
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 



 
 

 

 



 
 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 
 

  

  

  

  

  

  

 



 
 

 

Feline Malignancy 

Cancer is a major cause of morbidity and mortality in companion animals, 

including cats. A previous epidemiological study reported that cancer is the most common 

cause of death in cats, accounting for 1.113 cases (35.81%) (Kent et al., 2022). Other 

studies have shown that feline tumours most often affect non-pedigree cats and exhibit 

malignant behaviour (Huber et al., 2024; Seung et al., 2024). The most common cancers 

in cats include mammary gland tumours, skin tumours, and various sarcomas. In 

particular, squamous cell carcinoma is one of the most frequently diagnosed malignancies 

in cats (Huber et al et al, 2024). 

Feline oral squamous cell carcinoma is the most common malignant oral 

neoplasm in cats, accounting for approximately 60-70% of all oral tumours (Mikiewics 

et al., 2019; Pérez-Enriquez et al., 2020; Stebbins et al., 1989). It is an aggressive tumour 

that typically arises from the mucosal epithelium of the maxilla, sublingual or lingual, 

mandible and caudal pharyngeal (Soltero-Rivera et al., 2014; Strohmayer et al., 2020). 

Due to its aggressiveness and poor response to conventional treatment such as surgery, 



 
 

feline oral squamous cell carcinoma carries a poor prognosis, with a reported median 

survival time of approximately 91 days (Soltero-Rivera et al., 2014). 

Feline osteosarcoma is the most common primary bone tumour in cats, accounting 

for approximately 70% of all primary bone tumours (Heldmann et al., 2000; Liu et al., 

1974; Quiglay and Leedale, 1983). Unlike canine osteosarcoma, which is highly 

metastatic and aggressive, feline osteosarcoma typically exhibits slower progression and 

a lower rate of metastasis. In feline osteosarcoma, the appendicular skeleton is the most 

frequently affected site, followed by axial and extra-skeletal sites (Heldmann et al., 2000; 

Nakano et al., 2022). Within appendicular sites, the femur is the most involved, followed 

by the tibia-fibula, scapula, humerus, radius-ulna, digit of the hind limb and carpal region 

(Nakano et al., 2022). Cats with appendicular or extra-skeletal osteosarcoma generally 

have a longer survival than axial osteosarcoma (Heldmann et al., 2000). In a recent 

retrospective study, the median survival time for appendicular feline osteosarcoma was 

reported to be approximately 527 days (Nakano et al., 2022). 

 

Tumour Infiltrating-Immune Cells 



 
 

Whether innate or adaptive, tumour-infiltrating immune cells are a crucial 

component of the tumour microenvironment (TME), contributing to tumour progression 

and promising target for immunotherapy strategies (Gentles et al., 2015; Lv et al., 2022). 

These immune cells can be classified according to their functional roles within the TME 

into anti-tumour and promoting tumour growth. The former, including cytotoxic T 

lymphocytes (CTLs), natural killer (NK) cells, dendritic cells and M1-polarised 

macrophages, induce cytotoxic activity and mediate tumour cell elimination. In contrast, 

the latter, such as regulatory T cells (Tregs), myeloid-derived suppressor cells (MDSCs), 

M2-polarised macrophages, Type 2 Natural Killer T (NKT2) cells and Type 2 Innate 

Lymphoid cells (ILC2s), predominantly exert immunosuppressive effects that facilitate 

tumour proliferation, invasion and metastasis (Gajewski et al., 2013; Gentles et al., 2015; 

Lv et al., 2022). 

The role and prognostic significance of tumour infiltrating-immune cells have 

been reported in various human cancer. In general, CD3+ and CD8+ cytotoxic T cell 

infiltration is associated with better clinical outcome in malignancies such as breast 

cancer, lung cancer and colorectal carcinoma (Barbosa et al., 2021; Chen et al., 2024; 



 
 

Gooden et al., 2011; Kasurinen et al., 2022; Li et al., 2022;). In contrast, an increased 

presence of immunosuppressive cell types, including Foxp3+ Treg or M2-polarised 

macrophages, have been correlated with tumour aggressiveness, metastasis and shorter 

survival time (Chen et al., 2024; Miyasato et al., 2017; Shaopeng et al., 2024; Xie et al., 

2024). Interestingly, CD20+ B cells have been reported to possess both anti-tumour and 

pro-tumourigenic activity, indicating a dual role in cancer immunity depending on the 

tumour type and microenvironmental context ( et al., 2019; 

 et al., 2021; Yuen et el., 2016). Collectively, these findings underscore 

the complexity of immune cells regulation within tumour microenvironment. 

In veterinary oncology, studies of tumour infiltrating-immune cells have begun to 

elucidate the immunological mechanism underlying several animal tumours, including 

mammary tumour, oral squamous cell carcinoma and osteosarcoma (Boss et al., 2023; 

Flecher et al., 2025; Sparger et al., 2018; Withers et al., 2019a). In both canine and feline 

tumour studies, CD3+ and CD8+ T lymphocytes infiltration have been associated with 

host immune activation, whereas the accumulation of M2-polarised macrophage 

(CD204+) has been associated with increased malignancy and metastasis potential 



 
 

(Nascimento et al., 2022; Pinard et al., 2022; Yokota et al., 2023). These comparative 

insights emphasise the biological relevance of immune cells in naturally occurring animal 

tumour, providing valuable perspectives for both prognostic evaluation in veterinary 

oncology and advance comparative oncology research. 

 

Tumour-Infiltrating Immune Cells in Feline Oral Squamous Cell Carcinoma and 

Osteosarcoma 

From an immunological perspective, tumour-infiltrating immune cells play a 

significant role in tumourss progression and have been identified as potential target for 

immunotherapy (Hu et al., 2020; Liang et al., 2024). In human oncology, tumour-

infiltrating lymphocytes have been correlated with improved outcomes in laryngeal 

squamous cell carcinoma (Zhang et al., 2021). Similarly, abundant CD20+ B cell 

infiltration density has been correlated with better prognosis in human oral squamous cell 

carcinoma ( . Conversely, increased tumour-associated 

macrophage (TAMs) infiltration, which promote immunosuppression and tumour cell 

development, has been associated with poor prognosis (Fujii et al., 2012; Xue et al., 2022). 



 
 

In feline oral squamous cell carcinoma, Sparger et al., (2018) reported the presence of 

tumour-infiltrating lymphoid subset including T and B cells, within the tumour tissue.  

In osteosarcoma, tumour-infiltrating immune cells have also been shown to 

influence disease progression and clinical outcome. In human osteosarcoma, high CD8+ 

T cell infiltration has been associated with improved outcome and increased curability, 

particularly in axial osteosarcoma (Liu et al., 2019). Similarly, study in other species have 

demonstrated that CD3+ T cells infiltration associated with prolonged survival (Modiano 

et al., 2012). Conversely, Withers et al., (2019a) reported that in canine osteosarcoma, a 

higher CD204+ macrophage infiltration, rather than CD3+ T cells, was associated with 

better clinical outcomes, suggesting that immune regulation in TME may vary among 

species.  

However, the correlation between these immune cells and clinicopathological 

condition or survival outcomes in feline tumour including oral squamous cell carcinoma 

or osteosarcoma have not been clearly elucidated. Understanding these interactions is 

expected to provide valuable insights into tumour biology and may contribute to the 



 
 

identification of potential prognostic biomarkers and immunotherapeutic targets in feline 

malignancies.



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

  



 
 

  

 

 



 
 

 

 

  

  

 



 
 

  

 

 

  



 
 

 

 

  

 

 

 

  

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

  

 

 



 
 

 

 



 
 

 

 



 
 

 

 

 

  

 



 
 

 



 
 

 

  

Clinicopathological Parameters   

Age, (mean ± SD, year) 11.85 ± 2.35 

Body weight, (mean ± SD, kg) 3.95 ± 0.97 

Tumour size, (mean ± SD, mm) 36.28 ± 9.49 

Tumour stage, n (%) 
 

     Stage 1 1 (5) 

     Stage 2 14 (70) 

     Stage 3 5 (25) 

Lymph node metastasis, n (%) 
 

     Absent 18 (90) 

     Present 2 (10) 

Clinical stage appearance, n (%) 
 

     Mild 1 (5) 

     Moderate 13 (65) 

     Severe 6 (30) 

Tumour recurrence, n (%) 
 

     Absent 14 (70) 

     Present 6 (30) 

Overall survival time, median (, days) 533 (182 1,665) 

Progression-free interval, median (range, days) 914 (174 not to reached) 

 



 
 

 

 

Immune cells cells cells cells Foxp3  macrophages 

  1 0.8755 0.7789 0.6818 0.4962 
 1 < 0.0001* < 0.0001* 0.0009* 0.0261* 

    1 0.7193 0.6844 0.4823 
   1 0.0004* 0.0009* 0.0313* 

      1 0.3854 0.2827 
     1 0.0933 0.2272 

Foxp3         1 0.7253 
       1 0.0003* 

macrophages 
         1 
         1 

 
 

 

 

  cells cells cells Foxp3  macrophages 

  1 0.6624 0.5352 0.607 0.5235 
 1 0.0015* 0.015* 0.0045* 0.0178* 

    1 0.5264 0.69 0.6243 
   1 0.0171* 0.0008* 0.0033* 

      1 0.3916 0.5564 
     1 0.0878 0.0108* 

Foxp3         1 0.7016 
       1 0.0006* 

macrophages 
        1 
         1 





 
 

  

 

  

 

 



 
 

 



 
 

  

 



 
 

 



 
 

 



 
 

 

 

 

 

 

 

 

 



 
 

  

 

 

  

 

  



 
 

  

Osteosarcoma is the most prevalent primary bone tumour in cats (Liu et al., 1974; 

Quigley and Leedale, 1983). The characteristics of feline osteosarcoma are distinct from 

those of humans and dogs in that feline osteosarcoma has a lower metastatic rate and 

reduced aggressiveness (Bjørland et al., 2005; Marconato et al., 2024) and cats with 

osteosarcoma tend to have a longer survival time than dogs (Boston et al., 2006; 

Marconato et al., 2024; Nakano et al., 2022; Withers et al., 2019b). Despite these 

differences, the tumour microenvironment and immune components of feline 

osteosarcoma remain inadequately understood. 

 

In studies of human osteosarcoma, a high density of CD8+ cytotoxic T cells has 

been associated with improved patient survival and suppression of metastasis (Casanova 

et al., 2021; Fritzsching et al., 2015; Liu et al., 2019). Conversely, an increased density 

of Foxp3+ regulatory T cell is correlated with a poor prognosis (Fritzsching et al., 2015). 

Another study has indicated that patients with non-metastatic osteosarcoma contain high 



 
 

numbers of NK cells, immature B cells, M1 macrophages, and neutrophils, along with 

lower numbers of M2 macrophages (Yang et al., 2021). Thus, tumour-infiltrating immune 

cells are integral to osteosarcoma progression in humans. 

 

 

  

2.3.1 Samples collection 



 
 

 

 

  

  



 
 

 

Subsequently, the sections were incubated with primary antibodies, including 

anti-CD3 mouse monoclonal antibody, dilution 1:20 (clone F7.2.38; Santa Cruz 

Biotechnology, www.scbt.com), anti-CD8 rat monoclonal antibody, dilution 5 µg/ml 

(clone F3-B2; produced in our laboratory) (Sakai et al., 2020), anti-Foxp3 mouse 

monoclonal antibody, dilution 1:100 (clone eBio7979; Life Technologies, 

www.thermofisher.com), anti-CD20 rabbit polyclonal antibody, dilution 1:100 

(ACROBiosystems, www.acrobiosystems.com) and anti-CD204 mouse monoclonal 

antibody, dilution 1:400 (clone SRA-E5; Cosmo Bio, www.cosmobiousa.com), a marker 

for macrophages. Following primary antibody labelling, appropriate secondary 

antibodies were applied using Histofine Simple Stain systems: Mouse MAX PO, Rat 

MAX PO or Rabbit MAX PO (Nichirei Biosciences Inc., https://nichireibiosciences.com). 

Visualisation was performed using a peroxidase-based diaminobenzidine (DAB) staining 

haematoxylin (FUJIFILM Wako Pure Chemical Corporation, www.fujifilm.com). To 

ensure the reliability of the immunohistochemistry (IHC) markers on decalcified tissues, 

normal lymphocytes and macrophages infiltrating the tissues were evaluated as internal 

positive controls to confirm the preservation of antigenicity. Specificity was verified by 

the absence of non-specific background labelling in the osteoid matrix or necrotic areas. 

https://nichireibiosciences.com


 
 

Furthermore, negative control slides, in which the primary antibody was replaced with an 

isotype-matched control antibody, were included in every batch of sections to confirm 

the absence of non-specific and off-target binding. 

 

2.3.3 Tumour-infiltrating immune cells counting 

  



 
 

 

 

 

 

2.3.4 Statistical analysis 

  

 

 

 

 



 
 

  

  

 

 



 
 

 

 

 

 

 

  

 

 

 

  

 



 
 

 

 

  

 

 

 

 

 

    



 
 

  

 

 

   

 

    

 

 



 
 

 

 

  

  

 

  

 

  

  

   



 
 

 

 

  

 

 

 

  

  



 
 

 

 

  

  



 
 

  

  

Clinical features   

Age, (mean ± SD, year) 9.44 ± 5.02 

Body weight, (mean ± SD, kg) 4.25 ± 1.79 

Sex, n (%)  

     Male 1 (6.25) 

     Female 2 (12.5) 

     Male castrated 6 (37.5) 

     Female spayed 7 (43.75) 

Tumour location, n (%)  

     Femur 6 (37.5) 

     Humerus 3 (18.75) 

     Radius 2 (12.5) 

     Tibia 2 (12.5) 

     Distal radius/ulna 2 (12.5) 

     Scapula 1 (6.25) 

Clinical outcome, n (%)  

     Dead 10 (62.5) 

     Alive 4 (25) 

     Unknown 2 (12.5) 

 

 

 

 

 

 

 



 
 

 

 

  CD3+ T cells CD8+ T cells Foxp3+ Tregs CD20+ B cells 
CD204+ 

macrophages 

CD3+ T cells 
  0.9389 0.2914 0.3488 0.7147 

  < 0.0001* 0.2734 0.1855 0.002* 

CD8+ T cells 
    0.3300 0.2758 0.6814 

    0.2119 0.3012 0.004* 

Foxp3+ Tregs 
      0.4672 0.2531 

      0.0680 0.3443 

CD20+ B cells 
        0.3971 

        0.1277 

CD204+ 

macrophages 
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APPENDICES





 
 

Supplementary Table 2. Tumour-infiltrating immune cells density in each cat with 

appendicular osteosarcoma case 

Case number 

Tumour-infiltrating immune cells density (cells/mm2) 

CD3+ T cells CD8+ T cells Foxp3+ Tregs CD20+ B cells 
CD204+ 

macrophages 

1 84.66 ± 10.93 0.00 ± 0.00 0.00 ± 0.00 32.04 ± 7.45 661.39 ± 99.36 

2 87.59 ± 5.87 65.88 ± 9.80 0.00 ± 0.00 77.98 ± 7.74 1,549.52 ± 187.66 

3 444.79 ± 36.37 379.44 ± 21.10 0.00 ± 0.00 28.20 ± 6.37 2,408.84 ± 199.83 

4 90.57 ± 3.44 86.57 ± 3.10 0.00 ± 0.00 43.50 ± 4.73 661.65 ± 56.98 

5 29.28 ± 6.42 22.57 ± 5.56 0.00 ± 0.00 0.00 ± 0.00 449.04 ± 56.09 

6 317.25 ± 58.98 275.10 ± 69.37 38.97 ± 8.99 152.10 ± 48.68 1,022.15 ± 97.57 

7 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 240.53 ± 21.03 

8 273.71 ± 8.18 106.81 ± 7.52 0.00 ± 0.00 258.62 ± 13.59 620.90 ± 11.61 

9 368.89 ± 29.03 280.95 ± 18.98 0.00 ± 0.00 0.00 ± 0.00 701.02 ± 87.38 

10 604.03 ± 86.76 355.36 ± 31.37 0.00 ± 0.00 0.00 ± 0.00 934.86 ± 72.62 

11 81.47 ± 10.99 54.85 ± 7.68 0.00 ± 0.00 18.38 ± 4.48 739.31 ± 56.21 

12 164.57 ± 53.17 117.66 ± 37.71 11.14 ± 7.56 53.02 ± 10.79 733.26 ± 98.93 

13 105.22 ± 11.28 67.98 ± 8.70 0.00 ± 0.00 34.84 ± 6.02 1,111.80 ± 77.02 

14 38.78 ± 6.71 29.10 ± 6.74 0.00 ± 0.00 29.52 ± 5.59 151.64 ± 19.90 

15 65.12 ± 6.25 42.15 ± 7.20 0.00 ± 0.00 0.00 ± 0.00 411.33 ± 62.05 

16 27.23 ± 5.58 15.12 ± 3.55 0.00 ± 0.00 0.00 ± 0.00 492.35 ± 63.77 

Median [IQR, 
cells/mm²] 

89.08 [45.37 - 
306.37] 

66.93 [24.20 - 
235.74] 

0.00 [0.00 - 
0.00] 

28.86 [0.00 - 
50.64] 

681.34 [459.87 - 
1,000.33] 




