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KEAP1-NRF2 system serves as cell defense against oxidative and xenobiotic stresses. In several types of solid
tumors such as lung adenocarcinoma, squamous cell carcinoma of lung, head and neck, somatic mutations in
KEAP1 and NFE2L2 (encoding NRF2) genes have been identified. These mutations result in constitutive activation
of NRF2 in cancer cells. In addition, aberrant accumulation of phosphorylated p62 is frequently observed in
hepatocellular carcinoma. Phosphorylated p62 binds to KEAP1 and inhibits NRF2 degradation, which also results
in constitutive activation of NRF2. NRF2 is a transcription factor that activates expression of genes including
detoxifying enzyme genes, antioxidative stress genes, glutathione biosynthesis enzymes, ABC transporters and
pentose phosphate pathway enzymes. Thereby, constitutive activation of NRF2 enhances the resistance of tumors to
chemo- and radio-therapies. Indeed, cancer patients with NRF2-activated cancers exhibit poor prognosis. Therefore,
NRF2 inhibitors would be effective and necessary therapeutic agents against cancer cells exhibiting NRF2

accumulation.

This project consists of two main axes. One is development of NRF2 inhibitors for tumors with somatic mutations
of KEAP1-NRF2 system by Yamamoto group. The other is development of NRF2 inhibitors for tumors with
defects of autophagy by Komatsu group.

In Yamamoto group, to identify specific makers for NRF2-addicted tumors (surrogate makers), we performed
metabolome analysis using NRF2-addicted and non-addicted cancer cell lines. We found that the levels of 17
metabolites were different between NRF2-addicted and non-addicted cancer cell lines. In our previous project, we
identified halofuginone (HF) as an NRF2 inhibitor by chemical library screening. HF represses protein synthesis
via an amino acid starvation response elicited by inhibition of prolyl-tRNA synthetase. In this year, we examined
efficacy and toxicity of HF using NRF2-addicted cancer cells, non-addicted cancer cells and normal epithelial cells.
We found that HF treatment enhanced the sensitivity of NRF2-addicted cancer cells to anti-cancer drugs both in
vitro and in vivo. In addition, we found that NRF2-addicted cancer cells are more susceptible to HF treatment than
normal epithelial cells. These results demonstrate that HF serves as a chemo-sensitizer by inhibiting NRF2

accumulation in NRF2-addicted cancer cells.

Komatsu group has identified a chemical compound K67 by a fluorescence polarization-based high-throughput
screening using recombinant Keapl DC domain and phosphorylated peptide of p62. K67 binds to Keapl and
specifically inhibits the interaction between KEAP1 and p62, resulting in degradation of NRF2. We confirmed the
anti-tumor activity of K67 in xenograft model. We then developed the derivatives of K67 and have a plan to test the
activity in cells. To screen small compounds that inhibit the interaction between Keapl and p62 allosterically, we
purified p62 recombinant protein.
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