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Abstract

Diffuse large B-cell lymphoma (DLBCL) is an aggressive non-Hodgkin lymphoma with a
limited response to chemotherapy. Ferroptosis inducers have shown some efficacy in
lymphoma treatment. However, there are some types of DLBCL cells that are resistant to
ferroptosis through some unknown mechanism, which dramatically limits the application of
this method. The transcriptional repressor BCL6 is a well-established oncogenic driver in a
subset of DLBCL. We found that treatment with Imidazole Ketone Erastin (IKE), an inducer
of ferroptosis, triggers a compensatory upregulation of BCL6. Pharmacological degradation or
genetic knockdown of BCL6 synergistically sensitized DLBCL cells to IKE-induced
ferroptosis in vitro and in vivo. Mechanism studies revealed that BCL6 knockdown aggravates
mitochondrial damage, lipid peroxidation, and ROS accumulation in DLBCL. Proteomic
analysis showed that the differentially expressed proteins after BCL6 knockdown were
enriched in metabolic pathways, with SDHA and H6PD as core metabolic nodes, confirming
that BCL6 mediates metabolic reprogramming in DLBCL cells. Public ChIP-seq data suggest
that BCL6, together with SMRT and BCOR, may bind the ALOXS5 promoter. In summary, the
present study elucidates BCL6 as a critical adaptive resistor to ferroptosis and establishes the
combined inhibition of SLC7A11l and BCL6 as a rational, synergistic strategy to overcome

therapeutic resistance in DLBCL.

Keywords: BCL6; Ferroptosis; DLBCL; IKE; ALOXS
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most prevalent and aggressive subtype of non-
Hodgkin lymphoma, accounting for approximately 30-40% of all newly diagnosed lymphoma
cases worldwide %34, The disease is defined by marked clinical and molecular heterogeneity,
with at least four major genetic subtypes now recognized. Frontline immunochemotherapy with
R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) achieves
durable remission in approximately 60% of patients; however, a substantial proportion develop
refractory or relapsed disease with limited subsequent treatment options > ©. Although the
therapeutic landscape has expanded with CAR-T cell therapies and antibody—drug conjugates
such as polatuzumab vedotin, intrinsic and acquired resistance to these agents remains a major
obstacle in DLBCL management 7> % % 1% This underscores the urgent need to identify novel
therapeutic vulnerabilities.

Ferroptosis, an iron-dependent, non-apoptotic form of regulated cell death driven by
uncontrolled peroxidation of polyunsaturated fatty acid (PUFA)-containing phospholipids, has
emerged as a promising therapeutic vulnerability in cancer'!> '2. The central executioner of
ferroptosis is GPX4, a glutathione (GSH)-dependent peroxidase that detoxifies lipid peroxides;
its activity is critically sustained by cystine imported via the system Xc~ transporter, a
heterodimer of SLC7A11 and SLC3A2 '3 %15 Notably, DLBCL cells harbor a defective
transsulfuration pathway, rendering them uniquely dependent on system Xc~ for GSH
biosynthesis and consequently hypersensitive to SLC7A11 inhibition-induced ferroptosis!é- 7.
Imidazole ketone erastin (IKE), a metabolically stable SLC7A11 inhibitor, has demonstrated

potent anti-tumor activity in preclinical lymphoma models'®: °. Nevertheless, as observed with



61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

other targeted agents, adaptive resistance mechanisms limiting sustained ferroptosis induction
are anticipated but remain poorly characterized in DLBCL.

BCL6 is a POZ-domain zinc-finger transcriptional repressor and well-established oncogenic
driver in DLBCL, particularly the germinal center B-cell-like (GCB) subtype, where it sustains
lymphoma cell survival by silencing genes governing DNA damage responses, cell cycle arrest,
and terminal differentiation®® 2!>22, Beyond its canonical role in lymphomagenesis, emerging
evidence implicates BCL6 as a broad mediator of stress adaptation and therapy resistance
across multiple cancer types, capable of suppressing both apoptotic and senescence programs
to enable tumor cell survival under cytotoxic pressure 23 24 2526 Whether BCL6 similarly
operates as an adaptive transcriptional regulator against non-apoptotic cell death programs—
particularly ferroptosis—has not been explored.

In this study, we investigated whether BCL6 functions as an adaptive mediator of ferroptosis
resistance in DLBCL and whether its pharmacological or genetic inhibition could sensitize
lymphoma cells to IKE-induced ferroptosis. We found that SLC7A1l inhibition triggers
compensatory BCL6 upregulation, which in turn suppresses the ferroptosis machinery to limit
cell death. Pharmacological degradation and genetic knockdown of BCL6 in DLBCL cell lines
and xenograft models, combined with proteomic analyses, delineated the downstream

mechanisms through which BCL6 confers this adaptive resistance.

Results

Targeting the SLC7A11-GPX4 axis induces ferroptosis and suppresses DLBCL growth
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Analysis of public gene expression data (GSE56315) revealed that both SLC7A11 and GPX4,
core components of the anti-ferroptosis defense, are significantly overexpressed in DLBCL
patient samples compared to normal B cells (Fig. 1A, B). Furthermore, at the genetic
perturbation level, CRISPR-based essentiality screening (DepMap) revealed that compared
with 1,187 other tumor cell lines, DLBCL cell lines (n = 16) exhibited significantly stronger
dependence on SLC7A11 and GPX4 (Fig. 1C, D). At the chemical perturbation level, we used
IKE—a metabolically more stable SLC7A11 inhibitor and an analog of erastin—to evaluate
its anti-proliferative effect on a panel of DLBCL cell lines (Fig. 1E). The results showed that
among the ten cell lines tested, six were highly sensitive to IKE with ICso values below 1 uM.
To further confirm the critical role of SLC7A11 in DLBCL, we performed proliferation
inhibition assays using five patient-derived diffuse large B-cell lymphoma primary cell samples
(provided by Hefei Pharmaceutical Co., Ltd., Approval No. SL-B2022-490-04). The results
demonstrated that IKE exerted significant anti-proliferative activity against all five primary
samples, with ICso values below 1 uM (Fig. 1F). Altogether, these results indicated that
targeting the SLC7A11-GPX4 axis effectively suppresses DLBCL proliferation both in cell

line models and in patient-derived primary cells.

IKE treatment triggers compensatory upregulation of the oncogenic transcriptional

repressor BCL6

Acquired resistance remains a major challenge in targeted cancer therapies. Following
confirmation of IKE's anti-tumor efficacy, we investigated potential adaptive resistance
mechanisms. Given the established role of BCL6 in mediating stress adaptation and therapeutic

resistance in lymphoid malignancies, we examined BCL6 expression in response to IKE
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treatment. IKE induced significant, dose-dependent upregulation of BCL6 mRNA in multiple
DLBCL cell lines, including SU-DHL-4, OCI-Ly10, and OCI-Ly1 (Fig. 2A—C). Time-course
and dose-response Western blot analyses further demonstrated progressive and sustained BCL6
protein induction throughout IKE exposure (Fig. 2D—E). Consistently, BCL6 was upregulated
at both the transcriptional and protein levels in IKE-sensitive DLBCL cell lines (Pfeiffer, SU-
DHL-6) after 72 hours of treatment (Supplementary Fig. 1). Together, these findings indicate
that DLBCL cells activate a BCL6-mediated transcriptional program as an adaptive survival

response to IKE-induced ferroptotic stress.

BCLG6 inhibition synergistically sensitizes DLBCL cells to IKE-induced cytotoxicity in vitro

Based on our finding that IKE upregulates BCL6 expression in DLBCL cells, we hypothesized
that BCL6 induction attenuates IKE-induced ferroptosis and serves as an adaptive resistance
mechanism. To test this, we evaluated combination treatments across multiple DLBCL cell
lines. Co-treatment with IKE and the BCL6 inhibitor FX-1 yielded Bliss synergy scores of
14.63, 13.69, 13.71, 8.82, and 10.96 in SU-DHL-4, OCI-Lyl, OCI-Ly10, Toledo, and Pfeiffer
cells, respectively (Fig. 3A). Similarly, IKE combined with the BCL6 degrader BI-3802
produced synergy scores of 12.16,21.35, 11.43, and 10.12 in SU-DHL-4, OCI-Ly1, OCI-Ly10,
and U-2932 cells (Fig. 3B). Notably, the BI-3802—IKE combination also showed synergistic
activity in patient-derived cells (synergy score: 5.21) (Fig. 3C). To genetically validate BCL6's
role, we established stable BCL6-knockdown SU-DHL-4 cells, with knockdown efficiency
confirmed at both mRNA and protein levels (Fig. 3D-E). BCL6 knockdown dramatically
enhanced IKE sensitivity, reducing the ICso from >20 uM to 1.53 uM (Fig. 3F). Collectively,

these results demonstrate that pharmacological or genetic inhibition of BCL6 universally
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potentiates IKE cytotoxicity, establishing BCL6 as a critical mediator of adaptive resistance to

ferroptosis in DLBCL.

BCLG6 inhibition potentiates IKE-induced ferroptosis

To determine whether the synergistic cytotoxicity was mediated through enhanced ferroptosis,
we examined hallmarks of ferroptotic cell death. Transmission electron microscopy of SU-
DHL-4BCL6KD cells treated with IKE revealed pronounced mitochondrial pathology—including
marked mitochondrial shrinkage, increased membrane electron density, and loss of cristae—
classical ultrastructural features of ferroptosis—which were absent or minimal in IKE-treated
SU-DHL-4N¢ control cells (Fig. 4A). Consistent with these changes, BCL6 knockdown
dramatically amplified IKE-induced lipid peroxidation (Fig. 4B) and intracellular ROS
accumulation (Fig. 4C) in a dose-dependent manner. These data confirm that BCL6 functions
as a key negative regulator of ferroptosis, and that its inhibition unlocks robust ferroptotic cell

death in combination with SLC7A11 inhibition.

Proteomic profiling reveals BCL6-dependent reprogramming of metabolic and redox

pathways

To elucidate the molecular mechanism underlying this synergistic effect, we performed
unbiased proteomic profiling of BCL6-knockdown versus control SU-DHL-4 cells.
Differentially expressed proteins (DEPs; FC > 1.5 or < 1/1.5, p < 0.05) were intersected with
metabolic and redox databases, revealing 214 metabolism-associated and 334 redox-associated
proteins (Fig. 5SA). KEGG pathway enrichment analysis identified significant alterations in
core metabolic pathways, including the TCA cycle, glycolysis/gluconeogenesis, pentose

phosphate pathway, and lipid metabolism (Fig. 5B). Protein—protein interaction network
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analysis further identified SDHA and H6PD as key regulatory nodes (Fig. 5C). SDHA, a rate-
limiting enzyme in the mitochondrial TCA cycle, catalyzes succinate oxidation and regulates
mitochondrial ROS generation?” 28, H6PD participates in glucose metabolism and NADPH
production, which is essential for maintaining GSH in its reduced state and resisting lipid
peroxidation®”- 3%, These findings suggest that BCL6 reprograms cellular metabolism by
regulating SDHA and H6PD, thereby affecting TCA cycle flux, NADPH homeostasis, and
oxidative stress responses.To validate the regulatory relationship between BCL6 and SDHA,
we treated SU-DHL-4 cells with 100 nM BI-3802 for 18 days and assessed protein expression
every 3 days. BI-3802 treatment progressively degraded BCL6 while concomitantly
upregulating SDHA expression (Fig. 5D), confirming that BCL6 negatively regulates SDHA.
Collectively, these findings indicate that BCL6 broadly reprograms cellular metabolism to
maintain a pro-survival redox environment, and that its inhibition augments oxidative stress in

a manner that cooperates with IKE-induced ferroptosis.

BCLG6 directly represses transcription of the pro-ferroptotic enzyme ALOXS5

To identify specific transcriptional mechanisms by which BCL6 suppresses ferroptosis, we
interrogated publicly available BCL6 ChIP-seq data from the Cistrome DB database. This
analysis revealed direct and cooperative binding of BCL6 together with its corepressors SMRT
(NCOR2) and BCOR at the promoter region of ALOXS5 (Fig. 6A). ALOXS encodes
arachidonate 5-lipoxygenase, a key enzyme catalyzing PUFA peroxidation and a critical
initiating step of ferroptosis®! 32. To functionally validate this regulatory relationship, SU-
DHL-4 cells were treated with BI-3802 across a time course; BCL6 degradation resulted in a

progressive, time-dependent increase in ALOXS protein expression (Fig. 6B). Conversely,
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transient overexpression of BCL6 in HEK293T cells led to significant reductions in both
ALOXS5 mRNA and protein levels (Fig. 6C, D). These results establish ALOXS as a direct
transcriptional target of BCL6, providing a specific mechanistic link between BCL6-driven

repression and suppression of the lipid peroxidation cascade required for ferroptosis.

BCLG6 inhibition synergizes with IKE to suppress DLBCL tumor growth in vivo

To evaluate the in vivo therapeutic potential of combined SLC7A11 and BCL6 inhibition, we
established subcutaneous DLBCL xenograft models in NOD/SCID mice using OCI-Ly10 cells.
When mean tumor volumes reached 100—-300 mm?, mice were randomized into five treatment
groups (n = 6 per group): vehicle control, IKE monotherapy (25 mg/kg, i.p., daily), FX-1
monotherapy (10 mg/kg, i.p., daily)*3, IKE plus FX-1 combination, and ibrutinib (20 mg/kg,
p.o., daily) as an active comparator (Fig.7A) All regimens were well-tolerated, with no
significant body weight loss observed throughout the study period (Fig. 7B). IKE monotherapy
produced modest tumor growth inhibition at the dose tested, and FX-1 monotherapy
demonstrated moderate anti-tumor activity. Strikingly, the IKE and FX-1 combination
produced significantly greater tumor growth suppression than either agent alone, as
demonstrated by tumor volume trajectories, endpoint tumor weights, and representative tumor
images (Fig. 7C-E). These in vivo findings provide robust translational support for the
synergistic therapeutic potential of dual SLC7A11 and BCL6 inhibition in DLBCL. To further
validate our mechanistic findings, SU-DHL-4 cells were treated with IKE (20 uM), BI-3802
(1 uM), or their combination for 72 hours, and protein levels of BCL6, ALOXS, and SDHA
were assessed by Western blotting. Consistent with previous results, IKE alone significantly

upregulated BCL6. In contrast, both BI-3802 alone and the combination induced BCL6
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degradation with concomitant upregulation of ALOXS5 and SDHA. Notably, the combination
elicited greater upregulation of ALOXS and SDHA than BI-3802 alone (Fig. 8A). These

findings provide robust validation for our proposed mechanistic model (Fig. 8B).
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Discussion

A hallmark of DLBCL is its propensity to develop resistance to both standard
immunochemotherapy and emerging targeted agents, underscoring the need to identify and
preempt adaptive survival mechanism. In this study, we identify a previously unrecognized
adaptive resistance circuit: treatment with the SLC7A11 inhibitor IKE triggers compensatory
upregulation of the oncogenic transcriptional repressor BCL6, enabling DLBCL cells to
withstand ferroptotic stress. Pharmacological or genetic inhibition of BCL6 profoundly
sensitizes DLBCL cells to IKE both in vitro and in vivo, demonstrating that targeting this
adaptive response can restore and amplify ferroptotic cell death.

Our data establish BCL6 as a mediator of resistance to SLC7A11 inhibition, extending a well-
documented paradigm in oncology. BCL6 upregulation has previously been linked to resistance
to HDAC inhibitors in DLBCL?* 336 to BCR-ABLI kinase inhibitors in acute lymphoblastic

3738 | to cytarabine in acute myeloid leukemia®® %°, to paclitaxel in breast cancer*!,

leukemia
and to BET bromodomain inhibitors in KRAS-mutant non-small cell lung cancer?* 4>, BCL6
induction has similarly been documented following treatment with imatinib in gastrointestinal
stromal tumors*>» 4 EGFR inhibitors in NSCLC*: %, and chemo- or radiotherapy in
glioblastoma, consistently correlating with reduced therapeutic efficacy*”*%4°. We extend this
paradigm to ferroptosis—a non-apoptotic, iron-dependent cell death program—demonstrating
that BCL6 constitutes a broad adaptive sensor capable of resisting mechanistically distinct
cytotoxic insults.

Mechanistically, we identify ALOXS as a direct transcriptional target of BCL6 in the context

of ferroptosis. BCL6, together with its corepressors SMRT (NCOR2) and BCOR, binds the
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ALOXS promoter to suppress the expression of arachidonate 5-lipoxygenase, a critical enzyme
that catalyzes PUFA peroxidation—the initiating step of ferroptosis execution®* 3% 5!, By
repressing ALOXS, BCL6 effectively constrains the lipid peroxidation cascade, permitting cell
survival despite GSH depletion induced by IKE. In parallel, proteomic profiling reveals that
BCL6 broadly reprograms cellular metabolism, in part by regulating SDHA expression and
mitochondrial function, thereby reducing pro-oxidant tone. Consequently, BCL6 inhibitors
exert a dual pro-ferroptosis effect: de-repression of ALOXS5 accelerates lipid peroxidation
while concurrent metabolic rewiring elevates ROS levels—a combination that synergistically
amplifies ferroptotic cell death when the primary antioxidant defense (GSH/GPX4) is
concurrently disabled by IKE.

The rapid and sustained induction of BCL6 following SLC7A11 inhibition suggests that
DLBCL cells have a pre-existing capacity to engage this oncogenic transcription factor as a
rapid adaptive response, targeting the precise molecular vulnerability exploited by ferroptosis
inducers. This is consistent with the emerging role of BCL6 as a central stress-sensing hub in
cancer, capable of integrating diverse cytotoxic signals and coordinating transcriptional
survival programs. These findings raise the possibility that BCL6 expression dynamics during
SLC7AT1I inhibitor treatment could serve as a predictive biomarker for the emergence of
adaptive resistance, with potential utility for guiding combination therapy scheduling.

From a translational perspective, the mechanistic coherence of the IKE-BCL6 inhibitor
combination is compelling: IKE disables the primary antioxidant defense (GSH/GPX4), while
BCL6 inhibition concurrently removes the brake on lipid peroxidation and increases oxidative

burden. This dual-mechanism attack transforms a self-limiting monotherapy into a coordinated
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oxidative assault that overwhelms cancer cell redox homeostasis. The observed in vivo synergy
in DLBCL xenograft models provides initial translational support for this strategy. Future
studies should evaluate combination efficacy across broader DLBCL molecular subtypes,

assess response biomarkers, and explore synergies with standard-of-care regimens.
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Materials and Methods

Data collection and bioinformatics analysis

We downloaded the GSE56315 dataset from Gene Expression Omnibus (GEO)
(https://www.ncbi.nlm.nih.gov/geo/), which contains clinical data and gene expression profiles
of patients with DLBCL. This dataset was used to investigate whether there were differences
in the expression levels of SLC7A11 and GPX4 genes in normal tissues and tumor tissues. The
gene effect and expression of DLBCL cell lines were analyzed and downloaded from the Broad

Institute DepMap website.

Cell lines and cell culture

HT, SU-DHL-1, Farage, Toledo, SU-DHL-4, OCI-Ly10, Pfeiffer, U-2932, and HEK293T cells
were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). The
cell lines OCI-Lyl and WSU DLCL2 were obtained from Cobioer Biosciences Company
(Nanjing, China). The HEK293T-BCL6 cells were generated as described previously: a BCL6-
EGFP fusion construct was introduced into HEK293T cells via a lipofectamine 3000 delivery
system, and stable expression cells were selected with 5 pg/mL puromycin. Human DLBCL
primary cell experiments were approved (Approval No. SL-B2022-490-04; Hefei PreceDo
Pharmaceuticals Co., Ltd., Hefei, China). All DLBCL cell lines were maintained in a
humidified incubator at 37°C with 5% CO..OCI-Ly1 and Pfeiffer cells were cultured in RPMI-
1640 supplemented with 20% heat-inactivated fetal bovine serum (FBS; Cellcook, Guangzhou,
China) and 0.1% Penicillin-Streptomycin (Pen-Strep; Ameresco Inc., Solon, OH, USA). HT,
SU-DHL-1, and Farage cells were grown in RPMI-1640 (HyClone, Logan, UT, USA)

containing 10% FBS (Avantor, #76294-180) and 1% Pen-Strep (Gibco, #15140-122, Waltham,
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MA, USA). SU-DHL-4 cells were cultured in RPMI-1640 (ATCC modification) with 10%
FBS and 0.1% Pen-Strep. OCI-Ly10 cells were maintained in IMDM (Gibco) supplemented
with 20% FBS and 0.1% Pen-Strep. U-2932 cells were grown in RPMI-1640 (Gibco) with 10%
FBS and 0.1% Pen-Strep. WSU DLCL2 cells were cultured in Leibovitz’s L-15 medium
(ATCC, #30-2008) containing 10% FBS and 1% Pen-Strep, and incubated in a CO:-free
environment. All cell lines were routinely tested for mycoplasma contamination and

maintained in exponential growth phase for experiments.

Chemicals

IKE (HY-114481), BI-3802 (HY-108705), and FX-1 (HY-102027) were purchased from

Selleck China (Shanghai, China).

Cell proliferation assay

DLBCL cells were resuspended and seeded at the appropriate density in 384-well plates. Semi-
adherent and semi-floating cells were incubated overnight at 37°C and 5% CO-; suspended
cells were not incubated overnight. IKE was diluted in a gradient and added to the plates, which
were then incubated for 3 days. SU-DHL-4, OCI-Ly10, and OCI-Ly]1 cells were seeded in 96-
well plates and treated with IKE and BI-3802 at specified concentrations for 7 days. Cell
survival rate (%) = (experimental group viability — blank group viability) / (control group
viability — blank group viability) x 100%. ICso values were calculated using GraphPad Prism
10.1.2 (GraphPad Software, La Jolla, CA, USA). Cell survival rates from combined treatment
groups were analyzed using the SynergyFinder website
(https://synergyfinder.aittokallio.group/), and synergy scores were calculated using the Bliss

model.
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Patient-derived cell processing and viability assays

Primary DLBCL cells were isolated from consented patient tumor samples via enzymatic
dissociation and mechanical mincing. Patient-derived DLBCL cells in logarithmic growth
phase were seeded in 384-well plates at 4,000 cells per well in 50 pL of complete medium and
allowed to adhere overnight. Compounds were serially diluted in culture medium and added in
a final volume of 50 pL per well. Cells were treated for 7 days. Cell viability was assessed
using the CellCounting-Lite 2.0 Luminescent Cell Viability Assay (Vazyme, DD1101-02,
Nanjing, China) according to the manufacturer’s instructions. Luminescence was measured

using an EnVision 2015 Multilabel Plate Reader (PerkinElmer, Waltham, MA, USA).

RNA extraction and quantitative RT-PCR

RNA was extracted using the FastPure Cell/Tissue Total RNA Isolation Kit V2 (Vazyme,
RC112-01). Reverse transcription was performed using the HiScript IV All-in-One Ultra RT
SuperMix for qPCR kit (Vazyme, R433-01) to obtain cDNA. Real-time PCR was conducted
using the ChamQ Universal SYBR qPCR Master Mix kit (Vazyme, Q711) on a real-time
fluorescence quantitative PCR instrument (Thermo Scientific, Waltham, MA, USA). Results

were analyzed using the AACT method. Primer sequences are provided in Table S1.

Western blot analysis

Cells were lysed in 100 pL of 4x Laemmli Sample Buffer (Bio-Rad, #1610747, Hercules, CA,
USA) and heated at 100°C for 10 min. Proteins were separated by SDS-PAGE and transferred
to a nitrocellulose membrane. After 2 h of blocking with 5% skimmed milk or 5% bovine serum

albumin, membranes were incubated with primary antibodies overnight at 4°C, followed by a
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2-h incubation at room temperature with secondary antibodies. Bands were detected with
Enhanced Chemiluminescence (ECL) developing solution and imaged using an e-Blot Touch
imager. Antibodies used: BCL6 (Santa Cruz, sc-7388, Dallas, TX, USA); ALOXS5 (ABclonal,
A2877, Wuhan, China); SDHA (Cell Signaling Technology, #11998, Danvers, MA, USA);
Peroxidase AffiniPure Goat Anti-Rabbit IgG (Jackson ImmunoResearch, 111-035-003, West
Grove, PA, USA); Peroxidase AffiniPure Goat Anti-Mouse IgG (Jackson ImmunoResearch,

115-035-003).

Generation of stable BCL6-knockdown SU-DHL-4 cells

SU-DHL-4 cells were transduced with lentivirus expressing either a non-targeting control
shRNA (GL427NC3) or a BCL6-targeting shRNA (Y21565; sequences in Table S1) in the
presence of 5 pg/mL polybrene. At 72 h post-transduction, stable cell lines were selected using

puromycin (2 pg/mL); selective medium was refreshed every 2-3 days.

Animals and tumor xenograft model

Female NOD SCID mice (age 6—8 weeks, weight 20 + 2 g) were purchased from ZhuHai
Bestest Biotechnology Co., Ltd. (Zhuhai, China) and housed under specific pathogen-free (SPF)
conditions with a 12-h light/dark cycle, controlled temperature (22 =+ 2°C) and humidity (50 +
10%), and free access to food and water. All animal procedures were approved by the
Institutional Animal Care and Use Committee (IACUC) of the Zhongshan Institute for Drug
Discovery (IACUC approval no. 2023-01-LJ-01) and conducted in accordance with relevant
guidelines. OCI-Lyl10 cells in logarithmic growth phase were harvested, washed, and
resuspended in PBS. A volume containing 1 x 107 cells was injected subcutaneously into the

right flank of each mouse. Tumor growth was monitored until the average volume reached
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100-300 mm?, at which point mice were randomized into experimental groups. Tumor volume

was calculated as V = (length x width?) / 2.

Transmission electron microscopy

Cell samples were fixed in 2.5% glutaraldehyde at 4°C for 2 h. Following phosphate buffer
(PB) washes, samples were post-fixed in 1% osmium tetroxide, dehydrated through a graded
ethanol series, and embedded in SPI 812 epoxy resin. Ultrathin sections (60-80 nm) were
stained with uranyl acetate and lead citrate. Images were acquired using a Hitachi HT7800
transmission electron microscope (Hitachi, Tokyo, Japan) operated at 80 kV. Mitochondrial

morphology was assessed in multiple cells per condition.

Lipid peroxidation measurement

Lipid peroxidation levels were measured using the Image-iT® Lipid Peroxidation Kit (Thermo
Fisher Scientific, C10445, Waltham, MA, USA). After treating SU-DHL-4NC and SU-DHL-
4BCL6KD cells with IKE for 24 h, cells were washed twice with 1x PBS, centrifuged at 600
x g for 5 min at 4°C, and resuspended in serum-free medium containing the Image-iT® Lipid
Peroxidation Sensor (1:1,000 dilution). After 30 min incubation at 37°C, cells were washed
once with 1x PBS and analyzed by flow cytometry (NovoCyte Quanteon VBYR, Agilent
Technologies, Santa Clara, CA, USA). Results were analyzed with FlowJo v10.8.1 (BD

Biosciences, Ashland, OR, USA).

Reactive oxygen species measurement

Intracellular ROS levels were measured using the Reactive Oxygen Species Detection Reagent

kit (Thermo Fisher Scientific, MP 36103). After treating SU-DHL-4BCL6NC and SU-DHL-
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4BCL6KD cells with IKE for 24 h, cells were washed twice with 1x PBS, centrifuged at 600
x g for 5 min at 4°C, and resuspended in serum-free medium containing CM-H.DCFDA
(1:1,000 dilution). After 30 min incubation at 37°C, cells were washed once with 1x PBS and

analyzed by flow cytometry as described above.

Proteomics analysis

Proteomic sequencing was performed by Hangzhou Jingjie Biotechnology Co., Ltd.
(Hangzhou, China). After SU-DHL-4NC and SU-DHL-4BCL6KD cells were treated with IKE
for 24 h, they were washed twice with 1x PBS and centrifuged to collect cell pellets.
Differential protein expression was analyzed by liquid chromatography—tandem mass
spectrometry (LC-MS/MS). Significantly differentially expressed proteins were defined by
fold change (FC): up-regulation threshold FC > 1.5; down-regulation threshold FC < 1/1.5
(with appropriate P value cutoff). Downstream characterization of differential proteins
employed KEGG pathway enrichment, Venn diagram, and protein-protein interaction (PPI)

analyses.

Transcription factor binding analysis

BigWig and BED files for BCL6, BCOR, and SMRT were downloaded from the public ChIP-
seq database Cistrome DB (http://cistrome.org/db/). The Integrative Genomics Viewer (IGV)
software was used to assess BCL6, BCOR, and SMRT binding peaks in the promoter region

of ALOXS. BED files were used to annotate significant peaks.

Statistical analysis
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Data are presented as mean + standard deviation (SD) and were analyzed using GraphPad
Prism 10.1.2 (GraphPad Software, La Jolla, CA, USA). Comparisons between two groups were
performed using an unpaired two-tailed Student’s t-test; comparisons among three or more
groups were performed using one-way analysis of variance (ANOVA) with appropriate post-

hoc tests. P values < 0.05 were considered statistically significant.
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Figure 1. Targeting the SLC7A11/GPX4 axis inhibits DLBCL cell viability. (A, B)
Expression of SLC7411 (A) and GPX4 (B) in DLBCL patient tumor samples compared to
normal B cells from the GSE56315 dataset. Data are presented as logz-transformed expression
values. ***P < 0.001, two-tailed Student's ¢-test. (C, D) DepMap CRISPR essentiality scores
for SLC7A411 (C) and GPX4 (D) across 1 187 tumor cell lines (black) and 16 DLBCL cell lines
(red). A more negative score indicates greater gene dependency. (E) Dose—response viability
curves for a panel of DLBCL cell lines treated with IKE for 72 h. ICso values are indicated.
Data are presented as mean + SD (n = 3). (F) Dose—response viability curves of patient-derived
DLBCL primary cells (PDCs) treated with IKE for 7 days. ICso values are indicated.

Figure 2. IKE treatment upregulates BCL6 expression in a dose- and time-dependent
manner. (A, B) BCL6 mRNA levels measured by RT-qPCR in SU-DHL-4 (A) and OCI-Ly10
(B) cells treated with the indicated concentrations of IKE or DMSO for 24 h. Data are presented
as —AACt values relative to the DMSO control; n = 3. *P < 0.05, **P < 0.01, ***P < (.001,
one-way ANOVA. (C) BCL6 mRNA levels in OCI-Lyl cells treated with the indicated
concentrations of IKE for 24 h; n = 3. *P < 0.05, **P < 0.01, one-way ANOVA. (D) Western
blot analysis of BCL6 protein expression in SU-DHL-4 cells treated with increasing
concentrations of IKE for 72 h. a-Tubulin serves as the loading control. (E) Time-course
Western blot analysis of BCL6 protein in SU-DHL-4 cells treated with 20 uM IKE for the
indicated durations. Tubulin serves as the loading control.

Figure 3. BCL6 inhibition synergizes with IKE in DLBCL. (A) Synergy matrices and
corresponding Bliss synergy landscapes for DLBCL cells (SU-DHL-4, OCI-Lyl, OCI-Ly10,

Toledo, Pfeiffer) treated with the indicated concentrations of IKE and FX-1 for 7 days. (B)
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Synergy matrices and corresponding Bliss synergy landscapes for DLBCL cells (SU-DHL-4,
OCI-Ly1, OCI-Ly10, U-2932) treated with the indicated concentrations of IKE and BI-3802
for 7 days. (C) Synergy matrix and Bliss synergy landscape for a patient-derived DLBCL
primary cell culture (PDC, ZML-250072) treated with IKE and BI-3802 for 7 days. (D) BCL6
mRNA levels in SU-DHL-4N¢ and SU-DHL-4BCL6KD cells measured by RT-qPCR; n = 3. ***p
< 0.001, two-tailed Student's #-test. (E) BCL6 protein expression confirmed by Western blot.
a-Tubulin serves as the loading control. (F) Dose-response viability curves for SU-DHL-4N¢
and SU-DHL-4BCLeKD cells treated with IKE for 72 h: n = 3. Calculated ICso values are
indicated.

Figure 4. BCL6 deficiency potentiates IKE-induced ferroptosis. (A) Representative TEM
images of SU-DHL-4NC and SU-DHL-4B¢L6KD ¢efls treated with DMSO or 20 uM IKE for 72
h. Arrowheads indicate shrunken mitochondria with condensed membranes and loss of cristae,
characteristic ultrastructural features of ferroptosis. Scale bar: 2.0 um. (B) Lipid peroxidation
levels measured by flow cytometry using the Image-iT® Lipid Peroxidation Sensor in SU-
DHL-4NC and SU-DHL-4BCL0KD cel[s treated with the indicated concentrations of IKE for 72 h.
MFI, mean fluorescence intensity. (C) Intracellular ROS levels measured by flow cytometry
using CM-H.DCFDA in SU-DHL-4N¢ and SU-DHL-4BCLKD cells treated with the indicated
concentrations of IKE for 72 h. Data in (B) and (C) are presented as mean + SD (n = 3); *P <
0.05, **P <0.01, ***P < 0.001, ****P <0.0001, two-way ANOVA.

Figure 5. Proteomic profiling identifies BCL6-regulated metabolic and redox pathways.
(A) Venn diagrams showing overlap between DEPs in SU-DHL-4BCLKD yergus SU-DHL-4NC

cells and curated databases of redox-related (left) and metabolism-related (right) proteins. (B)
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KEGG pathway enrichment analysis of the 214 redox-associated and 334 metabolism-
associated overlapping DEPs from (A). Top 20 enriched pathways are shown. (C) Protein—
protein interaction network of overlapping DEPs from (A), constructed using the STRING
database. Node color (red intensity) and size correspond to betweenness centrality; hub
proteins SDHA and H6PD are labeled. (D) Time-course Western blot analysis of SDHA protein
expression in SU-DHL-4 cells treated with BI-3802 (5 uM) for the indicated number of days.
a-Tubulin serves as the loading control.

Figure 6. BCL6 transcriptionally represses the pro-ferroptotic gene ALOXS. (A) IGV
snapshot of publicly available ChIP-seq tracks from Cistrome DB showing binding of BCL6
and its corepressors SMRT (NCOR2) and BCOR at the ALOX5 promoter region. (B) Western
blot analysis of ALOXS5 protein in SU-DHL-4 cells treated with BI-3802 (5 uM) for the
indicated number of days. a-Tubulin serves as the loading control. (C) RT-qPCR analysis of
BCL6 and ALOX5 mRNA levels in HEK293T cells transfected with a BCL6 overexpression
plasmid or empty vector control; n = 3. Data are presented as mean + SD; ***P < (0.001, two-
tailed Student's #-test. (D) Western blot confirming BCL6 overexpression and its suppressive
effect on ALOXS protein in HEK293T cells transfected as in (C).

Figure 7. Combined SLC7A11 and BCL6 inhibition suppresses DLBCL tumor growth in
vivo. NOD/SCID mice bearing subcutaneous OCI-Ly10 xenograft tumors were randomized
into five treatment groups (n = 6 per group): vehicle, IKE (25 mg/kg, i.p., daily), FX-1 (10
mg/kg, i.p., daily), IKE + FX-1, or ibrutinib (20 mg/kg, p.o., daily).

(A) Schematic illustration of OCI-Lyl0 subcutaneous xenograft model establishment and

experimental design. (B) Body weight changes of OCI-Ly10 xenograft mice during treatment.
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(C) Relative tumor volume changes of OCI-Ly10 xenograft mice during treatment. (D) Excised
OCI-Ly10 xenograft tumor weights at endpoint. Statistical comparisons were performed
between the IKE, FX-1, IKE+FX-1, and ibrutinib groups versus the vehicle control group. *p
< 0.05, **p < 0.01, ***p < 0.001 by one-way ANOVA. (E) Representative images of excised

OCI-Ly10 xenograft tumors at endpoint.

Figure 8. Mechanism model of BCL6 inhibition synergistically enhancing IKE. (A)
Western blot analysis of BCL6, ALOXS, and SDHA protein levels in SU-DHL-4 cells treated
with 20 uM IKE, 1 uM BI-3802, or their combination for 72 hours. Quantification of band
intensities using Imagel. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 by one-way

ANOVA. (B) Schematic model illustrating the proposed mechanism.
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Figure 1. Targeting the SLC7A11/GPX4 axis inhibits DLBCL cell viability. (A, B) Expression of SLC7A11

(A) and GPX4 (B) in DLBCL patient tumor samples compared to normal B cells from the GSE56315
dataset. Data are presented as log,-transformed expression values. ***P < 0.001, two-tailed Student's t-
test. (C, D) DepMap CRISPR essentiality scores for SLC7A11 (C) and GPX4 (D) across 1 187 tumor cell
lines (black) and 16 DLBCL cell lines (red). A more negative score indicates greater gene dependency. (E)
Dose-response viability curves for a panel of DLBCL cell lines treated with IKE for 72 h. IC4, values are
indicated. Data are presented as mean + SD (n = 3). (F) Dose-response viability curves of patient-derived
DLBCL primary cells (PDCs) treated with IKE for 7 days. ICs, values are indicated.
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Figure 2. IKE treatment upregulates BCL6 expression in a dose- and time-dependent manner. (A, B) BCL6
mMRNA levels measured by RT-gPCR in SU-DHL-4 (A) and OCI-Ly10 (B) cells treated with the indicated
concentrations of IKE or DMSO for 24 h. Data are presented as -AACt values relative to the DMSO
control; n = 3. *P < 0.05, **P < 0.01, ***P < 0.001, one-way ANOVA. (C) BCL6 mRNA levels in OCI-Ly1 cells
treated with the indicated concentrations of IKE for 24 h; n = 3. *P < 0.05, **P < 0.01, one-way ANOVA. (D)



Western blot analysis of BCL6 protein expression in SU-DHL-4 cells treated with increasing
concentrations of IKE for 72 h. a-Tubulin serves as the loading control. (E) Time-course Western blot
analysis of BCL6 protein in SU-DHL-4 cells treated with 20 uM IKE for the indicated durations. Tubulin

serves as the loading control.

0OCl-Ly10

SU-DHL-4

s 025 o 0z o o s 2z om
IKE (M) IKE (M) IKE (M)
Bliss synergy score: 13.708 Bliss synergy score: 8.823 Bliss synergy score: 10.959
o ey T IR v om0 W - ek St el

ore o
IKE (M)

Bliss synergy score: 14.63 -

% 40 -0 0 20 4 & w0 -0 2 -0 0 1 2 3 4

&
P
Rt

S
%
oo "R

OCl-Ly10 ZML-250072

s

813802 (M)
[

i

8.

@
.

o
IKE (M)
Bliss synergy score: 10119
% 2 -0 0 W 2 W

O
008 o )
203 e W

== SU-DHL-4N®

&p 1504 —— SU-DHL-4N®  ICsp>20 uM
F= SU-DHL-48CL0 )'io

—— SU-DHL-48CL80 |Cg = 1.53 uM
& 3
1.0 05 0.0 05 1.0 15

BCL6 Log [IKE]/puM

%
(2
%
Cell viability (%)

Relative expression

Figure 3

Figure 3. BCL6 inhibition synergizes with IKE in DLBCL. (A) Synergy matrices and corresponding Bliss
synergy landscapes for DLBCL cells (SU-DHL-4, OCI-Ly1, OCI-Ly10, Toledo, Pfeiffer) treated with the
indicated concentrations of IKE and FX-1 for 7 days. (B) Synergy matrices and corresponding Bliss
synergy landscapes for DLBCL cells (SU-DHL-4, OCI-Ly1, OCI-Ly10, U-2932) treated with the indicated
concentrations of IKE and BI-3802 for 7 days. (C) Synergy matrix and Bliss synergy landscape for a
patient-derived DLBCL primary cell culture (PDC, ZML-250072) treated with IKE and BI-3802 for 7 days.
(D) BCL6 mRNA levels in SU-DHL-4NC and SU-DHL-4BCL6KD cells measured by RT-qPCR; n = 3. ***P <
0.001, two-tailed Student's t-test. (E) BCL6 protein expression confirmed by Western blot. a-Tubulin
serves as the loading control. (F) Dose-response viability curves for SU-DHL-4NC and SU-DHL-4BCL6KD
cells treated with IKE for 72 h: n = 3. Calculated IC,, values are indicated.
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Figure 4. BCL6 deficiency potentiates IKE-induced ferroptosis. (A) Representative TEM images of SU-
DHL-4NC and SU-DHL-4BCL6KD cells treated with DMSO or 20 uM IKE for 72 h. Arrowheads indicate
shrunken mitochondria with condensed membranes and loss of cristae, characteristic ultrastructural
features of ferroptosis. Scale bar: 2.0 pm. (B) Lipid peroxidation levels measured by flow cytometry using
the Image-iT® Lipid Peroxidation Sensor in SUDHL- 4NC and SU-DHL-4BCL6KD cells treated with the



indicated concentrations of IKE for 72 h. MFI, mean fluorescence intensity. (C) Intracellular ROS levels
measured by flow cytometry using CM-H,DCFDA in SU-DHL-4NC and SU-DHL-4BCL6KD cells treated with
the indicated concentrations of IKE for 72 h. Data in (B) and (C) are presented as mean + SD (n = 3); *P <
0.05,**P < 0.01, **P < 0.001, ****P < 0.0001, two-way ANOVA.
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Figure 5

Figure 5. Proteomic profiling identifies BCL6-regulated metabolic and redox pathways. (A) Venn
diagrams showing overlap between DEPs in SU-DHL-4BCL6KD versus SU-DHL-4NC cells and curated
databases of redox-related (left) and metabolism-related (right) proteins. (B) KEGG pathway enrichment
analysis of the 214 redox-associated and 334 metabolismassociated overlapping DEPs from (A). Top 20
enriched pathways are shown. (C) Protein— protein interaction network of overlapping DEPs from (A),
constructed using the STRING database. Node color (red intensity) and size correspond to betweenness
centrality; hub proteins SDHA and H6PD are labeled. (D) Time-course Western blot analysis of SDHA
protein expression in SU-DHL-4 cells treated with BI-3802 (5 uM) for the indicated number of days. a-
Tubulin serves as the loading control.
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Figure 6. BCL6 transcriptionally represses the pro-ferroptotic gene ALOX5. (A) IGV snapshot of publicly
available ChIP-seq tracks from Cistrome DB showing binding of BCL6 and its corepressors SMRT
(NCOR2) and BCOR at the ALOX5 promoter region. (B) Western blot analysis of ALOXS protein in SU-
DHL-4 cells treated with BI-3802 (5 uM) for the indicated number of days. a-Tubulin serves as the loading
control. (C) RT-gPCR analysis of BCL6 and ALOX5 mRNA levels in HEK293T cells transfected with a



BCL6 overexpression plasmid or empty vector control; n = 3. Data are presented as mean * SD; ***P <
0.001, twotailed Student's t-test. (D) Western blot confirming BCL6 overexpression and its suppressive
effect on ALOXS5 protein in HEK293T cells transfected as in (C).
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Figure 7

Figure 7. Combined SLC7A11 and BCL6 inhibition suppresses DLBCL tumor growth in vivo. NOD/SCID
mice bearing subcutaneous OCI-Ly10 xenograft tumors were randomized into five treatment groups (n =
6 per group): vehicle, IKE (25 mg/kg, i.p., daily), FX-1 (10 mg/kg, i.p., daily), IKE + FX-1, or ibrutinib (20
mg/kg, p.o., daily). (A) Schematic illustration of OCI-Ly10 subcutaneous xenograft model establishment
and experimental design. (B) Body weight changes of OCI-Ly10 xenograft mice during treatment. (C)
Relative tumor volume changes of OCI-Ly10 xenograft mice during treatment. (D) Excised OCI-Ly10
xenograft tumor weights at endpoint. Statistical comparisons were performed between the IKE, FX-1,
IKE+FX-1, and ibrutinib groups versus the vehicle control group. *p < 0.05, **p < 0.01, ***p < 0.001 by one-
way ANOVA. (E) Representative images of excised OCI-Ly10 xenograft tumors at endpoint.
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Figure 8

Figure 8. Mechanism model of BCL6 inhibition synergistically enhancing IKE. (A) Western blot analysis of
BCL6, ALOX5, and SDHA protein levels in SU-DHL-4 cells treated with 20 uM IKE, 1 uM BI-3802, or their
combination for 72 hours. Quantification of band intensities using ImageJ. *p < 0.05, **p < 0.01, ***p <
0.001, ****p < 0.0001 by one-way ANOVA. (B) Schematic model illustrating the proposed mechanism.
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