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 Bovine ocular squamous cell carcinoma (BOSCC) constitutes a malignant epithelial 

neoplasm that has been linked to causative influences including ultraviolet light 

exposure and lack of pigment. Serving as key elements of the innate immune 

system, Toll-like receptors (TLRs) orchestrate inflammatory and immune reactions 

by sensing both pathogen-associated molecular patterns (PAMPs) and damage-

associated molecular patterns (DAMPs). Through the NF-κB pathway, TLR signal 

transduction exerts dualistic actions in tumor development thereby promoting 

inflammation while simultaneously inhibiting programmed cell death. The Bcl-2 

protein family governs apoptotic processes, whereas matrix metalloproteinases 

(MMPs) hold crucial importance for tissue invasion and metastatic spread. In this 

study, TLR3 and TLR9 expressions in BOSCC were evaluated by immunohisto-

chemistry and immunofluorescence and the relationships between Bax, Bcl-2, and 

MMP-9 were also investigated. TLR3 and TLR9 were highly expressed irrespective 

of tumor differentiation and did not show a strong direct correlation with apoptotic 

and invasion markers. However, in poorly differentiated cases, a significant increase 

in Bcl-2 and a relative decrease in Bax indicated a shift towards an anti-apoptotic 

phenotype. The high expression of TLR3/9 suggested that it may have the potential 

to be an immunotherapeutic target rather than an independent biomarker. The Bcl-

2/Bax ratio increased from 0.26 in well-differentiated cases to 0.67 in poorly 

differentiated cases. An increased Bcl-2/Bax ratio suggests apoptosis resistance and 

this situation may explain resistance to conventional treatments and suggests that a 

combination of Bcl-2 inhibitors and immunotherapy may be beneficial. 
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INTRODUCTION 

 

Bovine ocular squamous cell carcinoma (BOSCC), 

also known as "cancerous eye" among veterinary 

pathologists, is a malignant epithelial tumor. These 

masses, notable for their cauliflower-like shapes and 

varying sizes, are malignant epithelial neoplasms that 

most often occur in the bulbar conjunctiva, cornea, and 

around the eyelid. This cancer, which has a higher 

incidence in breeds such as Hereford, Holstein, and 

Simmental, has been associated with environmental and 

hereditary factors such as conjunctival pigment deficiency 

and intense ultraviolet exposure (Tsujita and Plummer, 

2010; Sharma et al., 2020). It has also been noted that the 

disease may be linked to a number of viral agents, 

including papillomaviruses and herpesviruses. It has been 

found that the tumor commonly develops in cattle older 

than seven years, but is rarely seen in animals under three 

years of age. The most common location of the tumor in 

cattle is reported to be the limbus of the eye and the third 

eyelid (Tsujita and Plummer, 2010). Tumors formed by 

the transformation of plaque-like proliferations originating 

from the stratum spinosum layer of the epithelium into 

papillomas undergo various changes over time, 

progressing first to in situ and then to invasive carcinoma 

(Song et al., 2012). 

TLRs are members of the pattern recognition receptor 

(PRR) family, triggering the initiation of various defense 

mechanisms (Sakaniwa et al., 2023; Alexopoulou and 

Irla, 2025). These same receptors also recognize damage 

associated molecular patterns (DAMPs) such as nucleic 

acids, proteins, lipids, and metabolites released from host 

cells, thereby triggering an inflammatory response (Kawai 

et al., 2024). TLR signal transduction exhibits 
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bidirectional effects in the carcinogenesis process, both 

suppressing and supporting tumors (Salaun et al., 2006; 

Salaun et al., 2007; Sameer and Nisaa, 2021; Morana et 

al., 2022). The NF-κB (Nuclear Factor-kappa B) pathway 

plays a significant role in both of these different effects. In 

the tumor microenvironment, NF-κB leads to the 

overexpression of numerous pro-inflammatory molecules, 

including the NF-κB-dependent TLR pathway, IL-1β, 

tumor necrosis factor-α (TNFα), and IL-6, while on the 

other hand, it causes the inhibition of proapoptotic 

pathways mediated by c-Jun kinase and also increases the 

expression of many anti-apoptotic genes. Thus, it has been 

observed to support carcinogenesis through pro-

inflammatory, profibrogenic, proliferative, and anti-

apoptotic signals in the tumor microenvironment or in the 

tumor cells themselves; on the other hand, it has been 

found to suppress the tumor by activating specific 

immune cells with antitumorigenic activity, such as 

dendritic cells (DCs), NKs, and cytotoxic T lymphocytes 

(Sameer and Nisaar, 2021). 

The word ‘apoptosis’ was originally coined in 1972 

by Kerr, Wyllie, and Currie as a descriptor for regulated 

cell death (Li and Yuan, 2008). Apoptosis is regulated by 

a group of proteins belonging to the Bcl-2 family, named 

after the Bcl-2 gene (B-cell lymphoma 2). The Bcl‑2 

family is broadly classified into two functional categories: 

proapoptotic members (Bax, Bak, Bad, Bcl‑Xs, Bid, Bik, 

Bim, Hrk) and antiapoptotic members (Bcl‑2, Bcl‑XL, 

Bcl‑W, Bfl‑1, Mel‑1). Antiapoptotic proteins suppress 

apoptosis by inhibiting the release of cytochrome c from 

mitochondria, while proapoptotic proteins stimulate this 

release, initiating and supporting the apoptotic process 

(Wong, 2011). Matrix metalloproteinases (MMPs) are 

responsible for the remodeling and degradation of the 

extracellular matrix (ECM), including elastins, collagens, 

gelatin, matrix glycoproteins, and proteoglycans. MMPs 

play a significant role in programmed cell death (PCD), 

exhibiting both apoptotic and anti-apoptotic effects 

(Verma and Hansch, 2007). While these enzymes can 

support tumor growth by disrupting matrix barriers and 

promoting angiogenesis, they can also inhibit tumor 

development by limiting tumor neovascularization 

(Reunanen and Kähäri, 2000; Xu et al., 2010). 

This study investigated the intensity and distribution 

of TLR3 and TLR9 expression, and their associations with 

pro- and anti-apoptotic markers, in BOSCC cases in the 

veterinary field, using immunohistochemical staining 

methods. A literature review revealed a limited number of 

studies investigating TLR expression in BOSCC cases 

using immunohistochemical staining techniques, 

suggesting a significant role in veterinary oncology 

research. Therefore, the aim was to determine the 

expression of TLR3 and TLR9 in BOSCC cases, their 

association with apoptotic markers, and the role of TLR3 

and TLR9 in tumor carcinogenesis. 

 

MATERIALS AND METHODS 

 

Ethical approval for the study was obtained from the 

Kafkas University Local Ethics Committee for Animal 

Experiments (Kafkas University HADYEK/2025-127). As 

the study material, a total of 12 BOSCC biopsy samples, 

including 6 well-differentiated and 6 poorly differentiated 

cases, obtained from the archive of the Department of 

Pathology, Faculty of Veterinary Medicine, Kafkas 

University, were used. In this study, all selected BOSCC 

cases were selected using a sequential selection method 

from cases retrospectively evaluated from archival records 

and diagnosed histopathologically as BOSCC. Cases with 

insufficient tissue integrity or unsuitable for 

immunohistochemical evaluation were excluded from this 

study. Table 1 lists the age, gender, race, and tumor 

location information for the cases included in the study. 

 
Table 1: Information regarding age, race, gender, and tumor location of 
the cases 

Case No. Age  Gender  Race  Right/Left Eye 

Case 1 5 age Female Simental Left eye/third eyelid 

Case 2 6 age Female Simental Left eye/third eyelid 

Case 3 4 age Female Simental Left eye 
Case 4 6 age Female Simental Right eye 
Case 5 5 age  Female Simental Left eye 

Case 6 4 age Male Simental Right eye 
Case 7 6 age  Female Simental Left eye 
Case 8 5 age  Female Simental Right eye 

Case 9 5 age Male Simental Left eye 
Case 10 3 age Female Simental Left eye 
Case 11 4 age Female Simental Right eye 

Case 12 3 age  Female Simental Right eye 

 

Histopathological method: Harvested samples 

underwent standard histological processing steps and 

were subsequently infiltrated with paraffin for block 

preparation. From each block, 4µm‑thick sections were 

obtained and subjected to Hematoxylin‑Eosin (H&E) 

staining. The sections were examined and photographed 

under a light microscope (Olympus BX53) (Dağ et al., 

2018). Tumors were evaluated according to their degree 

of differentiation. Based on keratinization, cellular 

atypia, and the prominence of desmosomes, tumors 

showing squamous differentiation in more than 50% of 

the cells were classified as grade 1–2 (well-

differentiated), whereas tumors with less than 50% 

differentiation were classified as grade 3–4 (poorly 

differentiated) squamous cell carcinoma (Table 2) 

(Bălăşoiu et al., 2008; Campoli et al., 2014; Meier et al., 

2016; Hartmann et al., 2018). 
 

Table 2: BOSCC grading details 

Grade  Differentiation 
Level  

Histopathological Features  Squamous 
Differentiation Rate 

Grade 
1 

Well-
differentiated 

Marked keratinization, large 
keratin pearls, prominent 
desmosomes/intercellular 

bridges, mild nuclear atypia 

> 50% 

Grade 
2 

Moderately-
well 

differentiated 

Keratinization present but 
reduced compared to Grade 

1, moderate cellular atypia, 
intercellular bridges visible 

> 50% 

Grade 

3 

Poorly 

differentiated 

Decreased keratinization, 

marked cellular and nuclear 
pleomorphism, indistinct 
desmosomes, increased 

mitotic activity 

< 50% 

Grade 

4 

Very poorly 

differentiated 

/ Anaplastic 

Anaplastic No or very little 

keratinization, severe atypia 

and pleomorphism, marked 
invasive structure 

< 50% 

 

Immunohistochemical method: The avidin-biotin 

immune-peroxidase method was used for 

immunohistochemical analysis. Sections of 3µm thickness 

were cut from paraffin blocks and mounted on Poly-L-
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lysine–coated slides. Antigen retrieval was performed 

using citrate buffer (pH:6) in a microwave for 10 minutes. 

The sections were incubated overnight at 4°C with 

primary antibodies (TLR3, TLR9, Bax, Bcl-2, and MMP-

9) diluted in PBS (Table 3). Subsequently, a biotinylated 

secondary antibody and peroxidase-conjugated 

streptavidin were applied to visualize the reaction. AEC 

was used as the chromogen, counterstaining was 

performed with Harris hematoxylin, and the slides were 

examined under a light microscope. 

 
Table 3: Primary and secondary antibodies 

Primary and secondary antibodies Code Dilution Tissue 

TLR -3 Polyclonal Antibody (in 

immunohistochemistry and 

immunofluorescence staining) 

PA5-88251 1/100 Tumor 

tissue 

(BOSCC) 

TLR-9 Polyclonal Antibody (in 

immunohistochemistry and 

immunofluorescence staining) 

PA5-89960 1/100 Tumor 

tissue 

(BOSCC) 

Bax (in immunohistochemistry 

and immunofluorescence 

staining)) 

STJ97729 1/100 Tumor 

tissue 

(BOSCC) 

Bcl-2 (in immunohistochemistry 

and immunofluorescence 

staining)) 

Ab-BF9103 1/100 Tumor 

tissue 

(BOSCC) 

MMP-9 Monoclonal Antibody ((in 

immunohistochemistry) 

BT-MCA2606 1/100 Tumor 

tissue 

(BOSCC) 

Goat anti-Rabbit IgG (H+L) 

Secondary Antibody, Alexa Fluor 

488 

A-11008 1/500 Tumor 

tissue 

(BOSCC) 

Goat anti-Mouse IgG (H+L) 

Secondary Antibody, Alexa Fluor 

555 

A-21422 

 

1/500 Tumor 

tissue 

(BOSCC) 

 

Statistical analysis: In immunohistochemical staining, 

TLR3, TLR9, Bax, Bcl 2, and MMP 9 immuno-positive 

tumor cells were scored semi-quantitatively according to 

staining percentage and intensity. Cytoplasmic 

immunostaining percentage was categorized as follows: 0, 

≤10% positive; 1, 11–25% positive; 2, 26–50% positive; 

3, 51–75% positive; 4, ≥76% positive. Staining intensity 

was graded as light yellow: 1, yellow: 2, brown: 3. The 

total immunoreactivity score (IRS) was obtained by 

multiplying the staining percentage score by the intensity 

score for each case (range 0–12). For TLR3 and TLR9, 

total IRS values were classified according to the criteria of 

Hasimu et al. (2011): 0 → negative expression; 1–4 → 

low expression; 5–8 → moderate expression; 9–12 → 

high expression. 

GraphPad 8.1 (San Diego, CA, USA) software was 

used for statistical analyses and calculations. Due to the 

small sample size and the failure of the data to meet the 

assumption of normal distribution, the non-parametric 

Mann–Whitney U test was applied to compare the total 

IRS values of the well-differentiated (n=6) and poorly 

differentiated (n=6) groups. All tests were performed two-

way, and a P<0.05 value was considered statistically 

significant. 

The Bcl 2/Bax ratio was calculated by dividing the 

total Bcl 2 IRS value by the total Bax IRS value for each 

case. A ratio <1 was interpreted as indicating the 

dominance of proapoptotic activation, =1 as indicating a 

balance between apoptosis and cell survival, and >1 as 

indicating the dominance of antiapoptotic mechanisms 

(Zhang et al., 2009). 

Double Immunofluorescence (IF): In 
immunofluorescence staining, the indirect Double IF 
staining technique was used. Deparaffinization and 
hydration were performed on sections taken from paraffin 
blocks. Subsequently, the sections were incubated in 3% 
hydrogen peroxide solution for 20 minutes to block 
endogenous peroxidase activity. After being kept in three 
different PBS buffer solutions for 5 minutes each, the 
sections were boiled in citrate buffer saline solution 
(pH:6.0) in a microwave oven for 10 minutes (600 W) to 
unmask antigenic sites, and then allowed to cool at room 
temperature for 20 minutes. After cooling, the sections 
were incubated in PBS solution 3 × 5 minutes, followed 
by drying the edges of the sections and drawing around 
them with a PAP pen. Then, to prevent background 
staining, the sections were incubated in blocking solution 
(1/100 goat serum) for 10 minutes at room temperature. 
Without PBS application, appropriately diluted primary 
antibodies were dropped onto the sections, which were 
then incubated overnight in a refrigerator at 4–6°C. On the 
following day, after washing the sections were incubated 
with goat anti-rabbit IgG (H+L) secondary antibody 
(Alexa Fluor 488) and goat anti-mouse IgG (H+L) 
secondary antibody (Alexa Fluor 555) at room 
temperature for 60 minutes in the dark. Following this 
incubation procedure, the sections were placed in distilled 
water. They were then kept in distilled water for 5 
minutes, after which DAPI was applied and the sections 
were incubated in the dark for 5 minutes. Subsequently, 
the sections were coverslipped and examined under a 
fluorescence microscope. 
 

RESULTS  

 

Histopathological findings: Histopathological 
examination revealed that 6 cases were well-differentiated 
and 6 were poorly differentiated BOSCC. In well-
differentiated cases, tumor cells invaded the dermis, 
forming tumor islands and cell cords. These cases showed 
prominent keratin pearls, intercellular bridges, and 
squamous keratinocyte differentiation (more than 50%). 
Additionally, atypia, dyskeratotic cells, mitotic figures, 
and in some cases mononuclear cell infiltrations were 
detected in malignant cells (Fig. 1A-1B). 

In poorly differentiated BOSCC cases, the tumor 
surfaces were ulcerative and hemorrhagic, and tumor cell 
cords and island-like growth patterns were observed in the 
dermis. In these cases, keratin pearls were absent, while 
low squamous differentiation (less than 50%) and the 
presence of marked cellular atypia, pleomorphism, mitotic 
figures, and parakeratotic and dyskeratotic cells were 
noted (Fig. 1C-1D). 
 

Immunohistochemical (IHC) staining results: TLR3 
immunoreactivity was observed as intense and strong 
cytoplasmic positivity in all tumor cells of both well- and 
poorly differentiated BOSCC cases (Fig. 2A–2B). 
Similarly, TLR9 immunoexpression was detected as 
intense and strong intracytoplasmic positivity in all tumor 
cells of all well- and poorly differentiated BOSCC cases, 
in parallel with TLR3 expression (Fig. 2C–2D). However, 
although the IHC score for TLR9 was numerically higher 
in poorly differentiated cases, this increase was not 
statistically significant (P>0.05). 
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Bax expression was found to exhibit strong positive 

immunoreactivity with intracytoplasmic localization in all 

tumor cells in well-differentiated BOSCC cases, similar to 

TLR3 and TLR9. In contrast, in poorly differentiated 

BOSCC cases, Bax immunoreactivity was observed to be 

positive with an intensity varying between moderate and 

strong (Fig. 3A–3B). In well-differentiated BOSCC cases, 

Bcl-2 immunopositive staining was detected with 

intracytoplasmic localization in cells showing atypia 

located at the periphery of tumor nests and cords. In 

poorly differentiated BOSCC cases, similar to well-

differentiated cases, Bcl-2 immunopositivity was 

determined to be concentrated in tumor cells located at the 

periphery of tumor foci and showing marked 

pleomorphism (Fig. 3C–3D). While the Bcl-2/Bax ratio 

was calculated as 0.26 in well-differentiated cases, this 

ratio was found to increase to 0.67 in poorly differentiated 

cases. MMP-9 immunoexpression was observed to be 

moderate and widespread in tumor cells in all well- and 

poorly differentiated BOSCC cases. In addition, positive 

reactions were noted in the tumor stroma and 

inflammatory cell infiltrations in the immunohisto-

chemical staining (Fig. 3E–3F). 

 

Statistical analysis results: The immunohistochemical 

staining results were statistically analyzed using the 

Mann–Whitney U test to evaluate the difference between 

the groups. Although a numerical increase was observed 

in TLR-3, TLR-9, Bax, and MMP-9 immunohisto-

chemical staining between the well-differentiated and 

poorly differentiated groups, no statistically significant 

difference was detected (P>0.05). In contrast, the 

difference between the groups was statistically significant 

in Bcl-2 immunohistochemical staining (P<0.01) (Fig. 4).  

The results of the TLR-3, TLR-9, Bax, Bcl-2, and 

MMP-9 immunohistochemical staining were analyzed 

using the Pearson correlation test. The test results showed 

no significant correlation between TLR3-TLR-9 

(P>0.05/r: -0.28) and Bax-Bcl-2 (P>0.05/r:-0.33) 

immunohistochemical staining, while a positive 

correlation was observed between TLR-9-Bax (P>0.05/r: 

0.24), and Bcl-2-MMP-9 (P>0.05/r: 0.41) (Fig. 5). (Blue 

tones indicate positive correlation, red tones indicate 

negative correlation, and darker colors indicate stronger 

correlation, while colors closer to white indicate weak 

correlation or no correlation). 

 

 

 
Fig. 1: Bovine ocular squamous cell carcinoma. A: Well-differentiated 
BOSCC; arrowhead: keratin pearl (H&E, 100µm). B: Well-differentiated 
BOSCC; arrowhead: keratin pearl and thin arrow: mitosis (H&E, 50µm). 

C: Poorly differentiated BOSCC (H&E, 100µm). D: Poorly differentiated 
BOSCC arrows: mitosis; band: dyskeratotic cell (H&E, 50µm). 

 

 
 
Fig. 2: Bovine ocular squamous cell carcinoma. A: TLR-3 immunohistochemical staining, well-differentiated BOSCC (IHC, 100µm), B: TLR-3 

immunohistochemical staining, poorly differentiated BOSCC (IHC, 100µm), C: TLR-9 immunohistochemical staining, well-differentiated BOSCC (IHC, 
100µm), D: TLR-9 immunohistochemical staining, poorly differentiated BOSCC (IHC, 100µm). In all figures red areas: indicate positive 
immunoreactive regions. 
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Fig. 3: Bovine ocular squamous cell carcinoma; A: Bax immunohistochemical staining, well-differentiated BOSCC; B: Bax immunohistochemical 

staining, poorly differentiated BOSCC, C: Bcl-2 immunohistochemical staining, well-differentiated BOSCC, D: Bcl-2 immunohistochemical staining, 
poorly differentiated, E: MMP-9 immunohistochemical staining, well-differentiated BOSCC; F: MMP-9 immunohistochemical staining, poorly 
differentiated BOSCC. In all figures red areas indicate positive immunoreaction regions. 

 
 

 
 

Fig. 4: Statistical evaluation of the immunohistochemical reactivities of 

TLR3, TLR9, Bax, Bcl-2, and MMP-9. 

Fİg. 5: Pearson correlation analysis of TLR3, TLR9, Bax, Bcl-2, and 

MMP-9. 

 

The immunohistochemical and correlation findings 

obtained in this study revealed that Toll-like receptors 

(TLR3 and TLR9) are highly expressed in BOSCC 

regardless of tumor differentiation grade and their 

expression does not show a direct strong correlation with 

apoptotic and invasive markers. In contrast, the significant 
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increase in Bcl-2 expression and relative decrease in Bax 

expression in poorly differentiated BOSCC cases indicate 

a shift in the apoptotic balance toward the antiapoptotic 

direction. 

 

Immunofluorescence findings: In TLR3-Bax dual 

immunofluorescence staining performed on well-

differentiated and poorly differentiated BOSCC cases, 

positive reactions were observed in the cytoplasm of tumor 

cells. TLR3 and Bax expression were found to be similarly 

localized and expressed in all tumor cells (Fig. 6).  

In well-differentiated BOSCC cases, dual 

immunofluorescence staining for TLR3-Bcl-2 showed that 

TLR3 expression was present in all cells of the tumor 

islands and cords, whereas Bcl-2 immunoreactivity was 

particularly observed in undifferentiated malignant cells at 

the periphery of the tumor islands and cords, with only a 

few Bcl-2 positive cells in the centers of the islands. In 

poorly differentiated BOSCC cases, Bcl-2 expression was 

intense in atypical tumor cells that did not exhibit 

squamous differentiation. Similar to well-differentiated 

cases, TLR3 expression was observed in all tumor cells of 

poorly differentiated BOSCC (Fig. 7). 

According to the results of TLR9-Bax dual 

immunofluorescence staining in well-differentiated and 

poorly differentiated BOSCC cases, both were expressed 

in all tumor cells in both well-differentiated and poorly 

differentiated BOSCC tumors, and no significant 

difference was found between them (Fig. 8). 

In well-differentiated BOSCC cases, TLR9 was 

found to be expressed at approximately the same level in 

all tumor cells, whereas Bcl-2 expression was high in cells 

located at the periphery of the tumor island and very low 

in a small number of cells at the center, according to the 

results of TLR9-Bcl-2 dual immunofluorescence staining. 

In poorly differentiated BOSCC cases, TLR9 expression 

was more intense than Bcl-2 expression. Bcl-2 expression 

was localized in undifferentiated cells at the periphery of 

the tumor foci, while expression was very low or absent in 

areas with increased differentiation (Fig. 9). 
 

 
 
Fig. 6: BOSCC, TLR3-BAX immunofluorescence staining, A: TLR3 immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), B: BAX 

immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), C: DAPI immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), D: 
TLR3, BAX and DAPI merging immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), E: TLR3 immunofluorescence staining, Poorly-
differentiated BOSCC (IF, 50µm), F: BAX immunofluorescence staining, Poorly-differentiated BOSCC (IF, 50µm), G: DAPI immunofluorescence 

staining, Poorly-differentiated BOSCC (IF, 50µm), H: TLR3, BAX and DAPI merging immunofluorescence staining, Poorly-differentiated BOSCC (IF, 
50µm). 

 

 
 
Fig. 7: BOSCC, TLR3-BCL2 immunofluorescence staining, A: TLR3 immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), B: BCL2 
immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), C: DAPI immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), D: 

TLR3, BCL2 and DAPI merging immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), E: TLR3 immunofluorescence staining, Poorly-
differentiated BOSCC (IF, 50µm), F: BCL2 immunofluorescence staining, Poorly-differentiated BOSCC (IF, 50µm), G: DAPI immunofluorescence 
staining, Poorly-differentiated BOSCC (IF, 50µm), H: TLR3, BCL2 and DAPI merging immunofluorescence staining, Poorly-differentiated BOSCC (IF, 

50µm). 
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Fig. 8: BOSCC, TLR9-BAX immunofluorescence staining, A: TLR9 immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), B: BAX 
immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), C: DAPI immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), D: 

TLR9, BAX and DAPI merging immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), E: TLR9 immunofluorescence staining, Poorly-
differentiated BOSCC (IF, 50µm), F: BAX immunofluorescence staining, Poorly-differentiated BOSCC (IF, 50µm), G: DAPI immunofluorescence staining, 
Poorly-differentiated BOSCC (IF, 50µm), H: TLR9, BAX and DAPI merging immunofluorescence staining, Poorly-differentiated BOSCC (IF, 50µm). 

 

 
 

Fig. 9: BOSCC, TLR9-BCL2 immunofluorescence staining, A: TLR9 immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), B: BCL2 
immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), C: DAPI immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), D: 
TLR9, BCL2 and DAPI merging immunofluorescence staining, well-differentiated BOSCC (IF, 50µm), E: TLR9 immunofluorescence staining, Poorly-
differentiated BOSCC (IF, 50µm), F: BCL2 immunofluorescence staining, Poorly-differentiated BOSCC (IF, 50µm), G: DAPI immunofluorescence staining, 

Poorly-differentiated BOSCC (IF, 50µm), H: TLR9, BCL2 and DAPI merging immunofluorescence staining, Poorly-differentiated BOSCC (IF, 50µm). 
 

DISCUSSION 

 

Bovine ocular squamous cell carcinoma (BOSCC) 

constitutes a common malignant ocular neoplasm of cattle 

that arises from squamous epithelial cells. The condition 

results in impaired vision, reduced productivity, and 

ultimately, notable economic detriment within affected 

herds (Dörtbudak and Yener, 2025). BOSCC cases are 

most frequently found in the conjunctiva, limbus, and 

third eyelid regions (Webb et al., 2009). Ultraviolet light 

exposure, lack of periocular pigment, breed‑linked 

susceptibility, advanced age, and persistent ocular 

irritation have all been implicated in the etiology of 

BOSCC (Winge et al., 2023). Simmental and Holstein 

cattle breeds have been reported to be more susceptible to 

BOSCC development (Tsujita and Plummer, 2010). All 

12 cases evaluated in this study were determined to be 

from the Simmental breed. In terms of tumor localization, 

left eye involvement was detected in 7 cases and right eye 

involvement in 5 cases. Furthermore, in 2 of the cases, the 

tumor formation was found to be located in the third 

eyelid. This distribution supports the idea that BOSCC 

tends to develop particularly in ocular regions exposed to 

UV radiation. 

Histopathological examination of BOSCC revealed 

significant keratinization, keratin pearl formation, and the 

presence of intercellular bridges in well-differentiated 

cases. Additionally, the presence of tumor islands and 

cords, along with the observation of more atypical cells in 

the periphery, indicates a significant cellular heterogeneity 

even in well-differentiated tumors. In poorly differentiated 

BOSCC cases, a significant decrease in the number and 

size of keratin pearls was observed compared to the well-

differentiated group, and in some cases, no keratin pearls 

were found at all. In this group, tumor cells showed a 

growth pattern in the form of islands and cords, and were 

characterized by significant pleomorphism and increased 

mitotic activity. The histomorphological features and 
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tumor grade assignments documented here align well with 

prior reports by Balasoiu et al. (2008), Campoli et al. 

(2014), Meier et al. (2016) and Hartmann et al. (2018). 

Effective management of cancer depends largely on 

elucidating its pathogenesis. The limited number of 

studies on the pathogenesis of BOSCC makes elucidating 

the molecular mechanisms of this tumor even more 

important. In this study, the expression of different 

biomarkers was investigated to evaluate the apoptosis 

mechanism in order to contribute to understanding the 

pathogenesis of BOSCC. 

Apoptosis is one of the organism's fundamental cell-

autonomic tumor surveillance mechanisms against 

neoplastic development and plays a critical role in 

maintaining cellular homeostasis. Conversely, apoptosis 

evasion is considered one of the most distinctive features 

of tumor cells. Among the genes regulating apoptosis, the 

proapoptotic group (Bax, Bak, Bad, Bcl-Xs, Bid, Bik, 

Bim, and Hrk) suppress tumor development by promoting 

cell death, while antiapoptotic genes (Bcl-2, Bcl-XL, Bcl-

W, Bfl-1, and Mcl-1) contribute to tumor progression by 

increasing cell survival (Bose et al., 2012). 

Several studies in the literature have highlighted the 

importance of Bax and Bcl-2 expression in tumor biology. 

Madewell et al. (2001) immunohistochemically 

investigated Bax and bcl-2 expression in normal (healthy) 

cat skin and in 24 benign feline cutaneous basal cell 

tumors. They reported that in feline cutaneous basal cell 

tumors, compared to normal tissue, an increase in Bcl-2 

and a decrease in Bax altered the apoptotic balance in 

favor of the tumor, and emphasized that this balance may 

have prognostic value (Madewell et al., 2001). 

Wootipoom et al. (2004) investigated the expression of 

Bax, Bcl-2, and p53 in cervical squamous cell carcinoma 

treated with radiotherapy using immunohistochemical 

methods and reported that high Bax expression was 

associated with good prognosis, while high Bcl-2 

expression was associated with poor prognosis, and that 

the evaluation of Bax and Bcl-2 expression could provide 

independent prognostic information for the clinical course 

of the disease. Zhang et al. (2009) reported that high Bcl-

2 expression was associated with poor prognosis and 

metastasis in biopsy samples of human oral squamous cell 

carcinoma (OSCC), and that Bax expression was higher in 

well-differentiated tumors compared to poorly 

differentiated ones. Furthermore, decreased Bax 

expression has been reported to play a significant role in 

aggressive tumor development. The same study 

emphasized that the Bcl-2/Bax ratio reflects the activation 

level of the mitochondrial apoptosis pathway, and that an 

increase in this ratio supports cell survival, while a 

decrease increases apoptotic tendency. 

Immunohistochemical evaluations in this study revealed 

that Bax expression was located intra-cytoplasmically in 

tumor cells and showed moderate to severe positive 

immunoreactivity. Bcl-2 expression was determined to be 

localized intra-cytoplasmically, especially in cells located 

at the periphery of tumor islands and cords. It was 

observed that Bax expression was strong and widespread 

in well differentiated BOSCC cases, while it decreased to 

moderate to severe levels in poorly differentiated cases. 

Statistical analysis revealed a significant increase in 

Bcl-2 expression in poorly differentiated BOSCC cases 

(P<0.01). Similarly, the Bcl-2/Bax ratio increased from 

0.26 in well differentiated cases to 0.67 in poorly 

differentiated cases. These findings demonstrate that 

apoptotic suppression plays a critical role in BOSCC 

progression, and that anti-apoptotic mechanisms become 

dominant as the tumor progresses. 

These results are consistent with findings reported by 

Madewell et al. (2001), Wootipoom et al. (2004), and 

Zhang et al. (2009), supporting the association between 

increased Bcl-2 and decreased Bax with tumor 

aggressiveness. Our study suggests that anti-apoptotic 

mechanisms are activated, particularly in poorly 

differentiated BOSCC cases, but this response is 

insufficient to completely suppress tumor progression. 

This indicates that disruption of apoptotic balance in 

BOSCC is one of the key determining factors in tumor 

biology. 

TLRs are essential components of the innate immune 

response, and have been reported to have both tumor 

suppressive and tumor promoting effects on cancer 

development, progression, and treatment response in 

different tumor types (Salaun et al., 2006; Sato et al., 

2009; Chuang et al., 2018). Various studies have reported 

that Toll like receptor (TLR) activation in tumor cells 

affects processes associated with tumor progression, such 

as cell proliferation, escape from apoptosis, invasion, and 

metastasis. Conversely, different studies have shown that 

the activation of TLRs on immune cells or TLR ligands 

directly stimulates the antitumor immune response by 

inducing apoptosis in tumor cells (Sameer and Nisaar, 

2021). These findings suggest that TLRs exert a 

bidirectional effect in cancer, and that balanced and 

targeted modulation of TLR signaling pathways could 

make these receptors candidate receptors for cancer 

immunotherapy. TLRs additionally participate 

meaningfully in tumor formation and apoptotic regulation. 

Published data show that, in various epithelial cell types, 

TLR engagement activates NF‑κB signaling, leading to 

up‑regulation of anti‑apoptotic mediators such as Bcl‑x, 

c‑IAP‑1, and c‑IAP‑2; this mechanism fosters 

carcinogenesis through dampening of the cellular 

apoptotic response. 

A breast tumor cell‑based in vitro study described 

how TLRs can engage FADD (Fas‑associated death 

domain) and caspase‑8 platforms either through 

MyD88‑coupled cascades (used by TLR2, TLR7, TLR8, 

TLR9), the TRIF‑dependent axis (employed by TLR3), 

or, in the case of TLR4, both routes; this interaction 

subsequently triggers apoptotic cell death (Kaiser and 

Offermann, 2005; Salaun et al., 2006; Salaun et al., 2007). 

Bonnin et al. (2019) reported that Toll-like receptor 3 

(TLR3) exhibited a proapoptotic effect in both human 

hepatocellular carcinoma cases and experimental 

hepatocellular carcinoma models. In contrast, Muresan et 

al. (2022) demonstrated that TLR3 exhibited both 

proapoptotic and antiapoptotic properties in both 

experimental prostate tumor models in mice and human 

prostate biopsy samples. In contrast, investigations 

performed on human head and neck squamous cell 

carcinoma (HNSCC) tissues and corresponding laboratory 

models have revealed an antiapoptotic function for TLR3 

(Nomi et al., 2010; Chuang et al., 2018). Sheyhidin et al. 

(2011) demonstrated that elevated TLR3 expression in 
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human oesophageal squamous cell carcinoma (ESCC) 

biopsies correlate with more aggressive tumor behavior. 

However, some studies have reported that TLR3 

activation increases the apoptotic response and reduces 

cell migration in tumor cells. In vivo and in vitro studies 

conducted on oral squamous cell carcinoma models have 

shown that TLR3 agonists induce apoptotic effects and 

suppress tumor growth (Luo et al., 2012; He et al., 2014). 

Employing immunohistochemistry, the current work 

assessed how TLR3 expression relates to proapoptotic 

(Bax) and antiapoptotic (Bcl‑2) indicators across well‑ 

and poorly differentiated BOSCC samples. In well-

differentiated cases, TLR3 and Bax expression showed 

intracytoplasmic positivity in all malignant cells, while 

Bcl-2 expression was detected more in cells located at the 

periphery of tumor islands that did not show squamous 

differentiation. In poorly differentiated cases, significant 

Bcl-2 expression was observed in peripherally located 

undifferentiated cells, while TLR3 and Bax expression 

was found to persist widely in all malignant cells. These 

results suggest that TLR3 may be associated with 

proapoptotic pathways in BOSCC and that, when 

evaluated together with Bax expression, it activates the 

apoptotic response. The findings are consistent with the 

studies of Luo et al. (2012) and He et al. (2014), who 

reported that TLR3 agonists induce apoptotic effects and 

can suppress tumor progression, suggesting that TLR3 

may play an important role in tumor biology and 

apoptosis regulation in BOSCC. 

Ma et al. (2024) found that TLR9 promotes tumor 

progression through antiapoptotic pathways, as evidenced 

in human oral squamous cell carcinoma (OSCC) biopsies 

as well as in both cellular and animal OSCC models. 

Similarly, Lee et al. (2007) documented markedly higher 

TLR9 levels in human cervical intraepithelial neoplasia 

(CIN) and invasive squamous cell carcinoma (ISCC) 

relative to normal cervical squamous epithelium. In line 

with these findings, it has been suggested that TLR9 may 

be an important marker associated with tumor progression 

in cervical neoplasia and may be used as a potential 

biomarker in the evaluation of malignant transformation. 

In our study, TLR9 expression was found to exhibit 

intense and strong positive staining in the 

intracytoplasmic region of all tumor cells in both well-

differentiated and poorly differentiated BOSCC cases. 

The similar immunoreactivity pattern of TLR9 expression 

to Bax and TLR3, and their co-expression in the same 

cells, suggests that TLR9 may exhibit not only anti-

apoptotic effects but also different biological effects 

depending on the context in BOSCC. 

Immunofluorescence analyses supported the 

immunohistochemical findings and contributed to 

obtaining important morphological information. The 

homogeneous distribution of TLR3 and TLR9 in all tumor 

cells confirms that these receptors are active throughout 

the entire tumor mass. In contrast, the concentration of 

Bcl-2, particularly in peripheral and undifferentiated cells, 

indicates that anti-apoptotic mechanisms are more active 

in regions that can be described as the "invasive front" of 

the tumor. 

However, it has been observed that similar expression 

patterns of TLR3 and TLR9 in well-differentiated and 

poorly differentiated BOSCC cases alone are insufficient 

as prognostic markers reflecting tumor differentiation. 

Therefore, it is concluded that when TLR3 and TLR9 are 

used in conjunction with histopathological evaluation and 

apoptotic markers, they can contribute to a more accurate 

understanding of tumor biology and support diagnostic 

processes. 

Metastasis initiation requires tumor cells to detach 

from the primary mass and gain invasive competence. 

This step is made possible through extracellular matrix 

breakdown, executed chiefly by MMP‑9—a central matrix 

metalloproteinase (MMP) family member—alongside 

additional proteolytic enzymes. MMP-9 not only degrades 

the extracellular matrix but also facilitates the 

intravasation of tumor cells into blood and lymphatic 

vessels, contributing to the development of distant organ 

metastasis (Chakraborty et al., 2023). Furthermore, MMP-

9 has been reported to be associated with tumor 

progression and poor prognosis in several malignancies, 

including gastric, breast, colorectal, and non-small cell 

lung tumors (Zeng et al., 2013). In cattle, BOSCC tumors 

have been reported to be generally slow-growing, locally 

invasive, and rarely metastasize (Feng et al., 2024). 

Tsukamoto et al. (2023) reported that high MMP-9 

expression was associated with poor prognosis in 

esophageal squamous cell carcinoma (ESCC) cases in cell 

culture studies. 

In our study, it was determined that MMP-9 

expression was at a moderate level in terms of intensity 

and severity in both well-differentiated and poorly 

differentiated BOSCC cases, and that all tumor cells 

showed intracytoplasmic immunoreactivity. Although a 

slight increase in MMP-9 expression was observed in 

poorly differentiated BOSCC cases compared to the well-

differentiated group, this difference was not statistically 

significant (P>0.05). This suggests that, compared with 

the findings of Tsukamoto et al. (2023), who associated 

high MMP-9 expression with metastatic potential and 

poor prognosis, MMP-9 expression in BOSCC may 

indicate a biological behavior more limited to local 

invasion. 

Therefore, the moderate MMP-9 expression observed 

in bovine BOSCC cases appears consistent with the 

tumor's low metastatic potential and its biological 

character characterized by more local invasion. 

 

Conclusions: In this study, the presence and distribution 

of TLR3 and TLR9 expression, as well as their 

relationship with pro- and anti-apoptotic markers, were 

investigated using immunostaining methods in BOSCC 

cases encountered in veterinary oncology. We believe that 

TLR3 and TLR9 play a role in tumor biology, but are 

potential candidates as immunotherapeutic targets rather 

than independent markers. The increased Bcl-2/Bax ratio 

in poorly differentiated BOSCC cases indicated that these 

tumors are resistant to apoptosis. This situation may 

explain the resistance of tumors to conventional 

treatments and suggests that agents targeting apoptosis, 

such as Bcl-2 inhibitors, may theoretically be beneficial 

when used in combination with immunotherapy. Our 

study is one of the first to investigate TLR expression in 

BOSCC cases and the relationship between this 

expression and pro- and anti-apoptotic markers using 

immunostaining methods. It is important in terms of 
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laying the groundwork for future studies on TLRs in 

veterinary oncology and contributing to the literature.  
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