IDENTIFYING THE MOLECULAR DETERMINANTS OF METASTATIC ADAPTATION IN PROSTATE CANCER
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Prostate cancer (PC) is the number one diagnosed cancer in men in the US and the second most common cancer among men worldwide. It was estimated that approximately 299,010 men in the US will be diagnosed with PC in 2024. Understanding metastasis is crucial due to its impact on disease morbidity. The sites of PC metastasis, such as the bone and visceral organs play key roles in disease morbidity. While bone metastasis is common, visceral metastases is associated with poor survival. The microenvironmental suitability for cancer cells in both bone and visceral organs strengthens their impact on disease progression and treatment outcomes. Understanding the complexities of metastatic PC (mPC), including the molecular mechanisms and adaptation factors, is pivotal for developing effective therapies. 
    Published literature and genetic approaches have uncovered that aggressive mPC display genetic loss of the tumor suppressors PTEN and TP53. To identify the molecular signature of metastatic PTEN/TP53NULL cells we performed rigorous multiOmic/ and biochemical analysis of cells derived from tumors at various stages of disease evolution (Pten/Trp53NULL mouse model; RapidCaP). This analysis revealed that loss of receptor tyrosine kinase Axl is tightly correlated with metastatic spread to bone and visceral organs. AXL is a member of the Tyro3AxlMertk family of kinases and has shown to be necessary for inducing dormancy like state in PC cells in vivo. Integrating CRISPR-Cas9 technology with robust immunocompetent syngeneic models, our lab has successfully demonstrated that Axl knockout promotes a metastatic phenotype in Pten/Trp53NULL cells. However, we lack the mechanistic insight on how of Axl knockout cells adapt and grow within the metastatic site. 
We hypothesize that the loss of Axl will promote a metastatic phenotype and play an essential role in metastatic adaptation. We propose that understanding the biological dependencies of AxlNULL cells will be crucial for therapeutic targeting of metastatic PC. 
    To explore this hypothesis we generated a mPC model with Axl knockout (KO; CRISPR) in RapidCaP derived cell lines. To determine if the tumor cells are present and proliferating within the lung tissue we generated a lung metastasis model (syngeneic) via tail vein injection of Axl KO or control Axl WT cells. These in-vivo trials enabled the exploration of biological differences between Axl KO and WT cell lines using transcriptomics, immunohistochemistry and multiphoton-photon microscopy-based collagen imaging. 
    From the current data, we have been able to demonstrate that Pten/Trp53/AxlNULL PC cells display faster growth of overt lesions and increased metastatic burden when compared to Axl WT cells; based on immunohistochemical presentation within mouse lung tissue. On the contrary, the Axl WT cells formed fewer and smaller lesions and prolonged the overall survival of tumor bearing mice. Transcriptomic analysis of Axl KO vs WT cells revealed an enrichment of inflammatory response pathway, increased MTORC1, KRAS signaling and upregulation of protein secretion pathways. 
    Overall, we have been able to establish a metastatic disease model and began characterizing the biological differences of the model. We have observed that Axl KO cells developed overt metastasis within three weeks whereas the Axl WT cells remain repressed, exhibiting disseminated tumor cells as detected by GFP staining. Further studies need to be conducted to understand the role of the microenvironment and immune systems role in the maintenance of metastatic disease within this model. 

