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RIOK1 – a tale from the kinome’s long tail 

Many cancers still express undruggable oncoproteins such as RAS and therefore their sustainable 
treatment will require rational combination therapies tailored to the genetic background of the 
tumour cell and the ground state of its signalling network. Nevertheless, such rational drug 
combinations, which exploit cancer specific vulnerabilities without causing side-effects, require 
more druggable and characterized targets in the signalling network of cancer cells. Kinases 
represent well-proven drug targets in oncology and other areas of medicine. Surprisingly, the 
majority of to date investigated kinases constitutes only a minor fraction of the kinome. 
Consequently, there is still a long tail of under-researched kinases that could represent promising 
drug targets (Edwards et al., 2011). To identify novel kinases collaborating with oncogenic RAS, 
we conducted an RNAi screen for kinases modulating aberrant RAS signalling in the nematode 
C. elegans (Weinberg et al., 2014). Among other kinases, depletion of RIOK-1, a member of the 
RIO protein kinase family, suppressed the typical multi-vulva (muv) phenotype observed in worms 
with aberrant RAS/RAF signalling. 

RIOK1 belongs to a small family of ancient atypical protein kinases found in all kingdoms of life. 
There are three paralogues in humans. Despite their high degree of conservation, very little is 
known about Rio kinases, in particular in metazoans. Importantly, Rio kinases are overexpressed 
in various cancer entities, although the underlying mechanisms and the functional significance of 
their overexpression remain unknown. Therefore, we characterized the role of these ill-defined 
kinases in various tumour cell lines by genetic and proteomic approaches. Commensurate with 
our initial finding in C. elegans, we demonstrate in conventional and three dimensional tissue 
culture models that loss of human RIOK1 specifically impairs the growth and invasive properties 
phenotype of colon-, lung- and breast cancer cells harbouring RAS pathway mutations. In contrast, 
shRNA mediated depletion of RIOK2 or RIOK3 did not recapitulate the phenotypes observed with 
RIOK1 knockdown. Importantly, loss of RIOK1 expression prevented lung colonization in vivo. 
Moreover, cell line models lacking RAS mutations were not or only hardly affected by RIOK1 
depletion. Our data suggest a critical function for RIOK1 in RAS mediated transformation and 
highlight this kinase as a novel potential drug target (Weinberg et al., 2017). 
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