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Abstract

Background Diffuse large B-cell lymphoma (DLBCL) is an aggressive hematopoietic malignancy, necessitating the
exploration of innovative therapeutic approaches. Targeting epigenetic mechanisms has emerged as a promising
avenue for cancer treatment. EP300 belongs to the KAT3 family of histone/non-histone lysine acetyltransferases,
regulating gene expression by acetylating H3K27. However, the role of EP300 and its potential as a targeted therapy in
DLBCL remains unknown.

Methods Public datasets were collected to evaluate the expression and clinical significance of epigenetic
modification-related genes in patients with DLBCL. Flow cytometry, colony formation, and western blotting were
conducted to investigate the function of EP300. CCK8, proliferation, cell cycle, and apoptosis assays, as well as
experiments in tumor-bearing mouse models were conducted to determine the therapeutic effect of the EP300
inhibitor A485 alone or in combination with the XPO1 inhibitor KPT8602. RNA-seq was used to investigate the
molecular mechanisms underlying the inhibition of DLBCL development by A485.

Results EP300 is frequently overexpressed in DLBCL and is associated with poor prognosis, highlighting its
potential role in lymphoma progression. In this study, we found that A485, a novel small-molecule inhibitor
targeting the conserved histone acetyltransferase (HAT) domain of EP300, significantly reduced H3K27Ac levels and
demonstrated potent antitumor effects in DLBCL cells, both in vitro and in vivo. Furthermore, we showed that A485
attenuated DLBCL progression by inhibiting the MYC and E2F1 pathways. Notably, the combination of A485 with
the XPO1 inhibitor KPT8602 produced synergistic anti-lymphoma in vitro and in vivo effects in DLBCL cell lines. This
combination therapy resulted in enhanced tumor suppression in a DLBCL xenograft model with minimal toxicity.
These findings suggested that targeting EP300, particularly in conjunction with XPO1 inhibition, could represent a
promising therapeutic strategy for DLBCL treatment.

Conclusions Our study elucidated that EP300 inhibition, especially in combination with XPO1 blockade, could serve
as a promising therapeutic strategy for the treatment of DLBCL.
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Background

Diffuse large B-cell lymphoma (DLBCL) is the most
prevalent subtype of aggressive lymphoma, account-
ing for approximately 30% of newly diagnosed cases
annually [1]. While most patients with DLBCL are suc-
cessfully treated with anthracycline-based combination
chemotherapy and the monoclonal antibody rituximab,
approximately 40% relapse following standard first-line
therapy [2]. Despite significant advancements in thera-
peutic approaches, including chemoimmunotherapy and
targeted agents, challenges remain in achieving durable
remission and improving the overall survival rates in
these patients [3-5].

Recent studies have highlighted the crucial role of epi-
genetic alterations, such as aberrant DNA methylation
and histone modifications, in the pathogenesis of DLBCL
[6, 7]. A deeper understanding of these epigenetic
changes and their underlying mechanisms may facilitate
the development of novel therapeutic strategies. His-
tone acetylation, the most prevalent epigenetic change, is
dynamically regulated by histone deacetylases (HDACs).
This modification governs access to chromatin, facilitat-
ing gene transcription, DNA replication, and repair [8].
Abnormal histone acetylation is a critical early event in
tumorigenesis. Previous studies have demonstrated that
H3K27ac is associated with the occurrence and progres-
sion of various human tumors, including breast cancer
and hepatocellular carcinoma (HCC) [9, 10]. Totani et
al. found that H3K27ac/BRD4 epigenetics regulate the
HGF/c-MET pathway in adult T-cell lymphoma/leuke-
mia [11]. Sungalee et al. confirmed that the dynamics of
H3K27ac enrichment mediate the interaction frequency
between regulatory regions, leading to allele-specific
chromatin configurations that promote oncogene expres-
sion in B-cell lymphomas [12]. Epigenetic agents leverage
the plasticity of the epigenome to reprogram cellular phe-
notypes, exhibiting significant anti-tumor activity. Grow-
ing evidence has shown that HDAC inhibitors (HDACis),
either alone or in combination, have emerged as prom-
ising therapeutic options for hematological malignancies
[13-16]. Recently, there has been an increasing focus on
understanding the role of histone acetylation modifica-
tions and their targeted therapies in cancer.

EP300 and its closely related homolog cAMP response
element-binding protein-binding protein (CREBBP)
belong to the KAT3 family of histone and non-histone
lysine acetyltransferases, regulating gene expression
through the acetylation of H3K27 and acting as tran-
scriptional coactivators by interacting with various
transcription factors (TFs) [17]. Numerous studies have
established that EP300 is closely associated with tumor

growth, proliferation, and survival. For instance, Cai et al.
found that p300/CBP-mediated acetylation of H3K18 and
H3K27 is increased in HCC and that targeting p300/CBP
attenuates HCC progression through the epigenetic reg-
ulation of metabolism [10]. Welti et al. reported that the
inhibition of EP300/CREBBP leads to reduced H3K27ac
levels, subsequently inhibiting growth and androgen
receptor (AR) activity in castration-resistant prostate
cancer [18]. Additionally, studies have shown that EP300
is essential for maintaining the oncogenic potential of
leukemia stem cells (LSCs), and the EP300 inhibitor A485
potently affects LSC growth by targeting enhancer activ-
ity through histone acetyltransferase (HAT) domain inhi-
bition [19]. However, the role of EP300 and its potential
therapeutic targets in DLBCL remains unexplored.

In this study, we investigated the therapeutic potential
of A485, a novel small-molecule inhibitor of the EP300
conserved HAT domain, either alone or in combination
with other small-molecule inhibitors. These findings may
provide insights for future drug development and treat-
ment strategies.

Methods

Cell lines

TMDS8, OCI-LY7, U2932, OCI-LY3, and Pfeiffer cells
were generously provided by the Basic Laboratory of
Tianjin Medical University. TMDS, Pleiffer, OCI-LY3,
and U2932were maintained in RPMI-1640 medium
(Gibco), OCI-LY7 was maintained in IMDM medium
(Gibco), supplemented with 10% fetal bovine serum
(NEWZERUM), and 1% pen/strep (Gibco) at 37°C and
5% CO2. The 293T cell was cultured in DMEM (Gibco)
supplemented with 10% fetal bovine serum and 1% pen/
strep at 37°C and 5% CO2. These cell lines were nega-
tive for mycoplasma through recently testing by the PCR
Mycoplasma Test Kit (HUABIO, K0103).

Data analysis

The gene-expression and clinical information of
GSE10846 cohort patients were download from https
://portal.gdc.cancer.gov. High-throughput sequencin
g data of 47 DLBCL tissues from the TCGA database
and 337 normal control tissues were analyzed by GEPIA
database (http://gepia.cancer-pku.cn/), which develop
ed by a team from Peking University, is an online plat-
form for rapid customized analysis of data from TCGA
and GTEx databases. DepMap (https://depmap.org/po
rtal/) is a database containing 796 CRISPR screens and
710 RNAI screens datasets. We queried the necessity of
genes in various cells using the DepMap database, spe-
cifically examining perturbation effects scores, namely
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copy number-adjusted dependency scores (CERES),
to pre-evaluate the impact of these genes on cellular
proliferation phenotypes. CERES score is a computa-
tional method to estimate gene dependency levels from
CRISPR-Cas9 essentiality screens while accounting for
the copy-number-specific effect. A more negative CERES
score indicates that the gene is essential for cell viabil-
ity in the certain cell line. A CERES score of -1 indicates
the median of all pan-essential genes. We calculated the
CETES score through 898 tumor cell lines including 30
lymphoma cell lines.

Western blotting

DLBCL cell lines were treated with DMSO (control), 250
nM A485, or 500 nM A485 for 72 h. After treatment, cells
were harvested, and protein was extracted using RIPA
buffer (Solarbio, R0010) supplemented with PMSF (Bey-
otime, ST506) and a protease inhibitor cocktail (Roche).
Protein concentrations were measured, and 20 pg of pro-
tein was separated by SDS-PAGE (6-12% gradient gels,
Shanghai Epizyme Biomedical Technology). The pro-
teins were then transferred onto Immobilon-P PVDF
membranes (Millipore, IPVH00010; 0.45 um pore size).
Membranes were blocked with 5% non-fat milk in TBS-T,
incubated with primary antibodies (listed in Supplemen-
tary Table S5), and detected using chemiluminescence on
the Chemidoc Touch imaging system (Bio-Rad).

Cell viability assay

DLBCL cells were cultured in 96-well plates and treated
with serial dilutions of inhibitors. Cell viability was evalu-
ated after 72 h using the CCK8 assay, and optical density
was measured according to standard protocols. Inhibi-
tors were sourced from MedChemExpress.Cell growth,

Cell proliferation, cell cycle, and apoptosis analysis

Cell proliferation was evaluated using the EdU assay.
Briefly, DLBCL cells were incubated with 10 pM EdU
(Beyotime, C0075S) for 2 h, followed by fixation and
staining according to the manufacturer’s instructions.
The proportion of proliferating cells was quantified by
flow cytometry (BD FACSCanto II). For cell cycle anal-
ysis, cells were fixed in 70% ethanol at 4 °C overnight,
treated with RNase A (Solarbio), and stained with prop-
idium iodide (PI) solution (Beyotime, C1052). DNA
content was analyzed by flow cytometry, and cell cycle
distribution was determined using Flow]Jo v10.Apoptosis
was assessed using the Annexin V-PE/7-AAD Apoptosis
Detection Kit (BD Biosciences, 559763) according to the
manufacturer’s protocol. After staining, apoptotic cells
(early and late) were quantified using flow cytometry.
Data were analyzed with FlowJo v10.
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In vivo treatment

The animal studies and experimental protocols were
approved by the Animal Ethical and Welfare Committee
of Tianjin Medical University Cancer Institute and Hos-
pital. Female athymic NSG (NOD-Prkdcscid-I12rgeml)
mice (6—8 weeks old) were obtained from SPF (Beijing
Biotechnology) and housed in a specific pathogen-free
(SPF) environment at the Tianjin Medical University
Cancer Institute and Hospital Animal Center, with 5 mice
per cage. For tumor xenograft establishment, 1.0 x 10"7
OCI-LY7 cells were subcutaneously injected into the
right flank of the mice. Tumor growth was monitored by
measuring the tumor size using Vernier calipers in two
dimensions, and tumor volume was calculated using
the formula: volume =length x (width)® x 11/6. Once the
tumors reached an average volume of approximately
60 mm® the mice were randomly assigned into two
groups (6 animals per group) and treated with DMSO,
A485, KPT8602, or a combination of A485 and KPT8602.
A485 was administered intraperitoneally at a daily dose
of 100 mg/kg, dissolved in a vehicle consisting of 5%
DMSO (Solarbio), 40% PEG300 (Sigma), 5% tween-80
(Solarbio), and 50% normal saline. For combination ther-
apy, both the A485 group and the A485+ KPT8602 group
received A485 at a reduced dose of 50 mg/kg, using the
same solvent mix. KPT8602 was administered orally at a
daily dose of 15 mg/kg, using the same solvent mix. After
two weeks of treatment, the mice were euthanized. Prior
to euthanasia, the mice were deeply anesthetized using
isoflurane inhalation to ensure complete unconscious-
ness and insensitivity to pain.After two weeks of treat-
ment, the mice were sacrificed. Prior to euthanasia, all
animals were deeply anesthetized using isoflurane inha-
lation to ensure they were unconscious and insensible to
pain. Euthanasia was performed by cervical dislocation
following anesthesia, in accordance with the guidelines
approved by the Animal Ethical and Welfare Committee.
The tumors were then excised and weighed.

Statistical analysis

Data analyses were performed with Prism 10 (GraphPad
software, La Jolla, CA). FDR was adjusted using the Ben-
jamini-Hochberg method for RNA-seq data. Unpaired
two-tailed Student’s T test was used to analyze the per-
centage of proliferation, apoptosis, colony number, and
expression of mRNA. All measurements are shown as the
mean = SD or mean + SEM where appropriate. The com-
parison of expression levels of epigenetic-related genes
between DLBCL and normal tissues was conducted using
the t-test. Kaplan-Meier method was utilized to plot sur-
vival curves, and Log-rank test was employed to analyze
the relationship between different factors and overall sur-
vival (OS). Statistical significance was set at * p<0.05, **
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p<0.01, and *** p<0.001. p<0.05 was considered statisti-
cally significant.

Results

EP300 correlates with an unfavorable prognosis in DLBCL
Recent studies have highlighted the role of abnormal
epigenetic regulation in hematological malignancies. To
identify potential epigenetic targets in DLBCL, we ana-
lyzed genes involved in epigenetic modifications that
were mutated or aberrantly expressed in patients with
DLBCL. From 155 frequently altered genes in DLBCL,
we identified 15 epigenetic regulator-modifying genes
(Fig. 1A; Table 1, Supplementary Table S1-2) [20, 21].
These included DNMT3A, KMT2D, EZH2, CREBBP, and
TET?2, which have been associated with prognostic value
in hematological malignancies [22, 23]. We subsequently
investigated the expression of these genes through the
analysis of the mRNA sequencing data from 47 primary
DLBCL samples and 337 normal B-cell samples. The
results showed that most genes were highly expressed
in patients with DLBCL, except CREBBP, KMT2D, and
TET?2, which were expressed at lower levels in patients
with DLBCL, compared to the normal tissues (Fig. 1B).
This finding led us to investigate whether there was any
correlation between the expression of these genes and
the outcomes of patients with DLBCL. By perform-
ing survival analysis in 412 well-characterized DLBCL
cohorts (GSE10846), we found that patients with higher
expression of EP300, DOT1L, DNMT3A, and HDAC3
exhibited significantly inferior overall survival (OS) com-
pared to those with lower expression (p <0.05), indicating
enhanced activity of these genes in patients with DLBCL
(Fig. 1C). To confirm these findings, we examined the
copy number-adjusted dependency scores (CERES) of
these 15 genes in lymphoma cell lines using the DepMap
exome-wide CRISPR-Cas9 deletion dataset. We observed
that the gene dependency scores of HDAC3 and EP300
were the lowest (much lower than 0, even lower than - 1),
indicating that HDAC3 and EP300 are essential for cell
viability in the DLBCL cell line (Fig. 1D). Interestingly,
EP300 functions as an “epigenetic writer’, while HDAC3
functions as an “epigenetic eraser’, dynamically control-
ling histone acetylation modifications and correlating
with gene regulation. Aberrant HDAC3 regulation has
been linked to lymphoma progression and inhibitors of
HDAC3 have been reported as attractive therapies for
DLBCL. Compared with the extensively studied HDACs,
very little is known about lysine acetyltransferases (KATs)
in DLBCL. These findings prompted us to speculate that
EP300 could be a therapeutic target.

To address whether the expression of EP300 is a
unique feature of DLBCL, we examined its role in dif-
ferent DLBCL subtypes and International Prognostic
Index (IPI) groups. EP300M¢" significantly shortened
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OS in the ABC-DLBCL, MYC"#", and IPI"&" groups
(p<0.05) (Supplementary Fig. S1A). Moreover, we found
that, compared to solid tumors, hematopoietic and lym-
phoid lineages appeared to be more dependent on EP300
(Supplementary Fig. S1B). The combined clinical data
suggested that EP300 may play a vital role in DLBCL
development. Overall, these observations revealed that
EP300 is preferentially overexpressed in patients with
DLBCL, and that high expression of EP300 is closely
associated with poor prognosis in these patients.

A485 induces pan-subtype growth arrest for DLBCL in vitro
and in vivo

The observation that high EP300 expression is closely
associated with poor prognosis in patients with DLBCL
prompted us to explore this dependency for therapeu-
tic purposes. Although no EP300-specific inhibitors
are available, A485 is a clinical candidate HAT domain
inhibitor selective for EP300 and CREBBP. We assessed
the ability of A485 to inhibit the proliferation of five lym-
phoma cell lines: OCI-LY7, OCI-LY3, Pfeiffer, U2932,
and TMD8. As shown in Fig. 2A, A485 exhibited potent
activity against these lymphoma cell lines. We performed
flow cytometric analysis to confirm the effect of A485
on lymphoma cells. A485 inhibited DLBCL cell prolif-
eration in a dose-dependent manner (Fig. 2B). The domi-
nant cellular phenotypes of DLBCL cells treated with
A485 included prominent GO/G1 cell cycle arrest and
the induction of apoptosis (Fig. 2C-D). EP300 inhibi-
tion efficiently reduced H3K27Ac deposition in a dose-
dependent manner (Fig. 2E). This suggested that the
anti-lymphoma activity of A485 may be linked to epigen-
etic changes involving tumor genes. These data suggested
that A485 markedly inhibited the malignant phenotype
of DLBCL cells in vitro. To ascertain the antilymphoma
activity of A485 in vivo, we developed a xenograft model
of a human DLBCL cell line. Tumor-bearing mice were
randomized to receive intraperitoneal injections of vehi-
cle or A485. As predicted, significant decreases in tumor
progression and weight were observed in the A485 group
(Fig. 2F-H). We found no significant alterations in the
body weight of the mice, indicating few adverse effects
of A485 (Fig. 2I). These data suggested that A485 exerts
a selective anti-lymphoma effect on human DLBCL cells
both in vitro and in vivo.

Targeting EP300 attenuates lymphoma cell proliferation
through Inhibition of C-MYC and E2F1 signaling pathways
To further elucidate the mechanism underlying the
function of A485, the DLBCL cell line OCI-LY7 was
selected to investigate the impact of A485 treatment on
its transcriptional networks through RNA sequencing
(at the derived IC50 of 500 nmol/L for 72 h). RNA seq
experiments were performed in duplicates. We chose
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Fig. 1 EP300, a critical epigenetic regulator, correlates with unfavorable prognosis in DLBCL. A Venn diagram illustrates epigenetic genes with mutations
or aberrant expression in patients with DLBCL. B Scatter plots displaying the relative expression levels of 15 epigenetic genes, including EP300, in DLBCL
and normal tissues. C The impact of epigenetic gene expression on patient survival, with OS curves for DOT1L, EP300, DNMT3A, and HDAC3. According
to the median value of gene expression, we divided the study population into high- and low-expression groups, which are represented by red and blue

curves, respectively. D Copy number-adjusted dependency scores (CERES) of
gene essentiality

this cell line because it presented a strong sensitivity to
A485, at the same time allowing us to collect sufficient
live cells for downstream studies. Significant transcrip-
tional alterations were identified following inhibition

EP300 and other lymphoma-related genes. CERES; a normalized metric of

of EP300 activity in these cells, with 1,101 transcripts
induced and 1,105 repressed (Fig. 3A, Supplementary
Table S3, fold change (FC)>1 and false discovery rate
(FDR) £0.05). Since EP300, as a histone acetyltransferase,
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Table 1 15 epigenetic regulated genes, which May play a role in

the prognosis of DLBCL
GENE NAME DESCRIPTION SUBTYPE
DNMT3A DNA Methyltransferase mutation
CREBBP Histone Lysine Acetyltransferase mutation
EP300 Histone Lysine Acetyltransferase mutation
TAF1 TATA-Box Binding Protein Associated mutation
Factor
HDACI Histone Deacetylase abnormal
expression
HDAC3 Histone Deacetylase abnormal
expression
HDACS8 Histone Deacetylase abnormal
expression
MLL2 Histone Methyltransferase mutation
MLL3 Histone Methyltransferase mutation
EZH2 Histone Methyltransferase mutation
PRDM1 Histone Methyltransferase mutation
SMARCA4 Bromodomain and Extra-Terminal mutation
motif proteins
TET2 TET Melthycytosine Dioxygenase mutation
JAK2 Tyrosine-Protein Kinase mutation
DOT1L Histone Methyltransferase abnormal
expression

is mostly involved in gene activation, we focused on
genes downregulated by A485. Gene Ontology (GO)
analysis revealed that the differentially downregulated
genes with p-value<0.05) were enriched in biological
processes, including cell division, DNA repair, and the
cell cycle (Fig. 3B). Kyoto Encyclopedia of Genes and
Genomes(KEGG)enrichment analyses performed using
the DAVID database also showed that the downregu-
lated genes were mainly enriched in DNA replication, cell
cycle, and base excision repair (Fig. 3B).

To investigate pathways associated with the gene
expression changes observed, gene set enrichment anal-
ysis (GSEA) was performed using the Hallmarks gene
set from the Molecular Signatures Database. Few path-
ways were enriched after A485 treatment. Critically,
genes with attenuated enrichment after A485 treatment
included the MYC target pathways, oxidative phosphory-
lation, and E2F target gene sets (Fig. 3C-D, Supplemen-
tary Table S4). Numerous studies have indicated that
MYC and E2F1 are critical for the survival of patients
with DLBCL, and some studies have shown that A485
potently inhibits MYC expression through decreasing
histone acetylation. The ability of A485 to inhibit MYC
protein expression in DLBCL cells was confirmed using
immunoblotting. We found that the protein expression
of MYC was decreased in DLBCL cells treated with A485
compared to that in the controls (Fig. 4A). Strikingly, we
found that the protein expression of E2F1 also decreased
(Fig. 4B). Increasing evidence suggests that E2F1 is
closely associated with tumorigenesis in various cancer
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types. Next, we investigated the expression profile of
E2F1 and the survival outcomes in patients with DLBCL.
Our analysis revealed significant over-expression of E2F1
in DLBCL tissues, and DLBCL patients overexpressing
E2F1 had a worse OS (HR=1.84,95%:1.34—2.52, P<0.001)
(Fig. 4C-D). These data indicated that MYC and E2F1 are
direct transcriptional targets of A485, which is required
for the proliferation and survival of DLBCL cells.

Notably, GO and KEGG analyses revealed that A485
inhibited metabolic pathways, including cholesterol
biosynthesis, steroid biosynthesis, carbon metabolism,
glycolysis, amino acid biosynthesis, and pyruvate metab-
olism. GSEA also showed that A485 regulated essential
enzyme gene expression in the metabolic processes of
DLBCL cells, including oxidative phosphorylation, adi-
pogenesis, and glycolysis. To determine the influence of
A485 on the metabolism of DLBCL cells, we conducted
GSEA on metabolic gene sets. Consistently, the analysis
showed that A485 regulated genes primarily involved in
the Tricarboxylic Acid Cycle (TCA), nucleotide metab-
olism, carbohydrate metabolism, and metabolism of
vitamins and cofactors (Supplementary Fig. S3A). We
speculated that A485 reduced the expression of meta-
bolic genes by inhibiting EP300/CREBBP-induced his-
tone acetylation. However, further studies are needed to
verify this hypothesis.

Simultaneous targeting of EP300 and XPO1 is an effective
treatment strategy for DLBCL

A485 inhibited the proliferation of DLBCL cells by tar-
geting EP300, with its effects partly attributed to the
suppression of MYC expression. Meanwhile, exportin-1
(XPO1) is a key mediator of nuclear export of various
proteins and RNA. It plays a critical role in maintaining
oncogenic signaling by facilitating the export of mRNAs
encoding key oncoproteins, such as MYC, BCL2, cyclin
D1, and PIM1. In DLBCL, selective inhibitors of nuclear
export (SINEs) have demonstrated potent preclinical
and clinical efficacy by inducing the nuclear retention of
tumor suppressor proteins, downregulating MYC expres-
sion, and triggering apoptotic pathways in malignant
cells. Despite their promising therapeutic potential, the
clinical application of XPO1 inhibitors has been limited
by their dose-dependent toxicity. Given these insights,
we aimed to explore the combination of A485 with XPO1
inhibitors to determine whether their complementary
mechanisms could enhance therapeutic efficacy while
mitigating toxicity in DLBCL treatment. To assess the
dual effects of A485 combined with the XPO1 inhibitor
KPT8602, the lymphoma cell line OCI-LY7 was simulta-
neously exposed to A485 and KPT8602 for 72 h at dif-
ferent concentrations. As shown in Fig. 5A, A485 at
concentration of 400nM combined with KPT8602 at
10nM significantly inhibited DLBCL cell proliferation.
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Fig. 2 EP300 Inhibitor A485 Induces Pan-Subtype Growth Arrest for DLBCL in vitro and in vivo. A Treatment with EP300 inhibitor A485 in human DLBCL
celllines leads to a significant reduction in cell viability. The viable cell numbers after A485 treatment are normalized as a percentage of the DMSO-treated
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Next, we investigated whether the synergistic effect of
the A485 and KPT8602 combination was due to the
induction of apoptosis. As shown in Fig. 5B, A485 at
concentration of 400nM combined with KPT8602 at
10nM, also significantly increased the rate of apoptosis in
DLBCL cells compared to that in control cells. Encour-
aged by these results, we initiated an in vivo study to test
the combination therapy. Lower doses of KPT8602 and
A485 were selected as part of the therapeutic regimen.
Tumor-bearing mice were randomized to receive vehi-
cle, A485, KPT8602, or their combination. As predicted,
significant decreases in tumor progression (Fig. 5C) and
tumor weight (Fig. 5D) were observed in the combina-
tion group, while treatment with a single agent showed
moderate effects. Combination treatment led to the
highest synergy (Fig. 5E). Neither group experienced
significant adverse effects, including treatment-related
mortality or weight loss, suggesting that A485 combined
with KPT8602 exerts a selective anti-lymphoma effect on
human DLBCL cells in vivo.

Discussion

As a chromatin remodeling-related gene, EP300 is fre-
quently overexpressed and is correlated with poor prog-
nosis in patients with DLBCL. Repression of EP300
exerted its anti-lymphoma effect by restricting cell pro-
liferation, facilitating cell cycle arrest, and inducing
apoptosis through suppression of MYC and E2F1 path-
way expression. Furthermore, treatment with EP300 and
XPOL1 inhibitors synergistically exhibited strong activity
against DLBCL in vitro and in xenograft mouse models.
These findings shed light on a novel epigenetic mecha-
nism that contributes to the understanding of DLBCL
progression and provide a theoretical basis for targeting
EP300 in DLBCL therapy.

EP300 and CREBBP encode ubiquitously expressed
mammalian enzymes that act as global transcriptional
co-activators by interacting with more than 400 TFs
and catalyzing the modification of lysine residues on
both histone and non-histone proteins in a cell-context-
dependent manner [24]. The HAT activity of EP300 is
often aberrantly controlled in cancers, including hema-
tological malignancies. Wei W et al. found that EP300,
but not CREBBDP, directly regulates oncogenic transcrip-
tional programs and the expression of immunoregulatory
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cytokines, immunosuppressive molecules, and surface
receptors that shape the tumor microenvironment in
anaplastic large cell lymphoma (ALCL) and classical
Hodgkin lymphoma (HL) [25]. Durbin AD et al. demon-
strated that EP300 controls oncogenic CRC-driven tran-
scription in high-risk pediatric neuroblastoma (NB) by
binding TFAP2B [26]. Genomic analyses of DLBCL have
revealed highly recurrent somatic mutations and dele-
tions in CREBBP (25%), with much lower frequencies of
EP300 [27]. Here, we found that EP300, but not CREBBP,

was overexpressed in patients with DLBCL, and that high
expression of EP300 correlated with poor outcomes. We
examined the relative dependency of EP300 and CREBBP
in tumor cell lines using the DepMap exome-wide
CRISPR-Cas9 deletion dataset. This demonstrated that
most lymphoma cell lines require EP300 for cell growth,
interestingly including DHL cell lines, whereas this phe-
nomenon was not observed for CREBBP. These data
provided a theoretical basis for the targeting of EP300 in
DLBCL treatment.
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A recent study reported that A485 [28], a selective
EP300 inhibitor, attenuates proliferation in lineage-spe-
cific tumor types [29-31]. However, the effect of EP300
inhibitors on DLBCL remains unclear. In this study, we
assessed the effect of A485, a potent inhibitor of DLBCL.
We found that A485 decreased the levels of H3K27Ac
and exhibited a therapeutic effect in DLBCL cells and
a mouse model, suggesting that targeting EP300 might
be a promising clinical strategy for DLBCL. Our gene
expression analyses, and functional studies revealed
that EP300 inhibition targeted the MYC and E2F1 path-
ways in DLBCL cells. MYC is a key oncogenic tran-
scription factor regulated by super-enhancer regions
containing EP300/CREBBP (identified by high densities
of H3K27Ac). MYC plays a crucial role in hematological
cancers, such as aggressive B-cell lymphoma [32], as well
as in several solid tumors [33, 34]. MYC overexpression
correlates with adverse outcomes in DLBCL [35]. Previ-
ous studies have shown that A485 robustly decreases
MYC expression in many cancers, such as myc-amplified
NB, prostate cancer, ALCL, and classical HL [18, 25, 26].
We speculated that A485 decreases MYC expression by
regulating its H3K27 acetylation level in super-enhancer
regions [36]. E2F1, a well-known transcription factor,
promotes cell proliferation, inhibits apoptosis and dif-
ferentiation, and facilitates DNA repair by upregulating
HR-associated genes [37-39]. GSEA showed that A485
influenced the E2F1 target gene set. Moreover, we found
that E2F1 was overexpressed in DLBCL tissues and that
patients with DLBCL overexpressing E2F1 had worse OS.
These data indicated that MYC and E2F1 are direct tran-
scriptional targets of A485, required for proliferation and
survival in DLBCL.

Interestingly, our study demonstrated that A485 modu-
lates the expression of a set of metabolism-related genes,
including those involved in cholesterol biosynthesis, ste-
roid biosynthesis, carbon metabolism, glycolysis, and
TCA. As previously shown, EP300/CREBBP promotes
the transcription of metabolic enzyme genes by regu-
lating H3K27Ac and H3K18Ac [10]. EP300 inhibitors
attenuate HCC progression by decreasing the expression
of genes involved in amino acid metabolism and nucleo-
tide synthesis through epigenetic regulation [10]. Ma et
al. have demonstrated that EP300 contributes to glucose
metabolic reprogramming and malignant progression in
lung cancer by catalyzing succinylation [40]. This find-
ing indicated crosstalk between metabolism and epigen-
etic modifications, leading to a new understanding of the
interrelationship between metabolism and epigenetics.
However, the functional cooperation between EP300 and
metabolism in DLBCL remains unknown. Further stud-
ies are required to verify the correlation between EP300
and metabolism in DLBCL.

Page 11 of 13

Our study demonstrated for the first time that the
combination of A485 and the XPO1 inhibitor KPT8602
exerted synergistic anti-lymphoma effects against
DLBCL cells both in vitro and in vivo. This synergy was
evident through enhanced inhibition of cell prolifera-
tion, increased apoptosis, and significant suppression of
tumor progression in a DLBCL mouse model. Although
we monitored body weight and general condition as indi-
cators of toxicity, we recognize that further assessments,
such as histopathological analyses would provide a more
complete safety profile. XPO1 plays a critical role in cel-
lular homeostasis and mediates the nuclear export of var-
ious cargoes, including proteins and RNAs [41]. Notably,
patients with DLBCL and high XPO1 expression have
significantly poorer OS and progression-free survival
than those with low or undetectable XPO1 expression,
highlighting the therapeutic potential of SINEs [42—43].
Despite these encouraging results, the precise molecular
mechanisms underlying the synergistic effects remain
unclear. One possible explanation for this is the comple-
mentary regulation of MYC, a key oncogene implicated
in DLBCL pathogenesis. A485 suppresses MYC expres-
sion by altering MYC-dependent transcriptional regula-
tion, leading to decreased MYC protein levels. XPO1
inhibitors have been shown to reduce MYC protein levels
in various cancers, including hematological malignancies
[44—48]. Notably, although the nuclear export of c-MYC
is not mediated by CRM1, a recent study suggested that
XPOL1 exports elF4E, a translation initiation factor that
enhances c-MYC translation. Inhibition of XPO1 pre-
vents elF4E from promoting c-MYC translation [47]. Liu
et al. also demonstrated that XPO1 inhibition signifi-
cantly downregulates MYC protein expression, despite
an increase in MYC mRNA levels. This suggests that
MYC downregulation is not due to changes in mRNA
levels or transport. And their further experiments ruled
out protein degradation as a contributing factor, because
a proteasome inhibitor did not prevent MYC downreg-
ulation [47]. Thus, XPO1 inhibition is likely to reduce
MYC protein levels by inhibiting its translation. Based on
the literature and our experiments, we propose that the
synergy between A485 and KPT8602 arises from their
complementary effects on MYC regulation—A485 affects
MYC transcription, while XPO1 inhibition interferes
with MYC translation, together leading to a synergistic
reduction in MYC expression.

In addition to MYC regulation, the combination of
A485 and KPT8602 may have a broader impact on criti-
cal signaling pathways in DLBCL. As an XPO1 inhibitor,
KPT8602 may also affect the nuclear export of other key
transcription factors, such as NF-kB, p53, and FOXO3,
which play critical roles in the pathogenesis of DLBCL
[41]. The combination of A485 and KPT8602 may exert
enhanced anti-tumor effects by simultaneously targeting
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multiple key signaling pathways, thereby inhibiting tumor
cell growth and reducing resistance. Given the promis-
ing therapeutic potential observed in our study, future
studies are necessary to delineate these mechanisms and
explore additional biomarkers predictive of response to
combination therapy.

Conclusions

The current study demonstrated that EP300 contributed
to DLBCL progression and poor prognosis. We found
that EP300 inhibitors attenuated DLBCL progression,
probably by inhibiting the MYC and E2F1 pathways. We
further demonstrated that an EP300 inhibitor, alone or in
combination with an XPO1 inhibitor, potently inhibited
DLBCL cells in vitro and in vivo. These findings revealed
a novel mechanism of epigenetic regulation by EP300
in DLBCL progression and highlighted the potential of
EP300 as a therapeutic target and predictor of DLBCL.
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