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Abstract

Ferroptosis is a form of regulated cell death involving lethal peroxidation of phospholipids
(Hirschhorn and Stockwell, 2018). Recent results reveal that ferroptosis mediates the tumor
suppressive activity of interferon gamma secreted by CD8* T cells in response to immune
checkpoint blockade, suggesting the immune system may function in part through ferroptosis to
prevent tumorigenesis (Wang et al., 2019).

Most anti-cancer therapies, both existing and envisioned, act ultimately by selectively
inducing the death of cancer cells. Conventional chemotherapeutic agents generally induce
apoptosis or a mixture of apoptosis and unregulated necrosis, in some cases involving
mitotic catastrophe with moderate selectivity for tumor cells, but with significant toxicity to
numerous normal tissues (Montero et al., 2015). Targeted agents, such as kinase inhibitors or
antibodies, frequently take advantage of the addiction of cancer cells to specific oncogenic
kinases, such as mutated BRAF or amplified EGFR, inducing apoptosis in sensitive cancers.
New therapies, including engineered cell therapies such as CAR T cells, also are believed to
trigger apoptosis or unregulated necrosis, but their selectivity derives from their selective
recognition of tumor cells via presentation by tumor cells of peptide neoantigens not found
in normal cells (Davenport et al., 2018). However, with the emergence of newly discovered
forms of regulated cell death, it may be possible to induce tumor cell killing through new
mechanisms with advantages over driving apoptosis or unregulated necrosis (Galluzzi et al.,
2018).

Ferroptosis is a form of regulated cell death (Dixon et al., 2012), meaning that it can be
attenuated or accelerated by specific genetic or pharmacological manipulations (Galluzzi et
al., 2018). The activation of ferroptotic cell death requires three hallmarks that ultimately
result in lethal lipid peroxidation (Dixon and Stockwell, 2019). First, ferroptosis requires the
presence of phospholipids containing polyunsaturated fatty acyl tails, which are the
substrates for peroxidation (Stockwell et al., 2017). Second, ferroptosis requires the presence
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of redox-active iron, most likely both in the labile iron pool and in the form of iron-
dependent lipoxygenases, to drive the peroxidation process (Gao et al., 2015). Third,
ferroptosis requires failure of the complex repair system that eliminates lipid peroxidation
products under normal homeostatic conditions (Stockwell et al., 2017). When all these
conditions are met, conditions are ripe for overwhelming peroxidation of unrepaired
phospholipids that results in cell death.

Ferroptosis is involved in numerous diseases including neurodegeneration, ischemic organ
injury, and cancer (Stockwell et al., 2017). Manipulation of ferroptosis has been explored as
a potential therapeutic strategy. However, whether ferroptosis has a natural function in any
physiological contexts remains relatively enigmatic. There is some evidence suggesting that
ferroptosis may serve a normal tumor suppressive function, including the observation that
the tumor suppressors p53, fumarase, and BAP1 can drive ferroptosis under some
conditions, and that some negative regulators of ferroptosis, such as SLC7A11, GPX4 and
NRF2 are overexpressed, amplified or otherwise activated in a variety of tumors (Dixon and
Stockwell, 2019). Nonetheless, the question of whether normal tumor suppression in
multicellular organisms requires ferroptosis remains an open question.

One of the most impactful classes of anti-cancer therapies developed in recent years are the
immune checkpoint blockade therapies, which work by activating the natural tumor-selective
killing activity of T cells, part of the adaptive arm of the immune system (Sanmamed and
Chen, 2018). Recently, Wang et al. reported that CD8* T cells, which represent the classic
subtype of tumor-killing T cells, drive ferroptosis in tumor cells (Wang et al., 2019). As
such, the remarkable clinical benefit of immunotherapies such as immune checkpoint
blockade, may derive, at least in part, by driving ferroptosis in tumor cells. This study is
important conceptually, as it not only lends further support to the notion that ferroptosis may
serve a natural tumor suppressive function, but also unveils a novel mechanism in that the
immune system can propel cancer cell ferroptosis to suppress tumorigenesis.

Wang et al. discovered that treatment of mice bearing ovarian or melanoma tumors with an
immune checkpoint therapy involving PD-L1 blockade caused increased lipid peroxidation
and production of downstream degradation products of lipid peroxides, two markers of
ferroptosis, in tumor cells. Ferroptosis-resistant tumor cells did not respond to PD-L1
blockade, and suppression of ferroptosis prevented the benefit of PD-L1 blockade,
confirming that ferroptosis induction in tumor cells was necessary for the efficacy of
immunotherapy in these models.

CD8™ T cells release cytokines, including tumor necrosis factor and interferon gamma
(IFNy), to drive Killing of tumor cells. Wang et al found that IFNy was the mediator of
CD8™ T cell ferroptosis-driving activity, in that blocking this cytokine abolished the
ferroptosis-inducing activity of these T cells. They further found that IFNy downregulated
the expression of system xc-, a crucial regulator of ferroptosis (see Figure 1). Furthermore,
they found that expression of system xc- correlates with patient outcomes in response to
PD-1 blockade.
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These findings suggest a few exciting avenues for future investigations. First, other anti-
tumor immune functions and immunotherapies may act by promoting tumor cell ferroptosis,
either through system xc- downregulation or through numerous other ferroptosis-triggering
mechanisms that have been described. Second, some oncogenes and tumor suppressors may
function by interrupting the pro-ferroptotic tumor suppressive function of the immune
system. Third, it is possible that the immune system triggers ferroptosis in normal tissues in
some pathological contexts, resulting in degenerative diseases. Furthermore, a variety of
environmental influences may affect the pro-ferroptotic tumor suppressive activity of the
immune system. For example, dietary polyunsaturated fatty acid (PUFA) or iron intake
might influence the susceptibility of tumor cells to CD8*-T-cell-driven ferroptosis. Indeed,
dietary PUFA intake has been shown to correlate with reduced incidence of a variety of
tumors. Together, these new findings provide a wealth of future possibilities for leveraging
the pro-ferroptotic activity of the immune system to reduce cancer morbidity and mortality.
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Figure 1.
Overview of the Mechanism by which Immune Checkpoint Blockade Drives Ferroptosis in
Tumor Cells
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