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Nrf2 promotes oesophageal cancer cell proliferation via metabolic reprogramming
and detoxification of reactive oxygen species
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Abstract of the Thesis

Background and Purpose: Cancer cells consume a large amount of energy and maintain
high levels of anabolism to promote cell proliferation via metabolic reprogramming. Nuclear
factor erythroid 2-related factor 2 (Nrf2) is a master transcription regulator of

stress responses and promotes metabolic reprogramming to support cell proliferation

in various types of cancer. As esophageal cancer is one of the most aggressive
gastrointestinal cancers, we aimed to clarify the effect of Nrf2 on metabolic reprogramming

in esophageal cancer.

Methods: The relationship between Nrf2 expression and clinical outcome was evaluated
using a database comprising 201 esophageal cancers. Using in vitro assays and metabolome

analysis, we examined the mechanism by which Nrf2 affects malignant phenotype.

Results: High immunohistochemical expression of Nrf2 was significantly associated
with poor recurrence-free survival (HR=2.67, P=0.0004) and overall survival (HR=2.90,
P<0.0001) in esophageal cancer patients. In an in vitro assay with siRNA, Nrf2 depletion
significantly decreased cell growth and enhanced G1 cell cycle arrest and apoptosis. In
addition, reactive oxygen species (ROS) were not removed by detoxification via the
Nrf2 pathway, with concomitant induction of the p38 mitogen-activated protein

kinase pathway. The metabolome analysis showed that Nrf2 strongly promoted
metabolic reprogramming to glutathione metabolism, which synthesizes the essential
fuels for cancer progression. Furthermore, metabolome analysis using esophageal cancer
specimens confirmed that samples displaying high Nif2 expression promoted glutathione
synthesis. The mechanism Nrf2 promoted glutathione metabolism was that

Nrf2 regulated the levels of main enzymes (GCLM, GCLC, and xCT) catalyzing glutathione

synthesis.

Conclusion: Metabolic reprogramming to glutathione metabolism, and ROS detoxification
by activation of Nrf2, enhanced cancer progression and led to poor clinical outcome in

esophageal cancer patients.





