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Cell type-specific induction of ferroptosis to boost antitumor immunity
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ABSTRACT

Traditional ferroptosis activators typically suppress antitumor immunity. Our discovery shows that N6F11,
a small molecule compound, can selectively induce ferroptosis by targeting TRIM25-mediated GPX4
degradation in cancer cells while sparing immune cells. This breakthrough establishes a safe and effective

strategy to enhance ferroptosis-driven antitumor immunity.

The tumor microenvironment (TME) is a highly intricate
and dynamic system that undergoes continuous transforma-
tions. While the specific composition of the TME can vary
based on the type of tumor, it consistently encompasses vital
components, such as immune cells, stromal cells, blood
vessels, and the extracellular matrix.! The TME plays
a pivotal role in shaping the development and progression
of tumors. It can either impede the infiltration and function-
ing of immune cells or, conversely, stimulate anti-tumor
immune responses, as evidenced by the remarkable progress
achieved with immune checkpoint inhibitors in patient
treatment.”

However, conventional anti-cancer drugs are typically admi-
nistered systemically, affecting not only tumor cells, but also
altering the behavior of immune cells. For instance, numerous
studies have shown that traditional ferroptosis inducers, such as
erastin and RSL3, directly target the glutathione peroxidase 4
(GPX4) antioxidant pathway.’ This dual impact results in the
demise of tumor cells, but also causes harm to immune cells.*”®
Consequently, a significant challenge in the field of oncology is
to discover methods or drugs that selectively eliminate tumor
cells while preserving the functionality of immune cells. In our
recent study, we unveiled a novel strategy for inducing ferrop-
tosis that selectively targets tumor cells without compromising
the activity of immune cells (Figure 1).”

In our research, we initiated the screening of a library of
over 4000 small-molecule compounds using In-Cell
Western assays (also known as cell-based enzyme-linked
immunosorbent assay). These compounds had unknown
targets, and our objective was to identify inhibitors of
GPX4 protein expression in PANCI1 cells, a well-
established human pancreatic ductal adenocarcinoma
(PDAC) cell line widely utilized in drug response studies.
Our screening approach, followed by subsequent traditional
protein and gene expression techniques, revealed that
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a compound named N6F11 can effectively inhibit GPX4
protein expression in various human and mouse cancer
cell lines. Notably, N6F11‘s mechanism of action differs
from widely used ferroptosis activators. Unlike RSL3 and
erastin, N6F11 does not directly bind to GPX4 or induce
glutathione depletion, respectively.

Second, we demonstrated that N6F11 functions as
a novel GPX4 degrader by activating the ubiquitin/protea-
some system (UPS), rather than the autophagy pathway. In
contrast, erastin and RSL3 have been previously shown to
cause GPX4 degradation through selective or nonselective
autophagy activation. Further investigations through immu-
noprecipitation-mass spectrometry experiments identified
specific GPX4 binding proteins, including several E3 ubi-
quitin ligases, early in the N6FI1 treatment process.
Subsequent RNAi and CRISPR-Cas9 knockout experiments
pinpointed tripartite motif containing 25 (TRIM25) as the
key E3 ligase responsible for N6F11-induced GPX4 degra-
dation. Structural mutations and in vitro thermal stability
experiments provided evidence that TRIM25 interacts with
GPX4 through its PS domain, while N6F11 directly binds to
TRIM25 on the RING domain to initiate this process.

Third, our in vitro experiments have shown that
TRIM25 is predominantly expressed in cancer cells, rather
than in immune cells. The induction of TRIM25-dependent
GPX4 degradation through N6F11 does not exhibit toxicity
toward immune cells, including T cells, natural killer cells,
neutrophils, and dendritic cells. This unique selectivity of
N6F11 prompted us to compare its activity with that of
IKE, an analog of erastin known for its metabolic stability
in vivo. In a subcutaneous tumor animal model using
immunocompromised nude mice, IKE demonstrated
greater anticancer activity than N6F11. However, N6F11
exhibited strong anticancer activity compared to IKE in
immunocompetent C57BL/6] mice. To further assess its
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Figure 1. Selective role of N6F11 in inducing ferroptosis in cancer cells. Unlike traditional ferroptosis activators erastin and RSL3, N6F11 can trigger TRIM25-dependent

GPX4 degradation in cancer cells, rather than in immune cells.

effectiveness, we employed orthotopic and spontaneous
PDAC models, which are typically unresponsive to immune
checkpoint inhibitors due to their low immunogenicity.
Combining N6F11 with anti-CD274 (also known as PD-
L1) significantly inhibited PDAC tumor growth in these
advanced PDAC models. This inhibition was found to be
dependent on CD8" T cells and high mobility group box 1
(HMGB1), a mediator of immunological cell death.'®

In summary, our findings have established a safe and efficient
strategy for enhancing ferroptosis-driven antitumor immunity in
PDAC models. While these results are promising, several aspects
require further investigation. Although N6F11 has demonstrated
efficacy at nanomolar concentrations in specific cancer cells, the
most effective concentration in most cancer cells appears to be in
the micromolar range. This discrepancy needs to be addressed
through pharmacological optimization to enhance its activity.
Additionally, there is a lack of pharmacokinetic data for N6F11
in vivo, necessitating future studies to determine its half-life and
tissue distribution. Furthermore, additional research is needed to
determine whether other TRIM25-targeted molecules are
involved in ferroptosis-related antitumor immunity.
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