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Abstract
Background The epigenetic factors KAT6A (MOZ/MYST3) and KMT2A (MLL/MLL1) interact in normal hematopoiesis 
to regulate progenitors’ self-renewal. Both proteins are recurrently translocated in AML, leading to impairment of 
critical differentiation pathways in these malignant cells. We evaluated the potential of different KAT6A therapeutic 
targeting strategies to alter the growth of KAT6A and KMT2A rearranged AMLs.

Methods We investigated the action and potential mechanisms of the first-in-class KAT6A inhibitor, WM-1119 in 
KAT6A and KMT2A rearranged (KAT6Ar and KMT2Ar) AML using cellular (flow cytometry, colony assays, cell growth) 
and molecular (shRNA knock-down, CRISPR knock-out, bulk and single-cell RNA-seq, ChIP-seq) assays. We also used 
two novel genetic murine KAT6A models combined with the most common KMT2Ar AML, KMT2A::MLLT3 AML. In 
these murine models, the catalytic activity of KAT6A, or the whole protein, can be conditionally abrogated or deleted. 
These models allowed us to compare the effects of specific KAT6A KAT activity inhibition with the complete deletion 
of the whole protein. Finally, we also tested these therapeutic approaches on human AML cell lines and primary 
patient AMLs.

Results We found that WM-1119 completely abrogated the proliferative and clonogenic potential of KAT6Ar cells in 
vitro. WM-1119 treatment was associated with a dramatic increase in myeloid differentiation program. The treatment 
also decreased stemness and leukemia pathways at the transcriptome level and led to loss of binding of the fusion 
protein at critical regulators of these pathways. In contrast, our pharmacologic and genetic results indicate that the 
catalytic activity of KAT6A plays a more limited role in KMT2Ar leukemogenicity, while targeting the whole KAT6A 
protein dramatically affects leukemic potential in murine KMT2A::MLLT3 AML.
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Introduction
Acute myeloid leukemia (AML) occurs when mutations 
in human hematopoietic stem cells (HSCs) [1, 2] gener-
ate leukemic stem cells whose large, immature blast cell 
progeny cannot differentiate [3], resulting in infiltrative 
bone marrow failure and death. Overall survival for many 
patients remains poor [4], necessitating the addition of 
new treatments to what is a relatively limited therapeutic 
armamentarium. KAT6A (also called MOZ and MYST3) 
is an evolutionarily conserved member of the MYST fam-
ily of lysine acetyltransferases (KATs) [5, 6] that is critical 
for the development [7] and maintenance of HSCs [8, 9]. 
The histone/lysine acetyltransferase (HAT/KAT) activ-
ity of KAT6A is essential for HSC development [10] and 
maintenance [11] whilst the co-activation of the hema-
topoietic specific transcription factors RUNX1 [12] and 
PU.1 [9] through interaction with KAT6A’s serine/methi-
onine (SM)-rich domain [13] are also likely contributory. 
KAT6A interacts with the mixed lineage leukemia (MLL) 
transcription factor/H3K4 methyltransferase (KMT2A) 
through its catalytic KAT domain to regulate HOXA 
gene expression in HSCs [14], and is one of the three 
‘most significant upstream regulators’ of the HOXA clus-
ter in AML [15].

KAT6A is a genetic vulnerability in KMT2A (MLL) 
rearranged (KMT2Ar) AML [16–18], a finding cor-
roborated by the DepMap portal [19–21]. Yan et al. [17] 
showed the importance of acetylation by KAT6A in driv-
ing stemness in a human KMT2A::MLLT3 AML cell line. 
WM-1119, the first-in-class inhibitor of the MYST family 
acetyltransferases [22], which has entered Phase 1 clinical 
trials (NCT04606446, trial registered October 28, 2020) 
in solid-organ cancers, has been proposed as a potential 
therapy in KMT2A::MLLT3 AML [17].

AMLs in which KAT6A is translocated (KAT6A rear-
ranged, KAT6Ar) have dismal prognoses, with five-year 
relapse-free survival of 7% extending to only 26% in those 
allografted in first complete remission and five-year over-
all survival rates of 11% and only 38%, respectively [23]. 
Better therapies to prolong survival following relapse are 
critically needed. Because the KAT domain of KAT6A is 
retained in the KAT6A-fusion protein created by trans-
location [5] and the other fusion partners are also often a 
KAT (CREBBP/CBP/KAT3A [24–28], P300/KAT3B [29, 
30], or NCOA2/TIF2/KAT13C [31–33]), such fusions 
have been postulated to act through a super-KAT activ-
ity [34]. Inhibition of KAT activity is, therefore, a logical 
therapeutic target.

In this work, we investigated the use of WM-1119 in 
a murine cell line of KAT6Ar AML, hereon referred to 
as cell line MT2 (MOZ::TIF2/KAT6A::NCOA2, MT2) 
and KAT6Ar patient samples. We found that WM-1119 
completely abrogated the proliferative and clonogenic 
potential of MT2 cells in vitro. WM-1119 treatment was 
associated with decreased stemness and leukemia path-
ways at the transcriptome level, related to loss of binding 
of the KAT6A::NCOA2 fusion protein at critical regula-
tors of these pathways.

To investigate a broader therapeutic role of tar-
geting KAT6A in AML, we employed novel murine 
KAT6A models combined with the most common 
KMT2Ar AML, KMT2A::MLLT3 AML [35]. In our 
KMT2A::MLLT3 AML murine models, the catalytic 
activity of KAT6A, or the whole protein, can be condi-
tionally abrogated or deleted. We demonstrated with 
these mouse models and validated in human cell lines 
that functions of KAT6A beyond its catalytic activity are 
important for KMT2A::MLLT3 leukemogenesis. Our 
findings indicate that while inhibiting the KAT activity 
of KAT6Ar AML patients holds great therapeutic prom-
ise, using WM-1119 as a ligand around which to develop 
targeted degradation may be the most appropriate thera-
peutic strategy for patients with KMT2Ar AML.

Materials and methods
Mice
All procedures involving animals were performed under 
UK Home Office Project License PP3007645 in accor-
dance with the Animals (Scientific Procedures) Act 1986.

The mouse line carrying a HAT catalytic dead mutant 
version (Q654E/G657E) of KAT6A (KAT6AMUT) was 
generated by the Genome Editing and Mouse Mod-
els Core Facility of the CRUK Manchester Institute by 
CRISPR-Cas technology. Briefly, a sgRNA (5’-  T A G C C 
C T T A C G T T G G T A T T G G G G) targeting the region of 
interest was designed using the Sanger WTSI website 
http://www.sanger.ac.uk/htgt/wge/ [36]. Complementary 
oligos carrying the specific 20-nucleotide sequence of 
the gRNA were annealed and cloned into a vector con-
taining the gRNA backbone and a T7 promoter for in 
vitro transcription using MEGAshortscript T7 Kit (Life 
Technologies, AM1354) and purified with MEGAclear 
Kit (Life Technologies, AM1908). The repair template 
carrying Q654E and G657E new point mutations was 
designed as an Ultramer (IDT DNA technologies). To 
facilitate screening of targeted events by PCR-RFLP, a 
DdeI restriction silent mutation was inserted in the PAM 

Conclusion Our study indicates that inhibiting KAT6A KAT activity holds compelling promise for KAT6Ar AML 
patients. In contrast, targeted degradation of KAT6A, and not just its catalytic activity, may represent a more 
appropriate therapeutic approach for KMT2Ar AMLs.
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sequence, to avoid the retargeting by Cas9 endonuclease. 
Superovulated C57Bl/6OlaHsd 4-weeks old female mice 
were mated to C57Bl/6OlaHsd stud males, and fertilized 
embryos were collected from oviducts at 0.5 days post 
coitum (dpc). Embryos were microinjected in the cyto-
plasm with mRNA Cas9 (100ng/µl; TriLink, L-T206), in 
vitro transcribed sgRNA (25ng/µl) and Ultramer ssDNA 
(100ng/µl) as repair template. Zygotes were cultured 
overnight, and 2-cell embryos surgically implanted into 
the oviduct of 0.5dpc Hsd: ICR (CD-1) pseudo pregnant 
mice. The offspring was assessed for correct targeting 
using PCR-RFLP primers (Fwd 5’ C T T G G T T T T G G T G 
G C A G G T T and Rev 5’  T G A C T C C T C C T G C A T G T T G 
T) flanking the homology arms followed by DdeI restric-
tion digestion (New England Biolabs, R0175S) and subse-
quent Sanger sequencing.

The conditional Kat6A allele with exon 4 flanked by 
loxP sites (KAT6AFL) was produced at the Institute Cli-
nique de la Souris (ICS: Illkirch, France) on commis-
sion and design from L Delva’s laboratory. The targeting 
vector contains a 0.9  kb fragment corresponding to the 
“floxed” fragment (including exon 4 of Kat6a) together 
with the 4.3  kb 5’ homologous and the 3’ homologous 
arms. The linearized construct was electroporated into 
murine embryonic stem cells with a 129S2/SvPas genetic 
background. After selection, target clones were identified 
by PCR using external primers, then confirmed by South-
ern blots with Neo and external 5’ and 3’ probes (Supple-
mentary Fig S6). A positive murine embryonic stem cell 
clone was obtained. It was microinjected into blastocysts 
of C57BL/6J genetic background mice, and chimeric 
males enabled germline transmission.

Both GEMMS were bred on a C57/Bl6 background 
and crossed with B6.129-Gt(ROSA)26Sortm1(cre/ERT2)
Tyj/J [37], which contains the Cre-ERT2 knocked into 
the ROSA26 locus, and with mTmG reporter mice [38] 
generated by injection of ES cells. The CreERT2 fusion 
protein consists of Cre recombinase fused to a triple 
mutant form of the human estrogen receptor, which does 
not bind its natural ligand (17β-estradiol) at physiologi-
cal concentrations but will bind the synthetic estrogen 
receptor ligand 4-hydroxytamoxifen.

All mice were housed under specific pathogen-free 
conditions and in individually ventilated cages main-
tained at 20-24°C and 40-60% relative humidity. The mice 
were genotyped by Transnetyx.

Competitive repopulation
C57Bl/6 CD45.1 Pepc recipient mice were irradiated 
sub-lethaly (125  Gy) 4  h before cell injection. One mil-
lion bone marrow cells of the test group (Kat6a KO or 
Kat6a WT, C57Bl/6 CD45.2) and of the competitor 
group (CD45.1.2) were co-injected intravenously. Bone 

marrow/Peripheral blood reconstitution was evaluated 
after 15 weeks.

Generation and culture of murine MT2 (KAT6A::NCOA2) 
and KMT2A::MLLT3 AML cell lines
C-kit positive cells were sorted from the whole bone mar-
row of female C57BL/6 or female/male transgenic mice 
with the desired genotype by magnetic bead selection 
(Miltenyi Biotec) and then retrovirally transduced with 
an MSCV-KAT6A::NCOA2 or MSCV-KMT2A::MLLT3 
construct. After passage through three to seven rounds of 
methylcellulose supplemented with 5% foetal calf serum 
(FCS)(Sigma-Aldrich, F7524), 0.5% L-glutamine  (Gibco, 
25030081), 0.5% Penicillin/Streptomycin  (Gibco, 
15140163), 0.5% kit ligand supernatant, 0.5% IL-3 super-
natant, 0.5% GM-CSF supernatant, 0.5% thrombopoietin 
supernatant, 0.3% transferrin supernatant, 0.13% mono-
thiolglycerol (Sigma, M6145), 0.25% ascorbic acid, 0.05% 
recombinant IL-11 (Pepro Tech, 200-11), 0.1% erythro-
poietin (Pepro Tech, 100-64), 0.1% IL-6 (Pepro Tech, 216-
16) and 0.05% MCSF (Pepro Tech, 315-02), cells were 
grown under standard conditions (37  °C, 5% CO2) in 
RPMI-1640 (Fisher Scientific, 21875-091)  supplemented 
with 10% FCS, 1% Kit ligand supernatant, 1% IL-3 super-
natant and 10 ng ml− 1 recombinant IL-6.

Mouse models of leukemia
Female wild-type C57BL/6 mice aged 8–12 weeks 
(Envigo) were given acidified water for 1 week prior 
and 2 weeks following irradiation with 600  cGy in two 
divided doses 3 h apart. Following irradiation that same 
day, cKit positive murine bone marrow retrovirally trans-
fected with an MSCV-KAT6A::TIF2/NCOA2 or MSCV-
KMT2A::MLLT3 plasmid were iv injected. Alternatively, 
splenic cells harvested from primary AML, treated with 
4-hydroxytamoxifen  (Sigma, T176) and FACS sorted 
were injected intravenously.

Human cell lines and cell culture
Human AML cell lines, confirmed to be mycoplasma free 
(Venor GeM gEP Mycoplasma Detection Kit, Minerva 
Biolabs), were authenticated by STR analysis, and grown 
under standard conditions in RPMI-1640 supplemented 
with 10% FCS and 1% Penicillin/Streptomycin.

Primary AML cell culture
Primary AML cells were cultured with MS5 feeder cells 
in Alpha-MEM supplemented with 25% heat inactivated 
foetal bovine/calf serum, 25% inactivated horse serum, 
50µM β-mercaptoethanol, 1µM hydrocortisone, 1% Peni-
cillin/Streptomycin, 1% L-Glutamine and 20ng/mL each 
of recombinant human hSCF, hG-CSF, hIL-3, hTPO (all 
Pepro Tech). 3-5 × 10^5 MS5 feeder cells were cultured 
the day before thawing of primary cells in 2mL co-culture 
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medium per well of a 6 well plate to which 2mL sterile 
gelatine had been added for up to 30 min prior to aspi-
ration. The next day, thawed primary cells were carefully 
added at 1 × 10^6/mL in co-culture and monitored daily 
to maintain high density. Feeder cells were changed at 
least twice a week and when primary cells were passaged, 
20% conditioned media was maintained. For drug assays, 
primary cells were initially seeded at 1 × 10^5/mL in a 
24 well plate (1mL/well) in 20% conditioned co-culture 
media from MS5 cells.

Retrovirus production and transduction
4.5  million platinum E cells were seeded in 10mLs of 
RPMI media in 10 cm dishes. Approximately 16 h later, 
7  µg of the retroviral vector of interest was mixed with 
42  µg polyethyleneimine in 1mL serum-free RPMI and 
added to the cells. Media was collected after 48 h, filtered 
and added at 500µL per 25,000 cKit positive cells with 
8  µg/ml Hexadimethrine bromide (Sigma, 107689) and 
spun for 45 min at 480 g at 32 °C.

Lentivirus production and transduction
HEK 293T cells were seeded into 10 cm diameter dishes 
at between 3 and 5 million cells per dish. The following 
day, cells were transfected with 4 µg of the lentiviral vec-
tor of interest (shRNA or guide) and 2nd generation len-
tiviral packaging vectors using 42  µg polyethyleneimine 
in 1 ml serum-free DMEM. The next day the media was 
changed, and the viral supernatant was harvested on 
the subsequent day. For transductions, cells were resus-
pended in viral supernatant supplemented with 8 µg/ml 
Hexadimethrine bromide (Sigma, Cat. No. 107689) and 
transferred to multi-well plates. Cells were centrifuged at 
480 g for 30 min at 32 °C and incubated in viral superna-
tant at 37 °C for 24 h.

Cell proliferation assays
2 × 105 MT2 cells per ml were treated with doses of 
WM-1119 (Biotecne, Kyiv) as detailed or DMSO (volume 
equivalent to that within highest WM-1119 dose). Cells 
were split 1:3 every 48  h and drug/vehicle was replen-
ished. Cell aliquots were counted using a haemocytom-
eter or evaluated through Cell Titer Glo® (Promega) 
analysis, performed as per manufacturer’s instructions.

Clonogenic assays in methylcellulose
Murine AML cells were plated in duplicate or triplicate 
at a cell dose of 5 × 102 per ml in cytokine supplemented 
methylcellulose (see above) in the presence of vehicle 
(0.1% DMSO) or 4-hydroxytamoxifen (25nM for MT2 
cells and 50nM for KMT2A::MLLT3 cells in round 1 and 
10nM from round 2 onwards for both cell lines). Cells 
were incubated at 37 °C and 5% CO2 for 7–10 days, and 
colonies and total cell numbers were counted.

shRNA
shRNA’s were designed using the sequential learning 
algorithm SplashRNA [39] available at http://splashrna.
mskcc.org/ and were cloned into LT3GEPIR (Addgene 
plasmid #111177, Johannes Zuber). ShRNA constructs 
were lentivirally transfected into human AML cell lines 
and underwent puromycin selection. ShRNA (and GFP) 
expression induction was activated by the addition of 
1 µg doxycycline to 1mL media.

CRISPR cell line generation
THP-1 cells expressing Cas9 were a gift from Ricky 
Johnstone (Peter MacCallum Cancer Center, Australia). 
NOMO-1 Cas9 cells were generated by lentiviral trans-
duction with virus generated with the plasmid LentiV_
Cas9_puro (Addgene plasmid #108100 from Christopher 
Vakoc) and subsequently selected with puromycin. Cas9 
efficiency was confirmed by CRISPR mediated cellular 
competition assays using guides against essential human 
genes (CDK9, CDK1, PCNA, RPA3) and a guide against a 
murine control gene (Rosa).

Proliferation and differentiation of CRISPR KO of KAT6A
Single guides were cloned into a derivative of pCRIS-
PRia-V2 (Addgene plasmid #84832, Jonathan Weissman) 
expressing BFP. Cells were split every 2–3 days and the 
percentage of transduced BFP-positive (KO) cells was 
monitored by flow cytometry. Values were normalised 
to the BFP-positive percentage on day 4. For differen-
tiation analyses, cells were harvested from the well of a 
6-well plate, and 1mL of pre-warmed detachment buf-
fer (1xPBS, 0.144 g glucose, 4.8mL EDTA (0.5 M) to an 
800mL final volume) was added and incubated for two 
minutes before addition to the harvested cells. All cells 
were spun, washed in PBS and blocked with CD16/CD32 
monoclonal antibody (eBioscience) for 10  min prior to 
staining with CD11b monoclonal antibody (ICRF44) 
APC and CD86 monoclonal antibody (IT2.2) PE-Cy7 
(both eBioscience) both at 1:200 dilution. The cells were 
analysed for BFP, CD11b and CD86 on a BD Fortessa X20 
(BD Biosciences).

Cytospin
Cells were cytocentrifuged onto slides using a Ther-
moFisher Shandon 3 cytospin centrifuge at 600  rpm, 
medium acceleration for 5  min and were then fixed in 
May Grunwald for 5  min and stained in Giemsa for 
20 min.

Flow cytometric analyses
Flow cytometry analyses were conducted with a BD Fort-
essa X20 (BD Biosciences). Fluorescence-activated cell 
sorting (FACS) was performed on BD Aria III (BD Biosci-
ences). Data were analyzed using FlowJo v10 software.

http://splashrna.mskcc.org/
http://splashrna.mskcc.org/
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Analysis of cell cycle
The cell cycle was analyzed by flow cytometry using 
propidium iodide to measure DNA content. Briefly, cells 
were pelleted and washed once with cold PBS. Cell pellet 
was resuspended in 70% ethanol and incubated at 4 C for 
30 min to fix and permeabilise the cells. Fixed cells were 
then washed twice with cold PBS and resuspended in 
PBS containing 5 µg/mL RNAse for 30 min. Finally, prop-
idium iodide was added to a final concentration of 10 µg/
mL. Stained cells were then analysed by flow cytometry.

qPCR
RNA extracted using RNeasy Plus Mini kit (Qiagen), as 
per manufacturer’s instructions. cDNA was generated 
using High-capacity cDNA kit. Gene expression was 
quantified by qPCR using FastStart Universal Sybr Green 
Master (Rox) (Roche, Cat. # 04913850001) on a Quant-
studio 5 Real-Time PCR system (Applied Biosytems, Cat. 
# A28140). The standard Comparative Ct with melt pro-
gram was used. Knockdown was determined using the 
delta delta Ct method, using GAPDH and U6 as normal-
izing genes.

RNA-Seq
RNA was extracted using RNeasy Plus Mini kit (Qia-
gen), as per manufacturer’s instructions and paired-end 
Sureselect (Agilent) libraries prepared for sequencing. 
Libraries were sequenced using the Novaseq (Illumina) 
platform. Basecalls were converted to FASTQ files using 
bcl2fastq (Illumina). Fastq files were trimmed with auto-
matic adapter detection using trim galore (version 0.6.10) 
and aligned to GRCm38 (Ensembl 75) using Star aligner 
(version 2.5.1b) [40]. BAM alignments were quantified in 
R (version 4.2.0) using featureCounts from the Rsubread 
library (version 2.8.2) [41]. DE analysis was performed 
using DESeq2 (version 1.38.3) [42].

Single cell RNA-seq was performed using Chromium 
NextGEM Single Cell 3’ v2 reagent kit as per manufac-
turer instructions (10X Genomics). CellRanger v3.0.2 
(10X Genomics) was used to convert raw basecalls to 
FASTQ, to map reads to GRCm38, to assign reads to 
cells, and to count reads aligned to each feature. Count 
data were further analysed in R using Seurat package 
[43].

ChIP-Seq
Cells were crosslinked with formaldehyde for 10  min 
then quenched with glycine. The cells were then lysed, 
the nuclei pelleted down by centrifugation and soni-
cated using a Bioruptor Pico (Diagenode). An aliquot was 
used for fragmentation analyses, and the rest was frozen 
until use in ChIP assays. Protein-G coated Dynabeads 
were incubated at 4  °C with Ty1 antibody (MAb-054-
050, Diagenode) to prepare beads pre-coated with Ty1 

antibody. Sonicated chromatin was added to Ty1 pre-
coated beads and the mix was incubated overnight at 4 °C 
and then washed. Immunoprecipitated chromatin was 
eluted by two sequential incubations and then reverse-
crosslinked for 12 h, followed by treatment with RNase A 
and Proteinase K and purification of DNA. Purified DNA 
was quantified with Qubit DS DNA HS Assay (Thermo-
Fisher Scientific, USA).

At least 1ng of ChIP DNA was used to prepare 
sequencing library with NEBNext Ultra II DNA Library 
Prep Kit for Illumina (NEB, USA). Indexed libraries 
were prepared using the MicroPlex Library Prep kit v2 
(Diagenode) or the NEBNext Ultra II DNA Library Prep 
Kit for Illumina (New England BioLabs). Library qual-
ity was checked using the Agilent Bioanalyzer. Librar-
ies were quantified by qPCR using the KAPA Library 
Quantification Kit for Illumina (Kapa Biosystems Inc.). 
Paired-end 75  bp sequencing was carried out by clus-
tering 1.5pM of the pooled libraries on a NextSeq 500 
sequencer with High Output v2 chemistry (Illumina inc.) 
for MicroPlexed samples. Paired-end 40  bp sequenc-
ing was carried out by clustering 1.8pM of the pooled 
libraries for NEBNext Ultra on a NextSeq 500 sequencer 
with High Output v2.5 chemistry (Illumina inc). Base-
calls were converted to fastq files using bcl2fastq (Illu-
mina). Fastq files were trimmed with automatic adapter 
detection using trim galore (version 0.6.10) and aligned 
to GRCm38 (Ensembl 93) using bowtie2 (version 2.5.1) 
[44]. BAM files were subset to uniquely mapping reads 
and deduplicated using picard tools (version 1.9.6) [45]. 
Alignments to ENCODE blacklist regions [46] were fil-
tered from the BAM files and converted to bigwig format. 
QC was performed on the final alignments using ngsplot 
and deeptools (versions 2.6.3 & 3.5.2). ChIP peaks were 
called using MACS2 (version 2.2.8) [47]. Comparisons 
between peaksets were performed in R (version 4.2.3) 
using functions from the GenomicRanges package [48]. 
Grouped differential enrichment tests within peaks were 
performed using DiffBind [49]. Comparison of “peak-
ranges” between groups was performed by combining 
peak widths within 2000  bp of each other and merging 
between samples; the length of peak-ranges overlapping 
either over(up)/under(dn)-enriched genes, assessed by 
DiffBind, were compared.

Data sharing
Raw sequencing files and processed data are available in 
GEO (PRJNA1100482).

Quantification and statistical analyses
Pre-ranked gene set enrichment analysis was performed 
with GSEA v 4.3.2 software [50]. Genes were ranked by 
log2 fold change in expression.



Page 6 of 18Sheridan et al. Journal of Hematology & Oncology           (2024) 17:91 

Statistical analyses were performed using GraphPad 
Prism version 10.

Results
Inhibiting the catalytic activity of KAT6A impairs the 
growth of KAT6A translocated AML
Chromosomal recombinations resulting in KAT6A rear-
ranged (KAT6Ar) AMLs are recognised events in AML. 
Typically, KAT6A is fused with CREBBP (KAT3A/CBP) 
[23] but cases in which the fusion is between KAT6A and 
NCOA2 (TIF2/KAT13C), which can recruit CREBBP 
via its CBP-binding protein Interaction Domain (CID) 
(Fig.  1a), have been reported [31–33]. These fusions 
retain and combine the KAT activities of both proteins 
and have been postulated to deregulate myeloid differ-
entiation through the creation of a super-KAT activity 
[34]. Inhibition of KAT6A KAT activity could, therefore, 
be a logical therapeutic option. To evaluate the relevance 
of targeting KAT6A KAT activity, we first generated a 
murine KAT6Ar AML cell line by transducing c-Kit+ 
hematopoietic stem and progenitor cells (HSPCs) with a 
retrovirus encoding KAT6A::NCOA2 and serially replat-
ing the transduced cells to generate a KAT6A::NCOA2 
(MOZ::TIF2) cell line hereon referred to as MT2 cells 
(Fig. 1b). We then evaluated the relevance of the KAT6A 
KAT activity with the KAT6A KAT inhibitor WM-1119. 
Treatments of the MT2 cells with low doses of WM-1119 
lead to complete abrogation of their proliferation in cul-
ture (Fig. 1c). In contrast, there was no WM-1119 effect 
on the proliferation of untransformed c-Kit+ cells at 
these doses, suggesting a therapeutic window (Fig.  1d). 
The WM-1119-induced block in MT2 proliferation was 
accompanied by a marked reduction of cells in S and G2 
phases (Fig. 1e) and increased morphological and FACS 
evidence of differentiation, indicating a release of the 
myeloid differentiation block pathognomonic of AML 
(Fig.  1f, Supplementary Fig S1). WM-1119 also rapidly 
arrested the clonogenic replating capacity of MT2 cells 
(Fig.  1g). Primary human patient samples harbouring 
the KAT6A::CREBBP (MOZ::CBP) rearrangement were 
sensitive to WM-1119, with a substantial reduction in 
proliferation measured by Cell-Titer Glo after ten days 
of treatment with low doses of WM-1119 (Fig. 1h). These 
findings demonstrate significant impacts of WM-1119 
on the growth and myeloid differentiation of KAT6Ar 
AMLs.

WM-1119 abrogates KAT6A::NCOA2 fusion protein binding 
at genes implicated in leukemogenesis and stemness
We next performed ChIP-Seq using the Ty1 tag present 
on the KAT6A::NCOA2 construct to investigate whether 
the phenotypic changes observed upon treatment with 
KAT6A inhibitor are associated with changes in binding 
of the KAT6A::NCOA2 fusion protein. KAT6A::NCOA2 

binding in MT2 cells was mainly observed at promot-
ers (Supplementary Fig S2a-c). We found that 3 days of 
treatment with WM-1119 resulted in loss of binding at 
only 26 sites, whereas 595 peaks were gained and more 
than 6,000 were maintained (Fig. 2a and Supplementary 
Fig S2d). Motif analysis using HOMER on all, or just the 
gained, peaks revealed a bias for CpG (Supplementary 
Fig S2e), consistent with KAT6A binding to unmethyl-
ated CpG islands through its N-terminal winged helix 
(WH) domain [51, 52]. This N-terminal WH domain is 
conserved in the protein produced by the translocated 
KAT6A::NCOA2 cDNA. We also found an interest-
ing, but non-statistically significant, motif enrichment 
for Myb in the few lost peaks (Supplementary Fig S2e). 
We concluded from these data that KAT6A::NCOA2, 
like KAT6A, binds to unmethylated CpG islands of 
active promoters. The lost peaks were associated with 16 
genes, including Bahcc1, Meis1, Hoxa3, Hoxa7, Erg and 
Sox4 (Fig. 2a and b and Supplementary Fig S3). All these 
genes have been strongly associated with leukemia and 
stemness. BAHCC1 is highly expressed in human acute 
leukemia and represses genes involved in tumor suppres-
sion and cell differentiation [53]. The HoxA cluster and 
Meis1 encode self-renewal hematopoietic transcription 
factors whose dysregulation has long been recognised 
in AML [54]. Erg, an ETS transcription factor associ-
ated with maintaining hematopoietic stem cells (HSCs) 
in normal hematopoiesis, is highly expressed in most 
KMT2A::MLLT3 AML [55]. Sox4, another potential 
regulator of HSC activity, is highly expressed in many 
cancers [56]. Accordingly, EnrichR [57–59] analyses 
indicated that the genes associated with peaks lost are 
related to HSCs whereas the genes associated with peaks 
gained are related to myeloid cells, consistent with differ-
entiation (Fig. 2c, Supplementary Fig S4 and Supplemen-
tary Tables 1 and 1). Altogether, these data indicate that 
treatment of MT2 cells with WM-1119 results in loss of 
KAT6A::NCOA2 binding at genes associated with leuke-
mia and stemness.

WM-1119 abolishes the expression of genes implicated in 
leukemogenesis and stemness
To define further the consequences of WM-119 treat-
ment, we performed a two-day treatment time course 
(12, 24 and 48  h) on MT2 cells. Significant alterations 
in gene expression were observed within 48  h (Fig.  3a). 
Specifically, the leukemia/stemness-related genes Hoxa9 
and Bahcc1 exhibited downregulation as early as 12  h 
in WM-1119-treated cells compared to those treated 
with DMSO. Conversely, Itgam, which encodes the 
myeloid differentiation marker CD11b and S100a9 and 
S100a8, encoding two calcium-binding proteins of the 
neutrophil-rich calprotectin complex, were upregu-
lated (Fig.  3b). Analysis of bulk transcriptomic data at 
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Fig. 1 Inhibiting the catalytic activity of KAT6A impairs the growth of KAT6A translocated AML. a, Schematic outline of KAT6A and NCOA2 proteins 
showing known functional domains and the KAT6A::NCOA2 fusion protein. PHD, plant homeodomain. MYST, ‘MOZ, YBF2, SAS2, TIP’ domain. SM, serine-
methionine rich domain. bHLH-PAS, basic helix–loop–helix/Per-ARNT-SIM domain. NIP, Nuclear Receptor Interaction Domain. CID, CREB-binding protein 
Interaction Domain. b, Schematic of the generation of the murine KAT6A::NCOA2 AML cell line (MT2). c, Cell counts for MT2 cells treated with DMSO and 
0.1µM and 1µM WM-1119 every 2 days (n = 2, error bars represent mean with standard deviation). d, Proliferation (directly proportional to luminescence 
of Cell-Titer Glo®) of MT2 and cKit positive murine cells after treatment with different concentrations of WM-1119 (n = 3, error bars represent mean with 
standard deviation). e, Flow cytometric cell cycle analysis of MT2 cells after treatment with DMSO or 1µM WM-1119 for 5 days. f, Cytospin images of MT2 
cells following DMSO or 1µM WM-1119 treatment. g, Colony forming assay for MT2 cells treated with DMSO or 50nM WM-1119 (n = 6, error bars represent 
mean with standard deviation). h, Proliferation (directly proportional to luminescence of added Cell-Titer Glo® reagent) of two KAT6A::CREBBP translo-
cated patient samples, AML-24758B and AML-27,420 A treated with DMSO or different doses of WM-1119 for 10 days
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different time points with gene set enrichment analysis 
(GSEA) revealed an early increase in the expression of 
genes typically downregulated by the key leukemia/stem-
ness driver KMT2A (SCHRAETS: MLL_Targets_DN), 
followed by the expression of myeloid cell development 
genes (BROWN: Myeloid_Cell_Development_UP), 
and of genes downregulated by HOXA9 and MEIS1 
(HESS: Targets_Of_HOXA9_and_MEIS1_DN) (Fig.  3c). 

Furthermore, correlating the loss of KAT6A::NCOA2 
binding with changes in gene expression, we found that 
the loss of fusion protein binding was primarily associ-
ated with gene expression downregulation as early as 
12 h (Fig. 3d).

To assess whether the observed changes in bulk 
gene expression induced by WM-1119 treatment were 
consistent across all cells, we conducted single-cell 

Fig. 2 WM-1119 abrogates KAT6A::NCOA2 fusion protein binding at genes implicated in leukemogenesis and stemness. a, Pie chart and heat maps 
showing changes in binding of KAT6A::NCOA2 after treatment with 2 µM WM-1119 compared to DMSO for 72 h. 16 genes, shown in table, show a loss of 
KAT6A::NCOA2 binding after treatment with WM-1119. b, Representative ChIP-Seq histogram tracks showing binding of KAT6A::NCOA2 across the gene 
bodies of Hoxa7 and Sox4 after 72 h of DMSO treatment and loss of this binding after treatment with 2µM WM-1119 for 72 h. c, Top hits by adjusted p 
value for selected “Cell Type”, “Pathways” and “Transcription” gene sets from EnrichR for genes with loss or gain of KAT6A::NCOA2 binding
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transcriptomic analysis throughout WM-1119 treatment 
on MT2 cells. These experiments revealed rapid, com-
plete, sustained segregation of WM-1119-treated cells 
from DMSO control cells into distinct groups (Fig.  3e), 
and upregulation of markers of differentiation (Cebpe, 
Itgam, CD68) in WM-1119-treated cells compared to 

DMSO-treated cells (Fig. 3f ). Similar gene sets to those 
observed in bulk RNA-Seq (Fig.  3c) related to myeloid 
development and genes downregulated by HoxA9 and 
Meis1 were enriched by GSEA for single cells (Supple-
mentary Fig S5). Overall, these cellular and molecular 
findings revealed that WM-1119 treatment of KAT6Ar 

Fig. 3 WM-1119 abrogates the expression of genes implicated in leukemogenesis and stemness. a, Volcano plot showing differential gene expression 
in MT2 cells treated with 1µM WM-1119 compared to cells treated with DMSO at 48 h. b, Heatmap of genes with Log2 fold change ≥1 at 12 h after treat-
ment. c, Leading edge plots for selected gene sets with FDR < 0.25 enriched in bulk MT2 cells 12, 24 and 48 h after treatment with 1µM WM-1119. d, 
Comparison of differential gene expression in cells treated with 1µM WM-1119 compared to cells treated with DMSO at 12 h for genes with loss or gain of 
KAT6A::NCOA2 binding at 72 h following treatment with 2µM WM-1119 compared to DMSO. e, UMAP clustering and f, violin plots for selected markers of 
myeloid differentiation of single MT2 cells at days 0 and 8 after treatment with control (DMSO) and at days 2, 4, 6 and 8 after treatment with 1µM WM-1119
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AML results in swift suppression of leukemia and stem-
ness-associated genes and facilitates the robust and 
complete release of the myeloid differentiation block. 
Consequently, our data provide compelling evidence for 
the therapeutic potential of KAT6A inhibitors in treating 
KAT6Ar AMLs.

Development of new KAT6A mouse models
KAT6A is a genetic vulnerability in KMT2A rearranged 
(KMT2Ar) AML [16–18], as corroborated by the Dep-
Map portal (https://depmap.org/portal/) [19, 20]. Nota-
bly, members of the KMT2A complex, including ENL 
(MLLT1), KMT2A (MLL), DOT1L, and ASH1L, are 
among the top KAT6A co-dependencies in the CRISPR 
screen DepMap database [19]. These findings, alongside 
shared aberrant gene expression profiles [60, 61], suggest 
cooperation between KMT2A and KAT6A in sustaining 
KMT2Ar and KAT6Ar AMLs. While these results under-
score the potential of targeting KAT6A as a therapeutic 
strategy for KMT2Ar AMLs, many investigations have 
primarily focused on either knocking down or knocking 
out the entire protein. Consequently, it remains unclear 
whether therapeutic interventions should specifically tar-
get KAT6A’s KAT activity or the protein as a whole and 
what adverse effects might accompany each approach. To 
address this crucial question, we utilized two new mouse 
models to delineate and compare the requirement for 
the complete KAT6A protein versus its KAT activity in 
KMT2Ar AMLs.

In the first model, we engineered a mutant variant allele 
of Kat6a (KAT6A MUT), disrupting the KAT catalytic 
domain through a double point mutation (Q654E/G657E, 
Supplementary Fig S7a). This mutation abolishes the 
residual KAT activity observed in vitro with the previous 
single mutation model (G657E) [11, 62]. We confirmed 
that similarly to this previous G657E model, mutations 
of both Kat6a alleles resulted in embryonic lethality. 
Apart from comprehensively inhibiting KAT activity, this 
model allows for a specific, and complete, inhibition of 
KAT6A’s KAT activity, circumventing the known impact 
of WM-1119 on the KAT activities of other MYST mem-
bers (KAT7, KAT6B) [22, 63].

Additionally, we developed a Kat6a conditional knock-
out model (KAT6AFL/FL, Supplementary Fig S7b). In this 
model, Cre-induced deletion of exon 4 of Kat6a results 
in the creation of a premature stop codon and nonsense-
mediated RNA decay of Kat6a transcripts. We first 
confirmed that constitutive deletion using PGK-Cre mir-
rors the embryonic lethality observed in previous total 
KAT6A knockout models (Supplementary Fig S7c). To 
explore the relevance of KAT6A in adult hematopoiesis, 
we crossed these KAT6AFL/FL mice with Vav-Cre mice, 
where CRE expression primarily targets the hemato-
poietic system. Our results demonstrate that Vav-Cre/ 

KAT6AFL/FL mice reach adulthood and remain healthy, 
despite efficient Kat6a deletion in bone marrow cells 
(Supplementary Fig S7d). Analysis of various hemato-
poietic compartments revealed primarily reduced B cells 
and phenotypic HSCs (Supplementary Fig S7e and S7f ), 
alongside impaired bone marrow cell reconstitution in 
recipients (Supplementary Fig S7g). These observations 
suggest that although KAT6A is critical for B cell devel-
opment and HSC maintenance in adult hematopoiesis, 
its deletion does not lead to increased morbidity or mor-
tality. These results are consistent with a previous study 
[8] and indicate a potential therapeutic window for tar-
geting KAT6A.

Inhibiting the catalytic activity of KAT6A minimally affects 
KMT2A::MLLT3 AML growth
To assess the necessity of KAT activity, and circum-
vent the embryonic lethality observed in the absence 
of KAT6A KAT activity [7, 10], we combined the MUT 
allele with the conditional floxed functional Kat6a allele 
to generate KAT6AFL/MUT adult mice. Additionally, we 
introduced a tamoxifen-inducible Cre-recombinase (Cre-
ERT2) [37] and a two-colour fluorescent CRE activity 
reporter allele mTmG (membrane Tomato / membrane 
GFP) [38]. 4-hydroxytamoxifen (4OHT) induction of 
recombination leads to the loss of the functional Kat6a 
allele, a switch from Tomato to GFP expression, and 
the exclusive expression of catalytically dead KAT6A 
(KAT6AKO/MUT, Fig.  4a). Murine KMT2A::MLLT3 
AML cell lines were generated by retroviral transfec-
tion of cKIT+ cells from KAT6AFL/MUT bone marrow. To 
account for the influence of CRE activity on AML cells, 
we also created KMT2A::MLLT3 AML lines from mice 
carrying a wild-type, instead of the floxed, KAT6A allele 
(KAT6AWT/MUT). These transformed cells were selected 
through multiple rounds of methylcellulose replating.

Initially, we assessed the requirement of KAT6A’s KAT 
activity in serial replating of KMT2A::MLLT3 cells. No 
statistically significant reduction in colony numbers was 
observed in KMT2A::MLLT3 AML cells where KAT6A’s 
KAT activity was abrogated compared to KAT6AWT/MUT, 
KAT6AWT/WT and KAT6AWT/FL controls (Fig.  4b and 
Supplementary Fig S8). However, a slight reduction in 
cumulative cell numbers was noted in this group (Fig. 4c). 
Subsequently, we set up cellular competition assays 
in liquid culture, in which KAT6AFL/MUT cells, where 
KAT6A KAT is still functional (Tomato, KAT6AFL/MUT) 
were seeded at 20–25% of the total cell number with 
75–80% of cells with abrogated KAT6A KAT activity 
(sorted GFP+ cells, KAT6AFL/MUT + 4OHT). Sequential 
FACS analyses over more than 3 weeks indicated that 
KMT2A::MLLT3 AML cells lacking KAT6A’s KAT activ-
ity were not outcompeted (Fig. 4d).

https://depmap.org/portal/
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Finally, we pharmacologically targeted KAT6A’s 
KAT activity in murine KMT2A::MLLT3 AML with 
WM-1119. While there was initially a minor reduc-
tion in clonogenicity in the treated group, the loss of 

colony numbers was not sustained upon further replating 
(Fig. 4e). Although statistically significant, the difference 
in cellular proliferation between treated and untreated 
groups was relatively modest (Fig.  4f ). Taken together, 

Fig. 4 Inhibiting the catalytic activity of KAT6A minimally affects KMT2A::MLLT3 AML growth. a, Schematic showing the genotypic effects of tamoxifen 
inducible Cre-loxP. b, Colony numbers and c, total cells counted after plating of 1,000 cells at each MeC round for KMT2A::MLLT3 AML cell lines with 
genotypes as detailed with or without treatment with 4-hydroxytamoxifen (4OHT). (n = 2, error bars represent mean with standard deviation, two tailed 
unpaired t test, p ≥0.05 (ns), 0.01 to 0.05 (*), 0.001 to 0.01 (**), 0.0001 to 0.001 (***), < 0.0001 (****)). d, Liquid culture competition assays between cells un-
dergoing Cre recombination following 4OHT treatment and those untreated for control cells (KAT6AWT/WT) and KAT mutant cells (KAT6AFL/MUT). e, Colony 
numbers counted and f, total cells counted for murine KMT2A::MLLT3 AML cells treated with DMSO or 1µM WM-1119 at each passage. (n = 3, two tailed 
unpaired t test, p ≥0.05 (ns), 0.01 to 0.05 (*), 0.001 to 0.01 (**), 0.0001 to 0.001 (***), < 0.0001 (****))
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these findings indicate that genetically, or pharmacologi-
cally, targeting KAT6A’s KAT activity minimally affects 
the growth of KMT2A::MLLT3 AML cells.

Deletion of KAT6A dramatically affects leukemic potential 
in murine KMT2A::MLLT3 AML
To explore the requirement of the full KAT6A pro-
tein, we next generated murine KMT2A::MLLT3 AMLs 
with c-KIT+ cells from the bone marrow of KAT6AFL/FL 
mice, which also carried the CreERT2 and mTmG alleles 
(Fig.  5a). To account for the potential influence of CRE 
activity on AML cells, we established KMT2A::MLLT3 
AML lines from mice harbouring wild-type KAT6A 
alleles (KAT6AWT/WT), along with the tamoxifen-induc-
ible Cre and the mTmG reporter. These transformed cells 
underwent selection through multiple rounds of methyl-
cellulose replating.

Initially, we assessed the requirement of KAT6A in 
the serial replating of KMT2A::MLLT3 cells. The addi-
tion of 4OHT in the methylcellulose cultures resulted 
in a significant reduction of clonogenicity (Fig.  5b) 
and a substantial reduction in cumulative cell num-
ber (Figs.  5c and 6 logs after 3 replatings) in tamoxi-
fen treated KAT6AFL/FL cells (KAT6AFL/FL+4OHT). We 
then conducted cellular competition assays, wherein 
KMT2A::MLLT3 AML cells treated with 4OHT and 
FACS sorted for GFP expression were seeded at 75–80% 
of the total cells alongside 20–25% of untreated cells. 
While WT cells treated with 4OHT, in which Kat6a was 
not deleted (KAT6AWT/WT+4OHT), continued to prolifer-
ate, cells in which Kat6a was deleted (KAT6AFL/FL+4OHT) 
were rapidly outcompeted by untreated cells (Fig.  5d). 
GSEA of bulk RNA of KMT2A::MLLT3 KAT6AFL/FL and 
KAT6AFL/FL+4OHT AML cells indicated that the deletion 
of Kat6a was associated with the loss of normal hemato-
poietic stemness, reduction in HOXA9, MEIS1, KMT2A, 
and MYC target programs, and increased myeloid devel-
opment (Fig. 5e). Collectively, these findings underscore 
the significance of KAT6A for the proliferation and 
replating of KMT2A::MLLT3 AML cells in vitro, along 
with its role in maintaining leukemic programs and 
blocking myeloid differentiation.

We then investigated if Kat6a deletion impaired AML 
in vivo. For this, c-KIT+ cells from different KAT6A 
GEMMs were transduced with KMT2A::MLLT3 
encoding retrovirus and injected into irradiated 
mice to generate primary AMLs. The resulting pri-
mary KMT2A::MLLT3 AML cells underwent brief ex 
vivo treatment with 4OHT, followed by FACS sort-
ing. GFP and Tomato cells were then injected into 
sub-lethally irradiated mice, and overall survival 
(OS) was monitored. Tamoxifen treatment alone had 
no effect on mouse survival, with animals injected 
with KAT6AWT/WT KMT2A::MLLT3 AML dying 

rapidly irrespective of exposure to 4OHT (Fig.  5f left). 
In contrast, deletion of Kat6a using 4OHT significantly 
improved OS. None of these mice died within 100 days, 
whereas all those injected with the same KMT2A::MLLT3 
AML but retaining KAT6A expression were deceased 
within 35 days (Fig. 5f right).

In summary, these experiments highlight the criti-
cal role of Kat6a in the proliferation of KMT2A::MLLT3 
AML in vitro and demonstrate its significant functional 
impact on leukemogenesis in vivo when deleted.

Deletion of KAT6A affects growth of human KMT2A::MLLT3 
AML cell lines
We next aimed to validate these findings in human 
AML cells. Initially, we implemented an inducible 
shRNA approach with two shRNAs targeting KAT6A 
along with a control shRNA against Renilla in THP-1 
KMT2A::MLLT3 cells. After 3 days of doxycycline 
induction of the shRNA, we observed approximately 
75% knockdown of KAT6A mRNA (Supplementary Fig 
S9a) and a notable increase in myeloid differentiation, 
as evidenced by elevated CD11b expression from day 
3 onwards (Fig.  6a and Supplementary Fig S9b). These 
results were then further corroborated through CRISPR-
mediated KAT6A knockout. We transduced human AML 
KMT2A::MLLT3 cell lines THP-1 and NOMO1 consti-
tutively expressing Cas9 with viruses encoding BFP and 
either a non-targeting guide (sgNT) or a guide against 
KAT6A (sgKAT6A) (Fig.  6b, Supplementary Fig S10). 
BFP+ cells carrying the guide against KAT6A (sgKAT6A) 
were depleted upon culture of both cell lines, contrast-
ing with cells carrying the non-targeting guide (sgNT) 
(Fig.  6c and d). Furthermore, a significant increase in 
the myeloid markers CD11b or CD86 was observed in 
cells carrying sgKAT6A (BFP+) compared to cells not 
successfully transduced (BFP−) (Fig.  6c and d). Even if 
CRISPR-mediated KAT6A knockout is not total (Sup-
plementary Fig S10), treatment of THP-1 and NOMO-1 
cells with WM-11,119 resulted in less significant induc-
tion of myeloid differentiation (Fig.  6e) with hardly any 
effect on proliferation in the case of THP-1 and some 
decrease in proliferation for NOMO-1 (Fig.  6f ). Alto-
gether, these findings indicate that akin to murine AML 
KMT2Ar cells, human AML KMT2A::MLLT3 cells 
exhibit enhanced myeloid differentiation and reduced 
proliferation in response to decreased KAT6A levels. 
Weaker myeloid differentiation is observed upon target-
ing KAT6A’s KAT activity with WM-1119.

Discussion
The recurrent translocation of KAT6A in AML prompted 
our exploration of the therapeutic potential of target-
ing it using newly available inhibitors. We demonstrated 
here that even small doses of WM-1119 effectively 
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Fig. 5 Deletion of Kat6a leads to loss of leukemic potential in KMT2A::MLLT3 AML cells. a, Schematic showing the genotypic effects of tamoxifen induc-
ible Cre-loxP. b, Colonies counted and c, total cells counted after plating of 1000 cells at each MeC round for Kat6aWT/WT or Kat6aFL/FL KMT2A::MLLT3 
AML cell lines with or without treatment with 4OHT. For 4OHT treated cells, cells plated with 50nM 4OHT in round 1 and 10nM 4OHT rounds 2 and 3. 
(n = 3, error bars represent mean with standard deviation, two tailed unpaired t test, p ≥0.05 (ns), 0.01 to 0.05 (*), 0.001 to 0.01 (**), 0.0001 to 0.001 (***), 
< 0.0001 (****)). d, Competition assays showing the percentage of 4OHT treated or untreated cells over time. e, Leading edge plots for selected gene sets 
enriched in murine KMT2A::MLLT3 Kat6a KO AML cells at 4 and 7 days post 4OHT addition. NES, normalised enrichment score, FDR, false discovery rate. f, 
Kaplan-Meier plots for primary KMT2A::MLLT3 AML transplantation experiment (n = 5 in each group). P value Log-rank (Mantel-Cox) test, p ≥0.05 (ns), 0.01 
to 0.05 (*), 0.001 to 0.01 (**), 0.0001 to 0.001 (***), < 0.0001 (****))
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Fig. 6 Deletion of KAT6A affects growth of human KMT2A::MLLT3 AML cell lines. a, Histogram showing marker of myeloid differentiation CD11b expres-
sion in THP-1 cells 6 days after induction of control shRNA against Renilla (shRenilla) or induction of shRNA’s targeting KAT6A (shKAT6A_1 and shKAT6A_2) 
and histogram showing relative mean fluorescence intensity of CD11b 3 days after induction of the same shRNAs. (n = 3, two tailed unpaired t test, p ≥0.05 
(ns), 0.01 to 0.05 (*), 0.001 to 0.01 (**), 0.0001 to 0.001 (***), < 0.0001 (****)). b, Schematic showing single guides expressing BFP and targeting either KAT6A 
(sgKAT6A_1) or with no target (sgNT) were lentivirally transduced in to THP-1 or NOMO-1 cells. CRISPR editing occurs in BFP positive cells only. c, THP-1 
and d, NOMO-1 CRISPR mediated cellular competition assay. BFP expressing cells are recorded relative to BFP expression four days after transduction 
over 23 or 25 days (n = 2). Relative mean fluorescence intensity (MFI) of the myeloid differentiation markers CD11b or CD86 was recorded at day 4 for cells 
expressing BFP in which CRISPR editing occurred or BFP negative cells in which there was no CRISPR editing (n = 3, two tailed unpaired t test, p ≥0.05 (ns), 
0.01 to 0.05 (*), 0.001 to 0.01 (**), 0.0001 to 0.001 (***), < 0.0001 (****)). e, Relative mean fluorescence intensity (MFI) of the myeloid differentiation markers 
CD11b or CD86 4 days after treatment with the stated doses of WM-1119 at day 0 in THP-1 and NOMO-1 cells (n = 4 THP-1, n = 2 NOMO-1, both two tailed 
unpaired t test, p ≥0.05 (ns), 0.01 to 0.05 (*), 0.001 to 0.01 (**), 0.0001 to 0.001 (***), < 0.0001 (****)). f, Cell counts for THP-1 and NOMO-1 cells treated with 
the stated concentrations of WM-1119 every two days (n = 3). All error bars represent mean with standard deviation
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suppress the in vitro growth of a murine KAT6Ar AML 
cell line (MT2), abolishing clonogenic potential, arrest-
ing cell cycle progression, downregulating the expres-
sion of leukemia related and stemness-associated genes, 
whilst promoting the upregulation of myeloid dif-
ferentiation. Similar reductions in proliferation were 
observed in vitro with primary human AML cells carry-
ing the KAT6A::CREBBP translocation. Mechanistically, 
this effect is associated with the loss of binding of the 
fusion protein KAT6A::NCOA2 to key leukemia genes. 
Nevertheless, we cannot discount additional effects of 
WM-1119 inhibition, as our initial analyses indicate 
that acetylation of numerous proteins, often beyond his-
tones, is influenced by the treatment (Supplementary 
Fig S11, Supplementary Table 3). In addition, the higher 
KAT6A::NCOA2 ChIP signals observed at conserved 
peaks in the presence of WM-1119 (Supplementary Fig. 
S2d) suggest that this compound may also stabilize the 
KAT6A fusion protein or increase the accessibility of 
the Ty1 tag. The effectiveness of the treatment seems to 
depend on targeting both the KAT6A::NCOA2 fusion 
protein and the endogenous KAT6A protein. Indeed, 
evaluation of the genetic loss of the KAT activity of 
the endogenous KAT6A in MT2 cells engineered with 
KAT6AMUT/FL cells showed significantly less impact 
on growth compared to treatment with WM-1119, 
which targets both the fusion and endogenous proteins 
(data not shown). Similarly, deletion of the endogenous 
KAT6A protein in MT2 cells derived from KAT6AFL/FL 
cells resulted in significantly less affected growth com-
pared to WM-1119 treatment (data not shown).

Given that over 60% of patients with KAT6A::CREBBP 
translocated AML, even after undergoing allogeneic 
transplantation (currently the most effective treatment), 
still succumb within 5 years [23], there is a pressing 
need for additional therapeutic strategies. Our findings 
offer evidence supporting the potential effectiveness of 
KAT6A inhibition, potentially laying the groundwork 
for informed trials of these medications in individual 
patients. In this regard, ongoing early-phase trials of 
KAT6A inhibitors in breast, lung, and prostate can-
cer patients (NCT04606446, trial registered October 28 
2020) will provide crucial insights into the presence or 
absence of adverse safety signals, guiding future potential 
clinical applications in AML management.

Multiple observations suggest that KAT6A and the 
histone methyltransferase KMT2A (MLL) co-regulate 
similar mechanisms. Firstly, KMT2A and KAT6A have 
been shown to interact and jointly regulate HOXA gene 
expression in human cord blood cells during normal 
early hematopoiesis [14]. Secondly, KAT6Ar AML and 
KMT2Ar AML exhibit similar gene expression profiles 
[60, 61], and KAT6A is now recognized as a genetic vul-
nerability in KMT2Ar AML, with KMT2A being one of 

its top co-dependencies [17, 19]. In line with this, Yan et 
al. [17] demonstrated that pharmacological inhibition of 
KAT6A inhibits KMT2A::MLLT3 growth, and our own 
research has partially replicated these findings. Conse-
quently, KAT6A inhibitors may prove effective in com-
bination treatments for KMT2A::MLLT3 AML. Indeed, 
a recent CRISPR screen in cells treated with a menin 
inhibitor [64] using the same KMT2A::MLLT3 cell line as 
[17] identified KAT6A as the top co-dependency. In vitro 
assays confirmed synergistic loss of viability upon combi-
nation of WM-1119 with menin inhibition (SND-50469) 
in a KMT2A::MLLT3 cell line and a KMT2A::AFF4 cell 
line [64]. Further investigation in other AML subtypes, 
including other KMT2A translocations with distinct 
prognoses and biology compared to KMT2A::MLLT3 
[65, 66], is warranted.

KAT6A is an attractive target due to the apparent 
therapeutic window revealed in our study. Furthermore, 
whilst knockout of KAT6A results in embryonic lethality 
[9], conditional knockout of KAT6A in the adult hema-
topoietic system is well-tolerated, maintaining relatively 
normal hematopoiesis [8, 10]. Moreover, individuals 
with KAT6A syndrome, even those harbouring nonsense 
mutations, typically exhibit normal hematopoiesis along-
side the syndromic hallmark of neurodevelopmental 
disability [67]. To fully exploit this promising therapeu-
tic window, the development of highly specific KAT6A-
targeted treatments is imperative to minimize potential 
side effects. It is crucial to acknowledge that WM-1119, 
while effective in inducing myeloid differentiation (Yan 
et al. [17], Fig. 6e and Supplementary Fig S12) and hav-
ing some none-uniform effect on proliferation (Fig.  6f ), 
lacks complete specificity as it also inhibits KAT6B and 
KAT7 [22, 63]. To model the consequences of highly 
specific KAT6A KAT inhibition in KMT2Ar AMLs and 
circumvent potential confounding effects of inhibit-
ing other MYST family members, we adopted a genetic 
approach. While total KAT inhibition showed a nega-
tive impact on leukemic transcriptomic programs in this 
murine model of KMT2A::MLLT3 AML, the observed 
phenotypes were less pronounced than when the entire 
KAT6A protein was removed. These findings suggest that 
additional functions of KAT6A might play critical roles 
in maintaining KMT2Ar AMLs. Indeed, KAT6A func-
tions as a co-activator of hematopoietic-specific tran-
scription factors RUNX1 and PU.1 and operates as a 
tetramer with BRPF1/2/3, ING5, and EAF6. Moreover, 
KAT6A and KMT2A interact within large complexes at 
promoters (Supplementary Fig S2), potentially render-
ing these complexes more sensitive to the loss of the 
entire KAT6A protein and its scaffolding role than to 
mere inhibition of its catalytic activity. We anticipate that 
genetic knockout effects may be therapeutically mim-
icked by leveraging targeted protein degradation through 
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proteolysis-targeting chimeric molecules (PROTACs). 
PROTACs are heterobifunctional small molecules 
wherein a ligand binding an E3 ligase is covalently linked 
to a ligand binding the target protein, facilitating its 
ubiquitylation and subsequent proteasomal degradation 
[68]. This catalytic approach enables a single molecule 
to mediate the degradation of multiple targeted proteins 
[68], thereby abolishing all targeted protein functions, 
including enzymatic and scaffolding roles. The availabil-
ity of KAT6A ligands, such as WM-1119, may serve as a 
starting point for developing PROTACs against KAT6A.

In summary, our study highlights KAT6A as a genetic 
dependency in KAT6Ar and KMT2Ar AML, making it 
a promising therapeutic target. In particular, our study 
reveals a dramatic therapeutic efficacy of currently avail-
able KAT6A inhibitors in KAT6Ar AMLs. This efficacy 
stems from their ability to directly target the KAT activ-
ity of the oncogenic driver fusion protein sustaining the 
leukemia. Conversely, the catalytic activity of KAT6A 
plays a lesser role in KMT2Ar leukemogenicity. Our find-
ings suggest that targeting the entire KAT6A protein may 
represent a more effective therapeutic strategy. Exploring 
the potential of targeted KAT6A degradation in KMT2Ar 
AML holds particular promise.
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