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Liver X receptors agonist T0901317 exerts ferroptosis sensitization in cancer
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Numerous studies have confirmed the anticancer effects of ferroptosis on a wide range of tumors, specifically in providing
new perspectives for tackling drug resistance and treating refractory tumors. Notably, mechanisms of improving tumor
susceptibility to ferroptosis have been a focus of current research. This study discovered that co-treatment of LXRS agonist
T0901317 and ferroptosis inducers (FINs) significantly inhibited the proliferation of cancer cells, this inhibition effect
could be reversed by specific inhibitors of ferroptosis and accompanied by elevated lipid peroxides. Glutathione peroxi-
dase 4 (GPX4) regulates T0901317 induced ferroptotic sensitization, and its overexpression dramatically reverses the joint
anticancer effect of T0901317 and FINs. Furthermore, xenograft model results highly confirmed the ferroptotic sensitization
effect of T0901317 in vivo. In summary, our findings indicate that drug combination and ferroptosis induction strategies

provide novel options for cancer therapy.
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Exploring novel methods of cell death has been a focal
aspect of oncology research, geared towards providing
new ideas for resolving refractory tumors and drug resis-
tance. Apoptosis is the most prevalent form of programmed
death during the development and treatment of cancer [1].
However, escaping apoptosis is a major hallmark of cancer,
which potentially induces drug resistance [2, 3]. Ferroptosis is
a form of programmed cell death with unique morphological
and biochemical characteristics, whose induction is charac-
terized by iron-dependent lipid peroxidation [4]. Cancer cells
escaping apoptosis may keep or gain vulnerability to ferrop-
tosis. System Xc~and glutathione peroxidase 4 (GPX4) play
a critical regulatory function in ferroptotic cell death [4-6].
System Xc~ regulates the uptake of cystine whereas intracel-
lular cystine is an indispensable component of glutathione
synthesis [7, 8]. Of note, GPX4 catalyzes reduced glutathione
into oxidized form while reducing phospholipid hydroper-
oxides to non-toxic phospholipid alcohols, hence protecting
lecithin-containing biofilms from lipid peroxidation attack
[9]. The most representative ferroptosis inducers (FINs)
stimulate ferroptosis by inhibiting System Xc~ or GPX4.

Ferroptosis is closely related to the development of benign
diseases including ischemia-reperfusion injury, atheroscle-
rosis, and neurodegeneration as well as involved in suppres-

sion of tumors. Several lines of evidence show that FINs
exhibit favorable tumor-suppressive effects in in vivo and
in vitro experiments [8-11]. Despite ferroptosis-specific
agonists introducing new opportunities for cancer therapy,
numerous challenges remain to be addressed before these
agents are applied to clinical therapy. The intake of these
agents potentially causes damage to normal tissues by ferrop-
tosis during cancer therapy. Besides, long-term use of these
drugs possibly causes or aggravates atherosclerosis, neuro-
degenerative disease, and diabetes [12-15]. Therefore, we
sought to identify a ferroptotic sensitizer that can alleviate
normal tissue damage by limiting the dose of ferroptosis
inducers while enhancing the anti-tumor effect through a
combination of drugs.

Liver X receptors (LXRS) are crucial members of the
ligand-activated nuclear receptors (NRs) transcription
factor superfamily. Due to their roles in regulating choles-
terol and fatty acid metabolism, they are typically used as
potential targets in the treatment of cardiovascular disor-
ders [16-18]. T0901317 is a widely used LXRS agonist with
studies reporting that it inhibits the growth of many cancers
including liver cancer, gastric cancer, colon cancer, and
breast cancer in vitro and in vivo [19-21]. Also, LXRS facili-
tates the synthesis of polyunsaturated fatty acid (PUFA) by
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promoting the transcription of related genes [22]. Consid-
ering that PUFA is necessary for lipid peroxidation and
ferroptosis, we speculate that LXRS agonists might act as a
ferroptotic sensitizer.

To investigate whether LXRS sensitizes cancer cells to
ferroptosis, cytotoxicity, and cell proliferation, experiments
were performed to evaluate the presence of a joint anti-tumor
effect of T0901317 and ferroptosis inducers Eratin/RSL3 and
a correlation between this effect and ferroptosis. Moreover,
we conducted flow cytometry to measure changes in ferrop-
tosis-specific lipid peroxides under different treatment
conditions. Eventually, a tumor-bearing model was applied
to further validate the joint effect of co-treatment of Erastin
and T0901317 in vivo. In summary, our study provides a
potential strategy for cancer treatment via a combination of
drugs based on ferroptotic cell death.

Materials and methods

Reagents. Compounds used in the experiment included
Erastin (S7242, Selleckchem, Houston, TX, USA), RSL3
(S8155, Selleckchem, Houston, TX, USA), T0901317 (S7076,
Selleckchem, Houston, TX, USA), Ferrostatin-1 (57243,
Selleckchem, Houston, TX, USA), Deferiprone (54067,
Selleckchem, Houston, TX, USA), Z-VAD-FMK (57023,
Selleckchem, Houston, TX, USA), Necrostatin-1 (S4157,
Selleckchem, Houston, TX, USA), C11 BIODIPY 581/591
(D3681, Thermo Fisher, Waltham, MA, USA), Propidium
Iodide (ST511, Beyotime, Shanghai, China), Cell Counting
Kit-8 (C0037, Beyotime, Shanghai, China), anti-GPX4
antibody (ab125066, Abcam, Cambridge, UK), anti-beta-
Tubulin antibody (ab6046, Abcam, Cambridge, UK),
anti-Ki67 antibody (9449, Cell Signaling).

Cell culture. HCT116, Calu-1, and H1299 were cultured
in RPMI-1640/Dulbeccos modified Eagles medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin in a humid environment at
37°C with 5% CO,. The culture medium was changed and
cells were passaged every day.

Cell proliferation and cell viability assay. Cell viability
assay was implemented using the CCK-8 method. Cells were
trypsinized, resuspended, and seeded in 96-well plates at
5-10x10*/ml. After overnight incubation, cells were treated
with different agents for 24 h. Cell viability was measured
using Cell Counting Kit-8 following the manufacturer’s
instructions. The absorption values of wells were detected
using a multifunctional microplate reader (Bio-Rad Labora-
tories, Hercules, CA, USA). Cell proliferation was evaluated
via a clone formation experiment. Cells were seeded in 6-well
plates at 1000/well, and after overnight incubation, they were
treated with different agents for 24 h. The culture medium
was changed every day, and after 7-10 days, the medium
was removed and cells were fixed with 10% methanol. After
washing with phosphate-buffered saline (PBS), the cells were
stained using a 1% crystal violet solution.

Flow cytometry. Lipid peroxidation in vitro was detected
using a lipid ROS probe; cells were treated with defined drugs
for 24 h, then incubated with 2 pmol C11 BODIPY 581/591
(D3681, Thermo Fisher, Waltham, MA, USA) for 30 min. To
remove residual C11 BODIPY 581/591, cells were washed
using PBS. Thereafter, cells were trypsinized and resus-
pended in PBS. Lipid ROS generated in cells oxidized the
dye causing a shift of the fluorescence emission peak from
~590nm to ~510nm, which was positively correlated with
the mean fluorescence value detected by flow cytometry.

PI staining was used in detecting the proportion of dead
cells. Cells were seeded and treated as above-mentioned.
After 24 h, the supernatants were separately collected from
each well and transferred into a centrifuge tube. The cells
were rinsed twice with pre-warmed PBS, and 0.5ml of
pre-warmed trypsin was added to each well. The cells were
then neutralized with the previously collected supernatant
after trypsinization. After centrifugation, the supernatant
was discarded, and cells were resuspended in 500 pl PBS.
Exactly 10 pl PI stock solution (1 mg/ml) was added to each
tube, and the percentage of PI-positive cells in each group
was analyzed by flow cytometry after 10 min of incubation at
room temperature.

Western blot analysis. Cells were lysed using RIPA buffer
and collected in a centrifuge tube and left on ice for 30 min.
The supernatant was extracted after centrifugation (12,000xg,
20 min, 4°C). A loading buffer was added after protein
quantification and placed in a thermostat water bath (100°C,
10 min). After electrophoresis, the bands were transferred to
polyvinylidene fluoride (PVDF) transfer membrane. Then, the
membranes were blocked with 5% skimmed milk prepared in
TBST solution for 1h under ambient conditions. Thereafter,
the membranes were incubated in diluted primary antibody
buffer overnight at 4°C. After washing, the membranes were
further incubated with diluted secondary antibody solution
for 1h. Visualization of bands was performed using the
chemiluminescence kit and ImageJ (National Institutes of
Health) was used for the analysis of results.

Transfection of GPX4 expressing lentivirus. Lenti-
virus transfection: Calu-1 cells were plated in a 6-well plate
5x10*cells/well. On the next day, when adherent and in good
condition, they were rinsed with PBS. 1 ml complete medium
and 5 pl polybrene were added to each well for the pretreat-
ment. After 2 h, 5 pl GPX4-expressing lentivirus and corre-
sponding vector lentivirus were added to the wells respec-
tively. After 24 h, the supernatant was changed and 1 ml of a
medium was added to each well.

Screening of cells: After 48 h, the cells grew to 60-70%
confluence and were in good condition. The supernatant
was removed and rinsed using PBS. Exactly 2.5 pg/ml of
puromycin-containing medium was added to continue the
culture. Intracellular green fluorescence was visible under a
fluorescence microscope.

Validation: The cell line was validated at RNA or protein
level via PCR and western blot. After successful verification,
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part of the cells was expanded and frozen while others were
cultured for subsequent experiments.

Xenograft model. Four-week-old female BALB/c nu/nu
(13-15 g) mice were purchased. The rearing of the mice was
reviewed and approved by the Ethics Committee of Tongji
Medical College of Huazhong University of Science and
Technology. After the mice were adapted to the environ-
ment, the transplantation tumor model was constructed. 1
x 107 HCT116 cells were injected into the right shoulder and
back of the mouse. Drug treatment was performed when
the average tumor volume reached 100 mm?’ mice were
randomly divided into 4 groups, i.e., 1) vehicle group, 2)
RSL3 group, 3) T0901317 group, and 4) RSL3 plus T0901317
group. Drugs were administered via intraperitoneal injec-
tion. RSL3 and T0901317 doses were 50 mg/kg each, and
the control group was administered with a similar volume
of a drug solvent. The body weight and tumor volume were
measured at intervals of three days after the start of treatment
(V =long diameter x short diameter?/2). After 15 days, mice
were humanely sacrificed, tumor tissue was stripped and
weighed, then stored in paraformaldehyde for subsequent
experiments.

Statistical analysis. The t-test was performed using
GraphPad Prism 7.0 (GraphPad, CA, USA) to analyze the
data. A p-value <0.05 indicated a statistical significance.

Results

T0901317 inhibited the proliferation of cancer cells.
To establish the effect of T0901317 on the activity of tumor
cells, Calu-1, H1299, and HCT-116 cells were treated with
different concentrations of T0901317 (1-50 umol). After 24
hours of treatment, cell viability experiments demonstrated
an increased inhibitory effect of drugs on cancer cells with
increasing drug concentration (Figures 1A-1C). Addition-
ally, the pretreatment of ferroptosis inhibitor Ferrostatin-1
(1 umol) could not reverse the above suppressing activity
of T0901317 (Figures 1A-1C). These results indicated that

T0901317 hinders the proliferation of cancer cells in a ferrop-
tosis-independent manner.

The combination of T0901317 and ferroptosis inducers
synergistically inhibited the proliferation of cancer cells.
To display the synergistic effects of T0901317 and ferroptosis
inducers (FINs) on the viability of cancer cells, cell viability
and colony-forming assays were conducted. Calu-1, H1299,
and HCT116 cells were treated with a low concentration of
T0901317 (10 pmol) plus an increasing amount of Erastin
(1-40 pmol)/RSL3 (0.005-1 pmol), notably, the single drug
Erastin/RSL3 group was regarded as the control group.
After 24 hours of treatment, T0901317 and Erastin/RSL3
had a combined inhibitory effect on the above 3 cancer cell
lines. Meanwhile, the above treatments did not significantly
inhibit the non-cancerous BEAS-2B cells (Figures 2A-D,
Supplementary Figure S1). Colony-forming assay results
showed that the co-treatment of T0901317 and ferroptosis
agonists tremendously suppressed the clone efficiency of
Calu-1 and H1299 cells, (Figures 2E-G). Besides, combined
treatment reduced colony-forming efficiency (56+4% and
61+3%) compared to the single-use of FINs (103+6% and
88+5%). Collectively, these findings suggested that T0901317
improves the inhibitory action of ferroptosis inducers on
cancer cells.

T0901317 sensitized cancer cells to ferroptosis. Based
on biochemical and morphological characteristics, cell death
can be subdivided into several types including apoptosis,
ferroptosis, necroptosis, and so forth. To determine the
mechanism of the synergistic cytotoxic effects of T0901317
and Erastin/RSL3, Calu-1, H1299, and HCT-116 cells were
divided into the control group (DMSO), Erastin (10 pmol)
or RSL3 single-agent group, T0901317 (10 umol) single-
agent group and drug combination group. Each group
was separately pretreated with DMSO, Deferoxamine (50
pmol), Ferrostatin-1 (1 pmol), Z-VAD-FMK (10 pmol),
Necrostatin-1 (20 pmol). After 24 hours, cell viability assay
confirmed that combination treatment exhibited stronger
inhibition on cancer cells compared to the single-agent group,
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Figure 1. T0901317 inhibits the proliferation of cancer cells. A-C) Cell viability assay results for Calu-1, H1299, and HCT116 cells treated with grow-
ing concentrations of T0901317 (1-50 pmol) alone or with the pretreatment of 1 umol Ferrostatin-1 (fer-1) for 24 h. Error bars are means + SD from

three independent samples.



334

Meng-Ting ZHOU, et al.

A B
L 3120
® 120 o Erastin 2 —+ Erastin
ggo I L“ e Erastin+T0901317 §90 . —e— Erastin+T0901317
3 3 :
5 S
2 60 ° 60
Kt Kl
@ 30 o 30 a
« Calu-1 4 H1299
0 T T T T T 1 0 T T T T T 1
0.0 0.5 1.0 1.5 2.0 25 0.0 0.5 1.0 1.5 2.0 25
log (Erastin,uM) log (Erastin,uM)
C D
120 o 120
§ - Erastin § [ I
Sk Erastin+T0901317 L
90 -~ 290 i}
2 3
8 8
> > 4
o 60 e 60
-.g '<..-“ —* Erastin
£30 1 HCT116 1 e 30 7 BeAs-2B e~ Erastin+T0901317
0 T T T T 1 0 T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 25
log ( Erastin,uM) log (Erastin,pM)
E DMSO Erastin RSL3 T0901317 E+T R+T
- frix Ay, -
3 85
8 J
(2]
(2]
o
T
F

Rate of colony formation (%)

Figure 2. T0901317 and FINs in combination synergistically reduce the viability of cancer cells. A-D) Low concentrations of T0901317 (10 umol) sig-
nificantly elevated the cytotoxic effect of Erastin on Calu-1, H1299, and HCT116, while the same treatment did not exhibit a discernible suppressive
effect on BEAS-2B. Error bars are means + SD from three independent samples. E) Emblematic images of colony formation experiments in Calu-1 and
H1299 cells that were exposed to different agents. (F-G) The calculated survival rate in colony formation assays in Calu-1 and H1299. Error bars are
means * SD from three independent samples. *p<0.05; **p<0.01; **p<0.001; ***p<0.0001, two-tailed unpaired Student’s t-test.

with the survival rate of Calu-1 decreasing from 76+4% and
77£3% to 31+2% and 9+2%. The above suppression effect
could be blunted by specific inhibitors of ferroptosis-Defer-
oxamine and Ferrostatin-1, yet apoptosis inhibitor Z-VAD-
FMK could not reverse the synergistic antitumor effect. Also,
necroptosis inhibitor Necrostatin-1 abolished the decrease in
cell activity in the combined group (Figures 3A-F), notably,
previous reports indicated the compound function as a
non-specific ferroptosis inhibitor [23].

Further, PI single-staining flow cytometry was performed
on the above-mentioned groups to confirm the role of
T0901317 in ferroptotic sensitization. At the concentrations
of T0901317 and FINs assessed, either single agent only

induced a slight increase in the proportion of PI-positive
cells. The proportion of PI staining positive cells caused by
a combined treatment was significantly higher compared to
that by the monotherapy. Pretreatment with Deferoxamine
(50 pmol) and Ferrostatin-1 (1 pmol) significantly counter-
acted the above synergistic inhibitory effect (Figures 3G-I).
Collectively, T0901317 could not elicit ferroptosis in cancer
but enhanced the sensitivity of cancer to ferroptosis.
T0901317 enhances FINs-induced lipid peroxidation.
Lipid peroxidation is an important hallmark and a key step
in ferroptosis [6]. C11 BODIPY 581/591 is a probe used
for detecting lipid-derived active oxygen. The fluorescence
intensity is proportional to the content of lipid-derived active
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oxygen. To investigate the co-treatment effect of T0901317
and Erastin/RSL3 on lipid peroxidation, Calu-1, H1299, and
HCT116 were grouped based on different treatment condi-
tions. As a consequence, there was a significant enhancement
in fluorescence intensity under the co-treatment of T0901317
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and FINs compared to T0901317 or FINs treatment alone.
Deferoxamine and Ferrostatin-1 effectively suppressed lipid
peroxidation caused by the above-mentioned treatments
(Figures 4A-B), indicating a synergistic antitumor effect of
T0901317 via ferroptosis sensitization.

***p<0.001; ***p<0.0001, two-tailed unpaired Student’s t-test.
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GPX4 plays an important part in T0901317 induced
ferroptosis sensitization. A total of two most prevalent
mechanisms have been reported in ferroptosis induction, one
is by inhibiting System Xc~ while the other is by inhibiting
glutathione peroxidase 4 (GPX4) [4, 9]. B-mercaptoethanol
serves as a ferroptosis inhibitor by increasing cystine intake
while Ebselen acts as glutathione peroxidase mimic protects
cells from GPX4 inhibition [4, 5, 24]. The results of the
cell viability assay showed that B-mercaptoethanol only
mildly saved H1299 cells from drug combination inhibi-
tion, however, Ebselen remarkably rescued cells from joint
suppression (Figure 5A). We preliminarily speculated that
T0901317 exerts ferroptosis sensitization through syner-
gistic inhibition of GPX4. Western blot results revealed that
the expression of GPX4 under T0901317 alone treatment
had no significant change, its markedly decreased under the
co-treatment of T0901317 and Erastin/RSL3 (Figure 5B).

To further confirm this conjecture, a GPX4-overexpressing
Calu-1 cell line was constructed and verified at protein
and mRNA expression levels (Figures 5C, 5D). Calu-1 and
GPX4-overexpressing Calu-1 cells were separately subdi-

vided into 4 groups, i.e., control (DMSO), RSL3 (0.025
umol), T0901317 (10 umol), and RSL3+T0901317 groups.
After 24 h, a depressed density and morphological changes
of cells induced by the combined treatment were observed
compared to those administrated by monotherapy in Calu-1
cells via microscope. However, under a similar co-treatment
condition, GPX4-overexpressing Calu-1 cells were in good
condition and favorable cell viability versus those in Calu-1
cells (Figures 5E-F). Also, colony formation experiments
confirmed the afore-mentioned findings, i.e., GPX4 overex-
pression conspicuously impaired joint inhibition in H1299
cells (Figure 5G). In summary, GPX4 regulates T0901317-
mediated ferroptosis sensitization.

T0901317 and RSL3 joint inhibited tumor growth in
vivo. According to previous findings in in vitro experiments,
this study further explored whether T0901317 and RSL3 had
a synergistic antitumor effect on HCT-116 loaded xenograft
models. Unsurprisingly, the growth rate of tumor volume
and tumor weight in mice administered with T0901317 and/
or RSL3 were lower compared to that received drug solvent
and joint treatment with much better inhibitory effects on
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Validation of GPX4 overexpression in Calu-1 cells. Vector or GPX4 overexpression Calu-1 cells were exposed to indicated treatment, representative
pictures observed under a microscope, quantification of cell survival and images of colony formation (E-G) are shown. *p<0.05; **p<0.01; ***p<0.001;

****p<0.0001, two-tailed unpaired Student’s t-test.

tumor growth versus either single agent (Figures 6A-C).
Additionally, no difference in weight was noted between
groups (Figure 6D), indicating low toxicity in vivo. Tumor
tissue H&E staining results showed more dead cells in the
co-treatment group compared to those in the monotherapy
group (Figure 6E). Less proportion of Ki-67 and GPX4
stained positive cells were discovered in the combined group
compared to the single-agent group (Figure 6E). By validating
previous findings of in vitro experiments, our in vivo results
indicated that T0901317 could sensitize cancer to ferroptosis.

Discussion

Liver X receptors (LXRS) are a type of nuclear receptors
(NRs). Since they regulate lipid and cholesterol metabo-
lism, LXRS are critical targets in the research of diseases
including atherosclerosis and diabetes. Notably, their activa-

tion in experiments dramatically inhibits the progression of
these diseases [16, 25]. Additionally, LXRS exert anti-tumor
functions through transcriptional modulation of biological
processes involving cell cycle, inflammatory responses, and
lipid metabolism, qualifying them as essential targets for
cancer research [26-28]. T0901317, a widely used agonist
of LXRS was experimentally found to suppress colon cancer,
gastric cancer, and prostate cancer [19-21]. Herein, we identi-
fied that T0901317 itself could not directly induce ferroptosis
in cancer, whereas it enhanced the cytotoxicity of ferroptosis
inducers on cancer. The aforementioned sensitization can be
inhibited by ferroptosis-specific inhibitors accompanied by
an increase in lipid peroxidation level. Moreover, T0901317
combined with ferroptosis elicitors significantly lowered the
expression of GPX4 in cancer, and to a large extent, overex-
pression of GPX4 could reverse the combination suppressive
effect. The effect of the drug combination in vivo was further
confirmed by the xenograft model. In summary, T0901317
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Figure 6. T0901317 and RSL3 jointly inhibit tumor growth in vivo. HCT116 cells-xenograft model was built in BALB/c nude mice, then treated them
with RSL3 (50 mg/kg), T0901317 (50 mg/kg), or the combination of both for 15 days. Tumor images (A) and tumor weights (B) are shown, *p<0.05;
p<0.01; **p<0.001; ***p<0.0001, two-tailed unpaired Student’s t-test. Changes of tumor volume (C) and body weight (D) were monitored, *p<0.05;
*p<0.01; **p<0.001; ***p<0.0001, paired Student’s t-test. E) H&E staining and immunohistochemistry staining for Ki-67 and GPX4 in tumor tissue.
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exerts ferroptosis sensitizing effects in cancer by synergisti-
cally suppressing the expression of GPX4.

The emergence of ferroptosis introduces novel options for
overcoming tumor resistance and treating refractory tumors.
Recent studies revealed that highly mesenchymal state cancer
cells with metastatic potential are therapeutically resistant to
conventional chemotherapy and targeted therapy, yet such
cells are extremely susceptible to GPX4-specific inhibitors
[29]. The existence of persister cancer cells (PCCs) has been
highly associated with multidrug resistance. Besides, the
highly mesenchymal state of PCCs renders it more sensitive
to GPX4 suppression compared to its parental counterparts.
In vivo experiments showed that knocking out GPX4 signifi-
cantly reduced the probability of cancer recurrence after
targeted therapy [30]. GPX4 expression was higher in tumor
tissues than in normal tissues, and there was a negative corre-
lation between GPX4 expression in tumor tissues and the
prognosis of patients [31]. In addition, the expression level
of the cystine glutamate reverse transporter SLC7A1l in
tumor tissues was negatively associated with chemotherapy
sensitivity [32]. Therefore, ferroptosis is a promising new
and effective therapeutic approach in cancer. Also, GPX4 and
System Xc~are potential targets for cancer therapy. Although
ferroptosis-specific inhibitors are promising in the treat-
ment of cancer, many challenges remain to be surmounted
before these inhibitors are applied in the preclinical and
clinical settings. For instance, consistent and intensive
intake of ferroptosis inhibitors might cause or exacerbate
iron metabolic disorders including atherosclerosis, myocar-
dial dysfunction, diabetes, and neurodegenerative diseases
[12-15]. As such, the search for an effective ferroptosis sensi-
tizer provides a practical idea for overcoming the above-
mentioned challenges.

Despite ferroptosis-specific inducers are not being applied
in the clinical treatment of cancer, ferroptosis promotes
therapeutic interventions in several major types of cancer.
For instance, a previous study revealed that radiotherapy
induces ferroptosis by activating ataxia-telangiectasia
mutated gene to inhibit SLC7A11. The induction of ferrop-
tosis by radiotherapy was further substantiated by another
study. Radiation stimulated lipid peroxidation and ferrop-
tosis by producing reactive oxygen species and upregulating
the expression of Acyl Coenzyme A Synthetase Long-Chain
Family, Member 4 (ACSL4) [33, 34]. Also, ferroptosis is impli-
cated in the antitumor effects caused by immunotherapy, and
IFNy produced by immunotherapy-activated CD8+ T cells
inhibits solute carrier family 7 member 11 (SLC7A11) causing
lipid peroxidation and ferroptosis in cancer [35]. Notably,
a few agents including cisplatin, sulfasalazine, statins, and
sorafenib approved by the Food and Drug Administration
have been identified to induce cancer ferroptosis in vitro and
in vivo [29, 36-38]. Therefore, based on the drug combina-
tion strategy, our research provides a reference for optimizing
the existing treatment regimens of cancer while lowering the
systemic cytotoxicity by reducing the dose of drugs.

Supplementary information is available in the online version
of the paper.
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Supplementary Figure S1. Low concentrations of T0901317 (10 pmol) significantly elevated the cytotoxic effect of RSL3 on Calu-1 (A), H1299 (B), and
HCT116 (C), while treatment did not exhibit a discernible suppressive effect on BEAS-2B (D). Error bars are means+SD from independent samples.
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