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TAF1 aggravates ferroptosis by promoting the ubiquitin-mediated
degradation of nuclear GPX4
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Abstract: Glutathione peroxidase 4 (GPX4) is a primary inhibitor of ferroptosis, a regulated form of cell death driven by the
accumulation of lipid hydroperoxides. GPX4 exists in three isoforms localized in the cytosol, mitochondria, and nucleus; however, the
regulatory mechanisms governing nuclear GPX4 (nGPX4) remain largely unclear. Herein, we identified TATA box-binding protein-
associated factor 1 (TAF1) as a pivotal regulator of nGPX4. TAF1 phosphorylates nGPX4, leading to its lysine 11 (K11)-linked
ubiquitination and proteasomal degradation, thereby promoting ferroptosis in tumor protein p53 (7P53)-mutant cells. Conversely,
in 7P53-wild-type (WT) cells, TAF1 phosphorylates TP53, facilitating murine double minute 2 (MDM2)-mediated TP53 degradation,
which upregulates solute carrier family 7 member 11 (SLC7A411) expression and reduces cellular susceptibility to ferroptosis.
Collectively, TAF1 plays dual and context-dependent roles in ferroptosis regulation, acting as both a promoter and an inhibitor
depending on the 7P53 status.
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peroxidase 4 (GPX4); Protein degradation

1 Introduction

TATA box-binding protein-associated factor 1
(TAF1), the largest subunit of the general transcription
factor TFIID (Wang et al., 2014), is a key component
of the RNA polymerase Il transcription machinery
and has been implicated in several neurodegenerative
disorders, including X-linked dystonia-parkinsonism
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(XDP) (Aneichyk et al., 2018), X-linked syndromic
mental retardation-33 (MRXS33) (Cheng et al., 2020),
and TAF1 intellectual disability syndrome (TAF1 ID
syndrome) (Janakiraman et al., 2020). Beyond its role in
neurodegeneration, TAF1 also participates in tumorigen-
esis and cancer progression. Elevated T4AF1 expression
has been reported in various tumor types (Zhou et al.,
2021), and TAFI mutations have been associated with
gastric, colorectal, and ovarian cancers (Ribeiro et al.,
2014; Oh et al., 2017). Notably, such mutations occur
more frequently in peritoneal carcinomatosis than in
primary gastric adenocarcinoma (Wang et al., 2020),
suggesting the potential role of TAF'/ in promoting met-
astatic dissemination. Structurally, TAF1 comprises an
N-terminal kinase domain, a C-terminal kinase do-
main (Dikstein et al., 1996), a histone acetyltransferase
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(HAT) domain (Mizzen et al., 1996), and an E1/E2
ubiquitin-activating/conjugating domain (Pham and
Sauer, 2000), each conferring distinct regulatory func-
tions in cancer biology (Tavassoli et al., 2010; Xu et al.,
2019).

Ferroptosis, a recently discovered form of regu-
lated cell death, is driven by the accumulation of iron-
dependent phospholipid hydroperoxides (Dixon et al.,
2012). These are generated either through lipoxygen-
ase activity or by reactive oxygen species (ROS) de-
rived from membrane electron transport proteins attack-
ing polyunsaturated fatty acids (PUFAs) (Chen et al.,
2021). The detoxification of phospholipid hydroperox-
ides depends on several antioxidant systems, includ-
ing the solute carrier family 7 member 11 (SLC7A11)-
glutathione (GSH)—glutathione peroxidase 4 (GPX4)
pathway (Dixon et al., 2014; Yang et al., 2014), the co-
enzyme Q10 (CoQ10)—ferroptosis suppressor protein 1
(FSP1) pathway (Doll et al., 2019), and the CoQ10-
dihydroorotate dehydrogenase (DHODH) pathway (Mao
et al., 2021). Among these, the most extensively studied
pathway is SLC7A11-GSH-GPX4. At the core of this
pathway is GPX4, a selenoprotein (Yang et al., 2016;
Xie et al., 2023) that utilizes GSH to reduce lipid per-
oxides to their corresponding alcohols (Yang et al., 2014).
GPX4 exists in three isoforms—cytoplasmic (cGPX4),
mitochondrial (mGPX4), and nuclear (nGPX4). While
the functions and regulatory mechanisms of ¢cGPX4
and mGPX4 have been well characterized (Deng et al.,
2021; Qian et al., 2023; Guo et al., 2024; Xie et al.,
2024), those of nGPX4 remain poorly understood.

In this study, we identified TAF1 as a critical regu-
lator of ferroptosis whose function depends on the
tumor protein p53 (TP53) status. In TP53-wild-type
(WT) cells, TAF1 alleviates ferroptosis by promoting
TP53 degradation, thereby upregulating SLC7411 ex-
pression. In contrast, in 7P53-mutant cells, TAF1 pro-
motes ferroptosis by facilitating the lysine 11 (K11)-
linked ubiquitination and proteasomal degradation of
nGPX4. These findings uncover a previously unrecog-
nized mechanism linking TAF1 to ferroptosis regulation.

2 Results
2.1 TAF1 as a potential driver of ferroptosis

In order to identify potential ferroptosis drivers,
we analyzed the National Cancer Institute Genomic

Data Commons (GDC) Pan-Cancer dataset using the
University of California, Santa Cruz (UCSC) Xena
Browser (https://xenabrowser.net) (Goldman et al.,
2020). This analysis revealed that the messenger RNA
(mRNA) expression levels of 177 genes were nega-
tively correlated with those of four canonical ferrop-
tosis suppressors, including GPX4, FSPI (Bersuker
et al., 2019), ferritin light chain (FTL), and ferritin
heavy chain 1 (FTHI) (Hou et al., 2016) (Fig. 1a). Sev-
eral of these genes have been previously implicated
in apoptosis or necroptosis, such as never in mitosis
gene A-related kinase 1 (NVEKI) (Spies et al., 2016;
Wang et al., 2021), o-thalassemia/mental retarda-
tion X-linked (ATRX) chromatin remodeler (ATRX)
(Wang et al., 2024), and YT521-B homology (YTH) N*-
methyladenosine RNA-binding protein C1 (YTHDCI)
(Feng et al., 2024).

In order to identify genes that may specifically re-
gulate ferroptosis, we utilized a pro-apoptotic gene set,
including B-cell lymphoma 2 (BCL2)-associated X
(BAX), BCL2 antagonist/killer 1 (BAK1), cytochrome c,
somatic (CYCS), apoptotic peptidase-activating fac-
tor 1 (APAF1), caspase 3 (CASP3), and CASP7, and a
pro-necroptotic gene set, including receptor interact-
ing serine/threonine kinase 1 (RIPK1), RIPK3, and
mixed lineage kinase domain-like pseudokinase (MLKL)
(Newton et al., 2024), to calculate pro-apoptosis and
pro-necroptosis scores for each sample in the GDC Pan-
Cancer dataset via gene set variation analysis (GSVA).
Next, to identify those showing no association with
apoptosis or necroptosis, we assessed the correlation
between each score and the expression levels of the
177 genes (Fig. 1b). Considering that a Spearman’s
correlation coefficient |p|<0.2 indicates a poor or negli-
gible correlation (Akoglu, 2018; Schober et al., 2018),
we identified 90 genes exhibiting no significant asso-
ciation with either necroptosis or apoptosis (Fig. 1c).

Among these 90 genes, we further screened 27
genes whose expression levels were upregulated in
colon adenocarcinoma (COAD) using Gene Expression
Profiling Interactive Analysis 3 (GEPIA3) (https://
gepia3.bioinfoliu.com) (Kang et al., 2025). Of these,
three genes, namely pinin (PNN) (Lin et al., 2025), sac-
sin molecular chaperone (SACS) (Sun BH et al., 2023),
and Ras-related nuclear protein (RAN)-binding protein
2 (RANBP?2) (Zang et al., 2024) have been reported to
regulate ferroptosis. The expression of the remaining 24
genes was subsequently examined in ovarian carcinoma
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Fig. 1 TATA box-binding protein-associated factor 1 (TAF1) as a potential driver of ferroptosis. (a) Venn diagram showing the
numbers of genes whose messenger RNA (mRNA) expression levels were negatively correlated with those of glutathione
peroxidase 4 (GPX4), ferroptosis suppressor protein 1 (FSPI), ferritin heavy chain 1 (FTH1I), and ferritin light chain (FTL) (P<
0.000 01, p<-0.23). (b) Schematic representation of the screening strategy used to identify genes associated with apoptosis and
necroptosis. (¢) Venn diagram showing the numbers of genes that were not correlated with apoptosis or necroptosis (|p|<0.2).
(d) Analysis of the mRNA expression levels of 24 candidate genes in ovarian serous cystadenocarcinoma tissues (»=57) and normal
ovarian tissues (#n=12) from the GSE66957 dataset. The data are expressed as meantstandard deviation (SD). (e) Analysis of
TAF1 mRNA levels in colon adenocarcinoma (COAD) tissues (#=456) and normal colon tissues (#=41) from The Cancer Genome
Atlas (TCGA) database. Data are presented as median with interquartile range (IQR). (f, g) Dot plots depicting the correlations
between the expression of Z4FI and that of GPX4, FSPI, FTHI1, and FTL in the TCGA COAD (f) and TCGA ovarian cancer
(OV) (g) datasets. (h, i) Kaplan-Meier survival analyses of patients in the TCGA COAD (h) and TCGA OV (i) datasets. (a, ¢) Venn
diagrams were generated using R software (v.4.2.2) package “VennDiagram” (v.1.7.3) through Hiplot™ (https://hiplot.com.cn), a
comprehensive web service for biomedical data analysis and visualization. (d, €) "P<0.05; “P<0.01; *" P<0.001; two independent-
sample Student’s ~-tests. GDC PANCAN: Genomic Data Commons Pan-Cancer; GSVA: gene set variation analysis.
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patients using the GSE66957 dataset and we identified
14 genes upregulated in primary ovarian carcinoma
(Fig. 1d). Among these, TAF'I was consistently upregu-
lated in both COAD and ovarian cancer (OV) (Fig. le)
and was thus selected for further investigation.

We next examined the relationships between TAF'1
and ferroptosis suppressors in The Cancer Genome
Atlas (TCGA) COAD and OV datasets. In COAD,
TAFI mRNA expression was significantly and nega-
tively correlated with all four canonical ferroptosis sup-
pressors (GPX4, FSP1, FTL, and FTHI) (Fig. 1f). In
OV, TAFI was negatively correlated with GPX4, FTL,
and FTH1, but not with F'SPI (Fig. 1g). Notably, the
strongest inverse correlation across both cancer types
consistently occurred between TAF I and GPX4, sug-
gesting that TAF1 may act as a negative regulator of
GPX4. Moreover, high TAF expression was associated
with poor prognosis in both COAD (Fig. 1h) and OV
(Fig. 11). Collectively, these findings indicate that TAF1
may function as a potential driver of ferroptosis, particu-
larly in COAD and OV.

2.2 Distinct regulatory roles of TAF1 in ferroptosis

In order to determine whether TAF1 regulates fer-
roptosis, we first examined its protein expression in
normal, COAD, and OV cell lines by western blotting
(WB). As shown in Fig. 2a, TAF1 protein levels were
markedly elevated in RKO (colorectal cancer (CRC)),
SW620 (CRC), SKOV3 (OV), and A2780 (OV) cells
compared with the normal human colon epithelial cell
line NCM460. Using clustered regularly interspaced
short palindromic repeats (CRISPR)/CRISPR-associated
protein 9 (Cas9) technology, we established TAF1-
knockout (TAF1-KO) cell lines (Figs. 2b—2e). These
cells were subsequently treated with the GPX4 inhibi-
tor (1S,3R)-RAS-selective lethal 3 (RSL3) to assess
their sensitivity to ferroptosis. Interestingly, the effects
of TAF1 loss varied among the cell lines. In SKOV3
and SW620 cells, TAF1 deficiency slightly increased
resistance to RSL3 (Figs. 2f and S1a), whereas in RKO
and A2780 cells, TAF1 KO markedly enhanced suscep-
tibility to RSL3-induced ferroptosis (Figs. 2g and S1b).

Since the abnormal accumulation of ROS is a hall-
mark of ferroptosis, we next evaluated the ROS levels
in TAF1-KO and Mock control cells under various con-
ditions. In SKOV3 and SW620 Mock cells, RSL3 treat-
ment significantly increased the ROS levels, which
were reversed by ferrostatin-1 (a ferroptosis inhibitor)

but not by N-benzyloxycarbonyl-Val-Ala-Asp(OMe)-
fluoromethyl ketone (Z-VAD-FMK; an apoptosis in-
hibitor), necrostatin-1 (a necroptosis inhibitor), or chlo-
roquine (CQ; an autophagy inhibitor). However, RSL3
failed to induce ROS accumulation in SKOV3 TAF1-
KO cells. In SW620 TAF1-KO cells, elevated ROS
levels were not suppressed by ferrostatin-1 (Figs. 2h
and Slc).

In contrast, in RKO and A2780 TAF1-KO cells,
RSL3 treatment significantly increased ROS levels,
which were abrogated by ferrostatin-1 but not by
7Z-VAD-FMK, necrostatin-1, or CQ. Notably, RSL3 did
not induce ROS accumulation in RKO or A2780 Mock
cells (Figs. 2i and S1d).

We further assessed the lipid peroxidation (LPO)
levels in tumor cells. Boron-dipyrromethene (BODIPY)
staining revealed that RSL3 treatment markedly in-
creased LPO in SKOV3 and SW620 TAF1-Mock cells,
an effect that was completely rescued by ferrostatin-1
(Figs. 2j, 2k, Sle, and S1f). In contrast, RSL3 induced
LPO accumulation only in RKO and A2780 TAF1-KO
cells (Figs. 21, 2m, S1g, and S1h).

Collectively, these results demonstrate that TAF1
exerts opposing effects on ferroptosis regulation de-
pending on the cellular context, acting as either a sup-
pressor or promoter of ferroptotic signaling.

2.3 Contrasting effects of TAF1 on ferroptosis
depending on 7P53 status

In order to elucidate how TAF1 exerts opposing
effects on ferroptosis, we examined the expression of
the SLC7A11-GPX4 axis, the ferritinophagy pathway,
and other key ferroptosis regulators, including TP53,
acyl-CoA synthetase long chain family member 4
(ACSL4), and FSP1, in TAF1-Mock and TAF1-KO
cells. Notably, the protein levels of TP53 were markedly
elevated in RKO and A2780 TAF1-KO cells (Figs. 3a
and 3b), but remained unchanged in SW620 TAF1-KO
cells (Fig. 3c). According to the data from the Cancer
Dependency Map (DepMap), RKO and A2780 cells ex-
press WT TP53, whereas SW620 cells harbor TP53
mutations (P309S and R273H) and SKOV3 cells are
TP53-null (Fig. 3d). Previous studies have demon-
strated that TAF1 phosphorylates WT TP53, promot-
ing murine double minute 2 (MDM2)-mediated TP53
degradation (Li et al., 2004; Yang et al., 2019). These
findings suggest that the contrasting effects of TAF1
on ferroptosis may depend on the 7P53 status.
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Fig. 2 Distinct regulatory roles of TATA box-binding protein-associated factor 1 (TAF1) in ferroptosis. (a) Western blotting
(WB) analysis of TAF1 protein levels in NCM460, RKO, SW620, SKOV3, and A2780 cells. (b—e) Validation of TAF1
knockout (KO) in SKOV3 (b), A2780 (c), RKO (d), and SW620 (e) cells via WB. (f, g) Viability of TAF1-Mock and TAF1-KO
cells treated with (1S,3R)-RAS-selective lethal 3 (RSL3) for 48 h at the indicated concentrations in SKOV3 (f) and RKO (g)
cells. (h) Intracellular reactive oxygen species (ROS) levels in SKOV3 TAF1-Mock and TAF1-KO cells treated with 100 nmol/L
RSL3 in the absence or presence of N-benzyloxycarbonyl-Val-Ala-Asp(OMe)-fluoromethyl ketone (Z-VAD-FMK), necrostatin-1,
chloroquine (CQ), or ferrostatin-1 for 24 h. (i) Intracellular ROS levels in RKO TAF1-Mock and TAF1-KO cells treated with
6 pmol/L RSL3 in the absence or presence of Z-VAD-FMK, necrostatin-1, CQ, or ferrostatin-1 for 48 h. (j, k) Representative
images (j) and quantitative analysis (k) of lipid peroxidation (LPO) in SKOV3 TAF1-Mock and TAF1-KO cells treated with
100 nmol/L. RSL3 for 24 h with or without ferrostatin-1. (I, m) Representative images (I) and quantitative analysis (m) of
LPO in RKO TAF1-Mock and TAF1-KO cells treated with 6 pmol/L RSL3 for 48 h with or without ferrostatin-1. All
experiments were performed in triplicate. The data are presented as meantstandard deviation (SD) (f, g, k, m) or mean
(h, i) (7=3). "P<0.05;" P<0.01; ns (not significant), P>0.05; paired Student’s t-tests (h, i) and one-way analysis of variance
(ANOVA) (k, m). GAPDH: glyceraldehyde-3-phosphate dehydrogenase; IC,: half maximal inhibitory concentration; FITC-A:
fluorescein isothiocyanate-area; Ferl: ferrostatin-1.
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Fig. 3 Contrasting effects of TATA box-binding protein-associated factor 1 (TAF1) on ferroptosis depending on tumor protein
P53 (TP53) status. (a—d) Western blotting (WB) analysis of iron-responsive element-binding protein 2 (IREB2), acyl-CoA
synthetase long chain family member 4 (ACSL4), TP53, and ferritin light chain (FTL) protein levels in TAF1-Mock and TAF1-
knockout (KO) cells of RKO (a), A2780 (b), SW620 (c), and SKOV3 (d). The red arrow indicates the expected position of the
ACSL4 band. The red box highlights the protein with the most pronounced change. (e—h) WB analysis of the solute carrier
family 3 member 2 (SLC3A2), solute carrier family 7 member 11 (SLC7A11), and glutathione peroxidase 4 (GPX4) protein
levels in TAF1-Mock and TAF1-KO cells of RKO (e), A2780 (f), SW620 (g), and SKOV3 (h). The red box highlights the
protein with the most pronounced change. (i, j) Relative messenger RNA (mRNA) expression levels of SLC7411 in TAF1-
Mock and TAF1-KO cells of RKO (i) and A2780 (j). All experiments were performed in triplicate. The data are presented as
meanzstandard deviation (SD). “P<0.05; " P<0.001; two independent-sample Student’s -tests. (k—n) WB analysis of nuclear
receptor coactivator 4 (NCOAA4), ferroptosis suppressor protein 1 (FSP1), and ferritin heavy chain 1 (FTH1) protein levels in
TAF1-Mock and TAF1-KO cells of RKO (k), A2780 (1), SW620 (m), and SKOV3 (n). The red box highlights the protein with
the most pronounced change. (o—r) WB analysis of divalent metal transporter 1 (DMT1) protein levels in TAF1-Mock and
TAF1-KO cells of RKO (0), A2780 (p), SW620 (q), and SKOV3 (r). The red box highlights the protein with the most
pronounced change. (s, t) Cellular Fe** detection in TAF1-Mock and TAF1-KO cells of RKO (s) and A2780 (t) using
immunofluorescence assays. GAPDH: glyceraldehyde-3-phosphate dehydrogenase.



We next analyzed SLC7A11, a canonical ferrop-
tosis suppressor within the SLC7A11-GPX4 axis and
a downstream target of TP53 (Jiang et al., 2015). The
TAF1 KO in TP53-WT cells (RKO and A2780) sig-
nificantly downregulated SLC7A11 protein expression
(Figs. 3e and 3f), whereas no such change was ob-
served in TP53-mutant or 7P53-null cells (SW620 or
SKOV3) (Figs. 3g and 3h). Consistent with the pro-
tein data, SLC7A41] mRNA levels were also decreased
in TP53-WT TAF1-KO cells, in agreement with previ-
ous reports (Jiang et al., 2015) (Figs. 3i and 3j).

In addition to SLC7A11, we found that TAF1 KO
upregulated nuclear receptor coactivator 4 (NCOA4),
a selective cargo receptor mediating ferritinophagy,
thereby promoting ferritin degradation (Hou et al.,
2016) in RKO and A2780 cells (Figs. 3k and 31). How-
ever, no changes in NCOA4 expression were detected
in TP53-mutant cells (Figs. 3m and 3n). Interestingly,
TAF1 KO decreased the protein levels of FTH1 and
divalent metal transporter 1 (DMT1) in both RKO and
A2780 cells (Figs. 3k, 31, 30, and 3p), whereas no alter-
ation was detected in SW620 or SKOV3 cells (Figs. 3m,
3n, 3q, and 3r), suggesting that TAF1 may also influ-
ence intracellular iron homeostasis in 7P53-WT cells.

We next measured the levels of labile ferrous
iron in TAF1-Mock and TAF1-KO cells. The deletion
of TAF1 significantly reduced the labile iron pool in
RKO cells (Fig. 3s) but did not alter the iron levels in
A2780, SW620, or SKOV3 cells (Figs. 3t, S2a, and
S2b). This discrepancy between labile iron levels and
ferroptosis sensitivity in RKO and A2780 cells indi-
cates that additional yet unidentified mechanisms may
contribute to the cell-type-specific regulation of ferrop-
tosis by TAF1.

Collectively, these findings demonstrate that TAF1
facilitates MDM2-mediated degradation of WT TP53,
thereby upregulating SLC7A411 expression and enhanc-
ing resistance to ferroptosis. These results highlight the
pivotal role of TP53 status in determining the dual
regulatory effects of TAF1 on ferroptosis.

2.4 TAF1-mediated regulation of ferroptosis in 7P53-
mutant cells via ubiquitin-proteasome-mediated
degradation of nGPX4

In order to further elucidate how TAF1 regulates
ferroptosis in 7P53-mutant cells, we explored its po-
tential transcriptional and post-transcriptional roles.
Given that TAF1 is the largest subunit of the TFIID
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complex, we initially hypothesized that TAF1 might
influence ferroptosis through transcriptional regulation.
To test this notion, we performed RNA sequencing
(RNA-seq) analysis, which revealed no significant dif-
ferences in the global transcriptome profiles following
RSL3 or RSL3-+ferrostatin-1 treatment in either SKOV3
TAF1-Mock or TAF1-KO cells (Fig. 4a). Differential
expression and pathway enrichment analyses iden-
tified no ferroptosis-related genes or pathways in either
the Gene Ontology (GO) or Kyoto Encyclopedia of
Genes and Genomes (KEGG) database (Fig. S3).

Interestingly, TAF1 KO prevented the RSL3-
induced reduction in GPX4 protein levels (Fig. 4b),
while the GPX4 mRNA levels remained unchanged
(Fig. 4c). A similar pattern was observed in SW620
cells, where TAF1 deletion stabilized GPX4 protein ex-
pression (Figs. S4a and S4b), suggesting that TAF1
may regulate the degradation rather than the transcrip-
tion of GPX4 protein. Confocal microscopy further con-
firmed that TAF1 promoted the degradation of nGPX4
(Figs. 4d and S4c). Consistently, the cycloheximide
(CHX) chase assays demonstrated that TAF1 acceler-
ated GPX4 degradation (Figs. 4e and S4d) and re-
duced its protein half-life (Figs. S4e and S4f).

Since GPX4 degradation can occur through either
the ubiquitin-proteasome pathway (Sun XF et al., 2023;
Wang et al., 2023) or autophagy (Wu et al., 2019; Xue
et al., 2023), we next sought to determine which mech-
anism was involved in TAF1-mediated GPX4 turn-
over. Co-treatment of SKOV3 and SW620 cells with
RSL3 and either the proteasome inhibitor MG132 or
the autophagy inhibitor CQ revealed that only MG132
restored the GPX4 protein levels (Figs. 4f and S4g).

Collectively, these findings indicate that TAF1
promotes the degradation of nGPX4 via the ubiquitin-
proteasome system in 7P53-mutant cells, thereby modu-
lating ferroptosis independently of transcriptional
regulation.

2.5 TAF1-mediated K11-linked ubiquitination of
nGPX4

In order to determine whether TAF1 interacts with
and promotes nGPX4 ubiquitination, we co-transfected
FLAG-tagged TAF1 and hemagglutinin (HA)-tagged
nGPX4 into the human embryonic kidney 293T
(HEK293T) cells. Immunoprecipitation assays confirmed
that HA-nGPX4 was pulled down by FLAG-TAF1
(Fig. 5a). Conversely, FLAG-nGPX4 co-precipitated
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Fig. 4 TATA box-binding protein-associated factor 1 (TAF1)-mediated regulation of ferroptosis in tumor protein p53 (7P53)-
mutant cells via ubiquitin-proteasome-mediated degradation of nuclear glutathione peroxidase 4 (nGPX4). (a) Heatmap
showing differentially expressed genes (DEGs) in SKOV3 TAF1-Mock and TAF1-knockout (KO) cells treated with the
indicated agents. Con: control; RSL3: (1S,3R)-RAS-selective lethal 3; RF: RSL3+ferrostatin-1. (b) Western blotting (WB)
analysis of GPX4 protein levels in SKOV3 TAF1-Mock and TAF1-KO cells treated with 100 nmol/L. RSL3 for the
indicated times. (c) Fold changes in the relative GPX4 messenger RNA (mRNA) levels in SKOV3 TAF1-Mock and TAF1-
KO cells treated with 100 nmol/L RSL3 for the indicated times. All experiments were performed in triplicate. The data
are presented as meantstandard deviation (SD). ns (not significant), P>0.05; one-way analysis of variance (ANOVA).
(d) Immunofluorescence staining of GPX4 in SKOV3 TAF1-Mock and TAF1-KO cells treated with 100 nmol/L. RSL3 for
the indicated times. (¢) WB analysis of GPX4 protein stability in SKOV3 TAF1-Mock and TAF1-KO cells treated with
100 nmol/L. RSL3 for 4 h, followed by incubation with 50 pg/mL cycloheximide (CHX) for the indicated durations. (f) WB
analysis of GPX4 protein levels in SKOV3 TAF1-Mock and TAF1-KO cells treated with 100 nmol/L. RSL3 for 24 h,
followed by co-treatment with 10 pmol/L MG132 or 25 pmol/L chloroquine (CQ) for 4 h. GAPDH: glyceraldehyde-3-
phosphate dehydrogenase; DAPI: 4',6-diamidino-2-phenylindole.
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Fig. 5 TATA box-binding protein-associated factor 1 (TAF1)-mediated lysine 11 (K11)-linked ubiquitination of nuclear
glutathione peroxidase 4 (nGPX4). (a) Western blotting (WB) analysis showing the co-immunoprecipitation (IP) of exogenous
FLAG-tagged TAF1 and hemagglutinin (HA)-tagged nGPX4 in HEK293T cells. (b) Schematic representation of truncated
TAF1 constructs. (c) WB analysis showing the co-IP of exogenous FLAG-tagged TAF1 truncations (indicated by red arrows),
designed based on the domain architecture shown in (b), with HA-tagged nGPX4 in HEK293T cells. (d) Ubiquitination
assay of FLAG-tagged nGPX4 in the presence of green fluorescent protein (GFP)-tagged TAF1. (e) HEK293T cells were co-
transfected with GFP-TAF1 and FLAG-nGPX4 together with either wild-type (WT) ubiquitin (Ub) or the indicated Ub
mutants. After treatment with MG132 (10 pmol/L) for 4 h, the cells were harvested for IP and WB analysis. The red box
highlights the protein with the most pronounced change. (f) WB analysis of exogenous FLAG-tagged truncated TAF1
proteins (indicated by red arrows) expressed in SKOV3 TAF1-knockout (KO) cells. (g) Intracellular reactive oxygen species
(ROS) levels in SKOV3 TAF1-KO cells transfected with different FLAG-tagged TAF1 truncations and treated with the
indicated agents for 24 h. All experiments were performed in triplicate. The data are presented as meantstandard deviation
(SD). " P<0.05; " P<0.01; " P<0.001; ns (not significant), P>0.05; one-way analysis of variance (ANOVA). (h) WB analysis
of GPX4 in SKOV3 TAF1-Mock and TAF1-KO cells treated with 100 nmol/L (1S,3R)-RAS-selective lethal 3 (RSL3) and
10 pmol/L apigenin for 24 h. (i) WB analysis of GPX4 in SW620 TAF1-Mock and TAF1-KO cells treated with 2.5 pmol/L
RSL3 and 20 pmol/L apigenin for 24 h. TBP: TATA box-binding protein; DUF: domain of unknown function; ZINC:
zinc finger domain; BRD: bromodomain; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; EV: empty vector;
Ferl: ferrostatin-1.
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with green fluorescent protein (GFP)-TAF1 (Fig. S5a),
further validating their interaction. Based on Pfam an-
notations (Mistry et al., 2021), we constructed four
FLAG-tagged truncated TAF1 variants, each contain-
ing one of the following domains: the N-terminal kin-
ase domain (FLAG-TBP (TBP: TATA box-binding
protein)), the HAT domain (FLAG-DUF (DUF: domain
of unknown function)), the E1/E2 domain (FLAG-
ZINC (ZINC: zinc finger domain)), or the C-terminal
kinase domain (FLAG-BRD (BRD: bromodomain))
(Fig. 5b). Immunoprecipitation assays showed that
FLAG-DUF, but not FLAG-ZINC, interacted with HA-
nGPX4 (Figs. 5c and S5b).

Notably, the overexpression of full-length TAF1
markedly increased the ubiquitination of nGPX4
(Fig. 5d). As polyubiquitin chains can be linked through
seven distinct lysine residues (K6, K11, K27, K29, K33,
K48, and K63) of ubiquitin (Mevissen and Komander,
2017), we generated seven HA-tagged ubiquitin mut-
ants, each containing only a single lysine residue. Co-
transfection of these mutants with FLAG-nGPX4 and
GFP-TAF1 in HEK293T cells revealed that TAF1 over-
expression specifically enhanced the K11-linked poly-
ubiquitination of nGPX4 (Figs. S5e and S5c¢). Collec-
tively, these findings demonstrate that TAF1 mediates
the K11-linked ubiquitination of nGPX4, thereby fa-
cilitating its degradation.

In order to assess whether the DUF domain of
TAF1 contributes to ferroptosis regulation, we overex-
pressed the four FLAG-tagged truncated TAF1 variants
in SKOV3 TAF1-KO cells (Fig. 5f). Following treat-
ment with RSL3 or RSL3 combined with ferrostatin-1,
the intracellular ROS levels were measured. Remark-
ably, only the overexpression of FLAG-TBP and FLAG-
BRD, which harbor the N- and C-terminal kinase do-
mains, respectively, increased the sensitivity of SKOV3
TAF1-KO cells to RSL3-induced ferroptosis (Fig. 5g).
These results suggest that the kinase domains of TAF1
play a crucial role in ferroptosis regulation.

In order to further explore the role of TAF1 kinase
activity, TAF1-Mock and TAF1-KO cells of SKOV3
and SW620 were treated with RSL3 in the presence
or absence of apigenin, a known inhibitor of TAF1
kinase activity (Li et al., 2004). Western blot analysis
showed that apigenin effectively prevented GPX4 deg-
radation induced by RSL3 treatment (Figs. 5h and 51i).
Together, these findings demonstrate that TAF1 pro-
motes GPX4 degradation via its kinase domain, there-
by regulating ferroptosis in 7P53-mutant cells.

2.6 TAF1-mediated enhancement of ferroptosis in
TP53-mutant xenografts

Given that TAF1 promotes ferroptosis in 7P53-
mutant cells in vitro, we next investigated its role
in vivo. For this purpose, subcutaneous xenograft tu-
mors were established in nude mice using SW620 TAF1-
Mock and TAF1-KO cells (Fig. 6a). Treatment with
RSL3 markedly suppressed tumor growth in the TAF1-
Mock group, whereas no significant inhibition was
observed in the TAF1-KO group (Figs. 6b and 6¢). Al-
though RSL3 treatment tended to reduce tumor weight
in the TAF1-Mock group, no such trend was evident in
the TAF1-KO group (Fig. 6d). While these differences
were not statistically significant, the data suggest that
TAF1 KO confers resistance to RSL3-induced tumor
suppression. Furthermore, immunohistochemical ana-
lysis revealed reduced GPX4 expression and increased
4-hydroxynonenal (4-HNE) accumulation in TAF1-
Mock tumors following RSL3 treatment, whereas
GPX4 and 4-HNE levels remained largely unchanged
in TAF1-KO tumors (Fig. 6¢). Collectively, these find-
ings indicate that TAF1 enhances ferroptosis in vivo
in TP53-mutant xenograft models.

3 Discussion

Ferroptosis, a distinct form of regulated cell death
characterized by plasma membrane rupture due to the
aberrant accumulation of iron-dependent phospholipid
hydroperoxides (Yan et al., 2021), has been implicated
in tumor suppression and increased sensitivity to chemo-
therapy (Roh et al., 2016, 2017; Sun et al., 2016; Sato
et al., 2018). Despite its clinical significance, the molecu-
lar mechanisms governing ferroptosis remain incom-
pletely understood. In this study, we identified TAF1 as
a critical regulator of ferroptosis that exerts dual func-
tions depending on the 7P53 status of cells. In 7P53-
mutant cells, TAF1 promotes the K11-linked ubiquitina-
tion and subsequent degradation of nGPX4, thereby
facilitating ferroptosis. Conversely, in 7P53-WT cells,
TAF1 enhances MDM2-mediated TP53 degradation,
resulting in SLC7A11 upregulation and resistance to
ferroptosis (Fig. 7).

TAF1, the largest subunit of the TFIID complex,
participates in diverse cellular processes including phos-
phorylation, histone acetylation, ubiquitin activation,
and ubiquitin conjugation. Beyond its established role in
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Fig. 7 Schematic illustration of TATA box-binding protein-
associated factor 1 (TAF1)-mediated ferroptosis regulation.
TAF1 promotes ferroptosis in tumor protei p53 (7P53)-mutant
cells by facilitating the lysine 11 (K11)-linked ubiquitination
and subsequent degradation of nuclear glutathione peroxidase
4 (nGPX4). In 7P53-wild-type (WT) cells, TAF1 enhances
the murine double minute 2 (MDM2)-mediated degradation
of TP53, leading to the upregulation of solute carrier family
7 member 11 (SLC7A11) expression and conferring resistance
to ferroptosis. ROS: reactive oxygen species; RSL3: (1S,3R)-
RAS-selective lethal 3; Ub: ubiquitin; E3: ligase.

neurodegenerative diseases, TAF1 has been implicated
in tumorigenesis: it promotes colon cancer cell prolif-
eration by facilitating G1-phase progression through
TP53 phosphorylation (Li et al., 2004) and contributes
to leukemogenesis by acetylating the fusion transcrip-
tion factor acute myeloid leukemia 1 protein (AML1)-
eight twenty one protein (ETO) (Xu et al., 2019). TAF1
enhances epithelial-mesenchymal transition (EMT)
in non-small-cell lung cancer (NSCLC) (Zhang et al.,
2022) and increases paclitaxel resistance in esopha-
geal cancer (Zhang et al., 2023). Moreover, the inhibi-
tion of TAF1 induces apoptosis (Zhou et al., 2021) and
autophagy (Liu and Gu, 2022). However, the relation-
ship between TAF1 and ferroptosis has remained unex-
plored. Our study reveals that TAF1 exhibits context-
dependent functions in ferroptosis based on 7P53
status, highlighting its potential as a therapeutic target
for ferroptosis-related interventions. Notably, several
TAF]1 inhibitors, such as BAY-299 (Zhou et al., 2021;
Dibra et al., 2024), N2817 (Su et al., 2023), and BI-
2536 (Puglisi et al., 2012), have demonstrated potent
anticancer activity, while whether these inhibitors also
modu-late ferroptosis warrants further investigation.
The TP53 protein is known as a key regulator of
ferroptosis, orchestrating both canonical and noncanoni-
cal pathways (Liu and Gu, 2022); however, its role in fer-
roptotic regulation is complex, especially in metabolic

contexts. WT TP53 represses SLC7A11 expression,
thereby promoting ferroptosis. An acetylation-defective
mutant, TP53*¥, retains this ability (Jiang et al., 2015),
whereas other hotspot mutations impair ferroptotic sen-
sitivity. For example, TP53%™" and TP53"**" suppress
ferroptosis via the NRF2-dependent regulation of mi-
crosomal glutathione S-transferase 3 (MGST3) and
peroxiredoxin 6 (PRDX6) (Dibra et al., 2024), while
TP53%"™" enhances tumor growth by binding to and in-
hibiting BTB and CNC homology 1 (BACH1)-mediated
SLC7A11 downregulation (Su et al., 2023). Our findings
further indicate that the functional outcome of TAF1
depends on TP53 status. In TP53-WT cells, TAF1 fa-
cilitates the MDM2-mediated degradation of phosphor-
ylated TP53, leading to the upregulation of SLC7A411
and resistance to ferroptosis—consistent with previous
observations (Jiang et al., 2015). In contrast, in 7P53-
null (SKOV3) and 7P53-mutant (SW620, harboring
TP53"”" and TP53""® mutations) cells, TAF1 phosphor-
ylates and promotes the degradation of nuclear GPX4,
thereby triggering ferroptosis. Given that TAF1 phos-
phorylates both TP53 and GPX4, and that TP53 can
directly interact with GPX4 (Qian et al., 2023), we
propose that TP53 and nGPX4 may compete for TAF1
binding. The precise molecular mechanisms underlying
this competition, however, require further elucidation.
GPX4 exists in three major isoforms localized in
the cytosol (¢cGPX4), mitochondria (mGPX4), and nu-
cleus (nGPX4), respectively (Xie et al., 2023). While
c¢GPX4 and mGPX4 have been studied extensively, the
physiological role of nGPX4 remains poorly under-
stood. Initially identified in murine male germ cells,
nGPX4 associates with the sperm nuclear matrix and
facilitates chromatin decondensation during fertiliza-
tion (Puglisi et al., 2012). More recently, nGPX4—also
referred to as inducible GPX4 (iGPX4)—was reported
to promote ferroptosis in metabolic-associated fatty
liver disease (MAFLD) by driving cGPX4 oligomeriza-
tion into enzymatically inactive complexes (Tong et al.,
2022). In contrast, our study uncovers a previously un-
recognized protective role of nGPX4, namely that it acts
as a nuclear antioxidant defense against phospholipid
hydroperoxide-induced ferroptosis. This finding chal-
lenges the prevailing view of nGPX4 as a pro-ferroptotic
factor and suggests that nuclear GPX4 may exert
context-dependent regulatory functions in ferroptosis.
Previous research has identified several mech-
anisms governing GPX4 degradation. Members of the



tripartite motif (TRIM) protein family, including
TRIM25 (Li et al., 2023) and TRIM26 (Wang et al.,
2023), catalyze GPX4 ubiquitination and degradation.
Additionally, chaperone-mediated autophagy contrib-
utes to GPX4 turnover (Wu et al., 2019). However,
these studies focus primarily on cGPX4 and mGPX4,
leaving the regulatory mechanisms of nGPX4 largely
unexplored. Herein, we demonstrated that TAF1 di-
rectly mediates nGPX4 degradation in 7P53-mutant
cells by promoting its K11-linked polyubiquitination
and subsequent proteasomal degradation, representing
a novel pathway by which TAF1 regulates ferroptosis
in the context of 7P53 mutation.

Despite these promising findings, several key ques-
tions remain. First, we observed that TAF1-mediated
nGPX4 degradation occurred only upon RSL3 treat-
ment. RSL3 has been regarded as a selective GPX4
inhibitor that covalently binds to the enzyme’s active
site, thereby suppressing its catalytic activity (Yang
et al., 2014, 2016). However, a recent report suggested
that RSL3 does not directly inhibit GPX4 activity but
rather alters its electrophoretic migration in gels (Cheff
et al., 2023). This observation implies that RSL3 may
chemically modify GPX4, and we speculate that such
modification enhances the interaction between TAF1
and GPX4. Nevertheless, the exact mechanism re-
mains unclear, and further biochemical and structural
investigations are required to elucidate the underlying
processes. Moreover, although TAF1 promotes nGPX4
ubiquitination and degradation, the specific ubiquitin-
activating enzyme (E1), -conjugating enzyme (E2), and
ligase (E3) involved have not yet been identified. Given
that TAF1 contains intrinsic kinase and ubiquitin-related
domains, it is plausible that TAF1 itself may function
as an El1 or E2 enzyme within this pathway. There-
fore, identifying the E3 ligase responsible for nGPX4
ubiquitination will be an important direction of future
research.

4 Conclusions

This study provides critical insights into the mo-
lecular mechanisms regulating ferroptosis and estab-
lishes a foundation for precision medicine approaches.
In TP53-WT tumors, low TAF1 expression may serve
as a predictive biomarker for the efficacy of ferroptosis-
based therapies. Conversely, in 7P53-mutant tumors
with high TAF1 expression, patients may benefit more
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from treatment with ferroptosis inducers. Collectively,
our study highlights the potential of targeting TAF1 to
develop genotype-specific ferroptosis-based therapeu-
tic strategies, paving the way for more effective and
personalized cancer treatment options.

Materials and methods
Detailed methods are provided in the electronic supple-
mentary materials of this paper.
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