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Abstract of thesis:

Soft tissue sarcoma (STS) is one of the most common cancers in dogs. Canine STS encompasses a
heterogeneous group of mesenchymal neoplasia, accounting for approximately 8—15% of all canine cancers.
These tumors can originate from various soft tissues, resulting in diverse histological subtypes that exhibit
distinct biological behaviors and therapeutic responses. The primary challenge in canine STS is the lack of
reliable prognostic markers and an incomplete understanding of its pathogenesis. This research investigates
the phosphatidylinositol-3 kinase (PI3K) and protein kinase B (AKT) signaling pathways, as their analysis
may provide insights into disease activity and potential prognostic markers. PI3K/AKT is one of the signaling
pathways contributing to cell proliferation and is a crucial regulator of various critical cellular processes such
as growth, survival, and metabolism. Dysregulation of the PI3K/AKT pathway due to genetic mutations or
alterations in its components has contributed to tumorigenesis. Our previous investigation identified the
PI3K/AKT pathway activation in STS cell lines and clinical samples. We confirmed that phosphorylation of
AKT occurred in conjunction with S6 phosphorylation in three canine STS cell lines (MUMA-G, A72, and
STS-YU1) based on western blotting, as compared with a mouse fibroblast cell line (NIH3T3).

The first chapter investigated the relationship between PI3K/AKT activation and tumor-infiltrating
lymphocytes (TILs), as the dysregulation of this pathway may influence TILs density within the tumor
microenvironment (TME). 59 STS samples were labeled via immunohistochemistry to calculate the density
of TILs, including CD3+ T cells, CD8+ T cells, CD20+ B cells, and FOXP3+ regulatory T cells. Most canine
STS samples (81.3%) contained intra-tumoral TILs, with CD3+ T cells and CD8+ T cells being the most
abundant, while CD20+ B cells and FOXP3+ T-regulatory cells were comparatively limited. This TILs profile
indicates that the immune response in dogs remains favorable against STS, as CD3+ and CD8+ T cells subsets
are critical for cytotoxic responses against cancer. TILs density, however, was not associated with
clinicopathological parameters and tumor grade.

Furthermore, a positive correlation between TILs density and the Ki-67 index, a tumor proliferation
marker. Samples with a high Ki-67 index had a significantly higher abundance of CD3+ T cells, CD8+ T
cells, and CD20+ B cells (p=0.0392, 0.0254, 0.0380, respectively). This finding provides initial insights into
the role of PI3K/AKT pathway activation in canine STS. The abundance of CD8+ T cells was positively
correlated with the activation of PI3K/AKT, indicating that samples with high levels of phospho-AKT and
phospho-S6 tend to have higher CD8+ T cell densities (p=0.0032 and 0.0218, respectively). These findings
suggest that the PI3K/AKT signaling pathway might play a role in modulating the immune landscape. A
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plausible mechanism is that elevated PI3K/AKT pathway activity in cancer cells indirectly enhances tumor-
antigen presentation or promotes the secretion of chemokine molecules to attract immune cells to the tumor
site.

The second chapter investigated the underlying mechanism as a primary contributor to PI3K/AKT
dysregulation, possibly contributing to tumorigenesis in canine STS. This chapter investigated PTEN loss,
PIK3CA4 mutation, and EGFR over-expression as potential PI3K/AKT pathway activation drivers. The
investigation suggests that EGFR over-expression, rather than PTEN loss and P/K3CA mutations, is likely a
primary driver of pathway dysregulation. While PTEN loss is one of the common mechanisms for PI3K/AKT
dysregulation, there is no evidence of PTEN loss in canine STS samples. PTEN was expressed in all analyzed
samples. Weak PTEN expression was observed in 33.3% of samples, while 66.7% showed normal expression.

Although mutations in PIK3CA and EGFR genes were detected, their low prevalence suggests they
are not the primary cause of pathway dysregulation. DNA sequencing of the PIK3CA gene revealed a
missense point mutation in exon 10 (c.554 A>C, H554P) in only one case, but no hotspot mutations were
identified. Similarly, one missense point mutation in exon 21 of EGFR (c.868 G>A) was identified in one
sample. High EGFR expression was significantly correlated with elevated phospho-AKT levels (»<0.0001)
based on a linear regression test. EGFR was expressed in 83.3% of STS samples; in most cases (90% of
EGFR-positive samples), it also showed positive immunolabeling for phospho-AKT. This result indicates
that EGFR over-expression is a potential major contributor to the PI3K/AKT pathway dysregulation. When
EGFR is over-expressed, it facilitates consecutive activation of the downstream PISK/AKT signaling
pathway, results in cellular changes, and disrupts normal cell regulation.

In conclusion, this study identifies EGFR overexpression as a significant feature and potential
contributor to the activation of the PI3K/AKT pathway in canine STS. This finding highlights promising
opportunities for the development of targeted therapies in the future. Targeting this receptor using EGFR
inhibitors has been explored in human cancer therapy, and similar strategies could be repurposed for dogs.
These findings underscore the need for additional research to better understand the molecular mechanisms

in canine STS and validate potential therapeutic targets.
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