Bull, Schnauzer, Basset Hound, Collie, and
Dalmatian appear to be overrepresented. Several factors contribute
to its development, including chronic ultraviolet radiation exposure,
persistent inflammatory processes, immunosuppression, viral infec-
tions, repetitive trauma, epidermal pigment deficiency, and skin
burns (6-8).

Classically, the diagnosis of cutaneous SCC and other cutaneous tu-
mors in dogs relies on histopathological examination of biopsy or
surgical excision specimens, which remains the gold standard for de-
finitive tumor classification, grading, and staging. In clinical practice,
this approach is often preceded by fine-needle aspiration, a rapid and
minimally invasive technique that provides a preliminary cytological
assessment and supports the suspicion of malignancy (9-11).
However, this technique does not provide information on tissue ar-
chitecture or allow identification of the specific tumor type, limiting
its ability to fully classify the neoplasm, and it does not replace histo-
pathology for definitive diagnosis (9—14).

Despite the availability of these diagnostic approaches, advanced SCC
often responds poorly to treatment and exhibits a high mutational
burden, suggesting a challenging biological behavior (15-17). There-
fore, identifying complementary biomarkers that aid diagnosis, pro-
gnosis, and understanding of tumor progression is crucial (15).

Among the molecular targets of interest, matrix metalloproteinases
(MMPs) play crucial roles in tumor progression, acting both directly by
degrading the extracellular matrix and basement membrane, favoring
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the proliferation and dissemination of neoplastic cells, and indirectly by
stimulating angiogenesis, which is fundamental for nutrient supply and
tumor expansion. Increased expression of these enzymes is associated
with more invasive and metastatic phenotypes, while their role in reor-
ganizing extracellular matrix components facilitates cell migration thro-
ugh the tumor microenvironment (18-20).

MMP-9 is one of the most studied metalloproteinases. Produ-
ced by various cells, including keratinocytes, monocytes,
macrophages, and polymorphonuclear leukocytes, it regulates
extracellular matrix degradation and cleaves gelatin and colla-
gen types IV, V, XI, and XVI, processes essential for invasion and
metastasis. Furthermore, tumor cells stimulate adjacent cells to
increase MMP-9 production, thereby creating a microenviron-
ment conducive to tumor survival and dissemination, and rele-
ase growth factors and cytokines that promote carcinogenesis
(19,21-23). Its activity is closely linked to angiogenesis, promo-
ting endothelial cell migration, new vessel formation, and the
exposure of epitopes that modulate vascular development. At
the same time, the enzyme can also generate angiogenesis-in-
hibiting molecules, such as angiostatin and endostatin, thereby
influencing tumor cell apoptosis. MMP-9 also participates in
pro- and anti-apoptotic mechanisms, whether through alterati-
ons in the extracellular matrix, cleavage of molecules such as
Fas, or activation of pathways such as AKT. Specific interactions,
such as with endostatin, can modulate its own activation, ad-
justing cell survival. Thus, MMP-9 functions as a multifunctional
regulator of the tumor microenvironment, integrating invasion,
metastasis, angiogenesis, and apoptosis, making it an important
therapeutic target and prognostic marker across multiple cancer
types (23). MMP-9 expression has been described as increased
in several tumors, including canine mammary tumors, lympho-
mas, and melanomas, and is associated with tumor progression
and a significant impact on prognosis (24-26).

In human squamous cell carcinoma, MMP-9 expression has
been extensively investigated and documented. Several studies
show that its expression is increased in tumors when compared
to normal tissue, and it is also observed in inflammatory cells
(27). However, to our knowledge, no study has evaluated MMP-
9 immunohistochemical expression in canine cutaneous
squamous cell carcinoma. Thus, the main objective of this study
is to analyze MMP-9 expression in this type of neoplasm in dogs.

Material and methods

Biological material

A total of 47 formalin-fixed, paraffin-embedded (FFPE) tissue
samples from 47 dogs were analyzed: 10 normal skin samples
(without obvious inflammatory or neoplastic pathology) and 37
cutaneous squamous cell carcinomas. All specimens were obtai-
ned from clinical cases submitted for routine diagnostic evalua-
tion to the University of Tras-os-Montes and Alto Douro Histo-
logy and Pathology Laboratory between 2022 and 2024.
Samples consisted of incisional biopsies or surgical excisions
from living animals, collected by attending veterinarians, fixed
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in 10% neutral buffered formalin, and processed and embedded
in paraffin wax. For all cases, basic clinical information (including
signalment) was available from the laboratory records. Hema-
toxylin and Eosin (H&E)-stained histological slides were re-
viewed to confirm the diagnosis and to select representative
areas for immunohistochemistry. Twenty cases were in females
and seventeen in males. The most common breeds were Boxers
(n =8) and Mixed breed (n = 4), as shown in Table 1. The animals
studied ranged in age from 1 to 17 years, with an average age of
8.5 years.

Table 1: Clinical Characteristics, Histological Grade, and MMP-9 Expression
Pattern in Dogs with Cutaneous Squamous Cell Carcinoma

Case Breed Sex (yiifs) Hisct;(;laodg;cal (ir'\l/lte'vll'\Z}tSV) '\glg)-
1 Bobtail Female 10 I + diffuse
2 Boxer Female 8 Il + diffuse
3 Mixed breed Female 11 I + diffuse
4 Portuguese Male 1 I ++ diffuse
Pointer
5 Bulldog Male 9 i ++ diffuse
6 ;2?:;?[2: Female 7 n ++ diffuse
7 Doberman Female 6 Il ++ diffuse
8 Motfri;ei:iDog Female 4 I - diffuse
9 Basset Hound Female 14 1l 4+ diffuse
10 Boxer Female 8 Il +Ht diffuse
i \esthiEhend e g I e diffuse
12 Dalmatian dog Male 6 | + diffuse
13 Labff;trr;’ g Male 9 I . diffuse
14 Dalmatian dog Male 1 1] 44+ diffuse
15 Yorkshire Male 11 1] +++ diffuse
16 Irish Setter Male 9 1l 4+ diffuse
17 Pincher Female 8 1 ++ diffuse
18 Basset Hound Male 8 1 ++ diffuse
19 Sharpei Female 10 1 4 diffuse
20 Boxer Male 7 1l 4+ diffuse
21 Pit Bull Male 9 n e+ diffuse
22 Mixed breed Female 17 1l 4+ diffuse
23 SCE‘;TZH Male 7 i . diffuse
24 Boxer Male 10 I ++ diffuse
25 Boxer Female 9 I ++ diffuse
26 Cocker Spaniel ~ Female 10 I + diffuse
27 Poodle Female 12 I + diffuse
28 Boxer Male 6 1l Eas diffuse
29 Sii;r:z: ; Male 2 I - diffuse
30 Boxer Female 7 I o diffuse
31 Portuguese Female 10 I o diffuse
Pointer
32 Pekingese Female 6 1l ++ diffuse
33 Mixed breed Female 7 I o diffuse
34 Boxer Male 8 1l +H diffuse
35 Bichon Frisé Male 9 | +++ diffuse
36 Poodle Female 11 1l e diffuse
37 Mixed breed Female 6 1 e diffuse




Histological analysis

Two pathologists (IP and JP) independently analyzed each sample,
thoroughly examining all slides in each section. The histopathologi-
cal diagnosis was based on the World Health Organization (WHO)
classification of animal tumors criteria (28), according to the tu-
mor's ontogeny and morphological features. Microscopic observa-
tions and image capture were carried out using a Nikon Eclipse
E600 microscope with a Nikon DXM1200 digital camera (Nikon In-
struments Inc., Melville, NY, USA).

The following histological features were assessed: degree of kerati-
nization, nuclear pleomorphism, and the presence or absence of
spindle or anaplastic cells. Keratinization was graded according to
the percentage of neoplastic cells exhibiting keratinization into
three groups: | (>50% keratinized cells), 1l (20-50% keratinized
cells), and Ill (0-20% keratinized cells). Nuclear pleomorphism was
classified into three categories: | (mild, with >75% of cells showing
a mature appearance), Il (moderate, with 50-75% mature cells),
and Il (marked pleomorphism, with <50% mature cells). The overall
histological malignancy grade was assigned, with tumors categori-
zed as Grade |, Il, or lll (Table 2). Grade | (well differentiated) lesions
showed nuclear pleomorphism-1, pronounced keratinization, and
the absence of spindle or anaplastic cells. Grade Il (moderately dif-
ferentiated) tumors exhibited moderate keratinization, nuclear ple-
omorphism 1 or 2, and no spindle or anaplastic cells. Grade IlI (po-
orly differentiated) lesions displayed rare to absent keratinization,
nuclear pleomorphism grade 3, and the presence of spindle or ana-
plastic cells, and were often difficult to distinguish from SCC.

Table 2: Histological grade of malignancy, adapted from (29).

Histological Grade Histological Features

Increased cytoplasm/nucleus ratio (nuclear ple-

Grade | omorphism-1)

(Well differentiated) Pronounced keratinization (1)

No spindled or anaplastic cells

Moderate keratinization (2)

Grade Il
(Moderately differen- No spindled or anaplastic cells
tiated) Nuclear pleomorphism-1 or -2
Rare to absent keratinization (3)
Grade IlI Presence of Spindled or anaplastic cells
(Poorly differentiated) Nuclear pleomorphism-3

Often difficult to distinguish as SCC

Immunohistochemical evaluation of MMP-9

For immunohistochemical analysis, 3-um-thick sections from paraf-
fin blocks were mounted on silane-coated glass slides. Staining was
performed in a humid chamber using a manual immunohistoche-
mistry system (Bio-Optica®, Milan, Italy) with a polymer detection
system (Novolink™ Polymer Detection Systems, Leica Biosystems®,
Newcastle, UK). The samples were dewaxed and rehydrated in gra-
ded alcohol solutions, followed by antigen retrieval in citrate buffer
(pH 6.0) with heat treatment in a microwave oven at 750 W for 2

cycles of 5 minutes each. Endogenous peroxidase activity was bloc-
ked by incubation with 3% hydrogen peroxide (H,0,) for 30 minu-
tes, after which the slides were incubated with the Protein Block
provided in the Novolink™ Polymer Detection Systems kit (Leica Bi-
osystems®, Newcastle, UK). The samples were then incubated in a
humid chamber at 4 °C with the primary anti-MMP-9 antibody
(polyclonal, Neomarkers®), which has previously been applied in
canine studies (33), at a 1:200 dilution in PBS for approximately 24
hours. This was followed by incubation with the Post Primary rea-
gent for 30 minutes, then with the Novolink™ polymer for an ad-
ditional 30 minutes, according to the manufacturer’s instructions.
The reaction was visualized using 3,3’-diaminobenzidine (DAB) as
the chromogen (7 minutes), and the slides were counterstained
with Gill's hematoxylin for 1 minute, dehydrated, cleared, and mo-
unted with Entellan® resin (Merck®). Allimmunohistochemical pro-
cedures (antigen retrieval, antibody dilution, incubation times,
washing steps, and room-temperature conditions) were standardi-
zed and performed by the same operator to ensure consistency and
reproducibility. Positive controls (canine mammary carcinoma tis-
sue) and negative controls (omission of the primary antibody) were
included in each run to ensure the quality and specificity of the
immunohistochemical procedure.

Evaluation of MMP-9 immunoreactivity

MMP-9 immunopositivity was identified as brown cytoplasmic sta-
ining in neoplastic cells and was evaluated exclusively in tumor cells.
The distribution of positive cells was scored based on the percentage
of stained tumor cells as follows: negative (0%), focal (1-19%), multi-
focal (20—49%), and diffuse (>50%). Staining intensity was graded as
absent (0), weak (+), moderate (++), or strong (+++) (30).

All samples were independently evaluated by two blinded obser-
vers (IP and JP). Interobserver agreement was assessed using
kappa statistics, which indicated substantial to almost perfect
agreement across scoring categories. When discrepancies occur-
red, a third reviewer (CC) re-evaluated the slides, and a consensus
was reached to determine the final score.

Statistical Analysis

All statistical analyses were conducted using SPSS software (ver-
sion 21; SPSS Inc., Chicago, lllinois, USA). The chi-square (x?) test
was applied to examine the relationship between MMP-9 and
the histological grade of malignancy. A p-value below 0.05 was
considered indicative of statistical significance.

Results

Histopathological Evaluation

Among the analyzed tumors, 10 cases (27.03%) were classified
as well-differentiated grade I, 15 cases (40.54%) as moderately
differentiated grade Il, and 12 cases (32.43%) as poorly differen-
tiated grade lll, as shown in Figure 1.
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Figure 1: Histopathological features of canine cutaneous squamous cell carcinoma (H&E). (A) Well-differentiated (grade 1), showing prominent keratinization with
keratin pearl formation (black arrow) and mild nuclear pleomorphism (white arrow), 400x. (B) Moderately differentiated (grade Il), characterized by irregular nests
of squamous cells with moderate keratinization (black arrow) and moderate nuclear pleomorphism (white arrow), 400x. (C) Poorly differentiated (grade IlI), dis-
playing poorly defined sheets of malignant cells with rare to absent keratinization and marked nuclear pleomorphism (white arrows), 400x.

MMP-9 immunohistochemical evaluation

In the 10 cases of normal skin analyzed, no expression of this
molecule was detected. Regarding the tumors, all exhibited
MMP-9 immunoexpression in both tumor cells and the stroma,
including inflammatory cells such as macrophages (Figure 2). In
tumoral cells, staining was diffuse and present in more than half
of the cells, regardless of histological grade.

For staining intensity, 27 tumors showed strong intensity (+++), 6
moderate intensity (++), and 4 weak intensity (+). In Grade | tumors,
20% (2/10) showed weak (+) staining, 20% (2/10) had moderate
(++) staining, and 60% (6/10) exhibited strong (+++) staining.

In Grade Il tumors, 6.7% (1/15) showed weak (+) staining, 13.3%
(2/15) moderate (++) staining, and 80.0% (12/15) strong (+++) sta-
ining.

In Grade Il tumors, 8.3% (1/12) showed weak (+) staining, 25%
(2/12) had moderate (++) staining, and 66.7% (9/12) exhibited
strong (+++) staining. Across all histological grades, strong staining
intensity predominated, and no significant association was obser-
ved between MMP-9 immunohistochemical staining and histo-
pathological grade (p=0.81).

Discussion

Given the local aggressiveness of cutaneous squamous cell car-
cinoma, it is essential to understand the mechanisms of invasion
and tumor progression and to investigate molecules that could
serve as therapeutic targets (31). In this context, MMP-9, a ma-
trix metalloproteinase, plays a crucial role in degrading the
extracellular matrix. Its expression is associated with important
tumor events. MMP-9, a gelatinase, participates not only in can-
cer invasion and metastasis by degrading type IV collagen in the
basement membrane and the extracellular matrix, but also in
angiogenesis and the growth of cancer cells (24,32-34).
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In this study, normal skin samples were negative for MMP-9
expression, consistent with human studies showing that MMP-
9 is typically absent in non-tumoral epithelium (31,35).

Among the 37 tumors analyzed, all were positive for MMP-9, and
27 showed high expression. Its presence was also detected in the
tumor stroma. Although no previous studies on canine cutaneous
SCC allow direct comparison with our results, research on other
canine tumors has reported observations similar to ours. For
example, cartilaginous bone tumors, including chondroblastic
osteosarcomas, chondrosarcomas (36), and multilobular bone tu-
mors (36), showed higher MMP-9 expression compared to benign
tumors and non-tumoral tissues. Similarly, canine and feline oste-
osarcomas (37) exhibited positivity for MMP-9. Similar results
were observed in mammary tumors (37), where MMP-9
expression was higher in malignant tumors than in benign ones
and was associated with the presence of this protein in the tumor
stroma. Additionally, in canine mast cell tumors and melanocytic
tumors, the intensity of MMP-9 expression was higher in tumors
with more aggressive behavior (38).

Regarding human squamous cell carcinoma, the findings on
MMP-9 expression are not fully consistent across studies. Simi-
lar results were reported in cutaneous SCC (39,40), esophageal
SCC (41), oral SCC (42,43), oral SCC of the tongue (44), and
squamous cell carcinoma of the head and neck (45,46). Conver-
sely, a study of oral SCC reported a higher proportion of cases
with weak-to-absent MMP-9 expression (47). Similarly, in head
and neck carcinoma, more cases were negative for MMP-9 than
positive (48). This discrepancy between human and animal stu-
dies and our findings may reflect differences in sample size, in-
dividual variability, anatomic location, or species-specific
aspects of tumor biology. Methodological factors may also con-
tribute, including variations in immunohistochemical protocols
(such as biotin—streptavidin versus polymer-based systems). Ad-
ditionally, the antibody used is not canine-specific, as is the case
for most human-developed antibodies. We were also unable to
control the fixation time prior to sample arrival at the laboratory,
which may have influenced the staining results.
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Figure 2: Immunoexpression of MMP-9 in canine cutaneous squamous cell carcinoma (SCC). Positivity is observed in tumor cells, the stroma
(black arrow), and macrophages (green arrow). (A) Weak staining intensity in well-differentiated SCC (grade 1); 200x. (B) Weak staining intensity
in well-differentiated SCC (grade |), stromal positivity is also present (black arrow), 200x. (C) Moderate staining intensity in moderately differen-
tiated SCC; 200x. (D). Strong staining in tumor islands of moderately differentiated SCC; 200x. (E) Strong staining intensity in poorly differentiated
SCC, 400x. (F) Negative control showing absence of MMP-9 expression, 100x.
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Regarding a potential association with tumor aggressiveness, in
our study, no differences were observed among histological gra-
des of malignancy, with MMP-9 staining intensity (+++) observed
across all differentiation grades. In humans, the prognostic value
of MMP-9 remains controversial, with some studies reporting cor-
relations with aggressive tumor behavior (47,49), whereas others,
similar to this study, do not find a significant association (45,46).
Despite the lack of a significant correlation with histological grade,
the diffuse and strong expression of MMP-9 in canine cutaneous
SCC suggests it may be a potential therapeutic target. MMP inhi-
bitors, which have shown promise in limiting tumor invasion and
metastasis in human studies, may also hold potential in veterinary
oncology (18,50-52).

Additionally, a clear difference between normal and neoplastic
epidermis is observed, with MMP-9 being expressed only in tu-
mor tissues. This reinforces the hypothesis that MMP-9
expression is closely linked to pathological processes, particularly
those involved in oncogenesis and tumor progression. In both ca-
nine and human SCC, MMP-9 may play a critical role in degrading
the extracellular matrix, thereby facilitating tumor cell invasion
(53,54). However, as it is also expressed in low-grade tumors,
MMP-9 expression may represent an early event in neoplastic
transformation, as suggested by human studies, highlighting its
potential role in early tumor progression (21,40,55).

Although it was not quantified, MMP-9 labeling was also obser-
ved in the stroma and macrophages, suggesting that MMP-9 is
produced by both neoplastic cells and the stroma. This finding
highlights the tumor as a dynamic ecosystem in which tumor and
non-tumor cells influence biological behavior. According to other
studies, its presence in inflammatory cells supports the notion
that MMP-9 arises from interactions between tumor and non-tu-
mor cells and plays an important role in tumor progression (50).

Several biological mechanisms may be implicated in the associa-
tion between MMP-9 expression and tumor aggressiveness, an
interesting area of investigation in canine squamous cell carcino-
mas. These mechanisms include the enzyme’s capacity to remo-
del the extracellular matrix, promote angiogenesis, and regulate
immune cell dynamics within the tumor microenvironment
(51,56). The relationship between increased MMP-9 secretion
and tissue damage during cancer is well documented. By degra-
ding extracellular matrix components, MMP-9 enables the reor-
ganization of structural proteins and the removal of physical bar-
riers that restrict cell migration. Disruption of the basement mem-
brane, composed of laminins and cross-linked collagens, facilita-
tes the spread of invasive cancer cells, the recruitment of immune
cells to the tumor stroma, and the formation of new blood and
lymphatic vessels, processes that are essential for supplying the
tumor with nutrients and oxygen (50,51,57).

In addition, MMP-9 can cleave extracellular signaling molecules,
such as CXC chemokines, thereby regulating immune cell traffic-
king and acting as an important coordinator of the tumor micro-
environment (57,58). Increased MMP-9 expression has also been
positively correlated with the infiltration of B cells, CD8* and CD4*
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T lymphocytes, and macrophages in cancer types such as adreno-
cortical carcinoma and renal clear cell carcinoma (51,53,57,58).

Our study has several limitations, including the relatively small
number of tumors analyzed and the absence of follow-up cases.
In addition, although MMP-9 expression was observed in stromal
and inflammatory cells, a systematic evaluation of these compart-
ments was not performed. A more detailed characterization of
these cell populations, along with exploration of associated
mechanisms such as angiogenesis, could further enhance under-
standing of MMP-9 activity in cutaneous SCC. Moreover, immu-
nohistochemical studies in veterinary medicine often lack control
over important pre-analytical variables, such as fixation time, and
are limited by the reduced availability of canine-specific antibo-
dies, which may affect staining standardization and interpreta-
tion.

In this study, we conducted a preliminary analysis of MMP-9
immunohistochemical  expression,  suggesting increased
expression in tumor cells, stromal cells, and macrophages. These
findings lay the groundwork for future research to gain deeper in-
sights into the role of MMP-9 in tumor progression and the mic-
roenvironment of squamous cell carcinoma.

Conclusion

MMP-9 is associated with the progression and metastasis of ma-
lignant tumors in humans and dogs, but its expression in canine
tumors, such as cutaneous squamous cell carcinoma (SCC), is still
poorly investigated. This study revealed strong MMP-9 expression
in canine SCC, highlighting its role in the tumor microenviron-
ment. However, in our study, MMP-9 expression was not associa-
ted with the histological grade of malignancy, underscoring the
complexity of its involvement in tumor behavior. Future research
should examine the relationship between MMP-9 expression and
tumor progression, as well as the underlying mechanisms, inc-
luding immune infiltration and angiogenesis.
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