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Expression of normal and oncogenic RNF43 (green
fluorescence) in cells. Blue fluorescence is the nucleus
(Tadasuke Tsukiyama, et al., Nature Communications,
September 15, 2020). Credit: Tadasuke Tsukiyama, et
al., Nature Communications, September 15, 2020

A team of scientists has unraveled the molecular
mechanism behind one of the causes of colorectal
cancer, and a treatment target. 

The Wnt signaling pathway is a cell signaling
pathway that promotes cell proliferation and is
essential for the development and optimal function
of cells and tissues in many organisms. Many
molecules are involved in the regulation of this
pathway; a mutation in the molecules could lead to
cancer. RNF43 is such a molecule, a protein that is
found in the cell membrane of intestinal stem cells
(ISCs). It functions as a negative regulator of the
Wnt signaling pathway, and mutations of RNF43
are commonly found in colorectal cancer.
However, the mechanisms by which RNF43
mutations cause cancer were not fully elucidated.

In an extensive series of experiments, a team of
scientists, including Tadasuke Tsukiyama from the
Faculty of Medicine at Hokkaido University, has
described a molecular mechanism by which
mutations at one site in RNF43 cause cancer—and
have also described a potential method to treat
these cancers. Their findings were published in the
journal Nature Communications.

They first identified the exact region of RNF43 in
which mutations lead to activate Wnt signaling.
From experiments with induced mutations, they
found that some serine residues in RNF43 must be
modified with phosphate (phosphorylated) in order
to become functional. Mutations which block
phosphorylation in RNF43 lead to cancer. They
designed RNF43 mutants which had properties
similar to phosphorylated RNF43. These mutants
retained their function, confirming their hypothesis.

  
 

  

Normal RNF43 acts as a tumor suppressor when
activated by the addition of phosphate groups
(phosphorylation), whereas mutant RNF43 cannot be
phosphorylated due to the oncogenic mutations.
(Tadasuke Tsukiyama, et al., Nature Communications,
September 15, 2020) Credit: Tadasuke Tsukiyama, et al.,
Nature Communications, September 15, 2020

In a normal cell, RNF43 negatively regulates Wnt
signaling pathway by initiating the degradation of
the receptor for Wnt. When RNF43 mutates into
oncogenic RNF43, it can no longer downregulate
Wnt signaling. Furthermore, the group found that
the oncogenic RNF43 cooperates with active Ras,
another oncogene, to induce tumors. This was
verified in mice models as well as in cellular
experiments. From this information, the scientists
analyzed data from colorectal cancer collected from
The Cancer Genome Atlas (TCGA) and identified
that mutant RNF43 works with Ras to induce
tumorigenesis in humans, as well. Interestingly,
other experiments by the group suggested that
further expression of oncogenic RNF43 was
induced by positive feedback of the Wnt signaling 
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pathway, which accelerates RNF43's suppressive
role on anti-cancer gene p53.

A separate question the scientists addressed was
the role of normal and mutant RNF43 in other
species. In experiments conducted on zebrafish
embryos and mouse intestinal organoid models,
they demonstrated that phosphoregulation of
RNF43 plays a key role in the morphogenesis and
the maintenance of ISCs, confirming the conserved
role of this regulation.

  
 

  

Oncogenic RNF43 which induces aberrant activation of
Wnt signaling and suppression of an important tumor
suppressor gene p53 at the same time, interacts with
active Ras in a multi-step carcinogenesis process
(Tadasuke Tsukiyama, et al., Nature Communications,
September 15, 2020). Credit: Tadasuke Tsukiyama, et
al., Nature Communications, September 15, 2020

The scientists concluded that modification of
RNF43 phospho-status to maintain its function may
be a potential treatment for some types of
colorectal cancer. What remains to be understood
is the exact role different RNF43 mutations play in
cancer. To do this at a useful scale, it is important
to collect more detailed molecular data from
patients recorded in TCGA.

Assistant Professor Tadasuke Tsukiyama from the
Department of Biochemistry, Faculty of Medicine at
Hokkaido University studies the development of
cancer using cell lines and zebrafish, mouse
organoid and mouse allograft models. He is
especially interested in how aberrations in the 
signal transduction pathways lead to cancer. 

  More information: Tadasuke Tsukiyama et al. A
phospho-switch controls RNF43-mediated
degradation of Wnt receptors to suppress
tumorigenesis, Nature Communications (2020). 
DOI: 10.1038/s41467-020-18257-3
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