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Recent large scale genomic studies revealed that KEAP1/NRF2 and TP53 are among the
most frequently mutated genes in lung and esophageal cancers. However, their role in
lung and esophageal stem cells and cancers has not been well understood, partly due to
the lack of optimal assay systems. We therefore developed novel experimental systems,
and utilizing these systems, identified the role of KEAP1/NRF2 and TP53 mutations in lung
and esophageal stem cells and cancers. By developing an in vitro 3-dimensional
organotypic esophagosphere and establishing tracheosphere culture systems, we
identified human and mouse esophageal stem cells and showed that KEAP1/NRF2
mutations promote the differentiation in esophageal stem cells while promoting the selfrenewal in airway stem cells. By developing an in vivo airway stem cell lineage tracing
system, we further confirmed that KEAP1/NRF2 mutations and TP53 mutations promote
airway stem cell self-renewal. We also developed genetically engineered mouse models
for lung cancers and discovered that inactivation of Trp53 and/or Keap1 in the central
airway leads to lung squamous cell carcinoma (LSCC) formation, while inactivation of these
same genes in the peripheral airway leads to lung adenocarcinoma (LUAD) formation.
Using these mouse models, we further identified that airway basal stem cells are the cell
of origin for LSCC and demonstrated that the Keap1-Nrf2 pathway activation contributes
to LSCC metastasis and radioresistance. Finally, by non-small cell lung cancer (NSCLC)
patient cohort analysis, we showed that KEAP1/NRF2 mutations are associated with local
failure and recurrence after radiotherapy and could be detected by the analysis of
circulating tumor DNA (ctDNA) in the blood. These results expand our understanding of
LSCC pathogenesis and identify KEAP1/NRF2 mutations as predictive biomarkers that
could be used for personalizing therapeutic strategies for NSCLCs, and likely other cancers
in which they are recurrently mutated. Further, this study highlights how stem cell
research could be translated for potential cancer diagnostics and therapeutics.
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