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Abstract

Breast cancer is a highly heterogeneous malignancy with multiple molecular subtypes and
variable treatment responses. Despite advances in endocrine therapy, HER2-targeted
therapy, chemotherapy, and immunotherapy, treatment resistance and disease recurrence
remain major clinical challenges. There is growing evidence that transcriptional plasticity
and enhancer relinking contribute to tumor progression and treatment adaptation, high-
lighting the powerful role of epigenetic regulators. CREB-binding protein (CBP) and E1A-
associated protein p300 (EP300) are transcriptional coactivators that regulate breast cancer
enhancer activity and lineage-specific gene expression. Emerging research suggests that
CBP/p300 is more of a context-dependent vulnerability point than a universal carcino-
genic driver. ER-positive tumors exhibit a strong dependence on CBP/p300-mediated
transcriptional programs, while the triple-negative breast cancer subgroup, including an-
drogen receptor-positive and immunosuppressive tumors, may rely on CBP/p300-de-
pendent signaling to maintain survival and treatment resistance. This is in contrast to their
role in HER2-positive breast cancer. This review summarizes the biological functions of
CBP/p300 in breast cancer and discusses subtype-specific vulnerability, biomarker-di-
rected patient stratification, drug resistance mechanisms, rational combination strategies,
and current translational challenges, emphasizing the need for precise treatment of breast
cancer.

Keywords: breast cancer; CBP/p300; EP300; epigenetic therapy; biomarker-guided
therapy; precision oncology

1. Introduction

Breast cancer (BC) remains the most commonly diagnosed malignancy among
women worldwide and a leading cause of cancer-related mortality [1]. According to
global cancer statistics, approximately 2.31 million new BC cases and more than 660,000
related deaths were reported in 2022, accounting for nearly one in eight newly diagnosed
cancers globally. Despite major advances in early detection, systemic therapy, and preci-
sion medicine, metastatic breast cancer (MBC) remains largely incurable, with a 5-year
survival rate below 30% [2]. Moreover, nearly 20-30% of patients with early-stage disease

Molecules 2026, 31, 2426

https://doi.org/10.3390/molecules31142426


https://doi.org/10.3390/molecules31142426
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Molecules 2026, 31, 2426

2 of 24

eventually develop recurrence or distant metastasis, highlighting the persistent need for
more effective therapeutic strategies [3].

BC is not a single disease, but a highly heterogeneous malignancy characterized by
profound interpatient and intratumoral variability. Molecular classification has stratified
BC into several clinically relevant subtypes, including luminal A, luminal B, human epi-
dermal growth factor receptor 2 (HER2)-enriched, and triple-negative breast cancer
(TNBC), each exhibiting distinct biological behaviors, therapeutic vulnerabilities, and
clinical outcomes [4]. Hormone receptor-positive tumors rely predominantly on estrogen
receptor (ER)-driven transcriptional programs, while HER2-positive disease is fueled by
oncogenic receptor tyrosine kinase signaling; in contrast, TNBC frequently displays ag-
gressive phenotypes and limited therapeutic options due to the absence of actionable re-
ceptors [5]. Although subtype-directed therapies—including endocrine therapy, anti-
HER?2 agents, cyclin-dependent kinase 4/6 (CDK4/6) inhibitors, poly (ADP-ribose) poly-
merase (PARP) inhibitors, and immune checkpoint blockade —have improved outcomes
for selected patients, therapeutic resistance remains nearly universal in advanced disease
[6].

Increasing evidence suggests that treatment failure in breast cancer cannot be fully
explained by genomic alterations alone [7]. Instead, tumor evolution and drug resistance
are increasingly recognized as consequences of transcriptional plasticity, whereby cancer
cells dynamically rewire lineage programs, enhancer landscapes, and adaptive signaling
networks in response to therapeutic pressure [8,9]. For example, endocrine-resistant ER-
positive tumors frequently maintain dependence on estrogen signaling through estrogen
receptor alpha gene (ESR1) mutations, enhancer reprogramming, or redistribution of tran-
scriptional coactivators [10,11], while TNBC commonly acquires drug tolerance through
epigenetic state transitions and microenvironmental adaptation [12,13]. These observa-
tions suggest that the maintenance of oncogenic transcriptional identity may represent a
fundamental vulnerability across multiple breast cancer subtypes [14].

At the center of this transcriptional machinery are the paralogous transcriptional co-
activators CREB-binding protein (CBP) and E1A-binding protein p300 (EP300), two mul-
tifunctional histone acetyltransferases (HATSs) that serve as master regulators of enhancer
activity and chromatin accessibility [15]. CBP/p300 integrate extracellular signaling with
lineage-specific transcriptional programs through dual functions: acting as scaffolding co-
activators for transcription factor complexes and catalyzing lysine acetylation on histone
and non-histone proteins, particularly H3K27 acetylation (H3K27ac), a hallmark of active
enhancers and super-enhancers [16,17]. Through these functions, CBP/p300 orchestrate
oncogenic transcriptional networks involving ER, androgen receptor (AR), Wnt/[3-catenin,
myelocytomatosis oncogene (MYC), and inflammatory signaling pathways, thereby influ-
encing tumor proliferation, metastasis, immune evasion, and therapeutic response [18,19].

Importantly, emerging evidence indicates that CBP/p300 dependency is highly con-
text-dependent rather than universal [20]. ER-positive breast cancer exhibits pronounced
reliance on CBP/p300-mediated enhancer maintenance, especially under endocrine-re-
sistant conditions [21]. In subsets of TNBC, CBP/p300 participates in AR-driven transcrip-
tion, immune suppression mediated by tumor-associated neutrophils, and transcriptional
plasticity associated with chemotherapy resistance [22,23]. Furthermore, the development
of multiple pharmacological modalities —including bromodomain inhibitors, catalytic
HAT inhibitors, degraders, and dual epigenetic inhibitors —has transformed CBP/p300
from a mechanistic concept into a clinically actionable therapeutic target [24].

In this review, we comprehensively summarize the biological functions of CBP/p300
in breast cancer, focusing on enhancer regulation, subtype-specific vulnerabilities, phar-
macologic targeting strategies, biomarkers of dependency, resistance mechanisms, and
rational therapeutic combinations. We further discuss current translational bottlenecks
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and propose a biomarker-driven framework for the precision deployment of CBP/p300-
targeted therapies in breast cancer.

2. CBP/p300 in Breast Cancer Biology: Enhancer Regulation and
Signaling Integration

CBP and p300 function as central transcriptional coactivators that integrate enhancer
activity with lineage-specific signaling pathways in breast cancer [15,24]. Mechanistically,
CBP/p300 are recruited to chromatin through interactions with diverse DNA-binding
transcription factors [25], where they act not only as molecular scaffolds linking enhancers
to the basal transcriptional machinery but also as lysine acetyltransferases that deposit
histone acetylation marks such as H3K27ac [26,27], a hallmark of active enhancers and
super-enhancers [20]. Through this dual functionality, CBP/p300 critically regulate chro-
matin accessibility and enhancer-driven transcriptional output, thereby sustaining onco-
genic transcriptional programs and transcriptional addiction in cancer cells [28].

In hormone receptor-positive breast cancer, CBP/p300 serve as indispensable coacti-
vators of nuclear receptor signaling, particularly ER and AR pathways [29]. Upon ligand
stimulation, ER and AR are recruited to enhancer regions and form transcriptional com-
plexes with CBP/p300 and steroid receptor coactivator (SRC) family proteins, leading to
increased histone acetylation, chromatin remodeling, and activation of genes involved in
proliferation and survival [30,31]. Importantly, CBP/p300-mediated acetylation extends
beyond histones to non-histone substrates, including ER itself, thereby enhancing its
DNA-binding affinity and transcriptional activity [32]. This establishes CBP/p300 as key
amplifiers of hormone-driven enhancer programs, particularly in ER-positive and AR-
driven breast cancer contexts, where tumor cells exhibit a strong dependency on lineage-
specific transcriptional circuitry [33].

Beyond tumor-intrinsic transcriptional regulation, emerging evidence indicates that
CBP/p300 also play a critical role in shaping the tumor immune microenvironment. By
regulating the transcription of immune-related genes—including cytokines, antigen
presentation machinery, and immune checkpoint molecules —CBP/p300 contribute to the
dynamic balance between immune activation and immune evasion [22]. Their acetyltrans-
ferase activity modulates key inflammatory signaling pathways such as NF-kB, thereby
influencing the recruitment and functional polarization of immune cells within the tumor
microenvironment [34]. In particular, CBP/p300-dependent transcriptional programs in
myeloid cells and tumor-associated neutrophils may further reinforce immunosuppres-
sive states in certain breast cancer contexts [22].

Collectively, CBP/p300 act as central hubs that couple enhancer activity with hor-
mone receptor signaling and immune regulation. Importantly, this integration is highly
context-dependent, providing a mechanistic basis for the differential transcriptional de-
pendencies observed across breast cancer subtypes and, consequently, their distinct vul-
nerabilities to CBP/p300-targeted therapies (Figure 1).

CHA1
H CH2 CH3
NRID LINK - NCBD
N TAZA KIX BRD PHD HAT zZZ TAZ2 wmm  C
Ja1 Lys-CoA

I-CBP112 A-485
SGC-CBP30 C646
GNE-049

Figure 1. The structure of CBP/P300. CBP/p300 protein domains (from N-terminus to C-terminus):

nuclear receptor interaction domain (NRID): mediates binding to nuclear receptors; transcriptional
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adapter zinc finger domain 1 (TAZ1): binds to transcription factors; CREB interaction domain (KIX):
inducible by kinases, involved in signal transduction; bromodomain (BRD): recognizes acetylated
lysine, participates in chromatin remodeling; plant homeodomain (PHD): recognizes methylated or
acetylated histones; histone acetyltransferase catalytic core domain (HAT); ZZ-type zinc finger do-
main (ZZ): potentially involved in protein—protein interactions; transcriptional adapter zinc finger
domain 2 (TAZ2); nuclear receptor coactivator binding domain (NCBD). Inhibitors of the CBP/P300
BRD include JQ1, ICBP112, SCG-CBP30, and GNE-049. Inhibitors of the CBP/P300 HAT domain
include Lys-CoA, A-485, and C646.

3. Pharmacological Strategies Targeting CBP/p300: Modality-Specific
Transcriptional Control

CBP/p300 targeting has evolved from early non-selective HAT inhibitors to a diverse
set of mechanistically distinct pharmacological strategies, including bromodomain (BRD)
inhibitors, catalytic HAT inhibitors, proteolysis-targeting chimeras (PROTACs), and dual-
target inhibitors. Rather than representing merely different classes of compounds, these
modalities impose distinct modes of transcriptional regulation that vary in their selectiv-
ity, magnitude, and durability of effect. As such, they should be understood as function-
ally non-equivalent tools that differentially perturb enhancer-driven transcriptional pro-
grams across breast cancer contexts.

3.1. BRD Inhibitors: Selective Interference with Enhancers

The BRD of CBP/p300 acts as a reader module that recognizes acetylated lysine resi-
dues on histone and non-histone proteins, thereby facilitating chromatin recruitment and
stabilizing transcriptional complexes [35,36]. Pharmacological inhibition of this domain,
exemplified by compounds such as SGC-CBP30 [37], GNE-049 [38], and I-CBP112 [39],
disrupts the interaction between CBP/p300 and acetylated substrates, leading to impaired
localization in active chromatin regions. Notably, BRD inhibition preferentially affects en-
hancer-associated H3K27ac rather than promoter regions, reflecting the greater depend-
ence of enhancers—particularly super-enhancers—on sustained CBP/p300 engagement
[17,28]. This “enhancer bias” results in selective attenuation of enhancer-driven transcrip-
tional outputs without inducing a global shutdown of gene expression. Such a property
is particularly relevant in breast cancer subtypes characterized by enhancer addiction [40],
including ER-positive tumors in which forkhead box protein A1/GATA binding protein 3
(FOXA1/GATAS3) dependent enhancer networks sustain lineage-specific transcriptional
programs [41]. In addition, BRD inhibition has been reported to interfere with CBP/p300
recruitment to DNA damage sites, thereby impacting DNA repair processes [42].

3.2. HAT Inhibitors: Global Catalytic Inhibition and Transcriptional Repression

In contrast to BRD inhibitors, HAT inhibitors directly target the catalytic activity of
CBP/p300 by competing with acetyl-CoA binding, resulting in a global reduction in lysine
acetylation across both histone and non-histone substrates [43]. This includes key regula-
tory marks such as H3K27ac and histone H3 lysine 18 acetylation (H3K18ac), as well as
transcription factors including tumor protein p53 (p53) and ERa [44]. Reduced acetylation
of p53 may impair its transcriptional activity and consequently attenuate p53-mediated
cell-cycle arrest and apoptosis in tumors retaining wild-type gene encoding p53 (TP53)
[45]. However, because TP53 is frequently mutated in breast cancer, especially in triple-
negative breast cancer, the therapeutic effects of CBP/p300 inhibitors are considered to
primarily result from suppression of enhancer-dependent oncogenic transcription rather
than modulation of p53 signaling [17,21]. Consequently, HAT inhibition leads to a more
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profound suppression of transcriptional activity compared with BRD inhibition, effec-
tively collapsing acetylation-dependent oncogenic transcriptional programs [46]. How-
ever, this broader mode of action is accompanied by reduced selectivity and a higher like-
lihood of affecting normal cellular processes [20]. The highly selective HAT inhibitor A-
485 has demonstrated potent suppression of ER target gene expression and induction of
cellular senescence in ER-positive breast cancer models [33], while other inhibitors such
as L002 have shown antitumor activity in triple-negative breast cancer models [47]. These
observations suggest that HAT inhibition may be particularly suited for tumor contexts
that require deep transcriptional repression, such as endocrine-resistant disease or highly
transcriptionally active malignancies.

3.3. PROTAC Degradation Agents: Complete Elimination vs. Functional Inhibition

More recently, PROTAC-based strategies have introduced the possibility of directly
eliminating CBP/p300 proteins rather than merely inhibiting their activity [48,49]. By re-
cruiting E3 ubiquitin ligases such as cereblon (CRBN) or RNF126, CBP/p300 degraders
induce ubiquitination and subsequent proteasomal degradation of the target proteins
[50,51]. This approach offers the conceptual advantage of removing both the catalytic and
non-catalytic functions of CBP/p300, thereby overcoming potential limitations associated
with partial inhibition [49]. In addition, protein degradation may mitigate resistance
mechanisms arising from mutations that impair inhibitor binding while preserving pro-
tein function [52]. Preclinical studies have demonstrated that degraders such as dCBP-1
can suppress MYC-driven enhancer activity, and emerging molecules such as A8 have
shown antiproliferative effects in breast cancer cell lines. Nevertheless, challenges related
to molecular size, pharmacokinetic properties, and potential toxicity due to the depletion
of CBP/p300 in normal tissues remain significant barriers to clinical translation [50,51].

3.4. Dual-Target Inhibitors: BET/CBP-p300 Synergistic Strategy

In parallel, dual-target inhibitors have been developed to simultaneously disrupt
CBP/p300 and bromodomain and extra-terminal domain family (BET) proteins, particu-
larly bromodomain-containing protein 4 (BRD4), which cooperatively regulate super-en-
hancer-driven transcription [53]. Compounds such as NEO2734 and NEO1132 are de-
signed to block both the “writing” of acetylation marks by CBP/p300 and the “reading” of
these marks by BET proteins, thereby exerting more comprehensive suppression of tran-
scriptional circuitry [54,55]. Preclinical evidence from hematologic malignancies and pros-
tate cancer models suggests enhanced efficacy compared with single-agent approaches,
although their application in breast cancer remains relatively underexplored [56]. Im-
portantly, the simultaneous targeting of multiple epigenetic nodes may also increase the
risk of toxicity, highlighting the need for careful therapeutic optimization [57].

Taken together, these pharmacological strategies can be conceptualized along a con-
tinuum of transcriptional perturbation, ranging from selective modulation of enhancer
activity to global suppression or complete elimination of CBP/p300 function [23,53]. Im-
portantly, this spectrum underscores that no single modality is universally optimal; rather,
the therapeutic effectiveness of CBP/p300 targeting is likely to depend on the specific tran-
scriptional dependencies of each tumor context [29]. Breast cancers driven by enhancer-
centric programs may preferentially respond to BRD inhibition, whereas tumors with
more aggressive or resistant phenotypes may require deeper transcriptional disruption
through catalytic inhibition or targeted degradation. This perspective highlights the im-
portance of aligning the pharmacological strategy with the tumor biology and supports
the development of biomarker-guided approaches for the clinical deployment of
CBP/p300-targeted therapies.
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3.5. Advantages and Disadvantages of Different Modalities and Their Applicable Scenarios

To provide clearer guidance for selecting CBP/p300 targeting strategies across differ-
ent breast cancer subtypes, we summarize the core characteristics, advantages, limitations,
and potential application scenarios of various pharmacological approaches in Table 1.

Table 1. Comparative characteristics of different CBP/p300 targeting modes.
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BET BRD simul-, . .
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3.6. Safety Profile and Adverse Effects of CBP/p300 Inhibitors

Although CBP/p300 inhibitors have demonstrated encouraging antitumor activity in
preclinical models, their safety profile remains an important concern for clinical transla-
tion. Because CBP and p300 are ubiquitously expressed transcriptional coactivators in-
volved in normal tissue homeostasis, their systemic inhibition may affect multiple physi-
ological processes beyond tumor cells.

The toxicity profiles vary substantially among different classes of CBP/p300 inhibi-
tors [23]. BRD inhibitors generally exhibit relatively favorable tolerability because they
selectively interfere with acetyl-lysine recognition while largely preserving the catalytic
acetyltransferase activity of CBP/p300 [25,58]. Consequently, these compounds primarily
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affect enhancer-dependent transcription and are expected to induce fewer systemic ad-
verse effects than catalytic inhibitors.

In contrast, HAT inhibitors suppress the acetyltransferase activity of CBP/p300 glob-
ally, resulting in widespread reductions in histone and non-histone protein acetylation
[23,59]. Such broad inhibition may impair normal cellular transcription, leading to dose-
limiting toxicities, including hematopoietic suppression, gastrointestinal toxicity, and he-
patic dysfunction [60]. In addition, inhibition of p53 acetylation may potentially compro-
mise normal stress responses and tissue repair [45].

PROTAC degraders may further increase toxicity by completely eliminating
CBP/p300 proteins, thereby abolishing both catalytic and scaffolding functions [61]. While
this strategy may overcome resistance associated with incomplete target inhibition, pro-
longed depletion of CBP/p300 in normal tissues raises concerns regarding developmental,
immune, and metabolic toxicity [62-64].

Clinical experience with currently available CBP/p300 inhibitors remains limited but
encouraging [20]. Early-phase studies of CC51477, FT-7051, and TT125-802 have generally
demonstrated manageable safety profiles, with fatigue, nausea, decreased appetite, ane-
mia, and thrombocytopenia being among the most frequently reported treatment-related
adverse events [19]. Notably, TT125-802 showed preliminary antitumor activity without
inducing significant thrombocytopenia, suggesting that improvements in compound se-
lectivity may widen the therapeutic window [65]. Nevertheless, long-term toxicity data
and breast cancer-specific safety evidence remain scarce, emphasizing the need for further
clinical evaluation.

4. Subtype-Specific Vulnerabilities and Therapeutic Rationales
4.1. ER-Positive Breast Cancer: Enhancer-Driven Lineage Dependency

ER-positive breast cancer represents the most well-defined context of CBP/p300 de-
pendency, which is fundamentally rooted in enhancer-driven lineage-specific transcrip-
tional programs [21,66]. The growth and survival of these tumors rely on ERa-mediated
transcription, which is orchestrated through a highly organized enhancer landscape
[33,67]. Within this framework, CBP/p300 are recruited to ER-bound regulatory regions,
where they deposit H3K27ac to maintain chromatin accessibility and sustain transcrip-
tional output. Genome-wide studies have demonstrated extensive co-occupancy of ERa
and CBP/p300, highlighting their integral role in enhancer function [31]. This process is
further facilitated by pioneer factors such as FOXA1 and GATAS3, which establish acces-
sible chromatin regions and enable ER binding to noncanonical sites [68]. CBP/p300 then
reinforce these regions through acetylation, forming a hierarchical cascade of enhancer
activation that ultimately drives oncogenic transcriptional programs [38,69]. Conse-
quently, ER* breast cancer exhibits a form of enhancer dependency that renders it partic-
ularly sensitive to perturbations in CBP/p300 activity.

Importantly, this dependency is largely preserved in the context of endocrine re-
sistance [70,71]. Although resistance to therapies such as tamoxifen or aromatase inhibi-
tors frequently arises, many resistant tumors remain reliant on ER signaling through
mechanisms including ESR1-activating mutations, enhancer reprogramming, and in-
creased coactivator activity. Functional studies have demonstrated that CBP/p300 remain
essential for the proliferation of ER-mutant cancer cells, indicating that these coactivators
operate downstream of ligand binding and are not bypassed by classical resistance path-
ways [72]. Pharmacological inhibition of CBP/p300 disrupts enhancer-associated acetyla-
tion and suppresses ER target gene expression even in resistant settings, thereby provid-
ing an orthogonal therapeutic strategy that targets the transcriptional machinery rather
than receptor activation itself [73]. In this context, different pharmacological modalities
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may offer distinct advantages: catalytic inhibition can induce deep suppression of tran-
scriptional output, whereas BRD inhibition preferentially attenuates enhancer activity
with potentially improved selectivity and tolerability. Together, these features position
ER-positive breast cancer as a prototypical model of lineage-driven CBP/p300 dependency
and a primary candidate for therapeutic intervention.

4.2. TNBC: Heterogeneous and Multi-Axis CBP/p300 Dependency

TNBC is a highly heterogeneous disease in which CBP/p300 dependency does not
arise from a single dominant pathway but instead reflects multiple context-specific tran-
scriptional programs [74]. These dependencies can be broadly categorized into nuclear
receptor coactivation, immune microenvironment regulation, and resistance-associated
transcriptional plasticity, each defining a distinct therapeutic entry point for CBP/p300-
targeted strategies.

4.2.1. AR-Positive/LAR-TNBC: Nuclear Receptor Coactivation Dependency

A subset of TNBC, commonly referred to as the luminal androgen receptor (LAR)
subtype, is characterized by AR expression and reliance on AR-driven transcriptional pro-
grams [75]. In this context, CBP/p300 function as critical coactivators of AR, analogously
to their role in ER-positive breast cancer. Upon ligand activation, AR is recruited to en-
hancer regions where it forms transcriptional complexes with CBP/p300, leading to his-
tone acetylation, chromatin remodeling, and activation of genes involved in proliferation
and survival. This establishes a form of nuclear receptor coactivation dependency in
which tumor growth is sustained by CBP/p300-mediated amplification of AR signaling.
Pharmacological inhibition of CBP/p300, particularly through bromodomain-targeting
compounds, disrupts AR-dependent transcription and selectively suppresses prolifera-
tion in AR-positive TNBC models while sparing AR-negative cells [21,29]. These findings
suggest that CBP/p300 inhibition may serve as an alternative or complementary strategy
to anti-androgen therapies, particularly in tumors that exhibit incomplete or adaptive re-
sistance to direct AR blockade.

4.2.2. Neutrophil-Enriched/Immune-Suppressive TNBC: Microenvironmental
Dependency and Immunomodulation

In another subset of TNBC, tumor progression is strongly influenced by the immune
microenvironment, particularly in tumors characterized by high infiltration of tumor-as-
sociated neutrophils (TANs) and other myeloid-derived suppressor populations [76-78].
In these settings, CBP/p300 regulate transcriptional programs that sustain immunosup-
pressive phenotypes, including the expression of cytokines, chemokines, and immune
checkpoint-related molecules. By maintaining these gene expression programs [79,80],
CBP/p300 contribute to the exclusion or dysfunction of cytotoxic T-cells and the establish-
ment of an immune “cold” tumor state [17]. Pharmacological inhibition of CBP/p300 has
been shown to disrupt these transcriptional networks, leading to reduced recruitment and
suppressive activity of TANs, enhanced CD8* T-cell infiltration, and increased interferon
signaling within the tumor microenvironment [22]. This reprogramming effect suggests
that CBP/p300 inhibitors may function as epigenetic immune modulators capable of con-
verting immunologically inert tumors into responsive ones [81]. Consequently, combining
CBP/p300 inhibition with immune checkpoint blockade, such as anti-programmed death-
1 (anti-PD-1) or anti-PD-L1 therapy, represents a rational strategy to enhance therapeutic
efficacy in this subset of TNBC.
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4.2.3. Therapy-Resistant TNBC: Transcriptional Plasticity and Drug Resistance
Dependency

Therapy resistance represents a major clinical challenge in TNBC and is frequently
associated with transcriptional plasticity that enables tumor cells to adapt to therapeutic
pressure [82,83]. CBP/p300 play a central role in this process by maintaining enhancer
activity for genes involved in drug efflux, stress response, and survival pathways. In par-
ticular, ATP-binding cassette (ABC) transporters such as ATP-binding cassette subfamily
B member 1 (ABCB1) and ATP-binding cassette subfamily G member 2 (ABCG2) are tran-
scriptionally regulated in a CBP/p300-dependent manner, contributing to multidrug re-
sistance by reducing intracellular drug accumulation. Inhibition of CBP/p300 disrupts en-
hancer-associated acetylation at these loci, leading to decreased expression of drug efflux
transporters and restoration of chemotherapy sensitivity [84-86]. Beyond specific re-
sistance genes, CBP/p300 also support broader transcriptional reprogramming that allows
tumor cells to transition between cellular states, thereby facilitating escape from targeted
therapies [87]. By constraining this adaptive transcriptional flexibility, CBP/p300 inhibi-
tion may limit the emergence of resistant clones and prolong therapeutic response. These
findings highlight CBP/p300 as key regulators of resistance-associated transcriptional
plasticity and support their use in combination with conventional chemotherapy or tar-
geted agents to overcome or delay resistance in TNBC [88].

4.3. HER2-Positive Breast Cancer: Limited Evidence and Context-Dependent Potential

Compared with that in the ER-positive and TNBC subtypes, the role of CBP/p300 in
HER?2-positive breast cancer remains less clearly defined, and the relative paucity of evi-
dence highlights an important gap in current understanding [89]. Available data do not
support a universal dependency of HER2-driven tumors on CBP/p300-mediated tran-
scription and, in some experimental systems, sensitivity to CBP/p300 inhibition appears
to be driven by coexisting androgen receptor activity rather than HER?2 signaling itself.
Nevertheless, several lines of indirect evidence suggest that CBP/p300 may still contribute
to tumor progression and therapeutic resistance in specific contexts. HER2 signaling acti-
vates downstream pathways such as MAPK and PI3K/AKT, which can influence chroma-
tin dynamics and enhancer activity, potentially modulating CBP/p300 function [90-92].
Furthermore, resistance to anti-HER2 therapies is frequently associated with transcrip-
tional reprogramming and phenotypic plasticity, processes that are likely to involve en-
hancer remodeling and may therefore engage CBP/p300-dependent mechanisms. The in-
volvement of CBP-associated {-catenin signaling in HER2-driven tumorigenesis further
supports a possible role for CBP/p300 in this setting, albeit indirectly [93-95].

Taken together, these findings suggest that CBP/p300 targeting in HER2-positive
breast cancer is unlikely to represent a broadly applicable monotherapy strategy but may
instead hold value in specific biological contexts, such as therapy resistance, pathway
crosstalk, or particular molecular subgroups. This context-dependent perspective under-
scores the need for more systematic investigation into the role of CBP/p300 in HER2-
driven disease and highlights the importance of biomarker-guided approaches in future
translational studies.

5. Biomarkers, Resistance, and Rational Combinations
5.1. Biomarker Framework for Predicting CBP/p300 Dependency

Precise targeting of CBP/p300 requires not only an understanding of subtype-specific
dependencies but also the establishment of a multi-layered biomarker framework that
captures tumor-intrinsic features, enhancer landscape activity, and microenvironmental
context [96-98]. Rather than relying on single markers, effective patient stratification will
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likely depend on integrating these dimensions to define CBP/p300-dependent transcrip-
tional states [99,100].

5.1.1. Tumor-Intrinsic Biomarkers

Tumor-intrinsic features represent the most accessible layer for initial patient strati-
fication [101]. Expression of nuclear receptors such as ER and AR serves as a primary in-
dicator of CBP/p300 dependency, reflecting reliance on lineage-specific transcriptional
programs [102]. Waddell et al. reported that pharmacologic inhibition of CBP/p300 with
A-485 or GNE-049 markedly reduced H3K27ac deposition at ER-associated enhancers and
suppressed canonical ER target genes, including MYC and Cyclin D1, even in endocrine-
resistant settings [33]. Preclinical studies demonstrated that the bromodomain inhibitor
FT-6876 preferentially inhibited proliferation in MDA-MB-453 cells, a canonical AR-posi-
tive TNBC model, while exerting substantially weaker effects in AR-negative TNBC lines
[103]. Beyond receptor expression, co-expression of pioneer factors such as FOXA1 and
GATAS3 further amplifies enhancer-driven transcriptional programs and may indicate
heightened CBP/p300 dependency [67]. In clinical practice, these features can be assessed
using immunohistochemistry or transcriptomic profiling and serve as a practical first-tier
screening strategy [104].

5.1.2. Enhancer-State Biomarkers

At a mechanistic level, CBP/p300 dependency is closely linked to enhancer activity,
making epigenomic features a critical second layer of biomarkers [96]. H3K27ac, a direct
product of CBP/p300 catalytic activity, serves as a surrogate marker of active enhancers
and super-enhancers [105]. Tumors with elevated global H3K27ac levels or expanded su-
per-enhancer landscapes are more likely to exhibit transcriptional addiction to CBP/p300
[106,107]. Tumors dominated by FOXA1/ER super-enhancer circuitry may preferentially
respond to bromodomain inhibitors such as GNE-049 [33], which selectively disrupt en-
hancer occupancy without globally abolishing acetylation. In contrast, tumors exhibiting
widespread chromatin rewiring and diffuse H3K27ac activation may require catalytic
HAT inhibition using agents such as A-485 [108]. Technologies such as ChIP-seq or
CUT&Tag enable detailed mapping of enhancer landscapes, while immunohistochemical
detection of H3K27ac may provide a clinically feasible approximation [109,110]. Im-
portantly, the degree of enhancer dependency may also inform modality selection: tumors
with highly enhancer-centric transcriptional programs may preferentially respond to bro-
modomain inhibitors, which selectively disrupt enhancer activity, whereas broader acet-
ylation dependence may necessitate catalytic inhibition [18,23].

5.1.3. Microenvironmental Biomarkers

In TNBC, microenvironmental features represent a third critical layer of stratification
[111,112]. Tumors enriched with tumor-associated neutrophils or myeloid-derived sup-
pressor cells exhibit CBP/p300-dependent immunosuppressive transcriptional programs
[22,113]. High neutrophil infiltration, myeloid gene signatures, and low baseline inter-
feron signaling may predict responsiveness to CBP/p300 inhibition, particularly in com-
bination with immune checkpoint blockade [114,115]. Yuan et al. demonstrated that the
CBP/p300 bromodomain inhibitor IACS-70654 reduced TAN infiltration in TNBC mouse
models, accompanied by increased CD8* T-cell accumulation and improved response to
anti-PD-1 therapy [22].

Moreover, CBP/p300 inhibition has been shown to enhance antigen presentation and
interferon responses, suggesting that tumors with low baseline immunogenicity may de-
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rive the greatest benefit [116-118]. These features can be assessed through multiplex im-
munohistochemistry, flow cytometry, or transcriptomic scoring systems, enabling inte-
gration of the immune context into patient selection [119,120].

5.2. Mechanisms of Resistance to CBP/p300 Inhibition

Despite promising preclinical activity, resistance to CBP/p300-targeted therapies is
likely to emerge through adaptive rewiring of transcriptional and signaling networks
[121]. A central theme underlying these mechanisms is the ability of tumor cells to restore
transcriptional output through alternative pathways [86,122].

5.2.1. Activation of Bypass Signaling Pathways

One of the most direct adaptive responses to CBP/p300 inhibition is the compensa-
tory activation of parallel signaling pathways, which maintain cell proliferation inde-
pendently of enhancer-dependent transcription.

In ER-positive breast cancer, inhibition of CBP/p300-mediated enhancer activity may
attenuate ER-driven transcription while inducing compensatory activation of signaling
pathways such as MAPK and PI3K/AKT, enabling tumor cells to bypass dependence on
enhancer-driven mechanisms [123,124]. In TNBC, excessive activation of the receptor ty-
rosine kinase pathway or inflammatory signaling circuits may compensate for transcrip-
tional inhibition, enabling tumor cells to maintain growth despite disruption by enhancers
[110]. These findings suggest that CBP/p300 inhibition alone may not fully suppress on-
cogenic signals, supporting the rationale for a vertical combination blockade —pairing
CBP/p300 inhibitors with pathway-specific inhibitors targeting PI3K, MEK, or receptor
tyrosine kinases. This adaptive signaling pathway reprogramming underscores the im-
portance of a combined strategy targeting both transcriptional mechanisms and upstream
oncogenic pathways.

5.2.2. Chromatin Reprogramming and Epigenetic Compensation

In addition to signal adaptation, tumors may also evade CBP/p300 inhibition through
direct reorganization of the chromatin structure and epigenetic compensation. Since en-
hancer activity is maintained through coordinated interactions among various chromatin
regulatory factors, activation of other epigenetic programs may prevent CBP/p300-medi-
ated inhibition from completely abolishing transcription.

A potential mechanism involves compensatory upregulation of other histone acetyl-
transferases, including p300/CBP-associated factor (PCAF) and general control non-
derepressible 5 (GCN5), which can partially restore histone acetylation and maintain en-
hancers. Although these enzymes cannot fully replicate the extensive coactivator function
of CBP/p300, their enhanced activity may sustain adequate residual transcription to en-
sure tumor survival [125,126]. Meanwhile, chromatin remodeling complexes such as
switch/sucrose non-fermentable chromatin remodeling complex (SWI/SNF) may reorgan-
ize enhancer—promoter interactions, facilitating the emergence of alternative transcrip-
tional programs. Additionally, bromodomain-containing proteins like BRD4 may func-
tion as compensatory transcription readers; enhanced recruitment or activity of BRD4 can
maintain transcriptional elongation under CBP/p300 inhibition, thereby mitigating the ef-
fects of bromodomain inhibitors. This compensatory mechanism highlights the dynamic
interactions between acetylation “writers” and “readers,” providing a mechanistic basis
for the BET/CBP-p300 dual-directed strategy [127,128].

5.2.3. Wnt/p-Catenin-Mediated Escape Mechanisms

Among the candidate escape pathways, Wnt/3-catenin signaling is particularly rele-
vant. CBP-mediated (-catenin transcriptional activity is implicated in maintaining stem
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cell identity, promoting tumor progression, and conferring therapeutic resistance [18].
Although inhibitors such as ICG-001 selectively disrupt the CBP—p-catenin interaction,
tumors harboring fixed -catenin activation or stable mutations may exhibit reduced de-
pendence on typical CBP-mediated transcriptional regulation. In such cases, 3-catenin-
driven transcription may serve as an alternative mechanism to sustain carcinogenic pro-
cesses despite widespread enhancer suppression [129,130].

5.2.4. Metabolic Adaptation and Acetyl-CoA Availability

Emerging evidence suggests that metabolic rewiring may also contribute to re-
sistance by preserving acetylation potential under catalytic inhibition. Because CBP/p300
enzymatic activity depends on acetyl-CoA availability, cellular metabolism may influence
the effectiveness of HAT inhibitors in ways that extend beyond direct target engagement
[131,132].

Tumor cells exposed to catalytic CBP/p300 inhibition may compensate by increasing
intracellular acetyl-CoA pools through upregulation of metabolic enzymes such as ATP
citrate lyase (ACLY) or acetyl-CoA synthetase 2 (ACSS2). Increased substrate availability
could sustain residual acetylation activity or enhance the function of compensatory acetyl-
transferases, thereby partially preserving chromatin accessibility and transcriptional out-
put [133,134]. Additionally, changes in nutrient utilization and the intracellular compart-
mentalization of acetyl-CoA may further buffer the effects of catalytic inhibition. Alt-
hough these mechanisms remain incompletely understood, they suggest that the meta-
bolic state may critically shape therapeutic sensitivity and raise the possibility that meta-
bolic co-targeting strategies could restore responsiveness to CBP/p300 inhibitors [121].

5.3. Rational Combination Strategies

Given the central role of CBP/p300 in coordinating transcriptional programs, mono-
therapy is unlikely to achieve durable responses, and rational combination strategies will
be essential to enhance efficacy and overcome resistance [20,23]. These combinations
should be guided by the principle of targeting complementary nodes within the transcrip-
tional network.

5.3.1. Combination with Endocrine Therapy in ER* Breast Cancer

In ER-positive disease, CBP/p300 inhibitors and endocrine therapies target distinct
nodes within the same signaling axis, providing a strong rationale for combination [108].
While endocrine therapies inhibit ligand binding or degrade ERa, CBP/p300 inhibition
disrupts enhancer-mediated transcriptional activation, resulting in dual blockade of ER
signaling [135].

5.3.2. Combination with Chemotherapy in TNBC

In TNBC, CBP/p300 inhibition can sensitize tumors to chemotherapy by reducing
drug efflux, impairing DNA repair, and limiting transcriptional plasticity [136]. This
multi-layered effect enhances the cytotoxic impact of conventional agents and may help
overcome resistance [137].

5.3.3. Combination with Immunotherapy

CBP/p300 BRD inhibitors can remodel the immunosuppressive microenvironment
by reducing TAN infiltration and function while increasing CD8* T-cell infiltration and
interferon gamma (IFNvy) production. This provides a strong rationale for their combina-
tion with immune checkpoint inhibitors (anti-PD-1/PD-L1). In TNBC mouse models, the
combination of a CBP/p300 BRD inhibitor with anti-PD-1 showed synergistic inhibition of
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tumor growth and prolonged survival [22]. Moreover, CBP/p300 inhibition can upregu-
late major histocompatibility complex (MHC) class I molecule expression on tumor cells,
enhance antigen presentation, and further increase sensitivity to immunotherapy [138].
This “epigenetic immune priming” strategy is particularly applicable to neutrophil-en-
riched or “cold” tumors that originally respond poorly to immunotherapy [139].

5.3.4. Emerging Combinations with Targeted Therapies

CDK4/6 inhibitors are the standard of care for ER-positive breast cancer [140]. Com-
bining CBP/p300 inhibitors with CDK4/6 inhibitors may synergistically inhibit the cell cy-
cle: CBP/p300 inhibitors downregulate Cyclin D1, while CDK4/6 inhibitors directly block
CDK activity [141]. In addition, CBP/p300 is involved in DNA damage repair [142]. PARP
inhibitors (PARPis) are effective in BRCA-mutated breast cancer [143]. The concurrent use
of CBP/p300 inhibitors may enhance PARPi sensitivity by inhibiting homologous recom-
bination repair and thereby expand their application to breast cancer susceptibility gene
(BRCA) wild-type tumors [144]. These combination strategies are currently at an early
preclinical exploratory stage but harbor considerable translational potential. We summa-
rize the synergistic strategies combining CBP/P300 inhibitors with other therapeutic ap-
proaches in Table 2.

Table 2. Major combination therapy strategies for CBP/p300 inhibitors.

Experimental
i lecular Basi T Populati
Joint Strategy Molecular Basis arget Population/Subtype Model and Level
+Endocrine ther-
naoerine ter Dual blockade of the ER tran- ER-positive (particularly endo- .
apy (Tamoxi- o . . . In vitro
. . scriptional axis crine-resistant) [135]
fen/Frovixostatin)
hemoth D lation of ABC trans-
+Chemotherapy ownregulation of ABC trans TNBC (drug-resistant/high ABC _
(paclitaxel/an- porter; inhibition of DNA repair; . In vitro
. .. . . expression) [136]
thracyclines) restriction of plasticity
+Anti-PD-1/PD-L1 Reduces TANSs; increases CD8* T TNBC (neutrophil-enriched/im- In vitro and in
immunotherapy cells; upregulates MHC-I munosuppressive type) [138,139] vivo
+CDK4/6 inhibitor Synergistic inhibition of the cell ER-positive (may extend to other In Vltr? and in
cycle subtypes) [141] vivo
Inhibi A i i R ion/homol -
+PARP inhibitor nhibits DNA repair and induces BRCA mutation/homologous re In vitro

synthetic lethal effects combination deficiency type [143]

6. Clinical Translation Landscape and Bottlenecks

Preclinical studies on CBP/p300 inhibitors have accumulated substantial evidence
demonstrating their therapeutic potential across various breast cancer subtypes; however,
the translational process from the laboratory to clinical application still faces numerous
bottlenecks. The central question in this field is no longer “whether CBP/p300 inhibitors
are effective” but, rather, “under what biological conditions, with what strategies, and in
which patient populations should they undergo clinical validation?”

Clinically Approved CBP/p300 Inhibitors and Their Progress Across Pan-Cancer Models

Currently, several CBP/p300-targeting molecules have entered the early clinical trial
stage, including the bromodomain inhibitors CCS1477, FT-7051, and TT125-802 [145] and
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a dual-target inhibitor, NEO2734 (EP31670), targeting both CBP/p300 and BET. The clini-
cal development of these drugs is primarily focused on hematologic malignancies and
prostate cancer, with extremely limited data available for breast cancer [65].

CCS1477 was the first oral p300/CBP bromodomain inhibitor to enter clinical trials,
targeting the AR and c-Myc signaling pathways [146]. It is currently undergoing Phase II
clinical studies for non-Hodgkin lymphoma, and its application has been expanded to
solid tumors, including castration-resistant prostate cancer (mCRPC), metastatic breast
cancer, and non-small cell lung cancer (NSCLC) [147]. Preclinical studies have also
demonstrated that CCS1477 inhibits NRF2-dependent chemotherapy-resistant transcrip-
tional programs and reverses the transcriptional state of T-cell exhaustion, providing a
novel rationale for combination chemotherapy and immunotherapy [123].

FT-7051 is also an oral CBP/p300 bromodomain inhibitor that exerts antitumor effects
by targeting the AR pathway. The drug has completed Phase I Courage trials
(NCT04575766) in patients with mCRPC, demonstrating favorable safety and pharmaco-
kinetic profiles [65]. It has now advanced to Phase 1b/2a trials to investigate monotherapy
strategies as well as combination therapies with abiraterone, olaparib, or 177Lu-PSMA-
617 [19]. Notably, the investigators emphasized the accompanying biomarker strategy de-
signed to identify the patient populations most likely to benefit.

TT125-802 is another selective CBP/p300 bromodomain inhibitor that has recently
garnered attention as the first CBP/p300 inhibitor to demonstrate definitive clinical activ-
ity in solid tumors [18]. Its Phase I clinical trial (NCT06403436) enrolled a NSCLC cohort
from among patients with extensive prior disease, achieving partial responses in three out
of 14 patients [20]. More importantly, the drug did not induce thrombocytopenia—a com-
mon adverse effect associated with similar inhibitors —demonstrating an optimal safety
profile for its class [148]. This groundbreaking finding opens a translational window for
the application of CBP/p300 inhibitors in a broader range of solid tumors, including breast
cancer.

NEO2734 (EP31670) is a first-in-class dual-target inhibitor targeting both the
CBP/p300 and BET bromodomain domains, demonstrating superior antitumor activity
compared to single-target agents in preclinical models of prostate cancer and hematologic
malignancies [54]. A Phase I first-in-human study (NCT05488548) is currently underway,
primarily evaluating its safety, tolerability, and maximum tolerated dose in patients with
mCRPC, nuclear protein in testis (NUT) midline carcinoma, chronic myelomonocytic leu-
kemia (CMML), and other targeted advanced solid tumors [23]. This drug holds promise
for delivering a “double-targeting” therapeutic strategy against tumors highly dependent
on super-enhancer transcription.

Furthermore, the development of selective CBP degraders and EP300 degraders is
advancing rapidly [50]. Foghorn Therapeutics’ selective CBP degrader has entered the
non-GLP toxicology research phase, targeting EP300-mutant tumors and ER-positive
breast cancer, and is expected to reach investigational new drug (IND) ready status by
2026, providing a new translational opportunity for the application of PROTAC technol-
ogy in breast cancer treatment [48]. In Table 3, we summarize the significance of clinically
validated molecules targeting CBP/p300 in breast cancer.
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Table 3. Clinically tested CBP/p300-targeting molecules and their translational significance in breast

cancer.
Insights and
Limitations
. Target/Mechanis .. Main Indications Specific Evidence . Experimental
Candidate Drug m of Action Clinical Stage (Reported) for Breast Cancer Regarding Breast Model and Level
Cancer
Transformation
Can be used for
Included in mBC, exlicl){ratlol.ltpf the
mCRPC, but without postave
. . TNBC/HER2-
300/CBP BRD Stage I/Ila; NHL metastatic breast ~ independent ositive/AR- In vitro and in
CCS1477 P . has progressed to cancer, and non- cohort data; the p' . .
inhibitor . positive subtype vivo
Stage 11 small cell lung mechanism .
. . [146]; requires
cancer involves targeting ) .
correlation with
AR and cMyc .
AR expression
stratification
Direct
transformation
candidate
Stace I No breast cancer molecules for AR-
FT7051 p30.0/C.B.P BRD (COUR A:gGE) and MCRPC enrollment positive breast In VitI‘F) and in
inhibitor records; AR cancer [19]; vivo
Stages 1b/2a . .
pathway-oriented requires
supporting
biomarker
strategies
The first active
signal for solid
tumors [18]; safety
advantages may . .
TT125-802 p3O,O/C,B,P BRD Stage I NSCLC No breast'cancer favor combination In Vltr? and in
inhibitor data available vivo
therapy [20];
urgent need for a
basket trial for
breast cancer [148]
Breast cancer
No breast cancer  subtypes with
cases were high dependence
enrolled; on super-
BP + BET
NEO2734 pgo(g{lcal BI:D Stace I mCRPC, NUT, downregulation of enhancershold  In vitro and in
. & CMML the MYC target theoretical vivo
inhibitors s
gene pathway was significance [54];
identified as the the dual inhibition
mechanism toxicity requires
evaluation [23]
The degradation
strategy achieves
complete target
Specifically  clearance and may
. targeted at ER*  overcome partial
Selective C,:BP CBP PROTAC In non-GLP EP300-mutant breast cancer and drug resistance .
degradation . . . tumor; ER- In vitro
oent degradation agent toxicology studies ositive BC EP300-mutated [50]; the
8 p tumors; IND- ER/FOXA1
ready by 2026 biomarker
dependency
requires
validation
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7. Discussion

Although epigenetic strategies targeting CBP/p300 have demonstrated significant an-
titumor potential in preclinical models, their translation into clinical applications for
breast cancer has lagged markedly behind that for AR-driven malignancies such as hema-
tologic tumors and prostate cancer. Most CBP/p300 inhibitors currently entering early-
stage clinical trials adhere to a “pathway-specific” development paradigm, primarily lev-
eraging AR signaling-dependent biological mechanisms. While this approach is prag-
matic, it overlooks the unique transcriptional dependencies specific to breast cancer. In
reality, CBP/p300-dependent mechanisms exhibit fundamental differences across various
breast cancer subtypes, yet existing clinical trial designs fail to implement prospective bi-
omarker stratification based on these subtype-specific transcriptional vulnerabilities. This
tripartite structural misalignment—between “mechanism verification,” “heterogeneity
design,” and “pharmacology endpoint” —creates an important translational gap between
preclinical evidence and clinical benefit.

A further challenge lies in the fact that CBP/p300 are ubiquitously expressed tran-
scriptional coactivators that participate in normal physiological gene regulation. Conse-
quently, systemic inhibition may inevitably affect normal tissues and result in on-target
toxicity. Nevertheless, early clinical studies have demonstrated that several CBP/p300 in-
hibitors exhibit manageable safety profiles in patients with advanced solid tumors, sug-
gesting that tumor cells may display a greater degree of “transcriptional addiction” to
CBP/p300 than normal tissues, thereby creating a therapeutic window. Importantly, tox-
icity should be considered in a modality-dependent manner rather than as a uniform lim-
itation of all CBP/p300-targeting agents. BRD inhibitors generally display a more favora-
ble safety profile because they selectively interfere with enhancer-associated transcription
without completely abolishing acetyltransferase activity, whereas catalytic HAT inhibi-
tors may produce broader systemic effects owing to global suppression of protein acety-
lation. Likewise, protein degraders may introduce additional safety concerns by eliminat-
ing both the catalytic and scaffolding functions of CBP/p300.

Beyond safety, another important consideration is the context-dependent biological
role of CBP/p300. In addition to sustaining oncogenic transcriptional programs, CBP/p300
also function as transcriptional coactivators of wild-type p53 by promoting its acetylation
and transcriptional activity. Therefore, the therapeutic response to CBP/p300 inhibitors
may vary according to the TP53 mutation status, with tumors harboring mutant TP53
likely relying predominantly on suppression of enhancer-driven oncogenic transcription.
Future clinical studies should incorporate TP53 status together with subtype-specific bi-
omarkers to improve patient stratification and optimize therapeutic benefits.

Moreover, breast cancer patients frequently receive multimodal treatments, includ-
ing anthracycline-based chemotherapy and long-term endocrine therapy, which may alter
their cardiopulmonary function, bone marrow reserve, and metabolic status. Therefore,
the direct extrapolation of safety data from other malignancies to breast cancer should be
approached with caution. Future research should prioritize breast cancer-specific clinical
studies incorporating pharmacokinetic analyses, biomarker-guided patient selection, and
comprehensive long-term toxicity monitoring to better define the optimal therapeutic
window for CBP/p300-targeted therapies.
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