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Synopsis:

Regulation of oxidative stress and redox control processes is one of the
most important mechanisms for development, maintenance of characteristics,
self-renewal, and reprogramming of stem cells. Regulation of the balance of
oxidative stress and antioxidation involves the acryl hydrocarbon receptor—Jun
dimerization protein 2—-nuclear factor (erythroid-derived 2)-like 2
(AhR-Jdp2-Nrf2) axis through mitochondrial integrity. The reactive oxygen
species (ROS) balance within the cells was maintained by oxidative stress and
antioxidation, of which verifying a fact that Activation protein 1/Activation
transcription factor Jun dimerization protein 2 (Jdp2) was involved. Here we
provide a novel insight about the role of the AhR-Jdp2—-Nrf2 gene battery in
determining the cell plasticity and the cell fate.

In this study, AhR-Jdp2 axis activation initiate through stimulation by
dimethyl sulfide (DMSO), a commonly wused polar organic solvent. The
promoter of the A4hAR gene was significantly upregulated via a Dioxin response
element (DRE), which increased ROS production, and resulted in apoptosis of
mouse embryonic fibroblasts. The mechanism of AhR promoter upregulation is
dependent on the expression of Jdp2. Moreover, the interaction of AhR with
Jdp2 and small Maf basic zipper transcription factor K, has been detected by
assays of co-immunoprecipitation and chromosome immunoprecipitation on the
DRE of the AhR promoter region. Take these results together, Jdp2 forms a
complex with the phase I enzyme factor, AhR, and the phase Il enzyme factor,
Nrf2. Furthermore, this complex plays an important role in the AhR promoter

activation in response to DMSO.



To confirm the crosstalk between the AhR-Jdp2-Nrf2 axis further, we
identified Nrf2 as one of the factors critical for AhR-promoter activation in
response to the phase I enzyme ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin, in a
spatiotemporal cis-element-dependent manner. These findings identified the
role of the AhR-Jdp2-Nrf2 gene battery in modulating ROS production,
controlling cytoskeletal remodeling, cell spreading, migration, and tumor
progression. The induction of ROS through AhR and Nrf2 batteries can
potentially offer a therapeutic strategy for cancer treatment. In pancreatic
adenocarcinoma, we also demonstrated that tumor growth 1s affected
significantly by the Jdp2—AhR—-Nrf2 gene battery to modulate ROS production.

Regorafenib, one of the most commonly used multi-kinase inhibitors is
frequently used as an anticancer drug for the treatment of hepatocellular
carcinoma (HCC). Moreover, it activates oxidation stress by promoting ROS to
inhibit cancer formation and angiogenesis. Here, we produced a
regorafenib-resistant HepG2 HCC cell line HepG2 Rego R which showed the
upregulation of the transcription factor forkhead box protein M1 (FOXM1). The
FOXM1 upregulation was crucial for the survival of cancer cells treated with
regorafenib; in this case, ROS control was an important factor for drug
resistance. By combining the FOXM1 inhibitor thiostrepton with regorafenib,
we have succeeded to suppress cancer cells through severe ROS induction. This
effect exhibited a significant reduction in the survival of regorafenib-resistant

cells.



Taken together, these studies of the AhR-Jdp2—-Nrf2 gene battery provide
basic and compelling evidence for the application of ROS balance in the search
for new therapeutics targeted to the AhR-Jdp2—Nrf2 gene battery in cancers or

other diseases in the future.
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