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Abstract:

The lysine acetyltransferase (KAT) activity of p300/CREBBP has traditionally been linked to
transcriptional activation. This has been attributed largely to acetylation of histone residues
such as H3K27ac, a defining hallmark of active regulatory elements. Here we show that, in acute
myeloid leukemia (AML), inhibition of p300/CREBBP catalysis can paradoxically increase
transcription. We combined time-resolved dynamics of nascent and total transcription with chromatin
binding dynamics of p300/CREBBP and their associated TFs/co-regulators (inferred from chromatin
pull-down proteomics, acetyl-proteomics and motif enrichment) to uncover mechanisms of
transcriptional rewiring after p300/CREBBP catalytic inhibition. In parallel, we dissected the
functional contribution of individual p300/CREBBP acetyl-interactome members to KAT inhibition
using genome-wide CRISPR-Cas9 dropout and focused Perturb-seq screens. Together, these approaches
revealed that KAT inhibition paradoxically retains p300/CREBBP and promotes cooperative TF assembly
and increased H3K27 acetylation at a subset of regulatory elements. The effect was most pronounced
at IRF motif-enriched loci, including interferon-stimulated genes (ISGs), where KAT inhibition
triggered p300/CREBBP accumulation and enhanced combinatorial TF binding, enabling recruitment of
the ISG activator STAT1. Consequently, ISG loci were converted into transcriptionally active states
that induced cell-cycle arrest, differentiation and apoptosis. Therapeutically, combining KAT
inhibition with interferon-alpha augmented ISG expression, synergistically drove AML cell death in
vitro and significantly extended survival in both AML xenografts and murine models. These findings
refine our understanding of p300/CREBBP KAT activity, demonstrating that cooperative TF assembly
can reconfigure p300/CREBBP-containing complexes under catalytic inhibition to induce
transcription, with translational implications for reprogramming interferon-driven programs through
catalytic inhibition in AML and beyond.
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Key points
e Inhibition of p300/CREBBP catalysis causes their trapping at select regulatory elements,
promoting cooperative transcription factor assembly
e At IRF motif-enriched loci, this facilitates H3K27 acetylation, STAT1 recruitment and activates
interferon-stimulated gene transcription.

Abstract

The lysine acetyltransferase (KAT) activity of p300/CREBBP has traditionally been linked to
transcriptional activation. This has been attributed largely to acetylation of histone residues such as
H3K27ac, a defining hallmark of active regulatory elements. Here we show that, in acute myeloid
leukemia (AML), inhibition of p300/CREBBP catalysis can paradoxically increase transcription. We
combined time-resolved dynamics of nascent and total transcription with chromatin binding dynamics
of p300/CREBBP and their associated TFs/co-regulators (inferred from chromatin pull-down proteomics,
acetyl-proteomics and motif enrichment) to uncover mechanisms of transcriptional rewiring after
p300/CREBBP catalytic inhibition. In parallel, we dissected the functional contribution of individual
p300/CREBBP acetyl-interactome members to KAT inhibition using genome-wide CRISPR-Cas9 dropout
and focused Perturb-seq screens. Together, these approaches revealed that KAT inhibition paradoxically
retains p300/CREBBP and promotes cooperative TF assembly and increased H3K27 acetylation at a
subset of regulatory elements. The effect was most pronounced at IRF motif-enriched loci, including
interferon-stimulated genes (ISGs), where KAT inhibition triggered p300/CREBBP accumulation and
enhanced combinatorial TF binding, enabling recruitment of the ISG activator STAT1. Consequently, ISG
loci were converted into transcriptionally active states that induced cell-cycle arrest, differentiation and
apoptosis. Therapeutically, combining KAT inhibition with interferon-alpha augmented ISG expression,
synergistically drove AML cell death in vitro and significantly extended survival in both AML xenografts
and murine models. These findings refine our understanding of p300/CREBBP KAT activity,
demonstrating that cooperative TF assembly can reconfigure p300/CREBBP-containing complexes under
catalytic inhibition to induce transcription, with translational implications for reprogramming interferon-
driven programs through catalytic inhibition in AML and beyond.

Introduction

Acute myeloid leukemia (AML) is a proving ground for epigenetic therapy, where some of the greatest
breakthroughs and also most striking setbacks have occurred™”.

Lysine acetyltransferases (KATs) are chromatin modifiers that facilitate transcriptional activation®*?.
Among these, CREBBP and p300 have been central subjects of mechanistic studies for decades™"***.
p300/CREBBP possess intrinsic lysine acetyltransferase activity and catalyze histone, TF and chromatin
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regulator acetylation™"". This catalytic function typically drives dynamic transcriptional activation

Besides their enzymatic role, they function as combinatorial signal integrators for TFs and chromatin
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regulators through interaction domains™“". In addition, their bromodomains (BRDs) recognize acetyl-

lysine marks and stabilize p300/CREBBP on chromatin®’.

The development of clinical candidates targeting p300/CREBBP has been a long-standing priority;
however, their large and complex protein structures posed substantial pharmacological challenges. Only
recently have potent, selective KAT inhibitors been identified that block the acetyl-CoA binding site in a
stereospecific manner®*?. In parallel, bromodomain inhibitors have become increasingly selective for
p300/CREBBP24’25. Several BRD inhibitors are now in clinical testing (e.g. NCT06785636, NCT05488548,
NCT03568656)*>%°, while first-generation KAT inhibitors are nearing the investigational-new-drug stage.
However, clinical success in epigenetic therapy depends on three factors: clinically viable compounds,
the right therapeutic context and excellent biological insight. When any of these elements is lacking,
248 Thus, a precise understanding of how p300/CREBBP

regulate gene expression is more critical now than ever.

epigenetic drugs have often failed in trials

In transcriptional activation, pioneer TFs (e.g.,,RUNX1/PU.1) bind their motifs even in nucleosome-
occluded regions and initiate chromatin opening®”?®. This enables recruitment of p300/CREBBP, which
then help recruit additional TFs, integrate combinatorial TF signals, acetylate chromatin and promote
transcription29'31. P300/CREBBP KAT activity, BRD ,reader” function and scaffolding domains contribute

11253132 However, while these domains are presumed to function in concert, conclusive

to this process
evidence for coordinated activity is scarce. Moreover, although p300/CREBBP acetylate many
substrates, their activity is most commonly associated with histone acetylation, particularly H3K27ac, a

3334 still, mutating H3K27 to prevent its acetylation has no impact on

marker of active regulatory regions
gene expression, suggesting that histone acetylation may be more correlative than mechanistically

essential, and that other, underappreciated events could be more functionally relevant®.

Here, we follow a puzzling observation: in a subset of AMLs, catalytic p300/CREBBP inhibition triggers
robust induction of interferon-stimulated genes (ISGs). This is counterintuitive, as p300/CREBBP are
considered transcriptional coactivators, and their inhibition would be predicted to suppress, not
activate, transcriptional programs. We therefore considered the possibility that, beyond their
established roles in histone acetylation/activation p300/CREBBP catalytic activity may in certain contexts
constrain transcription. Our data suggest that uncoupling catalytic acetylation from signal-integrating
functions reveals unexpected biology and therapeutic opportunities, challenging long-held assumptions
about p300/CREBBP in transcriptional regulation.

Methods

A complete list of antibodies, inhibitors, oligonucleotides, cells and software is provided in the
Supplementary Key_Resources_Table.

Primary samples. Mononuclear cells from bone marrow or peripheral blood of AML/CMML patients
were obtained with Ethics Committee approval (Rhineland-Palatinate, 2019 _14110) and informed
consent in accordance with the Declaration of Helsinki. Cells were cryopreserved in FBS/10% DMSO and
cultured in StemSpan SFEMII+CD34* expansion supplements (UM729,SR1) and antibiotics.



In vivo studies. NSG (8-12 weeks) were bred in-house; C57BL/6J (8 weeks) were purchased. All
procedures were approved by the National Investigation Office Rheinland-Pfalz (G24-1-015). NSG mice
received 1x1076 MOLM-13 cells i.v. after 2Gy irradiation. C57BL/6 received 0.5x10*6 Npm1c/FIt3-ITD
leukemic cells after 5Gy. One week post-transplant, mice were randomized to vehicle, IFNa, KATi or
combination for 15days. IFNa was given i.p. at 1x10*6U/kg every other day; KATi was given i.p. daily at
100mg/kg. Moribund animals were humanely euthanized. Survival was analyzed by Kaplan-Meier+log-
rank testing.

Statistics and reproducibility. Unless indicated, n=3 independent biological replicates for cell-based
assays. Two-group comparisons used unpaired two-tailed Student’s t-tests; multiple groups used one-
way ANOVA+Tukey’s post-hoc test. RNA-seq/SLAM-seq were processed with DESeq2 with FDR control.
CRISPR screen/Perturb-seq statistics are described in the Supplementary_Methods.

Data and code availability. Raw+processed data for RNA-seq, SLAM-seq, PRO-seq, ChIP-seq, genome-
wide CRISPR screens and Perturb-seq have been deposited in GEO under accession GSE305384.
Previously deposited samples (GSM5098267-GSM5098269;GSE167163) were re-used where indicated.
Access details are provided in the Supplementary_Methods. Custom analysis code and pipelines are
available upon request.

Comprehensive methods and step-by-step protocols are described in the Supplementary Methods.

Results

Inhibition of p300/CREBBP lysine acetyltransferase induces interferon-stimulated genes

In a recent study, we incidentally observed that KAT domain inhibition of p300/CREBBP with A-485
(hereafter KATi)* triggered a strong, unexpected ISG response within 24hr in a subset of AML models*".
To rigorously confirm this paradoxical observation, we applied single-cell RNA sequencing (scRNA-seq) in
two distinct AML cell lines: MOLM-13 (KMT2A-rearranged) and OCI-AML3 (NPM1-mutated). This
confirmed a coordinated ISG upregulation across individual cells in response to KATi (Fig.1A-D,S1A). In
parallel, we used quantitative mass spectrometry-based total proteomics in MOLM-13 to assess the
corresponding protein-level changes. ISGs were robustly translated into protein, at the most significant
changes from baseline (Fig.1E-F,S1B,Supp_Table_S11).

We next measured mRNA expression of CXCL10, a representative ISG, in 14 AML cell lines. KATi induced
CXCL10 in about half the models (Fig.1G), with a bias toward cell lines dependent on monocytic TFs such
as IRF8, PU.1, MEF2D and CEBPA (Fig.1H,51C). An independent KAT inhibitor, CPI-1612°°, produced
similar induction of CXCL10 in a dose-dependent manner (Fig.1l), confirming that the effect was
compound class-specific. For all CPI-1612 experiments, the inactive (S,S)-CPI-1612 isomer was used as
class-matched control.

Notably, p300 showed a preferential role in AML: among 1,136 cancer cell lines, p300 and MCM3AP
were the only KAT enzymes whose genetic depletion impaired viability more in myeloid leukemia
models (n = 42) than in other cancer types (Fig.51D). p300 also ranked among the stronger depleting
KATs overall.



To test whether ISGs contribute to the KATi response, we generated doxycycline-inducible, RNAi-based
STAT1 knockdown MOLM-13 and OCI-AML3 cell lines (Fig.1J,S1E-F). STAT1-deficient cells showed
blunted CXCL10 induction and significantly higher ATP signals compared to scrambled shRNA controls
(Fig.1K-L).

ISG release is associated with p300/CREBBP catalytic inhibition in the presence of an intact
scaffolding/signal-integrating platform

To determine whether ISG expression depends on the catalytic activity or signal-integrating functions of
p300/CREBBP, we compared the effects of KATi with those of two orthogonal compounds: a
bromodomain inhibitor in clinical testing (Inobrodib, hereafter BRDi)*®, which interferes with chromatin-
based signal integration refined by KAT activity, and a PROTAC-based degrader of p300/CREBBP (Deg)*’,
which disrupts catalytic+scaffolding functions (Fig.2A). For Deg, we confirmed p300 degradation kinetics
by immunoblot (Fig.S2E). All three compounds reduced ATP across 8 AML cell lines; the only difference
was that KATi had a broader therapeutic window (Fig.2B,S2A).

We then performed thiol(S)-linked alkylation for metabolic RNA sequencing (SLAM-Seq) at baseline and
at 2, 12 and 24hr of treatment in MOLM-13. SLAM-Seq measures both nascent and total RNA, making it
well suited to track the kinetics of ISG induction within 24hr. We performed gene set enrichment
analyses for each time point relative to baseline. All three compounds reduced expression of canonical
p300/CREBBP targets in AML. The most enriched gene sets involved MYC- and E2F-driven programs,
inflammatory genes and G2/M regulators (Fig.2C,Supp_Table_S1-2). A distinct pattern emerged for
transcriptional activation: KATi induced a strong and sustained increase in ISG transcription, whereas
BRDi/Deg had minimal effects (Fig.2D-E,S2C-D,Supp_Table_S3-4). Kinetic analyses, based on a time-
resolved average score of the top 26 ISGs or individual genes such as IFIT3, confirmed that KATi uniquely
triggered a time-dependent increase in transcription (Fig.2E,S2B). Similarly, CXCL10 expression remained
unchanged across BRDi and Deg concentrations, as measured by qPCR (Fig.S2F). To test whether KATi-
driven ISG induction also involved altered mRNA stability, we performed actinomycin D chase in MOLM-
13. CXCL10 decay was comparable between DMSO- and KATi-treated cells, whereas IFIT3 decay was
modestly faster with KATi, supporting increased transcriptional output as the primary ISG driver
(Fig.S2G).

We also performed RNA-seq following BRDi or KATi versus DMSO in OCI-AML3 and MOLM-13. Again,
both compounds downregulated MYC/E2F targets and G2/M checkpoints, but only KATi induced a
distinct ISG boost. Heme metabolism and TNF signaling via NF-kB were enriched with both compounds
(Fig.S2H-1), indirectly supporting the specificity of the ISG response to catalytic inhibition.

Moreover, at 24hr, we compared induction of CXCL10, IFIT3 and OAS3 in MOLM-13/0CI-AML3 with KATi
versus 15 additional compounds, including agents with established differentiation-inducing activity in
AML. KATi produced markedly stronger ISG induction than any comparator (Fig. S2J-K).

We next treated MOLM-13 cells with KATi in combination with either Deg or BRDi within the same 24hr
period (Fig.2F). Compounds were either added simultaneously at hour 0 (co-treatment for 24hr), or



sequentially, with KATi first, followed by Deg/BRDi at 4/12/20hr. Strikingly, in all conditions where Deg
was introduced, CXCL10 expression was fully abrogated by the 24hr mark (Fig.2G). BRDi also significantly
alleviated the KATi-induced release, albeit incompletely (Fig.2H). These results are critical: even a brief
loss of p300/CREBBP protein, as short as 4hr at the end of the 24hr period, was sufficient to reverse the
KATi-induced ISG expression.

KAT inhibition retains p300/CREBBP at IRF motif-enriched, immune regulatory elements

So far, we showed that ISG induction tracked with catalytically inactive but signal-integrating-competent
p300/CREBBP. To understand how this occurs, we performed a comparative deconvolution of
p300/CREBBP-associated chromatin processes following KATi. We initially defined a chromatin-
regulatory network involving p300/CREBBP by integrating three data types: association proteomics,
acetylproteomics and TF motif-inference at p300/CREBBP binding sites (Fig.3A).

We began with rapid immunoprecipitation mass spectrometry of endogenous proteins (RIME) after
pulling down p300 in MOLM-13 and OCI-AML3 cells. We found consistent interactions with CREBBP,
NONO and canonical BAF(cBAF) components such as SMARCA4/ARID1A (Fig.3B,S3A,Supp_Table_S5-6).
The cBAF signal was in fact so dominant that it saturated the pulldown. To increase resolution, we
repeated RIME in MOLM-13, this time targeting ARID1A. This revealed a broader set of indirect
interactors, including IRF2BP1, IRF2BP2, IRF8, CEBPA and co-repressors TRIM33/TRIM28
(Fig.3C,Supp_Table_S7).

Next, we conducted SILAC-based acetylproteomics in DMSO- or KATi-treated MOLM-13 and OCI-AML3.
p300 and CREBBP were among the most significantly acetylated proteins, showing reduced
(auto)acetylation upon KATi (Fig.3D,Supp_Table_S9-10). Other highly significant acetylation targets were
RUNX1, MEF2D, TRIM33, TRIM28, NONO, KMT2C, |IRF2BP2, ARID1A and SMARCA4
(Fig.3D,Supp_Table_S9-10).

We then performed ChIP-seq for p300 and CREBBP in MOLM-13 and OCI-AML3 treated with DMSO or
KATi. CREBBP exhibited more binding sites and the majority of p300 sites were co-bound by CREBBP
(Fig.S3B). The motif enrichment patterns were highly similar between the two, with one exception:
CREBBP showed strong enrichment for CTCF motifs, while p300 did not. Aside from this difference, ETS
and CEBP motifs ranked highest, followed by bZIP, RUNX and IRF motifs, while MEF, MYB and HOX
motifs ranked lower but remained highly significant (Fig.3E,Supp_Table_S12-13). Motif profiles at shared
(“common”) peaks closely resembled those of p300 alone (Fig.3F). Based on their consistent motif
enrichment, we included PU.1+FLI1 (for ETS motif) and CEBPA+CEBPB (CEBP motif), in the proposed
p300/CREBBP-associated chromatin network.

Finally, by integrating acetylproteomics, RIME and ChIP-seq/motif-enrichment data, we constructed a
p300/CREBBP “acetyl-interactome” of 17 TFs+co-regulators: p300, CREBBP, ARID1A, SMARCAA4, IRF2BP2,
IRF2BP1, IRF8, MEF2D, PU.1, FLI1, RUNX1, CEBPA, CEBPB, TRIM28, TRIM33, NONO and KMT2C (Fig.3G).

We also assessed chromatin binding dynamics at p300-, CREBBP- and common peaks. Strikingly,
following KATi, p300/CREBBP had increased binding at many loci in both cell lines (Fig.3H,53C-D). Among



the top 10% most retained sites, the majority were mapped to distal regulatory elements and ~15% at
promoters (Fig.3l). These regions were highly enriched for immune-related ontologies; all top 20
overrepresentation terms involved immune, defense or inflammatory processes (Fig.3J,S3E). At key loci
(a common CXCL enhancer, IRF2BP2 promoter and IncRNA LNCATV in OCI-AML3, IFIT3 promoter in
MOLM-13), we confirmed increased p300/CREBBP binding after KATi by ChIP-qPCR (Fig.S3F-G).

Finally, we analyzed TF motif enrichment at the top 10% most retained p300-, CREBBP- and common-
binding sites. While the same motifs as in the full catalogues were again detectable, the enrichment
landscape shifted. Nearly all motifs lost prominence except for IRF, which consistently increased across
all scenarios (Fig.3K,Supp_Table_S14-15).

Inhibition of p300/CREBBP catalytic activity promotes combinatorial TF assembly and transcription at
IRF motif-marked regulatory sites

We wondered whether KATi-induced retention of p300/CREBBP on chromatin is associated with ISG
induction. To map nascent transcription at promoters and enhancers and align it with p300/CREBBP
dynamics, we performed PRO-Seq in MOLM-13 cells treated with DMSO or KATi. ISG regulatory
elements were again among the most upregulated after KATi (Fig.4A). We then examined chromatin-
binding dynamics of p300/CREBBP and nine additional members (RUNX1, PU.1, FLI1, IRF2BP2, ARID1A,
IRF8, MEF2D, CEBPA, CEBPB), together with the histone modifications H3K27ac and H3K27me3, by ChlIP-
seq under DMSOvsKATi. H3K27ac is a canonical p300/CREBBP acetylation mark, whereas H3K27me3
represents a repressive mark on the same residue. For each factor, we calculated binding scores at
differentially transcribed regions and quantified occupancy changes. At regions with decreased PRO-Seq
signal, most factors showed reduced binding, consistent with transcriptional disengagement (Fig.4B).
H3K27me3 remained unchanged, while H3K27ac showed the strongest reductions across all assayed
signals (Fig.4B). In contrast, regions with increased transcription showed marked gains in factor
occupancy. H3K27me3 remained unchanged, while H3K27ac increased substantially (Fig.4B). The TF
occupancy dynamics were reproducible in OCI-AML3, even when using MOLM-13-derived PRO-Seq
regions (Fig.4C).

We then performed motif enrichment of differentially transcribed regions. Regions with decreased
transcription were enriched for MYB, ETS and MEF motifs, consistent with oncogenic programs
dependent on p300/CREBBP acetylation (Fig.4D,Supp_Table _S16). Regions with increased transcription
were enriched for ETS, KLF and IRF motifs (Fig.4F,Supp_Table_S17). We assessed binding dynamics of
p300/CREBBP and acetyl-interactome members, and H3K27ac abundance, at these motif-defined
regions. At loci where transcription decreased (MEF, MYB, ETSdown), we observed loss of TF/co-
regulator binding and marked decrease of H3K27ac (Fig.4E,S4A). Conversely, at loci with increased
transcription, TF/co-regulator binding was maintained or even enhanced, and H3K27 acetylation
increased (Fig.4G,S4B). These patterns were most pronounced at IRF motif-enriched sites, which
overlapped most closely with ISG regulatory elements (Fig.S4C). Here, KATi induced a strong retention of
p300/CREBBP (~60% each), accompanied by gain in H3K27ac (~80%), while changes at ETS_up and KLF



motif regions were more modest (Fig.4G). Also, ARID1A and several TFs became stably retained on
chromatin (Fig.4G). IRF2BP2 was the only factor whose occupancy was reduced at these sites (Fig.4G).

This pattern was evident at exemplar I1SGs, including OAS2, IFIT2/IFIT3 in MOLM-13 and the IFIT1-5
cluster in OCI-AML3. Here, multiple regulatory elements showed increased occupancy of p300, CREBBP
and several acetyl-interactome members, correlated with increased H3K27ac and transcriptional
upregulation (Fig.4H,54D). In contrast, canonical p300/CREBBP-dependent loci, such as CST7, HESI,
ADGRG3, showed reduced factor occupancy, decreased H3K27ac and reduced transcription (Fig.4H).

We were intrigued by the paradoxical H3K27ac gain at IRF/ISG. Building on the 24hr KATivsDMSO
conditions, we assessed H3K27ac after adding Deg for the final 4hr of each treatment (i.e., 24hr
KATi/DMSO with Deg during the last 4hr), matching the ISG reversibility timing shown in Fig.2F-H. In
ChlP-seq and ChIP-gPCR (+matched CREBBP ChIP-qPCR), late Deg addition returned the KATi-associated
H3K27ac gain to baseline (Fig.4H-I). We then tested motif-marked differential PRO-seq regions. At MEF-
associated downregulated regions, H3K27ac decreased across perturbations. In contrast, IRF-motif
upregulated regions gained H3K27ac only under KATi, and this gain returned to baseline upon late Deg
addition (Fig.4J).

Collectively, KATi reduces TF/co-regulator binding, H3K27ac and transcription at canonical targets but
promotes complex assembly, H3K27ac accumulation and transcription at IRF/ISG regulatory elements.
These gains implicate increased p300/CREBBP chromatin association and protein integrity.

Functional deconvolution of the p300/CREBBP acetyl-Interactome links ISG induction to combinatorial
TF integrity

To dissect the functional contribution of individual members of the p300/CREBBP acetyl-interactome to
KATi-induced ISG expression and AML cytotoxicity, we performed two complementary functional
genomics screens: (i) a genome-wide CRISPR-Cas9 dropout screen+KATi, and (ii) a focused Perturb-seq
screen targeting acetyl-interactome components with scRNA-seq readout (Fig.5A). For the dropout
screen, MOLM-13 and OCI-AML3 were transduced with the Brunello sgRNA library and exposed to
DMSOvsKATi. Under KATI, sgRNAs targeting PU.1 (SP/1) and ARID1A were significantly enriched in
MOLM-13; SMARCA4, MEF2D, p300 and RUNX1 showed non-significant enrichment (Fig.5B,
Supp_Table_S18). In OCI-AML3, MEF2D (significant), ARID1A, SMARCA4, PU.1, RUNX1, p300 and IRF8
(non-significant) showed similar enrichment patterns (Fig.S5A,Supp_Table_S20). This indicated that a
broader subset of the acetyl-interactome contributed to mediating the KATi effects on viability. In
contrast, sgRNAs targeting IRF2BP2 (significant in both cell lines) and CEBPA (significant in MOLM-13,
with a consistent trend in OCI-AML3) were depleted, suggesting that these factors counteracted the
cytotoxic effects of KATi (Fig.5B,S5A,Supp_Table_S18,20).

To test specificity, we repeated the dropout screen with BRDivsDMSO. The enrichment pattern changed
markedly: IRF2BP2 was most enriched, followed by IRF2BP1 and CEBPA. In contrast, SPI1, ARIDIA,
SMARCA4, IRF8 and MEF2D were unaffected and p300 and RUNX1 were significantly depleted, followed
by FLI1 and CREBBP (Fig.5C,Supp_Table_S19).



Perturb-seq was performed in MOLM-13 cells, targeting all 17 acetyl-interactome components plus non-
targeting controls. SCRNA-seq was conducted under DMSO and KATi. The composite “ISG score” defined
in Fig.1A (top 26 I1SGs upregulated by KATi) was used for comparison. No changes in ISG expression were
seen in the DMSO condition.

Under KATi, knockout of ARIDIA, SMARCA4, PU.1, IRF8 (and partly RUNX1/MEF2C) blunted ISG
induction, while knockout of CEBPA and IRF2BP2 amplified it (Fig.5D,S5B). ARIDIA knockout also
mitigated KATi-induced downregulation of canonical programs, e.g. MYC/E2F targets and G2/M
checkpoints (Fig.S5B).

As cBAF components (ARID1A/SMARCA4) repeatedly emerged in the mechanism of response to KATI,
we tested whether cBAF deficiency impairs KATi response. We co-treated MOLM-13 and OCI-AML3 with
KATi and a chemical degrader of BRG1 (degBRG1) and assessed interaction. In both cell lines, BRG1
degradation attenuated the KATi-associated ATP signal decrease (Fig.5E).

To explore how BAF components acquired ISG-regulatory capacity upon KATi (Fig.5F), we performed
RIME for ARID1A in MOLM-13 treated with DMSOvsKATi. KATi induced new chromatin-proximal
interactions between ARID1A and ISG effectors such as [SG15, IFI16, MX2 and STAT1
(Fig.5G,Supp_Table_S8). We validated STAT1 involvement by western blot: total STAT1 levels increased
dose-dependently after 24hr KATi, consistent with its identity as an ISG, while phospho-STAT1 levels also
rose, indicating activation (Fig.5H,S5C).

Moreover, we detected de novo STAT1 binding via ChIPSeq at IRF motif-marked regions corresponding
to loci with significantly increased transcription in our PRO-seq data (Fig.5H). This was highly specific to
IRF motif-containing loci, as compared to both motif-defined downregulated regions and other
upregulated regions lacking IRF motifs. For instance, STAT1 showed strong de novo occupancy at the
promoters of OAS2, IFIT3 and STATI1 itself, consistent with a feed-forward loop of transcriptional
activation triggered by catalytic inhibition of p300/CREBBP (Fig.5)).

Finally, we addressed directionality with dependency experiments. p300/CREBBP degradation during the
final 4hr of 24hr KATi exposure collapsed STAT1 ChIP-gPCR occupancy at IFIT3/0OAS2 to baseline;
meanwhile, STAT1 knockdown did not reduce CREBBP occupancy at the same loci under KATi (Fig.5K-L).

In conclusion, KATi promotes combinatorial TF/co-regulator activity at IRF motif-marked regions
(including 1SGs), enables de novo recruitment of pro-ISG transcriptional modulators such as STAT1 and
sustains transcriptional activation.

Exogenous Interferon-alpha enhances KATi-Induced ISG activation and apoptosis

We tested the effects of KATi on apoptosis, cell cycle and differentiation. Two ‘physiological’
concentrations (250nM and 500nM), which reduced viability by ~IC65-1C90 (Fig.S2A), were compared
with a higher dose (1000nM) that triggered the strongest ISG response. At 24hr (the mechanistic time
point) G1 arrest was minimal, ATP signal was unchanged (OCI-AML3) or modestly reduced (MOLM-13)
and apoptosis and CD11b/CD14 remained at baseline (Fig.6A,S6A-D). Starting with 48hr, apoptotic and
cell cycle effects became prominent at 1000nM, while lower doses had minimal impact (Fig.6A,S6A-B).
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As of 72hr, all doses promoted signs of differentiation by Giemsa staining and CD14/CD11b expression,
though effects were more pronounced at 1000nM (Fig.6B-C,S6E-F). This prompted us to ask whether the
ISG response (and possibly treatment efficacy) could be enhanced at lower KATi concentrations. With
KATi releasing ISG expression, we reasoned that exogenous interferon-alpha (IFNa) could further boost
this response (Fig.6D). We treated MOLM-13 and OCI-AML3 cells with IFNa in combination with 500nM
KATi. Strikingly, the combination induced logarithmic upregulation of CXCL10 and significantly enhanced
apoptosis in both cell lines (Fig.6E-F,S6G). We tested the same strategy using CPI-1612 with IFNa. In both
gPCR (CXCL10) and Annexin V/7-AAD assays, CPI-1612+IFNa combination mirrored the results of
KATi+IFNa, with massive ISG upregulation and a dramatic increase in apoptotic fractions (Fig.6E-F,S6G).

We then expanded these combinations to 6 additional AML cell lines, 3 with high and 3 with low
baseline ISG responsiveness. The combination of either KATi or CPI-1612 with IFNa induced logarithmic
CXCL10 upregulation and significantly enhanced apoptosis in all high and one low ISG cell lines (Fig.6G-I).
Finally, we evaluated synergy using a combination matrix of KATi/CPI-1612 with IFNa in MOLM-13 and
OCI-AML3 cells. In both models, the combinations yielded high synergy scores (Fig.6J).

KAT inhibition combined with interferon-alpha demonstrates efficacy in-vivo and ex-vivo

We also assessed the in-vivo efficacy of the KATi+IFNa combination in NSG mice transplanted with
MOLM-13. Single-agent KATi/IFNa produced only modest responses, while their combination markedly
prolonged survival (Fig.7A). Even at death, mice in the combination group showed reduced leukemic
infiltration in spleen and peripheral blood, while bone marrow involvement was similar across groups
(Fig.7B,S7A). We next tested KATi+IFNa in a genetically defined murine AML model driven by
NpmIc+FIt3-ITD*®**. In vitro, KATi+IFNa cooperatively increased CXCL10 expression (Fig.7C).
Combination matrices using either KATi or CPI-1612 with IFNa showed synergistic suppression of AML
viability (Fig.7D,S7B).

Also in-vivo, KATi+IFNa significantly prolonged survival compared to control and IFNa-treated mice,
while single KATi did not (Fig.7E).

We extended these findings to 7 primary AML and 4 CMML samples. KATi+IFNa significantly increased
ISG expression, reduced ATP signals and induced apoptosis (Fig.7F-K,S7C-E). CD11B responses were
variable, increased in general with KATi alone and did not consistently increase further with the
combination (Fig.S7F). Across three CMML samples, the combination nearly abolished colony numbers
and cellularity in colony formation assays, outperforming either monotherapy (Fig.7L,S7G). Altogether,
these results uncover an unexpected therapeutic strategy: combining p300/CREBBP KAT inhibition with
IFNa induced a potent ISG response and enhanced apoptosis.

Discussion

For decades, the p300/CREBBP catalytic activity has been considered mainly in terms of histone
acetylation, and this view has shaped much of the field. Yet the true contribution of the p300/CREBBP
catalysis to transcriptional regulation has not been sufficiently resolved. Using matched inhibitors and a
reference degrader, we assessed domain-specific functions of p300/CREBBP in AML. Catalytic inhibition
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revealed a non-canonical role of the KAT domain: it paradoxically increased TF and co-regulator
assembly at specific loci and boosted transcription. Thus, in certain contexts, inhibition of p300/CREBBP
KAT activity leads to transcriptional activation.

These insights have potential translational relevance. Combining p300/CREBBP KAT inhibition with IFNa
synergistically enhances ISG expression, induces apoptosis and reduces leukemic burden, supporting

further evaluation. In clinical practice, IFNa is a standard treatment for polycythaemia vera and essential

4943 It also shows efficacy and is occasionally used in chronic myeloid leukemia, for

example during pregnancies*. Although IFNa has shown limited benefit in other myeloid neoplasia®™’,

thrombocythemia

our findings indicate that KAT inhibition creates a therapeutic context in which IFN biology becomes
therapeutically actionable. Moreover, targeting p300/CREBBP catalysis versus scaffolding may be
valuable in diseases where interferon responses are beneficial (e.g. autoimmune/infectious).

Mechanistically, prior studies indicated that H3K27ac is not universally required for gene expression®. In
addition, p300/CREBBP can exert inhibitory effects through catalysis-independent mechanisms, e.g.
Polycomb-type repression®. We therefore initially considered whether these models might explain the
transcriptional changes observed after KATi. We observed no change in H3K27me3 and, surprisingly,
increased H3K27ac at IRF-associated regions. At first glance, this might appear to reaffirm a familiar
principle -that H3K27ac tracks with active transcription- but one nuance is central: p300/CREBBP
chromatin binding, H3K27ac and transcription all increase under enzymatic inhibition that would be
expected to repress them, and this state appears contingent on p300/CREBBP integrity. To our
knowledge, this is the first demonstration of such biology under p300/CREBBP KAT inhibition.

More broadly, we observed increased p300/CREBBP retention following KATi, even at loci without
transcriptional activation. We use ‘retention’ operationally to denote increased ChIP-based occupancy,
without inferring residence-time kinetics or excluding redistribution. This phenotype has also been
noticed by others'” and is consistent with a recent elegant single-molecule tracking study showing that
p300/CREBBP catalytic activity counteracts chromatin binding®. This suggests an analogy to PARP1
‘trapping’ by class | PARP inhibitors, where enzymatic inhibition prevents release from DNA>’. PARP
trapping varies between compounds, and analogous compound-specific differences may apply to KAT
inhibitors, with implications for treatment efficacy and toxicity.

KAT inhibition boosts ISG transcription. This is paradoxical: p300/CREBBP are established co-activators
for STAT-driven transcription, and one would predict that loss of their catalytic activity should dampen
51-53

ISG expression”°. We propose that the signal-integrating functions of p300/CREBBP sustain ISG
activation, whereas their catalytic activity limits STAT1 binding to chromatin. This mechanism may
reflect a physiological requirement to terminate feed-forward ISG release once the interferon response
has been initiated. Meanwhile, IRF2BP2 apparently counteracts the effects of KATi. Loss of IRF2BP2
amplified ISG expression and increased sensitivity to KATi, while its depletion from ISG loci after KATi
contrasted with the increased occupancy of most other acetyl-interactome members, underscoring its
repressive function. This positions IRF2BP2 as a critical checkpoint that balances ISG regulation in AML
and supports the work of Ellegast et al., who identified IRF2BP2 as a key suppressor of intrinsic

inflammation in AML>.
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Our time-resolved SLAM-seq data show distinct kinetics: canonical p300/CREBBP-dependent programs
respond rapidly, whereas the IRF/ISG module becomes evident only after ~12hr. We interpret this delay
as consistent with a multi-step process in which sustained catalytic inhibition progressively establishes a
permissive IRF/ISG regulatory state. At the same time, we acknowledge a plausible alternative
interpretation: the IRF/ISG response may reflect an early differentiation-associated transcriptional shift,
consistent with IRF-linked myelomonocytic programs that can precede overt surface-marker changes.
We therefore frame the acute IRF/ISG program as an inhibited-state response that emerges within the
first 24hr of treatment, while recognizing that early state changes may contribute to the kinetics and
lineage bias.

Several important questions remain unresolved. Despite functional overlap, p300 and CREBBP have
partly distinct roles>>>’; selective PROTACs targeting each protein individually may help disentangle their
contributions - something current KAT inhibitors cannot achieve. A biological question is whether, in line
with the established “hit-and-run” mechanism of acetylation'®, p300/CREBBP-mediated acetylation
promotes their release from bound sites - an activity we may have previously misinterpreted. Why does
H3K27ac increase at IRF-associated hubs under KATi? Is this due to a hub-specific conformation that
preserves p300/CREBBP acetyltransferase function, exclusion of HDAC or compensatory acetylation by
other KATs? Furthermore, do other KAT enzymes become similarly “retained” when their catalytic
domains are blocked? Addressing these questions could uncover new therapeutic opportunities across

cancers.

Overall, we show that enzymatic inhibition of p300/CREBBP can paradoxically activate transcription by
shifting the TF-cofactor balance toward a pro-transcriptional state. At ISGs, KATi reinforces
p300/CREBBP retention alongside key TFs/co-regulators, facilitating H3K27ac and recruitment of ISG-
promoting factors such as STAT1. This stable chromatin engagement sustains a feed-forward loop of ISG
expression. Finally, our findings provide mechanistic and therapeutic rationale for combining KAT
inhibition with IFNa.
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Figure legends

Figure 1. Inhibition of p300/CREBBP lysine acetyltransferase induces interferon-stimulated gene
expression

A. Uniform manifold approximation and projection (UMAP) plot of scRNA-seq expression profiles in
MOLM-13 cells treated with KATi or DMSO for 24hr. Data represent 5842 cells (DMSQO) and 9432 cells
(KATi). ISG scores were calculated as the average log-normalized expression of the 26 most upregulated
ISGs upon KATi treatment (CXCL10, DDX60, EIF2AK2, EPSTI1, HELZ2, IFI16, IFI27, IFI44, IFI44L, IFIH1,
IFIT1, IFIT2, IFIT3, IRF9, MX1, MX2, OAS1, OAS2, OAS3, OASL, PARP12, PARP14, RSAD2, SAMDOL, STAT]I,
XAF1), and scaled to z-scores using the ScaleData function (RNA assay) in Seurat v5.2.1 before plotting.
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B-C. Gene set enrichment analysis (GSEA) of scRNA-seq data from MOLM-13 (B) and OCI-AML3 (C) cells
treated with KATi or DMSO for 24hr. Differential expression analysis was performed on log-normalized
counts using the FindMarkers function in Seurat (RNA assay, Wilcoxon rank-sum test, adjusted p <0.05).
GSEA was performed using the fgsea R package (v1.28.0) against MSigDB Hallmark gene sets
(v2023.1.Hs), with 10,000 permutations. NES, normalized enrichment score.

D. UMAPs showing log-normalized expression of four representative ISGs (CXCL10, STAT1, IFIT3, OAS3)
in MOLM-13 cells treated with KATi or DMSO for 24hr. Data are from the same scRNA-seq dataset as in
panel 1A.

E. GSEA of SILAC-based quantitative proteomics from MOLM-13 cells treated with KATi or DMSO for
24hr (n = 3 biological replicates per condition). Proteins were quantified by mass spectrometry and
differential expression was assessed usinglimma (v3.44.3). Ranked log2 fold-change values were
analyzed with fgsea against MSigDB Hallmark gene sets, using 10,000 permutations, minSize = 15,
maxSize = 500 and significance threshold FDR g < 0.05.

F. Lollipop plot showing the top 25 proteins with increased expression relative to baseline from the
same dataset as 1E. ISGs are highlighted in red.

G. Real-time quantitative PCR (gqPCR) analysis of CXCL10 expression in 14 AML cell lines treated with
KATi or DMSO for 24hr (n = 3 biological replicates and mean). Cell lines with high CXCL10 induction
following KATi treatment are highlighted in red and designated as “ISG high”.

H. TF dependencies in ISG high versus ISG low AML cell lines. The 14 AML cell lines from panel 1G were
intersected with the Cancer Dependency Map (DepMap) CRISPR—Cas9 dependency dataset (Chronos,
25Q2). Thirteen cell lines were present in the dataset and further annotated by phenotype: MV411
(monocytic, high), SKNO1 (granulocytic, low), HEL (erythroid, low), NB4 (promyelocytic, low), OCI-AML2
(myelomonocytic, high), MOLM-13 (monocytic, high), OCI-AML3 (myelomonocytic, high), MOLM-14
(monocytic, high), U937 (monocytic, high), TF-1 (erythroid, high), KASUMI-1 (granulocytic, low), NOMO-
1 (monocytic, low) and THP-1 (monocytic, high). Significant dependencies were identified by two-class
comparison in DepMap, calculating the mean dependency score difference (ISG high minus ISG low) and
associated p-values. TFs were then prioritized based on effect size (absolute mean difference = 0.5). To
assess combinatorial importance, scaled dependency scores for “trusted” TFs were used to generate all
possible combinations (1-6 TFs) and combination performance was ranked by the difference in mean
dependency between 1SG-high and ISG-low cell lines. Results are displayed as dependency network of
TFs significantly enriched in ISG-high lines. Also see Figure S1B.

I. Dose-dependent induction of CXCL10 expression following 24hr treatment with KATi or CPI-1612 at
the indicated concentrations versus DMSO control in MOLM-13 and OCI-AML3 cells. CXCL10 mRNA
levels were quantified by RT-gPCR, normalized to GAPDH expression and shown as fold change relative
to DMSO. Shown are n = 3 independent biological replicates and means. Significance for each dose
versus DMSO was assessed using a one-tailed Student’s t-test (treatment > DMSO) with Bonferroni and
Benjamini-Hochberg FDR correction; reported p-values are Bonferroni-corrected.
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J. Schematic model depicting STAT1 as a mediator of ISG induction downstream of p300/CREBBP KAT
inhibition. This model provided the rationale for generating an inducible STAT1 knockdown system to
assess the impact of STAT1 loss on treatment efficacy and CXCL10 induction after KATi.

K. RT-gPCR of CXCL10 in MOLM-13 and OCI-AML3 cells after doxycycline-inducible STAT1 knockdown
(two independent shRNAs) or scramble control (shSCR), with or without KATi for 24hr. mRNA was
normalized to GAPDH and shown as fold change relative to DMSO. Data represent the mean of n = 3
independent biological replicates. Significance for each comparison was assessed using one-tailed t-tests
with prespecified direction (e.g., KATi + shSTAT1 < KATi + shSCR), with Bonferroni and Benjamini-
Hochberg FDR correction for multiple comparisons; reported p-values are Bonferroni-corrected.

L. ATP-based luminescence signal curves (CellTiter-Glo) for MOLM-13 and OCI-AML3 cells treated with
graded doses of KATi following STAT1 knockdown (two independent shRNAs) or scramble (shSCR)
control. Data represent the mean of n = 3 independent biological replicates. For each dose, differences
between shSTAT1 and shSCR were tested using one-tailed t-tests (hypothesis: shSTAT1 < scramble), with
Bonferroni and Benjamini-Hochberg FDR correction; reported p-values are Bonferroni-corrected.
Analysis was measured at 72hr of treatment.

Figure 2. ISG release is associated with p300/CREBBP catalytic inhibition in the presence of an intact
scaffolding/signal-integrating platform

A. Schematic representation of the three strategies targeting p300/CREBBP: degradation (Deg),
bromodomain inhibition (BRDi) and catalytic domain inhibition (KATi).

B. Dose-response curves showing ATP-based luminescence signal (CellTiter-Glo) of 8 AML cell lines (6 I1SG
high, 2 ISG low from Figure 1G) treated at the indicated concentrations. N = 3 biological replicates; data
are normalized to DMSO controls and shown as mean + s.d.

C-D. Dot plots of GSEA (MSigDB Hallmark gene sets; R msigdbr package) from SLAM-seq data in MOLM-
13 cells (n = 3) treated for 2, 12 or 24hr versus DMSO, which was considered timepoint zero. Analyses
were performed separately for nascent RNA and total RNA. Gene sets are grouped by direction of
change: decreased (C) and increased (D) transcription and subsequent mRNA accumulation. Dot size
represents normalized enrichment score (NES); dot color represents —logl0(adjusted p-value, < 0.01).
Deg was used at 250 nM, BRDi at 500 nM and KATi at 1000 nM.

E. ISG scores based on nascent RNA from SLAM-seq in MOLM-13 cells (n = 3) treated with Deg, BRDi or
KATi versus DMSO for the indicated time points. ISG genes as defined in Figure 1A. Deg was used at 250
nM, BRDi at 500 nM and KATi at 1000 nM.

F. Log2 fold changes of CXCL10 expression relative to DMSO at 4, 12, 20 and 24hr following KATi (1000
nM), and directly at 24hr following Deg (250 nM) or BRDi (500 nM) (n = 3; data represent mean *s.d.).

G-H. Log2 fold changes of CXCL10 expression relative to DMSO 24hr after KATi (1000 nM), with
Deg (250 nM) (G) or BRDi (500 nM) (H) administered sequentially at 4, 12 or 20hr post-KATi initiation
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and each time measured at 24hr (n = 3; data represent mean % s.d.). For each plot, a one-tailed
Student’s t-test was performed comparing the 24hr sequential treatment condition to the last time
point prior to the addition of either Deg or BRDi.

Figure 3. KAT inhibition retains p300/CREBBP at IRF motif-enriched, immune regulatory elements

A. Schematic representation of the comparative deconvolution of p300/CREBBP-associated chromatin
functions following KAT inhibition, encompassing chromatin interactors (RIME), acetylation targets
(acetyl-proteomics), TF motif enrichment analysis and binding dynamics at target sites.

B. RIME comparing p300 versus IgG control in MOLM-13 and OCI-AML3 cells (n =4 (MOLM-13) and n =3
(OCI-AML3) per group). Cells (50 x10° per replicate) were formaldehyde-crosslinked,
immunoprecipitated with anti-p300 or IgG isotype control and subjected to LC-MS/MS. Volcano plots
depict significantly enriched interactors based on a cut-off of adjusted p-value <0.05 and log2 fold
change 2 1.

C. RIME of the BAF complex component ARID1A versus IgG control in MOLM-13 cells (n = 4 biological
replicates) processed and analyzed as in (B).

D. SILAC-based acetyl-proteomics identifying p300/CREBBP-dependent acetylation sites after catalytic
inhibition. MOLM-13 and OCI-AML3 cells were cultured in heavy/light SILAC media, treated with KATi or
DMSO for 24hr and analyzed by LC—-MS/MS (n = 3 biological replicates per cell line). Data from both cell
lines were merged and only lysine residues detected in at least 4 out of 6 total replicates were included.
Acetylation scores were calculated as the log2 fold change (KATi/DMSO); a more negative score
indicates a stronger reduction in acetylation upon KAT inhibition and thus greater acetylation by the
p300/CREBBP KAT domain. Highlighted genes represent selected chromatin regulators and TFs of
interest.

E-F. De novo motif enrichment analysis of p300- and CREBBP-bound regions. ChIP-seq was performed in
MOLM-13 and OCI-AMLS3 cells using antibodies against p300 or CREBBP following 24 h treatment with
either DMSO or KATi (n = 2 biological replicates per condition). Peak calling was performed separately
for each replicate and condition, and binding site “catalogs” were generated for p300, CREBBP and their
intersection (“common sites”) by merging peaks across replicates and treatments. De novo motif
discovery was performed on each catalog using HOMER v4.11.1 (findMotifsGenome.pl) with default
parameters and matched background sequences. Plotted are the motif enrichment scores and —log10 p-
values for the most significant and recurrent motif families across conditions: ETS, CEBP, bZIP, RUNX,
IRF, MEF, MYB, HOX and CTCF (CTCF enrichment observed only in CREBBP ChIP-seq). Panel (E) shows
results for individual p300 and CREBBP catalogs; Panel (F) shows results for common binding sites.

G. Proposed p300/CREBBP acetyl-interactome model integrating evidence from RIME, SILAC-based
acetyl-proteomics and ChlP-seg-based motif co-occupancy. Nodes denote candidate acetyl-
interactors; dark red indicates support from 22 assays, light red from a single assay. Edges represent
predicted functional associations from STRING-db.
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H. Heatmap (tornado plot) of ChIP-seq signal (1 kb around peak centers) for p300 and CREBBP in
MOLM-13 and OCI-AML3 cells at common p300/CREBBP co-bound peaks (peak union across KATi and
DMSO as defined in Figure 3E, with 18,175 peaks in MOLM-13 and 14,914 peaks in OCI-AML3) after 24hr
treatment with KATi or DMSO. Both proteins show increased occupancy at a subset of loci after KATi
(retained regions). The top 10% most strongly retained regions (marked with a red dashed line) were
defined as the top decile of these co-bound peaks ranked by the increase in normalized ChIP-Seq signal
under KATi versus DMSO (delta signal) and were used for analyses in panels I-K.

I. Positional annotation of the top 10% retained common binding sites. Promoters were defined as -5 kb
to +2.5 kb relative to the transcription start site (TSS); all other regions were classified as
enhancers/other.

J. Overrepresentation analysis of the top three enriched Gene Ontology (GO) Biological Process terms
for the top 10% most strongly retained p300/CREBBP common-binding regions in MOLM-13 and OCI-
AML3 cells after KATi treatment. Analysis was performed using GREAT; results are shown separately for
each cell line. Metrics include Binom_FDR_QVal and Binom_Region_Set_Coverage.

K. De novo motif enrichment analysis at the top 10% most retained p300-, CREBBP- and common-
binding sites after KATi versus DMSO in MOLM-13 (upper) and OCI-AML3 (lower) cells. Plotted are
enrichment scores and —log10(p-value) for the most significant motifs.

Figure 4. Inhibition of p300/CREBBP catalytic activity promotes combinatorial TF assembly and
transcription at IRF motif-marked regulatory sites

A. Differential PRO-Seq signal in MOLM-13 cells after KATi versus DMSO. Differential expression was
assessed using DiffBind; significant transcriptional changes were defined as adjusted p < 0.05. Labels
indicate exemplary ISGs with significantly increased transcription after KATi treatment.

B. Binding of acetyl-interactome subunits p300, CREBBP, MEF2D, IRF8, CEBPA, CEBPB, ARID1A, PU.1,
RUNX1, FLI1 and IRF2BP2, as well as histone marks H3K27ac and H3K27me3, in MOLM-13 cells at PRO-
Seg-defined regions with significantly increased (red) or decreased (blue) transcription after KATi versus
DMSO. ChiIP-seq signal was quantified using the spline algorithm in ngs.plot (v2.61) and the median
signal around each region was used to generate a binding score. Each dot represents the ratio of
KATi/DMSO for the corresponding biological replicate of a given target. Statistical significance reflects
the difference in score ratios between increased- and decreased-transcription regions, determined by
two-tailed Student’s t-test (p < 0.0001).

C. Binding of p300, CREBBP, MEF2D, SMARCA4, CEBPA, CEBPB, ARID1A, PU.1, RUNX1, FLI1 and IRF2BP2
in OCI-AML3 cells at PRO-Seqg-defined regions with significantly increased (red) or decreased (blue)
transcription after KATi versus DMSO, using differential transcription calls from MOLM-13 cells (Figure
4A). ChlIP-seq signal was quantified using the spline algorithm in ngs.plot and the median signal around
each region was used to generate a binding score. Each dot represents the ratio of KATi/DMSO for the
corresponding biological replicate of a given target. Statistical significance reflects the difference in
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score ratios between increased- and decreased-transcription regions, determined by two-tailed
Student’s t-test (p < 0.0001).

D. De novo motif enrichment analysis at transcriptionally decreased PRO-Seq regions (KATi/DMSO),
corresponding to the 1547 down regions shown in Figure 4A. Enrichment scores and -log10(p-value) are
plotted for the most significantly enriched motifs.

E. Binding of the indicated acetyl-interactome subunits in MOLM-13 cells at PRO-Seq-defined regions
with significantly decreased transcription and containing motifs for MEF (left), MYB (middle) or ETS
(right) TFs after KATi versus DMSO. ChlP-seq signal was quantified using the spline algorithm in ngs.plot
and the median signal around each region was used to calculate a binding score. Scores for each target
were averaged across biological replicates (n = 2) and expressed as the KATi/DMSO ratio for each region

type.

F. De novo motif enrichment analysis at transcriptionally increased PRO-Seq regions (KATi/DMSO),
corresponding to the 2971 up regions shown in Figure 4A. Enrichment scores and -log10(p-value) are
plotted for the most significantly enriched motifs.

G. Binding of the indicated acetyl-interactome subunits in MOLM-13 cells at PRO-Seqg-defined regions
with significantly increased transcription and containing motifs for IRF (left), KLF (middle) or ETS (right)
TFs after KATi versus DMSO. ChlP-seq signal was quantified using the spline algorithm in ngs.plot and
the median signal around each region was used to calculate a binding score. Scores for each target were
averaged across biological replicates (n = 2) and expressed as the KATi/DMSO ratio for each region type.

H. PRO-seq and ChlP-seq tracks for p300/CREBBP acetyl-interactome subunits and H3K27ac at exemplar
loci. Left: Loci with decreased PRO-seq signal and MEF/ETS_down/MYB motif enrichment (CST7, HES1,
ADGRG3). Right: Loci with increased PRO-seq signal and IRF motif enrichment (/FIT2, IFIT3, OAS2). IGV
tracks show data from MOLM-13 cells treated with DMSO or KATi; for the H3K27ac tracks, additional
conditions include Deg (4hr) and KATi followed by Deg during the final 4hr of the 24hr treatment.

I. Matched ChIP-gPCR for CREBBP and H3K27ac at the [FIT3 promoter showing concordant
retention/accumulation upon KATi and reversal by late Deg addition. Data represent n = 3 biological
replicates.

J. Left: Average profiles of H3K27ac at MEF motif-enriched sites with decreased transcription (left
panels) and at IRF motif-enriched sites with increased transcription (right panels), comparing DMSO vs
Deg_4hr (top), DMSO vs KATi_24hr (middle), and DMSO vs KATi_24hr + lateDeg_4hr (bottom).

Figure 5. Functional deconvolution of the p300/CREBBP acetyl-Interactome links ISG induction to
combinatorial TF integrity

A. Schematic representation of the functional genomics approaches used to assess the individual
contributions of p300/CREBBP acetyl-interactome subunits to KATi-induced cytotoxicity and, separately,
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to KATi-induced ISG expression. Left panel: genome-wide CRISPR-Cas9 dropout screen (Brunello library)
in KATi- versus DMSO-treated cells. Right panel: PERTURB-Seq with a custom sgRNA library targeting the
p300/CREBBP acetyl-interactome, followed by single-cell RNA-seq in KATi- and DMSO-treated cells.

B-C. Genome-wide CRISPR-Cas9 dropout screens in MOLM-13 cells transduced with the Brunello sgRNA
library and treated with (B) KATi versus DMSO or (C) BRDi versus DMSO at the respective 1C50
concentrations for 48hr. Cells were harvested 14 days post-transduction and sgRNA abundance was
quantified by high-throughput sequencing. Essentiality scores were calculated using the MaGeCK MLE
algorithm, with Z-scores and p-values derived from differences in essentiality between treatment and
control. Replicates (n = 2 for KATi, n = 2 for BRDi and n = 4 pooled DMSO controls (2 from each
treatment comparison)) were analyzed jointly; significance was defined as p < 0.05.

D. Lollipop plot showing guide-level differences in ISG expression from a PERTURB-seq screen 24hr after
KATi treatment. The y-axis indicates the difference in mean ISG score for each sgRNA relative to the
mean score of non-targeting control guides (controls not shown). Negative values indicate reduced I1SG
induction; positive values indicate increased induction. Each point represents a unique sgRNA (n = 20
for p300 and CREBBP, n = 8 for other target genes). Horizontal dashed lines mark two-tailed z-score
thresholds (+1.96 = p = 0.05; +2.58 = p = 0.01, unadjusted). Statistical significance was calculated from
guide-level differences relative to non-targeting controls, with p-values adjusted for multiple testing
using the Benjamini-Hochberg method.

E. Representative Zero Interaction Potency (ZIP) synergy scores in MOLM-13 and OCI-AML3 cells treated
with KATi in combination with the BRG1 degrader ACBI1 across varying dose matrices (n = 3). Scores
below -10 indicate antagonistic interactions. Interaction scores were calculated from ATP-based
luminescence (CellTiter-Glo).

F. Schematic illustration proposing that, in addition to the KATi-induced increase in combinatorial TF
binding, new TFs or co-regulators may gain regulatory access to induce ISG expression.

G. RIME of the BAF complex component ARID1A in MOLM-13 cells treated with KATi or DMSO for 24hr
(n = 4). Upon KATI, ARID1A acquired new interactions with positive regulators of ISG expression,
including STAT1, MX1 and IFI16.

H. Average STAT1 ChlP-seq binding profiles (n =2) in MOLM-13 cells treated with KATi or DMSO at
PROSeg-defined regions with decreased transcription (containing MEF, MYB and ETS motifs) or
increased transcription (containing IRF, KLF and ETS motifs).

I. Representative western blots for STAT1, phospho-STAT1 and B-tubulin (loading control) in MOLM-13
cells 24hr after KATi treatment at the indicated doses (shown is one of n = 3 representative blots).

J. Representative ChlIP-seq and PROSeq tracks for the 1SGs OAS2, IFIT3 and STAT1 in MOLM-13 cells
treated with DMSO or KATi, including new STAT1 binding at these ISGs upon KATi treatment.

K. ChIP-qPCR for STAT1 binding at the IFIT3 and OAS2 loci in MOLM-13 cells treated with DMSO, KATi for
24hr or KATi for 24hr with late Deg addition (Deg during the final 4hr). Data represent n = 3 biological
replicates.
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L. ChIP-gPCR for CREBBP binding at the IFIT3 and OAS2 loci in MOLM-13 cells treated with DMSO
(reference baseline) or KATi for 24hr, performed in three isogenic lines: doxycycline-induced scrambled
shRNA (shSCR) and two independent STAT1 knockdown constructs. Data represent n = 3 biological
replicates.

Figure 6. Exogenous Interferon-alpha enhances KATi-Induced ISG activation and apoptosis

A. Flow cytometry analysis of apoptosis (Annexin V/7-AAD staining, upper panel) and cell cycle
distribution (lower panel) in MOLM-13 cells treated with KATi at indicated concentrations and time
points. Data represent mean * s.d. Statistical significance was determined by one-way ANOVA with
Tukey’s multiple comparisons test.

B. Representative May-Grinwald Giemsa staining of OCI-AML3 (upper panel) and MOLM-13 (lower
panel) cells treated with KATi at indicated concentrations for 72hr (n=3). Scale bar, 150 um; magnified
insets (corner) show 20 x enlarged cells.

C. Flow cytometry analysis of CD11b (left) and CD14 (right) surface marker expression in MOLM-13 cells
following KATi versus DMSO for 72 and 120hr. Data represent mean * s.e.m. Statistical significance was
determined by two-way ANOVA with uncorrected Fisher’s LSD test.

D. lllustration of the expected enhancement of KATi-induced ISG expression upon addition of exogenous
IFNa.

E. CXCL10 mRNA expression in MOLM-13 and OCI-AML3 cells treated for 24hr with DMSO, IFNa (10
ng/mL), KATi (500 nM) and IFNa + KATi; or with S-S-CPI (10 nM), IFNa (10 ng/mL}), CPI-1612 (10 nM) and
IFNa + CPI-1612. Data represent mean * s.d. Statistical analysis was performed using two-tailed
Student’s t test.

F. Representative Annexin V/7-AAD flow cytometry plots showing apoptosis in MOLM-13 cells after 72hr
of treatment. The same doses were used as in Figure 6E.

G. CXCL10 mRNA expression in high-ISG (top) and low-ISG (bottom) AML cell lines following treatment
with DMSO, IFNa (10 ng/mL), KATi (500 nM) or IFNa + KATi for 24hr. Data represent mean t s.d.
Statistical analysis was performed by one-tailed Student’s t test.

H.-l. Flow cytometry analysis of cell death and apoptosis in both high and low ISG cell lines treated with
DMSO, IFNa (10 ng/mL), KATi (500 nM) and IFNa + KATi (H); or with S-S-CPI (10 nM), IFNa (10 ng/mL),
CPI1-1612 (10 nM) and IFNa + CPI-1612 (l) for 72hr. Data represent mean * s.d. Statistical analysis was
performed by two-tailed Student’s f test.

J. Representative ZIP synergy scores for KATi + IFNa (left) or CPI-1612 + IFNa (right) in MOLM-13 (top)
and OCI-AML3 (bottom) cells (n = 3). ZIP scores > 10 were considered synergistic.
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Figure 7. KAT inhibition with interferon-alpha demonstrates efficacy in-vivo and ex-vivo

A. Kaplan-Meier survival curves of NSG mice (n=8 per group) engrafted with 1 x 10° MOLM-13 cells and
treated with vehicle, recombinant human IFNa (1 x 10° U/kg), KATi (100 mg/kg) or IFNa + KATi starting
one week after AML tail vein injection and continuing for 15 days (or less, in case of death events) post-
transplant. p values were determined using log-rank (Mantel-Cox) test.

B. Flow cytometry analysis of human CD45" cells in peripheral blood (left) and spleen (right) from
xenograft NSG mice treated with vehicle (n=5), IFNa (n=5), KATi (n=3) or IFNa + KATi (n=8) at the time of
death. Data represent mean t s.d. p values were determined by one-way ANOVA with Bonferroni’s
multiple comparisons test.

C. Cxcl10 mRNA expression in murine Nom1c/FIt3-ITD AML cells treated for 24hr with DMSO, IFNa (low:
6250 U/mL; high: 25000 U/mL), KATi (low: 200 nM; high: 800 nM) or IFNa + KATi. Data represent mean *
s.d.

D. Representative ZIP synergy score of KATi + IFNa in murine Npom1c/FIt3-ITD AML cells (n=3). ZIP scores
> 10 were considered synergistic.

E. Kaplan-Meier survival curves of C57BL/6 mice (n=6-7 per group) engrafted with 5 x 10° murine
Npm1c/Fit3-ITD AML cells and treated with vehicle, recombinant murine IFNa (1 x 10° U/kg), KATi (100
mg/kg) or IFNa + KATi starting one week after AML tail vein injection and continuing for 15 days post-
transplant. p values were determined using log-rank (Mantel-Cox) test.

F-l. CXCL10 (F), STAT1 (G), OAS3 (H) and IFIT3 (I) mRNA expression in primary mononuclear cells from
CMML (n = 4) and AML (n = 7) patients treated with DMSO, IFNa (10 ng/mL), KATi (500 nM), or IFNa +
KATi for 24hr. Data represent mean * s.d.

J. ATP-based luminescence signal (CellTiter-Glo) of CMML (n=3) and AML (n=4) primary mononuclear
cells treated with DMSO, IFNa (10 ng/mL), KATi (500 nM) or IFNa + KATi for 6 days. Data represent mean
ts.d.

K. Annexin V/7-AAD flow cytometry of CMML (n=1) and AML (n=4) primary mononuclear cells treated
with DMSO, IFNa (10 ng/mL), KATi (500 nM) or IFNa + KATi for 5 days. Data represent mean = s.d.

L. Quantification of colony-forming units in CMML primary mononuclear cells treated with DMSO, IFNa
(10 ng/mL), KATi (500 nM) or IFNa + KATi for 7 days. Data represent the mean of two technical
replicates.
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