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Abstract 
Cancer is a disease that involves aggressive changes in the genome and aberrant signals between the living cells. 
Signalling pathways such as TGF-β (Transforming growth factor-β), Wnt, EGF (epidermal growth factor) and HIF 
(Hypoxia-inducible factor) evolved to regulate growth and development in mammals are also implicated for 
tumorigenesis due to failure or aberrant expression of components in these pathways. Cancer progression is a multistep 
process, and these steps reflect genetic alterations driving the progressive transformation of healthy human cells into 
highly malignant derivatives. Many types of cancers are diagnosed in the human population, such as head & neck, 
cervical, brain, liver, colon, prostate, uterine, breast, and renal cell cancer.  

Prostate cancer is the second most common cancer and one of the foremost leading cancer-related deaths in men in the 
world. Aberrant Wnt3a signals promote cancer progression through the accumulation of β-Catenin. In the first paper, we 
have elucidated intriguing functions for Tumour necrosis factor receptor-associated factor 6 (TRAF6) as a coregulatory 
factor for the expression of Wnt-target genes which was confirmed in vivo by using CRISPR/Cas9 genomic editing, in 
zebrafish. Our data suggest that Wnt3a promotes TRAF6 interaction with Wnt components, and TRAF6 is required for 
gene expression of β-Catenin as well as for the Wnt-ligand co-receptor LRP5. From the in vivo studies, we elucidated 
positive regulation of TRAF6, which is crucial for survival and development of zebrafish. This study identifies TRAF6 
as an evolutionary conserved co-regulatory protein in the Wnt pathway that also promotes the progression of prostate 
and colorectal cancer due to its positive effects on Wnt3a signalling. 

Hypoxia is a condition due to O2 deprivation, and Hypoxia-inducible factors (HIF) transcription factors are responsible 
for the maintenance of oxygen homeostasis in living cells. Irregularities in these HIF transcription factors trigger 
pathological cellular responses for initiation and progression of malignant cancers. Renal cell carcinoma, a malignant 
cancer arising in renal parenchyma and renal pelvis and, hypoxia plays an important role in its progression. In the second 
paper, we have investigated the clinicopathological relevance of several hypoxic and TGF-β component proteins such 
as HIF-1α/2α/3α, TGF-β type 1 receptor (ALK5-FL) and the intracellular domain of ALK5 (ALK5-ICD), SNAI1 and 
PAI-1 with patient survival in clear cell renal cell carcinoma (ccRCC). We showed that HIF-2α associated with low 
cancer-specific survival. HIF-2α and SNAI1 positively correlated with ALK5-ICD, pSMAD2/3, PAI-1 and SNAI1 with 
HIF-2α; HIF-1α positively correlated with pSMAD2/3. Further, under normoxic conditions our data suggest that ALK5 
interacts with HIF-1α and HIF-2α, and promotes their expression and target genes such as GLUT1 and CA9, in a VHL 
dependent manner through its kinase activity. These findings shed light on the critical aspect of cross-talk between TGF-
β signalling and hypoxia pathway, and also the novel finding of interaction between ALK5 and HIF-α might provide a 
more in-depth understanding of mechanisms behind tumour progression 

In the third paper, an ongoing study, we investigated the role of HIF-3α in the progression of Renal cell carcinoma and 
its association with the components of TGF-β and HIF pathways. We have observed increased levels of HIF-3α in ccRCC 
and pRCC (papillary renal cell carcinoma) which are associated with advanced tumour stage, metastasis and larger 
tumours. Also, we found HIF-3α show a significant positive association with pro-invasive gene SNAI1, which is a crucial 
regulator of epithelial to mesenchymal transition. TRAF6 an E3 ligase known to be prognostic marker in RCC and we 
observed HIF-3α associates with TRAF6. 
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