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Abstract of thesis:

Lymphoma is the most common hematological malignancy in dogs. In humans, many forms of
lymphomas have been shown to have specific genetic abnormalities that can be used in both as diagnostic
and as prognostic factors. Although many analyses of altered DNA are currently being applied to canine
lymphoma, however, the information on molecular biology is still limited.

In canine lymphoma, inactivation of p16 gene caused by methylation and deletion has been reported.
The p16 (also known as CDKN2A) is an inhibitor of cyclin-dependent kinases 4 and 6 (CDK4/6) which
primarily functions as a negative regulator of the retinoblastoma protein (pRb) pathway to prevent pRb
phosphorylation, thus playing a critical role in cell cycle arrest. A consequence of p16 inactivation is elevated
CDK4/6 activity resulting in hyperphosphorylation of pRb. Loss of p16 leads to disruption of the pl16-pRb
pathway, resulting in cell cycle progression, and it is suggested that the p16-pRb pathway is a prognostically
valuable parameter for canine lymphoma. However, in these previous studies, pl6 protein expression was
not examined, as the appropriate antibody that can detect canine p16 protein was not identified until 2017.
Moreover, simultaneous analyses of the p16 gene, its protein expression, and its correlation with Rb protein
phosphorylation have not been performed in canine cancers.

Palbociclib and abemaciclib, are CDK4/6 inhibitor drugs that are currently approved for the
treatment of breast cancers in humans, in combination with other therapeutics by the Food and Drug
Administration (FDA) and the European Medicines Agency (EMA). Their inhibition affects cancer cell
proliferation, blocking the progression from G1 to S phase, and may inhibit the metastatic potential of cancer
cells. In dogs, CDK4/6 inhibitor, palbociclib, has been shown to have antitumor effects on canine mammary
tumor cells, and could potentially be used as a new anti-cancer treatment for canine melanoma. However,
with the best of my knowledge, there is no data available simultaneously analyzing the expression of p16
protein and phosphorylated pRb in canine cells treated with CDK4/6 inhibitors.

Therefore, my present studies were carried out to clarify the direct relationship of the p16 gene and
its protein expression with pRb phosphorylation, and p16-pRb pathway in canine lymphoma cell lines treated
with CDK4/6 inhibitors in vitro.

In chapter 1 of this study, I verified the correlation between the inactivation of the p16 gene and its
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protein expression with the methylation of that gene, as well as hyperphosphorylation of the Rb protein. I
examined simultaneously the gene and protein expression of p16 and phosphorylated pRb in eight canine
lymphoma and leukemia cell lines (17-71, CLBL-1, GL-1, CLC, CLGL-90, Ema, Nody-1, and UL-1).
Methylation of the p16 gene was also explored using the demethylation drug 5-Aza-2'-deoxycytidine (5-Aza).
After 5-Aza treatment, pl6 gene and protein expression increased and pRb phosphorylation decreased,
suggesting that both hypermethylation of the p16 gene and pRb hyperphosphorylation occurred in four out
of eight cell lines (CLBL-1, CLC, Nody-1, and UL-1). Moreover, the estimation of p16's protein expression
was better than that of p16’s mRNA expression because the expression of the protein was more stable than
those of the gene, and highly related to the phosphorylation of pRb. These results revealed that p16’s protein
expression could be a promising biomarker for canine lymphoma cells.

In chapter 2 of this study, I studied the p16-pRb pathway in canine lymphoma cell lines treated
with CDK4/6 inhibitors. I explored the correlation between CDK4/6 inhibitors (palbociclib and
abemaciclib) sensitivity with various expression levels of the p16 protein and phosphorylated pRb using
the canine lymphoma cell lines. The half-maximal inhibitory concentration (ICso) values of palbociclib and
abemaciclib in cells with low p16 (CLBL-1, CLC, and Nody-1), except UL-1, were consistently lower than
those in cells with high p16 (17-71 and GL-1), suggesting that low p16 cells were sensitive and high p16
cells were relatively resistant to CDK4/6 inhibitors. In addition, my study revealed that palbociclib and
abemaciclib treatment reduced pRb phosphorylation in a dose-dependent manner in canine lymphoma cells,
especially in cells with low pl16 (CLBL-1, CLC, Nody-1, and UL-1). In summary, CDK4/6 inhibitors
showed potential as new chemotherapeutic agents for canine lymphoma and high p16 protein expression
may be used as a useful biomarker for treatment resistance of CDK4/6 inhibitors.

With the best of my knowledge, the series of my studies clarified that the examination of the
p16 protein expression, as well as the hyperphosphorylation of Rb proteins, may be further valuable
parameters for the pl6-pRb pathway and treatment biomarkers related to CDK4/6 inhibitors in canine

lymphoma.
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