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In this study, intermediate filaments, Pan Cytokeratin (Pan CK), Vimentin, Desmin and S-100 were evaluated to 
reveal the cellular origin of feline SCCs. Alpha-Smooth Muscle Actin (α-SMA) for cancer-related fibroblasts (CAFs) 
in the tumor microenvironment, and p53, a tumor suppressor gene, were investigated. Proliferating Cell Nuclear 
Antigen (PCNA) expression was evaluated for the cell proliferation index. Matrix Metalloproteinase-9 (MMP-9) 
immunoreactivity was evaluated for the metastasis and invasion capacity. In addition, it is aimed to reveal the 
expressions of proapoptotic Bax gene, antiapoptotic Bcl-2 gene, caspase-dependent pathway Caspase-3 and 
caspase-independent pathway Apoptosis Inducing Factor (AIF) for apoptosis mechanism. Biopsy samples taken 
from 7 cats brought to Department of Pathology for routine histopathological examination were used in this 
study. Tumor tissue samples were fixed in 10% formaldehyde solution. Serial sections of 5 μm thickness were 
taken from the paraffin blocks prepared after routine tissue follow-up procedures. Hematoxylin & Eosin (H&E) 
staining was performed on the sections. Avidin-Biotin Peroxidase-Technique (ABC) was used as 
immunohistochemical staining. It was determined that the tumors had epithelial-mesenchymal transition, 
exhibited a very high proliferation index, had p53 mutation, and showed low metastasis/high invasion capacity. 
It was revealed that Bax/Bcl-2 ratio increased in favor of proapoptotic Bax, and caspase-independent apoptosis 
was more dominant than caspase-dependent apoptosis.  
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Introduction 

Squamous cell carcinoma (SCC) is a malignant tumor 
originating from epidermal cells that differentiate into 
keratinocytes (Simčič et al., 2021). SCCs can be divided 
into three subclasses according to their origin: oral SCC, 
ocular SCC, and cutaneous SCC (Gudenschwager-Basso 
et al., 2022).  Cutaneous and oral SCCs are the most 
common malignant tumors observed in cats (Kabak et 
al., 2020). Pinnae, eyelids, and nasal planum are regions 
where cutaneous SCCs are frequently seen (Layne and 
Graham, 2016). Oral SCCs are mostly located on the base 
of the tongue, mandible and maxilla in cats. These 
tumors are typically locally invasive and cause 
destruction of underlying bone tissue (Olmstedt et al., 
2016). However, the rate of metastasis in feline SCCs is 
quite low. If the tumor metastasizes, regional lymph 
nodes and lungs are the organs most affected by this 
condition (Simčič et al., 2021). Tumors are mostly seen 
in older cats and the average age range is 12 years (Layne 
and Graham, 2016). Prolonged exposure to ultraviolet 

radiation, lack of pigment in the skin, sparse hair, and 
papillomaviruses are the main risk factors for the 
development of cutaneous SCCs (Sanz Ressel et al., 2021; 
Gudenschwager-Basso et al., 2022). Although there are 
different therapeutic applications for SCCs, surgical 
excision has been used as the most successful treatment 
method to date (Sanz Ressel et al., 2021). It has been 
reported that the survival time for cats with SCC is only 
2-4 months and the 1-year survival rate is less than 10% 
(Olmstedt et al., 2016). Human cutaneous, head and 
neck SCCs are similar to feline SCCs in many respects, 
which makes feline SCCs a very suitable animal model for 
humans (Gudenschwager-Basso et al., 2022).  

In this study, intermediate filaments such as Pan 
Cytokeratin (Pan CK), Vimentin, Desmin and S-100 were 
evaluated to reveal the cellular origin of cutaneous, 
ocular and oral SCCs in cats. In addition, the expression 
of Alpha-Smooth Muscle Actin (α-SMA) for cancer-
related fibroblasts (CAFs) in the tumor 
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microenvironment, and p53, an important tumor 
suppressor gene, were investigated. Proliferating Cell 
Nuclear Antigen (PCNA) expression was evaluated for 
the cell proliferation index of cancer. Matrix 
Metalloproteinase-9 (MMP-9) immunoreactivity was 
evaluated for the detection of metastasis and invasion 
capacity. In addition, it is aimed to reveal the 
expressions of various markers such as proapoptotic 
Bax gene, antiapoptotic Bcl-2 gene, caspase-dependent 
pathway Caspase-3 and caspase-independent pathway 
Apoptosis Inducing Factor (AIF) for controlled cell 

death-apoptosis mechanism by immunohistochemical 
methods. 

 
Material and Methods  

 

Animals 
In this study, biopsy samples taken from 7 cats brought 

to Kafkas University, Faculty of Veterinary Medicine, 
Department of Pathology for routine histopathological 
examination between 2019-2022 were used. Information 
on animals is detailed in Table 1. 

 

Table 1. Information about cats with SCC 

Case 

No 
Age Gender Breed Location Macroscopy Metastasis Recurrence Differentiation 

1 6 Male Cross Nasal Planum Ulcerative Nodular - - Poorly 

2 5 Male Cross 
Ear Pinnae, Nasal 

Planum 

Ulcerative Nodular 

Papillomatous 
- - Well 

3 6 Male Cross Periocular Ulcerative Crateriform - - Moderately 

4 5 Female Cross Periocular Hemorrhagic Crateriform - - Well 

5 1 Male Cross Oral Cavity Hemorrhagic Nodular - - Moderately 

6 3 Female Cross Ear Pinnae 
Hemorrhagic 

Papillomatous 
- + Poorly 

7 2 Female Cross Periocular Hemorrhagic Crateriform - - Moderately 

Ethical Approval 
The ethics committee report of the study was 

approved by Kafkas University Animal Experiments Local 
Ethics Committee (KAU-HADYEK/2022-059). 

 

Histopathological Examinations 
Tumor tissue samples taken from cats were fixed in 

10% formaldehyde solution. Serial sections of 5 micron 
thickness were taken from the paraffin blocks prepared 
after routine tissue follow-up procedures. Hematoxylin & 
Eosin (H&E) staining was performed on the sections in 
order to reveal the histopathological changes in the 
tissues. Sections were evaluated under the light 
microscope by at least two different pathologists, and the 
histopathological changes detected were photographed. 

The degrees of differentiation of SCC cases were 
determined based on the presence of keratin pearls, the 
size of tumoral islands, and squamous differentiation 
(Kabak et al., 2020). 

 

Immunohistochemical examinations 
Serial sections taken from paraffin blocks prepared 

from tumoral tissues at 4 micron thickness, using Avidin-
Biotin Peroxidase-Technique (ABC), Pan Cytokeratin, 
Vimentin, Desmin, α-SMA, S-100, PCNA, p53, MMP-9, Bax, 
Bcl-2, Caspase 3 and AIF commercial antibodies were 
stained according to the manufacturer's procedures. 
Information on the primary antibodies used in the study is 

given in Table 2. Thermo Scientific Histostain IHC Kit (HRP, 
broadspectrum, REF: TP-125-HL) was used to conduct all 
immunostaining. Amino ethyl carbazole (AEC, Thermo 
Scientific, REF: TA-125-HA) was applied as the 
chromogenic substrate and incubated for 15 minutes. 
Slides were rinsed with distilled water for 5 minutes and 
coated with AEC mount after staining with Mayer 
Hematoxylin. 

After coating, the prepared preparations were 
observed under a light microscope (Olympus Bx53) and 
the sections were photographed using the Cell ^P 
program (Olympus Soft Imaging Solutions GmbH, 3,4). 
Detailed analyzes of the photographs were made using 
the Image J program (1.51j8). 

Analysis of immunohistochemical staining results; the 
immune positive reactions were made with a grading 
system based on the number of positive cells (tumoral 
cells, tumor microenvironment, etc.) For the 
quantification of immune-positive reactions in tissues, the 
analysis was started on the basis of high-intensity reaction 
areas. In each tumoral tissue, 3 different areas were 
evaluated with a 40X objective. The numbers of positively 
stained cells in each area were recorded separately, and 
the average of these 3 areas was accepted as the mean 
positive cell number of that case. Grading system was 
designated as; (-) = no immunoreactivity, (+) = weak, 1-
10% positive, (++) = moderate, 11-59% positivity, and 
(+++) = severe positivity over 60% (Karakurt et al., 2023). 
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Table 2. Information on primary antibodies used in immunohistochemical studies 

Primary Antibodies Company and Catalog Numbers Dilution Incubation Condition 

Pan CK Novus Biologicals, PCK-26 1/400 Over night, 4 ℃ 

Vimentin Thermo Scientific, RM-9120-R7 Ready to use Over night, 4 ℃ 

α-SMA  Thermo Scientific, MS-113-R7 Ready to use Over night, 4 ℃ 

Desmin Leica Biosystems, PA0032 Ready to use Over night, 4 ℃ 

S-100 Thermo Scientific, MS-296-P1 Ready to use Over night, 4 ℃ 

PCNA Santa Cruz, sc-56 1/100 Over night, 4 ℃ 

p53 ABclonal, A3185 1/100 Over night, 4 ℃ 

MMP-9 Santa Cruz, sc-393859 1/100 Over night, 4 ℃ 

Bax Santa Cruz, sc-80658 1/100 Over night, 4 ℃ 

Bcl-2 ABclonal, A19693 1/100 Over night, 4 ℃ 

Caspase-3 ABclonal, A2156 1/100 Over night, 4 ℃ 

AIF ABclonal, A2568 1/100 Over night, 4 ℃ 

Results  

 

Macroscopic Findings 
All of the cases were crossbreed stray cats. 4 of the cats 

were male and 3 were female. The average age was 4. 6 of 
7 cases were cutaneous and 1 was oral SCC. Of the 
cutaneous SCCs, 2 were localized in the nasal planum, 2 in 
the ear pinnae, and 3 in the periocular areas. Only one case 
of cutaneous SCC showed multiple localization (ear pinnae 
+ nasal planum). It was found that solitary or multiple 

tumoral masses exhibiting nodular, papillomatous or 
crateriform growths could range from a few mm to 2-3 cm 
in diameter, and their surfaces were highly hemorrhagic 
and ulcerative. In addition, some of the SCC cases were 
found to have a pinkish and irregular appearance, covered 
with a purulent exudate. In only one case, recurrence of the 
tumoral mass was recorded after the operation. One cat 
died shortly after treatment. In the examinations, no 
metastases were detected in regional lymph nodes or 
distant tissues such as lungs in all 7 cases (Figure 1 a-b-c-d). 

 

Figure 1. Macroscopic views of tumoral masses taken from different regions such as (a) periocular, (b) ear pinnae, 
(c) nasal planum, (d) oral cavity. 

Microscopic Findings 
Two of the cases were well-differentiated, three were 

moderately-differentiated, and two were poorly-
differentiated. In well-differentiated SCCs, it was noted that 
keratin pearls were quite numerous and large, tumoral 
islands were large and squamous differentiation was evident 
(Figure 2 a). It was determined that the number and size of 
keratin pearls decreased in moderately-differentiated SCCs 
compared to well-differentiated SCCs. In addition, tumoral 
islands were also smaller in size than well-differentiated SCCs 
and an increase in the number of poorly-differentiated cells 
(Figure 2 b). In poorly-differentiated SCCs, keratinization was 
not either a single cell or remarkable level. Tumor islands 
were found to be quite small in size compared to well and 
moderately-differentiated cases, and pleomorphic areas 
were found to increase significantly (Figure 2 c).  

The nuclei of large and oval-shaped neoplastic cells 
were highly hyperchromatic, especially in poorly 
differentiated-SCCs. It was observed that the nuclei of the 
tumoral cells were very prominent and the number of 
nuclei increased from place to place. The nucleus cytoplasm 
ratio was increased in favor of the nucleus. Significant 
anisocytosis was noted in tumoral cells. Mitotic activity was 
found to be quite low in well, moderately and poorly-
differentiated SCCs. In addition, the presence of abnormal 
mitotic figures, albeit few, was detected. In some cases, 
intercellular bridges called multiple desmosomes were 
present in the membrane of tumoral cells. In many cases, it 
was found that the tumoral mass invaded the adjacent 
cartilage and muscle tissues. The inflammatory reaction, 
mostly caused by mononuclear cells located between the 
tumor islands, was remarkable. 
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c  

Figure 2. (a) Well-differentiated SCC, keratin pearl (arrowhead). (b) Moderately-differentiated SCC, keratin pearls 
(arrows). (c) Poorly-differentiated SCC, H&E, Bar=100 μm. 

Immunohistochemical Findings 
The immunopositivity scores of feline SCCs are given in 

Table 3. All cases were immunopositive for Pan CK 
expression. Immune positive reactions were much more 
pronounced in well-differentiated SCCs compared to 
moderately and poorly-differentiated SCCs. These 
reactions were observed especially in tumoral islands and 
intense intracytoplasmic staining was observed in 
neoplastic cells. All SCCs showed vimentin positive 
staining. Vimentin positive reactions were especially 
concentrated in mesenchymal stroma cells such as 
fibrocytes and fibroblasts. In addition to mesenchymal 
stroma cells, vimentin immunoreactivity was found in the 

cytoplasm of a few tumoral cells in poorly-differentiated 
SCCs. Well, moderately and poorly-differentiated SCCs 
were immune positive for α-SMA. However, the staining 
was detected in mesenchymal stroma cells, such as 
fibroblasts and myofibroblasts, located in the tumor 
microenvironment and in the periphery of tumoral islets 
rather than tumoral cells. While no desmin positive 
staining was observed in tumoral cells, desmin 
immunoreactivity was found in the invaded muscle tissue 
adjacent to the cancerous tissue. The tumor 
microenvironment showed a negative reaction for 
desmin, similar to tumor cells. S-100 staining was not 
detected in any of the SCCs (Figure 3 a-b-c-d). 

 
Table 3. Scores of all immunohistochemical markers and cell types showing positive staining 

Case Pan CK Vimentin α-SMA Desmin S-100 PCNA p53 MMP-9 Bax Bcl-2 Caspase-3 AIF 

1 Poorly TC + M -TC + MC +++ MuC ++ - TC +++ TC ++ TC + TC ++ TC + TC + TC +++ 

2 Well TC +++ MC +++ MC + - - TC ++ - - TC +++ TC + TC + TC +++ 

3 Moderately TC ++ MC +++ MC ++ - - TC ++ TC + TC + TC ++ TC + TC + TC +++ 

4 Well TC +++ MC +++ MC + - - TC ++ TC + - TC +++ TC + TC + TC +++ 

5 Moderately TC ++ MC +++ MC +++ MuC + - TC +++ - - TC +++ TC + TC + TC +++ 

6 Poorly TC + M-TC ++ MC +++ MuC +++ - TC +++ TC ++ TC ++ TC ++ TC + TC+ TC ++ 

7 Moderately TC ++ MC ++ MC + MuC + - TC ++ TC ++ TC + TC +++ TC + TC + TC ++ 

TC: Tumoral cells, MC: Mesenchymal cells, MuC: Muscle cells, M-TC: Mesenchymal and tumoral cells, (-) = no immunoreactivity, (+) = 
weak, 1-10% positive, (++) = moderate, 11-59% positivity, and (+++) = severe positivity over 60% 
 

 

Figure 3. (a) Uniform dense intracytoplasmic Pan CK immunopositive reactions in tumoral islands. (b) Vimentin 
positive staining in cells of mesenchymal origin in the stroma between tumoral cords. (c) Expression of α-SMA, 

especially in fibroblasts and vascular endothelial cells, which are located between trabecular structures formed by 
neoplastic cells. (d) Intense desmin positive staining in muscle cells adjacent to the tumoral tissue, IHC, Bar= 200 μm. 
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All cases gave a positive reaction for PCNA expression. 

PCNA positive reactions were detected in the nuclei of 
tumoral cells. It was observed that the intensity of staining 
was stronger in areas where pleomorphism was evident. 
No PCNA positive reaction was detected in the tumoral 
stroma. It was observed that PCNA immunoreactivity was 
not significantly different in well, moderately and poorly-
differentiated SCCs. Contrary to PCNA results, 5 of 7 SCCs 
were immunopositive for p53. It was determined that p53 
immunoreactivity was more intense in the nuclei of 

neoplastic cells in the periphery of tumor islands. It was 
determined that the intensity of p53 expression in cancer 
cells decreased significantly from the periphery to the 
keratin pearl in the center of the tumoral islands. Similar 
to PCNA immunoreactivity, no significant difference was 
noted between well, moderately and poorly-
differentiated SCCs in terms of p53 positive staining. 4 out 
of 7 SCCs showed MMP-9 positive staining. Very weak 
intracytoplasmic reactions were detected in the 
cytoplasm of tumoral cells (Figure 4 a-b-c). 

 

Figure 4. (a) Severe intranuclear PCNA positive reactions in cells in tumoral nests. (b) Weak intranuclear p53 
immunoreactivity in neoplastic cells located in the periphery of tumoral islands. (c) Intracytoplasmic MMP-9 

staining in tumoral cords, IHC, Bar= 100 μm. 

All SCCs were positive for Bax, Bcl-2, Caspase-3 and AIF 
immunoreactivity. Proapoptotic Bax expressions were 
much more pronounced compared to antiapoptotic Bcl-2 
expressions. Bax positive staining was observed in the 
cytoplasm of tumoral cells in a granular form and quite 
intensely. Bcl-2 positive staining was detected 
intracytoplasmically similar to Bax expressions. However, 
the intensity of the staining was quite weak. Regardless of 
the degree of differentiation, it was noted that 
proapoptotic Bax expressions were higher than apoptosis-
inhibiting Bcl-2 expressions on a case-by-case basis. 

Caspase-3 immunopositive reactions were detected in 
both the cytoplasm and nucleus of epithelial cells in 
tumoral islands. Compared to caspase-3 
immunoreactivity, AIF positive staining was found to be 
significantly increased. AIF positive reactions were 
granular form in the cytoplasm of tumoral cells in 
trabecular structures. Accordingly, it was revealed that 
the apoptosis mechanism in cats with SCC is triggered by 
a caspase-independent pathway rather than a caspase-
dependent pathway (Figure 5 a-b-c-d). 
 

 

Figure 5. (a) Intense granular Bax positive staining in the cytoplasm of tumoral cells. (b) Very weak intracytoplasmic Bcl-
2 immunoreactivity. (c) Caspase-3 positive reactions in both the cytoplasm and nucleus of neoplastic cells in trabecular 
structures. (d) Very severe and intracytoplasmic granularity in tumoral islets AIF staining, IHC, Bar= 50 μm. 



Karakurt et al. / Journal of Health Sciences Institute, 8(2): 248-256, 2023 

253 

 

Discussion 
 

Intermediate filaments that form part of the 
cytoskeleton are different types of proteins. Although 
their functions are not fully known, they are thought to be 
involved in the regulation of cellular and intracellular 
movements, as well as providing cellular integrity, shape 
and organelle positions as components of the 
cytoskeleton (Milli et al., 2000). Cytokeratin filaments are 
found in epithelial cells, vimentin filaments in 
mesenchymal cells, desmin filaments in muscle cells, 
neurofilaments in nerve cells, and glial fibrillary acidic 
protein filaments in astrocytes (Martín de las Mulas et al., 
1995). In addition, microfilaments such as α-SMA are also 
used to detect cell type, except for intermediate 
filaments. α-SMA microfilaments are determinative for 
myoepithelial cells (Milli et al., 2000). In this study, 
markers such as Pan CK, Vimentin, α-SMA, Desmin and S-
100 were evaluated immunohistochemically in detecting 
the cellular origins of well, moderately and poorly-
differentiated SCCs. As expected, Pan CK, an important 
epithelial tumor marker, gave a positive reaction in all 
SCCs, especially in well-differentiated (Rodríguez Guisado 
et al., 2021). Pan CK immunoreactivity was detected in the 
cytoplasm of neoplastic epithelial cells, consistent with 
literature data (Martín de las Mulas et al., 1995; da 
Conceicao et al., 2016; Sparger et al., 2018; Barbosa et al., 
2019). Different researchers reported that they did not 
find vimentin immunoreactivity in tumoral foci in feline 
SCCs (Conceicao et al., 2016; Rodríguez Guisado et al., 
2021). In addition, they reported that vimentin-positive 
staining was observed especially in the connective tissue 
around the tumoral islands (Barbosa et al., 2019). In the 
current study, vimentin expression was predominantly 
detected in mesenchymal cells in the tumor stroma, 
similar to previous studies (Conceicao et al. 2016; Barbosa 
et al., 2019; Rodríguez Guisado et al., 2021). However, 
especially in poorly differentiated-SCCs, in addition to 
mesenchymal cells, epithelial tumor cells were also found 
to be positive for vimentin expression, albeit in very few 
numbers. This increased expression of vimentin in SCCs, 
which is an epithelial tumor, led to the conclusion that it 
may be related to the epithelial-mesenchymal transition 
(EMG) of tumors (Harris et al., 2019). In human medicine, 
it has been reported that EMG is associated with the 
metastatic process in many different types of epithelial 
malignant tumors such as breast cancer and SCC. In small 
animal medicine, it has been suggested that EMG occurs 
during the metastatic process of canine prostate 
carcinoma and canine mammary carcinoma (Furusawa et 
al., 2021). On the other hand, other studies have reported 
that EMG contributes to the aggressiveness of oral SCCs in 
cats (Harris et al., 2019). Although no metastasis data 
could be obtained due to the fact that the cats with SCC 
used in this study were stray animals, it is thought that the 
invasive and aggressive character of the cases confirms 
this increase in vimentin expression. As expected, 
epithelial cancer cells were negative for Desmin and S-100 

staining in all cases (Martín de las Mulas et al., 1995; 
Guisado et al., 2021). Desmin positive reactions were 
detected only in the muscle tissue adjacent to the tumoral 
tissues. 

α-SMA, a specific marker for myofibroblasts, is also 
widely used in the detection of cancer-associated 
fibroblasts (CAFs) (Yoshimoto et al., 2017). CAFs, also 
known as activated fibroblasts or myofibroblasts, are 
important components of the tumor microenvironment 
and increase cancer cell invasion, proliferation, and 
growth rate. CAFs promote angiogenesis, regulate 
inflammatory cell infiltration and expression of 
extracellular matrix proteases, and reduce cancer cell 
death (Klobukowska and Munday, 2016). In this study, 
intense α-SMA positive staining was found in fibroblasts in 
the tumor stroma as previously reported (Conceicao et al. 
2016; Klobukowska and Munday, 2016). Klobukowska and 
Munday (2016) reported that cats with CAFs positive-
feline oral SCCs had a shorter average survival time 
compared to cats with CAFs negative-feline oral SCCs. 
Based on the results of the study, they suggested that the 
presence of CAFs in the tumor stroma is an important 
prognostic marker for oral feline SCCs (Klobukowska and 
Munday, 2016). In the current study, it was determined 
that only one case died in a short time (approximately 1 
month) after the operation due to secondary bacterial 
infections. Unfortunately, we do not have any information 
regarding the survival of the other 6 cases. In addition, no 
significant difference was found between the deceased 
case and the other 6 cases in terms of α-SMA expression. 

Mitotic dysregulation and uncontrolled cell growth are 
strong indicators for potential malignant transformation 
(Mestrinho et al., 2017b). PCNA is a 36-kDa non-histonic 
nuclear peptide required for DNA replication (Mestrinho 
et al., 2017a). PCNA is a specific marker for cell division, 
and its expression has been found to be associated with 
cancer progression and malignancy (Martano et al., 2016). 
PCNA is used in human medicine to predict histological 
stage, recurrence rate, and prognosis in cancers such as 
oral SCC (Mestrinho et al., 2017a). It has been found that 
increased PCNA expression in canine oral squamous cell 
carcinomas is associated with poor mean survival and 
advanced cancer stages (Martano et al. 2016; Mestrinho 
et al., 2017b; Mestrinho et al., 2017a). In the literature 
review, it was seen that the cell proliferation index in 
feline SCCs was mostly evaluated through Ki67 expression. 
In only one study, it was found that a high PCNA index in 
feline cutaneous SCCs was associated with a poor 
response to radiotherapy used in cancer treatment 
(Théon et al., 1995). In this study, it was determined that 
PCNA positivity was almost the same in well, moderately 
and poorly-differentiated cases, including cases that 
recurrenced, died shortly after the surgecial operation, 
and showed invasive character, and there was no 
significant difference between SCCs. Although an effective 
cancer marker for SCCs in humans and dogs, PCNA has not 
been shown to be a very reliable marker for detecting 
malignancy, progression, and prognosis in feline SCCs. The 
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lack of a remarkable difference in PCNA staining results in 
SCCs with advanced histological stage, recurrent and 
invasive character was interpreted as the small sample 
size. 

The p53 protein, which acts as a tumor suppressor, has 
functions such as maintaining genetic integrity and 
triggering apoptosis against DNA damage (Munday and 
Aberdein, 2012). Cells with any deficiencies in the p53 
gene cannot be repaired or undergo apoptosis despite 
DNA damage. These cells continue to divide so that 
genetic damage continues to accumulate in these cells 
and they eventually undergo malignant transformation 
(Renzi et al., 2019). In more than 50% of cases of head and 
neck cancers in humans, either a mutation in the p53 gene 
or an increase in the p53 protein is observed. This has also 
been associated with poor clinical outcomes and tumor 
progression (Supsavhad et al., 2016). In addition, 
prolonged exposure to sunlight, especially ultraviolet light 
B (UV B), is an important epidemiological risk factor for 
skin SCCs in humans. It has been determined that these 
UV rays also cause mutations in the p53 gene (Nasir et al., 
2000; Munday and Aberdein, 2012). Altamura et al. 2018 
reported that Felis catus Papilloma Virus Type 2 E6 
oncoprotein causes degradation of the p53 gene in cats 
with SCC, similar to humans, and possibly contributes to 
tumor development. Five of the seven cats used as 
material in this study gave an intranuclear positive 
reaction for the mutant p53 gene. Such a mutation in the 
p53 gene is very likely due to the fact that cats live in Kars, 
a high altitude region, and are exposed to sunlight for a 
long time. Various researchers have noted that p53 is an 
important prognostic marker for feline oral SCCs 
(Supsavhad et al., 2016; Renzi et al., 2019). In the current 
study, although an increase in p53 immunoreactivity was 
observed in moderately and poorly differentiated-SCCs 
compared to well-differentiated SCCs, this increase was 
not significant. In this respect, similar to Munday et al. 
(2019) reported, p53 was not thought to be a very 
effective predictor of survival and prognosis for feline 
SCCs. 

Matrix Metalloproteinases (MMPs) are zinc-
dependent endopeptidases that degrade the extracellular 
matrix, facilitating tumor invasion and regulating tumor-
associated angiogenesis (Nasry et al., 2018). Remodeling 
of the extracellular matrix and basement membrane by 
cancer cells is an important step in terms of metastasis 
and invasiveness (Altamura et al., 2020). A subset of 
MMPs, also known as gelatinases (MMP-2 and MMP-9), 
has been shown to be associated with prostate, breast, 
gallbladder, lung and breast cancers in humans (Jankowski 
et al., 2002). In addition, it has been found that MMPs are 
expressed in many cancer types such as meningiomas, 
breast cancers, and lymphomas in cats (Nasry et al., 2018). 
In the literature review, it was noted that there are few 
studies evaluating MMP expressions in cats with SCC 
(Jankowski et al., 2002; Altamura et al., 2020). In a study, 
Jankowski et al., (2002) reported that MMP-2 and MMP-9 
levels were significantly increased in cancer tissue 
compared to healthy control tissues and tumor stroma in 

many cat tumors such as squamous cell carcinoma, 
fibrosarcoma, mammary gland adenocarcinomas. 
Altamura et al., (2020) showed that MMP-1, MMP-2 and 
MMP-9 are expressed at both gene and protein level in 
feline oral SCC cell lines. They suggested that this increase 
in MMP level may also be related to the invasive potential 
of cancer cells. Although invasion into adjacent tissues 
was observed in most of the cases, no lymph node or 
distant tissue metastases were observed. MMP-9 
immunoreactivity was observed in moderately and 
poorly-differentiated SCCs rather than well-differentiated 
SCCs. Invasive cases were found to have a more severe 
reaction in terms of MMP-9. In this respect, it is 
undeniable that MMP-9 has the potential to be a useful 
marker in detecting tumor aggressiveness in feline SCCs. 

Apoptosis is an important form of cell death for normal 
development, host defense and suppression of 
carcinogenesis (Madewell et al., 1999). Tumor 
development is a localized generalized increase in cell 
number. It is also a result of cell gain by proliferative 
activity and cell loss by apoptosis and necrosis (Madewell 
et al., 2001). Failure to maintain the proper balance in cell 
number is a distinctive feature for neoplasms. Although 
the increase in cellular proliferation seems to be a 
characteristic feature for many tumors, the disorder in the 
apoptosis mechanism is a much more key factor for cancer 
development (Madewell et al., 1999). Bcl-2 and Bcl-2-
associated X protein (Bax) are important genes of the Bcl-
2 family. Bcl-2 is antiapoptotic and Bax is proapoptotic 
(Altamura et al., 2021). Bax/Bcl-2 cross-regulation 
regulates apoptosis, cell survival and cell proliferation 
(Dos Anjos et al., 2019). Caspases play an important role 
in apoptosis. Caspase-mediated apoptosis involves two 
pathways. The first of these is the extrinsic pathway and is 
initiated by the activation of caspase-8 by cell surface 
receptors. Another pathway is the intrinsic pathway and is 
organized by mitochondria with the activation of caspase-
9. Caspase-3 is effective in both the extrinsic and intrinsic 
pathways. There is also a caspase-independent Apoptosis-
inducing factor (AIF)-signed pathway apoptosis 
mechanism released by mitochondria (Ozkaraca et al., 
2022). There are very few studies on the mechanisms of 
apoptosis in cats with SCC (Madewell et al., 1999; 
Madewell et al., 2001; Dos Anjos et al., 2019). Madewell 
et al., (1999) investigated the topographic distribution of 
Bcl-2 protein in healthy and neoplasia cat tissues and 
reported that 12 cases with cutaneous SCC were negative 
for Bcl-2 expression. In another similar study, Madewell et 
al., (2001) reported that 14 cats with cutaneous SCC were 
negative for Bax and Bcl-2 positive reactions. Altamura et 
al., (2016) suggested that the 2016 E6 and E7 oncogenes 
inhibit the accumulation of UV B-triggered proapoptotic 
markers such as p53, p21 and Caspase-3, Bax and Bak, and 
that UV exposure and virus have a synergistic effect in 
tumor pathogenesis. Contrary to these studies, Dos Anjos 
et al., (2019) recorded Bax and Bcl-2 expression in the 
cytoplasm of tumor cells. In the current study, Bax and Bcl-
2 positive stainings were detected in the cytoplasm of 
tumor cells similar to Dos Anjos et al., (2019) reported. 
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Proapoptotic Bax expressions were observed to be 
stronger than antiapoptotic Bcl-2 expressions. Compared 
to caspase-3 immunoreactivity, AIF positive staining was 
found to be significantly increased. In the light of the study 
data, it was noted that the caspase-independent pathway 
is much more effective than the caspase-dependent 
apoptosis mechanism in feline SCCs. 

 

Conclusion 
 

In conclusion, it was concluded that Pan CK is a very 
useful marker in revealing the cellular origin of feline SCCs. 
In addition, CAFs in the tumor microenvironment were 
found to be quite high. α-SMA was very effective in 
detecting the presence of these cells, which is a valuable 
parameter about the prognosis of cancer. All of the SCCs 
gave a positive reaction in terms of vimentin staining, 
which showed that the tumors had EMT. Although as 
tumor differentiation increased, PCNA and p53 
immunoreactivity increased in parallel with 
differentiation, there was no significant difference 
between cases in terms of these markers. It has been 
observed that MMP-9 has the potential to be a useful 
marker in demonstrating the cancer aggressiveness of 
MMP-9 in invasive cases. It was determined that the 
Bax/Bcl-2 ratio in the cases was in favor of the 
proapoptotic Bax gene and the caspase-independent 
pathway was more dominant in the apoptosis mechanism. 
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