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Involvement of ferroptosis—defensive xCT/GPX4 axis in radioresistance and its impacts on

prognosis in oral squamous cell carcinoma
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Abstract of the Thesis

Background and Purpbse: Radiotherapy is the main treatment for patients with advanced oral
squamous cell carcinoma (OSCC), but its therapeutic efficacy is low and causes poor prognosis for
patients. Therefore, the development of new treatment strategies is expected to solve the problem of
radioresistance. Radiation induces ferroptosis, a form of cell death caused by iron-dependent lipid
peroxidation. As the xCT/glutathione peroxidase 4 (GPX4) axis is primarily involved in the
ferroptotic defense system, targeting this axis may increase the vulnerability of cancer cells to
ferroptosis. However, the clinical significance of the xCT/GPX4 axis in OSCC and its potential as a
therapeutic target remain unclear. Therefore, this study aimed to clarify that the xCT/GPX4 axis is
involved in the antitumor effect of radiation in OSCC, and to clarify the effects of radiotherapy
combined with a ferroptosis-inducing ageht that targets the xCT/GPX4 axis.

Methods: First, we semiquantitated xCT and GPX4 expression using immunohistochemical staining
using biopsy specimens from 92 OSCC patients who underwent surgical resection after preoperative
chemoradiotherapy combined with 5-FU anticancer drugs. We evaluated the results and analyzed the
relationship with various clinical items and prognosis. Next, we investigated the effects of erastin and
RSL3, which induce ferroptosis by inhibiting xCT and GPX4, respectively, on radiosensitivity and
lipid peroxidation in cultured OSCC cells. Furthermore, we investigated changes in lipid peroxidation
during ferroptosis using deferoxamine, an iron chelator. In addition, we evaluated the therapeutic
effects of combining radiation with erastin or RSL3 using a xenograft mouse model transplanted with
OSCC cells.

Results: OSCC patients with high xCT and GPX4 expression had significantly lower overall survival
and disease-free survival rates than those with low expression. Furthermore, multivariate analysis
showed that high GPX4 expression was an independent factor for poor prognosis, and that the
xCT/GPX4 axis influenced the clinical outcome of OSCC. Analysis using two OSCC cell lines
revealed that survival of irradiated cells was increased by the ferroptosis inhibitor ferrostatin-1 and
decreased by erastin or RSL3. Furthermore, the enhanced antitumor effects of erastin and RSL3 were
accompanied by increased lipid peroxidaticn, which was suppressed by Deferoxamine. In an in vivo
mouse model, antitumor efficacy was increased when radiation was combined with erastin or RSL3
compared to radiation alone. Furthermore, these effects were found to be associated with increased

~expression of 4-HNE, a lipid peroxidation marker, in tumor cells.

Conclusions: The xCT/GPX4 axis plays an important role in the radioresistance of OSCC, and
induction of ferroptosis by targeting the xCT/GPX4 axis using erastin or RSL3 is therapeutically
effective in OSCC patients who are resistant to radiotherapy. This may lead to improvement and

increased survival rates.
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